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Abstract  
 
Still food security has not been attained fully in many tropical African countries including Ethiopia. However, the issue 
of food security achievement has been able to realize due to various setbacks among which low productivity of crops 
and livestock take the lion share. Among the various constraints the parasitic weed Striga, and Stemborer pests are 
responsible for lower crop yields in the region. Regarding livestock feed, shortage in terms of quantity and quality are 
the major impediment to the livestock sector. To achieve food security, increasing crop yield and livestock production is 
vital in Ethiopia and other tropical countries. Crop yields can be enhanced through the control of weeds using 
biological systems to increase food crop yield apart from chemical inputs. In case of livestock, full production and 
reproduction potential of animals can be met through fulfilling nutritional requirements of livestock. The major 
livestock feed resources in Ethiopia are natural pasture and crop residues. Both feed resources; however, are poor in 
nutritional value and they are listed as low maintenance feed category. Therefore, it is vital to intensify integrated crop-
livestock production systems for sustainable economy and environment. Introducing forage grasses in the crop 
production system has been practiced in the tropics as push pull technology. In Ethiopia, Brachiaria grass is an 
emerging forage for integrated agricultural production that has been getting considerable recognition as an option to 
overcome the pests in crop production in the tropics due to its high adaptive and yielding as well as climate smart 
forages. In the country, Brachiaria is recently introduced by different organization in different agro-ecology of the 
country mainly as push-pull integrated agricultural system and considering its fodder potential for the livestock feed. 
Therefore, this review paper aimed to looking for the available research knowledge in Ethiopia and somewhere else in 
the glob for better utilization of Brachiaria grass in the integrated agricultural system. All available information 
regarding the research and utilization of Brachiaria grass were reviewed in the published papers.  The review reveal 
that Brachiaria has many advantages over other grass species in terms of adaptation to drought and low fertility soils, 
ability to sequester carbon; increase nitrogen use efficiency through biological nitrification inhibition (BNI) and arrest 
greenhouse gas emissions. The knowledge has been established in quantifying the multiple contributions of Brachiaria 
grass inclusion as push pull technology in different parts of the world (South America, Kenya, Rwanda). Limited report 
showed that cut-and-carry system is the utilization practice of brachiaria grass grown the push pull integration. The 
potential of improved Brachiaria grass in Ethiopia to address the challenge of livestock feed scarcity and other 
environmental managements; however, remain unexploited/limited which calls researchers to work on. The review 
concluded that B. cultivars could have a significant contribution on both animal and cereal production in the tropics 
but limited research and utilization in Ethiopia.   
 
Key words: biological nitrification inhibition, greenhouse gas emissions, push-pull, sequester carbon. 
 
INTRODUCTION 
 
The majority of the population in Sub-Saharan 
Africa (SSA) resides in rural areas, and up to 
80% are smallholder farmers (Senbet & 
Simbanegavi, 2017) directly or indirectly 
dependent on agriculture for their livelihood. It 
plays a central role in the economic and social 
life of the many families and is also a 
cornerstone of Ethiopians’ national economy 

(FAO, 2017; Mengistu et al., 2017; Tekliye et 
al., 2018). Ethiopia owing the largest livestock 
population in Africa (Mengistu, 2017; CSA, 
2017); the 10th in the world with more than 80 
million heads (Temesgen et al., 2014; 
Mekonnen, 2018; Teweldemedhn, 2018). 
Despite having a large livestock in number 
(CSA, 2018), the productivity of livestock is 
very low due to shortage of feed resources both 
in quantity and quality (EIAR, 2017; Assefa et 
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INTRODUCTION 
 
The majority of the population in Sub-Saharan 
Africa (SSA) resides in rural areas, and up to 
80% are smallholder farmers (Senbet & 
Simbanegavi, 2017) directly or indirectly 
dependent on agriculture for their livelihood. It 
plays a central role in the economic and social 
life of the many families and is also a 
cornerstone of Ethiopians’ national economy 

(FAO, 2017; Mengistu et al., 2017; Tekliye et 
al., 2018). Ethiopia owing the largest livestock 
population in Africa (Mengistu, 2017; CSA, 
2017); the 10th in the world with more than 80 
million heads (Temesgen et al., 2014; 
Mekonnen, 2018; Teweldemedhn, 2018). 
Despite having a large livestock in number 
(CSA, 2018), the productivity of livestock is 
very low due to shortage of feed resources both 
in quantity and quality (EIAR, 2017; Assefa et 
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al., 2016; CSA, 2018). The agricultural 
production practices and value chains remain 
underdeveloped as a result engaging in 
agriculture in the SSA in general remains less 
attractive to the young generation (Ströh et al., 
2016). 
The major feed resources for livestock in 
Ethiopia are natural grazing and browse, crop 
residues (CSA, 2018); while improved pasture, 
forage crops, and agro-industrial by-products 
do have limited contribution in the country 
(Mengistu et al., 2017; CSA, 2018). Low 
quality crop residues and natural pasture are the 
main source of feed in developing countries 
including Ethiopia (Abebe et al., 2015; CSA, 
2018); which account 95% of the feed biomass 
in Ethiopia (FAO, 2018). Hence, look for 
alternative feed resources which can supply 
required nutrients for livestock to harness the 
potential of existing livestock sector in the 
country is mandatory (FAO, 2019). Moreover, 
integration of improved forage crops in 
agricultural systems has many advantages 
including soil conservation; reduced weeds, 
pests, and diseases, in addition to their primary 
use as high-quality animal feeds (Mulualem & 
Molla, 2013; FAO, 2016; Tessema & Feleke, 
2018).  
Currently getting considerable recognition as 
an option to overcome this problem in tropical 
areas including Ethiopia is Brachiaria grass 
(Yiberkew et al., 2020); due to its high adaptive 
and high yielding as well as climate smart 
forages (Mekuriaw et al., 2020; Mudavadi et 
al., 2020; Namazzi et al., 2020). Brachiaria 
grass has the potential of meeting the 
challenges of feed scarcity both in quantity and 
quality since it provides more forage per unit 
area and ensures regular forage supply due to 
its multi-cut nature (Schiek et al., 2018) and it 
is also well integrated improved forage that has 
many advantages. Among the most important 
merits of genus Brachiaria grass over others 
include adaptation to drought and low fertility 
soils, ability to sequester carbon, increase 
nitrogen use efficiency through biological 
nitrification inhibition (BNI), arrest greenhouse 
gas emissions, thrives well on different soil 
types (clay to red soils) and distributed across 
tropical and sub-tropical regions. Moreover, 
Brachiaria grass recently identified as an ideal 
fodder that can improve livestock production in 

eastern Africa (Cheruiyot et al., 2020); There 
are several initiatives in the region aimed at 
promoting cultivation of this grass to support 
the emerging livestock industry (Maass et al., 
2015). This is due to its high adaptability to 
low fertility areas, arid, and semiarid zones of 
sub-Saharan Africa (Boonman, 1993). 
However, regarding the aforementioned, the 
grass has much-untapped potential for 
smallholder crop-livestock production systems 
including push-pull technology and future 
commercial oriented animal production in 
Ethiopia. The works of Clementine et al. (2020) 
indicated that there are many Bracharia 
genotypes which can be grown in the mixed 
agriculture of tropical countries. Previous 
research evidence (Cheruiyot et al., 2020) show 
that Brachiaria grass is transforming the 
integrated agriculture using the push pull 
technology and benefited both the crop and 
livestock sector in terms of crop yield and 
livestock production in the different part of the 
world, respectively. Different knowledge has 
been developed in the exploring the multiple 
advantages of the Brachiaria grass in the 
context of feeding the world in the sustainable 
manner without harming the environment. 
Thus, this paper, therefore, reviews research 
works carried out in many countries including 
East Africa (Ethiopia) on Brachiaria spp. to 
increase the current state of knowledge about 
the research and development efforts on 
Brachiaria grass species in Ethiopia.  
 
MATERIALS AND METHODS 
 
In preparation of the review paper over 173 
articles were collected from different published 
and un-published sources using key words and 
google scholar was also employed: Brachiaria 
grass, cultivated forages, Ethiopia, feeds, 
Striga, push-pull, and livestock feed. After 
collection of manuscripts information 
contained from sources was analysed and used 
to organize this article.  
 
DISCUSSIONS OF REVIEW FINDINGS 
 
Livestock feed resources in Ethiopia  
Livestock feed resources is the prominent 
constraint for optimal livestock productivity in 
tropical and sub-tropical countries (Solomon & 

Teferi, 2010; Bouazza et al., 2012; Bekele et 
al., 2017). The bulk of the livestock feed comes 
from grasses and legume forage that grows on 
land not suitable to agriculture (O'Mara, 2012); 
and in many countries livestock do not receive 
cereal supplements. However, in the tropics, 
grasses are the most ecologically reliable and 
economically justifiable feed resources 
(Pedreira et al., 2011) because of their 
morphological characteristics which enable 
efficient water use, and rapid recovery after 
periods of drought (Batistoti et al., 2012). Due 
to this water use efficiency, in East Africa, 
planting these grasses along contours is 
encouraged for erosion control (NISR, 2013; 
Klapwijk et al., 2014). 
Tropical forage-based livestock production 
systems differ regionally (Peters et al., 2013). 
In Latin America and the Caribbean, cattle are 
reared on planted pastures while in Western 
Africa natural pastures are used to graze cattle. 
In contrast, most livestock owners in the 
eastern-central Africa and tropical Asia, cut-
and-carry of forage is a major practice to feed 
cattle (Peters et al., 2012). However, the 
common practice of feed dairy cows’ poor-
quality roughage in tropic, caused to decrease 
animal productivity and increase methane 
emissions (Mekuriaw et al., 2020). For these 
reasons, introducing alternative roughage feeds, 
such as nutritionally improved forages is 
essential for improving milk yield, dietary 
nitrogen utilization, and reducing enteric 
methane emission from dairy cows. 
Effect of season on availability and quality 
of feeds 
In tropics, smallholder ruminant livestock 
production is threatened by inadequate feed due 
to seasonal fluctuation of rainfall, poor pasture 
management and conversion of natural pasture 
into croplands (Kebede et al., 2016; Melaku et 
al., 2017). This in turn has spontaneously 
sparked employment of unsustainable farming 
methods leading to serious soil fertility decline 
leading to decline in crop/fodder yields and 
their susceptibility to pests and diseases 
(Keesstra et al., 2016; Dagnew et al., 2017). 
Household monthly milk output affected in 
tropics by seasonal fluctuation of rainfall. 
According to Lanyasunya et al. (2006), mean 
farm household monthly milk output 
(Lt/farm/month) during wet and dry season at 

Ol-Joro-Orok location of Kenya was 345.06 
and 177.18, respectively. One of the 
fundamental reason such a high milk yield 
fluctuations in smallholder dairy farms  arise 
because most farmers, mainly, depend on 
rainfall for feed production and rarely make 
provisions for adequate green feed and fodder 
preservation for the dry season (Nardone et al., 
2010). Chemical composition varied signifi-
cantly on roughage (forage) quality in Kenya 
(Mudavadi et al., 2020) and among browse 
species across seasons in Ethiopia (Mekuraiw 
et al., 2020).  
The smallholder dairy industry in Eastern 
Africa continues to be characterized by seaso-
nality driven milk fluctuations and reproductive 
performance of dairy cows (Mudavadi et al., 
2020); which is determined by feed availability 
(quantity) due to seasonal variability (Phelan et 
al., 2015; Kebede et al., 2016; Ali et al., 2019). 
Seasonal feed fluctuation is the common 
problem among livestock keepers in the tropics 
particularly in East Africa (Shapiro et al., 
2017). In Ethiopia, seasonal fluctuation in its 
availability and quality is a common 
phenomenon that natural pasture/forage do not 
available all year round since the gains made in 
the wet season are totally or partially lost in the 
dry season (Mutimura & Everson, 2012; Njarui 
et al., 2016; Adnew et al., 2018). Thus, one of 
the potential strategy for better feeding of 
livestock during periods of critical feed 
shortage particularly in the dry season might be 
using improved forage varieties and enhance 
the quality of available crop residues (Shapiro 
et al., 2017). 
Cultivated forages in the livestock feed 
supply  
The global demand for livestock product is 
projected to increase by 70% in 2050 due to 
growing population, rising affluence, and 
urbanization (FAO, 2016; Ritchie & Roser, 
2017). The exploitation of this opportunity 
severely constrained by limited supplies and 
high cost of good quality feed (Balehegn et al., 
2020). In many of tropic countries, feeds and 
feeding related issues are often ranked as the 
primary constraint to livestock production and 
increased consumption of animal-source foods. 
Among feed resources, forage crops, especially 
grasses have shown unique characteristics in 
different agricultural systems in tropics. 
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al., 2016; CSA, 2018). The agricultural 
production practices and value chains remain 
underdeveloped as a result engaging in 
agriculture in the SSA in general remains less 
attractive to the young generation (Ströh et al., 
2016). 
The major feed resources for livestock in 
Ethiopia are natural grazing and browse, crop 
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in Ethiopia (FAO, 2018). Hence, look for 
alternative feed resources which can supply 
required nutrients for livestock to harness the 
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eastern Africa (Cheruiyot et al., 2020); There 
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sub-Saharan Africa (Boonman, 1993). 
However, regarding the aforementioned, the 
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including push-pull technology and future 
commercial oriented animal production in 
Ethiopia. The works of Clementine et al. (2020) 
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cattle (Peters et al., 2012). However, the 
common practice of feed dairy cows’ poor-
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available all year round since the gains made in 
the wet season are totally or partially lost in the 
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et al., 2016; Adnew et al., 2018). Thus, one of 
the potential strategy for better feeding of 
livestock during periods of critical feed 
shortage particularly in the dry season might be 
using improved forage varieties and enhance 
the quality of available crop residues (Shapiro 
et al., 2017). 
Cultivated forages in the livestock feed 
supply  
The global demand for livestock product is 
projected to increase by 70% in 2050 due to 
growing population, rising affluence, and 
urbanization (FAO, 2016; Ritchie & Roser, 
2017). The exploitation of this opportunity 
severely constrained by limited supplies and 
high cost of good quality feed (Balehegn et al., 
2020). In many of tropic countries, feeds and 
feeding related issues are often ranked as the 
primary constraint to livestock production and 
increased consumption of animal-source foods. 
Among feed resources, forage crops, especially 
grasses have shown unique characteristics in 
different agricultural systems in tropics. 
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Forages are a large component of agro-
ecosystems worldwide, and contribute 
significantly to world food production. A wide 
diversity of plants are cultivated as forages, 
from succulent legumes (alfalfa and clovers), to 
cool and warm-season perennial grasses and 
annual crops such as corn and oats. 
Forage can be grown in harsh environments, 
utilised as functional components in providing 
environmental services in soil erosion control 
and greenhouse gas emission mitigation efforts 
(Liebig et al., 2005) and income generation as 
basic animal feed (Sanderson et al., 1996; 
Wright & Turhollow, 2010). This situation 
encourages the cultivation of suitable and 
adapted improved forages to the tropical 
regions such as brown midrib sorghum in 
Central America (Rodriguez, 2013), Napier 
grass (Pennisetum purpureum) in different 
tropical countries (Tessema & Baars, 2006; 
Mutimura et al., 2018); Rhodes grass (Chloris 
gayana L.) in Kenya (Njaruiet al., 2016), 
Desho grass in Ethiopia (Asmare et al., 2016), 
Brachiaria in different countries  (Ghimire et 
al., 2015; Mutimura et al., 2018; Adnew et al., 
2019a; Maina et al., 2019; Yiberkew et al., 
2020), cowpea in West Africa (Tarawali et al., 
2002), and Ficus thonningii trees in Northern 
Ethiopia (Balehegn et al., 2014).  
Among the aforementioned forage crops, 
Napier grass is a fast-growing perennial grass 
widely grown for smallholder dairy production 
in tropical and subtropical regions (Teressa et 
al., 2017; Mutimura et al., 2018). However, in 
the smallholder mixed crop livestock system, 
Napier grass (Pennisetum purpureum Schum.), 
the most widely grown fodder for the cut-and-
carry production system, is threatened Napier 
stunt and smut diseases which cause total loss 
of the crop in severe cases (Khan et al., 2014). 
Rhodes grass (Chloris gayana L.), one of the 
cultivated pastures has a narrow genetic base 
and limited ecological adaptation. Recently, 
Brachiaria grass species becoming as a options 
for improving productivity in semi intensive 
systems, and some of these cultivars are high-
yielding, nutritious, and eco-friendly (Creemers 
& Aranguiz, 2019) and probably the most 
widely grown forage grass species in the 
tropics Maass et al. (2015). However, in 
Ethiopia, information on the potentiality of 

Brachiaria grass to use as an option is very 
limited (Adnew et al., 2018). 
Brachiaria grass 
Brachiaria  grass is an important tropical 
forage of African origin that supports millions 
of livestock and wildlife in the tropics 
(Namazzi et al., 2020); which is probably the 
most widely distributed sown pasture in the 
tropics (Maass et al., 2015; Namazzi et al., 
2020) particularly in Latin America (Holman et 
al., 2004; Silva et al., 2013; Cezário et al., 
2015; Teixeira et al., 2018), South-East Asia 
(Hare et al., 2015; FAO, 2015), Australia 
(Miles et al., 2004) and East Africa 
(Ndikumana et al., 1996; Maass et al., 2015), 
with an estimated acreage of 99 million 
hectares in Brazil alone (Jank et al., 2014). The 
role of Brachiaria grass in the transformation 
of livestock agriculture has been well valued 
across the tropics, creating a high demand for 
improved cultivars adapted to different agro-
ecological zones (Adnew et al., 2019b; 
Namazzi et al., 2020). Recently, this genus 
grass is increasingly renovating integrated 
crop-livestock production systems in East 
Africa (Cheruiyot et al., 2020) including 
Ethiopia (Yiberkew et al., 2020). It is adaptable 
to a wide range of habitats from swamps and 
light forest shades to semi-deserts. It is an 
important constituent of Savannah grassland 
ecosystem that has been supporting millions of 
African herbivores for thousands of years 
(Kelemu et al., 2011); there has been 
considerable interest also in Brachiaria grasses 
in Africa, and several initiatives are ongoing to 
promote Brachiaria to support the emerging 
livestock industry in the region, especially in 
the dry season (Maass et al., 2015). However, 
for the potential of this species to be realised, it 
is important that varieties are tailored to the 
particular demands of each environment in 
which it is grown (Bailey-Serres et al., 2019). 
Brachiaria grass is appreciated for water 
stresses and shade tolerance, high biomass 
production potential, low fertility soils, soil 
stabilization, ability to sequester carbon, 
increased nitrogen use efficiency through 
biological nitrification inhibition (BNI), and 
subsequently the ability to reduce greenhouse 
gas emissions and ground water pollutions 
(Subbarao et al., 2009; Arango et al., 2014; 
Djikeng et al., 2014; Moreta et al., 2014; Rao 

et al., 2014; Ghimire et al., 2015). All 
Brachiaria species show greater tolerance to 
Al3+ toxicity than most other grass crops, 
including maize (Zea mays), rice or wheat 
(Triticum aestivum) and resistance to major 
diseases (Kochian et al., 2015; Arroyave et al., 
2018; Worthington et al., 2020). In addition to 
all these merits, Brachiaria grass has gained 
large uptake in East Africa where the grass has 
been incorporated as a trap plant in the ‘push-
pull’ pest management system (Khan et al., 
2014; Midega et al., 2014).  
Brachiaria grass in Ethiopia 
The push-pull-system has been developed and 
promoted by the International Centre of Insect 
Physiology and Ecology (ICIPE) (Khan et al., 
2014). This smart technology successfully 
harnesses agro-biodiversity for improving the 
productivity of cereal crops while providing 
fodder for livestock. According to Maass et al. 
(2015), the hybrid Brachiaria cultivar Mulato 
II has been distributed since 2001 to Eritrea, 
Ethiopia, Nigeria, DR Congo, Uganda, 
Rwanda, Burundi, Kenya, Tanzania, Malawi, 
South Africa, and Madagascar as multipurpose 
especially for push-pull technology. Regarding 
Ethiopia, the push-pull technology has 
progressed tremendously since its introduction 
in the country ten years ago, with over 8,000 
farmers now using the technology by ICIPE 
collaboration with various partners (ICIPE, 
2017; Adnew et al., 2018; Kumela et al., 2019). 
In addition to push-pull technology, Brachiaria 
grass introduced in some parts of Ethiopia as 
animal feed and soil conservation by LIVES 
Project (Livestock and Irrigation Value chains 
for Ethiopian Smallholders), Wollo University 
and MoANR (Ministry of Agriculture and 
Natural Resources of Ethiopia) (BoANR both 
Amhara and Oromiya regions) (Adnew et al., 
2018). Evaluation of Brachiaria species               
(B. brizantha, B. decumbens, B. ruziziensis, and 
B. mutica) and their different cultivars and 
ecotypes (Adnew et al., 2019b; Hunegnaw et 
al., 2020; Zemene et al., 2020; Mekuriaw et al., 
2020; Yiberkew et al., 2020) for pasture 
production have been done in Ethiopia focusing 
on dry matter yield, nutritive value, agronomic 
qualities, and livestock productivity. Moreover; 
field assessment of Brachiaria grass on the 
performance of push-pull technology in 
different areas of Ethiopia. However, farmers’ 

perception and utilization status of Brachiaria 
grass in Ethiopia is at infancy stage despite its 
potential and multipurpose grass. 
All the studied Brachiaria grass (hybrid, 
cultivars and ecotypes) in different parts of the 
countries had a CP content that fulfil the 
minimum requirements of ruminants for 
maintenance, beef production and milk 
production in Ethiopia as stated by Humphreys 
(1978) that CP content from all the plant 
materials analysed met the minimum 
requirements for ruminants (>7%), i.e., 6.9% 
for maintenance, 10.0% for beef production 
and 11.9% for milk production and also 
relatively lower fiber fractions. Examples 
include in three altitudes (low, mid and high 
altitude of Tach Gayint, Debre Tabor, and 
Fogera) with both cultivars (Mulato II, 
Marandu and La Libertad) and ecotypes (Eth. 
13726, Eth. 13809 and Eth.13777) (Wassie et 
al., 2018), Brachiaria Hybrid Mulato II Grass 
Grown in Lowlands of Metekel (Yiberkew et 
al., 2020), Brachiaria mutica in Bahir Dar city 
(Zemene et al., 2020), cultivars Mulato II, 
Marandu and La Libertad, Mutica and B. 
decumbens in Mecha district and Andassa 
Livestock Production Center (Hunegnaw et al., 
2020). Besides aforementioned, Brachiaria 
hybrid (CIAT 36087) Mulato II grass 
cultivation evaluated encourages in Ethiopia as 
it suitable and well adapted improved forages 
to fulfil the nutrient requirements of sheep for 
meat production (Adnew et al., 2018) and dairy 
cows for milk production (Mekuriaw et al., 
2020) in the country. This hybrid Mulato II has 
comparable or greater drought persistence than 
both Brachiaria brizantha and Brachiaria 
decumbens cultivars, from which it is bred 
(Phengpet et al., 2016) and higher yield 
potential than other Brachiaria species (Philp 
et al., 2019). Despite a broad adaptation, high 
nutritive value, and positive gains in livestock 
productivity, the use of Brachiaria grass 
especially hybrid Mulato II for pasture 
production was limited in Ethiopia. 
Productivity and nutritive value of Brachiaria 
species 
Regarding productivity and nutritive value, 
several authors have previously reported that 
grasses in the genus Brachiaria have 
advantages over those in other genera, 
including production of high dry matter yield 



13

Forages are a large component of agro-
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diversity of plants are cultivated as forages, 
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annual crops such as corn and oats. 
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utilised as functional components in providing 
environmental services in soil erosion control 
and greenhouse gas emission mitigation efforts 
(Liebig et al., 2005) and income generation as 
basic animal feed (Sanderson et al., 1996; 
Wright & Turhollow, 2010). This situation 
encourages the cultivation of suitable and 
adapted improved forages to the tropical 
regions such as brown midrib sorghum in 
Central America (Rodriguez, 2013), Napier 
grass (Pennisetum purpureum) in different 
tropical countries (Tessema & Baars, 2006; 
Mutimura et al., 2018); Rhodes grass (Chloris 
gayana L.) in Kenya (Njaruiet al., 2016), 
Desho grass in Ethiopia (Asmare et al., 2016), 
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Among the aforementioned forage crops, 
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widely grown for smallholder dairy production 
in tropical and subtropical regions (Teressa et 
al., 2017; Mutimura et al., 2018). However, in 
the smallholder mixed crop livestock system, 
Napier grass (Pennisetum purpureum Schum.), 
the most widely grown fodder for the cut-and-
carry production system, is threatened Napier 
stunt and smut diseases which cause total loss 
of the crop in severe cases (Khan et al., 2014). 
Rhodes grass (Chloris gayana L.), one of the 
cultivated pastures has a narrow genetic base 
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Brachiaria grass species becoming as a options 
for improving productivity in semi intensive 
systems, and some of these cultivars are high-
yielding, nutritious, and eco-friendly (Creemers 
& Aranguiz, 2019) and probably the most 
widely grown forage grass species in the 
tropics Maass et al. (2015). However, in 
Ethiopia, information on the potentiality of 
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limited (Adnew et al., 2018). 
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forage of African origin that supports millions 
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(Namazzi et al., 2020); which is probably the 
most widely distributed sown pasture in the 
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(Miles et al., 2004) and East Africa 
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with an estimated acreage of 99 million 
hectares in Brazil alone (Jank et al., 2014). The 
role of Brachiaria grass in the transformation 
of livestock agriculture has been well valued 
across the tropics, creating a high demand for 
improved cultivars adapted to different agro-
ecological zones (Adnew et al., 2019b; 
Namazzi et al., 2020). Recently, this genus 
grass is increasingly renovating integrated 
crop-livestock production systems in East 
Africa (Cheruiyot et al., 2020) including 
Ethiopia (Yiberkew et al., 2020). It is adaptable 
to a wide range of habitats from swamps and 
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including maize (Zea mays), rice or wheat 
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all these merits, Brachiaria grass has gained 
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et al., 2019). Despite a broad adaptation, high 
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advantages over those in other genera, 
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(Rodrigues et al., 2014); especially Mulato II 
cultivar has excellent herbage production 
performance and benefits to livestock 
productivity (Peters et al., 2012; Nguku et al., 
2016; Ondabu et al., 2017; Adnew et al., 
2019b; Mekuriaw et al., 2020; Yiberkew et al., 
2020); which is reported that Brachiaria hybrid 
Mulato II grass produces up to 25 t/ha DM in 
Tabasco (Cook et al., 2005) in different areas. 
This superior dry matter production confirms 
why Brachiaria grass is now the most 
commonly (extensively) grown as livestock 
forage in South America (Cezário et al., 2015) 
and East Asia (FAO, 2015). A recent study in 
Ethiopia also revealed that Brachiaria grass 
species adapted well and have high CP content 
in the range 8.57-14.93% in six different 
hybrid, cultivars and ecotypes of Brachiaria 
grass (Adnew et al., 2019b; Zemene et al., 
2020; Yiberkew et al., 2020) at lowlands of 
Metekel; Mutica (10.3 and 10.78%); Mulato-II 
(13.21 and 13.04%); Mulato-I (12.6 and 
12.7%); Marandu (14.02 and 13.78%) and La 
liberated (11.31 and 11.6%) in Red and Black 
respectively with fertilizer application 
(Hunegnaw et al., 2020) in north-western of 
Ethiopia. Dry matter yield and CP mean value 
recorded by all Brachiaria grasses species 
studied in Ethiopia have higher than the natural 
pastures grown in Ethiopia as most of the 
natural pasture lands produce about 2 tons 
DM/ha/year with low nutritive value (Abebe et 
al., 2015). Similarly, CP mean value of Mulato 
I (17.5%) and Mulato II (14.6%) in Thailand 
reported by Hare et al. ( 2007) and 7-10% 
reported by Nguku et al. (2015) in the semi-arid 
region of eastern Kenya shown that all tested 
Brachiaria grass species at different altitudes 
and countries met the minimum requirements 
for ruminants (>7%) (Humphreys, 1978). 
 
Roles of Brachiaria grass in Agricultural 
Systems and Environmental amelioration  
 
Brachiaria as a feed resource for livestock 
Brachiaria grass species are productive warm-
season perennial grass with superior nutritive 
value to other warm-season grasses 
(Vendramini et al., 2014), and can be used for 
grazing (Inyang et al., 2010; Modernel et al., 
2019) or harvested and conserved for feeding 
when needed (Vendramini et al., 2010). Data 

on nutritive value indicate that forage from 
Brachiaria is highly palatable to livestock, 
leading to high intake, whether fed fresh or 
grazed in the field. It is ideal forage for 
improving livestock productivity both for cut-
and-carry and grazing systems and yields 
between 5-36 t/ha (Bogdan, 1977). The 
research at International Centre for Tropical 
Agriculture (CIAT) and the Brazilian 
Agricultural Research Corporation (Embrapa) 
on naturally occurring germplasms from Africa 
have developed several improved Brachiaria 
cultivars and a few interspecific hybrid 
cultivars for South America (Argel & Keller-
Grein, 1996; Kuwi et al., 2018). Over the past 
few years, some of these cultivars have been 
evaluated for pasture production in Africa 
focusing on biomass production, nutritive 
values, livestock productivity, and adaptation to 
biotic and abiotic stresses (Maass et al., 2015). 
Results of evaluations have shown the great 
potential of Brachiaria cultivars in Africa to 
alleviate livestock feed shortage, increase the 
availability of quality feeds and improve 
livestock productivity and income of livestock 
farmers in Africa (Njarui et al., 2016). 
Recent experiments elucidate that adoption of 
B. brizantha cultivars have the potential to 
increase milk yield from 3 to 5 liter per cow per 
day at farmers’ condition in Kenya by 15-40% 
(Ghimire et al., 2015) and up to a 100% 
increase (average of 36%) in Rwanda (Schiek, 
2018). In Rwanda, a controlled feeding 
experiment using heifers showed an increase in 
average body weight gain of 205 g per day over 
12 weeks when Brachiaria grass was fed 
compared with Napier grass (Mutimura et al., 
2015; Njarui et al., 2015). A similar result was 
obtained from research in Rwanda that showed 
an increment of milk yield and meat output by 
30% and 20%, respectively (CSB, 2016) and 
also higher meat (Adnew et al., 2019c) and 
milk yield (Mekuriaw et al., 2020) in Ethiopia. 
Brachiaria now becomes the most preferred 
grass among these farming communities in east 
Africa because of its high levels of drought and 
diseases resistance coupled with palatable and 
nutritious biomass that increased milk (Ghimire 
et al., 2015; Schiek, 2018; Mekuriaw et al., 
2020) and meat production (CSB, 2016; 
Adnew et al., 2019c).The studies finding 
highest DMY and CP and the lowest NDF and 

ADF concentrations recorded in East Africa 
(Kifuko-Koech et al., 2016; Adnew et al., 
2019b; Yiberkew et al., 2020) and also found 
considerable improvement in on-farm feed 
availability, body weight gain of cattle, and 
milk yield increases owing to the recent re-
introduction of Brachiaria grass in Rwanda and 
Kenya (Ghimire et al., 2015) and in Ethiopia 
(Adnew et al., 2019c; Yiberkew et al., 2020) 
shown that Brachiaria grass offer opportunities 
to address the challenge of feed scarcity, 
improve livestock production and livelihoods in 
African farming systems (Mutimura & 
Everson, 2012; Maass et al., 2015).  
Brachiaria as a push-pull-system in crop 
production 
Cereals, which include maize, sorghum, millet, 
and rice, are the main staple and cash crops for 
millions of small-scale farmers in most of Sub-
Saharan Africa (Midega et al., 2018). However, 
their production is hugely constrained by insect 
pests, notably stemborers and the parasitic 
weed Striga (Khan et al., 2011; Cairns et al., 
2013). Among the various constraints respo-
nsible for lower yields of cereal crops are the 
parasitic weed Striga, and stemborer pests 
whose control has remained a challenge in the 
region (Murage et al., 2015). One of the most 
effective ways of managing these pests and the 
parasitic weed Striga are through the use of a 
companion cropping system, the push-pull 
technology, which was developed by the 
International Centre of Insect Physiology and 
Ecology (ICIPE) and partners through exploit-
ting behavior-modifying stimuli to manipulate 
the distribution and abundance of stemborer 
pests and the parasitic weed Striga (Khan et al., 
2014). The technology uses carefully selected 
plants as intercrops that either repel or attract 
stemborer moths and also control striga, 
resulting in significant improvements in yield 
of cereal crops (Khan et al., 2014; Midega et 
al., 2014; ICIPE, 2017).  
Push pull technology conventionally, it 
involves use of insecticides and intercropping 
maize with a repellent plant, such as 
Desmodium, Desmodium uncinatum Jacq. 
(Leguminaceae) (push), and planting an 
attractive trap plant, such as Napier grass, 
Pennisetum purpureum Schumach (Poaceae) 
(pull), as a border crop around this intercropped 
field (Midega et al., 2018; ICIPE, 2017). 

However, efforts to control the fall armyworm 
through conventional methods, such as use of 
insecticides is complicated by the fact that the 
adult stage of the pest is most active at night, 
and the infestation is only detected after 
damage has been caused to the crop. The pest 
also has a diverse range of alternative host 
plants that enables its populations to persist and 
spread (ICIPE, 2018). In addition, the sustai-
nability of the conventional push-pull techno-
logy, which uses Napier grass (Pennisetum 
spp.) as the trap crop and silver leaf 
(Desmodium spp.) as the intercrop has been 
affected by the global effects of climate change 
and Napier grass is also threatened by the 
emergence of stunt and smut diseases (Mureithi 
& Djikeng, 2016); which can damage up to 
100% of the grass (Kawube et al., 2015) and 
has also limited its expansion to drier areas. In 
a new strategy termed ‘climate-smart push-
pull', the cereal crops are intercropped with the 
drought-tolerant green leaf Desmodium (as the 
intercrop) and Brachiaria hybrid cv. Mulato II 
species (as the trap crop) which can withstand 
heavy grazing than Napier grass (Khan et al., 
2014; ICIPE, 2018).  
Brachiaria grass in the system of push-pull 
technology has widely been disseminated and 
accepted by smallholder cereal farmers in East 
Africa including Ethiopia (Khan et al., 2014), 
and it has been termed as a low-cost 
conservation technology (Murage et al., 2015). 
It is evident that Brachiaria grass is represented 
by Brachiaria hybrid cv. Mulato II has a 
potential in the implementation of the push-pull 
technology effect with the added advantage of 
climate-smart agriculture. This technology has 
been the most successful control strategy for 
integrated management of the aforementioned 
two important constraints to cereal cultivation, 
with the added advantages of simultaneously 
improving soil fertility, agro-ecosystem 
integrity (Khan et al., 2014). This revealed by 
the different reports from field implementation 
of the technology in different countries of 
Africa that it effectively limits stemborer 
infestation and Striga (Striga hermonthica 
(Del.) Benth. (Orobanchaceae)), a devastating 
parasitic weed of cereal crops in Africa, 
resulting in significant increases in maize grain 
yields (Midega et al., 2015; Kumela et al., 
2019) and its impacts particularly in three 
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(Rodrigues et al., 2014); especially Mulato II 
cultivar has excellent herbage production 
performance and benefits to livestock 
productivity (Peters et al., 2012; Nguku et al., 
2016; Ondabu et al., 2017; Adnew et al., 
2019b; Mekuriaw et al., 2020; Yiberkew et al., 
2020); which is reported that Brachiaria hybrid 
Mulato II grass produces up to 25 t/ha DM in 
Tabasco (Cook et al., 2005) in different areas. 
This superior dry matter production confirms 
why Brachiaria grass is now the most 
commonly (extensively) grown as livestock 
forage in South America (Cezário et al., 2015) 
and East Asia (FAO, 2015). A recent study in 
Ethiopia also revealed that Brachiaria grass 
species adapted well and have high CP content 
in the range 8.57-14.93% in six different 
hybrid, cultivars and ecotypes of Brachiaria 
grass (Adnew et al., 2019b; Zemene et al., 
2020; Yiberkew et al., 2020) at lowlands of 
Metekel; Mutica (10.3 and 10.78%); Mulato-II 
(13.21 and 13.04%); Mulato-I (12.6 and 
12.7%); Marandu (14.02 and 13.78%) and La 
liberated (11.31 and 11.6%) in Red and Black 
respectively with fertilizer application 
(Hunegnaw et al., 2020) in north-western of 
Ethiopia. Dry matter yield and CP mean value 
recorded by all Brachiaria grasses species 
studied in Ethiopia have higher than the natural 
pastures grown in Ethiopia as most of the 
natural pasture lands produce about 2 tons 
DM/ha/year with low nutritive value (Abebe et 
al., 2015). Similarly, CP mean value of Mulato 
I (17.5%) and Mulato II (14.6%) in Thailand 
reported by Hare et al. ( 2007) and 7-10% 
reported by Nguku et al. (2015) in the semi-arid 
region of eastern Kenya shown that all tested 
Brachiaria grass species at different altitudes 
and countries met the minimum requirements 
for ruminants (>7%) (Humphreys, 1978). 
 
Roles of Brachiaria grass in Agricultural 
Systems and Environmental amelioration  
 
Brachiaria as a feed resource for livestock 
Brachiaria grass species are productive warm-
season perennial grass with superior nutritive 
value to other warm-season grasses 
(Vendramini et al., 2014), and can be used for 
grazing (Inyang et al., 2010; Modernel et al., 
2019) or harvested and conserved for feeding 
when needed (Vendramini et al., 2010). Data 

on nutritive value indicate that forage from 
Brachiaria is highly palatable to livestock, 
leading to high intake, whether fed fresh or 
grazed in the field. It is ideal forage for 
improving livestock productivity both for cut-
and-carry and grazing systems and yields 
between 5-36 t/ha (Bogdan, 1977). The 
research at International Centre for Tropical 
Agriculture (CIAT) and the Brazilian 
Agricultural Research Corporation (Embrapa) 
on naturally occurring germplasms from Africa 
have developed several improved Brachiaria 
cultivars and a few interspecific hybrid 
cultivars for South America (Argel & Keller-
Grein, 1996; Kuwi et al., 2018). Over the past 
few years, some of these cultivars have been 
evaluated for pasture production in Africa 
focusing on biomass production, nutritive 
values, livestock productivity, and adaptation to 
biotic and abiotic stresses (Maass et al., 2015). 
Results of evaluations have shown the great 
potential of Brachiaria cultivars in Africa to 
alleviate livestock feed shortage, increase the 
availability of quality feeds and improve 
livestock productivity and income of livestock 
farmers in Africa (Njarui et al., 2016). 
Recent experiments elucidate that adoption of 
B. brizantha cultivars have the potential to 
increase milk yield from 3 to 5 liter per cow per 
day at farmers’ condition in Kenya by 15-40% 
(Ghimire et al., 2015) and up to a 100% 
increase (average of 36%) in Rwanda (Schiek, 
2018). In Rwanda, a controlled feeding 
experiment using heifers showed an increase in 
average body weight gain of 205 g per day over 
12 weeks when Brachiaria grass was fed 
compared with Napier grass (Mutimura et al., 
2015; Njarui et al., 2015). A similar result was 
obtained from research in Rwanda that showed 
an increment of milk yield and meat output by 
30% and 20%, respectively (CSB, 2016) and 
also higher meat (Adnew et al., 2019c) and 
milk yield (Mekuriaw et al., 2020) in Ethiopia. 
Brachiaria now becomes the most preferred 
grass among these farming communities in east 
Africa because of its high levels of drought and 
diseases resistance coupled with palatable and 
nutritious biomass that increased milk (Ghimire 
et al., 2015; Schiek, 2018; Mekuriaw et al., 
2020) and meat production (CSB, 2016; 
Adnew et al., 2019c).The studies finding 
highest DMY and CP and the lowest NDF and 

ADF concentrations recorded in East Africa 
(Kifuko-Koech et al., 2016; Adnew et al., 
2019b; Yiberkew et al., 2020) and also found 
considerable improvement in on-farm feed 
availability, body weight gain of cattle, and 
milk yield increases owing to the recent re-
introduction of Brachiaria grass in Rwanda and 
Kenya (Ghimire et al., 2015) and in Ethiopia 
(Adnew et al., 2019c; Yiberkew et al., 2020) 
shown that Brachiaria grass offer opportunities 
to address the challenge of feed scarcity, 
improve livestock production and livelihoods in 
African farming systems (Mutimura & 
Everson, 2012; Maass et al., 2015).  
Brachiaria as a push-pull-system in crop 
production 
Cereals, which include maize, sorghum, millet, 
and rice, are the main staple and cash crops for 
millions of small-scale farmers in most of Sub-
Saharan Africa (Midega et al., 2018). However, 
their production is hugely constrained by insect 
pests, notably stemborers and the parasitic 
weed Striga (Khan et al., 2011; Cairns et al., 
2013). Among the various constraints respo-
nsible for lower yields of cereal crops are the 
parasitic weed Striga, and stemborer pests 
whose control has remained a challenge in the 
region (Murage et al., 2015). One of the most 
effective ways of managing these pests and the 
parasitic weed Striga are through the use of a 
companion cropping system, the push-pull 
technology, which was developed by the 
International Centre of Insect Physiology and 
Ecology (ICIPE) and partners through exploit-
ting behavior-modifying stimuli to manipulate 
the distribution and abundance of stemborer 
pests and the parasitic weed Striga (Khan et al., 
2014). The technology uses carefully selected 
plants as intercrops that either repel or attract 
stemborer moths and also control striga, 
resulting in significant improvements in yield 
of cereal crops (Khan et al., 2014; Midega et 
al., 2014; ICIPE, 2017).  
Push pull technology conventionally, it 
involves use of insecticides and intercropping 
maize with a repellent plant, such as 
Desmodium, Desmodium uncinatum Jacq. 
(Leguminaceae) (push), and planting an 
attractive trap plant, such as Napier grass, 
Pennisetum purpureum Schumach (Poaceae) 
(pull), as a border crop around this intercropped 
field (Midega et al., 2018; ICIPE, 2017). 

However, efforts to control the fall armyworm 
through conventional methods, such as use of 
insecticides is complicated by the fact that the 
adult stage of the pest is most active at night, 
and the infestation is only detected after 
damage has been caused to the crop. The pest 
also has a diverse range of alternative host 
plants that enables its populations to persist and 
spread (ICIPE, 2018). In addition, the sustai-
nability of the conventional push-pull techno-
logy, which uses Napier grass (Pennisetum 
spp.) as the trap crop and silver leaf 
(Desmodium spp.) as the intercrop has been 
affected by the global effects of climate change 
and Napier grass is also threatened by the 
emergence of stunt and smut diseases (Mureithi 
& Djikeng, 2016); which can damage up to 
100% of the grass (Kawube et al., 2015) and 
has also limited its expansion to drier areas. In 
a new strategy termed ‘climate-smart push-
pull', the cereal crops are intercropped with the 
drought-tolerant green leaf Desmodium (as the 
intercrop) and Brachiaria hybrid cv. Mulato II 
species (as the trap crop) which can withstand 
heavy grazing than Napier grass (Khan et al., 
2014; ICIPE, 2018).  
Brachiaria grass in the system of push-pull 
technology has widely been disseminated and 
accepted by smallholder cereal farmers in East 
Africa including Ethiopia (Khan et al., 2014), 
and it has been termed as a low-cost 
conservation technology (Murage et al., 2015). 
It is evident that Brachiaria grass is represented 
by Brachiaria hybrid cv. Mulato II has a 
potential in the implementation of the push-pull 
technology effect with the added advantage of 
climate-smart agriculture. This technology has 
been the most successful control strategy for 
integrated management of the aforementioned 
two important constraints to cereal cultivation, 
with the added advantages of simultaneously 
improving soil fertility, agro-ecosystem 
integrity (Khan et al., 2014). This revealed by 
the different reports from field implementation 
of the technology in different countries of 
Africa that it effectively limits stemborer 
infestation and Striga (Striga hermonthica 
(Del.) Benth. (Orobanchaceae)), a devastating 
parasitic weed of cereal crops in Africa, 
resulting in significant increases in maize grain 
yields (Midega et al., 2015; Kumela et al., 
2019) and its impacts particularly in three 
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Countries (Kenya, Uganda and Tanzania) 
(Midegaa et al., 2018) (Table 1). 
Brachiaria as a soil and water conservation 
Soil erosion is a major threat to the soil 
resource, soil fertility, productivity, and, lastly, 
to food and fiber production (Addis et al., 
2016). Nowadays, soil erosion is the biggest 

worldwide environmental problem (Ighodaro et 
al., 2013). Different soil conservation practices 
(i.e., cover crop, complementary soil 
amendments, physical conditioning) applied 
together as a conservation farming system can 
improve soil physical properties and reduce 
plant water stress (Silva et al., 2019). 

Table 1. Mean (± S.E.) number of fall armyworm larvae and proportion of maize plants damaged in plots of maize 
planted in sole stands (monocrop) or in climate-adapted push–pull treatments in different sub-counties in Western 

Kenya, Eastern Uganda and Northern Tanzania 
Country Sub-county Cropping 

System 
% plants 
damaged 

t-value  % reduction Number of 
larvae/plant 

t-value % reduction 

 
 
 
 
 
Kenya  

Bungoma Push-pull  5.2(1.0)   0.003(0.002)   
Monocrop  95.4(1.0) 32.7 94.6(1.0) 0.49(0.04) 11.4 82.7(6.3) 

Busia Push-pull  18.6(1.5)   0.18(0.02)   
Monocrop  94.3(0.8) 30.3 80.2(1.6) 2.07(0.08) 30.7 90.7(1.1) 

Siaya Push-pull 4.1(0.9)   0.008(0.004)   
Monocrop 80.0(1.5) 34.4 95.0(1.1) 0.23(0.08) 3.01 96.5(1.6) 

Vihiga Push-pull 4.7(0.6)   0.003(0.002)   
Monocrop 85.2(1.3) 32.1 94.4(0.7) 0.36(0.04) 10.7 99.3(0.4) 

Migori Push-pull 3.2(0.7)   0.002(0.001)   
Monocrop 91.3(1.4) 27.6 95.5(0.7) 0.69(0.03) 30.4 99.6(0.2) 

Homabay Push-pull 9.5(2.2)   0.06(0.03)   
Monocrop 84.4(2.7) 16.2 88.2(2.6) 0.95(0.08) 12.9 94.6(2.5) 

 
 
 
Uganda 

Iganga Push-pull 27.3(2.1)   0.15(0.23)   
Monocrop 94.0(2.3) 13.2 70.9(2.2) 0.60(0.02) 12.2 75.2(4.7) 

Bugiri Push-pull 23.8(3.2)   0.13(0.04)   
Monocrop 88.0(3.3) 10 72.6(3.9) 0.52(0.05) 6.01 72.4(8.7) 

Tororo Push-pull 22.0(4.0)   0.14(0.04)   
Monocrop 80.0(5.0) 7.9 71.1(6.8) 0.56(0.06) 5.93 68.1(11.5) 

Bukedea Push-pull 26.0(2.8)   0.17(0.03)   
Monocrop 86.0(4.7) 7.3 68.4(4.3) 0.83(0.12) 6.01 76.2(6.1) 

Tanzania Tarime Push-pull 5.4(1.6)   0.02(0.01)   
Monocrop 67.1(3.5) 12.7 92.3(2.1) 0.38(003) 15.8 96.5(1.6) 

Average Reduction    86.7(0.8)   82.7(1.9) 
In each sub-county and district, means represent data averages of 30 farmers in Kenya, 10 in Uganda and 30 in Tanzania. Figures in parentheses are standard errors. All t-values were associated 
with p < 0.0001 except in Siaya where the t-value under mean number of larvae per plant was associated with p = 0.004. a The regions are known as sub-counties in Kenya and districts in Tanzania 
and Uganda. 

 
In addition to crop rotation, the introduction of 
intercropped perennial grass species, such as 
Brachiaria grass, along with crops, such as 
corn (Zea mays L.), soybean (Glycine max L.) 
and rice (Oryza sativa L.), seems to be a key 
strategy to increase duration of residue cover 
on the soil (Pariz et al., 2017; Silva et al., 
2019). Intercropped Brachiaria also improves 
soil structure and soil physical quality as water 
loss is reduced due to low evaporation and 
improved infiltration rates (Calonego et al., 
2017; Pariz et al., 2017), possibly as 
consequences of increments in soil porosity and 
organic matter content.  
Grasses with robust and strong root systems, 
such as Brachiaria, can penetrate dense soil 
layers with large penetration resistance values 
(Calonego & Rosolem, 2011), forming 
neobiopores that favor water movement and 
gas diffusion in the soil (Williams & Weil, 
2004). Additional advantages of using the 
Brachiaria genus in the integrated systems are 
that the species produce abundant roots which 

contribute to the collection of water, soil 
aggregation and aeration (Kluthcouski et al., 
2014). According to a report by Dereje et al. 
(2014) some volunteer farmers in some villages 
of Diga district (East Wallaga zone), were 
increasingly engaged in producing fodder crops 
such as Rhodes grass (Chloris gayana), Napier 
grass (Pennisetum purpureum) and Chomo 
grass (Brachiaria humidicola) on their fields. 
In addition to their major significance as animal 
feed, these perennial grasses serve to 
rehabilitate the degraded soil which has 
developed as a result of improper land 
management and termite infestation (Debelo, 
2020).  According to this author, the Ethiopian 
Evangelical Church Mekana Yesus-
Development and Social Services Commission 
(EECMY-DASSC) plants Brachiaria grass as a 
project in closing areas as one of its strategies 
to promote environmental rehabilitation of 
degraded termite lands in Mana Sibu district 
and the project considers the grass as an 
excellent innovation that enables the 

rehabilitation of closed areas as it grows easily 
on degraded lands and is highly resistant to 
termites. Large areas of idle farmland, back 
yards, hills, sloping land, upper terraces, bunds, 
and building foundations would be an 
opportunity for intensification of livestock 
provided the land is rehabilitated with tolerant 
grass species that have high biomass 
production potential and resilience capacity to 
adverse biotic and abiotic factors often 
prevailing in the village.  
Brachiaria humidicola (Dereje et al., 2014); 
Brachiaria hybrid Mulato II and Panicum 
maximum (Philp et al., 2019), which is often 
used to grow drought-tolerant, are some of such 
grass species expected to reclaim the degraded 
land because of its creeping nature that anchors 
its lower nodes to the ground and its resistance 
to intermittent attack by termites. In these 
environments, deep-rooting characteristics 
allow the forages to access subsoil water and 
minimize drought exposure during the dry 
season, potentially delaying or preventing the 
onset of yellowing leaves and loss of 
productivity. Generally, Brachiaria radicular 
systems are known for promoting pore 
formation and organic matter accumulation, 
reducing soil compaction and increasing 
introduced the least limiting water range 
(Calonego et al., 2011; Pariz et al., 2016), 
improving soil fertility and increasing crop 
yield (Balbinot et al., 2017). Therefore, they 
can act as alternative root channels for 
subsequent crops, reducing the negative effects 
of soil compaction (Chen et al., 2014; Ajayi et 
al., 2019). 
Brachiaria as biological nitrification 
inhibition (BNI) 
Nitrification is the soil microbial 
transformation of ammonium (NH4+) to nitrate 
(NO3-) that can result in soil nitrogen (N) losses 
via NO3- leaching, promoting eutrophication in 
aquatic ecosystems (Egenolf et al., 2020). 
Furthermore, N inputs can be lost to the 
environment as an intermediate by-product of 
nitrification or via denitrification causing 
emissions of nitrous oxide (N2O), potent 
greenhouse gas that contribute to global 
warming and depletion of the stratospheric 
ozone (Canfield et al., 2010; Zakir et al., 2014). 
It is estimated that up to 70% of N applied to 
crops is lost due to nitrification and subsequent 

denitrification (Subbarao et al., 2017; Coskun 
et al., 2017). Due to these nitrogen losses, a 
major portion of the soil nitrogen and applied 
fertilizer nitrogen (>60%) is lost, in low 
nitrogen-use efficiency of agricultural systems 
(Galloway et al., 2008; Schlesinger, 2009). The 
N losses from agricultural systems are not only 
a major environmental concern but also an 
economic loss for farmers as they increase 
inefficiencies in N-fertilizer use (Nuñez et al., 
2018). 
Nitrification can be controlled through different 
approaches, limiting NH4+ availability (i.e., 
managing fertilization) or inhibiting nitrifiers 
with either synthetic or naturally released 
compounds (Norton and Ouyang, 2019). 
Byrnes et al. (2017) and Beeckman et al. 
(2018) reported that the use of nitrification 
inhibitors, either synthetic or plant -based BNIs 
reduces soil nitrification rates and, thus, NO3- 
leaching and N2O emissions, and that 
contributes towards increasing crop N use 
efficiency (Yang et al., 2016). BNI is the 
natural ability of certain plant species to release 
nitrification inhibitors from their roots that 
suppress nitrifier activity, thus reducing soil 
nitrification and N2O emission. Abalos et al. 
(2018) also suggested that plants with 
acquisitive resource-use strategies (i.e., 
successful in nutrient-rich environments) 
reduced emissions of N2O compared to 
conservative species and proposed that root 
length density and specific leaf area were key 
traits that regulate N2O emissions and biomass 
yield in managed grasslands. Similarly, Meier 
et al. (2017) observed that root exudates of the 
loblolly pine stimulated the microbial 
degradation of fast-cycling N pools increasing 
N availability. 
The root is known to directly modify the 
rhizosphere population by altering the chemical 
constituents of root exudates (Nuñez et al., 
2018). Nitrification inhibitors have been 
identified in root exudates from several 
legumes and grasses including sorghum and 
rice, but by far the largest activity was detected 
in the tropical grass Brachiaria (Subbarao et 
al., 2009; Byrnes et al., 2017) and the ability of 
Brachiaria grass species to suppress 
nitrification in soil by releasing an inhibitory 
compound called ‘brachialactone’ (Cardoso et 
al., 2017). The roots of the tropical grass 
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Countries (Kenya, Uganda and Tanzania) 
(Midegaa et al., 2018) (Table 1). 
Brachiaria as a soil and water conservation 
Soil erosion is a major threat to the soil 
resource, soil fertility, productivity, and, lastly, 
to food and fiber production (Addis et al., 
2016). Nowadays, soil erosion is the biggest 

worldwide environmental problem (Ighodaro et 
al., 2013). Different soil conservation practices 
(i.e., cover crop, complementary soil 
amendments, physical conditioning) applied 
together as a conservation farming system can 
improve soil physical properties and reduce 
plant water stress (Silva et al., 2019). 

Table 1. Mean (± S.E.) number of fall armyworm larvae and proportion of maize plants damaged in plots of maize 
planted in sole stands (monocrop) or in climate-adapted push–pull treatments in different sub-counties in Western 

Kenya, Eastern Uganda and Northern Tanzania 
Country Sub-county Cropping 

System 
% plants 
damaged 

t-value  % reduction Number of 
larvae/plant 

t-value % reduction 

 
 
 
 
 
Kenya  

Bungoma Push-pull  5.2(1.0)   0.003(0.002)   
Monocrop  95.4(1.0) 32.7 94.6(1.0) 0.49(0.04) 11.4 82.7(6.3) 

Busia Push-pull  18.6(1.5)   0.18(0.02)   
Monocrop  94.3(0.8) 30.3 80.2(1.6) 2.07(0.08) 30.7 90.7(1.1) 

Siaya Push-pull 4.1(0.9)   0.008(0.004)   
Monocrop 80.0(1.5) 34.4 95.0(1.1) 0.23(0.08) 3.01 96.5(1.6) 

Vihiga Push-pull 4.7(0.6)   0.003(0.002)   
Monocrop 85.2(1.3) 32.1 94.4(0.7) 0.36(0.04) 10.7 99.3(0.4) 

Migori Push-pull 3.2(0.7)   0.002(0.001)   
Monocrop 91.3(1.4) 27.6 95.5(0.7) 0.69(0.03) 30.4 99.6(0.2) 

Homabay Push-pull 9.5(2.2)   0.06(0.03)   
Monocrop 84.4(2.7) 16.2 88.2(2.6) 0.95(0.08) 12.9 94.6(2.5) 

 
 
 
Uganda 

Iganga Push-pull 27.3(2.1)   0.15(0.23)   
Monocrop 94.0(2.3) 13.2 70.9(2.2) 0.60(0.02) 12.2 75.2(4.7) 

Bugiri Push-pull 23.8(3.2)   0.13(0.04)   
Monocrop 88.0(3.3) 10 72.6(3.9) 0.52(0.05) 6.01 72.4(8.7) 

Tororo Push-pull 22.0(4.0)   0.14(0.04)   
Monocrop 80.0(5.0) 7.9 71.1(6.8) 0.56(0.06) 5.93 68.1(11.5) 

Bukedea Push-pull 26.0(2.8)   0.17(0.03)   
Monocrop 86.0(4.7) 7.3 68.4(4.3) 0.83(0.12) 6.01 76.2(6.1) 

Tanzania Tarime Push-pull 5.4(1.6)   0.02(0.01)   
Monocrop 67.1(3.5) 12.7 92.3(2.1) 0.38(003) 15.8 96.5(1.6) 

Average Reduction    86.7(0.8)   82.7(1.9) 
In each sub-county and district, means represent data averages of 30 farmers in Kenya, 10 in Uganda and 30 in Tanzania. Figures in parentheses are standard errors. All t-values were associated 
with p < 0.0001 except in Siaya where the t-value under mean number of larvae per plant was associated with p = 0.004. a The regions are known as sub-counties in Kenya and districts in Tanzania 
and Uganda. 

 
In addition to crop rotation, the introduction of 
intercropped perennial grass species, such as 
Brachiaria grass, along with crops, such as 
corn (Zea mays L.), soybean (Glycine max L.) 
and rice (Oryza sativa L.), seems to be a key 
strategy to increase duration of residue cover 
on the soil (Pariz et al., 2017; Silva et al., 
2019). Intercropped Brachiaria also improves 
soil structure and soil physical quality as water 
loss is reduced due to low evaporation and 
improved infiltration rates (Calonego et al., 
2017; Pariz et al., 2017), possibly as 
consequences of increments in soil porosity and 
organic matter content.  
Grasses with robust and strong root systems, 
such as Brachiaria, can penetrate dense soil 
layers with large penetration resistance values 
(Calonego & Rosolem, 2011), forming 
neobiopores that favor water movement and 
gas diffusion in the soil (Williams & Weil, 
2004). Additional advantages of using the 
Brachiaria genus in the integrated systems are 
that the species produce abundant roots which 

contribute to the collection of water, soil 
aggregation and aeration (Kluthcouski et al., 
2014). According to a report by Dereje et al. 
(2014) some volunteer farmers in some villages 
of Diga district (East Wallaga zone), were 
increasingly engaged in producing fodder crops 
such as Rhodes grass (Chloris gayana), Napier 
grass (Pennisetum purpureum) and Chomo 
grass (Brachiaria humidicola) on their fields. 
In addition to their major significance as animal 
feed, these perennial grasses serve to 
rehabilitate the degraded soil which has 
developed as a result of improper land 
management and termite infestation (Debelo, 
2020).  According to this author, the Ethiopian 
Evangelical Church Mekana Yesus-
Development and Social Services Commission 
(EECMY-DASSC) plants Brachiaria grass as a 
project in closing areas as one of its strategies 
to promote environmental rehabilitation of 
degraded termite lands in Mana Sibu district 
and the project considers the grass as an 
excellent innovation that enables the 

rehabilitation of closed areas as it grows easily 
on degraded lands and is highly resistant to 
termites. Large areas of idle farmland, back 
yards, hills, sloping land, upper terraces, bunds, 
and building foundations would be an 
opportunity for intensification of livestock 
provided the land is rehabilitated with tolerant 
grass species that have high biomass 
production potential and resilience capacity to 
adverse biotic and abiotic factors often 
prevailing in the village.  
Brachiaria humidicola (Dereje et al., 2014); 
Brachiaria hybrid Mulato II and Panicum 
maximum (Philp et al., 2019), which is often 
used to grow drought-tolerant, are some of such 
grass species expected to reclaim the degraded 
land because of its creeping nature that anchors 
its lower nodes to the ground and its resistance 
to intermittent attack by termites. In these 
environments, deep-rooting characteristics 
allow the forages to access subsoil water and 
minimize drought exposure during the dry 
season, potentially delaying or preventing the 
onset of yellowing leaves and loss of 
productivity. Generally, Brachiaria radicular 
systems are known for promoting pore 
formation and organic matter accumulation, 
reducing soil compaction and increasing 
introduced the least limiting water range 
(Calonego et al., 2011; Pariz et al., 2016), 
improving soil fertility and increasing crop 
yield (Balbinot et al., 2017). Therefore, they 
can act as alternative root channels for 
subsequent crops, reducing the negative effects 
of soil compaction (Chen et al., 2014; Ajayi et 
al., 2019). 
Brachiaria as biological nitrification 
inhibition (BNI) 
Nitrification is the soil microbial 
transformation of ammonium (NH4+) to nitrate 
(NO3-) that can result in soil nitrogen (N) losses 
via NO3- leaching, promoting eutrophication in 
aquatic ecosystems (Egenolf et al., 2020). 
Furthermore, N inputs can be lost to the 
environment as an intermediate by-product of 
nitrification or via denitrification causing 
emissions of nitrous oxide (N2O), potent 
greenhouse gas that contribute to global 
warming and depletion of the stratospheric 
ozone (Canfield et al., 2010; Zakir et al., 2014). 
It is estimated that up to 70% of N applied to 
crops is lost due to nitrification and subsequent 

denitrification (Subbarao et al., 2017; Coskun 
et al., 2017). Due to these nitrogen losses, a 
major portion of the soil nitrogen and applied 
fertilizer nitrogen (>60%) is lost, in low 
nitrogen-use efficiency of agricultural systems 
(Galloway et al., 2008; Schlesinger, 2009). The 
N losses from agricultural systems are not only 
a major environmental concern but also an 
economic loss for farmers as they increase 
inefficiencies in N-fertilizer use (Nuñez et al., 
2018). 
Nitrification can be controlled through different 
approaches, limiting NH4+ availability (i.e., 
managing fertilization) or inhibiting nitrifiers 
with either synthetic or naturally released 
compounds (Norton and Ouyang, 2019). 
Byrnes et al. (2017) and Beeckman et al. 
(2018) reported that the use of nitrification 
inhibitors, either synthetic or plant -based BNIs 
reduces soil nitrification rates and, thus, NO3- 
leaching and N2O emissions, and that 
contributes towards increasing crop N use 
efficiency (Yang et al., 2016). BNI is the 
natural ability of certain plant species to release 
nitrification inhibitors from their roots that 
suppress nitrifier activity, thus reducing soil 
nitrification and N2O emission. Abalos et al. 
(2018) also suggested that plants with 
acquisitive resource-use strategies (i.e., 
successful in nutrient-rich environments) 
reduced emissions of N2O compared to 
conservative species and proposed that root 
length density and specific leaf area were key 
traits that regulate N2O emissions and biomass 
yield in managed grasslands. Similarly, Meier 
et al. (2017) observed that root exudates of the 
loblolly pine stimulated the microbial 
degradation of fast-cycling N pools increasing 
N availability. 
The root is known to directly modify the 
rhizosphere population by altering the chemical 
constituents of root exudates (Nuñez et al., 
2018). Nitrification inhibitors have been 
identified in root exudates from several 
legumes and grasses including sorghum and 
rice, but by far the largest activity was detected 
in the tropical grass Brachiaria (Subbarao et 
al., 2009; Byrnes et al., 2017) and the ability of 
Brachiaria grass species to suppress 
nitrification in soil by releasing an inhibitory 
compound called ‘brachialactone’ (Cardoso et 
al., 2017). The roots of the tropical grass 
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Brachiaria specifically produce a chemical 
shown to inhibit nitrifying bacteria (Souri & 
Neumann, 2017) and to specifically block 
ammonia-oxidizing pathways in soil bacteria 
(Byrnes et al., 2017; Nuñez et al., 2018; 
Egenolf et al., 2020).  
Brachiaria grass species were reported to have 
a high adaptation to the low-N production in 
the environments of South American savannas 
(Miles et al., 2004), showed the greatest BNI 
capacity among the tropical grasses evaluated 
(Subbarao et al., 2009; Nuñez et al., 2018).  In 
addition to this, recently, the assessment of 
different plants for their BNI capacity 
performed in 18 species of pasture grasses, and 
cereal and legume crops by Villegas et al. 
(2020) revealed that significant BNI only in the 
grasses Brachiaria species reduced nitrification 
up to 90%, and suggested the absence of such 
trait in the other species. Similarly, Cardoso et 
al. (2017) reported that both greenhouse and 
field experiments, rates of nitrification were 
lower in Brachiaria-cultivated soil than in bare 
soil. According to this authors, the symbiotic 
association of Brachiaria grass with fungal 
endophyte stimulates release of BNI 
compounds and suppress nitrification in soil. 
Studies of regulation of N soil dynamics 
associated to plant and soil microorganism 
interaction such as BNI and more recently the 
biological denitrification inhibition (BDI), have 
increased since they represent an ecologically 
friendly, sustainable and cost-effective strategy 
compared to the use of synthetic inhibitors 
(Subbarao et al., 2017). 
Brachiaria as a means to mitigate greenhouse 
gas (GHG) emissions 
Global demand for livestock products, 
principally milk, and meat, is expected to 
double by 2050, particularly in developing 
countries (Herrero et al., 2013; FAO, 2016). 
However, livestock production is also 
associated with GHG emissions (Ripple et al., 
2014; Rao et al., 2015). Agriculture contributes 
14% to global GHG emissions (World Bank, 
2010), 50% of these are attributed to livestock 
production (Steinfeld et al., 2006; Herrero et 
al., 2013). The other major agricultural effect 
that increase soil GHG emissions, rather than 
further stimulate crop yield is excessive N 
fertilizer application (Cui et al., 2018; Ren et 
al., 2020; Zhang et al., 2020). 

Climate-smart agriculture (CSA) aims to 
improve global food security while promoting 
adaptation to climate change and contribute to 
its mitigation (FAO, 2016). With respect to 
CSA, a greenhouse experiment, using pots with 
the same treatments as in the field experiment, 
suggested that this could have been due to 
lower soil nitrate levels under Brachiaria 
forage compared to guinea grass, indicating 
that BNI could be a possible mechanism for 
lower N2O emissions from Brachiaria. The 
vegetative cover of well-managed pastures 
enhances ecosystem services by controlling soil 
erosion and restoring land through increased 
soil organic matter and better microclimate. 
From animal nutrition standpoint, well-ba-
lanced diets with low fiber and high diges-
tibility decrease energy losses and increase 
animal performance (Boland et al., 2013); 
showed that livestock systems in the tropics can 
contribute to mitigating climate change by 
reducing GHG emissions and increasing carbon 
accumulation (Rao et al., 2015). 
A comprehensive review by different authors 
(Subbarao et al., 2009; Peters et al., 2012; Rao, 
2014; Hammond et al., 2015; Lionch et al., 
2017) has illustrated the potential of well-
managed improved forages to mitigate GHG 
emissions. Methane emissions from enteric 
fermentation of cattle fed on tropical grasses 
and browser tree legumes were low compared 
to other feed resources (Kennedy & Charmly, 
2012). Moreover, replacing naturalized grasses 
with varieties of higher quality and digestibility 
forage grasses reduces the amount of methane 
emitted per unit of milk or meat produced 
(Peters et al., 2013). Thus, in these sense, the 
value of well managed tropical grasses 
especially Brachiaria species are very crucial 
not only in animal production but also for 
environmental protection (Valente et al., 2014). 
 
CONCLUSIONS 
 
Brachiaria grass species are the newest options 
for improving agricultural productivity in 
Ethiopia as of the genus of this grass species 
are high-yielding, nutritious, and eco-friendly. 
As a results of these benefits, Brachiaria grass 
species have a very crucial role to support the 
emerging livestock industry in tropical regions 
particularly in shown a considerable interest in 

Africa. Despite the potential of these improved 
forages in various tropical countries, infor-
mation regarding their contribution to livestock 
productivity, environmental amelioration 
(amendments like carbon sequestration, 
biological nitrification inhabitation and 
methane emission), farmers' awareness about 
Brachiaria grass utilization, and research 
activity about this grass in Ethiopia is sparse. 
Besides, climate change and global warming 
become a reality in Ethiopia. Thus, farmers, 
researchers, governmental and non-
governmental organization have to switch to 
Bracharia grass production as integrated crop-
livestock production system to boost the 
agricultural productivity in Ethiopia. It is 
possible to summarize that research and 
development efforts in crop-livestock systems 
in the highlands can benefit from the 
integration of climate-smart forage species like 
Bracharia grass. 
 
REFERENCES  
 
Abalos, D., van Groenigen, J.W., and De Deyn, G.B. 

(2018). What plant functional traits can reduce 
nitrous oxide emissions from intensively mFanaged 
grasslands? Glob. Change Biol. 24, 248–258. 

Abebe, Y., Tafere, M., Dagnew, S., Tolla, M., Gebre-
Selassie, Y. (2015). Best fit practice manual for 
Rhodes grass (Chloris gayana) production. 
BDUCASCAPE, 2015; working paper 10. 

Addis, H.K., Strohmeier, S., Ziadat, F., Melaku, N.D., 
Klik, A. (2016). Modeling streamflow and sediment 
using SWAT in the Ethiopian Highlands. Int J Agric 
Biol Eng, 9: 51-66. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019a). Effect Of Harvesting Stage and Altitude on 
Agronomic and Qualities of Six Brachiaria Grass in 
Northwest Ethiopia. AgroLife Scientific Journal, 
8(1): 2285-5718. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019b). Effect of Altitudes and Harvesting Stages on 
Agronomic Responses and Chemical Composition of 
Brachiaria grass Cultivars in Northwestern Ethiopia. 
Scientific Papers: Animal Science and 
Biotechnologies, 52(2). 
www.cabdirect.org/cabdirect/abstract/20203162691. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019c). Evaluation of Brachiaria hybrid 
Mulato II hay as a basal diet for growing Farta lambs 
in Ethiopia. Asian-Australasian 
Journal of Animal Sciences. 

Adnew, W., Berhanu, A., Asaminew, T., Bimrew, A. 
(2018). Assessments of farmers′ perception and 
utilization status of Brachiaria grass in selected areas 
of Ethiopia. Biodiversitas, 19: 951-962. 

Ajayi, A.E., Horn, R., Rostek, J., Uteau, D., Peth, S. 
(2019). Evaluation of temporal changes in 
hydrostructural properties of regenerating permanent 
grassland soils based on shrinkage properties and μ 
CT analysis. Soil Tillage Res., 185: 102-112, 
10.1016/j.still.2018.09.005. 

Ali, A.I., Wassie, S.E., Korir, D., Merbold, L., Goopy, 
J.P., Butterbach-Bahl, K., Dickhoefer, U., Schlecht, 
E. (2019). Supplementing tropical cattle for improved 
nutrient utilization and reduced enteric methane 
emissions. Animals, 9, 210. 

Amejo, A.G., Gebere, Y.M., Kassa, H., Tana, T. (2019). 
Characterization of smallholder mixed crop-livestock 
systems in integration with spatial information: In 
case Ethiopia. Cogent food and Agricultural, 5(1), 
1565299.  

Amejo, A.G., Gebere, Y.M., Kassa, H., Tana, T. (2018). 
Agricultural productivity, land use and draught 
animal power formula derived from mixed crop-
livestock systems in Southwestern Ethiopia. African 
Journal of Agricultural Research, 13(42): 2362–
2381. 

Arango, J., Moreta, D., Núñez, J., Hartmann, K., 
Domínguez, M., Ishitani, M., Miles, J., Subbarao, G., 
Peters, M., Rao, I.M. (2014). Developing methods to 
evaluate phenotypic variability in biological 
nitrification inhibition (BNI) capacity of Brachiaria 
grasses. Trop GrasslForrajes Trop. 2: 6–8. 

Argel, P.J., Keller-Grein, G. (1996). Regional experience 
with Brachiaria: tropical America humid lowlands. 
In: Miles JW, Maass BL, do Valle CB, Kumble V 
(eds), Brachiaria: biology, agronomy, and 
improvement. Cali: International Center for Tropical 
Agriculture, 205–224. 

Arroyave, C., Tolrà, R., Chaves, L., de Souza, M.C., 
Barceló, J., Poschenrieder, C. (2018). A proteomic 
approach to the mechanisms underlying activation of 
aluminium resistance in roots of Urochloa 
decumbens. Journal of Inorganic Biochemistry, 181: 
145-151. 

Asmare, B., Demeke, S., Tolemariam, T., Tegegne, F., 
Wamatu, J., Rischkowsky, B. (2016). Determinants 
of the utilization of desho grass (Pennisetum 
pedicellatum) by farmers in Ethiopia. Tropical 
Grasslands-Forrajes Tropicales, 4: 112-121. 

Asante, B.O., Villano, R.A., Patrick, I.W., Battese, G.E. 
(2017). Determinants of farm diversification in 
integrated crop–livestock farming systems in Ghana. 
Renew Agric Food Syst. 

Assefa, G., Mengistu, S., Feyissa, F., Bediye, S. (2016). 
Animal Feed Resources Research in Ethiopia: 
Achievements, Challenges and Future Directions. 
EIAR 50th Year Jubilee Anniversary Special Issue: 
141-155. 

Batistoti, C., Lemppa, B., Jank, L., das Morais, M.G., 
Cubas, A.C., Gomes, R.A., Ferreira, M.V.B. (2012). 
Correlations among anatomical, morphological, 
chemical and agronomic characteristics of leaf blades 
in Panicum maximum genotypes. Anim. Feed Sci. 
Technol. 171: 173-180. 

Bailey-Serres, J., Parker, J.E., Ainsworth, E.A., Oldroyd, 
G.E., Schroeder, J.I. (2019). Genetic strategies for 
improving crop yields. Nature, 575, 109-118. 



19

Brachiaria specifically produce a chemical 
shown to inhibit nitrifying bacteria (Souri & 
Neumann, 2017) and to specifically block 
ammonia-oxidizing pathways in soil bacteria 
(Byrnes et al., 2017; Nuñez et al., 2018; 
Egenolf et al., 2020).  
Brachiaria grass species were reported to have 
a high adaptation to the low-N production in 
the environments of South American savannas 
(Miles et al., 2004), showed the greatest BNI 
capacity among the tropical grasses evaluated 
(Subbarao et al., 2009; Nuñez et al., 2018).  In 
addition to this, recently, the assessment of 
different plants for their BNI capacity 
performed in 18 species of pasture grasses, and 
cereal and legume crops by Villegas et al. 
(2020) revealed that significant BNI only in the 
grasses Brachiaria species reduced nitrification 
up to 90%, and suggested the absence of such 
trait in the other species. Similarly, Cardoso et 
al. (2017) reported that both greenhouse and 
field experiments, rates of nitrification were 
lower in Brachiaria-cultivated soil than in bare 
soil. According to this authors, the symbiotic 
association of Brachiaria grass with fungal 
endophyte stimulates release of BNI 
compounds and suppress nitrification in soil. 
Studies of regulation of N soil dynamics 
associated to plant and soil microorganism 
interaction such as BNI and more recently the 
biological denitrification inhibition (BDI), have 
increased since they represent an ecologically 
friendly, sustainable and cost-effective strategy 
compared to the use of synthetic inhibitors 
(Subbarao et al., 2017). 
Brachiaria as a means to mitigate greenhouse 
gas (GHG) emissions 
Global demand for livestock products, 
principally milk, and meat, is expected to 
double by 2050, particularly in developing 
countries (Herrero et al., 2013; FAO, 2016). 
However, livestock production is also 
associated with GHG emissions (Ripple et al., 
2014; Rao et al., 2015). Agriculture contributes 
14% to global GHG emissions (World Bank, 
2010), 50% of these are attributed to livestock 
production (Steinfeld et al., 2006; Herrero et 
al., 2013). The other major agricultural effect 
that increase soil GHG emissions, rather than 
further stimulate crop yield is excessive N 
fertilizer application (Cui et al., 2018; Ren et 
al., 2020; Zhang et al., 2020). 

Climate-smart agriculture (CSA) aims to 
improve global food security while promoting 
adaptation to climate change and contribute to 
its mitigation (FAO, 2016). With respect to 
CSA, a greenhouse experiment, using pots with 
the same treatments as in the field experiment, 
suggested that this could have been due to 
lower soil nitrate levels under Brachiaria 
forage compared to guinea grass, indicating 
that BNI could be a possible mechanism for 
lower N2O emissions from Brachiaria. The 
vegetative cover of well-managed pastures 
enhances ecosystem services by controlling soil 
erosion and restoring land through increased 
soil organic matter and better microclimate. 
From animal nutrition standpoint, well-ba-
lanced diets with low fiber and high diges-
tibility decrease energy losses and increase 
animal performance (Boland et al., 2013); 
showed that livestock systems in the tropics can 
contribute to mitigating climate change by 
reducing GHG emissions and increasing carbon 
accumulation (Rao et al., 2015). 
A comprehensive review by different authors 
(Subbarao et al., 2009; Peters et al., 2012; Rao, 
2014; Hammond et al., 2015; Lionch et al., 
2017) has illustrated the potential of well-
managed improved forages to mitigate GHG 
emissions. Methane emissions from enteric 
fermentation of cattle fed on tropical grasses 
and browser tree legumes were low compared 
to other feed resources (Kennedy & Charmly, 
2012). Moreover, replacing naturalized grasses 
with varieties of higher quality and digestibility 
forage grasses reduces the amount of methane 
emitted per unit of milk or meat produced 
(Peters et al., 2013). Thus, in these sense, the 
value of well managed tropical grasses 
especially Brachiaria species are very crucial 
not only in animal production but also for 
environmental protection (Valente et al., 2014). 
 
CONCLUSIONS 
 
Brachiaria grass species are the newest options 
for improving agricultural productivity in 
Ethiopia as of the genus of this grass species 
are high-yielding, nutritious, and eco-friendly. 
As a results of these benefits, Brachiaria grass 
species have a very crucial role to support the 
emerging livestock industry in tropical regions 
particularly in shown a considerable interest in 

Africa. Despite the potential of these improved 
forages in various tropical countries, infor-
mation regarding their contribution to livestock 
productivity, environmental amelioration 
(amendments like carbon sequestration, 
biological nitrification inhabitation and 
methane emission), farmers' awareness about 
Brachiaria grass utilization, and research 
activity about this grass in Ethiopia is sparse. 
Besides, climate change and global warming 
become a reality in Ethiopia. Thus, farmers, 
researchers, governmental and non-
governmental organization have to switch to 
Bracharia grass production as integrated crop-
livestock production system to boost the 
agricultural productivity in Ethiopia. It is 
possible to summarize that research and 
development efforts in crop-livestock systems 
in the highlands can benefit from the 
integration of climate-smart forage species like 
Bracharia grass. 
 
REFERENCES  
 
Abalos, D., van Groenigen, J.W., and De Deyn, G.B. 

(2018). What plant functional traits can reduce 
nitrous oxide emissions from intensively mFanaged 
grasslands? Glob. Change Biol. 24, 248–258. 

Abebe, Y., Tafere, M., Dagnew, S., Tolla, M., Gebre-
Selassie, Y. (2015). Best fit practice manual for 
Rhodes grass (Chloris gayana) production. 
BDUCASCAPE, 2015; working paper 10. 

Addis, H.K., Strohmeier, S., Ziadat, F., Melaku, N.D., 
Klik, A. (2016). Modeling streamflow and sediment 
using SWAT in the Ethiopian Highlands. Int J Agric 
Biol Eng, 9: 51-66. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019a). Effect Of Harvesting Stage and Altitude on 
Agronomic and Qualities of Six Brachiaria Grass in 
Northwest Ethiopia. AgroLife Scientific Journal, 
8(1): 2285-5718. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019b). Effect of Altitudes and Harvesting Stages on 
Agronomic Responses and Chemical Composition of 
Brachiaria grass Cultivars in Northwestern Ethiopia. 
Scientific Papers: Animal Science and 
Biotechnologies, 52(2). 
www.cabdirect.org/cabdirect/abstract/20203162691. 

Adnew, W., Tsegay, B.A., Tassew, A., Asmare, B. 
(2019c). Evaluation of Brachiaria hybrid 
Mulato II hay as a basal diet for growing Farta lambs 
in Ethiopia. Asian-Australasian 
Journal of Animal Sciences. 

Adnew, W., Berhanu, A., Asaminew, T., Bimrew, A. 
(2018). Assessments of farmers′ perception and 
utilization status of Brachiaria grass in selected areas 
of Ethiopia. Biodiversitas, 19: 951-962. 

Ajayi, A.E., Horn, R., Rostek, J., Uteau, D., Peth, S. 
(2019). Evaluation of temporal changes in 
hydrostructural properties of regenerating permanent 
grassland soils based on shrinkage properties and μ 
CT analysis. Soil Tillage Res., 185: 102-112, 
10.1016/j.still.2018.09.005. 

Ali, A.I., Wassie, S.E., Korir, D., Merbold, L., Goopy, 
J.P., Butterbach-Bahl, K., Dickhoefer, U., Schlecht, 
E. (2019). Supplementing tropical cattle for improved 
nutrient utilization and reduced enteric methane 
emissions. Animals, 9, 210. 

Amejo, A.G., Gebere, Y.M., Kassa, H., Tana, T. (2019). 
Characterization of smallholder mixed crop-livestock 
systems in integration with spatial information: In 
case Ethiopia. Cogent food and Agricultural, 5(1), 
1565299.  

Amejo, A.G., Gebere, Y.M., Kassa, H., Tana, T. (2018). 
Agricultural productivity, land use and draught 
animal power formula derived from mixed crop-
livestock systems in Southwestern Ethiopia. African 
Journal of Agricultural Research, 13(42): 2362–
2381. 

Arango, J., Moreta, D., Núñez, J., Hartmann, K., 
Domínguez, M., Ishitani, M., Miles, J., Subbarao, G., 
Peters, M., Rao, I.M. (2014). Developing methods to 
evaluate phenotypic variability in biological 
nitrification inhibition (BNI) capacity of Brachiaria 
grasses. Trop GrasslForrajes Trop. 2: 6–8. 

Argel, P.J., Keller-Grein, G. (1996). Regional experience 
with Brachiaria: tropical America humid lowlands. 
In: Miles JW, Maass BL, do Valle CB, Kumble V 
(eds), Brachiaria: biology, agronomy, and 
improvement. Cali: International Center for Tropical 
Agriculture, 205–224. 

Arroyave, C., Tolrà, R., Chaves, L., de Souza, M.C., 
Barceló, J., Poschenrieder, C. (2018). A proteomic 
approach to the mechanisms underlying activation of 
aluminium resistance in roots of Urochloa 
decumbens. Journal of Inorganic Biochemistry, 181: 
145-151. 

Asmare, B., Demeke, S., Tolemariam, T., Tegegne, F., 
Wamatu, J., Rischkowsky, B. (2016). Determinants 
of the utilization of desho grass (Pennisetum 
pedicellatum) by farmers in Ethiopia. Tropical 
Grasslands-Forrajes Tropicales, 4: 112-121. 

Asante, B.O., Villano, R.A., Patrick, I.W., Battese, G.E. 
(2017). Determinants of farm diversification in 
integrated crop–livestock farming systems in Ghana. 
Renew Agric Food Syst. 

Assefa, G., Mengistu, S., Feyissa, F., Bediye, S. (2016). 
Animal Feed Resources Research in Ethiopia: 
Achievements, Challenges and Future Directions. 
EIAR 50th Year Jubilee Anniversary Special Issue: 
141-155. 

Batistoti, C., Lemppa, B., Jank, L., das Morais, M.G., 
Cubas, A.C., Gomes, R.A., Ferreira, M.V.B. (2012). 
Correlations among anatomical, morphological, 
chemical and agronomic characteristics of leaf blades 
in Panicum maximum genotypes. Anim. Feed Sci. 
Technol. 171: 173-180. 

Bailey-Serres, J., Parker, J.E., Ainsworth, E.A., Oldroyd, 
G.E., Schroeder, J.I. (2019). Genetic strategies for 
improving crop yields. Nature, 575, 109-118. 



20

Baiyeri, P., Foleng, N.H., Machebe, N.S. (2019). Crop-
Livestock Interaction for Sustainable Agriculture. In 
book: Innovations in Sustainable Agriculture. 

Balehegn, M., Duncan, A., Tolera, A., Ayantunde, A.A., 
Issa, S., Karimou, M., Zampaligré, N., André, K., 
Gnanda, I., Varijakshapanicker, P., Kebreab, E., 
Dubeux, J., Boote, K., Minta, M., Feyissa. F., 
Adesogan, A.T. (2020). Improving adoption of 
technologies and interventions for increasing supply 
of quality livestock feed in low- and middle-income 
countries. Global Food Security, 26, 100372.  

Balehegn, M., Eik, L., Tesfay, Y. (2014). Replacing 
commercial concentrate by Ficus 
thonningii improved productivity of goats in 
Ethiopia. Trop. Anim. Health Prod., 1-6. 

Beeckman, F., Motte, H., Beeckman, T. (2018). 
Nitrification in agricultural soils: impacts, actors and 
mitigation. Curr Opin Biotechnol 50:166-173. 

Bekele, M., Mengistu, A., Tamir, B. (2017). Livestock 
and feed water productivity in the mixed crop-
livestock system. Animal, 11, 1852-1860. 

Bogdan, A.V. (1977). Tropical Pastures and Fodder 
Plants. Longman: London, UK.  

Boland, T.M., Quinlan, C., Pierce, K.M., Lynch, M.B., 
Kelly, A.K., Purcell, P.J. (2013). The effect of 
pasture pre-grazing vegetation mass on methane 
emissions, ruminal fermentation, and average daily 
gain of grazing beef heifers. Journal of Animal 
Science, 91: 3867-3874. 

Boonman, G. (1993). East Africa’s Grasses and Fodders: 
Their Ecology and Husbandry. Springer: Heidelberg, 
Germany, 1993.  

Bouazza, L., Bodas, R., Boufennara, S., Bousseboua, H., 
Lopez, S. 2012. Nutritive evaluation of foliage from 
fodder trees and shrubs characteristic of Algerian arid 
and semi-arid areas. Journal of animal and feed 
sciences, 21: 521-536. 

Byrnes, R.C., Jonathan, N.J., Arenas, L., Rao, I., Trujillo, 
C. (2017). Biological nitrification inhibition by 
Brachiaria grasses mitigates soil nitrous oxide 
emissions from bovine urine patches. Soil Biol 
Biochem, 107: 156-163. 

Calonego, J.C., Raphael, J.P.A., Rigon, J.P.G., Neto, 
L.O., Rosolem, C.A. (2017). Soil compaction 
management and soybean yields with cover crops 
under no-till and occasional chiselling Eur. J. Agron., 
85: 31-37, 10.1016/j.eja.2017.02.001. 

Calonego, J.C., Rosolem, C.A. (2011).  Least limiting 
water range in soil under crop rotations and 
chiselling.R. Bras. Ci. Solo, 35: 759-771, 
10.1590/S0100-06832011000300012. 

Cardoso, J.A., Odokonyero, K., Rao, I.M., Jimenéz, J.C., 
Acuña, T.B. (2017). Potential Role of Fungal 
Endophytes in Biological Nitrification Inhibition in 
Brachiaria Grass Species. J Plant Biochem Physiol 5: 
191. doi:10.4172/2329-9029.1000191. 

Cairns, J.E., Hellin, J., Sonder, K., Araus, J.L., 
MacRobert, J.F., Thierfelder, C., Prasanna, B.M., 
(2013). Adapting maize production to climate change 
in sub-Saharan Africa. Food secur. 5: 345–360. 

Canfield, D.E., Glazer, A.N., Falkowski, P.G. (2010). 
The Evolution and Future of Earth’s Nitrogen Cycle. 
Science, 330: 192–196.  

Cheruiyot, D., Midega, C.A.O., Pittchar, J.O., Pickett, 
J.A., Khan, Z.R. (2020). Farmers’ Perception and 
Evaluation of Brachiaria Grass (Brachiaria spp.) 
Genotypes for Smallholder Cereal-Livestock 
Production in East Africa. Agriculture, 10: 268.  

Cezário, AS., Ribeiro, K.G., Santos, S.A., de Campos, 
Valadares Filho, S., Pereira, O.G. (2015). Silages of 
Brachiaria brizantha cv. Marandú harvested at two 
regrowth ages: microbial inoculant responses in 
silage fermentation, ruminant digestion and beef 
cattle performance. Anim. Feed Sci. Technol., 208: 
33-43. 

Chen, X., Cui, Z., Fan, M., Vitousek, P., Zhao, M., Ma, 
W., Zhang, F. (2014). Producing more grain with 
lower environmental costs. Nature, 514, 486-489.   

Clementine, N., Sserumaga, J.P., Mugerwa, S., Kyalo, 
M., Mutai, C., Mwesigwa, R., Djikeng, A. and 
Ghimire, S. (2020). Genetic Diversity and Population 
Structure of Brachiaria (syn. Urochloa) Ecotypes 
from Uganda. Agronomy, 10: 1-26. 

Creemers, J., Ranguiz, A.A. (2019). Quick Scan of 
Kenya’s Forage Sub-Sector. Netherlands 
East African Dairy Partnership (NEADAP), Working 
Paper. 

Cook, B.G., Pengelly, B., Brown, S.D., Donnelly, J.L., 
Eagles, D.A., Franco, M.A., Hanson, J., Mullen, B.F., 
Partridge, I.J. (2005). Tropical forages. Brisbane 
Australia. Cairo. Dpi and F (Old), CIAT. 

Coskun, D., Britto, D.T., Shi, W., Kronzucker, H.J. 
(2017). Nitrogen transformations in modern 
agriculture and the role of biological nitrification 
inhibition. Nat. Plants 3: 17074.  

Cui, Z., Zhang, H., Chen, X., Zhang, C., Ma, W., Huang, 
C., Dou, Z. (2018). Pursuing sustainable productivity 
with millions of smallholder farmers. Nature, 
555(7696), 363– 366.   

Dagnew, D.C., Guzman, C., Zegeye, A., Akal, A.T., 
Moges, M.A., Tebebu, A.T., Mekuria, W., Ayana, 
E.K., Tilahun, S.A., Steenhuis, T.S. (2017). Sediment 
loss patterns in the sub-humid Ethiopian Highlands. 
Land Degrad Dev 28(6): 1795–1805.  

Debelo, G.D. (2020). Economic importance of termites 
and integrated soil and water conservation for the 
rehabilitation of termite-degraded lands and termite 
management in Ethiopia. J. Soil Sci. Environ. 
Manage, 2: 65-74.  

Dereje, D., Debela, K., Wakgari, K., Zelalem, D., 
Gutema, B., Gerba, L., Adugna, T. (2014). 
Assessment of livestock production system and feed 
resources availability in three villages of Diga district 
Ethiopia. International Livestock Research Institute. 
Available from 
https://www.zef.de/uploads/tx_zefportal/Publications/
gdufera_downlo ad_diga_feast_sep2014.pdf. 

Djikeng,_A., Rao, I.M., Njarui, D., Mutimura, M., 
Caradus, J., Ghimire, S.R., Johnson, L., Cardso, J.A, 
Ahonsi, M., Kelemu, S. (2014). Climate -smart 
Brachiaria grasses for improving livestock 
production in East Africa. Tropical Grasslands-
Forrajes Tropicales. 2(1): 38-39.  

Egenolf, K., Conrad, J., Schönec, J., Braunberger, C., 
Beifuß, U., Walker, F., Nuñez, J., Arango, J., Karwat, 
H., Cadisch, G., Neumann, G., Rasche, F. (2020). 

Brachialactone isomers and derivatives of Brachiaria 
humidicola reveal contrasting nitrification inhibiting 
activity. Plant Physiology and Biochemistry, 154: 
491-497.  

Ghimire, S.R., Njarui, D., Mutimura, M., Cardoso, J.A., 
Johnson, L. (2015). Climate-smart Brachiaria for 
improving livestock production in East Africa: 
Emerging opportunities. In: Vijay D, Srivastava MK, 
Gupta CK, Malaviya DR, Roy MM, Mahanta SK, 
Singh JB, Maity A, Ghosh PK, editors. Proceedings 
of the XXIII international grassland congress, New 
Delhi, India, 20–24 November 2015, 361–370, 
hdl.handle.net/10568/69364.  

Hammond, K.J., Humphries, D.J., Crompton, L.A., 
Green, C., Reynolds, C.K. (2015). Methane 
emissions from cattle: Estimates from short-term 
measurements using a Green Feed system compared 
with measurements obtained using respiration 
chambers or sulphur hexafluoride tracer. Animal 
Feed Science and Technology, 203: 41-5. 

Hare, M.D., Pizarro, E.A., Phengphet, S., Songsiri, T., 
Sutin, N. (2015). Evaluation of new hybrid 
Brachiaria lines in Thailand. Forage production and 
quality. Trop. Grasslands-Forrajes Tropicales, 3: 83-
93. 

Hare, M.D., Tatsapong, P., Saipraset, K. (2007). Seed 
production of two brachiaria hybrid cultivars in 
North-East Thailand. 3. Harvesting method. Tropical 
Grasslands 41: 43−49. (19) (PDF) Brachiaria 
hybrids: Potential, forage use and seed yield. 
Available from: https://www.researchgate.net/ 
publication/263167575_Brachiaria_hybrids_Potential
_forage_use_and_seed_yield [accessed Oct 30 2020]. 

Herrero, M., Grace, D., Njuki, J., Johnson, N., Enahoro, 
D., Silvestri, S., Rufino, M.C. (2013). The roles of 
livestock in developing countries. Animal, 7: 3–18. 

Herrero, M., Thornton, P.K., Notenbaert, A.M., Wood, 
S., Msangi, S., Freeman, H.A., Bossio, D., Dixon, J., 
Peters, M., van de Steeg, J., Lynam, J., Rao, P., 
Macmillan, S., Gerard, B., McDermott, J., Seré, C., 
Rosegrant, M. (2010). Smart investments in 
sustainable food production: revisiting mixed crop-
livestock systems. Science. 327: 822-825. 

Holmann, F., Rivas, L., Argel, P.J. and Pérez, E.  (2004). 
Impact of the adoption of Brachiaria grasses: Central 
America and Mexico. Livestock Research for Rural 
Development, Vol. 16, Art. #98. Retrieved November 
24, 2020, from http://www.lrrd.org/lrrd16/12/ 
holm16098.htm. 

Humphreys, L.R. (1978). Tropical pastures and fodder 
crops. International Tropical Agriculture Series. 
Longman, England. 

Hunegnaw, B., Mekuriaw, Y., Asmare, B. (2020). 
Effects of Fertilizer, Soil Type and Different 
Cultivars of Brachiaria Grasses on Morphology, 
Forage Yield, Chemical Composition and Farmers’ 
Perception in West Gojam, Ethiopia. MSc, thesis, 
College of Agriculture and Environmental Sciences, 
Bahir Dar University, Bahir Dar, Ethiopia. 
Website:www.bdu.edu.et/caes. 

Ighodaro, I.D., Lategan, F.S., Yusuf, S.F.G. (2013). The 
Impact of Soil Erosion on Agricultural Potential and 
Performance of Sheshegu Community Farmers in the 

Eastern Cape of South Africa. Journal of Agricultural 
Science; 5(5).doi:10.5539/jas.v5n5p140.  

Inyang, U., Vendramini, J.M.B., Sollenberger, L.E., 
Sellers, B., Adesogan, A., Paiva, L., Lunpha, A. 
(2010). Effects of stocking rates on animal 
performance and herbage responses of Mulato and 
bahiagrass pastures. Crop Science 50: 179–185. 

Jank, L., Barrios, S.C., do Valle, C.B., Simeão, R.M., 
Alves, G.F. (2014). The value of improved pastures 
to Brazilian beef production. Crop Pasture Sci. 65: 
1132-1137. 

Kawube, G., Talwana, H., Nicolaisen, M., Alicai, T., 
Otim, M., Kabirizi, J., Mukwaya, A., Nielsen, S.L. 
(2015). Napier grass stunt disease prevalence, 
incidence, severity and genetic variability of the 
associated phytoplasma in Uganda. Crop Protection. 
75: 63-69. 

Kennedy, P.M., Charmley, E. (2012). Methane yields 
from Brahman cattle fed tropical grasses and 
legumes. Animal Production Science, 52, 225–239. 

Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murage, 
A.W., Birkett, M.A., Bruce, T.J.A., Pickett, J.A. 
(2014). Achieving food security for one million sub-
Saharan African poor through push-pull innovation 
by 2020. Philos. Trans. R. Soc. London Ser. B: Biol. 
Sci. Vol. 369, No. 1639, 10.1098/rstb.2012.0284. 

Khan, Z.R., Charles, M., Jimmy, P., John, P., Toby, B. 
(2011). Push-pull technology: a conservation 
agriculture approach for integrated management of 
insect pests, weeds and soil health in Africa. Intl J 
Agric Sustain, 9(1): 162-170. 

Kebede, G., Assefa, G., Feyissa, F., Mengistu, A. (2016). 
A Review on Some Management and Improvement 
Practices of Natural Pasture in the Mid and High 
Altitude Areas of Ethiopia. International Journal of 
Livestock Research, 6(5): 1-14.  

Kelemu, S., Fory, P., Zuleta, C., Ricaurte, J., Rao, I., 
Lascano, C. (2011). Detecting bacterial endophytes in 
tropical grasses of the Brachiaria genus and 
determining their role in improving plant growth. 
African Journal of Biotechnology. 10(6): 965-976. 

Keesstra, S., Pereira, P., Novara, A., Brevik, E.C., 
Azorin-Molina, C., Parras Alcántara, L., Jordán, A., 
Cerdà, A. (2016). Effects of soil management 
techniques on soil water erosion in apricot orchards. 
Sci Total Environ, 551-552:357-366. 

Kifuko-Koech, M.N., Mutoko, M.C., Ndung’u-Magiroi, 
K.W. (2016). Establishment and early growth of 
Brachiaria grass cultivars in acidic soils of western 
Kenya. Njarui, D.M.G., Gichangi, E.M., Ghimire, 
S.R. and Muinga, R. W. (Eds) 2016. Climate Smart 
Brachiaria Grasses for Improving Livestock 
Production in East Africa - Kenya Experience. 
Proceedings of the workshop held in Naivasha, 
Kenya, 14-15 September, 2016. Nairobi, Kenya.  

Klapwijk, C.J., Bucagu, C., van Wijk, M.T., Udo, 
H.M.J., Vanlauwe, B., Munyanziza, 
E., Giller, K.E. (2014). The ‘One cow per poor 
family’ programme: Currentand potential fodder 
availability within smallholder farming systems in 
Southern Rwanda. Agricultural Systems, 131, 11–22. 

Kochian, L.V., Piñeros, M.A., Liu, J., Magalhaes, J.V. 
(2015). Plant adaptation to acid soils: the molecular 



21

Baiyeri, P., Foleng, N.H., Machebe, N.S. (2019). Crop-
Livestock Interaction for Sustainable Agriculture. In 
book: Innovations in Sustainable Agriculture. 

Balehegn, M., Duncan, A., Tolera, A., Ayantunde, A.A., 
Issa, S., Karimou, M., Zampaligré, N., André, K., 
Gnanda, I., Varijakshapanicker, P., Kebreab, E., 
Dubeux, J., Boote, K., Minta, M., Feyissa. F., 
Adesogan, A.T. (2020). Improving adoption of 
technologies and interventions for increasing supply 
of quality livestock feed in low- and middle-income 
countries. Global Food Security, 26, 100372.  

Balehegn, M., Eik, L., Tesfay, Y. (2014). Replacing 
commercial concentrate by Ficus 
thonningii improved productivity of goats in 
Ethiopia. Trop. Anim. Health Prod., 1-6. 

Beeckman, F., Motte, H., Beeckman, T. (2018). 
Nitrification in agricultural soils: impacts, actors and 
mitigation. Curr Opin Biotechnol 50:166-173. 

Bekele, M., Mengistu, A., Tamir, B. (2017). Livestock 
and feed water productivity in the mixed crop-
livestock system. Animal, 11, 1852-1860. 

Bogdan, A.V. (1977). Tropical Pastures and Fodder 
Plants. Longman: London, UK.  

Boland, T.M., Quinlan, C., Pierce, K.M., Lynch, M.B., 
Kelly, A.K., Purcell, P.J. (2013). The effect of 
pasture pre-grazing vegetation mass on methane 
emissions, ruminal fermentation, and average daily 
gain of grazing beef heifers. Journal of Animal 
Science, 91: 3867-3874. 

Boonman, G. (1993). East Africa’s Grasses and Fodders: 
Their Ecology and Husbandry. Springer: Heidelberg, 
Germany, 1993.  

Bouazza, L., Bodas, R., Boufennara, S., Bousseboua, H., 
Lopez, S. 2012. Nutritive evaluation of foliage from 
fodder trees and shrubs characteristic of Algerian arid 
and semi-arid areas. Journal of animal and feed 
sciences, 21: 521-536. 

Byrnes, R.C., Jonathan, N.J., Arenas, L., Rao, I., Trujillo, 
C. (2017). Biological nitrification inhibition by 
Brachiaria grasses mitigates soil nitrous oxide 
emissions from bovine urine patches. Soil Biol 
Biochem, 107: 156-163. 

Calonego, J.C., Raphael, J.P.A., Rigon, J.P.G., Neto, 
L.O., Rosolem, C.A. (2017). Soil compaction 
management and soybean yields with cover crops 
under no-till and occasional chiselling Eur. J. Agron., 
85: 31-37, 10.1016/j.eja.2017.02.001. 

Calonego, J.C., Rosolem, C.A. (2011).  Least limiting 
water range in soil under crop rotations and 
chiselling.R. Bras. Ci. Solo, 35: 759-771, 
10.1590/S0100-06832011000300012. 

Cardoso, J.A., Odokonyero, K., Rao, I.M., Jimenéz, J.C., 
Acuña, T.B. (2017). Potential Role of Fungal 
Endophytes in Biological Nitrification Inhibition in 
Brachiaria Grass Species. J Plant Biochem Physiol 5: 
191. doi:10.4172/2329-9029.1000191. 

Cairns, J.E., Hellin, J., Sonder, K., Araus, J.L., 
MacRobert, J.F., Thierfelder, C., Prasanna, B.M., 
(2013). Adapting maize production to climate change 
in sub-Saharan Africa. Food secur. 5: 345–360. 

Canfield, D.E., Glazer, A.N., Falkowski, P.G. (2010). 
The Evolution and Future of Earth’s Nitrogen Cycle. 
Science, 330: 192–196.  

Cheruiyot, D., Midega, C.A.O., Pittchar, J.O., Pickett, 
J.A., Khan, Z.R. (2020). Farmers’ Perception and 
Evaluation of Brachiaria Grass (Brachiaria spp.) 
Genotypes for Smallholder Cereal-Livestock 
Production in East Africa. Agriculture, 10: 268.  

Cezário, AS., Ribeiro, K.G., Santos, S.A., de Campos, 
Valadares Filho, S., Pereira, O.G. (2015). Silages of 
Brachiaria brizantha cv. Marandú harvested at two 
regrowth ages: microbial inoculant responses in 
silage fermentation, ruminant digestion and beef 
cattle performance. Anim. Feed Sci. Technol., 208: 
33-43. 

Chen, X., Cui, Z., Fan, M., Vitousek, P., Zhao, M., Ma, 
W., Zhang, F. (2014). Producing more grain with 
lower environmental costs. Nature, 514, 486-489.   

Clementine, N., Sserumaga, J.P., Mugerwa, S., Kyalo, 
M., Mutai, C., Mwesigwa, R., Djikeng, A. and 
Ghimire, S. (2020). Genetic Diversity and Population 
Structure of Brachiaria (syn. Urochloa) Ecotypes 
from Uganda. Agronomy, 10: 1-26. 

Creemers, J., Ranguiz, A.A. (2019). Quick Scan of 
Kenya’s Forage Sub-Sector. Netherlands 
East African Dairy Partnership (NEADAP), Working 
Paper. 

Cook, B.G., Pengelly, B., Brown, S.D., Donnelly, J.L., 
Eagles, D.A., Franco, M.A., Hanson, J., Mullen, B.F., 
Partridge, I.J. (2005). Tropical forages. Brisbane 
Australia. Cairo. Dpi and F (Old), CIAT. 

Coskun, D., Britto, D.T., Shi, W., Kronzucker, H.J. 
(2017). Nitrogen transformations in modern 
agriculture and the role of biological nitrification 
inhibition. Nat. Plants 3: 17074.  

Cui, Z., Zhang, H., Chen, X., Zhang, C., Ma, W., Huang, 
C., Dou, Z. (2018). Pursuing sustainable productivity 
with millions of smallholder farmers. Nature, 
555(7696), 363– 366.   

Dagnew, D.C., Guzman, C., Zegeye, A., Akal, A.T., 
Moges, M.A., Tebebu, A.T., Mekuria, W., Ayana, 
E.K., Tilahun, S.A., Steenhuis, T.S. (2017). Sediment 
loss patterns in the sub-humid Ethiopian Highlands. 
Land Degrad Dev 28(6): 1795–1805.  

Debelo, G.D. (2020). Economic importance of termites 
and integrated soil and water conservation for the 
rehabilitation of termite-degraded lands and termite 
management in Ethiopia. J. Soil Sci. Environ. 
Manage, 2: 65-74.  

Dereje, D., Debela, K., Wakgari, K., Zelalem, D., 
Gutema, B., Gerba, L., Adugna, T. (2014). 
Assessment of livestock production system and feed 
resources availability in three villages of Diga district 
Ethiopia. International Livestock Research Institute. 
Available from 
https://www.zef.de/uploads/tx_zefportal/Publications/
gdufera_downlo ad_diga_feast_sep2014.pdf. 

Djikeng,_A., Rao, I.M., Njarui, D., Mutimura, M., 
Caradus, J., Ghimire, S.R., Johnson, L., Cardso, J.A, 
Ahonsi, M., Kelemu, S. (2014). Climate -smart 
Brachiaria grasses for improving livestock 
production in East Africa. Tropical Grasslands-
Forrajes Tropicales. 2(1): 38-39.  

Egenolf, K., Conrad, J., Schönec, J., Braunberger, C., 
Beifuß, U., Walker, F., Nuñez, J., Arango, J., Karwat, 
H., Cadisch, G., Neumann, G., Rasche, F. (2020). 

Brachialactone isomers and derivatives of Brachiaria 
humidicola reveal contrasting nitrification inhibiting 
activity. Plant Physiology and Biochemistry, 154: 
491-497.  

Ghimire, S.R., Njarui, D., Mutimura, M., Cardoso, J.A., 
Johnson, L. (2015). Climate-smart Brachiaria for 
improving livestock production in East Africa: 
Emerging opportunities. In: Vijay D, Srivastava MK, 
Gupta CK, Malaviya DR, Roy MM, Mahanta SK, 
Singh JB, Maity A, Ghosh PK, editors. Proceedings 
of the XXIII international grassland congress, New 
Delhi, India, 20–24 November 2015, 361–370, 
hdl.handle.net/10568/69364.  

Hammond, K.J., Humphries, D.J., Crompton, L.A., 
Green, C., Reynolds, C.K. (2015). Methane 
emissions from cattle: Estimates from short-term 
measurements using a Green Feed system compared 
with measurements obtained using respiration 
chambers or sulphur hexafluoride tracer. Animal 
Feed Science and Technology, 203: 41-5. 

Hare, M.D., Pizarro, E.A., Phengphet, S., Songsiri, T., 
Sutin, N. (2015). Evaluation of new hybrid 
Brachiaria lines in Thailand. Forage production and 
quality. Trop. Grasslands-Forrajes Tropicales, 3: 83-
93. 

Hare, M.D., Tatsapong, P., Saipraset, K. (2007). Seed 
production of two brachiaria hybrid cultivars in 
North-East Thailand. 3. Harvesting method. Tropical 
Grasslands 41: 43−49. (19) (PDF) Brachiaria 
hybrids: Potential, forage use and seed yield. 
Available from: https://www.researchgate.net/ 
publication/263167575_Brachiaria_hybrids_Potential
_forage_use_and_seed_yield [accessed Oct 30 2020]. 

Herrero, M., Grace, D., Njuki, J., Johnson, N., Enahoro, 
D., Silvestri, S., Rufino, M.C. (2013). The roles of 
livestock in developing countries. Animal, 7: 3–18. 

Herrero, M., Thornton, P.K., Notenbaert, A.M., Wood, 
S., Msangi, S., Freeman, H.A., Bossio, D., Dixon, J., 
Peters, M., van de Steeg, J., Lynam, J., Rao, P., 
Macmillan, S., Gerard, B., McDermott, J., Seré, C., 
Rosegrant, M. (2010). Smart investments in 
sustainable food production: revisiting mixed crop-
livestock systems. Science. 327: 822-825. 

Holmann, F., Rivas, L., Argel, P.J. and Pérez, E.  (2004). 
Impact of the adoption of Brachiaria grasses: Central 
America and Mexico. Livestock Research for Rural 
Development, Vol. 16, Art. #98. Retrieved November 
24, 2020, from http://www.lrrd.org/lrrd16/12/ 
holm16098.htm. 

Humphreys, L.R. (1978). Tropical pastures and fodder 
crops. International Tropical Agriculture Series. 
Longman, England. 

Hunegnaw, B., Mekuriaw, Y., Asmare, B. (2020). 
Effects of Fertilizer, Soil Type and Different 
Cultivars of Brachiaria Grasses on Morphology, 
Forage Yield, Chemical Composition and Farmers’ 
Perception in West Gojam, Ethiopia. MSc, thesis, 
College of Agriculture and Environmental Sciences, 
Bahir Dar University, Bahir Dar, Ethiopia. 
Website:www.bdu.edu.et/caes. 

Ighodaro, I.D., Lategan, F.S., Yusuf, S.F.G. (2013). The 
Impact of Soil Erosion on Agricultural Potential and 
Performance of Sheshegu Community Farmers in the 

Eastern Cape of South Africa. Journal of Agricultural 
Science; 5(5).doi:10.5539/jas.v5n5p140.  

Inyang, U., Vendramini, J.M.B., Sollenberger, L.E., 
Sellers, B., Adesogan, A., Paiva, L., Lunpha, A. 
(2010). Effects of stocking rates on animal 
performance and herbage responses of Mulato and 
bahiagrass pastures. Crop Science 50: 179–185. 

Jank, L., Barrios, S.C., do Valle, C.B., Simeão, R.M., 
Alves, G.F. (2014). The value of improved pastures 
to Brazilian beef production. Crop Pasture Sci. 65: 
1132-1137. 

Kawube, G., Talwana, H., Nicolaisen, M., Alicai, T., 
Otim, M., Kabirizi, J., Mukwaya, A., Nielsen, S.L. 
(2015). Napier grass stunt disease prevalence, 
incidence, severity and genetic variability of the 
associated phytoplasma in Uganda. Crop Protection. 
75: 63-69. 

Kennedy, P.M., Charmley, E. (2012). Methane yields 
from Brahman cattle fed tropical grasses and 
legumes. Animal Production Science, 52, 225–239. 

Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murage, 
A.W., Birkett, M.A., Bruce, T.J.A., Pickett, J.A. 
(2014). Achieving food security for one million sub-
Saharan African poor through push-pull innovation 
by 2020. Philos. Trans. R. Soc. London Ser. B: Biol. 
Sci. Vol. 369, No. 1639, 10.1098/rstb.2012.0284. 

Khan, Z.R., Charles, M., Jimmy, P., John, P., Toby, B. 
(2011). Push-pull technology: a conservation 
agriculture approach for integrated management of 
insect pests, weeds and soil health in Africa. Intl J 
Agric Sustain, 9(1): 162-170. 

Kebede, G., Assefa, G., Feyissa, F., Mengistu, A. (2016). 
A Review on Some Management and Improvement 
Practices of Natural Pasture in the Mid and High 
Altitude Areas of Ethiopia. International Journal of 
Livestock Research, 6(5): 1-14.  

Kelemu, S., Fory, P., Zuleta, C., Ricaurte, J., Rao, I., 
Lascano, C. (2011). Detecting bacterial endophytes in 
tropical grasses of the Brachiaria genus and 
determining their role in improving plant growth. 
African Journal of Biotechnology. 10(6): 965-976. 

Keesstra, S., Pereira, P., Novara, A., Brevik, E.C., 
Azorin-Molina, C., Parras Alcántara, L., Jordán, A., 
Cerdà, A. (2016). Effects of soil management 
techniques on soil water erosion in apricot orchards. 
Sci Total Environ, 551-552:357-366. 

Kifuko-Koech, M.N., Mutoko, M.C., Ndung’u-Magiroi, 
K.W. (2016). Establishment and early growth of 
Brachiaria grass cultivars in acidic soils of western 
Kenya. Njarui, D.M.G., Gichangi, E.M., Ghimire, 
S.R. and Muinga, R. W. (Eds) 2016. Climate Smart 
Brachiaria Grasses for Improving Livestock 
Production in East Africa - Kenya Experience. 
Proceedings of the workshop held in Naivasha, 
Kenya, 14-15 September, 2016. Nairobi, Kenya.  

Klapwijk, C.J., Bucagu, C., van Wijk, M.T., Udo, 
H.M.J., Vanlauwe, B., Munyanziza, 
E., Giller, K.E. (2014). The ‘One cow per poor 
family’ programme: Currentand potential fodder 
availability within smallholder farming systems in 
Southern Rwanda. Agricultural Systems, 131, 11–22. 

Kochian, L.V., Piñeros, M.A., Liu, J., Magalhaes, J.V. 
(2015). Plant adaptation to acid soils: the molecular 



22

basis for crop aluminum resistance. Annual Review of 
Plant Biology 66, 571-598. 

Kumela, T., Mendesil, E., Enchalew, B., Kassie, M., 
Tefera, T. (2019). Effect of the Push-Pull 
Cropping System on Maize Yield, Stem Borer 
Infestation and Farmers’ Perception. 
Agronomy 9: 452. 

Kuwi, S.O., Kyalo, M., Mutai, C., Mwilawa, A., Hanson, 
J., Djikeng, A., Ghimire, S.R. (2018). Genetic 
diversity and population structure of Urochloa grass 
accessions from Tanzania using simple sequence 
repeat (SSR) markers. Braz. J. Bot., 41, 699–709. 

Lanyasunya, T.P., Wang, H.R., Mukisira, E.A., 
Abdulrazak, S.A., Ayako, W.O. (2006). Effect of 
seasonality on feed availability, quality and herd 
performance on smallholder farms in Ol-Joro-Orok 
location/Nyandarua district, Kenya. Tropical and 
Subtropical Agroecosystems, 6: 87–93. 

Lemaire, G., Franzluebbers, A., Carvalho, P.C.F., 
Dedieu, B. (2014). Integrated crop-livestock systems: 
Strategies to achieve synergy between agricultural 
production and environmental quality. Agriculture, 
Ecosystems & Environment, 190: 4-8.  

Liebig, M.A., Morgan, J.A., Reeder, J.D., Ellert, B.H., 
Gollany, H.T., Schuman, G.E. (2005). Greenhouse 
gas contributions and mitigation potential of 
agricultural practices in northwestern USA and 
western Canada. Soil & Tillage Research, 83: 25-52. 

Llonnch, P., Haskell, M., Dewhurst, R., Turner, S. 
(2017). Current available strategies to mitigate 
greenhouse gas emmissions in livestock systems: An 
animal welfare perspective. Animal, 11(2): 274-284. 
Doi: 10.1017/S1751731116001440 

Maass, B.L., Midega, C.A.O., Mutimura, M., Rahetlah, 
V.B., Salgado, P., Kabirizi, J.M., Khan, Z.R., 
Ghimire, S.R., Rao, I.M. (2015). Homecoming of 
Brachiaria: Improved Hybrids Prove Useful for 
African Animal Agriculture. East African 
Agricultural and Forestry Journal. 81: 171-78. 

Maina, K., Ritho, C., Lukuyu, B.A., Rao, E.J.O. (2019). 
Determinants and Impact of Adopting Climate-Smart 
Brachiaria Grass Among Dairy Farmers in Kenya. 

McDermott, J.J., Staal, S.J., Freeman, H.A., Herrero, M., 
van der Steeg, J.A., (2010). Sustaining intensification 
of smallholder livestock systems in the tropics. 
Livestock Science, 130: 95–109. 

Melaku, N.D., Renschler, C.S., Holzmann, H., 
Strohmeier, S., Bayu, W., Zucca, C., Ziadat, C., Klik, 
A. (2017). Prediction of soil and water conservation 
structure impacts on runoff and erosion processes 
using SWAT model in the Northern Ethiopian 
highlands. Journal of Soils and Sediments. DOI: 
10.1007/s11368-017-1901-3. 

Mekonnen, T. (2018). Characterization of productive and 
reproductive performances, morphometric and 
challenges, and opportunities of indigenous cattle 
breeds of Ethiopia: A review. International Journal 
of Livestock Production 9(3): 29-41. 

Mekuriaw, S., Tsunekawa, A., Ichinohe, T., 
Haregeweyn, N. (2020). Stall feeding regimen for 
indigenous dairy cow production in northwestern 
Ethiopia. PhD Dissertation, the United Graduate 

School of Agricultural Sciences, Tottori University, 
Japan. 

Mengistu, A., Kebede, G., Feyissa, F., Assefa, G. (2017). 
Review on Major Feed Resources in Ethiopia: 
Conditions, Challenges and Opportunities. Academic 
Research Journal of Agricultural Science and 
Research, 5: 176-185. 

Midega, C.A.O., Pittchar, J.O., Pickett, J.A., Hailu, 
G.W., Khan, Z.R. (2018). A climate-adapted push-
pull system effectively controls fall armyworm, 
Spodoptera frugiperda (J.E. Smith), in maize in East 
Africa. Crop protection, 105:10-15. 
https://doi.org/10.1016/j.cropro.2017.11.003. 

Midega, C.A.O., Salifu, D., Bruce, T.J., Pittchar, J., 
Pickett, J.A., Khan, Z.R. (2014). Cumulative effects 
and economic benefits of intercropping maize with 
food legumes on Striga hermonthica infestation. 
Field Crops Res, 155: 144-152. 

Miles, J.W., Do Valle, C.B., Rao, I.M., Euclides, V.P.B. 
(2004). Brachiaria grasses. In: Warm-Season (C4) 
Grasses. Moser, L.E., Burson, B.L. and Sollenberger, 
L.E. (Eds). American Society of Agronomy, Crop 
Science Society of America, and Soil Science Society 
of America, Madison, WI (USA). DOI: 10.2134/ 
agronmonogr45.c22. 

Meier, I.C., Finzi, A.C., Phillips, R.P. (2017). Root 
exudates increase N availability by stimulating 
microbial turnover of fast-cycling N pools. Soil Biol. 
Biochem. 106, 119-128.  

Modernel, P., Picasso, V., Do Carmo, M., Rossing, 
W.A.H., Corbeels, M., Soca, P., Dogliotti, S., 
Tittonell, P. (2019). Grazing management for more 
resilient mixed livestock farming systems on native 
grasslands of southern South America. Grass Forage 
Sci. 74: 636–649.  

Moraine, M., Duru, M., Nicholas, P., Leterme, P., 
Therond, O. (2014). Farming system design for 
innovative crop-livestock integration in Europe. 
Animal 8(8): 1204–17.  

Moreta, D.E., Arango, J., Sotelo, M., Vergara, D., 
Rincón, A., Ishitani, N., Castro, A., Miles, J., Peters, 
M., Tohme, J., Subbarao, G.V., Rao, I.M. (2014). 
Biological nitrification inhibition (BNI) in Brachiaria 
pastures: A novel strategy to improve ecoefficiency 
of crop-livestock systems and to mitigate climate 
change. Trop Grassl Forrajes Trop. 2: 88–91. 

Murage, A.W., Midega, C.A.O., Pittchar, J.O., Pickett, 
J.A., Khan, Z.R. (2015). Determinants of adoption of 
climate-smart push-pull technology for enhanced 
food security through integrated pest management in 
eastern Africa. Food Sec J. 7: 709-724. 

Mureithi, J.G., Djikeng, A. (2016). Overview of the 
climate-smart Brachiaria grass programme. In: 
Njarui, D.M.G, Gichangi E.M, Ghimire S.R, Muinga 
R.W (Eds.). Climate-smart Brachiaria grasses for 
improving livestock production in East Africa: Kenya 
Experience: Proceedings of a workshop, Naivasha, 
Kenya, 14-15 September 2016. Kenya Agricultural 
and Livestock Research Organization, Nairobi, 
Kenya. 

Mutimura, M., Ebong, C., Rao, I.M., Sahlai, I.V. (2015). 
Nutritional values of available ruminant feed 
resources in smallholder dairy farms in Rwanda. 

Tropical animal health and production, 47: 1131-
1137. 

Mutimura, M., Everson, T. (2012). On-farm evaluation 
of improved Brachiaria grasses in low rainfall and 
aluminium toxicity prone areas of Rwanda. Int J 
BiodiversConserv Biol. 4: 137–154. 

Mudavadi, O.P., Emmanuel, M.A., Charles, G., 
Namasake, M.F., Bernard, L.A. (2020). Effects of 
Season Variation on Water, Feed, Milk Yield and 
Reproductive Performance of Dairy Cows in 
Smallholder Farms in Eastern Africa. Journal of 
Agriculture and Ecology Research International 
21(8): 1-15, 2020; Article no. JAERI.59895 ISSN: 
2394-1073. 

Mutimura, M., Ebong, C., Rao, I.M., Nsahlai, I.V. 
(2018). Effects of supplementation of 
Brachiariabrizantha cultivar Piatá and Napier grass 
with Desmodium distortum on feed intake, digesta 
kinetics and milk production by crossbred dairy 
cows. 

Mulualem, T., Molla, M. (2013). Production Constraints, 
Farmers Preferences and Participatory on Farm 
Evaluation of Improved Forage Technologies in 
Selected Districts of Southern Ethiopia. Greener 
Journal of Agricultural Sciences, 3(9): 628-635. 

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S., 
Bernabucci, U. (2010). Effects of climate change on 
animal production and sustainability of livestock 
systems. Livest. Sci., 130: 57-69. 

Namassi, C., Serumaga, J.P., Mugerwa, S., Kyalo, M., 
Mutai, C., Mwesigwa, R., Djikeng, A., Ghimire, S. 
(2020). Genetic Diversity and Population Structure of 
Brachiaria (syn. Urochloa) Ecotypes from Uganda. 
Agronomy, 10(8), 1193. 

Ndikumana, J., de Leeuw, P.N. (1996). Regional 
Experience with Brachiaria: Sub-Saharan Africa. In: 
Brachiaria: Biology, Agronomy and Improvement, 
1st Ed., Miles, J.W., B.L. Maass, C.B. do Valle and 
V. Kumble (Eds.), CIAT. Cali, Colombia; 
EMBRAPA/CNPGC, Campo Grande, Brasil. 
hdl.handle.net/10568/49788. 

Nguku, S., Musimba, N., Njarui, D., Mwobobia, R., 
Kaindi, E. (2016). Effects of Acid Scarification on 
germination of the genus Brachiaria grass Cultivars. 
International J Sci Res Innov Technol 3: 45-50. 

Nguku, S. (2015). An evaluation of Brachiaria grass 
cultivars productivity in semi-arid Kenya. MSc. 
Thesis, South Eastern Kenya University, Kenya. 

Njarui, D.M.G., Gichangi, E.M., Gatheru, M., Nyambati, 
E.M., Ondiko, C.N., Njunie, M. N., Ndungu-Magiroi, 
K.W., Kiiya, W.W., Kute, C.A.O. and Ayako, W. 
(2016). A comparative analysis of livestock farming 
in smallholder mixed crop-livestock systems in 
Kenya: 2. Feed utilization, availability and mitigation 
strategies to feed scarcity. Livestock Research for 
Rural Development, Vol. 28, Article #67. 
http://www.lrrd.org/lrrd28/4/njar28067.html. 

Njarui, D.M.G., Gatheru, M., Mwangi, D.M., Keya, G.A. 
(2015). Persistence and productivity of selected 
Guinea grass ecotypes in semiarid tropical Kenya. 
Grass Sci. 61: 142-52. 

Norton, J.M., Ouyang, Y. (2019). Controls and adaptive 
management of nitrification in agricultural soils. 

Front. Microbiol. 10: 1931. doi: 
10.3389/fmicb.2019.01931. 

Nuñez, J., Arevalo, A., Karwat, H., Egenolf, K., Miles, 
J., Chirinda, N., Cadisch, G., Rasche, F., Rao, I., 
Subbarao, G., Arango, J. (2018). Biological 
nitrification inhibition activity in a soil-grown 
biparental population of the forage grass, Brachiaria 
humidicola. Plant Soil, 
https://doi.org/10.1007/s11104-018-3626-5. 

O'Mara, F.P.  (2012). The role of grasslands in food 
security and climate change. Ann. Bot-London, 110: 
1263-1270. 

Ondabu, N., Maina, S., Kimani, W., Njarui, D., Djikeng, 
A., Ghimire, S. (2017). Molecular characterization of 
Kenyan Brachiaria grass ecotypes with 
microsatellites (SSR) markers. Agronomy, 7, 8. 

Pariz, C.M., Costa, C., Crusciol, C.A.C., Meirelles, 
P.R.L., Castilhos, A.M., Andreotti, M., Costa, N.R., 
Martello, J.M., Souza D.M., Protes, V.M., Longhini, 
V.Z., Franzluebbers, A.J. (2017). Production, nutrient 
cycling and soil compaction to grazing of grass 
companion cropping with corn and soybean. Nutr. 
Cycl. Agroecosyst. 108: 35-54, 10.1007/s10705-016-
9821-y. 

Pariz, C.M., Costa, C., Crusciol, C.A.C., Meirelles, 
P.R.L.,  Castilhos, A.M.,  Andreotti, M.,  Costa, N.R.,  
Martello, J.M., Souza, D.M., Sarto, J.R.W.,  
Franzluebbers, A.J. (2016). Production and soil 
responses to intercropping of forage grasses with 
corn and soybean silage. Agron. J., 108 (2016), 2541-
2553. 

Pedreira, B.C., Pedreira, C.G.S., Boote, K.J., Lara, 
M.A.S., Alderman, P.D. (2011). Adapting the 
CROPGRO perennial forage model to predict growth 
of Brachiaria brizantha. Field Crops Res. 120:370-
379. 

Peters, M., Herrero, M., Fisher, M., Erb, K.H., Rao, I., 
Subbarao, G.V., Castro, A., Arango, J., Chara, J., 
Murgueitio, E., Van der Hoek, R., Läderach, P., 
Hyman, G., Tapasco, J. Strassburg, B., Paul, B.K., 
Rincon, A., Schultze-Kraft, R., Fonte, S., 
Searchinger, T. (2013). Challenges and opportunities 
for improving eco-efficiency of tropical foragebased 
systems to mitigate greenhouse gas emissions. 
Tropical Grasslands. 1: 137-148. 

Peters, M., Rao, I.M., Fisher, M., Subbarao, G., Martens, 
S., Herrero, M., van der Hoek, R., 
Schultze, K.R., Miles, J., Castro, A., Graefe, S., 
Tiemann, T., Ayarza, M.G., Hyman, G. (2012). 
Chapter 11. Tropical forage‐ based systems to 
mitigate greenhouse gas emissions. In: Hershey C 
(Ed.) Issues in Tropical Agriculture I. Eco-
Efficiency: From Vision to Reality. CIAT, Cali, 
Colombia. 

Phelan, P., Moloney, A., McGeough, E., Humphreys, J., 
Bertilsson, J., O’Riordan, E., O’Kiely, P. (2015). 
Forage legumes for grazing and conserving in 
ruminant production systems. Critical Reviews in 
Plant Sciences, 34: 281-326. 

Phengpet, S., Hare, M., Terapongtanakorn, S., 
Wongpichet, K. (2016). Effect of waterlogging on 
morphological changes and growth of six forage 
grasses. Khon Kaen Agric J, 44(2): 363–372. 



23

basis for crop aluminum resistance. Annual Review of 
Plant Biology 66, 571-598. 

Kumela, T., Mendesil, E., Enchalew, B., Kassie, M., 
Tefera, T. (2019). Effect of the Push-Pull 
Cropping System on Maize Yield, Stem Borer 
Infestation and Farmers’ Perception. 
Agronomy 9: 452. 

Kuwi, S.O., Kyalo, M., Mutai, C., Mwilawa, A., Hanson, 
J., Djikeng, A., Ghimire, S.R. (2018). Genetic 
diversity and population structure of Urochloa grass 
accessions from Tanzania using simple sequence 
repeat (SSR) markers. Braz. J. Bot., 41, 699–709. 

Lanyasunya, T.P., Wang, H.R., Mukisira, E.A., 
Abdulrazak, S.A., Ayako, W.O. (2006). Effect of 
seasonality on feed availability, quality and herd 
performance on smallholder farms in Ol-Joro-Orok 
location/Nyandarua district, Kenya. Tropical and 
Subtropical Agroecosystems, 6: 87–93. 

Lemaire, G., Franzluebbers, A., Carvalho, P.C.F., 
Dedieu, B. (2014). Integrated crop-livestock systems: 
Strategies to achieve synergy between agricultural 
production and environmental quality. Agriculture, 
Ecosystems & Environment, 190: 4-8.  

Liebig, M.A., Morgan, J.A., Reeder, J.D., Ellert, B.H., 
Gollany, H.T., Schuman, G.E. (2005). Greenhouse 
gas contributions and mitigation potential of 
agricultural practices in northwestern USA and 
western Canada. Soil & Tillage Research, 83: 25-52. 

Llonnch, P., Haskell, M., Dewhurst, R., Turner, S. 
(2017). Current available strategies to mitigate 
greenhouse gas emmissions in livestock systems: An 
animal welfare perspective. Animal, 11(2): 274-284. 
Doi: 10.1017/S1751731116001440 

Maass, B.L., Midega, C.A.O., Mutimura, M., Rahetlah, 
V.B., Salgado, P., Kabirizi, J.M., Khan, Z.R., 
Ghimire, S.R., Rao, I.M. (2015). Homecoming of 
Brachiaria: Improved Hybrids Prove Useful for 
African Animal Agriculture. East African 
Agricultural and Forestry Journal. 81: 171-78. 

Maina, K., Ritho, C., Lukuyu, B.A., Rao, E.J.O. (2019). 
Determinants and Impact of Adopting Climate-Smart 
Brachiaria Grass Among Dairy Farmers in Kenya. 

McDermott, J.J., Staal, S.J., Freeman, H.A., Herrero, M., 
van der Steeg, J.A., (2010). Sustaining intensification 
of smallholder livestock systems in the tropics. 
Livestock Science, 130: 95–109. 

Melaku, N.D., Renschler, C.S., Holzmann, H., 
Strohmeier, S., Bayu, W., Zucca, C., Ziadat, C., Klik, 
A. (2017). Prediction of soil and water conservation 
structure impacts on runoff and erosion processes 
using SWAT model in the Northern Ethiopian 
highlands. Journal of Soils and Sediments. DOI: 
10.1007/s11368-017-1901-3. 

Mekonnen, T. (2018). Characterization of productive and 
reproductive performances, morphometric and 
challenges, and opportunities of indigenous cattle 
breeds of Ethiopia: A review. International Journal 
of Livestock Production 9(3): 29-41. 

Mekuriaw, S., Tsunekawa, A., Ichinohe, T., 
Haregeweyn, N. (2020). Stall feeding regimen for 
indigenous dairy cow production in northwestern 
Ethiopia. PhD Dissertation, the United Graduate 

School of Agricultural Sciences, Tottori University, 
Japan. 

Mengistu, A., Kebede, G., Feyissa, F., Assefa, G. (2017). 
Review on Major Feed Resources in Ethiopia: 
Conditions, Challenges and Opportunities. Academic 
Research Journal of Agricultural Science and 
Research, 5: 176-185. 

Midega, C.A.O., Pittchar, J.O., Pickett, J.A., Hailu, 
G.W., Khan, Z.R. (2018). A climate-adapted push-
pull system effectively controls fall armyworm, 
Spodoptera frugiperda (J.E. Smith), in maize in East 
Africa. Crop protection, 105:10-15. 
https://doi.org/10.1016/j.cropro.2017.11.003. 

Midega, C.A.O., Salifu, D., Bruce, T.J., Pittchar, J., 
Pickett, J.A., Khan, Z.R. (2014). Cumulative effects 
and economic benefits of intercropping maize with 
food legumes on Striga hermonthica infestation. 
Field Crops Res, 155: 144-152. 

Miles, J.W., Do Valle, C.B., Rao, I.M., Euclides, V.P.B. 
(2004). Brachiaria grasses. In: Warm-Season (C4) 
Grasses. Moser, L.E., Burson, B.L. and Sollenberger, 
L.E. (Eds). American Society of Agronomy, Crop 
Science Society of America, and Soil Science Society 
of America, Madison, WI (USA). DOI: 10.2134/ 
agronmonogr45.c22. 

Meier, I.C., Finzi, A.C., Phillips, R.P. (2017). Root 
exudates increase N availability by stimulating 
microbial turnover of fast-cycling N pools. Soil Biol. 
Biochem. 106, 119-128.  

Modernel, P., Picasso, V., Do Carmo, M., Rossing, 
W.A.H., Corbeels, M., Soca, P., Dogliotti, S., 
Tittonell, P. (2019). Grazing management for more 
resilient mixed livestock farming systems on native 
grasslands of southern South America. Grass Forage 
Sci. 74: 636–649.  

Moraine, M., Duru, M., Nicholas, P., Leterme, P., 
Therond, O. (2014). Farming system design for 
innovative crop-livestock integration in Europe. 
Animal 8(8): 1204–17.  

Moreta, D.E., Arango, J., Sotelo, M., Vergara, D., 
Rincón, A., Ishitani, N., Castro, A., Miles, J., Peters, 
M., Tohme, J., Subbarao, G.V., Rao, I.M. (2014). 
Biological nitrification inhibition (BNI) in Brachiaria 
pastures: A novel strategy to improve ecoefficiency 
of crop-livestock systems and to mitigate climate 
change. Trop Grassl Forrajes Trop. 2: 88–91. 

Murage, A.W., Midega, C.A.O., Pittchar, J.O., Pickett, 
J.A., Khan, Z.R. (2015). Determinants of adoption of 
climate-smart push-pull technology for enhanced 
food security through integrated pest management in 
eastern Africa. Food Sec J. 7: 709-724. 

Mureithi, J.G., Djikeng, A. (2016). Overview of the 
climate-smart Brachiaria grass programme. In: 
Njarui, D.M.G, Gichangi E.M, Ghimire S.R, Muinga 
R.W (Eds.). Climate-smart Brachiaria grasses for 
improving livestock production in East Africa: Kenya 
Experience: Proceedings of a workshop, Naivasha, 
Kenya, 14-15 September 2016. Kenya Agricultural 
and Livestock Research Organization, Nairobi, 
Kenya. 

Mutimura, M., Ebong, C., Rao, I.M., Sahlai, I.V. (2015). 
Nutritional values of available ruminant feed 
resources in smallholder dairy farms in Rwanda. 

Tropical animal health and production, 47: 1131-
1137. 

Mutimura, M., Everson, T. (2012). On-farm evaluation 
of improved Brachiaria grasses in low rainfall and 
aluminium toxicity prone areas of Rwanda. Int J 
BiodiversConserv Biol. 4: 137–154. 

Mudavadi, O.P., Emmanuel, M.A., Charles, G., 
Namasake, M.F., Bernard, L.A. (2020). Effects of 
Season Variation on Water, Feed, Milk Yield and 
Reproductive Performance of Dairy Cows in 
Smallholder Farms in Eastern Africa. Journal of 
Agriculture and Ecology Research International 
21(8): 1-15, 2020; Article no. JAERI.59895 ISSN: 
2394-1073. 

Mutimura, M., Ebong, C., Rao, I.M., Nsahlai, I.V. 
(2018). Effects of supplementation of 
Brachiariabrizantha cultivar Piatá and Napier grass 
with Desmodium distortum on feed intake, digesta 
kinetics and milk production by crossbred dairy 
cows. 

Mulualem, T., Molla, M. (2013). Production Constraints, 
Farmers Preferences and Participatory on Farm 
Evaluation of Improved Forage Technologies in 
Selected Districts of Southern Ethiopia. Greener 
Journal of Agricultural Sciences, 3(9): 628-635. 

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S., 
Bernabucci, U. (2010). Effects of climate change on 
animal production and sustainability of livestock 
systems. Livest. Sci., 130: 57-69. 

Namassi, C., Serumaga, J.P., Mugerwa, S., Kyalo, M., 
Mutai, C., Mwesigwa, R., Djikeng, A., Ghimire, S. 
(2020). Genetic Diversity and Population Structure of 
Brachiaria (syn. Urochloa) Ecotypes from Uganda. 
Agronomy, 10(8), 1193. 

Ndikumana, J., de Leeuw, P.N. (1996). Regional 
Experience with Brachiaria: Sub-Saharan Africa. In: 
Brachiaria: Biology, Agronomy and Improvement, 
1st Ed., Miles, J.W., B.L. Maass, C.B. do Valle and 
V. Kumble (Eds.), CIAT. Cali, Colombia; 
EMBRAPA/CNPGC, Campo Grande, Brasil. 
hdl.handle.net/10568/49788. 

Nguku, S., Musimba, N., Njarui, D., Mwobobia, R., 
Kaindi, E. (2016). Effects of Acid Scarification on 
germination of the genus Brachiaria grass Cultivars. 
International J Sci Res Innov Technol 3: 45-50. 

Nguku, S. (2015). An evaluation of Brachiaria grass 
cultivars productivity in semi-arid Kenya. MSc. 
Thesis, South Eastern Kenya University, Kenya. 

Njarui, D.M.G., Gichangi, E.M., Gatheru, M., Nyambati, 
E.M., Ondiko, C.N., Njunie, M. N., Ndungu-Magiroi, 
K.W., Kiiya, W.W., Kute, C.A.O. and Ayako, W. 
(2016). A comparative analysis of livestock farming 
in smallholder mixed crop-livestock systems in 
Kenya: 2. Feed utilization, availability and mitigation 
strategies to feed scarcity. Livestock Research for 
Rural Development, Vol. 28, Article #67. 
http://www.lrrd.org/lrrd28/4/njar28067.html. 

Njarui, D.M.G., Gatheru, M., Mwangi, D.M., Keya, G.A. 
(2015). Persistence and productivity of selected 
Guinea grass ecotypes in semiarid tropical Kenya. 
Grass Sci. 61: 142-52. 

Norton, J.M., Ouyang, Y. (2019). Controls and adaptive 
management of nitrification in agricultural soils. 

Front. Microbiol. 10: 1931. doi: 
10.3389/fmicb.2019.01931. 

Nuñez, J., Arevalo, A., Karwat, H., Egenolf, K., Miles, 
J., Chirinda, N., Cadisch, G., Rasche, F., Rao, I., 
Subbarao, G., Arango, J. (2018). Biological 
nitrification inhibition activity in a soil-grown 
biparental population of the forage grass, Brachiaria 
humidicola. Plant Soil, 
https://doi.org/10.1007/s11104-018-3626-5. 

O'Mara, F.P.  (2012). The role of grasslands in food 
security and climate change. Ann. Bot-London, 110: 
1263-1270. 

Ondabu, N., Maina, S., Kimani, W., Njarui, D., Djikeng, 
A., Ghimire, S. (2017). Molecular characterization of 
Kenyan Brachiaria grass ecotypes with 
microsatellites (SSR) markers. Agronomy, 7, 8. 

Pariz, C.M., Costa, C., Crusciol, C.A.C., Meirelles, 
P.R.L., Castilhos, A.M., Andreotti, M., Costa, N.R., 
Martello, J.M., Souza D.M., Protes, V.M., Longhini, 
V.Z., Franzluebbers, A.J. (2017). Production, nutrient 
cycling and soil compaction to grazing of grass 
companion cropping with corn and soybean. Nutr. 
Cycl. Agroecosyst. 108: 35-54, 10.1007/s10705-016-
9821-y. 

Pariz, C.M., Costa, C., Crusciol, C.A.C., Meirelles, 
P.R.L.,  Castilhos, A.M.,  Andreotti, M.,  Costa, N.R.,  
Martello, J.M., Souza, D.M., Sarto, J.R.W.,  
Franzluebbers, A.J. (2016). Production and soil 
responses to intercropping of forage grasses with 
corn and soybean silage. Agron. J., 108 (2016), 2541-
2553. 

Pedreira, B.C., Pedreira, C.G.S., Boote, K.J., Lara, 
M.A.S., Alderman, P.D. (2011). Adapting the 
CROPGRO perennial forage model to predict growth 
of Brachiaria brizantha. Field Crops Res. 120:370-
379. 

Peters, M., Herrero, M., Fisher, M., Erb, K.H., Rao, I., 
Subbarao, G.V., Castro, A., Arango, J., Chara, J., 
Murgueitio, E., Van der Hoek, R., Läderach, P., 
Hyman, G., Tapasco, J. Strassburg, B., Paul, B.K., 
Rincon, A., Schultze-Kraft, R., Fonte, S., 
Searchinger, T. (2013). Challenges and opportunities 
for improving eco-efficiency of tropical foragebased 
systems to mitigate greenhouse gas emissions. 
Tropical Grasslands. 1: 137-148. 

Peters, M., Rao, I.M., Fisher, M., Subbarao, G., Martens, 
S., Herrero, M., van der Hoek, R., 
Schultze, K.R., Miles, J., Castro, A., Graefe, S., 
Tiemann, T., Ayarza, M.G., Hyman, G. (2012). 
Chapter 11. Tropical forage‐ based systems to 
mitigate greenhouse gas emissions. In: Hershey C 
(Ed.) Issues in Tropical Agriculture I. Eco-
Efficiency: From Vision to Reality. CIAT, Cali, 
Colombia. 

Phelan, P., Moloney, A., McGeough, E., Humphreys, J., 
Bertilsson, J., O’Riordan, E., O’Kiely, P. (2015). 
Forage legumes for grazing and conserving in 
ruminant production systems. Critical Reviews in 
Plant Sciences, 34: 281-326. 

Phengpet, S., Hare, M., Terapongtanakorn, S., 
Wongpichet, K. (2016). Effect of waterlogging on 
morphological changes and growth of six forage 
grasses. Khon Kaen Agric J, 44(2): 363–372. 



24

Philp, J.N.M., Vance, W., Bell, R.W., Chhay, T., Boyd, 
D., Phimphachanhvongsod, V., Denton, M.D. (2019). 
Forage options to sustainably intensify smallholder 
farming systems on tropical sandy soils. A review. 
Agron. Sustain. Dev. 39, 30. 
https://doi.org/10.1007/s13593-019-0576-0. 

Rao, I.M., Peters, M., Castro, A., Schultze-Kraft, R., 
White, D., Fisher, M. (2015). LivestockPlus–The 
sustainable intensification of forage-based 
agricultural systems to improve livelihoods and 
ecosystem services in the tropics. Tropical 
Grasslands, 3: 59-82. 

Rao, I.M., Ishitani, M., Miles, J., Peters, M., Tohme, J., 
Arango, J., Moreta, D.E., Lopez, H., Castro, A., 
Hoek, R.V.D., Martens, S., Hyman, J., Tapasco, J., 
Duitam, J., Suárez, H., Borrero, G., Núñez, J., 
Hartmann, K., Domínguez, M., Sotelo, M., Vergara, 
D., Lavelle, P., Subbarao, G.V., Rincon, A., Plazas, 
C., Cadisch, G., Mendoza, R., Rathjen, L. and 
Karwat, H. (2014). Climate-smart crop-livestock 
systems for smallholders in the tropics: Integration of 
new forage hybrids to intensify agriculture and to 
mitigate climate change through regulation of 
nitrification in soil. Tropical Grasslands-Forrajes 
Tropicales, 2: 130-132. 

Ren, W., Banger, K., Tao, B., Yang, J., Huang, Y. 
Boonman (2020). Global pattern and change of 
cropland soil organic carbon during 1901–2010: 
Roles of climate, atmospheric chemistry, land use 
and management. Geography and Sustainability, 1: 
59-69.  

Ritchie, H., Roser, M. (2017). Meat and seafood 
production, consumption. Our World in Data. 
https://ourworldindata.org/meat-production.  

Ripple, W.J., Smith, P., Haberl, H., Montzka, S.A., 
McAlpine, C., Boucher, D.H. (2014). Ruminants, 
climate change, and climate policy. Nature Climate 
Change, 4: 2-5. 

Rodrigues, R.C., Sousa, T.V.R., Melo, M.A.A., Araújo, 
J.S., Lana, R.P., Costa, C.S., Oliveira, M.O., Parente, 
M.O.M., Sampaio, I.B.M. (2014). Agronomic, 
morphogenic and structural characteristics of tropical 
forage grasses in northeast Brazil. Trop Grasslands-
Forrajes Tropicales, 2: 214-222. 

Sanderson, M.A., Reed, R.L., McLaughlin, S.B., 
Wullschleger, S.D., Congcr, B.V., Parrish, D.J., 
Wolf, D.D., Taliaferro, C., Hopkins, A.A., 
Ocumpaugh, W.R., Hussey, M.A., Read, J.C., 
Tischler, C.R. (1996). Switch grass as asustainable 
bioenergy crop. Bioresource Technology, 56, 83–93. 

Schiek, B., González, C., Mwendia, S., Steven, D., 
Prager (2018). Got forages? Understanding potential 
returns on investment in Brachiaria spp. for dairy 
producers in Eastern Africa. Trop Grassl Forrajes 
Trop. 6(3): 117-133. https: //doi.org/10.17138 /tuft 
(6)117-133. 

Senbet, L.W., Simbanegavi, W. (2017). Agriculture and 
Structural Transformation in Africa: An Overview. 
Journal of African Economies, 26(1): i3-i10. 

Silva, B.M., Oliveira, G.C., Serafim, M.E., Silva .., 
Guimarães, P.T.G., Melo, L.B.B., Norton, L.D.,  
Curi, N. (2019). Soil moisture associated with least 
limiting water range, leaf water potential, initial 

growth and yield of coffee as affected by soil 
management system. Soil Tillage Res., 154: 103-113.  

Silva, P., Martins, A., Gouvea, E., Marco, P., Ferreira, 
M. (2013). Development and validation of 
microsatellite markers for Brachiaria ruziziensis 
obtained by partial genome assembly of Illumina 
single end reads. BMC Genomics, 2013, 14, 17. 

Shapiro, B.I., Gebru, G., Desta, S., Negassa, A., 
Nigussie, K., Aboset, G., Mechale, H. (2017).  
Ethiopia livestock sector analysis: A 15 year 
livestock sector strategy. 

Solomon, M., Teferi, A. (2010). Chemical composition, 
in vitro dry matter digestibility and in Sacco 
degradability of selected browse species used as 
animal feeds under semi-arid conditions in Northern 
Ethiopia. Agro Forest System, 80: 173-184. 

Subbarao, G., Arango, J., Masahiro, K., Hooper, A.M., 
Yoshihashi, T., Ando, Y., Nakahara, K., Deshpande, 
S., Ortiz-Monasterio, I., Ishitani, M., Peters, M., 
Chirinda, N., Wollenber, L., Lata, J.C., Gerard, B., 
Tobita, S., Rao, I.M., Braun, H.J., Kommerell, V., 
Tohme, J., Iwanaga, M. (2017). Genetic mitigation 
strategies totackle agricultural GHG emissions: the 
case for biologicalnitrification inhibition technology. 
Plant Sci, 262: 165-168. 

Subbarao, G.V., Nakahara, K., Hurtado, M., del, P., Ono 
H., Moreta, D.E., Salced, A.F., Yoshihashi, A.T., 
Ishikawa, T., Ishitani, M., Ohnishi-Kameyama, M., 
Yoshida, M., Rondon, M., Rao, I.M., Lascando, 
C.M., Berry, W.L., Ito, O. (2009). Evidence for 
biological nitrification inhibition in Brachiaria 
pastures. Proceedings of the National Academy of 
Sciences, 106: 17302-17307. 

Souri, M., Neumann, G. (2017). Indications for passive 
rather than active release of natural nitrification 
inhibitors in Brachiaria humidicola root exudates. J 
Plant Nutr, 41: 477–486.  

Ströh de Martínez, C., Feddersen, M., Speicher, A. 
(2016). Food security in sub-Saharan Africa: A fresh 
look on agricultural mechanisation; how adapted 
financial solutions can make a difference. (171 pp.). 
Bonn: Deutsches Institutfür Entwicklungspolitik 
(DIE). 

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., 
Rosales, M., de Haan, C. (2006). Livestock’s long 
shadow: environmental issues and options. Food and 
Agriculture Organisation of the United Nations, 
Rome, 390 p. 

Tarawali, S.A., Bationo, A., Makinde, K., Odion, B. 
(2002). Cowpea as a key factor for a new approach to 
integrated crop-livestock systems research in the dry 
savannas of West Africa. Chall. Opportun. Enhancing 
Sustain. Cowpea Prod. 233. 

Tekliye, L., Mekuriaw, Y., Asmare, B., Mehret, F. 
(2018). Nutrient intake, digestibility,growth 
performance and carcass characteristics of Farta 
sheep fed urea-treated ricestraw supplemented with 
graded levels of dried Sesbania sesban leaves. Agric 
& Food Secur. Online available on: 
https://doi.org/10.1186/s40066-018-0226-9. 

Teixeira, R.N.V., Pereira, C.E., Kikuti, H., Deminicis, 
B.B., Valente, T.N.P. (2018). Productive capacity of 
Brachiaria brizantha (Syn. Urochloa brizantha) cv. 

Marandu subjected to liming and nitrogen 
application. Afr. J. Agric. Res, 13(36): 1901-1906 
DOI: 10.5897/AJAR2018.13266. 

Temesgen, G., Aleme, A., Mulata, H. (2014). Climate 
change and livestock production in Ethiopia. Acad J 
Environ Sc. 2(4): 59-62. 

Teressa, A., Teshome, A., Kumar, A., Hanson, J., Jones, 
C.S. (2017). Opportunities for Napier 
grass (Pennisetum purpureum) improvement using 
molecular genetics. 

Tessema, K., Feleke, S. (2018). Yield, yield dynamics 
and nutritional quality of grass-legume mixed 
pasture. The J. Anim. Plant Sci., 28(1): 155-164. 
ISSN: 1018-7081. 

Tessema, Z, Baars, R. (2006). Chemical composition, 
dry matter production and yield dynamics of tropical 
grasses mixed with perennial forage legumes. Tropi. 
Grasslan, 40: 150-156 

Teweldemedhn, M. (2018). Characterization of 
productive and reproductive performances, morpho-
metric and challenges and opportunities of 
indigenous cattle breeds of Ethiopia: A review. 
International Journal of Livestock Production 9(3): 
29-41. 

 Todaro, M.P., Smith, S.C. (2012). Population growth 
and economic development: causes, consequences, 
and controversies. Eleventh ed., Economic 
development Boston: Pearson Addison Wesley, 2012. 

Valente, L.M., Etienne, R.S., Phillimore, A.B. (2014). 
The effects of island ontogeny on species diversity 
and phylogeny. Proc. Biol. Sci., 281, 20133227. 

Vendramini, J.M.B., Sollenberger, L.E., Soares, A.B., Da 
Silva, W.L., Sanchez, J.M.D., Valente, A.L., Aguiar, 
A.D., Mullenix, M.K. (2014). Harvest frequency 
affects herbage accumulation and nutritive value of 
Brachiaria grass hybrids in Florida. Trop. 
Grasslands - Forrajes Trop, 2:197-206. 

Vendramini, J.M.B., Adesogan, A.T., Silveira, M.L.A., 
Sollenberger, L.E., Queiroz, O.C., Anderson, W.E. 
(2010). Nutritive value and fermentation parameters 
of warm-season grass silage. Professional Animal 
Science, 26: 193-200. 

Villegas, D., Arevalo, A., Nuñez, J., Mazabel, J., 
Subbarao, G., Rao, I., De Vega, J., Arango, J. (2020). 
Biological Nitrification Inhibition (BNI): 
Phenotyping of a Core Germplasm Collection of the 
Tropical Forage Grass Megathyrsus maximus Under 
Greenhouse Conditions. Front. Plant Sci. 11:820. 
doi:10.3389/fpls.2020.00820. 

Wassie, W.A., Tsegay, B.A., Wolde, A.T., Limeneh, 
B.A. (2018). Evaluation of morphological 
characteristics, yield and nutritive value of 
Brachiaria grass ecotypes in Northwestern Ethiopia. 
Agriculture & Food Security, 7, 89. 

Williams, S.M., Weil, R.R. (2004). Crop cover root 
channels may alleviate soil compaction effects on 
soybean crop. Soil Sci. Soc. Am. J., 68, 1403 p., 
10.2136/sssaj2004.1403. 

Worthington, M., Perez, J.G., Mussurova, S., Silva-
Cordoba, A., Castiblanco, V., Jones, C., Fernandez-
Fuentes, N., Skot, L., Dyer, S., Tohme, J., Palma, 
F.D., Arango, J., Armstead, I., De Vega, J.J. (2020). 
A new genome allows the identification of genes 

associated with natural variation in aluminium 
tolerance in Brachiaria grasses. It is made available 
under a CC-BY-ND 4.0 International license. doi: 
https://doi.org/10.1101/843870. 

Wright, L. Turhollow, A. (2010). Switchgrass selection 
as a ‘‘model’’ bioenergy crop: A history of the 
process. Biomass and Bioenergy, 34, 851–868. 

Yang, M., Fang, Y., Sun, D., Shi, Y. (2016). Efficiency 
of two nitrification inhibitors (dicyandiamide and 3, 
4-dimethypyrazole phosphate) on soil nitrogen 
transformations and plant productivity: a meta-
analysis. Sci. Rep., 6: 22075. 

Yiberkew, N., Mekuriaw, Y, Asmare, B. (2020). Effects 
of Fertilizer Types and Plant Spacings on Plant 
Morphology, Biomass Yield and Chemical 
Composition of Brachiaria Hybrid Mulato II Grass 
Grown in Lowlands of Northwest Ethiopia. Scientific 
Papers: Animal Science and Biotechnologies, 2020, 
53(1).  

Zemene, M., Mekuriaw, Y., Asmare, B. (2020). Effect of 
plant spacing and harvesting age on morphological 
characteristics, yield and chemical composition of 
Brachiaria mutica grass at Bahir dar, Northwestern 
Ethiopia. Scientific Papers: Animal Science and 
Biotechnologies, 2020, 53(2): 137-145.  

Zhang, J., Tian, H., Shi, H., Zhang, J., Wang, X., Pan, S., 
Yang, J. (2020). Increased greenhouse gas emissions 
intensity of major croplands in China: Implications 
for food security and climate change mitigation. 
Global change Biology, 26(11): 6116-6133. 

***Central Statistical Agency of Ethiopia (CSA). (2018). 
Agricultural sample survey Livestock and livestock 
characteristics (private peasant holding), Ethiopia. 
Stat. Bull., 585: 2.  

***Central Statistical Agency (CSA). (2017). 
Agricultural Sample Survey. Livestock and Livestock 
Characteristics (Private Peasant Holdings). Statistical 
bulletin, 585(2): 33-35, Addis Ababa, Ethiopia. 

***CSB (Climate-Smart Brachiaria Program) (2016). 
CSB annual review meeting. KALRO (Kenya 
Agricultural and Livestock Research Organization), 
Embu, Kenya 2016. Goo.gl/VbzJ4D. 

***Ethiopian Institute of Agricultural Research (EIAR) 
(2017). Livestock research strategies (2016–2030): 
feeds and nutrition, rangelands and animals health. 
Addis Ababa: Ethiopia Institute of Agricultural 
Research; 2017. 

***Ethiopia and Headquarters of World Food Program 
(2014). Comprehensive food security and 
vulnerability security.pdf analysis (CFSVA). 
Retrieved from http://www.wfp.org/ food 

***FAO (Food and Agricultural Organization of United 
Nation) (2019). Livestock, health, livelihoods and the 
environment in Ethiopia. An integrated analysis. 
Rome. 108 pp. Licence: CC BY-NC-SA 3.0 IGO. 

***FAO (2018). Ethiopia Report on Feed Inventory and 
Feed Balance 2018. Food and Agricultural 
Organization of the United Nations (FAO).  

***FAO (2017). Ethiopia’s animal and public health 
spotlight: The case for an expert elicitation protocol. 
Africa Sustainable Livestock 2050. 
http://www.fao.org/3/i8493en/I8493EN.pdf. 



25

Philp, J.N.M., Vance, W., Bell, R.W., Chhay, T., Boyd, 
D., Phimphachanhvongsod, V., Denton, M.D. (2019). 
Forage options to sustainably intensify smallholder 
farming systems on tropical sandy soils. A review. 
Agron. Sustain. Dev. 39, 30. 
https://doi.org/10.1007/s13593-019-0576-0. 

Rao, I.M., Peters, M., Castro, A., Schultze-Kraft, R., 
White, D., Fisher, M. (2015). LivestockPlus–The 
sustainable intensification of forage-based 
agricultural systems to improve livelihoods and 
ecosystem services in the tropics. Tropical 
Grasslands, 3: 59-82. 

Rao, I.M., Ishitani, M., Miles, J., Peters, M., Tohme, J., 
Arango, J., Moreta, D.E., Lopez, H., Castro, A., 
Hoek, R.V.D., Martens, S., Hyman, J., Tapasco, J., 
Duitam, J., Suárez, H., Borrero, G., Núñez, J., 
Hartmann, K., Domínguez, M., Sotelo, M., Vergara, 
D., Lavelle, P., Subbarao, G.V., Rincon, A., Plazas, 
C., Cadisch, G., Mendoza, R., Rathjen, L. and 
Karwat, H. (2014). Climate-smart crop-livestock 
systems for smallholders in the tropics: Integration of 
new forage hybrids to intensify agriculture and to 
mitigate climate change through regulation of 
nitrification in soil. Tropical Grasslands-Forrajes 
Tropicales, 2: 130-132. 

Ren, W., Banger, K., Tao, B., Yang, J., Huang, Y. 
Boonman (2020). Global pattern and change of 
cropland soil organic carbon during 1901–2010: 
Roles of climate, atmospheric chemistry, land use 
and management. Geography and Sustainability, 1: 
59-69.  

Ritchie, H., Roser, M. (2017). Meat and seafood 
production, consumption. Our World in Data. 
https://ourworldindata.org/meat-production.  

Ripple, W.J., Smith, P., Haberl, H., Montzka, S.A., 
McAlpine, C., Boucher, D.H. (2014). Ruminants, 
climate change, and climate policy. Nature Climate 
Change, 4: 2-5. 

Rodrigues, R.C., Sousa, T.V.R., Melo, M.A.A., Araújo, 
J.S., Lana, R.P., Costa, C.S., Oliveira, M.O., Parente, 
M.O.M., Sampaio, I.B.M. (2014). Agronomic, 
morphogenic and structural characteristics of tropical 
forage grasses in northeast Brazil. Trop Grasslands-
Forrajes Tropicales, 2: 214-222. 

Sanderson, M.A., Reed, R.L., McLaughlin, S.B., 
Wullschleger, S.D., Congcr, B.V., Parrish, D.J., 
Wolf, D.D., Taliaferro, C., Hopkins, A.A., 
Ocumpaugh, W.R., Hussey, M.A., Read, J.C., 
Tischler, C.R. (1996). Switch grass as asustainable 
bioenergy crop. Bioresource Technology, 56, 83–93. 

Schiek, B., González, C., Mwendia, S., Steven, D., 
Prager (2018). Got forages? Understanding potential 
returns on investment in Brachiaria spp. for dairy 
producers in Eastern Africa. Trop Grassl Forrajes 
Trop. 6(3): 117-133. https: //doi.org/10.17138 /tuft 
(6)117-133. 

Senbet, L.W., Simbanegavi, W. (2017). Agriculture and 
Structural Transformation in Africa: An Overview. 
Journal of African Economies, 26(1): i3-i10. 

Silva, B.M., Oliveira, G.C., Serafim, M.E., Silva .., 
Guimarães, P.T.G., Melo, L.B.B., Norton, L.D.,  
Curi, N. (2019). Soil moisture associated with least 
limiting water range, leaf water potential, initial 

growth and yield of coffee as affected by soil 
management system. Soil Tillage Res., 154: 103-113.  

Silva, P., Martins, A., Gouvea, E., Marco, P., Ferreira, 
M. (2013). Development and validation of 
microsatellite markers for Brachiaria ruziziensis 
obtained by partial genome assembly of Illumina 
single end reads. BMC Genomics, 2013, 14, 17. 

Shapiro, B.I., Gebru, G., Desta, S., Negassa, A., 
Nigussie, K., Aboset, G., Mechale, H. (2017).  
Ethiopia livestock sector analysis: A 15 year 
livestock sector strategy. 

Solomon, M., Teferi, A. (2010). Chemical composition, 
in vitro dry matter digestibility and in Sacco 
degradability of selected browse species used as 
animal feeds under semi-arid conditions in Northern 
Ethiopia. Agro Forest System, 80: 173-184. 

Subbarao, G., Arango, J., Masahiro, K., Hooper, A.M., 
Yoshihashi, T., Ando, Y., Nakahara, K., Deshpande, 
S., Ortiz-Monasterio, I., Ishitani, M., Peters, M., 
Chirinda, N., Wollenber, L., Lata, J.C., Gerard, B., 
Tobita, S., Rao, I.M., Braun, H.J., Kommerell, V., 
Tohme, J., Iwanaga, M. (2017). Genetic mitigation 
strategies totackle agricultural GHG emissions: the 
case for biologicalnitrification inhibition technology. 
Plant Sci, 262: 165-168. 

Subbarao, G.V., Nakahara, K., Hurtado, M., del, P., Ono 
H., Moreta, D.E., Salced, A.F., Yoshihashi, A.T., 
Ishikawa, T., Ishitani, M., Ohnishi-Kameyama, M., 
Yoshida, M., Rondon, M., Rao, I.M., Lascando, 
C.M., Berry, W.L., Ito, O. (2009). Evidence for 
biological nitrification inhibition in Brachiaria 
pastures. Proceedings of the National Academy of 
Sciences, 106: 17302-17307. 

Souri, M., Neumann, G. (2017). Indications for passive 
rather than active release of natural nitrification 
inhibitors in Brachiaria humidicola root exudates. J 
Plant Nutr, 41: 477–486.  

Ströh de Martínez, C., Feddersen, M., Speicher, A. 
(2016). Food security in sub-Saharan Africa: A fresh 
look on agricultural mechanisation; how adapted 
financial solutions can make a difference. (171 pp.). 
Bonn: Deutsches Institutfür Entwicklungspolitik 
(DIE). 

Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., 
Rosales, M., de Haan, C. (2006). Livestock’s long 
shadow: environmental issues and options. Food and 
Agriculture Organisation of the United Nations, 
Rome, 390 p. 

Tarawali, S.A., Bationo, A., Makinde, K., Odion, B. 
(2002). Cowpea as a key factor for a new approach to 
integrated crop-livestock systems research in the dry 
savannas of West Africa. Chall. Opportun. Enhancing 
Sustain. Cowpea Prod. 233. 

Tekliye, L., Mekuriaw, Y., Asmare, B., Mehret, F. 
(2018). Nutrient intake, digestibility,growth 
performance and carcass characteristics of Farta 
sheep fed urea-treated ricestraw supplemented with 
graded levels of dried Sesbania sesban leaves. Agric 
& Food Secur. Online available on: 
https://doi.org/10.1186/s40066-018-0226-9. 

Teixeira, R.N.V., Pereira, C.E., Kikuti, H., Deminicis, 
B.B., Valente, T.N.P. (2018). Productive capacity of 
Brachiaria brizantha (Syn. Urochloa brizantha) cv. 

Marandu subjected to liming and nitrogen 
application. Afr. J. Agric. Res, 13(36): 1901-1906 
DOI: 10.5897/AJAR2018.13266. 

Temesgen, G., Aleme, A., Mulata, H. (2014). Climate 
change and livestock production in Ethiopia. Acad J 
Environ Sc. 2(4): 59-62. 

Teressa, A., Teshome, A., Kumar, A., Hanson, J., Jones, 
C.S. (2017). Opportunities for Napier 
grass (Pennisetum purpureum) improvement using 
molecular genetics. 

Tessema, K., Feleke, S. (2018). Yield, yield dynamics 
and nutritional quality of grass-legume mixed 
pasture. The J. Anim. Plant Sci., 28(1): 155-164. 
ISSN: 1018-7081. 

Tessema, Z, Baars, R. (2006). Chemical composition, 
dry matter production and yield dynamics of tropical 
grasses mixed with perennial forage legumes. Tropi. 
Grasslan, 40: 150-156 

Teweldemedhn, M. (2018). Characterization of 
productive and reproductive performances, morpho-
metric and challenges and opportunities of 
indigenous cattle breeds of Ethiopia: A review. 
International Journal of Livestock Production 9(3): 
29-41. 

 Todaro, M.P., Smith, S.C. (2012). Population growth 
and economic development: causes, consequences, 
and controversies. Eleventh ed., Economic 
development Boston: Pearson Addison Wesley, 2012. 

Valente, L.M., Etienne, R.S., Phillimore, A.B. (2014). 
The effects of island ontogeny on species diversity 
and phylogeny. Proc. Biol. Sci., 281, 20133227. 

Vendramini, J.M.B., Sollenberger, L.E., Soares, A.B., Da 
Silva, W.L., Sanchez, J.M.D., Valente, A.L., Aguiar, 
A.D., Mullenix, M.K. (2014). Harvest frequency 
affects herbage accumulation and nutritive value of 
Brachiaria grass hybrids in Florida. Trop. 
Grasslands - Forrajes Trop, 2:197-206. 

Vendramini, J.M.B., Adesogan, A.T., Silveira, M.L.A., 
Sollenberger, L.E., Queiroz, O.C., Anderson, W.E. 
(2010). Nutritive value and fermentation parameters 
of warm-season grass silage. Professional Animal 
Science, 26: 193-200. 

Villegas, D., Arevalo, A., Nuñez, J., Mazabel, J., 
Subbarao, G., Rao, I., De Vega, J., Arango, J. (2020). 
Biological Nitrification Inhibition (BNI): 
Phenotyping of a Core Germplasm Collection of the 
Tropical Forage Grass Megathyrsus maximus Under 
Greenhouse Conditions. Front. Plant Sci. 11:820. 
doi:10.3389/fpls.2020.00820. 

Wassie, W.A., Tsegay, B.A., Wolde, A.T., Limeneh, 
B.A. (2018). Evaluation of morphological 
characteristics, yield and nutritive value of 
Brachiaria grass ecotypes in Northwestern Ethiopia. 
Agriculture & Food Security, 7, 89. 

Williams, S.M., Weil, R.R. (2004). Crop cover root 
channels may alleviate soil compaction effects on 
soybean crop. Soil Sci. Soc. Am. J., 68, 1403 p., 
10.2136/sssaj2004.1403. 

Worthington, M., Perez, J.G., Mussurova, S., Silva-
Cordoba, A., Castiblanco, V., Jones, C., Fernandez-
Fuentes, N., Skot, L., Dyer, S., Tohme, J., Palma, 
F.D., Arango, J., Armstead, I., De Vega, J.J. (2020). 
A new genome allows the identification of genes 

associated with natural variation in aluminium 
tolerance in Brachiaria grasses. It is made available 
under a CC-BY-ND 4.0 International license. doi: 
https://doi.org/10.1101/843870. 

Wright, L. Turhollow, A. (2010). Switchgrass selection 
as a ‘‘model’’ bioenergy crop: A history of the 
process. Biomass and Bioenergy, 34, 851–868. 

Yang, M., Fang, Y., Sun, D., Shi, Y. (2016). Efficiency 
of two nitrification inhibitors (dicyandiamide and 3, 
4-dimethypyrazole phosphate) on soil nitrogen 
transformations and plant productivity: a meta-
analysis. Sci. Rep., 6: 22075. 

Yiberkew, N., Mekuriaw, Y, Asmare, B. (2020). Effects 
of Fertilizer Types and Plant Spacings on Plant 
Morphology, Biomass Yield and Chemical 
Composition of Brachiaria Hybrid Mulato II Grass 
Grown in Lowlands of Northwest Ethiopia. Scientific 
Papers: Animal Science and Biotechnologies, 2020, 
53(1).  

Zemene, M., Mekuriaw, Y., Asmare, B. (2020). Effect of 
plant spacing and harvesting age on morphological 
characteristics, yield and chemical composition of 
Brachiaria mutica grass at Bahir dar, Northwestern 
Ethiopia. Scientific Papers: Animal Science and 
Biotechnologies, 2020, 53(2): 137-145.  

Zhang, J., Tian, H., Shi, H., Zhang, J., Wang, X., Pan, S., 
Yang, J. (2020). Increased greenhouse gas emissions 
intensity of major croplands in China: Implications 
for food security and climate change mitigation. 
Global change Biology, 26(11): 6116-6133. 

***Central Statistical Agency of Ethiopia (CSA). (2018). 
Agricultural sample survey Livestock and livestock 
characteristics (private peasant holding), Ethiopia. 
Stat. Bull., 585: 2.  

***Central Statistical Agency (CSA). (2017). 
Agricultural Sample Survey. Livestock and Livestock 
Characteristics (Private Peasant Holdings). Statistical 
bulletin, 585(2): 33-35, Addis Ababa, Ethiopia. 

***CSB (Climate-Smart Brachiaria Program) (2016). 
CSB annual review meeting. KALRO (Kenya 
Agricultural and Livestock Research Organization), 
Embu, Kenya 2016. Goo.gl/VbzJ4D. 

***Ethiopian Institute of Agricultural Research (EIAR) 
(2017). Livestock research strategies (2016–2030): 
feeds and nutrition, rangelands and animals health. 
Addis Ababa: Ethiopia Institute of Agricultural 
Research; 2017. 

***Ethiopia and Headquarters of World Food Program 
(2014). Comprehensive food security and 
vulnerability security.pdf analysis (CFSVA). 
Retrieved from http://www.wfp.org/ food 

***FAO (Food and Agricultural Organization of United 
Nation) (2019). Livestock, health, livelihoods and the 
environment in Ethiopia. An integrated analysis. 
Rome. 108 pp. Licence: CC BY-NC-SA 3.0 IGO. 

***FAO (2018). Ethiopia Report on Feed Inventory and 
Feed Balance 2018. Food and Agricultural 
Organization of the United Nations (FAO).  

***FAO (2017). Ethiopia’s animal and public health 
spotlight: The case for an expert elicitation protocol. 
Africa Sustainable Livestock 2050. 
http://www.fao.org/3/i8493en/I8493EN.pdf. 



26

 
EFFECTS OF DAM CONSTRUCTION IN AGRICULTURAL SECTOR -  

A CASE STUDY OF THE HANA DAM IN IRAN 
 

Mohsen AFSHARI, Mohammad Sadegh EBRAHIMI 

 
Isfahan University of Technology, Collage of Agriculture, Department of Rural Development, Iran  

 
Corresponding author email: ebrahimi_ms@iut.ac.ir 

 
Abstract  
 
Considering the vital role of water in all periods of human life and the increasing population, water deficit crisis was 
predictable. This condition lead the water experts to implement the water resource projects to supply suitable water for 
public population. In this paper, analysis the impact of construction the water resource projects used the Bayesian 
networks. The Hana dam as a case study has investigated in Iran. In this research by used the questionnaire tools score 
based on indexes was calculated, then by use the Netica software the total impacts index was calculated. This 
managerial pattern has been presented based on talents, relative advantages and sensitivity of this study. After the 
determining the most important parameters of Hana dam construction affect in agricultural sector through literature 
review and interview, summarized these effects in three groups in social, economic and ecological dimension. Then by 
use the sensitivity test were prioritized the major factors of the dam construction effects. Effects were classified in three 
categories of good, average and weak. Also the results of research indicate that the most of effects of this project (Hana 
dam construction for agricultural sector) was in good class category with 51.6% of total positive effects. The results of 
the sensitivity analysis showed that the economic nodes have the positive effect but ecological and social nodes have the 
positive and negative effects in Hana areas. 
 
Key words: agriculture sector, impact assessment, Bayesian networks, Hana dam, Iran. 
 
INTRODUCTION  
 
Due to rapid population growth and increasing 
water demands, including drinking, industrial 
and agricultural sectors, it is required a robust 
management to optimize the use of water 
resources. Nowadays, water is the basic subject 
of development in different countries in the 
world. Therefore in the current situation, water 
is considered as basic issue in commercial 
development and social welfare. In all 
countries, dams have been made with different 
aims, such as, water supply, power generation, 
irrigation, flood reduction etc. dams have been 
made about 60% of the world's great rivers and 
this subject had affected on the regional 
environment development. Further, in the 
presence of climate change, dams may play an 
increasingly important role in protecting water 
resources. For example, areas affected by 
severe drought and those subject to high 
vulnerability from flooding due to heavy 
precipitation will likely increase in coming 
decades (Intergovernmental Panel on Climate 
Change, 2007 in the P.H. Brown, D. Tullos, 
2009). Dam construction and water 

development projects create wide-ranging 
social, economical and environmental 
consequences with impacts extending well 
beyond the initial planning area. The various 
impacts caused by dams and reservoirs can be 
on different levels: local, regional, national or 
international. In the few instances where dams 
have been found to have an effect on regional 
employment growth, the effect is more likely to 
be connected with recreational uses of the 
resultant reservoir rather than effects on 
transportation, utility, or water costs that might 
potentially lure water using industries to the 
region. The environmental consequences of 
large dams are numerous and varied, and 
includes direct impacts to the biological, 
chemical and physical properties of rivers and 
riparian (or "stream-side") environments. Dam 
construction and water development projects 
create wide-ranging social, economic and 
environmental effects especially consequences 
with impacts extending well beyond the initial 
planning area. Dams have contributed to human 
development by providing. Beyond the 
physical and ecological impacts associated with 
hydropower projects, such debates also focus 
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on the geographical distribution of electrical 
power and water resources, the administrative 
decision-making process, the inclusion of 
relevant stakeholders, the relocation and 
resettlement of displaced inhabitants, and the 
disruption of social, cultural, and economic life 
in communities affected by dam construction. 
(World Commission on Dams, 2000). 
Review of Literature   
Saleh and Mondal (2001) evaluated the impact 
of Bakkhali and Idgaon rubber dam projects in 
Bangladesh. They examined hydraulic, 
agricultural and socio-economic factors of the 
dam in the area through field surveys. They 
found improved socio-economic indicators of 
the project and classified it a viable project. 
The crop yield and agricultural water 
productivity had improved in both projects 
however new area developed irrigated was very 
less as compare to the actual targets that were 
in primary plann. The actual water availability 
was much less than the targets as the same were 
overestimated in both projects during feasibility 
study stage. Pender and Berhanu (2002) 
investigated the impact of small irrigation 
schemes in Tigray in Northern Ethiopia. They 
observed significant improvement on 
agriculture sector due to these projects. They 
observed considerable increase in the use of 
agriculture inputs such as labor, fertilizer, 
improved seeds and others. The crop 
production had significantly improved. They 
found that crop production was 18% higher 
than in rainfed areas. Benin et al. (2002) also 
found similar results in a study in Amhara 
Region in Ethiopia. They observed increased 
use of agricultural inputs such as fertilizer, 
chemicals, improved seeds, pesticides, labor 
after development of small scale irrigation 
schemes. Maingi and Marsh (2002) studied 
dam construction along the Tana River, Kenya 
and research result showed that, this project 
impacted on the riverine forest and flood 
recession agricultural activities in the lower 
flood plain. Abdul Wajid and Usman (2013) in 
a study entitled socio economic impact of small 
dams on local vicinity have come that after 
construction of dam in the study area, the crop 
revenue has significantly increased. The 
traditional cropping pattern has been shifted to 
the market oriented crops while yield of almost 
every crop has been improved. The number of 

livestock has also been increased. The water 
table has improved and wells were recharged as 
before dam construction, people were facing 
acute shortages of water for domestic use 
(Abdul Wajid and Usman, 2013). Owusu, 
Namara, Kuwornu (2011) studied the impact of 
irrigation on the social welfare in the rural 
Savannah region of Ghana. Using propensity 
score matching (PSM) and switching regression 
techniques it was found that irrigation water 
availability had positively affected the socio-
economic conditions of the people. The net 
farm income after irrigation water has shown 
significant increase. They strongly recom-
mended construction of irrigation systems for 
poverty reduction in both regional and national 
level. In this paper was studied the effects of 
the Hana dam construction in Iran by use of 
Bayesian network method.   
Tilt et al. (2009) noted that a dam’s construc-
tion may result in changes in the rural economy 
and employment structure, whereas also affects 
infrastructure and housing, non-material or 
cultural aspects of life and the migration and 
resettlement of people near the dam sites.  
Ashraf, Kahlown and Ashfaq (2004) studied 
the impacts of Khasala, Jawa and Dhok Sanday 
Mar dams in Punjab. They found that after 
construction of these dams, the income, land 
use, crop intensities and crop yield of the 
farmers have been considerably increased. The 
cropping pattern has been shifted towards high 
valued market oriented crops. The water table 
has improved. The irrigation methods used 
were still conventional. They suggested that an 
integrated program should be developed and 
implemented in the command area of these 
dams for the effective utilization of available 
water and development of irrigation 
infrastructure. They contended that even more 
area can be irrigated with the same available 
water and infrastructure if it is managed 
properly. The results of study (Khalili and 
Zamani, 2009) showed that the farmers’ 
attitudes toward participation in irrigation 
management were dependent on: family size, 
problem perception, dependence on dam for 
water, and educational background.  Moreover, 
based on farmers’ perspectives, unequal water 
distribution among farms, dissatisfaction with 
water authority operators, high water fees and 
charges were the main problems and obstacles 

 

toward farmer participation in irrigation 
management. 
Malek Hosayni et al. (2017) invesigated the 
social impacts of dams on rural areas in Iran. 
The result of this research showed that in spite 
of the well-documented increase of agricultural 
income, according to the respondents, a signi-
ficant change that followed the construction of 
dam was the generation of new employment 
opportunities. 
Cheema and Bandaragoda (2007) studied the 
impact of of Mirwal and Shahpur small dams in 
Punjab, Pakistan. They found that in both dams 
there was no effective warabandi among the 
farmers. The existing warabandi was not 
followed by the farmers. The water conveyance 
network for both the dam was not properly 
maintained due to paucity of funds and 
manpower. The beds of canal were ruined and 
bushes were grown in cracks which impede 
water flow. It was observed that most of the 
areas under the command of these small dams 
were not leveled. The farmers were facing non 
availability of other agriculture inputs such as 
fertilizer, pesticide, good quality seed etc. At 
the end they suggested that Government should 
introduce an effective and justified warabandi 
system in the area, provide sufficient funds for 
operation and maintenance of the canal and 
provide other agriculture inputs at right time 
and low prices. Zakir and Muhammad (2004) 
studied the impact small scale irrigation on the 
agriculture productivity and poverty level of 
the farmers in the marginal areas of Punjab, 
Pakistan. They found that poverty level is high 
in rainfed areas as compared to irrigated areas. 
The poverty head counts were 26% in irrigated 
and irrigated plus rain-fed areas while it was 
37% in the rainfed areas. The major portion of 
annual income of poor was from agriculture 
while for non-poor it was business. Similarly 
major portion of poor expenditure was on food. 
The agriculture productivity and profitability of 
the poor farmers is low as compare to the non-
poor farmers, while the cost of production is 
higher of poor farmers as compare to nonpoor 
farmers. They found strong link in the increase 
of crop production due to small scale irrigation 
schemes, which will ultimately decrease 
poverty in the study area.  
Khan et al. (2013) evaluated the impact of 
Mattani Aza Khel Dam on the crop revenues, 

agriculture practices and overall socio-econo-
mic conditions of the area. The result of 
research showed that after construction of dam 
in the study area, the crop revenue has 
significantly increased. The traditional 
cropping pattern has been shifted to the market 
oriented crops while yield of almost every crop 
has been improved. The number of livestock 
has also been increased. The water table has 
improved and wells were recharged as before 
dam construction, people were facing acute 
shortages of water for domestic use. This has 
reduced drudgery on the local inhabitants. 
Before dam these people had no proper source 
of income due to which they were primarily 
engaged in illegal practices, however, after dam 
they had started a new life as majority of the 
people has sufficient land for agriculture.   
Many scholars (Esteves et al., 2012; Malek et 
al., 2017) note that the social, economic and 
ecological aspects and externalities of 
developmental interventions are underestimated 
in many cases. Hence, albeit ambitious, these 
projects often offer disappointing results, 
mainly due to the persistent focus on the 
economic dimension of rural development and 
overlooking ecological, cultural, and especially 
social consequences of these projects. 
 
MATERIALS AND METHODS  
 
This study analysed the effects of construction 
the Hana dam for agricultural sector in Iran, 
from the attitudes of farmers. The main goals of 
this study, analysed the farmers attitude 
(resident in Hana County) the socio-economic 
and environmental effects of dam construction 
by use of the Bayesian modeling. 
Study Area 
Isfahan Province is approximately 107,000 km2 
and covers at least 6% of the total land area of 
Iran (Figure 1). The average elevation of the 
province is 1500 m above sea level. The 
province consists of 52 hydrological units 
belonging to 9 basins and 27 sub-basins. Rivers 
are small and temporary, with the exception of 
the Zāyandarud, which totals 405 km in length, 
average annual precipitation of 450 mm, and a 
basin area of 27,100 km2. Semirom County is a 
county in Isfahan Province in Iran. The county 
is subdivided into two districts: the Central 
District and Padena District. The county has 
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on the geographical distribution of electrical 
power and water resources, the administrative 
decision-making process, the inclusion of 
relevant stakeholders, the relocation and 
resettlement of displaced inhabitants, and the 
disruption of social, cultural, and economic life 
in communities affected by dam construction. 
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found improved socio-economic indicators of 
the project and classified it a viable project. 
The crop yield and agricultural water 
productivity had improved in both projects 
however new area developed irrigated was very 
less as compare to the actual targets that were 
in primary plann. The actual water availability 
was much less than the targets as the same were 
overestimated in both projects during feasibility 
study stage. Pender and Berhanu (2002) 
investigated the impact of small irrigation 
schemes in Tigray in Northern Ethiopia. They 
observed significant improvement on 
agriculture sector due to these projects. They 
observed considerable increase in the use of 
agriculture inputs such as labor, fertilizer, 
improved seeds and others. The crop 
production had significantly improved. They 
found that crop production was 18% higher 
than in rainfed areas. Benin et al. (2002) also 
found similar results in a study in Amhara 
Region in Ethiopia. They observed increased 
use of agricultural inputs such as fertilizer, 
chemicals, improved seeds, pesticides, labor 
after development of small scale irrigation 
schemes. Maingi and Marsh (2002) studied 
dam construction along the Tana River, Kenya 
and research result showed that, this project 
impacted on the riverine forest and flood 
recession agricultural activities in the lower 
flood plain. Abdul Wajid and Usman (2013) in 
a study entitled socio economic impact of small 
dams on local vicinity have come that after 
construction of dam in the study area, the crop 
revenue has significantly increased. The 
traditional cropping pattern has been shifted to 
the market oriented crops while yield of almost 
every crop has been improved. The number of 

livestock has also been increased. The water 
table has improved and wells were recharged as 
before dam construction, people were facing 
acute shortages of water for domestic use 
(Abdul Wajid and Usman, 2013). Owusu, 
Namara, Kuwornu (2011) studied the impact of 
irrigation on the social welfare in the rural 
Savannah region of Ghana. Using propensity 
score matching (PSM) and switching regression 
techniques it was found that irrigation water 
availability had positively affected the socio-
economic conditions of the people. The net 
farm income after irrigation water has shown 
significant increase. They strongly recom-
mended construction of irrigation systems for 
poverty reduction in both regional and national 
level. In this paper was studied the effects of 
the Hana dam construction in Iran by use of 
Bayesian network method.   
Tilt et al. (2009) noted that a dam’s construc-
tion may result in changes in the rural economy 
and employment structure, whereas also affects 
infrastructure and housing, non-material or 
cultural aspects of life and the migration and 
resettlement of people near the dam sites.  
Ashraf, Kahlown and Ashfaq (2004) studied 
the impacts of Khasala, Jawa and Dhok Sanday 
Mar dams in Punjab. They found that after 
construction of these dams, the income, land 
use, crop intensities and crop yield of the 
farmers have been considerably increased. The 
cropping pattern has been shifted towards high 
valued market oriented crops. The water table 
has improved. The irrigation methods used 
were still conventional. They suggested that an 
integrated program should be developed and 
implemented in the command area of these 
dams for the effective utilization of available 
water and development of irrigation 
infrastructure. They contended that even more 
area can be irrigated with the same available 
water and infrastructure if it is managed 
properly. The results of study (Khalili and 
Zamani, 2009) showed that the farmers’ 
attitudes toward participation in irrigation 
management were dependent on: family size, 
problem perception, dependence on dam for 
water, and educational background.  Moreover, 
based on farmers’ perspectives, unequal water 
distribution among farms, dissatisfaction with 
water authority operators, high water fees and 
charges were the main problems and obstacles 

 

toward farmer participation in irrigation 
management. 
Malek Hosayni et al. (2017) invesigated the 
social impacts of dams on rural areas in Iran. 
The result of this research showed that in spite 
of the well-documented increase of agricultural 
income, according to the respondents, a signi-
ficant change that followed the construction of 
dam was the generation of new employment 
opportunities. 
Cheema and Bandaragoda (2007) studied the 
impact of of Mirwal and Shahpur small dams in 
Punjab, Pakistan. They found that in both dams 
there was no effective warabandi among the 
farmers. The existing warabandi was not 
followed by the farmers. The water conveyance 
network for both the dam was not properly 
maintained due to paucity of funds and 
manpower. The beds of canal were ruined and 
bushes were grown in cracks which impede 
water flow. It was observed that most of the 
areas under the command of these small dams 
were not leveled. The farmers were facing non 
availability of other agriculture inputs such as 
fertilizer, pesticide, good quality seed etc. At 
the end they suggested that Government should 
introduce an effective and justified warabandi 
system in the area, provide sufficient funds for 
operation and maintenance of the canal and 
provide other agriculture inputs at right time 
and low prices. Zakir and Muhammad (2004) 
studied the impact small scale irrigation on the 
agriculture productivity and poverty level of 
the farmers in the marginal areas of Punjab, 
Pakistan. They found that poverty level is high 
in rainfed areas as compared to irrigated areas. 
The poverty head counts were 26% in irrigated 
and irrigated plus rain-fed areas while it was 
37% in the rainfed areas. The major portion of 
annual income of poor was from agriculture 
while for non-poor it was business. Similarly 
major portion of poor expenditure was on food. 
The agriculture productivity and profitability of 
the poor farmers is low as compare to the non-
poor farmers, while the cost of production is 
higher of poor farmers as compare to nonpoor 
farmers. They found strong link in the increase 
of crop production due to small scale irrigation 
schemes, which will ultimately decrease 
poverty in the study area.  
Khan et al. (2013) evaluated the impact of 
Mattani Aza Khel Dam on the crop revenues, 

agriculture practices and overall socio-econo-
mic conditions of the area. The result of 
research showed that after construction of dam 
in the study area, the crop revenue has 
significantly increased. The traditional 
cropping pattern has been shifted to the market 
oriented crops while yield of almost every crop 
has been improved. The number of livestock 
has also been increased. The water table has 
improved and wells were recharged as before 
dam construction, people were facing acute 
shortages of water for domestic use. This has 
reduced drudgery on the local inhabitants. 
Before dam these people had no proper source 
of income due to which they were primarily 
engaged in illegal practices, however, after dam 
they had started a new life as majority of the 
people has sufficient land for agriculture.   
Many scholars (Esteves et al., 2012; Malek et 
al., 2017) note that the social, economic and 
ecological aspects and externalities of 
developmental interventions are underestimated 
in many cases. Hence, albeit ambitious, these 
projects often offer disappointing results, 
mainly due to the persistent focus on the 
economic dimension of rural development and 
overlooking ecological, cultural, and especially 
social consequences of these projects. 
 
MATERIALS AND METHODS  
 
This study analysed the effects of construction 
the Hana dam for agricultural sector in Iran, 
from the attitudes of farmers. The main goals of 
this study, analysed the farmers attitude 
(resident in Hana County) the socio-economic 
and environmental effects of dam construction 
by use of the Bayesian modeling. 
Study Area 
Isfahan Province is approximately 107,000 km2 
and covers at least 6% of the total land area of 
Iran (Figure 1). The average elevation of the 
province is 1500 m above sea level. The 
province consists of 52 hydrological units 
belonging to 9 basins and 27 sub-basins. Rivers 
are small and temporary, with the exception of 
the Zāyandarud, which totals 405 km in length, 
average annual precipitation of 450 mm, and a 
basin area of 27,100 km2. Semirom County is a 
county in Isfahan Province in Iran. The county 
is subdivided into two districts: the Central 
District and Padena District. The county has 
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four cities: Semirom, Komeh, Vanak, and 
Hana. Hana dam is located at the longitude of 
51.7661765 and latitude of 31.2076116. 
 

  

  
Figure 1. Geographical location of Hana dam 

 
The beneficiaries of dam irrigation network 
were N = 1610 households that by using the 
Cochran formula, n = 210 samples were 
obtained and the necessary data was collected 
by using from questionnaires and interviews.  

  

 
 
The validity of the questionnaires confirm from 
experts viewpoint and its reliability of the 
questionnaires calculated by using the 
Cronbach alpha coefficient assigned to the 
different parts of the questionnaires 
respectively: economical dimension 0.84 social 
dimension 0.71 and ecological dimension 0.75. 
Alpha value is in range 0 to 1 so that internal 
reliability of items is found through this 
coefficient. If this coefficient is zero, it will 
show full unreliability of items and if it is one, 
it will show full reliability. If alpha value is 
more than 0.7, questions and items are suitable 
for testing the concept or the related variable. 
According to Table 1 it is found that questions 
and items of the questionnaire is higher than 
0.7. For this reason, it is scientifically valid to 
describe and test relations of variables. The res-

pondents were asked to respond to statements 
regarding the Effects of the Hana dam 
construction. The statements were measured 
using a Likert-type scale (1-5). Descriptors for 
the scales were as follows: 1 = very low, 2 = 
low, middle = 3, high = 4, very high = 5. The 
respondents also answered some questions on 
the demographic characteristics. The period 
analysed in this study was 1990-2010.  
The data, collected from Ministry of 
Agriculture and Rural Development, have been 
statistically processed and interpreted, building 
the trend line and setting up the forecast based 
on simulation models for the period 2012-2015. 
 

Table 1. Reliability analysis (Alpha) 
Scale Name  No. of items in the scale Alpha value  
Economic factor 28 0.846 
Social factor 17 0.752 

Ecological  factor 17 0.712 

 
The participants were asked to respond to a 
series of questions regarding the farm 
operations, activities at the farm, and comment 
on the general views regarding the Effects of 
the Hana dam construction. Name and type of 
measured variables are presented in Table 2. 
To determine the befit of data and measure the 
homogeneity of variables that attracting 
farmers to group activities, the Kaiser-Meyer-
Olkin (KMO) and Bartlett’s test measures were 
applied. These statistics show the extent to 
which the indicators of a construct belong to 
each other. KMO and Bartlett’s test got for 
these variables show that the data are proper for 
factor analysis as showed in Table 3. 
KMO = 0.721 was got and because this value is 
larger than 0.5, it is concluded that the number 
of samples is suitable for factor analysis since 
KMO value is between 0 and 1 and the closer 
to one, the higher the sample validity. 
According to the above table, Bartlett’s test of 
sphericity was got to be 3419.047 with 
significance p = 0.000 and because this value is 
significant. The effects of this project have 
been evaluated by Bayesian networks. In this 
study for identifying Bayesian networks used 
the Netica software. To identifying and 
evaluating the effects of dam construction from 
the farmers viewpoint the variables classifed in 
ecological, economic and social dimanation. 
Also to get the Bayesian network, Netica 
Software was used.  

 
Table 2. Name and type of measured variables 

Component Variable name Scale Unit 

Individual 
Characteristics 

Age Relative 0-100 
Gender (male=1, female=0) Nominal 0-1 
Work Experience Relative 0-30 
Level of Education (Illiterate=1, Under Diploma=2, Diploma=3, Degree=4, Master's degree or higher 
=5) Ranking 1-5 

Family Members Relative 1-10 

Agronomic 
Characteristics 

Land ownership (Owner=1, Rental=2, Sharing=3) Nominal 1-3 
Acreage Relative 0-20 
Average of Production Relative 0-100 

Economical 
Characteristics 

Income (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Occupation (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
New  technology (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Product diversification (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Reduce unemployment (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The rising cost of land (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Public investment (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Private investment (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 

Social 
Characteristics 

Reducing migration (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Partnership (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Health services (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Amenities (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Access to agricultural services (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The satisfaction of the dam (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The impact of disputes (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Create a sense of cooperation (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 

Ecological 
Characteristics 

Increase the variety of fish and aquatic organisms(very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Increase the fish population (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The entry of new species of plant (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The entry of new species of animal (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The increase in trafficking hunting (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Enhance the beauty of the landscape (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
The impact of the drought (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Impact on river discharge (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Water pollution (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Impact on sprigs and aqueducts discharge (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 
Impact on well discharge (very low=1, low=2, middle=3, high=4, very high=5) Ranking 1-5 

 
Table 3. KMO measure and Bartlett’s test 

KMO  
 
0.721 

Bartlett’s test of sphericity 
Approx. chi- square 

3419.047 
Sig 

0.000 

 

 
Figure 2. Economic, social and ecological impacts of dam construction in Hana County 
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four cities: Semirom, Komeh, Vanak, and 
Hana. Hana dam is located at the longitude of 
51.7661765 and latitude of 31.2076116. 
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Figure 2. Economic, social and ecological impacts of dam construction in Hana County 
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Figure 3. Bayesian model and Hana dam construction effects 

 
The Bayesian modeling 
A Bayesian Network is a directed acyclic graph 
consisting of a set of nodes and a set of directed 
arcs, which allows the representation of a 
complex causal chain linking events/actions to 
outcomes (Pearl, 2000). Bayesian method have 
a very advantage for socio- economic and 
ecological research for example: is parameter-
free and the user input is not required, instead, 
prior distributions of the model offer a 
theoretically justifiable method for affecting the 
model construction, works with probabilities 
and can hence be expected to produce robust 
results with discrete data containing nominal 
and ordinal attributes, has no limit for 
minimum sample size, is able to analyze both 
linear and non-linear dependencies, assumes no 
multivariate normal model and allows 
prediction. Bayesian networks (BNs) are non-
parametric statistical tools that rely on 
Bayesian inference to deduce the influence of 
explanatory variables on the outcomes of 
interest. A BN consists of two parts: First, a 
directed acyclic graph (DAG), also known as 
the structure of a BN, depicts interdependence 
among variables with directed arrows 
connecting nodes (corresponding to variables). 
The second component are conditional 

probability tables (CPTs), also known as 
parameters of a BN, which define the 
probability distributions of nodes conditioned 
upon the values of their parent nodes (where an 
arrow originates). The CPT of a child node 
(where an arrow ends) hence contains the 
conditional probability of being in a specific 
state, given the states of its parent node. When 
a node has no parent, the CPT is simply its 
prior probability distribution (Jensen, 2002; 
Pearl, 2009; Jens et al., 2013). The analysis 
stages based on Bayesian networks in this 
study were as follows: 
1. Data parental input nodes of the Bayesian 
network were obtained via a questionnaire. 
Questionnaire data is collected from the 
farmers' point of view, the data were analyzed 
using SPSS software and have been entered to 
the Bayesian networks. 
2. Data obtain entered on Bayesian networks in 
three categories: good (High), Medium 
(Medium) and bad (low) was divided and then 
enter the network. 
3. The next step, Bayesian Networks to 
generate the child nodes should be completed 
by the conditional probability tables, that in this 
research, tables by using CPT calculator 

 
software and confirmed by the relevant 
specialists were completed. 
4. The final step, with completion all child 
nodes and implementation, the program was 
established. 
 
RESULTS AND DISCUSSIONS  
 
Effects in three categories: good, average and 
bad are classified; the results show that most 
impacts in this region are in the middle class, 
with a value of 49.1%. The effects of Henna 
dam construction in three nodes: economical, 
social and ecological is listed in the Figure 4. 
 

 
Figure 4. Effects of node social, economic and ecological 

on final nodes  
 
The Bayesian networks create possibility the 
more detail effects of dam construction. Also 
can the effects be varied and complex nature of 
be summarized in a general framework without 
loss dynamics effects. In this method the 
effects procedure is schematically and is 
suitable for decision. The main purpose is 
specify using form view farmers' that of what 
has impact the most affect. With use of Netica 
software constituted Bayesian network, all 
effects such as (economic, social and 
ecological) of Hana dam identified and the 
relationships between this effects has 
investigated (Figure 3). 
Bayesian network were categorized this effects 
in three branches high, medium and low. The 
overall results of this study showed that the 
total effects of Hana dam could be summarized 
in good (51.6%), medium (40.4%) and low 
(8.05%) levels respectively (Figure 4). 
The result of research showed that in economic 
node whit little value (0.13945) has the more 
effects on the final nods. The social nodes with 
little value (0.13574) there is in the next rank. 

Ecological node as the third factor has a 
significant effect on the final nods with little 
value (0.00783). Therefore the result showed 
that the economic and social nodes have the 
positive effect but ecological nodes have the 
negative effects in Hana areas (Table 4). 
 

Table 4. Parameters of Hana dam construction effects 
Parameters of  Hanna dam 
construction effects 

Effects Little value 

Economical Effect Positive 0.13945 
Social Effect Positive 0.13574 
Ecological Effect Negative 0.00783 
 
Quantitative factors influencing the economic 
parameters included: improve farmers' income 
(0.24678), improve agricultural investment 
(0.09820), improve employment in agriculture 
(0.06153), increase agricultural production 
(0.04400), use of modern technology 
(0.01319), increased the land value (0.01147) 
and increase the acreage (0.01042), 
respectively (Table 5). 
 

Table 5. Quantitative factors influencing the economic 
parameters 

Economic parameters  Effects Little value 
Improve farmers' income Positive 0.24678 
Improve agricultural investment Positive 0.09820 
Improve employment in agriculture Positive 0.06153 
Increase agricultural production Positive 0.04400 
Use of modern technology Positive 0.01319 
Increased the land value Positive 0.01147 
Increase the acreage Positive 0.01042 

 
The all effects that loaded in economic 
parameters were positive effects. These 
strategies have been considered in the context 
of regional income. In fact quantitative values 
of economic parameter showed that the Hanna 
dam has positive effects to areas development 
and this project could be help to manager to 
decision maker’s management actions.  
Quantitative factors influencing the ecological 
parameters included: increase biological 
variation in upstream of the dam (0.33466), 
decrease biological variation in downstream of 
the dam (0.25778), increased the discharge of 
springs and aqueducts (0.04313), increase the 
biodiversity of plant and animal in upstream of 
the dam (0.03476), decrease the biodiversity of 
plant and animal in downstream of the dam 
(0.01679), increase the illegal hunting in 
downstream of the dam (0.01202), water 
pollution in downstream of the dam (0.01148), 
improve vision (0.01105) and reduce the 
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a very advantage for socio- economic and 
ecological research for example: is parameter-
free and the user input is not required, instead, 
prior distributions of the model offer a 
theoretically justifiable method for affecting the 
model construction, works with probabilities 
and can hence be expected to produce robust 
results with discrete data containing nominal 
and ordinal attributes, has no limit for 
minimum sample size, is able to analyze both 
linear and non-linear dependencies, assumes no 
multivariate normal model and allows 
prediction. Bayesian networks (BNs) are non-
parametric statistical tools that rely on 
Bayesian inference to deduce the influence of 
explanatory variables on the outcomes of 
interest. A BN consists of two parts: First, a 
directed acyclic graph (DAG), also known as 
the structure of a BN, depicts interdependence 
among variables with directed arrows 
connecting nodes (corresponding to variables). 
The second component are conditional 

probability tables (CPTs), also known as 
parameters of a BN, which define the 
probability distributions of nodes conditioned 
upon the values of their parent nodes (where an 
arrow originates). The CPT of a child node 
(where an arrow ends) hence contains the 
conditional probability of being in a specific 
state, given the states of its parent node. When 
a node has no parent, the CPT is simply its 
prior probability distribution (Jensen, 2002; 
Pearl, 2009; Jens et al., 2013). The analysis 
stages based on Bayesian networks in this 
study were as follows: 
1. Data parental input nodes of the Bayesian 
network were obtained via a questionnaire. 
Questionnaire data is collected from the 
farmers' point of view, the data were analyzed 
using SPSS software and have been entered to 
the Bayesian networks. 
2. Data obtain entered on Bayesian networks in 
three categories: good (High), Medium 
(Medium) and bad (low) was divided and then 
enter the network. 
3. The next step, Bayesian Networks to 
generate the child nodes should be completed 
by the conditional probability tables, that in this 
research, tables by using CPT calculator 

 
software and confirmed by the relevant 
specialists were completed. 
4. The final step, with completion all child 
nodes and implementation, the program was 
established. 
 
RESULTS AND DISCUSSIONS  
 
Effects in three categories: good, average and 
bad are classified; the results show that most 
impacts in this region are in the middle class, 
with a value of 49.1%. The effects of Henna 
dam construction in three nodes: economical, 
social and ecological is listed in the Figure 4. 
 

 
Figure 4. Effects of node social, economic and ecological 

on final nodes  
 
The Bayesian networks create possibility the 
more detail effects of dam construction. Also 
can the effects be varied and complex nature of 
be summarized in a general framework without 
loss dynamics effects. In this method the 
effects procedure is schematically and is 
suitable for decision. The main purpose is 
specify using form view farmers' that of what 
has impact the most affect. With use of Netica 
software constituted Bayesian network, all 
effects such as (economic, social and 
ecological) of Hana dam identified and the 
relationships between this effects has 
investigated (Figure 3). 
Bayesian network were categorized this effects 
in three branches high, medium and low. The 
overall results of this study showed that the 
total effects of Hana dam could be summarized 
in good (51.6%), medium (40.4%) and low 
(8.05%) levels respectively (Figure 4). 
The result of research showed that in economic 
node whit little value (0.13945) has the more 
effects on the final nods. The social nodes with 
little value (0.13574) there is in the next rank. 

Ecological node as the third factor has a 
significant effect on the final nods with little 
value (0.00783). Therefore the result showed 
that the economic and social nodes have the 
positive effect but ecological nodes have the 
negative effects in Hana areas (Table 4). 
 

Table 4. Parameters of Hana dam construction effects 
Parameters of  Hanna dam 
construction effects 

Effects Little value 

Economical Effect Positive 0.13945 
Social Effect Positive 0.13574 
Ecological Effect Negative 0.00783 
 
Quantitative factors influencing the economic 
parameters included: improve farmers' income 
(0.24678), improve agricultural investment 
(0.09820), improve employment in agriculture 
(0.06153), increase agricultural production 
(0.04400), use of modern technology 
(0.01319), increased the land value (0.01147) 
and increase the acreage (0.01042), 
respectively (Table 5). 
 

Table 5. Quantitative factors influencing the economic 
parameters 

Economic parameters  Effects Little value 
Improve farmers' income Positive 0.24678 
Improve agricultural investment Positive 0.09820 
Improve employment in agriculture Positive 0.06153 
Increase agricultural production Positive 0.04400 
Use of modern technology Positive 0.01319 
Increased the land value Positive 0.01147 
Increase the acreage Positive 0.01042 

 
The all effects that loaded in economic 
parameters were positive effects. These 
strategies have been considered in the context 
of regional income. In fact quantitative values 
of economic parameter showed that the Hanna 
dam has positive effects to areas development 
and this project could be help to manager to 
decision maker’s management actions.  
Quantitative factors influencing the ecological 
parameters included: increase biological 
variation in upstream of the dam (0.33466), 
decrease biological variation in downstream of 
the dam (0.25778), increased the discharge of 
springs and aqueducts (0.04313), increase the 
biodiversity of plant and animal in upstream of 
the dam (0.03476), decrease the biodiversity of 
plant and animal in downstream of the dam 
(0.01679), increase the illegal hunting in 
downstream of the dam (0.01202), water 
pollution in downstream of the dam (0.01148), 
improve vision (0.01105) and reduce the 
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discharge of springs and aqueducts in 
downstream of the dam (0.00548), respectively 
(Table 6). The effects that loaded in ecological 
parameters were positive and negative effects.  

 
Table 6. Quantitative factors influencing the ecological 

parameters 
Ecological parameters  Effects Little value 
Increase biological variation in upstream of 
the dam 

Positive 0.33466 

Decrease biological variation in downstream 
of the dam 

Negative 0.25778 

Increased the discharge of springs and 
aqueducts 

Positive 0.04313 

Increase the biodiversity of plant and animal 
in upstream of the dam 

Positive 0.03476 

Decrease the biodiversity of plant and 
animal in downstream of the dam 

Negative 0.01679 

Increase the illegal hunting in downstream of 
the dam 

Negative 0.01202 

Water pollution in downstream of the dam Negative 0.01148 
Improve vision Positive 0.01105 
Reduce the discharge of springs and 
aqueducts in downstream of the dam 

Negative 0.00548 

 
Quantitative factors influencing the social 
parameters included: Reduced the farmers 
satisfaction (0.03391), increased the services 
and facilities (0.26189), reduce the migration 
(0.07004), reduce the trust in authorities 
(0.03345) and reduced the farmers participation 
(0.00749), respectively (Table 7). 

 
Table 7. Quantitative factors influencing the social 

parameters 
Social parameters  Effects Little value 
Reduced the farmers satisfaction Negative 0.03391 
Increased the services and facilities Positive 0.26189 
Reduce  the migration Positive 0.07004 
Reduce the trust in authorities Negative 0.03345 
Reduced the  farmers participation Negative 0.00749 

 
The effects that loaded in social parameters 
were positive and negative effects. In this study 
the effects investigated in three categories: 
good, average and bad are classified. The 
results showed that the most important impacts 
in this region are in the good class, with a value 
of 51.6%. The results of the sensitivity analysis 
showed that the final node represents that, 
economic impact, social effects, and ecological 
effects respectively have highly impact on final 
impacts. The result of research showed that in 
economic node whit little value (0.13945) has 
the more effects on the final nods. The social 
nodes with little value (0.13574) there is in the 
next rank and also the ecological node as the 
third factor has a significant effect on the final 
nods with little value (0.00783). The results of 
the sensitivity analysis showed that the 

economic nodes have the positive effect but 
ecological and social nodes have the positive 
and negative effects in Hana areas. Also the 
results showed that in the economic impacts 
construction of Hana dam in the area; improve 
farmers' income with a little value of 0. 24678 
as the most influential was parameter in the 
Bayesian model. 
 
CONCLUSIONS  
 
Although the benefits of dam construction are 
numerous, particularly in the context of climate 
change and growing global demand for 
electricity, recent experience has shown that 
many dams have serious negative environ-
mental, human, and political consequences. 
During the construction of the dam, many local 
workers were occupied in different fields 
giving a tonic effect in the local economy. 
However, most importantly, the nonagricultural 
economic activity gained momentum after dam 
construction, mainly due to the development of 
tourism in the region. In addition, alternative 
employment opportunities such as hose works 
have also emerged in the region, contributing 
thus to a significant reduction of unemploy-
ment and expansion of the economic domain. 
In the social impact parameter, increased the 
services and facilities for Hana areas with 
amount little value 0.26189 is most important 
parameter in this parameter. Especially 
regarding the construction of dams, several 
paradigms confirm that such projects are 
sometimes accompanied by negative social 
impacts (Srinivasan, 2001; Tilt et al., 2009; 
Beck et al., 2012). The final quantitative values 
obtained in ecological showed that increase 
biological variation in upstream of the dam and 
decrease biological variation in downstream of 
the dam respectively with quantitative values 
0.33466 and 0.25778 as the most important 
parameters affecting the ecological impacts of 
dam construction in the this region. To other 
way the result of this research showed that the 
all effects that loaded in economic parameters 
were positive effects. These strategies have 
been considered in the context of regional 
income. In fact quantitative values of economic 
parameter showed that the Hanna dam has 
positive effects to areas development and this 
project could be help to manager to decision 

 
maker’s management actions. But the quanti-
tative values of ecological and social para-
meters were positive and negative. To other 
way ecological and social parameter showed 
that the Hana dam has positive and negative 
effects to areas sustainable development and 
this project could be help to manager to 
decision maker’s management actions. In 
economic effects the Bayesian network 
identifies the significant effects related to: 
improve the agricultural investment, improve 
farmer’s income, improve the employment, 
increased the land value, increase the acreage 
and increase the agricultural production. Also 
in social effects the Bayesian network identify 
the significant effects related to: reduce the 
farmers participation and increase to access in 
agricultural services. So in ecological effects 
the Bayesian network identify the significant 
effects related to: Increase the plant and animal 
biodiversity and increase the discharge of 
springs and aqueducts. 
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discharge of springs and aqueducts in 
downstream of the dam (0.00548), respectively 
(Table 6). The effects that loaded in ecological 
parameters were positive and negative effects.  

 
Table 6. Quantitative factors influencing the ecological 

parameters 
Ecological parameters  Effects Little value 
Increase biological variation in upstream of 
the dam 

Positive 0.33466 

Decrease biological variation in downstream 
of the dam 

Negative 0.25778 

Increased the discharge of springs and 
aqueducts 

Positive 0.04313 

Increase the biodiversity of plant and animal 
in upstream of the dam 

Positive 0.03476 

Decrease the biodiversity of plant and 
animal in downstream of the dam 

Negative 0.01679 

Increase the illegal hunting in downstream of 
the dam 

Negative 0.01202 

Water pollution in downstream of the dam Negative 0.01148 
Improve vision Positive 0.01105 
Reduce the discharge of springs and 
aqueducts in downstream of the dam 

Negative 0.00548 

 
Quantitative factors influencing the social 
parameters included: Reduced the farmers 
satisfaction (0.03391), increased the services 
and facilities (0.26189), reduce the migration 
(0.07004), reduce the trust in authorities 
(0.03345) and reduced the farmers participation 
(0.00749), respectively (Table 7). 

 
Table 7. Quantitative factors influencing the social 

parameters 
Social parameters  Effects Little value 
Reduced the farmers satisfaction Negative 0.03391 
Increased the services and facilities Positive 0.26189 
Reduce  the migration Positive 0.07004 
Reduce the trust in authorities Negative 0.03345 
Reduced the  farmers participation Negative 0.00749 

 
The effects that loaded in social parameters 
were positive and negative effects. In this study 
the effects investigated in three categories: 
good, average and bad are classified. The 
results showed that the most important impacts 
in this region are in the good class, with a value 
of 51.6%. The results of the sensitivity analysis 
showed that the final node represents that, 
economic impact, social effects, and ecological 
effects respectively have highly impact on final 
impacts. The result of research showed that in 
economic node whit little value (0.13945) has 
the more effects on the final nods. The social 
nodes with little value (0.13574) there is in the 
next rank and also the ecological node as the 
third factor has a significant effect on the final 
nods with little value (0.00783). The results of 
the sensitivity analysis showed that the 

economic nodes have the positive effect but 
ecological and social nodes have the positive 
and negative effects in Hana areas. Also the 
results showed that in the economic impacts 
construction of Hana dam in the area; improve 
farmers' income with a little value of 0. 24678 
as the most influential was parameter in the 
Bayesian model. 
 
CONCLUSIONS  
 
Although the benefits of dam construction are 
numerous, particularly in the context of climate 
change and growing global demand for 
electricity, recent experience has shown that 
many dams have serious negative environ-
mental, human, and political consequences. 
During the construction of the dam, many local 
workers were occupied in different fields 
giving a tonic effect in the local economy. 
However, most importantly, the nonagricultural 
economic activity gained momentum after dam 
construction, mainly due to the development of 
tourism in the region. In addition, alternative 
employment opportunities such as hose works 
have also emerged in the region, contributing 
thus to a significant reduction of unemploy-
ment and expansion of the economic domain. 
In the social impact parameter, increased the 
services and facilities for Hana areas with 
amount little value 0.26189 is most important 
parameter in this parameter. Especially 
regarding the construction of dams, several 
paradigms confirm that such projects are 
sometimes accompanied by negative social 
impacts (Srinivasan, 2001; Tilt et al., 2009; 
Beck et al., 2012). The final quantitative values 
obtained in ecological showed that increase 
biological variation in upstream of the dam and 
decrease biological variation in downstream of 
the dam respectively with quantitative values 
0.33466 and 0.25778 as the most important 
parameters affecting the ecological impacts of 
dam construction in the this region. To other 
way the result of this research showed that the 
all effects that loaded in economic parameters 
were positive effects. These strategies have 
been considered in the context of regional 
income. In fact quantitative values of economic 
parameter showed that the Hanna dam has 
positive effects to areas development and this 
project could be help to manager to decision 

 
maker’s management actions. But the quanti-
tative values of ecological and social para-
meters were positive and negative. To other 
way ecological and social parameter showed 
that the Hana dam has positive and negative 
effects to areas sustainable development and 
this project could be help to manager to 
decision maker’s management actions. In 
economic effects the Bayesian network 
identifies the significant effects related to: 
improve the agricultural investment, improve 
farmer’s income, improve the employment, 
increased the land value, increase the acreage 
and increase the agricultural production. Also 
in social effects the Bayesian network identify 
the significant effects related to: reduce the 
farmers participation and increase to access in 
agricultural services. So in ecological effects 
the Bayesian network identify the significant 
effects related to: Increase the plant and animal 
biodiversity and increase the discharge of 
springs and aqueducts. 
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Abstract  
 
The paper investigates the effect of a strigolactone mimic, 3-Methyl-5-(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-
furan-2-one, bearing a naphthylamide core linked by an ether group to the furan-2-one ring, on hyphal branching and 
radial fungal growth of two plant pathogenic fungi, Colletotrichum acutatum CBS 112980 and Sclerotinia minor DSM 
63016. Our results demonstrated that the tested mimic compound, which is easier to synthetize comparing 
tostrigolactone analogues, have the same effect as the synthetic analogue GR24, inducing hyphal branching stress 
response and inhibiting phytopathogen growth.  The results are discussed considering their importance for both 
fundamental studies (role and receptor of SLs D-ring in plant pathogenic fungi) and practical applications - shaping 
plant rhizomicrobiome. 
 
Key words: strigolactones, exo-signal, strigolactone mimics, plant pathogenic fungi. 
 
INTRODUCTION  
 
Plants, being sessile organisms, rely mainly on 
chemical compounds (ecomones/ 
semiochemicals) for their interactions with 
above- and below ground species (López-Ráez 
et al., 2017). Plants use these chemical signals 
to fight against biotic and abiotic stress and to 
establish associations below ground with 
microorganisms such as bacteria and fungi 
(Morgan et al., 2005; Raaijmakers et al., 2009). 
In the same time, the ecomonesreleased by 
plant roots are hijacked by herbivores and plant 
parasiticorganisms to detect/trace plants 
presence (Padje et al., 2016).  
A particular case of such chemical signals are 
strigolactones (SLs), apocarotenoids which 
belong to carotenoid-derivative metabolites that 
include phytohormones, signaling molecules, 
and volatile compounds (Cheng et al., 2017; 
Hou et al., 2016). SLs act as both 
rhizosphereexosignals and hormonal endo-

signals (Machin et al., 2020). As 
rhizosphericsemiochemicals (SLs) have a dual 
action. SLs got their name from the scientific 
name of parasitic plant genera, Striga, and 
lactone (Cook et al., 1966). Initially these 
carotenoids derivatives were considered as  
being mainly a signal (cue) for parasitic seed 
germination (Matusova et al., 2005). Almost in 
the same time it was demonstrated that SLs are 
bioactive molecules that can stimulate the 
branching and metabolism of pre-symbiotic 
hyphae in arbuscularmycorrhizal fungi (AMF) 
(Akiyama et al., 2005; Besserer et al., 2006).  
The recruitment of beneficial symbiotic 
microorganisms is not limited to AMF. 
Strigolactones promote also nodulation and 
rhizobia symbiosis (Foo & Davies, 2011; 
Rehman et al., 2018). 
More than 25 SL and SL-like compounds have 
been identified so far in the root exudates of 
several plant species (Kramna et al., 2019). 
They all share a conserved tricyclic lactone 
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structure containing rings referred to as ABC 
rings, linked via an enol-ether bridge to an 
invariable α, β-unsaturated furanone moiety 
named D ring (Wang & Bouwmeester, 2018). 
The structures of naturally occurring SLs are 
presented in Scheme 1. It can be observed that 
there are two isomeres, strigol- and 
orobanchol-type SLs, with different 
stereochemistry of the C-ring [(3aR,8bS) in 
strigol and (3aS,8bR) in orobanchol], but the 
D-ring always has R configuration (Butler, 
1994). 
 

 
Scheme 1. Chemical structures of naturally  

occurring SLs 
 

Zwanenburg et al. (2009) observed that the 
seed germination of root parasites, under 
alkaline conditions, is induced by the cleavage 
of enol ether bridge, the C-D ring moiety 
(Zwanenburg et al., 2009). 
Due to their complex structure, naturally 
occurring SLs cannot be synthesised on a 
multi-gramme scale (Zwanenburg et al., 2016). 
In order to study the SLs effect on biological 
processes, model compounds were designed 
and prepared. These synthetic SLs should have 
a more simple structure, but almost the same 
bioactivity as natural SLs. Therefore, it was 
necessary to identify the part of the molecule, 
named bioactiphore, which is primarily 
responsible for bioactivity. If A-ring from 
strigol becomes aromatic, a new compound is 
obtained. It is named GR24, after its inventor 
Gerald Rosebery, and is used as standard for 
parasitic seed germination. These synthetic 
compounds, which have structural analogy with 
natural occurring SLs, were called SLs 
analogues (Johnson et al., 1981). If A-ring is 
removed, another compound, GR7 is formed. 
From GR7, by cutting the B-ring, GR5 is 
obtained (Scheme 2). All three GR molecular 
species are considerably active germination 
stimulants for parasitic weeds seeds. The 
biological activity is lost if the C-ring is 
removed. The bioactiphore is due to the CD 
parts of SLs. 

 
Scheme 2. GR compounds derived from SL structure 

 
Beside these SL analogues, SL mimics, simple 
derivatives of SLs D-ring, were also discovered 
(Fukui et al., 2011). 
There are very few studies regarding the effects 
of synthetic SLs, as a proxy for the plant 
rhizosphere signals, on plant pathogenic fungi. 
According to Dor et al. (2011), the growth of 
phytopathogenic fungi was strongly modulated 
by the synthetic SL analogue GR24. The 
response of tested phytopathogenic fungi 
showed an increase in hyphal branching and a 
decrease in colony diameter. This response 
differs from the response of symbiotic AMF. In 
the case of AMF, SLs stimulate not only the 
branching activity, but also the growth of 
hyphae. Cell proliferation was observed, 
increasing the nucleus number per mycelial 
length and gene expression due to 
mitochondrial activity and increased respiration 
(Buee et al., 2000; Besserer et al., 2006). In the 
case of plant pathogenic fungi, the response is a 
stress response and not a stimulatory one. 
The experiments made by Belmondo et al. 
(2017) on wild strain B. cinerea B05.10 in the 
presence of different concentrations of GR24, 
using the same biological assay described by 
Dor et al. (2011), showed a denser hyphal 
network, with an increased branching level. In 
the case of control and acetone treatment, 2nd 
order branching was obtained while in the 
presence of GR24 the branching order 
increased to 4 (Belmondo et al., 2017).  
There is only one study which evaluates the 
effect of strigolactone mimics on 
phytopatogenic fungi. We have previously 
investigated the effects of several newly 
synthesized SL mimics (SL3, SL5 and SL7) on 
the development pattern of some 
phytophatogenic fungi (Oancea et al., 2017). 
The behaviour of SL5,3-Methyl-5-
(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-
furan-2-one (see chemical structure in Scheme 
3) was the most similar to GR24 in the assay on 
plant pathogen development pattern. 
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Abstract  
 
The paper investigates the effect of a strigolactone mimic, 3-Methyl-5-(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-
furan-2-one, bearing a naphthylamide core linked by an ether group to the furan-2-one ring, on hyphal branching and 
radial fungal growth of two plant pathogenic fungi, Colletotrichum acutatum CBS 112980 and Sclerotinia minor DSM 
63016. Our results demonstrated that the tested mimic compound, which is easier to synthetize comparing 
tostrigolactone analogues, have the same effect as the synthetic analogue GR24, inducing hyphal branching stress 
response and inhibiting phytopathogen growth.  The results are discussed considering their importance for both 
fundamental studies (role and receptor of SLs D-ring in plant pathogenic fungi) and practical applications - shaping 
plant rhizomicrobiome. 
 
Key words: strigolactones, exo-signal, strigolactone mimics, plant pathogenic fungi. 
 
INTRODUCTION  
 
Plants, being sessile organisms, rely mainly on 
chemical compounds (ecomones/ 
semiochemicals) for their interactions with 
above- and below ground species (López-Ráez 
et al., 2017). Plants use these chemical signals 
to fight against biotic and abiotic stress and to 
establish associations below ground with 
microorganisms such as bacteria and fungi 
(Morgan et al., 2005; Raaijmakers et al., 2009). 
In the same time, the ecomonesreleased by 
plant roots are hijacked by herbivores and plant 
parasiticorganisms to detect/trace plants 
presence (Padje et al., 2016).  
A particular case of such chemical signals are 
strigolactones (SLs), apocarotenoids which 
belong to carotenoid-derivative metabolites that 
include phytohormones, signaling molecules, 
and volatile compounds (Cheng et al., 2017; 
Hou et al., 2016). SLs act as both 
rhizosphereexosignals and hormonal endo-

signals (Machin et al., 2020). As 
rhizosphericsemiochemicals (SLs) have a dual 
action. SLs got their name from the scientific 
name of parasitic plant genera, Striga, and 
lactone (Cook et al., 1966). Initially these 
carotenoids derivatives were considered as  
being mainly a signal (cue) for parasitic seed 
germination (Matusova et al., 2005). Almost in 
the same time it was demonstrated that SLs are 
bioactive molecules that can stimulate the 
branching and metabolism of pre-symbiotic 
hyphae in arbuscularmycorrhizal fungi (AMF) 
(Akiyama et al., 2005; Besserer et al., 2006).  
The recruitment of beneficial symbiotic 
microorganisms is not limited to AMF. 
Strigolactones promote also nodulation and 
rhizobia symbiosis (Foo & Davies, 2011; 
Rehman et al., 2018). 
More than 25 SL and SL-like compounds have 
been identified so far in the root exudates of 
several plant species (Kramna et al., 2019). 
They all share a conserved tricyclic lactone 

 

structure containing rings referred to as ABC 
rings, linked via an enol-ether bridge to an 
invariable α, β-unsaturated furanone moiety 
named D ring (Wang & Bouwmeester, 2018). 
The structures of naturally occurring SLs are 
presented in Scheme 1. It can be observed that 
there are two isomeres, strigol- and 
orobanchol-type SLs, with different 
stereochemistry of the C-ring [(3aR,8bS) in 
strigol and (3aS,8bR) in orobanchol], but the 
D-ring always has R configuration (Butler, 
1994). 
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Gerald Rosebery, and is used as standard for 
parasitic seed germination. These synthetic 
compounds, which have structural analogy with 
natural occurring SLs, were called SLs 
analogues (Johnson et al., 1981). If A-ring is 
removed, another compound, GR7 is formed. 
From GR7, by cutting the B-ring, GR5 is 
obtained (Scheme 2). All three GR molecular 
species are considerably active germination 
stimulants for parasitic weeds seeds. The 
biological activity is lost if the C-ring is 
removed. The bioactiphore is due to the CD 
parts of SLs. 
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Beside these SL analogues, SL mimics, simple 
derivatives of SLs D-ring, were also discovered 
(Fukui et al., 2011). 
There are very few studies regarding the effects 
of synthetic SLs, as a proxy for the plant 
rhizosphere signals, on plant pathogenic fungi. 
According to Dor et al. (2011), the growth of 
phytopathogenic fungi was strongly modulated 
by the synthetic SL analogue GR24. The 
response of tested phytopathogenic fungi 
showed an increase in hyphal branching and a 
decrease in colony diameter. This response 
differs from the response of symbiotic AMF. In 
the case of AMF, SLs stimulate not only the 
branching activity, but also the growth of 
hyphae. Cell proliferation was observed, 
increasing the nucleus number per mycelial 
length and gene expression due to 
mitochondrial activity and increased respiration 
(Buee et al., 2000; Besserer et al., 2006). In the 
case of plant pathogenic fungi, the response is a 
stress response and not a stimulatory one. 
The experiments made by Belmondo et al. 
(2017) on wild strain B. cinerea B05.10 in the 
presence of different concentrations of GR24, 
using the same biological assay described by 
Dor et al. (2011), showed a denser hyphal 
network, with an increased branching level. In 
the case of control and acetone treatment, 2nd 
order branching was obtained while in the 
presence of GR24 the branching order 
increased to 4 (Belmondo et al., 2017).  
There is only one study which evaluates the 
effect of strigolactone mimics on 
phytopatogenic fungi. We have previously 
investigated the effects of several newly 
synthesized SL mimics (SL3, SL5 and SL7) on 
the development pattern of some 
phytophatogenic fungi (Oancea et al., 2017). 
The behaviour of SL5,3-Methyl-5-
(benzo[de]isoquinoline-1,3-dione-2-yloxy)-5H-
furan-2-one (see chemical structure in Scheme 
3) was the most similar to GR24 in the assay on 
plant pathogen development pattern. 
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Scheme 3. Structure of SLs mimics SL5 

 
In this study we investigated the activity of SL5 
(denoted from this point throughout this paper 
SL mimic 5) and GR24 on two other 
phytopathogenic fungi, Colletotrichum 
acutatum and Sclerotinia minor, for which 
there are no data available with respect to 
strigolactone mimics effect on growth and 
colony morphology, to the best of our 
knowledge.  
 
MATERIALS AND METHODS  
 
Materials 
The following culture media and chemicals 
were used: Potato Dextrose Agar (PDA, 
Scharlau, Barcelona, Spain), 
dimethylformamide (DMF), 2-hydroxy-
benzo[de]isoquinoline-1,3-dione (Across 
Organic, Thermo Fisher, Waltham, MA, USA), 
potassium carbonate and 5-bromo-3-methyl-
5H-furan-2-one (Sigma-Aldrich, Merck Group, 
Darmstad, Germany), GR24, racemic, 
(StrigoLab, Turin, Italy).  
 
Synthesis of SL mimic 5 
SL mimic 5 was synthesised as previously 
described (Oancea et al., 2017). Briefly, SL 
mimic 5, 3-Methyl-5-(benzo[de]isoquinoline-
1,3-dione-2-yloxy)-5H-furan-2-one, bearing a 
naphthalimide core linked by an ether group to 
the furan-2-one ring, was obtained in DMF 
solvent and in the presence of K2CO3, by the 
coupling reaction, at room temperature for 24 
hours, of 2-hydroxy-benzo[de]isoquinoline-1,3-
dione with 5-bromo-3-methyl-5H-furan-2-one.  
 
Fungal strains and cultivation methods 
The used fungal strains were C. acutatum CBS 
112980 (Culture collection of fungi and yeasts, 
Westerdijk Fungal Biodiversity Institute, 
Utrecht, Netherland) and S. minor DSM 63016 
(DSMZ - German Collection of  
Microorganisms and Cell Cultures, Leibniz 
Institute, Braunschweig, Germany).  

The PDA medium was prepared following the 
standard protocol and it was sterilized in an 
autoclave (MLS - 3751L, PHCBI, Tokyo, 
Japan) at 121ºC for 15 minutes. The PDA 
medium was poured in sterilized 90 mm Petri 
dishes, 20 ml per dish. Fresh cultures of           
C. acutatum and S. minor were prepared by 
inoculating mycelial disks excised from the 
edge of old cultures into the centre of Petri dish 
with PDA medium. The inoculated Petri dishes 
with the phytophatogenic fungi were kept in an 
incubator (MIR-154-PE, PHCBI, Tokyo, 
Japan), at 28ºC, for 5 days. 
 
Preparation of test solutions 
For each tested SL, a stock solution with 10 
mM concentration was prepared by dissolving 
1.5 mg GR24, and respectively 1.54 mg SL 
mimic 5 in 500 µl acetone. Working solutions 
of or responding concentrations were prepared 
by diluting the stock solution in acetone.  The 
working solutions were used to obtain the final 
concentrations (5 x 10-6, 10-5, 5 x 10-5 M) of 
each synthetic SL by dissolving into warm, 
sterile water agar 1.8% agar concentration. The 
final concentration of acetone was 0.5% (v/v). 
 
Experimental design 
The warm water agar with GR24 or SL mimic 
5 was spread onto 45 mm Petri dishes, 10 ml 
per dish. Water agar 1.8% and water agar 
supplemented with 0.5% (v/v) acetone were 
used as controls. GR24 was used as a reference 
chemical structure. After cooling to room 
temperature, the Petri dishes were each 
inoculated with a piece of mycelium-agar taken 
from the edge of the 5-day-old phytopathogenic 
fungal colony using a flame sterilized cork 
borer (5 mm diameter). The inoculated Petri 
dishes were incubated at 28ºC for 3 days 
(incubator MIR-154-PE, PHCBI, Tokyo). After 
3 days, the developed fungal colonies were 
macroscopically observed, the colony diameter 
was measured and the Petri dishes were 
examined under a Leica DM 1000 LED 
microscope (Leica Microsystems, Wetzlar, 
Germany) provided with a digital camera 
ICC50W. The images of the fungal colonies 
were captured on the 3rd day.  
The number of hyphal branches of different 
orders, from second till, the maximum 
observed in each case was recorded on each 
primary branch, moving back from the end of 

 

the youngest hyphal tip. In the case of S. minor 
the hyphae were counted along a distance of 
1000 µm. In the case of C. acutatum, the 
hyphae were counted along two distances, 1000 
and 2000 µm, because the maximum hyphae 
order was observed at longer distance for some 
experimental treatment. In the case of crooked 
primary branch, the distance was drawn step-
wise, from linear fragments. Each experiment 
was repeated three times. 
Statistical analysis 
Statistical analysis was performed using IBM® 
SPSS® Statistics, version 26. Ten hyphae from 
three replicates for each experimental treatment 
were used for the statistical analysis. The 

experiments were performed twice, and the 
presented images are from one of them. One-
way ANOVA, Welch’s ANOVA and Brown-
Forsythe method were used to determine 
whether or not significant differences exist 
between the tested groups. 
 
RESULTS AND DISCUSSIONS  
 
The effects of test solutions on branching 
activity of phytopathogenic fungi 
Figures 1 and 2 show typical hyphae 
development of C. acutatum and S. minor, 
respectively, in our experiment treatments.  
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Figure 1. The aspect of hyphal branching of C. acutatum in control water agar (A), acetone (B), GR24 C2 = 10-5 M (C), 
SL mimic 5 C1 = 5 x 10-6 M (D), recorded on two total lengths of 1000 and 2000 µm, beginning from the end of the 
youngest hyphal edge. In the case of A and C, because the primary hyphae were not straight, the distances were built 

from several linear fragments 
 
In the case of C. acutatum, the number of 
hyphae was recorded on two total lengths of 

1000 and, respectively, 2000 µm, beginning 
from the end of the youngest hyphal edge, 
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Scheme 3. Structure of SLs mimics SL5 
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medium was poured in sterilized 90 mm Petri 
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inoculating mycelial disks excised from the 
edge of old cultures into the centre of Petri dish 
with PDA medium. The inoculated Petri dishes 
with the phytophatogenic fungi were kept in an 
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each synthetic SL by dissolving into warm, 
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inoculated with a piece of mycelium-agar taken 
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dishes were incubated at 28ºC for 3 days 
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was measured and the Petri dishes were 
examined under a Leica DM 1000 LED 
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were captured on the 3rd day.  
The number of hyphal branches of different 
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observed in each case was recorded on each 
primary branch, moving back from the end of 

 

the youngest hyphal tip. In the case of S. minor 
the hyphae were counted along a distance of 
1000 µm. In the case of C. acutatum, the 
hyphae were counted along two distances, 1000 
and 2000 µm, because the maximum hyphae 
order was observed at longer distance for some 
experimental treatment. In the case of crooked 
primary branch, the distance was drawn step-
wise, from linear fragments. Each experiment 
was repeated three times. 
Statistical analysis 
Statistical analysis was performed using IBM® 
SPSS® Statistics, version 26. Ten hyphae from 
three replicates for each experimental treatment 
were used for the statistical analysis. The 

experiments were performed twice, and the 
presented images are from one of them. One-
way ANOVA, Welch’s ANOVA and Brown-
Forsythe method were used to determine 
whether or not significant differences exist 
between the tested groups. 
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The effects of test solutions on branching 
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development of C. acutatum and S. minor, 
respectively, in our experiment treatments.  
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Figure 1. The aspect of hyphal branching of C. acutatum in control water agar (A), acetone (B), GR24 C2 = 10-5 M (C), 
SL mimic 5 C1 = 5 x 10-6 M (D), recorded on two total lengths of 1000 and 2000 µm, beginning from the end of the 
youngest hyphal edge. In the case of A and C, because the primary hyphae were not straight, the distances were built 

from several linear fragments 
 
In the case of C. acutatum, the number of 
hyphae was recorded on two total lengths of 

1000 and, respectively, 2000 µm, beginning 
from the end of the youngest hyphal edge, 
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because the maximum hyphae order was 
observed at distances longer than 1000 µm. 
Because many primary hyphae were not 
straight, the total distance consisted of several 
shorter fragments along linear hyphae length in 
these cases. Already the qualitative analysis 
shows that GR24 and SL mimic 5 had an effect 
on the branching of C. acutatum (Figure 1, C 

and D versus A and B). The fungal network of 
C. acutatum in treated samples is denser, with 
visibly more 2nd and 3rd order branches. Less 
evident effects are observed for S. minor 
(Figure 2, C and D versus A and B), also 
because of the denser hyphal network of 
controls. 
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Figure 2. The aspect of hyphal branching of S. minor in control water agar (A), acetone (B), GR24 C2 = 10-5 M (C), SL 

mimic 5 C1 = 5 x 10-6 M (D), recorded on total length of 1000 µm, beginning from the end of the youngest hyphal 
edge. In the case of B, C, and D, because the primary hyphae were not straight, the distances were built from several 

linear fragments 
 
The 2nd, 3rd and 4th order hyphae were counted 
for each replicate in each treatment 
representing the dependent variables which 
were evaluated in this experiment. Each group 
of data corresponding to each dependent 
variable under each of the 8 treatments was 
analyzed by the commonly used normality 
tests: Shapiro-Wilk and Kolmogorov-Smirnov 
(with Liliefors Significance correction). In 
most cases, the obtained p-values were well 
over 0.05 which suggested that the null 
hypothesis of these tests could not be rejected. 
The two normality tests which were used 
assume that the data sets follow the normal 
distribution. Since the null hypothesis could not 
be rejected, the data sets were considered to be 

normally distributed confirming the normality 
assumption for one-way ANOVA. 
For C. acutatum 1000 µm and C. acutatum 
2000 µm, based on the Levene’s test of 
homogeneity of variance, the calculated p-
value was < 0.05 which indicated that the null 
hypothesis needs to be rejected. This meant that 
the treatment groups were not homoscedastic 
between themselves. Since this is an important 
assumption for one-way ANOVA, the 
alternative Welch and Brown-Forsythe were 
used, which are not sensible to differences of 
variance in the compared groups.  
For S. minor 1000 µm, the assumption of 
homoscedastic behaviour was not violated, 
which meant that one-way ANOVA could be 
applied. The choices made in each situation 

 

with respect to the 2nd and 3rd order hyphae 
counts are based on the values represented in 
Table 1 which depicts the p-value of Levene’s 
test and the corresponding analysis of variance 
test considered (highlighted with grey). 
One-way ANOVA, Welch’s ANOVA and 
Brown-Forsythe method are used to determine 
whether or not significant differences exist 
between the tested groups. Post-hoc tests are 

necessary to evaluate pairwise differences 
between the groups.  
When the ANOVA alternatives were used, 
Games-Howell test was applied to evaluate the 
heteroscedastic groups (C. acutatum 1000 µm 
and C. acutatum 2000 µm) and Tukey honest 
significance test to evaluate the homoscedastic 
groups (S. minor 1000 µm). 
 

 
Table 1. Statistical tests for interpreting differences between the groups using ANOVA, Welch’s ANOVA  

and Brown-Forsythe 

 2nd order 3rd order 

 Levene ANOVA Welch's 
ANOVA 

Brown-
Forsythe Levene ANOVA Welch's 

ANOVA 
Brown-
Forsythe 

C. acutatum 
1000 µm 0.033 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 0.001 

C. acutatum 
2000 µm 0.012 <0.001 <0.001 <0.001 0.091 <0.001 0.001 <0.001 

S. minor 
1000 µm 0.250 0.073 0.005 0.081 0.647 0.045 0.045 0.047 

 
The groups in each case were organized in 
homogeneous subsets denoted by letter labels 
as seen in Figure 3, Figure 4 and Figure 5. 
These results are shown with error bars 
representing the standard error, which were 
added to the columns in each of the three 
figures. 
Figure 3 treats the 2nd and 3rd order hyphae 
counted in the case of C. acutatum 1000 µm. 
For the 2nd order, three homogeneous subsets 
were detected. All treatments except GR24 C3 
were significantly different than the two control 
groups presenting a higher count for the 2nd 
order hyphae branches. GR24 C2 presented the 
highest mean being significantly different than 
all other groups except GR24 C1 and SL mimic 
5 C1. A p-value of 0.1 was set as the threshold 
to include both significant and marginally 
significant differences. In the case of 3rd order 
branches, only one pair of groups presented 

significance of p-value < 0.1, namely GR24 C1 
and the water agar control group. Compared 
with acetone, only GR24 C1 had a marginally 
significant effect on the 3rd order branches, the 
effects of the other variants being not 
significant, probably also because of the 
relatively low number of branches, therefore 
we decided to consider also 2000 µm (see 
below). The homogeneous subsets observed for 
the case of C. acutatum 1000 µm were not 
entirely consistent with the ordered means of 
the groups because of the heteroscedastic 
nature of the groups. However, as a general 
tendency, synthetic SLs presence, both 
analogues and mimics, determined a significant 
increase of plant pathogen branching, with a 
bimodal response in the case of GR24 (in the 
case of 2nd order branching) and a linear 
response in the case of SL mimic 5.  
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because the maximum hyphae order was 
observed at distances longer than 1000 µm. 
Because many primary hyphae were not 
straight, the total distance consisted of several 
shorter fragments along linear hyphae length in 
these cases. Already the qualitative analysis 
shows that GR24 and SL mimic 5 had an effect 
on the branching of C. acutatum (Figure 1, C 

and D versus A and B). The fungal network of 
C. acutatum in treated samples is denser, with 
visibly more 2nd and 3rd order branches. Less 
evident effects are observed for S. minor 
(Figure 2, C and D versus A and B), also 
because of the denser hyphal network of 
controls. 
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Figure 2. The aspect of hyphal branching of S. minor in control water agar (A), acetone (B), GR24 C2 = 10-5 M (C), SL 

mimic 5 C1 = 5 x 10-6 M (D), recorded on total length of 1000 µm, beginning from the end of the youngest hyphal 
edge. In the case of B, C, and D, because the primary hyphae were not straight, the distances were built from several 

linear fragments 
 
The 2nd, 3rd and 4th order hyphae were counted 
for each replicate in each treatment 
representing the dependent variables which 
were evaluated in this experiment. Each group 
of data corresponding to each dependent 
variable under each of the 8 treatments was 
analyzed by the commonly used normality 
tests: Shapiro-Wilk and Kolmogorov-Smirnov 
(with Liliefors Significance correction). In 
most cases, the obtained p-values were well 
over 0.05 which suggested that the null 
hypothesis of these tests could not be rejected. 
The two normality tests which were used 
assume that the data sets follow the normal 
distribution. Since the null hypothesis could not 
be rejected, the data sets were considered to be 

normally distributed confirming the normality 
assumption for one-way ANOVA. 
For C. acutatum 1000 µm and C. acutatum 
2000 µm, based on the Levene’s test of 
homogeneity of variance, the calculated p-
value was < 0.05 which indicated that the null 
hypothesis needs to be rejected. This meant that 
the treatment groups were not homoscedastic 
between themselves. Since this is an important 
assumption for one-way ANOVA, the 
alternative Welch and Brown-Forsythe were 
used, which are not sensible to differences of 
variance in the compared groups.  
For S. minor 1000 µm, the assumption of 
homoscedastic behaviour was not violated, 
which meant that one-way ANOVA could be 
applied. The choices made in each situation 

 

with respect to the 2nd and 3rd order hyphae 
counts are based on the values represented in 
Table 1 which depicts the p-value of Levene’s 
test and the corresponding analysis of variance 
test considered (highlighted with grey). 
One-way ANOVA, Welch’s ANOVA and 
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significance test to evaluate the homoscedastic 
groups (S. minor 1000 µm). 
 

 
Table 1. Statistical tests for interpreting differences between the groups using ANOVA, Welch’s ANOVA  

and Brown-Forsythe 

 2nd order 3rd order 

 Levene ANOVA Welch's 
ANOVA 

Brown-
Forsythe Levene ANOVA Welch's 

ANOVA 
Brown-
Forsythe 

C. acutatum 
1000 µm 0.033 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 0.001 

C. acutatum 
2000 µm 0.012 <0.001 <0.001 <0.001 0.091 <0.001 0.001 <0.001 

S. minor 
1000 µm 0.250 0.073 0.005 0.081 0.647 0.045 0.045 0.047 

 
The groups in each case were organized in 
homogeneous subsets denoted by letter labels 
as seen in Figure 3, Figure 4 and Figure 5. 
These results are shown with error bars 
representing the standard error, which were 
added to the columns in each of the three 
figures. 
Figure 3 treats the 2nd and 3rd order hyphae 
counted in the case of C. acutatum 1000 µm. 
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highest mean being significantly different than 
all other groups except GR24 C1 and SL mimic 
5 C1. A p-value of 0.1 was set as the threshold 
to include both significant and marginally 
significant differences. In the case of 3rd order 
branches, only one pair of groups presented 

significance of p-value < 0.1, namely GR24 C1 
and the water agar control group. Compared 
with acetone, only GR24 C1 had a marginally 
significant effect on the 3rd order branches, the 
effects of the other variants being not 
significant, probably also because of the 
relatively low number of branches, therefore 
we decided to consider also 2000 µm (see 
below). The homogeneous subsets observed for 
the case of C. acutatum 1000 µm were not 
entirely consistent with the ordered means of 
the groups because of the heteroscedastic 
nature of the groups. However, as a general 
tendency, synthetic SLs presence, both 
analogues and mimics, determined a significant 
increase of plant pathogen branching, with a 
bimodal response in the case of GR24 (in the 
case of 2nd order branching) and a linear 
response in the case of SL mimic 5.  
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Figure 3. The influence of SLs on fungal hyphal branching for C. acutatum. The total number was recorded on a total 

length of 1000 µm.C1, C2, C3 are 5 x 10-6, 10-5, and 5 x 10-5M concentration, respectively. The bars represent the 
standard error. Significant differences are shown by using different letters at p < 0.05 

 
For the C. acutatum 2000 µm experiment, the 
2nd order hyphae branches found under the 8 
different treatments fell under 3 homogeneous 
subsets as represented in Figure 4. Subset “a” 
included the control groups together with 
treatments SL mimic 5 C2 and SL mimic 5 C3. 
Subset “b” included the 6 middle groups, 
almost all of the analyzed groups, except the 
acetone control group and GR24 C2. Subset 
“c” containing groups GR24 C1, GR24 C3, SL 

mimic 5 C1 and GR 24 C2 is significantly 
different than the acetone control.  
Not enough 4th order hyphae branches were 
found in order to establish any statistical 
relevant difference between groups, but within 
2000 µm, almost no 4th order hyphae was 
present in the acetone control. Also the 
apparent tendency is to increase the number of 
4th order hyphae, especially at concentration C2 
of strigolactone (Figure 4). 
 

 
Figure 4.The influence of SLs on fungal hyphal branching for C. acutatum. The total number was recorded on a total 

length of 2000 µm.C1, C2, C3 are 5 x 10-6, 10-5, and 5 x 10-5M concentration, respectively. The bars represent the 
standard error. Significant differences are shown by using different letters at p < 0.05 

 
Figure 5 shows the compared means for S. 
minor 1000 µm. In this case, Levene’s 
homogeneity of variance test showed that the 
groups tested were homoscedastic. In this case, 
ANOVA was used to detect overall significant 
differences. Pairwise comparison was done 

using Tukey’s HSD post-hoc test. In terms of 
the number of 2nd order hyphae branches, no 
significant difference was found between any 
of the pairs; all groups were part of the same 
homogeneous subset. The only significant 
number of 3rd order branches was found for SL 

 

mimic 5 C2 which is significantly different 
than the water control, but not the acetone 
control. All the other groups are part of 
homogeneous subsets with both the water agar 
control group (group a) and the SL mimic 5 C2 
group (group b), so no significant difference 
can be reported with each other or with either 
the water agar control group or the SL mimic 5 
C2 group. The numbers of the 4th order 
branches were not enough to establish any 
difference between groups, but we noticed their 
absence in both controls, few 4th order hyphae 
appearing only in the presence of 
strigolactones, both GR24 and SL mimic 5.  
However, it is possible to conclude that 
synthetic SLs stimulate plant pathogenic 
branching. The response of C. acutatum CBS 

112980 type strain to GR24 is similar to the 
response of an isolate from diseased 
strawberry, identified as being from the same 
species, and tested for  response to GR24 (Dor 
et al., 2011).  C. acutatum is a species complex, 
which includes phytopathogens producing a 
plant disease called (generally) antracnose. 
This species complex shows a wide diversity of 
important traits, such as mode of reproduction, 
host infection strategy, host range and host 
preference (Baroncelli et al., 2017) . The 
similar response of different strains from this 
species complex to GR24 SLs analogue 
suggests the existence of a response pathway to 
SLs in these plant pathogenic fungi. 
 

 

 
Figure 5. The influence of SLs on fungal hyphal branching for S. minor. The total number was recorded on a total 
length of 1000 µm.C1, C2, C3 are 5 x 10-6, 10-5, and 5 x 10-5M concentration, respectively. The bars represent the 

standard error. Significant differences are shown by using different letters at p < 0.05 
 
The influence of SLs on radial fungal growth 
The experimental results showed that both 
GR24 and SL mimic 5 inhibited the growth of 
the two tested phytopathogenic fungi, the effect 
being in general detectable from the lowest 
concentration applied, 5 × 10−6 M (Figures 6, 
7). Both compounds inhibited the strains in a 
dose-dependent manner. In the case of             
C. acutatum, SL mimic 5 seems to have 

stronger effect on the colony diameter than 
GR24 (Figure 6). In order to assess the 
statistical differences in the data, ANOVA 
analysis was used, based on Tukey–Kramer 
Honestly Significant Difference test. Except 
GR24 C1, all the other variants were 
statistically significant compared with the 
control. 
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GR24 and SL mimic 5 inhibited the growth of 
the two tested phytopathogenic fungi, the effect 
being in general detectable from the lowest 
concentration applied, 5 × 10−6 M (Figures 6, 
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GR24 C1, all the other variants were 
statistically significant compared with the 
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Figure 6. Diameter of C. acutatum colonies in the absence and presence of strigolactones  

(C1, C2, C3 are 5 x 10-6, 10-5, and 5 x 10-5M concentration, respectively). The bars represent the standard error. 
Significant differences are shown by using different letters at p < 0.05 

 
For S. minor, GR 24 was slightly more 
effective inhibitor than SL mimic 5 (Figure 7).  
In order to assess the statistical differences in 
the data, Welch’s ANOVA analysis was 
performed, based on Games-Howell post hoc 
test. All treatments with strigolactones were 
significantly different from the control. 

The effect of both compounds was more 
pronounced in the case of S. minor. All in all, 
SL mimic 5 and GR24 show similar response 
on C. acutatum and S. minor in general. The 
presence of these compounds in the culture 
media appears to inhibit the growth of both 
fungal plant pathogens. 
 

 
Figure 7. Diameter of S. minor colonies in the absence and presence of strigolactones (C1, C2, C3 are 5 x 10-6, 10-5,  

and 5 x 10-5M concentration, respectively). The bars represent the standard error. Significant differences  
are shown by using different letters at p < 0.05

 
The in vitro response of the plant pathogenic 
fungi to synthetic SLs largely depends on the 
application method. When GR24 was applied 
in a hole made in the water agar, no influence 
of this synthetic SL on different fungi, 
ectomycorrhizal fungi, Trichoderma and 

Piriformospora indica, foliar pathogens B. 
cinerea and Cladosporium sp. or soil-borne 
pathogens was observed (Steinkellner et al., 
2007). Other studies, wherein small fiberglass 
discs soaked with different concentrations of 
GR24 were placed on the surface of the agar 

 
media, reported no effect of fungi different 
from AMF (Torres-Vera et al., 2014). Also, 
spreading GR24 from an acetone solution on 
the surface of the agar media produced no 
influence of SLs on Fusarium oxysporum 
hyphal growth (Foo et al., 2016). 
Our experimental method, of mixing GR24 
with agar medium, determined different 
behavior regarding the fungal plant pathogen 
response (Oancea et al., 2017).  
Similar results were reported by the studies of 
Belmondo et al. (2017) and Dor et al. (2011), 
which evidenced an inhibition of radial fungal 
growth when GR24 was embedded into water 
agar media.  
Most probably the AMF fungi respond to lower 
concentration than phytopahogenic fungi, and 
for that reason there are differences between 
the 2 tested methods. In our study, the used 
GR24 concentrations were in the range 10-5 and 
10-6 M, being similar with other reported 
studies (Matusova et al., 2005; Joel et al., 2011; 
Dorr et al., 2011). Here we should also 
consider the extremely low solubility of these 
hydrophobic SLs in aqueous media. 
The biological significance of the response of 
plant pathogenic fungi is not yet clear. Our 
results show quite similar response for SLs 
analogue GR24 and a SLs mimic, SL mimic 5, 
both in term of hyphal branching and inhibition 
of radial growth. The inhibition of radial fungal 
growth can be a result of a stress response 
(Sabbagh et al., 2012; Asante et al., 2008; 
Rodríguez-Urra et al., 2009).  
Most probably, the secretion of SLs has not 
only a role in recruitment of AMF in 
phospohorus deficit conditions (Lopez-Raez et 
al, 2011). The strigolactone “crying-for-help” 
in root exudate is probably an adaptive 
mechanisms, by which plant modulate their 
rhizospheremicrobiome (Aquino et al., 2021; 
Liu et al., 2020; Rolfe et al., 2019).  
Our results demonstrated similar results for a 
SLs analogue and a SLs mimic, in terms of 
plant pathogens response. Both synthetic SLs 
share a common D-ring. Karrikins, plant 
germination stimulant compounds derived from 
smoke, which also share similarities with D-
ring of natural strigolactones (Scaffidi et al., 
2012), most probably support plant response to 
biotic and abiotic stress by shaping the plant 
rhizomicrobiome (Nasir et al., 2020). 

SLs mimics are less expensive than SLs 
analogues because are easier to synthetize. 
Present results support the idea of using SL 
mimic 5 as a new type of plant biostimulant, 
enhancing plant tolerance to biotic and abiotic 
stress by rhizomicrobiome shaping. Such mode 
of action is analogue to prebiotic effect on 
probiotic microflora in animal digestive 
systems, and represents a new intervention 
mean in supporting cultivated plants to adapt to 
the biotic and abiotic stress enhanced by 
climatic changes. Further studies are necessary 
in this direction. 
 
CONCLUSIONS 
 
In this study we presented several tests 
regarding the influence of synthetic SLs, GR24 
analogue and SL mimic 5, on two 
phytophatogenic fungi, C. acutatum and S. 
minor. Our results suggest that the mimic 
compound has the same effect as GR24, 
inducing hyphal branching stress response and 
inhibiting phytopathogen growth. The 
synthesized SL mimic can be further used, for 
in depth investigation of SLs - plants and SLs 
microorganisms interactions, for both 
fundamental studies (role and receptor of SLs 
D-ring) and practical applications - shaping 
plant rhizomicrobiome. 
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Abstract  
 
In the present paper, the metabolic profile was analysed in a group of adult Rhode Island hens extensively required for 
the production of IgY antibodies against bacterial entities. The results reveal changes in the leukocyte formula 
dominated by an increase in the percentage of heterophils and a decrease in the percentage of lymphocytes in the 
blood. An increase in the level of serum proteins with predominance of globulins is added to this. Increased uric acid 
levels were found also. Increased levels of GOT and GPT transaminases and -GT indicated an intensification of the 
protein metabolism, LDH and PA were not significantly modified. Regarding carbohydrate metabolism, it was found 
that serum glucose and lactate were maintained within physiological limits. The lipid profile was characterized by 
maintaining serum triglycerides and cholesterol within normal limits. Significant decrease in HDL and increase in LDL 
were interpreted as a decrease in the proteosynthetic capacity of the liver. The mineral profile was dominated by the 
increase of the level of sodium, iron, magnesium and calcium but by the decrease of the level of chlorine, potassium and 
phosphorus.  
 
Key words: immunoglobulin Y, hyperimunity, metabolic profile, hen. 
 
INTRODUCTION  
 
Immunoglobulins Y (IgY) are the major 
antibody in birds, and they are found in high 
concentrations in chicken egg yolk. As with the 
other immunoglobulins, IgY is a class 
of proteins which are formed by the immune 
system in reaction to certain foreign substances, 
and specifically recognize them. IgY is 
functionally similar to IgG, and also shares 
some similarity with IgE. That means, similarly 
to IgG and presumably IgE the main function 
of IgY is the defense against pathogens by 
binding them and thereby disabling them. Due 
to the functional similarities to IgG, IgY is 
sometimes referred to as "chicken IgG", or 
"bird IgG". Since chickens can lay eggs almost 
every day, and the yolk of an immunised hen's 
egg contains a high concentration of IgY, 
chickens are gradually becoming popular as a 
source of customised antibodies for research. 
Usually, mammals such as rabbits or goats are 
injected with the antigen of interest by the 

researchers to obtain the antibody (Davison et 
al., 2008). Xu et al. (2011) relived a significant 
antimicrobial activity of the IgY for 
refrigerated fish products, which allowed us to 
suggest its potential as a bio-preservative for 
seafood. To stimulate the production of 
antigen-specific IgY in a hen, the desired 
antigens are injected in the form of a vaccine 
containing an adjuvant. The latter are non-
specific B-cell stimulating immune modulators 
which improve the immune response to an 
antigen (Goran et al., 2019; Shade et al., 2001). 
The synthesized antibodies are discharged into 
the egg yolk in the formation where it 
accumulates; eggs belonging to hyperimmuned 
hens with the same inoculums are harvested. 
The IgY contained in the respective eggs is 
woven by specific methods (Chiurciu et al., 
2018; Chiurciu et al., 2020). Harvested eggs 
can be administered to animals in various 
forms; for example, IgY is extracted as a sterile 
aqueous solution which is administered orally 
or by aerosol, or the hyperimmune product can 
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be lyophilized. The most common site of 
injection is intramuscular. Although, the 
amount of IgY in the egg can be affected by 
various factors, such as age, breed of the 
chicken, antigen, adjuvant and injection route, 
IgY yields from 60 to 150 mg per egg have 
been reported. Interestingly, only 2-10% of the 
IgY in an immunized hen has been shown to be 
antigen-specific (Kovacs-Nolan and Mine, 
2012). Beyond these achievements, the 
biological status of chickens subjected to such 
immunological solicitation is not sufficiently 
known. The aim of this paper is to determine 
the metabolic status of chickens subjected to 
the process of active hyperimmunization in 
order to produce IgY. 
 
MATERIALS AND METHODS  
 
The research was conducted on 51-week-old 
female Rhode Island hens housed in a battery 
system in halls (5 capita/m2) with monitored 
environmental parameters, free access to water 
and fed ad libitum on a standardized diet (main 
ingredients by g/kg: wheat 413, barley 315, 
oats 109, soybean meal 59, grass meal 26, fish 
meal 56, dicalcium phosphate 6, limestone 8, 
vitamin and mineral premix 7). The birds were 
inoculated with multiple PC2 antigen, 
respectively contained in inactivated strains: 
Pseudomonas aeruginosa, Klebsiella 
pneumoniae, Salmonella spp., Escherichia coli, 
Enterococcus faecalis, Salmonella enteritidis, 
Salmonella typhimurium, Streptococcus 
mutans, Staphylococcus aureus, Streptococcus 
grup B, Proteus spp., Acinetobacter baumannii, 
Helicobacter pylori, Streptocccus pneumoniae, 
Clostridium difficile, Candida spp. 
Administration protocol: 1 mL in 2 separate 
i.m. points (0.5 mL + 0.5 mL), in the pectoral 
muscles, 3 inoculations at intervals of 2 weeks 
each. Two weeks after inoculation, blood 
samples were taken by axillary vein puncture, 
samples were collected on anticoagulant 
(EDTA and heparin, depending on the tests to 
be performed). Morphological examinations of 
the blood were performed from the blood 
samples: number of erythrocytes, platelets, 
leukocyte formula, hemoglobin, hematocrit, 
derived erythrocyte parameters. Other blood 
samples were centrifuged to obtain the serum 
or plasma, depending on the situation. Plasma 

or serum was stored by freezing at -20°C until 
blood biochemistry tests were performed. 
Blood morphology analyzeses were performed 
using a cytometry flow analyser, Advia 2120i 
(Siemens, France). Blood biochemistry 
determination consisted of blood glucose, lactic 
acid, uric acid, lipid profile (triglycerides, 
cholesterol, HDL and LDL) and mineral 
profile, using an ELISA system. Separation of 
proteins was carried out by agarose gel 
electrophoresis (SPE P/N 655900, Beckman 
Coulter, Fullerton, USA), according to the 
manufacturer’s instructions.  
Quantitative results were obtained by software 
for quantitative gel analysis. Total protein was 
determined based on the biuret reaction by 
proteins following the Lowry method. For the 
preparation of the leukocyte formula, smears 
were performed which were stained by the 
MGG method. Glutamateoxalatetransaminase 
(GOT), glutamatepyruvatetransaminase (GPT), 
-glutamil transferase (-GT), lactic 
dehidrogenase (LDH), andalkalinephosphatase 
(AP) activities were determined using the 
method described by Manta et al. (1976). The 
determination of the number of blood platelets 
was performed by fixing and staining the blood 
by the Natt Herick method followed by dilution 
with a Potain pipette.The data obtained were 
centralized using the Excel 2010 program and 
the statistical processing was performed using 
the GraphPad program for Windows, version 
8.0.2, GraphPad Software, Inc. The differences 
between the control group and the experimental 
groups were considered significant for values 
of P ≤0.05. 

 
RESULTS AND DISCUSSIONS 

 
The results of the analysis of erythrocyte 
morphological changes are presented in Table 
1. The analysis of the data presented in Table 1 
shows improvements in the series of 
erythrocytes materialized in the significant 
increase in the number of erythrocytes (P = 
0.003) compared to the untreated control hens. 
Thus, there is a 22% increase in the number of 
erythrocytes, followed by an increase in 
haematocrit (Ht) of a similar percentage 
(20.3%), as well as an increase in the amount of 
hemoglobin: 12.2% higher than the control. It 
is found that the hemoglobin content could not 
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Abstract  
 
In the present paper, the metabolic profile was analysed in a group of adult Rhode Island hens extensively required for 
the production of IgY antibodies against bacterial entities. The results reveal changes in the leukocyte formula 
dominated by an increase in the percentage of heterophils and a decrease in the percentage of lymphocytes in the 
blood. An increase in the level of serum proteins with predominance of globulins is added to this. Increased uric acid 
levels were found also. Increased levels of GOT and GPT transaminases and -GT indicated an intensification of the 
protein metabolism, LDH and PA were not significantly modified. Regarding carbohydrate metabolism, it was found 
that serum glucose and lactate were maintained within physiological limits. The lipid profile was characterized by 
maintaining serum triglycerides and cholesterol within normal limits. Significant decrease in HDL and increase in LDL 
were interpreted as a decrease in the proteosynthetic capacity of the liver. The mineral profile was dominated by the 
increase of the level of sodium, iron, magnesium and calcium but by the decrease of the level of chlorine, potassium and 
phosphorus.  
 
Key words: immunoglobulin Y, hyperimunity, metabolic profile, hen. 
 
INTRODUCTION  
 
Immunoglobulins Y (IgY) are the major 
antibody in birds, and they are found in high 
concentrations in chicken egg yolk. As with the 
other immunoglobulins, IgY is a class 
of proteins which are formed by the immune 
system in reaction to certain foreign substances, 
and specifically recognize them. IgY is 
functionally similar to IgG, and also shares 
some similarity with IgE. That means, similarly 
to IgG and presumably IgE the main function 
of IgY is the defense against pathogens by 
binding them and thereby disabling them. Due 
to the functional similarities to IgG, IgY is 
sometimes referred to as "chicken IgG", or 
"bird IgG". Since chickens can lay eggs almost 
every day, and the yolk of an immunised hen's 
egg contains a high concentration of IgY, 
chickens are gradually becoming popular as a 
source of customised antibodies for research. 
Usually, mammals such as rabbits or goats are 
injected with the antigen of interest by the 

researchers to obtain the antibody (Davison et 
al., 2008). Xu et al. (2011) relived a significant 
antimicrobial activity of the IgY for 
refrigerated fish products, which allowed us to 
suggest its potential as a bio-preservative for 
seafood. To stimulate the production of 
antigen-specific IgY in a hen, the desired 
antigens are injected in the form of a vaccine 
containing an adjuvant. The latter are non-
specific B-cell stimulating immune modulators 
which improve the immune response to an 
antigen (Goran et al., 2019; Shade et al., 2001). 
The synthesized antibodies are discharged into 
the egg yolk in the formation where it 
accumulates; eggs belonging to hyperimmuned 
hens with the same inoculums are harvested. 
The IgY contained in the respective eggs is 
woven by specific methods (Chiurciu et al., 
2018; Chiurciu et al., 2020). Harvested eggs 
can be administered to animals in various 
forms; for example, IgY is extracted as a sterile 
aqueous solution which is administered orally 
or by aerosol, or the hyperimmune product can 

 

be lyophilized. The most common site of 
injection is intramuscular. Although, the 
amount of IgY in the egg can be affected by 
various factors, such as age, breed of the 
chicken, antigen, adjuvant and injection route, 
IgY yields from 60 to 150 mg per egg have 
been reported. Interestingly, only 2-10% of the 
IgY in an immunized hen has been shown to be 
antigen-specific (Kovacs-Nolan and Mine, 
2012). Beyond these achievements, the 
biological status of chickens subjected to such 
immunological solicitation is not sufficiently 
known. The aim of this paper is to determine 
the metabolic status of chickens subjected to 
the process of active hyperimmunization in 
order to produce IgY. 
 
MATERIALS AND METHODS  
 
The research was conducted on 51-week-old 
female Rhode Island hens housed in a battery 
system in halls (5 capita/m2) with monitored 
environmental parameters, free access to water 
and fed ad libitum on a standardized diet (main 
ingredients by g/kg: wheat 413, barley 315, 
oats 109, soybean meal 59, grass meal 26, fish 
meal 56, dicalcium phosphate 6, limestone 8, 
vitamin and mineral premix 7). The birds were 
inoculated with multiple PC2 antigen, 
respectively contained in inactivated strains: 
Pseudomonas aeruginosa, Klebsiella 
pneumoniae, Salmonella spp., Escherichia coli, 
Enterococcus faecalis, Salmonella enteritidis, 
Salmonella typhimurium, Streptococcus 
mutans, Staphylococcus aureus, Streptococcus 
grup B, Proteus spp., Acinetobacter baumannii, 
Helicobacter pylori, Streptocccus pneumoniae, 
Clostridium difficile, Candida spp. 
Administration protocol: 1 mL in 2 separate 
i.m. points (0.5 mL + 0.5 mL), in the pectoral 
muscles, 3 inoculations at intervals of 2 weeks 
each. Two weeks after inoculation, blood 
samples were taken by axillary vein puncture, 
samples were collected on anticoagulant 
(EDTA and heparin, depending on the tests to 
be performed). Morphological examinations of 
the blood were performed from the blood 
samples: number of erythrocytes, platelets, 
leukocyte formula, hemoglobin, hematocrit, 
derived erythrocyte parameters. Other blood 
samples were centrifuged to obtain the serum 
or plasma, depending on the situation. Plasma 

or serum was stored by freezing at -20°C until 
blood biochemistry tests were performed. 
Blood morphology analyzeses were performed 
using a cytometry flow analyser, Advia 2120i 
(Siemens, France). Blood biochemistry 
determination consisted of blood glucose, lactic 
acid, uric acid, lipid profile (triglycerides, 
cholesterol, HDL and LDL) and mineral 
profile, using an ELISA system. Separation of 
proteins was carried out by agarose gel 
electrophoresis (SPE P/N 655900, Beckman 
Coulter, Fullerton, USA), according to the 
manufacturer’s instructions.  
Quantitative results were obtained by software 
for quantitative gel analysis. Total protein was 
determined based on the biuret reaction by 
proteins following the Lowry method. For the 
preparation of the leukocyte formula, smears 
were performed which were stained by the 
MGG method. Glutamateoxalatetransaminase 
(GOT), glutamatepyruvatetransaminase (GPT), 
-glutamil transferase (-GT), lactic 
dehidrogenase (LDH), andalkalinephosphatase 
(AP) activities were determined using the 
method described by Manta et al. (1976). The 
determination of the number of blood platelets 
was performed by fixing and staining the blood 
by the Natt Herick method followed by dilution 
with a Potain pipette.The data obtained were 
centralized using the Excel 2010 program and 
the statistical processing was performed using 
the GraphPad program for Windows, version 
8.0.2, GraphPad Software, Inc. The differences 
between the control group and the experimental 
groups were considered significant for values 
of P ≤0.05. 

 
RESULTS AND DISCUSSIONS 

 
The results of the analysis of erythrocyte 
morphological changes are presented in Table 
1. The analysis of the data presented in Table 1 
shows improvements in the series of 
erythrocytes materialized in the significant 
increase in the number of erythrocytes (P = 
0.003) compared to the untreated control hens. 
Thus, there is a 22% increase in the number of 
erythrocytes, followed by an increase in 
haematocrit (Ht) of a similar percentage 
(20.3%), as well as an increase in the amount of 
hemoglobin: 12.2% higher than the control. It 
is found that the hemoglobin content could not 
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follow the ascending course of erythrocyte 
count and Ht. The presentation of these results 
of erythrocyte series changes cannot be 
explained in itself, without further analysis of 
the main metabolic aspects. On the other hand, 
the lack of data in the literature on this subject 
also makes it difficult to interpret these 
modifications which were found by us. These 
data obviously reveal an intensification of the 
erythropoiesis processes, generated either by a 
high energy and oxygen consumption, as a 
result of some metabolic intensification or by 
other reasons. Almost all other research focuses 
on the clinical effects of InY and less on the 
biological status of chickens used in this 

hyperimmunization process. Regarding the 
leukocyte formula, the data presented in Table 
1 reveal first of all an increase in the number of 
leukocytes, of 52.1% vs. control.  
This increase in the number of leukocytes is 
due in main to heterophils pseudoeosinophils, 
whose percen-tage in the leukocyte formula 
increased by 11.1% vs. control, an increase 
statistically significant (P˂0.05). On the other 
hand, the percentage of lymphocytes, 
eosinophils and monocytes was significantly 
and accordingly reduced in the group of 
hyperimmunized chickens compared to the 
control group. 

 
Table 1. Comparative presentation of the blood morphology in hyperimmune hens vs. control 

Group Erythron  
Number 

(×106L) 
Ht 

(%) 
Hb 

(g/dL) 
VEM 
(fL) 

HEM 
(pg) 

CHEM  
(%) 

 

Control hens 3.86±1.02 35.5±4.22 9.43±3.31 9.1±2.21 2.44 ± 0.3 26.5±6.21  
Hyperimmune hens 4.72 ± 0.9 42.6 ± 6.6 10.5 ± 0.5 9.02 ± 1.9 2.22 ± 0.8 24.6 ± 2.2  
P value 0.003 0.03 0.002 0.05 0.10 0.03  

Leukocytes 
 Number 

(×103L) 
Pseudoeosinophils 

(%) 
Eosinophils 

(%) 
Lymphocytes 

(%) 
Monocytes 

(%) 
Basophils 

(%) 
 

Control hens 21.3±4.32 27.0±4.19 3.0±0.56 62.0±16.52 8.0±1.88 0.3 ± 0.0  
Hyperimmune hens 32.5 ± 7.4 30.3 ± 7.7 4.0 ± 2.3 59 ± 22.5 6.6 ± 3.2 0.0 ± 0.0  
P value 0.000 0.007 0.04 0.002 0.022 0.143  

Thrombocytes (×103L) 
Control hens 90.9 ± 8.0  
Hyperimmune hens 89.0 ± 21.0  
P value 0.133  

 
Table 2. Serum biochemical profile in hyperimmune hens (expressed as g/dL of plasma) 

Group Total protein  
(g/dL) 

Uric acid 
(mg/dL) 

Glucose 
(mg/dL) 

Lactate 
(mg/L) 

Triglycerides 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL 
(mg/dL) 

LDL 
(mg/dL) 

Control 5.44 ± 0.55 4.4 ± 0.4 188.8 ± 21.3 190.0±45 434.0 ± 32.0 154 ± 32 55.0±6.6 165±21 
Hyperimmunized 6.16  ± 0.90 14.4 ± 2.1 163.6 ± 32.5 420 ± 101 843.5 ± 83.2 286 ± 56 32.1±5.0 213±43 
P value 0.021 0.000 0.003 0.000 0.000 0.002 0.005 0.032 

 
Serum protein profile is presented in Figure 1. 
According to the data presented in Figure 1, six 
protein fractions were identified by 
electrophoresis: albumins, 1, 2, 1, 2 and -
globulins. The concentration of albumin (3.82 
g/dL) found by us in adult chickens from the 
control group (Table 2) is in agreement with 
that reported by Peltonen and Sankari (2011) in 
adult chickens. Alpha and beta globulins are 
acute-phase proteins, and gamma globulins are 
immune globulins. There is a complex change 
in protein fractions in hyperimmunized 
chickens compared to the control. Firstly, a 
doubling of the IgG protein (IgY) fraction 
occurred. There is also an increase in fractions 

1 and 2 whose interpretation will be difficult 
to achieve. Finally, the albumin, 1 and 2 
fractions remained relatively unchanged in the 
experimental groupsvs control. 
Changes in lipid metabolism maybe reflected 
in their mobilization resulting in increased 
circulating total triglycerides, cholesterol and 
LDH. 
The metabolic enzyme profile was also 
represented by the determination of the activity 
of GOT, GPT, -GT, LDH and PA enzymes 
(Figures 2 and 3). Transaminase activity 
(normal range 33-43 IU/L in hen) doubled in 
the serum of hyperimmunized vs. control 

 

 
chickens, increasing from 86.6, 48.4 and 12.6 
IU to 163.3, 165.4 and 54 IU, respectively. On 
the other hand, the activity of LDH decreased 
significantly (P˂0.05) while PA were no 
significance altered: around 300 UI (P<0.05). 
A decreased activity of LDH, associated with 
an intensified activity of LDH and transa-
minases, leads to a decrease in anaerobic 
glucose metabolism in favour of protein 
consumption. This is also confirmed by a 
significant decrease in blood plasma glucose  
(P = 0.003). A physiological intensification of 
the serum transaminases activity reveals the 
intensification of the amino acid metabolism, 
of the protein metabolism, respectively. The 
intensification of protein catabolisme is also 
reflected in the increase in plasma uric acid 
concentration, as a product of protein 
catabolisme in birds.  

Figure 1. Serum protein profile in hyperimmunized hens 
(values in g × L-1 of serum) 

 

 
Figure 2. Blood plasma levels of GOT, GPT and -GT 

in hyperimmuned hens vs. control expressed as IU 
 

The interest in using IgY in various therapies is 
growing. IgY is used for control of coccidiosis 
as a vaccine: results of studies provided the 
first successful demonstration of inducing 

protective passive immunity against avian 
coccidiosis by passively transferring antibodies 
(oral feeding) obtained from egg yolk of the 
hyperimmunized hens. Larger trials in the field 
conditions confirmed the efficacy of this 
passive immunity strategy and this technology 
is being applied commercially in Mexico 
(USDA, 2006; Horie et al., 2004). One research 
study found that some people with 
osteoarthritis feel less joint pain or swelling 
after taking a specific “immune egg” powder 
formulation for 2 months (Horie et al., 2004). 
Developing research suggests that a preparation 
of purified antibodies from hyperimmune eggs 
harvested from hens immunized against strains 
of rotavirus can modestly decrease rotaviral 
diarrhoea in children (Mine and Kovacs-Nolan, 
2002). But an increased muscular strength and 
enhanced muscle repair with hyperimmune egg 
protein supplementation was reported (Scheelt 
et al., 2006). 
On the other hand, the production and use of 
IgY provoke interest for the study of the meta-
bolic profile of birds involved in IgY produc-
tion in particular and of metabolism in birds in 
general. Unfortunately, the number of works 
dedicated to the study of bird metabolism used 
in the production of IgY antibodies is 
insufficient or almost non-existent. Kaab et al. 
(2019) measured the level of three acute phase 
proteins in red mite-infested chickens: the 
acute phase proteins: alpha-1 acid glycoprotein, 
serum amyloid-A, and ceruloplasmin were 
measured. Others identified proteins were 
associated with the egg formation. 
 

 
Figure 3. Blood plasma levels of LDH and AP in 
hyperimmuned hens vs. control expressed as IU 

 
Peltonen and Sankari (2011) also performed a 
serum protein profile in chickens; the study 
provides a comparative picture of the protein 
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follow the ascending course of erythrocyte 
count and Ht. The presentation of these results 
of erythrocyte series changes cannot be 
explained in itself, without further analysis of 
the main metabolic aspects. On the other hand, 
the lack of data in the literature on this subject 
also makes it difficult to interpret these 
modifications which were found by us. These 
data obviously reveal an intensification of the 
erythropoiesis processes, generated either by a 
high energy and oxygen consumption, as a 
result of some metabolic intensification or by 
other reasons. Almost all other research focuses 
on the clinical effects of InY and less on the 
biological status of chickens used in this 

hyperimmunization process. Regarding the 
leukocyte formula, the data presented in Table 
1 reveal first of all an increase in the number of 
leukocytes, of 52.1% vs. control.  
This increase in the number of leukocytes is 
due in main to heterophils pseudoeosinophils, 
whose percen-tage in the leukocyte formula 
increased by 11.1% vs. control, an increase 
statistically significant (P˂0.05). On the other 
hand, the percentage of lymphocytes, 
eosinophils and monocytes was significantly 
and accordingly reduced in the group of 
hyperimmunized chickens compared to the 
control group. 

 
Table 1. Comparative presentation of the blood morphology in hyperimmune hens vs. control 

Group Erythron  
Number 

(×106L) 
Ht 

(%) 
Hb 

(g/dL) 
VEM 
(fL) 

HEM 
(pg) 

CHEM  
(%) 

 

Control hens 3.86±1.02 35.5±4.22 9.43±3.31 9.1±2.21 2.44 ± 0.3 26.5±6.21  
Hyperimmune hens 4.72 ± 0.9 42.6 ± 6.6 10.5 ± 0.5 9.02 ± 1.9 2.22 ± 0.8 24.6 ± 2.2  
P value 0.003 0.03 0.002 0.05 0.10 0.03  

Leukocytes 
 Number 

(×103L) 
Pseudoeosinophils 

(%) 
Eosinophils 

(%) 
Lymphocytes 

(%) 
Monocytes 

(%) 
Basophils 

(%) 
 

Control hens 21.3±4.32 27.0±4.19 3.0±0.56 62.0±16.52 8.0±1.88 0.3 ± 0.0  
Hyperimmune hens 32.5 ± 7.4 30.3 ± 7.7 4.0 ± 2.3 59 ± 22.5 6.6 ± 3.2 0.0 ± 0.0  
P value 0.000 0.007 0.04 0.002 0.022 0.143  

Thrombocytes (×103L) 
Control hens 90.9 ± 8.0  
Hyperimmune hens 89.0 ± 21.0  
P value 0.133  

 
Table 2. Serum biochemical profile in hyperimmune hens (expressed as g/dL of plasma) 

Group Total protein  
(g/dL) 

Uric acid 
(mg/dL) 

Glucose 
(mg/dL) 

Lactate 
(mg/L) 

Triglycerides 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL 
(mg/dL) 
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(mg/dL) 

Control 5.44 ± 0.55 4.4 ± 0.4 188.8 ± 21.3 190.0±45 434.0 ± 32.0 154 ± 32 55.0±6.6 165±21 
Hyperimmunized 6.16  ± 0.90 14.4 ± 2.1 163.6 ± 32.5 420 ± 101 843.5 ± 83.2 286 ± 56 32.1±5.0 213±43 
P value 0.021 0.000 0.003 0.000 0.000 0.002 0.005 0.032 

 
Serum protein profile is presented in Figure 1. 
According to the data presented in Figure 1, six 
protein fractions were identified by 
electrophoresis: albumins, 1, 2, 1, 2 and -
globulins. The concentration of albumin (3.82 
g/dL) found by us in adult chickens from the 
control group (Table 2) is in agreement with 
that reported by Peltonen and Sankari (2011) in 
adult chickens. Alpha and beta globulins are 
acute-phase proteins, and gamma globulins are 
immune globulins. There is a complex change 
in protein fractions in hyperimmunized 
chickens compared to the control. Firstly, a 
doubling of the IgG protein (IgY) fraction 
occurred. There is also an increase in fractions 

1 and 2 whose interpretation will be difficult 
to achieve. Finally, the albumin, 1 and 2 
fractions remained relatively unchanged in the 
experimental groupsvs control. 
Changes in lipid metabolism maybe reflected 
in their mobilization resulting in increased 
circulating total triglycerides, cholesterol and 
LDH. 
The metabolic enzyme profile was also 
represented by the determination of the activity 
of GOT, GPT, -GT, LDH and PA enzymes 
(Figures 2 and 3). Transaminase activity 
(normal range 33-43 IU/L in hen) doubled in 
the serum of hyperimmunized vs. control 

 

 
chickens, increasing from 86.6, 48.4 and 12.6 
IU to 163.3, 165.4 and 54 IU, respectively. On 
the other hand, the activity of LDH decreased 
significantly (P˂0.05) while PA were no 
significance altered: around 300 UI (P<0.05). 
A decreased activity of LDH, associated with 
an intensified activity of LDH and transa-
minases, leads to a decrease in anaerobic 
glucose metabolism in favour of protein 
consumption. This is also confirmed by a 
significant decrease in blood plasma glucose  
(P = 0.003). A physiological intensification of 
the serum transaminases activity reveals the 
intensification of the amino acid metabolism, 
of the protein metabolism, respectively. The 
intensification of protein catabolisme is also 
reflected in the increase in plasma uric acid 
concentration, as a product of protein 
catabolisme in birds.  

Figure 1. Serum protein profile in hyperimmunized hens 
(values in g × L-1 of serum) 

 

 
Figure 2. Blood plasma levels of GOT, GPT and -GT 

in hyperimmuned hens vs. control expressed as IU 
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as a vaccine: results of studies provided the 
first successful demonstration of inducing 

protective passive immunity against avian 
coccidiosis by passively transferring antibodies 
(oral feeding) obtained from egg yolk of the 
hyperimmunized hens. Larger trials in the field 
conditions confirmed the efficacy of this 
passive immunity strategy and this technology 
is being applied commercially in Mexico 
(USDA, 2006; Horie et al., 2004). One research 
study found that some people with 
osteoarthritis feel less joint pain or swelling 
after taking a specific “immune egg” powder 
formulation for 2 months (Horie et al., 2004). 
Developing research suggests that a preparation 
of purified antibodies from hyperimmune eggs 
harvested from hens immunized against strains 
of rotavirus can modestly decrease rotaviral 
diarrhoea in children (Mine and Kovacs-Nolan, 
2002). But an increased muscular strength and 
enhanced muscle repair with hyperimmune egg 
protein supplementation was reported (Scheelt 
et al., 2006). 
On the other hand, the production and use of 
IgY provoke interest for the study of the meta-
bolic profile of birds involved in IgY produc-
tion in particular and of metabolism in birds in 
general. Unfortunately, the number of works 
dedicated to the study of bird metabolism used 
in the production of IgY antibodies is 
insufficient or almost non-existent. Kaab et al. 
(2019) measured the level of three acute phase 
proteins in red mite-infested chickens: the 
acute phase proteins: alpha-1 acid glycoprotein, 
serum amyloid-A, and ceruloplasmin were 
measured. Others identified proteins were 
associated with the egg formation. 
 

 
Figure 3. Blood plasma levels of LDH and AP in 
hyperimmuned hens vs. control expressed as IU 
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profile of the blood plasma looked at the effect 
of age and gender. The increase in the level of 
-globulin fraction in our study reveals the real 
activation of the avian immune system in 
overload conditions. The physiological signifi-
cance of the increase of two other globulins, 1 
and 2 remains to be explained. 
The plasma mineral profile of the 
hyperimmune hens was dominated by the 
significant increase of the level of sodium 
(12%), iron (8.9%), magnesium (14.2%) and 
calcium (4.3%) but by the decrease of the level 
of chlorine (6.6%), potassium (6.4%) and 
phosphorus (10.0%) in our study. Our control 
found values are in agreement with Dobrzański 
et al. (2011). The variation of mineral 
concentration in blood of laying poultry is an 
important issue due to intense skeleton 
development (young birds) or egg formation 
(adult birds). Some of the elements are 
significant in laying hens feeding, due to large 
requirements of birds on calcium and 
phosphorus, which may be supplied in a 
specified ratio and chemical form (Dobrzański 
et al., 2011). Studies on the effect of 
hyperimmunization on the avian mineral 
profile are few. Most likely, other studies are 
needed to elucidate the effects of such 
biological stress on metabolism in general and 
on mineral metabolism in particular.  
 
CONCLUSIONS 
 
Hens subjected of intensive hyperimmu-
nization treatments are characterized by 
increased erythrocytes and neutrophils. Among 
the serum proteins, Y globulins increase 
significantly. Blood biochemical profile is 
dominated by decreased blood sugar but 
increased triglycerides and uric acid while 
LDH and PA are not significantly modified. 
However, these changes do not alter the basic 
physiological status of these birds. 
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profile of the blood plasma looked at the effect 
of age and gender. The increase in the level of 
-globulin fraction in our study reveals the real 
activation of the avian immune system in 
overload conditions. The physiological signifi-
cance of the increase of two other globulins, 1 
and 2 remains to be explained. 
The plasma mineral profile of the 
hyperimmune hens was dominated by the 
significant increase of the level of sodium 
(12%), iron (8.9%), magnesium (14.2%) and 
calcium (4.3%) but by the decrease of the level 
of chlorine (6.6%), potassium (6.4%) and 
phosphorus (10.0%) in our study. Our control 
found values are in agreement with Dobrzański 
et al. (2011). The variation of mineral 
concentration in blood of laying poultry is an 
important issue due to intense skeleton 
development (young birds) or egg formation 
(adult birds). Some of the elements are 
significant in laying hens feeding, due to large 
requirements of birds on calcium and 
phosphorus, which may be supplied in a 
specified ratio and chemical form (Dobrzański 
et al., 2011). Studies on the effect of 
hyperimmunization on the avian mineral 
profile are few. Most likely, other studies are 
needed to elucidate the effects of such 
biological stress on metabolism in general and 
on mineral metabolism in particular.  
 
CONCLUSIONS 
 
Hens subjected of intensive hyperimmu-
nization treatments are characterized by 
increased erythrocytes and neutrophils. Among 
the serum proteins, Y globulins increase 
significantly. Blood biochemical profile is 
dominated by decreased blood sugar but 
increased triglycerides and uric acid while 
LDH and PA are not significantly modified. 
However, these changes do not alter the basic 
physiological status of these birds. 
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Abstract  
 
The soil is a living and dynamic ecosystem permanently subject to anthropogenic pollution. Heavy metal pollution is a 
major factor of microbiota imbalances, and thus of severe soil degradation. The microbiota is represented by a wide 
range of microbial species that maintain and improve soil fertility by performing biogeochemical cycles in nature. 
Heavy metals are found naturally in the soil and play a key role in supporting microbial processes, but excess waste 
stored and neutralized improperly can be harmful, due to bioaccumulation along the trophic chain. Among the heavy 
metals commonly found in the soil are: lead (Pb), chromium (Cr), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg), 
and nickel (Ni). The mobility of heavy metals in the environment, in general, and in the soil, in particular, is reduced, 
and therefore their contact with microorganisms is long and influences the structure of the microbial community. 
Existing studies emphasize the high bioaccumulation capacity of cadmium but also increased mobility affecting an 
entire trophic chain, and lead exerts an inhibitory effect on telluric microorganisms, even at very low concentrations. 
The overall activity of the soil, denitrifiers, and enzymes, is deeply affected by the presence of heavy metals. Their effect 
depends on the concentration and pH of the soil. Pedoclimatic factors can also contribute to these changes. Even in this 
situation, microorganisms can contribute to bioremediation and rendering the soil in the agricultural circuit. Among 
the bacterial genera that have developed mechanisms of resistance to certain heavy metals are Bacillus, Arthrobacter, 
Corynebacterium, Pseudomonas, Alcaligenes.  
 
Key words: bioremediation, coliforms, denitrifiers, heavy metals, soil. 
 
INTRODUCTION 
 
Soil pollution is a global problem that should 
attract the attention of all scientists in various 
fields, but especially those in agriculture, 
because it is the substrate that provides food for 
humans and animals, and its quality influences 
the quality of food (Savu, 2002; Petcu et al., 
2019; Sandu, 2016), which has an impact 
directly on our health. As soil pollutants are 
very diverse, a unitary classification could not 
be made using a single criterion and therefore 
the sources of contamination and their effects 
on soil quality, as well as for bioremediation 
methods, need to be analyzed separately. For 

the most part, soil pollutants are residues of 
human activities - biological, household, and 
industrial waste, improperly stored waste, or 
manure, which will affect the earth's 
metabolism. Researchers' interest in soil 
microbial imbalances is growing in the context 
of increased soil degradation due to heavy 
metal pollution from anthropogenic actions. 
Soil is an important reservoir for many 
contaminants (Sandu et al., 2018). 
Anthropogenic activities generate soil 
biological pollution with pathogenic 
microorganisms that can migrate from soil to 
water or contaminate cultivated plants, can 
affect animals by eating contaminated plants 

AgroLife Scientific Journal - Volume 10, Number 1, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 and can reach food through processing (Petcu, 

2013; Ghimpeteanu, 2015; Petcu et al., 2020), 
affecting the health of the human consumer. 
Along with pathogenic microorganisms, from 
the contaminated soil, can be isolated and 
various parasites, in different evolutionary 
stages, which could also pose a danger to 
human and animal health. Other soil 
contaminants come from household or 
industrial activities - chemicals, wastewater, 
hydrocarbons, heavy metals, radioactive 
substances. Due to the very wide range of 
pollutants, we focused on the study of heavy 
metals that pollute soils in western and 
southwestern Romania, their impact on 
terrestrial microbial populations, and the 
possibilities of soil bioremediation, to restore 
their natural environment. 
 
BIODIVERSITY OF SOIL 
MICROORGANISMS 
 
Soil is a complex habitat populated by a diverse 
microbiota represented by bacteria, fungi, 
algae, protozoa, and viruses (Tate, 2000; 
Lenart-Boroń and Boroń, 2014) (Table 1). 
 

Table 1. Number and biomass of the main groups of 
microorganisms in the soil layer of 0-15 cm  

(Zarnea, 1994) 

The group of 
microorganisms 

Number/g 
soil/dry weight 

The biomass 
(g/m3) 

Eubacteriae 108 160 
Actinomicetae 105-108 160 
Fungi 105 200 
Algae 104-105 32 
Protozoa 104 38 

 
In addition to the biotic component, the soil 
also includes an abiotic component between the 
two there are trophic and energetic connections 
(Zarnea, 1994) (Figure 1). 
Although microorganisms represent less than 
0.5% of the soil mass, they have an intense 
activity that influences the properties and 
functions of the soil (Tate, 2000). It is also 
estimated that 60-80% of the total metabolism 
of this habitat is due to the microbiota 
(Balasubramanian, 2017).  
Soil microorganisms are located mainly in the 
upper layers. Their number decreases with 
depth. 

Also, the microbial community has a major role 
in all areas of human activity, agriculture, 
industry, biotechnology, and health. All 
biogeochemical cycles support the life of the 
planet and are based on the activity of 
microorganisms (Haney et al., 2008; García-
Orenes et al., 2016; Sheth et al., 2016). 
Microorganisms are considered the effectors of 
a soil's fertility (Johns, 2017). 
 

 
Figure 1. Soil components (processed image) 

(Zarnea, 1994; Sheth et al., 2016) 
 
Soil algae belong to the phylum: Chlorophyta, 
Diatomeae and Xanthophyta. The number of 
algae can vary from a few hundred to 50,000 or 
even a few million when they grow on the 
surface of moist soil. Green algae are more 
common in acidic soils: Chlorella, Cladhofora, 
Pleurococcus, Protococcus, Chlorococcus 
humicola and are soil specific. The most 
important genera present in the soil are 
Chlamydomonas, Chlorella, Cladophora, 
Dictyosphaerium, Pleurococcus, Protococcus, 
Scenedesmus (Chlorophyta); Cymbella, 
Fragilaria, Navicula, Nitzchia, Pinnularia, 
Synedra, (Bacillariophyta); Botrydium, 
Heterococcus, Vaucheria (Xanhophyta).  
The intense development of algae on the soil 
surface is the consequence of an intense 
photosynthetic process and the synthesis of 
organic matter. Soil fungi belong to 600 
species, of which 200 Phcomcomycetes, 32 
Ascomycetes, and 385 Imperfect Fungi. The 
class of Imperfect Fungi is the most numerous 
and is represented by Alternaria sp., 
Aspergillus sp., Botrytis sp., Fusarium sp., 
Penicillium sp., Trichoderma. From a 
quantitative point of view, but also the point of 
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and nickel (Ni). The mobility of heavy metals in the environment, in general, and in the soil, in particular, is reduced, 
and therefore their contact with microorganisms is long and influences the structure of the microbial community. 
Existing studies emphasize the high bioaccumulation capacity of cadmium but also increased mobility affecting an 
entire trophic chain, and lead exerts an inhibitory effect on telluric microorganisms, even at very low concentrations. 
The overall activity of the soil, denitrifiers, and enzymes, is deeply affected by the presence of heavy metals. Their effect 
depends on the concentration and pH of the soil. Pedoclimatic factors can also contribute to these changes. Even in this 
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INTRODUCTION 
 
Soil pollution is a global problem that should 
attract the attention of all scientists in various 
fields, but especially those in agriculture, 
because it is the substrate that provides food for 
humans and animals, and its quality influences 
the quality of food (Savu, 2002; Petcu et al., 
2019; Sandu, 2016), which has an impact 
directly on our health. As soil pollutants are 
very diverse, a unitary classification could not 
be made using a single criterion and therefore 
the sources of contamination and their effects 
on soil quality, as well as for bioremediation 
methods, need to be analyzed separately. For 

the most part, soil pollutants are residues of 
human activities - biological, household, and 
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manure, which will affect the earth's 
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of increased soil degradation due to heavy 
metal pollution from anthropogenic actions. 
Soil is an important reservoir for many 
contaminants (Sandu et al., 2018). 
Anthropogenic activities generate soil 
biological pollution with pathogenic 
microorganisms that can migrate from soil to 
water or contaminate cultivated plants, can 
affect animals by eating contaminated plants 

and can reach food through processing (Petcu, 
2013; Ghimpeteanu, 2015; Petcu et al., 2020), 
affecting the health of the human consumer. 
Along with pathogenic microorganisms, from 
the contaminated soil, can be isolated and 
various parasites, in different evolutionary 
stages, which could also pose a danger to 
human and animal health. Other soil 
contaminants come from household or 
industrial activities - chemicals, wastewater, 
hydrocarbons, heavy metals, radioactive 
substances. Due to the very wide range of 
pollutants, we focused on the study of heavy 
metals that pollute soils in western and 
southwestern Romania, their impact on 
terrestrial microbial populations, and the 
possibilities of soil bioremediation, to restore 
their natural environment. 
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Although microorganisms represent less than 
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activity that influences the properties and 
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Soil algae belong to the phylum: Chlorophyta, 
Diatomeae and Xanthophyta. The number of 
algae can vary from a few hundred to 50,000 or 
even a few million when they grow on the 
surface of moist soil. Green algae are more 
common in acidic soils: Chlorella, Cladhofora, 
Pleurococcus, Protococcus, Chlorococcus 
humicola and are soil specific. The most 
important genera present in the soil are 
Chlamydomonas, Chlorella, Cladophora, 
Dictyosphaerium, Pleurococcus, Protococcus, 
Scenedesmus (Chlorophyta); Cymbella, 
Fragilaria, Navicula, Nitzchia, Pinnularia, 
Synedra, (Bacillariophyta); Botrydium, 
Heterococcus, Vaucheria (Xanhophyta).  
The intense development of algae on the soil 
surface is the consequence of an intense 
photosynthetic process and the synthesis of 
organic matter. Soil fungi belong to 600 
species, of which 200 Phcomcomycetes, 32 
Ascomycetes, and 385 Imperfect Fungi. The 
class of Imperfect Fungi is the most numerous 
and is represented by Alternaria sp., 
Aspergillus sp., Botrytis sp., Fusarium sp., 
Penicillium sp., Trichoderma. From a 
quantitative point of view, but also the point of 
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view of the biochemical activity carried out in 
the soil, the most important fungal genera are 
Mucor sp., Rhizopus sp., Pythium sp. - class 
Zigomycetes; Chaetomium sp., Morchella sp. - 
class Ascomycetes; Alternaria sp., Aspergillus 
sp., Botrytis sp., Cladosporium sp., Fusarium 
sp., Geotrichum sp., Penicillium sp., 
Trichoderma sp. and Verticillium sp. - class 
Deuteromycetes. Microscopic fungi are 
organisms with wide adaptability, 
predominantly aerobic, preferring well-aerated 
and free soils (Borozan, 2006). Compared to 
other microbial groups, the dominant bacteria 
in the soil are the most generous biomass, 
being followed in descending order by 
actinomycetes, fungi, algae, and protozoa. 
Their number is estimated to range from a few 
hundred million to 1 billion/g soil (Roselló-
Mora and Amann, 2001). Bacteria with a high 
frequency in the soil belong to the bacterial 
orders: Eubacteriales, Pseudomonadales, and 
Myxobacteriales. Thus, following the studies, it 
was concluded that the dominant bacteria in the 
soil, in terms of quantity, belong to the 
following genera: Bacillus sp. (7-67%), 
Arthrobacter sp. (5-60%), Agrobacterium sp. 
(1-20%) and Pseudomonas sp. (1-20%). Other 
bacterial genera with a significant frequency in 
the soil are: Achromobacter sp., Agrobacterium 
sp., Acinetobacter sp., Alcaligenes sp., Bacillus 
sp., Brevibacterium sp., Cellulomonas sp., 
Clostridium sp., Chromobacterium sp., 
Corynebacterium sp., Flavobacterium sp., 
Micrococcus sp., Pseudomonas sp., 
Mycobacterium spp., Sarcina sp., 
Staphylococcus sp. and Streptococcus sp. 
(Borozan, 2006). 
Given the structural and functional 
characteristics of bacteria - unicellular, 
sporogenic, and non-sporogenic organisms, 
Gram-positive and Gram-negative - it can be 
said that their metabolic functions strongly 
affect the structure of the soil. At the time of 
imbalances in the soil, sporogenic bacteria have 
resistance compared to non-sporogenic ones. 
The most populated area is considered the 
rhizosphere of the soil. The microbial activity 
in this area is intense. The ecological and 
nutritional connections between 
microorganisms and plants are strong. In 
general, the dominant bacteria in the 

rhizosphere are unsporulated and Gram-
negative. 
The distribution and diversity of the microbiota 
are conditioned by edaphic factors, especially 
the requirements and availability of nutrients, 
water content, and pH (Sessitsch et al., 2001), 
but it is also influenced by plants (Dennis et al., 
2010). Bacteria play a major role in agriculture, 
being involved in the circuit of elements in 
nature, in important processes for plant 
nutrition and production, and, in general, for 
the life of the planet (Johns, 2017). Mention 
should be made of symbiotic and free 
microorganisms fixing aerobic and anaerobic 
nitrogen, as well as nitrifying bacteria or those 
involved in the process of photosynthesis. 
Bacteria also help maintain and improve soil 
quality and health, improve soil aeration and 
structure. The fact that bacteria ensure soil 
stability proves their importance in revitalizing 
degraded soils. Cyanobacteria are ubiquitous, 
belong to the group of bacteria, the first to 
appear in terrestrial ecosystems, and are 
autotrophic. They are involved in the 
biogeochemical cycles of carbon and nitrogen. 
They improve the structure of the soil, 
increasing its fertility (Chamizo et al., 2018). 
Actinomycetes belong to a large group of 
bacteria, they are filamentous, saprophytic, and 
parasitic. They actively participate in the 
mineralization of organic compounds, resulting 
in beneficial associations with the roots of 
some plants. The genus Streptomyces 
synthesizes antibiotics that help maintain a 
certain balance of soil microflora. Their 
number is from a few hundred thousand to a 
few million/gram of soil. 
The genera of actinomycetes common to the 
soil are Streptomyces sp., Nocardia sp., 
Micromonospora sp., Actinoplanes sp., 
Sreptosporangium sp. 
The varied metabolic potential of telluric 
bacterial populations, recommends them as the 
main pawns in various degradative processes 
and the annihilation of natural or anthropogenic 
pollutants and determines the diversity within 
the microbial community. Among the best 
decomposers, we mention actinomycetes 
(Actinobacteria) which are also major 
producers of antibiotics. All metabolic 
processes are catalyzed by enzymes.  

Among the groups or bacterial species that 
serve as indicators of environmental quality, 
Sumampouw and Risjani (2014) mentions 
coliform bacteria, through the most 
representative exponent - Escherichia coli, 
Streptococcus sp., Pseudomonas sp., Vibrio sp., 
Clostridia sp., Bifidobum sp., Arcobacter sp., 
and Thiobacillus sp.  
Many studies recommend the use of bacteria as 
indicators for soil imbalances. These 
imbalances can be caused by pollution with 
household waste, industry, fertilizers, 
pesticides (Kure et al., 2018), petroleum 
products, heavy metals (Oksfriani et al., 2014), 
and many others. 
 
SOIL POLLUTION 
 
Sources of periurban pollution of soil 
Waste resulted from anthropogenic activities 
can be harmful to both the environment 
(terrestrial and aquatic ecosystems), and human 
health (Gutberlet and Uddin, 2017; Virsta and 
Sandu, 2020). The amount of garbage has 
increased with the increasing population, 
urbanization, and industrialization. For 
example, in the EU member states, every year 
around 3 billion tons of solid waste are thrown 
away (Panagos et al., 2013).  
For efficient waste management, each 
European state has a national waste 
management plan. However, uncontrolled 
disposal, especially in peri-urban and rural 
areas, may result in severe heavy metal 
pollution occurring in water, soil, and plants 
(Ferronato and Toretta, 2019).  
The main sources of waste in peri-urban areas 
are those from construction and demolition 
(C&D), especially because of the poor 
availability of land in growing urban areas for 
landfill sites. C&D waste represents more than 
25% of the total municipal solid waste disposed 
of in landfills.  
Increasing the volume of C&D waste has long-
term negative effects on the environment, as 
well as harmful economic and social 
consequences (Yeheyis et al., 2013).  
C&D waste management is still an unsolved 
issue in some European countries (Romania, 
Poland, Croatia).  

The illegal dumping of C&D waste consisting 
of abandonment or improper storage on 
farming soil reflects C&D waste 
mismanagement (Mihai, 2019). 
Soil pollution with construction and 
demolition waste 
The composition of C&D waste is complex, 
the most commonly identified compounds 
being heavy metals, organic compounds, 
carbon, methane, sulfide, and hydrogen 
sulphide (Table 2).  
The most important consequences of improper 
disposal of these wastes are soil pollution by 
heavy metals, which results in the degradation 
of the quality of the soil. Soils contaminated 
with heavy metals limit the development of 
plants due to their toxicity. Also, heavy metal 
toxicity affects microbial population size, 
diversity, and activity, as well as their genetic 
structure (Ayangbenro and Babalola, 2016). 
Moreover, long-term studies show that some 
compounds emit gases (e.g. hydrogen 
sulphide), which pollute the areas where they 
are stored (Chung, 2019; Wu et al., 2019).  
Except for some materials (e.g. wood, gypsum, 
some plastics, and some paints), most of the 
components from C&D waste are not 
biodegradable (Yeheyis et al., 2013). Often, the 
concentrations of Cr, Cu, Ni, and Zn exceed 
maximum admitted concentrations for 
environmental matrices (Bianchini et al., 2020; 
Gao et al., 2015).  
PAHs are widely present as contaminants in the 
environment, including soil, leading to 
widespread and accumulation in vegetation and 
ultimately in the food chain, with serious 
consequences for the public health (toxic, 
mutagenic, carcinogenic potential) (Ghosal et 
al., 2016).  
The most important sources of soil PAH 
pollution are considered different industries, 
waste, and human activities (Lawal and Fantke, 
2014).  
The highest concentrations of PAH were found 
on the bituminous surfaces, chimney soot, and 
asphalt and in the case of the demolition waste 
category (Butera et al., 2014; Roussat, 2008). 
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view of the biochemical activity carried out in 
the soil, the most important fungal genera are 
Mucor sp., Rhizopus sp., Pythium sp. - class 
Zigomycetes; Chaetomium sp., Morchella sp. - 
class Ascomycetes; Alternaria sp., Aspergillus 
sp., Botrytis sp., Cladosporium sp., Fusarium 
sp., Geotrichum sp., Penicillium sp., 
Trichoderma sp. and Verticillium sp. - class 
Deuteromycetes. Microscopic fungi are 
organisms with wide adaptability, 
predominantly aerobic, preferring well-aerated 
and free soils (Borozan, 2006). Compared to 
other microbial groups, the dominant bacteria 
in the soil are the most generous biomass, 
being followed in descending order by 
actinomycetes, fungi, algae, and protozoa. 
Their number is estimated to range from a few 
hundred million to 1 billion/g soil (Roselló-
Mora and Amann, 2001). Bacteria with a high 
frequency in the soil belong to the bacterial 
orders: Eubacteriales, Pseudomonadales, and 
Myxobacteriales. Thus, following the studies, it 
was concluded that the dominant bacteria in the 
soil, in terms of quantity, belong to the 
following genera: Bacillus sp. (7-67%), 
Arthrobacter sp. (5-60%), Agrobacterium sp. 
(1-20%) and Pseudomonas sp. (1-20%). Other 
bacterial genera with a significant frequency in 
the soil are: Achromobacter sp., Agrobacterium 
sp., Acinetobacter sp., Alcaligenes sp., Bacillus 
sp., Brevibacterium sp., Cellulomonas sp., 
Clostridium sp., Chromobacterium sp., 
Corynebacterium sp., Flavobacterium sp., 
Micrococcus sp., Pseudomonas sp., 
Mycobacterium spp., Sarcina sp., 
Staphylococcus sp. and Streptococcus sp. 
(Borozan, 2006). 
Given the structural and functional 
characteristics of bacteria - unicellular, 
sporogenic, and non-sporogenic organisms, 
Gram-positive and Gram-negative - it can be 
said that their metabolic functions strongly 
affect the structure of the soil. At the time of 
imbalances in the soil, sporogenic bacteria have 
resistance compared to non-sporogenic ones. 
The most populated area is considered the 
rhizosphere of the soil. The microbial activity 
in this area is intense. The ecological and 
nutritional connections between 
microorganisms and plants are strong. In 
general, the dominant bacteria in the 

rhizosphere are unsporulated and Gram-
negative. 
The distribution and diversity of the microbiota 
are conditioned by edaphic factors, especially 
the requirements and availability of nutrients, 
water content, and pH (Sessitsch et al., 2001), 
but it is also influenced by plants (Dennis et al., 
2010). Bacteria play a major role in agriculture, 
being involved in the circuit of elements in 
nature, in important processes for plant 
nutrition and production, and, in general, for 
the life of the planet (Johns, 2017). Mention 
should be made of symbiotic and free 
microorganisms fixing aerobic and anaerobic 
nitrogen, as well as nitrifying bacteria or those 
involved in the process of photosynthesis. 
Bacteria also help maintain and improve soil 
quality and health, improve soil aeration and 
structure. The fact that bacteria ensure soil 
stability proves their importance in revitalizing 
degraded soils. Cyanobacteria are ubiquitous, 
belong to the group of bacteria, the first to 
appear in terrestrial ecosystems, and are 
autotrophic. They are involved in the 
biogeochemical cycles of carbon and nitrogen. 
They improve the structure of the soil, 
increasing its fertility (Chamizo et al., 2018). 
Actinomycetes belong to a large group of 
bacteria, they are filamentous, saprophytic, and 
parasitic. They actively participate in the 
mineralization of organic compounds, resulting 
in beneficial associations with the roots of 
some plants. The genus Streptomyces 
synthesizes antibiotics that help maintain a 
certain balance of soil microflora. Their 
number is from a few hundred thousand to a 
few million/gram of soil. 
The genera of actinomycetes common to the 
soil are Streptomyces sp., Nocardia sp., 
Micromonospora sp., Actinoplanes sp., 
Sreptosporangium sp. 
The varied metabolic potential of telluric 
bacterial populations, recommends them as the 
main pawns in various degradative processes 
and the annihilation of natural or anthropogenic 
pollutants and determines the diversity within 
the microbial community. Among the best 
decomposers, we mention actinomycetes 
(Actinobacteria) which are also major 
producers of antibiotics. All metabolic 
processes are catalyzed by enzymes.  

Among the groups or bacterial species that 
serve as indicators of environmental quality, 
Sumampouw and Risjani (2014) mentions 
coliform bacteria, through the most 
representative exponent - Escherichia coli, 
Streptococcus sp., Pseudomonas sp., Vibrio sp., 
Clostridia sp., Bifidobum sp., Arcobacter sp., 
and Thiobacillus sp.  
Many studies recommend the use of bacteria as 
indicators for soil imbalances. These 
imbalances can be caused by pollution with 
household waste, industry, fertilizers, 
pesticides (Kure et al., 2018), petroleum 
products, heavy metals (Oksfriani et al., 2014), 
and many others. 
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can be harmful to both the environment 
(terrestrial and aquatic ecosystems), and human 
health (Gutberlet and Uddin, 2017; Virsta and 
Sandu, 2020). The amount of garbage has 
increased with the increasing population, 
urbanization, and industrialization. For 
example, in the EU member states, every year 
around 3 billion tons of solid waste are thrown 
away (Panagos et al., 2013).  
For efficient waste management, each 
European state has a national waste 
management plan. However, uncontrolled 
disposal, especially in peri-urban and rural 
areas, may result in severe heavy metal 
pollution occurring in water, soil, and plants 
(Ferronato and Toretta, 2019).  
The main sources of waste in peri-urban areas 
are those from construction and demolition 
(C&D), especially because of the poor 
availability of land in growing urban areas for 
landfill sites. C&D waste represents more than 
25% of the total municipal solid waste disposed 
of in landfills.  
Increasing the volume of C&D waste has long-
term negative effects on the environment, as 
well as harmful economic and social 
consequences (Yeheyis et al., 2013).  
C&D waste management is still an unsolved 
issue in some European countries (Romania, 
Poland, Croatia).  

The illegal dumping of C&D waste consisting 
of abandonment or improper storage on 
farming soil reflects C&D waste 
mismanagement (Mihai, 2019). 
Soil pollution with construction and 
demolition waste 
The composition of C&D waste is complex, 
the most commonly identified compounds 
being heavy metals, organic compounds, 
carbon, methane, sulfide, and hydrogen 
sulphide (Table 2).  
The most important consequences of improper 
disposal of these wastes are soil pollution by 
heavy metals, which results in the degradation 
of the quality of the soil. Soils contaminated 
with heavy metals limit the development of 
plants due to their toxicity. Also, heavy metal 
toxicity affects microbial population size, 
diversity, and activity, as well as their genetic 
structure (Ayangbenro and Babalola, 2016). 
Moreover, long-term studies show that some 
compounds emit gases (e.g. hydrogen 
sulphide), which pollute the areas where they 
are stored (Chung, 2019; Wu et al., 2019).  
Except for some materials (e.g. wood, gypsum, 
some plastics, and some paints), most of the 
components from C&D waste are not 
biodegradable (Yeheyis et al., 2013). Often, the 
concentrations of Cr, Cu, Ni, and Zn exceed 
maximum admitted concentrations for 
environmental matrices (Bianchini et al., 2020; 
Gao et al., 2015).  
PAHs are widely present as contaminants in the 
environment, including soil, leading to 
widespread and accumulation in vegetation and 
ultimately in the food chain, with serious 
consequences for the public health (toxic, 
mutagenic, carcinogenic potential) (Ghosal et 
al., 2016).  
The most important sources of soil PAH 
pollution are considered different industries, 
waste, and human activities (Lawal and Fantke, 
2014).  
The highest concentrations of PAH were found 
on the bituminous surfaces, chimney soot, and 
asphalt and in the case of the demolition waste 
category (Butera et al., 2014; Roussat, 2008). 
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Table 2. Waste composition in peri-urban soil pollution 

Type of waste Composition Pollutant composition 
Common 
adversely 

effects 
Sources 

Construction 
and demolition 
waste  

concrete, bricks, cement, 
ceramic, bituminous 
mixtures, card, gypsum, 
insulation, asphalt, glass, 
steel, aluminum, plastics, 
paint, solvents, wood, 
asbestos, earth, and sand 
construction waste 

heavy metals (Co; Cr; Cu; 
Ni; Pb; V; Zn), organic 
matter (polycyclic aromatic 
hydrocrack), carbon, 
methane, sulfuret, 
hydrogen sulphide 

quality of 
soil,  
crop 
production, 
public health 

Bianchini et al. 
(2020); 
Chung et al. 
(2019); 
Ferronato and 
Torretta (2019); 
Ojuederie and 
Babalola (2017); 
Yeheyis et al. 
(2013); 
Wu et al. (2019) 

Domestic waste organic waste (food, 
drinks, and beverages), 
packaging waste (paper, 
card, plastics, metals, 
glass), chemical products 
(cleaning solvents, paints, 
pesticide), textile, wood  

microorganisms (Bacillus, 
Clostridium, lactic acid 
bacteria, Enterococcus, 
Listeria, Pseudomonas, 
Enterobacteriaceae) 
heavy metals 

 Burnley (2007); 
Chung et al. 
(2019); 
Gutberlet and 
Uddin (2017) 

 
Soil pollution with household waste 
The main constituents of household waste are 
paper and card, kitchen and garden waste, 
plastics, and glass, out of which, about 60% is 
biodegradable waste (Burnley, 2007). Research 
conducted by Bräutigam et al. (2014) showed 
that, in EU countries, the specific amount of 
food waste was between 174.8 kg (Slovakia) 
and 434 kg (Greece) per capita, with an average 
of 268.3 kg per capita, of which the group of 
fruits and vegetables represents on average, 
about 32%.  
Biological treatment of food waste has multiple 
advantages, including the recovery of plant 
nutrients and replacement of conventional 
fertilizers and peat, sequestration of carbon in 
the soil and mitigation of greenhouse gases, 
biogas production, and substitution of fossil 
fuels (Edjabou, 2016).  
Along with general household waste, 
household hazardous waste (HHW), which 
includes chemical fertilizers residues, 
pesticides, herbicides, cleaning products is 
disposed of in landfills.  
Residues potentially dangerous to the 
environment and public health can reach 4% of 
the total municipal solid waste (Adamcová, 
2016). 
The effect of heavy metals on soil 
microorganisms 
Metals are considered major pollutants for 
terrestrial and aquatic ecosystems, as a 

consequence of improper handling, treatment, 
or storage of waste (Valdman et al., 2001). 
Aljerf and AlMasri in 2018, mentioned that 
heavy metals tend to bioaccumulate and 
represent a real danger for the food chain 
(Aljerf and AlMasri, 2018).  
Metals are found in the earth's crust (Sarubbo et 
al., 2015) and are essential for the proper 
development of physiological processes (Pete 
et al., 2017), but anthropogenic surplus disrupts 
the activity of microorganisms (Förstner and 
Wittmann, 2012).  
Merchant and Helmann, in 2012, pointed out 
that processes, such as photosynthesis, nitrogen 
fixation, and respiration are dependent on metal 
ions. On the other hand, other studies have 
shown that the absence of too little metal can 
prevent the growth of bacteria (Hood and 
Skaar, 2012) and an excess amount exerts a 
bactericidal effect (Djoko et al., 2015). 
The effect of metals on the diversity of soil 
microorganisms 
Soils normally contain low levels of heavy 
metals, except in areas where agricultural, 
industrial, and municipal waste is found. The 
heavy metals commonly found in soil are lead 
(Pb), chromium (Cr), arsenic (As), zinc (Zn), 
cadmium (Cd), copper (Cu), mercury (Hg), and 
nickel (Ni). They occur in soil naturally, as a 
result of pedogenetic processes (conc < 1000 
mg kg-1), anthropogenic (pedogenetic processes 
(conc < 1000 mg kg-1), and anthropogenic 

(Kure et al., 2018). Some studies have 
highlighted metals in soil (lead, chromium, 
cadmium, copper, zinc, and selenium) stating 
that they do not exceed the critical threshold 
(WHO/FAO, 2001; UNEP 2013; Toth et al., 
2016). Heavy metals have low mobility in the 
environment, which means that the soil 
microbiota can be exposed to the harmful effect 
for a long time, regardless of concentration. 
Data from the literature show that 
microorganisms are quantitatively reduced in 
metal-contaminated ecosystems compared to 
uncontaminated environments (Kandeler et al., 
2000). Stress caused by metals differs 
depending on soil pH, organic matter content, 
cation exchange capacity, temperature, and 
moisture content (Bafiafith, 1989; Giller et al., 
1998). Heavy metals present in soils affect 
microorganisms and plants. It is also a danger 
to human and animal health, although most 
organisms play an important role in 
detoxification, especially bacteria that help the 
sustainable functioning of the biosphere (Díaz, 
2004). Research has shown that they can also 
have an inhibitory effect on bacteria, fungi, and 
actinomycetes (Wyszkowska et al., 2008; 
Lugauskas et al., 2005). 
The toxicity of heavy metals reduces or 
eliminates certain microorganisms from the 
environment and contributes to the 
modification of diversity and the selection of a 
tolerant microbiota (Moffett et al., 2003; 
Förstner and Wittmann, 2012). Xie et al. (2016) 
demonstrated that microbial diversity decreased 
with the increasing concentration of heavy 
metals (Xie et al., 2016). Subrahmanyam et al. 
(2016) mention several bacterial genera that 
include species that have developed 
mechanisms of resistance to certain heavy 
metals. This bacterial group includes both 
Gram-positive and Gram-negative species. The 
most representative genera are Bacillus, 
Arthrobacter, Corynebacterium, Pseudomonas, 
Alcaligenes, s.a (Subrahmanyam, 2016). Many 
biotic, enzymatic processes and implicitly the 
soil functions have been influenced by the 
presence of metals. Microbial activities can be 
affected by exposure to metals for both a longer 
and a shorter period time (Doelman, 1979; 
Hemida et al., 1997). These activities include 
soil respiration, which shows the global activity 
of microorganisms. Some authors have stated 

that it is the process most affected by the 
presence of heavy metals (Doelman, 1984). We 
must not forget the enzymatic activity that 
catalyzes all metabolic processes and which 
also suffered (Subrahmanyam et al., 2016). 
Another important activity is that carried out by 
denitrifying bacteria, which under conditions of 
anaerobiosis, reduces nitrate to nitrogen gas. 
According to some authors, this bacterial 
segment is strongly affected by metals (Holtan-
Hartwig et al., 2002). Sobolev and Begonia 
(2008) state that denitrifying bacteria adapt to 
higher concentrations of lead (concentrations of 
1 ppm, up to 500-2000 ppm), the result being 
the selection of resistant species. Lead (Pb) is 
one of the common metals that contaminate the 
soil and it is potentially toxic to 
microorganisms even at low concentrations. Pb 
can persist in the soil for 150 to 5000 years. 
The species that survive best in lead-
contaminated soils are part of the genus 
Bacillus (Bashir Kazaure, 2018). Sobolev and 
Begonia (2008) showed changes in the 
diversity of soil microorganisms even at the 
lowest concentration of lead (1 ppm). Some 
sources in the literature mention that cadmium 
is a toxic metal with a high capacity for 
bioaccumulation. According to studies by 
Forstner (1995), the biological half-life is about 
18 years. This study is also supported by Lin 
and Aarts (2012) who consider that cadmium 
has high mobility and can be transferred along 
the entire food chain. Changing the 
composition of the microbial community 
involves profound changes in the 
environmental biogeochemical processes 
(Holtan-Hartwig et al., 2002). Zinc is an 
essential micronutrient for the growth of all 
organisms, including microorganisms (White et 
al., 1973). It is a basic element of some 
enzymes and a factor that ensures the integrity 
and stability of some cellular structures 
(ribosomes, cytoplasmic membrane, 
deoxyribonucleic acid) (Prask and Plocke, 
1971). However, some studies have shown that 
high concentrations affect the survival and 
growth of microorganisms. Thus, the toxicity 
of zinc determined the reduction of bacterial 
diversity by 25% compared to uncontaminated 
soil. This effect also leads to a reduction in 
microbial uniformity. The dominant group in 
both soil types was Rubrobacter radiotolerans 
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Table 2. Waste composition in peri-urban soil pollution 

Type of waste Composition Pollutant composition 
Common 
adversely 

effects 
Sources 

Construction 
and demolition 
waste  

concrete, bricks, cement, 
ceramic, bituminous 
mixtures, card, gypsum, 
insulation, asphalt, glass, 
steel, aluminum, plastics, 
paint, solvents, wood, 
asbestos, earth, and sand 
construction waste 

heavy metals (Co; Cr; Cu; 
Ni; Pb; V; Zn), organic 
matter (polycyclic aromatic 
hydrocrack), carbon, 
methane, sulfuret, 
hydrogen sulphide 

quality of 
soil,  
crop 
production, 
public health 

Bianchini et al. 
(2020); 
Chung et al. 
(2019); 
Ferronato and 
Torretta (2019); 
Ojuederie and 
Babalola (2017); 
Yeheyis et al. 
(2013); 
Wu et al. (2019) 

Domestic waste organic waste (food, 
drinks, and beverages), 
packaging waste (paper, 
card, plastics, metals, 
glass), chemical products 
(cleaning solvents, paints, 
pesticide), textile, wood  

microorganisms (Bacillus, 
Clostridium, lactic acid 
bacteria, Enterococcus, 
Listeria, Pseudomonas, 
Enterobacteriaceae) 
heavy metals 

 Burnley (2007); 
Chung et al. 
(2019); 
Gutberlet and 
Uddin (2017) 

 
Soil pollution with household waste 
The main constituents of household waste are 
paper and card, kitchen and garden waste, 
plastics, and glass, out of which, about 60% is 
biodegradable waste (Burnley, 2007). Research 
conducted by Bräutigam et al. (2014) showed 
that, in EU countries, the specific amount of 
food waste was between 174.8 kg (Slovakia) 
and 434 kg (Greece) per capita, with an average 
of 268.3 kg per capita, of which the group of 
fruits and vegetables represents on average, 
about 32%.  
Biological treatment of food waste has multiple 
advantages, including the recovery of plant 
nutrients and replacement of conventional 
fertilizers and peat, sequestration of carbon in 
the soil and mitigation of greenhouse gases, 
biogas production, and substitution of fossil 
fuels (Edjabou, 2016).  
Along with general household waste, 
household hazardous waste (HHW), which 
includes chemical fertilizers residues, 
pesticides, herbicides, cleaning products is 
disposed of in landfills.  
Residues potentially dangerous to the 
environment and public health can reach 4% of 
the total municipal solid waste (Adamcová, 
2016). 
The effect of heavy metals on soil 
microorganisms 
Metals are considered major pollutants for 
terrestrial and aquatic ecosystems, as a 

consequence of improper handling, treatment, 
or storage of waste (Valdman et al., 2001). 
Aljerf and AlMasri in 2018, mentioned that 
heavy metals tend to bioaccumulate and 
represent a real danger for the food chain 
(Aljerf and AlMasri, 2018).  
Metals are found in the earth's crust (Sarubbo et 
al., 2015) and are essential for the proper 
development of physiological processes (Pete 
et al., 2017), but anthropogenic surplus disrupts 
the activity of microorganisms (Förstner and 
Wittmann, 2012).  
Merchant and Helmann, in 2012, pointed out 
that processes, such as photosynthesis, nitrogen 
fixation, and respiration are dependent on metal 
ions. On the other hand, other studies have 
shown that the absence of too little metal can 
prevent the growth of bacteria (Hood and 
Skaar, 2012) and an excess amount exerts a 
bactericidal effect (Djoko et al., 2015). 
The effect of metals on the diversity of soil 
microorganisms 
Soils normally contain low levels of heavy 
metals, except in areas where agricultural, 
industrial, and municipal waste is found. The 
heavy metals commonly found in soil are lead 
(Pb), chromium (Cr), arsenic (As), zinc (Zn), 
cadmium (Cd), copper (Cu), mercury (Hg), and 
nickel (Ni). They occur in soil naturally, as a 
result of pedogenetic processes (conc < 1000 
mg kg-1), anthropogenic (pedogenetic processes 
(conc < 1000 mg kg-1), and anthropogenic 

(Kure et al., 2018). Some studies have 
highlighted metals in soil (lead, chromium, 
cadmium, copper, zinc, and selenium) stating 
that they do not exceed the critical threshold 
(WHO/FAO, 2001; UNEP 2013; Toth et al., 
2016). Heavy metals have low mobility in the 
environment, which means that the soil 
microbiota can be exposed to the harmful effect 
for a long time, regardless of concentration. 
Data from the literature show that 
microorganisms are quantitatively reduced in 
metal-contaminated ecosystems compared to 
uncontaminated environments (Kandeler et al., 
2000). Stress caused by metals differs 
depending on soil pH, organic matter content, 
cation exchange capacity, temperature, and 
moisture content (Bafiafith, 1989; Giller et al., 
1998). Heavy metals present in soils affect 
microorganisms and plants. It is also a danger 
to human and animal health, although most 
organisms play an important role in 
detoxification, especially bacteria that help the 
sustainable functioning of the biosphere (Díaz, 
2004). Research has shown that they can also 
have an inhibitory effect on bacteria, fungi, and 
actinomycetes (Wyszkowska et al., 2008; 
Lugauskas et al., 2005). 
The toxicity of heavy metals reduces or 
eliminates certain microorganisms from the 
environment and contributes to the 
modification of diversity and the selection of a 
tolerant microbiota (Moffett et al., 2003; 
Förstner and Wittmann, 2012). Xie et al. (2016) 
demonstrated that microbial diversity decreased 
with the increasing concentration of heavy 
metals (Xie et al., 2016). Subrahmanyam et al. 
(2016) mention several bacterial genera that 
include species that have developed 
mechanisms of resistance to certain heavy 
metals. This bacterial group includes both 
Gram-positive and Gram-negative species. The 
most representative genera are Bacillus, 
Arthrobacter, Corynebacterium, Pseudomonas, 
Alcaligenes, s.a (Subrahmanyam, 2016). Many 
biotic, enzymatic processes and implicitly the 
soil functions have been influenced by the 
presence of metals. Microbial activities can be 
affected by exposure to metals for both a longer 
and a shorter period time (Doelman, 1979; 
Hemida et al., 1997). These activities include 
soil respiration, which shows the global activity 
of microorganisms. Some authors have stated 

that it is the process most affected by the 
presence of heavy metals (Doelman, 1984). We 
must not forget the enzymatic activity that 
catalyzes all metabolic processes and which 
also suffered (Subrahmanyam et al., 2016). 
Another important activity is that carried out by 
denitrifying bacteria, which under conditions of 
anaerobiosis, reduces nitrate to nitrogen gas. 
According to some authors, this bacterial 
segment is strongly affected by metals (Holtan-
Hartwig et al., 2002). Sobolev and Begonia 
(2008) state that denitrifying bacteria adapt to 
higher concentrations of lead (concentrations of 
1 ppm, up to 500-2000 ppm), the result being 
the selection of resistant species. Lead (Pb) is 
one of the common metals that contaminate the 
soil and it is potentially toxic to 
microorganisms even at low concentrations. Pb 
can persist in the soil for 150 to 5000 years. 
The species that survive best in lead-
contaminated soils are part of the genus 
Bacillus (Bashir Kazaure, 2018). Sobolev and 
Begonia (2008) showed changes in the 
diversity of soil microorganisms even at the 
lowest concentration of lead (1 ppm). Some 
sources in the literature mention that cadmium 
is a toxic metal with a high capacity for 
bioaccumulation. According to studies by 
Forstner (1995), the biological half-life is about 
18 years. This study is also supported by Lin 
and Aarts (2012) who consider that cadmium 
has high mobility and can be transferred along 
the entire food chain. Changing the 
composition of the microbial community 
involves profound changes in the 
environmental biogeochemical processes 
(Holtan-Hartwig et al., 2002). Zinc is an 
essential micronutrient for the growth of all 
organisms, including microorganisms (White et 
al., 1973). It is a basic element of some 
enzymes and a factor that ensures the integrity 
and stability of some cellular structures 
(ribosomes, cytoplasmic membrane, 
deoxyribonucleic acid) (Prask and Plocke, 
1971). However, some studies have shown that 
high concentrations affect the survival and 
growth of microorganisms. Thus, the toxicity 
of zinc determined the reduction of bacterial 
diversity by 25% compared to uncontaminated 
soil. This effect also leads to a reduction in 
microbial uniformity. The dominant group in 
both soil types was Rubrobacter radiotolerans 
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(Gram-positive bacteria) (Moffett, 2003). 
Chander and Brookes (1993) observed that at 
high zinc concentrations the total microbial 
biomass was reduced by 41% and the ratio 
between microbial biomass and organic carbon 
by 53%. This effect decreased over time as the 
zinc concentration decreased. Lawlor et al. 
(2000) found a correlation between total zinc or 
copper concentration and inhibition of 
bioluminescence in a strain of Pseudomonas 
fluorescens. Zinc, at a concentration of 10 mM, 
negatively influenced the bacteria Escherichia 
coli, the fungi Rhizoctonia solani, Fusarium 
solani, Cunninghamella echinulata, Aspergillus 
niger, and Trichoderma viride, but instead did 
not greatly influence the species Pseudomonas 
aeruginosa, Norcardia ajallina to the survival 
of the bacterium Bacillus cereus. Chromium is 
an essential micronutrient in mammalian 
metabolic processes (Mordenti and Piva, 1997), 
but it is a non-essential metal for other 
organisms (plants, microorganisms) (Cervantes 
et al., 2001). Chromium is present in soils as Cr 
(III) but can be oxidized to Cr (VI) (Bartlett, 
1997), the toxic form for all organisms. It is 
carcinogenic for mammals, respectively 
mutagenic for both bacteria and mammals. In 
general, it spreads in the environment (soil, 
water) through industrial and agricultural 
activities. Some studies have shown the 
resistance of microorganisms to this metal 
(Bopp et al., 1983; Cervantes, 1991; Turik et 
al., 1996). Viti and Giovannetti (2001) have 
shown that high concentrations of chromium 
affect both oxygen photosynthetic 
microorganisms and heterotrophic bacteria. 
The number (CFU) of heterotrophic bacteria 
was reduced in the contaminated soil (6.4 × 105 
g soil-1) compared to the control soil (1.0 × 10-6 
g soil-1). Gram-negative bacteria are also more 
sensitive than Gram-positive bacteria. Among 
cyanobacteria, species of the genus Nostoc 
dominated in soil with low chromium 
concentrations, but the number of species of 
this genus was reduced to high concentrations 
(Viti and Giovannetti, 2001). Mercury is 
considered one of the most toxic metals, which 
is not naturally present in living organisms and 
disrupts their functions by interacting with 
other essential elements (copper, zinc, iron, 
manganese, selenium, and calcium). 
Agricultural practices (application of 

herbicides, fungicides, insecticides, sludge) 
have led to the increased mercury content in the 
soil (Bryan and Langston, 1992; Azevedo and 
Rodriguez, 2012).  
Muller et al. (2001) observed that the structure 
and diversity of bacteria and protozoa are 
reduced by this metal, but no changes in fungal 
biomass occurred. Salam et al. (2019) observed 
that mercury causes imbalances in soil 
microorganisms. Thus, they noticed that in the 
soil sample treated with 250 mg HgCl2, there is 
a decrease of over 90% of the bacillus 
population. Also, of the 28 phylums reported in 
the untreated soil (Proteobacteria 41.55%, 
Firmicutes 31.46%, Actinobacteria 15.00%, 
Bacteroidetes 7.64%, and Candidatus 
saccharibacteria 1.84%) only 17 remained in 
the soil treaty. Some phylums were numerically 
affected (Firmicutes 5.36%, Actinobacteria 
11.79%), others were stimulated 
(Proteobacteria 56.55%, Planctomycetes 
14.67%, Bacteroidetes 11.46%), and the 
representatives of the Archaea domain were 
eliminated.  
The genera most affected by the presence of 
mercury were especially Staphylococcus 
(99.71%) and Brachybacterium (99.75%). So 
there is a reduction of taxons, but also 
individuals inside them. Some literature data 
have stated that under acidic conditions 
(Gabriel and Williamson, 2004) soil organic 
matter and mercury form stable complexes 
(Wang et al., 1997; Dreher and Follmer, 2004).  
The explanation given by some authors 
regarding the taxa that dominate the soil (even 
in the presence of metal) is, on the one hand, a 
large number of individuals within the taxon 
and, on the other hand, their high capacity to 
adapt to soil conditions (Goldfarb et al. 2011; 
Trivedi et al., 2016; Yin et al., 2017). Also, the 
increase of the representatives of a taxon can be 
attributed to the pH of the soil which decreased 
in the presence of the metal and the appearance 
of resistant strains (Schmidt et al., 1981; 
Kulichevskaya et al., 2008; Guo et al., 2012). 
On the other hand, Wagner-Dobler et al. (2000) 
stated that resistant strains can reduce the 
concentration of metal in contaminated soil.  
Recent data have shown the resistance of 
Proteus mirabilis to heavy metals (Fatimawali 
et al., 2019; Zhang et al., 2013). Acuña et al. 
(2013) isolated an Acidithiobacillus caldus 

strain that can detoxify mercury-contaminated 
ecosystems. Although naturally present in the 
environment, arsenic in mobile form is an 
environmentally dangerous metal. Its presence 
in the environment is also a consequence of 
anthropogenic actions (Di et al., 2019).  
The toxicity of arsenic depends on 
environmental conditions, but also the 
metabolic potential and detoxification of 
microorganisms (Bhattacharya, 2007). The 
involvement of the microbial community in the 
biogeochemical cycle of arsenic is already 
known (Huang, 2014). Also, microorganisms 
have developed and continue to develop 
mechanisms of resistance to this metal (Andres 
and Bertin, 2016), so the number of sensitive 
microorganisms are difficult to specify. 
The resistance of organisms to low 
concentrations of arsenic (< 7 ppm) has been 
reported by many authors (Jackson et al., 
2005). 
 
BIOREMEDIATION 
 
Some heavy metals, namely Cu, Zn, and Fe, are 
essential for the normal growth of 
microorganisms but can become toxic at high 
concentrations. It has been shown that heavy 
metals affect the microbial population, with 
negative influences on morphology, growth, 
metabolic activities, leading to decreased 
biomass and soil microbial diversity.  
The tolerance of soil microorganisms to heavy 
metal contamination varies widely, and the 
proportion of resistant cultivable 
microorganisms can range from 10% to almost 
100% (Abdu et al., 2017; Kamal et al., 2010). 
Bioremediation is a modern technique using 
particularly microorganisms or their products 
for the removal of heavy metals in polluted 
environments, to restore the polluted 
environment to its original condition. Since 
microbial processes mediate bioremediation, 
two important ways are used to accelerate 
microbial activity in polluted areas, namely: 
biostimulation and bioaugmentation. 
Biostimulation involves the addition of 
nutrients or substrates to contaminated soil to 
stimulate the autochthonous microorganisms, 
and bioaugmentation refers to the introduction 
or increase of the microbial population with 

degradation properties of polluting compounds 
(Azubuike et al., 2016). 
Microbial remediation uses various 
microorganisms to inactivate heavy metals in 
the soil, through various mechanisms, including 
absorption, precipitation, oxidation, and 
reduction. Various factors influence this 
microbial activity, such as metal bioavailability 
to the microbe, pollutant concentration, and soil 
characteristics (moisture content, nutrients, 
osmotic pressure, oxygen, pH, redox potential, 
temperature, soil structure, etc.). Although the 
toxicity of heavy metals is influenced by some 
soil characteristics (organic matter, divalent 
cation concentrations, and pH), the relative 
toxicity of some metals, namely Cd, Cu, Zn, 
and Pb, appear to be the same, regardless of 
soil type (Ayangbenro and Babalola, 2016). 
The most common mechanisms by which 
microorganisms uptake heavy metals from the 
soil are biosorption (passive uptake) and 
bioaccumulation (active uptake).  
Metal-binding metabolites, extracellular 
polymeric substances, including microbial 
biofilm structures, can bind significant amounts 
of heavy metals. It seems that fungi are the 
most resistant to the action of heavy metals, 
followed by Gram-negative and Gram-positive 
bacteria (Enuneku et al., 2020). However, the 
structure of the cell wall influences the number 
of heavy metals absorbed. Thus, in Gram-
positive bacteria, the process of biosorption is 
more efficient, due to the presence of 
glycoproteins, compared to the Gram-negative 
bacteria, which contain phospholipids and LPS 
in their wall cell. 
Several bacterial species, including 
Pseudomonas, Enterobacter, Streptomyces, 
Rhodococcus, Amycolatopsis, Escherichia, 
Bacillus, and Micrococcus, have proven special 
biosorption capacity (Ayangbenro and 
Babalola, 2016; Sharma et al., 2018; Wang and 
Chen, 2008).  
Fungi (Trichoderma, Aspergillus, Mucor, 
Rhizopus, Pleuritus, Penicillium), and algae 
(Asparagopsis, Codium, Padina, Cystoseira, 
etc.) are also used to remedy areas 
contaminated with heavy metals, due to their 
ability to accumulate toxic metals (Ayangbenro 
and Babalola, 2016; Tiwari and Lata, 2018; 
Sharma et al., 2018).  
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(Gram-positive bacteria) (Moffett, 2003). 
Chander and Brookes (1993) observed that at 
high zinc concentrations the total microbial 
biomass was reduced by 41% and the ratio 
between microbial biomass and organic carbon 
by 53%. This effect decreased over time as the 
zinc concentration decreased. Lawlor et al. 
(2000) found a correlation between total zinc or 
copper concentration and inhibition of 
bioluminescence in a strain of Pseudomonas 
fluorescens. Zinc, at a concentration of 10 mM, 
negatively influenced the bacteria Escherichia 
coli, the fungi Rhizoctonia solani, Fusarium 
solani, Cunninghamella echinulata, Aspergillus 
niger, and Trichoderma viride, but instead did 
not greatly influence the species Pseudomonas 
aeruginosa, Norcardia ajallina to the survival 
of the bacterium Bacillus cereus. Chromium is 
an essential micronutrient in mammalian 
metabolic processes (Mordenti and Piva, 1997), 
but it is a non-essential metal for other 
organisms (plants, microorganisms) (Cervantes 
et al., 2001). Chromium is present in soils as Cr 
(III) but can be oxidized to Cr (VI) (Bartlett, 
1997), the toxic form for all organisms. It is 
carcinogenic for mammals, respectively 
mutagenic for both bacteria and mammals. In 
general, it spreads in the environment (soil, 
water) through industrial and agricultural 
activities. Some studies have shown the 
resistance of microorganisms to this metal 
(Bopp et al., 1983; Cervantes, 1991; Turik et 
al., 1996). Viti and Giovannetti (2001) have 
shown that high concentrations of chromium 
affect both oxygen photosynthetic 
microorganisms and heterotrophic bacteria. 
The number (CFU) of heterotrophic bacteria 
was reduced in the contaminated soil (6.4 × 105 
g soil-1) compared to the control soil (1.0 × 10-6 
g soil-1). Gram-negative bacteria are also more 
sensitive than Gram-positive bacteria. Among 
cyanobacteria, species of the genus Nostoc 
dominated in soil with low chromium 
concentrations, but the number of species of 
this genus was reduced to high concentrations 
(Viti and Giovannetti, 2001). Mercury is 
considered one of the most toxic metals, which 
is not naturally present in living organisms and 
disrupts their functions by interacting with 
other essential elements (copper, zinc, iron, 
manganese, selenium, and calcium). 
Agricultural practices (application of 

herbicides, fungicides, insecticides, sludge) 
have led to the increased mercury content in the 
soil (Bryan and Langston, 1992; Azevedo and 
Rodriguez, 2012).  
Muller et al. (2001) observed that the structure 
and diversity of bacteria and protozoa are 
reduced by this metal, but no changes in fungal 
biomass occurred. Salam et al. (2019) observed 
that mercury causes imbalances in soil 
microorganisms. Thus, they noticed that in the 
soil sample treated with 250 mg HgCl2, there is 
a decrease of over 90% of the bacillus 
population. Also, of the 28 phylums reported in 
the untreated soil (Proteobacteria 41.55%, 
Firmicutes 31.46%, Actinobacteria 15.00%, 
Bacteroidetes 7.64%, and Candidatus 
saccharibacteria 1.84%) only 17 remained in 
the soil treaty. Some phylums were numerically 
affected (Firmicutes 5.36%, Actinobacteria 
11.79%), others were stimulated 
(Proteobacteria 56.55%, Planctomycetes 
14.67%, Bacteroidetes 11.46%), and the 
representatives of the Archaea domain were 
eliminated.  
The genera most affected by the presence of 
mercury were especially Staphylococcus 
(99.71%) and Brachybacterium (99.75%). So 
there is a reduction of taxons, but also 
individuals inside them. Some literature data 
have stated that under acidic conditions 
(Gabriel and Williamson, 2004) soil organic 
matter and mercury form stable complexes 
(Wang et al., 1997; Dreher and Follmer, 2004).  
The explanation given by some authors 
regarding the taxa that dominate the soil (even 
in the presence of metal) is, on the one hand, a 
large number of individuals within the taxon 
and, on the other hand, their high capacity to 
adapt to soil conditions (Goldfarb et al. 2011; 
Trivedi et al., 2016; Yin et al., 2017). Also, the 
increase of the representatives of a taxon can be 
attributed to the pH of the soil which decreased 
in the presence of the metal and the appearance 
of resistant strains (Schmidt et al., 1981; 
Kulichevskaya et al., 2008; Guo et al., 2012). 
On the other hand, Wagner-Dobler et al. (2000) 
stated that resistant strains can reduce the 
concentration of metal in contaminated soil.  
Recent data have shown the resistance of 
Proteus mirabilis to heavy metals (Fatimawali 
et al., 2019; Zhang et al., 2013). Acuña et al. 
(2013) isolated an Acidithiobacillus caldus 

strain that can detoxify mercury-contaminated 
ecosystems. Although naturally present in the 
environment, arsenic in mobile form is an 
environmentally dangerous metal. Its presence 
in the environment is also a consequence of 
anthropogenic actions (Di et al., 2019).  
The toxicity of arsenic depends on 
environmental conditions, but also the 
metabolic potential and detoxification of 
microorganisms (Bhattacharya, 2007). The 
involvement of the microbial community in the 
biogeochemical cycle of arsenic is already 
known (Huang, 2014). Also, microorganisms 
have developed and continue to develop 
mechanisms of resistance to this metal (Andres 
and Bertin, 2016), so the number of sensitive 
microorganisms are difficult to specify. 
The resistance of organisms to low 
concentrations of arsenic (< 7 ppm) has been 
reported by many authors (Jackson et al., 
2005). 
 
BIOREMEDIATION 
 
Some heavy metals, namely Cu, Zn, and Fe, are 
essential for the normal growth of 
microorganisms but can become toxic at high 
concentrations. It has been shown that heavy 
metals affect the microbial population, with 
negative influences on morphology, growth, 
metabolic activities, leading to decreased 
biomass and soil microbial diversity.  
The tolerance of soil microorganisms to heavy 
metal contamination varies widely, and the 
proportion of resistant cultivable 
microorganisms can range from 10% to almost 
100% (Abdu et al., 2017; Kamal et al., 2010). 
Bioremediation is a modern technique using 
particularly microorganisms or their products 
for the removal of heavy metals in polluted 
environments, to restore the polluted 
environment to its original condition. Since 
microbial processes mediate bioremediation, 
two important ways are used to accelerate 
microbial activity in polluted areas, namely: 
biostimulation and bioaugmentation. 
Biostimulation involves the addition of 
nutrients or substrates to contaminated soil to 
stimulate the autochthonous microorganisms, 
and bioaugmentation refers to the introduction 
or increase of the microbial population with 

degradation properties of polluting compounds 
(Azubuike et al., 2016). 
Microbial remediation uses various 
microorganisms to inactivate heavy metals in 
the soil, through various mechanisms, including 
absorption, precipitation, oxidation, and 
reduction. Various factors influence this 
microbial activity, such as metal bioavailability 
to the microbe, pollutant concentration, and soil 
characteristics (moisture content, nutrients, 
osmotic pressure, oxygen, pH, redox potential, 
temperature, soil structure, etc.). Although the 
toxicity of heavy metals is influenced by some 
soil characteristics (organic matter, divalent 
cation concentrations, and pH), the relative 
toxicity of some metals, namely Cd, Cu, Zn, 
and Pb, appear to be the same, regardless of 
soil type (Ayangbenro and Babalola, 2016). 
The most common mechanisms by which 
microorganisms uptake heavy metals from the 
soil are biosorption (passive uptake) and 
bioaccumulation (active uptake).  
Metal-binding metabolites, extracellular 
polymeric substances, including microbial 
biofilm structures, can bind significant amounts 
of heavy metals. It seems that fungi are the 
most resistant to the action of heavy metals, 
followed by Gram-negative and Gram-positive 
bacteria (Enuneku et al., 2020). However, the 
structure of the cell wall influences the number 
of heavy metals absorbed. Thus, in Gram-
positive bacteria, the process of biosorption is 
more efficient, due to the presence of 
glycoproteins, compared to the Gram-negative 
bacteria, which contain phospholipids and LPS 
in their wall cell. 
Several bacterial species, including 
Pseudomonas, Enterobacter, Streptomyces, 
Rhodococcus, Amycolatopsis, Escherichia, 
Bacillus, and Micrococcus, have proven special 
biosorption capacity (Ayangbenro and 
Babalola, 2016; Sharma et al., 2018; Wang and 
Chen, 2008).  
Fungi (Trichoderma, Aspergillus, Mucor, 
Rhizopus, Pleuritus, Penicillium), and algae 
(Asparagopsis, Codium, Padina, Cystoseira, 
etc.) are also used to remedy areas 
contaminated with heavy metals, due to their 
ability to accumulate toxic metals (Ayangbenro 
and Babalola, 2016; Tiwari and Lata, 2018; 
Sharma et al., 2018).  
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CONCLUSIONS 
 
Bioremediation is the phenomenon by which 
microorganisms, capable of degrading organic 
or inorganic pollutants in the lithosphere, bring 
the soil back into the agricultural circuit. Thus, 
among the microorganisms with the highest 
biodegradation capacity, the following bacterial 
genera can be listed - Arthrobacter sp., Bacillus 
sp., Flavobacterium sp., Micrococcus sp., 
Pseudomonas sp., Thiobacillus sp. or fungal - 
Aspergillus sp., Penicillium sp., Rhizopus sp. 
and Trichoderma sp.  
The efficiency of bioremediation is influenced 
by certain physicochemical factors of the 
substrate subjected to depollution: 
environmental pH, temperature, humidity, 
texture, permeability, and soil bioventilation, 
but also by the quality and quantity of the 
contaminant.  
Micro-organisms intended for the soil 
decontamination process must adapt to existing 
environmental conditions and competition with 
other micro-organisms. Thus, for the 
bioremediation process to be efficient, the 
environment must be favorable for the 
multiplication of depolluting microorganisms. 
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CONCLUSIONS 
 
Bioremediation is the phenomenon by which 
microorganisms, capable of degrading organic 
or inorganic pollutants in the lithosphere, bring 
the soil back into the agricultural circuit. Thus, 
among the microorganisms with the highest 
biodegradation capacity, the following bacterial 
genera can be listed - Arthrobacter sp., Bacillus 
sp., Flavobacterium sp., Micrococcus sp., 
Pseudomonas sp., Thiobacillus sp. or fungal - 
Aspergillus sp., Penicillium sp., Rhizopus sp. 
and Trichoderma sp.  
The efficiency of bioremediation is influenced 
by certain physicochemical factors of the 
substrate subjected to depollution: 
environmental pH, temperature, humidity, 
texture, permeability, and soil bioventilation, 
but also by the quality and quantity of the 
contaminant.  
Micro-organisms intended for the soil 
decontamination process must adapt to existing 
environmental conditions and competition with 
other micro-organisms. Thus, for the 
bioremediation process to be efficient, the 
environment must be favorable for the 
multiplication of depolluting microorganisms. 
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Abstract  
 
Geographic origin of durian (Durio zibethinus Murray) can influence consumers purchasing decisions. A guaranteed 
geographical origin is extremely useful to maintain the credibility and popularity of this fruit. The objective of this work 
is to confirm geographical identification (GI) of durian Monthong from Prachuap Kiri Khan Province from south of 
Thailand which achieved the GI lable from the department of intellectual property by near infrared spectroscopy 
(NIRs). Total of 60 durian Monthong samples were acquired in the wavenumber range of 12,500-4,000 cm-1by FT-NIR 
spectrometer. The sample presentation for scanning were 3 forms including intact peel (with thorns), cut-thorns peel 
and stem of the fruit. Soft independent modeling of class analogy (SIMCA), partial least squares discriminant analysis 
(PLS-DA) and support vector machine classification (SVMC) were used to establish identification model using the full 
spectra. Overall classification accuracy of SVMC was the highest in training and validation set of stems which was 
100% and 100%, respectively. This study indicated that NIRs might be a method to guaranteed geographic origin of 
durian Monthong from Prachuap Kiri Khan. However, more robust model should be developed by using more samples.  
 
Key words: durian Monthong, geographic origin, geographical identification. 
 
INTRODUCTION  

 
Geographic origin of durian (Durio zibethinus 
Murray) can influence consumers purchasing 
decisions. A guaranteed geographical origin is 
extremely useful to maintain the credibility and 
popularity of this fruit. Different varieties or 
geographical origins of durian fruits offers a 
different flavour and texture. For the 
geographical origin, the observed differences 
were due to seasons, climates, soil minerals, 
irrigation, fertilizer, spraying, and planting 
method. These factors were controlled by the 
farmers guided by durian fruit experts. The 
price of durian depends on the season and its 
geographical origin. Both these two variables 
causes variation in texture and flavor, which is 
cannot be visually identified. The geographical 
indication (GI labeling) of durian from 
difference province in Thailand, has its own 
trademark and patent law from Department of 
Intellectual Property (DIP), which is under the 
supervision of Ministry of Commerce. The 

label could bestated as a local brand that indi-
cates the quality and source of the product. As 
well as durian plants in Malaysia, Chanachot et 
al. (2020) indicated the geographic origin of 
durian in Penang, Malaysia. Therefore, the geo-
graphic origin should be identified by analy-
tical methods, otherwise the false identification 
of the fruit’s geographical origin could have a 
negative impact on the image of that country’s 
export products (Chanachot et al., 2020). This 
way the GI label, it might have subrogation.  
Currently the discrimination method of durian 
geographical origin is limited to the detection 
of a few active components, using analytical 
methods. DNA is an abbreviation for deoxyri-
bonucleic acid, any living thing that makes up 
strands of DNA which the once method that 
can identify durian cultivars (Sales, 2015). This 
method is time-consuming, uses chemicals and 
requires special human skill.  
The one method which could be used to 
identify the geographic origin of durian 
Monthong from Prachuap Kiri Khan Province 
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is NIR spectroscopy. The resultant spectrum 
contains information specific to the molecular 
vibrational aspects of the sample, its physical 
properties, and its unique interaction with the 
measuring instrument (Workman & Weyer, 
2012). Relating the spectra to the chemical 
structure of the measured samples is referred to 
as spectra-structure correlation. The exclusive 
use of chemometrics alone provides a weak 
basis for analytical science (Workman & 
Weyer, 2012). Nowadays, Traditional Chinese 
Medicine (TCM) is using modern NIR 
spectroscopy in combination with chemometric 
methods to offer reliable species authentication 
and accurate geographical origin discrimination 
of herbal medicine. It is expected NIR 
spectroscopy in combination with chemometric 
methods to be further employed in the 
authentication and quality control of herbal 
medicines (Wang & Yu, 2015). For several 
herbal medicines: Rhizoma corydalis (Lai & 
Kokot, 2011), Ganoderma lucidum (Chen et 
al., 2008), Angelicae gigantis radix (Woo et al., 
2015), Glycyrrhizia uralensis Fisch (Wang et 
al., 2007), Scrophulariae radix (Lee et al., 
2011), Peucedanum peucedanum (Zhu et al., 
2011) and Paeoniae radix (Luo et al., 2008), 
which were classified by discriminant analysis 
(DA), a similar model analysis of class analysis 
(SIMCA) (Chen et al., 2008) and partial 
discriminant analysis of the smallest squares 
(PLS-DA) was used. In studies of herbal 
medicines, the combination of classical 
analytical methods with NIR can provide the 
necessary accuracy, with a correct 
discrimination from acceptable up to 100%. 
Present, both agricultural product and food are 
characterized using NIRs. There are studies 
which are using NIR for to distinguish between 
peach varieties (Guo et al., 2016), to identify 
the geographical origin of apples (Eisenstecken 
et al., 2019) and Goji berry (Tingting et al., 
2016). Most recently, NIRs combined with a 
support vector machine classification (SVMC) 
were used for the classification of almonds 
(Prunus dulcis MILL.), which showed a 
classification accuracy of 80.2% (± 1.9 %) of 
the validation set for determining the origin of 
freeze - drying almonds (Arndt et al., 2020). 
The objective of this work is to confirm the 
geographical identification (GI) of durian, cv. 
Monthong, from Prachuap Kiri Khan Province 

from south of Thailand, which achieved the GI 
label separated from the durian from 
Chanthaburi by using NIRs, which is a method 
with the advantages of fast analytical speed, 
easy operation, non-destructive measurement, 
and dependability.  
 
MATERIALS AND METHODS  
 
Durian sample collection  
Durian samples of Prachuap Kiri Khan 
Province from South of Thailand and 
Chanthaburi Province from East of Thailand 
were randomly picked from 5-10-year-old 
durian trees in 3 local orchards in each 
province with different owners.  
The conditions of picking up durian samples is 
determined by National Bureau of Agricultural 
Commodity and Food Standards (Bureau of 
Commercial Provincial Office of the Permanent 
Secretary Ministry of Commerce, 2020). Fruits 
were harvest 120 days after anthesis (DAA) 
and the fruit weight was between 2.5-3.5 kg. 
The plants were irrigated, fertilized and sprayed 
by their owners guided by durian fruit experts. 
Totally 60 durian samples were transported 
direct to the NIRs Research Centre of 
Agriculture Product and Food, Department of 
Agricultural Engineering, School of 
Engineering, King Mongkut’s Institute of 
Technology Ladkrabang, Thailand. Then, kept 
at approximately 25ºC room temperature 
overnight prior to further measurements. All 
measurements were undertaken at room 
temperature (25 ± 2ºC). 
 
NIR spectra collection  
NIR spectral data were acquired in the 
wavenumber range of 12500-4000 cm-1 in 
diffuse reflectance mode with scanning 
resolution of 16 cm-1 in absorbance mode and 
there were 32 scans for 1 average spectrum of 
the sample by the FT-NIR spectrometer (Multi-
Purpose Analyzer, MPA, Bruker optics, 
Leipzig, Germany). The surfaces of whole 
durian samples were chosen at the biggest 3-4 
of locules at the middle of locule of the whole 
sample were chosen for scanning (3 times 
scanning per position). Black sponge was used 
to cover between sample and light beam source 
from spectrometer to avoid leaking of light. 
The sample presentation for scanning were 3 

 

forms including intact peel (with thorns), cut-
thorns peel and stem of the fruit.  
Chemometric methods 
Durian samples were divided into training set 
and validation set in ratio 2/3 and 1/3, 
respectively. Multivariate analysis including 
principal component analysis (PCA), soft 
independent modeling of class analogy 
(SIMCA), partial least squares discriminant 
analysis (PLS-DA), and support vector 
machine classification (SVMC) were applied to 
extract relevant features from the spectral data 
and to remove the anomalous samples. Soft 
independent modeling of class analogy 
(SIMCA) calculated a PCA model for each 
class. The unknown sample will be identified 
and sorted by class by comparing the residual 
variance of the modelled class with the residual 
variance of the unknown samples and the 
optimal number of PCs must be selected (Luna 
et al., 2013). The best classification 
performance of SIMCA is obtained when the 
distance between data is the largest (Luna et al., 
2013). Partial least squares discriminant 
analysis (PLS-DA) was also used. A PLS 
regression model relates the independent 
variables (here spectra) to an integer y that 
designates the class of the sample. For 
example, the number one (1) is used to indicate 
that the training sample belongs to the class of 
interest, and a zero (0) indicates that the sample 
belongs to a different class. Classification of an 
unknown sample is derived from the value 
predicted by the PLS model, ŷ (Arndt et al., 
2020). This value is a real number, not an 
integer, which should be ideally close to the 
values used to codify the class (here either 0 or 
1). A cut-off value between 0 and 1 is 
established so that a sample is assigned to class 
1 if the prediction is larger than the cut-off 
value or assigned to class 0 otherwise (Arndt et 
al., 2020). The simplest approach is to use an 
arbitrary cut-off value, such as 0.5. SVMC is a 
classification method based on statistical 
learning wherein a function that describes a 
hyperplane for optimal separation of classes is 
determined (Camo Software AS, Oslo, 
Norway). Classification of an object is carried 
out strictly by assigning it to the class on either 
side of the separating plane (hyperplane). To 
deal with overlapping classes, one approach is 
to allow for some objects to be on the wrong 

side of the margin (Otto, 2016). A kernel 
function is used to map from the original space 
to the feature space, and can be of many forms, 
thus providing the ability to handle nonlinear 
classification cases (Camo Software AS, Oslo, 
Norway). Classification analysis was carried 
out using Unscrambler 9.8 software (Camo 
Software AS, Oslo, Norway). The % accuracy 
and % correct classification rate (% CCR) were 
calculated as follows: Accuracy = [number of 
(TP+ TN)/number of (TP+ TN+ FP + FN)] × 
100%; TP is true positive, which is the event 
that a positive sample is classified as a positive 
example, TN is true negative, which is the 
event that a negative sample is classified as a 
negative example, FP is false positive, which is 
the event that a negative sample is classified as 
a positive example, FN is false negative, which 
is the event that a positive sample is classified 
as a negative example; and % CCR = [(correct 
classify samples/total of samples)  100%]. 
Both % accuracy and % CCR were calculated 
to better mode in training set and validation set.  
 
RESULTS AND DISCUSSIONS  
 
Exploratory data analysis 
Raw spectra features, the absorption of 
Prachuap Kiri Khan and Chanthaburi Province 
form of samples; intact peel (with thorns), cut-
thorns peel and stem form. Most of high peak 
were dominated peak of water (at 10314, 8516, 
6897, and 5230 cm-1). A small peak at 7413 
cm-1 (around 1360 nm) was due to the 
absorption band associated with the 2 x C ̶ H 
str. + C ̶ H def. of CH3. The peak at 5585 cm-1 
(around 1780 nm) was due to the absorption 
band associated with the C ̶ H str. first overtone 
of cellulose and the peak at 4000 cm-1 (2500 
nm) was absorption band of C ̶ H str. + C ̶ C 
str. of starch (Figure 1a) (Osborne, 2006). By 
visual comparison of average raw spectra of 
durian sample in all forms, no significantly 
spectral differences were found. Todiscriminate 
sample according to the geographical origin is 
very difficult just visual examination. 
Accordingly, NIR spectroscopy combined with 
pattern recognition technique for discriminate 
of origin is necessary (Duan et al., 2014). For 
spectral comparison, the Savitzy-Golay 2nd 
Derivative, 2 Polynomial order with 11 
smoothing points were examined into all forms. 
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is NIR spectroscopy. The resultant spectrum 
contains information specific to the molecular 
vibrational aspects of the sample, its physical 
properties, and its unique interaction with the 
measuring instrument (Workman & Weyer, 
2012). Relating the spectra to the chemical 
structure of the measured samples is referred to 
as spectra-structure correlation. The exclusive 
use of chemometrics alone provides a weak 
basis for analytical science (Workman & 
Weyer, 2012). Nowadays, Traditional Chinese 
Medicine (TCM) is using modern NIR 
spectroscopy in combination with chemometric 
methods to offer reliable species authentication 
and accurate geographical origin discrimination 
of herbal medicine. It is expected NIR 
spectroscopy in combination with chemometric 
methods to be further employed in the 
authentication and quality control of herbal 
medicines (Wang & Yu, 2015). For several 
herbal medicines: Rhizoma corydalis (Lai & 
Kokot, 2011), Ganoderma lucidum (Chen et 
al., 2008), Angelicae gigantis radix (Woo et al., 
2015), Glycyrrhizia uralensis Fisch (Wang et 
al., 2007), Scrophulariae radix (Lee et al., 
2011), Peucedanum peucedanum (Zhu et al., 
2011) and Paeoniae radix (Luo et al., 2008), 
which were classified by discriminant analysis 
(DA), a similar model analysis of class analysis 
(SIMCA) (Chen et al., 2008) and partial 
discriminant analysis of the smallest squares 
(PLS-DA) was used. In studies of herbal 
medicines, the combination of classical 
analytical methods with NIR can provide the 
necessary accuracy, with a correct 
discrimination from acceptable up to 100%. 
Present, both agricultural product and food are 
characterized using NIRs. There are studies 
which are using NIR for to distinguish between 
peach varieties (Guo et al., 2016), to identify 
the geographical origin of apples (Eisenstecken 
et al., 2019) and Goji berry (Tingting et al., 
2016). Most recently, NIRs combined with a 
support vector machine classification (SVMC) 
were used for the classification of almonds 
(Prunus dulcis MILL.), which showed a 
classification accuracy of 80.2% (± 1.9 %) of 
the validation set for determining the origin of 
freeze - drying almonds (Arndt et al., 2020). 
The objective of this work is to confirm the 
geographical identification (GI) of durian, cv. 
Monthong, from Prachuap Kiri Khan Province 

from south of Thailand, which achieved the GI 
label separated from the durian from 
Chanthaburi by using NIRs, which is a method 
with the advantages of fast analytical speed, 
easy operation, non-destructive measurement, 
and dependability.  
 
MATERIALS AND METHODS  
 
Durian sample collection  
Durian samples of Prachuap Kiri Khan 
Province from South of Thailand and 
Chanthaburi Province from East of Thailand 
were randomly picked from 5-10-year-old 
durian trees in 3 local orchards in each 
province with different owners.  
The conditions of picking up durian samples is 
determined by National Bureau of Agricultural 
Commodity and Food Standards (Bureau of 
Commercial Provincial Office of the Permanent 
Secretary Ministry of Commerce, 2020). Fruits 
were harvest 120 days after anthesis (DAA) 
and the fruit weight was between 2.5-3.5 kg. 
The plants were irrigated, fertilized and sprayed 
by their owners guided by durian fruit experts. 
Totally 60 durian samples were transported 
direct to the NIRs Research Centre of 
Agriculture Product and Food, Department of 
Agricultural Engineering, School of 
Engineering, King Mongkut’s Institute of 
Technology Ladkrabang, Thailand. Then, kept 
at approximately 25ºC room temperature 
overnight prior to further measurements. All 
measurements were undertaken at room 
temperature (25 ± 2ºC). 
 
NIR spectra collection  
NIR spectral data were acquired in the 
wavenumber range of 12500-4000 cm-1 in 
diffuse reflectance mode with scanning 
resolution of 16 cm-1 in absorbance mode and 
there were 32 scans for 1 average spectrum of 
the sample by the FT-NIR spectrometer (Multi-
Purpose Analyzer, MPA, Bruker optics, 
Leipzig, Germany). The surfaces of whole 
durian samples were chosen at the biggest 3-4 
of locules at the middle of locule of the whole 
sample were chosen for scanning (3 times 
scanning per position). Black sponge was used 
to cover between sample and light beam source 
from spectrometer to avoid leaking of light. 
The sample presentation for scanning were 3 

 

forms including intact peel (with thorns), cut-
thorns peel and stem of the fruit.  
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respectively. Multivariate analysis including 
principal component analysis (PCA), soft 
independent modeling of class analogy 
(SIMCA), partial least squares discriminant 
analysis (PLS-DA), and support vector 
machine classification (SVMC) were applied to 
extract relevant features from the spectral data 
and to remove the anomalous samples. Soft 
independent modeling of class analogy 
(SIMCA) calculated a PCA model for each 
class. The unknown sample will be identified 
and sorted by class by comparing the residual 
variance of the modelled class with the residual 
variance of the unknown samples and the 
optimal number of PCs must be selected (Luna 
et al., 2013). The best classification 
performance of SIMCA is obtained when the 
distance between data is the largest (Luna et al., 
2013). Partial least squares discriminant 
analysis (PLS-DA) was also used. A PLS 
regression model relates the independent 
variables (here spectra) to an integer y that 
designates the class of the sample. For 
example, the number one (1) is used to indicate 
that the training sample belongs to the class of 
interest, and a zero (0) indicates that the sample 
belongs to a different class. Classification of an 
unknown sample is derived from the value 
predicted by the PLS model, ŷ (Arndt et al., 
2020). This value is a real number, not an 
integer, which should be ideally close to the 
values used to codify the class (here either 0 or 
1). A cut-off value between 0 and 1 is 
established so that a sample is assigned to class 
1 if the prediction is larger than the cut-off 
value or assigned to class 0 otherwise (Arndt et 
al., 2020). The simplest approach is to use an 
arbitrary cut-off value, such as 0.5. SVMC is a 
classification method based on statistical 
learning wherein a function that describes a 
hyperplane for optimal separation of classes is 
determined (Camo Software AS, Oslo, 
Norway). Classification of an object is carried 
out strictly by assigning it to the class on either 
side of the separating plane (hyperplane). To 
deal with overlapping classes, one approach is 
to allow for some objects to be on the wrong 

side of the margin (Otto, 2016). A kernel 
function is used to map from the original space 
to the feature space, and can be of many forms, 
thus providing the ability to handle nonlinear 
classification cases (Camo Software AS, Oslo, 
Norway). Classification analysis was carried 
out using Unscrambler 9.8 software (Camo 
Software AS, Oslo, Norway). The % accuracy 
and % correct classification rate (% CCR) were 
calculated as follows: Accuracy = [number of 
(TP+ TN)/number of (TP+ TN+ FP + FN)] × 
100%; TP is true positive, which is the event 
that a positive sample is classified as a positive 
example, TN is true negative, which is the 
event that a negative sample is classified as a 
negative example, FP is false positive, which is 
the event that a negative sample is classified as 
a positive example, FN is false negative, which 
is the event that a positive sample is classified 
as a negative example; and % CCR = [(correct 
classify samples/total of samples)  100%]. 
Both % accuracy and % CCR were calculated 
to better mode in training set and validation set.  
 
RESULTS AND DISCUSSIONS  
 
Exploratory data analysis 
Raw spectra features, the absorption of 
Prachuap Kiri Khan and Chanthaburi Province 
form of samples; intact peel (with thorns), cut-
thorns peel and stem form. Most of high peak 
were dominated peak of water (at 10314, 8516, 
6897, and 5230 cm-1). A small peak at 7413 
cm-1 (around 1360 nm) was due to the 
absorption band associated with the 2 x C ̶ H 
str. + C ̶ H def. of CH3. The peak at 5585 cm-1 
(around 1780 nm) was due to the absorption 
band associated with the C ̶ H str. first overtone 
of cellulose and the peak at 4000 cm-1 (2500 
nm) was absorption band of C ̶ H str. + C ̶ C 
str. of starch (Figure 1a) (Osborne, 2006). By 
visual comparison of average raw spectra of 
durian sample in all forms, no significantly 
spectral differences were found. Todiscriminate 
sample according to the geographical origin is 
very difficult just visual examination. 
Accordingly, NIR spectroscopy combined with 
pattern recognition technique for discriminate 
of origin is necessary (Duan et al., 2014). For 
spectral comparison, the Savitzy-Golay 2nd 
Derivative, 2 Polynomial order with 11 
smoothing points were examined into all forms. 
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The corresponding NIR spectra as shown in 
Figure 1b. First small peak is 8709 cm-1 

(around 1148 nm), was due to the absorption 
band associated with C ̶ H str. second overtone 
of CH3. At 7112 cm-1 (around 1410 nm) was 
due to the absorption band associated with C ̶ H 
combination, CH methylene of lignin. At 5268 

cm-1 (1900 nm) was due to the absorption band 
associated with O ̶ H str. + 2  CO str. of starch 
and the most significant difference is observed 
at 7151 cm-1 (around 1395 nm) and 8694 cm-1 
around 1152 nm) (Figure 1c). At 1395 nm 
might owing to the band of lignin.  

 a) 

 b) 

c) 
Figure 1. a) The average raw spectra of durian Monthog from Prachuap and Chanthaburi province in intact peel  

(with thorns), cut-thorns peel, and stem form; b) second derivative spectra of selected wavelength  
in the 9504 ÷ 3594 cm-1 range of stem form; c) expansion of Figure 1b)  

 

 
In cut-thorns peel form, Prachuap Kiri Khan 
Province was higher than Chanthaburi Province 
but in intact peel (with thorns) and stem form, 
Chanthaburi was higher. In contrast, at peak 
1900 nm might owing to the band of starch. 
Chanthaburi Province was higher than Prachuap 
Kiri Khan Province in cut-thorns peel form.  

For in cut-thorns peel and stem were nearly the 
same. These peaks can be assigned as the CH2 
and CH3 band in chemical composition of stem 
(Osborne, 2006). These might cause in term of 
classification and its NIR bands can be 
successfully utilized in this study.  

 

 
Figure 2. PCA result of all forms by raw spectra. a) Sample score (PC-1 vs. PC-2) of intact peel (with thorns) form;      

b) Sample score (PC1 vs. PC2) of cut-thorns peel form; c) Sample score (PC1 vs. PC2) of stem form; d) Sample score 
(PC1 vs. PC2) of combine form 

 
Figure 2a shows PCA result of intact peel (with 
thorns) forms by raw spectra. PC-1 and PC-2 
could explain total of variances to 94% and 6% 
respectively. Figure 2b shows PCA result of 
cut-thorns peel. PC-1 and PC-2 could explain 
total of variances to 81% and 17%, 
respectively. Figure 2c shows PCA result of 
stem. PC-1 and PC-2 could explain total of 
variances to 94% and 5%, respectively. And 
Figure 2d shows PCA result of combine. PC-1 
and PC-2 could explain total of variances to 
97% and 2%, respectively. The figure of PCA 
in all form of sample base on two groups 
according to their geographical origin are not 
clearly identified by visualization. 
To relate the durian sample distribution 
observed in the score plot to spectral features, 
the loading plot of PC-1, PC-2 and PC-3 are 
represented in Figure 3. This was the X-loading 
of stem form because it outperformed higher % 

accuracy in overall classification. It was found 
the loading value on PC-2. In detail, variables 
are corresponding to the peak at 3749 cm-1 is 
owning to a C ̶ H aromatic C ̶ H (aryl) of C ̶ H 
(aryl) at 5268 cm-1 (around 1900 nm) is owning 
to a O ̶ H str. + 2  C ̶ O str. of starch. At 6950 
cm-1 (around 1440 nm) and 7992 cm-1 (around 
1225 nm) is owning to a 2  C ̶ H str. + C ̶ H 
def. and a C ̶ H str. second overtone of CH, 
respectively. And at 9349 cm-1 (around 1065 
nm) is owning to a O ̶ H combination band of 
water. The loading value on PC-3 was found 
peak at 5222 cm-1 (around 1920 nm), it is 
owing to a C=O str. second overtone of CONH 
and at 4091 cm-1 (2488 nm) is a C ̶ H stretching 
and C ̶ C stretching combination of cellulose 
(Otto, 2016). The PCA was re-conducted on 
those samples. The corresponding score scatter 
plots is show in (Figure 2a, b, c and d). 

a) b) 

c) d) 
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the loading value on PC-2. In detail, variables 
are corresponding to the peak at 3749 cm-1 is 
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a) b) 

c) d) 
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Figure 3. Loading plot for PC-1, PC-2 and PC-3 of stem form  

 
Classification analysis base on raw spectra 
Results illustrated in Tables 1, 2 and 3 show the 
classification of geographical origin with three 
different methods. In case of SIMCA, the best 
% accuracy was from intact peel (with thorns) 
form, with a value of 51.04%. For SVMC, 
overall classification accuracy achieved high 
values, providing more than 83.33% CCR. The 
best % CCR in training and validation set 
obtained from stem form which was 100% and 
100%, respectively. Likewise, for PLS-DA, 
stem and combined form provided 100% CCR 
in calibration set though they provided only 
45% CCR in the validation set. The best 
classifying model was provided by SVMC. The 
separation of overlapping classes is not feasible 
with methods. SVMC was used because SVMC 
found optimal separating hyperplanes, it was an 
efficient solution to separate nonlinear 
boundaries by constructing a linear boundary in 
a large, transformed version of the feature 
space (Otto, 2016). 

Table 1. Classification result of geographical origin by 
SIMCA base on raw spectra 

Forms %Accuracy 
Intact peel (with thorns) 51.04 
Cut-thorns peel 48.94 
Stem 25.00 
Combine1 44.12 

1Combine = data of all forms (intact peel - with thorns, cut-thorns peel 
and stem) 
 

Table 2. Classification result of geographical origin by 
SVMC base on raw spectra 

Forms Set of samples % CCR2 
Intact peel  
(with thorns) 

Trainning accuracy 93.75 
Validation accuracy 83.33 

Cut-thorns peel Trainning accuracy 97.50 
Validation accuracy 95.00 

Stem Trainning accuracy 100.00 
Validation accuracy 100.00 

Combine1 Trainning accuracy 93.33 
Validation accuracy 91.66 

1Combine = data of all forms (intact peel - with thorns), cut-thorns peel 
and stem) 
2% CCR = % Correct classification rate  

 
Table 3. Classification result of geographical origin by PLS-DA base on raw spectra 

Forms 
 

Geographic origin 
 

Calibration set Validation set 
No3 Missed % CCR2 No3 Missed % CCR2 

Intact peel  
(with thorns)  
  

Chan 40 1 97.50 25 20 20.00 
Prachuap 40 0 100.00 23 0 100.00 
Overall classification 80 - 98.75 48 - 60.00 

Cut-thorns peel 
  
  

Chan 40 0 100.00 23 10 56.56 
Prachuap 40 2 95.00 24 1 95.85 
Overall classification 80 2 97.50 47 11 76.21 

Stem 
  
  

Chan 20 0 100.00 10 1 90.00 
Prachuap 20 0 100.00 10 10 0.00 
Overall classification 40 0 100.00 20 11 45.00 

Combine1 
  
  

Chan 60 0 100.00 35 30 14.29 
Prachuap 60 0 100.00 33 10 69.70 
Overall classification 120 0 100.00 68 40 42.00 

1Combine = data of all forms (intact peel - with thorns, cut-thorns peel and stem) 
2% CCR = % Correct classification rate 
3No = number of samples  

 
CONCLUSIONS  
 
This study indicated that NIRs, the high 
performance method with the advantages of 
fast analytical speed, easy operation and non-
destructive measurement might be a method to 
guarantee geographic origin of durian 
Monthong from Prachuap Kiri Khan Province 
compared with the durian from Chanthaburi 
Province. However, a more robust model 
should be developed by using a larger sample 
group.  
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Figure 3. Loading plot for PC-1, PC-2 and PC-3 of stem form  

 
Classification analysis base on raw spectra 
Results illustrated in Tables 1, 2 and 3 show the 
classification of geographical origin with three 
different methods. In case of SIMCA, the best 
% accuracy was from intact peel (with thorns) 
form, with a value of 51.04%. For SVMC, 
overall classification accuracy achieved high 
values, providing more than 83.33% CCR. The 
best % CCR in training and validation set 
obtained from stem form which was 100% and 
100%, respectively. Likewise, for PLS-DA, 
stem and combined form provided 100% CCR 
in calibration set though they provided only 
45% CCR in the validation set. The best 
classifying model was provided by SVMC. The 
separation of overlapping classes is not feasible 
with methods. SVMC was used because SVMC 
found optimal separating hyperplanes, it was an 
efficient solution to separate nonlinear 
boundaries by constructing a linear boundary in 
a large, transformed version of the feature 
space (Otto, 2016). 

Table 1. Classification result of geographical origin by 
SIMCA base on raw spectra 

Forms %Accuracy 
Intact peel (with thorns) 51.04 
Cut-thorns peel 48.94 
Stem 25.00 
Combine1 44.12 

1Combine = data of all forms (intact peel - with thorns, cut-thorns peel 
and stem) 
 

Table 2. Classification result of geographical origin by 
SVMC base on raw spectra 

Forms Set of samples % CCR2 
Intact peel  
(with thorns) 

Trainning accuracy 93.75 
Validation accuracy 83.33 

Cut-thorns peel Trainning accuracy 97.50 
Validation accuracy 95.00 

Stem Trainning accuracy 100.00 
Validation accuracy 100.00 

Combine1 Trainning accuracy 93.33 
Validation accuracy 91.66 

1Combine = data of all forms (intact peel - with thorns), cut-thorns peel 
and stem) 
2% CCR = % Correct classification rate  

 
Table 3. Classification result of geographical origin by PLS-DA base on raw spectra 

Forms 
 

Geographic origin 
 

Calibration set Validation set 
No3 Missed % CCR2 No3 Missed % CCR2 

Intact peel  
(with thorns)  
  

Chan 40 1 97.50 25 20 20.00 
Prachuap 40 0 100.00 23 0 100.00 
Overall classification 80 - 98.75 48 - 60.00 

Cut-thorns peel 
  
  

Chan 40 0 100.00 23 10 56.56 
Prachuap 40 2 95.00 24 1 95.85 
Overall classification 80 2 97.50 47 11 76.21 

Stem 
  
  

Chan 20 0 100.00 10 1 90.00 
Prachuap 20 0 100.00 10 10 0.00 
Overall classification 40 0 100.00 20 11 45.00 

Combine1 
  
  

Chan 60 0 100.00 35 30 14.29 
Prachuap 60 0 100.00 33 10 69.70 
Overall classification 120 0 100.00 68 40 42.00 

1Combine = data of all forms (intact peel - with thorns, cut-thorns peel and stem) 
2% CCR = % Correct classification rate 
3No = number of samples  

 
CONCLUSIONS  
 
This study indicated that NIRs, the high 
performance method with the advantages of 
fast analytical speed, easy operation and non-
destructive measurement might be a method to 
guarantee geographic origin of durian 
Monthong from Prachuap Kiri Khan Province 
compared with the durian from Chanthaburi 
Province. However, a more robust model 
should be developed by using a larger sample 
group.  
 
ACKNOWLEDGEMENTS  
 
The authors gratefully acknowledge the 
Department of Agricultural Engineering, 
Faculty of Engineering, King Mongkut’s 
Institute of Technology Ladkrabang, NIRS 
Research Centre Agriculture Product and Food 
for supporting equipment and laboratory and 
the Thailand Research Fund for providing 
financial during the experiment. Contract 
number: KMITL-KRIS63-0011 
 
REFERENCES  
 
Arndt, M., Rurik, M., Drees, A., Bigdowski, K., 

Kohlbacher, O.& Fischer, M. (2020). Comparison of 
different sample preparation techniques for NIR 
screening and their influence on the geographical 
origin determination of almonds (Prunus dulcis 
MILL.). Food Control, 115, 107302. 

Chanachot, K., Saechua, W. & Sirisomboon, P. (2020). 
Feasibility of geographical origin discrimination of 
Monthong intact durian fruits between Trat and 
Rayong province in the east of Thailand by near 
infrared spectroscopy. Retrieved from 

https://www.eng.rmuti.ac.th/ans2020/. 
Chen, Y., Xie, M.Y., Yan, Y., Zhu, S.B., Nie, S.P., Li, 

C., Wang, Y.X. & Gong, X.F. (2008). Discrimination 
of Ganoderma lucidum according to geographical 
origin with near infrared diffuse reflectance 
spectroscopy and pattern recognition techniques. 
Analytica chimica acta, 618(2), 121-130. 

Duan, X., Zhang, D., Nie, L. & Zang, H. (2014). Rapid 
discrimination of geographical origin and evaluation 
of antioxidant activity of Salvia miltiorrhiza var. alba 
by Fourier transform near infrared spectroscopy. 
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 122, 751-757. 

Eisenstecken, D., Stürz, B., Robatscher, P., Lozano, L., 
Zanella, A. & Oberhuber, M. (2019). The potential of 
near infrared spectroscopy (NIRS) to trace apple 
origin: Study on different cultivars and orchard 
elevations. Postharvest Biology and Technology, 147, 
123-131. 

Guo, W., Gu, J., Liu, D. & Shang, L. (2016). Peach 
variety identification using near-infrared diffuse 
reflectance spectroscopy. Computers and Electronics 
in Agriculture, 123, 297-303. 

Lai, Y., Ni, Y. & Kokot, S. (2011). Discrimination of 
Rhizoma corydalis from two sources by near-infrared 
spectroscopy supported by the wavelet transform and 
least-squares support vector machine methods. 
Vibrational Spectroscopy, 56(2), 154-160. 

Lee, D.Y., Kim, S.H., Kim, Y.C., Kim, H.J. & Sung, 
S.H. (2011). Discrimination of Scrophulariae Radix 
according to geographical origin and determination of 
active constituents by near infrared spectroscopy 
(NIRS). Microchemical Journal, 99(2), 213-217. 

Luna, A.S., da Silva, A.P., Pinho, J.S., Ferré, J. & Boqué, 
R. (2013). Rapid characterization of transgenic and 
non-transgenic soybean oils by chemometric methods 
using NIR spectroscopy. Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, 100, 
115-119. 

Luo, X., Yu, X., Wu, X., Cheng, Y. & Qu, H. (2008). 
Rapid determination of Paeoniae Radix using near 
infrared spectroscopy. Microchemical Journal, 90(1), 
8-12. 

Otto, M. (2016). Chemometrics: statistics and computer 
application in analytical chemistry. John Wiley & 
Sons. 

Osborne, B.G. (2006). Near‐infrared spectroscopy in 
food analysis. Encyclopedia of analytical chemistry: 
applications, theory and instrumentation, 
https://doi.org/10.1002/9780470027318.a1018. 

Sales, E.K. (2015). Durian marker kit for durian (Durio 
zibethinus Murr.) identity. International Journal of 
Biological, Biomolecular, Agricultural, Food and 
Biotechnological Engineering, 9(5), 518-528. 

Tingting, S., Xiaobo, Z., Jiyong, S., Zhihua, L., Xiaowei, 
H., Yiwei, X.& Wu, C. (2016). Determination 
geographical origin and flavonoids content of goji 
berry using near-infrared spectroscopy and 
chemometrics. Food Analytical Methods, 9(1), 68-79. 

Wang, L., Lee, F.S. & Wang, X. (2007). Near-infrared 
spectroscopy for classification of licorice 
(Glycyrrhizia uralensis Fisch) and prediction of the 
glycyrrhizic acid (GA) content. LWT-food Science 
and Technology, 40(1), 83-88. 

Wang, P. & Yu, Z. (2015). Species authentication and 
geographical origin discrimination of herbal 
medicines by near infrared spectroscopy: A review. 
Journal of Pharmaceutical Analysis, 5(5), 277-284. 

Woo, Y.A., Kim, H.J., Ze, K.R. & Chung, H. (2005). 
Near-infrared (NIR) spectroscopy for the non-
destructive and fast determination of geographical 
origin of Angelicae gigantis Radix. Journal of 
pharmaceutical and biomedical analysis, 36(5), 955-
959. 

Workman Jr, J.&Weyer, L. (2012). Practical guide and 
spectral atlas for interpretive near-infrared 
spectroscopy. CRC press. 

Zhu, J.Y., Chen, B., Yan, H., Jia, J.Q. & Han, B.X. 
(2011). Rapid identification of peucedanum 
geographical growing areas through near infrared 
spectroscopy. In 2011 4th International Conference 



74

 
on Biomedical Engineering and Informatics (BMEI), 
Vol. 4, 1772-1776, IEEE. 

***Bureau of Commercial Provincial Office of the 
Permanent Secretary Ministry of Commerce (2020). 
The National Bureau of Agricultural Commodity and 
Food Standards (ACFS). Retrieved from 

https://www.acfs.go.th/standard/download/food%20s
afety%20eng.pdf. 

***Camo Software AS, Oslo, Norway. (2020). The 
unscrambler user manual. Retrieved from 
https://www.camo.com/downloads/U9.6%20pdf%20
manual/The%20Unscrambler%20Methods.pdf. 

 

 
 
 

 
ANTIBACTERIAL ACTIVITY OF PEPPERMINT, BASIL AND ROSEMARY 

ESSENTIAL OILS OBTAINED BY STEAM DISTILLATION 
 

Denisa CIOTEA1, Mark SHAMTSYAN2, Mona Elena POPA1 

 
1University of Agronomic Sciences and Veterinary Medicine of Bucharest,  

59 Marasti Blvd, Bucharest, Romania 
2Saint Petersburg State Institute of Technology, Moskovsky prospect, 26, St. Petersburg, Russia 

 
Corresponding author email: denisa.ciotea@gmail.com  

 
Abstract  
 
The aim of this paper is to present the antibacterial activity of peppermint, basil and rosemary essential oils obtained 
by steam distillation after the preservation period using various methods. The processing methods used for the plant 
materials were natural drying, freezing and gamma ray irradiation. The oils were extracted after certain preservation 
periods from Mentha piperita, Ocimum basilicum and Rosmarinus officinalis aromatic plant materials. The 
antibacterial activity of the studied essential oils was assessed against 8 bacterial strains (Staphylococcus aureus, 
Streptococcus pyogenes, Streptococcus viridans, Enterococcus faecalis, Streptococcus pneumoniae, Escherichia coli, 
Klebsiella pneumoniae and Serratia marcescens). Antibacterial activity of the essential oils was investigated using disc 
diffusion method. The results showed that the antibacterial activity depends on the type of aromatic plant and the type 
of used preservation methods. The most active essential oils against the tested bacteria were, in descending order 
rosemary, peppermint and basil.  
 
Key words: antibacterial activity, steam distillation, essential oils, bacterial strains. 
 
INTRODUCTION  
 
Rosemary (Rosmarinus officinalis), basil 
(Ocimum basilicum) and peppermint (Mentha 
piperita) are aromatic plants from Lamiaceae 
family (Nutrizio et al., 2020). Rosemary has 
been used for medicinal purposes due to its 
antioxidant and antibacterial properties 
(Babovic et al., 2010; Moore et al., 2016). 
Rosemary has been used as flavouring agent in 
food industry and cuisines (Ali et al., 2019). 
Basil (Ocimum basilicum) has antioxidant 
effects and it has been used for medicinal 
purposes in treating cancer, inflammatory and 
neurodegenerative problems (McCance et al., 
2016). Peppermint (Mentha piperita) has been 
used for its flavoring and fragrance properties. 
Peppermint is effective in aromatherapy, 
relaxing treatments and it reduces headaches 
(Lakhan et al., 2016). 
Volatile constituents of fresh aromatic plants 
are very sensitive after harvesting. Aromatic 
plants need to be preserved immediately after 
the harvesting process. Natural drying, gamma 
irradiation and freezing are the preservation 
method used in this study. Natural drying 

process influences the quantity of the volatile 
content of the treated samples (Chakraborty 
and Dey, 2016). Gamma irradiation is used as a 
safe preservation method in food industry. 
Gamma rays are used to extend the shelf life of 
food products, by inactivate the food pathogens 
(Gerolis et al., 2017). Freezing is influenced by 
the harvesting factors and it is also a 
preservation method (Neri et al., 2020). 
Essential oils are obtained through many 
processes like steam distillation, extractive 
distillation, hydro-distillation, microwave 
distillation etc. Steam distillation is the most 
used method to extract the essential oils. This 
method is used for its highest extractive 
efficiency and its greatest quality of the 
essential oils. Steam distillation uses heat from 
water steam to extract the oil, which is then 
easily separated from the water (Radwan et al., 
2020; Salamon et al., 2019).   
The purpose of this study was to determine 
how preservation methods influence the 
antibacterial activity of Mentha piperita, 
Ocimum basilicum and Rosmarinus officinalis 
extracted essential oils. 
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(Ocimum basilicum) and peppermint (Mentha 
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Rosemary has been used as flavouring agent in 
food industry and cuisines (Ali et al., 2019). 
Basil (Ocimum basilicum) has antioxidant 
effects and it has been used for medicinal 
purposes in treating cancer, inflammatory and 
neurodegenerative problems (McCance et al., 
2016). Peppermint (Mentha piperita) has been 
used for its flavoring and fragrance properties. 
Peppermint is effective in aromatherapy, 
relaxing treatments and it reduces headaches 
(Lakhan et al., 2016). 
Volatile constituents of fresh aromatic plants 
are very sensitive after harvesting. Aromatic 
plants need to be preserved immediately after 
the harvesting process. Natural drying, gamma 
irradiation and freezing are the preservation 
method used in this study. Natural drying 

process influences the quantity of the volatile 
content of the treated samples (Chakraborty 
and Dey, 2016). Gamma irradiation is used as a 
safe preservation method in food industry. 
Gamma rays are used to extend the shelf life of 
food products, by inactivate the food pathogens 
(Gerolis et al., 2017). Freezing is influenced by 
the harvesting factors and it is also a 
preservation method (Neri et al., 2020). 
Essential oils are obtained through many 
processes like steam distillation, extractive 
distillation, hydro-distillation, microwave 
distillation etc. Steam distillation is the most 
used method to extract the essential oils. This 
method is used for its highest extractive 
efficiency and its greatest quality of the 
essential oils. Steam distillation uses heat from 
water steam to extract the oil, which is then 
easily separated from the water (Radwan et al., 
2020; Salamon et al., 2019).   
The purpose of this study was to determine 
how preservation methods influence the 
antibacterial activity of Mentha piperita, 
Ocimum basilicum and Rosmarinus officinalis 
extracted essential oils. 
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MATERIALS AND METHODS  
 
Peppermint, basil and rosemary aerial parts 
were procured from an authorized local farmer 
in Tuzla city from Constanta area. The aerial 
parts were harvested early in the morning, 
before the sun rise. Fresh aerial parts were 
quartered - one part remained fresh, one part 
was dried, one part was dried and irradiated and 
the last part was frozen. Fresh aerial parts of 
peppermint, rosemary and basil were stored in 
plastic caskets to prevent the mouldiness.  
The dried plant samples were treated under 
shade, at room temperature (at 22-23oC), for 7 
days. Frozen plants were kept in a freezer 
(Samsung model no. RB31FERNDSA), at -
21oC, for 14 hours. Dried irradiated plants were 
subjected to irradiation in a Gamma Irradiator 
GC5000 with a 60Cobalt source at a dose rate of 
10Gy (Figure 1). 
 

 
Figure 1. Gamma Irradiator GC5000 

 
Following each preservation method, the aerial 
parts were subjected to steam distillation. After 
the distillation process, the essential oils were 
separated and kept in a refrigerator at 4oC until 
analysis. 
This study included 8 bacterial strains from 
National Institute of Military Medical Research 
Cantacuzino Collection - Staphylococcus 
aureus, Streptococcus pyogenes, Streptococcus 
viridans, Enterococcus faecalis, Streptococcus 
pneumoniae, Escherichia coli, Klebsiella 
pneumoniae and Serratia marcescens. The 
bacterial strains were inoculated on TSA 
culture media (Tryptone Soy Agar/Casein soya 
bean digest agar). TSA culture media was 
purchased from Oxoid.  

The most commonly used methods for the 
study of antibacterial activity for essential oils 
is disk diffusion method (Matei et al., 2020). 
The microbial suspensions were prepared in 
normal saline solution. 1 ml of each microbial 
suspension was cultivated on TSA media and 
incubated at 37oC for 24 hours. The incubation 
results are shown in Table 1.  
 

Table 1. Number of CFU after 24 h incubation at 37oC 
(CFU/ml) 

No Bacterial strain CFU/ml 

1. Staphylococcus aureus  1.2 x 108 
2. Streptococcus pyogenes  1.3 x 108 
3. Streptococcus viridans  1.35 x 108 
4. Enterococcus faecalis  1.4 x 108 
5. Streptococcus 

pneumoniae  
1.25 x 108 

6. Escherichia coli 1.35 x 108 
7. Klebsiella pneumoniae  1.45 x 108 
8. Serratia marcescens 1.35 x 108 

 
For an extra verification of the turbidity of the 
microbial suspensions, it was used the 0.5 
McFarland Standard, purchased from Hardy 
Diagnostics. 0.5 McFarland Standard 
correspond to an approximately 1.5 x 108 CFU 
inoculum (Figure 2). 0.1 ml of inoculum was 
spread onto the surface of TSA culture media 
using a sterile bacteriological spreader. After 
the absorption of inoculum, the 6 mm paper 
disks were transferred on the top of the 
inoculated agar surface. 10 μl of each essential 
oil were applied with a micropipette onto the 
sterile paper disks. Samples were prepared in 
triplicates. The agar plates are incubated at 
37oC for 24 hours (Balouiri et al., 2016).  
 

    
Figure 2. 0.5 McFarland Standard from Hardy 

Diagnostics (left), Densitometer (right) 
 
 

 
RESULTS AND DISCUSSIONS  
 
In this study fresh peppermint essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, Streptococcus 
viridans and Streptococcus pneumoniae. Fresh 
peppermint essential oil has moderate 
antibacterial activity against Klebsiella 
pneumoniae, Escherichia coli and low 
antibacterial activity against Serratia 
marcescens, Enterococcus faecalis and 
Staphylococcus aureus.  
Dried peppermint essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes and Streptococcus pneumoniae. Dried 
peppermint essential oil has moderate 
antibacterial activity against Klebsiella 
pneumoniae, Escherichia coli and low 
antibacterial activity against Streptococcus 
viridans, Serratia marcescens, Enterococcus 
faecalis and Staphylococcus aureus.  
Irradiated and frozen peppermint essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
pneumoniae. Irradiated and frozen peppermint 
essential oil has moderate antibacterial activity 
against Klebsiella pneumoniae, Escherichia 
coli, low antibacterial activity against 
Enterococcus faecalis, Serratia marcescens and 
Streptococcus viridans and no activity against 
Staphylococcus aureus. 
The antibacterial activity of fresh (FP), dried 
(DP), irradiated (IP) and frozen (FRP) extracted 
peppermint essential oils are presented in Table 
2 and Figures 3 and 4. 
 
Table 2. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint  

(Mentha piperita) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 

FP DP IP FRP 

1. Staphylococcus 
aureus  3± 0.5 3± 0.2 - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  18± 0.5 5± 0.2 2± 0.1 3± 0.1 

4. Enterococcus 
faecalis  5± 0.6 3± 0.3 2± 0.2 3± 0.4 

5. Streptococcus 
pneumoniae  18± 0.7 18± 0.7 15± 0.7 18± 0.7 

6. Escherichia coli 8± 0.5 6± 0.2 6± 0.4 5± 0.1 
7. Klebsiella 

pneumoniae  9± 0.7 7± 0.4 6± 0.6 7± 0.3 

8. Serratia 
marcescens 5± 0.8 3± 0.5 4± 0.5 4± 0.8 

 
 

 

 

 

 
Figure 3. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint:    

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;   
3 - Streptococcus viridans; 4 - Enterococcus faecalis;     

5 - Streptococcus pneumonia; 6 - Escherichia coli;         
7 - Klebsiella pneumonia; 8 - Serratia marcescens 

 

 
Figure 4. Antibacterial activity of fresh (FP), 
dried (DP), irradiated (IP) and frozen (FRP) 

extracted peppermint 
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antibacterial activity against Serratia 
marcescens, Enterococcus faecalis and 
Staphylococcus aureus.  
Dried peppermint essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes and Streptococcus pneumoniae. Dried 
peppermint essential oil has moderate 
antibacterial activity against Klebsiella 
pneumoniae, Escherichia coli and low 
antibacterial activity against Streptococcus 
viridans, Serratia marcescens, Enterococcus 
faecalis and Staphylococcus aureus.  
Irradiated and frozen peppermint essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
pneumoniae. Irradiated and frozen peppermint 
essential oil has moderate antibacterial activity 
against Klebsiella pneumoniae, Escherichia 
coli, low antibacterial activity against 
Enterococcus faecalis, Serratia marcescens and 
Streptococcus viridans and no activity against 
Staphylococcus aureus. 
The antibacterial activity of fresh (FP), dried 
(DP), irradiated (IP) and frozen (FRP) extracted 
peppermint essential oils are presented in Table 
2 and Figures 3 and 4. 
 
Table 2. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint  

(Mentha piperita) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 

FP DP IP FRP 

1. Staphylococcus 
aureus  3± 0.5 3± 0.2 - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  18± 0.5 5± 0.2 2± 0.1 3± 0.1 

4. Enterococcus 
faecalis  5± 0.6 3± 0.3 2± 0.2 3± 0.4 

5. Streptococcus 
pneumoniae  18± 0.7 18± 0.7 15± 0.7 18± 0.7 

6. Escherichia coli 8± 0.5 6± 0.2 6± 0.4 5± 0.1 
7. Klebsiella 

pneumoniae  9± 0.7 7± 0.4 6± 0.6 7± 0.3 

8. Serratia 
marcescens 5± 0.8 3± 0.5 4± 0.5 4± 0.8 

 
 

 

 

 

 
Figure 3. Antibacterial activity of fresh (FP), dried (DP), 
irradiated (IP) and frozen (FRP) extracted peppermint:    

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;   
3 - Streptococcus viridans; 4 - Enterococcus faecalis;     

5 - Streptococcus pneumonia; 6 - Escherichia coli;         
7 - Klebsiella pneumonia; 8 - Serratia marcescens 

 

 
Figure 4. Antibacterial activity of fresh (FP), 
dried (DP), irradiated (IP) and frozen (FRP) 

extracted peppermint 
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Fresh and dried basil essential oils exhibited 
strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
viridans, moderate antibacterial activity against 
Escherichia coli, low antibacterial activity 
against Serratia marcescens, Klebsiella 
pneumoniae, Enterococcus faecalis, 
Streptococcus pneumoniae and no activity 
against Staphylococcus aureus.  
Irradiated basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, moderate antibacterial activity 
against Escherichia coli, Streptococcus 
viridans, low antibacterial activity against 
Serratia marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis and no activity against 
Streptococcus pneumoniae and Staphylococcus 
aureus.  
Frozen basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Streptococcus pneumoniae, Streptococcus 
viridans and no activity against Serratia 
marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis, Staphylococcus aureus 
and Escherichia coli. The antibacterial activity 
of fresh (FB), dried (DB), irradiated (IB) and 
frozen (FRB) extracted basil essential oils are 
presented in Table 3 and Figures 5 and 6. 
Fresh rosemary essential oil exhibited strong 
antibacterial activity against Staphylococcus 
aureus, Streptococcus pyogenes, Enterococcus 
faecalis, moderate antibacterial activity against 
Klebsiella pneumoniae, Escherichia coli and 
low antibacterial activity against Streptococcus 
viridans, Serratia marcescens and 
Streptococcus pneumoniae. 
Dried rosemary essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Staphylococcus aureus, Enterococcus faecalis, 
Escherichia coli, Klebsiella pneumoniae, 
Serratia marcescens and no antibacterial 
activity against Streptococcus viridans and 
Streptococcus pneumoniae. 
 
 
 
 
 
 
 

Table 3. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil  

(Ocimum basilicum) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 
FB DB IB FRB 

1. Staphylococcus 
aureus  - - - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  12± 0.3 10± 0.3 4± 0.2 2± 0.1 

4. Enterococcus 
faecalis  3± 0.3 1± 0.1 1± 0.1 - 

5. Streptococcus 
pneumoniae  4± 0.2 3± 0.1 - 2± 0.1 

6. Escherichia coli 7± 0.7 5± 0.3 5± 0.5 - 
7.  Klebsiella 

pneumoniae  3 ±0.2 1± 0.2 1± 0.1 - 

8. Serratia 
marcescens 3± 0.6 3± 0.4 2± 0.2 - 

 

  

 

 
 

Figure 5. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil:              

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes; 
3 - Streptococcus viridans; 4 - Enterococcus faecalis;      

5 - Streptococcus pneumonia; 6 - Escherichia coli;             
7 - Klebsiella pneumonia; 8 - Serratia marcescens 
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Figure 6. Antibacterial activity of fresh (FB), dried (DB), 

irradiated (IB) and frozen (FRB) extracted basil 
 
Irradiated rosemary essential oil exhibited 
strong antibacterial activity against 
Staphylococcus aureus, Streptococcus 
pyogenes, moderate antibacterial activity 
against Enterococcus faecalis, low antibacterial 
activity against Streptococcus viridans, 
Serratia marcescens, Streptococcus 
pneumoniae, Klebsiella pneumoniae and 
Escherichia coli. Frozen rosemary essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, moderate antibacterial 
activity against Staphylococcus aureus, low 
antibacterial activity against Enterococcus 
faecalis, Streptococcus viridans, Serratia 
marcescens, Streptococcus pneumoniae, 
Klebsiella pneumoniae and Escherichia coli. 
The antibacterial activity of fresh (FR), dried 
(DR), irradiated (IR) and frozen (FRR) 
extracted rosemary essential oils are presented 
in Table 4 Figures 7 and 8. 
The results obtained for M. piperita extracted 
oil are in agreement with those reported by 
Salamon et al. (2019), Mattazi et al. (2015), 
Sfeir et al. (2013), Silva et al. (2012), Mello da 
Silveira et al. (2012), Singh et al. (2015), 
Mahboubi & Kazempour (2013). In our study, 
R. officinalis oil exhibited a strong activity 
against S. aureus, Streptococcus pyogenes, E. 
faecalis, S. pyogenes which is consistent with 
other studies results reported by Salamon et al. 
(2019), Fidan et al. (2019), Mattazi et al. 
(2015), Sfeir et al. (2013), Silva et al. (2012), 
Mello da Silveira et al. (2012), Ojeda-Sana et 
al. (2012), Abdullah et al. (2015).  

The results obtained for O. basilicum extracted 
oil are similar with those reported by Semeniuc 
et al. (2016), Fidan et al. (2019), Sfeir et al. 
(2013), Silva et al. (2012), Mello da Silveira et 
al. (2012). 
 
Table 4. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary  
(Rosmarinus officinalis) essential oils 

 

No Name of 
microorganisms 

Inhibition zone (mm) 

FR DR IR FRR 

1. Staphylococcus 
aureus  18± 0.3 2± 0.5 16± 0.7 8± 0.8 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  2± 0.1 - 1± 0.1 2± 0.1 

4. Enterococcus 
faecalis  17± 0.8 2± 0.6 6± 0.8 3± 0.2 

5. Streptococcus 
pneumoniae  4± 0.2 - 2± 0.1 1± 0.1 

6. Escherichia coli 6± 0.6 2± 0.6 3± 0.6 1± 0.5 
7.  Klebsiella 

pneumoniae  9 ±0.5 2± 0.3 3± 0.2 2± 0.3 

8. Serratia 
marcescens 4± 0.7 3± 0.6 3± 0.3 1± 0.1 

 

 

 
Figure 7. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary:         
1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;     
3 - Streptococcus viridans; 4 - Enterococcus faecalis;        

5 - Streptococcus pneumonia; 6 - Escherichia coli;           
7 - Klebsiella pneumonia; 8 - Serratia marcescens  

0

5

10

15

20

Antimicrobial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil 

(Ocimum basilicum) essential oils

FB DB IB FRB

In
hi

bi
tio

n 
zo

ne
 (m

m
)

1 2 

4 

6 

7 8 

3 

5 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 

FR                        FRR 
 
 
 
 
DR                        IRR 



79

 
Fresh and dried basil essential oils exhibited 
strong antibacterial activity against 
Streptococcus pyogenes and Streptococcus 
viridans, moderate antibacterial activity against 
Escherichia coli, low antibacterial activity 
against Serratia marcescens, Klebsiella 
pneumoniae, Enterococcus faecalis, 
Streptococcus pneumoniae and no activity 
against Staphylococcus aureus.  
Irradiated basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, moderate antibacterial activity 
against Escherichia coli, Streptococcus 
viridans, low antibacterial activity against 
Serratia marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis and no activity against 
Streptococcus pneumoniae and Staphylococcus 
aureus.  
Frozen basil essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Streptococcus pneumoniae, Streptococcus 
viridans and no activity against Serratia 
marcescens, Klebsiella pneumoniae, 
Enterococcus faecalis, Staphylococcus aureus 
and Escherichia coli. The antibacterial activity 
of fresh (FB), dried (DB), irradiated (IB) and 
frozen (FRB) extracted basil essential oils are 
presented in Table 3 and Figures 5 and 6. 
Fresh rosemary essential oil exhibited strong 
antibacterial activity against Staphylococcus 
aureus, Streptococcus pyogenes, Enterococcus 
faecalis, moderate antibacterial activity against 
Klebsiella pneumoniae, Escherichia coli and 
low antibacterial activity against Streptococcus 
viridans, Serratia marcescens and 
Streptococcus pneumoniae. 
Dried rosemary essential oil exhibited strong 
antibacterial activity against Streptococcus 
pyogenes, low antibacterial activity against 
Staphylococcus aureus, Enterococcus faecalis, 
Escherichia coli, Klebsiella pneumoniae, 
Serratia marcescens and no antibacterial 
activity against Streptococcus viridans and 
Streptococcus pneumoniae. 
 
 
 
 
 
 
 

Table 3. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil  

(Ocimum basilicum) essential oils 
 

No Name of 
microorganisms 

Inhibition zone (mm) 
FB DB IB FRB 

1. Staphylococcus 
aureus  - - - - 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  12± 0.3 10± 0.3 4± 0.2 2± 0.1 

4. Enterococcus 
faecalis  3± 0.3 1± 0.1 1± 0.1 - 

5. Streptococcus 
pneumoniae  4± 0.2 3± 0.1 - 2± 0.1 

6. Escherichia coli 7± 0.7 5± 0.3 5± 0.5 - 
7.  Klebsiella 

pneumoniae  3 ±0.2 1± 0.2 1± 0.1 - 

8. Serratia 
marcescens 3± 0.6 3± 0.4 2± 0.2 - 

 

  

 

 
 

Figure 5. Antibacterial activity of fresh (FB), dried (DB), 
irradiated (IB) and frozen (FRB) extracted basil:              

1 - Staphylococcus aureus; 2 - Streptococcus pyogenes; 
3 - Streptococcus viridans; 4 - Enterococcus faecalis;      

5 - Streptococcus pneumonia; 6 - Escherichia coli;             
7 - Klebsiella pneumonia; 8 - Serratia marcescens 
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Figure 6. Antibacterial activity of fresh (FB), dried (DB), 

irradiated (IB) and frozen (FRB) extracted basil 
 
Irradiated rosemary essential oil exhibited 
strong antibacterial activity against 
Staphylococcus aureus, Streptococcus 
pyogenes, moderate antibacterial activity 
against Enterococcus faecalis, low antibacterial 
activity against Streptococcus viridans, 
Serratia marcescens, Streptococcus 
pneumoniae, Klebsiella pneumoniae and 
Escherichia coli. Frozen rosemary essential oil 
exhibited strong antibacterial activity against 
Streptococcus pyogenes, moderate antibacterial 
activity against Staphylococcus aureus, low 
antibacterial activity against Enterococcus 
faecalis, Streptococcus viridans, Serratia 
marcescens, Streptococcus pneumoniae, 
Klebsiella pneumoniae and Escherichia coli. 
The antibacterial activity of fresh (FR), dried 
(DR), irradiated (IR) and frozen (FRR) 
extracted rosemary essential oils are presented 
in Table 4 Figures 7 and 8. 
The results obtained for M. piperita extracted 
oil are in agreement with those reported by 
Salamon et al. (2019), Mattazi et al. (2015), 
Sfeir et al. (2013), Silva et al. (2012), Mello da 
Silveira et al. (2012), Singh et al. (2015), 
Mahboubi & Kazempour (2013). In our study, 
R. officinalis oil exhibited a strong activity 
against S. aureus, Streptococcus pyogenes, E. 
faecalis, S. pyogenes which is consistent with 
other studies results reported by Salamon et al. 
(2019), Fidan et al. (2019), Mattazi et al. 
(2015), Sfeir et al. (2013), Silva et al. (2012), 
Mello da Silveira et al. (2012), Ojeda-Sana et 
al. (2012), Abdullah et al. (2015).  

The results obtained for O. basilicum extracted 
oil are similar with those reported by Semeniuc 
et al. (2016), Fidan et al. (2019), Sfeir et al. 
(2013), Silva et al. (2012), Mello da Silveira et 
al. (2012). 
 
Table 4. Antibacterial activity of fresh (FR), dried (DR), 

irradiated (IR) and frozen (FRR) extracted rosemary  
(Rosmarinus officinalis) essential oils 

 

No Name of 
microorganisms 

Inhibition zone (mm) 

FR DR IR FRR 

1. Staphylococcus 
aureus  18± 0.3 2± 0.5 16± 0.7 8± 0.8 

2. Streptococcus 
pyogenes  18± 0.7 18± 0.7 18± 0.7 18± 0.7 

3. Streptococcus 
viridans  2± 0.1 - 1± 0.1 2± 0.1 

4. Enterococcus 
faecalis  17± 0.8 2± 0.6 6± 0.8 3± 0.2 

5. Streptococcus 
pneumoniae  4± 0.2 - 2± 0.1 1± 0.1 

6. Escherichia coli 6± 0.6 2± 0.6 3± 0.6 1± 0.5 
7.  Klebsiella 

pneumoniae  9 ±0.5 2± 0.3 3± 0.2 2± 0.3 

8. Serratia 
marcescens 4± 0.7 3± 0.6 3± 0.3 1± 0.1 

 

 

 
Figure 7. Antibacterial activity of fresh (FR), dried (DR), 
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1 - Staphylococcus aureus; 2 - Streptococcus pyogenes;     
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5 - Streptococcus pneumonia; 6 - Escherichia coli;           
7 - Klebsiella pneumonia; 8 - Serratia marcescens  
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Figure 8. Antibacterial activity of fresh (FR), dried (DR), irradiated (IR) and frozen (FRR) extracted rosemary 

 
Table 5. Antibacterial activity of O. basilicum, M. piperita and R. officinalis - comparative study 

Essential oil Microorganisms  Reference 
Ocimum basilicum 

 
Staphylococcus aureus  Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Streptococcus pyogenes Sfeir et al. (2013) 
Ocimum basilicum Escherichia coli Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Enterococcus faecalis Silva et al. (2012); Mello da Silveira et al. (2012) 

Rosmarinus officinalis Staphylococcus aureus  Salamon et al. (2019); Fidan et al. (2019) 
Mattazi et al. (2015); Silva et al. (2012);  

Mello da Silveira et al. (2012) 
Ojeda-Sana et al. (2012); Abdullah et al. (2015) 

Rosmarinus officinalis Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 
Rosmarinus officinalis Escherichia coli Salamon et al. (2019); Fidan et al. (2019) 

Mattazi et al. (2015); Silva et al. (2012) 
Mello da Silveira et al. (2012); Ojeda-Sana et al. (2012) 

Rosmarinus officinalis Enterococcus faecalis Salamon et al. (2019); Silva et al. (2012) 
Mello da Silveira et al. (2012) 

Ojeda-Sana et al. (2012); Abdullah et al. (2015) 
Rosmarinus officinalis Klebsiella pneumoniae Mattazi et al. (2015); Ojeda-Sana et al. (2012) 

Mentha piperita Staphylococcus aureus  Salamon et al. (2019); Mattazi et al. (2015) 
Silva et al. (2012); Mello da Silveira et al. (2012) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Escherichia coli Salamon et al. (2019); Mattazi et al. (2015) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Singh et al. (2015); Mahboubi &  Kazempour (2013) 

Mentha piperita Enterococcus faecalis Salamon et al. (2019);  
Mahboubi &  Kazempour (2013) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Mentha piperita Klebsiella pneumoniae Mattazi et al. (2015); Singh et al. (2015) 

Mahboubi &  Kazempour (2013) 
 
CONCLUSIONS  
 
Results of the disk diffusion method showed 
that the studied extracted essential oils have 
antibacterial activity against the tested 
microorganisms with one exception - basil 

essential oil does not have antibacterial activity 
against Staphylococcus aureus.  
The inhibition zone diameters vary. Peppermint 
has strong antibacterial activity against                 
S. pyogenes, S. viridans, S. pneumoniae,                  
K. penumoniae, E. coli and moderate-low 
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antibacterial activity against S. aureus,                       
E. faecalis and S. marcescens.  
Basil has strong antibacterial activity against    
S. pyogenes, S. viridans and moderate-low 
antibacterial activity against S. pneumoniae,              
K. penumoniae, E. coli, E. faecalis and                       
S. marcescens and no antibacterial activity 
against S. aureus. Rosemary has strong 
antibacterial activity against S. pyogenes,                     
S. aureus, E. faecalis, K. penumoniae and 
moderate-low antibacterial activity against                  
S. viridans, S. pneumoniae, E. coli and                       
S. marcescens.  
 
REFERENCES  
 
Abdullah, B.H., Hatem, S.F., Jumaa, W. (2015). A 

comparative study of the antibacterial activity of 
Clove and Rosemary Essential Oils on multidrug 
resistant bacteria. UK Journal of Pharmaceutical and 
Biosciences Vol. 3(1), 18-22. 

Ali, A., Oon, C.C., Chua, B.L., Figiel, A., Chong, C.H., 
Wojdylo, A., Lyczko, J. (2020). Volatile and 
polyphenol composition, anti-oxidant, anti-diabetic 
and anti-aging properties, and drying kinetics as 
affected by convective and hybrid vacuum 
microwave drying of Rosmarinus officinalis L. 
Industrial Crops and Products, 151, 112463. 

Babovic, N., Djilas, S., Jadranin, M., Vajs, V., Ivanovic, 
J., Petrovic, S. & Zizovic, I. (2010). Supercritical 
carbon dioxide extraction of antioxidant fractions 
from selected Lamiaceae herbs and their antioxidant 
capacity. Innovative Food Science & Emerging 
Technologies, 11(1), 98–107. 
doi:10.1016/j.ifset.2009.08.013.  

 Balouiri, M., Sadiki, M., Ibnsouda, S.K. (2016). 
Methods for in vitro evaluating antibacterial activity: 
A review. Journal of Pharmaceutical Analysis. 6: 71-
79. 

Chakraborty, R. & Dey, T. (2016). Drying protocols for 
traditional medicinal herbs: a critical review. Int. J. of 
Engineering Technology, Manage Appl. Sci. 4(4), 
311-319. 

Fidan, H., Stankov, S., Ivanova, T., Stoyanova, A., 
Damyanova, S., Ercisli, S. (2019). Characterization 
of aromatic compounds and antimicrobial properties 
of four spice essential oils from family Lamiaceae. 
Ukrainian Food Journal, 8(2). doi: 10.24263/2304- 
974X-2019-8-2-3. 

Gerolis, L.G.L., Lameiras, F.S., Krambrock, K. & 
Neves, M.J. (2017). Effect of gamma radiation on 
antioxidant capacity of green tea, yerba mate, and 
chamomile tea as evaluated by different methods. 
Radiation Physics and Chemistry, Vol. 130, 177-185. 

Lakhan, S.E., Sheafer, H., Tepper, D. (2016). The 
effectiveness of aromatherapy in reducing pain:a 
systematic review and meta-analysis. Hindawi 
Publishing Corporation Pain Research and 
Treatment, Vol. 2016, Article ID 8158693, 13 pp. 

Lelieveld, H. (2015). Food safety regulations based on 
real science. Scientific Papers. Series AgroLife 
Scientific Journal, Vol. 4, Issue 1. 

Mahboubi, M. & Kazempour, N. (2013). Chemical 
Composition and antimicrobial activity of peppermint 
(Mentha x piperita L.) essential oil. Songklanakarin 
Journal of Science and Technology, 36(1), 83-87.  

Matei, B., Diguta, C.F., Matei, F., Popa, O. (2020). Anti-
microbial potential of kombucha bacterial biopo-
limer. Scientific Bulletin. Series F. Biotechnologies, 
Vol. XXIV, ISSN 2285-1364, 133-137. 

Mattazi, N., Farrah, A., Fadil, M., Chraibi, M., 
Benbrahim, K.F. (2015). Essential oils analysis and 
antibacterial activity of the leaves of Rosmarinus 
officinalis, Salvia officinalis and Mentha piperita 
cultivated in Agadir (Morocco). Int J Pharm Sci, 
7(9), 73-79. 

McCance, K.R., Flanigan, P.M., Quick, M.M. & 
Niemeyer, E.D. (2016). Influence of plant maturity 
on anthocyanin concentrations, phenolic 
composition, and antioxidant properties of 3 purple 
basil (Ocimum basilicum L.) cultivars. Journal of 
Food Composition and Analysis, 53, 30-
39. doi:10.1016/j.jfca.2016.08.009. 

Mello da Silveira, S., Cunha Junior, A., Scheuermann, 
G.N., Secchi, F.L. & Vieira, C.R.W. (2012). 
Chemical composition and antimicrobial activity of 
essential oils from selected herbs cultivated in the 
South of Brazil against food spoilage and foodborne 
pathogens. Ciencia Rural, 42(7), 1300-
1306. doi:10.1590/s0103-4782012000700026. 

Moore, J., Yousef, M. & Tsiani, E. (2016). Anticancer 
Effects of Rosemary (Rosmarinus officinalis L.) 
Extract and Rosemary Extract Polyphenols. 
Nutrients, 8(11), 731.doi:10.3390/nu8110731.  

Neri, L., Faieta, M., Di Mattia, C., Sacchetti, G., 
Mastrocola, D. & Pittia, P. (2020). Antioxidant 
activity in frozen plant foods: effect of 
cryoprotectants, freezing process and frozen storage. 
Foods, 9, 1886. doi: 10.3390/foods9121886. 

Nutrizio, M., Kljusuric, J.G., Sabolovic, M.B., 
Kovacevic, D.B., Supljika, F., Putnik, P., Cakik, M. 
S., Dubrovik, I., Vrsaljkoc, D., Strmeckid, N.M. & 
Jambrak, A.R. (2020). Valorization of sage extracts 
(Salvia officinalis L.) obtained by high voltage 
electrical discharges: Process control and antioxidant 
properties. Innovative Food Science & Emerging 
Technologies, 102284. 
doi:10.1016/j.ifset.2019.102284. 

Ojeda-Sana, A.M., Baren, C.M., Elechosa, M.A., Juarez, 
M.A., Moreno, S. (2012). New insights into 
antibacterial and antioxidant activities of rosemary 
essential oils and their main components. Food 
Control, 31, 189-195. 

Radwan, M.N., Morad, M.M., Ali, M.M. & Wasfy, I.K. 
(2020). Extraction of peppermint volatile oil using a 
simple constructed steam distillation system. Plant 
Archives, 20(2), 1487-1491. 

Salamon, I., Kryvtsova, M., Bucko, D. & Tarawneh, A. 
H. (2019). Chemical characterization and 
antimicrobial activity of some essential oils after their 
industrial large-scale distillation. Journal of 



81

 
 

 
Figure 8. Antibacterial activity of fresh (FR), dried (DR), irradiated (IR) and frozen (FRR) extracted rosemary 

 
Table 5. Antibacterial activity of O. basilicum, M. piperita and R. officinalis - comparative study 

Essential oil Microorganisms  Reference 
Ocimum basilicum 

 
Staphylococcus aureus  Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Streptococcus pyogenes Sfeir et al. (2013) 
Ocimum basilicum Escherichia coli Semeniuc et al. (2016); Fidan et al. (2019) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Ocimum basilicum Enterococcus faecalis Silva et al. (2012); Mello da Silveira et al. (2012) 

Rosmarinus officinalis Staphylococcus aureus  Salamon et al. (2019); Fidan et al. (2019) 
Mattazi et al. (2015); Silva et al. (2012);  

Mello da Silveira et al. (2012) 
Ojeda-Sana et al. (2012); Abdullah et al. (2015) 

Rosmarinus officinalis Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 
Rosmarinus officinalis Escherichia coli Salamon et al. (2019); Fidan et al. (2019) 

Mattazi et al. (2015); Silva et al. (2012) 
Mello da Silveira et al. (2012); Ojeda-Sana et al. (2012) 

Rosmarinus officinalis Enterococcus faecalis Salamon et al. (2019); Silva et al. (2012) 
Mello da Silveira et al. (2012) 

Ojeda-Sana et al. (2012); Abdullah et al. (2015) 
Rosmarinus officinalis Klebsiella pneumoniae Mattazi et al. (2015); Ojeda-Sana et al. (2012) 

Mentha piperita Staphylococcus aureus  Salamon et al. (2019); Mattazi et al. (2015) 
Silva et al. (2012); Mello da Silveira et al. (2012) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Streptococcus pyogenes Salamon et al. (2019); Sfeir et al. (2013) 

Singh et al. (2015); Mahboubi &  Kazempour (2013) 
Mentha piperita Escherichia coli Salamon et al. (2019); Mattazi et al. (2015) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Singh et al. (2015); Mahboubi &  Kazempour (2013) 

Mentha piperita Enterococcus faecalis Salamon et al. (2019);  
Mahboubi &  Kazempour (2013) 

Silva et al. (2012); Mello da Silveira et al. (2012) 
Mentha piperita Klebsiella pneumoniae Mattazi et al. (2015); Singh et al. (2015) 

Mahboubi &  Kazempour (2013) 
 
CONCLUSIONS  
 
Results of the disk diffusion method showed 
that the studied extracted essential oils have 
antibacterial activity against the tested 
microorganisms with one exception - basil 

essential oil does not have antibacterial activity 
against Staphylococcus aureus.  
The inhibition zone diameters vary. Peppermint 
has strong antibacterial activity against                 
S. pyogenes, S. viridans, S. pneumoniae,                  
K. penumoniae, E. coli and moderate-low 
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antibacterial activity against S. aureus,                       
E. faecalis and S. marcescens.  
Basil has strong antibacterial activity against    
S. pyogenes, S. viridans and moderate-low 
antibacterial activity against S. pneumoniae,              
K. penumoniae, E. coli, E. faecalis and                       
S. marcescens and no antibacterial activity 
against S. aureus. Rosemary has strong 
antibacterial activity against S. pyogenes,                     
S. aureus, E. faecalis, K. penumoniae and 
moderate-low antibacterial activity against                  
S. viridans, S. pneumoniae, E. coli and                       
S. marcescens.  
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Abstract 
 
In biological control one of the most common approaches is selecting microorganisms with antagonistic traits. Yet, 
indirect mechanisms of plant growth promotion may give advantages in biotic stress by allowing plants to overcome the 
colonization of the pathogen. Rapid methods of combined antagonistic and plant growth promotion traits are scarce. 
Here we propose a method for screening potentially bioactive fungal endophytes in a tripartite interaction “endophytes 
- Alternaria - tomato seedlings”. Endophytes are known to interact with pathogens chemically inhibiting their growth 
or development by means of specific biologically active metabolites, mycoparasitism, or by competition for nutrients, or 
indirectly by inducing resistance mechanisms in the host. The proposed method here could substitute the conventional 
assays of antagonism in dual culture (i.e. fungus – fungus), having introduced from the beginning the central biological 
actor, the plant. Results indicate that the order of arrival of each actor determines if seedling colonization or 
enhancement of seedling growth occur as the antagonistic interaction between endophyte and pathogen may precede 
the latter beneficial interactions. 
 
Key words: biological control agents, screening, in-planta assay. 
 
INTRODUCTION  

 
The genus Artemisia, with over 400 hardy 
herbaceous plant and shrub species, has gain 
attention over the years, being an important 
resource, contributing to medicine, chemistry, 
agriculture, industry, and ecology.  
The early exploration of the fungal endophytic 
communities indicates an ecological diversity 
with a good prospect for plant protection like 
biological control agents or sources of specific 
metabolites with biological activity (Cosoveanu 
& Cabrera, 2018). Biological activity against 
bacteria and fungi was sought among species of 
Artemisia following the “medicinal plant 
harbouring active fungal endophytes” model 
(Cosoveanu et al., 2019; Cosoveanu & Cabrera, 
2018; Lu et al., 2000; Zhang et al., 2012; Zou 
et al., 2000). The present study was meant to 
obtain an easy, feasible method for screening 
potential bioactive fungal endophytes against 
plant pathogen - Alternaria sp. 

The workflow design (i.e. strategy and 
resources) regarded that laboratories with 
limited resources in terms of equipment, 
reagents and researchers can easily filter the 
active endophytic strains (i.e. seedlings growth 
stimulation and protection against pathogen). 
Therefore, we have proposed the following 
factors: i) instrumental constraints, ii) high 
number of potentially active strains; iii) 
juxtaposed data interpretation (i.e. plant growth 
stimulation and protection against pathogen); 
iv) moment of arrival (i.e. multiple scenarios of 
time shifts for each biological partner and 
duration of interaction). These factors will be 
described elsewhere in this manuscript.  
The study has two objectives: i) to evaluate 
which of the endophytes is the most efficient 
and ii) which of the time scenarios is most 
propitious to give best results.  
The study hypothesis on arrival shifts was that 
if the endophytes are inoculated first on the 
seeds, before the pathogen, results would be 
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favourable in terms of i) seedlings growth and 
ii) protection against pathogen. 
 
MATERIALS AND METHODS  
 
Study design 
The tripartite interaction “tomato seedlings - 
Alternaria - fungal endophytes” was evaluated 
under multiple time scenarios. The factors 
depending outcomes were: i) who comes first 
and ii) how much time do they interact. For 
this, five interaction scenarios were put in 
place: i) T1A: At moment zero inoculate the 
endophyte, after two days inoculate the 
pathogen and after another two days lay the 
seeds. Evaluation was made after 14 days from 
the moment zero. ii) T1B: At moment zero 
inoculate the endophyte, after two days lay the 
seeds and after 14 days inoculate the pathogen. 
Evaluation was made after 23 days from the 
moment zero. iii) T2: At moment zero 
inoculate endophyte and pathogen and lay the 
seeds. Evaluation was made after 18 days. iv) 
T3A: At moment zero lay the seeds, after seven 
days inoculate the endophyte and after seven 
days inoculate the pathogen. Evaluation was 
made after 21 days from the moment zero. v) 
T3B: At moment zero lay the seeds, after seven 
days inoculate the pathogen and after seven 
days inoculate the endophyte. Evaluation was 
made after 16 days from the moment zero. The 
evaluated indicators were: i) length of radicle 
and plumule (shoot), ii) number of leaves, iii) 
index of seedlings development (ID), v) and 
index of necrosis (IN). Developmental stages 
(ID) were scored using a 0-3 grade scale (0 - no 
germination; 1 - root emergence; 2 - cotyledon 
emergence; 3 - well-developed seedling). 
Disease severity (IN) was scored on seedlings 
using a 0-9 grade scale (0 - no disease 
symptoms; 1 - 1-2 mm necrosis on seedling 
stem; 3 - extension of necrosis all around the 
stem; 5 - a third of the radicular system or 
hypocotyl affected; 7 - the whole radicular 
system or aerial part affected and covered with 
spores; 9 - not germinated seed/seedling killed 
and covered with spores). 
Variables were the responses of: i) endophyte + 
pathogen + seedlings (T1), ii) endophyte + 
seedlings (C1), iii) pathogen and seedlings (C2) 
and iv) seedlings (C3). For the first objective 
(i.e. to evaluate which of the endophytes is the 

most efficient), all indicators were averaged, 
compared among endophytes and finally scores 
were obtained. So, for index of development 
(idem for all indicators), following questions 
and conditions were addressed: 
a) which of the endophytes improves index of 
development when pathogen is present? 
Answer: compare averaged values of T1 and 
C2, where T1 > C2 as a positive effect due to 
the tripartite interaction; 
b) is there any difference between presence of 
pathogen or endophyte? Answer: compare 
values between C1 and C2, where C1 > C2 as a 
positive effect due to endophyte; 
c) which of the endophytes influences 
positively index of development compared to 
standard (i.e. seeds only). Answer: compare 
averaged values of C1 and C3, where C1 > C3 
as a positive effect due to endophyte (this also 
demonstrates the innocuous effects of the 
endophyte on new hosts).  
*For index of necrosis, we are interested in the 
smallest values of the variables T1 and C1, 
therefore interpretation is inversed. **For the 
cases where values were equal no scores were 
given but the case was considered for the total 
sum of the cases.  
Questions “a, b and c” were addressed among 
time scenarios (T1A, T1B, T2, T3A and T3B) 
and scores were summed, so to get a final 
score.  
For the second objective (i.e. which of the time 
scenarios is most propitious to get best results) 
same indicators were evaluated, this time all 
endophytes were combined and following 
questions were addressed (given example of 
index of development): 
a) which of the time scenarios improves value 
of index when also the pathogen is present? 
Answer: compare averaged values of T1 and 
C2 obtained from all endophytes to give scores 
for each scenario, where T1 > C2 as a positive 
effect due to tripartite interaction;  
b) in which of the time scenarios differences 
between presence of endophyte or pathogen on 
seeds were observed? Answer: compare 
averaged values of C1 and C2 obtained from all 
endophytes to give scores for each scenario, 
where C1 > C2 as a positive effect of the 
endophyte;  
c) in which of the time scenarios did the 
endophytes positively influence seeds? 

 

Answer: compare averaged values of C1 and 
C3, where C1 > C3 as a positive effect due to 
endophyte (this also demonstrates the 
innocuous effects of the endophyte on new 
hosts). d) which of the time scenarios is the 
optimum one (considering a, b and c)? Answer: 
sum scores obtained from “a, b and c”. 
*For index of necrosis we are interested in the 
smallest values of the variables T1 and C1, 
therefore interpretation is inversed.  
Data analysis 
Raw data were registered for each fungal 
endophyte in the assessments of germination 
%, pairs of leaves, index of development and 
index of necrosis, for each variable (T1, C1, 
C2, C3) throughout all time scenarios (T1A, 
T1B, T2, T3A and T3B). Descriptive analysis; 
normality of data distribution and mean 
comparison and dispersion; test for equality of 
variances (Levene’s) and post hoc test (Tukey) 
were calculated with ANOVA. Analysis were 
conducted with JASP v. 0.14 (computer 
software © University of Amsterdam). 
Selected statistical instruments were used to 
validate the following hypotheses used for 
variables: 
H1: seedlings alone (C3) would have better 
results than i) pathogen and seedlings (C2) and 
ii) all three biological partners (T1). 
H2: endophyte + seedlings (C1) would have 
better results than i) pathogen and seedlings 
(C2), ii) seedlings (C3) and all three biological 
partners (T1). 
H3: endophyte + pathogen + seedlings (T1) 
would have better results than pathogen and 
seedlings (C2).  
*Otherwise stated: C1>C3>C2, T1 and T1<C2. 
Therefore, values of pairs of variables were 
compared (i.e. C3 versus C2, C3 versus T1, C1 
versus C2, C1 versus T1, C1 versus C3, T1 
versus C2) and were questioned how they 
responded to the hypotheses above stated 
(acceptation/rejection). Significantly different 
cases were coded “1” and vice versa for p > 
0.05. Per endophytic fungus, for all evaluated 
parameters, among time scenarios, there were 
150 possible cases. Only significantly different 
cases were further considered to select a highly 
potential bioactive fungal endophyte. Time 
scenarios (objective 2) were evaluated using 
same system of comparing variables according 
to hypotheses per parameter of evaluation, 

irrespective of the identity of the endophyte. A 
total of 1050 possible cases were given and 
only the significantly different ones were used 
to rank best time scenarios.  
Venn diagrams were performed using the web-
based tool InteractiVenn (Heberle, Meirelles, 
da Silva, Telles, & Minghim, 2015). 
Tripartite interaction setup with details 
about biological partners 
Seven strains of fungal endophytes previously 
isolated at Universidad de La Laguna 
(Cosoveanu et al., 2017) were used in this 
study, namely Fusarium tricinctum (strain 
HRO8), Thielavia arenaria (strain HCV15), 
Preussia sp. (strain HLP14), 
Neoplatysporioides aloicola (strain HLP46), 
Fusarium sp. (strain HCV9), Epicoccum 
nigrum (strain HRO169) and 
Neoplatysporoides aloicola (strain HLP44). 
Isolation and identification of fungal 
endophytes was described elsewhere 
(Cosoveanu et al., 2018). Fungal endophytes 
were isolated from Artemisia spp., namely 
HRO8 & HRO169 - A. austriaca, HCV15 & 
HCV9 - A. gorgonum, HLP14, HLP44 & 
HLP46 - A. thuscula. The targeted 
phytopathogenic fungus was Alternaria 
alternata, strain Aa100, isolated from 
Lycopersicon esculentum (Department of 
Botany, Ecology and Plant Physiology, 
Universidad de La Laguna, Tenerife). Fungal 
endophytes were selected due to their 
antagonist capacity observed previously in dual 
culture assays against the pathogenic strain. 
Assessments were made on commercial tomato 
seeds “Buzau 1600” (Research and 
Development Station for Vegetables Buzau). 
Tomato seeds were surface sterilized to supress 
epiphytic microorganisms: firstly, washed with 
sterile water, then immersed in 70% ethanol for 
1 min, followed by an immersion in 15% 
sodium hypochlorite for 1 min, again in 70% 
ethanol for 1 min and lastly were washed with 
sterile distilled water. Subsequently, the seeds 
were dried on filter sterile paper under cabinet 
flow (approx. one hour). Tomato seeds were 
cultivated in vitro on agar Hoagland’s nutrient 
solution in Petri plates (9 cm diameter). In each 
Petri plate biological partners were placed 
equidistantly; three seeds were laid in the 
middle, 3 cork borer plugs of endophytic 
fungus mycelium in the bottom and 3 cork 
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favourable in terms of i) seedlings growth and 
ii) protection against pathogen. 
 
MATERIALS AND METHODS  
 
Study design 
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most efficient), all indicators were averaged, 
compared among endophytes and finally scores 
were obtained. So, for index of development 
(idem for all indicators), following questions 
and conditions were addressed: 
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innocuous effects of the endophyte on new 
hosts). d) which of the time scenarios is the 
optimum one (considering a, b and c)? Answer: 
sum scores obtained from “a, b and c”. 
*For index of necrosis we are interested in the 
smallest values of the variables T1 and C1, 
therefore interpretation is inversed.  
Data analysis 
Raw data were registered for each fungal 
endophyte in the assessments of germination 
%, pairs of leaves, index of development and 
index of necrosis, for each variable (T1, C1, 
C2, C3) throughout all time scenarios (T1A, 
T1B, T2, T3A and T3B). Descriptive analysis; 
normality of data distribution and mean 
comparison and dispersion; test for equality of 
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HRO8 & HRO169 - A. austriaca, HCV15 & 
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HLP46 - A. thuscula. The targeted 
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alternata, strain Aa100, isolated from 
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endophytes were selected due to their 
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seeds “Buzau 1600” (Research and 
Development Station for Vegetables Buzau). 
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epiphytic microorganisms: firstly, washed with 
sterile water, then immersed in 70% ethanol for 
1 min, followed by an immersion in 15% 
sodium hypochlorite for 1 min, again in 70% 
ethanol for 1 min and lastly were washed with 
sterile distilled water. Subsequently, the seeds 
were dried on filter sterile paper under cabinet 
flow (approx. one hour). Tomato seeds were 
cultivated in vitro on agar Hoagland’s nutrient 
solution in Petri plates (9 cm diameter). In each 
Petri plate biological partners were placed 
equidistantly; three seeds were laid in the 
middle, 3 cork borer plugs of endophytic 
fungus mycelium in the bottom and 3 cork 
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borer plugs of pathogen mycelium in the top of 
plate, each with 0.4 cm diameter. 
Environmental conditions were: light/dark 
regime of 22±1ºC for 8 h and 18±1ºC for 16 h; 
RH = 55% and 60%, respectively; day photon 
flux of 120 (+/- 10) µmol m-2 s-1 (light step 
setting 4 - ls4). Plates were incubated 
vertically, on trays, in a Sanyo versatile 
environmental test chamber. At five days 
interval, the plates were opened for oxygen 
requirement, at the laminar flow. Three plates 
were used per variable with three biological 
repetitions. Under the system conditions, four 
endophytes can be screened in a series for all 
five time scenarios and four variables, in a 
biological repetition (Figure 1). 
 

 
Figure 1. Example of arranging plates in two trays in a 

Sanyo environmental chamber  
 

RESULTS AND DISCUSSIONS  
 
To evaluate which of the endophytes is the 
most efficient in terms of seedlings growth 
stimulation and protection against pathogen, all 
sets of parameters data were compared. 
Significantly different (p < 0.05) hypothetical 
cases of variables cases (i.e. T1 > C2 and C1 > 
C2, T1) were registered for all tripartite 
interactions along time scenarios. Of 150 

hypothetical cases for each endophytic fungus 
among five time scenarios results showed 
significant cases for HLP44 - 35, HCV15 - 32, 
HRO8 - 30, HLP14 - 26, HCV9 - 25, HRO169 
- 21, HLP46 - 19. The bioactive potential of 
endophytic fungi cannot be demonstrated only 
by summing significant cases but also by i) 
their convergence per studied parameter among 
multiple time scenarios and by ii) the weight of 
H2 among all parameters where inoculated 
seeds with endophyte would have better results 
than seedlings alone/seedlings + 
pathogen/seedlings + pathogen + endophyte. 
Hence, for seedlings growth stimulation (H2) 
following percentages of the total significant 
cases were obtained: HRO8 - 56.67%, HLP44 - 
53.85%, HLP46 - 50.36%, HLP14 - 51.43%, 
HCV9 - 40%, HCV15 - 37.50%, HRO169 - 
47.62%. For the antifungal biological effect 
(H3) only HRO8 registered significant cases 
(40%). For H2, HRO8 registered 10 significant 
cases of 25 in total, followed by HLP44 (9 
cases). Least number of significant cases was 
registered for HRO 169 (5 cases). These results 
indicate that endophytes are innocuous to 
seedlings and positively stimulate their growth, 
compared to when pathogen is present. 
Endophytes + seedlings were positively 
influenced by the presence of endophytes when 
compared to the presence of both endophytes 
and pathogen, especially for HCV9 (9 cases) 
and HLP14 (10 cases), p < 0.05. Only HLP46, 
HLP44 and HCV15 showed one significant 
case each for seedlings growth stimulation, 
compared to seedlings alone. For H3, the most 
active endophytic strain against A. alternata 
was HRO8 with 7 significant cases when 
endophytes + pathogen were compared to 
pathogen. 
 

 

  

 

  

  

 
 

  

  

 
 

Figure 2. Vertically from up to bottom: HRO8; HLP44; HLP46; HLP14; HCV9; HCV15; HRO169. On the left Venn 
diagram showing the number of significant cases (p < 0.05) per observed parameter and coincidences of cases among 

parameters. On the right, columns represent number of cases (C1: seedlings+endophytes; C2: seedlings+pathogen; C3: 
seedlings; T1: seedlings+ endophytes+pathogen) responding according to work hypotheses (p < 0.05) identified among 

time scenarios (T1A, T1B, T2, T3A, T3B) using the values of parameters (root, shoot, index of necrosis, index of 
development and leaves) 
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Hence, for seedlings growth stimulation (H2) 
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cases were obtained: HRO8 - 56.67%, HLP44 - 
53.85%, HLP46 - 50.36%, HLP14 - 51.43%, 
HCV9 - 40%, HCV15 - 37.50%, HRO169 - 
47.62%. For the antifungal biological effect 
(H3) only HRO8 registered significant cases 
(40%). For H2, HRO8 registered 10 significant 
cases of 25 in total, followed by HLP44 (9 
cases). Least number of significant cases was 
registered for HRO 169 (5 cases). These results 
indicate that endophytes are innocuous to 
seedlings and positively stimulate their growth, 
compared to when pathogen is present. 
Endophytes + seedlings were positively 
influenced by the presence of endophytes when 
compared to the presence of both endophytes 
and pathogen, especially for HCV9 (9 cases) 
and HLP14 (10 cases), p < 0.05. Only HLP46, 
HLP44 and HCV15 showed one significant 
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compared to seedlings alone. For H3, the most 
active endophytic strain against A. alternata 
was HRO8 with 7 significant cases when 
endophytes + pathogen were compared to 
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Figure 2. Vertically from up to bottom: HRO8; HLP44; HLP46; HLP14; HCV9; HCV15; HRO169. On the left Venn 
diagram showing the number of significant cases (p < 0.05) per observed parameter and coincidences of cases among 

parameters. On the right, columns represent number of cases (C1: seedlings+endophytes; C2: seedlings+pathogen; C3: 
seedlings; T1: seedlings+ endophytes+pathogen) responding according to work hypotheses (p < 0.05) identified among 
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To evaluate which of the time scenarios is most 
propitious to positively influence growth and 
protection of seedlings of 1050 possible cases 

according to the planned hypotheses only 188 
cases were validated (p < 0.05).  

 

 

 

  

 
 

Figure 3. Tree map of significantly different cases (p < 0.05) among scenarios, using values obtained from seven fungal 
endophytic strains. Each window corresponds to a demonstrated hypothesis (p < 0.05). Blocks dimensions correspond 
to the number of significantly different cases. Codes for blocks: T1A/T1B/T2/T3A/T3B - time scenarios, L = leaves, R 

= roots, P = plumule, IN = index of necrosis, ID = index of development 
 
Best time scenarios were T2 where all 
biological partners were added at same time 

and T1A where endophyte precedes pathogen 
and seeds are added at the end. 

 

    
Figure 4. Images of all variables in the T2 time scenario (all biological actors were introduced at the same time). From 

left to right: C1 - seedlings + endophyte (HRO8); C2 - seedlings + pathogen; C3 - seedlings alone; T1 - seedlings + 
pathogen + endophyte (HRO8) 

 

 
Both time scenarios converge into a single 
probable explanation that is the antagonistic 
interaction between endophyte and pathogen 
may prelude other beneficial interactions like 
seedling colonization or induced resistance 
(T1B). Direct confrontation of endophyte and 
pathogen at the same stage - T2 or with 2-days 
advantage for endophyte - T1A results in an 
inhibition of the pathogen previously observed 
in dual culture assays. Therefore, the 
interaction with seeds may have a secondary 
place in terms of used resources being preceded 
by competition of space. It also indicates that 
seedlings may be positively influenced in terms 
of growth stimulation by the presence of both 
pathogen and endophyte. Plants have complex 
veracity of endophytic-pathogenic lifestyles, 
which are transposable and get triggered by 
chemical and molecular factors (Cosoveanu et 
al., 2021). It is tempting to speculate that 
modulation of stress hormones like salicylic 
acid (Yan & Dong, 2014), abscisic acid (Adie 
et al., 2007) or developmental hormones like 
gibberellins and indole-3 acetic acid 
contributed to mitigating stress on seedlings 
(Waqas et al., 2012). Several studies showed 
that plants treated with endophytes are often 
healthier (Khan et al., 2008; Larriba et al., 
2015). When endophytic Fusarium 
verticillioides strains were inoculated onto 
maize seedlings before, simultaneously, or after 
inoculation with the pathogen Ustilago maydis, 
smut disease severity was significantly 
decreased only when F. verticillioides was 
simultaneously inoculated with U. maydis (Lee 
et al., 2009). Similarly, Adame-Álvarez et al. 
(2014) observed that pathogenic bacterial titers 
were significantly lower when endophyte was 
inoculated same day or before the pathogen in 
lima bean plants. Significant effect of 
endophytes on reducing Fusarium head blight 
was observed when endophytes were applied at 
least two days before pathogen (Rojas et al., 
2020). In tomato plants, Verticillium dahlie was 
excluded from roots when endophytic strain 
was inoculated before or simultaneously with 
the pathogen (Shittu et al., 2009). In the present 
study the hypothesis on arrival shifts where if 
endophytes arrive first, before the pathogen, 
results would be favourable in terms of i) 
seedlings growth and ii) protection against 
pathogen was partially demonstrated. Of 188 

possible cases time scenario T1A registered 67 
significant cases where endophytes responded 
according to rules for hypotheses. Yet, the time 
scenario which was least considered to be 
successful (T2), revealed 108 significant cases.  
The proposed method could substitute the 
conventional assays of antagonism in dual 
culture having introduced from the beginning 
the central biological actor, the plant. The study 
is only a preliminary screening which cannot 
foreseen the complex interactions in the field 
where host genotype, tissue type and abiotic 
factors influence significantly fungal 
communities (Latz et al., 2021). Yet, this 
screening method could eliminate the 
drawbacks from dual culture confrontation 
assays where potential biological control agents 
are hidden (Rojas et al., 2020). A higher 
number of parameters can be evaluated in the 
same set like i) host compatibility, ii) seedling 
growth promotion, iii) seedling protection 
against pathogen; iv) active volatile/soluble 
compounds, v) colonization of host.  
 
CONCLUSIONS  
 
Here we propose a combined method to screen 
fungal endophytes with plant growth promotion 
and plant protection traits. Technical procedure 
and data analysis are suitable for laboratories 
with limited resources, therefore making it a 
feasible tool to research biological control 
agents. 
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Figure 3. Tree map of significantly different cases (p < 0.05) among scenarios, using values obtained from seven fungal 
endophytic strains. Each window corresponds to a demonstrated hypothesis (p < 0.05). Blocks dimensions correspond 
to the number of significantly different cases. Codes for blocks: T1A/T1B/T2/T3A/T3B - time scenarios, L = leaves, R 

= roots, P = plumule, IN = index of necrosis, ID = index of development 
 
Best time scenarios were T2 where all 
biological partners were added at same time 

and T1A where endophyte precedes pathogen 
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Abstract 
 
Conducted a comprehensive comparative study of the nutritional and biological value Galega orientalis (Lam.): the 
solubility of the protein in vitro - Galega’s seeds, leaves, hay, which was harvested in the phase of budding - beginning 
of flowering. It is believed to be the essential influence of feed type on the solubility of the protein. According to the 
conducted studies it has revealed that the solubility of the feed protein is in the range from 37.0% to 50.0%. The rate of 
solubility of Galega orientalis (Lam.) seed protein is 50.0%, litestock - 40.0%, and hay - 37.0% from its total. The 
research results indicate that the protein of Galega orientalis (Lam.) refers to the feed with the average level of punct 
solubility. It has researched qualitative assessment of the biologically active substances content in organs of Galega 
orientalis’ (Lam.) plants. It has identified the highest content of flavonoids and saponins in rosette leaves and ascorbic 
acid in the organs of plants and petals. There is the high content of tannins found in the petals of Galega orientalis 
(Lam.). There is a high content of coumarins and water-soluble polysaccharides in the roots of the studied plants. 
Phytochemical studies of the plant Galega orientalis (Lam.) indicates the absence in it of cardiac glycosides and 
antrahlikozydiv. It was first conducted testing on antimicrobial activity of a plant Galega orientalis (Lam.) on the 
growth pure cultural of bacteria Gram-positive (Micrococcus luteus), Gram-negative (Escherichia coli XL1, DH5) and 
yeasts (Saccharomyces cerevisiae W303). The material for the study was dried vegetative mass Galega orientalis 
(Lam.) in the phase of budding and early flowering. As a result of the experiment was revealed that 20% concentration 
of aqueous extract of this plant had inhibitory effects on the growth of pure cultures of bacteria and yeast. It has 
grounded reasonably possible relationship between the antimicrobial activity of the extract of this plant and the lack of 
bloating in cows. It has outlined prospects of further researches of this problem. 

Key words: Galega orientalis (Lam.), organs of plants, fodders, splitting in the rumen, protein solubility, biologically 
active substances, antimicrobial activity. 
 
INTODUCTION 
 
A comprehensive approach to the definition of 
nutritive and biological value of plants and 
forage provides an opportunity to reveal their 
influence on the functioning of the organism 
and productivity of animals (Darmohray, 
2009). After all, feeding is the axis around 
which revolves everything that gives the 
possibility of implementation of modern 
genetic potential of the animals.  
An important factor that must be considered in 
formulating rations for animals is the 
establishment of the content in feed and 
availability of biologically active substances in 
the process of exchanging (Darmohray, 2009). 

For ruminants it is also necessary to know the 
degree of splitting of fodder protein in the 
rumen. One of the indicators that is used to 
predict the extent of splitting of fodder protein 
in the rumen is its solubility. Solubility and 
razmalyvanie crude protein of forages in most 
cases closely correlated (Yanovuch and 
Solohub, 2000).  
Today in the scientific world continues to 
search for new and more stable strong 
components of antimicrobial action of natural 
origin in contrast to the existing synthetic 
antibiotics and improvement of microbiological 
purity of food products, feed additives 
(Zamaziy, 2004). According to the publication 
of domestic and foreign authors there is a 
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solubility of the protein in vitro - Galega’s seeds, leaves, hay, which was harvested in the phase of budding - beginning 
of flowering. It is believed to be the essential influence of feed type on the solubility of the protein. According to the 
conducted studies it has revealed that the solubility of the feed protein is in the range from 37.0% to 50.0%. The rate of 
solubility of Galega orientalis (Lam.) seed protein is 50.0%, litestock - 40.0%, and hay - 37.0% from its total. The 
research results indicate that the protein of Galega orientalis (Lam.) refers to the feed with the average level of punct 
solubility. It has researched qualitative assessment of the biologically active substances content in organs of Galega 
orientalis’ (Lam.) plants. It has identified the highest content of flavonoids and saponins in rosette leaves and ascorbic 
acid in the organs of plants and petals. There is the high content of tannins found in the petals of Galega orientalis 
(Lam.). There is a high content of coumarins and water-soluble polysaccharides in the roots of the studied plants. 
Phytochemical studies of the plant Galega orientalis (Lam.) indicates the absence in it of cardiac glycosides and 
antrahlikozydiv. It was first conducted testing on antimicrobial activity of a plant Galega orientalis (Lam.) on the 
growth pure cultural of bacteria Gram-positive (Micrococcus luteus), Gram-negative (Escherichia coli XL1, DH5) and 
yeasts (Saccharomyces cerevisiae W303). The material for the study was dried vegetative mass Galega orientalis 
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considerable interest to study the antimicrobial 
activity of non-traditional but promising 
agricultural crops, one of which is Galega 
orientalis (Lam.), which belongs to perennial 
legumes (Darmohray and Orishchuk, 2019). 
Using of natural substances that have 
antimicrobial action, is quite important given 
several things: the micro-organisms have no 
resistance to them and perhaps long-term use; 
do not cause harmful (adverse) impact on 
human and animal; thanks to its braking effect 
on the unwanted microflora can be applied in 
the food industry, because food processing not 
allowed to use synthetic antibiotics (with the 
exception of the peptide antibiotic Nisin) 
(Cyupko, 1999). 
Therefore, the study of questions of versatile 
nutritional and biological value of feed remains 
relevant. 
One of the ways to improve the food supply for 
animals, finding natural plant antibiotics for 
humanity is to search for new, non-traditional, 
high-yielding, alternative crops. The main 
source of promising, non-traditional, alternative 
crops is the natural flora. However, the 
introduction of these plants into culture, 
compared with traditional species, requires 
testing, studying the impact on the functioning 
of the animal body, their productivity, product 
quality, and establishing a productive action in 
specific conditions (Darmohray, 2012). 
According to reports of national and foreign 
authors, research on the versatile nutritional 
value of alternative plants, in particular Galega 
orientalis (Lam.), indicates quite significant 
opportunities in the biotechnological process of 
feed production, animal nutrition, nutritiology 
and the food industry (Darmohray, 2017). 
To sum up, the study of the diverse nutritional 
and biological value, safety of the Galega 
orientalis (Lam.) plant, feed from It and their 
impact on the functional and productive 
indicators of animals, antimicrobial activity is 
relevant (Irobi, 1994). 
 
MATERIALS AND METHODS 
 
Chemical composition and nutritional studies 
were conducted in the laboratories of the 
departments of animal feeding of the Lviv 
National University of Veterinary Medicine 
and Biotechnology named after S.S. Grzycki 

and the Department of Animal Nutrition of the 
Kollontai Agricultural University of Cracow 
(Poland).  
Average samples of green mass and feed were 
taken in accordance with generally accepted 
methods the protein solubility of feed was 
determined in vitro in a buffer solution (NH4)2 
SO4 (рН = 6.5) according to the methods 
described in the methodical instructions 
VNIIFB and PZ (Borovsk, 1987). In a conical 
flask for 250 ml, crushed feed was placed in an 
air-dry state in an amount equivalent to 50 mg 
of nitrogen and 200 ml of buffer solution 
heated to 40°C was added. After 60 minutes of 
incubation in a thermostat, the contents of the 
cone were filtered and the nitrogen content in 
50 ml of filtrate was determined by Kjeldahl. 
When calculating the solubility of raw protein, 
the amount of raw protein that passed into the 
solution and the amount of raw protein in the 
feed suspension before incubation were taken 
into account. 
For a more complete characterization of non-
traditional, rare, forage culture-Galega, we 
conducted a phytochemical study of vegetative 
and generative organs in order to determine the 
presence of biologically active substances in 
them (qualitative assessment) according to the 
method of N.I. Grinkevich (Grinkevich, 1983). 
The raw materials for analysis were leaves of 
rosettes of shoots, stem leaves, flower petals of 
generative shoots in the flowering phase and 
roots. The following solvents were used for 
extraction: water, 1% hydrochloric acid 
solution and 70% ethyl alcohol. 
Determination of alkaloids was carried out in a 
water-containing extract using reagents of 
Dragendorff, Bouchard, Major, Sonnenstein, a 
solution of tannin and picric acid. In water 
extracts from plant organs of the studied 
material showed saponins reactions 
zanotowano and Fountain-Kendal; 
antraglikozidy response of the Church; tannins 
reaction with a solution saltamontes the braid, 
water-soluble polikarov - reaction with 96%, 
ethanol and ascorbic acid reaction with 2.6-
dichlorphenolindophenol. 
In the alcohol extract, cardiac glycosides were 
detected by the balier, Liebermann-Burhard 
and Keller-Killiani reactions, flavonoids - 
cyanides by a new test and reaction with heavy 

metal salts, coumarins-by a reaction with 
diazoline salts and a lactone test. 
The nutritional and productive value of green 
mass, hay and haylage from Galega orientalis 
was determined using generally recognized 
methods of zootechnical analysis and units of 
the French system INRA-88. In this system, the 
traditional concept of a feed unit is laid down, 
which is expressed in energy units: milk 
production (feed unit of milk) (FuM) and live 
weight gain (feed unit of growth) (FuG). These 
feed units are calculated based on the amount 
of net energy per 1 kg of standard barley grain. 
A feed unit of milk (FuM) is the amount of 
net milk energy that is derived from 1 kg of 
standard barley grain as a productive feed that 
a cow consumes during lactation. One Kom 
corresponds to 1700 kcal - this amount of 
energy can be released with milk or stored in 
the body as a reserve in the form of fat. The 
feed unit of growth (FuG) is the amount of 
net energy of the live weight of the increment, 
which is obtained from 1 kg of standard barley 
grain, as a feed for the vital activity of the 
body of fattening young animals. This FuG is 
equal to 1820 kcal. 
The content of amino acids in feed was deter-
mined using the INGOS AAA-400 analyzer. 
Testing possible antimicrobial action galegov 
East on the growth of pure cultures of bacteria 
gram-positive (Micrococcus luteus), gram-
negative (Escherichia coli XL1, DH5) and 
yeast (Saccharomyces cerevisiae W303) was 
held at the Institute of Cell Biology NAS of 
Ukraine, Department of Analytical 
Biotechnology (Darmohray, 2018). 
The material for the study of testing 
antimicrobial properties of aqueous extract of 
this plant served as the dried vegetative mass of 
plants in phases of budding and beginning of 
flowering. In the experiments used the Endo 
agar for the growth of Gram-negative bacteria 
and LB medium for the growth of both Gram-
positive and Gram-negative bacteria, and wort-
agar for yeast (Darmohray and Gonchar, 2015).  
It was prepared 10% and 20% extract of the 
preparation (dried herb) by boiling and 
maceration for 10-15 hours. The extracts were 
sterilized by cold filtration. After that, on the 
surface of the cups with agaritine environment 
was applied in 0.1 ml of the investigated 
extract and sowed her grass proper culture. All 

the experiments were performed in 10 control 
and 10 experimental cups. We analyzed the 
appearance of the colonies for 2-3 days after 
seeding at 30ºC (yeast) and the first day at 35 
to 37ºC (bacteria), comparing experimental 
variants with the control (without extract).  
Obtained in experiments digital data processed 
biometrico using computer programs in MS 
Office 2003 program "Statistica". The results of 
mean values was considered statistically 
significant *-P<0.05, **-P<0.01, ***-P<0.001. 

 
RESULTS AND DISCUSSIONS 
 
Nutritional and biological value, safety of 
plants and feed from Galega orientalis 
(Lam.) 
Nutritional and biological value of plants 
and feed with Galega orientalis (Lam.) in the 
INRA-88 system 
 
The search for new methods and approaches to 
study the nutritional value of feed, as well as 
the features of rationing feeding of animals of 
different species and the direction of 
productivity makes it possible to significantly 
increase the efficiency of feed use. To achieve 
genetically determined productivity of animals, 
it is necessary to study the nature of 
biochemical and physiological relationships, 
starting with the chemical composition of 
plants, their consumption, transformation of 
nutrients, energy metabolism and the 
effectiveness of their use for biosynthesis of 
products. It is noteworthy that the system of 
evaluation of nutritional value of forages for 
ruminants ІNRА-88. Because it involves 
simultaneously determining the nutritional 
value of feed and establishing the need for it 
for animals and rationing feeding. The 
advantages of this system for assessing the 
nutritional value of feed and rationing animal 
feeding are that the energy content, expressed 
in net energy, in feed units for dairy cows and 
live weight gain of animals. The estimation of 
feed nutrition in the INRA-88 system, which 
was developed in France, is very successful and 
practical, so it is used by many European 
countries. This nutritional assessment of feed is 
based on three common and interrelated 
ruminant nutrition systems: energy (net 
energy), protein, and the ability to consume 
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and the Department of Animal Nutrition of the 
Kollontai Agricultural University of Cracow 
(Poland).  
Average samples of green mass and feed were 
taken in accordance with generally accepted 
methods the protein solubility of feed was 
determined in vitro in a buffer solution (NH4)2 
SO4 (рН = 6.5) according to the methods 
described in the methodical instructions 
VNIIFB and PZ (Borovsk, 1987). In a conical 
flask for 250 ml, crushed feed was placed in an 
air-dry state in an amount equivalent to 50 mg 
of nitrogen and 200 ml of buffer solution 
heated to 40°C was added. After 60 minutes of 
incubation in a thermostat, the contents of the 
cone were filtered and the nitrogen content in 
50 ml of filtrate was determined by Kjeldahl. 
When calculating the solubility of raw protein, 
the amount of raw protein that passed into the 
solution and the amount of raw protein in the 
feed suspension before incubation were taken 
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For a more complete characterization of non-
traditional, rare, forage culture-Galega, we 
conducted a phytochemical study of vegetative 
and generative organs in order to determine the 
presence of biologically active substances in 
them (qualitative assessment) according to the 
method of N.I. Grinkevich (Grinkevich, 1983). 
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rosettes of shoots, stem leaves, flower petals of 
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Determination of alkaloids was carried out in a 
water-containing extract using reagents of 
Dragendorff, Bouchard, Major, Sonnenstein, a 
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extracts from plant organs of the studied 
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zanotowano and Fountain-Kendal; 
antraglikozidy response of the Church; tannins 
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water-soluble polikarov - reaction with 96%, 
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dichlorphenolindophenol. 
In the alcohol extract, cardiac glycosides were 
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metal salts, coumarins-by a reaction with 
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production (feed unit of milk) (FuM) and live 
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A feed unit of milk (FuM) is the amount of 
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sterilized by cold filtration. After that, on the 
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the experiments were performed in 10 control 
and 10 experimental cups. We analyzed the 
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biometrico using computer programs in MS 
Office 2003 program "Statistica". The results of 
mean values was considered statistically 
significant *-P<0.05, **-P<0.01, ***-P<0.001. 

 
RESULTS AND DISCUSSIONS 
 
Nutritional and biological value, safety of 
plants and feed from Galega orientalis 
(Lam.) 
Nutritional and biological value of plants 
and feed with Galega orientalis (Lam.) in the 
INRA-88 system 
 
The search for new methods and approaches to 
study the nutritional value of feed, as well as 
the features of rationing feeding of animals of 
different species and the direction of 
productivity makes it possible to significantly 
increase the efficiency of feed use. To achieve 
genetically determined productivity of animals, 
it is necessary to study the nature of 
biochemical and physiological relationships, 
starting with the chemical composition of 
plants, their consumption, transformation of 
nutrients, energy metabolism and the 
effectiveness of their use for biosynthesis of 
products. It is noteworthy that the system of 
evaluation of nutritional value of forages for 
ruminants ІNRА-88. Because it involves 
simultaneously determining the nutritional 
value of feed and establishing the need for it 
for animals and rationing feeding. The 
advantages of this system for assessing the 
nutritional value of feed and rationing animal 
feeding are that the energy content, expressed 
in net energy, in feed units for dairy cows and 
live weight gain of animals. The estimation of 
feed nutrition in the INRA-88 system, which 
was developed in France, is very successful and 
practical, so it is used by many European 
countries. This nutritional assessment of feed is 
based on three common and interrelated 
ruminant nutrition systems: energy (net 
energy), protein, and the ability to consume 
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feed and create volume in the rumen. The 
nutritional and energy value of feed is 
summarized in tables and expressed separately 
for feed units of milk production and live 
weight gain of 1 kg of feed or dry matter. 
The aim of the study was to determine the 
nutritional value of green mass, hay and 
haylage from Galega orientalis in the INRA-88 
system, which differs from other systems and is 
a priority in Europe. 
Based on the conducted research, it was found 
that Galega orientalis (Lam.) is characterized 
by a high content of raw protein in all phases of 
vegetation development and can be used as an 
alternative food for feeding and feeding 
ruminant and monogastric animals (Table 1). 
As found out by the results of research, the 
highest content of Galega protein was found in 
the stalk phase of 24.85%. As the plant 
develops, the amount of raw protein decreases 
slightly and reaches a minimum value of 
17.63% during the pod formation phase. The 
content of crude protein in various 
phenological phases was within these limits 
(24.85-17.63%). A similar pattern is observed 
for the content of crude fat (3.60-2.91%) and 
crude ash (5.86-4.95%). At the same time, 
there is an increase in crude fiber (24.09-
28.59%) and its neutral-divergent fraction 
(54.4-69.39%). 
 

Table 1. Chemical composition of Galega orientalis 
(Lam.) in different phenological phases (% dry matter) 

 
 
Indicator 

Phase of development 

beginning 
of budding 
(stemming) 

buddings 
beginning 

of 
flowering 

pod 
formations 

Crude 
protein 24.85±1.64 20.53±1.19 20.09±1.49 17.63±0.79 

Crude 
fiber 24.09±1.10 26.36±2.15 27.29±1.89 28.59±2.09 

The 
fraction of 
the NIR 

54.41±2.69 59.29±1.89 60.56±1.56 69.39±2.41 

Crude fat 3.60±0.31 3.31±0.15 2.95±0.18 2.91±0.16 
Raw ash 5.96±0.65 5.79±0.45 5.18±0.41 4.95±0.66 

 
The processes of digestion and fermentation of 
macro-living substances of feed in the pre-
pancreas of ruminants is an important stage to 
ensure the effective use of these substances and 
energy of the body. The degree of cleavage, the 
amount of degradation and its digestibility in 
General largely depends on the chemical 

composition of the feed and its energy and 
protein value. 
The nutritional value of hay and haylage de-
pends on the quality of the green mass, the ve-
getation phase, compliance with the technique 
and technology of their preparation (Table 2). 
 

Table 2. Chemical composition of feed from           
Galega orientalis (Lam.), % 

Indicator 
 

Food 
hay haylage green mass 

Dry substance 77.0 46.50 15.90 
Organic matter 71.85 27.67 14.60 
Crude protein 13.56 6.20 3.40 
Crude fat 1.66 1.10 0.51 
REM 27.15 13.10 6.19 
Crude fiber 29.46 21.80 4.50 
Fraction of fiber: 
NIR 57.70 69.40 58.30 
The FTC 41.40 58.90 42.00 

 
Analyzing the data given in Table 2, it should 
be noted that the feed from Galega orientalis 
(Lam.) is characterized by a high content of dry 
and organic substances, and especially raw 
protein. Thus, the dry matter content in the hay 
is 77.0%, in the haylage -46.5%, and in the 
green mass -15.9%. The highest content of dry 
and organic substances is found in hay, and the 
lowest content of dry and organic substances is 
found in the green mass. 
A similar pattern is observed for the content of 
raw protein, so in the hay this indicator is 
13.56%, in the haylage 6.20% and in the green 
mass-3.4% in terms of the natural humidity of 
the studied feed. 
In terms of raw fat content, hay exceeds the 
green mass by three times. So, in the hay its 
content is 1.66%, in the haylage - 1.1% and in 
the green mass - 0.51%. 
According to the content of BER, hay from 
Galega orientalis has the highest index 
(27.15%), haylage contains 13.10%, respecti-
vely, the green mass - 6.19%. The studied 
indicators increase in hay and haylage due to 
the fact that the concentration of dry matter 
increases, and the water content decreases. 
As for the content of raw fiber, it is 29.46% in 
the hay, 21.8% in the haylage and 4.5% in the 
green mass. Of the fiber fractions, the dominant 
position is occupied by NDC (57.70 - 69.40%, 
respectively). The next largest is the KDC 
fraction (41.4-58.9). The highest content of 

acidic lignin was observed in the haylage 
(18.4%). 
The nutritional value of the same feed in the 
INRA-88 system is not the same for different 
technological indicators (Table 3). 
According to the analysis of digital material, 
which is shown in Table 2, we see that the 
energy of feed from Galega East is better 
transformed into milk, because the Kop is 
lower compared to the FuM. So, in the hay, this 
indicator is lower by 12.1%, in the hay - 
11.1%, and in the green mass by 6.3%, 
respectively. It should also be noted that LFA 
is converted to fat and milk protein faster than 
it is converted to meat tissue. 
 

Table 3. Nutritional value of Galega orientalis (Lam.) 
feeds in the INRA-88 system for ruminants 

The 
feed 
title 

Energy Protein (protein) Volume feed units and capacity 
feed consumption, kg 

FuM FuG EPSI 
(N), g 

EPSI 
(E), g SVFU 

(sheep) 
SVFU 
(cow) 

SVFU 
(cattle) 

Hay 0.58 0.51 87.0 71.0 0.87 0.74 0.72 
Hay 
lage 0.36 0.32 26.0 17.0 0.48 0.40 0.50 

Green 
mass 0.16 0.15 21.0 17.0 0.13 0.15 0.14 

 
To determine the protein (protein) nutritional 
value of feed, you need to know the content of 
raw protein, the coefficient of protein 
breakdown in ruminants in situ and the 
coefficient of digestibility of organic mass 
fermented in the rumen. In the French system, 
the protein value of the feed is expressed by 
two indicators: the excess protein in the small 
intestine depending on the amount of 
nitrogen input (EPSI (N)), cleaved or not 
cleaved in the rumen, and the excess protein in 
the small intestine depending on the amount 
of energy input (EPSI (E)). So, EPSI (N) 
shows the maximum amount of protein that is 
digested in the small intestine, provided that all 
the protein that has broken down in the rumen 
is assimilated by microorganisms, and EPSI (E) 
is equal to the amount of protein that is 
digested in the small intestine at maximum 
energy use, which is fermented in the rumen to 
synthesize microbial protein. The need of 
animals is expressed by the amount of protein 
that is digested in the small intestine. If EPSI 
(E) more than EPSI (N) then you need to 
include non-protein nitrogenous substances in 
the diet to increase EPSI (N). If the EPSI (N) is 
higher, then the diet should include protein 

sources that are difficult to break down or use 
easily fermentable carbohydrates. 
The system of volumetric feed units (SVFU) 
and the ability to consume feed in the norms of 
animal feeding at different rates of productivity 
depends on the content of dry matter in the 
feed, as well as on the ability to consume feed 
(ACF) animals (kg). However, the amount of 
dry matter is an insufficient criterion for 
evaluating the consumption of bulk feed, given 
that they have different quality. For example, 
wheat straw and young grass pastures. The 
animal is better and more likely to eat the dry 
matter of grass pastures than straw. 
Therefore, the French system introduced the 
terms of consumption of dry substances and 
units for creating the volume of feed, which are 
expressed in volumetric feed units. The volume 
cost of feed for ruminants also includes the 
composition and structure of plants that are 
included in the dry matter of the feed (the size 
of the cell walls and the degree of coarsening). 
The basis for determining the content of bulk 
feed units is the so-called ”comparative feed-
pasture grass” with a dry matter content of 
15.0% raw protein, 25.0% raw fiber. The 
digestibility of organic matter is 77.0%, the 
energy value (energy content) is 0.95 FuG per 
1 kg. The consumption of dry substances of 
this feed is estimated for standard animals and 
is respectively: for sheep - 75 g, cattle - 95 g 
and cows - 140 g of dry substances per 1 kg of 
live body weight - 0.75 EM. It should be noted 
that 1 kg of dry matter "comparative feed" has 
a volume value equal to 1 volume of feed unit 
for sheep (SVFU sheep), livestock - (SVFU 
cattle) and cows (SVFU cow). It is advisable 
to emphasize that when determining the 
volume of feed units, there is an 
interdependence between the chemical 
composition of grass in the vegetation phases 
and their volume value. 
The ability to consume feed per ACF for 
"standard" animals is: for sheep - 1.62 kg, 
growing fattening young cattle - 8.5 kg and 
cows - 17.0 kg. 
This assessment of the nutritional value of 
ruminant feed in the INRA-88 system is 
progressive and successful, since it takes into 
account many factors, factors and is closely 
related to the composition and properties of 
feed, metabolism and energy. 
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feed and create volume in the rumen. The 
nutritional and energy value of feed is 
summarized in tables and expressed separately 
for feed units of milk production and live 
weight gain of 1 kg of feed or dry matter. 
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haylage from Galega orientalis in the INRA-88 
system, which differs from other systems and is 
a priority in Europe. 
Based on the conducted research, it was found 
that Galega orientalis (Lam.) is characterized 
by a high content of raw protein in all phases of 
vegetation development and can be used as an 
alternative food for feeding and feeding 
ruminant and monogastric animals (Table 1). 
As found out by the results of research, the 
highest content of Galega protein was found in 
the stalk phase of 24.85%. As the plant 
develops, the amount of raw protein decreases 
slightly and reaches a minimum value of 
17.63% during the pod formation phase. The 
content of crude protein in various 
phenological phases was within these limits 
(24.85-17.63%). A similar pattern is observed 
for the content of crude fat (3.60-2.91%) and 
crude ash (5.86-4.95%). At the same time, 
there is an increase in crude fiber (24.09-
28.59%) and its neutral-divergent fraction 
(54.4-69.39%). 
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The processes of digestion and fermentation of 
macro-living substances of feed in the pre-
pancreas of ruminants is an important stage to 
ensure the effective use of these substances and 
energy of the body. The degree of cleavage, the 
amount of degradation and its digestibility in 
General largely depends on the chemical 

composition of the feed and its energy and 
protein value. 
The nutritional value of hay and haylage de-
pends on the quality of the green mass, the ve-
getation phase, compliance with the technique 
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Analyzing the data given in Table 2, it should 
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and organic substances, and especially raw 
protein. Thus, the dry matter content in the hay 
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raw protein, so in the hay this indicator is 
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INRA-88 system is not the same for different 
technological indicators (Table 3). 
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which is shown in Table 2, we see that the 
energy of feed from Galega East is better 
transformed into milk, because the Kop is 
lower compared to the FuM. So, in the hay, this 
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progressive and successful, since it takes into 
account many factors, factors and is closely 
related to the composition and properties of 
feed, metabolism and energy. 
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The feed value of the same feed, even for 
ruminants, is different and depends on the 
direction of productivity. 
The concept of the French system for 
determining the nutritional content of feed 
INRA-88 and rationing ruminant feeding is 
based on three interrelated subsystems: energy, 
protein and the ability to consume feed and 
create volume in the rumen, and this creates 
opportunities for a versatile assessment of 
nutritional value. 
Modern approaches to the normalization of 
protein nutrition in ruminants are based on 
determining the nitrogen requirements for 
rumen and host microorganisms. Rumen 
symbiotic microorganisms use non-protein 
forms of nitrogen and easily accessible protein 
structures for their growth. The intake and 
absorption of amino acids in the small intestine 
of ruminants, which depends on the amount of 
microbial protein and non-cleaved rumen 
protein feed, determines the level of protein 
nutrition. 
The solubility of protein and quality 
indicators of nutritional value of forages 
with Galega orientalis (Lam.) 
An important factor to consider when preparing 
diets for animals with a multicameral stomach 
is the degree of protein breakdown of feed in 
the rumen. One of the indicators that is used to 
predict the degree of breakdown of feed protein 
in the rumen is its solubility. The material for 
the study of solubility of protein were: seeds, 
leaves and hay from Galega orientalis (Lam.). 
The solubility of protein was determined in 
vitro in a buffer solution (NH4)2SO4 (рН = 6.5). 
Calculating the solubility of crude protein was 
considered the amount of crude protein, which 
is passed into the solution and the amount of 
crude protein in feed to incubation. Nitrogen 
content was determined by Keldahl.  
The results of researches on determination of 
solubility of protein feed of different origin are 
shown in Figure 1. According to the conducted 
laboratory studies were determined a 
significant influence of the type of food and 
organs of plants on the degree of solubility of 
the protein. 
Data are given on the figure indicate the 
dependence of the index of solubility of protein 
from the morphological structure and origin of 
feed. The solubility of protein of study forages 

ranges from 37.0% to 50.0%. The difference is 
caused by the structure and chemical 
composition of forages. 
 

 
Figure 1. Solubility of fodder protein, % 

 
The index of protein solubility for hay from 
Galega orientalis (Lam.) is higher than gluten 
five times. The protein of leaflets of Galega 
orientalis (Lam.) dissolved in buffer solution 
rather than protein hay. This is probably due to 
the hardening the stem and formation the 
slightly soluble fiber complexes and nitrogen 
compounds. The protein seed Galega orientalis 
(Lam.) dissolved in 50.0% of its total. It is a 
lower solubility compared to the solubility of 
protein of soy, despite the fact that these foods 
have the same high protein content. This may 
be the amino acid composition of protein, 
namely the content of branched amino acids, 
which affect the number of the indices.  
Fodder and medicinal properties of plants 
depend on the presence of different chemical 
structure and productive action of substances. 
The most important of these substances are 
alkaloids, glycosides, saponins, tanning agents, 
flavonoids, essential oils, plant hormones, 
vitamins, trace elements, organic acids, mineral 
salts, resins and other.  
For a more complete characterization of 
alternative and rare crop Galega orientalis 
(Lam.) we have conducted research for 
determination of some biologically active 
substances in the bodies of plants it was 
performed according to the method of           
M.I. Grinkevich (1983). Qualitative assessment 
of the content of the BAS in the bodies of 
plants Galega orientalis (Lam.) is presented in 
Table 4. 

 

Table 4. Content of biologically active substances in the 
bodies of plants Galega orientalis (Lam.) 

BAS 
Organs of plant 

rosette 
leaves Roots stem 

leaves petals 

Alkaloids ++ N - - 
Coumarins ++ +++ ++ ++ 
Flavonoids +++ ++ ++ ++ 
Heart glycosides - - - - 
Saponins +++ ++ ++ ++ 
Tannins ++ ++ ++ +++ 
Anthraglycosides - - - - 
Water-soluble 
polysaccharides ++ +++ ++ ++ 

Ascorbic acid +++ + ++ +++ 
Legend: +++ - the high content of the BAS; ++ - the sufficient level; 
+ - low (traces); N – the content is not determined. 

      
This plant is a typical bean plant. Alkaloids are 
available only in the rosette leaves (++) a 
sufficient content. Qualitative assessment 
shows that this plant is a high content of 
coumarins, especially in the roots. In this 
culture is the high content of flavonoids, 
especially in the rosette leaves, tanning agent 
petals and water-soluble polysaccharides is in 
the roots. It should be noted that in Galega 
orientalis (Lam.) no shows qualitative 
assessment, heart glycosides and 
anthraglycosids.  
Separately it is necessary to emphasize about 
the high content of ascorbic acid in the leaves 
and petals except roots. 
By chemical and physiological properties, 
synage occupies an intermediate place between 
silage and hay. 
It is known that the biological value of protein 
depends on the amount and ratio of amino acids 
in the feed or diet. Performing plastic 
functions, amino acids support the redox 
potential, and their content and ratio indicates 
that the body is provided with high-quality 
protein. In terms of amino acid content of feed 
from Galega orientalis (Lam.), especially its 
green mass exceeds the standard of the FAO 
(Food and Agriculture Organization of the 
United Nations).  
The amino acid content of the studied feed is 
shown in Table 5. 
According to the data of the table material, it 
should be noted that there are certain 
fluctuations in the indicators of amino acid 
nutrition of the studied feeds. 
 
 

Table 5. Amino acid nutrition of Galega orientalis 
(Lam.) feed (g/kg) 

Aminoacid Green 
mass 

Silage Hay Amino  
acid 

Green 
mass 

Silage Hay 

Aspartic acid 
+ asparagine 12.11 13.57 2.31 Leucine 6.89 9.46 1.91 

Threonine 3.58 3.48 0.74 Tyrosine 2.91 2.69 0.59 

Serine 4.25 2.09 0.47 Phenyl-
alanine 5.32 5.96 3.01 

Glutamic + 
glutamine 9.17 11.34 2.35 Histidine 2.29 3.53 0.97 

Proline 4.80 10.55 0.21 Lysine 4.95 5.87 1.30 
Glycine 4.26 6.28 0.16 Arginine 4.87 5.62 1.11 
Alanine 5.08 3.83 0.78 Cystine 1.03 1.56 0.45 
Isoleucine 4.27 5.89 1.22 Methionine 2.09 1.49 0.29 
Valine 4.85 7.42 1.58  

 
The content of aspartic amino acid in the green 
mass is 12.11 g, in the haylage - 13.57 g, in the 
hay, respectively - 2.31 g. According to the 
content of treoninu, there is no significant 
difference between the green mass and the 
haylage, and in the hay this indicator was less 
than almost 5 times. In terms of serine content, 
the green mass exceeds the haylage by two 
times, and the hay by nine times. The content of 
glutamic amino acid was also studied. In the 
green mass, it was 9.17 g, in the haylage - 11.34 
g, in the hay - 2.35 g in each kilogram of feed. 
The highest content of Proline was found in 
haylage from Eastern Galega (10.55 g), and the 
lowest content of this amino acid was found in 
hay (0.21 g). For the content of glycine, the 
haylage from Galega orientalis has a high 
indicator and is 6.28 g, in the green mass - 4.26 
g and in the hay, respectively - 0.16 g. The 
green mass of the studied culture had the highest 
content of alanine (5.08 g), in the haylage-3.83 
g, in the hay, respectively - 0.78 g. The studied 
feed contains a relatively high content of 
branched chain amino acids (valine, leucine and 
isoleucine). The highest total content is recorded 
in the haylage - 22.77 g, slightly lower content 
of these amino acids is available in the green 
mass - 16.01 g, respectively, the lowest content 
in the hay - 4.71 g. 
According to the content of tyrosine, there was 
no significant difference between the green 
mass and the haylage, and in the hay this 
indicator was 0.59 g. The content of 
phenylalanine in the green mass and haylage 
was almost the same (5.32 and 5.96 g), and in 
the hay, respectively, 3.01 g. The analysis 
shows that the highest content of histidine was 
found in the haylage - 3.53 g, the lowest content 
in the hay - 0.97, and in the green mass, 
respectively, 2.29 g. As for the main limiting 
critical amino acid lysine, most of it is contained 
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The feed value of the same feed, even for 
ruminants, is different and depends on the 
direction of productivity. 
The concept of the French system for 
determining the nutritional content of feed 
INRA-88 and rationing ruminant feeding is 
based on three interrelated subsystems: energy, 
protein and the ability to consume feed and 
create volume in the rumen, and this creates 
opportunities for a versatile assessment of 
nutritional value. 
Modern approaches to the normalization of 
protein nutrition in ruminants are based on 
determining the nitrogen requirements for 
rumen and host microorganisms. Rumen 
symbiotic microorganisms use non-protein 
forms of nitrogen and easily accessible protein 
structures for their growth. The intake and 
absorption of amino acids in the small intestine 
of ruminants, which depends on the amount of 
microbial protein and non-cleaved rumen 
protein feed, determines the level of protein 
nutrition. 
The solubility of protein and quality 
indicators of nutritional value of forages 
with Galega orientalis (Lam.) 
An important factor to consider when preparing 
diets for animals with a multicameral stomach 
is the degree of protein breakdown of feed in 
the rumen. One of the indicators that is used to 
predict the degree of breakdown of feed protein 
in the rumen is its solubility. The material for 
the study of solubility of protein were: seeds, 
leaves and hay from Galega orientalis (Lam.). 
The solubility of protein was determined in 
vitro in a buffer solution (NH4)2SO4 (рН = 6.5). 
Calculating the solubility of crude protein was 
considered the amount of crude protein, which 
is passed into the solution and the amount of 
crude protein in feed to incubation. Nitrogen 
content was determined by Keldahl.  
The results of researches on determination of 
solubility of protein feed of different origin are 
shown in Figure 1. According to the conducted 
laboratory studies were determined a 
significant influence of the type of food and 
organs of plants on the degree of solubility of 
the protein. 
Data are given on the figure indicate the 
dependence of the index of solubility of protein 
from the morphological structure and origin of 
feed. The solubility of protein of study forages 

ranges from 37.0% to 50.0%. The difference is 
caused by the structure and chemical 
composition of forages. 
 

 
Figure 1. Solubility of fodder protein, % 

 
The index of protein solubility for hay from 
Galega orientalis (Lam.) is higher than gluten 
five times. The protein of leaflets of Galega 
orientalis (Lam.) dissolved in buffer solution 
rather than protein hay. This is probably due to 
the hardening the stem and formation the 
slightly soluble fiber complexes and nitrogen 
compounds. The protein seed Galega orientalis 
(Lam.) dissolved in 50.0% of its total. It is a 
lower solubility compared to the solubility of 
protein of soy, despite the fact that these foods 
have the same high protein content. This may 
be the amino acid composition of protein, 
namely the content of branched amino acids, 
which affect the number of the indices.  
Fodder and medicinal properties of plants 
depend on the presence of different chemical 
structure and productive action of substances. 
The most important of these substances are 
alkaloids, glycosides, saponins, tanning agents, 
flavonoids, essential oils, plant hormones, 
vitamins, trace elements, organic acids, mineral 
salts, resins and other.  
For a more complete characterization of 
alternative and rare crop Galega orientalis 
(Lam.) we have conducted research for 
determination of some biologically active 
substances in the bodies of plants it was 
performed according to the method of           
M.I. Grinkevich (1983). Qualitative assessment 
of the content of the BAS in the bodies of 
plants Galega orientalis (Lam.) is presented in 
Table 4. 

 

Table 4. Content of biologically active substances in the 
bodies of plants Galega orientalis (Lam.) 

BAS 
Organs of plant 

rosette 
leaves Roots stem 

leaves petals 

Alkaloids ++ N - - 
Coumarins ++ +++ ++ ++ 
Flavonoids +++ ++ ++ ++ 
Heart glycosides - - - - 
Saponins +++ ++ ++ ++ 
Tannins ++ ++ ++ +++ 
Anthraglycosides - - - - 
Water-soluble 
polysaccharides ++ +++ ++ ++ 

Ascorbic acid +++ + ++ +++ 
Legend: +++ - the high content of the BAS; ++ - the sufficient level; 
+ - low (traces); N – the content is not determined. 

      
This plant is a typical bean plant. Alkaloids are 
available only in the rosette leaves (++) a 
sufficient content. Qualitative assessment 
shows that this plant is a high content of 
coumarins, especially in the roots. In this 
culture is the high content of flavonoids, 
especially in the rosette leaves, tanning agent 
petals and water-soluble polysaccharides is in 
the roots. It should be noted that in Galega 
orientalis (Lam.) no shows qualitative 
assessment, heart glycosides and 
anthraglycosids.  
Separately it is necessary to emphasize about 
the high content of ascorbic acid in the leaves 
and petals except roots. 
By chemical and physiological properties, 
synage occupies an intermediate place between 
silage and hay. 
It is known that the biological value of protein 
depends on the amount and ratio of amino acids 
in the feed or diet. Performing plastic 
functions, amino acids support the redox 
potential, and their content and ratio indicates 
that the body is provided with high-quality 
protein. In terms of amino acid content of feed 
from Galega orientalis (Lam.), especially its 
green mass exceeds the standard of the FAO 
(Food and Agriculture Organization of the 
United Nations).  
The amino acid content of the studied feed is 
shown in Table 5. 
According to the data of the table material, it 
should be noted that there are certain 
fluctuations in the indicators of amino acid 
nutrition of the studied feeds. 
 
 

Table 5. Amino acid nutrition of Galega orientalis 
(Lam.) feed (g/kg) 

Aminoacid Green 
mass 

Silage Hay Amino  
acid 

Green 
mass 

Silage Hay 

Aspartic acid 
+ asparagine 12.11 13.57 2.31 Leucine 6.89 9.46 1.91 

Threonine 3.58 3.48 0.74 Tyrosine 2.91 2.69 0.59 

Serine 4.25 2.09 0.47 Phenyl-
alanine 5.32 5.96 3.01 

Glutamic + 
glutamine 9.17 11.34 2.35 Histidine 2.29 3.53 0.97 

Proline 4.80 10.55 0.21 Lysine 4.95 5.87 1.30 
Glycine 4.26 6.28 0.16 Arginine 4.87 5.62 1.11 
Alanine 5.08 3.83 0.78 Cystine 1.03 1.56 0.45 
Isoleucine 4.27 5.89 1.22 Methionine 2.09 1.49 0.29 
Valine 4.85 7.42 1.58  

 
The content of aspartic amino acid in the green 
mass is 12.11 g, in the haylage - 13.57 g, in the 
hay, respectively - 2.31 g. According to the 
content of treoninu, there is no significant 
difference between the green mass and the 
haylage, and in the hay this indicator was less 
than almost 5 times. In terms of serine content, 
the green mass exceeds the haylage by two 
times, and the hay by nine times. The content of 
glutamic amino acid was also studied. In the 
green mass, it was 9.17 g, in the haylage - 11.34 
g, in the hay - 2.35 g in each kilogram of feed. 
The highest content of Proline was found in 
haylage from Eastern Galega (10.55 g), and the 
lowest content of this amino acid was found in 
hay (0.21 g). For the content of glycine, the 
haylage from Galega orientalis has a high 
indicator and is 6.28 g, in the green mass - 4.26 
g and in the hay, respectively - 0.16 g. The 
green mass of the studied culture had the highest 
content of alanine (5.08 g), in the haylage-3.83 
g, in the hay, respectively - 0.78 g. The studied 
feed contains a relatively high content of 
branched chain amino acids (valine, leucine and 
isoleucine). The highest total content is recorded 
in the haylage - 22.77 g, slightly lower content 
of these amino acids is available in the green 
mass - 16.01 g, respectively, the lowest content 
in the hay - 4.71 g. 
According to the content of tyrosine, there was 
no significant difference between the green 
mass and the haylage, and in the hay this 
indicator was 0.59 g. The content of 
phenylalanine in the green mass and haylage 
was almost the same (5.32 and 5.96 g), and in 
the hay, respectively, 3.01 g. The analysis 
shows that the highest content of histidine was 
found in the haylage - 3.53 g, the lowest content 
in the hay - 0.97, and in the green mass, 
respectively, 2.29 g. As for the main limiting 
critical amino acid lysine, most of it is contained 



98

in haylage from Galega orientalis (5.87 g), in 
the green mass - 4.95 g and in hay - 1.30 g. The 
high content of arginine in the green mass and 
haylage from this crop (4.87 and 5.62 g) was 
also noted. The amount of cystine and 
methionine in the haylage and hay from Galega 
orientalis were almost identical, and in the 
green mass, the amount of methionine was twice 
the amount of cystine. 
Of the eight essential amino acids, the 
predominant amount is in the green mass and 
haylage from Galega orientalis. It was found 
that the studied feeds are relatively rich in such 
amino acids: aspartic, glutamic, alanine, valine, 
leucine, phenylalanine, arginine, and lysine. 
Feed contains a high content of hydrophobic 
branched chain amino acids, especially in the 
green mass. 
Testing the antimicrobial activity of Galega 
orientalis (Lam.) in vitro 
In the previous stages of our research it was 
established and noted in publications that 
grazing cows on pasture with Galega orientalis 
(Lam.) in the dew or in the rain at one of the 
cows did not this was caused considering the 
fact that this culture belongs to the legumes. 
With the aim of finding the possible 
mechanisms of this phenomenon, we 
performed model microbiological studies. 
Because research on the symbiotic microflora 
of the rumen is a complex problem, we studied 
the effect of different concentrations of 
aqueous extracts of Galega orientalis (Lam.) 
on growth of pure cultures of bacteria and 
yeast. The search for new antimicrobial agents, 
including those of natural origin, has become 
increasingly urgent in recent years, since 
improving the microbiological purity of food, 
feed additives and veterinary drugs is currently 
one of the top priorities of scientists and 
manufacturers. 
The purpose of this study was to test the 
possible antimicrobial action of Galega 
orientalis on the growth of pure cultures of 
gram-positive (Micrococcus luteus), Gram-
negative (Escherichia coli XL1, DH5) and 
yeast (Saccharomyces cerevisiae W303) 
bacteria against the background of different 
concentrations of water extract of this plant. 
As a result of the experiment, it was observed 
that the preparation of the studied culture at a 
concentration of 10.0% (in terms of the initial 

mass of the dried plant) had virtually no effect 
on the growth of bacteria and yeast. 
When increasing the concentration of the drug 
to 20.0 %, an inhibitory effect on the growth of 
E. coli bacteria of the XL1 and DH5 strains 
was found. The results of testing the 
antimicrobial activity of the studied drug are 
shown in Table 6. 
 

Table 6. Growth of pure cultures of bacteria  
and yeast against the background of the action  

of Galega orientalis extract (M ± m, n = 10), number  
of colonies per Petri dish 

Group Gram-negative Gram-
positive 

Yeast 

Е. coli 
(XL1) 

Е. coli 
(DH 5) 

М. 
luteus 

S. 
cerevisiae 
(W 303) 

Control 540±15 389±4 1921±81 59±5 
Experience 430±9*** 272±6*** 1694±8* 41±4** 

 
It was noticed that examining culture products 
in concentration 10% did not influence the 
growth of bacteria Gram-positive, Gram-
negative, yeasts much. Due to increasing in 
concentration of water extract up to 20% found 
that Petri dish control group was grown at 540 
± 15 colonies of E. coli strain XL1 and 
experienced with the addition of 20% of the 
preparation Galega orientalis (Lam.) there 
were 110 colonies less. Therefore, it was 
observed inhibition of growth of bacteria by 
20.0% (P<0.001) compared to the control cups. 
Intergroup difference in this indicator is 
statistically probable. The test results of the 
antimicrobial activity of the test preparation is 
shown in Table 6.     
In the study of antimicrobial action of 20.0% 
water extract of Galega orientalis (Lam.) on 
the growth of gram-negative bacteria E. coli 
strain DH 5 it was found that in the 
experimental cups were 117 smaller colonies 
than the control. In percentage terms this means 
inhibition of bacterial growth by 30.0% 
(P<0.001).  
It was conducted microbiological studies 
indicate that was slightly less antibacterial 
activity of an investigational preparation 
against Gram-positive bacteria M. luteus. It was 
found that 20% of water extract of Galega 
orientalis (Lam.) inhibits the growth of 
microorganisms by 12.0% (P<0.05) compared 
with control. It has showed the negative effect 
of water extract of Galega orientalis (Lam.) on 

the growth eukariotic microorganisms-yeast 
saccharomyces cerevisiae strain W303. It was 
found that in the experimental cups the number 
of colonies was 30.5% (P<0.01) compared with 
the control. 
Along the way, to note that in all cases, 
experimental studies of the addition of the drug 
Galega orientalis (Lam.) was not altered 
colony morphology strains tested. 

 
CONCLUSIONS 
 
Based on the results of gluten refers to feed 
with low solubility, protein Galega orientalis 
(Lam.) is middle, soybean and sunflower meal 
are with a high degree of solubility of the 
protein. In this regard, the feeding of ruminant 
animals studied fodder needs adequate amounts 
of protein will differently affect the efficiency 
of the use of nitrogenous compounds. 
The analysis argues that the protein seeds, 
leaves and hay from Galega orientalis (Lam.) 
have an average degree of solubility. It has 
studied the essential influence of type of feed 
on the degree of protein solubility. The highest 
solubility has found in seeds - 50, 0%, the letter 
- 40.0%, and lowest in the manger - 37.0%. 
The nutritional value of feed with Galega 
orientalis (Lam.) (green mass, hay, haylage) in 
the French INRA-88 system for ruminants was 
determined. The application of this assessment 
of feed nutrition simultaneously characterizes 
the energy, protein value and the amount of 
feed consumption. Feed from Galega orientalis 
differ in energy value for the production of 
milk (FuM) and meat, since FuM is higher in 
comparison with FuG in all the studied feeds. 
In the hay, the FuG is 12.1% lower than the 
com, in the haylage by 11.1%, and in the green 
mass by 6.3%. Based on our research, we claim 
that the energy of feed from Galega orientalis 
is better transformed for the synthesis of milk 
than into muscle tissue. 
The studied feeds with Galega orientalis 
(Lam.) have the highest index of digestible 
protein in the small intestine depending on the 
amount of nitrogen intake (EPSI (N)), since in 
the green mass it is 21.0 g, in the hay - 87.0 g 
and in the haylage - 26.0 g, and the excess 
protein in the small intestine depending on the 
amount of energy intake (EPSI (E)), 
respectively, 17.0; 71.0; 17.0 (g/kg). 

It was found that in comparison with other 
legumes, the protein of feed from Galega 
orientalis is more rich in branched chain amino 
acids: green mass - 16.01, haylage - 22.77, hay 
- 4.71 g/kg. 
According to the conducted phytochemical 
research found that in the bodies of plants 
Galega orientalis (Lam.) is a sufficient level of 
alkaloids and coumarins in the rosette leaves 
(++), as well as the relatively high content of 
flavonoids in the rosette leaves and ascorbic 
acid in the petals and leaves the investigated 
plants. On the content of the BAS, this plant is 
characteristic bean plant. It is expedient to 
conduct more extensive research using modern 
methods and techniques to better understand 
and address this issue. 
Obtained results allow to note a slight antimi-
crobial effect of a 20% water extract of Galega 
orientalis (Lam.) on growth of pure cultures of 
gram-negative and gram-positive bacteria and 
yeast. This fact can be used in the food industry 
as an antimicrobial agent of natural origin to 
preserve and ensure the microbiological purity 
of the products, and suggests that the lack of 
this was caused from animals who were fed this 
plant, may be associated with the inhibition of 
microorganisms. 
Prospects for further research. It is advisable 
to carry out extensive research using modern 
methods and techniques for deeper 
understanding and solution of this issue and 
also to expand the range of test-cultures and the 
range of concentrations of the studied drug 
with respect to determine the problem. 
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in haylage from Galega orientalis (5.87 g), in 
the green mass - 4.95 g and in hay - 1.30 g. The 
high content of arginine in the green mass and 
haylage from this crop (4.87 and 5.62 g) was 
also noted. The amount of cystine and 
methionine in the haylage and hay from Galega 
orientalis were almost identical, and in the 
green mass, the amount of methionine was twice 
the amount of cystine. 
Of the eight essential amino acids, the 
predominant amount is in the green mass and 
haylage from Galega orientalis. It was found 
that the studied feeds are relatively rich in such 
amino acids: aspartic, glutamic, alanine, valine, 
leucine, phenylalanine, arginine, and lysine. 
Feed contains a high content of hydrophobic 
branched chain amino acids, especially in the 
green mass. 
Testing the antimicrobial activity of Galega 
orientalis (Lam.) in vitro 
In the previous stages of our research it was 
established and noted in publications that 
grazing cows on pasture with Galega orientalis 
(Lam.) in the dew or in the rain at one of the 
cows did not this was caused considering the 
fact that this culture belongs to the legumes. 
With the aim of finding the possible 
mechanisms of this phenomenon, we 
performed model microbiological studies. 
Because research on the symbiotic microflora 
of the rumen is a complex problem, we studied 
the effect of different concentrations of 
aqueous extracts of Galega orientalis (Lam.) 
on growth of pure cultures of bacteria and 
yeast. The search for new antimicrobial agents, 
including those of natural origin, has become 
increasingly urgent in recent years, since 
improving the microbiological purity of food, 
feed additives and veterinary drugs is currently 
one of the top priorities of scientists and 
manufacturers. 
The purpose of this study was to test the 
possible antimicrobial action of Galega 
orientalis on the growth of pure cultures of 
gram-positive (Micrococcus luteus), Gram-
negative (Escherichia coli XL1, DH5) and 
yeast (Saccharomyces cerevisiae W303) 
bacteria against the background of different 
concentrations of water extract of this plant. 
As a result of the experiment, it was observed 
that the preparation of the studied culture at a 
concentration of 10.0% (in terms of the initial 

mass of the dried plant) had virtually no effect 
on the growth of bacteria and yeast. 
When increasing the concentration of the drug 
to 20.0 %, an inhibitory effect on the growth of 
E. coli bacteria of the XL1 and DH5 strains 
was found. The results of testing the 
antimicrobial activity of the studied drug are 
shown in Table 6. 
 

Table 6. Growth of pure cultures of bacteria  
and yeast against the background of the action  

of Galega orientalis extract (M ± m, n = 10), number  
of colonies per Petri dish 

Group Gram-negative Gram-
positive 

Yeast 

Е. coli 
(XL1) 

Е. coli 
(DH 5) 

М. 
luteus 

S. 
cerevisiae 
(W 303) 

Control 540±15 389±4 1921±81 59±5 
Experience 430±9*** 272±6*** 1694±8* 41±4** 

 
It was noticed that examining culture products 
in concentration 10% did not influence the 
growth of bacteria Gram-positive, Gram-
negative, yeasts much. Due to increasing in 
concentration of water extract up to 20% found 
that Petri dish control group was grown at 540 
± 15 colonies of E. coli strain XL1 and 
experienced with the addition of 20% of the 
preparation Galega orientalis (Lam.) there 
were 110 colonies less. Therefore, it was 
observed inhibition of growth of bacteria by 
20.0% (P<0.001) compared to the control cups. 
Intergroup difference in this indicator is 
statistically probable. The test results of the 
antimicrobial activity of the test preparation is 
shown in Table 6.     
In the study of antimicrobial action of 20.0% 
water extract of Galega orientalis (Lam.) on 
the growth of gram-negative bacteria E. coli 
strain DH 5 it was found that in the 
experimental cups were 117 smaller colonies 
than the control. In percentage terms this means 
inhibition of bacterial growth by 30.0% 
(P<0.001).  
It was conducted microbiological studies 
indicate that was slightly less antibacterial 
activity of an investigational preparation 
against Gram-positive bacteria M. luteus. It was 
found that 20% of water extract of Galega 
orientalis (Lam.) inhibits the growth of 
microorganisms by 12.0% (P<0.05) compared 
with control. It has showed the negative effect 
of water extract of Galega orientalis (Lam.) on 

the growth eukariotic microorganisms-yeast 
saccharomyces cerevisiae strain W303. It was 
found that in the experimental cups the number 
of colonies was 30.5% (P<0.01) compared with 
the control. 
Along the way, to note that in all cases, 
experimental studies of the addition of the drug 
Galega orientalis (Lam.) was not altered 
colony morphology strains tested. 

 
CONCLUSIONS 
 
Based on the results of gluten refers to feed 
with low solubility, protein Galega orientalis 
(Lam.) is middle, soybean and sunflower meal 
are with a high degree of solubility of the 
protein. In this regard, the feeding of ruminant 
animals studied fodder needs adequate amounts 
of protein will differently affect the efficiency 
of the use of nitrogenous compounds. 
The analysis argues that the protein seeds, 
leaves and hay from Galega orientalis (Lam.) 
have an average degree of solubility. It has 
studied the essential influence of type of feed 
on the degree of protein solubility. The highest 
solubility has found in seeds - 50, 0%, the letter 
- 40.0%, and lowest in the manger - 37.0%. 
The nutritional value of feed with Galega 
orientalis (Lam.) (green mass, hay, haylage) in 
the French INRA-88 system for ruminants was 
determined. The application of this assessment 
of feed nutrition simultaneously characterizes 
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com, in the haylage by 11.1%, and in the green 
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and in the haylage - 26.0 g, and the excess 
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conduct more extensive research using modern 
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Abstract 
 
Orchids are widely known for their economic importance, but less so from a medicinal point of view. This paper aims to 
provide information on the antimicrobial and antioxidant potential of methanolic and ethanolic extracts obtained from 
orchid wastes of Phalaenopsis species, respectively dried leaves, stems and roots. Due to their high diversity, bioactive 
plant compounds are of particular interest. The antioxidant potential was studied by measuring the phenolics, the 
chlorophyll and carotenoids content; in addition, DPPH assay was used. Antimicrobial tests were done by spot method 
on different microorganisms (Staphylococcaceae, Bacillaceae, Enterobacteriaceae family and Candida sp.). The results 
show a medium to high antioxidant potentila of Phalaenopsis wastes extracts (leaves and roots) and a promising 
inhibitory activity of leaves extracts against Staphylococcus aureus methicillin resistant and Pseudomonas aeruginosa. 
Stem extracts had inhibitory activity of Bacillus cereus. This may open future possibilities of using Phalaenopsis wastes 
in pharmaco-cosmetic industry.  
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INTRODUCTION 

 
Orchidaceae family, known as orchids as the 
common name, is one of the largest families of 
flowering plants, the second family, in fact, 
with 28,484 species (KewWCSP, 2017). 
Orchids are more often met in tropics regions. 
The greatest number of species was 
encountered in Colombia. The Phalaenopsis 
spp. is the most commonly used orchid 
commercially and economically. Most of its 
parts are often left unused, which can lead to 
waste and, consequently, to additional 
ecological problems, even if it could have a 
potential additional value. More than 45% from 
flowers produced worldwide become waste 
(ICT integral, 2020). Phalaenopsis are widely 
used for their distinctive beauty, but many 
other orchids are also found as extracts in the 
cosmetics industry, because they have an anti-
aging effect, and moisturizes the skin. Orchid’s 
properties are also used in the Japanese female 
cosmetics industry for face creams that reduce 
the skin depigmentation (Tadokoro et al., 
2010). From ethnopharmacological point of 
view, studies show that Orchidaceae family 

was used for a long time in different diseases 
like: digestive system diseases, infections, 
blood circulation, pain reliever (Ashraf et al., 
2013). There are some antibiotics to treat skin 
issues (like acne for example), but it was 
noticed a growing antibiotic resistance from 
bacteria, so several plants have inhibitory 
activity against this kind of microorganisms, 
such as Symplocos racemose, Chamomilla 
matricatia, Syzygium aromaticum, Melaleuca 
alternifolia, Rosmarinus officinalis etc. 
Previous studies showed promising results 
regarding Phalaenopsis extracts action against 
bacteria (Staphylococcus spp., Salmonella, E. 
coli) or fungi (Candida spp.), and the need for 
more experimental studies, using different 
methods or method variables (Irimescu et al., 
2020). 
Different studies have been made in order to 
discover a new range form of antioxidants. 
They have many health benefits, preventing or 
even eliminating free radicals, which leads to 
the reduction of degenerative diseases by 
slowing down the aging process of cells. 
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Orchids are widely known for their economic importance, but less so from a medicinal point of view. This paper aims to 
provide information on the antimicrobial and antioxidant potential of methanolic and ethanolic extracts obtained from 
orchid wastes of Phalaenopsis species, respectively dried leaves, stems and roots. Due to their high diversity, bioactive 
plant compounds are of particular interest. The antioxidant potential was studied by measuring the phenolics, the 
chlorophyll and carotenoids content; in addition, DPPH assay was used. Antimicrobial tests were done by spot method 
on different microorganisms (Staphylococcaceae, Bacillaceae, Enterobacteriaceae family and Candida sp.). The results 
show a medium to high antioxidant potentila of Phalaenopsis wastes extracts (leaves and roots) and a promising 
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Stem extracts had inhibitory activity of Bacillus cereus. This may open future possibilities of using Phalaenopsis wastes 
in pharmaco-cosmetic industry.  
 
Key words: orchids, waste, antimicrobial, antioxidant. 
 
INTRODUCTION 

 
Orchidaceae family, known as orchids as the 
common name, is one of the largest families of 
flowering plants, the second family, in fact, 
with 28,484 species (KewWCSP, 2017). 
Orchids are more often met in tropics regions. 
The greatest number of species was 
encountered in Colombia. The Phalaenopsis 
spp. is the most commonly used orchid 
commercially and economically. Most of its 
parts are often left unused, which can lead to 
waste and, consequently, to additional 
ecological problems, even if it could have a 
potential additional value. More than 45% from 
flowers produced worldwide become waste 
(ICT integral, 2020). Phalaenopsis are widely 
used for their distinctive beauty, but many 
other orchids are also found as extracts in the 
cosmetics industry, because they have an anti-
aging effect, and moisturizes the skin. Orchid’s 
properties are also used in the Japanese female 
cosmetics industry for face creams that reduce 
the skin depigmentation (Tadokoro et al., 
2010). From ethnopharmacological point of 
view, studies show that Orchidaceae family 

was used for a long time in different diseases 
like: digestive system diseases, infections, 
blood circulation, pain reliever (Ashraf et al., 
2013). There are some antibiotics to treat skin 
issues (like acne for example), but it was 
noticed a growing antibiotic resistance from 
bacteria, so several plants have inhibitory 
activity against this kind of microorganisms, 
such as Symplocos racemose, Chamomilla 
matricatia, Syzygium aromaticum, Melaleuca 
alternifolia, Rosmarinus officinalis etc. 
Previous studies showed promising results 
regarding Phalaenopsis extracts action against 
bacteria (Staphylococcus spp., Salmonella, E. 
coli) or fungi (Candida spp.), and the need for 
more experimental studies, using different 
methods or method variables (Irimescu et al., 
2020). 
Different studies have been made in order to 
discover a new range form of antioxidants. 
They have many health benefits, preventing or 
even eliminating free radicals, which leads to 
the reduction of degenerative diseases by 
slowing down the aging process of cells. 
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Phenolic compounds, which are secondary 
metabolites, have applicability in the 
production of antioxidants. Thus, the 
identification of new antioxidants has become a 
goal. This variety of Phalaenopsis orchid has 
become in recent years, a popular potted plant 
worldwide, from Japan, to America and to 
Europe. This plant loses its vivacity after the 
first flowering, later turning into waste. The 
disposal of Phalaenopsis orchids has a negative 
impact on the environment (Minh et al., 2016). 
Therefore, through this study, it was sought to 
evaluate the antioxidant properties of orchid 
plant waste. Phenolic compounds exist both in 
free forms and can be extracted in various polar 
solvents, as well as in bound forms in plant 
cells. Therefore, various extraction techniques 
have been applied to examine the antioxidant 
capacity, total polyphenolic compounds and 
total flavonoids in orchids. 
This study tried to emphasize that this plant has 
not only ornamental values, but also has 
important pharmaceutical values, as antioxidant 
properties and inhibitory effect on different 
bacteria or fungi species (Bhattacharjee et al., 
2015). The antioxidant potential was studied by 
measuring the polyphenolic compounds, the 
chlorophyll and carotenoids content; in 
addition, DPPH assay was used. Antimicrobial 
tests were done by spot method on different 
microorganisms (Staphylococcaceae, 
Bacillaceae, Enterobacteriaceae family and 
Candida sp.). 
 
MATERIALS AND METHODS 
 
Collection of plant material 
Tria’s Flower Shop, located in Greenhouse 
Băneasa, Romania donated the Phalaenopsis 
orchid waste, in order to be exploited to the full 
potential. The entire unused plants were 
keptincontrolled storage conditions, before they 
were given away by Tria’s Flower Shop. 
Extracts’ preparation 
The Phalaenopsis orchid species were 
separated into groups of leaves, stems and 
roots. After cutting, the tissue was dried. In a 
separate room, at a constant temperature of 
37°C, the drying process took place for 7 days. 
The small cut pieces of orchid were grounded. 
Any impurities that could have contaminated 
the final sample, including bark or any other 

materials that may interfere with the results, 
were washed off with purified water, before the 
drying process of the orchid parts. In order to 
obtain the crude extract, the plant material was 
powdered (leaves-L, roots-R and stems-S) and 
mixed in a stopper bottle (Erlenmeyer) with 
70% Ethanol (1:10 ratio). Each group of cut 
orchid was mixed with Ethanol (Nicolcioiu et 
al., 2017) and placed in the plate mixer for 60 
minutes, at a controlled temperature of 30°C, at 
150 rpm. After obtaining the crude extracts, 
these were filtered through a filter paper. The 
maceration was the method of achieving the 
crude extraction. The same method was used to 
obtain the methanol extracts from parts of 
Phalaenopsis orchids (Jagannath et al., 2016). 
Antioxidant compounds  
The total polyphenols were determined by an 
adapted Singleton method (Singleton et al., 
1999; Catana et al., 2020) which is a 
spectrophotometric method that is based on the 
reduction of phosphowolframates and 
phosphomolybdates in the Folin-Ciocâlteu 
reagent. The results were presented in this 
paper, in milligrams equivalent gallic acid 
(GAE) present in one gram of fresh substance 
(S.P.). To calculate the results, according to the 
working method, a standard curve was 
developed.  
The spectrophotometric method has permitted 
to determine the content of chlorophyll 
pigments (Lichtenthaler, 1987). The 
chlorophyll pigments were extracted with 80% 
acetone, as solvent. The extinction values were 
transformed into concentration values based on 
the following formulas: 
 
Chlorophyll a concentration = (12.25 x E663 - 2.79 x E646) 
Chlorophyll b concentration = (21.50 x E646 - 5.10 x E663). 
 
The final result was expressed in mg/g. 
The carotenoid pigments measurement was 
also done by a spectrophotometric method 
(Tănase, 1991). The appearance of the peaks 
characteristic of the presence in the medium of 
β-carotene at wavelengths between λ = 400- 
500 nm is observed. Qualitative analysis is 
based on the position of the peaks (Neamţu, 
1996). For one hour, it was performed the 
extraction of carotenoids in the dark, under 
stirring. 
The samples extinctions were determined at 
451 nm (Britton et al., 1995). The extinction 

values were transformed into concentration 
values by means of a standard curve made for 
standard β-carotene solutions having concen-
trations between 20-100 (μg/ml). The final 
result was expressed in mg/g sample. 
Total antioxidant capacity by diphenyl-
picrylhydrazyl radical spectrophotometric 
method (DPPH) 
The method using DPPH as a stable free radical 
was developed by Blois (Blois, 1958) and 
developed by Brand-Williams et al. (Brand-
Williams et al., 1995; Bondet et al., 1997) to be 
used in studies using complex matrices such as 
biological material. DPPH is a stable free 
radical which has an intense, purple colour with 
a maximum absorption around 515 nm. Brand-
Williams and co-workers, introduced the notion 
of "effective concentration" (EC50) for the 
interpretation of the results obtained by the 
DPPH method. For this purpose, extracts of 
different concentrations are analysed in terms 
of their ability to transform the DPPH radical. 
For each case the percentage of free radical 
transformation is calculated according to the 
formula: 
 
% RSA=(1-[D.O.sample/D.O.control (pt. T = o)])/100 
 
The dependence of the transformation per-
centage (RSA%) on the extract concentration is 
plotted and the EC50 parameter is calculated.  
In our study we used the term IC50 because we 
measure the inhibition level. EC50 defines in 
general the concentration of a drug and 
“Inhibitory Concentration” (IC) is more appro-
priate in this case (both are defining the same 
method). 
All experiments were performed in triplicate. 
Antimicrobial activity 
For the inhibitory effect of different 
Phalaenopsis plant parts extracts on bacteria 
and fungi strains the spot-diffusion method was 
used. 
Test microorganisms used 
To test the antimicrobial activity of 
Phalaenopsis extracts, more potentially 
pathogenic strains of Staphylococcus aureus, 
Staphylococcus epidermidis, Escherichia coli, 
Candida, Salmonella, Bacillus cereus and 
Pseudomonas (Table 1) were selected. These 
pathogenic microorganisms were provided by 

the USAMV of Bucharest, Faculty of 
Biotechnologies. 
Culture media 
The culture medium used for Staphylococcus 
and Enterobacteriaceae was the TSA (Tryptic 
Soy Agar) medium. For the Candida strains, 
culture media was PDA (Potato Dextrose 
Agar). For the Salmonella strain, culture media 
was XLD (Xylose Lysine Deoxycholate). For 
15 minutes, all the media were introduced into 
the autoclave at 121°C.  
 

Table 1. Microorganisms used to test the antimicrobial 
activity of Phalaenopsis spp. wastes extracts 

No. Microorganisms 
Bacteria 
1. Pseudomonas aeruginosa ATCC 15442 
2. Bacillus cereus 
3. Salmonella typhi ATCC 14028 
4. Escherichia coli ATCC 8739 
5. Staphylococcus aureus ATCC 43300 MRSA 
6. Staphylococcus aureus ATCC 33592 
7. Staphylococcus aureus ATCC 6538 MSSA 
8. Staphylococcus epidermidis ATCC 51625 MRSE 
9. Staphylococcus epidermidis ATCC 12228MSSE 
Fungi 
10. Candida albicans ATCC 10231 
11. Candida glabrata ATCC 2001 
12. Candida parapsilosis ATCC20019 
13. Candida tropicalis ATCC 44508 
14. Candida krusei 2016 MI 41 
15. Candida guilliermondii MI 40 

 
The drop diffusion (spot method) test method 
was used to measure the areas of inhibition, 
with the determination of antimicrobial activity 
(Purcaru et al., 2015). For the drop diffusion 
test, the inoculum was prepared in fresh culture 
in specific liquid media. The fresh culture 
strains were prepared by inoculation on liquid 
media. According to the working method, the 
spreading technique is used to inoculate the 
pathogenic strains on the surface of the culture 
media distributed in Petri dishes. The inhibition 
is shown by halo-formation and its size should 
be measured.  
 
RESULTS AND DISCUSSIONS 
 
Antioxidant compounds 
Polyphenols are usually defined as 
antioxidants, and protect, together with 
different vitamins, against tissue oxidation. The 
polyphenolic content and concentration in 
Phalaenopsis waste proves that it can be used 
for dietary, skin care, and maybe health 
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% RSA=(1-[D.O.sample/D.O.control (pt. T = o)])/100 
 
The dependence of the transformation per-
centage (RSA%) on the extract concentration is 
plotted and the EC50 parameter is calculated.  
In our study we used the term IC50 because we 
measure the inhibition level. EC50 defines in 
general the concentration of a drug and 
“Inhibitory Concentration” (IC) is more appro-
priate in this case (both are defining the same 
method). 
All experiments were performed in triplicate. 
Antimicrobial activity 
For the inhibitory effect of different 
Phalaenopsis plant parts extracts on bacteria 
and fungi strains the spot-diffusion method was 
used. 
Test microorganisms used 
To test the antimicrobial activity of 
Phalaenopsis extracts, more potentially 
pathogenic strains of Staphylococcus aureus, 
Staphylococcus epidermidis, Escherichia coli, 
Candida, Salmonella, Bacillus cereus and 
Pseudomonas (Table 1) were selected. These 
pathogenic microorganisms were provided by 

the USAMV of Bucharest, Faculty of 
Biotechnologies. 
Culture media 
The culture medium used for Staphylococcus 
and Enterobacteriaceae was the TSA (Tryptic 
Soy Agar) medium. For the Candida strains, 
culture media was PDA (Potato Dextrose 
Agar). For the Salmonella strain, culture media 
was XLD (Xylose Lysine Deoxycholate). For 
15 minutes, all the media were introduced into 
the autoclave at 121°C.  
 

Table 1. Microorganisms used to test the antimicrobial 
activity of Phalaenopsis spp. wastes extracts 

No. Microorganisms 
Bacteria 
1. Pseudomonas aeruginosa ATCC 15442 
2. Bacillus cereus 
3. Salmonella typhi ATCC 14028 
4. Escherichia coli ATCC 8739 
5. Staphylococcus aureus ATCC 43300 MRSA 
6. Staphylococcus aureus ATCC 33592 
7. Staphylococcus aureus ATCC 6538 MSSA 
8. Staphylococcus epidermidis ATCC 51625 MRSE 
9. Staphylococcus epidermidis ATCC 12228MSSE 
Fungi 
10. Candida albicans ATCC 10231 
11. Candida glabrata ATCC 2001 
12. Candida parapsilosis ATCC20019 
13. Candida tropicalis ATCC 44508 
14. Candida krusei 2016 MI 41 
15. Candida guilliermondii MI 40 

 
The drop diffusion (spot method) test method 
was used to measure the areas of inhibition, 
with the determination of antimicrobial activity 
(Purcaru et al., 2015). For the drop diffusion 
test, the inoculum was prepared in fresh culture 
in specific liquid media. The fresh culture 
strains were prepared by inoculation on liquid 
media. According to the working method, the 
spreading technique is used to inoculate the 
pathogenic strains on the surface of the culture 
media distributed in Petri dishes. The inhibition 
is shown by halo-formation and its size should 
be measured.  
 
RESULTS AND DISCUSSIONS 
 
Antioxidant compounds 
Polyphenols are usually defined as 
antioxidants, and protect, together with 
different vitamins, against tissue oxidation. The 
polyphenolic content and concentration in 
Phalaenopsis waste proves that it can be used 
for dietary, skin care, and maybe health 
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purposes. The highest concentration of poly-
phenols was found in 70% ethanolic extract 
from leaves as it can be seen in Figure1 and can 
be studied further more for health and food 
industry implementation. Other studies (Minh 
et al., 2016) shown that orchid extracts contain 
smaller quantities of polyphenolic compounds, 
but the extracts were dissolved only in 
methanol, while in this study it was also used 
ethanol as an extracting solvent, with better 
results. According to Minh et al. (2016), the 
highest polyphenolic concentration was found 
in roots 4.01 mg GAE/g DW (DW = dry 
weight), in current study, the highest 
polyphenolics content was found in leaf 
extracts and is 6.72 mg GAE/g DW. Same 
author, made another study in 2017 (Minh et 
al., 2017) using Phalaenopsis Sogo Yukidian 
“V3” hybrid, and maximum phenolic values 
were found in stems: 5.092 mg GAE/g DW. 
 

 
Figure 1. Average polyphenol concentrations  
in different Phalaenopsis plant parts extracts 

 
Carotenoids play an important role as 
antioxidant in the human body. Carotenes can 
enhance immune system, because of the 
provitamin A that can be converted into 
vitamin A (Anthony, 2018). It can be seen that 
the leaves have the highest concentration of 
carotene, for this time, both methanol 80% and 
ethanol 70% extracts as it can be seen in Figure 
2. Regarding other studies about carotenoid 
content in Phalaenopsis extracts, the informa-
tion is pretty scarce, only Nguyen et al. (2018), 
offered values of 0.79 mg/g DW in the leaf 
extracts, significantly higher than 0.038 mg/g 
DW found in current study. Difference can be 
made by the fact that in Nguyen et al. (2018) 

study, the Phalaenopsis flowers received 
constant treatment of a fertilizer solution (N: 
P2O5: K2O, 20: 20: 20).  
The orchid plants in our study were already 
considered waste and did not receive any 
fertilizer or special care for more than 30 days 
before use. 
 

 
Figure 2. Average carotene concentrations  

in different Phalaenopsis plant parts extracts 
 

Chlorophyll is the main pigment that is used 
by plants to transform light into energy 
(photosynthesis) (Soni et al., 2018). 
Antioxidant capacity is 1000 times superior to 
xanthins: caffeine, theophylline, theobromine, 
(tea, coffee, maté, chocolate) (Land Art, 2021). 
 

 
Figure 3. Average chlorophyll concentrations  
in different Phalaenopsis plant parts extracts 

 
As it can be predicted, leaves extracts have the 
highest concentration of chlorophyll, but, a 
curious value that will need investigation is that 
methanol root extracts have a high 
concentration, as it can be seen in Figure 3. 
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The chlorophyll concentration found in 
Phalaenopsis was also measured by Nguyen et 
al. (2018), and reaching a maximum of 3.15 
mg/g DW in the leaf extract of the hybrid 
called “City More”, this value being 
considerably higher than the highest of the 
current study: 0.38 mg/g DW, found of course 
in leaves. In this study the methanolic extracts 
had the maximum chlorophyll value in leaves, 
meaning 0.34 mg/g concentration. 
IC50 inhibitory concentrations 
In order to calculate the IC50 value, the 
concentration of the sample needed to inhibit 
50% of radical had to be calculated (Rashmi et 
al., 2015). The antioxidant activity of samples 
gets bigger as the IC50 value is smaller (Li et 
al., 2009). It can be noticed that the highest 
antioxidant activity is proved to be found for 
the ethanolic leaves extract as shown in Figure 
4. 
 

 
Figure 4. IC50 inhibitory concentrations  

of DPPH radical-scavenging activities for different 
Phalaenopsis plant parts extracts 

 
In his study Nguyen et al. (2018), found a 
minimum IC50 concentration of 8.01 mg/ml in 
the methanolic leaves extracts of a 
Phalaenopsis hybrid “City More”. Current 

work concluded that the minimum IC50 value 
was 4.33 mg/ml in leaves used as ethanolic 
plant extract. Methanol plant extracts in this 
study have a minimum of 5.75 mg/ml in leaf 
extract. Minh et al. (2017), studied also the IC50 
levels for waste Phalaenopsis orchids and 
found the lowest value in leaves ethyl acetate 
extracts: 0.070 mg/ml, but also in stems 
chlorophorm extracts (0.175 mg/ml). 
In addition, other tests should be performed to 
prove any antioxidant potential of such extracts 
for a higher value of new products (Paul et al., 
2013). Most of the studies regarding 
antioxidant activity of Phalaenopsis are made 
not on waste, but on fresh plants. This fact 
cannot permit fertilizers to completely exit the 
plant’s metabolism and, in this way, can 
influence experimental values.  
Antimicrobial activity 
A clear inhibition halo (inhibition examples can 
be seen in Figure 5.) which denotes a medium 
inhibitory activity, could be observed for 
ethanolic leaves extract on strains of Candida: 
C. tropicalis and C. guilliermondii. In the case 
of ethanolic root extract, high inhibitory 
activity has been noticed against C. krusei. 
Low inhibitory activity was registered in the 
case of C. albicans and C. parapsilopsis for all 
extracts. Bacterial activity was inhibited in 
different degrees especially by the leaves 
extracts. It was noticeable that the methicillin 
resistant Staphylococcus aureus was 
significantly inhibited by the leaves ethanolic 
extract (Table 2)., as well as the methicillin 
sensible strain. Pseudomonas aeruginosa strain 
was sensible to the ethanolic leaves extract in a 
high degree, while it was resistant to the 
compounds of the roots extracts. As exception, 
stem extract inhibited the growth of Bacillus 
cereus; further investigation on potential 
inhibitory compounds are requested.
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purposes. The highest concentration of poly-
phenols was found in 70% ethanolic extract 
from leaves as it can be seen in Figure1 and can 
be studied further more for health and food 
industry implementation. Other studies (Minh 
et al., 2016) shown that orchid extracts contain 
smaller quantities of polyphenolic compounds, 
but the extracts were dissolved only in 
methanol, while in this study it was also used 
ethanol as an extracting solvent, with better 
results. According to Minh et al. (2016), the 
highest polyphenolic concentration was found 
in roots 4.01 mg GAE/g DW (DW = dry 
weight), in current study, the highest 
polyphenolics content was found in leaf 
extracts and is 6.72 mg GAE/g DW. Same 
author, made another study in 2017 (Minh et 
al., 2017) using Phalaenopsis Sogo Yukidian 
“V3” hybrid, and maximum phenolic values 
were found in stems: 5.092 mg GAE/g DW. 
 

 
Figure 1. Average polyphenol concentrations  
in different Phalaenopsis plant parts extracts 

 
Carotenoids play an important role as 
antioxidant in the human body. Carotenes can 
enhance immune system, because of the 
provitamin A that can be converted into 
vitamin A (Anthony, 2018). It can be seen that 
the leaves have the highest concentration of 
carotene, for this time, both methanol 80% and 
ethanol 70% extracts as it can be seen in Figure 
2. Regarding other studies about carotenoid 
content in Phalaenopsis extracts, the informa-
tion is pretty scarce, only Nguyen et al. (2018), 
offered values of 0.79 mg/g DW in the leaf 
extracts, significantly higher than 0.038 mg/g 
DW found in current study. Difference can be 
made by the fact that in Nguyen et al. (2018) 

study, the Phalaenopsis flowers received 
constant treatment of a fertilizer solution (N: 
P2O5: K2O, 20: 20: 20).  
The orchid plants in our study were already 
considered waste and did not receive any 
fertilizer or special care for more than 30 days 
before use. 
 

 
Figure 2. Average carotene concentrations  

in different Phalaenopsis plant parts extracts 
 

Chlorophyll is the main pigment that is used 
by plants to transform light into energy 
(photosynthesis) (Soni et al., 2018). 
Antioxidant capacity is 1000 times superior to 
xanthins: caffeine, theophylline, theobromine, 
(tea, coffee, maté, chocolate) (Land Art, 2021). 
 

 
Figure 3. Average chlorophyll concentrations  
in different Phalaenopsis plant parts extracts 

 
As it can be predicted, leaves extracts have the 
highest concentration of chlorophyll, but, a 
curious value that will need investigation is that 
methanol root extracts have a high 
concentration, as it can be seen in Figure 3. 

4.
67

4.
06 4.

88

4.
40

3.
99

6.
72

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,00

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
(m

g/
g)

 

0.
03

0.
02

0.
04

0.
02

0.
02

0.
04

0,000
0,005
0,010
0,015
0,020
0,025
0,030
0,035
0,040
0,045

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
(m

g/
g)

 

0.
34

0.
20

0.
34

0.
29

0.
26

0.
38

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
(m

g/
g)

 

The chlorophyll concentration found in 
Phalaenopsis was also measured by Nguyen et 
al. (2018), and reaching a maximum of 3.15 
mg/g DW in the leaf extract of the hybrid 
called “City More”, this value being 
considerably higher than the highest of the 
current study: 0.38 mg/g DW, found of course 
in leaves. In this study the methanolic extracts 
had the maximum chlorophyll value in leaves, 
meaning 0.34 mg/g concentration. 
IC50 inhibitory concentrations 
In order to calculate the IC50 value, the 
concentration of the sample needed to inhibit 
50% of radical had to be calculated (Rashmi et 
al., 2015). The antioxidant activity of samples 
gets bigger as the IC50 value is smaller (Li et 
al., 2009). It can be noticed that the highest 
antioxidant activity is proved to be found for 
the ethanolic leaves extract as shown in Figure 
4. 
 

 
Figure 4. IC50 inhibitory concentrations  

of DPPH radical-scavenging activities for different 
Phalaenopsis plant parts extracts 

 
In his study Nguyen et al. (2018), found a 
minimum IC50 concentration of 8.01 mg/ml in 
the methanolic leaves extracts of a 
Phalaenopsis hybrid “City More”. Current 

work concluded that the minimum IC50 value 
was 4.33 mg/ml in leaves used as ethanolic 
plant extract. Methanol plant extracts in this 
study have a minimum of 5.75 mg/ml in leaf 
extract. Minh et al. (2017), studied also the IC50 
levels for waste Phalaenopsis orchids and 
found the lowest value in leaves ethyl acetate 
extracts: 0.070 mg/ml, but also in stems 
chlorophorm extracts (0.175 mg/ml). 
In addition, other tests should be performed to 
prove any antioxidant potential of such extracts 
for a higher value of new products (Paul et al., 
2013). Most of the studies regarding 
antioxidant activity of Phalaenopsis are made 
not on waste, but on fresh plants. This fact 
cannot permit fertilizers to completely exit the 
plant’s metabolism and, in this way, can 
influence experimental values.  
Antimicrobial activity 
A clear inhibition halo (inhibition examples can 
be seen in Figure 5.) which denotes a medium 
inhibitory activity, could be observed for 
ethanolic leaves extract on strains of Candida: 
C. tropicalis and C. guilliermondii. In the case 
of ethanolic root extract, high inhibitory 
activity has been noticed against C. krusei. 
Low inhibitory activity was registered in the 
case of C. albicans and C. parapsilopsis for all 
extracts. Bacterial activity was inhibited in 
different degrees especially by the leaves 
extracts. It was noticeable that the methicillin 
resistant Staphylococcus aureus was 
significantly inhibited by the leaves ethanolic 
extract (Table 2)., as well as the methicillin 
sensible strain. Pseudomonas aeruginosa strain 
was sensible to the ethanolic leaves extract in a 
high degree, while it was resistant to the 
compounds of the roots extracts. As exception, 
stem extract inhibited the growth of Bacillus 
cereus; further investigation on potential 
inhibitory compounds are requested.
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Figure 5.  Examples of halo inhibition for: a - Salmonella; b - Staphylococcus aureus 6538;  

c - Staphylococcus aureus 43300 
 

Table 2. Inhibitory effect of Phalaenopsis extracts using spot diffusion method 

Domain Microorganism Inhibition halo ethanolic extracts Inhibition halo methanolic extracts 

Leaves 
(V1) 

Roots 
(V2) 

Stems  
(V3) 

Leave
s (V1) 

   Roots    
(V2) 

      Stems  
       (V3) 

Bacteria 

P. aeruginosa ATCC 15442 +++ + - +++ - - 

B. cereus + ++ +++ + + +++ 

S. typhi ATCC 14028 +++ ++ + +++ ++ + 

E. coli ATCC 8739 ++ + - +++ - ++ 

S.aureus ATCC 43300 MRSA +++ ++ ++ +++ ++ ++ 

S. aureus ATCC 33592 +++ + - +++ + - 

S. aureus ATCC 6538 MSSA +++ ++ + +++ + + 

S. epidermidis ATCC 51625 
MRSE 

++ + - ++ + - 

S. epidermidis ATCC 12228 
MSSE 

++ + + ++ + + 

Fungi 

C. albicans ATCC 10231 - + - - + - 

C. glabrata ATCC 2001 +++ ++ - +++ ++ - 

C. parapsilosis ATCC20019 - - - - - - 

C. tropicalis ATCC 44508 +++ ++ - +++ ++ - 

C. krusei 2016 MI 41 ++ +++ + +++ ++ + 

C. guilliermondii MI 40 + + + + + + 

Legend: - = no inhibitory activity; + = low activity: 0.1-0.9 cm (indicates possible reactivity, halo size almost unnoticed); ++ = 
average activity: 1.0 - 1.9 cm (visible reactivity, small halo size); +++ = increased activity: > 2 cm (large halo size, indicates 
increased reactivity) 

 
This preliminary study has revealed that 
ethanolic extracts made of leaves of 
Phalaenopsis wastes have potential 
antimicrobial activity. The antimicrobial 
activity of stems extract against all tested 
microorganisms was very low, while in the 
case of leaves and roots extracts, further 
antimicrobial activity should be performed.  
In another study, Rashmi et al. (2015), found 
promising results of orchid extracts against 
Bacillus subtilis, Escherichia coli and 
Salmonella typhi. Similar researches, testing 

separate parts of Phalaenopsis extract effects, 
were not encountered so far, only other species 
of orchids were used for testing antimicrobial 
activity. 
 
CONCLUSIONS 
 
Polyphenols were found in highest 
concentrations in leaves, as expected. It was 
also noticed that leaves have an elevated 
concentration of carotenoid contents, as well as 
in chlorophyll, close to the content of the fresh 

a. b. c. 

cut orchids reported by other. Regarding IC50 
concentrations obtained through DPPH assay, 
the leaves have the highest antioxidant activity, 
while the stem extracts show almost half 
antioxidant activity in relation to the leaves 
extracts.  
This preliminary study has revealed that 
ethanolic extracts made of leaves of 
Phalaenopsis wastes have potential 
antimicrobial activity, with an inhibitory effect 
on pathogens like methicillin resistant 
Staphylococcus aureus, E. coli, Pseudomonas, 
and different Candida species. The 
antimicrobial activity of stems extract against 
most tested microorganisms was very low 
(except Bacillus cereus), while in the case of 
leaves and roots extracts, the activity was 
significantly higher.  
Final conclusion is that leaves are the most 
valuable part of Phalaenopsis plant, and they 
can be used for their great inhibitory effects on 
bacteria and fungi. Antioxidant activity 
confirms that the Moth Orchid (especially the 
ones considered waste) can be used in cosmetic 
industry. Due to previous reasons, it can be 
stated that orchid waste, once a recycling 
problem, can represent in the future an 
important ecological and economical gain. 
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Figure 5.  Examples of halo inhibition for: a - Salmonella; b - Staphylococcus aureus 6538;  

c - Staphylococcus aureus 43300 
 

Table 2. Inhibitory effect of Phalaenopsis extracts using spot diffusion method 

Domain Microorganism Inhibition halo ethanolic extracts Inhibition halo methanolic extracts 

Leaves 
(V1) 

Roots 
(V2) 

Stems  
(V3) 

Leave
s (V1) 

   Roots    
(V2) 

      Stems  
       (V3) 

Bacteria 

P. aeruginosa ATCC 15442 +++ + - +++ - - 

B. cereus + ++ +++ + + +++ 

S. typhi ATCC 14028 +++ ++ + +++ ++ + 

E. coli ATCC 8739 ++ + - +++ - ++ 

S.aureus ATCC 43300 MRSA +++ ++ ++ +++ ++ ++ 

S. aureus ATCC 33592 +++ + - +++ + - 

S. aureus ATCC 6538 MSSA +++ ++ + +++ + + 

S. epidermidis ATCC 51625 
MRSE 

++ + - ++ + - 

S. epidermidis ATCC 12228 
MSSE 

++ + + ++ + + 

Fungi 

C. albicans ATCC 10231 - + - - + - 

C. glabrata ATCC 2001 +++ ++ - +++ ++ - 

C. parapsilosis ATCC20019 - - - - - - 

C. tropicalis ATCC 44508 +++ ++ - +++ ++ - 

C. krusei 2016 MI 41 ++ +++ + +++ ++ + 

C. guilliermondii MI 40 + + + + + + 

Legend: - = no inhibitory activity; + = low activity: 0.1-0.9 cm (indicates possible reactivity, halo size almost unnoticed); ++ = 
average activity: 1.0 - 1.9 cm (visible reactivity, small halo size); +++ = increased activity: > 2 cm (large halo size, indicates 
increased reactivity) 

 
This preliminary study has revealed that 
ethanolic extracts made of leaves of 
Phalaenopsis wastes have potential 
antimicrobial activity. The antimicrobial 
activity of stems extract against all tested 
microorganisms was very low, while in the 
case of leaves and roots extracts, further 
antimicrobial activity should be performed.  
In another study, Rashmi et al. (2015), found 
promising results of orchid extracts against 
Bacillus subtilis, Escherichia coli and 
Salmonella typhi. Similar researches, testing 

separate parts of Phalaenopsis extract effects, 
were not encountered so far, only other species 
of orchids were used for testing antimicrobial 
activity. 
 
CONCLUSIONS 
 
Polyphenols were found in highest 
concentrations in leaves, as expected. It was 
also noticed that leaves have an elevated 
concentration of carotenoid contents, as well as 
in chlorophyll, close to the content of the fresh 

a. b. c. 

cut orchids reported by other. Regarding IC50 
concentrations obtained through DPPH assay, 
the leaves have the highest antioxidant activity, 
while the stem extracts show almost half 
antioxidant activity in relation to the leaves 
extracts.  
This preliminary study has revealed that 
ethanolic extracts made of leaves of 
Phalaenopsis wastes have potential 
antimicrobial activity, with an inhibitory effect 
on pathogens like methicillin resistant 
Staphylococcus aureus, E. coli, Pseudomonas, 
and different Candida species. The 
antimicrobial activity of stems extract against 
most tested microorganisms was very low 
(except Bacillus cereus), while in the case of 
leaves and roots extracts, the activity was 
significantly higher.  
Final conclusion is that leaves are the most 
valuable part of Phalaenopsis plant, and they 
can be used for their great inhibitory effects on 
bacteria and fungi. Antioxidant activity 
confirms that the Moth Orchid (especially the 
ones considered waste) can be used in cosmetic 
industry. Due to previous reasons, it can be 
stated that orchid waste, once a recycling 
problem, can represent in the future an 
important ecological and economical gain. 
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Abstract 
 
Potatoes in Ukraine belong to the main food crops, it is used for food throughout the year for the high nutritional 
quality of tubers. However, despite the significant demand for potatoes, its yield remains low and there is a need to 
improve the technological methods of the crop growing, which contribute to both increasing the production of tubers 
and improving the main indicators of their quality. The article presents the results of research conducted in 2017-2019 
years on improving the nutrition of potato varieties by drip irrigation on southern Chernozem. It was determined the 
positive influence of mineral fertilizers and foliar nutrition on the background of application of modern biopreparations 
in the main periods of vegetation of plants on the level of yield of tubers and their quality. It was found that the yield of 
tubers under the influence of nutrition in the potato variety Minerva grew in the range of 3.0 up to 13.2 t/ha, and in the 
Riviera variety the yield of tuber grew from 3.2 up to 12.6 t/ha, or respectively by 18.0-79.0% and 16.4-64.6% 
depending on the variant. In addition to the increase in the yield level, the main properties of tubers were improved by 
optimizing nutrition - they increased the content of dry substance, vitamin C and starch, the conditional yield of starch 
per unit area increased, and, if the tubers were processed, the yield of alcohol and bioethanol increased. 
 
Key words: potato, variety, fertilizers, biopreparations, foliar nutrition, yield of tubers, the main indicators of quality. 
 
INTRODUCTION 
 
For the population of Ukraine, potatoes are the 
second bread and product that is consumed 
throughout the year. In modern agriculture, 
potatoes are one of the most productive crops. 
In recent years (2016 yr) Ukraine is one of the 
five world leaders in potato production - 22 
million tons of tubers on an area of 1.5 million 
hectares. In some countries and specialized 
farms where potatoes are grown on the basis of 
advanced technologies, about 100 t/ha of tubers 
are obtained. In Ukraine, the average yield of 
potato tubers is 10-14 t/ha, which requires the 
development of modern technology elements 
and the selection of productive varieties and 
hybrids of this crop. 
Research previously conducted by authors 
(Gamajunova and Iskakova, 2015), and other 
scientists of our country (Bunchak, 2010; 
Kravchenko and Sharapa, 2010; Mialkovsky, 
2017) and other States (Singh et al., 2015; 
Fernandes and Soratto, 2016; Gondwe et al., 
2020) determined that the processes of growth 
and development of potato plants, their 
formation of productivity were closely 
dependent on the type of soil, the availability of 
its basic elements of nutrition, the use of 

irrigation, and so on. According to indicators of 
soil fertility, gradations of nutrients researchers 
determined the dose of nitrogen, phosphorus 
and potash fertilizers. Researchers found that 
the reaction of potato plants to the use of 
mineral fertilizers was closely related to the 
type of soil, its density and other elements of its 
level of fertility. The amount of watering 
during the growing season of potatoes also 
depended on the state of the soil. 
Our research on changes in soil fertility 
indicators under the influence of long-term 
irrigation and fertilizer application 
(Gamajunova, 2017) determined that the main 
components of fertility, in particular water-
holding capacity, were formed by the combined 
use of organic and mineral fertilizers. This is 
also extremely important when growing 
potatoes, the root system and tubers of which 
are concentrated in the soil layer up to 40 cm. 
For this reason, a high efficiency of mulching 
were established - the sealing of crop residues 
from previous crops, after which potatoes were 
planted in the conditions of Indian Punjabi. 
According to the research (Singh et al., 2015) 
mulching helps to ensure a favorable thermal 
regime, it reduces heat, mulching increases 
irrigation efficiency and productivity of 
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Potatoes in Ukraine belong to the main food crops, it is used for food throughout the year for the high nutritional 
quality of tubers. However, despite the significant demand for potatoes, its yield remains low and there is a need to 
improve the technological methods of the crop growing, which contribute to both increasing the production of tubers 
and improving the main indicators of their quality. The article presents the results of research conducted in 2017-2019 
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in the main periods of vegetation of plants on the level of yield of tubers and their quality. It was found that the yield of 
tubers under the influence of nutrition in the potato variety Minerva grew in the range of 3.0 up to 13.2 t/ha, and in the 
Riviera variety the yield of tuber grew from 3.2 up to 12.6 t/ha, or respectively by 18.0-79.0% and 16.4-64.6% 
depending on the variant. In addition to the increase in the yield level, the main properties of tubers were improved by 
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INTRODUCTION 
 
For the population of Ukraine, potatoes are the 
second bread and product that is consumed 
throughout the year. In modern agriculture, 
potatoes are one of the most productive crops. 
In recent years (2016 yr) Ukraine is one of the 
five world leaders in potato production - 22 
million tons of tubers on an area of 1.5 million 
hectares. In some countries and specialized 
farms where potatoes are grown on the basis of 
advanced technologies, about 100 t/ha of tubers 
are obtained. In Ukraine, the average yield of 
potato tubers is 10-14 t/ha, which requires the 
development of modern technology elements 
and the selection of productive varieties and 
hybrids of this crop. 
Research previously conducted by authors 
(Gamajunova and Iskakova, 2015), and other 
scientists of our country (Bunchak, 2010; 
Kravchenko and Sharapa, 2010; Mialkovsky, 
2017) and other States (Singh et al., 2015; 
Fernandes and Soratto, 2016; Gondwe et al., 
2020) determined that the processes of growth 
and development of potato plants, their 
formation of productivity were closely 
dependent on the type of soil, the availability of 
its basic elements of nutrition, the use of 

irrigation, and so on. According to indicators of 
soil fertility, gradations of nutrients researchers 
determined the dose of nitrogen, phosphorus 
and potash fertilizers. Researchers found that 
the reaction of potato plants to the use of 
mineral fertilizers was closely related to the 
type of soil, its density and other elements of its 
level of fertility. The amount of watering 
during the growing season of potatoes also 
depended on the state of the soil. 
Our research on changes in soil fertility 
indicators under the influence of long-term 
irrigation and fertilizer application 
(Gamajunova, 2017) determined that the main 
components of fertility, in particular water-
holding capacity, were formed by the combined 
use of organic and mineral fertilizers. This is 
also extremely important when growing 
potatoes, the root system and tubers of which 
are concentrated in the soil layer up to 40 cm. 
For this reason, a high efficiency of mulching 
were established - the sealing of crop residues 
from previous crops, after which potatoes were 
planted in the conditions of Indian Punjabi. 
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potatoes and along with the recommended 
doses of phosphorus and potassium fertilizers it 
leads to increased yields of potato tubers at 22-
31% depending on soil type. The authors found 
significant savings in irrigation water under the 
influence of mulching, that is, for enriching the 
upper layers of the soil with organic matter. 
In the conditions of Japan (Hokkaido), it was 
also established that the use of fertilizers 
should be variety depending on the availability 
of available forms of nitrogen, phosphorus, and 
even calcium in the soil (Gondwe et al., 2020). 
The authors determined the influence of soil 
type and variety characteristics on the yield 
level, which, depending on the management of 
technology elements, ranged from 21.9 up to 
68.2 t/ha. The authors attributed a significant 
increase in the yield of tubers to the parameters 
of growth processes - the number of stems and 
tubers formed, the mass of tubers, and so on to 
optimize the nutrition of potato plants, which 
also improved the main indicators of the 
quality of tubers, which was important. 
Nitrogen nutrition plays an outstanding role in 
enhancing plant growth processes, 
photosynthetic activity, and increasing 
chlorophyll in leaves (Wilkinson et al., 2019). 
At the same time, as established by the authors, 
it was affected even the form of application of 
nitrogen fertilizer - ammonium or nitrate, and 
especially when carrying out foliar nutrition’s 
of plants for growing two yields of potatoes in 
greenhouses. 
Research conducted over 5 years in France 
(Cohan et al., 2018) found that the 
effectiveness of nitrogen fertilizers 
significantly depended on the ratio between the 
content of mobile forms of nitrogen in the soil 
and a certain dose of fertilizer to obtain an 
optimal level of potato productivity. Under 
these conditions, a high return on the unit of 
applied fertilizer was provided and the 
ecological environment was preserved from 
clogging. In addition, the authors determined 
the different degree of nitrogen use by plants 
(removal by harvest), depending on the varietal 
characteristics of potatoes, which should be 
taken into account in the recommendations for 
the use of nitrogen for farmers. 
In addition, when nitrogen fertilizers were 
applied and irrigation was carried out, nitrates 
were redistributed to the lower layers of the soil 

(Meise et al., 2019). For this reason, the authors 
suggested to adhere to the optimal ratio of 
doses of nitrogen fertilizer and irrigation 
standards, noting that this significantly affected 
and changed both the level of yield and the 
starch content in potato tubers. 
Research (Shehata et al., 2019) established 
changes in the growth processes of potato 
plants and crop formation under the influence 
of plastic mulching and crop clogging. The 
authors determined that the yield of 
commercial potato tubers decreased by 57.8% 
in heavily polluted areas compared to clean 
fields. 
The set of measures for the protection of 
potatoes for the use of pesticides, insecticides 
and fungicides in combination with organic and 
mineral fertilizers and microbial preparation 
Extrasol in the studies of Russian scientists 
carried out in the Nizhny Novgorod region on 
podzolized Chernozem for 2015-2017 yrs 
(Titova and Chudokvasoff, 2019), allowed to 
determine the influence of these factors on the 
yields of potato tubers and their quality, in 
particular on the starch content and its 
conventional crop. The authors found one of 
the three potato varieties as more productive 
and plastic in all years of research such as 
Labella variety (38.0-47.9 t/ha), and the highest 
starch yield per unit area was provided by the 
variety Granada (8.71 t/ha). 
It was determined the difference in potato yield 
levels, starch content in tubers and conditional 
yield of it per hectare by earlier studies on 
southern Chernozem for growing three 
varieties of potatoes Tiras, Zabava and 
Slavyanka (Gamajunova and Iskakova, 2015). 
A significant difference in the main quality 
indicators of potato tubers was found by 
researchers from Bolivia (Tejela et al., 2020) 
when analyzing 52 varieties of tubers. Thus, 
the moisture content of tubers ranged from 63 
up to 81%, content of protein ranged from 3 up 
to 11%, content of carbohydrates ranged from 9 
up to 35%, the total content of flavonoids was 
from 2 up to 19 mmol EQ. catechin/g of dry 
substances. Similarly, other important 
indicators of the quality of potato tubers in the 
context of varieties were changed, which 
allowed the authors to determine the most 
valuable varieties that can be recommended for 
dietary nutrition. 

 
 

The content and yield of starch depending on 
the characteristics of the variety and fertilizer 
was established in the vegetation experiment 
(Meise et al., 2019). 
In the arid conditions of the southern Steppe of 
Ukraine, vegetable crops and potatoes are 
grown on irrigation, where due to the level of 
optimal moisture of plants, their nutrition 
becomes of paramount importance. Due to 
fertilizers in irrigation conditions, crop yield 
increases by 50-75% or more, and without 
irrigation, but for creating optimal nutrition 
conditions for them, insignificant reserves of 
soil moisture and precipitation of the growing 
season, plants bee grown without irrigation 
used moisture and precipitation much more 
effectively than on impoverished NPK plots. 
This was defined on many crops, including 
vegetables, legumes, and grains. In addition, 
this increases the payback of fertilizers, 
especially when combined with mineral 
fertilizers with trace elements or 
biopreparations (Gamajunova, 2018; 
Gamajunova and Panfilova, 2019). The 
payback of a unit of fertilizer increases 
significantly due to their use and when growing 
potatoes, which is confirmed by our research 
(Gamajunova et al., 2019) and research by 
other scientists (Khmylevskyi, 2006; Balashova 
and Yuziuk, 2016). 
In general, as already mentioned above, plant 
nutrition is a crucial factor in influencing on the 
productivity of agricultural crops, including 
potatoes. There is a close correlation between 
the level of mineral nutrition and structural 
elements and the yield of tubers in a number of 
potato hybrids (Dudar et al., 2019). 
In recent years, for reducing the cost of plant 
nutrition and reducing the impact of fertilizers 
on the environment, biopreparations and 
growth stimulants are widely used, which 
include trace elements, organic components, 
and the like. Many studies conducted with 
various agricultural crops determined their 
impact on the yield and quality of grown 
products (Makukha, 2020). At the same time, 
they are environmentally friendly, low-cost and 
recommended for use for the purpose of 
resource conservation and environmental 
friendliness. Modern biopreparations quickly 
enter plant cells through the leaf surface, they 
are easily accessible and, regardless of the 

content of nutrients in the soil, they can 
increase the yield level by up to 15% and 
improve the quality of agricultural crops, in 
particular potatoes (Vlasenko et al., 2002). 
They increase the plant's resistance to drought 
and adverse environmental conditions. Our 
research established the positive effect of 
growth-regulating substances on the yield and 
quality of potato tubers (Gamajunova et al., 
2019). The use of trace elements and growth-
regulators contributed to a significant improve-
ment in the main quality indicators of tubers of 
the studied potato varieties in the conditions of 
the right-Bank forest-Steppe of Ukraine 
(Mialkovski, 2018) and in the zone of the 
Southern Steppe of Ukraine (Balashova and 
Boiarkina, 2019). 
The purpose of our work was to investigate the 
impact of nutrition optimization on the yield 
and quality of potato tubers and to develop a 
resource-saving nutrition system for growing 
them on drip irrigation in the South of Ukraine. 
 
MATERIALS AND METHODS 
 
Field experiments with potatoes were 
conducted in the educational, scientific and 
practical center of the Mykolaiv National 
Agrarian University during 2017-2019 yrs. Soil 
was South heavily clayed residual-solonetzic 
chernozem. 
The soil layer 0-30 cm contains humus (for 
Tyurin) - 2.9-3.2%, light hydrolyzed nitrogen 
60-62%; nitrates (for Grandval - Liagou) 20-  
25 mg/kg; mobile phosphorus (for Machigin) 
35-49 mg/kg; exchange potassium (on the 
flame photometer) 320-370 mg/kg of soil; pH 
is 6.8-7.2. Weather conditions in the years of 
research differed somewhat, especially in the 
amount of precipitation, but they were 
generally characteristic of the Southern Steppe 
zone of Ukraine. The predecessor was black 
steam. Potatoes were grown on drip irrigation. 
Before the appearance of sprouts on tubers in 
the 0-20 cm soil layer, humidity was 
maintained at the level of 70-75% HB, and in 
the subsequent vegetation period humidity was 
maintained at the level of 80-85% HB. Studies 
were conducted with two zoned potato varieties 
such as Minerva and Riviera. The repeatability 
of experiments was fourfold. The area of the 
landing area was 90 m2, the accounting area 
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potatoes and along with the recommended 
doses of phosphorus and potassium fertilizers it 
leads to increased yields of potato tubers at 22-
31% depending on soil type. The authors found 
significant savings in irrigation water under the 
influence of mulching, that is, for enriching the 
upper layers of the soil with organic matter. 
In the conditions of Japan (Hokkaido), it was 
also established that the use of fertilizers 
should be variety depending on the availability 
of available forms of nitrogen, phosphorus, and 
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tubers formed, the mass of tubers, and so on to 
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enhancing plant growth processes, 
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At the same time, as established by the authors, 
it was affected even the form of application of 
nitrogen fertilizer - ammonium or nitrate, and 
especially when carrying out foliar nutrition’s 
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Research conducted over 5 years in France 
(Cohan et al., 2018) found that the 
effectiveness of nitrogen fertilizers 
significantly depended on the ratio between the 
content of mobile forms of nitrogen in the soil 
and a certain dose of fertilizer to obtain an 
optimal level of potato productivity. Under 
these conditions, a high return on the unit of 
applied fertilizer was provided and the 
ecological environment was preserved from 
clogging. In addition, the authors determined 
the different degree of nitrogen use by plants 
(removal by harvest), depending on the varietal 
characteristics of potatoes, which should be 
taken into account in the recommendations for 
the use of nitrogen for farmers. 
In addition, when nitrogen fertilizers were 
applied and irrigation was carried out, nitrates 
were redistributed to the lower layers of the soil 

(Meise et al., 2019). For this reason, the authors 
suggested to adhere to the optimal ratio of 
doses of nitrogen fertilizer and irrigation 
standards, noting that this significantly affected 
and changed both the level of yield and the 
starch content in potato tubers. 
Research (Shehata et al., 2019) established 
changes in the growth processes of potato 
plants and crop formation under the influence 
of plastic mulching and crop clogging. The 
authors determined that the yield of 
commercial potato tubers decreased by 57.8% 
in heavily polluted areas compared to clean 
fields. 
The set of measures for the protection of 
potatoes for the use of pesticides, insecticides 
and fungicides in combination with organic and 
mineral fertilizers and microbial preparation 
Extrasol in the studies of Russian scientists 
carried out in the Nizhny Novgorod region on 
podzolized Chernozem for 2015-2017 yrs 
(Titova and Chudokvasoff, 2019), allowed to 
determine the influence of these factors on the 
yields of potato tubers and their quality, in 
particular on the starch content and its 
conventional crop. The authors found one of 
the three potato varieties as more productive 
and plastic in all years of research such as 
Labella variety (38.0-47.9 t/ha), and the highest 
starch yield per unit area was provided by the 
variety Granada (8.71 t/ha). 
It was determined the difference in potato yield 
levels, starch content in tubers and conditional 
yield of it per hectare by earlier studies on 
southern Chernozem for growing three 
varieties of potatoes Tiras, Zabava and 
Slavyanka (Gamajunova and Iskakova, 2015). 
A significant difference in the main quality 
indicators of potato tubers was found by 
researchers from Bolivia (Tejela et al., 2020) 
when analyzing 52 varieties of tubers. Thus, 
the moisture content of tubers ranged from 63 
up to 81%, content of protein ranged from 3 up 
to 11%, content of carbohydrates ranged from 9 
up to 35%, the total content of flavonoids was 
from 2 up to 19 mmol EQ. catechin/g of dry 
substances. Similarly, other important 
indicators of the quality of potato tubers in the 
context of varieties were changed, which 
allowed the authors to determine the most 
valuable varieties that can be recommended for 
dietary nutrition. 

 
 

The content and yield of starch depending on 
the characteristics of the variety and fertilizer 
was established in the vegetation experiment 
(Meise et al., 2019). 
In the arid conditions of the southern Steppe of 
Ukraine, vegetable crops and potatoes are 
grown on irrigation, where due to the level of 
optimal moisture of plants, their nutrition 
becomes of paramount importance. Due to 
fertilizers in irrigation conditions, crop yield 
increases by 50-75% or more, and without 
irrigation, but for creating optimal nutrition 
conditions for them, insignificant reserves of 
soil moisture and precipitation of the growing 
season, plants bee grown without irrigation 
used moisture and precipitation much more 
effectively than on impoverished NPK plots. 
This was defined on many crops, including 
vegetables, legumes, and grains. In addition, 
this increases the payback of fertilizers, 
especially when combined with mineral 
fertilizers with trace elements or 
biopreparations (Gamajunova, 2018; 
Gamajunova and Panfilova, 2019). The 
payback of a unit of fertilizer increases 
significantly due to their use and when growing 
potatoes, which is confirmed by our research 
(Gamajunova et al., 2019) and research by 
other scientists (Khmylevskyi, 2006; Balashova 
and Yuziuk, 2016). 
In general, as already mentioned above, plant 
nutrition is a crucial factor in influencing on the 
productivity of agricultural crops, including 
potatoes. There is a close correlation between 
the level of mineral nutrition and structural 
elements and the yield of tubers in a number of 
potato hybrids (Dudar et al., 2019). 
In recent years, for reducing the cost of plant 
nutrition and reducing the impact of fertilizers 
on the environment, biopreparations and 
growth stimulants are widely used, which 
include trace elements, organic components, 
and the like. Many studies conducted with 
various agricultural crops determined their 
impact on the yield and quality of grown 
products (Makukha, 2020). At the same time, 
they are environmentally friendly, low-cost and 
recommended for use for the purpose of 
resource conservation and environmental 
friendliness. Modern biopreparations quickly 
enter plant cells through the leaf surface, they 
are easily accessible and, regardless of the 

content of nutrients in the soil, they can 
increase the yield level by up to 15% and 
improve the quality of agricultural crops, in 
particular potatoes (Vlasenko et al., 2002). 
They increase the plant's resistance to drought 
and adverse environmental conditions. Our 
research established the positive effect of 
growth-regulating substances on the yield and 
quality of potato tubers (Gamajunova et al., 
2019). The use of trace elements and growth-
regulators contributed to a significant improve-
ment in the main quality indicators of tubers of 
the studied potato varieties in the conditions of 
the right-Bank forest-Steppe of Ukraine 
(Mialkovski, 2018) and in the zone of the 
Southern Steppe of Ukraine (Balashova and 
Boiarkina, 2019). 
The purpose of our work was to investigate the 
impact of nutrition optimization on the yield 
and quality of potato tubers and to develop a 
resource-saving nutrition system for growing 
them on drip irrigation in the South of Ukraine. 
 
MATERIALS AND METHODS 
 
Field experiments with potatoes were 
conducted in the educational, scientific and 
practical center of the Mykolaiv National 
Agrarian University during 2017-2019 yrs. Soil 
was South heavily clayed residual-solonetzic 
chernozem. 
The soil layer 0-30 cm contains humus (for 
Tyurin) - 2.9-3.2%, light hydrolyzed nitrogen 
60-62%; nitrates (for Grandval - Liagou) 20-  
25 mg/kg; mobile phosphorus (for Machigin) 
35-49 mg/kg; exchange potassium (on the 
flame photometer) 320-370 mg/kg of soil; pH 
is 6.8-7.2. Weather conditions in the years of 
research differed somewhat, especially in the 
amount of precipitation, but they were 
generally characteristic of the Southern Steppe 
zone of Ukraine. The predecessor was black 
steam. Potatoes were grown on drip irrigation. 
Before the appearance of sprouts on tubers in 
the 0-20 cm soil layer, humidity was 
maintained at the level of 70-75% HB, and in 
the subsequent vegetation period humidity was 
maintained at the level of 80-85% HB. Studies 
were conducted with two zoned potato varieties 
such as Minerva and Riviera. The repeatability 
of experiments was fourfold. The area of the 
landing area was 90 m2, the accounting area 
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was 50 m2. The experience scheme was shown 
in the tables. Mineral fertilizers were 
introduced in the form of compound NPK 
fertilizer (N16P16K16), ammonium nitrate (33% 
N) and growth-regulating preparations were 
used. Twice during the growing season - during 
the formation of 3-4 leaves and in the budding 
phase, foliar nutrition’s were performed with 
modern biopreparations Plantafol, Organic D2-
M and Regoplant at the appropriate cost per 
nutrition of 3 kg; rates 1 l/ha and 50 ml/ha,   
using 200 l/ha solution. The structure of the 
crop during harvesting in the phase of full 
ripeness of tubers was determined by the 
weight method. Data of research and 
accounting of yield were processed by the 
method of dispersion analysis (Dospehov, 
1985). 
Technological analysis of the quality of potato 
tubers was carried out according to generally 
accepted methods and STATE STANDARDS. 
The starch content was determined by the 
Evers method, ascorbic acid content was 
determined by the Murri method, and dry 
substance content was determined by weight-
thermostatic method. 
 
RESULTS AND DISCUSSIONS 
 
The results of the research determined that both 
varieties reacted positively to the use of 
mineral fertilizers and especially for the use of 
the studied biopreparations according to their 
background (Table 1). Thus, the yield of 
commercial potato tubers of the Minerva 
variety with the introduction of only mineral 
fertilizers, depending on the dose, increased on 
average over three years up to 19.7-25.5 t/ha, 
and the yield of tubers of the Riviera variety 
increased up to 22.7-27.5 t/ha at its level as in 
the non-fertilized control the yield was 16.7 
and 19.5 t/ha, respectively. After the two foliar 
nutrition’s, the yield of tubers continued to 
grow and fluctuated in varieties up to 28.7-29.9 
and 31.0-32.1 t/ha depending on the 
biopreparation. 
Both in some years of research, and on average 
for three years, the highest yield was formed by 
the Riviera variety compared to the Minerva 
variety. 

 

Table 1. Influence of nutrition optimization  
and varietal characteristics on the yield of commercial 

potato tubers, t/ha 

Background of nutrition 
(factor В) 

Variety (factor А) 
2017 yr 2018 yr 2019 yr 2017-2019 yrs 

M*) R M R M R M R 
Without fertilizers (control) 15.8 20.3 18.2 21.0 16.1 17.2 16.7 19.5 
N32P32 K 32 in autumn –  
background 

18.6 22.5 21.3 24.3 19.2 21.4 19.7 22.7 

Background + N32P32K32+  
N33 in spring before sowing 

22.6 25.7 28.5 29.9 24.5 26.8 25.2 27.5 

Background+N32P32K32+  
N33 (in spring) +  
Plantafol, 6 kg/ha 

25.8 25.8 32.8 33.6 28.2 30.7 28.7 31.0 

Background + N32P32K32 +  
N33 (in spring) + 
Organic D2-M, 2 kg/ha 

26.6 30.1 33.9 35.0 29.2 31.1 29.9 32.1 

Background+N32P32K32+  
N33 (in spring)+  
Regoplant, 100 ml/ha 

25.9 29.2 32.7 34.3 29.0 30.9 29.3 31.5 

НІР05, t/ha on factor А 
               on factor В 
               on factors АВ 

1.1 
1.3 
1.6 

0.9 
1.2 
1.5 

1.0 
1.4 
1.9 

  

Note: M*) - variety Minerva; R - variety Riviera. 
 
However, slightly higher increase in the yield 
of commercial tubers compared to non-
fertilized control provided by less productive 
variety, which can be seen in the illustration of 
Figure 1. 
 

 
Figure 1. Increase in the yield of commercial potato 

tubers compared to non-fertilized control depending on 
the variety and nutrition variant  

(average for 2017-2019 yrs) 
 
The maximum yield of commercial potato 
tubers of both varieties was provided by the use 
of Organic D2-M mineral fertilizers at the dose 
of 29.9 t/ha for the Minerva variety and at the 
dose of 32.1 t/ha for the Riviera variety. The 
use of Plantafol and Regoplant preparations for 
foliar nutrition also provided significant increases 
in the yield of tubers, but they were slightly lower 
compared to the use of Organic D2-M. 

 
 

On average, for both potato varieties taken for 
research, the yield of tubers under the influence 
of fertilizer increased, and especially when 
mineral fertilizers were used together and foliar 
nutrition were carried out using biopreparations 
with the advantage of processing crops by 
Organic D2-M. 
Studies have established a positive effect of 
plant nutrition on the main quality indicators of 
potato tubers (Table 2). Thus, the content of 

dry substance, vitamin C (ascorbic acid) and 
starch in tubers of both varieties significantly 
increased (Table 2). These quality indicators of 
tubers differed slightly by variety. Thus, the 
dry substance contained more in potato tubers 
of the Riviera variety, and more starch 
accumulated in tubers of the Minerva variety. 
To a lesser extent, depending on the variety, the 
content of ascorbic acid in potato tubers varied 
with a slight advantage of the Riviera variety. 

 
Table 2. The main indicators of quality of potato tubers depending on variety and nutrition optimization  

(average for 2017-2019 yrs) 
Background of nutrition (factor В) Variety (factor А) 

Minerva Riviera 
dry 

substance, % 
vitamin С, mg 

%/100 g 
starch, 

% 
dry 

substance, % 
vitamin С, mg 

%/100 g 
starch, 

% 
Without fertilizers (control) 16.5 14.8 14.2 19.5 15.8 11.9 
N32P32К32 in autumn  - background 18.4 15.4 14.4 20.5 16.1 12.5 
Background + N32P32К32 + N33 in spring before 
sowing 19.0 15.8 14.5 21.3 16.3 12.8 

Background + N32P32К32+ N33 (in spring) + 
Plantafol, 6 kg/ha 19.7 16.3 14.8 21.8 16.5 13.6 

Background + N32P32К32+ N33 (in spring) + 
Organic D2-M, 2 kg/ha 19.9 16.5 14.9 21.9 16.7 13.8 

Background + N32P32К32+ N33 (in spring) + 
Regoplant, 100 ml/ha 19.9 16.4 14.8 21.8 16.6 13.7 

НІР05 
       on factor А 
       on factor В 
       on factors АВ 

 
0.2-07 
0.4-0.9 
0.5-1.1 

 
0.1-0.4 
0.2-0.6 
0.4-0.8 

 
0.7-0.9 
0.2-0.3 
0.7-1.0 

   

 
These indicators of quality of potato tubers are 
important, they depend on the taste, 
digestibility of tubers and their energy value. 
The content of these ingredients determines the 
direction of using potatoes for food 
consumption, making chips, for processing 
(alcohol, starch), feed purposes etc. In recent  

 
years, some of the grown potato tubers were 
used to produce biodiesel, an environmentally 
friendly fuel (Polishchuk et al., 2011). 
We determined what the yield of individual 
products from the crop of tubers formed by the 
studied potato varieties could be (Table 3). 

 
Table 3. Influence of potato nutrition optimization on the conditional yield of individual tuber processing products  

(average for 2017-2019 yrs) 

Background of nutrition (factor 
В) 

Minerva (factor А) Riviera (factor А) 
Product of processing 

starch, t/ha alcohol, t/ha bioethanol, l/ha starch, t/ha alcohol, t/ha bioethanol, 
l/ha 

Without fertilizers (control) 2.37 1.87 1.68 2.32 2.18 1.96 
N32P32К32 in autumn  - 
background 2.84 2.20 1.98 2.84 2.54 2.28 

Background + N32P32К32+ N33 in 
spring before sowing 3.65 2.82 2.53 3.52 3.08 2.76 

Background + N32P32К32+ N33 (in 
spring) + Plantafol, 6 kg/ha 4.25 3.21 2.88 4.22 3.47 3.11 

Background + N32P32К32+ N33 (in 
spring) + Organic D2-M, 2 kg/ha 4.46 3.35 3.00 4.43 3.60 3.22 

Background + N32P32К32+ N33 (in 
spring) + Regoplant, 100 ml/ha 4.34 3.28 2.94 4.32 3.53 3.16 

Notes: according to the Institute of potato NAAS of Ukraine the yield from 1 ton of raw potato tubers is:  alcohol – 112 kg; ethanol – 100.4 l 
 

As evidenced by the results of Table 3, 
optimization of nutrition of potato plants 
compared to the control significantly increases 
the output of all major products of tubers for 

the highest values in the variants of a 
combination of mineral fertilizers with the 
foliar nutrition of crop plants twice during the 
growing season with biopreparations, including 
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was 50 m2. The experience scheme was shown 
in the tables. Mineral fertilizers were 
introduced in the form of compound NPK 
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N) and growth-regulating preparations were 
used. Twice during the growing season - during 
the formation of 3-4 leaves and in the budding 
phase, foliar nutrition’s were performed with 
modern biopreparations Plantafol, Organic D2-
M and Regoplant at the appropriate cost per 
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using 200 l/ha solution. The structure of the 
crop during harvesting in the phase of full 
ripeness of tubers was determined by the 
weight method. Data of research and 
accounting of yield were processed by the 
method of dispersion analysis (Dospehov, 
1985). 
Technological analysis of the quality of potato 
tubers was carried out according to generally 
accepted methods and STATE STANDARDS. 
The starch content was determined by the 
Evers method, ascorbic acid content was 
determined by the Murri method, and dry 
substance content was determined by weight-
thermostatic method. 
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mineral fertilizers and especially for the use of 
the studied biopreparations according to their 
background (Table 1). Thus, the yield of 
commercial potato tubers of the Minerva 
variety with the introduction of only mineral 
fertilizers, depending on the dose, increased on 
average over three years up to 19.7-25.5 t/ha, 
and the yield of tubers of the Riviera variety 
increased up to 22.7-27.5 t/ha at its level as in 
the non-fertilized control the yield was 16.7 
and 19.5 t/ha, respectively. After the two foliar 
nutrition’s, the yield of tubers continued to 
grow and fluctuated in varieties up to 28.7-29.9 
and 31.0-32.1 t/ha depending on the 
biopreparation. 
Both in some years of research, and on average 
for three years, the highest yield was formed by 
the Riviera variety compared to the Minerva 
variety. 
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and varietal characteristics on the yield of commercial 
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Without fertilizers (control) 15.8 20.3 18.2 21.0 16.1 17.2 16.7 19.5 
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However, slightly higher increase in the yield 
of commercial tubers compared to non-
fertilized control provided by less productive 
variety, which can be seen in the illustration of 
Figure 1. 
 

 
Figure 1. Increase in the yield of commercial potato 

tubers compared to non-fertilized control depending on 
the variety and nutrition variant  

(average for 2017-2019 yrs) 
 
The maximum yield of commercial potato 
tubers of both varieties was provided by the use 
of Organic D2-M mineral fertilizers at the dose 
of 29.9 t/ha for the Minerva variety and at the 
dose of 32.1 t/ha for the Riviera variety. The 
use of Plantafol and Regoplant preparations for 
foliar nutrition also provided significant increases 
in the yield of tubers, but they were slightly lower 
compared to the use of Organic D2-M. 

 
 

On average, for both potato varieties taken for 
research, the yield of tubers under the influence 
of fertilizer increased, and especially when 
mineral fertilizers were used together and foliar 
nutrition were carried out using biopreparations 
with the advantage of processing crops by 
Organic D2-M. 
Studies have established a positive effect of 
plant nutrition on the main quality indicators of 
potato tubers (Table 2). Thus, the content of 

dry substance, vitamin C (ascorbic acid) and 
starch in tubers of both varieties significantly 
increased (Table 2). These quality indicators of 
tubers differed slightly by variety. Thus, the 
dry substance contained more in potato tubers 
of the Riviera variety, and more starch 
accumulated in tubers of the Minerva variety. 
To a lesser extent, depending on the variety, the 
content of ascorbic acid in potato tubers varied 
with a slight advantage of the Riviera variety. 
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These indicators of quality of potato tubers are 
important, they depend on the taste, 
digestibility of tubers and their energy value. 
The content of these ingredients determines the 
direction of using potatoes for food 
consumption, making chips, for processing 
(alcohol, starch), feed purposes etc. In recent  

 
years, some of the grown potato tubers were 
used to produce biodiesel, an environmentally 
friendly fuel (Polishchuk et al., 2011). 
We determined what the yield of individual 
products from the crop of tubers formed by the 
studied potato varieties could be (Table 3). 
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Product of processing 
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Without fertilizers (control) 2.37 1.87 1.68 2.32 2.18 1.96 
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Notes: according to the Institute of potato NAAS of Ukraine the yield from 1 ton of raw potato tubers is:  alcohol – 112 kg; ethanol – 100.4 l 
 

As evidenced by the results of Table 3, 
optimization of nutrition of potato plants 
compared to the control significantly increases 
the output of all major products of tubers for 

the highest values in the variants of a 
combination of mineral fertilizers with the 
foliar nutrition of crop plants twice during the 
growing season with biopreparations, including 
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maximum levels of all ingredients were 
determined, allows to achieve when using the 
preparation Organic D2–M. 
One of the two potato varieties studied has a 
slightly higher conditional yield of starch only 
which is provided by growing the Minerva 
variety, and more alcohol and bioethanol is 
provided by the Riviera variety, which can be 
clearly traced by the values shown in Figure 2. 
It clearly figures up the advantages of potato 
nutrition and especially for growing the crop in 
the most optimal way: N32P32K32 (autumn) 
N32P32K32 + N33 (spring) + Organic D2-M. 
 

 
 

Figure 2. Conditional yield of processing products  
of potato tubers depending on fertilizers and 
biopreparations (average for 2017-2019 yrs) 

 
CONCLUSIONS 
 
Application of mineral fertilizers in the autumn 
and spring before planting compared with non-
fertilized control significantly increases the 
yield of commercial tubers of both potato 
varieties and it improves the main indicators of 
their quality. The highest productivity of tubers 
is formed by carrying out two foliar nutritions 
with biopreparations on the background of 
fertilizer, and the maximum productivity is 
formed by using the preparation Organic D2-
M. On average, in 2017-2019 yrs, the yield of 
tubers of the Minerva variety in this variant 
was 29.9 t/ha, and the yield of tubers of the 
Riviera variety was 32.1 t/ha, which exceeded 
the control by 13.2 and 12.6 t/ha or by 79.0% 
and 64.6%. In this case, you can get the highest 
conditional yield of starch, alcohol and 
bioethanol per hectare. 
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maximum levels of all ingredients were 
determined, allows to achieve when using the 
preparation Organic D2–M. 
One of the two potato varieties studied has a 
slightly higher conditional yield of starch only 
which is provided by growing the Minerva 
variety, and more alcohol and bioethanol is 
provided by the Riviera variety, which can be 
clearly traced by the values shown in Figure 2. 
It clearly figures up the advantages of potato 
nutrition and especially for growing the crop in 
the most optimal way: N32P32K32 (autumn) 
N32P32K32 + N33 (spring) + Organic D2-M. 
 

 
 

Figure 2. Conditional yield of processing products  
of potato tubers depending on fertilizers and 
biopreparations (average for 2017-2019 yrs) 

 
CONCLUSIONS 
 
Application of mineral fertilizers in the autumn 
and spring before planting compared with non-
fertilized control significantly increases the 
yield of commercial tubers of both potato 
varieties and it improves the main indicators of 
their quality. The highest productivity of tubers 
is formed by carrying out two foliar nutritions 
with biopreparations on the background of 
fertilizer, and the maximum productivity is 
formed by using the preparation Organic D2-
M. On average, in 2017-2019 yrs, the yield of 
tubers of the Minerva variety in this variant 
was 29.9 t/ha, and the yield of tubers of the 
Riviera variety was 32.1 t/ha, which exceeded 
the control by 13.2 and 12.6 t/ha or by 79.0% 
and 64.6%. In this case, you can get the highest 
conditional yield of starch, alcohol and 
bioethanol per hectare. 
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Abstract 
 
The article presents the results of scientific research on the influence of water extracts of root secretions of winter 
wheat varieties on seed germination and root growth of single-leaf cress seedlings. Soil samples from the rhizosphere 
zone of plants of the studied winter wheat varieties were selected in the phases of flowering and full ripeness of the 
grain. Water extracts of soil at a concentration of 1: 100 were prepared for the Biotest. The findings showed that the 
stimulatory and inhibitory action of water extracts of root excretions of plants of winter wheat on seed germination and 
growth of seedlings one-day watercress depending on the varietal characteristics and phases of development. In the 
flowering phase of plants, water extracts of root secretions of all the studied varieties negatively affected on the 
germination of test culture seeds. It was found that the Kvitka poliv variety in the phase of full grain ripeness activated 
the germination of cress seeds. Water extracts of the soil of root secretions of soft winter wheat varieties Vidrada and 
Krasa paniv were determined to be neutral to the germination of cress seeds. 
 
Key words: allelopathic action, winter wheat, varieties, watercress, seed germination. 
 
INTRODUCTION  
 
One of the most important tasks of modern 
science is to solve the problem of biologization 
of agriculture, to increase the profitability and 
stability of agrophytocenosis, and to obtain 
stable yields of high-quality products. When 
developing the structure of crop rotations and 
mixed crops, in order to prevent soil fatigue in 
monoculture, weed control, phytopathogenic 
organisms, and the like, take into account the 
phenomenon of allelopathy or chemical inte-
raction of plants, which was first discovered by 
the German scientist G. Molish in 1937 (Willis, 
2010; Shinde & Salve, 2019). 
Allelopathy as a scientific direction, due to the 
breadth and versatility of its approaches to the 
study of various biological phenomena, is 
intensively developing all over the world, 
including in Ukraine (Kucheriavyi, 2018; Shao 
et al., 2019; Li et al., 2019; Andrianandrasana     
et al., 2020). 
In recent years, due to the increase in the area 
of organic land, the need for alternative 
methods of weed control is becoming more 
acute (Saracin & Vasile, 2015; Murimva et al., 
2019). 

Studies of many scientists have found that 
allelopathic culture can potentially be used to 
control clogging, seeding a variety with 
allelopathic properties, thereby reducing the 
rate of use of synthetic herbicides (Stephen, 
2015; Nikneshan et al., 2011; Cheema et al., 
2007; Iqbal, 2020). Soft winter wheat is one of 
the most common agricultural crops in the 
world and has allelopathic potential for 
controlling weeds, pests and diseases, which 
contributes to its cultivation using organic 
technologies (Sangeetha & Baskar, 2015; 
Schalchli et al., 2012; Ming et al., 2020). The 
allelopathic activity of wheat has been 
attributed to hydroxamic acids, the related 
compounds and phenolic acids (Lam et al., 
2012). 
According to Derevyanko V.A. (2007), the 
phyto-immunity of wheat plants largely 
depends on the allelopathic regime of the soil, 
because permanent cultivation of cultivated 
plants in one place leads to inhibition of growth 
and reduced resistance to diseases and pests. 
Studies of various scientists found that wheat 
varieties had different allelopathic properties 
against weeds (Wu By et al., 2001; Zuo et al., 
2011; Petcu et al., 2017). 

AgroLife Scientific Journal - Volume 10, Number 1, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 When alternating different varieties of winter 

wheat, the yield reduction in the monoculture 
will be significantly less than when growing a 
single variety for a long time (Derevyanko, 
2003). Today, research, testing and selection of 
winter wheat varieties with a high potential for 
organic cultivation are relevant, but the 
allelopathic properties of these varieties are not 
always taken into account. 
Therefore, the aim of the work was to study the 
allelopathic properties of 9 varieties of winter 
wheat in various breeding centers of Ukraine. 
 
MATERIALS AND METHODS  
 
The method of Grodzinsky A.M. (1973) was 
used to establish the allelopathic action of 

winter wheat varieties that were promising for 
the Steppe zone of Ukraine).  
The test culture was single-leaf cress sprouts 
(Lepidium sativum L.).  
Soil samples were taken directly in the 
rhizosphere zone during the stages of earing 
and full ripeness of winter wheat grain. It was 
studied the influence of water extracts on the 
germination and length of the roots of 
seedlings.  
The ratio of soil weight to distilled water is 1: 
100. The experience was laid in a 10-time 
repetition. The studies were performed in 
laboratory conditions at a temperature of 23°C. 
The material for the study was 10 varieties of 
winter wheat bred in different soil and climate 
zones of Ukraine (Table 1).  

 
Table 1. Characteristics of winter wheat varieties (T. aestivum L. and T. spelta L.)  

of various breeding institutions in Ukraine 
Botanical taxon Variety denomination Owner Registration 

year 
Recommended zones  

for growing 

T. aestivum L. Vidrada Bilotserkivska Experimental Breeding 
Station 2010 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. Koshova Institute of Irrigated Agriculture 2017 Steppe,  
Forest-Steppe 

T. aestivum L. Schedrivka kyivs'ka V. M. Remeslo Myronivka Institute of 
wheat 2016 Steppe 

T. aestivum L. Krasa laniv Plant Production Institute nd. V. Va. 
Yuryev of NAAS 2017 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. Kvitka poliv Bilotserkivska Experimental Breeding 
Station 2018 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. MIP Assol' V. M. Remeslo Myronivka Institute of 
wheat 2018 Forest-Steppe 

T. aestivum L. Harantiia odes'ka Selection and Genetics Institute - National 
Center of Seed and Cultivar 2015 Steppe,  

Forest-Steppe 

T. aestivum L. Schedrist' odes'ka Selection and Genetics Institute - National 
Center of Seed and Cultivar 2014 Steppe,  

Forest-Steppe 

T. spelta L. Zoria Ukrainy Ukrainian Scientific Institute of Plant 
Breeding 2012 

Steppe,  
Forest-Steppe, 

Polissya 

 
The control variant was single-leaf cress 
sprouts sprouted on distilled water. Field 
research was carried out during 2019-2020 
years on the experimental field of the 
Educational, Scientific and Practical Center of 
the Mykolaiv National Agrarian University. 
The variants were placed in the experiment by 
the method of split plots, the repetition of the 
experiment was fourfold. The area of the 
registration area was 25 m². Soil of research 
areas was southern black soil humus, light clay-
loam soil on wide slightly drained loess on the 
watershed plateau, typical for the area of 
Southern Steppe. Their arable layer contains an 
average of 2.4% humus, light-hydrolyzed 

nitrogen as 16 mg/kg, mobile phosphorus as 
160 mg/kg and exchanged potassium as 187 
mg/kg of soil. Mathematical and statistical data 
processing was carried out by the method of 
dispersion analysis using computer programs 
"Microsoft Excel 2013" and "Agrostat".  
 
RESULTS AND DISCUSSIONS  
 
According to the results of research, it was 
found that water extracts of root secretions of 
plants of the studied winter wheat varieties had 
a significant effect on the germination of cress 
seeds, depending on the  development phase. 
Thus, during the flowering phase of plants, 



117

 
 

ALLELOPATHIC PROPERTIES OF WINTER WHEAT VARIETIES OF 
VARIOUS BREEDING INSTITUTIONS OF UKRAINE 

 
Margaryta KORKHOVA, Vira MYKOLAICHUK 

 
Mykolaiv National Agrarian University, Mykolaiv, 9 Heorhiia Honhadze Street, 54000, Ukraine, 

Phone: 380512340136, Email: korhovamm@mnau.edu.ua 
 

Corresponding author email: korhovamm@mnau.edu.ua 
 
Abstract 
 
The article presents the results of scientific research on the influence of water extracts of root secretions of winter 
wheat varieties on seed germination and root growth of single-leaf cress seedlings. Soil samples from the rhizosphere 
zone of plants of the studied winter wheat varieties were selected in the phases of flowering and full ripeness of the 
grain. Water extracts of soil at a concentration of 1: 100 were prepared for the Biotest. The findings showed that the 
stimulatory and inhibitory action of water extracts of root excretions of plants of winter wheat on seed germination and 
growth of seedlings one-day watercress depending on the varietal characteristics and phases of development. In the 
flowering phase of plants, water extracts of root secretions of all the studied varieties negatively affected on the 
germination of test culture seeds. It was found that the Kvitka poliv variety in the phase of full grain ripeness activated 
the germination of cress seeds. Water extracts of the soil of root secretions of soft winter wheat varieties Vidrada and 
Krasa paniv were determined to be neutral to the germination of cress seeds. 
 
Key words: allelopathic action, winter wheat, varieties, watercress, seed germination. 
 
INTRODUCTION  
 
One of the most important tasks of modern 
science is to solve the problem of biologization 
of agriculture, to increase the profitability and 
stability of agrophytocenosis, and to obtain 
stable yields of high-quality products. When 
developing the structure of crop rotations and 
mixed crops, in order to prevent soil fatigue in 
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raction of plants, which was first discovered by 
the German scientist G. Molish in 1937 (Willis, 
2010; Shinde & Salve, 2019). 
Allelopathy as a scientific direction, due to the 
breadth and versatility of its approaches to the 
study of various biological phenomena, is 
intensively developing all over the world, 
including in Ukraine (Kucheriavyi, 2018; Shao 
et al., 2019; Li et al., 2019; Andrianandrasana     
et al., 2020). 
In recent years, due to the increase in the area 
of organic land, the need for alternative 
methods of weed control is becoming more 
acute (Saracin & Vasile, 2015; Murimva et al., 
2019). 

Studies of many scientists have found that 
allelopathic culture can potentially be used to 
control clogging, seeding a variety with 
allelopathic properties, thereby reducing the 
rate of use of synthetic herbicides (Stephen, 
2015; Nikneshan et al., 2011; Cheema et al., 
2007; Iqbal, 2020). Soft winter wheat is one of 
the most common agricultural crops in the 
world and has allelopathic potential for 
controlling weeds, pests and diseases, which 
contributes to its cultivation using organic 
technologies (Sangeetha & Baskar, 2015; 
Schalchli et al., 2012; Ming et al., 2020). The 
allelopathic activity of wheat has been 
attributed to hydroxamic acids, the related 
compounds and phenolic acids (Lam et al., 
2012). 
According to Derevyanko V.A. (2007), the 
phyto-immunity of wheat plants largely 
depends on the allelopathic regime of the soil, 
because permanent cultivation of cultivated 
plants in one place leads to inhibition of growth 
and reduced resistance to diseases and pests. 
Studies of various scientists found that wheat 
varieties had different allelopathic properties 
against weeds (Wu By et al., 2001; Zuo et al., 
2011; Petcu et al., 2017). 

When alternating different varieties of winter 
wheat, the yield reduction in the monoculture 
will be significantly less than when growing a 
single variety for a long time (Derevyanko, 
2003). Today, research, testing and selection of 
winter wheat varieties with a high potential for 
organic cultivation are relevant, but the 
allelopathic properties of these varieties are not 
always taken into account. 
Therefore, the aim of the work was to study the 
allelopathic properties of 9 varieties of winter 
wheat in various breeding centers of Ukraine. 
 
MATERIALS AND METHODS  
 
The method of Grodzinsky A.M. (1973) was 
used to establish the allelopathic action of 

winter wheat varieties that were promising for 
the Steppe zone of Ukraine).  
The test culture was single-leaf cress sprouts 
(Lepidium sativum L.).  
Soil samples were taken directly in the 
rhizosphere zone during the stages of earing 
and full ripeness of winter wheat grain. It was 
studied the influence of water extracts on the 
germination and length of the roots of 
seedlings.  
The ratio of soil weight to distilled water is 1: 
100. The experience was laid in a 10-time 
repetition. The studies were performed in 
laboratory conditions at a temperature of 23°C. 
The material for the study was 10 varieties of 
winter wheat bred in different soil and climate 
zones of Ukraine (Table 1).  

 
Table 1. Characteristics of winter wheat varieties (T. aestivum L. and T. spelta L.)  

of various breeding institutions in Ukraine 
Botanical taxon Variety denomination Owner Registration 

year 
Recommended zones  

for growing 

T. aestivum L. Vidrada Bilotserkivska Experimental Breeding 
Station 2010 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. Koshova Institute of Irrigated Agriculture 2017 Steppe,  
Forest-Steppe 

T. aestivum L. Schedrivka kyivs'ka V. M. Remeslo Myronivka Institute of 
wheat 2016 Steppe 

T. aestivum L. Krasa laniv Plant Production Institute nd. V. Va. 
Yuryev of NAAS 2017 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. Kvitka poliv Bilotserkivska Experimental Breeding 
Station 2018 

Steppe,  
Forest-Steppe, 

Polissya 

T. aestivum L. MIP Assol' V. M. Remeslo Myronivka Institute of 
wheat 2018 Forest-Steppe 

T. aestivum L. Harantiia odes'ka Selection and Genetics Institute - National 
Center of Seed and Cultivar 2015 Steppe,  

Forest-Steppe 

T. aestivum L. Schedrist' odes'ka Selection and Genetics Institute - National 
Center of Seed and Cultivar 2014 Steppe,  

Forest-Steppe 

T. spelta L. Zoria Ukrainy Ukrainian Scientific Institute of Plant 
Breeding 2012 

Steppe,  
Forest-Steppe, 

Polissya 

 
The control variant was single-leaf cress 
sprouts sprouted on distilled water. Field 
research was carried out during 2019-2020 
years on the experimental field of the 
Educational, Scientific and Practical Center of 
the Mykolaiv National Agrarian University. 
The variants were placed in the experiment by 
the method of split plots, the repetition of the 
experiment was fourfold. The area of the 
registration area was 25 m². Soil of research 
areas was southern black soil humus, light clay-
loam soil on wide slightly drained loess on the 
watershed plateau, typical for the area of 
Southern Steppe. Their arable layer contains an 
average of 2.4% humus, light-hydrolyzed 

nitrogen as 16 mg/kg, mobile phosphorus as 
160 mg/kg and exchanged potassium as 187 
mg/kg of soil. Mathematical and statistical data 
processing was carried out by the method of 
dispersion analysis using computer programs 
"Microsoft Excel 2013" and "Agrostat".  
 
RESULTS AND DISCUSSIONS  
 
According to the results of research, it was 
found that water extracts of root secretions of 
plants of the studied winter wheat varieties had 
a significant effect on the germination of cress 
seeds, depending on the  development phase. 
Thus, during the flowering phase of plants, 
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water extracts from the soil in the rhizosphere 
zone of winter wheat plants of all the studied 
varieties negatively affected the germination of 
cress seeds. It was determined that low seed 
determined that low seed germination of test 

plants (44.0%) were in variants of treatment 
with the extract of water extract from varieties 
Schedrist' odes'ka. This was 28% was less than 
control (Table 2).  

Table 2. Influence of water extracts of the rhizosphere soil of winter wheat plants on the germination of cress seeds, % 

Variety 
Phase of plant development 

Flowering +; - control, 
% full ripeness +- control, 

% 
Control 72.0 - 72.0 - 
Vidrada 48.2 -23.8 35.1 -36.9 
Koshova 56.4 -15.6 67.2 -4.8 
Schedrivka kyivs'ka 46.0 -26.0 29.4 -42.6 
Krasa laniv 60.2 -11.8 53.0 -19.0 
Kvitka poliv 47.8 -24.2 75.2 +3.2 
MIP Assol' 57.0 -15.0 37.6 -34.4 
Harantiia odes'ka 47.2 -24.8 26.3 -45.7 
Schedrist' odes'ka 44.0 -28.0 25.8 -46.2 
Zoria Ukrainy 45.7 -26.3 26.0 -46.0 

 
Krasa laniv had a lesser inhibitory effect on the 
germination of cress seeds, which was 11.8% 
less than the control. In the phase of full 
ripeness of winter wheat grain, there was a 
negative effect on the germination of seeds of 
water extracts of the soil of most of the studied 
varieties, except for Kvitka poliv, which had a 
slight stimulating effect (+3.2% to control). It 
was found that a significant decrease in 
germination of test culture seeds in comparison 
with the control was observed in variants with 
the varieties Schedrivka kyivs'ka (-42.6%), 

Harantiia odes'ka (-45.7%), Zoria Ukraine  
(-46.0%) and Schedrist' odes'ka (-46.2%).  
As a result of researches it was established the 
allelopathic effect of root excretions of plants 
of various varieties of winter wheat in the 
flowering stage, which was in the range from 
modestly stimulatory to inhibitory. Slight 
stimulating effect is typical for Krasa laniv and 
Vidrada varieties (0.52% and 0.39%, 
respectively). The greatest inhibitory effect is 
caused by root secretions of varieties Harantiia 
odes’ka and Kvitka poliv (-37.6% and 
-39.28%, respectively) (Figure 1).   

 

 
Figure 1. Allelopathic soil activity in the rhizosphere zone of winter wheat plants in the flowering phase,  

depending on the variety (relative to the control), % 

Spelt wheat of the Zoria Ukrainy variety is 
characterized by a low (up to 10%) allelopathic 
activity in this phase. It was proved that 
allelopathic effect of root excretions in aging 
plants increased (Mozdzen & Repka, 2014). 
Our research found that in the phase of grain 

full ripeness that the root excretions of plants of 
six studied varieties of winter wheat were 
stimulating allelopathic action, which ranged 
from negligible (2.56%) of the variety Vidrada 
to substantial (66.87%) varieties Kvitka poliv 
(Figure 2). 

 
Figure 2. Allelopathic soil activity in the zone of rhizosphere of plants of various varieties  

of winter wheat in the phase of full ripeness (relative to control), % 
 
It was found a high stimulating effect of root 
secretions of winter wheat spelt of the variety 
Zorya Ukrainy (41.03%) on the growth of roots 
of the test culture, which exceeded this 
indicator of all the studied varieties of soft 
wheat, except for the variety Kvitka poliv.  
In Soft winter wheat varieties Shchedrovka 
kyivs’kaya, Harantiia odes’ka and Schedrist’ 

odes’ka it was found an inhibiting effect on the 
growth of cress roots - from -29.25% up to -
12.99%. 
Analyzing the amplitude of the allelopathic 
action of root secretions of winter wheat plants, 
we found that the highest indicator was 
characteristic of the variety Kvitka poliv as 
106.15 % (Figure 3). 
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Figure 3. Amplitude of allelopathic activity of soil in the rhizosphere zone of winter wheat plants  

depending on the studied growth and development phases, % 
 

The lowest indicator of the amplitude of 
allelopathic activity is characteristic of root 
cells plant secretions of soft winter wheat 
varieties Vidrada and Krasa laniv (2.17% and 
9.05%, respectively, that is, they are tolerant 
compared to other varieties. For wheat spelt 

varieties Zorya Ukrainy, allelopathic activity of 
root excretions has a high amplitude (34.98%), 
which is by 6.40%; 18.59%; 25.93%, 32.81% 
higher than for the varieties MIP Assol', 
Schedrivka kyivs’ka, Krasa laniv and Vidrada 
in accordance.  
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water extracts from the soil in the rhizosphere 
zone of winter wheat plants of all the studied 
varieties negatively affected the germination of 
cress seeds. It was determined that low seed 
determined that low seed germination of test 

plants (44.0%) were in variants of treatment 
with the extract of water extract from varieties 
Schedrist' odes'ka. This was 28% was less than 
control (Table 2).  

Table 2. Influence of water extracts of the rhizosphere soil of winter wheat plants on the germination of cress seeds, % 

Variety 
Phase of plant development 

Flowering +; - control, 
% full ripeness +- control, 

% 
Control 72.0 - 72.0 - 
Vidrada 48.2 -23.8 35.1 -36.9 
Koshova 56.4 -15.6 67.2 -4.8 
Schedrivka kyivs'ka 46.0 -26.0 29.4 -42.6 
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Krasa laniv had a lesser inhibitory effect on the 
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negative effect on the germination of seeds of 
water extracts of the soil of most of the studied 
varieties, except for Kvitka poliv, which had a 
slight stimulating effect (+3.2% to control). It 
was found that a significant decrease in 
germination of test culture seeds in comparison 
with the control was observed in variants with 
the varieties Schedrivka kyivs'ka (-42.6%), 

Harantiia odes'ka (-45.7%), Zoria Ukraine  
(-46.0%) and Schedrist' odes'ka (-46.2%).  
As a result of researches it was established the 
allelopathic effect of root excretions of plants 
of various varieties of winter wheat in the 
flowering stage, which was in the range from 
modestly stimulatory to inhibitory. Slight 
stimulating effect is typical for Krasa laniv and 
Vidrada varieties (0.52% and 0.39%, 
respectively). The greatest inhibitory effect is 
caused by root secretions of varieties Harantiia 
odes’ka and Kvitka poliv (-37.6% and 
-39.28%, respectively) (Figure 1).   
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It was found a high stimulating effect of root 
secretions of winter wheat spelt of the variety 
Zorya Ukrainy (41.03%) on the growth of roots 
of the test culture, which exceeded this 
indicator of all the studied varieties of soft 
wheat, except for the variety Kvitka poliv.  
In Soft winter wheat varieties Shchedrovka 
kyivs’kaya, Harantiia odes’ka and Schedrist’ 

odes’ka it was found an inhibiting effect on the 
growth of cress roots - from -29.25% up to -
12.99%. 
Analyzing the amplitude of the allelopathic 
action of root secretions of winter wheat plants, 
we found that the highest indicator was 
characteristic of the variety Kvitka poliv as 
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Figure 3. Amplitude of allelopathic activity of soil in the rhizosphere zone of winter wheat plants  

depending on the studied growth and development phases, % 
 

The lowest indicator of the amplitude of 
allelopathic activity is characteristic of root 
cells plant secretions of soft winter wheat 
varieties Vidrada and Krasa laniv (2.17% and 
9.05%, respectively, that is, they are tolerant 
compared to other varieties. For wheat spelt 

varieties Zorya Ukrainy, allelopathic activity of 
root excretions has a high amplitude (34.98%), 
which is by 6.40%; 18.59%; 25.93%, 32.81% 
higher than for the varieties MIP Assol', 
Schedrivka kyivs’ka, Krasa laniv and Vidrada 
in accordance.  
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CONCLUSIONS  
 
By results of the conducted researches it was 
established that the nature of the metabolites of 
the investigated winter wheat varieties that 
secreted in the area of the rhizosphere of the 
plants they had stimulatory and inhibitory 
action on seed germination and growth of 
seedlings of cress, depending on the varietal 
characteristics and phases of development. The 
germination of cress seeds is negatively 
affected by root secretions of all the studied 
varieties of winter wheat, except for the Kvitka 
poliv variety, which has a slight stimulating 
effect in the phase of full ripeness. In the 
flowering phase of plants of the same variety, 
the greatest inhibitory effect of root secretions 
was recorded (-39.28%) on single-leaf 
seedlings of the test-culture, and in the full 
ripeness phase it was recorded the maximum 
activating effect (66.87%). It can be assumed 
that the allelopathically active substances 
which secrete by the roots of wheat plants of 
soft winter varieties Vidrada and Krasa laniv 
are neutral to the germination of cress seeds, 
which requires further research of these 
varieties on other test-culture.  
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Abstract 
 
The scientific paper presents the experimental data obtained in the course of the environmental and reclamation 
monitoring of the hydro-geological and reclamation condition of irrigated soils in the southern steppe of Ukraine, their 
chemical composition is determined. On the basis of the analysis of water and salt regime of the soils in the areas under 
study for reclamation and water supply construction, on the basis of many years’ research, the study suggests the 
method for determining agrolandscape typicality considering the properties of soil chemical composition. The basis of 
this method is the following principle: the confidence intervals of neighboring regression lines coincide (overlap) on a 
certain interval of values, so they are typical on this interval of values. The study establishes that according to this 
method the landscapes of Kherson Prysyvashshia and Askania steppes are typical by the specificity of the formation of 
soil chemical composition by 83.5% that makes it possible to compare the research results obtained on both landscapes 
and proves the typicality of the field experiment. 
 
Key words: agrolandscape, chemical composition, mathematical statistics, regression, water and salt regime. 
 
INTRODUCTION 
 
The need of agrolandscapes for irrigation 
reclamation in the South of Ukraine is caused 
by their location in the area of insufficient 
moisture, where periodical droughts lead to a 
decline in crop yields and crop death if 
irrigation is not applied. 
It is necessary to use a complex of eco-friendly 
reclamation measures reducing a negative 
impact of unfavorable weather conditions and 
increasing soil fertility. The main efficient 
method for increasing dark chestnut soil 
fertility is irrigation in combination with agro-
technical measures, aimed at accumulation or 
storage of humus in soil and maintenance of 
project water and salt, air and nutritional 
regimes of soils. However, more than 50% of 
all irrigated lands in the world are inclined to 
secondary salinization, alkalization and 
waterlogging (Sabagh et al., 2019). 
Under conditions of Kherson and Crimean 
Prysyvashshia, a favorable eco-friendly mode 
in project exploitation of irrigation and 
drainage networks provides horizontal drainage 
with the distance between drains of 220-240 m 
and the depth of laying drains - 2.5-3.5 m, 

maintaining the water table (WT) at the depth 
of more than 1.5 m during the irrigation season, 
reducing the WT to the depth of more than 2 m 
at the end of the year. 
Substantiation of optimal irrigation modes and 
drainage parameters must be based on the 
evaluation of the conditions of the formation of 
water and salt regimes of soils. At the same 
time, an optimal irrigation mode results in 
average annual declining resultative flow of 
moisture, contributing to soil desalinization, 
and it can be implemented only on the basis of 
efficient drainage. 
Hydro-technical reclamation should be always 
combined with amelioration and agro-technical 
measures into a single system of reclamation 
measures (Liu et al., 2016; Jones & Rowe, 
2017). 
However, systems of integral management of 
soil regimes ensuring maximum utilization of 
biological potential in crop production and 
ecological sustainability of agricultural 
landscapes have not been developed yet and are 
still hypothetical reclamation systems of the 
future. A complex of agricultural techniques 
decelerates the degradation period of soil 
development, but it is not capable of 
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CONCLUSIONS  
 
By results of the conducted researches it was 
established that the nature of the metabolites of 
the investigated winter wheat varieties that 
secreted in the area of the rhizosphere of the 
plants they had stimulatory and inhibitory 
action on seed germination and growth of 
seedlings of cress, depending on the varietal 
characteristics and phases of development. The 
germination of cress seeds is negatively 
affected by root secretions of all the studied 
varieties of winter wheat, except for the Kvitka 
poliv variety, which has a slight stimulating 
effect in the phase of full ripeness. In the 
flowering phase of plants of the same variety, 
the greatest inhibitory effect of root secretions 
was recorded (-39.28%) on single-leaf 
seedlings of the test-culture, and in the full 
ripeness phase it was recorded the maximum 
activating effect (66.87%). It can be assumed 
that the allelopathically active substances 
which secrete by the roots of wheat plants of 
soft winter varieties Vidrada and Krasa laniv 
are neutral to the germination of cress seeds, 
which requires further research of these 
varieties on other test-culture.  
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Abstract 
 
The scientific paper presents the experimental data obtained in the course of the environmental and reclamation 
monitoring of the hydro-geological and reclamation condition of irrigated soils in the southern steppe of Ukraine, their 
chemical composition is determined. On the basis of the analysis of water and salt regime of the soils in the areas under 
study for reclamation and water supply construction, on the basis of many years’ research, the study suggests the 
method for determining agrolandscape typicality considering the properties of soil chemical composition. The basis of 
this method is the following principle: the confidence intervals of neighboring regression lines coincide (overlap) on a 
certain interval of values, so they are typical on this interval of values. The study establishes that according to this 
method the landscapes of Kherson Prysyvashshia and Askania steppes are typical by the specificity of the formation of 
soil chemical composition by 83.5% that makes it possible to compare the research results obtained on both landscapes 
and proves the typicality of the field experiment. 
 
Key words: agrolandscape, chemical composition, mathematical statistics, regression, water and salt regime. 
 
INTRODUCTION 
 
The need of agrolandscapes for irrigation 
reclamation in the South of Ukraine is caused 
by their location in the area of insufficient 
moisture, where periodical droughts lead to a 
decline in crop yields and crop death if 
irrigation is not applied. 
It is necessary to use a complex of eco-friendly 
reclamation measures reducing a negative 
impact of unfavorable weather conditions and 
increasing soil fertility. The main efficient 
method for increasing dark chestnut soil 
fertility is irrigation in combination with agro-
technical measures, aimed at accumulation or 
storage of humus in soil and maintenance of 
project water and salt, air and nutritional 
regimes of soils. However, more than 50% of 
all irrigated lands in the world are inclined to 
secondary salinization, alkalization and 
waterlogging (Sabagh et al., 2019). 
Under conditions of Kherson and Crimean 
Prysyvashshia, a favorable eco-friendly mode 
in project exploitation of irrigation and 
drainage networks provides horizontal drainage 
with the distance between drains of 220-240 m 
and the depth of laying drains - 2.5-3.5 m, 

maintaining the water table (WT) at the depth 
of more than 1.5 m during the irrigation season, 
reducing the WT to the depth of more than 2 m 
at the end of the year. 
Substantiation of optimal irrigation modes and 
drainage parameters must be based on the 
evaluation of the conditions of the formation of 
water and salt regimes of soils. At the same 
time, an optimal irrigation mode results in 
average annual declining resultative flow of 
moisture, contributing to soil desalinization, 
and it can be implemented only on the basis of 
efficient drainage. 
Hydro-technical reclamation should be always 
combined with amelioration and agro-technical 
measures into a single system of reclamation 
measures (Liu et al., 2016; Jones & Rowe, 
2017). 
However, systems of integral management of 
soil regimes ensuring maximum utilization of 
biological potential in crop production and 
ecological sustainability of agricultural 
landscapes have not been developed yet and are 
still hypothetical reclamation systems of the 
future. A complex of agricultural techniques 
decelerates the degradation period of soil 
development, but it is not capable of 
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eliminating general regressive tendencies of 
soil formation entirely. The main task of soil 
ecological forecasting is to determine the 
degradation stage at which this soil 
development will cease and how much time it 
will take (Kumara et al., 2015). 
 
MATERIALS AND METHODS 
 
In order to reduce the level of manifestation of 
negative changes on previously irrigated lands 
and avoid them on reclaimed territories, 
especially on poorly drained and territories 
without drainage, including Kherson and 
Crimean Prysyvashshia and the steppes of 
Kherson region, it is necessary to optimize 
reclamation modes of irrigated lands and to 
develop quantity criteria for the state of 
irrigated agrolandscapes. In this case the choice 
of a reclamation mode is a primary task in the 
aspect of maintaining favorable water and salt 
regime of soils (Wang et al., 2014). 
Water and salt regime of soils is determined by 
complex processes of mass transfer occurring 
under the influence of different natural and 
artificial factors. But management of water and 
air, water and salt regimes of soils by means of 
irrigation and drainage, and maintenance of an 
optimal reclamation mode in combination with 
agro-technical techniques should prevent 
secondary salinization of soils and ensure 
desalinization of primary saline soils and 
increase their fertility (Dukhovny & Stulina, 
2010). 
Currently new methods of examining water and 
salt regime of soils in the zone of aeration have 
been thoroughly developed. They are based on 
the study of the mode of moisture transfer 
through the zone of aeration by the data of 
hydro-physical observations. However, 
calculations of salt transfer have just become 
common practice of hydro-geological and 
reclamation research, therefore their methods 
cannot be considered as developed enough. In 
order to substantiate these calculations, it is 
certainly necessary to search for new methods 
for further improvement of theoretical models 
of salt transfer that consider physical and 
chemical properties of the processes of soil 
salinization and desalinization, rock and soil 
structure and plant impacts (Ushkarenko et al., 
2018; Lavrenko et al., 2018). 

At present the regularities of salt distribution in 
soils are mainly examined by a vertical profile. 
The regularities of horizontal distribution of 
salt composition and concentration in the zone 
of soil aeration, especially within certain soil 
areas have not been studied thoroughly; 
moreover, the role of capillary leakage, 
diffusive migration, osmotic filtration and other 
processes related to ion transport is not clear 
yet (Lendering et al., 2015). 
The experience of regulating water and salt 
regime on low- and medium-salinized 
meadow-chestnut and chestnut-meadow 
alkaline soils under proximity of highly-
mineralized (8-20 g/dm3) groundwater in 
Kherson and Crimean Prysyvashshia proves 
that the correlation of the total water supply 
(600-800 mm per year) and water removal by 
means of horizontal drainage (15-20% of water 
supply) maintains fertility of irrigated lands, 
ensures security against secondary soil 
salinization and maintains project crop 
productivity. 
General direction of the rise and fall of 
groundwater in different seasons of the year is 
characteristic of undrained and drained 
territories, but the height of the rise and the 
duration of ground water lying at a certain 
depth are different. The values of acceptable 
levels must be based on the main factors that 
have an impact on water and salt balances of 
the zone of aeration (Wang et al., 2016). These 
are lithological conditions of the zone of 
aeration affecting the height and velocity of 
capillary rise and irrigation-climate indexes 
determining the wetting of the zone of aeration, 
the potential of forces influencing the 
movement of substances. The depth of 
groundwater, the average for the growing 
season, is closely connected with the 
evaporation coefficient.  
For instance, the balance of moisture is close to 
zero on virgin dark chestnut soils in the South 
of Ukraine, and it is negative at the depth of 
more than 200 cm, i.e. this thickness adds no 
moisture and, on the contrary, has a certain 
tendency for a progressive loss of moisture and 
the loess stratum under virgin vegetation has 
humidity of 12.0-15.6%. On irrigated lands, the 
limits of moisture regulation in the soil layer 
containing roots depending on the size of the 
soil-absorbing complex for dark chestnut and 

chestnut soils is 0.6-0.8 of the soil moisture 
threshold. 
Salt regime of irrigated lands is mainly 
determined by natural features of the region 
under study, the quality of irrigation water, the 
depth of ground water lying and mineralization 
(Lisetskii et al., 2015). 
Salinized lands occupy 92.8 thousand hectares, 
including medium-salinized and highly-
salinized - 18.3 thousand hectares in the steppe 
of Ukraine. Lands with secondary salinization 
occupy 30% of the territory of salinized 
farmlands, while lands with primary 
salinization occupy 70% of the territory. The 
highest priority tasks of managing salt regimes 
of soils in the dry steppe zone are mainly 
related to creating conditions of even 
moisturizing by the area and depth, maintaining 
highly fertile and unsalinized 1 m of the 
topsoil, stabilizing natural salt reserves in deep 
layers of the zone of aeration and applying 
high-quality water for irrigation (Jiménez-
Aguirre et al., 2018; Feizi et al., 2010). 
Irrigation considerably affects the formation of 
a salt profile not only in the zone of aeration, 
but has an impact on deeper layers. 
The specificity of salt regime of soils in the dry 
steppe zone is in the following facts: calcium 
carbonates and sulfates are washed away to the 
depth of 0.5-0.7 m in automorphic conditions; 
water-soluble salts, including a great number of 
sodium sulfates are available at the depth of 
0.7-2.0 m. The direction and intensity of the 
processes of changes in soil-reclamation 
conditions (under deep-lying ground water) in 
chestnut soils of the southern steppe region is 
mainly determined by the content and chemical 
composition of salts and the quality of 
irrigation water; mineralization and chemism of 
ground water play an important role under its 
proximity. 
Calcium ions (up to 50%) and hydro-
carbonates (up to 60%) dominate in a liquid 
phase in unsalinized soils, and sodium ions (up 
to 70%), sulfate ions and chlorine ions 
dominate in salinized soils. If there is an 
increase in moisture resulting from 
intensification and cation-change processes, 
there is a rise in the relative concentration of 
sodium and potassium in the solution, and there 
is a decrease in the concentration of calcium 
and magnesium. 

Salt regime of secondary hydromorphic soils 
under drainage is formed in the same way as 
the one without drainage. In cold seasons the 
topsoil undergoes salt depletion, while the 
subsoil accumulates salts, in warm seasons they 
reach the surface again, however, the intensity 
of salts in these soils is much lower than in 
secondary hydromorphic soils without 
drainage. They are characterized by more 
favorable composition of secondary salts in 
which calcium hydro-carbonates dominate 
(Asgari et al., 2018; Zhang et al., 2019). 
Salt regime in soils beneath virgin vegetation is 
characterized by a seasonal circulation of 
water-soluble ions occurring in a small volume 
of soil and is determined by the depth of 
moisture circulation. The average annual loss 
of salts (0.0062%) of the layer of 0-50 cm was 
nearly equal to their gainful part for the 
growing season (0.0068%) in the research 
period. 
There is an obvious necessity for improving the 
methods for evaluation of salt dynamics and 
the efficiency of reclamation of salinized soils. 
It is known that, even under total equality of all 
other conditions of reclamation, the intensity of 
salt occurrence in soils changes depending on 
the total amount of salts in the reclaimed layer. 
It is common in attempts of comparative 
evaluation of salt dynamics and comparison of 
the way of improvement on different lands with 
various hydro-geological, soil and farming 
conditions (Stupak, 2016). 
Soil gradually loses the properties of its initial 
state under the influence of irrigation. It mostly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. There are more 
similarities between cultivated soils of different 
regions than between natural soils of these 
regions. Therefore many soil scientists suggest 
distinguishing irrigated soils as special types 
(Golosov & Belyaev, 2013). 
Currently the results of numerous field and 
production experiments and pre-project 
searches are often recommended to be used in 
practice without proper substantiation of 
“model” character of the experiment. In other 
words, the research results are spread only in a 
descriptive aspect (the reference to a possible 
identity of soil, hydro-geological and climate 
characteristics inevitably requiring a 
widespread use of stochastic methods and 
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eliminating general regressive tendencies of 
soil formation entirely. The main task of soil 
ecological forecasting is to determine the 
degradation stage at which this soil 
development will cease and how much time it 
will take (Kumara et al., 2015). 
 
MATERIALS AND METHODS 
 
In order to reduce the level of manifestation of 
negative changes on previously irrigated lands 
and avoid them on reclaimed territories, 
especially on poorly drained and territories 
without drainage, including Kherson and 
Crimean Prysyvashshia and the steppes of 
Kherson region, it is necessary to optimize 
reclamation modes of irrigated lands and to 
develop quantity criteria for the state of 
irrigated agrolandscapes. In this case the choice 
of a reclamation mode is a primary task in the 
aspect of maintaining favorable water and salt 
regime of soils (Wang et al., 2014). 
Water and salt regime of soils is determined by 
complex processes of mass transfer occurring 
under the influence of different natural and 
artificial factors. But management of water and 
air, water and salt regimes of soils by means of 
irrigation and drainage, and maintenance of an 
optimal reclamation mode in combination with 
agro-technical techniques should prevent 
secondary salinization of soils and ensure 
desalinization of primary saline soils and 
increase their fertility (Dukhovny & Stulina, 
2010). 
Currently new methods of examining water and 
salt regime of soils in the zone of aeration have 
been thoroughly developed. They are based on 
the study of the mode of moisture transfer 
through the zone of aeration by the data of 
hydro-physical observations. However, 
calculations of salt transfer have just become 
common practice of hydro-geological and 
reclamation research, therefore their methods 
cannot be considered as developed enough. In 
order to substantiate these calculations, it is 
certainly necessary to search for new methods 
for further improvement of theoretical models 
of salt transfer that consider physical and 
chemical properties of the processes of soil 
salinization and desalinization, rock and soil 
structure and plant impacts (Ushkarenko et al., 
2018; Lavrenko et al., 2018). 

At present the regularities of salt distribution in 
soils are mainly examined by a vertical profile. 
The regularities of horizontal distribution of 
salt composition and concentration in the zone 
of soil aeration, especially within certain soil 
areas have not been studied thoroughly; 
moreover, the role of capillary leakage, 
diffusive migration, osmotic filtration and other 
processes related to ion transport is not clear 
yet (Lendering et al., 2015). 
The experience of regulating water and salt 
regime on low- and medium-salinized 
meadow-chestnut and chestnut-meadow 
alkaline soils under proximity of highly-
mineralized (8-20 g/dm3) groundwater in 
Kherson and Crimean Prysyvashshia proves 
that the correlation of the total water supply 
(600-800 mm per year) and water removal by 
means of horizontal drainage (15-20% of water 
supply) maintains fertility of irrigated lands, 
ensures security against secondary soil 
salinization and maintains project crop 
productivity. 
General direction of the rise and fall of 
groundwater in different seasons of the year is 
characteristic of undrained and drained 
territories, but the height of the rise and the 
duration of ground water lying at a certain 
depth are different. The values of acceptable 
levels must be based on the main factors that 
have an impact on water and salt balances of 
the zone of aeration (Wang et al., 2016). These 
are lithological conditions of the zone of 
aeration affecting the height and velocity of 
capillary rise and irrigation-climate indexes 
determining the wetting of the zone of aeration, 
the potential of forces influencing the 
movement of substances. The depth of 
groundwater, the average for the growing 
season, is closely connected with the 
evaporation coefficient.  
For instance, the balance of moisture is close to 
zero on virgin dark chestnut soils in the South 
of Ukraine, and it is negative at the depth of 
more than 200 cm, i.e. this thickness adds no 
moisture and, on the contrary, has a certain 
tendency for a progressive loss of moisture and 
the loess stratum under virgin vegetation has 
humidity of 12.0-15.6%. On irrigated lands, the 
limits of moisture regulation in the soil layer 
containing roots depending on the size of the 
soil-absorbing complex for dark chestnut and 

chestnut soils is 0.6-0.8 of the soil moisture 
threshold. 
Salt regime of irrigated lands is mainly 
determined by natural features of the region 
under study, the quality of irrigation water, the 
depth of ground water lying and mineralization 
(Lisetskii et al., 2015). 
Salinized lands occupy 92.8 thousand hectares, 
including medium-salinized and highly-
salinized - 18.3 thousand hectares in the steppe 
of Ukraine. Lands with secondary salinization 
occupy 30% of the territory of salinized 
farmlands, while lands with primary 
salinization occupy 70% of the territory. The 
highest priority tasks of managing salt regimes 
of soils in the dry steppe zone are mainly 
related to creating conditions of even 
moisturizing by the area and depth, maintaining 
highly fertile and unsalinized 1 m of the 
topsoil, stabilizing natural salt reserves in deep 
layers of the zone of aeration and applying 
high-quality water for irrigation (Jiménez-
Aguirre et al., 2018; Feizi et al., 2010). 
Irrigation considerably affects the formation of 
a salt profile not only in the zone of aeration, 
but has an impact on deeper layers. 
The specificity of salt regime of soils in the dry 
steppe zone is in the following facts: calcium 
carbonates and sulfates are washed away to the 
depth of 0.5-0.7 m in automorphic conditions; 
water-soluble salts, including a great number of 
sodium sulfates are available at the depth of 
0.7-2.0 m. The direction and intensity of the 
processes of changes in soil-reclamation 
conditions (under deep-lying ground water) in 
chestnut soils of the southern steppe region is 
mainly determined by the content and chemical 
composition of salts and the quality of 
irrigation water; mineralization and chemism of 
ground water play an important role under its 
proximity. 
Calcium ions (up to 50%) and hydro-
carbonates (up to 60%) dominate in a liquid 
phase in unsalinized soils, and sodium ions (up 
to 70%), sulfate ions and chlorine ions 
dominate in salinized soils. If there is an 
increase in moisture resulting from 
intensification and cation-change processes, 
there is a rise in the relative concentration of 
sodium and potassium in the solution, and there 
is a decrease in the concentration of calcium 
and magnesium. 

Salt regime of secondary hydromorphic soils 
under drainage is formed in the same way as 
the one without drainage. In cold seasons the 
topsoil undergoes salt depletion, while the 
subsoil accumulates salts, in warm seasons they 
reach the surface again, however, the intensity 
of salts in these soils is much lower than in 
secondary hydromorphic soils without 
drainage. They are characterized by more 
favorable composition of secondary salts in 
which calcium hydro-carbonates dominate 
(Asgari et al., 2018; Zhang et al., 2019). 
Salt regime in soils beneath virgin vegetation is 
characterized by a seasonal circulation of 
water-soluble ions occurring in a small volume 
of soil and is determined by the depth of 
moisture circulation. The average annual loss 
of salts (0.0062%) of the layer of 0-50 cm was 
nearly equal to their gainful part for the 
growing season (0.0068%) in the research 
period. 
There is an obvious necessity for improving the 
methods for evaluation of salt dynamics and 
the efficiency of reclamation of salinized soils. 
It is known that, even under total equality of all 
other conditions of reclamation, the intensity of 
salt occurrence in soils changes depending on 
the total amount of salts in the reclaimed layer. 
It is common in attempts of comparative 
evaluation of salt dynamics and comparison of 
the way of improvement on different lands with 
various hydro-geological, soil and farming 
conditions (Stupak, 2016). 
Soil gradually loses the properties of its initial 
state under the influence of irrigation. It mostly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. There are more 
similarities between cultivated soils of different 
regions than between natural soils of these 
regions. Therefore many soil scientists suggest 
distinguishing irrigated soils as special types 
(Golosov & Belyaev, 2013). 
Currently the results of numerous field and 
production experiments and pre-project 
searches are often recommended to be used in 
practice without proper substantiation of 
“model” character of the experiment. In other 
words, the research results are spread only in a 
descriptive aspect (the reference to a possible 
identity of soil, hydro-geological and climate 
characteristics inevitably requiring a 
widespread use of stochastic methods and 
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evaluations), but not in terms of quantity. It 
does not allow a widespread use of the research 
results in practice. It causes the necessity to 
develop the methods for determining 
agrolandscape typicality considering the 
properties of soil chemical composition. 
 
RESULTS AND DISCUSSIONS 
 
We consider the typicality of a field experiment 
as the correspondence of its conditions to 
natural, climatic, agro-technical and water 
management conditions. 
The idea of production modeling is taken as a 
principle of choosing a typical plot for 
experiments. The research plot should be a 
model of the territory where the research 
results will be spread. 
This method allows determining the area to 
which the research results will be spread. 
In order to establish the features of the 
formation of water and salt regime of soils 
under conditions of long-term irrigation with 
artificial drainage, we conducted research on 
the territory of the following landscapes: 
Kherson (Henichesk district of Kherson region, 
46°23'44.66"N 324°38'59.37"W) and Crimean 
(Dzhankoi district of Crimea, 45°41'20.19"N 
325°15'38.34"W) Prysyvashshia, Askania 
steppe (the farms of Chaplynka district  of 
Kherson region, 46°24'55.83"N 
326°06'22.31"W) and the virgin lands of the 
biosphere reserve “Askania-Nova” 
(46°29'23.63"N 326°04'49.01"W). 

Different hydro-geological conditions of 
Kherson Prysyvashshia and Askania steppes do 
not allow determining their typicality using the 
available methods for determining 
agrolandscape typicality (Ladychuk et al., 
2018). Therefore we suggest an alternative 
method for determining agrolandscape 
typicality considering the properties of soil 
chemical composition. The following principle 
is assumed as a basis of this method: if the 
confidence intervals of the neighboring lines of 
regression determining the dependence of one 
of the major ions (hydro-carbonate ions, 
chlorides, sulfates, calcium, magnesium, 
sodium + potassium) on the sum of salts in soil, 
constructed for each of the compared 
agrolandscapes, coincide (overlap) on a certain 
interval of values, they are typical on this 
interval of values. 
The initial data in our method for determining 
landscape typicality are the following: 1) soil 
salinity, %; 2) chemical compositions of soils, 
m-eq per 100 g of soil.  
1. Graphical dependence of the major ions on 
the sum of salts in soil of each research object 
(landscape) in a linear correlation is determined 
for each of these ions (НСО3-, Cl-, SO42-, Na+, 
Са2+, Mg2+) (Figure 1). 
2. It is necessary to calculate the parameters of 
the regression lines, their confidence intervals, 
correlation coefficients and errors for each 
linear dependence (у=кх + в, к1, к2, в1, в2,  r1, 
r2, Sr) (Figure 2). 
 

 

 
Figure 1. Dependence of the ion-content Са2+ (m-eq) on the sum of salts (S, %) in soil 

 
Figure 2. Confidence intervals of linear dependence of the ion content Са2+ (m-eq) on the sum of salts(S, %) in soil 

 
3. The regression lines for the landscapes 
should be shifted to one coordinate plane of the 
chosen scale with determining confidence 
intervals for each of them. 
4. We use the principle that confidence 
intervals of the neighboring regression lines 
coincide (overlap) on a certain interval, 
therefore they are typical on this interval of 
values, and find the points of intersection of the 
confidence intervals.  
5. If we connect these points (the nearest ones 
by the line of a confidence interval), we 
determine the confidence region where the 
research (compared) landscapes are typical by 
the content of a certain ion. 
6. The correlation coefficient shows the 
closeness of association of the factors and, if its 
values approximate 1.0, the confidence interval 
of the regression line becomes narrower and 
the accuracy of determining the confidence 
region increases when such neighboring 
confidence intervals overlap.  
7. We register the boundary values of the 
projections of the regression lines onto the 
scale S, % within which the regression lines of 
each research landscape are typical or are 
confined to the confidence region of typicality 
(Table 2). 
8. We determine the difference between the 
boundary values for each ion by the formula1: 
1

hBVkBVBV −= ,  

where (BV) is the difference between the 
boundary values of the regression and the 
confidence region. 
9. We calculate percentage of the relative 

difference (PRD, %) by each of the ions 
between the research agro-landscapes by the 
formula2: 
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where: (BV)і is the difference between the 
boundary values of the landscape-i; (BV)n is 
the difference between the boundary values of 
the landscape-n; і and n are the symbols 
corresponding only to a certain landscape. 
(large values in comparison to other values are 
used as the first ((BV)і). 
10. It is necessary to subtract the percentage of 
relative difference and the typicality percentage 
(TP, %) from 100% for the compared 
landscapes by each ion. 
11. The total (final) typicality percentage 
(T(F)TP) of the compared landscapes is 
determined as the average between the 
typicality percentage by each ion, and T(F)TP 
allows determining typical areas in hectares by 
the formula3: 
3
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Notes: 1) the more values of the total content of 
salts and the content of this or that ion in soils 
are used when determining their 
interdependence, the more accurate the values 
of the regression lines and their statistical 
characteristics are, that affects the ultimate 
result of determining typicality; 2) only soils of 
the same type and granulometric composition 
can be compared.  
Practical realization of the suggested method is 
described below.  
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evaluations), but not in terms of quantity. It 
does not allow a widespread use of the research 
results in practice. It causes the necessity to 
develop the methods for determining 
agrolandscape typicality considering the 
properties of soil chemical composition. 
 
RESULTS AND DISCUSSIONS 
 
We consider the typicality of a field experiment 
as the correspondence of its conditions to 
natural, climatic, agro-technical and water 
management conditions. 
The idea of production modeling is taken as a 
principle of choosing a typical plot for 
experiments. The research plot should be a 
model of the territory where the research 
results will be spread. 
This method allows determining the area to 
which the research results will be spread. 
In order to establish the features of the 
formation of water and salt regime of soils 
under conditions of long-term irrigation with 
artificial drainage, we conducted research on 
the territory of the following landscapes: 
Kherson (Henichesk district of Kherson region, 
46°23'44.66"N 324°38'59.37"W) and Crimean 
(Dzhankoi district of Crimea, 45°41'20.19"N 
325°15'38.34"W) Prysyvashshia, Askania 
steppe (the farms of Chaplynka district  of 
Kherson region, 46°24'55.83"N 
326°06'22.31"W) and the virgin lands of the 
biosphere reserve “Askania-Nova” 
(46°29'23.63"N 326°04'49.01"W). 

Different hydro-geological conditions of 
Kherson Prysyvashshia and Askania steppes do 
not allow determining their typicality using the 
available methods for determining 
agrolandscape typicality (Ladychuk et al., 
2018). Therefore we suggest an alternative 
method for determining agrolandscape 
typicality considering the properties of soil 
chemical composition. The following principle 
is assumed as a basis of this method: if the 
confidence intervals of the neighboring lines of 
regression determining the dependence of one 
of the major ions (hydro-carbonate ions, 
chlorides, sulfates, calcium, magnesium, 
sodium + potassium) on the sum of salts in soil, 
constructed for each of the compared 
agrolandscapes, coincide (overlap) on a certain 
interval of values, they are typical on this 
interval of values. 
The initial data in our method for determining 
landscape typicality are the following: 1) soil 
salinity, %; 2) chemical compositions of soils, 
m-eq per 100 g of soil.  
1. Graphical dependence of the major ions on 
the sum of salts in soil of each research object 
(landscape) in a linear correlation is determined 
for each of these ions (НСО3-, Cl-, SO42-, Na+, 
Са2+, Mg2+) (Figure 1). 
2. It is necessary to calculate the parameters of 
the regression lines, their confidence intervals, 
correlation coefficients and errors for each 
linear dependence (у=кх + в, к1, к2, в1, в2,  r1, 
r2, Sr) (Figure 2). 
 

 

 
Figure 1. Dependence of the ion-content Са2+ (m-eq) on the sum of salts (S, %) in soil 

 
Figure 2. Confidence intervals of linear dependence of the ion content Са2+ (m-eq) on the sum of salts(S, %) in soil 

 
3. The regression lines for the landscapes 
should be shifted to one coordinate plane of the 
chosen scale with determining confidence 
intervals for each of them. 
4. We use the principle that confidence 
intervals of the neighboring regression lines 
coincide (overlap) on a certain interval, 
therefore they are typical on this interval of 
values, and find the points of intersection of the 
confidence intervals.  
5. If we connect these points (the nearest ones 
by the line of a confidence interval), we 
determine the confidence region where the 
research (compared) landscapes are typical by 
the content of a certain ion. 
6. The correlation coefficient shows the 
closeness of association of the factors and, if its 
values approximate 1.0, the confidence interval 
of the regression line becomes narrower and 
the accuracy of determining the confidence 
region increases when such neighboring 
confidence intervals overlap.  
7. We register the boundary values of the 
projections of the regression lines onto the 
scale S, % within which the regression lines of 
each research landscape are typical or are 
confined to the confidence region of typicality 
(Table 2). 
8. We determine the difference between the 
boundary values for each ion by the formula1: 
1

hBVkBVBV −= ,  

where (BV) is the difference between the 
boundary values of the regression and the 
confidence region. 
9. We calculate percentage of the relative 

difference (PRD, %) by each of the ions 
between the research agro-landscapes by the 
formula2: 

2
,%100•


−

=
iBV

nBViBV
PRD , 

where: (BV)і is the difference between the 
boundary values of the landscape-i; (BV)n is 
the difference between the boundary values of 
the landscape-n; і and n are the symbols 
corresponding only to a certain landscape. 
(large values in comparison to other values are 
used as the first ((BV)і). 
10. It is necessary to subtract the percentage of 
relative difference and the typicality percentage 
(TP, %) from 100% for the compared 
landscapes by each ion. 
11. The total (final) typicality percentage 
(T(F)TP) of the compared landscapes is 
determined as the average between the 
typicality percentage by each ion, and T(F)TP 
allows determining typical areas in hectares by 
the formula3: 
3

6
)()()()4()()3(
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+++++

=
 

Notes: 1) the more values of the total content of 
salts and the content of this or that ion in soils 
are used when determining their 
interdependence, the more accurate the values 
of the regression lines and their statistical 
characteristics are, that affects the ultimate 
result of determining typicality; 2) only soils of 
the same type and granulometric composition 
can be compared.  
Practical realization of the suggested method is 
described below.  
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The research plot located on the virgin land of 
the reserve “Askania-Nova”, chosen for the 
research as a basic variant of natural soil 
fertility, for evaluation of the changes in soil 
formation processes in the research landscapes 
under the influence of anthropogenic factors - 
irrigation and drainage. In order to make a 
more correct shift from the virgin landscape of 
Askania steppes to the irrigated landscape with 
horizontal drainage of Kherson Prysyvashshia 
while determining typicality, we chose two 
research plots irrigated for a long time, one of 
them being typical for Kherson Prysyvashshia 

by the basic parameters, the other one being 
typical for Askania steppes. 
The ultimate result of the grapho-analytical 
determination of the research agro-landscapes 
typicality is given in Tables 1 and 2 and in 
Figures 3-6, presenting the areas of typicality 
of the landscapes under study by the content of 
each of the major ions. The boundaries of soil 
salinization, from which the research 
landscapes are typical by each of the major 
ions, are given in Table 1. 
 

 

Table 1. Statistical characteristics of the dependence of the content of the major ions on the sum of salts in soil in 
determining landscape typicality 

Ion № of the 
object 

The regression 
equation of the 

у=aх+b 

Confidence intervals of the regression 
lines  Correlation coefficients 

(r) and their error к1 в1 к2 в2 

НСО3
- 

1 у=0.014х+0.603 -0.079 0.553 0.106 0.653 0.025 ±0.058 
2 у=0.384х+0.576 -0.097 0.473 0.865 0.679 0.276 ± 0.107 
3 у=10.053х-0.308 7.742 -0.592 12.364 -0.023 0.860 ± 0.032 
4 у=0.147х+0.893 -0.421 0.600 0.715 1.185 0.127 ± 0.148 

Сl- 

1 у=2.058х+0.209 1.485 -0.102 2.631 0.519 0.524 ± 0.042 
2 у=6.740х-0.343 5.442 -0.620 8.037 -0.066 0.882 ± 0.026 
3 у=0.012х+0.155 -0.269 0.120 0.292 0.189 0.016 ± 0.123 
4 у=2.007х-0.010 1.021 -0.518 2.993 0.498 0.710 ± 0.075 

S04
2+ 

1 у=13.555х-0.968 13.060 -1.236 14.050 -0.700 0.978 ± 0.003 
2 у=8.808х-0.402 5.576 -0.665 10.041 -0.139 0.932 ± 0.015 
3 у=2.535х+0.295 -0.049 -0.023 5.118 0.613 0.355 ± 0.108 
4 у=13.329х-1.280 12.014 -1.958 14.644 -0.602 0.981 ± 0.006 

Са2+ 

1 у=7.061х-0.460 6.397 -0.820 7.725 -0.100 0.877 ± 0.013 
2 у=2.382х+0.256 0.963 -0.047 3.802 0.559 0.517 ± 0.085 
3 у=1.016х+0.361 -0.197 0.212 2.229 0.510 0.309 ± 0.111 
4 у=2.060х+0.078 1.296 -0.315 2.825 0.472 0.800 ± 0.054 

Мg2+ 

1 у=3.400х-0.011 3.076 -0.187 3.724 0.164 0.874 ± 0.014 
2 у=3.796х-0.061 3.036 -0.223 4.557 0.102 0.874 ± 0.027 
3 у=0.169х+0.487 -2.157 0.201 2.496 0.774 0.028 ± 0.123 
4 у=2.720х+0.099 2.163 -0.188 3.277 0.386 0.924 ± 0.022 

Nа++К+ 

1 у=5.038х+0.348 4.325 -0.038 5.750 0.734 0.771 ± 0.024 
2 у=9.753х-0.364 7.869 -0.767 11.637 0.038 0.881 ± 0.026 
3 у=14.086х-0.971 11.704 -1.264 16.468 -0.678 0.916 ± 0.020 
4 у=10.225х-0.341 8.932 -1.007 11.519 0.326 0.969 ± 0.009 

 

Table 2. Typical boundaries of soil salinization (%) for the research landscapes 

The research agrolandscape Ions 
HCO3

- Cl- SO4
2- Ca2+ Mg2+ Na++K+ 

Kherson Prysyvashshia 
(irrigation + drainage) 0.05-0.60 0.05-0.60 0.05-0.25 0.05-0.34 0.05-0.52 0.05-0.39 

Kherson Prysyvashshia 
(irrigation) 0.05-0.60 0.06-0.24 0.05-0.39 0.05-0.47 0.05-0.48 0.05-0.37 

Askania-Nova (irrigation) 0.06-0.16 0.05-0.44 0.05-0.24 0.05-0.60 0.05-0.25 0.06-0.41 
Askania-Nova (virgin lands) 0.05-0.60 0.05-0.60 0.05-0.33 0.05-0.60 0.05-0.60 0.05-0.42 

 
 
 

 
Figure 3. Determination of landscape typicality using the dependence of the ion content Мg2+ and Nа+ on the  

sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 

 
Figure 4. Determination of landscape typicality using the dependence of the ion content Сl- and SО4

2-  
on the sum of salts (S, %) in soil:  1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
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The research plot located on the virgin land of 
the reserve “Askania-Nova”, chosen for the 
research as a basic variant of natural soil 
fertility, for evaluation of the changes in soil 
formation processes in the research landscapes 
under the influence of anthropogenic factors - 
irrigation and drainage. In order to make a 
more correct shift from the virgin landscape of 
Askania steppes to the irrigated landscape with 
horizontal drainage of Kherson Prysyvashshia 
while determining typicality, we chose two 
research plots irrigated for a long time, one of 
them being typical for Kherson Prysyvashshia 

by the basic parameters, the other one being 
typical for Askania steppes. 
The ultimate result of the grapho-analytical 
determination of the research agro-landscapes 
typicality is given in Tables 1 and 2 and in 
Figures 3-6, presenting the areas of typicality 
of the landscapes under study by the content of 
each of the major ions. The boundaries of soil 
salinization, from which the research 
landscapes are typical by each of the major 
ions, are given in Table 1. 
 

 

Table 1. Statistical characteristics of the dependence of the content of the major ions on the sum of salts in soil in 
determining landscape typicality 

Ion № of the 
object 

The regression 
equation of the 

у=aх+b 

Confidence intervals of the regression 
lines  Correlation coefficients 

(r) and their error к1 в1 к2 в2 

НСО3
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1 у=0.014х+0.603 -0.079 0.553 0.106 0.653 0.025 ±0.058 
2 у=0.384х+0.576 -0.097 0.473 0.865 0.679 0.276 ± 0.107 
3 у=10.053х-0.308 7.742 -0.592 12.364 -0.023 0.860 ± 0.032 
4 у=0.147х+0.893 -0.421 0.600 0.715 1.185 0.127 ± 0.148 
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1 у=2.058х+0.209 1.485 -0.102 2.631 0.519 0.524 ± 0.042 
2 у=6.740х-0.343 5.442 -0.620 8.037 -0.066 0.882 ± 0.026 
3 у=0.012х+0.155 -0.269 0.120 0.292 0.189 0.016 ± 0.123 
4 у=2.007х-0.010 1.021 -0.518 2.993 0.498 0.710 ± 0.075 

S04
2+ 

1 у=13.555х-0.968 13.060 -1.236 14.050 -0.700 0.978 ± 0.003 
2 у=8.808х-0.402 5.576 -0.665 10.041 -0.139 0.932 ± 0.015 
3 у=2.535х+0.295 -0.049 -0.023 5.118 0.613 0.355 ± 0.108 
4 у=13.329х-1.280 12.014 -1.958 14.644 -0.602 0.981 ± 0.006 

Са2+ 

1 у=7.061х-0.460 6.397 -0.820 7.725 -0.100 0.877 ± 0.013 
2 у=2.382х+0.256 0.963 -0.047 3.802 0.559 0.517 ± 0.085 
3 у=1.016х+0.361 -0.197 0.212 2.229 0.510 0.309 ± 0.111 
4 у=2.060х+0.078 1.296 -0.315 2.825 0.472 0.800 ± 0.054 

Мg2+ 

1 у=3.400х-0.011 3.076 -0.187 3.724 0.164 0.874 ± 0.014 
2 у=3.796х-0.061 3.036 -0.223 4.557 0.102 0.874 ± 0.027 
3 у=0.169х+0.487 -2.157 0.201 2.496 0.774 0.028 ± 0.123 
4 у=2.720х+0.099 2.163 -0.188 3.277 0.386 0.924 ± 0.022 

Nа++К+ 

1 у=5.038х+0.348 4.325 -0.038 5.750 0.734 0.771 ± 0.024 
2 у=9.753х-0.364 7.869 -0.767 11.637 0.038 0.881 ± 0.026 
3 у=14.086х-0.971 11.704 -1.264 16.468 -0.678 0.916 ± 0.020 
4 у=10.225х-0.341 8.932 -1.007 11.519 0.326 0.969 ± 0.009 

 

Table 2. Typical boundaries of soil salinization (%) for the research landscapes 

The research agrolandscape Ions 
HCO3

- Cl- SO4
2- Ca2+ Mg2+ Na++K+ 

Kherson Prysyvashshia 
(irrigation + drainage) 0.05-0.60 0.05-0.60 0.05-0.25 0.05-0.34 0.05-0.52 0.05-0.39 

Kherson Prysyvashshia 
(irrigation) 0.05-0.60 0.06-0.24 0.05-0.39 0.05-0.47 0.05-0.48 0.05-0.37 

Askania-Nova (irrigation) 0.06-0.16 0.05-0.44 0.05-0.24 0.05-0.60 0.05-0.25 0.06-0.41 
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Figure 3. Determination of landscape typicality using the dependence of the ion content Мg2+ and Nа+ on the  

sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 

 
Figure 4. Determination of landscape typicality using the dependence of the ion content Сl- and SО4

2-  
on the sum of salts (S, %) in soil:  1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
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Figure 5. Determination of landscape typicality using the dependence of the ion content НСО3

-  
on the sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
 

 
Figure 6. Determination of landscape typicality using the dependence of the ion content Са2+ on the sum of salts 

(S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 
Therefore, the typical boundaries of soil 
salinization for the research plots with drainage 
in Kherson Prysyvashshia and in the virgin 
steppe of the biosphere reserve “Askania-
Nova” entirely coincide by the distribution of 
hydro-carbonate-ions and chlorides. There are 
slight differences by the distribution of sodium 
+ potassium and magnesium - 8 and 15%. 
There are essential differences by the 
distribution of sulfates and calcium - 29 and 
47%. Thus, the research agro-landscapes are 
entirely typical by the distribution of hydro-
carbonate-ions and chlorides (100%), they are 
essentially typical by the distribution of sodium 
+ potassium and magnesium (92 and 85%) and 
their typicality is medium by the distribution of 
sulfates and calcium (71 and 53%).  
Therefore, the research landscapes of Kherson 
Prysyvashshia and Askania steppes are typical 
in the properties of soil chemical composition 
by the distribution of the major ions by 83.5%. 
 

CONCLUSIONS 
 
Irrigation often affects the formation of a salt 
profile not only in the zone of aeration, but 
occupies deeper layers. 
Under the influence of irrigation, soil gradually 
loses the properties of its initial state. It mainly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. Between the 
cultivated soils of different regions there is 
much more similarity, than between the natural 
soils of these regions. Therefore many soil 
scientists suggest distinguishing irrigated soils 
as a special type. 
Our method allowed establishing that the 
landscapes of Kherson Prysyvashshia and 
Askania steppes are typical by the properties of 
the formation of soil chemical composition by 
83.5% that makes it possible to compare the 
research results obtained on both landscapes 
and proves the typicality of the field 
experiment. 
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Figure 5. Determination of landscape typicality using the dependence of the ion content НСО3

-  
on the sum of salts (S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + 

drainage); 3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 
 

 
Figure 6. Determination of landscape typicality using the dependence of the ion content Са2+ on the sum of salts 

(S, %) in soil: 1 - Kherson Prysyvashshia (irrigation); 2 - Kherson Prysyvashshia (irrigation + drainage);  
3 - Askania-Nova (irrigation); 4 - Askania-Nova (virgin lands) 

 
Therefore, the typical boundaries of soil 
salinization for the research plots with drainage 
in Kherson Prysyvashshia and in the virgin 
steppe of the biosphere reserve “Askania-
Nova” entirely coincide by the distribution of 
hydro-carbonate-ions and chlorides. There are 
slight differences by the distribution of sodium 
+ potassium and magnesium - 8 and 15%. 
There are essential differences by the 
distribution of sulfates and calcium - 29 and 
47%. Thus, the research agro-landscapes are 
entirely typical by the distribution of hydro-
carbonate-ions and chlorides (100%), they are 
essentially typical by the distribution of sodium 
+ potassium and magnesium (92 and 85%) and 
their typicality is medium by the distribution of 
sulfates and calcium (71 and 53%).  
Therefore, the research landscapes of Kherson 
Prysyvashshia and Askania steppes are typical 
in the properties of soil chemical composition 
by the distribution of the major ions by 83.5%. 
 

CONCLUSIONS 
 
Irrigation often affects the formation of a salt 
profile not only in the zone of aeration, but 
occupies deeper layers. 
Under the influence of irrigation, soil gradually 
loses the properties of its initial state. It mainly 
refers to the distribution by the profile of 
humus, carbonates and gypsum. Between the 
cultivated soils of different regions there is 
much more similarity, than between the natural 
soils of these regions. Therefore many soil 
scientists suggest distinguishing irrigated soils 
as a special type. 
Our method allowed establishing that the 
landscapes of Kherson Prysyvashshia and 
Askania steppes are typical by the properties of 
the formation of soil chemical composition by 
83.5% that makes it possible to compare the 
research results obtained on both landscapes 
and proves the typicality of the field 
experiment. 
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Abstract 
 
The growth of cell culture of strain Bacillus subtilis NBIMCC 2353 has been traced by two experiments. At 48th hour 
the number of cells reaches its maximum, which is above 8 log units (experiment 1), after included on the 24th hour of 
enrichment agents in native form - mushroom body and micelles of the high medical mushrooms Ganoderma lucidum 
(Red reishi), and Cordyceps sinensis at concentrations of 2% and 4%. Cell culture basically fails to develop in its 
maximum capabilities due to difficulty absorbing macro-, micro-elements and protein compounds, contained in the high 
mushrooms.  Positive effects have been found in experiment 2, such as prolonging the propagation time and doubling 
the number of cells of Bacillus subtilis NBIMCC 2353, upon added into the nutrient medium of easily accessible 
components, such as Cordyceps sinensis and Ganoderma lucidum powder extracts. The largest increase in cell amount 
was observed at the 54th hour from the start of incubation, which was over 11.5 log units, for variants with added 2 g 
extract.  
 
Key words: cell, Bacillus subtilis, extracts, mushrooms. 
 
INTRODUCTION 
 
Increasing interest represent so-called 
biologically active foods in the last decades, 
which are enriched with various beneficial 
components as well as probiotic bacteria that 
regulate the functions of the body and improve 
the health status of the consumers (Tsvetkova 
et. al., 2006; Olano and Corzo, 2009; 
Guergoletto еt al., 2010; Abdel-Hamid et al., 
2020). The probiotic bacteria, producing 
biologically active substances with high health 
potential, are of great interest. Bacillus subtilis, 
which produces a set of proteolytic enzymes 
and, in particular, those with a fibrinolytic 
effect, such as the enzyme nattokinase, 
provokes especially attitude. 
Bacillus subtilis is a Gram-positive bacterium, 
found in the soil and the gastrointestinal tract of 
ruminants and humans. Its cells are stick with a 
length of about 4-10 μm and a diameter of 
0.25-1.0 μm. The bacterium has excellent 
fermentation properties, high yields of 
products, that produce and complete absence of 
undesirable by-products, in biotechnological 
processes (Moharam et al., 2018; Yu et al., 
2014; Gu et al., 2018; Maarten van Dijl and 

Hecker, 2013; Ciprandi et al., 1986). B. subtilis 
has been intensive studied for many years and 
is currently the most well-characterized safe 
bacteria, as withstands of unfavorable 
cultivation conditions (Phulara et al., 2018; 
Earl et al., 2008).  
High mushrooms Ganoderma lucidum and 
Cordyceps sinensis, used for medical 
application, represent a rich biological food 
matrix, containing a huge amount of 
biologically active substances and are suitable 
for the production of functional foods for 
regular use and dietary regimens. Ganoderma 
lucidum widely has been used for health 
benefits, such as prophylaxis and treatment of 
hepatitis, hypertension, cancer, etc. At present, 
this sponge is one of the most sought-after 
medicinal mushrooms in the Oriental countries. 
There are even some food products on the 
market, containing extract thereof (Baby et al., 
2015; Phulara et al., 2018; Taofiq et al., 2017; 
Wasser, 2002; Guangming et al., 2016). 
Cordyceps sinensis has been used for a long 
time in Chinese medicine and as a food 
supplement. It is believed that this sponge can 
improve liver function, treat chronic fatigue 
and cough, "cure" anemia and heart 

 
arrhythmias, reduce cholesterol, and more 
(Chiu et al., 2006; Hatton et al., 2018; Chen et 
al., 2001; Qi et al., 2020). 
Mushroom residues as feed additives for 
cultivation of Bacillus subtilis have been 
experimented, such as oyster mushroom 
residues, shiitake mushroom residues, residues 
of needle-like mushrooms, etc. to produce 
poly-γ-glutamic acid (Tang et al., 2015). 
However, there have still been no studies for 
the cultivation of Bacillus subtilis in culture 
medium with added micelles and extracts of the 
high fungi Cordiceps sinensis and Ganoderma 
lucidum. 
The aim of the present study is to trace growth 
of the number of live cells of Bacillus subtilis 
NBIMCC 2353 strain in a culture medium in 
which: 1) mushroom body and mycelium from 
the high mushrooms Ganoderma lucidum and 
Cordyceps sinensis have been added 
(experiment 1); 2) extracts from these fungi 
have been added  (experiment 2). The idea is to 
determine in which of the two environments 
growth is greater over the 72 hours period. The 
task is part of a scientific research project for 
the creation of lyophilized functional bio-
product with prophylactic and curative purpose, 
based on colostrum, enzyme complex with 
proteolytic and fibrinolytic action and other 
biologically active components. The 
lyophilisate thus obtained will be tested in 
connection with the fulfilment of a scientific 
task of creating "Alternative approaches using 
biostimulants to stabilize yields and production 
with high biological value in legumes ", within 
the framework of the National Scientific 
Program "Healthy Foods for a Strong 
Bioeconomy and Quality of Life" of the 
Ministry of Education and Science. 
 
MATERIALS AND METHODS 
 
For experiments was used depth cultivation. 
The main nutrient medium for the propagation 
and maintenance of the strain, and as a control, 
was a composition (g/l) in the experiments: 
Meat extract - 10.0; Peptone - 10.0; NaCl - 5.0; 
Agar - 20.0; distilled water - 1 l. The 
components were dissolved in distilled water 
and sterilized in an autoclave for 20 minutes at 
121°C and 1 atm. To prepare vegetative sowing 
material, cultivation was carried out in 500 ml 

Erlenmeyer flasks containing 100 ml of seed 
medium for 24 hours at 30°C on a BS/4 circular 
shaker apparatus at 100 turnover/min.  
Experiment 1: Erlenmeyer flasks with a volume 
of 250 ml with an amount of nutrient medium 
of 50 ml were used to perform the experimental 
work. Cultivation of the strain was proceeded 
in a BS/4 circular shaker apparatus with the 
following parameters: Amplitude 100 
turnover/min and temperature 30°C.  
Experiment 2: Erlenmeyer flasks of 250 ml 
volume were used with an amount of nutrient 
medium 50 ml. Cultivation of the strain here 
also was occured on a BS/4 circular shaker 
apparatus under the same parameters as 
described at experiment 1. Determination of 
cell culture density, calculating the number of 
strain cells in different nutrient media were 
determined using Spekol 11. A computer 
program for graphical data expression was used 
to construct the strain growth curve. The results 
were processed using software product MS 
Office Excel 2007. 
Experimental part: Biotechnological studies 
were carried out on Bacillus subtilis strain 
NBIMCC 2353 in two experiments - the first 
one to which micelles of the higher fungi 
Cordyceps sinensis and Ganoderma lucidum 
have been added to the culture medium and a 
second one, where powdered extracts of these 
mushrooms have been imported into the 
medium. The cell growth of the strain was 
traced for 72 hours in both media and the cell 
culture density was determined at certain times, 
by which the number of cells for these periods 
was calculated. For the experiments the strain 
was provided by the National Bank for 
Industrial Microorganisms and Cell Cultures. 
Experiment 1: Culturing the strain was 
occurred on at a temperature of 30°C for a 
period of 72 hours. The inoculum was an initial 
cell concentration of 1.5х106 CFU/ml. At 24th 
hour from the beginning of cultivation, the 
mushroom body and mycelium of the two 
mushrooms were imported into concentrations 
of 2% and 4%. The mushroom body and the 
micelles, under sterile conditions, were 
measured in the corresponding amounts and 
crushed maximum finely prior to being added 
to the primary culture medium. 
Experiment 2: Cultivation of the strain was 
carried out for 72 hours at 30°C. The extracts of 
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in a BS/4 circular shaker apparatus with the 
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described at experiment 1. Determination of 
cell culture density, calculating the number of 
strain cells in different nutrient media were 
determined using Spekol 11. A computer 
program for graphical data expression was used 
to construct the strain growth curve. The results 
were processed using software product MS 
Office Excel 2007. 
Experimental part: Biotechnological studies 
were carried out on Bacillus subtilis strain 
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have been added to the culture medium and a 
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mushrooms have been imported into the 
medium. The cell growth of the strain was 
traced for 72 hours in both media and the cell 
culture density was determined at certain times, 
by which the number of cells for these periods 
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Industrial Microorganisms and Cell Cultures. 
Experiment 1: Culturing the strain was 
occurred on at a temperature of 30°C for a 
period of 72 hours. The inoculum was an initial 
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crushed maximum finely prior to being added 
to the primary culture medium. 
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carried out for 72 hours at 30°C. The extracts of 
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the two types of medicinal mushrooms have 
been added in powder form in two different 
concentrations: 1 and 2 g, for enrichment of the 
medium and tracking the multiplication of the 
cells. The inoculum was an initial cell 
concentration of 1.6 х 107 CFU/ml in all 
variants. 
 
RESULTS AND DISCUSSIONS  
 
Table 1 shows the variants of the one used 
nutritional medium with added mushroom body 
and the micelles of the high fungi Ganoderma 
lucidum (Red reishi) and Cordyceps sinensis  
at the corresponding concentrations of 
experiment 1.  
 

Table 1. Variants of the used nutrient medium with 
added mushroom body and micelles of two types of 

mushrooms 
Variant 
sample  

Composition Concentration 
% 

1.  Mushroom body 2 
2.  Mushroom body 4 
3.  Ganoderma lucidum 2 
4.  Ganoderma lucidum 4 
5.  Cordyceps sinensis 2 
6.  Cordyceps sinensis 4 

 
Figure 1 reflects the increase in the number of 
cells of the test strain for the 72 hours period. 

 

 
Figure 1. Number of cells of B. subtilis NBIMCC 2353 

strain in logarithmic units for a time range  
of 0 to 72 hours (log N) 

 
It was seen that the increase in live cell count 
averaged 0.7-0.8 log units in the first 24 hours 
of cultivation in pure nutrient medium. The 
cells were multiplied more intensively and their 
number was increased up to 2 log units, after 
the 24th hours, after adding the specified 
percent micelle and mushroom body, as at the 

48th hour was reached its maximum, which is 
above 8 log units. The largest amount of cells 
for this hour, of all variant samples, was 
recorded in sample 6 -8.9 log N, followed by 
sample 4, where the amount was 8.75 log N. 
The smallest number of live cells for the same 
hour was noted for variant sample 1-8.08 log 
units, correspondingly.  
The weakest propagation after the 24th hour 
was observed in variant 1 with 2% mushroom 
body and variant 5 with Cordyceps sinensis 2% 
where the growth of cells was barely about 1.0-
1.2 log units. The breeding intensity, in these 
variants, is maintained the same as in the first 
24 hours prior to the enrichment of the 
medium. Better results in cell suspension 
increase after 24th hour were achieved in 
variants 4 and 6, where the growth was 1.9 and 
1.8 log units, respectively. There was a slight 
decrease in the amount of cells in all variant 
samples between 7.3 and 8.2 log N by the 72th 
hour, but their number was higher than these 
recorded at the 24th hour. 
Nutritional environments and the respective 
amounts of the extracts of the two types of high 
mushrooms distributed in 10 experimental 
variants are presented in Table 2. 

 
Table 2. Nutrient media and quantities of extracts  

of two types of high mushrooms. 
 

Variant 
sample 

Composition Amount 
of 

extract/g 

Total 
quantity

/ml 

1 Nutrient medium 
/control 1/ 

 80 

2 Nutrient medium + cells  80 
3 Nutrient medium + C. 

sinensis/control 2 
1 80 

4 Nutrient medium + C. 
sinensis + cells 

1 80 

5 Nutrient medium + C. 
sinensis/control 3/ 

2 80 

6 Nutrient medium + C. 
sinensis + cells 

2 80 

7 Nutrient medium + G. 
lucidum/control 4 

1 80 

8 Nutrient medium + G. 
lucidum + cells 

1 80 

9 Nutrient medium + G. 
lucidum/control 5 

2 80 

10 Nutrient medium + G. 
lucidum + cells 

2 80 

 
Figure 2 shows the increase in the number of 
Bacillus subtilis cells NBIMCC 2353 in 
logarithmic units for a time range of up to 72 
hours. 
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Figure 2. Growth the number of cells of Bacillus subtilis 
NBIMCC 2353 in logarithmic units for 72 hours’ period 

(log N) 
  
Peak of an increase of cell count in control 
variant 2, where the cell culture was propagated 
without added enrichment agents, was at 40-48 
hours after inoculation, which was increased to 
1.9 log units. After this period, began dying of 
the cell culture and at 72th hour was observed 
reducing the cells by almost 1 log unit. A 
certain similarity was observed in the breeding 
time range of culture at variant samples 4 and 8 
with added 1 g extract of Cordyceps sinensis 
and Ganoderma lucidum. The peak of breeding 
was also at 48th hour from the beginning of the 
experiment and the increase was slightly above 
3 log units (10.3 log N for variant 4 and 10.26 
log N for variant 8). Was observed sharper 
reduction in variant sample 4 with 1 log unit to 
9.3 log N, and in variant 8 cells decreased by 
0.7 to 9.6 log N, to 72th hour. A greater number 
of cells was found, almost 4.5 log units in 
variants 6 and 10 with added 2 g of extract of 
the two high mushrooms. The largest number 
was reported for a variant sample of 10-11.7 
log N (at 48th hour). The cellular extinction 
after the peak of reproduction up to 72th hour 
was also labeled with a smaller number (about 
0.5 log units), respectively at variant 6 - up to 
11 log N, and at variant 10 - up to 11.5 log 
units, in which it can be seen, that up to 72th 

hour, a very small number of cells died and the 
number of living cells remained almost the 
same as that recorded at 48th hour. 
 
CONCLUSIONS  
 
It can be said from experiment 1, that in the 
growth of cell culture, after following the 

importation of the determined percentages of 
mycelia and mushroom body, the best results 
were obtained in the variants with added 4% 
micelles from the Ganoderma lucidum and 
Cordyceps sinensis mushrooms, where the 
number of cells from 24th to 48th hour was 
increased by 1.9 and 1.8 log units, respectively. 
The higher percentage concentration of the 
imported micelles contributes to a more intense 
development of the cell population of Bacillus 
subtilis NBIMCC 2353 strain. Тhe lowest 
population growth in the 2% mushroom body 
variant was observed after addition of the 
additional components. A slightly larger cell 
growth was seen in the variant sample with 
Cordyceps sinensis 2%, but in both variants it 
can be seen that the cell propagation intensity 
was preserved the same as in the first 24 hours 
before enrichment of the medium. 
It can be concluded from experiment 2, that in 
all variant samples the growth of the cell 
population was reached to 48th hour. However, 
at the variants where extracts of the two 
medicinal mushrooms were added, higher 
maximum cell quantities were reported, than in 
the control variant. Of these, the largest number 
was found, that it was in the variant samples 
with 2 g of extracts added, where to 48th hour 
the number of cells increased by almost 4.5 log 
units, and by 72th hour it was observed that a 
small amount of cells died. Especially clear this 
has underlined for variant 10.  
It can be concluded from both experiments, that 
a higher maximum number of living cells was 
recorded in the culture medium with 2 g 
extracts of the high mushrooms (experiment 2), 
11.7 and 11.6 log units, respectively. Maximum 
amounts of cells were registered in the 
experiment 1 culture medium, at the samples 
where 4% micelles of the two mushrooms were 
added, 8.9 and 8.8 log N, respectively. From 
this it can be seen, that in experiment 2 the 
maximum number of registered living cells per 
strain Bacillus subtilis NBIMCC 2353 was with 
about 3 log units greater than that at experiment 
1. When added to the nutrition media easily 
accessible for absorption components, as they 
are powdered extracts of Cordyceps sinensis 
and Ganoderma lucidum, positive effects have 
been found: prolonging the propagation time 
and doubling the number of cells.  
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the two types of medicinal mushrooms have 
been added in powder form in two different 
concentrations: 1 and 2 g, for enrichment of the 
medium and tracking the multiplication of the 
cells. The inoculum was an initial cell 
concentration of 1.6 х 107 CFU/ml in all 
variants. 
 
RESULTS AND DISCUSSIONS  
 
Table 1 shows the variants of the one used 
nutritional medium with added mushroom body 
and the micelles of the high fungi Ganoderma 
lucidum (Red reishi) and Cordyceps sinensis  
at the corresponding concentrations of 
experiment 1.  
 

Table 1. Variants of the used nutrient medium with 
added mushroom body and micelles of two types of 

mushrooms 
Variant 
sample  

Composition Concentration 
% 

1.  Mushroom body 2 
2.  Mushroom body 4 
3.  Ganoderma lucidum 2 
4.  Ganoderma lucidum 4 
5.  Cordyceps sinensis 2 
6.  Cordyceps sinensis 4 

 
Figure 1 reflects the increase in the number of 
cells of the test strain for the 72 hours period. 

 

 
Figure 1. Number of cells of B. subtilis NBIMCC 2353 

strain in logarithmic units for a time range  
of 0 to 72 hours (log N) 

 
It was seen that the increase in live cell count 
averaged 0.7-0.8 log units in the first 24 hours 
of cultivation in pure nutrient medium. The 
cells were multiplied more intensively and their 
number was increased up to 2 log units, after 
the 24th hours, after adding the specified 
percent micelle and mushroom body, as at the 

48th hour was reached its maximum, which is 
above 8 log units. The largest amount of cells 
for this hour, of all variant samples, was 
recorded in sample 6 -8.9 log N, followed by 
sample 4, where the amount was 8.75 log N. 
The smallest number of live cells for the same 
hour was noted for variant sample 1-8.08 log 
units, correspondingly.  
The weakest propagation after the 24th hour 
was observed in variant 1 with 2% mushroom 
body and variant 5 with Cordyceps sinensis 2% 
where the growth of cells was barely about 1.0-
1.2 log units. The breeding intensity, in these 
variants, is maintained the same as in the first 
24 hours prior to the enrichment of the 
medium. Better results in cell suspension 
increase after 24th hour were achieved in 
variants 4 and 6, where the growth was 1.9 and 
1.8 log units, respectively. There was a slight 
decrease in the amount of cells in all variant 
samples between 7.3 and 8.2 log N by the 72th 
hour, but their number was higher than these 
recorded at the 24th hour. 
Nutritional environments and the respective 
amounts of the extracts of the two types of high 
mushrooms distributed in 10 experimental 
variants are presented in Table 2. 

 
Table 2. Nutrient media and quantities of extracts  

of two types of high mushrooms. 
 

Variant 
sample 

Composition Amount 
of 

extract/g 

Total 
quantity

/ml 

1 Nutrient medium 
/control 1/ 

 80 

2 Nutrient medium + cells  80 
3 Nutrient medium + C. 

sinensis/control 2 
1 80 

4 Nutrient medium + C. 
sinensis + cells 

1 80 

5 Nutrient medium + C. 
sinensis/control 3/ 

2 80 

6 Nutrient medium + C. 
sinensis + cells 

2 80 

7 Nutrient medium + G. 
lucidum/control 4 

1 80 

8 Nutrient medium + G. 
lucidum + cells 

1 80 

9 Nutrient medium + G. 
lucidum/control 5 

2 80 

10 Nutrient medium + G. 
lucidum + cells 

2 80 

 
Figure 2 shows the increase in the number of 
Bacillus subtilis cells NBIMCC 2353 in 
logarithmic units for a time range of up to 72 
hours. 
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Figure 2. Growth the number of cells of Bacillus subtilis 
NBIMCC 2353 in logarithmic units for 72 hours’ period 

(log N) 
  
Peak of an increase of cell count in control 
variant 2, where the cell culture was propagated 
without added enrichment agents, was at 40-48 
hours after inoculation, which was increased to 
1.9 log units. After this period, began dying of 
the cell culture and at 72th hour was observed 
reducing the cells by almost 1 log unit. A 
certain similarity was observed in the breeding 
time range of culture at variant samples 4 and 8 
with added 1 g extract of Cordyceps sinensis 
and Ganoderma lucidum. The peak of breeding 
was also at 48th hour from the beginning of the 
experiment and the increase was slightly above 
3 log units (10.3 log N for variant 4 and 10.26 
log N for variant 8). Was observed sharper 
reduction in variant sample 4 with 1 log unit to 
9.3 log N, and in variant 8 cells decreased by 
0.7 to 9.6 log N, to 72th hour. A greater number 
of cells was found, almost 4.5 log units in 
variants 6 and 10 with added 2 g of extract of 
the two high mushrooms. The largest number 
was reported for a variant sample of 10-11.7 
log N (at 48th hour). The cellular extinction 
after the peak of reproduction up to 72th hour 
was also labeled with a smaller number (about 
0.5 log units), respectively at variant 6 - up to 
11 log N, and at variant 10 - up to 11.5 log 
units, in which it can be seen, that up to 72th 

hour, a very small number of cells died and the 
number of living cells remained almost the 
same as that recorded at 48th hour. 
 
CONCLUSIONS  
 
It can be said from experiment 1, that in the 
growth of cell culture, after following the 

importation of the determined percentages of 
mycelia and mushroom body, the best results 
were obtained in the variants with added 4% 
micelles from the Ganoderma lucidum and 
Cordyceps sinensis mushrooms, where the 
number of cells from 24th to 48th hour was 
increased by 1.9 and 1.8 log units, respectively. 
The higher percentage concentration of the 
imported micelles contributes to a more intense 
development of the cell population of Bacillus 
subtilis NBIMCC 2353 strain. Тhe lowest 
population growth in the 2% mushroom body 
variant was observed after addition of the 
additional components. A slightly larger cell 
growth was seen in the variant sample with 
Cordyceps sinensis 2%, but in both variants it 
can be seen that the cell propagation intensity 
was preserved the same as in the first 24 hours 
before enrichment of the medium. 
It can be concluded from experiment 2, that in 
all variant samples the growth of the cell 
population was reached to 48th hour. However, 
at the variants where extracts of the two 
medicinal mushrooms were added, higher 
maximum cell quantities were reported, than in 
the control variant. Of these, the largest number 
was found, that it was in the variant samples 
with 2 g of extracts added, where to 48th hour 
the number of cells increased by almost 4.5 log 
units, and by 72th hour it was observed that a 
small amount of cells died. Especially clear this 
has underlined for variant 10.  
It can be concluded from both experiments, that 
a higher maximum number of living cells was 
recorded in the culture medium with 2 g 
extracts of the high mushrooms (experiment 2), 
11.7 and 11.6 log units, respectively. Maximum 
amounts of cells were registered in the 
experiment 1 culture medium, at the samples 
where 4% micelles of the two mushrooms were 
added, 8.9 and 8.8 log N, respectively. From 
this it can be seen, that in experiment 2 the 
maximum number of registered living cells per 
strain Bacillus subtilis NBIMCC 2353 was with 
about 3 log units greater than that at experiment 
1. When added to the nutrition media easily 
accessible for absorption components, as they 
are powdered extracts of Cordyceps sinensis 
and Ganoderma lucidum, positive effects have 
been found: prolonging the propagation time 
and doubling the number of cells.  
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In the primary nutrient medium, where 
enrichment agents were added in the native 
form of mushroom body and mycelium, for 
multiply of the cell culture Bacillus subtilis 
NBIMCC 2353, the number of cells was 
smaller. Cell culture generally failed to develop 
to in its maximum capabilities, due to difficulty 
in absorbing macro, micro and protein 
compounds contained in high mushrooms. 
An increase in the number of cells of the cell 
culture was established, when importing the 
powdered extracts of Cordyceps sinensis and 
Ganoderma lucidum to the nutrient medium. 
With this, we can say, that at using a nutrient 
medium to cultivate Bacillus subtilis NBIMCC 
2353 strain with imported powdered extracts 
from the two high mushrooms a higher 
population was achieved. It is thus established, 
that this approach was suitable for use in the 
production of biologically active extracts for 
incorporation into functional foods. 
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In the primary nutrient medium, where 
enrichment agents were added in the native 
form of mushroom body and mycelium, for 
multiply of the cell culture Bacillus subtilis 
NBIMCC 2353, the number of cells was 
smaller. Cell culture generally failed to develop 
to in its maximum capabilities, due to difficulty 
in absorbing macro, micro and protein 
compounds contained in high mushrooms. 
An increase in the number of cells of the cell 
culture was established, when importing the 
powdered extracts of Cordyceps sinensis and 
Ganoderma lucidum to the nutrient medium. 
With this, we can say, that at using a nutrient 
medium to cultivate Bacillus subtilis NBIMCC 
2353 strain with imported powdered extracts 
from the two high mushrooms a higher 
population was achieved. It is thus established, 
that this approach was suitable for use in the 
production of biologically active extracts for 
incorporation into functional foods. 
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Abstract  
 
Life in a city with its own advantages and disadvantages it is an object of research and open discussions, multilayered 
and with many facades to approach. Human nature, which creates its material and mental needs, is considered the 
biggest cause of urban degradation. Intense industrial growth, rapid population growth, chaotic urban planning, 
reckless and exhaustive use of natural resources and environmental degradation are some of the causes of the global 
economic, climate and health crisis. Recognizing the special living conditions in the city, which have changed the 
balance of nature to a worrying level, such as poverty, lack of free public spaces, deteriorating quality of food and life, 
climate change, etc. it was considered necessary to research questionable conditions that require an answer, in order to 
highlight alternative solutions. Through approaches, therefore, an attempt is made to recover the human-nature 
relationship. An important alternative to this can be considered the institution of urban agriculture, as a military one 
with the aim of partially reversing the problems of the city and its consequences. Through the approaches, an attempt is 
made to recover the human-nature relationship. An important, alternative solution for this, can be considered the urban 
horticulture institution, as a strategy aiming the partial reverse of the city's problems and their consequences.  
 
Key words: urban horticulture, sustainable cities, climate crisis, food insecurity.  
 
INTRODUCTION  
 
The article contributes to a better understanding 
of the phenomenon of urban agriculture as an 
alternative solution in the context of developing 
the sustainability of cities. It also identifies the 
current conditions and problems of a large city, 
with references to their origins. The article, 
also, approaches the points that characterize a 
sustainable city and the interactions with urban 
agriculture through a literature review. 
In this context, are being selected the 
bibliographic sources which state the causes of 
the degradation of the urban environment and 
the quality of life in the cities (Feola et al., 
2020). It is noteworthy that the sustainability 
assessment showed that there are different 
perceptions of urban agriculture. Specifically, 
these are significant conceptual differences 
between urban agriculture in the global North 
and South or between different forms of urban 
agriculture. 
Nevertheless, there is a general acceptance that 
some factors, which influence the development 

of urban agriculture, are related to: climate, 
politics, geography, economy, cultural values 
and urban-rural interconnections (Anthopoulou 
& Nikolaidou, 2013). To achieve the goal of 
the current paper, a bibliographic review is 
carried out on the internet and in e-books. The 
research then focuses more on the European 
Union (EU) with a view to the political 
approach to the issue as well. In this way, an 
attempt is made to highlight the effort of the 
EU for evaluation of the issue of labor, through 
institutional actions. 
In the process of preparing this review, relevant 
keywords and their combination are used. Also, 
in terms of the sources' chronological review, 
the last five years are firstly selected and then 
the decade. 
Due to the large amount of information, an 
avalanche approach is followed for the 
sampling of the literature. Regarding the 
language of the texts, English, Romanian and 
Greek are chosen. Finally, it is noted that the 
chapters’ structure follows a series which is 
related to the roles of urban agriculture. 
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PROBLEMS OF BIG CITIES AND 
ALTERNATIVE SOLUTIONS 
 
Large cities are the main source of wealth 
creation and the centers of social and cultural 
development. Calling into question the benefits 
of life in the city and the uncertainty about the 
protection a city can offer, are frequent issues 
in times of crisis. It is clear that in such cases, 
there is recognition of the need to make new 
efforts to strengthen or restore the role of cities 
worldwide. 
Life in a large city can be described as fast, 
intense and largely cut off from nature. And 
while it offers good opportunities, life can be 
quite exhausting and stressful. However, those 
living in big cities are used to this lifestyle and 
have difficulty adapting to a small town or 
village (Annoni & Weziak, 2014). 
Therefore, it is necessary, the emergence and 
understanding of the critical city issues that 
arose after the spread of COVID-19 and 
worsened during lockdown as a first step in 
building urban resilience. The greatest 
challenge for cities and the design of public 
spaces, since COVID-19, is to respect social 
distancing. Today, despite the difficult 
economic conditions that are developing 
globally, financial instruments are available to 
enable cities to gain green and free spaces and 
promote sustainable mobility (Arvanitidis & 
Papagiannitsis, 2020).  
Initially, it seems necessary to mention the 
difficulties and challenges facing all cities to a 
greater or lesser extent. Reference to specific 
examples is intended to highlight some of the 
efforts that have been made and to propose 
some state guidelines for future actions. The 
main aim is to bring up some crucial issues 
together with alternative proposals that urban 
policy in Europe could follow as a starting 
point for dialog. 
Reference to existing problems in major 
cities 
Urbanization 
European Union (EU) statistics show that 
around 75% of its population has chosen to live 
in urban areas. In recent years, population 
growth around the world, urbanization with a 
choice of living in large cities, has led to a 
strong residential growth (European 

Environment Information and Observation 
Network, 2017).  
Today, around three quarters of Europeans live 
in urban areas while the urban population of 
Europe is expected to continue to increase by 
30 million people by 2050 (Land and soil in 
Europe, 2020). 
It is true that, the proportion of the population 
living in cities, towns and suburbs is higher in 
the EU than in the rest of the world. According 
to LUISA's forecasts (a program providing 
spatial analysis of environmental and 
socioeconomic changes in Europe), the urban 
population rate will continue to increase until 
2030. Furthermore, 65% of the EU population 
in 2010 living in Functional Urban Areas 
(FUAs) is expected to reach 70% by 2050. This 
rate appears to be falling by about 13% across 
the EU between 2010 and 2050 (Kompil et al., 
2015). 
FUAs are becoming increasingly important at 
government policies level. In addition, the 
increasing importance of urban activities during 
the twentieth century, has led planners and 
regional economists to identify urban 
phenomena as the main component in the 
definition and shaping of FUAs (Antikainen, 
2005; Fusco & Caglioni, 2011). 
Another important element is the green 
infrastructure, which is located mainly in the 
periphery of the EU's cities and it has small or 
very small percentages per person, with a few 
exceptions. It must be said that green 
infrastructure is defined by the type of land 
uses it contains and those land uses are 
conditioned by socioeconomic factors (Kompil 
et al., 2015).  
The percentage of green spaces in cities is 
declining with the increase in built-up spaces, 
in 2010 the average of artificial areas (built-up 
spaces) was 498 m2 per inhabitant. Lower 
prices are identified mainly in southern 
countries such as Malta, Greece, Italy and 
Spain and higher prices in most northern 
countries such as Sweden, Lithuania and 
Finland. Based on the data of the program 
LUISA, artificial areas (structured) per 
inhabitant are projected to increase by 8% in 
2050. Croatia, Romania, Bulgaria, Latvia, 
Slovakia, Ireland and Poland record the greatest 
change between 2010 and 2050 in terms of 
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Abstract  
 
Life in a city with its own advantages and disadvantages it is an object of research and open discussions, multilayered 
and with many facades to approach. Human nature, which creates its material and mental needs, is considered the 
biggest cause of urban degradation. Intense industrial growth, rapid population growth, chaotic urban planning, 
reckless and exhaustive use of natural resources and environmental degradation are some of the causes of the global 
economic, climate and health crisis. Recognizing the special living conditions in the city, which have changed the 
balance of nature to a worrying level, such as poverty, lack of free public spaces, deteriorating quality of food and life, 
climate change, etc. it was considered necessary to research questionable conditions that require an answer, in order to 
highlight alternative solutions. Through approaches, therefore, an attempt is made to recover the human-nature 
relationship. An important alternative to this can be considered the institution of urban agriculture, as a military one 
with the aim of partially reversing the problems of the city and its consequences. Through the approaches, an attempt is 
made to recover the human-nature relationship. An important, alternative solution for this, can be considered the urban 
horticulture institution, as a strategy aiming the partial reverse of the city's problems and their consequences.  
 
Key words: urban horticulture, sustainable cities, climate crisis, food insecurity.  
 
INTRODUCTION  
 
The article contributes to a better understanding 
of the phenomenon of urban agriculture as an 
alternative solution in the context of developing 
the sustainability of cities. It also identifies the 
current conditions and problems of a large city, 
with references to their origins. The article, 
also, approaches the points that characterize a 
sustainable city and the interactions with urban 
agriculture through a literature review. 
In this context, are being selected the 
bibliographic sources which state the causes of 
the degradation of the urban environment and 
the quality of life in the cities (Feola et al., 
2020). It is noteworthy that the sustainability 
assessment showed that there are different 
perceptions of urban agriculture. Specifically, 
these are significant conceptual differences 
between urban agriculture in the global North 
and South or between different forms of urban 
agriculture. 
Nevertheless, there is a general acceptance that 
some factors, which influence the development 

of urban agriculture, are related to: climate, 
politics, geography, economy, cultural values 
and urban-rural interconnections (Anthopoulou 
& Nikolaidou, 2013). To achieve the goal of 
the current paper, a bibliographic review is 
carried out on the internet and in e-books. The 
research then focuses more on the European 
Union (EU) with a view to the political 
approach to the issue as well. In this way, an 
attempt is made to highlight the effort of the 
EU for evaluation of the issue of labor, through 
institutional actions. 
In the process of preparing this review, relevant 
keywords and their combination are used. Also, 
in terms of the sources' chronological review, 
the last five years are firstly selected and then 
the decade. 
Due to the large amount of information, an 
avalanche approach is followed for the 
sampling of the literature. Regarding the 
language of the texts, English, Romanian and 
Greek are chosen. Finally, it is noted that the 
chapters’ structure follows a series which is 
related to the roles of urban agriculture. 

 
PROBLEMS OF BIG CITIES AND 
ALTERNATIVE SOLUTIONS 
 
Large cities are the main source of wealth 
creation and the centers of social and cultural 
development. Calling into question the benefits 
of life in the city and the uncertainty about the 
protection a city can offer, are frequent issues 
in times of crisis. It is clear that in such cases, 
there is recognition of the need to make new 
efforts to strengthen or restore the role of cities 
worldwide. 
Life in a large city can be described as fast, 
intense and largely cut off from nature. And 
while it offers good opportunities, life can be 
quite exhausting and stressful. However, those 
living in big cities are used to this lifestyle and 
have difficulty adapting to a small town or 
village (Annoni & Weziak, 2014). 
Therefore, it is necessary, the emergence and 
understanding of the critical city issues that 
arose after the spread of COVID-19 and 
worsened during lockdown as a first step in 
building urban resilience. The greatest 
challenge for cities and the design of public 
spaces, since COVID-19, is to respect social 
distancing. Today, despite the difficult 
economic conditions that are developing 
globally, financial instruments are available to 
enable cities to gain green and free spaces and 
promote sustainable mobility (Arvanitidis & 
Papagiannitsis, 2020).  
Initially, it seems necessary to mention the 
difficulties and challenges facing all cities to a 
greater or lesser extent. Reference to specific 
examples is intended to highlight some of the 
efforts that have been made and to propose 
some state guidelines for future actions. The 
main aim is to bring up some crucial issues 
together with alternative proposals that urban 
policy in Europe could follow as a starting 
point for dialog. 
Reference to existing problems in major 
cities 
Urbanization 
European Union (EU) statistics show that 
around 75% of its population has chosen to live 
in urban areas. In recent years, population 
growth around the world, urbanization with a 
choice of living in large cities, has led to a 
strong residential growth (European 

Environment Information and Observation 
Network, 2017).  
Today, around three quarters of Europeans live 
in urban areas while the urban population of 
Europe is expected to continue to increase by 
30 million people by 2050 (Land and soil in 
Europe, 2020). 
It is true that, the proportion of the population 
living in cities, towns and suburbs is higher in 
the EU than in the rest of the world. According 
to LUISA's forecasts (a program providing 
spatial analysis of environmental and 
socioeconomic changes in Europe), the urban 
population rate will continue to increase until 
2030. Furthermore, 65% of the EU population 
in 2010 living in Functional Urban Areas 
(FUAs) is expected to reach 70% by 2050. This 
rate appears to be falling by about 13% across 
the EU between 2010 and 2050 (Kompil et al., 
2015). 
FUAs are becoming increasingly important at 
government policies level. In addition, the 
increasing importance of urban activities during 
the twentieth century, has led planners and 
regional economists to identify urban 
phenomena as the main component in the 
definition and shaping of FUAs (Antikainen, 
2005; Fusco & Caglioni, 2011). 
Another important element is the green 
infrastructure, which is located mainly in the 
periphery of the EU's cities and it has small or 
very small percentages per person, with a few 
exceptions. It must be said that green 
infrastructure is defined by the type of land 
uses it contains and those land uses are 
conditioned by socioeconomic factors (Kompil 
et al., 2015).  
The percentage of green spaces in cities is 
declining with the increase in built-up spaces, 
in 2010 the average of artificial areas (built-up 
spaces) was 498 m2 per inhabitant. Lower 
prices are identified mainly in southern 
countries such as Malta, Greece, Italy and 
Spain and higher prices in most northern 
countries such as Sweden, Lithuania and 
Finland. Based on the data of the program 
LUISA, artificial areas (structured) per 
inhabitant are projected to increase by 8% in 
2050. Croatia, Romania, Bulgaria, Latvia, 
Slovakia, Ireland and Poland record the greatest 
change between 2010 and 2050 in terms of 
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artificial areas per inhabitant (Kompil et al., 
2015). 
It is worth noting that the lost area of arable 
land and pastures is proportional to the increase 
in the area of artificial areas (built-up spaces). 
Moreover, the majority of Europe's cities were 
built on fertile land, surrounded by fertile land, 
so the artificial areas covered are often 
productive agricultural land, with all the 
negative consequences (Land and soil in 
Europe, 2020). 
Soil Sealing 
Soil sealing, as a result of the building and 
infrastructure construction, has been recognized 
by the European Commission's "Thematic 
Strategy for Soil Protection" as one of the most 
important threats to soil as it changes its 
structure (Commission of the European 
Communities, 2006a). 
The natural causes which make soil 
impenetrable include, between others, the 
effects of rainfall, soil treatment, dispersion of 
colloidal substances and mechanical soil 
compression. The concept of sealing should 
therefore be extended to include, beyond 
natural causes, soil surface cover with 
impermeable materials such as asphalt, cement, 
metal, glass and plastic. As these materials are 
used in construction, it is apparent that soil 
sealing is a direct consequence of urbanization. 
One of the effects of soil sealing in cities is the 
reduction of biological functions that the soil 
can support. It takes hundreds of years (up to 
thousands of years) to create a few centimeters, 
soil becomes a valuable, non-renewable 
resource at risk. The effects of degradation in 
soil quality have a direct impact on human 
health and on various ecosystems, on climate 
change, as well as on the economic well-being 
and the quality of life. In addition, sealed soils 
are unable to perform important functions such 
as the storage and transformation of chemical 
compounds, water storage and refilling of 
groundwater (Spyridis et al., 2012). 
Poverty, unemployment and crime 
The problems of poverty are disproportionately 
affecting minorities and groups with a lower 
socio-economic background. Poverty can 
include a lack of income, hunger and 
malnutrition, limited access to education and 
social discrimination. In addition, it is felt not 
only by the people who are experiencing it, but 

by society as a whole. Also, the secondary 
effects of urban poverty are increasing 
depending on urbanization (Worsham, 2020). 
It is widely accepted that the COVID-19 
pandemic affected almost every country in the 
world. In the absence of a confirmed cure and 
vaccine, countries adopted social distancing as 
a measure by closing down large cities and, in 
some cases, the entire country in order to 
prevent the spread of the virus. Ten years 
before the pandemic, an economic crisis began 
which affected not only Europe but other 
continents as well. As a result of the economic 
and health crisis, poverty and crime have 
evidently increased as it is common in times of 
crisis or war. 
In a University of Piraeus research project in 
2018, it was concluded that factors affecting 
poverty and crime are extended artificial areas 
(the absence of nature in the city), levels of 
employment in the public sector and the 
general level of education. An important 
element is that unemployment and migration 
issues in cities have a less impact on crime 
(Mimikou, 2018).  
Also, another research in India confirms that a 
widespread economic recession, both at global 
and national level, will cause a significant 
increase in unemployment, underemployment 
and poverty, as well as a reduction in the 
wages, profits and competitiveness of 
businesses. It concludes that young people who 
are most vulnerable during a crisis are often the 
first to lose their jobs and face tough 
competition for fewer jobs. In these cases, the 
result is a sharp rise in unemployment, 
especially in urban areas and between young 
people (Dutta, 2020). 
Social exclusion 
Social exclusion reflects the importance of 
human existence as part of society. It is 
considered to be a situation in which one 
individual has fewer possibilities (Robila, 
2006) and is facing a lack of social adjustment 
caused by growing inequalities, social and 
economic needs and a lack of security (Bhalla 
& Lapeyre, 2004). A relevant study has shown 
that the assumption that only economic growth 
will reduce poverty and social exclusion is not 
valid (Günaydin et al., 2015). They are 
especially important that E.U. statistics show 
that 22.4% of the EU population is at risk of 

 
poverty or social exclusion and that is why 
important targets have been set through the 
Europe 2020 program, strategy for smart, 
sustainable and inclusive growth (Poverty and 
social exclusion, n.d). 
Food security and climate crisis 
As the population increases, by 2050 global 
demand for food is expected to double. 
Meanwhile, food production in tropical and 
subtropical countries, particularly in Africa, is 
particularly at risk from climate change, with 
the effects of a major food crisis throughout 
Europe (Research and innovation, n.d.). 
Food security is the situation where people, at 
every moment, have physical and economic 
access to adequate, safe and nutritious food. 
Therefore, any burden on these elements 
creates the food crisis. It's known that the 
modern way of life and the food and agriculture 
system in Europe and in America are damaging 
the environment by exacerbating climate 
change, biodiversity loss, water and air 
pollution, all these having consequences for the 
food and climate crisis (Karagiorgas, 2021). 
For this reasons, initially it is necessary to 
understand the climate change process so that 
alternative solutions can then be drafted. So far 
it has emerged that some critical factors of 
climate change such as the increase in CO2 and 
air temperature combined with changing 
precipitation conditions, may transform almost 
all global ecosystems (Alizadeh & 
Hitchmough, 2018). 
While climate change is assessed negatively, 
the need to tackle it creates jobs such as urban 
planners, landscape architectural professionals 
and gardener growers who seek more 
sustainable vegetation in urban areas. However, 
climate change also helps liberalize 
conventional thinking, making people agree 
with the idea that the future will not be the 
same as the past (AlizadehJ & Hitchmough, 
2020). 
The main thing is that in the context of the 
current recession, urban and peri-urban farming 
are seen as alternatives with multiple benefits. 
As a result of this, various initiatives have been 
launched by citizens, public bodies such as 
local government and universities but also 
European Union committees, which all propose 
new drastic measures to improve the current 
situation.  

They have generated innovative forms of 
collective action on ‘food justice’ (e.g. urban 
gardens, Community Supported Agriculture-
CSA, networks ‘without intermediaries’).  «A 
series of initiatives, informal networks and 
market-oriented activities that promote 
alternative short agri-food chains, food-activist, 
educational or other collective self-help 
structures empower solidarity-based economy. 
At the same time spontaneous public initiatives 
mainly deriving from the local administration 
in the framework of their social policy (e.g. 
municipal gardens) respond to the social effects 
of austerity and are more oriented to combat 
crisis stress and social exclusion» (Nikolaidou, 
2017). 
  
THE URBAN HORTICULTURE ROLE IN 
THE AGRO-FOOD SYSTEM (CASE 
STUDIES FOR BIG CITIES) 
   
The agro-food system of a city includes the 
institution of urban and peri-urban horticulture. 
Urban and peri-urban farming is the practice of 
growing, processing and distributing food 
within or around an urban area, such as a 
village or town (Ryang, 2016). 
At European level, the cohesion policy for 
urban and peri-urban horticulture should be in 
line with the objectives of the European Green 
Deal, the Farm to Fork strategy and the 
Biodiversity Protection strategy. These should 
be implemented by all economic and social 
actors and should be aimed above all at 
ensuring food security. By proposing the 
development of urban gardens, green roofs and 
hydroponic systems, the importance is stressed 
of enriching urban biodiversity, better waste 
management with composting, the collection of 
rainwater and the improvement of air quality.  
Furthermore, there is particular concern, as the 
pandemic of COVID-19 has shown the 
vulnerability of cities in the event of supply 
disruption, particularly concerning food. The 
solution proposed is to promote peri-urban 
horticulture by creating shorter supply chains 
for food systems. The aim is to produce, 
process and consume food locally using 
available alternative plant protection products, 
with a low environmental footprint (Opinion on 
cohesion policy and regional environmental 
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artificial areas per inhabitant (Kompil et al., 
2015). 
It is worth noting that the lost area of arable 
land and pastures is proportional to the increase 
in the area of artificial areas (built-up spaces). 
Moreover, the majority of Europe's cities were 
built on fertile land, surrounded by fertile land, 
so the artificial areas covered are often 
productive agricultural land, with all the 
negative consequences (Land and soil in 
Europe, 2020). 
Soil Sealing 
Soil sealing, as a result of the building and 
infrastructure construction, has been recognized 
by the European Commission's "Thematic 
Strategy for Soil Protection" as one of the most 
important threats to soil as it changes its 
structure (Commission of the European 
Communities, 2006a). 
The natural causes which make soil 
impenetrable include, between others, the 
effects of rainfall, soil treatment, dispersion of 
colloidal substances and mechanical soil 
compression. The concept of sealing should 
therefore be extended to include, beyond 
natural causes, soil surface cover with 
impermeable materials such as asphalt, cement, 
metal, glass and plastic. As these materials are 
used in construction, it is apparent that soil 
sealing is a direct consequence of urbanization. 
One of the effects of soil sealing in cities is the 
reduction of biological functions that the soil 
can support. It takes hundreds of years (up to 
thousands of years) to create a few centimeters, 
soil becomes a valuable, non-renewable 
resource at risk. The effects of degradation in 
soil quality have a direct impact on human 
health and on various ecosystems, on climate 
change, as well as on the economic well-being 
and the quality of life. In addition, sealed soils 
are unable to perform important functions such 
as the storage and transformation of chemical 
compounds, water storage and refilling of 
groundwater (Spyridis et al., 2012). 
Poverty, unemployment and crime 
The problems of poverty are disproportionately 
affecting minorities and groups with a lower 
socio-economic background. Poverty can 
include a lack of income, hunger and 
malnutrition, limited access to education and 
social discrimination. In addition, it is felt not 
only by the people who are experiencing it, but 

by society as a whole. Also, the secondary 
effects of urban poverty are increasing 
depending on urbanization (Worsham, 2020). 
It is widely accepted that the COVID-19 
pandemic affected almost every country in the 
world. In the absence of a confirmed cure and 
vaccine, countries adopted social distancing as 
a measure by closing down large cities and, in 
some cases, the entire country in order to 
prevent the spread of the virus. Ten years 
before the pandemic, an economic crisis began 
which affected not only Europe but other 
continents as well. As a result of the economic 
and health crisis, poverty and crime have 
evidently increased as it is common in times of 
crisis or war. 
In a University of Piraeus research project in 
2018, it was concluded that factors affecting 
poverty and crime are extended artificial areas 
(the absence of nature in the city), levels of 
employment in the public sector and the 
general level of education. An important 
element is that unemployment and migration 
issues in cities have a less impact on crime 
(Mimikou, 2018).  
Also, another research in India confirms that a 
widespread economic recession, both at global 
and national level, will cause a significant 
increase in unemployment, underemployment 
and poverty, as well as a reduction in the 
wages, profits and competitiveness of 
businesses. It concludes that young people who 
are most vulnerable during a crisis are often the 
first to lose their jobs and face tough 
competition for fewer jobs. In these cases, the 
result is a sharp rise in unemployment, 
especially in urban areas and between young 
people (Dutta, 2020). 
Social exclusion 
Social exclusion reflects the importance of 
human existence as part of society. It is 
considered to be a situation in which one 
individual has fewer possibilities (Robila, 
2006) and is facing a lack of social adjustment 
caused by growing inequalities, social and 
economic needs and a lack of security (Bhalla 
& Lapeyre, 2004). A relevant study has shown 
that the assumption that only economic growth 
will reduce poverty and social exclusion is not 
valid (Günaydin et al., 2015). They are 
especially important that E.U. statistics show 
that 22.4% of the EU population is at risk of 

 
poverty or social exclusion and that is why 
important targets have been set through the 
Europe 2020 program, strategy for smart, 
sustainable and inclusive growth (Poverty and 
social exclusion, n.d). 
Food security and climate crisis 
As the population increases, by 2050 global 
demand for food is expected to double. 
Meanwhile, food production in tropical and 
subtropical countries, particularly in Africa, is 
particularly at risk from climate change, with 
the effects of a major food crisis throughout 
Europe (Research and innovation, n.d.). 
Food security is the situation where people, at 
every moment, have physical and economic 
access to adequate, safe and nutritious food. 
Therefore, any burden on these elements 
creates the food crisis. It's known that the 
modern way of life and the food and agriculture 
system in Europe and in America are damaging 
the environment by exacerbating climate 
change, biodiversity loss, water and air 
pollution, all these having consequences for the 
food and climate crisis (Karagiorgas, 2021). 
For this reasons, initially it is necessary to 
understand the climate change process so that 
alternative solutions can then be drafted. So far 
it has emerged that some critical factors of 
climate change such as the increase in CO2 and 
air temperature combined with changing 
precipitation conditions, may transform almost 
all global ecosystems (Alizadeh & 
Hitchmough, 2018). 
While climate change is assessed negatively, 
the need to tackle it creates jobs such as urban 
planners, landscape architectural professionals 
and gardener growers who seek more 
sustainable vegetation in urban areas. However, 
climate change also helps liberalize 
conventional thinking, making people agree 
with the idea that the future will not be the 
same as the past (AlizadehJ & Hitchmough, 
2020). 
The main thing is that in the context of the 
current recession, urban and peri-urban farming 
are seen as alternatives with multiple benefits. 
As a result of this, various initiatives have been 
launched by citizens, public bodies such as 
local government and universities but also 
European Union committees, which all propose 
new drastic measures to improve the current 
situation.  

They have generated innovative forms of 
collective action on ‘food justice’ (e.g. urban 
gardens, Community Supported Agriculture-
CSA, networks ‘without intermediaries’).  «A 
series of initiatives, informal networks and 
market-oriented activities that promote 
alternative short agri-food chains, food-activist, 
educational or other collective self-help 
structures empower solidarity-based economy. 
At the same time spontaneous public initiatives 
mainly deriving from the local administration 
in the framework of their social policy (e.g. 
municipal gardens) respond to the social effects 
of austerity and are more oriented to combat 
crisis stress and social exclusion» (Nikolaidou, 
2017). 
  
THE URBAN HORTICULTURE ROLE IN 
THE AGRO-FOOD SYSTEM (CASE 
STUDIES FOR BIG CITIES) 
   
The agro-food system of a city includes the 
institution of urban and peri-urban horticulture. 
Urban and peri-urban farming is the practice of 
growing, processing and distributing food 
within or around an urban area, such as a 
village or town (Ryang, 2016). 
At European level, the cohesion policy for 
urban and peri-urban horticulture should be in 
line with the objectives of the European Green 
Deal, the Farm to Fork strategy and the 
Biodiversity Protection strategy. These should 
be implemented by all economic and social 
actors and should be aimed above all at 
ensuring food security. By proposing the 
development of urban gardens, green roofs and 
hydroponic systems, the importance is stressed 
of enriching urban biodiversity, better waste 
management with composting, the collection of 
rainwater and the improvement of air quality.  
Furthermore, there is particular concern, as the 
pandemic of COVID-19 has shown the 
vulnerability of cities in the event of supply 
disruption, particularly concerning food. The 
solution proposed is to promote peri-urban 
horticulture by creating shorter supply chains 
for food systems. The aim is to produce, 
process and consume food locally using 
available alternative plant protection products, 
with a low environmental footprint (Opinion on 
cohesion policy and regional environmental 
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strategies in the fight against climate change, 
2020/2074 (INI), 2021). 
In 2003, the European Economic and Social 
Committee recognized the risks of development 
on the sustainability of cities and economic 
activities. It delivered an opinion on the topic 
"Agriculture in peri-urban areas" by setting 
objectives and actions to promote peri-urban 
horticulture. Still, created an institution, the 
European observatory for peri-urban 
horticulture whose operation depends on the 
the applied EU strategy on this matter (Mir & 
March, 2017).   
In 2015 the Milan Urban Food Policy Pact was 
signed by more than 100 cities to develop 
sustainable and resilient food systems. In the 
context of the development of new business 
models the European Commission launched the 
Food 2030 initiative, and the H2020 work 
programs have consequently included research 
in urban agriculture (H2020-FNR2020). 
Finally, urban farming also contributes to the 
EU Pollinators Initiative (COM (2018) 395 
final recognizing that pollination plays an 
important role in nature and is vital for 
ecosystems and the sustainability of agriculture 
(CityZen. Urban farming improves climate 
resilience, 2021).  
Depending on local conditions, the benefits 
differ according to local conditions, including 
population density and demographics, 
operational scale, soil quality, and access to 
labour and consumers (Martin et al., 2016). 
It should be mentioned that, a determining 
factor for the health and well-being of society 
is the food system, while many deaths and 
illnesses are due to poor nutrition. Urban 
horticulture could contribute to the 
sustainability and resilience of large cities in 
times of crisis if they were supported more 
effectively at institutional and public level. It is 
important that, in the Northern countries the 
success of the urban farming system is 
determined by the scale of the crop, the 
profitability of production, the degree of 
integration into urban fabric, environmental 
and human safety, etc. (Boglarka et al., 2021). 
Implementation of urban horticulture in 
agro-food system 
It is a well-known fact that today; consumers 
have turned their backs on mass-produced, 
industrial products. They strongly feel the 

nutritional risks of processed food and seek 
locally-based, safe, specific quality related to 
the place of origin. So, the qualitative shift of 
consumers towards local products offers 
significant prospects for small-scale food 
business (Anthopoulou, 2013). 
It is important to refer to a COST (European 
Cooperation in Science and Technology) 
survey published in "Urban Allotment Gardens 
in Europe" (Urban Allotment Gardens in 
Europe, How to strengthen the significance of 
urban gardens in the city, 2014) and presents a 
comprehensive overview of the implementation 
of urban horticulture in European cities, 
indicating their benefits and values and 
emphasizing that each urban garden has its own 
distinctive character. Each one shares 
traditions, expectations, attitudes of life, social 
relationships and friendships, competition and 
hard work. All these elements contribute to the 
proper functioning of urban crops.  
Research shows that the successful 
implementation of urban horticulture also 
depends on class factors. The Biological 
Veranda Growers (OTGians) movement in 
India is looking for ways to evolve and spread 
the practice within other social classes, starting 
with "Grow what you eat, eat what you grow." 
Their possibilities are limited to the middle 
class because the inhabitants of the upper 
classes do not participate "leaving everything to 
their employees" while the lower class cannot 
be easily approached. The OTGs as a 
community stand out for their biological 
practices and for their ideology under which 
they do not commercialize their production 
thus contributing to food self-sufficiency 
(Frazier, 2018). 
The need and increase in interest in growing 
edible species in cities has been the beginning 
of the creation of movements and various 
initiative groups with a focus on agriculture, 
public health and awareness. Public bodies that 
have undertaken the task of creating organized 
farming allotments have offered these premises 
to residents who have a low income or do not 
have their own available space. Inactive 
military camps can be an ecological and social 
treasure and can accommodate other 
compatible activities such as edible gardens.  
So, the Cultural Association "Karatasiou" of 
the Municipality of Pavlos Melas in 

 
Thessaloniki, started to claim in 2008 the 
abandoned former military Camp Karatasiou 
(689 acres), for citizens and local government 
in order to transform it into a recreational area. 
In 2011, the Peri-urban Cultivators group 
(PER.KA) was created by people in the area 
who aimed to collectively cultivate vegetables, 
seasonal fruits, flowers and aromatic herbs 
(Giatsidou, 2016). With their own personal 
work and expenses they created the first self-
managed collective vegetable garden in Central 
Macedonia on 2 acres of inactive military 
camp. The cultivation is non-profit, covers part 
of the team members needs, supports 
vulnerable social groups and is implemented 
based on the principles of organic farming 
using traditional seeds and plants (Maknea & 
Tzortzi, 2019). 
As well, on the east side of Thessaloniki, a few 
kilometers from the city center, at the Farm of 
the Aristotle University of Thessaloniki 
(AUTh), there are several plots of vegetable 
gardens, since 2011. They form what is 
considered an emblematic example of creating 
vegetable gardens with an educational aspect. 
Today, there are 500 cultivators who produce 
their own vegetables by paying a small annual 
fee for their participation in the organic farming 
program. In this case, all residents of 
Thessaloniki, without any social criteria, have 
the right to express their interest in acquiring an 
allotment. The farm is fenced and has 150 
allotments covering an area of 100 m2, each 
(Partalidou, 2015). 
Especially irrigation water is provided with 
independent supply in every vegetable garden, 
as well as WC. Educational seminars are 
offered, while students and scientific staff of 
the University of Agriculture of AUTh, provide 
daily on-site consulting support. Since this 
action started in 2011, coupled with the 
financial crisis in the country, it demonstrated 
the possibility of small scale quality food 
production for family use. This action showed 
also the value of working with the land and the 
contribution to improving the quality of life of 
citizens. 
At local level, the Central Macedonia Region is 
approaching the issue through the “CityZen - 
‘enhancing scalable innovations and new 
business models based on urban farming 
ecosystem values” project, co-financed by the 

INTERREG EUROPE European Interregional 
Cooperation Program 2014-2020. Its aim is 
food safety, human relations development, 
resource efficiency, etc. (CityZen. Enhancing 
scalable innovations and new business models 
based on urban farming ecosystem values. 
n.d.). The actions supported include, among 
other things, the voluntary project "Kipos3-
Garden3" in Thessaloniki, which is considered 
a social experiment for collective vegetable 
garden use, in an abandoned public space. An 
important role in the decision making process 
has been consultation with local residents. 
Another project supported by the program is to 
create a vegetable garden inside a Pocket 
Garden, in Thessaloniki, using the D.I.Y 
method (do it yourself), with the contribution 
of pupils and the use of traditional seeds 
(CityZen. Urban farming in Thessaloniki: 
shaping policies, 2020). 
A similar case is the inhabitants' initiative in 
the center of Athens which, in 2009, took over 
an abandoned public land by attributing it to all 
citizens on a non-discriminatory basis and 
turning it into a vegetable garden (Arvanitidis 
& Papagiannitsis, 2020). 
In recent years the world has become more 
aware of the growing problems on an 
environmental, social and economic level. As a 
result, the development of the city movements 
is taking place. These movements are based on 
acceptance of a certain statute and have 
different aims with common characteristics, 
such as self-organization and self-management, 
democratic function, solidarity, understanding 
and creativity. Moreover, Urban horticulture is 
one of the movements that can help solve the 
problems of modern societies (Maknea & 
Tzortzi, 2019). Even in developed countries, 
the poor spend up to 85% of their income on 
the food market. Urban horticulture contributes 
to certain costs and seems to be greatly 
favouring both social inclusion and the 
reduction of gender inequalities, as 65% of 
urban farmers are women (Orsini et al., 2013). 
Even in times of crisis, the role of urban 
horticulture is particularly important. In 1941 a 
guide dedicated to the crisis vegetable garden, 
"the garden of the house" was published by the 
agronomist responsible for the Athens City 
Gardens, Vosiniotis (1941). The guide 
mentions ways of survival and of tackling 
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strategies in the fight against climate change, 
2020/2074 (INI), 2021). 
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horticulture whose operation depends on the 
the applied EU strategy on this matter (Mir & 
March, 2017).   
In 2015 the Milan Urban Food Policy Pact was 
signed by more than 100 cities to develop 
sustainable and resilient food systems. In the 
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hard work. All these elements contribute to the 
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the practice within other social classes, starting 
with "Grow what you eat, eat what you grow." 
Their possibilities are limited to the middle 
class because the inhabitants of the upper 
classes do not participate "leaving everything to 
their employees" while the lower class cannot 
be easily approached. The OTGs as a 
community stand out for their biological 
practices and for their ideology under which 
they do not commercialize their production 
thus contributing to food self-sufficiency 
(Frazier, 2018). 
The need and increase in interest in growing 
edible species in cities has been the beginning 
of the creation of movements and various 
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have undertaken the task of creating organized 
farming allotments have offered these premises 
to residents who have a low income or do not 
have their own available space. Inactive 
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treasure and can accommodate other 
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So, the Cultural Association "Karatasiou" of 
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(689 acres), for citizens and local government 
in order to transform it into a recreational area. 
In 2011, the Peri-urban Cultivators group 
(PER.KA) was created by people in the area 
who aimed to collectively cultivate vegetables, 
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(Giatsidou, 2016). With their own personal 
work and expenses they created the first self-
managed collective vegetable garden in Central 
Macedonia on 2 acres of inactive military 
camp. The cultivation is non-profit, covers part 
of the team members needs, supports 
vulnerable social groups and is implemented 
based on the principles of organic farming 
using traditional seeds and plants (Maknea & 
Tzortzi, 2019). 
As well, on the east side of Thessaloniki, a few 
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(AUTh), there are several plots of vegetable 
gardens, since 2011. They form what is 
considered an emblematic example of creating 
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their own vegetables by paying a small annual 
fee for their participation in the organic farming 
program. In this case, all residents of 
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the right to express their interest in acquiring an 
allotment. The farm is fenced and has 150 
allotments covering an area of 100 m2, each 
(Partalidou, 2015). 
Especially irrigation water is provided with 
independent supply in every vegetable garden, 
as well as WC. Educational seminars are 
offered, while students and scientific staff of 
the University of Agriculture of AUTh, provide 
daily on-site consulting support. Since this 
action started in 2011, coupled with the 
financial crisis in the country, it demonstrated 
the possibility of small scale quality food 
production for family use. This action showed 
also the value of working with the land and the 
contribution to improving the quality of life of 
citizens. 
At local level, the Central Macedonia Region is 
approaching the issue through the “CityZen - 
‘enhancing scalable innovations and new 
business models based on urban farming 
ecosystem values” project, co-financed by the 
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Cooperation Program 2014-2020. Its aim is 
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n.d.). The actions supported include, among 
other things, the voluntary project "Kipos3-
Garden3" in Thessaloniki, which is considered 
a social experiment for collective vegetable 
garden use, in an abandoned public space. An 
important role in the decision making process 
has been consultation with local residents. 
Another project supported by the program is to 
create a vegetable garden inside a Pocket 
Garden, in Thessaloniki, using the D.I.Y 
method (do it yourself), with the contribution 
of pupils and the use of traditional seeds 
(CityZen. Urban farming in Thessaloniki: 
shaping policies, 2020). 
A similar case is the inhabitants' initiative in 
the center of Athens which, in 2009, took over 
an abandoned public land by attributing it to all 
citizens on a non-discriminatory basis and 
turning it into a vegetable garden (Arvanitidis 
& Papagiannitsis, 2020). 
In recent years the world has become more 
aware of the growing problems on an 
environmental, social and economic level. As a 
result, the development of the city movements 
is taking place. These movements are based on 
acceptance of a certain statute and have 
different aims with common characteristics, 
such as self-organization and self-management, 
democratic function, solidarity, understanding 
and creativity. Moreover, Urban horticulture is 
one of the movements that can help solve the 
problems of modern societies (Maknea & 
Tzortzi, 2019). Even in developed countries, 
the poor spend up to 85% of their income on 
the food market. Urban horticulture contributes 
to certain costs and seems to be greatly 
favouring both social inclusion and the 
reduction of gender inequalities, as 65% of 
urban farmers are women (Orsini et al., 2013). 
Even in times of crisis, the role of urban 
horticulture is particularly important. In 1941 a 
guide dedicated to the crisis vegetable garden, 
"the garden of the house" was published by the 
agronomist responsible for the Athens City 
Gardens, Vosiniotis (1941). The guide 
mentions ways of survival and of tackling 
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hunger through urban crops under exceptional 
circumstances such as war. 
Particularly, in many municipalities in Greece, 
more emphasis was given on tackling the 
economic crisis, and urban farming has been 
integrated into the wider framework of public 
priorities in order to develop measures to tackle 
poverty and social marginalization. However, 
in other municipalities, the initiative is more 
part of a broader framework of environmental 
actions (Anthopoulou & Nikolaidou, 2013). 
Therefore, due to the urgency of the issue, it 
was introduced into Greek legislation in 2018, 
the institution of urban horticulture, by a 
Presidential Decree referring to categories of 
land use. 
It is worth noting that urban gardening in 
Barcelona has a radical foundation as it 
originates from occupied urban areas and is 
structured with visions around social 
entrepreneurship and social innovation (Mir & 
March, 2017). Also, in Warsaw, the areas 
granted for cultivation are still considered as 
vital elements of large cities (Giedych, 2013). 
Especially, in İstanbul the Yedikule Bostans, 
are the oldest urban horticulture practices, 
which is also listed as UNESCO’s World 
Heritage Sites since 1985. Furthermore, 
Bostans served as the biggest supplier of fresh  
fruit and vegetable during the Byzantine and 
Ottoman periods. As the neoliberal policies, the 
areas where urban horticulture was carried out 
were declared as construction areas and the 
historic bostans were destroyed by the Fatih 
local municipality in 2013 (Ülsever, 2021). 
It cannot be ignored the fact that, when 
residents in Berlin faced the threat of 
privatization that included a 6,000 square 
meters site, they launched a successful 
campaign to save it, to highlight the importance 
of urban open spaces. This garden was created 
in 2009 by hundreds of residents and mainly 
serves social, educational and ecological 
purposes (Clausen, 2015). 
It is also worth mentioning the example of 
Cuba, where Havana is considered to be the 
representative of urban horticulture, due to the 
abundance of urban gardens, the important role 
they play in the urban ecosystem and the well-
known methods used for the cultivation of 
vegetable crops, organoponics. Actually, in 
Havana, urban horticulture is unfairly 

distributed throughout the city. Most garden 
gardens are concentrated in low-density urban 
areas to ensure the availability of open spaces 
between buildings (Górna & Górny, 2020). 
 
THE URBAN HORTICULTURE ROLE IN 
LANDSCAPING, BIOCLIMATIC DESIGN 
AND SUSTAINABLE LIVING CITY 
 
The prospect of urban farming in large cities 
continues to inspire scientists, citizens and 
politicians. Its purpose and mode of operation 
varies between the southern and northern cities. 
In the North, people grow vegetables, for 
aesthetic or psychological reasons, on roofs, 
balconies, traffic islands or parks. In the south, 
urban farming mainly covers nutritional needs 
on communal land, in abandoned industrial 
sites and other public spaces. In any case it is a 
question of meeting the requirements of a 
sustainable city by contributing to sustainable 
development (Azunre et al., 2019). 
The main characteristic of urban horticulture is 
that it can be integrated into the wider social, 
productive and residential fabric. This results in 
a close connection and lasting interaction with 
the urban ecosystem (Variti, 2014). 
Also, depending on its role, urban horticulture 
can easily be adapted as a sustainable solution 
for large cities. Especially, by integrating urban 
horticulture into urban planning in the city, 
unexploited spaces are being used to help 
increase the percentage of green spaces and 
tackle climate crisis (Langemeyer et al., 2021). 
This multi-level role of urban horticulture can 
also be noted in the actions of the Guerrilla 
Gardeners, one of the most active movements 
in America, Europe and Africa that occupy 
land, usually at night, aiming to create green 
spaces. These are students, academics, 
designers, architects, chefs, workers, etc., who 
contribute with their knowledge, in mobile, to 
the creation of vegetable gardens in cities 
(International Sunflower Guerrilla Gardening 
Day, 2020). 
An important fact, can be considered a joint 
presentation by the landscape scholar K. 
Helphand and the Dutch photographer H. 
Wildschut, where reference was made to the 
vegetable gardens created in refugee camps in 
Jordan, Lebanon, Tunisia and France. The 
presentation was based on a theory that, "the 

 
gardens are alive, they are a connection to each 
house, they embody hope, and they are 
workplaces and artistic spaces". The political 
importance of the vegetable gardens was 
highlighted as they demonstrate human 
resilience, dignity and struggle living in the 
camps (Helphand & Wildschut, 2018). The 
Dutch photographer documented the creation of 
the vegetable gardens in his book (Ville De 
Calais), with a visual record, from the so-called 
"jungle" refugee and migration camp.  
Another approach to the multilevel role of 
urban horticulture is the design and 
construction of urban vegetable gardens that 
include landscape architectural aspects. 
Principally, landscaping gives emphasis to 
every green space linking it with sustainable 
development, bio-climate planning, the 
development of tools for environmental 
protection, etc. It can link green spaces with 
urban gardens, study the transport of citizens to 
these areas, support school initiatives to 
promote urban horticulture, contribute to 
environmental education, etc. (COST Action 
TU1201. Urban Allotment Gardens in 
European Cities Future, 2015). 
From a health point of view, the rural approach 
of modern cities will actively contribute to the 
decontamination of contaminated subsoil and 
groundwater and to the reduction of carbon 
dioxide contamination in the atmosphere. This 
data was included in a study of the construction 
of a vertical urban farm in the southern part of 
the island of Roosevelt, New York (Vertical 
urban farms, n.d.). 
Vertical planting was also tested in the city of 
Volos, Greece, in a so called "Vertical moving 
cultivation" system to investigate urban 
farming in buildings. The results showed the 
benefits of this method in comparison common 
planting. The improvement of the 
environmental conditions and the microclimate, 
the shading, sound protection, the aesthetic 
upgrading of sites, the upgrading of the food 
system, the development of socio-economic 
factors, are some of the advantages that have 
emerged (Tsagkalidou, 2013). 
In addition, the influence of urban horticulture 
on people's health is another advantage which 
is expected to play an important role, thus 
contributing to the mental and physical health 
of the inhabitants of each city. Several studies 

report that people involved in urban farming 
projects tend to eat more fruit and vegetables, 
are more active, involved in their social 
environment and interact more with nature 
(Piedrahita et al., 2020). In a similar context, in 
2018, a decision by the City Council in a 
Municipality of Attica, Greece, granted the use 
of a municipal property site to create an urban 
vegetable garden in order to promote 
therapeutic gardening for people with 
disabilities. 
Especially, the therapeutic garden is gaining 
popularity as a non-pharmacological approach 
in the modern healthcare system. It is a very 
useful method treating patients, reducing staff 
and patient stress, increasing hospital 
performance, increasing job efficiency and 
reducing treatment costs. In other words, the 
fact that the value of the treatment gardens is a 
complementary technique to medicine 
(Thaneshwari et al., 2018). A good example is 
the construction of a treatment garden in 
Umbria, Italy, for Alzheimer's patients, with 
the aim of creating an area where patients can 
be treated and spend a lot of time with their 
families for psychological support (Ranfa et al., 
2017). 
Also important is the offer of the school 
garden, in the sustainable school, in the 
realization of its goals at the pedagogical level 
(Tigas & Flogaiti, 2019) and to promote 
healthy eating behavior in low-income 
countries because of high rates of child 
malnutrition (Schreinemachers et al., 2020). 
According to the above, Sima et al. (2010) 
concluded that urban horticulture can deliver 
multiple benefits such as: environmental, 
educational, cultural, recreational, economical, 
health benefits, aesthetics and sustainability, 
and can be applied at ground level, building 
decks and vertical surfaces. 
 
CONCLUSIONS 
 
In the beginning, urban agriculture was simply 
a hobby of gardening fans while suburban 
agriculture was a necessary survival system. 
Moreover, most of the literature sources 
identified during the survey, refer to peri-urban 
agriculture of Third World countries, 
highlighting its advantages to the local 
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hunger through urban crops under exceptional 
circumstances such as war. 
Particularly, in many municipalities in Greece, 
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Havana, urban horticulture is unfairly 

distributed throughout the city. Most garden 
gardens are concentrated in low-density urban 
areas to ensure the availability of open spaces 
between buildings (Górna & Górny, 2020). 
 
THE URBAN HORTICULTURE ROLE IN 
LANDSCAPING, BIOCLIMATIC DESIGN 
AND SUSTAINABLE LIVING CITY 
 
The prospect of urban farming in large cities 
continues to inspire scientists, citizens and 
politicians. Its purpose and mode of operation 
varies between the southern and northern cities. 
In the North, people grow vegetables, for 
aesthetic or psychological reasons, on roofs, 
balconies, traffic islands or parks. In the south, 
urban farming mainly covers nutritional needs 
on communal land, in abandoned industrial 
sites and other public spaces. In any case it is a 
question of meeting the requirements of a 
sustainable city by contributing to sustainable 
development (Azunre et al., 2019). 
The main characteristic of urban horticulture is 
that it can be integrated into the wider social, 
productive and residential fabric. This results in 
a close connection and lasting interaction with 
the urban ecosystem (Variti, 2014). 
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increase the percentage of green spaces and 
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land, usually at night, aiming to create green 
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gardens are alive, they are a connection to each 
house, they embody hope, and they are 
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importance of the vegetable gardens was 
highlighted as they demonstrate human 
resilience, dignity and struggle living in the 
camps (Helphand & Wildschut, 2018). The 
Dutch photographer documented the creation of 
the vegetable gardens in his book (Ville De 
Calais), with a visual record, from the so-called 
"jungle" refugee and migration camp.  
Another approach to the multilevel role of 
urban horticulture is the design and 
construction of urban vegetable gardens that 
include landscape architectural aspects. 
Principally, landscaping gives emphasis to 
every green space linking it with sustainable 
development, bio-climate planning, the 
development of tools for environmental 
protection, etc. It can link green spaces with 
urban gardens, study the transport of citizens to 
these areas, support school initiatives to 
promote urban horticulture, contribute to 
environmental education, etc. (COST Action 
TU1201. Urban Allotment Gardens in 
European Cities Future, 2015). 
From a health point of view, the rural approach 
of modern cities will actively contribute to the 
decontamination of contaminated subsoil and 
groundwater and to the reduction of carbon 
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data was included in a study of the construction 
of a vertical urban farm in the southern part of 
the island of Roosevelt, New York (Vertical 
urban farms, n.d.). 
Vertical planting was also tested in the city of 
Volos, Greece, in a so called "Vertical moving 
cultivation" system to investigate urban 
farming in buildings. The results showed the 
benefits of this method in comparison common 
planting. The improvement of the 
environmental conditions and the microclimate, 
the shading, sound protection, the aesthetic 
upgrading of sites, the upgrading of the food 
system, the development of socio-economic 
factors, are some of the advantages that have 
emerged (Tsagkalidou, 2013). 
In addition, the influence of urban horticulture 
on people's health is another advantage which 
is expected to play an important role, thus 
contributing to the mental and physical health 
of the inhabitants of each city. Several studies 

report that people involved in urban farming 
projects tend to eat more fruit and vegetables, 
are more active, involved in their social 
environment and interact more with nature 
(Piedrahita et al., 2020). In a similar context, in 
2018, a decision by the City Council in a 
Municipality of Attica, Greece, granted the use 
of a municipal property site to create an urban 
vegetable garden in order to promote 
therapeutic gardening for people with 
disabilities. 
Especially, the therapeutic garden is gaining 
popularity as a non-pharmacological approach 
in the modern healthcare system. It is a very 
useful method treating patients, reducing staff 
and patient stress, increasing hospital 
performance, increasing job efficiency and 
reducing treatment costs. In other words, the 
fact that the value of the treatment gardens is a 
complementary technique to medicine 
(Thaneshwari et al., 2018). A good example is 
the construction of a treatment garden in 
Umbria, Italy, for Alzheimer's patients, with 
the aim of creating an area where patients can 
be treated and spend a lot of time with their 
families for psychological support (Ranfa et al., 
2017). 
Also important is the offer of the school 
garden, in the sustainable school, in the 
realization of its goals at the pedagogical level 
(Tigas & Flogaiti, 2019) and to promote 
healthy eating behavior in low-income 
countries because of high rates of child 
malnutrition (Schreinemachers et al., 2020). 
According to the above, Sima et al. (2010) 
concluded that urban horticulture can deliver 
multiple benefits such as: environmental, 
educational, cultural, recreational, economical, 
health benefits, aesthetics and sustainability, 
and can be applied at ground level, building 
decks and vertical surfaces. 
 
CONCLUSIONS 
 
In the beginning, urban agriculture was simply 
a hobby of gardening fans while suburban 
agriculture was a necessary survival system. 
Moreover, most of the literature sources 
identified during the survey, refer to peri-urban 
agriculture of Third World countries, 
highlighting its advantages to the local 
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economy in energy reduction and support for 
sustainable food production methods. 
Today, after a long period of economic and 
health crisis, it is necessary to have unhindered 
access to fresh and nutritious food for all social 
groups of the population living in large cities. 
The effects of COVID-19 indeed, make the 
need for a transition to a more sustainable and 
resilient food system all the more urgent. 
Undoubtedly, urban agriculture can be 
considered as an alternative solution to tackling 
the generalized urban and health crisis, 
especially for the poorer sections of the urban 
population. It can also be the catalyst for 
community, social and economic development. 
Work highlights both the problems faced by 
large cities and the multiple beneficial 
functions of urban agriculture. The most 
important is the self-production of fresh 
vegetables, the reduction of food expenses, the 
environmental management (composting, 
contributing to heat reduction of the cities and 
the landscape architecture), the development of 
socialisation, the mental and physical health, 
the recreation, the education etc. For this 
reason, a good urban design should be able to 
mimic the natural ecosystems. 
Recognizing the multifunctional role of urban 
agriculture and its benefits, it is required its 
institutionalization with new standards of urban 
and agri-food planning and with a supportive 
legal framework. In summary, it can be said 
with certainty that, if urban agriculture is 
managed effectively it can benefit all the social 
classes, the environment and sustainable 
development 
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economy in energy reduction and support for 
sustainable food production methods. 
Today, after a long period of economic and 
health crisis, it is necessary to have unhindered 
access to fresh and nutritious food for all social 
groups of the population living in large cities. 
The effects of COVID-19 indeed, make the 
need for a transition to a more sustainable and 
resilient food system all the more urgent. 
Undoubtedly, urban agriculture can be 
considered as an alternative solution to tackling 
the generalized urban and health crisis, 
especially for the poorer sections of the urban 
population. It can also be the catalyst for 
community, social and economic development. 
Work highlights both the problems faced by 
large cities and the multiple beneficial 
functions of urban agriculture. The most 
important is the self-production of fresh 
vegetables, the reduction of food expenses, the 
environmental management (composting, 
contributing to heat reduction of the cities and 
the landscape architecture), the development of 
socialisation, the mental and physical health, 
the recreation, the education etc. For this 
reason, a good urban design should be able to 
mimic the natural ecosystems. 
Recognizing the multifunctional role of urban 
agriculture and its benefits, it is required its 
institutionalization with new standards of urban 
and agri-food planning and with a supportive 
legal framework. In summary, it can be said 
with certainty that, if urban agriculture is 
managed effectively it can benefit all the social 
classes, the environment and sustainable 
development 
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INTRODUCTION 
 
L-asparaginase (L-asparagine amidohydrolase; 
EC 3.5.1.1) is an enzyme commonly found in 
the world of plants, animals and 
microorganisms. It is able to catalyze the 
hydrolysis of L-asparagine into aspartic acid 
and ammonia (Huang et al., 2013). The enzyme 
L-asparaginase is found in two forms: a 
cytoplasmic L-asparaginase (type I), which can 
hydrolyze both L-asparagine and L-glutamine, 
and a periplasmic L-asparaginase (type II), 
with a higher substrate affinity. Nowadays, this 
enzyme is used in medicine to treat acute 
lymphoblastic leukemia (Yim & Kim, 2019). 
Since the early 1970s, L-asparaginase has been 
approved by the Food and Drug Administration 
as enzymatic drug for cancer treatment, being 
used in conjunction with traditional 
chemotherapy (Lorenzi et al., 2008). Some 
tumor cells need extracellular L-asparagine to 
grow because they are deficient in L-asparagine 
synthetase. Treatments based on L-
asparaginase deplete the concentration of L-
asparagine in the blood, thereby ‘starving’ the 
tumor cells that need this amino acid (Newton, 
2012). Such procedure selectively inhibits the 
growth of malignant cells (Krasotkina et al., 
2004; Kotzia & Labrou, 2007). For medical 
purposes, L-asparaginase produced by 

Escherichia coli (EcAII) and Erwinia 
crysanthemi (ErA) is used (Goswami et al., 
2019). The EcAII isoenzyme differs from EcAI 
by its wide pH activity profile and high affinity 
for the substrate (Cornea et al., 2002). 
The use of L-asparaginase in the treatment of 
acute lymphoblastic leukemia has some 
limitations due to drug resistance and adverse 
reactions. In addition to allergic reactions, L-
asparaginase can cause blood clotting 
abnormalities, liver and pancreatic dysfunction 
and immunosuppression (Reinert et al., 2006). 
These side effects have been shown to be 
caused by the activity of glutaminase and 
urease. The absence of these two enzymes is 
therefore, important in therapy.  
During microbial L-asparaginase synthesis, the 
presence of glutaminase and urease in the 
culture supernatant leads to additional 
purification steps. The process becomes 
expensive and laborious (Mahajan et al., 2013; 
Ashok et al., 2019). Therefore, when searching 
new microbial strains competitive in L-
asparaginase production, the lack of 
glutaminase and urease production is required.  
In some therapeutic studies, adverse reactions 
such as allergic or hypersensitivity reaction 
could also be reduced or even eliminated by 
trapping the enzyme in a polymeric shell 
(Teodor et al., 2008).  
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cytoplasmic L-asparaginase (type I), which can 
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with a higher substrate affinity. Nowadays, this 
enzyme is used in medicine to treat acute 
lymphoblastic leukemia (Yim & Kim, 2019). 
Since the early 1970s, L-asparaginase has been 
approved by the Food and Drug Administration 
as enzymatic drug for cancer treatment, being 
used in conjunction with traditional 
chemotherapy (Lorenzi et al., 2008). Some 
tumor cells need extracellular L-asparagine to 
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synthetase. Treatments based on L-
asparaginase deplete the concentration of L-
asparagine in the blood, thereby ‘starving’ the 
tumor cells that need this amino acid (Newton, 
2012). Such procedure selectively inhibits the 
growth of malignant cells (Krasotkina et al., 
2004; Kotzia & Labrou, 2007). For medical 
purposes, L-asparaginase produced by 

Escherichia coli (EcAII) and Erwinia 
crysanthemi (ErA) is used (Goswami et al., 
2019). The EcAII isoenzyme differs from EcAI 
by its wide pH activity profile and high affinity 
for the substrate (Cornea et al., 2002). 
The use of L-asparaginase in the treatment of 
acute lymphoblastic leukemia has some 
limitations due to drug resistance and adverse 
reactions. In addition to allergic reactions, L-
asparaginase can cause blood clotting 
abnormalities, liver and pancreatic dysfunction 
and immunosuppression (Reinert et al., 2006). 
These side effects have been shown to be 
caused by the activity of glutaminase and 
urease. The absence of these two enzymes is 
therefore, important in therapy.  
During microbial L-asparaginase synthesis, the 
presence of glutaminase and urease in the 
culture supernatant leads to additional 
purification steps. The process becomes 
expensive and laborious (Mahajan et al., 2013; 
Ashok et al., 2019). Therefore, when searching 
new microbial strains competitive in L-
asparaginase production, the lack of 
glutaminase and urease production is required.  
In some therapeutic studies, adverse reactions 
such as allergic or hypersensitivity reaction 
could also be reduced or even eliminated by 
trapping the enzyme in a polymeric shell 
(Teodor et al., 2008).  
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The use of L-asparaginase in the treatment of 
acute lymphoblastic leukemia must be based on 
well-established parameters such as 
quantification and determination of enzyme 
activity, purification, biochemical properties, 
stability and activity on the tumor (Costa-Silva, 
et al., 2020).  
L-asparaginase also plays an important role in 
the food industry because it inhibits the 
reaction of L-asparagine with reducing sugars, 
preventing the formation of acrylamide 
(Mahajan et al., 2013). Acrylamide is 
considered a toxic substance for the nervous 
and reproductive system (Dias et al., 2017). It 
is formed as a result of the Maillard reaction 
between reducing carbohydrates and L-
asparagine, during the thermal preparation of 
food at over 120oC (Negoiță et al., 2017). L-
asparaginase is applied at the beginning of the 
thermal preparation of different foods, 
minimizing the formation of acrylamide and 
maintaining food quality at economic viable 
costs (Yim & Kim, 2019). Several formulations 
are mentioned in the food industry for similar 
products (Alexe & Dima, 2014; Cercel et al., 
2017). 
Microbial L-asparaginase production is a 
laborious process influenced by the substrate 
composition, especially by the source of carbon 
and nitrogen as well as other growth 
parameters. In order to optimize microbial 
enzyme production, appropriate growth 
conditions should be provided to the 
microorganism during fermentation (Souza et 
al., 2017).  
Studies have showed that L-asparaginase 
derived from bacterial cultures has common 
biochemical properties. However, some 
enzymes have optimal operating temperatures 
at 40oC while others at 80-85oC (Muneer et al., 
2020). Differences regarding the pH range 
were also noticed when studying L-
asparaginase activity on agar plates, in the 
presence of pH-indicator dyes. Research has 
shown that the hydrolytic action of L-
asparaginase can be increased at pH between 
6.0 and 9.5 (Mihooliya et al., 2017). 
The aim of this study was L-asparaginase 
detection and quantification in various 
microbial cultures. The purpose was to select 
potential microbial strains with 
biotechnological attributes in L-asparaginase 

production, lacking glutaminase and urease 
activity.  
 
MATERIALS AND METHODS 
 
Microbial strains 
Seventeen yeasts and bacterial strains were 
evaluated for their ability to produce L-
asparaginase, glutaminase and urease. Among 
these microorganisms, there were five yeast 
strains, four streptomycete, five rhizobacteria 
and three endophyte bacteria (Table 1). 
These microorganisms were grown on usual 
culture media in order to refresh the strains 
after storage. 
 

Table 1. Microbial strains and culture media 

Microbial 
category Strain 

Usual 
growth 
media 

Specific 
culture 
media 

Y
ea

st
s 

Candida albicans 
ATCC10231 

YPG MCD 

Candida parapsilosis 
CSB 604 
Pichia anomala 88 
Metschnikowia sp. 
CPM1 
Metschnikowia sp. SG1 

A
ct

in
om

yc
et

e Streptomyces sp. P1S7 

Gauze ISP5 
Streptomyces sp. P2S10 
Streptomyces sp. 
Strepto SS16 
Streptomyces sp. C11 

R
hi

zo
ba

ct
er

ia
 Bacillus subtilis B5 

LB M9 

Bacillus subtilis B6 
Bacillus sp. OS15 
Bacillus 
amyloliquefaciens BPA 
Bacillus 
amyloliquefaciens BIR 

En
do

ph
yt

ic
 b

ac
te

ri
a LT MYM1 strain 

isolated from lavender 
stem 
LFF MYM1 strain 
isolated from lavender 
leaves and flowers 
LFF MYM5 strain 
isolated from lavender 
leaves and flowers 

 
Agar plate technique for qualitative enzyme 
detection 
Screening of enzymes producing 
microorganisms was performed on specific 
culture media based on asparagine, glutamine, 

 

urea or NaNO3 as single nitrogen source. These 
solid media were supplemented with pH 
indicator dyes, such as phenol red or 
bromothymol blue. The yeasts were grown on 
MCD medium, pH 5.5, containing: Na2HPO4    
6 g/L, KH2PO4 2 g/L, NaCl 0.5 g/L, glycerol 
0.02 g/L, MgSO4 0.2 g/L, CaCl2 0.005 g/L, 
agar 2%, nitrogen source 0.5%, and pH 
indicator dyes. The colorants used were either 
phenol red 0.009% or bromothymol blue 
0.007%. Streptomycetes were studied for 
enzyme production on ISP5 medium 
containing: 1% glycerol, 0.1% KH2PO4, 0.1% 
microelement solution, 2% agar, 0.5% nitrogen 
source and 0.009% phenol red, pH 7.2. The 
micronutrient solution was prepared of 0.01% 
FeSO4, 0.01% MnSO4, and 0.01% ZnSO4. 
Rhizobacteria and endophytic bacteria were 
evaluated for enzyme production on M9 
medium containing: 0.2% Na2HPO, 0.3% 
KH2PO4, 0.05% NaCl, 2% MgSO4, 0.1% 
CaCl2, 0.2% glucose, 2% agar, 0.5% nitrogen 
source and 0.009% phenol red at pH = 7. 
All microorganisms were inoculated in spots 
using fresh microbial biomass. Test plates were 
incubated for 3 days at 28°C. L-asparaginase, 
glutaminase, and urease activity was visually 
appreciated through this qualitative screening 
method.   
 
Quantitative estimation of L-asparaginase 
activity 
The microorganisms revealing only L-
asparaginase activity were refreshed on specific 
culture media with 0.5% L-asparagine to 
stimulate microbial enzyme production. The 
obtained cultures were used to inoculate M9, 
ISP5 and MCD liquid media containing L-
asparagine 5 g/L. No pH indicator dyes were 
needed for this test. The inoculum consisted of 
4% (v/v) cells suspension prepared on sterile 
distilled water. 
Inoculated flasks were incubated on a rotary 
shaker at 120 rpm, at 28°C, for 7 days. 
L-asparaginase activity was evaluated using 
Nesslerization spectrophotometric method. 
According to this, yellow-colored compounds 
are produced due to Nessler reagent reaction 
with the free ammonia released by enzymatic 
degradation of L-asparagine. The ammonia 
amount is positively correlated to the optical 

density measured by spectrophotometry at 425 
nm.    
Culture samples were centrifuged at 10,000 
RCF for 10 minutes at 4oC, to obtain the crude 
enzyme extract. In order to evaluate the amount 
of L-asparaginase, 1 volume of crude enzyme 
extract was added to 9 volumes of specific 
substrate prepared from 0.04 M L-asparagine in 
50 mM TRIS buffer, pH = 8.6. The mixture 
was incubated at 37°C to allow the enzymatic 
reaction.  After 30 min the reaction was 
stopped by adding 15% TCA solution. To 
remove any precipitate, samples were 
centrifuged 5 min at 10,000 RCF. The 
supernatant, 100 μl/sample, was diluted in 800 
μl distilled water and mixed with 100 μl of 
Nessler reagent. Samples were maintained at 
room temperature for 10 min before optical 
density readings. The spectrophotometric 
measurements were carried out at 425 nm. 
Samples were compared to a control reaction 
were enzymatic activity was stopped with TCA 
before incubation. 
A standard curve was prepared using 
ammonium sulfate solution in 0.2N H2SO4.  
Enzyme activity (EA) was calculated as the 
amount of ammonia released during the 
enzymatic degradation of L-asparagine from 
the substrate, as shown in the following 
equation (Ashok et al., 2019): 
 

𝐸𝐸𝐸𝐸 (𝑈𝑈 𝑚𝑚𝑚𝑚⁄ ) =  𝐸𝐸𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑜𝑜 𝑁𝑁𝑁𝑁4 𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝐴𝐴𝑙𝑙𝑙𝑙 (𝜇𝜇𝑚𝑚𝐴𝐴𝑚𝑚𝜇𝜇)
𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑙𝑙𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑚𝑚𝑙𝑙 (𝑚𝑚𝑙𝑙𝐴𝐴) × 𝑚𝑚𝑚𝑚 𝐴𝐴𝑜𝑜 𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑚𝑚𝑙𝑙 

 
Quantification of glutaminase and urease 
activity was also attempted. For these enzymes 
we used the same culture crude extract and the 
Nesslerization method as for L-asparaginase 
activity. Differences consisted in the substrate 
used. For glutaminase activity we used 0.04M 
of glutamine in TRIS buffer (pH = 8.6), and for 
urease we used 0.04M urea in the same buffer.  

 
Dynamic estimation of L-asparaginase 
activity 
The bacteria’s capacity to produce L-
asparaginase was also dynamically evaluated at 
24 h, 48 h and 72 h of culture incubation. 
Enzyme activity was evaluated using 
Nesslerization spectrophotometric method, as 
previously described. 
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The use of L-asparaginase in the treatment of 
acute lymphoblastic leukemia must be based on 
well-established parameters such as 
quantification and determination of enzyme 
activity, purification, biochemical properties, 
stability and activity on the tumor (Costa-Silva, 
et al., 2020).  
L-asparaginase also plays an important role in 
the food industry because it inhibits the 
reaction of L-asparagine with reducing sugars, 
preventing the formation of acrylamide 
(Mahajan et al., 2013). Acrylamide is 
considered a toxic substance for the nervous 
and reproductive system (Dias et al., 2017). It 
is formed as a result of the Maillard reaction 
between reducing carbohydrates and L-
asparagine, during the thermal preparation of 
food at over 120oC (Negoiță et al., 2017). L-
asparaginase is applied at the beginning of the 
thermal preparation of different foods, 
minimizing the formation of acrylamide and 
maintaining food quality at economic viable 
costs (Yim & Kim, 2019). Several formulations 
are mentioned in the food industry for similar 
products (Alexe & Dima, 2014; Cercel et al., 
2017). 
Microbial L-asparaginase production is a 
laborious process influenced by the substrate 
composition, especially by the source of carbon 
and nitrogen as well as other growth 
parameters. In order to optimize microbial 
enzyme production, appropriate growth 
conditions should be provided to the 
microorganism during fermentation (Souza et 
al., 2017).  
Studies have showed that L-asparaginase 
derived from bacterial cultures has common 
biochemical properties. However, some 
enzymes have optimal operating temperatures 
at 40oC while others at 80-85oC (Muneer et al., 
2020). Differences regarding the pH range 
were also noticed when studying L-
asparaginase activity on agar plates, in the 
presence of pH-indicator dyes. Research has 
shown that the hydrolytic action of L-
asparaginase can be increased at pH between 
6.0 and 9.5 (Mihooliya et al., 2017). 
The aim of this study was L-asparaginase 
detection and quantification in various 
microbial cultures. The purpose was to select 
potential microbial strains with 
biotechnological attributes in L-asparaginase 

production, lacking glutaminase and urease 
activity.  
 
MATERIALS AND METHODS 
 
Microbial strains 
Seventeen yeasts and bacterial strains were 
evaluated for their ability to produce L-
asparaginase, glutaminase and urease. Among 
these microorganisms, there were five yeast 
strains, four streptomycete, five rhizobacteria 
and three endophyte bacteria (Table 1). 
These microorganisms were grown on usual 
culture media in order to refresh the strains 
after storage. 
 

Table 1. Microbial strains and culture media 

Microbial 
category Strain 

Usual 
growth 
media 

Specific 
culture 
media 

Y
ea

st
s 

Candida albicans 
ATCC10231 

YPG MCD 

Candida parapsilosis 
CSB 604 
Pichia anomala 88 
Metschnikowia sp. 
CPM1 
Metschnikowia sp. SG1 

A
ct

in
om

yc
et

e Streptomyces sp. P1S7 

Gauze ISP5 
Streptomyces sp. P2S10 
Streptomyces sp. 
Strepto SS16 
Streptomyces sp. C11 

R
hi

zo
ba

ct
er

ia
 Bacillus subtilis B5 

LB M9 

Bacillus subtilis B6 
Bacillus sp. OS15 
Bacillus 
amyloliquefaciens BPA 
Bacillus 
amyloliquefaciens BIR 

En
do

ph
yt

ic
 b

ac
te

ri
a LT MYM1 strain 

isolated from lavender 
stem 
LFF MYM1 strain 
isolated from lavender 
leaves and flowers 
LFF MYM5 strain 
isolated from lavender 
leaves and flowers 

 
Agar plate technique for qualitative enzyme 
detection 
Screening of enzymes producing 
microorganisms was performed on specific 
culture media based on asparagine, glutamine, 

 

urea or NaNO3 as single nitrogen source. These 
solid media were supplemented with pH 
indicator dyes, such as phenol red or 
bromothymol blue. The yeasts were grown on 
MCD medium, pH 5.5, containing: Na2HPO4    
6 g/L, KH2PO4 2 g/L, NaCl 0.5 g/L, glycerol 
0.02 g/L, MgSO4 0.2 g/L, CaCl2 0.005 g/L, 
agar 2%, nitrogen source 0.5%, and pH 
indicator dyes. The colorants used were either 
phenol red 0.009% or bromothymol blue 
0.007%. Streptomycetes were studied for 
enzyme production on ISP5 medium 
containing: 1% glycerol, 0.1% KH2PO4, 0.1% 
microelement solution, 2% agar, 0.5% nitrogen 
source and 0.009% phenol red, pH 7.2. The 
micronutrient solution was prepared of 0.01% 
FeSO4, 0.01% MnSO4, and 0.01% ZnSO4. 
Rhizobacteria and endophytic bacteria were 
evaluated for enzyme production on M9 
medium containing: 0.2% Na2HPO, 0.3% 
KH2PO4, 0.05% NaCl, 2% MgSO4, 0.1% 
CaCl2, 0.2% glucose, 2% agar, 0.5% nitrogen 
source and 0.009% phenol red at pH = 7. 
All microorganisms were inoculated in spots 
using fresh microbial biomass. Test plates were 
incubated for 3 days at 28°C. L-asparaginase, 
glutaminase, and urease activity was visually 
appreciated through this qualitative screening 
method.   
 
Quantitative estimation of L-asparaginase 
activity 
The microorganisms revealing only L-
asparaginase activity were refreshed on specific 
culture media with 0.5% L-asparagine to 
stimulate microbial enzyme production. The 
obtained cultures were used to inoculate M9, 
ISP5 and MCD liquid media containing L-
asparagine 5 g/L. No pH indicator dyes were 
needed for this test. The inoculum consisted of 
4% (v/v) cells suspension prepared on sterile 
distilled water. 
Inoculated flasks were incubated on a rotary 
shaker at 120 rpm, at 28°C, for 7 days. 
L-asparaginase activity was evaluated using 
Nesslerization spectrophotometric method. 
According to this, yellow-colored compounds 
are produced due to Nessler reagent reaction 
with the free ammonia released by enzymatic 
degradation of L-asparagine. The ammonia 
amount is positively correlated to the optical 

density measured by spectrophotometry at 425 
nm.    
Culture samples were centrifuged at 10,000 
RCF for 10 minutes at 4oC, to obtain the crude 
enzyme extract. In order to evaluate the amount 
of L-asparaginase, 1 volume of crude enzyme 
extract was added to 9 volumes of specific 
substrate prepared from 0.04 M L-asparagine in 
50 mM TRIS buffer, pH = 8.6. The mixture 
was incubated at 37°C to allow the enzymatic 
reaction.  After 30 min the reaction was 
stopped by adding 15% TCA solution. To 
remove any precipitate, samples were 
centrifuged 5 min at 10,000 RCF. The 
supernatant, 100 μl/sample, was diluted in 800 
μl distilled water and mixed with 100 μl of 
Nessler reagent. Samples were maintained at 
room temperature for 10 min before optical 
density readings. The spectrophotometric 
measurements were carried out at 425 nm. 
Samples were compared to a control reaction 
were enzymatic activity was stopped with TCA 
before incubation. 
A standard curve was prepared using 
ammonium sulfate solution in 0.2N H2SO4.  
Enzyme activity (EA) was calculated as the 
amount of ammonia released during the 
enzymatic degradation of L-asparagine from 
the substrate, as shown in the following 
equation (Ashok et al., 2019): 
 

𝐸𝐸𝐸𝐸 (𝑈𝑈 𝑚𝑚𝑚𝑚⁄ ) =  𝐸𝐸𝑚𝑚𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑜𝑜 𝑁𝑁𝑁𝑁4 𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝐴𝐴𝑙𝑙𝑙𝑙 (𝜇𝜇𝑚𝑚𝐴𝐴𝑚𝑚𝜇𝜇)
𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑙𝑙𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑚𝑚𝑙𝑙 (𝑚𝑚𝑙𝑙𝐴𝐴) × 𝑚𝑚𝑚𝑚 𝐴𝐴𝑜𝑜 𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑚𝑚𝑙𝑙 

 
Quantification of glutaminase and urease 
activity was also attempted. For these enzymes 
we used the same culture crude extract and the 
Nesslerization method as for L-asparaginase 
activity. Differences consisted in the substrate 
used. For glutaminase activity we used 0.04M 
of glutamine in TRIS buffer (pH = 8.6), and for 
urease we used 0.04M urea in the same buffer.  

 
Dynamic estimation of L-asparaginase 
activity 
The bacteria’s capacity to produce L-
asparaginase was also dynamically evaluated at 
24 h, 48 h and 72 h of culture incubation. 
Enzyme activity was evaluated using 
Nesslerization spectrophotometric method, as 
previously described. 
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RESULTS AND DISCUSSIONS 
 

Selection of L-asparaginase producing 
microorganisms  
Qualitative determination of L-asparaginase, 
glutaminase and urease production is a rapid 
screening method based on a pH sensitive color 
reaction. The pH indicator dye changes color if 
tested microorganisms are enzyme producers, 
able to hydrolyze the nitrogen sources included 
in the substrate. When using phenol red culture 
media, the enzyme producing strains change 
the pH of the medium, turning the color from 
yellow to bright pink. When using 
bromothymol blue culture media, the enzyme 

producing strains modify the color from yellow 
to green or greenish-blue at neutral pH, or 
bright aquamarine at alkaline pH levels. 
Enzymes production was visually evaluated 
based on color change, color intensity and halo 
diameter around microbial growth (Table 2). 
Distinctive symbols were designated according 
to the pH-sensitive enzymatic activity, as 
follows: ̎– = no color change; ̎± = slight color 
change under the imprint of microbial growth, 
+ = slight color change around the colony, ̎ ̎++ 
= moderate color change around the 
colony; ̎+++ = intense color change around the 
colony. 

 

Table 2. Qualitative evaluation of enzyme producing microorganisms 

Microbial 
strain 

Hydrolyzed nitrogen sources 
L-asparagine Glutamine Urea NaNO3 

ATCC10231 +++ – – + 
CSB 604 + to ++ – – – 
P.a. 88 – – – – 
CPM1 ++ to + – – – 
SG1 ++ to + – – – 
P1S7 ++ + – + 
P2S10 – – – – 
Strepto SS16 ++ + – – 
C11 +++ +++ ++ ++ 
B5 +++ ± – – 
B6 +++ ± – – 
OS15 +++ ± – + 
BPA +++ ± – – 
BIR + ++ + – 
LT MYM1  +++ – – + 
LFF MYM1  +++ ± + – 
LFF MYM5 ++ + – ++ 

 
Among the tested yeasts, best results regarding 
L-asparaginase production were obtained with 
Candida albicans ATCC10231. However, this 
strain also revealed the possibility to use 
NaNO3. On L-asperagine medium 
Metschnikowia sp. CPM1 and SG1 strains 
revealed moderate color change around the 
colony within the first 24 h of incubation 
(Figure 1), but after two days of incubation the 
colored halos decreased their width and color 
intensity. According to this colorimetric assay, 
CPM1 and SG1 strains were not able to use 
glutamine, urea or NaNO3. Candida 
parapsilosis CSB 604 produced only L-
asparaginase, after 2 days of incubation. 

 
Figure 1. Yeasts strains on CDM media containing L-

asparagine (left), glutamine (center), or NaNO3 (left) and 
bromothymol blue as pH indicator dye  

(after 24 h of incubation at 28°C) 
 
Among tested streptomycetes, only P1S7 and 
Strepto SS16 strains revealed L-asparaginase 
production. However, a weak color change was 
seen also on glutamine supplemented ISP5 
medium after 48 h of incubation (Figure 2). 

 

 
Figure 2. Streptomycete strains on ISP5 media 

supplemented with phenol red as pH indicator dye  
(after 48 h incubation at 28°C) 

 
Best results regarding L-asparaginase 
production were obtained with rhizobacterial 
and endophytic bacterial strains (Figure 3). 
 

  
Figure 3. Rhizobacteria and endophytic bacterial strains 

on M9 media with L-asparagine and phenol red  
(after 48 h of incubation at 28°C) 

 
Considering the results obtained from the 
qualitative tests, only strains revealing L-
asparaginase production, free of urease and 
glutaminase, were selected. Some exceptions 
were made for a few strains that revealed a 
weak, pale color change after 48 h to 72 h of 
incubation on glutamine, urea or ammonia 
nitrate. As a result, in the following 
quantitative evaluation of the enzymatic 
activity, only ten strains were selected.  
For enzymatic quantification of L-
asparaginase, glutaminase and urease activity 
the selected strains were: two yeasts (C. 
albicans ATCC10231 and C. parapsilosis 
CSB604), two streptomycetes (P1S7 and 
Strepto SS16), four rhizobacteria (Bacillus spp. 
B5, B6, OS15, BPA), and two endophytes (LT 
MYM1 and LFF MYM1).   

Quantitative evaluation of L-asparaginase 
activity 
Quantitative evaluation of L-asparaginase 
activity after 7 day of microbial incubation on 
0.5% L-asparagine containing media revealed 
that Bacillus sp. OS15 culture contained the 
highest amount of this enzyme (0.423 U/ml). 
No significant differences were seen among 
BPA, LT MYM1 and B6 strains regarding L-
asparaginase activity, after one week of growth. 
For these, the amount of enzyme was between 
0.399 U/ml (in B6) and 0.408 U/ml (in BPA).  
Compared to the L-asparaginase producing 
bacteria, tested yeasts released significant 
lower amounts of this enzyme. In 7 days old 
cultures of C. parapsilosis CSB604 we 
detected 198 U/ml, and in C. albicans 
ATCC10231 only 0.039 U/ml. 
No detectable L-asparaginase was detected 
after one week in the culture supernatant of 
Streptomyces spp. P1S7 and Strepto SS16. 
Regarding glutaminase and urease activity, the 
amount of these enzymes in 7 days old culture 
supernatant was too low to be detected. 
Considering the above, dynamic estimation of 
L-asparaginase activity was performed only for 
the rhizobacteria and edophyte bacterial strains. 
The enzyme production was quantified after 24 
h and 72 h of microbial incubation and the 
results were compared with the previous test 
performed on 7 days old cultures. Results 
showed that not all tested strains were able to 
produce L-asparaginase in the first 24 h of 
growth. Similar aspects were also revealed by 
Chergui et al., which revealed that in 
Actinomycete CA01 culture the production of 
the enzyme started from second day of 
microbial incubation and increased ex-
ponentially until 6th day, at 1.73 IU/ml 
(Chergui et al., 2018). According to the same 
authors, after six day of culturing, L-
asparaginase production significantly 
decreases. This aspect was also confirmed by 
our studies, as the amount of enzyme after 7 
days was significantly decreased compared to 
the 3rd day (Table 3). 
The enzymatic activity after three days of 
microbial growth showed that B. subtilis B5 
produced the highest amount of L-asparaginase 
compared to the other tested strains (1.305 
U/ml). 
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Selection of L-asparaginase producing 
microorganisms  
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tested microorganisms are enzyme producers, 
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in the substrate. When using phenol red culture 
media, the enzyme producing strains change 
the pH of the medium, turning the color from 
yellow to bright pink. When using 
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producing strains modify the color from yellow 
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based on color change, color intensity and halo 
diameter around microbial growth (Table 2). 
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CPM1 ++ to + – – – 
SG1 ++ to + – – – 
P1S7 ++ + – + 
P2S10 – – – – 
Strepto SS16 ++ + – – 
C11 +++ +++ ++ ++ 
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OS15 +++ ± – + 
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Among the tested yeasts, best results regarding 
L-asparaginase production were obtained with 
Candida albicans ATCC10231. However, this 
strain also revealed the possibility to use 
NaNO3. On L-asperagine medium 
Metschnikowia sp. CPM1 and SG1 strains 
revealed moderate color change around the 
colony within the first 24 h of incubation 
(Figure 1), but after two days of incubation the 
colored halos decreased their width and color 
intensity. According to this colorimetric assay, 
CPM1 and SG1 strains were not able to use 
glutamine, urea or NaNO3. Candida 
parapsilosis CSB 604 produced only L-
asparaginase, after 2 days of incubation. 
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Among tested streptomycetes, only P1S7 and 
Strepto SS16 strains revealed L-asparaginase 
production. However, a weak color change was 
seen also on glutamine supplemented ISP5 
medium after 48 h of incubation (Figure 2). 
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production were obtained with rhizobacterial 
and endophytic bacterial strains (Figure 3). 
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on M9 media with L-asparagine and phenol red  
(after 48 h of incubation at 28°C) 

 
Considering the results obtained from the 
qualitative tests, only strains revealing L-
asparaginase production, free of urease and 
glutaminase, were selected. Some exceptions 
were made for a few strains that revealed a 
weak, pale color change after 48 h to 72 h of 
incubation on glutamine, urea or ammonia 
nitrate. As a result, in the following 
quantitative evaluation of the enzymatic 
activity, only ten strains were selected.  
For enzymatic quantification of L-
asparaginase, glutaminase and urease activity 
the selected strains were: two yeasts (C. 
albicans ATCC10231 and C. parapsilosis 
CSB604), two streptomycetes (P1S7 and 
Strepto SS16), four rhizobacteria (Bacillus spp. 
B5, B6, OS15, BPA), and two endophytes (LT 
MYM1 and LFF MYM1).   

Quantitative evaluation of L-asparaginase 
activity 
Quantitative evaluation of L-asparaginase 
activity after 7 day of microbial incubation on 
0.5% L-asparagine containing media revealed 
that Bacillus sp. OS15 culture contained the 
highest amount of this enzyme (0.423 U/ml). 
No significant differences were seen among 
BPA, LT MYM1 and B6 strains regarding L-
asparaginase activity, after one week of growth. 
For these, the amount of enzyme was between 
0.399 U/ml (in B6) and 0.408 U/ml (in BPA).  
Compared to the L-asparaginase producing 
bacteria, tested yeasts released significant 
lower amounts of this enzyme. In 7 days old 
cultures of C. parapsilosis CSB604 we 
detected 198 U/ml, and in C. albicans 
ATCC10231 only 0.039 U/ml. 
No detectable L-asparaginase was detected 
after one week in the culture supernatant of 
Streptomyces spp. P1S7 and Strepto SS16. 
Regarding glutaminase and urease activity, the 
amount of these enzymes in 7 days old culture 
supernatant was too low to be detected. 
Considering the above, dynamic estimation of 
L-asparaginase activity was performed only for 
the rhizobacteria and edophyte bacterial strains. 
The enzyme production was quantified after 24 
h and 72 h of microbial incubation and the 
results were compared with the previous test 
performed on 7 days old cultures. Results 
showed that not all tested strains were able to 
produce L-asparaginase in the first 24 h of 
growth. Similar aspects were also revealed by 
Chergui et al., which revealed that in 
Actinomycete CA01 culture the production of 
the enzyme started from second day of 
microbial incubation and increased ex-
ponentially until 6th day, at 1.73 IU/ml 
(Chergui et al., 2018). According to the same 
authors, after six day of culturing, L-
asparaginase production significantly 
decreases. This aspect was also confirmed by 
our studies, as the amount of enzyme after 7 
days was significantly decreased compared to 
the 3rd day (Table 3). 
The enzymatic activity after three days of 
microbial growth showed that B. subtilis B5 
produced the highest amount of L-asparaginase 
compared to the other tested strains (1.305 
U/ml). 
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Table 3. L-asparaginase activity in various microbial 
cultures 

Microbial 
strain 

L-asparaginase activity (U/ml) 
7 days 24 h 72 h 

ATCC10231 0.039e – – 
CBS604 0.198d – – 
P1S7 N.D. – – 
SS16 N.D. – – 
B5 0.375c N.D. 1.305a 

B6 0.399b 0.042b 1.059c 

OS15 0.423a N.D. 1.053c 

BPA 0.408b 0.013c 1.151b 

LT MYM1 0.405b 0.047b 0.878d 

LFF MYM1 0.381c 0.107a 0.948d 

Legend: N.D. the enzyme activity was to low to be determined;  
– not tested.  
Note: the values followed by the same letter are not 
significantly different.  
 
Among the studied microorganisms best results 
were obtained with Bacillus spp. rhizobacteria. 
In order to reveal the appropriate incubation 
time and other growth parameters of B. subtilis 
B5 and Bacillus sp. OS15 strains to optimize L-
asparaginase production advanced studies 
should be performed.  
Studies performed on Bacillus species 
producing L-asparaginase revealed they are 
able to produce both intracellular type I and 
extracellular type II bacterial L-asparaginases 
(Abdelrazek et al., 2019). Studies performed on 
a wild/natural strain of Bacillus licheniformis 
revealed a maximum L-asparaginase activity at 
40°C, pH 8.6, on 40 mM L-asparagine, in the 
presence of  10 mM ZnSO4. 
 
CONCLUSIONS 
 
Qualitative screening methods are highly 
valuable when selecting enzyme producing 
microorganisms. By using L-asparagine, 
glutamine, urea and ammonium nitrate as 
single nitrogen sources we were able to 
differentiate the microbial strains producing 
only L-asparaginase.  
Quantitative analysis performed on ten selected 
strains of rhizobacteria, bacterial endophytes, 
streoptomycetes and yeasts revealed that 
Bacilus spp. strains are higher producers of  
L-asparaginase.   
B. subtilis B5 revealed an L-asparaginase 
activity of 1.305 U/ml when grown for three 
days on M9 synthetic media with 0.5%  
L-asparagine.  
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Table 3. L-asparaginase activity in various microbial 
cultures 

Microbial 
strain 

L-asparaginase activity (U/ml) 
7 days 24 h 72 h 

ATCC10231 0.039e – – 
CBS604 0.198d – – 
P1S7 N.D. – – 
SS16 N.D. – – 
B5 0.375c N.D. 1.305a 

B6 0.399b 0.042b 1.059c 

OS15 0.423a N.D. 1.053c 

BPA 0.408b 0.013c 1.151b 

LT MYM1 0.405b 0.047b 0.878d 

LFF MYM1 0.381c 0.107a 0.948d 

Legend: N.D. the enzyme activity was to low to be determined;  
– not tested.  
Note: the values followed by the same letter are not 
significantly different.  
 
Among the studied microorganisms best results 
were obtained with Bacillus spp. rhizobacteria. 
In order to reveal the appropriate incubation 
time and other growth parameters of B. subtilis 
B5 and Bacillus sp. OS15 strains to optimize L-
asparaginase production advanced studies 
should be performed.  
Studies performed on Bacillus species 
producing L-asparaginase revealed they are 
able to produce both intracellular type I and 
extracellular type II bacterial L-asparaginases 
(Abdelrazek et al., 2019). Studies performed on 
a wild/natural strain of Bacillus licheniformis 
revealed a maximum L-asparaginase activity at 
40°C, pH 8.6, on 40 mM L-asparagine, in the 
presence of  10 mM ZnSO4. 
 
CONCLUSIONS 
 
Qualitative screening methods are highly 
valuable when selecting enzyme producing 
microorganisms. By using L-asparagine, 
glutamine, urea and ammonium nitrate as 
single nitrogen sources we were able to 
differentiate the microbial strains producing 
only L-asparaginase.  
Quantitative analysis performed on ten selected 
strains of rhizobacteria, bacterial endophytes, 
streoptomycetes and yeasts revealed that 
Bacilus spp. strains are higher producers of  
L-asparaginase.   
B. subtilis B5 revealed an L-asparaginase 
activity of 1.305 U/ml when grown for three 
days on M9 synthetic media with 0.5%  
L-asparagine.  
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Abstract  
 
Pollen, the male gametophyte of higher plants, represents an extremely interesting, and peculiar, experimental system 
for the study of diverse aspects of plant biology, apart from the - obvious - research on gametophytic development in 
itself. For example, cell cycle progression, as the formation of mature pollen from the microspore mother cells consists 
in a series of specific, often synchronous cell divisions: meiosis, the asymmetric microspore mitosis and the division of 
the generative pollen cell. Also, for the study of the interactions between the gametophyte and the sporophyte during 
pollen development, the formation of the - unusual - pollen wall or intracellular transport processes during pollen tube 
growth. Instead of dedifferentiating and forming a callus, as normally happens with any isolated plant cell, microspores 
isolated from the anthers can continue in vitro their normal developmental programme, giving rise to mature, 
functional pollen. However, triggered by specific stress treatments, microspores and immature pollen grains can switch 
towards sporophytic development with the formation of (haploid) embryos and plants. These and other unique 
characteristics of the pollen system will be discussed in this review. 
 
Key words: cell cycle, gametophytic development, microspore embryogenesis, pollen tube, pollen wall. 
 
INTRODUCTION: DEVELOPMENT  
OF THE MALE GAMETOPHYTE IN 
HIGHER PLANTS 
 
Sexual plant reproduction success relies on the 
synchronised production of viable male and 
female gametic cells. Pollen, the male 
gametophyte of higher plants, carries the 
genetic information of the male parent and 
brings it to the female gametophyte, the 
embryo sac, to achieve fertilisation (Ma and 
Sundaresan, 2010). Pollen represents the (male) 
gametophytic generation in the life cycle of 
angiosperms, which has been extremely 
reduced during evolution, in relation to the 
sporophytic generation. The ‘life span’ of the 
male gametophyte, from the sporophytic 
precursors to mature pollen is, generally, very 
short, of only a few days. Moreover, mature 
pollen is, apparently, a very simple structure, 
with only two or three cells, depending on the 
species. Male gametophytes in angiosperms are 
formed within the anthers - the male sexual 
organs - passing through two sequential 
processes, microsporogenesis and 
microgametogenesis. Each diploid precursor, a 
microsporocyte or pollen mother cell, gives rise 

to four haploid, immature microspores through 
meiosis, a highly synchronised process, which 
represents the transition from the sporophytic 
to the gametophytic generation and the 
beginning of microsporogenesis. Initially, after 
the two meiotic divisions, the four microspores 
are kept together, in a structure called tetrad, by 
a callose external layer. Upon digestion by 
callase, an enzyme secreted by the tapetum - 
the anther wall tissue surrounding the anther 
locus - the microspores are released from the 
tetrads. Microspore maturation involves an 
increase in size, several cytological changes, 
acquisition of an ellipsoidal shape and the 
formation of a big vacuole pushing the nucleus 
to one of the cell poles. Microgametogenesis is 
initiated by the division of the mature, 
uninucleate microspore, through an asymmetric 
mitosis (pollen mitosis I, PMI), the result of 
which is a peculiar bicellular structure, with the 
generative cell included in the cytoplasm of the 
larger vegetative cell. Immature bicellular 
pollen will suffer further cytological and 
metabolic changes, such as amylogenesis, 
amylolysis or carbohydrate interconversion, 
giving rise to the mature gametophyte (Clément 
and Pacini, 2001; Hafidh et al., 2016; Carrizo-

 
García et al., 2017; Liu and Wang, 2021). 
Figure 1 shows some of these developmental 
stages during maturation of tobacco pollen. The 
last phase of pollen development in the anther, 
just before anthesis, involves a strong 
dehydration of the pollen grain and its 
developmental arrest (Pacini and Dolferus, 
2019), necessary for pollen to survive as a 
‘free-living’ organism - a unique example for a 
plant cell - until landing on the stigma. The 
generative cell must undergo a second, 
symmetrical mitosis (pollen mitosis II, PMII) 
to generate the two sperm cells (the male 
gametes). PMII can occur either during pollen 
maturation in the anther, in plant species with 
tricellular pollen, or within the pollen tube 
during germination through the style, in 
bicellular pollen species. 
Interestingly, the highly regulated process of in 
vivo pollen development can be mimic in in 
vitro culture systems - at least in the model 
tobacco (Benito Moreno et al., 1988) and some 
other species. Uninucleate microspores isolated 
from the anthers after they are released from 
the tetrads, can continue in vitro their normal 
developmental programme in a simple culture 
medium, giving rise to mature, functional 
pollen grains. However, specific stress treat-
ments applied to the same isolated microspores 
(or to immature bicellular pollen grains) arrest 
normal gametophytic development and activate 
an alternative sporophytic programme, indu-
cing the formation of ‘embryogenic pollen’, 
from which haploid embryos and plants can be 
generated. This process, known as andro-
genesis, is highly interesting, both for basic 
studies on cell differentiation and for the 
generation of homozygous double haploid lines 
for plant breeding programmes (Touraev et al., 
1996a; Testillano, 2019).  
These and other specific characteristics make 
pollen unique amongst plant cells, and an 
extremely interesting experimental system for 
the study of diverse aspects of plant biology. 
First, obviously, research on gametophytic 
development in itself, and the interactions 
between the gametophyte and the sporophyte 
during pollen development in vivo. But also, on 
cell cycle progression, the effects of stress on 
cell differentiation and specific developmental 
processes, intracellular transport during 
formation of the (amazing) pollen tube, or the 

(also unique) structure of the pollen wall. Some 
examples of the use of microspores or pollen as 
a research tool and relevant advances in the 
areas mentioned above, are briefly described in 
the following sections. 
  

 
Figure 1. Pollen development in tobacco. Microspores 
and pollen, at different developmental stages, observed 

under the light microscope (A, C, E, F) or the 
fluorescence microscope after staining with DAPI (B, 

D). Late uninucleate microspores (A, B); in B, observe, 
in most cells, the nucleus, with condensed chromatin, in 
one of the poles of the ellipsoidal-shaped microspore. 
Mid-bicellular pollen (C, D); in D, observe the highly 

condensed generative nucleus within the vegetative cell. 
Mature pollen (E). Pollen germinating in a standard in 

vitro germination medium (F). (A. Touraev, E. Heberle-
Bors, O. Vicente, original images) 

 
CELL CYCLE REGULATION 
 
A cell cycle comprises the period from the 
generation of a new cell, to completing its 
division with formation of the two daughter 
cells; it is divided into four successive major 
phases, named Gap 1 (G1), Synthesis (S), Gap 
2 (G2), and cell division (M) (Inzé and De 
Veylder, 2006). Depending on the final cells 
produced, specifically on its DNA content, two 
types of cell divisions are considered. First, a 
meiotic or reductional division, which 
generates as the final product daughter cells 
with half DNA content and is limited to 
gametes production. Second, a mitotic division, 
in which both daughter cells have the same 
DNA content as the mother cell. Moreover, a 
mitotic division can be symmetric, generating 
two identical cells, or asymmetric, producing 
two daughter cells of different size and, 
generally, different structural features, gene 
expression patterns and - most important - 
different developmental fates. An asymmetric 
division often represents the initiation of a cell 
differentiation process (De Smet and 
Beeckman, 2011). 
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organs - passing through two sequential 
processes, microsporogenesis and 
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just before anthesis, involves a strong 
dehydration of the pollen grain and its 
developmental arrest (Pacini and Dolferus, 
2019), necessary for pollen to survive as a 
‘free-living’ organism - a unique example for a 
plant cell - until landing on the stigma. The 
generative cell must undergo a second, 
symmetrical mitosis (pollen mitosis II, PMII) 
to generate the two sperm cells (the male 
gametes). PMII can occur either during pollen 
maturation in the anther, in plant species with 
tricellular pollen, or within the pollen tube 
during germination through the style, in 
bicellular pollen species. 
Interestingly, the highly regulated process of in 
vivo pollen development can be mimic in in 
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ments applied to the same isolated microspores 
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normal gametophytic development and activate 
an alternative sporophytic programme, indu-
cing the formation of ‘embryogenic pollen’, 
from which haploid embryos and plants can be 
generated. This process, known as andro-
genesis, is highly interesting, both for basic 
studies on cell differentiation and for the 
generation of homozygous double haploid lines 
for plant breeding programmes (Touraev et al., 
1996a; Testillano, 2019).  
These and other specific characteristics make 
pollen unique amongst plant cells, and an 
extremely interesting experimental system for 
the study of diverse aspects of plant biology. 
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development in itself, and the interactions 
between the gametophyte and the sporophyte 
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Figure 1. Pollen development in tobacco. Microspores 
and pollen, at different developmental stages, observed 

under the light microscope (A, C, E, F) or the 
fluorescence microscope after staining with DAPI (B, 

D). Late uninucleate microspores (A, B); in B, observe, 
in most cells, the nucleus, with condensed chromatin, in 
one of the poles of the ellipsoidal-shaped microspore. 
Mid-bicellular pollen (C, D); in D, observe the highly 

condensed generative nucleus within the vegetative cell. 
Mature pollen (E). Pollen germinating in a standard in 

vitro germination medium (F). (A. Touraev, E. Heberle-
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CELL CYCLE REGULATION 
 
A cell cycle comprises the period from the 
generation of a new cell, to completing its 
division with formation of the two daughter 
cells; it is divided into four successive major 
phases, named Gap 1 (G1), Synthesis (S), Gap 
2 (G2), and cell division (M) (Inzé and De 
Veylder, 2006). Depending on the final cells 
produced, specifically on its DNA content, two 
types of cell divisions are considered. First, a 
meiotic or reductional division, which 
generates as the final product daughter cells 
with half DNA content and is limited to 
gametes production. Second, a mitotic division, 
in which both daughter cells have the same 
DNA content as the mother cell. Moreover, a 
mitotic division can be symmetric, generating 
two identical cells, or asymmetric, producing 
two daughter cells of different size and, 
generally, different structural features, gene 
expression patterns and - most important - 
different developmental fates. An asymmetric 
division often represents the initiation of a cell 
differentiation process (De Smet and 
Beeckman, 2011). 
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Along pollen development, all types of cell 
division mentioned above take place in a 
sequential manner. The two meiotic divisions 
of a microspore mother cell produce four 
haploid microspores, in the G1 phase of the cell 
cycle. During microspore maturation, DNA 
replication takes place (S phase), so that the 
mature vacuolated microspore is in the G2 
phase, ready to undergo PMI, the asymmetric 
mitotic division that generates (immature) 
bicellular pollen. As mentioned above, 
bicellular pollen has the peculiar structure of ‘a 
cell (generative)-within-a cell (vegetative)’. 
Immediately after mitosis, the generative cell 
enters S-phase, replicating its DNA, and 
remains in the G2-phase until PMII. The 
vegetative cell, on the other hand, does not 
proceed through a new cell cycle and is 
arrested in G1 (G0 state) (Zarsky et al., 1992). 
Microspores constitute an ideal experimental 
system to study the effect of mutations on cell 
cycle progression, as they represent a single 
cell lineage and because of its haploid nature 
(Li et al., 2015). In fact, several genes specific 
for gametophytic developmental processes and 
affecting both, meiosis and mitosis, have been 
characterised, mostly in the model species 
Arabidopsis thaliana. For example, Solo 
Dancers (SDS) encodes a meiotic-specific 
cyclin that interacts with cyclin-dependent 
kinases (CDKs); in Arabidopsis, mutation of 
this gene causes random chromosome 
distribution and leads to abnormal meiotic 
products (Azumi et al., 2002). A more 
complete description of the control of cell cycle 
progression during meiosis, based on CDK 
activities, can be found in Cromer et al. (2012).  
Cell cycle regulation during gametogenesis is 
also essential to finally produce functional 
gametes. DUO POLLEN 1 (DUO1) and DUO2 
play sequential regulatory roles during mitosis 
of the generative cell (PMII); duo1 mutants fail 
to enter mitosis at the G2/M transition, whereas 
duo2 mutants enter pollen mitosis II, but are 
arrested at prometaphase (Durbarry et al., 
2005). Later-on, the conserved protein DUO3 
was shown to be involved in the control of cell 
cycle progression, and its role was independent 
of the G2/M regulator CYCB1;1 (Brownfield et 
al., 2009). Also, E3-mediated ubiquitination of 
repressors are important checkpoints for cell 
cycle progression (Inzé and De Veylder, 2006). 

Specifically, during gametogenesis the E3 
ubiquitin ligase RHF1a interacts and targets for 
degradation the cyclin-dependent kinase 
inhibitor ICK/KRP6; inhibition of this process 
in rhf1a rhf2a double mutants causes 
microspore arrest in interphase (Liu et al., 
2008). Similarly, loss of function of the F-box 
protein FBL17 blocks progression through 
PMII, the mitosis of the generative cells, so that 
the two sperm cells are not formed (Gusti et al., 
2009). Finally, the APD2 protein has shown E3 
ligase activity in vitro and, in a redundant way 
to its related proteins APD1, APD3 and APD4, 
is critical for the progression of PMII during 
male gametophyte development (Luo et al., 
2012).   
The study of both, male and female 
gametophyte development has largely 
contributed to elucidate the molecular machi-
nery of epigenetic regulation during cell cycle 
progression. Transcriptomic analysis of 
meiocytes showed that enzymes related to 
DNA methylation, chromatin modification and 
small non-coding RNAs are differentially 
expressed during gametogenesis, suggesting the 
involvement of these mechanisms in the 
regulation of both, meiotic and post-meiotic 
gametophytic development (Chen et al., 2010; 
Schmidt et al., 2011). Many later reports have 
confirmed and extended these early studies (see 
Ashapkin et al., 2019, for a recent review).  
 
IN VITRO MICROSPORE MATURATION 
 
Any isolated plant cell, when cultured in vitro, 
dedifferentiate forming a callus. Microspores 
represent a remarkable exception to this general 
behaviour. Microspores, isolated from the 
anthers after release from the tetrads, at the 
mid-uninucleate or later developmental stages 
(including immature bicellular pollen), can 
continue in vitro their normal gametophytic 
developmental programme under specific 
experimental conditions, giving rise to mature, 
functional pollen grains. Efficient in vitro 
microspore maturation systems have been 
established in a few plant species such as 
tobacco, Antirrhinum majus, or canola (Benito 
Moreno et al., 1988; Barinova et al., 2002; 
Sheoran et al., 2009). 
In tobacco, isolated microspores mature in vitro 
by incubation at 25C in a simple liquid 

 
medium containing mineral salts, sucrose as a 
carbon source, and metabolic precursors: amino 
acids (as a protein hydrolysate) and nucleosides 
(Benito Moreno et al., 1988; Tupy et al., 1991), 
but without the addition of phytohormones, 
protein factors or other components. Pollen 
development in vivo is completely dependent 
on the sporophytic tissues of the anther, 
specifically on the tapetum. However, from the 
mid-uninucleate stage onwards, the essential 
function of the tapetum appears to be providing 
energy, nutrients and metabolic precursors to 
the developing microspores and pollen, even 
though other tapetum-derived compounds may 
enhance the gametophytic function of the 
mature pollen. Otherwise, the pollen 
developmental programme, once microspores 
are individual cells within the anther locus, 
seems to be independent of the sporophyte. 
This might be also the reason why maturation 
of isolated microspores is feasible in in vitro 
cultures.  
The in vitro maturation cultures are useful for 
the study of male gametophytic development 
without interference of the anther tissues, and 
the interactions between the gametophyte and 
the sporophyte during this process (see below).  
 
INTERACTIONS BETWEEN  
THE GAMETOPHYTE AND  
THE SPOROPHYTE DURING POLLEN 
DEVELOPMENT 
 
The gametophytic generation in angiosperms 
can be considered, in a way, as an 
endosymbiont of the sporophyte: haploid cells 
that develop within a diploid organism, with a 
short period as independent individuals (in the 
case of the male gametophyte) upon their 
release from the anther at anthesis (Hafidh et 
al., 2016). During gametophytic development, 
microspores are surrounded by the sporophytic 
tapetum tissue, which plays several essential 
roles in this process: i) contributes to 
microspore release from the tetrads, secreting 
callase, ii) provides energy and nutrients to the 
developing microspores, and iii) tapetum 
degradation actively participates in pollen cell 
wall formation and sporopollenin deposition on 
the exine (Mariani et al., 1990; Pacini et al., 
1985; Scott et al., 2004). The relevant function 

of the tapetum on pollen development is 
supported by the fact that plants with disrupted 
tapetum result in nuclear male sterility (Mariani 
et al., 1990), and the analysis of male sterile 
mutants affected on meiosis revealed that, in 
some cases, the activity of the tapetum was 
altered (McCormick, 2004; Scott et al., 2004). 
At the initiation of microsporogenesis, callose 
surrounds pollen mother cells and isolates them 
from the anther tissues, which is a critical 
mechanism to achieve meiosis. The 
accumulation of callose continues throughout 
meiosis, and once microspores are completely 
developed, callose is degraded and microspores 
are individually released into the pollen sac 
(Wang et al., 2020; Wan et al., 2011). Both, the 
biosynthesis and degradation of callose during 
microsporogenesis is controlled by the 
sporophyte at the tapetum level (Ünal et al., 
2013).  
Interaction between the sporophyte and the 
gametophyte is also evident in more advanced 
developmental steps, during gametogenesis. 
Formation of the outer pollen layer, the exine, 
and sporopollenin deposition, for instance, are 
controlled by the sporophytic tissue (Paxson-
Sowders et al., 2001; Li et al., 2017; Suzuky et 
al., 2017). The pollen wall, therefore, includes 
material directly derived from the tapetum 
(Blackmore et al., 2007). Moreover, the 
tapetum provides developing microspores 
compounds of different nature, such as pectins, 
proteins or lipid bodies, which may contribute 
to stimulate pollen development (Loubert-
Hudon et al., 2020). Also, some secondary 
metabolites, such as flavonoids, are synthesised 
in the anther and accumulate in the mature 
pollen wall, enhancing pollen development and 
pollen function by different mechanisms 
(Ylstra et al., 1992; van Eldik et al., 1997; 
Thomson et al., 2010; Li et al., 2012; Ning et 
al., 2018; Zhang et al., 2020). 
However, as discussed above, isolated 
microspores of different species can develop 
under specific in vitro conditions to form 
functional mature pollen. This indicates that, 
after microspore release from the tetrads, the 
tapetum is somehow dispensable, as far a 
source of energy, nutrients, and metabolic 
precursors, provided in vivo by the anther, are 
included in the culture medium. 
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Along pollen development, all types of cell 
division mentioned above take place in a 
sequential manner. The two meiotic divisions 
of a microspore mother cell produce four 
haploid microspores, in the G1 phase of the cell 
cycle. During microspore maturation, DNA 
replication takes place (S phase), so that the 
mature vacuolated microspore is in the G2 
phase, ready to undergo PMI, the asymmetric 
mitotic division that generates (immature) 
bicellular pollen. As mentioned above, 
bicellular pollen has the peculiar structure of ‘a 
cell (generative)-within-a cell (vegetative)’. 
Immediately after mitosis, the generative cell 
enters S-phase, replicating its DNA, and 
remains in the G2-phase until PMII. The 
vegetative cell, on the other hand, does not 
proceed through a new cell cycle and is 
arrested in G1 (G0 state) (Zarsky et al., 1992). 
Microspores constitute an ideal experimental 
system to study the effect of mutations on cell 
cycle progression, as they represent a single 
cell lineage and because of its haploid nature 
(Li et al., 2015). In fact, several genes specific 
for gametophytic developmental processes and 
affecting both, meiosis and mitosis, have been 
characterised, mostly in the model species 
Arabidopsis thaliana. For example, Solo 
Dancers (SDS) encodes a meiotic-specific 
cyclin that interacts with cyclin-dependent 
kinases (CDKs); in Arabidopsis, mutation of 
this gene causes random chromosome 
distribution and leads to abnormal meiotic 
products (Azumi et al., 2002). A more 
complete description of the control of cell cycle 
progression during meiosis, based on CDK 
activities, can be found in Cromer et al. (2012).  
Cell cycle regulation during gametogenesis is 
also essential to finally produce functional 
gametes. DUO POLLEN 1 (DUO1) and DUO2 
play sequential regulatory roles during mitosis 
of the generative cell (PMII); duo1 mutants fail 
to enter mitosis at the G2/M transition, whereas 
duo2 mutants enter pollen mitosis II, but are 
arrested at prometaphase (Durbarry et al., 
2005). Later-on, the conserved protein DUO3 
was shown to be involved in the control of cell 
cycle progression, and its role was independent 
of the G2/M regulator CYCB1;1 (Brownfield et 
al., 2009). Also, E3-mediated ubiquitination of 
repressors are important checkpoints for cell 
cycle progression (Inzé and De Veylder, 2006). 

Specifically, during gametogenesis the E3 
ubiquitin ligase RHF1a interacts and targets for 
degradation the cyclin-dependent kinase 
inhibitor ICK/KRP6; inhibition of this process 
in rhf1a rhf2a double mutants causes 
microspore arrest in interphase (Liu et al., 
2008). Similarly, loss of function of the F-box 
protein FBL17 blocks progression through 
PMII, the mitosis of the generative cells, so that 
the two sperm cells are not formed (Gusti et al., 
2009). Finally, the APD2 protein has shown E3 
ligase activity in vitro and, in a redundant way 
to its related proteins APD1, APD3 and APD4, 
is critical for the progression of PMII during 
male gametophyte development (Luo et al., 
2012).   
The study of both, male and female 
gametophyte development has largely 
contributed to elucidate the molecular machi-
nery of epigenetic regulation during cell cycle 
progression. Transcriptomic analysis of 
meiocytes showed that enzymes related to 
DNA methylation, chromatin modification and 
small non-coding RNAs are differentially 
expressed during gametogenesis, suggesting the 
involvement of these mechanisms in the 
regulation of both, meiotic and post-meiotic 
gametophytic development (Chen et al., 2010; 
Schmidt et al., 2011). Many later reports have 
confirmed and extended these early studies (see 
Ashapkin et al., 2019, for a recent review).  
 
IN VITRO MICROSPORE MATURATION 
 
Any isolated plant cell, when cultured in vitro, 
dedifferentiate forming a callus. Microspores 
represent a remarkable exception to this general 
behaviour. Microspores, isolated from the 
anthers after release from the tetrads, at the 
mid-uninucleate or later developmental stages 
(including immature bicellular pollen), can 
continue in vitro their normal gametophytic 
developmental programme under specific 
experimental conditions, giving rise to mature, 
functional pollen grains. Efficient in vitro 
microspore maturation systems have been 
established in a few plant species such as 
tobacco, Antirrhinum majus, or canola (Benito 
Moreno et al., 1988; Barinova et al., 2002; 
Sheoran et al., 2009). 
In tobacco, isolated microspores mature in vitro 
by incubation at 25C in a simple liquid 

 
medium containing mineral salts, sucrose as a 
carbon source, and metabolic precursors: amino 
acids (as a protein hydrolysate) and nucleosides 
(Benito Moreno et al., 1988; Tupy et al., 1991), 
but without the addition of phytohormones, 
protein factors or other components. Pollen 
development in vivo is completely dependent 
on the sporophytic tissues of the anther, 
specifically on the tapetum. However, from the 
mid-uninucleate stage onwards, the essential 
function of the tapetum appears to be providing 
energy, nutrients and metabolic precursors to 
the developing microspores and pollen, even 
though other tapetum-derived compounds may 
enhance the gametophytic function of the 
mature pollen. Otherwise, the pollen 
developmental programme, once microspores 
are individual cells within the anther locus, 
seems to be independent of the sporophyte. 
This might be also the reason why maturation 
of isolated microspores is feasible in in vitro 
cultures.  
The in vitro maturation cultures are useful for 
the study of male gametophytic development 
without interference of the anther tissues, and 
the interactions between the gametophyte and 
the sporophyte during this process (see below).  
 
INTERACTIONS BETWEEN  
THE GAMETOPHYTE AND  
THE SPOROPHYTE DURING POLLEN 
DEVELOPMENT 
 
The gametophytic generation in angiosperms 
can be considered, in a way, as an 
endosymbiont of the sporophyte: haploid cells 
that develop within a diploid organism, with a 
short period as independent individuals (in the 
case of the male gametophyte) upon their 
release from the anther at anthesis (Hafidh et 
al., 2016). During gametophytic development, 
microspores are surrounded by the sporophytic 
tapetum tissue, which plays several essential 
roles in this process: i) contributes to 
microspore release from the tetrads, secreting 
callase, ii) provides energy and nutrients to the 
developing microspores, and iii) tapetum 
degradation actively participates in pollen cell 
wall formation and sporopollenin deposition on 
the exine (Mariani et al., 1990; Pacini et al., 
1985; Scott et al., 2004). The relevant function 

of the tapetum on pollen development is 
supported by the fact that plants with disrupted 
tapetum result in nuclear male sterility (Mariani 
et al., 1990), and the analysis of male sterile 
mutants affected on meiosis revealed that, in 
some cases, the activity of the tapetum was 
altered (McCormick, 2004; Scott et al., 2004). 
At the initiation of microsporogenesis, callose 
surrounds pollen mother cells and isolates them 
from the anther tissues, which is a critical 
mechanism to achieve meiosis. The 
accumulation of callose continues throughout 
meiosis, and once microspores are completely 
developed, callose is degraded and microspores 
are individually released into the pollen sac 
(Wang et al., 2020; Wan et al., 2011). Both, the 
biosynthesis and degradation of callose during 
microsporogenesis is controlled by the 
sporophyte at the tapetum level (Ünal et al., 
2013).  
Interaction between the sporophyte and the 
gametophyte is also evident in more advanced 
developmental steps, during gametogenesis. 
Formation of the outer pollen layer, the exine, 
and sporopollenin deposition, for instance, are 
controlled by the sporophytic tissue (Paxson-
Sowders et al., 2001; Li et al., 2017; Suzuky et 
al., 2017). The pollen wall, therefore, includes 
material directly derived from the tapetum 
(Blackmore et al., 2007). Moreover, the 
tapetum provides developing microspores 
compounds of different nature, such as pectins, 
proteins or lipid bodies, which may contribute 
to stimulate pollen development (Loubert-
Hudon et al., 2020). Also, some secondary 
metabolites, such as flavonoids, are synthesised 
in the anther and accumulate in the mature 
pollen wall, enhancing pollen development and 
pollen function by different mechanisms 
(Ylstra et al., 1992; van Eldik et al., 1997; 
Thomson et al., 2010; Li et al., 2012; Ning et 
al., 2018; Zhang et al., 2020). 
However, as discussed above, isolated 
microspores of different species can develop 
under specific in vitro conditions to form 
functional mature pollen. This indicates that, 
after microspore release from the tetrads, the 
tapetum is somehow dispensable, as far a 
source of energy, nutrients, and metabolic 
precursors, provided in vivo by the anther, are 
included in the culture medium. 
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THE POLLEN WALL 
  
Plant cell walls are essential as protecting 
barriers and for maintaining cell shape, but also 
play important roles in cell-to-cell 
communication. In microspores and pollen, cell 
wall composition and characteristics are 
dynamic and change throughout development; 
moreover, they possess some specific features, 
not present in other plant cell walls (Blackmore 
et al., 2007). Immature microspores present a 
cellulose-rich envelope upon callose 
degradation and initiation of programmed cell 
death in the tapetum (Shi et al., 2015a). This 
initial cell wall, or primexine, serves as 
substrate for the deposition of sporopollenin, 
one of the strongest biopolymers found so far 
in nature and, interestingly, present exclusively 
in plant spores and pollen cell walls amongst 
plant cells. Moreover, due to its physical 
characteristics, sporopollenin has applications 
in different areas, such as solid support for 
peptide synthesis, catalysis, and ion-exchange 
chromatography (Mackenzie et al., 2015).  
Mature pollen grains show a multilayered 
envelope referred to as sporoderm. The inner 
layer, or intine, is located just above the plasma 
membrane and has similar composition and 
features as somatic cell walls (Li et al., 1995). 
The outer pollen wall, the exine, is the most 
complex and diverse plant cell wall structure 
reported so far (Blackmore et al., 2007). A 
specific feature of the exine is the presence of 
callose, which is more rapidly metabolised than 
other cell wall polysaccharides such as 
cellulose (Liu and Wang, 2021). Callose 
accumulation in the cell walls seems to play an 
essential regulatory role during the early stages 
of pollen development, around meiosis, when 
callose is an abundant component; in later 
stages, during microgametogenesis, callose is 
replaced by other polysaccharides, such as 
cellulose (Blackmore et al., 2007; Liu and 
Wang, 2021). Mutations affecting callose 
metabolism result in a thin or even absent 
callose-enriched wall (Shi et al., 2015b) that, in 
some cases, can affect proper pollen maturation 
(Li et al., 2020), and therefore, compromise 
male fertility. Finally, mature pollen cells have 
a special lipidic layer called tryphine or pollen 
coat that is disposed in the outer side, filling the 
gaps of the exine (Rejón et al., 2016). The 

pollen coat plays an important role in the 
interactions of pollen with pollinators and the 
stigma.  
 
THE POLLEN TUBE 
 
Once a pollen grain reaches the stigma of the 
pistil, pollen is re-hydrated and a cell-to-cell 
recognition takes place, triggering pollen 
germination and the formation of the pollen 
tube. Its function is to deliver the two sperm 
cells - already present in the mature pollen 
grain before anthesis, or generated by the 
division of the generative cell during pollen 
tube growth within the style - to the female 
gametophyte, the embryo sac, to achieve the 
double fertilisation characteristic of higher 
plants (Leydon et al., 2014). The extraordinary 
nature of the pollen tube becomes evident if we 
consider the average diameter of a pollen grain 
(30-50 µm) and the length of the style, highly 
variable but reaching, in some flowers, more 
than 10 cm. This means that a single cell (the 
vegetative pollen cell) generates in a short time, 
generally only a few hours, a structure that can 
be more than 2000 times longer than the cell 
diameter.  
Pollen tube development and growth 
constitutes an excellent system to study several 
cytological processes, such as vesicle 
trafficking (Ruan et al., 2021), dynamic 
coordination between endocytosis and 
exocytosis (Guo and Yang, 2020), cytoskeleton 
dynamics (Fu, 2015), as well as molecular 
signalling processes that take place specifically 
at the plasma membrane level. The latter 
include those mediated by Ca2+, ion transport 
and pH homeostasis (Michard et al., 2017; Li et 
al., 2021), phospholipids (Vaz Dias et al., 
2019), and ROP-type Rho GTPases activity.  
A very special feature of pollen tube growth is 
its capability to receive and respond very 
quickly to many exogenous signals from the 
female tissue in the pistil. A key point of this 
developmental plasticity is the pollen tube cell 
wall dynamics and composition, which provide 
special features to mediate the communication 
between inner and outer sides of cells (Ringli, 
2010). This communication and developmental 
versatility of the pollen cell wall relies on cell 
surface and/or transmembrane receptors. Upon 
perception of specific stimuli, individual 

 
responses are triggered through MAP kinase-
mediated signalling cascades (Levin, 2005). 
Moreover, pollen tube cell wall has a particular 
chemical composition, consisting on irregularly 
distributed pectins, callose, cellulose, and 
hemicelluloses, amongst others, along its 
surface (Dardelle et al., 2010; Guo and Yang, 
2020). This specific composition determines 
the physical characteristics of the pollen tube, 
and ts final shape in response to external 
physical forces.  
Altogether, the possibility to follow pollen tube 
growth, both in vivo and in in vitro germination 
cultures, and the relatively easy manipulation 
of this process, makes it one of the most 
popular cell model systems to study the 
mechanisms behind polar cell expansion (Guo 
and Yang, 2020). 
 
ANDROGENESIS 
 
The tightly regulated programme of 
gametophytic pollen development can be 
switched in vitro, under specific stress 
conditions, towards a sporophytic pathway, 
producing haploid embryos and plants from 
microspores or immature bicellular pollen, in a 
process known as ‘androgenesis’. This 
possibility is known since the 1960s, through 
the pioneering experiments of Guha and 
Maheshwari (1964) in anther cultures of 
Datura innoxia.  Nowadays, the generation of 
haploid plants through anther culture has been 
established in hundreds of species. There are 
also several efficient in vitro systems of 
androgenesis from isolated microspores or 
immature pollen grains. For example, in 
tobacco (Touraev et al., 1996a) or wheat 
(Touraev et al., 1996b). 
Microspore embryogenesis is a useful 
biotechnological tool to generate in one 
generation homozygous double haploid (DH) 
lines for plant breeding programmes (Foster et 
al., 2007). The embryogenic response depends 
to a large extent on the species, or even the 
specific genotype within a species. Microspores 
isolated form rapeseed (Brassica napus) and 
barley (Hordeum vulgare) are, in general, 
highly embryogenic and are used as model 
species for dicotyledonous (in addition to 
tobacco) and monocotyledonous plants, 
respectively, to better understand the biological 

processes behind androgenesis induction 
(Seguí-Simarro, 2016; Pérez-Pérez et al., 
2019a). Other species, such as tomato 
(Solanum lycopersicum) or Arabidopsis 
thaliana, seem to be recalcitrant to this process. 
However, the absence of successful microspore 
embryogenesis in these species may be due to 
the lack of effective induction protocols 
developed so far. 
On the other hand, the nature of the stress 
treatment applied to activate the sporophytic 
developmental pathway is species-dependent. 
Microspores belonging to different species 
respond to either heat, cold, starvation, changes 
in pH, oxidative stress, osmotic stress, chemical 
treatments or, in some cases, a combination of 
some of the above treatments (Islam and 
Tuteja, 2012). A critical aspect for 
androgenesis, which is common to all species 
tested so far, is the developmental state of 
microspores. The late, vacuolated microspore 
stage seems to be the most appropriate for 
embryogenic induction although, at least in 
tobacco, somewhat younger microspores and 
early bicellular pollen are also competent 
(Touraev et al., 1996c).  Finally, some other 
factors, such as the growing conditions of the 
donor plant or the in vitro culture conditions 
are critical for androgenic success (Testillano, 
2019). 
Beside its biotechnological applications, 
isolated microspore embryogenesis represents 
an excellent system to study the regulation of 
cell reprogramming, cell totipotency and cell 
fate decisions. Furthermore, androgenesis is a 
useful alternative for the study of the process of 
embryogenesis itself, due to the technical 
difficulty to investigate zygotic embryogenesis, 
where the embryos are surrounded and 
protected by maternal tissues and are difficult 
to dissect (Testillano, 2019). Using isolated 
barley microspores, El-Tantawy et al. (2014) 
detected low DNA methylation levels upon 
embryogenic induction, in contrast to the 
hypermethylated DNA observed during normal 
gametophyte development. Accordingly, 
chemical treatments that alter chromatin 
organisation also showed the importance of this 
epigenetic regulation in the transition from the 
gametophytic to the embryogenic pathway in 
microspores isolated from different species (Li 
et al., 2014; Solis et al., 2015; Berenguer et al., 
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THE POLLEN WALL 
  
Plant cell walls are essential as protecting 
barriers and for maintaining cell shape, but also 
play important roles in cell-to-cell 
communication. In microspores and pollen, cell 
wall composition and characteristics are 
dynamic and change throughout development; 
moreover, they possess some specific features, 
not present in other plant cell walls (Blackmore 
et al., 2007). Immature microspores present a 
cellulose-rich envelope upon callose 
degradation and initiation of programmed cell 
death in the tapetum (Shi et al., 2015a). This 
initial cell wall, or primexine, serves as 
substrate for the deposition of sporopollenin, 
one of the strongest biopolymers found so far 
in nature and, interestingly, present exclusively 
in plant spores and pollen cell walls amongst 
plant cells. Moreover, due to its physical 
characteristics, sporopollenin has applications 
in different areas, such as solid support for 
peptide synthesis, catalysis, and ion-exchange 
chromatography (Mackenzie et al., 2015).  
Mature pollen grains show a multilayered 
envelope referred to as sporoderm. The inner 
layer, or intine, is located just above the plasma 
membrane and has similar composition and 
features as somatic cell walls (Li et al., 1995). 
The outer pollen wall, the exine, is the most 
complex and diverse plant cell wall structure 
reported so far (Blackmore et al., 2007). A 
specific feature of the exine is the presence of 
callose, which is more rapidly metabolised than 
other cell wall polysaccharides such as 
cellulose (Liu and Wang, 2021). Callose 
accumulation in the cell walls seems to play an 
essential regulatory role during the early stages 
of pollen development, around meiosis, when 
callose is an abundant component; in later 
stages, during microgametogenesis, callose is 
replaced by other polysaccharides, such as 
cellulose (Blackmore et al., 2007; Liu and 
Wang, 2021). Mutations affecting callose 
metabolism result in a thin or even absent 
callose-enriched wall (Shi et al., 2015b) that, in 
some cases, can affect proper pollen maturation 
(Li et al., 2020), and therefore, compromise 
male fertility. Finally, mature pollen cells have 
a special lipidic layer called tryphine or pollen 
coat that is disposed in the outer side, filling the 
gaps of the exine (Rejón et al., 2016). The 

pollen coat plays an important role in the 
interactions of pollen with pollinators and the 
stigma.  
 
THE POLLEN TUBE 
 
Once a pollen grain reaches the stigma of the 
pistil, pollen is re-hydrated and a cell-to-cell 
recognition takes place, triggering pollen 
germination and the formation of the pollen 
tube. Its function is to deliver the two sperm 
cells - already present in the mature pollen 
grain before anthesis, or generated by the 
division of the generative cell during pollen 
tube growth within the style - to the female 
gametophyte, the embryo sac, to achieve the 
double fertilisation characteristic of higher 
plants (Leydon et al., 2014). The extraordinary 
nature of the pollen tube becomes evident if we 
consider the average diameter of a pollen grain 
(30-50 µm) and the length of the style, highly 
variable but reaching, in some flowers, more 
than 10 cm. This means that a single cell (the 
vegetative pollen cell) generates in a short time, 
generally only a few hours, a structure that can 
be more than 2000 times longer than the cell 
diameter.  
Pollen tube development and growth 
constitutes an excellent system to study several 
cytological processes, such as vesicle 
trafficking (Ruan et al., 2021), dynamic 
coordination between endocytosis and 
exocytosis (Guo and Yang, 2020), cytoskeleton 
dynamics (Fu, 2015), as well as molecular 
signalling processes that take place specifically 
at the plasma membrane level. The latter 
include those mediated by Ca2+, ion transport 
and pH homeostasis (Michard et al., 2017; Li et 
al., 2021), phospholipids (Vaz Dias et al., 
2019), and ROP-type Rho GTPases activity.  
A very special feature of pollen tube growth is 
its capability to receive and respond very 
quickly to many exogenous signals from the 
female tissue in the pistil. A key point of this 
developmental plasticity is the pollen tube cell 
wall dynamics and composition, which provide 
special features to mediate the communication 
between inner and outer sides of cells (Ringli, 
2010). This communication and developmental 
versatility of the pollen cell wall relies on cell 
surface and/or transmembrane receptors. Upon 
perception of specific stimuli, individual 

 
responses are triggered through MAP kinase-
mediated signalling cascades (Levin, 2005). 
Moreover, pollen tube cell wall has a particular 
chemical composition, consisting on irregularly 
distributed pectins, callose, cellulose, and 
hemicelluloses, amongst others, along its 
surface (Dardelle et al., 2010; Guo and Yang, 
2020). This specific composition determines 
the physical characteristics of the pollen tube, 
and ts final shape in response to external 
physical forces.  
Altogether, the possibility to follow pollen tube 
growth, both in vivo and in in vitro germination 
cultures, and the relatively easy manipulation 
of this process, makes it one of the most 
popular cell model systems to study the 
mechanisms behind polar cell expansion (Guo 
and Yang, 2020). 
 
ANDROGENESIS 
 
The tightly regulated programme of 
gametophytic pollen development can be 
switched in vitro, under specific stress 
conditions, towards a sporophytic pathway, 
producing haploid embryos and plants from 
microspores or immature bicellular pollen, in a 
process known as ‘androgenesis’. This 
possibility is known since the 1960s, through 
the pioneering experiments of Guha and 
Maheshwari (1964) in anther cultures of 
Datura innoxia.  Nowadays, the generation of 
haploid plants through anther culture has been 
established in hundreds of species. There are 
also several efficient in vitro systems of 
androgenesis from isolated microspores or 
immature pollen grains. For example, in 
tobacco (Touraev et al., 1996a) or wheat 
(Touraev et al., 1996b). 
Microspore embryogenesis is a useful 
biotechnological tool to generate in one 
generation homozygous double haploid (DH) 
lines for plant breeding programmes (Foster et 
al., 2007). The embryogenic response depends 
to a large extent on the species, or even the 
specific genotype within a species. Microspores 
isolated form rapeseed (Brassica napus) and 
barley (Hordeum vulgare) are, in general, 
highly embryogenic and are used as model 
species for dicotyledonous (in addition to 
tobacco) and monocotyledonous plants, 
respectively, to better understand the biological 

processes behind androgenesis induction 
(Seguí-Simarro, 2016; Pérez-Pérez et al., 
2019a). Other species, such as tomato 
(Solanum lycopersicum) or Arabidopsis 
thaliana, seem to be recalcitrant to this process. 
However, the absence of successful microspore 
embryogenesis in these species may be due to 
the lack of effective induction protocols 
developed so far. 
On the other hand, the nature of the stress 
treatment applied to activate the sporophytic 
developmental pathway is species-dependent. 
Microspores belonging to different species 
respond to either heat, cold, starvation, changes 
in pH, oxidative stress, osmotic stress, chemical 
treatments or, in some cases, a combination of 
some of the above treatments (Islam and 
Tuteja, 2012). A critical aspect for 
androgenesis, which is common to all species 
tested so far, is the developmental state of 
microspores. The late, vacuolated microspore 
stage seems to be the most appropriate for 
embryogenic induction although, at least in 
tobacco, somewhat younger microspores and 
early bicellular pollen are also competent 
(Touraev et al., 1996c).  Finally, some other 
factors, such as the growing conditions of the 
donor plant or the in vitro culture conditions 
are critical for androgenic success (Testillano, 
2019). 
Beside its biotechnological applications, 
isolated microspore embryogenesis represents 
an excellent system to study the regulation of 
cell reprogramming, cell totipotency and cell 
fate decisions. Furthermore, androgenesis is a 
useful alternative for the study of the process of 
embryogenesis itself, due to the technical 
difficulty to investigate zygotic embryogenesis, 
where the embryos are surrounded and 
protected by maternal tissues and are difficult 
to dissect (Testillano, 2019). Using isolated 
barley microspores, El-Tantawy et al. (2014) 
detected low DNA methylation levels upon 
embryogenic induction, in contrast to the 
hypermethylated DNA observed during normal 
gametophyte development. Accordingly, 
chemical treatments that alter chromatin 
organisation also showed the importance of this 
epigenetic regulation in the transition from the 
gametophytic to the embryogenic pathway in 
microspores isolated from different species (Li 
et al., 2014; Solis et al., 2015; Berenguer et al., 
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2017; Nowicka et al., 2019). This finding 
points to isolated microspores as an excellent 
system to analyse the basis of epigenetic 
regulation during embryogenesis and/or cell 
reprogramming. 
Moreover, stress applied to isolated 
microspores causes specific cellular processes 
such as programmed cell death (PCD; 
Testillano, 2019), which is barely studied in 
plants, unlike in animal systems. PCD is a 
genetically controlled process that takes place 
upon stress application at the unicellular 
microspore level and later on, during embryo 
development (Maraschin et al., 2005). Under 
inductive conditions, PCD is accompanied by 
high levels of ROS production (Zur et al., 
2009) and autophagy, a mechanism that utilises 
cells for removing damaged proteins and 
organelles (Parra-Vega et al., 2015; Pérez-
Pérez et al., 2019b; Bárány et al., 2018). 
Furthermore, stress triggers the synthesis and 
accumulation of proteolytic enzymes 
(Berenguer et al., 2017).  The activation of all 
these cellular processes in the microspores, 
makes this system very useful to study plant 
responses to stress from a cellular point of 
view. 
Finally, the microspores that respond to the 
induction stimuli, activating the embryogenetic 
developmental pathway, acquire specific 
cytological features. They include the nucleus 
repositioning to the center of the cell, vacuole 
fragmentation, reduction in the number of 
ribosomes and plastids, and mobilisation of 
starch deposits (Corral-Martínez et al., 2013). 
Therefore, induction of microspore 
embryogenesis could be also useful for the 
study of cellular processes such as organelle 
rearrangement, movement, ontogenesis and 
degradation within the cells.  
 
CONCLUSIONS 
 
In this review, we have highlighted some 
specific (and peculiar) characteristics that make 
pollen, the male gametophyte of angiosperms, a 
unique experimental system for the study of 
diverse cellular and molecular processes in 
plants. They include, obviously, normal (male) 
gametophytic development in the anther, but 
also the formation of the pollen wall - different 
from the wall of any other plant cell - or the 

amazing process of pollen tube growth. Pollen 
development also represents a useful system to 
investigate cell cycle progression and the 
interactions of the two generations in the plant 
life cycle, sporophytic and gametophytic. 
Microspores, isolated from the anthers after 
they are released from the tetrads, can continue 
in vitro their normal developmental 
programme, under appropriate conditions, 
leading to the formation of mature, functional 
pollen. However, specific stress treatments 
block pollen maturation inducing an alternative 
sporophytic pathway in vitro, microspore 
embryogenesis, which is extremely interesting 
to study the effect of stress on cell 
differentiation processes, as well as 
embryogenesis itself. Moreover, double 
haploids, generated by anther or isolate 
microspore cultures, are very useful 
biotechnological tools in plant breeding. 
Altogether, the processes and systems 
described here - pollen development in the 
anther, microspore maturation and 
embryogenesis in vitro - provide attractive 
opportunities for basic research in plant biology 
and practical biotechnological applications. 
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2017; Nowicka et al., 2019). This finding 
points to isolated microspores as an excellent 
system to analyse the basis of epigenetic 
regulation during embryogenesis and/or cell 
reprogramming. 
Moreover, stress applied to isolated 
microspores causes specific cellular processes 
such as programmed cell death (PCD; 
Testillano, 2019), which is barely studied in 
plants, unlike in animal systems. PCD is a 
genetically controlled process that takes place 
upon stress application at the unicellular 
microspore level and later on, during embryo 
development (Maraschin et al., 2005). Under 
inductive conditions, PCD is accompanied by 
high levels of ROS production (Zur et al., 
2009) and autophagy, a mechanism that utilises 
cells for removing damaged proteins and 
organelles (Parra-Vega et al., 2015; Pérez-
Pérez et al., 2019b; Bárány et al., 2018). 
Furthermore, stress triggers the synthesis and 
accumulation of proteolytic enzymes 
(Berenguer et al., 2017).  The activation of all 
these cellular processes in the microspores, 
makes this system very useful to study plant 
responses to stress from a cellular point of 
view. 
Finally, the microspores that respond to the 
induction stimuli, activating the embryogenetic 
developmental pathway, acquire specific 
cytological features. They include the nucleus 
repositioning to the center of the cell, vacuole 
fragmentation, reduction in the number of 
ribosomes and plastids, and mobilisation of 
starch deposits (Corral-Martínez et al., 2013). 
Therefore, induction of microspore 
embryogenesis could be also useful for the 
study of cellular processes such as organelle 
rearrangement, movement, ontogenesis and 
degradation within the cells.  
 
CONCLUSIONS 
 
In this review, we have highlighted some 
specific (and peculiar) characteristics that make 
pollen, the male gametophyte of angiosperms, a 
unique experimental system for the study of 
diverse cellular and molecular processes in 
plants. They include, obviously, normal (male) 
gametophytic development in the anther, but 
also the formation of the pollen wall - different 
from the wall of any other plant cell - or the 

amazing process of pollen tube growth. Pollen 
development also represents a useful system to 
investigate cell cycle progression and the 
interactions of the two generations in the plant 
life cycle, sporophytic and gametophytic. 
Microspores, isolated from the anthers after 
they are released from the tetrads, can continue 
in vitro their normal developmental 
programme, under appropriate conditions, 
leading to the formation of mature, functional 
pollen. However, specific stress treatments 
block pollen maturation inducing an alternative 
sporophytic pathway in vitro, microspore 
embryogenesis, which is extremely interesting 
to study the effect of stress on cell 
differentiation processes, as well as 
embryogenesis itself. Moreover, double 
haploids, generated by anther or isolate 
microspore cultures, are very useful 
biotechnological tools in plant breeding. 
Altogether, the processes and systems 
described here - pollen development in the 
anther, microspore maturation and 
embryogenesis in vitro - provide attractive 
opportunities for basic research in plant biology 
and practical biotechnological applications. 
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Abstract 
 
Nowadays the producers are looking for innovative solutions able to assure high-quality products but at the same time 
more healthy and environmentally friendly food products. Food preservation is one of the basic steps in food 
technology for any type of product. Different classical preservation technologies as drying, sterilization, pasteurization, 
freezing, chilling, etc. were developed along with food product development in order to preserve food quality and 
safety. In the last decades novel and innovative preservation technologies were developed being focused not only on the 
food shelf-life extension but also on the better preservation of nutritional quality of the products and on reducing 
environmental impact through different mechanisms. Despite the classical methods mainly based on the thermal effect, 
these new technologies are based on different physical factors using high pressure, electric fields, cold plasma, 
ultraviolet radiation, or new packaging technologies leading to a more sustainable food system and a better 
preservation of food nutritional quality. The mechanisms, advantages, and drawbacks of these technologies currently 
still under investigation for different applications will be outlined in this paper. 
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INTRODUCTION 
 
In recent years there has been a growing 
consumer interest in food quality, safety and 
sustainability. The research community and 
also the food industry manufactures are aiming 
at a sustainable food system and supply chain. 
The food supply chain consists of several steps, 
from farming, primary processing, distribution 
and at the end, being sold to the final consumer. 
A sustainable food system should be able to 
assure the safety and quality of the food 
products, improve the nutritional value, 
minimize the use of additives and the impact 
over the environment (Lazaridesa, 2011). Thus, 
a number of innovative processing methods 
have been developed to meet the requirements 
of both consumers and producers. 
The main objective of food processing is to 
preserve the overall quality of food for a certain 
period of time, known as the shelf life. The 
most common types of food spoilage are 
microbial, enzymatic, chemical and physical 
(Atuonwu et al., 2018). In order to fulfil the 
new industry and consumer requirements, 

several sustainable methods of food 
preservation have been developed (Cercel et 
al., 2017). These innovative methods include 
physical technologies (high pressure treatment), 
electromagnetic technologies (pulsed electric 
field treatment, ohmic heating, microwave, 
radio frequency and ultraviolet treatment), 
ultrasound and others, such as membrane 
filtration and modified atmosphere packaging 
(Milani et al., 2016). 
Traditional thermal processes have been used 
as preservation methods for a long time, in 
order to reduce the microbial load or enzymatic 
reactions in food products, mainly based on the 
thermal effect.  
The main problem is that they have a negative 
impact on the nutritional value and sensory 
qualities of the treated food products, so in 
recent times, novel non-thermal technologies 
have been developed (Harasym et al., 2020). 
Among them, the most used ones are high 
pressure CO2 treatments, gas-plasma treatments, 
ultrasound, UV radiation, high-hydrostatic 
pressure, high-intensity electric pulsed fields, 
cold plasma and others (Arshad et al., 2021). 

 

MATERIALS AND METHODS 
 
For a better understanding of this topic, Web of 
Science, Elsevier, Wiley Online and Springer 
databases were electronically searched for 
research articles published in the last 10 years. 
The literature search comprised of research 
articles and reviews on the following topics: 
innovative preservation techniques (thermal and 
non-thermal) and sustainable food systems. The 
content analysis of the reviewed papers was 
aimed at defining the scope of analysis, eva-
luate the content and in the end to state the pros 
and cons of using novel and sustainable preser-
vation techniques of food products. The litera-
ture search included as document type: research 
article and review, on the topics: “innovative 
preservation techniques”, “sustainability” “food 
systems”, “food packaging challenges”, 
“thermal processing technologies”, “non-
thermal processing technologies”. 
 
RESULTS AND DISCUSSIONS 
 
Novel treatments like osmotic pre-conce-
ntration, ultrasound, high-pressure, ultraviolet 
radiation and others have been used in the food 
industry in order to preserve and maintain the 
nutrients levels in food products. It has been 
stated that some of these innovative food 
processing techniques may have disadvantages, 
because their impact can produce interactions 
between food components (Li et al., 2021). 
One of the sustainable preservation techno-
logies that are being used nowadays is osmotic 
processing alone or combined with other 
preservation techniques (as chilling, drying and 
others). The major advantage of this technique 
is that water particles are osmotically removed 
(natural process) in liquid form at ambient tem-
peratures, thus the treated product being protec-
ted against oxygen and heat stress. Osmotic 
processing is used on fruits and vegetables, 
because it provides low energy consumption 
rate and it preserves the quality of the treated 
products (Petrotos & Lazarides, 2001).  
 
Non-thermal processing technologies 
Cold plasma 
A new technique for non-thermal food 
processing is plasma treatment, which has 
attracted attention in recent years as an 

alternative method for chemical and thermal 
disinfection of food and uses moderate 
temperatures and short processing times. Non-
thermal plasma is generated by subjecting a gas 
to a strong electric field, so it is a partially 
ionized gas (Costello et al., 2021). Oh et al. 
(2016) stated in a study that cold plasma 
technology is an environmentally friendly 
processing that offers many potential 
applications for food packaging. The efficiency 
of decontamination of dry and heat-sensitive 
products with athermic plasma was investigated 
by Hertwing et al. (2015). He noted that this 
treatment was able to inactivate bacterial 
spores, vegetative bacteria, moulds and yeasts, 
in environmental conditions, on different types 
of herbs and spices with different surface-
volume ratios. 
Low-temperature plasma treatments on 
different food products have been developed in 
recent years, because of the effectiveness over 
the inactivation effect over some microorga-
nisms that are present on the surface of the food 
product (Ojha et al., 2021).  
The way that this treatment works is by arise of 
the UV radiation, radicals and other reactive 
species from the plasma in order to inactivate 
microorganisms (Muranyi et al., 2007; Wan et 
al., 2009).  
Ultraviolet radiation (UV) 
A new and alternative preservation techniques 
is ultraviolet (UV) radiation treatment, which is 
being used in order to improve food safety 
characteristics. The electromagnetic spectrum 
used for UV radiation treatment is at 
wavelengths ranging from 100 to 400 nm 
(Mansor et al., 2014). The UV radiation 
spectrum is comprised of four different 
wavelengths intervals spectrums: UV-A (315-
400 nm), UV-B (280-315 nm), UV-C (200-280 
nm) and vacuum UV (100-200 nm), of which, 
only the UV-C (254 nm) can be used as an 
antimicrobial treatment (Koutchma, 2014). As 
advantages, UV-C radiation is not a thermal 
method and does not form toxic by-products 
during treatment. Moreover, it can remove 
certain organic contaminants, while not 
producing odorous substances (Rocha et al., 
2015). The use of ultraviolet radiation has been 
proposed for pasteurization and sterilization of 
food surfaces due to its potential to destroy a 
number of bacteria, viruses and parasites 
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The food supply chain consists of several steps, 
from farming, primary processing, distribution 
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a number of innovative processing methods 
have been developed to meet the requirements 
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The main objective of food processing is to 
preserve the overall quality of food for a certain 
period of time, known as the shelf life. The 
most common types of food spoilage are 
microbial, enzymatic, chemical and physical 
(Atuonwu et al., 2018). In order to fulfil the 
new industry and consumer requirements, 

several sustainable methods of food 
preservation have been developed (Cercel et 
al., 2017). These innovative methods include 
physical technologies (high pressure treatment), 
electromagnetic technologies (pulsed electric 
field treatment, ohmic heating, microwave, 
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stated that some of these innovative food 
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because their impact can produce interactions 
between food components (Li et al., 2021). 
One of the sustainable preservation techno-
logies that are being used nowadays is osmotic 
processing alone or combined with other 
preservation techniques (as chilling, drying and 
others). The major advantage of this technique 
is that water particles are osmotically removed 
(natural process) in liquid form at ambient tem-
peratures, thus the treated product being protec-
ted against oxygen and heat stress. Osmotic 
processing is used on fruits and vegetables, 
because it provides low energy consumption 
rate and it preserves the quality of the treated 
products (Petrotos & Lazarides, 2001).  
 
Non-thermal processing technologies 
Cold plasma 
A new technique for non-thermal food 
processing is plasma treatment, which has 
attracted attention in recent years as an 

alternative method for chemical and thermal 
disinfection of food and uses moderate 
temperatures and short processing times. Non-
thermal plasma is generated by subjecting a gas 
to a strong electric field, so it is a partially 
ionized gas (Costello et al., 2021). Oh et al. 
(2016) stated in a study that cold plasma 
technology is an environmentally friendly 
processing that offers many potential 
applications for food packaging. The efficiency 
of decontamination of dry and heat-sensitive 
products with athermic plasma was investigated 
by Hertwing et al. (2015). He noted that this 
treatment was able to inactivate bacterial 
spores, vegetative bacteria, moulds and yeasts, 
in environmental conditions, on different types 
of herbs and spices with different surface-
volume ratios. 
Low-temperature plasma treatments on 
different food products have been developed in 
recent years, because of the effectiveness over 
the inactivation effect over some microorga-
nisms that are present on the surface of the food 
product (Ojha et al., 2021).  
The way that this treatment works is by arise of 
the UV radiation, radicals and other reactive 
species from the plasma in order to inactivate 
microorganisms (Muranyi et al., 2007; Wan et 
al., 2009).  
Ultraviolet radiation (UV) 
A new and alternative preservation techniques 
is ultraviolet (UV) radiation treatment, which is 
being used in order to improve food safety 
characteristics. The electromagnetic spectrum 
used for UV radiation treatment is at 
wavelengths ranging from 100 to 400 nm 
(Mansor et al., 2014). The UV radiation 
spectrum is comprised of four different 
wavelengths intervals spectrums: UV-A (315-
400 nm), UV-B (280-315 nm), UV-C (200-280 
nm) and vacuum UV (100-200 nm), of which, 
only the UV-C (254 nm) can be used as an 
antimicrobial treatment (Koutchma, 2014). As 
advantages, UV-C radiation is not a thermal 
method and does not form toxic by-products 
during treatment. Moreover, it can remove 
certain organic contaminants, while not 
producing odorous substances (Rocha et al., 
2015). The use of ultraviolet radiation has been 
proposed for pasteurization and sterilization of 
food surfaces due to its potential to destroy a 
number of bacteria, viruses and parasites 
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(Lelieveld & Andersen, 2019; Kim et al., 
2021). Currently, UV-C is used to pasteurize 
liquid foods, such as juices and nectars, to 
inactivate microorganisms such as E. coli, 
Salmonella, Shigella, Zygosaccharomyces 
bailii and Saccharomyces cerevisiae and 
protozoa, such as Cryptosporidium parvum; 
enzymes such as polyphenol oxidase, 
adenosine triphosphate, acid phosphatase, 
carboxypeptidase A and trypsin (Golombek et 
al., 2021). 
Mansor et al. (2014) studied the effect of UV-C 
treatment technology in order to inactivate the 
presence of Salmonella typhimurium TISTR 
292 in pineapple juice at three different 
frequencies (30, 35 and 40 Hz). While the UV-
C dosage was increased, the microbial count of 
Salmonella typhimurium decreased. A 
reduction of 5-log10 CFU/ml was achieved at a 
dosage of 13.75 mJ/cm2, while the pump 
frequency was at 30 Hz. 
High Pressure Processing (HPP) 
High pressure processing is a food processing 
technique in which food products are treated 
with high pressures (up to about 600 MPa), 
with or without additional heating, to inactivate 
the microbial flora or to modify the sensory 
characteristics of food in order to achieve 
qualities desired by the consumer (Huang et al., 
2014). HPP processing is a non-thermal 
technology and has good potential compared to 
traditional preservation methods, such as heat 
treatment. HPP processing is widely used for 
vegetables, meat and seafood due to the 
inactivation of microorganisms and enzymes, 
while maintaining the nutritional and sensory 
characteristics of food (Bhoite, 2016). HPP 
treatment is used to inactivate enzymes in food, 
mainly to inactivate polyphenol oxidase (PPO), 
peroxidase (POD), lipoxidase (LOX) and 
protease in fruits and vegetables (Norton & 
Sun, 2008). 
The effectiveness of treatment on overall food 
quality and safety is influenced not only by 
extrinsic (process-related) factors such as 
treatment time, pressure/decompression rate, 
pressure/temperature levels and number of 
pulses, but also by intrinsic factors (related to 
the processed food) such as the food 
composition and the physiological state of the 
microorganisms (Koutchma, 2012). 

A study undergone by Bhoite (2016) confirms 
that the HPP treatment is a very good 
innovative processing technique for fish and 
shell-fish products like crab, shrimp, crawfish 
and lobsters, because of the elimination of 
vegetative pathogens, like Salmonella and 
Listeria monocytogenes, both of which have 
zero-defect action levels in ready-to-eat 
products. 
New packaging technologies 
In recent years, the new concept of active and 
intelligent packaging has significantly influen-
ced the marketing of food. An active packaging 
can be defined as a system that modifies the 
condition of the food to extend its shelf life or 
to improve its sensory properties while 
providing food safety (Firouz et al., 2021), thus 
attracting more and more attention from 
manufacturers due to its benefits. The active 
packaging is a products friendly technology, 
based on the use of the active compounds (in 
the most of cases are used natural compounds), 
such as antioxidants and antimicrobial agents, 
which are incorporated or coated on packaging 
materials (Göksen et al., 2021). 
Active packaging systems can be classified into 
active release systems (emitters) that add 
compounds to packaged foods or active 
absorption systems (absorbents) that remove 
unwanted compounds from food or the 
environment (Göksen et al., 2021). 
Modified atmosphere packaging (MAP) 
Modified atmosphere packaging (MAP) is an 
innovative packaging technology that consists 
of replacing the air inside the package with a 
mixture of gases (Van den Broek et al., 2015), 
in which the proportion of each gas is well 
known, but no additional control can be 
performed during storage. In the process of 
packing food in a modified atmosphere, three 
types of gases are mainly used: oxygen (O2), 
nitrogen (N2) and carbon dioxide (CO2).  
For the modified atmosphere packaging of food 
products, two or three types of gases are used 
in combination, chosen in such a way as to 
contribute as much as possible to increase the 
shelf life of the chosen product (Sandhya, 
2018). This type of packaging has been applied 
to fish, fresh produce, pasta, pizza, other bakery 
products and dry products such as nuts and 
snacks. 
 

 

Active packaging systems with oxygen absorbers 
The most widely used active packaging 
technology for food today is the use of oxygen-
absorbing agents inside food packaging. The 
presence of oxygen in food packaging 
accelerates the oxidative damage of packaged 
products (Carina et al., 2021). The presence of 
oxygen facilitates the growth of aerobic 
microorganisms, the unwanted development of 
certain flavours, odours, colour changes, the 
depreciation of the nutritional value and the 
decrease of the storage time of food products 
(Dey et al., 2019). Therefore controlling the 
oxygen level in food packaging is important to 
increase the shelf life of food. 
Active packaging systems using carbon dioxide 
(CO2) emitters 
Carbon dioxide can be introduced into the 
packaging medium to slow microbial growth in 
certain foods such as: fresh meat, fish products, 
cheeses, baking products and pastries (Lopez-
Rubio et al., 2006). For these reasons, the 
method of active packaging by introducing CO2 
inside food packaging is used more and more 
often, thus slowing down the metabolic processes 
of food, thus increasing their shelf life 
(Sivertsvik et al., 2004). In the case of active 
packaging with a mixture of gases including 
CO2 and O2, CO2 dissolves in the product 
creating a partial vacuum due to the solubility of 
CO2 at lower temperatures (Kerry et al., 2006). 
 
Thermal processing technologies 
Radio frequency (RF) treatment 
Dielectric heating uses electromagnetic radia-
tion in the frequency range of 300 kHz to 300 
GHz. Radio frequency (RF) uses frequencies 
higher than microwaves between 300 kHz and 
300 MHz therefore only selected frequencies 
(13.56, 27.12 and 40.68 MHz) are allowed for 
household, industrial, scientific and medical 
applications (Jiao et al., 2014). The principles 
of radio frequency heating are very similar to 
microwave heating. Heat is uniformly 
generated in dielectric materials (food, in this 
case) when the electromagnetic field reverses 
the polarity of the molecules or stimulates the 
migration of ions inside the material as it 
undergoes treatment (Marra et al., 2009). 
RF wave heating is used to defrost eggs, fruits, 
vegetables and fish. Radiofrequency dielectric 
heating is now widely used in industrial 

applications, such as textile drying, paper final 
drying, biscuit final dehydration after baking, 
and honey melting (Bedane et al., 2021). 
RF wave treatment offers a considerable advan-
tage over conventional heating methods through 
a very short time and highly uniform heating. 
Despite the major advantages and the fact that 
this technology has been available for many 
years, its development at the industrial level 
has been relatively slow (Wang et al., 2007).  
Orsat and Raghavan (2005) studied 
radiofrequency sterilization for macaroni and 
cheese. Their findings showed that the process 
(27.12 MHz wavelength) led to products with a 
better shelf-life, using less energy than the 
conventional method. 
Radiofrequency drying of food products has 
been used mainly for post-baking drying of 
cookies, biscuits and pasta. Cookies and 
biscuits, fresh from the oven, have an uneven 
distribution of moisture that can lead to their 
crushing during handling. RF heating can even 
help distribute moisture after baking by 
directing the amount of water remaining 
(Zhong et al., 2003; Bedane et al., 2018). 
 
Microwave treatment 
In order to maintain the original characteristics 
of food products and reduce production costs, 
alternative methods for conventional thermal 
heating such as microwaves treatments have 
been investigated as potential technologies to 
inactivate peroxidases in vegetables (Lopes et 
al., 2015). 
Gomez et al. (2019) studied the microwave 
treatment process on banana samples. The 
study showed that the treated banana samples 
were dry and crunchy with moisture content, 
water activity, physical and mechanical 
properties similar to those observed for fruits 
obtained by lyophilisation (Hassan et al., 2019).  
The results of a study carried out by Hashemi et 
al. (2017) demonstrate that microwave heating 
causes significant losses in terms of quality and 
nutritional value of oils extracted from 
Mashhadi melon, Iranian watermelon, pumpkin 
and yellow apple seeds. The degradation was 
directly proportional to the increase in 
processing time. Tocopherols, phenols, chloro-
phylls and carotenoids are thermosensitive 
molecules, indicating low values with 
increasing exposure time.  
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(27.12 MHz wavelength) led to products with a 
better shelf-life, using less energy than the 
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Microwave treatment 
In order to maintain the original characteristics 
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alternative methods for conventional thermal 
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been investigated as potential technologies to 
inactivate peroxidases in vegetables (Lopes et 
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Gomez et al. (2019) studied the microwave 
treatment process on banana samples. The 
study showed that the treated banana samples 
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properties similar to those observed for fruits 
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al. (2017) demonstrate that microwave heating 
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nutritional value of oils extracted from 
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directly proportional to the increase in 
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molecules, indicating low values with 
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In a study by Jouquand et al. (2015) was 
demonstrated that optimizing microwave 
processing equipment to prepare beef can retain 
its nutritional, sensory, and phenolic properties 
as much as traditional cooking, although several 
studies have shown that microwave processing 
has tended to degrade the texture of meat, to 

form carboxymethylisine and to destroy 
essential amino acids by the Maillard reaction. 
Some of the advantages and disadvantages of 
innovative preservation techniques have been 
evidenced by different researchers, and are 
presented in Table 1. 

 
Table 1. Advantages and disadvantages of innovative preservation techniques 

 

Preservation 
technique Advantages Disadvantages Source 

High 
pressure 
processing 
(HPP) 

Microorganisms and enzymes 
inactivation effect 
 
Colour and flavour preservation 
 
Food products can be treated, despite 
their size or shape 
 
Covalent bonds are not broken (no 
interaction between different 
compounds) 
 
Application at ambient temperature 

A very expensive processing method 
 
 
Processed foods need to be stored at 
low temperature 
 

Bhoite, 2016 
Norton & Sun, 2008 
Koutchma, 2012 
Agregan et al., 2021 

Ultrasound 
processing 

Beneficial effect on physicochemical 
and functional properties of food 
components 
 
Ultrasound waves are chemical free, 
safe, and eco-friendly 
 
Ultrasound treatment can be combined 
with other thermal and non-thermal 
methods in order to inactivate 
microorganism growth 

Free radicals formed during 
cavitation may cause harmful effect 
on the consumers 
 
High initial investment 

Zhu et al., 2018 
Abdullah & Chin, 
2014 
McClements, 1995 
Ravihumar et al., 
2017 

Microwave 
treatment 

Microwave treatment resulted in higher 
water-holding capacity, but lower 
sarcoplasmic protein solubility in thigh 
 
The times to get to the desired treating 
temperature is faster than other 
conventional treatments 
 
 
The heat is generated rapidly and 
uniform in the food product 

Fragmentation in both sarcoplasmic 
and myofibrillar proteins 
 
 
Microwave-cooked rice showed a 
significantly higher percentage of 
equilibrium starch hydrolysis, and 
the crystalline patterns 
 
Significant losses in terms of quality 
and nutritional value, when treating 
thermosensitive molecules 
Lack of experimental data regarding 
microwave model heating 

Taskıran et al., 2020 
Thuengtung et al., 
2019 
Hashemi et al., 2017 

Modified 
atmosphere 
packaging 
(MAP) 

Reduction of economic losses due to 
longer storage time 
 
Lower transportation costs, products 
can be delivered over longer distances, 
requiring fewer shipments 
 
Improved presentation – clear visibility 
on the food 
 
No interaction with the products 

High production costs 
 
Temperature control is required 
 
Different gas combinations for each 
type of product 
 
Use of special equipment and 
employee training 
 
 

Oliveira et al., 2015 
Opara et al., 2019 
Antmann et al., 2008 
González-Buesa et 
al., 2014 
Tano et al., 2007 
 

 
Radio 
frequency 
treatment 
(RF) 
 

Great potential for rapid and uniform 
heating of food products 
 
Provides safe and high-quality food 
 
More uniform heating because of the 
deeper wave penetration of the food 
product 
 
No need to be in direct contact with the 
food product (no electrodes needed) 

Higher equipment and operating 
costs 
 
Reduced power density, when 
compared to microwave heating 
 
More efficient than microwave 
heating 

Bedane et al., 2021 
Marra et al., 2009 
Wang et al., 2007 
Zhong et al., 2003 
Bedane et al., 2018 
 

Osmotic 
dehydration 

Moisture is withdrawn from the 
product at ambient temperature by 
diffusion, so phase change has been 
avoided 
Improves the nutritional and sensory 
attributes of food products 
 
Requires less energy compared to other 
drying techniques 
 
Used to extend the shelf-life of fruits 
and vegetables  

Higher equipment and operating 
costs 
 

Ahmed et al., 2016 
Nastaj & Witkiewicz, 
2004 
Sutar et al., 2012 
Ciurzyńska et al., 
2016 
 

 
CONCLUSIONS 
 
Novel and innovative preservation technologies 
for a sustainable food system are being 
developed, which can be used in order to meet 
the requirements of consumers and 
manufacturers. The use of innovative 
preservation technologies like high-pressure 
treatment, RF treatment, and new packaging 
technologies can be applied for extending the 
shelf life, improving the quality and safety of 
food in a sustainable way. Despite these major 
advantages and the fact that the mechanisms 
are well known, further researches and effort 
are needed to be made in order to fully take 
advantage of these novel preservation 
techniques at the industrial level in order to 
obtain a sustainable food system. 
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Abstract 
 
The present study was carried out between January and October 2018, in order to determine the infection of 
Eustrongylides excisus Jägerskiöld, 1909 in some fish species inhabiting Eğirdir Lake - the second largest freshwater 
lake of Turkey. Parasite infection was detected in host species belonging to Konya tooth-carp (Aphanius iconii Akşiraz, 
1948), Big-scale sand smelt (Atherina boyeri Risso, 1810), Caucasian dwarf goby (Knipowitschia caucasica Berg, 
1916) and pike-perch (Sander lucioperca Linnaeus, 1758). The highest prevalence of infection (21.4%) was determined 
in S. lucioperca. The mean intensity ranged from 1.25 nematode/fish in K. caucasica to 2.3 nematodes/fish, in S. 
lucioperca. The nematode E. excisus was recorded for the first time on Caucasian dwarf goby, a non-native fish species 
in Eğirdir Lake. In addition, this research provides useful data regarding histopathology effects of E. excisus in all 
studied teleost species. Hyperaemia, edema, microhaemorrhages, inflammatory reaction and necrosis were observed 
around the encysted parasites.  
 
Key words: alien, endemic, Eustrongylides excisus, histopathology, Turkey. 
 
INTRODUCTION  
 
The worldwide parasite Eustrongylides excisus 
Jägerskiöld, 1909 is considered a freshwater 
zoonotic nematode potentially dangerous for 
human health (Branciari et al., 2016; 
Goncharov et al., 2018). In the life cycle of this 
worm, fish are intermediate hosts for the larvae 
which develop in muscles, within the body 
cavity, liver or other visceral organs, while 
wading birds species such as herons, egrets or 
cormorants are the definitive hosts (Bjelić-
Čabrilo et al., 2013).  
The pike-perch or other piscivorous fish 
species become infected when consuming the 
already parasitized prey and could play the role 
of paratenic host to the nematodes, when 
ingested by birds (Soylu, 2013; Dezfuli et al., 
2015). For humans, accidentally eating of 
undercooked or raw fish infested with larvae 
means that E. excisus become pathogenic, 
causing gastritis and verminous peritonitis 

(Goga and Codreanu-Bălcescu, 2013; 
Ljubojevic et al., 2015; Branciari et al., 2016). 
Novakov et al. (2013) indicated the need for 
adequate preparation of fish meat as key factor 
in combating eustrongylidiosis.  
Fish infections with E. excisus in Turkey were 
reported from various host species: Neogobius 
fluviatilis from lakes Manyas (Ozturk et al., 
2001) and Uluabat  (Ozturk et al., 2002); 
Silurus glanis from Durusu (Terkos) Lake 
(Soylu, 2005); Abramis brama from Durusu 
(Terkos) Lake (Karatoy and Soylu, 2006); 
Aphanius mento from Kırkgöz Stream 
(Aydoğdu et al., 2011); Perca fluviatilis and 
Sander lucioperca in lake Sıgırcı (Çolak, 
2013); Atherina boyeri from Iznik Lake 
(Özesen Çolak, 2013); Carassius gibelio, 
Cyprinus carpio, Sander lucioperca and 
Atherina boyeri from lake Egirdir in Turkey 
(Akcimen et al., 2014); Sander lucioperca in 
Lake Egirdir (Metin et al., 2014); Cyprinus 
carpio from Marmara Lake (Demir, 2014) and 

 
Carassius gibelio from Marmara Lake (Demir 
and Karakişi, 2016); Perca fluviatilis and 
Lepomis gibbosus from Gala Lake (Soylu, 
2014); Oncorhynchus mykiss (Akcimen et al., 
2016); Silurus glanis, Perca fluviatilis, 
Leuciscus cephalus, Rutilus rutilus, Vimba 
vimba, Scardinius erythrophthalmus from 
Büyükçekmece Dam Lake (Yardimci et al., 
2018); Capoeta baliki from Seydi River (Mnisi, 
2017); Vimba vimba, Scardinius 
erythrophthalmus from Balıkhane Creek 
(Yazıcı, 2013) and Proterorhinus marmoratus 
from Kurtköy Creek (Yazıcı, 2013); Alburnus 
chalcoides and Lepomis gibbosus from Lake 
Mert (Kırcalar, 2018); Aphanius iconii  from 
Eğirdir Lake, A. saldae  from Salda Lake,        
A. sureyanus from Burdur Lake, A. 
transgradiens from Acıgöl Lake (Innal et al., 
2019).  
E. excisus was reported so far in freshwater 
Eğirdir Lake in Aphanius iconii, Cyprinus 
carpio, Atherina boyeri, Carassius gibelio, 
Sander lucioperca (Akcimen et al., 2014; 
Metin et al., 2014; Innal et al., 2019) fish 
species.  
Belonging to Aphaniidae monophyletic family 
group of Cyprinodontiformes, Konya tooth-
carp Aphanius iconii Akşiraz, 1948 is a widely 
fish species distributed in freshwater Lake 
Eğirdir basin from Isparta province, Turkey 
(Freyhof et al., 2017; Esmaeili et al., 2018). 
This species is considered to be endemic for 
Eğirdir and Kovada Lakes (Yoğurtçuoğlu and 
Ekmekçi, 2017). The parasitofauna of this fish 
species has remained unknown until recently. 
In a previous study, Innal et al. (2019) recorded 
the presence of monogenean Salsuginus sp., 
crustaceans (Argulus foliaceus, Lernaea 
cyprinacea) and nematode E. excisus on          
A. iconii host species from Eğirdir Lake. 
Big-scale sand smelt Atherina boyeri Risso, 
1810 (Atheriniformes, Atherinidae) is a 
euryhaline species mainly encountered in 
coastal and estuarine waters, considered an 
exotic fish for Turkish inland waters (Küçük et 
al., 2012). A. boyeri was introduced by 
fishermen in Eğirdir Lake for its commercial 
value. Growth and reproduction of this 
important fish in Eğirdir Lake were clarified 
before by Yağcı et al. (2017), the literature 
review indicated little research conducted on 
sand smelt’s parasites in this study area 

(Akcimen et al., 2014). Caucasian dwarf goby 
Knipowitschia caucasica Berg, 1916 
(Perciformes, Gobiidae) is considered to be an 
alien species for the Lake Eğirdir. According to 
Güçlü and Erdoğan (2017), A. boyeri and         
K. caucasica are nowadays among the major 
fish species of this lentic ecosystem. Another 
non indigenous species, the pike-perch Sander 
lucioperca Linnaeus, 1758 (Perciformes, 
Percidae) drastically changed the native fish 
fauna of Lake Eğirdir after its intentional 
introduction in 1955 (Güçlü and Erdoğan 
2017). Diler and Yıldırım (2003) have 
mentioned the infestation of S. lucioperca and 
K. caucasica from Lake Eğirdir by trematode 
Bucephalus polymorphus. Metin et al. (2014) 
reported larval forms of E. excisus in 
abdominal cavity, peritoneum, muscle, adipose 
tissue, liver, spleen, swimbladder and stomach 
of S. lucioperca from Lake Eğirdir, and also 
highlighted the importance of public awareness 
concerning such fish consumption. 
Although the presence of E. excisus has been 
described in several fish hosts worldwide, 
studies based on pathological effects of this 
nematode species remain scarce. To date, the 
only available data about the pathological 
findings of E. excisus larvae infection in fish 
from Turkey were recorded in native species of 
genus Aphanius (Innal et al., 2019). Therefore, 
the aim of this paper was to investigate the 
pathological effects and occurrence of 
nematode E. excisus parasitizing some native 
and introduced fish species of Eğirdir Lake. 
 
MATERIALS AND METHODS 
 
This study was conducted between January 
2018 and October 2018 in fishes inhabiting 
Eğirdir Lake (Figure 1). Located at 38°15′ 
latitude N and 30°52′ longitude E in the Lake 
District from southwest Turkey, Lake Eğirdir is 
the second largest freshwater lake of Turkey 
(Güҫlü 2012).  
Three stations (Yeşilada, Bedre and Boyalı) 
were selected and samplings were carried out 
by beach seine nets for Aphanius iconii, 
Atherina boyeri and Knipowitschia caucasica. 
Sander lucioperca specimens were purchased 
from a commercial fisherman.  
Fish individuals were placed in a well aerated 
20-litre aquarium filled with stream water. Fish 
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Atherina boyeri from lake Egirdir in Turkey 
(Akcimen et al., 2014); Sander lucioperca in 
Lake Egirdir (Metin et al., 2014); Cyprinus 
carpio from Marmara Lake (Demir, 2014) and 

 
Carassius gibelio from Marmara Lake (Demir 
and Karakişi, 2016); Perca fluviatilis and 
Lepomis gibbosus from Gala Lake (Soylu, 
2014); Oncorhynchus mykiss (Akcimen et al., 
2016); Silurus glanis, Perca fluviatilis, 
Leuciscus cephalus, Rutilus rutilus, Vimba 
vimba, Scardinius erythrophthalmus from 
Büyükçekmece Dam Lake (Yardimci et al., 
2018); Capoeta baliki from Seydi River (Mnisi, 
2017); Vimba vimba, Scardinius 
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(Yazıcı, 2013) and Proterorhinus marmoratus 
from Kurtköy Creek (Yazıcı, 2013); Alburnus 
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Mert (Kırcalar, 2018); Aphanius iconii  from 
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A. sureyanus from Burdur Lake, A. 
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2019).  
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Eğirdir Lake in Aphanius iconii, Cyprinus 
carpio, Atherina boyeri, Carassius gibelio, 
Sander lucioperca (Akcimen et al., 2014; 
Metin et al., 2014; Innal et al., 2019) fish 
species.  
Belonging to Aphaniidae monophyletic family 
group of Cyprinodontiformes, Konya tooth-
carp Aphanius iconii Akşiraz, 1948 is a widely 
fish species distributed in freshwater Lake 
Eğirdir basin from Isparta province, Turkey 
(Freyhof et al., 2017; Esmaeili et al., 2018). 
This species is considered to be endemic for 
Eğirdir and Kovada Lakes (Yoğurtçuoğlu and 
Ekmekçi, 2017). The parasitofauna of this fish 
species has remained unknown until recently. 
In a previous study, Innal et al. (2019) recorded 
the presence of monogenean Salsuginus sp., 
crustaceans (Argulus foliaceus, Lernaea 
cyprinacea) and nematode E. excisus on          
A. iconii host species from Eğirdir Lake. 
Big-scale sand smelt Atherina boyeri Risso, 
1810 (Atheriniformes, Atherinidae) is a 
euryhaline species mainly encountered in 
coastal and estuarine waters, considered an 
exotic fish for Turkish inland waters (Küçük et 
al., 2012). A. boyeri was introduced by 
fishermen in Eğirdir Lake for its commercial 
value. Growth and reproduction of this 
important fish in Eğirdir Lake were clarified 
before by Yağcı et al. (2017), the literature 
review indicated little research conducted on 
sand smelt’s parasites in this study area 

(Akcimen et al., 2014). Caucasian dwarf goby 
Knipowitschia caucasica Berg, 1916 
(Perciformes, Gobiidae) is considered to be an 
alien species for the Lake Eğirdir. According to 
Güçlü and Erdoğan (2017), A. boyeri and         
K. caucasica are nowadays among the major 
fish species of this lentic ecosystem. Another 
non indigenous species, the pike-perch Sander 
lucioperca Linnaeus, 1758 (Perciformes, 
Percidae) drastically changed the native fish 
fauna of Lake Eğirdir after its intentional 
introduction in 1955 (Güçlü and Erdoğan 
2017). Diler and Yıldırım (2003) have 
mentioned the infestation of S. lucioperca and 
K. caucasica from Lake Eğirdir by trematode 
Bucephalus polymorphus. Metin et al. (2014) 
reported larval forms of E. excisus in 
abdominal cavity, peritoneum, muscle, adipose 
tissue, liver, spleen, swimbladder and stomach 
of S. lucioperca from Lake Eğirdir, and also 
highlighted the importance of public awareness 
concerning such fish consumption. 
Although the presence of E. excisus has been 
described in several fish hosts worldwide, 
studies based on pathological effects of this 
nematode species remain scarce. To date, the 
only available data about the pathological 
findings of E. excisus larvae infection in fish 
from Turkey were recorded in native species of 
genus Aphanius (Innal et al., 2019). Therefore, 
the aim of this paper was to investigate the 
pathological effects and occurrence of 
nematode E. excisus parasitizing some native 
and introduced fish species of Eğirdir Lake. 
 
MATERIALS AND METHODS 
 
This study was conducted between January 
2018 and October 2018 in fishes inhabiting 
Eğirdir Lake (Figure 1). Located at 38°15′ 
latitude N and 30°52′ longitude E in the Lake 
District from southwest Turkey, Lake Eğirdir is 
the second largest freshwater lake of Turkey 
(Güҫlü 2012).  
Three stations (Yeşilada, Bedre and Boyalı) 
were selected and samplings were carried out 
by beach seine nets for Aphanius iconii, 
Atherina boyeri and Knipowitschia caucasica. 
Sander lucioperca specimens were purchased 
from a commercial fisherman.  
Fish individuals were placed in a well aerated 
20-litre aquarium filled with stream water. Fish 
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samples were maintained in the aquarium for  
2-3 hours and subsequently anaesthetized by 
MS-222. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1. Study area for fish sampling (Eğirdir Lake) 
 
Fish samples were measured and weighed to 
the nearest 1.0 mm and 0.1 g, respectively. 
During the dissection, internal organs 
(gastrointestinal tract, liver, kidney, heart, swim 
bladder and gallbladder), and body surfaces 
were examined separately under a dissecting 
microscope.  
Fixation, staining and preparation process of 
the determined parasites was done according to 
Pritchard and Kruse (1982). The parasites were 
identified using selected identification keys 
(Markevich, 1951; Bykhovskaya-Pavlovskaya, 
et al., 1962; Burton, 1984; Bauer, 1987; 
Moravec, 1994).  
Prevalence and mean intensity were calculated 
for each parasite species as defined by Bush et 
al. (1997). Some fished were selected for 
histopathological examination. Because the fish 
and organs were small, the whole body was 
transversally cut into six pieces from head to 
tail (Koca et al., 2019). Carefully slicing 
performed near the parasite attached areas. 
After slicing all parts of the fish were fixed in 
buffered 4% formaldehyde. Tissue samples 
were processed by automatic equipment (Leica 
ASP300S, Wetzlar, Germany) and embedded in 

paraffin. Sections (5 µm) were cut by a Leica 
RM2155 (Wetzlar, Germany) rotary microtome 
and mounted on glass slides before staining 
with Hematoxylin and Eosin (HE).  
Stained sections were examined under light 
microscopy (Olympus CX41, Tokyo, Japan). 
Morphometric evaluation and microphoto-
graphy was performed using the Database 
Manual cellSens Life Science Imaging 
Software System (Olympus Corporation, 
Tokyo, Japan). 
 
RESULTS AND DISCUSSIONS 
 
A total of 89 Aphanius iconii, 411 Atherina 
boyeri, 85 Knipowitschia caucasica and 28 
Sander lucioperca individuals were inspected 
for the presence of parasites. In all examined 
fish species, only nematode Eustrongylides 
excisus was identified (Table 1). Overall, 51 
specimens of E. excisus larvae were collected 
from 34 of 613 fish individuals. The highest 
prevalence of infection (21.4%) was 
determined in S. lucioperca. The prevalence of 
infection in A. iconii, A. boyeri and                  
K. caucasica (Figure 2) populations in Eğirdir 
Lake was nearly similar (3.4%, 5.1% and 4.7%, 
respectively). The mean intensity ranged from 
1.25 nematode/fish in Caucasian dwarf goby to 
2.3 nematodes/fish, in pike-perch (Table 2). 
At the microscopical examination, larvae of      
E. excisus were in generally localized in the 
abdominal cavity but numerous parasites were 
also detected in the muscles of analyzed fish 
species. Most of the nematodes were found 
near the ovaries and hepatopancreas. In some 
cases, intestinal sections revealed the presence 
of numerous parasites. The parasites were 
covered by a thin fibrous tissue and 
inflammatory cell infiltrations were commonly 
observed around the parasites. In some cases, 
hyperemia, microhemorrhage and edema were 
present. Marked necrosis was observed in 
severe cases and more than one parasite 
localized in same area (Figure 3).  
Of the host species of interest for this study,     
E. excisus have been founded so far in Eğirdir 
Lake on alien fish species Atherina boyeri and 
Sander lucioperca (Akcimen et al., 2014) and 
on native Aphanius iconii (Innal et al., 2019). 
Metin et al. (2014) detected the occurrence of 
the nematode in pike-perch populations of this 

 
Turkish inland water, however histopathology 
aspects were missing.  
As novelty, the present work provides 
microphotographs of Eustrongylides excisus 
encysted in four fish species of Egirdir Lake. In 
addition, this study reports for the first time the 
presence of E. excisus in Eğirdir Lake on alien 
host K. caucasica and for the second time on 
endemic fish species Aphanius iconii.  
In a previous study (Innal et al., 2019) 
concerning the parasitofauna of fish caught in 

Eğirdir Lake, A. iconii showed 2.8% prevalence 
and 1.25 mean intensity of infection with         
E. excisus larvae. Özesen Çolak (2013) studied 
the metazoan parasites of 271 specimens of      
A. boyeri in Iznik Lake between June 2008 and 
May 2009 and for E. excisus infection recorded 
the following data: overall prevalence and 
mean intensity 6.64% and 1.2, respectively; no 
nematode larvae found  from July to October; 
zero prevalence in fish from 3.0-3.9 to 7.0-7.9 
cm.

 
Table 1. Host species and their status in ichthyofauna of Eğirdir Lake

 

Table 2. Prevalence and intensity of E. excisus infection in host fish species from Eğirdir Lake (2018)  
(N = total number of hosts examined; N’ = number of infected fishes; NP = number of collected parasites;  

P = prevalence; Int = mean intensity of infection) 
Species N N’ P (%) NP Int. 
Aphanius iconii 89 3 3.4 5 1.7 
Atherina boyeri 411 21 5.1 27 1.3 
Knipowitschia caucasica 85 4 4.7 5 1.3 
Sander lucioperca 28 6 21.4 14 2.3 

 
 
 
 
 
 

 
 

Figure 2. Eustrongylides excisus in K. caucasica host 
 

According to Diler and Yıldırım (2003), the 
pike-perch is the main catch of the fisherman in 
Eğirdir Lake. This fact is important, since fish-
borne nematodes belonging to genus 
Eustrongylides could represent a threat to 
carnivorous organisms that ingest the parasites 
(Eiras et al., 2016; Shaw, 2018).  
It was postulated before that high prevalence of 
infection of S. lucioperca in Eğirdir Lake has a 
negative impact on the marketability of this fish 
species (Metin et al., 2014). There is little 
knowledge about the pathological reaction 
against to Eustrongylides excisus in fish. In this 
study were noticed hyperaemia, edema, slight 
hemorrhage, inflammatory reaction and in 
some cases necrosis in the host tissues caused 

by the parasite. These findings were in 
agreement with our previous study (Innal et al.,  
2019). Similar inflammatory response of           
A. boyeri was recorded by Branciari et al. 
(2016) on fish infected with Eustrongylides 
spp. in Trasimeno Lake, Italy. Metin et al. 
(2014) noticed abdominal swelling, 
hemorrhage in jaw, fins, gills, liver, intestine, 
spleen and muscles of S. lucioperca in Eğirdir 
Lake. Also, hemorrhages and inflammatory 
reactions due to E. excisus infection were 
registered in A. iconii of Eğirdir Lake (Innal et 
al., 2019). In this study it was found that severe 
lesions appeared when more than one parasite 
infected the same area.  
So far, the only known parasite species of 
ichthyofauna inhabiting the Eğirdir Lake are: 
the cestode Ligula intestinalis Linnaeus, 1758; 
the trematode Bucephalus polymorphus Baer, 
1827; the monogenean Salsuginus sp.; the 
nematode Eustrongylides excisus Jägerskiöld, 
1909) and crustaceans Argulus foliaceus L., 
1758 and Lernaea cyprinacea L., 1758 (Güralp, 
1968; Diler and Yıldırım, 2003; Innal et al., 
2007; Metin et al., 2014; Innal et al., 2019).  

Species Family Status N L, cm  
(min.-max.) 

W, g  
(min.-max.) 

Aphanius iconii Aphaniidae Endemic 89 2.3-4.3 0.18-1.5 
Atherina boyeri Atherinidae Introduced 411 4-6.4 0.15-1.8 
Knipowitschia caucasica Gobiidae Introduced 85 2.2-3.5 0.14-0.48 
Sander lucioperca Percidae Introduced 28 23.6-42.5 112-710 
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Figure 3. Main sites of location for nematode 
Eustrongylides excisus within its hosts (A, B - Aphanius 
iconii; C, D - Sander lucioperca; E, F - Atherina boyeri;     

G, H - Knipowitschia caucasica) from Eğirdir Lake:         
(A) Parasite (arrows) localized in abdominal cavity. The 

nematodes are separated by a fibrous capsule from the fish 
visceral organs, near the ovarian follicles, Bar = 500 μm; 

(B) Inflammatory reaction (thick arrow) around the 
parasites (thin arrows) covered by a fibrous capsule (arrow 
head), HE, Bar = 200 μm; (C) Numerous parasite sections 
(arrows) in an intestinal section of the host, Bar = 500μm; 

(D) Two parasite sections near the pancreatic tissue. Fibrous 
tissue (arrow heads) around the 

parasite (arrows) and inflammatory cell reaction is visible, 
Bar = 200 μm; (E) Numerous parasites (thin arrows) 

localized in muscles and covered by fibrous capsule (arrow 
head) and inflammatory reaction (thick arrow) around the 
nematodes, Bar = 200 μm; (F) Another parasite individual 

(thin arrow) localized in muscle caused marked 
inflammatory reaction (thick arrow) and necrosis (white 

arrow head) covered by fibrous capsule (black arrow head), 
Bar = 200 μm; (G) Nematodes (thin arrows) localized in 
muscle, covered by fibrous tissue (arrow head) and slight 

inflammatory reaction (thick arrow), Bar=200 μm;            
(H) Parasites (thin arrows) localized in muscles caused 

moderate inflammatory reaction (thick arrow),  
Bar = 100 μm, HE 

 
 

CONCLUSIONS  
 
The novelty of the present work lies in 
providing for the first time microphotographs 
of nematode parasite E. excisus encysted in 
four fish species of Egirdir Lake: one endemic 
(A. iconii) and three introduced (A. boyeri,       
K. caucasica, S. lucioperca).  
Moreover, for freshwater Eğirdir Lake the first 
record of E. excisus on alien host K. caucasica 
and the second record on endemic fish species 
A. iconii were highlighted in this study.  
Further studies are encouraged in searching of 
new parasite species in endemic and introduced 
fish of the second largest freshwater lake in 
Turkey. 
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Figure 3. Main sites of location for nematode 
Eustrongylides excisus within its hosts (A, B - Aphanius 
iconii; C, D - Sander lucioperca; E, F - Atherina boyeri;     

G, H - Knipowitschia caucasica) from Eğirdir Lake:         
(A) Parasite (arrows) localized in abdominal cavity. The 

nematodes are separated by a fibrous capsule from the fish 
visceral organs, near the ovarian follicles, Bar = 500 μm; 

(B) Inflammatory reaction (thick arrow) around the 
parasites (thin arrows) covered by a fibrous capsule (arrow 
head), HE, Bar = 200 μm; (C) Numerous parasite sections 
(arrows) in an intestinal section of the host, Bar = 500μm; 

(D) Two parasite sections near the pancreatic tissue. Fibrous 
tissue (arrow heads) around the 

parasite (arrows) and inflammatory cell reaction is visible, 
Bar = 200 μm; (E) Numerous parasites (thin arrows) 

localized in muscles and covered by fibrous capsule (arrow 
head) and inflammatory reaction (thick arrow) around the 
nematodes, Bar = 200 μm; (F) Another parasite individual 

(thin arrow) localized in muscle caused marked 
inflammatory reaction (thick arrow) and necrosis (white 

arrow head) covered by fibrous capsule (black arrow head), 
Bar = 200 μm; (G) Nematodes (thin arrows) localized in 
muscle, covered by fibrous tissue (arrow head) and slight 

inflammatory reaction (thick arrow), Bar=200 μm;            
(H) Parasites (thin arrows) localized in muscles caused 

moderate inflammatory reaction (thick arrow),  
Bar = 100 μm, HE 

 
 

CONCLUSIONS  
 
The novelty of the present work lies in 
providing for the first time microphotographs 
of nematode parasite E. excisus encysted in 
four fish species of Egirdir Lake: one endemic 
(A. iconii) and three introduced (A. boyeri,       
K. caucasica, S. lucioperca).  
Moreover, for freshwater Eğirdir Lake the first 
record of E. excisus on alien host K. caucasica 
and the second record on endemic fish species 
A. iconii were highlighted in this study.  
Further studies are encouraged in searching of 
new parasite species in endemic and introduced 
fish of the second largest freshwater lake in 
Turkey. 
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Abstract 
 
There is a plurality of studies highlighting the beneficial properties of blackcurrant, especially the anti-oxidant ones. 
These are mainly due to phenols, of which anthocyanins and flavonoids stand out, yet the mechanisms by which the 
active substances in blackcurrant act are not fully understood. Blackcurrant extract has a complex biochemical 
composition, it contains tannins, green volatile oils, terpenic carbides, B-complex vitamins, vitamin C, organic acids 
(citric, malic), pectins, sugars, anthocyanins, terpenes, oils fats, flavonoids (myricetol, cvercetol, camphor), pectin, 
calcium, iron, potassium, phosphorus, vitamin PP. The research was carried out between 2017 and 2020. By chemical 
and biochemical analyses, the content of blackcurrant fruits was monitored over time, as well as the presence of some 
chemical or biochemical compounds with sulphur, with harmful action on the human organism, in the extract. It was 
sought to know if the presence of sulphur springs would have an influence on the chemical and biochemical 
composition of blackcurrant fruits. 
 
Key words: antioxidant activity, blackcurrant fruits, polyphenols content, Ribes nigrum. 
 
INTRODUCTION 
 
Blackcurrant (Ribes nigrum L.) is a shrub 
belonging to Saxifragaceae family, which grows 
up to 2 meters high. It can be found growing 
spontaneously of cultivated in mountain areas, 
in forests and bushwood, in colder temperate 
regions of Europe and Northern Asia. The white 
flowers are gathered in short clusters, gradually 
transforming into black baccae, with specific 
smell and taste. They are very valuable due to 
their content of polyphenols and vitamin C, 
intervening in the regulation of the intestinal 
microbiota, thus granting protection against 
anti-inflammatory degenerative disorders or 
even cancer (Butură, 1979; van Wyk and Wink, 
2017; Vepštaitė-Monstavičė et al., 2018).  
The blackcurrants are recognised as a rich 
source of polyphenols (especially anthocyanins, 
phenolic acid derivatives, flavonols and 
proanthocyanidins) useful for vascular and 

metabolic health. Among the large range of 
bioactive components of these fruits a main 
position is occupied by the anthocyanins, which 
are polyphenolic glycosides and belong to the 
flavonoid family. They also provide the natural 
colouring of the fruits. The minor compounds 
containing sulphur (as 8-mercapto-p-menthan-3-
one) are contributing to the specific smell and 
aroma of blackcurrants (Castro-Acosta et al., 
2016; Paunović et al., 2017; van Wyk and 
Wink, 2017). 
The phenolic compounds, important bioactive 
compounds, split in two groups: phenolic acids 
and flavonoids (Quideau et al., 2011). 
Generally, they occur in nature as combined 
forms with sugars, organic acids and esters; 
while other phenols occur as aglycones. 
Phenolic acids are present in vegetal tissues 
mainly as hydroxyl derivatives of benzoic and 
cinnamic acids. They cause of the bitter and 
sour taste of different plants, to these adding 
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Abstract 
 
There is a plurality of studies highlighting the beneficial properties of blackcurrant, especially the anti-oxidant ones. 
These are mainly due to phenols, of which anthocyanins and flavonoids stand out, yet the mechanisms by which the 
active substances in blackcurrant act are not fully understood. Blackcurrant extract has a complex biochemical 
composition, it contains tannins, green volatile oils, terpenic carbides, B-complex vitamins, vitamin C, organic acids 
(citric, malic), pectins, sugars, anthocyanins, terpenes, oils fats, flavonoids (myricetol, cvercetol, camphor), pectin, 
calcium, iron, potassium, phosphorus, vitamin PP. The research was carried out between 2017 and 2020. By chemical 
and biochemical analyses, the content of blackcurrant fruits was monitored over time, as well as the presence of some 
chemical or biochemical compounds with sulphur, with harmful action on the human organism, in the extract. It was 
sought to know if the presence of sulphur springs would have an influence on the chemical and biochemical 
composition of blackcurrant fruits. 
 
Key words: antioxidant activity, blackcurrant fruits, polyphenols content, Ribes nigrum. 
 
INTRODUCTION 
 
Blackcurrant (Ribes nigrum L.) is a shrub 
belonging to Saxifragaceae family, which grows 
up to 2 meters high. It can be found growing 
spontaneously of cultivated in mountain areas, 
in forests and bushwood, in colder temperate 
regions of Europe and Northern Asia. The white 
flowers are gathered in short clusters, gradually 
transforming into black baccae, with specific 
smell and taste. They are very valuable due to 
their content of polyphenols and vitamin C, 
intervening in the regulation of the intestinal 
microbiota, thus granting protection against 
anti-inflammatory degenerative disorders or 
even cancer (Butură, 1979; van Wyk and Wink, 
2017; Vepštaitė-Monstavičė et al., 2018).  
The blackcurrants are recognised as a rich 
source of polyphenols (especially anthocyanins, 
phenolic acid derivatives, flavonols and 
proanthocyanidins) useful for vascular and 

metabolic health. Among the large range of 
bioactive components of these fruits a main 
position is occupied by the anthocyanins, which 
are polyphenolic glycosides and belong to the 
flavonoid family. They also provide the natural 
colouring of the fruits. The minor compounds 
containing sulphur (as 8-mercapto-p-menthan-3-
one) are contributing to the specific smell and 
aroma of blackcurrants (Castro-Acosta et al., 
2016; Paunović et al., 2017; van Wyk and 
Wink, 2017). 
The phenolic compounds, important bioactive 
compounds, split in two groups: phenolic acids 
and flavonoids (Quideau et al., 2011). 
Generally, they occur in nature as combined 
forms with sugars, organic acids and esters; 
while other phenols occur as aglycones. 
Phenolic acids are present in vegetal tissues 
mainly as hydroxyl derivatives of benzoic and 
cinnamic acids. They cause of the bitter and 
sour taste of different plants, to these adding 
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their astringent properties (Parus, 2013). They 
represent substrates for biosynthesis reactions 
(e.g., caffeic acid is a precursor of lignin) 
(Quideau et al., 2011). Flavonoids form the 
largest group of polyphenolic compounds and 
are split into several sub-classes, according to 
their chemical structure: flavanones, flavanols, 
flavones, isoflavones, flavonols and 
anthocyanins (Ferreyra et al., 2012). These 
substances are the main antioxidants that confer 
protection against Reactive oxygen species 
(ROS), yielded by plants in large quantities 
under stress conditions. Also important in 
activating the enzymes involved in the cell 
metabolism and in the antioxidant systems are 
minerals and trace elements (Stern et al., 2008). 
The researchers concluded that high nutritional 
levels of K, Mg, and Ca reduce risk of stroke, 
hypertension, and osteoporosis (Larsson et al., 
2008; Janz et al., 2013; Pavlovic et al., 2015). 
Microminerals, such as iron, are essential in 
many compounds performing oxygen transport 
and storage, representing cofactors for enzymes 
(Larsson et al., 2008). This mineral uptake in 
plants depends on the growth conditions, which 
imply cultivation techniques, stress (biotic or 
abiotic), and nutritional status (Niskanen, 2002; 
Staszowska-Karkut et al., 2020). 
Blackcurrants are widely consumed in the 
world, usually in fresh, frozen, or processed 
form. It has been shown that currants possess 
positive effects in dietary management of 
various diseases (hypertension, osteoporosis, 
inflammation, cancer, and cardiovascular 
disease). Ascorbic acid, anthocyanins, and 
flavonoids are the most valuable compounds 
present in blackcurrants (Zdunic et al., 2016). 
The biochemical composition of blackcurrants 
ensures the mineralizing, vitaminizing, 
bactericidal, hemostatic, diuretic, laxative, anti-
inflammatory, depurative, immunostimulating, 
and phytonicidal effects of this plant. 
 
MATERIALS AND METHODS 
 
Chemical and biochemical analyses were 
performed on fresh blackcurrant fruit extracts, 
using distinct methods to establish the array of 
components. These analyses were performed in 
the research laboratories of the Faculty of 
Environmental Protection, University of 
Oradea.  

The dry substance was determined by 
desiccating the fruits in stove at 105-110ºC, 
further weighing and proportioning. The sugar 
content of blackcurrant fruits is significant. It 
was assessed using the Schoorl method (Schrool 
and Regenbogen, 1917). Acidity was 
determined by potentiometric analysis. The 
detection of tanning and colouring substances 
(mg%) was performed with 1% vanillin solution 
in concentrated HCl and 1% FeCl3 solution. The 
gauging of tanning substances was done by 
permanganatometric method Vitamin C (mg %) 
was determined by iodometric method, based on 
the oxidation of ascorbic acid with excess 
iodine. Than the sugar/acid parameter was 
calculated. 
Spectrophotometry was involved, performing 
the Folin-Ciocalteu assay, for assessing the total 
phenolic content, expressed as mg of gallic acid 
equivalent (GAE)/g dry residue (Attard, 2013). 
Potentiometric method was used to determine 
the antioxidant activity, evaluated based on the 
capacity to capture free radicals. In the process, 
peroxy radicals are generated involving 2.2-
azobis (2-amidinopropane) dihydrochloride. 
The results were expressed in gallic acid 
equivalents/g dry extract weight. 
 
RESULTS AND DISCUSSIONS 
 
The biochemical analyses were performed on 
blackcurrant fruits hand-picked on a plantation 
in Jibou town (Figure 1), situated in the vicinity 
of sulphur springs. 
 

 
Figure 1. Ribes nigrum plantation 

Each tested parameter was assessed in triplicate, 
for each studied year (2017-2020). 
In this plantation the crop slightly decreased 
along the 4 years of the study (Table 1). The 
sugar content along the 4 years had slightly 
varied, the lowest content being recorded in 
2019 (7.96%). The assessment of tanning and 

colouring substances (mg%) by 
permanganatometric method indicated a high 
content in each year included in the study 
(Table 1). The total content of tanning 
substances is variable from one year to another, 
registering a maximum of 73.29 mg% in 2017 
and minimum of 69.58 mg% in 2020. 

 
Table 1. Quality of blackcurrant fruits according to nutrient content for the period 2017-2020 

Parameters Year 
2017 2018 2019 2020 

Fruit average mass (g) 1.5 1.4 1.6 1.4 
Crop (kg/ha) 18.22 19.58 17.36 16.47 
Sugar content (%) 8.64 8.58 7.96 8.26 
Titrated acidity (%) 1.58 1.49 1.53 1.47 
Colouring substances (mg%) 69.58 72.34 71.96 72.67 
Vitamin C (mg%) 23.56 22.69 23.18 23.36 
Sugar/acid coefficient 4.81 4.74 4.59 4.82 

 
Figure 2 shows the variation of the vitamin C 
content during the four years of study. It can be 
noticed the lower quantity of vitamin C in 2018, 

compared with the other years of study (Figure 
2). 

 

 
Figure 2. Content of vitamin C in blackcurrant fruits 

 
The acidity detected by titration in the 
blackcurrant leaves during the timespan of the 
study was quite uniform and ranged between 
1.47-1.58%. The sugar content was also rather 
uniform on the study period. The coefficient 
calculated for the ratio between the sugar 
content and acidity exhibited a slightly 
increasing trend in 2020 (Figure 3). 
The total polyphenolic content reached values 
ranging from 0.492 mg/ml in 2017 to 0.552 
mg/ml in 2020 (Table 2). Antioxidant activity is 
in relation with the polyphenol currant fruits 
contain. Within polyphenols, the most important 
are anthocyanins and flavonols, and it must be 

added that a synergistic action of different 
groups of phenolic compounds can be observed. 
The performed studies concluded that 
anthocyanins dominated in blackcurrants, while 
phenolic acids and proanthocyanidins 
dominated among the phenolic compounds in 
green and white currants (Maatta et al., 2001). 
The phenolic compounds mentioned exhibit 
tones of blue, yellow, red, and purple and 
determine the colour of the currant fruits. 
Blackcurrant fruits may be regarded as genuine 
deposits of polyphenolic compounds, which 
provide antiradical impact, which can inhibit the 
carcinogenic process, if consumed fresh.  
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Figure 3. Content of sugar (%) and acidity in blackcurrant fruits (2017-2020 years) 

 
Considering such properties, the antioxidant 
capability of fresh fruits correlated to the 
polyphenol content was aimed. As for the 
polyphenol content, the Folin-Ciocalteu method 
was used to assess it. The potentiometric 
method was applied to assess the antioxidant 
activity. The antioxidant activity of polyphenols 
translates in their aptitude to capture free 

radicals. The method implies generating peroxy 
radicals by using 2-amidinopropane 
dihydrochloride. The ability of fresh fruit 
extracts to capture radical peroxyls was 
expressed in gallic acid equivalent (GAE) µM 
gallic acid/g of dry residue. The dilution of the 
currant extract was 0.1. 

 
Table 2. Characteristics of crude blackcurrant fruit extracts, during the research period (2017-2020) 

Blackcurrant extract Years 
2017 2018 2019 2020 

Dry residue (mg/ml) 6.76±0.15 6.28±0.15 6.96±0.15 6.67±0.15 
Total polyphenolic (mg/ml) 0.492±0.005 0.612±0.005 0.527±0.005 0.552±0.005 
Antiradical activity (%) 53.39±0.5 62.36±0.558 58.86±0.5 57.84±0.5 
The ability to capture peroxyl 
radicals (µM GAE/g dry residue) 

286.42±25.50 268.57±25.50 279.68±25.50 261.46±25.50 

Dried blackcurrants at 60ºC 215.49±20.45 192.23±18.24 195.01±18.51 95.34±9.05 

 
The anti-free radicals activity of the analysed 
extracts is directly correlated with the 
polyphenolic content, thus the capacity to 
capture the free radicals in the analysed extracts 
grows along with the increase of the 
polyphenolic content. The differences recorded 
in the research are mainly owned to the 
polyphenols content of blackcurrant fruits. 
A higher content of polyphenols was observed 
in the year 2018 (0.612 mg/ml) (Figure 4). 
Evaluation of the antioxidant activity of 
polyphenols was performed based on the ability 
to capture free radicals. The capacity to capture 
free radicals in dilution of 1/10 shows variations 

from 53.39 ± 0.5% in 2017 to 62.36 ± 0.5% in 
2018. The extract of free radicals had the 
highest capability for free radical uptake 
corresponding to the extract from 2017, with an 
antiradical activity value of just 53.39 ± 0.5%. 
The peroxyl radical uptake capacity of the 
analysed extract (by expressing the antiradical 
activity in the equivalent of gallic acid) varies 
widely during the research period from a 
maximum value of 286.42 ± 22.50 µMGAE/g 
recorded in 2017, to a minimum value of 261.46 
± 25.50 µMGAE/g recorded in 2020 (Table 2). 
The antiradical activity of the analysed extracts 
is directly correlated with the polyphenolic 

content, consequently the ability to capture free 
radicals from the analysed extracts increases 
with increasing polyphenolic content. The 
differences registered during the research period 

are mainly due to the polyphenol content of 
blackcurrant fruits, the highest content being 
recorded in 2018 (Figure 4). 

 

 
Figure 4. Total polyphenolic content (mg/ml) in blackcurrant fruits (2017-2020 years) 

 
CONCLUSSIONS 
 
The results obtained experimentally show that 
the antioxidant activity of blackcurrant fruit is 
directly proportional to the polyphenol content. 
According to the comparative analyses of 
blackcurrant fruits along the 4 years study 
period the total polyphenols varied slightly. 
The priority to focus on is the ability to capture 
free radicals, because it reaches promising 
values, the highest being recorded in 2017, of 
286.42±25.50 µMGAE/g. 
In conclusion, based on the comparative study 
of the free radical scavenging capacity in the 
analysed samples, along all the study years, 
blackcurrant fruits can serve as a source of 
products rich in polyphenolic content, with 
antioxidant properties. 
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Abstract 
 
The state of plant nutrition was assessed in wheat plants, Alex cultivar, BBCH 12-13 stage. Microscopic images, Leica 
CLSM, DM2500 were taken on the leaves. On the microscopic images were analyzed in RGB color system, for plants 
with normal nutrition (Rnn, Gnn, Bnn) and for plants with nutrient deficiency (Rnd, Gnd, Bnd). The average values for R, 
were Rnn = 110.30, Rnd = 47.65. The differences between the averages of the studied cases were high and statistically 
significant (test t, t = 14.224, p< 0.001; non-parametric Mann-Whitney test, U = 0, p< 0.001). In the case of the G, the 
average values were Gnn = 51.92, Gnd = 55.54, and in the case of B, the average values were Bnn = 4.12, Bnd = 4.16, 
without statistical assurance of differences.The average value of the fractal dimension (D) in the case of plants with 
normal nutrition was Dnn = 1.746, and in the case of plants with nutritional deficiency it was Dnd = 1.850. The 
difference between the means was statistically significant, according to the indicated value of t = 10.88, having              
p < 0.001. And in the case of applying the non-parametric Mann-Whitney test the differences between groups are 
significant, U = 0, p < 0.001. 
 
Key words: CLS, fluorescence, fractal analysis, RGB, wheat. 
 
INTRODUCTION 
 
The evaluation of plants and crops can be done 
at different levels, from macro scale to nano 
scale. During this very wide interval, studies 
were carried out that include large areas, 
regions and agricultural basins, based on 
satellite images, macroeconomic studies, etc. 
(Artzberger, 2013; Herbei and Sala, 2016; 
Dalmau et al., 2017; Popescu et al., 2020), 
studies at the level of agricultural plots, based 
on aerial (drone) or terrestrial images (digital 
sensors on machines and equipment 
agricultural studies), usually studies aimed at 
agricultural crop management (Valente et al., 
2011; Constantinescu et al., 2018; Sala et al., 
2020a).  
Some studies have been conducted at the plant 
level, as an organism, through physiological 
indices that express the degree of plant 
adaptability, nutritional status and the 
relationship of plants with environmental and 
technological factors (Jivan and Sala, 2014; 
Motaghi and Nejad, 2014; Dobrei et al., 2015; 
Datcu et al., 2017), elements of plant 
productivity (Rawashdeh and Sala, 2016). 
Studies have also been performed at the cellular 

and plant tissue level, using microscopic 
techniques (Ishida et al., 2000; Li et al., 2007; 
Sozzani et al., 2014), or biochemical and 
molecular studies (Xiong and Zhu, 2002; Du et 
al., 2009). 
Methods based on imaging, in the evaluation 
and investigation of plant organisms have 
developed more and more as a result of the 
facilities offered by these methods: real-time 
evaluation, high accuracy, fast and efficient 
formulation of different solutions, etc. (Li et al., 
2014; Drienovsky et al., 2017; Perez-Sanz et 
al., 2017). 
Microscopic methods are very important in the 
study of plant organisms and have been used 
for herbal standardization (Lachumy and 
Sasidharan, 2012; Chirskaya et al., 2014). 
Investigation technology based on spectro-
microscopy, or fluorescence microscopy has 
been used to study the biology of plant cells 
and tissues (Dubrovsky et al., 2006; Harter et 
al., 2012). 
Fluorescent confocal laser microscopy is useful 
for obtaining high-resolution optical sections in 
plant tissues, for studies of cell organization, 
dynamics of biological developmental 
processes, the response of molecular and 
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cellular structures to internal or external stimuli 
of plants, to factors stress etc. (Genre, 2008; 
Pollastri et al., 2012). 
The present study used the investigative 
technique based on confocal microscopy in 
fluorescence associated with imaging and 
fractal analysis to achieve a model of wheat 
plant response to nutritive stress. 
 
MATERIALS AND METHODS 
 
The biological material was represented by the 
Alex wheat cultivar. Leaf samples were taken 
from nutrient deficient plants (without 
fertilization, variant control) and from fertilized 
plants (PK150N50). Determinations were made 
in the early stages of plant vegetation (Principal 
growth stage 1, 12-13 BBCH Code) (Figure 1). 
This is the critical period of nutrition for wheat, 
when nutritional deficiency significantly affects 
plant metabolism (Marschner, 1995; Mengel 
and Kirkby, 2001). In the present study, the 
symptoms of the leaves expressed phosphorus 
deficiency (leaves red-anthocyanin color). 
 

 
a 

 
b 

Figure 1. Plant samples (a - plant with normal nutrition 
status; b - plant with nutrition deficiency) 

 
For microscopic analysis, portions of different 
areas of normal leaves and nutrient-deficient 
leaves were sectioned, and mounted on a glass 
slide. No staining or manipulation of the 
samples was performed. In the present study, a 
Leica CLSM microscope, model DM 2500, 
with HCX PL FLUOTAR 10x/0.30 N.A. lenses 
was used, and for more detailed images, the 
HCX PL APO 63x/1.40 N.A. oil immersion 
lens was used. Images were obtained by 

scanning each leaf sample with a small light 
source (~ 1 μm in diameter) and by recording 
the light reflected by the focusing plane 
(Pawley, 2006). In order to simultaneously 
detect the red and green emission light, the dual 
fluorescent mode was used. For the green 
emitting light, a laser with a wavelength of 488 
nm was used, and the emitted lights were 
recorded at wavelengths of 530-550 nm. A 
laser with a wavelength of 488 nm was used for 
the red emission light, and the emitted lights 
were recorded at 680-710 nm, according to 
Gitelson et al. (1999). The samples were 
scanned at a speed of 400 Hz and a laser 
intensity of 30-40%. Images were recorded 
using LAS-AF (Leica Application Suite - 
Advanced Fluorescence). The images obtained 
for plants with normal nutrition are shown in 
Figure 2, and for those with nutritional 
deficiency in Figure 3. 
To evaluate the properties of wheat leaves in 
fluorescent light in relation to nutritional status, 
microscopic images were analyzed by imaging 
methods. The color spectrum in the RGB 
system and the pixel proportion of the three 
spectral bands R, G, B in each image were 
analyzed on color microscopic images, both in 
samples with nutrition defficiency (Rnd, Gnd, 
Bnd) and in normal leaves ( Rnn, Gnn, Bnn). 
Fractal analysis was used as a color-neutral 
method to analyze microscopic images. For the 
analysis of the fractal geometry of the 
microscopic structure of the leaves captured by 
confocal microscopy, the same binarized 
images were analyzed. Fractal dimensions (D) 
were obtained for the two cases studied; plants 
with normal nutrition (Dnn) and with deficiency 
nutrition (Dnd). Image J software was used for 
image analysis (Rasband, 1997). 
The evaluation of the differences between the 
groups of vegetal samples, corresponding to the 
plants with normal nutrition, respectively of the 
plants that presented nutritional deficiencies 
was performed on the basis of two-sample t test 
for equal means, respectively the non-
parametric Mann-Whitney test for equal 
medians. Testing for differences in series 
variability was performed using the non-
parametric Fligner-Killeen test. The Past 
software was used for each case (Hammer et 
al., 2001). 

 

As a working scheme and for data validation, 
the RGB-D model was proposed for the 
evaluation of plant nutritional deficiency, based 
on RGB parameters and fractal dimension D 

resulted from the analysis of microscopic 
images. The logic diagram is shown in Figure 
4. 

 

 
Figure 2. Microscopic images of wheat leaves with normal nutrition status (confocal microscopy) 

 

 
Figure 3. Microscopic images of nutritionally deficient wheat leaves (confocal microscopy) 
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Figure 4. RGB-D Model based on microscopic image for nutritional stress in plant 

 
RESULTS AND DISCUSSIONS 
 
The differentiated nutritional status of the two 
categories of plants analyzed was highlighted 
by the content of mineral elements identified in 
the plant samples, according to the working 
model in Figure 4, Table 1.  
The content of certain mineral elements had 
higher values in fertilized plants, except for 
potassium and copper which had higher values 
in nutritional deficiency plants. The importance 
of potassium in plant nutrition is known 
(Mengel and Kirkby, 2001; Barker and 
Pilbeam, 2007), and according to the law of 
equivalence of vegetation factors, there may be 
partial substitutions of some nutrients. In the 
case studied, potassium and copper contributed 
to increasing the concentration of cell juice as 
an alternative in balancing the nutritional 
deficiency and increasing the resistance of 
plants to the cold season. 
Between the values of mineral content (Me) in 
plants with normal nutrition (Menn) and those 

with nutrition deficiency (Mend) were found the 
following ratios (Menn/Mend), as an expression 
of the difference in nutrition status: 1.12 for 
total nitrogen (N-total), 2.02 for P2O5, 0.78 for 
K2O, 1.55 for Mg, 1.83 for Ca, 1.02 for Fe, 
0.56 for Cu, 1.53 for Zn, and 1.37 for Mn, 
respectively. 
Against the background of nutritional 
deficiency, unfertilized plants have 
accumulated more potassium from the natural 
content of the soil, being known the role of 
potassium as a regulator of plant response to 
stress (Hasanuzzaman et al., 2018). 
Against the background of a differentiated 
nutrition, the plants developed a differentiated 
internal structure, highlighted by microscopic 
analysis. 
The analysis of the profile and color spectrum 
of microscopic images in the two plants 
categories, led to obtaining spectral information 
in the RGB system, the values for each color 
channel (R, G, B) and plant category being 
shown in Table 2. 

  

 

Table 1. Values of mineral content in wheat leaves under 
conditions of nutrition deficiency and normal nutrition 

Mineral elements UM 
Leaves with 

nutrition 
deficiency 

Leaves with 
normal 

nutrition 
Nitrogen (N-total) % 4.1 4.58 
Phosphorus (P2O5) % 0.47 0.95 
Potassium (K2O) % 3.46 2.71 
Magnesium % 0.36 0.56 
Calcium % 1.2 2.19 
Iron ppm 9.8 10 
Copper ppm 4.94 2.76 
Zinc ppm 32.65 49.95 
Manganese ppm 71.5 97.8 
 
Fractal analysis on binarized microscopic 
images removed the possible influence of color 
and captured with a high degree of fidelity and 

statistical certainty (R2 = 0.999, SE = 0.043) 
the structure of leaf fractal geometry captured 
in microscopic images, as a result of differ-
ences in the plants nutrition status. The values 
for fractal dimensions are given in Table 2. 
The average value for R, in the case of plants 
with normal nutrition, was Rnn = 110.39 
compared to the average value for R in the case 
of plants with nutritional deficiency (Rnd = 
47.65).  
The difference between the averages was high 
and statistically significant. The value of the t 
test was t = 14.224 with p < 0.001.  
The non-parametric Mann-Whitney test also 
indicated significant differences between the 
two groups, U = 0, p < 0.001. 

 

Table 2. Data for R, G, B and D resulting from the analysis of microscopic images in wheat, Alex cultivar 

Microscopic 
image Rnn Rnd Gnn Gnd Bnn Bnd Dnn Dnd 

1 87.18 43.35 59.18 50.42 4.1 3.85 1.785 1.845 
2 108.33 66.7 55.94 65.74 3.98 4.3 1.753 1.872 
3 117.9 73.52 47.3 70.5 3.83 4.48 1.713 1.864 
4 115.95 44.58 40.78 51.21 3.76 3.86 1.697 1.834 
5 105.04 35.29 57.15 45.32 4.38 3.81 1.794 1.835 
... ... ... ... ... ... ... ... ... 
16 117.93 38.71 35.68 52.54 3.77 4.07 1.679 1.856 
17 92.17 33.5 51.67 45.28 4.32 3.84 1.822 1.829 
18 101.4 48.13 56.17 54.87 4.18 4.24 1.766 1.854 
19 132.94 52.29 56.29 63.38 4.35 4.52 1.731 1.855 
20 134.7 38.3 50.61 49.91 4.21 4.06 1.709 1.858 

 
The coefficients of variation of the R values 
series (RGB color system) presented in both 
situations high values: 14.01 in the case of 
plants with normal nutrition, respectively 25.65 
for plants with nutritional deficiency. These 
indicated a low homogeneity of the series. The 
values differed significantly. The variability of 
the series corresponding to the plants with 
normal nutrition was lower than the case of the 
R series for the plants that had nutrition 
deficiency. The Fligner-Killeen test indicated 
the value T = 26.23, z = 2.45 with p = 0.013. 
Referring to the series of G values (RGB color 
system), in plants with normal nutrition it led to 
the average value of 51.92 compared to plants 
that had a nutritional deficit, where the average 
value of the series of G values was 55.54. The 
values were quantitatively close and the 
difference was not statistically significant. And 

in the case of applying the non-parametric 
Mann-Whitney test, the differences were not 
statistically significant. The coefficients of 
variation of the series of G values presented in 
both situations high values: 12.94 in the case of 
plants with normal nutrition, respectively 14.43 
for plants with nutritional deficiencies. Their 
values are close, and did not show statistically 
significant differences. 
The average value of the series of B values 
(RGB color system) in the case of plants with 
normal nutrition was 4.12 compared to the 
average value in the case of plants with 
nutritional deficiencies, Bnd = 4.16. The values 
were quantitatively close and the difference 
was not statistically significant.  
And in the case of non-parametric Mann-
Whitney test applications, the mean ranks 
differences were not statistically significant. 
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Figure 4. RGB-D Model based on microscopic image for nutritional stress in plant 
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The content of certain mineral elements had 
higher values in fertilized plants, except for 
potassium and copper which had higher values 
in nutritional deficiency plants. The importance 
of potassium in plant nutrition is known 
(Mengel and Kirkby, 2001; Barker and 
Pilbeam, 2007), and according to the law of 
equivalence of vegetation factors, there may be 
partial substitutions of some nutrients. In the 
case studied, potassium and copper contributed 
to increasing the concentration of cell juice as 
an alternative in balancing the nutritional 
deficiency and increasing the resistance of 
plants to the cold season. 
Between the values of mineral content (Me) in 
plants with normal nutrition (Menn) and those 

with nutrition deficiency (Mend) were found the 
following ratios (Menn/Mend), as an expression 
of the difference in nutrition status: 1.12 for 
total nitrogen (N-total), 2.02 for P2O5, 0.78 for 
K2O, 1.55 for Mg, 1.83 for Ca, 1.02 for Fe, 
0.56 for Cu, 1.53 for Zn, and 1.37 for Mn, 
respectively. 
Against the background of nutritional 
deficiency, unfertilized plants have 
accumulated more potassium from the natural 
content of the soil, being known the role of 
potassium as a regulator of plant response to 
stress (Hasanuzzaman et al., 2018). 
Against the background of a differentiated 
nutrition, the plants developed a differentiated 
internal structure, highlighted by microscopic 
analysis. 
The analysis of the profile and color spectrum 
of microscopic images in the two plants 
categories, led to obtaining spectral information 
in the RGB system, the values for each color 
channel (R, G, B) and plant category being 
shown in Table 2. 

  

 

Table 1. Values of mineral content in wheat leaves under 
conditions of nutrition deficiency and normal nutrition 

Mineral elements UM 
Leaves with 

nutrition 
deficiency 

Leaves with 
normal 

nutrition 
Nitrogen (N-total) % 4.1 4.58 
Phosphorus (P2O5) % 0.47 0.95 
Potassium (K2O) % 3.46 2.71 
Magnesium % 0.36 0.56 
Calcium % 1.2 2.19 
Iron ppm 9.8 10 
Copper ppm 4.94 2.76 
Zinc ppm 32.65 49.95 
Manganese ppm 71.5 97.8 
 
Fractal analysis on binarized microscopic 
images removed the possible influence of color 
and captured with a high degree of fidelity and 

statistical certainty (R2 = 0.999, SE = 0.043) 
the structure of leaf fractal geometry captured 
in microscopic images, as a result of differ-
ences in the plants nutrition status. The values 
for fractal dimensions are given in Table 2. 
The average value for R, in the case of plants 
with normal nutrition, was Rnn = 110.39 
compared to the average value for R in the case 
of plants with nutritional deficiency (Rnd = 
47.65).  
The difference between the averages was high 
and statistically significant. The value of the t 
test was t = 14.224 with p < 0.001.  
The non-parametric Mann-Whitney test also 
indicated significant differences between the 
two groups, U = 0, p < 0.001. 

 

Table 2. Data for R, G, B and D resulting from the analysis of microscopic images in wheat, Alex cultivar 

Microscopic 
image Rnn Rnd Gnn Gnd Bnn Bnd Dnn Dnd 

1 87.18 43.35 59.18 50.42 4.1 3.85 1.785 1.845 
2 108.33 66.7 55.94 65.74 3.98 4.3 1.753 1.872 
3 117.9 73.52 47.3 70.5 3.83 4.48 1.713 1.864 
4 115.95 44.58 40.78 51.21 3.76 3.86 1.697 1.834 
5 105.04 35.29 57.15 45.32 4.38 3.81 1.794 1.835 
... ... ... ... ... ... ... ... ... 
16 117.93 38.71 35.68 52.54 3.77 4.07 1.679 1.856 
17 92.17 33.5 51.67 45.28 4.32 3.84 1.822 1.829 
18 101.4 48.13 56.17 54.87 4.18 4.24 1.766 1.854 
19 132.94 52.29 56.29 63.38 4.35 4.52 1.731 1.855 
20 134.7 38.3 50.61 49.91 4.21 4.06 1.709 1.858 

 
The coefficients of variation of the R values 
series (RGB color system) presented in both 
situations high values: 14.01 in the case of 
plants with normal nutrition, respectively 25.65 
for plants with nutritional deficiency. These 
indicated a low homogeneity of the series. The 
values differed significantly. The variability of 
the series corresponding to the plants with 
normal nutrition was lower than the case of the 
R series for the plants that had nutrition 
deficiency. The Fligner-Killeen test indicated 
the value T = 26.23, z = 2.45 with p = 0.013. 
Referring to the series of G values (RGB color 
system), in plants with normal nutrition it led to 
the average value of 51.92 compared to plants 
that had a nutritional deficit, where the average 
value of the series of G values was 55.54. The 
values were quantitatively close and the 
difference was not statistically significant. And 

in the case of applying the non-parametric 
Mann-Whitney test, the differences were not 
statistically significant. The coefficients of 
variation of the series of G values presented in 
both situations high values: 12.94 in the case of 
plants with normal nutrition, respectively 14.43 
for plants with nutritional deficiencies. Their 
values are close, and did not show statistically 
significant differences. 
The average value of the series of B values 
(RGB color system) in the case of plants with 
normal nutrition was 4.12 compared to the 
average value in the case of plants with 
nutritional deficiencies, Bnd = 4.16. The values 
were quantitatively close and the difference 
was not statistically significant.  
And in the case of non-parametric Mann-
Whitney test applications, the mean ranks 
differences were not statistically significant. 
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The coefficients of variation of the B value 
series presented in both situations low values: 
4.61 in the case of plants with normal nutrition, 
respectively 6.60 for plants with nutritional 
deficiency. And in the case of the B series, the 
values of the coefficients of variation were 
close, and did not show statistically significant 
differences. 
The average value of the fractal dimension (D) 
in the case of plants with normal nutrition (Dnn) 
was Dnn = 1.746, compared to the average 
value of the fractal size in the case of plants 
with nutrition deficiency (Dnd), where it had the 
value Dnd = 1.850. The difference between the 
means was statistically significant, according to 
the indicated value of t = 10.88 having              
p < 0.001. And in the case of non-parametric 
Mann-Whitney test applications, the differ-
ences between groups are significant, U = 0,      
p < 0.001. The coefficients of variation of the 
series of fractal dimensions presented in both 
situations low values: 2.33 in the case of plants 
with normal nutrition, respectively 0.66 for 
plants with nutritional deficiencies, indicating 
the homogeneity of the series. However, their 
values differed significantly. The variability of 
the series of fractal dimensions corresponding 
to the plants with normal nutrition (Dnn) was 
superior to the case of the series of fractal 
dimensions for the plants that had nutrition 
deficiency (Dnd). The Fligner-Killeen test 
indicated the value T = 6.07, z = -3.17 with       
p < 0.01. 
Nutritional status is reflected in plant growth 
and development, and is most commonly 
studied through physiological indices and 
growth parameters (Layek et al., 2012; Jivan 
and Sala, 2014; Stein et al., 2017), in 
productivity elements, yield and quality 
(Dobrei et al., 2010; Rawashdeh and Sala, 
2014; 2016; Mohamed et al., 2019).  
Different studies on plant nutrition used 
diagnostic models based on remote sensing 
(Feng et al., 2019; Röll et al., 2019), and other 
studies proposed indices for some nutrients 
supplementation (eg nitrogen) in wheat culture 
(Datcu et al., 2020). Imaging methods based on 
mobile applications have been used in foliar 
studies in different plant species (Drienovsky et 
al., 2017). 
The variation of nutrition causes changes in the 
mineral content of the leaves and in the 

functional physiological structures of the leaves 
in relation to the capacity to receive sunlight 
and photosynthetic processes, respectively 
(Sattelmacher, 2001; Chikov and Bakirova, 
2004; Miller, 2014). 
The mineral composition of the leaves, 
"ionomic leaf" (Stein et al., 2017), expresses 
the complex interaction between a plant and its 
nutritional environment, namely the nutrient 
matrix, mineral composition and soil fertility. 
Technology has evolved a lot, especially in 
recent decades, and has made possible the use 
of very complex methods for the study of plant 
organisms at the micro scale (Lazcano-Ramirez 
et al., 2018). 
Color models for the analysis of microscopic 
images have been used in other studies; RGB, 
HSI, CIEL * a * b * color models (Bueno et al., 
2008), in the analysis of resistance of barley 
cells to powdery mildew (Ihlow and Seiffert, 
2003), in studies on light absorption and 
distribution and the process of photosynthesis 
in plant tissues (Lichtenberg et al., 2017).  
In the present study, the color parameter R 
facilitated the statistical safety differentiation of 
the two categories of plants, based on 
microscopic images. 
Regarding the fractal analysis, it is known the 
refinement with which this analysis captures 
the geometry of some textures in the imaging 
analysis (Kaplan, 1999; Jobin et al., 2012). 
Fractal analysis has been used successfully in 
pomology studies (Sala et al., 2017), the study 
of fraxinus cork geometry in relation to the 
image shooting distance (Nicolin et al., 2019), 
the evaluation of the spatial variation of 
agricultural lands (Sala et al., 2020b) 
The fractal analysis captured, in conditions of 
statistical safety, the structural differentiations 
of the leaves with nutritional deficiency from 
the normal ones, reflected in the microscopic 
images. 
 
CONCLUSIONS 
 
In the case of the analyzed samples, only the 
fractal dimension (D), and the R series values 
(coloristic index R), were the indicators that 
showed statistically significant values changes 
for the plants with nutrition deficiences 
compared to those that have a normal nutrition. 

 

These indices (R and D) were validated in the 
RGB-D model to characterize the nutritional 
deficiency based on microscopic images. 
The values of the G and B series (RGB color 
system) did not change significantly under 
normal nutritional conditions compared to the 
nutritional deficiency of wheat plants, Alex 
cultivar. 
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The coefficients of variation of the B value 
series presented in both situations low values: 
4.61 in the case of plants with normal nutrition, 
respectively 6.60 for plants with nutritional 
deficiency. And in the case of the B series, the 
values of the coefficients of variation were 
close, and did not show statistically significant 
differences. 
The average value of the fractal dimension (D) 
in the case of plants with normal nutrition (Dnn) 
was Dnn = 1.746, compared to the average 
value of the fractal size in the case of plants 
with nutrition deficiency (Dnd), where it had the 
value Dnd = 1.850. The difference between the 
means was statistically significant, according to 
the indicated value of t = 10.88 having              
p < 0.001. And in the case of non-parametric 
Mann-Whitney test applications, the differ-
ences between groups are significant, U = 0,      
p < 0.001. The coefficients of variation of the 
series of fractal dimensions presented in both 
situations low values: 2.33 in the case of plants 
with normal nutrition, respectively 0.66 for 
plants with nutritional deficiencies, indicating 
the homogeneity of the series. However, their 
values differed significantly. The variability of 
the series of fractal dimensions corresponding 
to the plants with normal nutrition (Dnn) was 
superior to the case of the series of fractal 
dimensions for the plants that had nutrition 
deficiency (Dnd). The Fligner-Killeen test 
indicated the value T = 6.07, z = -3.17 with       
p < 0.01. 
Nutritional status is reflected in plant growth 
and development, and is most commonly 
studied through physiological indices and 
growth parameters (Layek et al., 2012; Jivan 
and Sala, 2014; Stein et al., 2017), in 
productivity elements, yield and quality 
(Dobrei et al., 2010; Rawashdeh and Sala, 
2014; 2016; Mohamed et al., 2019).  
Different studies on plant nutrition used 
diagnostic models based on remote sensing 
(Feng et al., 2019; Röll et al., 2019), and other 
studies proposed indices for some nutrients 
supplementation (eg nitrogen) in wheat culture 
(Datcu et al., 2020). Imaging methods based on 
mobile applications have been used in foliar 
studies in different plant species (Drienovsky et 
al., 2017). 
The variation of nutrition causes changes in the 
mineral content of the leaves and in the 

functional physiological structures of the leaves 
in relation to the capacity to receive sunlight 
and photosynthetic processes, respectively 
(Sattelmacher, 2001; Chikov and Bakirova, 
2004; Miller, 2014). 
The mineral composition of the leaves, 
"ionomic leaf" (Stein et al., 2017), expresses 
the complex interaction between a plant and its 
nutritional environment, namely the nutrient 
matrix, mineral composition and soil fertility. 
Technology has evolved a lot, especially in 
recent decades, and has made possible the use 
of very complex methods for the study of plant 
organisms at the micro scale (Lazcano-Ramirez 
et al., 2018). 
Color models for the analysis of microscopic 
images have been used in other studies; RGB, 
HSI, CIEL * a * b * color models (Bueno et al., 
2008), in the analysis of resistance of barley 
cells to powdery mildew (Ihlow and Seiffert, 
2003), in studies on light absorption and 
distribution and the process of photosynthesis 
in plant tissues (Lichtenberg et al., 2017).  
In the present study, the color parameter R 
facilitated the statistical safety differentiation of 
the two categories of plants, based on 
microscopic images. 
Regarding the fractal analysis, it is known the 
refinement with which this analysis captures 
the geometry of some textures in the imaging 
analysis (Kaplan, 1999; Jobin et al., 2012). 
Fractal analysis has been used successfully in 
pomology studies (Sala et al., 2017), the study 
of fraxinus cork geometry in relation to the 
image shooting distance (Nicolin et al., 2019), 
the evaluation of the spatial variation of 
agricultural lands (Sala et al., 2020b) 
The fractal analysis captured, in conditions of 
statistical safety, the structural differentiations 
of the leaves with nutritional deficiency from 
the normal ones, reflected in the microscopic 
images. 
 
CONCLUSIONS 
 
In the case of the analyzed samples, only the 
fractal dimension (D), and the R series values 
(coloristic index R), were the indicators that 
showed statistically significant values changes 
for the plants with nutrition deficiences 
compared to those that have a normal nutrition. 

 

These indices (R and D) were validated in the 
RGB-D model to characterize the nutritional 
deficiency based on microscopic images. 
The values of the G and B series (RGB color 
system) did not change significantly under 
normal nutritional conditions compared to the 
nutritional deficiency of wheat plants, Alex 
cultivar. 
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Abstract  
 
In the paper the social, environmental and resource (i.e. raw materials or financial) interests of use of forest resources 
in accordance with their multifunctional potential are identified based on the hypothesis that the definition of forest 
resources in the forest legislation of Ukraine as an object of legal relations, the modern mechanism of forest relations 
does not reflect adequate economic value, and the functioning market cannot balance supply and demand for forest 
products environmental protection, as well as the mechanism of extraction and distribution of forest rents. It is noted 
that the resource interest of use of forest resources (i.e. raw materials or financial) can be both public and private. The 
public and private interests of use of forest resources in the process of their capitalization on the example of Ukraine, 
which may be mutually exclusive, are analyzed. It is substantiated that management decisions on forest resources 
should reconcile public (state) and private interests, in particular, through project analysis. In order to successfully 
capitalization of forest resources, which is also true for other types of natural resources, taking into account the full 
range of environmental interests of their use, rather than exclusively resource (raw materials or financial), the use of 
“environmental” and “resource” instruments are proposed (the name of instruments indicates the object of regulatory 
influence - the function or value of a natural resource in the public imagination). Features of “environmental” and 
“resource” instruments for capitalization of forest resources are analyzed. The structures that form the instruments are 
researched. It is noted that an important factor in the powers and responsibilities of such structures is also the form of 
ownership, which determines, in particular, the economic aspect of their functions. 
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INTRODUCTION 
 
In connection with the process of capitalization 
of natural resources in order to attract them to 
economic turnover and increase value, which in 
Ukraine has its own characteristics are due to 
the traditions of forestry and forest 
management in the Soviet Ukraine and current 
institutional support for natural resources use 
and environmental protection in Ukraine, as 
well as the state (level of development) of the 
national forest sector, the nature resources 
economy and the national economy in general.  
This is complicated by the intensification of 
global environmental problems, which requires 
appropriate afforestation and reforestation 
(according to the Intergovernmental Panel for 

Climate Change (IPCC) definition) measures, 
as well as agroforestry land reclamation.  
Definition of forest resources in the forest 
legislation of Ukraine as an object of legal 
relations, the current mechanism of regulation 
of forest relations does not allow to say that this 
type of natural resources has an adequate 
economic value, and a functioning market that 
can balance supply and demand for forest pro-
ducts from the point of view of environmental 
protection, as well as the mechanism of 
extraction and distribution of forest rent.  
Under capitalization, based on the provisions 
systematized in the publications (Khvesyk et 
al., 2014; Tretiak, 2014) here we understand 
the transformation of natural resources into 
capital, i.e. into value that can bring additional 
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INTRODUCTION 
 
In connection with the process of capitalization 
of natural resources in order to attract them to 
economic turnover and increase value, which in 
Ukraine has its own characteristics are due to 
the traditions of forestry and forest 
management in the Soviet Ukraine and current 
institutional support for natural resources use 
and environmental protection in Ukraine, as 
well as the state (level of development) of the 
national forest sector, the nature resources 
economy and the national economy in general.  
This is complicated by the intensification of 
global environmental problems, which requires 
appropriate afforestation and reforestation 
(according to the Intergovernmental Panel for 

Climate Change (IPCC) definition) measures, 
as well as agroforestry land reclamation.  
Definition of forest resources in the forest 
legislation of Ukraine as an object of legal 
relations, the current mechanism of regulation 
of forest relations does not allow to say that this 
type of natural resources has an adequate 
economic value, and a functioning market that 
can balance supply and demand for forest pro-
ducts from the point of view of environmental 
protection, as well as the mechanism of 
extraction and distribution of forest rent.  
Under capitalization, based on the provisions 
systematized in the publications (Khvesyk et 
al., 2014; Tretiak, 2014) here we understand 
the transformation of natural resources into 
capital, i.e. into value that can bring additional 
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value by introducing them into financial 
circulation. The key factor in the successful 
process of capitalization of forest resources is 
that any management decision on forests (forest 
resources), and given their multifunctional 
importance, the impact on other natural 
resources, climate change mitigation and 
adaptation, in general, public welfare, 
especially in vulnerable rural and mountainous 
regions, has a prolonged effect and can occur in 
both short- (approximately 5 years) and long-
term (25 to 75 years or more), directly and in 
the form of externalities. 
The natural capital component of wealth 
accounts currently includes energy resources 
(oil, gas, hard and soft coal) and minerals, 
agricultural land (cropland and pastureland), 
forests (timber and some non-timber forest 
products), and terrestrial protected areas 
(marine-protected areas are not currently 
included). Natural capital is measured as the 
discounted sum of the value of the rents 
generated over the lifetime of the asset. 
Information about the extent of forest cover is 
available, but not about its condition. This is 
problematic for wealth as an indicator of 
sustainability because degradation of forests 
has potentially serious impacts on the future 
well-being of countries and the planet (Lange, 
Wodon and Carey, 2018).  
Forests have received particular attention as a 
specific natural capital asset in the System of 
Environmental Economic Accounting (SEEA) 
aims to further extend the SEEA to deliver 
ecosystem-based metrics on natural capital 
(FAO and UNEP, 2020; World Bank, 2017).  
Bradley and Xu (1994) viewing forests as 
natural capital from three aspects:  
• from the vantage of ecology, forests are 

terrestrial ecosystems with trees as their 
most obvious component, but that also 
include many other plants, animals, 
microbes, and a complex abiotic foundation; 

• from the perspective of economics, forests 
are one kind of resource that is central to 
human survival; 

• from the vantage of psychology and 
sociology, forests and other ecosystems 
serve many functions in our individual and 
collective activities, among the most 
important is the economic. 

Yet despite many important institutionalist 
efforts, a simpler vision of economic activity 
often prevails in practical affairs as well as in 
policy decisions. Real collective or social 
interests that are essential to the integrity of 
society, and thereby the health of real 
individuals, are disregarded (Bradley and Xu, 
1994). 
Pynnönen, Paloniemi and Hujala (2018) found 
that although a great share of family forest 
owners (in Finland) still aim for income from 
timber selling, they are more interested in 
doing that only alongside maintaining and not 
compromising other forest functions such as 
recreation and biodiversity protection. To 
ensure the sustainable provision of multiple 
ecosystem services to benefit whole society, 
forest policy instruments, such as advisory 
services and communication campaigns, must 
comply with biodiversity and climate 
mitigation targets in the meantime with timber 
production goals. 
O’Grady et al. (2020) mention that the forest 
industry is increasingly interested in the oppor-
tunities associated with better recognition and 
management of natural capital. Natural capital 
thinking and natural capital accounting could 
shift the forest industry from a compliance 
modus operandi to one focused on proactive 
management and protection of the very natural 
capital that will ensure the industry’s long-term 
sustainability and viability. 
In this context, the paper presents an analysis of 
public and private interests in the process of 
capitalization and use of forest resources on the 
example of Ukraine. 
 
MATERIALS AND METHODS 
 
The materials of the research were scientific 
foreign and domestic publications concerning 
the regulation of the use of forest resources and 
sustainable forestry and forest management, as 
well as the economy of the forest sector.  
The information and statistical base of the re-
search were the Constitution of Ukraine, forest 
and environmental legislation of Ukraine, 
regulatory acts and reports of the State Agency 
of Forest Resources of Ukraine, official 
materials and reports of other institutions, 
including FAO, UNEP and World Bank.  

 

The Constitution of Ukraine (Verkhovna Rada 
of Ukraine, 1996) stipulates that: “land, its 
subsoil, atmospheric air, water and other 
natural resources located within the territory of 
Ukraine, natural resources of its continental 
shelf, exclusive (marine) economic zone are 
objects of property of the Ukrainian people”; 
“every citizen has the right to use natural 
objects of property of the people in accordance 
with the law”; “property is binding”; “property 
should not be used to the detriment of man and 
society”; “the state ensures the protection of the 
rights of all subjects of property rights and 
management, the social orientation of the 
economy”; “all subjects of property rights are 
equal before the law”. The Constitution of 
Ukraine (Verkhovna Rada of Ukraine, 1996) 
clarifies that the land is the main national 
wealth, which is under special protection of the 
state: land ownership is guaranteed; this right is 
acquired and exercised by citizens, legal 
entities and the state exclusively in accordance 
with the law. 
The Forest Code of Ukraine (Verkhovna Rada 
of Ukraine, 1994) defines that the forests of 
Ukraine are its national wealth and by their 
purpose and location perform mainly water 
protection, protection, sanitation, health, 
recreational, aesthetic, educational and other 
functions and are a source to meet the needs of 
society in forest resources. All forests on the 
territory of Ukraine, regardless of the 
categories of lands for which they grow for the 
main purpose, and regardless of the right of 
ownership, constitute the forest fund of Ukraine 
and are under state protection. The right to use 
forests is exercised in the order of permanent 
and temporary use of forests. The Code defines 
the rights and responsibilities of permanent and 
temporary forest users in terms of short- and 
long-term use of the latter, protection of the 
rights of forest owners, forest users and 
citizens, the content of state regulation and 
management in forestry, as well as a number of 
other aspects of forestry management, use and 
reproduction of forests, etc., among which we 
highlight the rules for financing measures to 
increase productivity, improve the quality of 
forests, their protection and reproduction and 
economic incentives for measures to expand 
forest reproduction. 

FAO and UNEP (2020) acknowledge that 
trade-offs are sometimes inevitable in 
managing forests for both conservation and 
socio-economic development and the 
difficulties of monitoring the results and taking 
necessary follow-up action. Despite these 
challenges, it demonstrates that synergies are 
possible, summarizing a number of interven-
tions that have achieved them. However, 
because information on forest-dependent 
people is scarce, it is difficult to design targeted 
interventions and policies, which is the reason 
why this group is at risk of being left behind 
with regard to the Sustainable Development 
Goals. Several actions are needed to ensure that 
appropriate policies, practices and programmes 
are implemented to prevent this eventuality. 
The World Bank’s Forest Strategy “Sustaining 
Forests: A Development Strategy” (adopted in 
2002) has been built on three equally important 
and interdependent pillars: (i) harnessing the 
potential of forests to reduce poverty; 
(ii) integrating forests in sustainable economic 
development; (iii) protecting vital local and 
global environmental services and values. It is 
not only about growing or protecting trees but 
also involves a complex interaction of policy, 
institutions, and incentives. A narrow perspec-
tive on forestry - even sustainable forestry - is 
insufficient. To be effective, the strategy 
demands a multisectoral approach that 
addresses cross-sectoral issues and takes into 
account the impacts of activities, policies, and 
practices outside the sector on forests and 
people who depend on forests for their 
livelihoods (World Bank Group, 2004). 
The overall framework for World Bank action 
outlined in the Forest Strategy has been robust, 
and there is a consensus across a diverse group 
of stakeholders that the broad parameters that 
are described in the strategy continue to have 
great relevance and provide the flexibility to 
respond to emerging challenges. The World 
Bank Groups Forest Action Plan FY16-20, 
building on the Forest Strategy, identifies two 
focus areas for the period: (i) sustainable 
forestry, where they aim to have investments 
contributing to sustainable management of 
forests and value chains, and (ii) forest-smart 
interventions, where they aim to have 
interventions in other sectors not come at the 
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value by introducing them into financial 
circulation. The key factor in the successful 
process of capitalization of forest resources is 
that any management decision on forests (forest 
resources), and given their multifunctional 
importance, the impact on other natural 
resources, climate change mitigation and 
adaptation, in general, public welfare, 
especially in vulnerable rural and mountainous 
regions, has a prolonged effect and can occur in 
both short- (approximately 5 years) and long-
term (25 to 75 years or more), directly and in 
the form of externalities. 
The natural capital component of wealth 
accounts currently includes energy resources 
(oil, gas, hard and soft coal) and minerals, 
agricultural land (cropland and pastureland), 
forests (timber and some non-timber forest 
products), and terrestrial protected areas 
(marine-protected areas are not currently 
included). Natural capital is measured as the 
discounted sum of the value of the rents 
generated over the lifetime of the asset. 
Information about the extent of forest cover is 
available, but not about its condition. This is 
problematic for wealth as an indicator of 
sustainability because degradation of forests 
has potentially serious impacts on the future 
well-being of countries and the planet (Lange, 
Wodon and Carey, 2018).  
Forests have received particular attention as a 
specific natural capital asset in the System of 
Environmental Economic Accounting (SEEA) 
aims to further extend the SEEA to deliver 
ecosystem-based metrics on natural capital 
(FAO and UNEP, 2020; World Bank, 2017).  
Bradley and Xu (1994) viewing forests as 
natural capital from three aspects:  
• from the vantage of ecology, forests are 

terrestrial ecosystems with trees as their 
most obvious component, but that also 
include many other plants, animals, 
microbes, and a complex abiotic foundation; 

• from the perspective of economics, forests 
are one kind of resource that is central to 
human survival; 

• from the vantage of psychology and 
sociology, forests and other ecosystems 
serve many functions in our individual and 
collective activities, among the most 
important is the economic. 

Yet despite many important institutionalist 
efforts, a simpler vision of economic activity 
often prevails in practical affairs as well as in 
policy decisions. Real collective or social 
interests that are essential to the integrity of 
society, and thereby the health of real 
individuals, are disregarded (Bradley and Xu, 
1994). 
Pynnönen, Paloniemi and Hujala (2018) found 
that although a great share of family forest 
owners (in Finland) still aim for income from 
timber selling, they are more interested in 
doing that only alongside maintaining and not 
compromising other forest functions such as 
recreation and biodiversity protection. To 
ensure the sustainable provision of multiple 
ecosystem services to benefit whole society, 
forest policy instruments, such as advisory 
services and communication campaigns, must 
comply with biodiversity and climate 
mitigation targets in the meantime with timber 
production goals. 
O’Grady et al. (2020) mention that the forest 
industry is increasingly interested in the oppor-
tunities associated with better recognition and 
management of natural capital. Natural capital 
thinking and natural capital accounting could 
shift the forest industry from a compliance 
modus operandi to one focused on proactive 
management and protection of the very natural 
capital that will ensure the industry’s long-term 
sustainability and viability. 
In this context, the paper presents an analysis of 
public and private interests in the process of 
capitalization and use of forest resources on the 
example of Ukraine. 
 
MATERIALS AND METHODS 
 
The materials of the research were scientific 
foreign and domestic publications concerning 
the regulation of the use of forest resources and 
sustainable forestry and forest management, as 
well as the economy of the forest sector.  
The information and statistical base of the re-
search were the Constitution of Ukraine, forest 
and environmental legislation of Ukraine, 
regulatory acts and reports of the State Agency 
of Forest Resources of Ukraine, official 
materials and reports of other institutions, 
including FAO, UNEP and World Bank.  

 

The Constitution of Ukraine (Verkhovna Rada 
of Ukraine, 1996) stipulates that: “land, its 
subsoil, atmospheric air, water and other 
natural resources located within the territory of 
Ukraine, natural resources of its continental 
shelf, exclusive (marine) economic zone are 
objects of property of the Ukrainian people”; 
“every citizen has the right to use natural 
objects of property of the people in accordance 
with the law”; “property is binding”; “property 
should not be used to the detriment of man and 
society”; “the state ensures the protection of the 
rights of all subjects of property rights and 
management, the social orientation of the 
economy”; “all subjects of property rights are 
equal before the law”. The Constitution of 
Ukraine (Verkhovna Rada of Ukraine, 1996) 
clarifies that the land is the main national 
wealth, which is under special protection of the 
state: land ownership is guaranteed; this right is 
acquired and exercised by citizens, legal 
entities and the state exclusively in accordance 
with the law. 
The Forest Code of Ukraine (Verkhovna Rada 
of Ukraine, 1994) defines that the forests of 
Ukraine are its national wealth and by their 
purpose and location perform mainly water 
protection, protection, sanitation, health, 
recreational, aesthetic, educational and other 
functions and are a source to meet the needs of 
society in forest resources. All forests on the 
territory of Ukraine, regardless of the 
categories of lands for which they grow for the 
main purpose, and regardless of the right of 
ownership, constitute the forest fund of Ukraine 
and are under state protection. The right to use 
forests is exercised in the order of permanent 
and temporary use of forests. The Code defines 
the rights and responsibilities of permanent and 
temporary forest users in terms of short- and 
long-term use of the latter, protection of the 
rights of forest owners, forest users and 
citizens, the content of state regulation and 
management in forestry, as well as a number of 
other aspects of forestry management, use and 
reproduction of forests, etc., among which we 
highlight the rules for financing measures to 
increase productivity, improve the quality of 
forests, their protection and reproduction and 
economic incentives for measures to expand 
forest reproduction. 

FAO and UNEP (2020) acknowledge that 
trade-offs are sometimes inevitable in 
managing forests for both conservation and 
socio-economic development and the 
difficulties of monitoring the results and taking 
necessary follow-up action. Despite these 
challenges, it demonstrates that synergies are 
possible, summarizing a number of interven-
tions that have achieved them. However, 
because information on forest-dependent 
people is scarce, it is difficult to design targeted 
interventions and policies, which is the reason 
why this group is at risk of being left behind 
with regard to the Sustainable Development 
Goals. Several actions are needed to ensure that 
appropriate policies, practices and programmes 
are implemented to prevent this eventuality. 
The World Bank’s Forest Strategy “Sustaining 
Forests: A Development Strategy” (adopted in 
2002) has been built on three equally important 
and interdependent pillars: (i) harnessing the 
potential of forests to reduce poverty; 
(ii) integrating forests in sustainable economic 
development; (iii) protecting vital local and 
global environmental services and values. It is 
not only about growing or protecting trees but 
also involves a complex interaction of policy, 
institutions, and incentives. A narrow perspec-
tive on forestry - even sustainable forestry - is 
insufficient. To be effective, the strategy 
demands a multisectoral approach that 
addresses cross-sectoral issues and takes into 
account the impacts of activities, policies, and 
practices outside the sector on forests and 
people who depend on forests for their 
livelihoods (World Bank Group, 2004). 
The overall framework for World Bank action 
outlined in the Forest Strategy has been robust, 
and there is a consensus across a diverse group 
of stakeholders that the broad parameters that 
are described in the strategy continue to have 
great relevance and provide the flexibility to 
respond to emerging challenges. The World 
Bank Groups Forest Action Plan FY16-20, 
building on the Forest Strategy, identifies two 
focus areas for the period: (i) sustainable 
forestry, where they aim to have investments 
contributing to sustainable management of 
forests and value chains, and (ii) forest-smart 
interventions, where they aim to have 
interventions in other sectors not come at the 
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expense of forest capital (World Bank Group, 
2016). 
The provisions of the concept of Total 
Economic Value were used to reveal the 
essence of public and private interests arising in 
the process of forest use, as well as to identify 
the range of these interests. 
To determine the guidelines for the systematic 
adjustment of regulatory mechanisms of the use 
of forest resources to balance public and private 
interests in the process of capitalization of 
natural resources in Ukraine used such 
methods: (i) abstraction, analysis and synthesis, 
ascent from the abstract to the concrete, 
idealization, formalization of facts, legislation, 
regulations and policy documents, state 
planning governing the use of forest resources, 
as well as the process of capitalization of 
natural resources; (ii) analysis and evaluation 
of public reports on forest governance and 
management in Ukraine, use of forest 
resources, FAO reports on the role of forests in 
sustainable development achieving. 
 
RESULTS AND DISCUSSIONS 
 
The Forest Code of Ukraine, Article 6 
stipulates that forest resources are wood, 
technical, medicinal and other forest products 
that are used to meet the population and 
production needs and are reproduced in the 
process of forming forest natural complexes. 
Forest resources also include the useful 
properties of forests (the ability of forests to 
reduce the negative effects of natural hazards, 
protect soils from erosion, prevent 
environmental pollution and clean it, help 
regulate water flow, health and aesthetic 
education, etc.), which are used to meet public 
needs (Verkhovna Rada of Ukraine, 1994). 
Public interests in the use of forest resources in 
a broad sense, based on the law (Verkhovna 
Rada of Ukraine, 2010), include safety of life 
and health, safe working conditions, protection 
of consumer rights (users), environmental 
protection. Constitution of Ukraine, Article 16 
indicates the provision of environmental safety 
and maintenance of ecological balance in 
Ukraine as a duty of the state (Verkhovna Rada 
of Ukraine, 1996). 
Public interests in the use of forest resources 
are dual in nature, since the essence of these 

resources are financial, economic and 
environmental. Such duality is often the cause 
of conflicts in the decision-making process of 
both the public interests themselves (public 
necessity) and public interests with private 
ones. This necessitates special approaches and 
methods of making managerial decisions in the 
field of nature resources use management. This 
is explained as follows. 
Based on the definition of forest resources, the 
interests of the use of forest resources are 
characterized by the presence of a certain 
intrinsic environmental interest inherent in 
natural resources, which is not regulated. Thus, 
as noted by Vasileva (2003) interest is a value, 
target and substantive prerequisite, almost a 
tangible side of any subjective right, the 
impetus for its regulatory mediation and 
development. Interest as a category of law also 
takes the form of subjective law, but the field 
of environmental protection is characterized by 
debatable provisions on subjective rights and 
legitimate interests, given the uncertainty and 
significance of the environmental interest, 
which is not regulated and largely unattainable 
for legislation due to legal inaccessibility (the 
object of subjective law can be only socially 
managed goods that are subject to legal 
algorithmization), technical uncertainty or 
economic unacceptability (economic 
preconditions for the translation of 
environmental interests into the status of 
subjective rights are organic and may appear 
just as far as environmentally-conditioned 
restrictions on economic growth are possible 
without endangering the material principles of 
life). This indicates the limited process of 
integration of the whole spectrum of forest 
resources and the market, because, based on the 
multifunctionality of the potential of forest 
resources, it is fair to say that “environmental 
interests in their deep sense, taking into account 
the delayed negative coincide with such rights” 
(Vasileva, 2003). The latter is evidence of 
competition between environmental and 
resource (raw material, or financial and 
economic) interest. Resource interest is 
concentrated on the exact opposite goal of 
environmental interest. If the resource interest 
has only the financial and economic purpose of 
making a profit, due to the role of natural 
resources as a raw material factor of 

 

production, while the environmental interest is 
manifested in the need and requirements for 
rationalization and sustainability of nature 
resources use. In this case, the resource interest 
can be both public and private. For example, 
common (public) interests are understood as 
the interests of society, the state as a whole; 
used to denote a set of state and public 
interests, as well as individual public interests, 
the guarantor and defender of which is the state 
(Vasileva, 2003). 
It is obvious that the whole range of interests 
arise in the process of forest relations. Forest 
relations - public relations relating to the 
possession, use and disposal of forests and 
aimed at ensuring the protection, reproduction 

and sustainable use of forest resources, taking 
into account environmental, economic, social 
and other interests of society (Verkhovna Rada 
of Ukraine, 1994). Such relations may arise in 
the use of land, subsoil, water, as well as the 
protection, use and reproduction of flora and 
fauna. The object of forest relations is the forest 
fund of Ukraine and some forest areas. The 
subjects of forest relations are public 
authorities, local governments, legal entities 
and citizens who act in accordance with the law 
(Verkhovna Rada of Ukraine, 1994). 
The above allows us to distinguish public and 
private interests in the use of forest resources in 
the process of capitalization of natural 
resources (Table 1).  

Table 1. Public and private interests of the use of forest resources in the process of capitalization of natural resources 

Public interests Private interests 
1. Shifting the emphasis of the use of forest resources as raw materials to multifunctional 
characteristics, which will contribute to the rational use of forests, sustainable forestry 

1. New opportunities to attract untapped forest 
resources as environmental assets to economic activity 

2. Economic assessment of forest resources as a prerequisite for unlocking the potential 
of economization 

2. Possibility of capitalization of forest (land) plots 

3. Application of economic instruments for rationalization of forest use, sustainable 
forestry: 
- economic stimulation of measures of expanded forest reproduction; 
- compensation for damage caused to forests as a result of violations of forest 
legislation; 
- seizure of illegally harvested timber and other forest resources; 
- compensation for losses of forestry production 

3. Expansion of the investment portfolio 

4. Improving the properties and characteristics of forest resources, including by applying 
eco-innovative methods: 
- increasing productivity, improving the quality of forests and preserving biodiversity in 
forests; 
- financing measures to increase productivity, improve the quality of forests, their 
conservation, protection and reproduction 

4. Financing of sustainable development projects by 
both national and international public and private 
investors 

A. Reduction of transaction costs in the process of using forest resources 
B. Opportunity to conduct joint activities, increase employment in rural and mountainous regions; combating desertification and land degradation 

С. Introduction of new financial and economic regulatory instruments (e.g. payments for ecosystem services) 
C.1. Preservation of forest ecosystems; restoration of landscapes; climate change 
mitigation and adaptation 

C.2.  Generation of additional cash flows 

D. Development of entrepreneurial activity taking into account the principles of sustainable forestry 

 
In this context, public interests are primarily 
public and environmental, while private - 
resource (raw materials, financial and 
economic). The use of forest resources here 
should be broadly understood as the processes 
of harvesting, expanded reproduction and 
protection of this resources.  
As can be seen from Table 1, public and private 
interests of the use of forest resources in the 
process of capitalization of natural resources 
(i.e. integration of the natural resource sphere 
into the market) may be mutually exclusive. 
The same conclusion was reached by FAO and 
UNEP (2020) finding compromises and 
synergies between biodiversity conservation 
and other Sustainable Development Goals: the 

value of forests to people is determined by their 
needs, as people and their interests are very 
diverse, achieving one or more Sustainable 
Development Goals in many cases will benefit 
one and not the other, depending on the specific 
consequences for forests. 
Management decisions on forest resources 
should reconcile public (national) and private 
interests, in particular through project analysis. 
Current Ukrainian legislation also provides for 
Environmental Impact Assessment in the 
implementation of planned activities and 
facilities that may have a significant impact on 
the environment, along with Strategic 
Environmental Assessment of state planning 
documents - strategies, plans, schemes, urban 
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expense of forest capital (World Bank Group, 
2016). 
The provisions of the concept of Total 
Economic Value were used to reveal the 
essence of public and private interests arising in 
the process of forest use, as well as to identify 
the range of these interests. 
To determine the guidelines for the systematic 
adjustment of regulatory mechanisms of the use 
of forest resources to balance public and private 
interests in the process of capitalization of 
natural resources in Ukraine used such 
methods: (i) abstraction, analysis and synthesis, 
ascent from the abstract to the concrete, 
idealization, formalization of facts, legislation, 
regulations and policy documents, state 
planning governing the use of forest resources, 
as well as the process of capitalization of 
natural resources; (ii) analysis and evaluation 
of public reports on forest governance and 
management in Ukraine, use of forest 
resources, FAO reports on the role of forests in 
sustainable development achieving. 
 
RESULTS AND DISCUSSIONS 
 
The Forest Code of Ukraine, Article 6 
stipulates that forest resources are wood, 
technical, medicinal and other forest products 
that are used to meet the population and 
production needs and are reproduced in the 
process of forming forest natural complexes. 
Forest resources also include the useful 
properties of forests (the ability of forests to 
reduce the negative effects of natural hazards, 
protect soils from erosion, prevent 
environmental pollution and clean it, help 
regulate water flow, health and aesthetic 
education, etc.), which are used to meet public 
needs (Verkhovna Rada of Ukraine, 1994). 
Public interests in the use of forest resources in 
a broad sense, based on the law (Verkhovna 
Rada of Ukraine, 2010), include safety of life 
and health, safe working conditions, protection 
of consumer rights (users), environmental 
protection. Constitution of Ukraine, Article 16 
indicates the provision of environmental safety 
and maintenance of ecological balance in 
Ukraine as a duty of the state (Verkhovna Rada 
of Ukraine, 1996). 
Public interests in the use of forest resources 
are dual in nature, since the essence of these 

resources are financial, economic and 
environmental. Such duality is often the cause 
of conflicts in the decision-making process of 
both the public interests themselves (public 
necessity) and public interests with private 
ones. This necessitates special approaches and 
methods of making managerial decisions in the 
field of nature resources use management. This 
is explained as follows. 
Based on the definition of forest resources, the 
interests of the use of forest resources are 
characterized by the presence of a certain 
intrinsic environmental interest inherent in 
natural resources, which is not regulated. Thus, 
as noted by Vasileva (2003) interest is a value, 
target and substantive prerequisite, almost a 
tangible side of any subjective right, the 
impetus for its regulatory mediation and 
development. Interest as a category of law also 
takes the form of subjective law, but the field 
of environmental protection is characterized by 
debatable provisions on subjective rights and 
legitimate interests, given the uncertainty and 
significance of the environmental interest, 
which is not regulated and largely unattainable 
for legislation due to legal inaccessibility (the 
object of subjective law can be only socially 
managed goods that are subject to legal 
algorithmization), technical uncertainty or 
economic unacceptability (economic 
preconditions for the translation of 
environmental interests into the status of 
subjective rights are organic and may appear 
just as far as environmentally-conditioned 
restrictions on economic growth are possible 
without endangering the material principles of 
life). This indicates the limited process of 
integration of the whole spectrum of forest 
resources and the market, because, based on the 
multifunctionality of the potential of forest 
resources, it is fair to say that “environmental 
interests in their deep sense, taking into account 
the delayed negative coincide with such rights” 
(Vasileva, 2003). The latter is evidence of 
competition between environmental and 
resource (raw material, or financial and 
economic) interest. Resource interest is 
concentrated on the exact opposite goal of 
environmental interest. If the resource interest 
has only the financial and economic purpose of 
making a profit, due to the role of natural 
resources as a raw material factor of 

 

production, while the environmental interest is 
manifested in the need and requirements for 
rationalization and sustainability of nature 
resources use. In this case, the resource interest 
can be both public and private. For example, 
common (public) interests are understood as 
the interests of society, the state as a whole; 
used to denote a set of state and public 
interests, as well as individual public interests, 
the guarantor and defender of which is the state 
(Vasileva, 2003). 
It is obvious that the whole range of interests 
arise in the process of forest relations. Forest 
relations - public relations relating to the 
possession, use and disposal of forests and 
aimed at ensuring the protection, reproduction 

and sustainable use of forest resources, taking 
into account environmental, economic, social 
and other interests of society (Verkhovna Rada 
of Ukraine, 1994). Such relations may arise in 
the use of land, subsoil, water, as well as the 
protection, use and reproduction of flora and 
fauna. The object of forest relations is the forest 
fund of Ukraine and some forest areas. The 
subjects of forest relations are public 
authorities, local governments, legal entities 
and citizens who act in accordance with the law 
(Verkhovna Rada of Ukraine, 1994). 
The above allows us to distinguish public and 
private interests in the use of forest resources in 
the process of capitalization of natural 
resources (Table 1).  

Table 1. Public and private interests of the use of forest resources in the process of capitalization of natural resources 

Public interests Private interests 
1. Shifting the emphasis of the use of forest resources as raw materials to multifunctional 
characteristics, which will contribute to the rational use of forests, sustainable forestry 

1. New opportunities to attract untapped forest 
resources as environmental assets to economic activity 

2. Economic assessment of forest resources as a prerequisite for unlocking the potential 
of economization 

2. Possibility of capitalization of forest (land) plots 

3. Application of economic instruments for rationalization of forest use, sustainable 
forestry: 
- economic stimulation of measures of expanded forest reproduction; 
- compensation for damage caused to forests as a result of violations of forest 
legislation; 
- seizure of illegally harvested timber and other forest resources; 
- compensation for losses of forestry production 

3. Expansion of the investment portfolio 

4. Improving the properties and characteristics of forest resources, including by applying 
eco-innovative methods: 
- increasing productivity, improving the quality of forests and preserving biodiversity in 
forests; 
- financing measures to increase productivity, improve the quality of forests, their 
conservation, protection and reproduction 

4. Financing of sustainable development projects by 
both national and international public and private 
investors 

A. Reduction of transaction costs in the process of using forest resources 
B. Opportunity to conduct joint activities, increase employment in rural and mountainous regions; combating desertification and land degradation 

С. Introduction of new financial and economic regulatory instruments (e.g. payments for ecosystem services) 
C.1. Preservation of forest ecosystems; restoration of landscapes; climate change 
mitigation and adaptation 

C.2.  Generation of additional cash flows 

D. Development of entrepreneurial activity taking into account the principles of sustainable forestry 

 
In this context, public interests are primarily 
public and environmental, while private - 
resource (raw materials, financial and 
economic). The use of forest resources here 
should be broadly understood as the processes 
of harvesting, expanded reproduction and 
protection of this resources.  
As can be seen from Table 1, public and private 
interests of the use of forest resources in the 
process of capitalization of natural resources 
(i.e. integration of the natural resource sphere 
into the market) may be mutually exclusive. 
The same conclusion was reached by FAO and 
UNEP (2020) finding compromises and 
synergies between biodiversity conservation 
and other Sustainable Development Goals: the 

value of forests to people is determined by their 
needs, as people and their interests are very 
diverse, achieving one or more Sustainable 
Development Goals in many cases will benefit 
one and not the other, depending on the specific 
consequences for forests. 
Management decisions on forest resources 
should reconcile public (national) and private 
interests, in particular through project analysis. 
Current Ukrainian legislation also provides for 
Environmental Impact Assessment in the 
implementation of planned activities and 
facilities that may have a significant impact on 
the environment, along with Strategic 
Environmental Assessment of state planning 
documents - strategies, plans, schemes, urban 
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planning documentation, national programs, 
state target programs and other programs and 
program documents, including changes to 
them, which are developed and/or subject to 
approval by a public authority, local 
government. 
Successful capitalization of natural resources 
taking into account the full range of 
environmental interests in the use of forest 
resources, rather than exclusively resource 
(raw), occurs through the use of a number of 
instruments, including “environmental” and 
“resource” (the latter indicate the object of 
regulatory influence - type natural resource, in 

our case - it’s forest resources, not interest). 
Environmental and resource instruments for 
capitalization of forest resources is also true for 
other types of natural resources, taking into 
account the full range of environmental 
interests of their use, rather than exclusively 
resource (raw). 
Environmental instruments for regulating 
economic relations are general in nature and 
can be effective for managing public relations 
in areas other than nature resources use 
management. In the Table 2 presents the 
features of environmental instruments for 
capitalization of natural resources. 

Table 2. Features of environmental instruments for capitalization of natural resources 

Environmental instruments How does it enhance the 
capitalization of natural resources? 

Current performance 
ratings 

(max. - 5 points) 

Need to change  
(max. - 5 points) 

Guaranteeing the rights of ownership and use of assets. 
Budget legislation (including on nature resources use 
management). 
Organization of financial management and resource 
opportunities of budgets of different administration levels 

General institutional landscape in 
the field of nature resources use 
management 

3 5 

State target programs, regional programs (development, 
protection) of natural resources 

Possibility of state support (activity 
of relevant ministries, authorities on 
these issues) 

3 5 

Fiscal decentralization. 
Rent regulation of nature resources use 

Possibility of regulation by the state 
(regulatory instruments, 
restrictions-incentives) 

3 5 

State grants and subventions (subventions for infrastructure 
projects). 
Monetary and macroprudential policy measures. 
Mortgage of land plots, objects of unfinished construction 

The ability of the state and the 
private sector to do business, 
interaction, business capacity 

2 5 

System of Integrated Environmental and Economic 
Accounting (SEEA). 
Environmental Impact Assessment (EIA). 
Commodity universal, specialized, commodity exchanges 

Formation (opening) of natural 
resource markets (platforms) 

3 5 

Subsidizing nature resources use Price characteristics of nature 
resources use - how both the state 
and the private sector see the value 
of natural resources 

4 5 

Support for sustainable development, climate change 
mitigation and adaptation projects by international financial 
institutions. 
International trade. 
Supporting the well-being of rural / mountain (vulnerable) 
residents 

Common interests of the subjects of 
interaction 

3 5 

Concession. 
Public-private partnership. 
Innovative partnerships for Sustainable Development Goals 

Possibility of joint activity 1 5 

 
Low current ratings of the effectiveness of 
environmental instruments for capitalization of 
natural resources (see Table 2) indicate the 
need to change both the institutional 
environment and environmental and economic 
regulation of natural resources in general and 
forest resources in particular. 
Resource instruments for regulating economic 
relations are resource-oriented, aimed at 
managing public relations, in particular, in 
relation to forest resources. Table 3 presents the 

features of resource instruments for 
capitalization of natural resources.  
Low current ratings of the effectiveness of 
resource instruments for capitalization of 
natural resources (see Table 3) indicate the 
need to change both the institutional 
environment and environmental and economic 
regulation of the use of multifunctional 
potential of forest resources, in particular as an 
environmental and economic asset. 

Table 3. Features of resource instruments for capitalization of natural resources 

Resource instruments 
How does it enhance the 
capitalization of natural 

resources? 

Current performance 
ratings 

(max. - 5 points) 

Need to change 
(max. - 5 points) 

Economic assessment of forest resources. 
Establishment, monitoring and allocation of especially 
valuable for the preservation of forests, Red Book and 
endangered species 

Cost characteristics of forest 
resources 

2 5 

Accounting for forest resources as environmental assets. 
Programs to combat illegal logging and illegal woodworking 
activities. 
Forest land tax 

Potential to support financial 
flows 

3 5 

Assessment and accounting of ecological and social services 
of forests as natural capital (multifunctional potential of 
forests) 

Unique properties of forest 
resources that can be used for 
capitalization 

1 5 

Introduction of the state forest cadastre, accounting, 
monitoring and conducting a national forest inventory. 
Forest certification. 
Electronic accounting of wood, monitoring of its origin, 
harvesting and sale. 
National Forestry Development Program 

Ability to enter into the market 3 5 

National and regional public and private programs / funds to 
support the creation of forest products with higher added 
value, the formation of sustainable supply chains. 
Reimbursement of costs to forest owners and forest users in 
the implementation of measures for expanded forest 
regeneration. 
Promoting and stimulating the use of wood as a sustainable, 
renewable, climatically and environmentally friendly raw 
material. 
Permission for special use of forest resources on a 
designated forest area (logging, forest ticket). 
Temporary use of forests (long-, short-term). Forest 
easement. 
Rent for special use of forest resources. 
Accelerated depreciation of fixed assets of land, forest and 
nature protection purposes 

Profitability of forest resources 
use 

3 5 

The prospects of resource instruments for the 
integration of forest resources into the market, 
in our opinion, are determined by global trends 
in forest conservation, as well as the global role 
of financing instruments for sustainable 
development.  
FAO and UNEP (2020) point out that food 
production depends on the resilience of forest 
ecosystems and the sustainability of their 
services, which in turn ensure sustainable 
agriculture and the resilience of agricultural 
systems to external factors based on adaptation 
to climate change. At the same time, agriculture 
poses the greatest threat to the integrity of 
forest ecosystems, and deforestation is one of 
the main causes of rising greenhouse gas 
emissions leading to climate change. 
Resource instruments (i.e. raw materials or 
financial) for their effective operation must be 
characterized by a point of regulatory 
influence, i.e. aimed at solving a specific local 
problem related to the prevention of 
unbalanced use of forest resources, or the 
promotion of sustainable forestry and forest 
use. The priority resource instruments for 
capitalization of natural resources are economic 

instruments that act indirectly, creating the 
preconditions for the desired management 
decisions of the subjects of forest relations 
(Khvesyk and Sakal, 2019). 
In order to qualitatively increase the 
effectiveness of sustainable development 
strategies and unlock the relevant potential of 
forests, legal mechanisms based on the 
recognition and enforcement of the rights of 
local communities and small businesses to 
access forests and forest resources should be 
developed, and more favorable conditions and 
incentives should be created for participation of 
the private sector in activities in the interests of 
sustainable development. In addition, the broad 
opportunities for capitalization of natural 
resources are linked to the transformation of the 
informal sector for both the livelihoods and the 
increase in overall economic, social and 
environmental benefits (FAO, 2018). 
Resource (i.e. raw materials or financial) 
instruments will play a special role in 
overcoming the effects of the COVID-19 
pandemic and quarantine measures to contain 
it, which have caused a sharp and large-scale 
shock impact on the world economy. 
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planning documentation, national programs, 
state target programs and other programs and 
program documents, including changes to 
them, which are developed and/or subject to 
approval by a public authority, local 
government. 
Successful capitalization of natural resources 
taking into account the full range of 
environmental interests in the use of forest 
resources, rather than exclusively resource 
(raw), occurs through the use of a number of 
instruments, including “environmental” and 
“resource” (the latter indicate the object of 
regulatory influence - type natural resource, in 

our case - it’s forest resources, not interest). 
Environmental and resource instruments for 
capitalization of forest resources is also true for 
other types of natural resources, taking into 
account the full range of environmental 
interests of their use, rather than exclusively 
resource (raw). 
Environmental instruments for regulating 
economic relations are general in nature and 
can be effective for managing public relations 
in areas other than nature resources use 
management. In the Table 2 presents the 
features of environmental instruments for 
capitalization of natural resources. 

Table 2. Features of environmental instruments for capitalization of natural resources 

Environmental instruments How does it enhance the 
capitalization of natural resources? 

Current performance 
ratings 

(max. - 5 points) 

Need to change  
(max. - 5 points) 

Guaranteeing the rights of ownership and use of assets. 
Budget legislation (including on nature resources use 
management). 
Organization of financial management and resource 
opportunities of budgets of different administration levels 

General institutional landscape in 
the field of nature resources use 
management 

3 5 

State target programs, regional programs (development, 
protection) of natural resources 

Possibility of state support (activity 
of relevant ministries, authorities on 
these issues) 

3 5 

Fiscal decentralization. 
Rent regulation of nature resources use 

Possibility of regulation by the state 
(regulatory instruments, 
restrictions-incentives) 

3 5 

State grants and subventions (subventions for infrastructure 
projects). 
Monetary and macroprudential policy measures. 
Mortgage of land plots, objects of unfinished construction 

The ability of the state and the 
private sector to do business, 
interaction, business capacity 

2 5 

System of Integrated Environmental and Economic 
Accounting (SEEA). 
Environmental Impact Assessment (EIA). 
Commodity universal, specialized, commodity exchanges 

Formation (opening) of natural 
resource markets (platforms) 

3 5 

Subsidizing nature resources use Price characteristics of nature 
resources use - how both the state 
and the private sector see the value 
of natural resources 

4 5 

Support for sustainable development, climate change 
mitigation and adaptation projects by international financial 
institutions. 
International trade. 
Supporting the well-being of rural / mountain (vulnerable) 
residents 

Common interests of the subjects of 
interaction 

3 5 

Concession. 
Public-private partnership. 
Innovative partnerships for Sustainable Development Goals 

Possibility of joint activity 1 5 

 
Low current ratings of the effectiveness of 
environmental instruments for capitalization of 
natural resources (see Table 2) indicate the 
need to change both the institutional 
environment and environmental and economic 
regulation of natural resources in general and 
forest resources in particular. 
Resource instruments for regulating economic 
relations are resource-oriented, aimed at 
managing public relations, in particular, in 
relation to forest resources. Table 3 presents the 

features of resource instruments for 
capitalization of natural resources.  
Low current ratings of the effectiveness of 
resource instruments for capitalization of 
natural resources (see Table 3) indicate the 
need to change both the institutional 
environment and environmental and economic 
regulation of the use of multifunctional 
potential of forest resources, in particular as an 
environmental and economic asset. 

Table 3. Features of resource instruments for capitalization of natural resources 

Resource instruments 
How does it enhance the 
capitalization of natural 

resources? 

Current performance 
ratings 

(max. - 5 points) 

Need to change 
(max. - 5 points) 

Economic assessment of forest resources. 
Establishment, monitoring and allocation of especially 
valuable for the preservation of forests, Red Book and 
endangered species 

Cost characteristics of forest 
resources 

2 5 

Accounting for forest resources as environmental assets. 
Programs to combat illegal logging and illegal woodworking 
activities. 
Forest land tax 

Potential to support financial 
flows 

3 5 

Assessment and accounting of ecological and social services 
of forests as natural capital (multifunctional potential of 
forests) 

Unique properties of forest 
resources that can be used for 
capitalization 

1 5 

Introduction of the state forest cadastre, accounting, 
monitoring and conducting a national forest inventory. 
Forest certification. 
Electronic accounting of wood, monitoring of its origin, 
harvesting and sale. 
National Forestry Development Program 

Ability to enter into the market 3 5 

National and regional public and private programs / funds to 
support the creation of forest products with higher added 
value, the formation of sustainable supply chains. 
Reimbursement of costs to forest owners and forest users in 
the implementation of measures for expanded forest 
regeneration. 
Promoting and stimulating the use of wood as a sustainable, 
renewable, climatically and environmentally friendly raw 
material. 
Permission for special use of forest resources on a 
designated forest area (logging, forest ticket). 
Temporary use of forests (long-, short-term). Forest 
easement. 
Rent for special use of forest resources. 
Accelerated depreciation of fixed assets of land, forest and 
nature protection purposes 

Profitability of forest resources 
use 

3 5 

The prospects of resource instruments for the 
integration of forest resources into the market, 
in our opinion, are determined by global trends 
in forest conservation, as well as the global role 
of financing instruments for sustainable 
development.  
FAO and UNEP (2020) point out that food 
production depends on the resilience of forest 
ecosystems and the sustainability of their 
services, which in turn ensure sustainable 
agriculture and the resilience of agricultural 
systems to external factors based on adaptation 
to climate change. At the same time, agriculture 
poses the greatest threat to the integrity of 
forest ecosystems, and deforestation is one of 
the main causes of rising greenhouse gas 
emissions leading to climate change. 
Resource instruments (i.e. raw materials or 
financial) for their effective operation must be 
characterized by a point of regulatory 
influence, i.e. aimed at solving a specific local 
problem related to the prevention of 
unbalanced use of forest resources, or the 
promotion of sustainable forestry and forest 
use. The priority resource instruments for 
capitalization of natural resources are economic 

instruments that act indirectly, creating the 
preconditions for the desired management 
decisions of the subjects of forest relations 
(Khvesyk and Sakal, 2019). 
In order to qualitatively increase the 
effectiveness of sustainable development 
strategies and unlock the relevant potential of 
forests, legal mechanisms based on the 
recognition and enforcement of the rights of 
local communities and small businesses to 
access forests and forest resources should be 
developed, and more favorable conditions and 
incentives should be created for participation of 
the private sector in activities in the interests of 
sustainable development. In addition, the broad 
opportunities for capitalization of natural 
resources are linked to the transformation of the 
informal sector for both the livelihoods and the 
increase in overall economic, social and 
environmental benefits (FAO, 2018). 
Resource (i.e. raw materials or financial) 
instruments will play a special role in 
overcoming the effects of the COVID-19 
pandemic and quarantine measures to contain 
it, which have caused a sharp and large-scale 
shock impact on the world economy. 
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According to the World Bank (2020), the 
decline in production is currently the deepest 
since World War II, this year the planet’s 
economy is expected to shrink by an average of 
5.2%. As for Ukraine, the volume of gross 
product will decrease by 3.5%, and growth in 
2021 is projected at 3%. 
The institutions that form the instruments for 
capitalization of natural resources are primarily 
determined by the scope of their powers and 
responsibilities. Their characteristics are 
presented in accordance with current forest 
legislation of Ukraine. An important factor is 
also the form of ownership, which determines 
the economic aspect of the functions of the 
operator (or user) of forest resources. 
Theoretically, operators (of use) of forest 
resources are policy makers who are called to 
identify, institutionalize, guarantee, reconcile 
resource and environmental interests to achieve 
short- and long-term benefits, to form a general 
economic and sectoral balance, to ensure local 
and global social welfare. Thus, the operators 
of forest resources in accordance with the 
current forest legislation of Ukraine, which 
forest legislation (Verkhovna Rada of Ukraine, 
1994) is the main task of state regulation and 
management in the field of forest relations - 
ensuring effective protection, proper 
preservation, rational use and reproduction of 
forests, are:  

• Verkhovna Rada of Ukraine;  
• Cabinet of Ministers of Ukraine;  
• Central body of executive power, which 

ensures the formation of state policy in 
the field of forestry;  

• Central executive body that implements 
state policy in the field of forestry;  

• Central body of executive power, which 
ensures the formation of state policy in 
the field of environmental protection, in 
the field of forest relations;  

• Central executive body that implements 
state policy in the field of environmental 
protection, in the field of forest relations;  

• Central executive body that implements 
the state policy on the implementation of 
state supervision (control) in the field of 
environmental protection, rational use, 
reproduction and protection of natural 
resources, in the field of forest relations;  

• Verkhovna Rada of the Autonomous 
Republic of Crimea, oblast, Kyiv and 
Sevastopol city, district councils in the 
field of forest relations within their 
powers in the respective territory;  

• Council of Ministers of the Autonomous 
Republic of Crimea, oblast, Kyiv and 
Sevastopol city state administrations in 
the field of forest relations within their 
powers on their territory;  

• District state administrations in the field 
of forest relations on their territory; 
village, settlement, city councils in the 
field of forest relations in the relevant 
territory. 

Integrators (of use) of forest resources are real 
and virtual systems, activities related to the 
entry of multifunctional potential of forest 
resources into the market, ensuring their 
economic integration in order to reconcile 
public and private interests (see Table 1). Most 
often, such integrators are forest owners and 
forest users as carriers of resource interest with 
the financial and economic purpose of making 
a profit. 
According to the Constitution of Ukraine 
(Verkhovna Rada of Ukraine, 1996), on behalf 
of the Ukrainian people, the rights of the owner 
are exercised by state authorities and local 
governments within the limits set by the 
Constitution of Ukraine.  
Law of Ukraine “On Environmental 
Protection” (Verkhovna Rada of Ukraine, 
1991) Article 4 determines that the natural 
resources of Ukraine are the property of the 
Ukrainian people. On behalf of the Ukrainian 
people, the rights of the owner are exercised by 
public authorities and local governments within 
the limits set by law. According to the Forest 
Code of Ukraine (Verkhovna Rada of Ukraine, 
1994), forests located within the territory of the 
state are objects of property rights of the 
Ukrainian people. On behalf of the Ukrainian 
people, the rights of forest owners are exercised 
by state authorities and local governments 
within the limits set by the Constitution of 
Ukraine. Forests can be in state, communal and 
private ownership. The subjects of forest 
ownership are the state, local communities, 
citizens and legal entities. 
The vast majority of Ukrainian forests are state-
owned. In the process of land delimitation, 

 
about 1.3 million hectares (13%) of forestry 
land plots, which are in the permanent use of 
communal enterprises subordinated to local 
self-government bodies, can be referred to 
communal ownership. The share of privately 
owned forests is less than 0.1% of the total 
forest land area. About 800,000 hectares of 
state-owned forest lands have not been 
provided for use and have been allocated to 
reserve lands. At the same time, felling of the 
main use is already prohibited on half of the 
lands covered with forest vegetation. In the 
forests under the management of the State 
Agency of Forest Resources of Ukraine, the 
level of protection is 16.8%. There are 3,295 
territories and objects of the nature reserve fund 
of Ukraine with the area of 1,327.8 thousand 
hectares (State Agency of Forest Resources of 
Ukraine, 2019). This ratio of forest ownership 
and forest exploitation constraints to some 
extent combines the functions of operators and 
integrators. It should be noted the special role 
of the State Agency of Forest Resources of 
Ukraine as an operator and integrator, because 
in addition to the function of formation and 
implementation of state policy in the field of 
forest relations, it has the authority to organize 
forestry and rational use of forest resources. In 
total, the State Agency of Forest Resources of 
Ukraine coordinates the activities of 397 
enterprises, institutions and organizations, 
including 24 territorial bodies - regional 
departments of forestry and hunting. 
Departments contribute to the formation and 
implementation of state policy in the field of 
forest relations and forestry and hunting and 
game on the territory of the respective region. 
Forest management at the local level is carried 
out by forestry state-owned enterprises, which 
are part of the State Agency of Forest 
Resources of Ukraine and are coordinated by 
its relevant territorial body. State forestry 
enterprises are responsible for the entire 
complex of forestry works - from forest 
planting to felling for general use. In addition, 
some of this enterprises have facilities for 
primary wood processing. In addition to state-
owned enterprises, the State Agency of Forest 
Resources of Ukraine subordinates scientific, 
educational organizations, nature reserves and 
national parks, and other enterprises, 
institutions, and organizations of direct 

subordination (State Agency of Forest 
Resources of Ukraine, 2019). 
Another specific integrator can be considered 
forest certification, which is to assess the 
compliance of the forest management system 
with the established international requirements 
for forest management and forest use on the 
basis of sustainable development. The purpose 
of forest certification is to ensure economically, 
ecologically and socially balanced forestry 
(Verkhovna Rada of Ukraine, 1994). 
Certification is carried out by organizations 
accredited at the international (or national on 
the basis of approved international procedures) 
level (State Agency of Forest Resources of 
Ukraine, 2019). The most common in Ukraine 
is forest certification by the international non-
profit non-governmental organization Forest 
Stewardship Council (FSC). 
The system of electronic timber accounting by 
all forest users of Ukraine, which was 
introduced in accordance with the resolution of 
the Cabinet of Ministers of Ukraine dated 
04.12.2019 No. 1142 “On approval of the 
Procedure for monitoring domestic 
consumption of unprocessed domestic timber 
and control over excess domestic consumption 
of domestic timber” is also one of the specific 
integrators of forest resources into the market. 
Access to the unified state system of electronic 
timber accounting is provided to the Ministry 
of Internal Affairs of Ukraine, the National 
Police of Ukraine, the State Fiscal Service of 
Ukraine, the Security Service of Ukraine and 
other state bodies (State Agency of Forest 
Resources of Ukraine, 2019). 
The above features of the ownership structure 
of forests and management systems do not 
exclude the presence of other integrative 
systems. The main integrators should be 
considered the banking system (a set of 
financial and credit enterprises and money 
market institutions in their interaction, which 
leads to the emergence and development of 
economic relations between them (Mochernyi 
et al., 2005), exchanges (international, 
universal, specialized, in economic terms - 
highly organized form of trade, within which 
economic relations arise and develop, including 
the relationship of appropriation between trade 
participants in the process of buying and selling 
goods in terms of real and futures turnover 
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According to the World Bank (2020), the 
decline in production is currently the deepest 
since World War II, this year the planet’s 
economy is expected to shrink by an average of 
5.2%. As for Ukraine, the volume of gross 
product will decrease by 3.5%, and growth in 
2021 is projected at 3%. 
The institutions that form the instruments for 
capitalization of natural resources are primarily 
determined by the scope of their powers and 
responsibilities. Their characteristics are 
presented in accordance with current forest 
legislation of Ukraine. An important factor is 
also the form of ownership, which determines 
the economic aspect of the functions of the 
operator (or user) of forest resources. 
Theoretically, operators (of use) of forest 
resources are policy makers who are called to 
identify, institutionalize, guarantee, reconcile 
resource and environmental interests to achieve 
short- and long-term benefits, to form a general 
economic and sectoral balance, to ensure local 
and global social welfare. Thus, the operators 
of forest resources in accordance with the 
current forest legislation of Ukraine, which 
forest legislation (Verkhovna Rada of Ukraine, 
1994) is the main task of state regulation and 
management in the field of forest relations - 
ensuring effective protection, proper 
preservation, rational use and reproduction of 
forests, are:  

• Verkhovna Rada of Ukraine;  
• Cabinet of Ministers of Ukraine;  
• Central body of executive power, which 

ensures the formation of state policy in 
the field of forestry;  

• Central executive body that implements 
state policy in the field of forestry;  

• Central body of executive power, which 
ensures the formation of state policy in 
the field of environmental protection, in 
the field of forest relations;  

• Central executive body that implements 
state policy in the field of environmental 
protection, in the field of forest relations;  

• Central executive body that implements 
the state policy on the implementation of 
state supervision (control) in the field of 
environmental protection, rational use, 
reproduction and protection of natural 
resources, in the field of forest relations;  

• Verkhovna Rada of the Autonomous 
Republic of Crimea, oblast, Kyiv and 
Sevastopol city, district councils in the 
field of forest relations within their 
powers in the respective territory;  

• Council of Ministers of the Autonomous 
Republic of Crimea, oblast, Kyiv and 
Sevastopol city state administrations in 
the field of forest relations within their 
powers on their territory;  

• District state administrations in the field 
of forest relations on their territory; 
village, settlement, city councils in the 
field of forest relations in the relevant 
territory. 

Integrators (of use) of forest resources are real 
and virtual systems, activities related to the 
entry of multifunctional potential of forest 
resources into the market, ensuring their 
economic integration in order to reconcile 
public and private interests (see Table 1). Most 
often, such integrators are forest owners and 
forest users as carriers of resource interest with 
the financial and economic purpose of making 
a profit. 
According to the Constitution of Ukraine 
(Verkhovna Rada of Ukraine, 1996), on behalf 
of the Ukrainian people, the rights of the owner 
are exercised by state authorities and local 
governments within the limits set by the 
Constitution of Ukraine.  
Law of Ukraine “On Environmental 
Protection” (Verkhovna Rada of Ukraine, 
1991) Article 4 determines that the natural 
resources of Ukraine are the property of the 
Ukrainian people. On behalf of the Ukrainian 
people, the rights of the owner are exercised by 
public authorities and local governments within 
the limits set by law. According to the Forest 
Code of Ukraine (Verkhovna Rada of Ukraine, 
1994), forests located within the territory of the 
state are objects of property rights of the 
Ukrainian people. On behalf of the Ukrainian 
people, the rights of forest owners are exercised 
by state authorities and local governments 
within the limits set by the Constitution of 
Ukraine. Forests can be in state, communal and 
private ownership. The subjects of forest 
ownership are the state, local communities, 
citizens and legal entities. 
The vast majority of Ukrainian forests are state-
owned. In the process of land delimitation, 

 
about 1.3 million hectares (13%) of forestry 
land plots, which are in the permanent use of 
communal enterprises subordinated to local 
self-government bodies, can be referred to 
communal ownership. The share of privately 
owned forests is less than 0.1% of the total 
forest land area. About 800,000 hectares of 
state-owned forest lands have not been 
provided for use and have been allocated to 
reserve lands. At the same time, felling of the 
main use is already prohibited on half of the 
lands covered with forest vegetation. In the 
forests under the management of the State 
Agency of Forest Resources of Ukraine, the 
level of protection is 16.8%. There are 3,295 
territories and objects of the nature reserve fund 
of Ukraine with the area of 1,327.8 thousand 
hectares (State Agency of Forest Resources of 
Ukraine, 2019). This ratio of forest ownership 
and forest exploitation constraints to some 
extent combines the functions of operators and 
integrators. It should be noted the special role 
of the State Agency of Forest Resources of 
Ukraine as an operator and integrator, because 
in addition to the function of formation and 
implementation of state policy in the field of 
forest relations, it has the authority to organize 
forestry and rational use of forest resources. In 
total, the State Agency of Forest Resources of 
Ukraine coordinates the activities of 397 
enterprises, institutions and organizations, 
including 24 territorial bodies - regional 
departments of forestry and hunting. 
Departments contribute to the formation and 
implementation of state policy in the field of 
forest relations and forestry and hunting and 
game on the territory of the respective region. 
Forest management at the local level is carried 
out by forestry state-owned enterprises, which 
are part of the State Agency of Forest 
Resources of Ukraine and are coordinated by 
its relevant territorial body. State forestry 
enterprises are responsible for the entire 
complex of forestry works - from forest 
planting to felling for general use. In addition, 
some of this enterprises have facilities for 
primary wood processing. In addition to state-
owned enterprises, the State Agency of Forest 
Resources of Ukraine subordinates scientific, 
educational organizations, nature reserves and 
national parks, and other enterprises, 
institutions, and organizations of direct 

subordination (State Agency of Forest 
Resources of Ukraine, 2019). 
Another specific integrator can be considered 
forest certification, which is to assess the 
compliance of the forest management system 
with the established international requirements 
for forest management and forest use on the 
basis of sustainable development. The purpose 
of forest certification is to ensure economically, 
ecologically and socially balanced forestry 
(Verkhovna Rada of Ukraine, 1994). 
Certification is carried out by organizations 
accredited at the international (or national on 
the basis of approved international procedures) 
level (State Agency of Forest Resources of 
Ukraine, 2019). The most common in Ukraine 
is forest certification by the international non-
profit non-governmental organization Forest 
Stewardship Council (FSC). 
The system of electronic timber accounting by 
all forest users of Ukraine, which was 
introduced in accordance with the resolution of 
the Cabinet of Ministers of Ukraine dated 
04.12.2019 No. 1142 “On approval of the 
Procedure for monitoring domestic 
consumption of unprocessed domestic timber 
and control over excess domestic consumption 
of domestic timber” is also one of the specific 
integrators of forest resources into the market. 
Access to the unified state system of electronic 
timber accounting is provided to the Ministry 
of Internal Affairs of Ukraine, the National 
Police of Ukraine, the State Fiscal Service of 
Ukraine, the Security Service of Ukraine and 
other state bodies (State Agency of Forest 
Resources of Ukraine, 2019). 
The above features of the ownership structure 
of forests and management systems do not 
exclude the presence of other integrative 
systems. The main integrators should be 
considered the banking system (a set of 
financial and credit enterprises and money 
market institutions in their interaction, which 
leads to the emergence and development of 
economic relations between them (Mochernyi 
et al., 2005), exchanges (international, 
universal, specialized, in economic terms - 
highly organized form of trade, within which 
economic relations arise and develop, including 
the relationship of appropriation between trade 
participants in the process of buying and selling 
goods in terms of real and futures turnover 
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through mechanisms of different prices, etc.), 
insurance companies (organizations that carry 
out insurance operations, reimbursing under 
certain conditions from insurance premiums 
losses of legal entities and individuals from the 
occurrence of the insured event (Mochernyi et 
al., 2006). 
 
CONCLUSIONS 
 
The main ideas and results of the research are 
identification of the social, environmental and 
resource (i.e. raw materials or financial) 
interests of use of forest resources in 
accordance with their multifunctional potential 
based on the hypothesis that the definition of 
forest resources in the forest legislation of 
Ukraine as an object of legal relations, the 
modern mechanism of forest relations does not 
reflect adequate economic value, and the 
functioning market cannot balance supply and 
demand for forest products environmental 
protection, as well as the mechanism of 
extraction and distribution of forest rents. It is 
noted that the resource (i.e. raw materials or 
financial) interest can be both public and 
private. Public and private interests in the use 
of forest resources may be mutually exclusive. 
It is substantiated that management decisions 
on forest resources should reconcile public 
(national) and private interests, in particular, 
through project analysis. Successful 
capitalization of forest resources taking into 
account the full range of environmental 
interests in the use of these resources, rather 
than exclusively resource (raw), occurs through 
the use of a number of instruments: 
(i) environmental instruments (they are general 
in nature and can be effective for managing 
public relations in areas other than nature 
resources use management); (ii) resource 
instruments (they are resource-oriented, aimed 
at managing public relations, in particular, in 
relation to forest resources). 
The institutions that form the instruments for 
capitalization of natural resources are primarily 
determined by the scope of their powers and 
responsibilities. Their characteristics are 
presented in accordance with current forest 
legislation of Ukraine. An important factor is 
also the form of ownership, which determines 
the economic aspect of the functions of the 

operator (user) of forest resources. It is 
identified integrators (of use) of forest 
resources are real and virtual systems, activities 
related to the entry of multifunctional potential 
of forest resources into the market, ensuring 
their economic integration in order to reconcile 
public and private interests. 
Based on the norms of forest legislation that 
forests located within the territory of Ukraine 
are objects of property of the Ukrainian people, 
in the activities of both operators and 
integrators the priority should be to reconcile 
the public environmental interest in the use of 
forest resources with private financial and 
economic.  
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through mechanisms of different prices, etc.), 
insurance companies (organizations that carry 
out insurance operations, reimbursing under 
certain conditions from insurance premiums 
losses of legal entities and individuals from the 
occurrence of the insured event (Mochernyi et 
al., 2006). 
 
CONCLUSIONS 
 
The main ideas and results of the research are 
identification of the social, environmental and 
resource (i.e. raw materials or financial) 
interests of use of forest resources in 
accordance with their multifunctional potential 
based on the hypothesis that the definition of 
forest resources in the forest legislation of 
Ukraine as an object of legal relations, the 
modern mechanism of forest relations does not 
reflect adequate economic value, and the 
functioning market cannot balance supply and 
demand for forest products environmental 
protection, as well as the mechanism of 
extraction and distribution of forest rents. It is 
noted that the resource (i.e. raw materials or 
financial) interest can be both public and 
private. Public and private interests in the use 
of forest resources may be mutually exclusive. 
It is substantiated that management decisions 
on forest resources should reconcile public 
(national) and private interests, in particular, 
through project analysis. Successful 
capitalization of forest resources taking into 
account the full range of environmental 
interests in the use of these resources, rather 
than exclusively resource (raw), occurs through 
the use of a number of instruments: 
(i) environmental instruments (they are general 
in nature and can be effective for managing 
public relations in areas other than nature 
resources use management); (ii) resource 
instruments (they are resource-oriented, aimed 
at managing public relations, in particular, in 
relation to forest resources). 
The institutions that form the instruments for 
capitalization of natural resources are primarily 
determined by the scope of their powers and 
responsibilities. Their characteristics are 
presented in accordance with current forest 
legislation of Ukraine. An important factor is 
also the form of ownership, which determines 
the economic aspect of the functions of the 

operator (user) of forest resources. It is 
identified integrators (of use) of forest 
resources are real and virtual systems, activities 
related to the entry of multifunctional potential 
of forest resources into the market, ensuring 
their economic integration in order to reconcile 
public and private interests. 
Based on the norms of forest legislation that 
forests located within the territory of Ukraine 
are objects of property of the Ukrainian people, 
in the activities of both operators and 
integrators the priority should be to reconcile 
the public environmental interest in the use of 
forest resources with private financial and 
economic.  
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Abstract 
 
The results of determining the frost resistance of nine introduced species of woody plants in an urbanized environment 
(on the example of Lutsk city) are presented. The effect of low temperatures on woody plants has been experimentally 
determined. The degree of damage to the tissues of shoots (bark, cambium, wood, core, buds) by direct freezing using a 
system of coefficients was studied. The basic patterns of tissue damage are established, taking into account their 
physiological inequality in vital activity and regenerative capacity of plants. A comparative analysis of the assessment 
of damage to introduced species depending on the freezing temperature is presented.  
 
Key words: frost resistance, introducers, urbanized environment, degree of damage. 
 
INTRODUCTION 
 
The resistance to various environmental factors 
is a necessary condition for the successful 
growth and development of introduced tree 
species. Freezing, winter drying, sunburn, etc., 
are the most vulnerable factors of the winter 
period, which sometimes cause harmful 
damage to plants (Vasiliev, 1966). From the 
very beginning, there is a problem of 
determining the frost and winter hardiness of 
introducers, in other words suitability for 
growing in areas with unfavorable winter 
conditions or for introduction from regions 
with more temperate climate. Winter hardiness 
of plants characterizes their endurance to a 
complex of dangerous factors of the 
environment during overwintering. Taking into 
account the full range of stress conditions that a 
plant may experience in the cold season, winter 
hardiness is a complex characteristic where the 
freezing temperature is the most significant 
stressor (Sakai, 1973). 
Frost is the main meteorological factor 
influencing silvicultural reclamation in 
temperate climates (Snyder et al., 2005). 

Freezing threatens the integrity of plants, 
stimulating the growth of ice crystals in plant 
tissues. Complete or partial damage to plants 
due to low temperatures is most often caused 
by water freezing in the cells and is 
accompanied by dehydration and osmotic 
shock. Ice formation in the intercellular spaces 
can cause mechanical injury to cell walls and 
membranes (Musiienko, 2001). 
Frost resistance of plants is a genetically 
determined trait that is controlled by many 
genes, and laboratory testing at low 
temperatures makes it possible to determine the 
potential resistance of plants at the tissue level. 
Frost resistance is understood as the ability of 
plants to tolerate long winter frosts without 
harm (Krasavtsev, 1960; Potanin et al., 2005). 
Many plant species with temperate and cold 
climates can increase their ability to withstand 
low temperatures depending on environmental 
conditions (Ambroise et al., 2020). This 
complex process, called acclimatization or 
hardening, involves biochemical and 
physiological changes (Parker, 1960). At a 
certain range of negative temperatures, woody 
plants can increase their frost resistance 

 

(Krasavtsev, 1967). The process of increase of 
frost resistance of woody plants after entering 
the state of calmness was called the first 
process of the hardening stage by Tumanov 
(1979). 
However, winters with critically low 
temperatures in Ukraine are observed every 10-
14 years. Therefore, plants are tested at low 
temperatures in the laboratory (Potanin et al., 
2005) to determine the potential for frost 
resistance. 
Taking in account that the species of 
dendrodiversity of modern urban areas are 
represented by both aboriginal and introduced 
species, laboratory analysis of frost resistance 
of the latter is necessary to determine the 
success of their cultivation in the study area 
(Kokhno, 2002). 
The purpose of the research is to determine the 
potential resistance of introduced woody plant 
species to the effects of low temperatures in the 
urbanized environment of the Lutsk city, to 
determine the degree of damage to the tissues 
of the shoots depending on the freezing 
temperature. 
 
MATERIALS AND METHODS 
 
We selected introduced taxons for 
determination of frost resistance. These taxons 
aren’t common in urban landscaping, but are 
perspective in the conditions of Lutsk 
(Kovalevskiy & Shepelyuk, 2016). To be exact: 
Aesculus × carnea Zeyh., Rhus typhina L., 
Gleditsia triacanthos L., Acer platanoides 
‘Globosum’, Cercidiphyllum japonicum Sieb. 
Et Zucc., Phellodendron amurense Rupr., 
Catalpa hybrida Spath., 
Magnolia × soulangeana Soul.-Bod., 
Liriodendron tulipifera L. 
The study of frost resistance of plants was 
carried out by the method of direct freezing of 
shoots in the laboratory of phytophysiology of 
the Institute of Horticulture of the National 
Academy of Agrarian Sciences of Ukraine. The 
method is based on three stages: 1 - sampling 
for freezing; 2 - direct freezing; 3 - microscopic 
analysis of damage degree to annual increments 
(Potanin et al., 2005; Hrokholskyi et al., 2009). 
Sampling and experiments were performed 
during the period of deep and forced calmness 
of plants (February 2018), when the ambient 

temperature minimum was reached -20°C. The 
artificial freezing was performed in a freezer 
for scientific researches CRO/400/40 with a 
gradual decrease in temperature by 5°C to         
–25°C and –30°C. Assessment of the damage 
degree was carried out on a 6-point scale of 
M.O. Solovyova (Solovyova, 1982) in the 
modification of D.V. Potanin, V.V. 
Hrokholskyi and O.I. Kitaev (2005). 
During the anatomical and microscopic 
evaluation of one-year increment, the level of 
damage to individual tissues (bark, cambium, 
wood and core) was determined by visual grow 
browning on the transversal section. After the 
final calculation of the degree of tissue damage, 
the obtained score was multiplied by a 
conditional significance factor, which was 6 for 
bark, 8 for cambium, 4 for wood and 2 for core. 
As a result, the total percentage of damage to 
individual tissue and part of the one-year 
increment was obtained. 
The experiment was conducted in compliance 
with all parameters: correct sampling; use of 
three repetitions; compliance with the freezing 
regime; a homogeneous method for 
determining tissue damage. Analysis of 
variance was calculated using t-test methods 
according to Dospiehov (1985). Statistics are 
processed in the program StatSoft 
STATISTICA 12.  
 
RESULTS AND DISCUSSIONS 
 
During the anatomical and microscopic 
evaluation of one-year increment, the level of 
damage to individual tissues (bark, cambium, 
wood and core) was determined by visual grow 
browning on the transversal section. The 
highest damage was obtained in the apical and 
middle parts of the shoot under the bud, which 
is typical for all experimental species.  
In the apical part of the shoot, the bark and 
cambium are most severely damaged. Thus, 
this indicator (phloem damage) is 0.5-4.0 
points (during control), 1.0-4.5 points (at          
–25°С), 1.6-4.5 points (at –30°С), for plants of 
different species. Cambium damage is 0.3-3.0 
points, 0.8-4.5 points, and 1.2-4.5 points, 
respectively. Damage to the wood of the top of 
the shoot varies between 0.5-2.7 points (during 
control), 0.8-4.5 points (at –25°С) and 1.3-4.5 
points (at –30°C). But the lowest damage is to 
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the core of the top of the shoot 0.6-1.5 points, 
0.8-1.5 and 1.3-2.5 points, respectively. The 
middle of the shoot is the least sensitive to low 
temperatures. Tissue damage of the internodes 
differs only by 0.2-0.7 points (within the 
species) and is 0.3-1.0 points (during control), 
0.7-1.8 points (at –25°С) and 1.0-3.5 points 
(for –30°С). Damage to the tissues of the 
middle of the shoot under the bud has 
intermediate values: it’s on 0.5 points more 
than in the internodes, but 0.3 less than the 
apical part. Such a gradation of damage may be 
associated with insufficient maturation of 

tissues concentrated directly at the top of the 
shoot (Musiienko, 2001). Bud damage is: 
during the control sample - 0.5-4.5 points, 
under the influence of temperature ‒25°C - 1.5-
2.5 points, at –30°C - 1.8-4.5 points. 
After the final calculation of the degree of 
tissue damage, the obtained score was 
multiplied by a conditional significance factor. 
According to the results of statistical data 
processing, the total percentage of damage to 
individual tissues and part of the one-year 
increment - damage index (Table 1).

Table 1. Evaluation of the damage degree to plant tissues of introduced species by direct laboratory freezing 
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oC 

The damage degree to tissues of different parts of the shoot, score (mean)/damage index, % 
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Aesculus × carnea Zeyh. 

Checkup 1.2 
7.2 

0.7 
5.6 

0.5 
2.0 

0.6 
1.2 

1.0 
6.0 

0.8 
6.4 

0.5 
2.0 

0.8 
1.6 

1.0 
6.0 

0.8 
6.4 

0.6 
2.4 

0.8 
1.6 

1.2 
24.0 

–25 1.5* 
9.0 

1.0* 
8.0 

1.2* 
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1.5* 
3.0 

1.3* 
7.8 

1.0* 
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6.0 

0.8* 
6.4 

1.5* 
6.0 

1.5 
3.0 

1.2* 
7.2 

1.0* 
8.0 

1.5* 
6.0 

1.5 
3.0 

2.5* 
50.0 

–30 4.5* 
27.0 

4.5* 
36.0 

4.5* 
18.0 

1.8* 
3.6 

3.3* 
19.8 

3.0* 
24.0 

3.5* 
14.0 

2.8* 
5.6 

3.5* 
21.0 

3.0* 
24.0 

3.5* 
14.0 

3.5* 
7.0 

4.5* 
90.0 

Gleditsia triacanthos L. 

Checkup 0.6 
3.6 

0.5 
4.0 

0.7 
2.8 

1.3 
2.6 

0.5 
3. 0 

0.3 
2.4 

0.6 
2.4 

1.1 
2.2 

0.6 
3.6 

0.5 
4.0 

0.7 
2.8 

1.0 
2.0 

1.5 
30.0 

–25 1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

1.5* 
3.0 

1.0* 
6.0 

0.8* 
6.4 

1.2* 
4.8 

1.4* 
2.8 

1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

1.5* 
3.0 

2.0* 
40.0 

–30 2.0* 
12.0 

1.8* 
14.4 

2.0* 
8.0 

2.3* 
4.6 

1.8* 
10.8 

1.5* 
12.0 

1.5* 
6.0 

2.5* 
5.0 

1.4* 
8.4 

1.2* 
9.6 

1.2* 
4.8 

1.8* 
3.6 

2.2* 
44.0 

Cercidiphyllum japonicum Sieb. Et Zucc. 

Checkup 0.5 
3.0 

0.5 
4.0 

0.6 
2.4 

0.5 
1.0 

0.5 
3.0 

0.5 
4.0 

0.5 
2.0 

0.6 
1.2 

0.6 
3.6 

0.5 
4.0 

0.5 
4.0 

0.6 
1.2 

0.8 
16.0 

–25 1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

0.8* 
1.6 

1.0* 
6.0 

1.0* 
8.0 

1.0* 
4.0 

1.0* 
2.0 

0.8* 
4.8 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.5* 
30.0 

–30 1.6* 
9.6 

1.2* 
9.6 

1.3* 
5.2 

1.3* 
2.6 

1.8* 
10.8 

1.3* 
10.4 

1.3* 
5.2 

1.3* 
2.6 

1.5* 
9.0 

1.0* 
8.0 

1.3* 
5.2 

1.6* 
3.2 

1.8* 
36.0 

 
 

 

 

 

The continuation of the Table 1 

      Note: the mark (*) means that the indicators of the offspring have a significant difference compared to the control (tф ≥ t0.5) 
 
The estimation of degree damage of tissues on 
kinds is established for the comparative 
analysis of frost resistance of introducers and, 
accordingly, we summed up on parts of a shoot 
(Table 2). 
The difference in data on control options within 
species reaches up to 51.8%. There is a 
variation between the indicators of different 
parts of the shoot - up to 62.6 % at a 

temperature of –25°C, and at –30°C - 0.8-
38.2%. 
Cercidiphyllum japonicum (10.4-27.0%) was 
found to have the least damage of the tissues of 
the shoot top among the experimental objects. 
Moreover, the maximum frost damage of this 
species reaches only 29.0% (at –30°C, the 
middle of the shoot). 

 

Experimental 
conditions, 

oC 

The damage degree to tissues of different parts of the shoot, score (mean) / damage index, % 

The top The middle Through the bud 
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Acer platanoides ‘Globosum’ 

Checkup 
0.6 
3.6 

0.5 
4.0 

0.6 
2.4 

0.6 
1.2 

0.5 
3.0 

0.3 
2.4 

0.5 
2.0 

0.5 
1.0 

0.8 
4.8 

0.5 
4.0 

0.6 
2.4 

0.6 
1.2 

0.6 
12.0 

–25 
1.5* 
9.0 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.3* 
7.8 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.5* 
9.0 

1.0* 
8.0 

1.0* 
4.0 

0.8* 
1.6 

1.5* 
30.0 

–30 
2.0* 
12.0 

2.0* 
16.0 

1.7* 
6.8 

1.3* 
2.6 

1.8* 
10.8 

1.2* 
9.6 

1.0* 
4.0 

1.0* 
2.0 

2.3* 
13.8 

1.5* 
12.0 

1.3* 
5.2 

1.2* 
2.4 

2.0* 
40.0 

Phellodendron amurense Rupr. 

Checkup 0.8 
4.8 

0.5 
4.0 

0.8 
3.2 

1.0 
2.0 

0.8 
4.8 

0.8 
6.4 

0.6 
2.4 

1.2 
2.4 

1.0 
6.0 

0.8 
6.4 

0.8 
3.2 

1.4 
2.8 

1.5 
30.0 

–25 1.5* 
9.0 

1.3* 
10.4 

1.3* 
5.2 

0.8* 
1.6 

1.0* 
6.0 

0.8 
6.4 

0.8* 
3.2 

1.5* 
3.0 

1.5* 
9.0 

1.3* 
10.4 

1.2* 
4.8 

1.5* 
3.0 

2.0* 
40.0 

–30 3.0*   
18.0 

2.5* 
20.0 

2.0* 
8.0 

1.5* 
3.0 

2.5* 
15.0 

2.0* 
16.0 

1.8* 
7.2 

1.8* 
3.6 

3.0* 
18.0 

2.0* 
16.0 

2.3* 
9.2 

2.3* 
4.6 

4.0* 
80.0 

Catalpa hybrida Spath. 

Checkup 1.2 
7.2 

1.0 
8.0 

1.2 
4.8 

1.2 
2.4 

0.6 
3.6 

0.5 
4.0 

0.6 
2.4 

0.5 
1.0 

0.8 
4.8 

0.6 
4.8 

0.8 
3.2 

0.6 
1.2 

1.2 
24.0 

–25 2.5* 
15.0 

1.7* 
13.6 

1.8* 
7.2 

1.2 
2.4 

1.8* 
10.8 

1.5* 
12.0 

1.8* 
7.2 

1.5* 
3.0 

2.0* 
12.0 

2.0* 
16.0 

1.8* 
7.2 

1.0* 
2.0 

2.3* 
46.0 

–30 4.0* 
24.0 

3.5* 
28.0 

3.5* 
14.0 

1.5* 
3.0 

2.5* 
15.0 

2.0* 
16.0 

2.2* 
8.8 

1.8* 
3.6 

3.0* 
18.0 

2.5* 
20.0 

2.3* 
9.2 

1.5* 
3.0 

4.0* 
80.0 

Magnolia × soulangeana Soul.-Bod. 

Checkup 0.5 
3.0 

0.7 
5.6 

1.0 
4.0 

1.0 
2.0 

0.6 
3.6 

0.5 
4.0 

0.8 
3.2 

0.5 
1.0 

0.7 
4.2 

0.6 
4.8 

0.7 
2.8 

0.5 
1.0 

0.7 
14.0 

–25 1.8* 
10.8 

1.5* 
12.0 

1.8* 
7.2 

1.3* 
2.6 

1.5* 
9.0 

1.5* 
12.0 

1.3* 
5.2 

1.2* 
2.4 

1.8* 
10.8 

1.5* 
12.0 

1.7* 
6.8 

1.3* 
2.6 

2.5* 
50.0 

–30 3.0* 
18.0 

2.5* 
20.0 

2.7* 
10.8 

1.5* 
3.0 

2.8* 
16.8 

2.5* 
20.0 

2.3* 
9.2 

1.7* 
3.4 

3.0* 
18.0 

3.0* 
24.0 

2.3* 
9.2 

2.0* 
4.0 

3.5* 
70.0 

Liriodendron tulipifera L. 

Checkup 0.5 
3.0 

0.3 
2.4 

0.5 
2.0 

0.6 
1.2 

0.5 
3.0 

0.3 
2.4 

0.7 
2.8 

0.6 
1.2 

0.5 
3.0 

0.5 
4.0 

0.7 
2.8 

0.5 
1.0 

0.5 
10.0 

–25 1.0* 
6.0 

1.0* 
8.0 

1.5* 
6.0 

1.0* 
2.0 

0.8* 
4.8 

0.7* 
5.6 

0.7 
2.8 

0.7* 
1.4 

1.0* 
6.0 

1.0* 
8.0 

1.2* 
4.8 

1.1* 
2.2 

1.5* 
30.0 

–30 3.5* 
21.0 

3.5* 
28.0 

3.5* 
14.0 

1.5* 
3.0 

3.0* 
18.0 

3.0* 
24.0 

3.0* 
12.0 

1.2* 
2.4 

3.0* 
18.0 

3.0* 
24.0 

3.0* 
12.0 

1.6* 
3.2 

3.5* 
70.0 
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the core of the top of the shoot 0.6-1.5 points, 
0.8-1.5 and 1.3-2.5 points, respectively. The 
middle of the shoot is the least sensitive to low 
temperatures. Tissue damage of the internodes 
differs only by 0.2-0.7 points (within the 
species) and is 0.3-1.0 points (during control), 
0.7-1.8 points (at –25°С) and 1.0-3.5 points 
(for –30°С). Damage to the tissues of the 
middle of the shoot under the bud has 
intermediate values: it’s on 0.5 points more 
than in the internodes, but 0.3 less than the 
apical part. Such a gradation of damage may be 
associated with insufficient maturation of 

tissues concentrated directly at the top of the 
shoot (Musiienko, 2001). Bud damage is: 
during the control sample - 0.5-4.5 points, 
under the influence of temperature ‒25°C - 1.5-
2.5 points, at –30°C - 1.8-4.5 points. 
After the final calculation of the degree of 
tissue damage, the obtained score was 
multiplied by a conditional significance factor. 
According to the results of statistical data 
processing, the total percentage of damage to 
individual tissues and part of the one-year 
increment - damage index (Table 1).

Table 1. Evaluation of the damage degree to plant tissues of introduced species by direct laboratory freezing 
 

Experimental 
conditions, 

oC 

The damage degree to tissues of different parts of the shoot, score (mean)/damage index, % 

The top The middle Through the bud 
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Aesculus × carnea Zeyh. 

Checkup 1.2 
7.2 

0.7 
5.6 

0.5 
2.0 

0.6 
1.2 

1.0 
6.0 

0.8 
6.4 

0.5 
2.0 

0.8 
1.6 

1.0 
6.0 

0.8 
6.4 

0.6 
2.4 

0.8 
1.6 

1.2 
24.0 

–25 1.5* 
9.0 

1.0* 
8.0 

1.2* 
4.8 

1.5* 
3.0 

1.3* 
7.8 

1.0* 
8.0 

0.8* 
3.2 

1.3* 
2.6 

1.5* 
9.0 

1.0* 
8.0 

0.7* 
2.8 

1.5* 
3.0 

1.5* 
30.0 

–30 2.7* 
16.2 

2.0* 
16.0 

1.8* 
7.2 

2.0* 
4.0 

2.0* 
12.0 

1.8* 
14.4 

2.0* 
8.0 

2.3* 
4.6 

2.7* 
16.2 

1.8* 
14.4 

1.7* 
6.8 

2.2* 
4.4 

3.5* 
70.0 

Rhus typhina L. 

Checkup 4.0 
24.0 

3.0 
24.0 

2.7 
10.8 

1.5 
3.0 

0.7 
4.2 

0.7 
5.6 

0.8 
3.2 

1.5 
3.0 

0.7 
4.2 

0.5 
4.0 

0.8 
3.2 

1.5 
3.0 

0.5 
10.0 

–25 4.5* 
27.0 

4.5* 
36.0 

4.5* 
18.0 

1.5 
3.0 

1.0* 
6.0 

0.8* 
6.4 

1.5* 
6.0 

1.5 
3.0 

1.2* 
7.2 

1.0* 
8.0 

1.5* 
6.0 

1.5 
3.0 

2.5* 
50.0 

–30 4.5* 
27.0 

4.5* 
36.0 

4.5* 
18.0 

1.8* 
3.6 

3.3* 
19.8 

3.0* 
24.0 

3.5* 
14.0 

2.8* 
5.6 

3.5* 
21.0 

3.0* 
24.0 

3.5* 
14.0 

3.5* 
7.0 

4.5* 
90.0 

Gleditsia triacanthos L. 

Checkup 0.6 
3.6 

0.5 
4.0 

0.7 
2.8 

1.3 
2.6 

0.5 
3. 0 

0.3 
2.4 

0.6 
2.4 

1.1 
2.2 

0.6 
3.6 

0.5 
4.0 

0.7 
2.8 

1.0 
2.0 

1.5 
30.0 

–25 1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

1.5* 
3.0 

1.0* 
6.0 

0.8* 
6.4 

1.2* 
4.8 

1.4* 
2.8 

1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

1.5* 
3.0 

2.0* 
40.0 

–30 2.0* 
12.0 

1.8* 
14.4 

2.0* 
8.0 

2.3* 
4.6 

1.8* 
10.8 

1.5* 
12.0 

1.5* 
6.0 

2.5* 
5.0 

1.4* 
8.4 

1.2* 
9.6 

1.2* 
4.8 

1.8* 
3.6 

2.2* 
44.0 

Cercidiphyllum japonicum Sieb. Et Zucc. 

Checkup 0.5 
3.0 

0.5 
4.0 

0.6 
2.4 

0.5 
1.0 

0.5 
3.0 

0.5 
4.0 

0.5 
2.0 

0.6 
1.2 

0.6 
3.6 

0.5 
4.0 

0.5 
4.0 

0.6 
1.2 

0.8 
16.0 

–25 1.0* 
6.0 

0.8* 
6.4 

1.0* 
4.0 

0.8* 
1.6 

1.0* 
6.0 

1.0* 
8.0 

1.0* 
4.0 

1.0* 
2.0 

0.8* 
4.8 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.5* 
30.0 

–30 1.6* 
9.6 

1.2* 
9.6 

1.3* 
5.2 

1.3* 
2.6 

1.8* 
10.8 

1.3* 
10.4 

1.3* 
5.2 

1.3* 
2.6 

1.5* 
9.0 

1.0* 
8.0 

1.3* 
5.2 

1.6* 
3.2 

1.8* 
36.0 

 
 

 

 

 

The continuation of the Table 1 

      Note: the mark (*) means that the indicators of the offspring have a significant difference compared to the control (tф ≥ t0.5) 
 
The estimation of degree damage of tissues on 
kinds is established for the comparative 
analysis of frost resistance of introducers and, 
accordingly, we summed up on parts of a shoot 
(Table 2). 
The difference in data on control options within 
species reaches up to 51.8%. There is a 
variation between the indicators of different 
parts of the shoot - up to 62.6 % at a 

temperature of –25°C, and at –30°C - 0.8-
38.2%. 
Cercidiphyllum japonicum (10.4-27.0%) was 
found to have the least damage of the tissues of 
the shoot top among the experimental objects. 
Moreover, the maximum frost damage of this 
species reaches only 29.0% (at –30°C, the 
middle of the shoot). 

 

Experimental 
conditions, 

oC 

The damage degree to tissues of different parts of the shoot, score (mean) / damage index, % 

The top The middle Through the bud 
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Acer platanoides ‘Globosum’ 

Checkup 
0.6 
3.6 

0.5 
4.0 

0.6 
2.4 

0.6 
1.2 

0.5 
3.0 

0.3 
2.4 

0.5 
2.0 

0.5 
1.0 

0.8 
4.8 

0.5 
4.0 

0.6 
2.4 

0.6 
1.2 

0.6 
12.0 

–25 
1.5* 
9.0 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.3* 
7.8 

0.8* 
6.4 

0.8* 
3.2 

0.8* 
1.6 

1.5* 
9.0 

1.0* 
8.0 

1.0* 
4.0 

0.8* 
1.6 

1.5* 
30.0 

–30 
2.0* 
12.0 

2.0* 
16.0 

1.7* 
6.8 

1.3* 
2.6 

1.8* 
10.8 

1.2* 
9.6 

1.0* 
4.0 

1.0* 
2.0 

2.3* 
13.8 

1.5* 
12.0 

1.3* 
5.2 

1.2* 
2.4 

2.0* 
40.0 

Phellodendron amurense Rupr. 

Checkup 0.8 
4.8 

0.5 
4.0 

0.8 
3.2 

1.0 
2.0 

0.8 
4.8 

0.8 
6.4 

0.6 
2.4 

1.2 
2.4 

1.0 
6.0 

0.8 
6.4 

0.8 
3.2 

1.4 
2.8 

1.5 
30.0 

–25 1.5* 
9.0 

1.3* 
10.4 

1.3* 
5.2 

0.8* 
1.6 

1.0* 
6.0 

0.8 
6.4 

0.8* 
3.2 

1.5* 
3.0 

1.5* 
9.0 

1.3* 
10.4 

1.2* 
4.8 

1.5* 
3.0 

2.0* 
40.0 

–30 3.0*   
18.0 

2.5* 
20.0 

2.0* 
8.0 

1.5* 
3.0 

2.5* 
15.0 

2.0* 
16.0 

1.8* 
7.2 

1.8* 
3.6 

3.0* 
18.0 

2.0* 
16.0 

2.3* 
9.2 

2.3* 
4.6 

4.0* 
80.0 

Catalpa hybrida Spath. 

Checkup 1.2 
7.2 

1.0 
8.0 

1.2 
4.8 

1.2 
2.4 

0.6 
3.6 

0.5 
4.0 

0.6 
2.4 

0.5 
1.0 

0.8 
4.8 

0.6 
4.8 

0.8 
3.2 

0.6 
1.2 

1.2 
24.0 

–25 2.5* 
15.0 

1.7* 
13.6 

1.8* 
7.2 

1.2 
2.4 

1.8* 
10.8 

1.5* 
12.0 

1.8* 
7.2 

1.5* 
3.0 

2.0* 
12.0 

2.0* 
16.0 

1.8* 
7.2 

1.0* 
2.0 

2.3* 
46.0 

–30 4.0* 
24.0 

3.5* 
28.0 

3.5* 
14.0 

1.5* 
3.0 

2.5* 
15.0 

2.0* 
16.0 

2.2* 
8.8 

1.8* 
3.6 

3.0* 
18.0 

2.5* 
20.0 

2.3* 
9.2 

1.5* 
3.0 

4.0* 
80.0 

Magnolia × soulangeana Soul.-Bod. 

Checkup 0.5 
3.0 

0.7 
5.6 

1.0 
4.0 

1.0 
2.0 

0.6 
3.6 

0.5 
4.0 

0.8 
3.2 

0.5 
1.0 

0.7 
4.2 

0.6 
4.8 

0.7 
2.8 

0.5 
1.0 

0.7 
14.0 

–25 1.8* 
10.8 

1.5* 
12.0 

1.8* 
7.2 

1.3* 
2.6 

1.5* 
9.0 

1.5* 
12.0 

1.3* 
5.2 

1.2* 
2.4 

1.8* 
10.8 

1.5* 
12.0 

1.7* 
6.8 

1.3* 
2.6 

2.5* 
50.0 

–30 3.0* 
18.0 

2.5* 
20.0 

2.7* 
10.8 

1.5* 
3.0 

2.8* 
16.8 

2.5* 
20.0 

2.3* 
9.2 

1.7* 
3.4 

3.0* 
18.0 

3.0* 
24.0 

2.3* 
9.2 

2.0* 
4.0 

3.5* 
70.0 

Liriodendron tulipifera L. 

Checkup 0.5 
3.0 

0.3 
2.4 

0.5 
2.0 

0.6 
1.2 

0.5 
3.0 

0.3 
2.4 

0.7 
2.8 

0.6 
1.2 

0.5 
3.0 

0.5 
4.0 

0.7 
2.8 

0.5 
1.0 

0.5 
10.0 

–25 1.0* 
6.0 

1.0* 
8.0 

1.5* 
6.0 

1.0* 
2.0 

0.8* 
4.8 

0.7* 
5.6 

0.7 
2.8 

0.7* 
1.4 

1.0* 
6.0 

1.0* 
8.0 

1.2* 
4.8 

1.1* 
2.2 

1.5* 
30.0 

–30 3.5* 
21.0 

3.5* 
28.0 

3.5* 
14.0 

1.5* 
3.0 

3.0* 
18.0 

3.0* 
24.0 

3.0* 
12.0 

1.2* 
2.4 

3.0* 
18.0 

3.0* 
24.0 

3.0* 
12.0 

1.6* 
3.2 

3.5* 
70.0 
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Table 2. Total damage index of shoots 
 

Experimental conditions,  
°С 

Total damage index of shoots, % 

The top of bud The midst of bud The section through 
the bud The bud 

Aesculus × carnea Zeyh. 
Checkup 16.0 16.0 16.4 24.0 

–25 24.8 21.6 25.8 30.0 
–30 43.4 39.0 41.8 70.0 

Rhus typhina L. 
Checkup 61.8 16.0 14.4 10.0 

–25 84.0 21.4 24.4 50.0 
–30 84.6 63.4 66.0 90.0 

Gleditsia triacanthos L. 
Checkup 13.0 10.0 12.4 30.0 

–25 19.4 20.0 19.4 40.0 
–30 39.0 33.8 26.4 44.0 

Cercidiphyllum japonicum Sieb. Et Zucc. 
Checkup 10.4 10.2 12.8 16.0 

–25 18.0 20.0 16.0 30.0 
–30 27.0 29.0 25.4 36.0 

Phellodendron amurense Rupr. 
Checkup 14.0 16.0 18.4 30.0 

–25 26.2 18.6 27.2 40.0 
–30 51.0 41.8 47.8 80.0 

Catalpa hybrida Spath. 
Checkup 22.4 11.0 14.0 24.0 

–25 38.2 33.0 37.2 46.0 
–30 69.0 43.4 50.2 80.0 

Magnolia × soulangeana Soul.-Bod. 
Checkup 14.6 11.8 12.8 14.0 

–25 32.6 28.6 32.2 50.0 
–30 51.8 49.4 55.2 70.0 

Liriodendron tulipifera L. 
Checkup 8.6 9.4 10.8 10.0 

–25 22.0 14.6 21.0 30.0 
–30 66.0 56.4 57.2 70.0 

Acer platanoides ‘Globosum’ 
Checkup 11.2 8.4 12.4 12.0 

–25 20.2 19.0 22.6 30.0 
–30 37.4 26.4 33.4 40.0 

 
The highest index of damage to the top (84.6%) 
was obtained in samples of Rhus typhina at a 
temperature of –30°C, as well as at other 
temperature variants - 61.8% (checkup) and 
84.0% (at –25°C) (Figure 1).  
The lowest indices of tissue damage in the 
middle of the shoot were recorded in: 
Liriodendron tulipifera - 14.6% (at –25°C), 
Acer platanoides ‘Globosum’ - 8.4% (control 
option) and 26.4% (at –30°C). The maximum 
indices reach 63.4 % (–30°С) and 16% 
(control) in Rhus typhina, and at –25°С its 
28.6% in Magnolia × soulangeana (Figure 2). 
 

 
Figure 1. Indicators of the damage degree  

of the top of the shoot 
 

 

Similar indicators of the damage degree were 
obtained in the analysis of tissues in a section 
through the bud. The maximum index of 
damage under the action of temperature –30°C 
is 66% in Rhus typhina, 57.2% in Liriodendron 
tulipifera, 55.2% in Magnolia × soulangeana, 
50.2% in Catalpa hybrida. 
 

 
Figure 2. Indicators of the damage degree of the middle 

of the shoot 
 
The plants of these taxons went through the 
maximum experimental temperature: 
Cercidiphyllum japonicum (25.4%), Gleditsia 
triacanthos (26.4%) and Acer platanoides 
‘Globosum’ (33.4%).  
The remaining specimens of the studied species 
received damage of low degree (12.4% - 
Gleditsia triacanthos, Acer platanoides 
‘Globosum’) and medium degree (47.8% - 
Phellodendron amurense) (Figure 3). 
It is worth noting that the greatest damage is 
suffered by the bud during the effect of low 
temperatures. The largest indices were obtained 
by buds: Rhus typhina - 90%, Catalpa hybrida 
and Phellodendron amurense - 80% each 
(Figure 4). 
 

 
Figure 3. Indicators of the damage degree  

of the shoot through the bud 

According to the results of statistical data 
processing, taking into account the viability of 
the bud, the total score of damage to all parts of 
the shoots by species was summed (Figure 5). 
 

 
Figure 4. Indicators of the damage degree of the bud 

 
As we can see on the diagram, the least tissue 
damage was received by Cercidiphyllum 
japonicum (7.2-18.3 points), Phellodendron 
amurense (7.2-20.3 points) and Gleditsia 
triacanthos (9.9-23.2 points). Even the damage 
of –30°C had reduced vitality by only a third. 
These results testify to rather high frost 
resistance of the specified representatives and 
their further prospects of introduction in natural 
conditions with the lowered temperatures. 
Among the obtained data it is worth to 
distinguish the indicators of damage of Rhus 
typhina, which already received 18.9 points of 
damage during the checkup. This result of 
damage is primarily due to the differentiation 
of the assessment - the damage index of the top 
of the shoot is 61.8-84.6%, and the tissues of 
the middle of the shoot is 16.0-63.4%. 
 

 
Figure 5.The assessment of the frost resistance of 

introducers (total damage score) 
 
A similar damage degree of Rhus typhina 
shoots (71-80%) was obtained in Kyiv on 
Bazhan Avenue, the authors justify this with a 
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Table 2. Total damage index of shoots 
 

Experimental conditions,  
°С 

Total damage index of shoots, % 

The top of bud The midst of bud The section through 
the bud The bud 

Aesculus × carnea Zeyh. 
Checkup 16.0 16.0 16.4 24.0 

–25 24.8 21.6 25.8 30.0 
–30 43.4 39.0 41.8 70.0 

Rhus typhina L. 
Checkup 61.8 16.0 14.4 10.0 

–25 84.0 21.4 24.4 50.0 
–30 84.6 63.4 66.0 90.0 

Gleditsia triacanthos L. 
Checkup 13.0 10.0 12.4 30.0 

–25 19.4 20.0 19.4 40.0 
–30 39.0 33.8 26.4 44.0 

Cercidiphyllum japonicum Sieb. Et Zucc. 
Checkup 10.4 10.2 12.8 16.0 

–25 18.0 20.0 16.0 30.0 
–30 27.0 29.0 25.4 36.0 

Phellodendron amurense Rupr. 
Checkup 14.0 16.0 18.4 30.0 

–25 26.2 18.6 27.2 40.0 
–30 51.0 41.8 47.8 80.0 

Catalpa hybrida Spath. 
Checkup 22.4 11.0 14.0 24.0 

–25 38.2 33.0 37.2 46.0 
–30 69.0 43.4 50.2 80.0 

Magnolia × soulangeana Soul.-Bod. 
Checkup 14.6 11.8 12.8 14.0 

–25 32.6 28.6 32.2 50.0 
–30 51.8 49.4 55.2 70.0 

Liriodendron tulipifera L. 
Checkup 8.6 9.4 10.8 10.0 

–25 22.0 14.6 21.0 30.0 
–30 66.0 56.4 57.2 70.0 

Acer platanoides ‘Globosum’ 
Checkup 11.2 8.4 12.4 12.0 

–25 20.2 19.0 22.6 30.0 
–30 37.4 26.4 33.4 40.0 

 
The highest index of damage to the top (84.6%) 
was obtained in samples of Rhus typhina at a 
temperature of –30°C, as well as at other 
temperature variants - 61.8% (checkup) and 
84.0% (at –25°C) (Figure 1).  
The lowest indices of tissue damage in the 
middle of the shoot were recorded in: 
Liriodendron tulipifera - 14.6% (at –25°C), 
Acer platanoides ‘Globosum’ - 8.4% (control 
option) and 26.4% (at –30°C). The maximum 
indices reach 63.4 % (–30°С) and 16% 
(control) in Rhus typhina, and at –25°С its 
28.6% in Magnolia × soulangeana (Figure 2). 
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Similar indicators of the damage degree were 
obtained in the analysis of tissues in a section 
through the bud. The maximum index of 
damage under the action of temperature –30°C 
is 66% in Rhus typhina, 57.2% in Liriodendron 
tulipifera, 55.2% in Magnolia × soulangeana, 
50.2% in Catalpa hybrida. 
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The plants of these taxons went through the 
maximum experimental temperature: 
Cercidiphyllum japonicum (25.4%), Gleditsia 
triacanthos (26.4%) and Acer platanoides 
‘Globosum’ (33.4%).  
The remaining specimens of the studied species 
received damage of low degree (12.4% - 
Gleditsia triacanthos, Acer platanoides 
‘Globosum’) and medium degree (47.8% - 
Phellodendron amurense) (Figure 3). 
It is worth noting that the greatest damage is 
suffered by the bud during the effect of low 
temperatures. The largest indices were obtained 
by buds: Rhus typhina - 90%, Catalpa hybrida 
and Phellodendron amurense - 80% each 
(Figure 4). 
 

 
Figure 3. Indicators of the damage degree  

of the shoot through the bud 

According to the results of statistical data 
processing, taking into account the viability of 
the bud, the total score of damage to all parts of 
the shoots by species was summed (Figure 5). 
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As we can see on the diagram, the least tissue 
damage was received by Cercidiphyllum 
japonicum (7.2-18.3 points), Phellodendron 
amurense (7.2-20.3 points) and Gleditsia 
triacanthos (9.9-23.2 points). Even the damage 
of –30°C had reduced vitality by only a third. 
These results testify to rather high frost 
resistance of the specified representatives and 
their further prospects of introduction in natural 
conditions with the lowered temperatures. 
Among the obtained data it is worth to 
distinguish the indicators of damage of Rhus 
typhina, which already received 18.9 points of 
damage during the checkup. This result of 
damage is primarily due to the differentiation 
of the assessment - the damage index of the top 
of the shoot is 61.8-84.6%, and the tissues of 
the middle of the shoot is 16.0-63.4%. 
 

 
Figure 5.The assessment of the frost resistance of 

introducers (total damage score) 
 
A similar damage degree of Rhus typhina 
shoots (71-80%) was obtained in Kyiv on 
Bazhan Avenue, the authors justify this with a 
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high concentration of pollutants and a 
significant anthropogenic impact on green 
plantations (Borshchevskyi & Kytaiev, 2013). 
The experimental samples were taken from 
street planting in the city center (Copernicus 
Street), so this factor most likely influenced the 
results in our study. It is also worth noting that 
the samples of shoots were taken from young 
plants (5-7 years), which haven’t yet been 

properly adapted to adverse environmental 
factors. During the analysis of frost damage, it 
is obvious that all the introducers didn’t receive 
critical values for checkup –20°C and for 
temperature –25°C (Figures 6, 7). The 
presented indicators aren’t critical and 
acceptable for normal plant life, which is fully 
reflected in the viability of the buds (Figure 8). 

 

   
Figure 6. Section of the apical part of the shoot under the effect of temperature –25°C: а - Gleditsia triacanthos L.;  

b - Cercidiphyllum japonicum Sieb. Et Zucc.; c - Rhus typhina L. 
 

 
Figure 7. Section of the shoot through the bud under the effect of temperature –25°С:  

а - Cercidiphyllum japonicum Sieb. Et Zucc.; b - Rhus typhina L.; c - Liriodendron tulipifera L. 

 
Figure 8. Section of the bud under the effect of temperature –25°С: а - Aesculus × carnea Zeyh.;  

b - Liriodendron tulipifera L.; c - Magnolia × soulangeana Soul.-Bod. 

According to the obtained total indices of tissue 
damage of all parts of the shoot, their statistical 
processing was performed. In the variant 
checkup species: Magnolia soulangeana, 
Liriodendron tulipifera, Acer platanoides 
‘Globosum’ and Cercidiphyllum japonicum 
belong to one cluster, and Sorbus aucuparia, 
Phellodendron amurense, Catalpa hybrida, 

Aesculus × carnea, Gleditsia triacanthos - to 
another (Figure 9).  
Similarity of Sorbus aucuparia and 
Phellodendron amurense species, as well as 
Liriodendron tulipifera with Acer platanoides 
‘Globosum’ is observed at a temperature of –
25 °С. Other variants, except Rhus typhina, 
formed a separate cluster (Figure 10). 

а b c 

а b c 

а b c 

 

 
Figure 9. Dendrogram of similarity of species according 

to the total damage index (checkup option): Var1 - 
Aesculus × carnea Zeyh; Var2 - Rhus typhina L.; Var3 - 

Gleditsia triacanthos L.; Var4 - Cercidiphyllum 
japonicum Sieb. Et Zucc.; Var5 - Sorbus aucuparia L.;  
Var6 - Phellodendron amurense Rupr.; Var7 - Catalpa 
hybrida Spath.; Var8 - Magnolia soulangeana Soul.-

Bod.; Var9 - Liriodendron tulipifera L.; Var10 - 
Acer platanoides ‘Globosum’ 

 

 
Figure 10. Dendrogram of species similarity (variant      
–25°C): Var1 - Aesculus × carnea Zeyh; Var2 - Rhus 

typhina L.; Var3 - Gleditsia triacanthos L.; Var4 - 
Cercidiphyllum japonicum Sieb. Et Zucc.; Var5 - Sorbus 

aucuparia L.; Var6 - Phellodendron amurense Rupr.; 
Var7 - Catalpa hybrida Spath.; Var8 - Magnolia 

soulangeana Soul.-Bod.; Var9 - Liriodendron 
tulipifera L.; Var10 - Acer platanoides ‘Globosum’ 

 
The studed species were grouped in a new way 
at a temperature of –30°С: Gleditsia 
triacanthos, Cercidiphyllum japonicum and 
Acer platanoides ‘Globosum’ form one cluster, 
and other variants, except Aesculus × carnea - 
the second (Figure 11).  
The dendrogram of Figure 12 is constructed 
according to the complex of all features. As we 
can see in the dendrogram of similarity, Rhus 
typhina forms a separate branch, which 
indicates its uniqueness. This species is specific 
to all variants of the experiment. This again 

confirms the fact that its physiological state 
reflects the influence of urbanized factors of the 
city environment. 
 

 
Figure 11. Dendrogram of species similarity (variant      
–30°C): Var1 - Aesculus × carnea Zeyh; Var2 - Rhus 

typhina L.; Var3 - Gleditsia triacanthos L.; Var4 - 
Cercidiphyllum japonicum Sieb. Et Zucc.; Var5 - Sorbus 

aucuparia L.; Var6 - Phellodendron amurense Rupr.; 
Var7 - Catalpa hybrida Spath.; Var8 - Magnolia 

soulangeana Soul.-Bod.; Var9 - Liriodendron 
tulipifera L.; Var10 - Acer platanoides ‘Globosum’ 

 

 
Figure 12. Dendrogram of similarity of complex 

assessment: Var1 - Aesculus × carnea Zeyh; Var2 - Rhus 
typhina L.; Var3 - Gleditsia triacanthos L.; Var4 - 

Cercidiphyllum japonicum Sieb. Et Zucc.; Var5 - Sorbus 
aucuparia L.; Var6 - Phellodendron amurense Rupr.; 

Var7 - Catalpa hybrida Spath.; Var8 - Magnolia 
soulangeana Soul.-Bod.; Var9 - Liriodendron 

tulipifera L.; Var10 - Acer platanoides ‘Globosum’ 
 

Species such as Acer platanoides ‘Globosum’, 
Cercidiphyllum japonicum and Gleditsia 
triacanthos belong to one cluster, which is 
explained by their resistance and adaptability to 
low temperatures in the Lutsk city.  
The remaining studied species form the second 
cluster group, which is due to their relative 
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high concentration of pollutants and a 
significant anthropogenic impact on green 
plantations (Borshchevskyi & Kytaiev, 2013). 
The experimental samples were taken from 
street planting in the city center (Copernicus 
Street), so this factor most likely influenced the 
results in our study. It is also worth noting that 
the samples of shoots were taken from young 
plants (5-7 years), which haven’t yet been 

properly adapted to adverse environmental 
factors. During the analysis of frost damage, it 
is obvious that all the introducers didn’t receive 
critical values for checkup –20°C and for 
temperature –25°C (Figures 6, 7). The 
presented indicators aren’t critical and 
acceptable for normal plant life, which is fully 
reflected in the viability of the buds (Figure 8). 

 

   
Figure 6. Section of the apical part of the shoot under the effect of temperature –25°C: а - Gleditsia triacanthos L.;  

b - Cercidiphyllum japonicum Sieb. Et Zucc.; c - Rhus typhina L. 
 

 
Figure 7. Section of the shoot through the bud under the effect of temperature –25°С:  

а - Cercidiphyllum japonicum Sieb. Et Zucc.; b - Rhus typhina L.; c - Liriodendron tulipifera L. 

 
Figure 8. Section of the bud under the effect of temperature –25°С: а - Aesculus × carnea Zeyh.;  

b - Liriodendron tulipifera L.; c - Magnolia × soulangeana Soul.-Bod. 

According to the obtained total indices of tissue 
damage of all parts of the shoot, their statistical 
processing was performed. In the variant 
checkup species: Magnolia soulangeana, 
Liriodendron tulipifera, Acer platanoides 
‘Globosum’ and Cercidiphyllum japonicum 
belong to one cluster, and Sorbus aucuparia, 
Phellodendron amurense, Catalpa hybrida, 

Aesculus × carnea, Gleditsia triacanthos - to 
another (Figure 9).  
Similarity of Sorbus aucuparia and 
Phellodendron amurense species, as well as 
Liriodendron tulipifera with Acer platanoides 
‘Globosum’ is observed at a temperature of –
25 °С. Other variants, except Rhus typhina, 
formed a separate cluster (Figure 10). 
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Var7 - Catalpa hybrida Spath.; Var8 - Magnolia 

soulangeana Soul.-Bod.; Var9 - Liriodendron 
tulipifera L.; Var10 - Acer platanoides ‘Globosum’ 
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triacanthos, Cercidiphyllum japonicum and 
Acer platanoides ‘Globosum’ form one cluster, 
and other variants, except Aesculus × carnea - 
the second (Figure 11).  
The dendrogram of Figure 12 is constructed 
according to the complex of all features. As we 
can see in the dendrogram of similarity, Rhus 
typhina forms a separate branch, which 
indicates its uniqueness. This species is specific 
to all variants of the experiment. This again 

confirms the fact that its physiological state 
reflects the influence of urbanized factors of the 
city environment. 
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frost resistance, depending on the temperatures 
and the damage degree to different tissues of 
the shoot. 
However, Liriodendron tulipifera differs, it 
occupies an intermediate position. This is 
explained by the fact that in the control variants 
(–20°C) and –25°C, the optimal values were 
obtained in all parts of the shoot, and at a 
temperature of –30 °C the values are close to 
critical in all diagrams. 
All studied species of introduced plants in 
terms of frost resistance are suitable for 
landscaping in the Lutsk city, taking into 
account the winter minimum temperature, 
which usually doesn’t exceed the above 
indicators. 
However, it isn’t recommended to plant Rhus 
typhina, Magnolia × soulangeana, Catalpa 
hybrida, Liriodendron tulipifera and Acer 
platanoides ‘Globosum’ in open street 
plantings in the city center, which are subject to 
significant anthropogenic pressure according to 
the results obtained at –30 °C experiment. It is 
desirable to plant them in groups in places 
protected from adverse effects (parks, gardens, 
etc.). 
 
CONCLUSIONS  
 
According to the results of laboratory freezing 
of one-year shoots, we can arrange research 
objects according to the level of frost resistance 
in the following sequence (in the direction of 
its reduction): Cercidiphyllum japonicum Sieb.  
Et Zucc. => Acer platanoides ‘Globosum’ => 
Gleditsia triacanthos L. => Aesculus × 
carnea Zeyh => Liriodendron tulipifera L. => 
Phellodendron amurense Rupr. => Magnolia × 
soulangeana Soul.-Bod. => Catalpa 
hybrida Spath. => Rhus typhina L. 
According to the level of frost resistance, the 
following are promising for further testing and 
cultivation for all types of plantations in the 
conditions of Lutsk: Cercidiphyllum 
japonicum, Acer platanoides ‘Globosum’, 
Gleditsia triacanthos and Aesculus × carnea 
Zeyh. 
The following plants are recommended for 
creation of group landings in the places 
protected from influence of adverse factors: 
Rhus typhina, Magnolia soulangeana, Catalpa 

hybrida, Liriodendron tulipifera and 
Phellodendron amurense. 
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frost resistance, depending on the temperatures 
and the damage degree to different tissues of 
the shoot. 
However, Liriodendron tulipifera differs, it 
occupies an intermediate position. This is 
explained by the fact that in the control variants 
(–20°C) and –25°C, the optimal values were 
obtained in all parts of the shoot, and at a 
temperature of –30 °C the values are close to 
critical in all diagrams. 
All studied species of introduced plants in 
terms of frost resistance are suitable for 
landscaping in the Lutsk city, taking into 
account the winter minimum temperature, 
which usually doesn’t exceed the above 
indicators. 
However, it isn’t recommended to plant Rhus 
typhina, Magnolia × soulangeana, Catalpa 
hybrida, Liriodendron tulipifera and Acer 
platanoides ‘Globosum’ in open street 
plantings in the city center, which are subject to 
significant anthropogenic pressure according to 
the results obtained at –30 °C experiment. It is 
desirable to plant them in groups in places 
protected from adverse effects (parks, gardens, 
etc.). 
 
CONCLUSIONS  
 
According to the results of laboratory freezing 
of one-year shoots, we can arrange research 
objects according to the level of frost resistance 
in the following sequence (in the direction of 
its reduction): Cercidiphyllum japonicum Sieb.  
Et Zucc. => Acer platanoides ‘Globosum’ => 
Gleditsia triacanthos L. => Aesculus × 
carnea Zeyh => Liriodendron tulipifera L. => 
Phellodendron amurense Rupr. => Magnolia × 
soulangeana Soul.-Bod. => Catalpa 
hybrida Spath. => Rhus typhina L. 
According to the level of frost resistance, the 
following are promising for further testing and 
cultivation for all types of plantations in the 
conditions of Lutsk: Cercidiphyllum 
japonicum, Acer platanoides ‘Globosum’, 
Gleditsia triacanthos and Aesculus × carnea 
Zeyh. 
The following plants are recommended for 
creation of group landings in the places 
protected from influence of adverse factors: 
Rhus typhina, Magnolia soulangeana, Catalpa 

hybrida, Liriodendron tulipifera and 
Phellodendron amurense. 
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Abstract  

 
Nine ingredients protein sources were examined: milk protein, whey protein, Pleurotus mushroom flour, pea protein, 
corn protein, soy protein, oat protein, hemp protein, sea buckthorn protein in comparison with wheat flour (as control). 
They were subjected to physicochemical (protein, fat, ash, carbohydrates, aminoacids contents and digestibility) and 
functional analyzes (water absorption capacity, oil absorption capacity, foaming property and foam stability, gelling 
property for mixtures of 10% protein ingredient in water, emulsification capacity). The water absorption capacity 
ranged from 0.54-3.22 WHC. The highest oil absorption capacity was identified for milk protein sample 1.07 WHC       
(g oil/g sample). The foaming capacity ranged from 0% for hemp protein sample to 91.5% for milk protein sample. The 
emulsification capacity varied from 69.23% for the corn protein hydrolyzate sample to 54.69% for oat protein sample. 
Protein ingredients have different functional properties which determine their behaviour in food systems and based on 
which they can be used in different food applications, for improving the protein content of food products. 

 
Key words: water and oil absorption capacity, foaming, gelling, emulsification. 
 
INTRODUCTION 

 
Plant proteins have a high nutritional quality 
and are industrially affordable. Previous studies 
have demonstrated potential functionalities of 
various vegetable protein sources for food 
applications, such as foaming (Amagliani et al., 
2017; Dachmann et al., 2020), emulsifying 
(Ladjal-Ettoumi et al., 2015; Sarkar et al., 
2016; Sharif et al., 2018; Zhang et al., 2020) 
and gelling properties (Lin et al., 2019; Opazo-
Navarrete et al., 2018). The factors that have 
led to the growth of the global market for plant-
derived proteins in recent years are closely 
linked to environmental and health issues but 
especially to easy access to information that 
has shaped food consumption trends and 
groups of vegetarians and flexitarians which 
promotes the benefits of plants (Alves & 
Tavares, 2019; Sá et al., 2020; Sarkar & 
Dickinson, 2020; Sarkar & Kaul, 2014). The 
use of different protein ingredients such as peas 
as functional ingredients in food depends on 
their functional attributes, such as solubility, 
emulsifying, foaming properties, etc. (Leqi Cui 
et al., 2020). Proteins perform a wide range of 

functions in the biological and nutritional 
system through the various amino acids they 
provide. Proteins and their derivatives can 
serve as a structural basis in the formulation of 
foods (for example thickening and gelling 
agents, emulsion and foam stabilizers, binders 
for fats, flavorings and water), as well as 
providing foods with special functions (for 
example antioxidant and antimicrobial 
activities) (Cao and Mezzenga, 2019; Dorica et 
al., 2020). Functional properties of food 
proteins are largely determined by their 
structure and their ability to interact with other 
food ingredients, so that they ultimately depend 
on their source. For example, plant proteins 
often exhibit inferior functionality compared to 
animal proteins, which leads to their limited 
use in food products (Jansens et al., 2019), 
although plant proteins with well-balanced 
amino acid compositions are more 
agriculturally-sustainable than animal proteins 
(Cao and Mezzenga, 2019). Most foods in 
which protein ingredients are added are drinks, 
emulsions or foams, therefore protein 
ingredients must have good solubility, water 
and oil absorption capacity, thermal stability 

AgroLife Scientific Journal - Volume 10, Number 1, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 and active surface properties (Panyam & 

Kilara, 1996; Amagliani et al., 2017; Alessio et 
al., 2020).  
The aim of this study was to analyse the 
nutritional and functional properties of some 
protein sources used as ingredients in food 
industry in order to determine the best food 
applications. 
 
MATERIALS AND METHODS 
 
Nine ingredients protein sources were used in 
the experiments: milk protein (Elton 
Corporation SA), whey protein (Mipama 
Poland) Pleurotus mushroom flour (obtained in 
the laboratory from fresh mushrooms that have 
been washed, cut into strips, dehydrated at a 
temperature of 50°C until moisture reaches 8%, 
then ground using Retsch Mill), pea protein 
(Supremia Grup, Alba Iulia, Romania), corn 
protein (Supremia Grup, Alba Iulia, Romania), 
soy protein (Supremia Grup, Alba Iulia, 
Romania), oat protein (VTT, Finland), hemp 
protein (Natural Ingredients R&D SRL, 
Fagaras, Romania), sea buckthorn protein 
(Natural Ingredients R&D SRL, Fagaras, 
Romania) and wheat flour as control 
(purchased from the market).  
 
Nutritional analysis 
Physico-chemical analyzes 
Physico-chemical analyzes were performed for 
characterization of the protein ingredients: 
moisture or dry matter content by means of an 
oven drying, ash content by calcination, 
determination of the protein content by 
Kjeldhal method, lipid content by Soxhlet 
extraction, total carbohydrates content (by 
difference). 
 
Protein digestibility 
Protein digestibility was determined in vitro 
through an enzymatic method using trypsin 
form porcine pancreas - Type IX-S. Trypsin 
solution was prepared as follows: 8 mg trypsin 
was dissolved in 5 ml diluted water and kept on 
an ice bath. The trypsin solution was freshly 
prepared before each test sample. The amount 
of sample taken corresponded to 6.25 mg 
protein/50 ml aqueous suspension (0.3125 x 
100/g protein). The sample was placed in a 
water bath whose temperature was set at 37°C 

and the pH of the suspension was adjusted to 
8.0 using 0.1 N NaOH solution or 0.1 N HCl. 5 
ml of the enzyme solution was added to the 
sample suspension, the sample was further 
maintained on the water bath at 37°C with 
stirring. There was a rapid decrease in pH, 
immediately after the addition of the enzyme 
and the pH value was read every 1 minute for 
10 minutes. 
 
Functional analysis 
Absorption capacity 
The water absorption capacity is largely 
influenced by the granulation of each sample. 
In a centrifuge tube, previously weighed, 0.5 g 
of sample was added over 5 ml of distilled 
water. The suspension was stirred initially with 
a small vortex, then with a large vortex for 60 
minutes. The suspension was centrifuged for 20 
minutes at 20°C, 11000 rpm. The supernatant 
was removed with a pipette and the sediment 
tube was weighed. 

a. Water absorption capacity  
The water absorption capacity was expressed as 
g water/g sample: 
𝑊𝑊𝑊𝑊𝑊𝑊 [ 𝑔𝑔 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

𝑔𝑔 𝑠𝑠𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤] = 𝑊𝑊2−𝑊𝑊1
𝑊𝑊0 ,  

where: 
W0 - the weight of the solid sample 
W1 - tube + sample weight 
W2 - tube + sediment weight 
 

b. Oil absorption capacity 
The oil absorption capacity was expressed as g 
oil/g sample: 
𝑊𝑊𝑊𝑊𝑊𝑊 [ 𝑔𝑔 𝑜𝑜𝑜𝑜𝑠𝑠

𝑔𝑔 𝑠𝑠𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤] = 𝑊𝑊2−𝑊𝑊1
𝑊𝑊0 ,  

where: 
W0 - the weight of the solid sample 
W1 - tube + sample weight 
W2 - tube + sediment weight 
 
Foaming properties and foam stability 
Foam capacity (%) is the ratio of foam volume 
to initial volume. In a 100 ml graduated 
cylinder, 2 g of the sample were placed over 
which 50 ml of distilled water were added and 
mixed for 2 minutes using an ultraturex in step 
4 (17500 rpm) to form the foam. The volume of 
the foam was measured immediately after 
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Abstract  

 
Nine ingredients protein sources were examined: milk protein, whey protein, Pleurotus mushroom flour, pea protein, 
corn protein, soy protein, oat protein, hemp protein, sea buckthorn protein in comparison with wheat flour (as control). 
They were subjected to physicochemical (protein, fat, ash, carbohydrates, aminoacids contents and digestibility) and 
functional analyzes (water absorption capacity, oil absorption capacity, foaming property and foam stability, gelling 
property for mixtures of 10% protein ingredient in water, emulsification capacity). The water absorption capacity 
ranged from 0.54-3.22 WHC. The highest oil absorption capacity was identified for milk protein sample 1.07 WHC       
(g oil/g sample). The foaming capacity ranged from 0% for hemp protein sample to 91.5% for milk protein sample. The 
emulsification capacity varied from 69.23% for the corn protein hydrolyzate sample to 54.69% for oat protein sample. 
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which they can be used in different food applications, for improving the protein content of food products. 
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INTRODUCTION 

 
Plant proteins have a high nutritional quality 
and are industrially affordable. Previous studies 
have demonstrated potential functionalities of 
various vegetable protein sources for food 
applications, such as foaming (Amagliani et al., 
2017; Dachmann et al., 2020), emulsifying 
(Ladjal-Ettoumi et al., 2015; Sarkar et al., 
2016; Sharif et al., 2018; Zhang et al., 2020) 
and gelling properties (Lin et al., 2019; Opazo-
Navarrete et al., 2018). The factors that have 
led to the growth of the global market for plant-
derived proteins in recent years are closely 
linked to environmental and health issues but 
especially to easy access to information that 
has shaped food consumption trends and 
groups of vegetarians and flexitarians which 
promotes the benefits of plants (Alves & 
Tavares, 2019; Sá et al., 2020; Sarkar & 
Dickinson, 2020; Sarkar & Kaul, 2014). The 
use of different protein ingredients such as peas 
as functional ingredients in food depends on 
their functional attributes, such as solubility, 
emulsifying, foaming properties, etc. (Leqi Cui 
et al., 2020). Proteins perform a wide range of 

functions in the biological and nutritional 
system through the various amino acids they 
provide. Proteins and their derivatives can 
serve as a structural basis in the formulation of 
foods (for example thickening and gelling 
agents, emulsion and foam stabilizers, binders 
for fats, flavorings and water), as well as 
providing foods with special functions (for 
example antioxidant and antimicrobial 
activities) (Cao and Mezzenga, 2019; Dorica et 
al., 2020). Functional properties of food 
proteins are largely determined by their 
structure and their ability to interact with other 
food ingredients, so that they ultimately depend 
on their source. For example, plant proteins 
often exhibit inferior functionality compared to 
animal proteins, which leads to their limited 
use in food products (Jansens et al., 2019), 
although plant proteins with well-balanced 
amino acid compositions are more 
agriculturally-sustainable than animal proteins 
(Cao and Mezzenga, 2019). Most foods in 
which protein ingredients are added are drinks, 
emulsions or foams, therefore protein 
ingredients must have good solubility, water 
and oil absorption capacity, thermal stability 

and active surface properties (Panyam & 
Kilara, 1996; Amagliani et al., 2017; Alessio et 
al., 2020).  
The aim of this study was to analyse the 
nutritional and functional properties of some 
protein sources used as ingredients in food 
industry in order to determine the best food 
applications. 
 
MATERIALS AND METHODS 
 
Nine ingredients protein sources were used in 
the experiments: milk protein (Elton 
Corporation SA), whey protein (Mipama 
Poland) Pleurotus mushroom flour (obtained in 
the laboratory from fresh mushrooms that have 
been washed, cut into strips, dehydrated at a 
temperature of 50°C until moisture reaches 8%, 
then ground using Retsch Mill), pea protein 
(Supremia Grup, Alba Iulia, Romania), corn 
protein (Supremia Grup, Alba Iulia, Romania), 
soy protein (Supremia Grup, Alba Iulia, 
Romania), oat protein (VTT, Finland), hemp 
protein (Natural Ingredients R&D SRL, 
Fagaras, Romania), sea buckthorn protein 
(Natural Ingredients R&D SRL, Fagaras, 
Romania) and wheat flour as control 
(purchased from the market).  
 
Nutritional analysis 
Physico-chemical analyzes 
Physico-chemical analyzes were performed for 
characterization of the protein ingredients: 
moisture or dry matter content by means of an 
oven drying, ash content by calcination, 
determination of the protein content by 
Kjeldhal method, lipid content by Soxhlet 
extraction, total carbohydrates content (by 
difference). 
 
Protein digestibility 
Protein digestibility was determined in vitro 
through an enzymatic method using trypsin 
form porcine pancreas - Type IX-S. Trypsin 
solution was prepared as follows: 8 mg trypsin 
was dissolved in 5 ml diluted water and kept on 
an ice bath. The trypsin solution was freshly 
prepared before each test sample. The amount 
of sample taken corresponded to 6.25 mg 
protein/50 ml aqueous suspension (0.3125 x 
100/g protein). The sample was placed in a 
water bath whose temperature was set at 37°C 

and the pH of the suspension was adjusted to 
8.0 using 0.1 N NaOH solution or 0.1 N HCl. 5 
ml of the enzyme solution was added to the 
sample suspension, the sample was further 
maintained on the water bath at 37°C with 
stirring. There was a rapid decrease in pH, 
immediately after the addition of the enzyme 
and the pH value was read every 1 minute for 
10 minutes. 
 
Functional analysis 
Absorption capacity 
The water absorption capacity is largely 
influenced by the granulation of each sample. 
In a centrifuge tube, previously weighed, 0.5 g 
of sample was added over 5 ml of distilled 
water. The suspension was stirred initially with 
a small vortex, then with a large vortex for 60 
minutes. The suspension was centrifuged for 20 
minutes at 20°C, 11000 rpm. The supernatant 
was removed with a pipette and the sediment 
tube was weighed. 

a. Water absorption capacity  
The water absorption capacity was expressed as 
g water/g sample: 
𝑊𝑊𝑊𝑊𝑊𝑊 [ 𝑔𝑔 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

𝑔𝑔 𝑠𝑠𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤] = 𝑊𝑊2−𝑊𝑊1
𝑊𝑊0 ,  

where: 
W0 - the weight of the solid sample 
W1 - tube + sample weight 
W2 - tube + sediment weight 
 

b. Oil absorption capacity 
The oil absorption capacity was expressed as g 
oil/g sample: 
𝑊𝑊𝑊𝑊𝑊𝑊 [ 𝑔𝑔 𝑜𝑜𝑜𝑜𝑠𝑠

𝑔𝑔 𝑠𝑠𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤] = 𝑊𝑊2−𝑊𝑊1
𝑊𝑊0 ,  

where: 
W0 - the weight of the solid sample 
W1 - tube + sample weight 
W2 - tube + sediment weight 
 
Foaming properties and foam stability 
Foam capacity (%) is the ratio of foam volume 
to initial volume. In a 100 ml graduated 
cylinder, 2 g of the sample were placed over 
which 50 ml of distilled water were added and 
mixed for 2 minutes using an ultraturex in step 
4 (17500 rpm) to form the foam. The volume of 
the foam was measured immediately after 
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stirring. The cylinder was left to stand for 1 
hour and the volume of the foam was measured 
again. The stability of the foam was calculated 
as the ratio between the final volume of the 
foam and the initial volume of the foam. 
 
Gelling property 
The gelling property of protein ingredients was 
analyzed as follows: different types of gels 
were obtained from protein ingredients (10% 
w/v). In a 400 ml Berzelius beaker, 25 g of 
protein sample were weighed, over which 250 
ml of water were added. The mixtures thus 
obtained were heated in a water bath for 45 
minutes at about 80-90°C for gelling and then 
cooled to room temperature for 1 h. The texture 
properties of the gels were measured by 
compression tests with the Texture Analyzer 
(Instron Texture Analzyer, model 5944) using a 
12 mm diameter cylindrical piston and a 50 N 
force cell. The degree of deformation was set at 
50% of the initial gel height and a 2-step 
compression was applied at a constant speed of 
4 mm/s. The force-time curves were recorded. 
The following texture parameters were deter-
mined: firmness (N) - maximum compressive 
force at which the sample has a significant 
resistance to deformation; adhesion - the effort 
required to pull the compression piston out of 
the sample; cohesivity - the extent to which the 

sample can be deformed before breaking; 
gumosity (N) - hardness multiplied by 
cohesiveness; masticability (N) - the effort 
required to chew the sample before swallowing. 
 
Emulsification capacity 
0.1 g of protein ingredients was weighted in a 
50 ml Berzelius glass and 10 ml of distilled 
water were added and magnetic stirred until a 
homogeneous solution was obtained. The pH 
was adjusted to 4.5-5 with the addition of 0.1M 
HCL to decrease and NaOH, 1M to increase 
the pH. Further, 20 ml of oil were poured,  
1 ml/minute, onto the solution under magnetic 
stirring at 2040 rpm. After the formation of the 
emulsion, this was transferred to 50 ml centri-
fuge tubes and centrifuged at 2000 rpm, 10 
minutes. After centrifugation, the height of the 
emulsified layer (He, mm) and the total height 
of the liquid (Ht, mm) were measured with a 
ruler (Li-Tao Baia et al., 2019). The emulsify-
cation activity was calculated with formula: 
AE (%) = He*100/Ht. 
 
RESULTS AND DISCUSSIONS 
 
Nutritional analysis 
The physico-chemical characteristics of protein 
ingredients are presented in Table 1.  

 
Table 1. Composition of the protein ingredients

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Corn protein 
hydrolyzate  

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

(control) 
Moisture content (%) 9.17 6.54 8.37 6.42 2.8 6.31 9.34 4.93 7.68 11.2 
Ash content (%) 6.44 6.72 5.66 5.24 6.55 3.93 3.69 5.77 4.48 0.56 
Protein content (%) 76.34 73.6 16.75 74.02 24.1 82.79 44.1 29.65 14.4 10.89 
Lipid content (%) 0.06 0.04 1.36 0 1.5 0.54 2.51 11.88 10.19 0.89 
Total carbohydrates (%) 7.99 13.1 67.86 14.32 8.05 6.43 38.82 13.29 18.03 76.35 

 
Soy protein isolate sample had the highest 
protein content: 82.79% and the sea buckthorn 
protein sample had the lowest protein content 

of 14.4%. Hemp protein and sea buckthorn 
sample had a higher lipid content around 11%.  

 
Table 2. Percentage of protein digestibility for the analyzed samples 

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Protein content (%) 76.34 73.6 16.75 74.02 24.1 82.79 44.1 29.65 14.4 10.89 
Protein digestibility (%) 85.03 85.57 68.19 87.2 64.76 85.94 77.43 78.52 76.16 83.76 

 
The highest digestibility (Table 2) was 
recorded in pea protein isolate (87.2%), soy 
protein isolate sample (85.94%), followed by 

milk protein sample (85.57%). The corn protein 
hydrolyzate had the lowest value of protein 
digestibility around 64.74%. Protein 

digestibility is important to predict the 
proportion of ingested nitrogen or amino acid 

made available to the organism after digestion 
and absorption.  

 
Table 3. Amino acid content (from literature) 

Samples 

Milk protein 
(sodium 

caseinate) 
(g/100 g) 

Whey 
protein 

(g/100g) 
(g/100 g 
protein) 

Pleurotus 
flour 

protein 
(g/100 g) 

Pea 
protein 
isolate 

(g/100g) 
(g/100 g 
protein) 

Protein 
hydrolyzat

e from 
corn 

(g/100 g) 

Soy 
protein 
isolate 

(g/100g) 
(g/100 g 
protein) 

Oat 
protein 

(g/100 g) 

Hemp 
protein 

(g/100g) 
(g/100 g 
protein) 

Sea 
buckthorn 

protein 
(g/100 g) 

Wheat 
flour 

(g/100 g) 

Alanine 2,6 4,2 2,9 3,2 4,8 2,8 n.d. 1,9 0,21 n.d. 5,5 5,4 4,5 0,03 

Arginine 2,6 1,7 5,2 5,9 1,7 4,8 n.d. 5,3 0,11 n.d. 2,7 8,4 7,8 0,01 

Aspartic acid n.d. n.d. 5,3 n.d. n.d. n.d. n.d. n.d. 4,27 n.d. 12,2 11,9 11,8 0,04 

Glutamic acid 16,7 15,5 7,6 12,9 13,1 12,4 n.d. 7,4 0,19 n.d. 21,5 16,4 20,5 0,03 

Tank 0,2 0,8 1,3 0,2 0,3 0,2 n.d. 0,2 0,03 n.d. 2,7 1 1,2 0,01 

Phenylalanine 3,5 2,5 3 3,7 3,4 3,2 2,7 1,8 0,2 3,7 3,8 5,7 5,5 0,03 

glycine 1,5 1,5 0,7 2,8 1,6 2,7 n.d. 2,1 0,17 n.d. 2,3 4 4,4 0,01 

Histidine 1,9 1,4 1,8 1,6 1,1 1,5 0,9 1,1 0,14 1,4 1,6 2,4 2,5 0,01 

Isoleucine 2,9 3,8 1,7 2,3 1,7 1,9 1,3 1 0,17 2 7,4 4,4 4,9 0,01 

Leucine 7 8,6 6,5 5,7 8,8 5 3,8 2,6 0,02 5 12,1 7,6 5,6 0,02 

Lysine 5,9 7,1 3,6 4,7 1 3,4 1,3 1,4 0,27 1,1 10,9 6,7 5,6 0,04 

Methionine 2,1 1,8 0,8 0,3 1,1 0,3 0,1 1 0,02 0,7 2,5 0,9 1,4 0,01 

Proline 7,3 4,8 0,8 3,1 5,2 3,3 n.d. 1,8 0,45 n.d. 6,1 4,4 4,9 0,12 

Serine 4 4 2,3 3,6 2,9 3,4 n.d. 2,3 0,28 n.d. 6,7 5,4 5,2 0,05 

Tyrosine 3,8 2,4 1,2 2,6 2,7 2,2 n.d. 1,3 0,13 n.d. 3,7 4 3,9 0,02 

Threonine 3,5 5,4 3 2,5 1,8 2,3 1,5 1,3 0,37 1,8 8,8 3,8 3,9 0,06 

Tryptophan n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0,01 n.d. 1,7 0,9 1,3 0,01 

Valine 3,6 3,5 3,4 2,7 2,1 2,2 2 1,3 0,22 2,3 6,9 4,9 5,1 0,03 
n.d. – not determined; Sea buckthorn protein (g/100 g) (H. rhamnoides L., H. sinensis). Gorissen et al., 2018; Ciesarová et al., 2020. 
 
Milk proteins are considered a high-quality 
protein source taking into account their 
essential amino acid score, protein- digestibility 
corrected amino acid score and digestible 
indispensable amino acid scores (Mulet-Cabero 
et al., 2020). 
 
Functional analysis 
Absorption capacity - water and oil 
The results for water and oil absorption 
capacity are shown in Figure 1 and Table 4. 
The water absorption capacity ranged from 
0.54 for oat protein to 3.22 WHC (g water/g 
sample) for soy protein. The highest oil 
absorption capacity was in milk protein sample 

1.07 WHC (g oil/g sample), and the lowest was 
recorded in the corn protein sample, 
respectively 0.33 WHC (g oil/g sample). 
 

 
Figure 1. Oil absorption capacity: (A) the sample before 
centrifugation, (B) sample after centrifugation and (C) 

sample after removal of the supernatant  
(photos from experiments)

 
Table 4. The ability of protein ingredients to absorb water and oil 

Samples 

Milk 
protein 
(sodium 

caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Water absorption capacity  
g water/g sample 2.66 2.48 2.04 2.29 -1.00 3.23 0.54 1.27 1.19 0.78 

Oil absorption capacity  
g oil/g sample 1.075 0.86 0.55 0.88 0.34 0.93 0.87 0.79 0.74 0.67 
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stirring. The cylinder was left to stand for 1 
hour and the volume of the foam was measured 
again. The stability of the foam was calculated 
as the ratio between the final volume of the 
foam and the initial volume of the foam. 
 
Gelling property 
The gelling property of protein ingredients was 
analyzed as follows: different types of gels 
were obtained from protein ingredients (10% 
w/v). In a 400 ml Berzelius beaker, 25 g of 
protein sample were weighed, over which 250 
ml of water were added. The mixtures thus 
obtained were heated in a water bath for 45 
minutes at about 80-90°C for gelling and then 
cooled to room temperature for 1 h. The texture 
properties of the gels were measured by 
compression tests with the Texture Analyzer 
(Instron Texture Analzyer, model 5944) using a 
12 mm diameter cylindrical piston and a 50 N 
force cell. The degree of deformation was set at 
50% of the initial gel height and a 2-step 
compression was applied at a constant speed of 
4 mm/s. The force-time curves were recorded. 
The following texture parameters were deter-
mined: firmness (N) - maximum compressive 
force at which the sample has a significant 
resistance to deformation; adhesion - the effort 
required to pull the compression piston out of 
the sample; cohesivity - the extent to which the 

sample can be deformed before breaking; 
gumosity (N) - hardness multiplied by 
cohesiveness; masticability (N) - the effort 
required to chew the sample before swallowing. 
 
Emulsification capacity 
0.1 g of protein ingredients was weighted in a 
50 ml Berzelius glass and 10 ml of distilled 
water were added and magnetic stirred until a 
homogeneous solution was obtained. The pH 
was adjusted to 4.5-5 with the addition of 0.1M 
HCL to decrease and NaOH, 1M to increase 
the pH. Further, 20 ml of oil were poured,  
1 ml/minute, onto the solution under magnetic 
stirring at 2040 rpm. After the formation of the 
emulsion, this was transferred to 50 ml centri-
fuge tubes and centrifuged at 2000 rpm, 10 
minutes. After centrifugation, the height of the 
emulsified layer (He, mm) and the total height 
of the liquid (Ht, mm) were measured with a 
ruler (Li-Tao Baia et al., 2019). The emulsify-
cation activity was calculated with formula: 
AE (%) = He*100/Ht. 
 
RESULTS AND DISCUSSIONS 
 
Nutritional analysis 
The physico-chemical characteristics of protein 
ingredients are presented in Table 1.  

 
Table 1. Composition of the protein ingredients

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Corn protein 
hydrolyzate  

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

(control) 
Moisture content (%) 9.17 6.54 8.37 6.42 2.8 6.31 9.34 4.93 7.68 11.2 
Ash content (%) 6.44 6.72 5.66 5.24 6.55 3.93 3.69 5.77 4.48 0.56 
Protein content (%) 76.34 73.6 16.75 74.02 24.1 82.79 44.1 29.65 14.4 10.89 
Lipid content (%) 0.06 0.04 1.36 0 1.5 0.54 2.51 11.88 10.19 0.89 
Total carbohydrates (%) 7.99 13.1 67.86 14.32 8.05 6.43 38.82 13.29 18.03 76.35 

 
Soy protein isolate sample had the highest 
protein content: 82.79% and the sea buckthorn 
protein sample had the lowest protein content 

of 14.4%. Hemp protein and sea buckthorn 
sample had a higher lipid content around 11%.  

 
Table 2. Percentage of protein digestibility for the analyzed samples 

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Protein content (%) 76.34 73.6 16.75 74.02 24.1 82.79 44.1 29.65 14.4 10.89 
Protein digestibility (%) 85.03 85.57 68.19 87.2 64.76 85.94 77.43 78.52 76.16 83.76 

 
The highest digestibility (Table 2) was 
recorded in pea protein isolate (87.2%), soy 
protein isolate sample (85.94%), followed by 

milk protein sample (85.57%). The corn protein 
hydrolyzate had the lowest value of protein 
digestibility around 64.74%. Protein 

digestibility is important to predict the 
proportion of ingested nitrogen or amino acid 

made available to the organism after digestion 
and absorption.  

 
Table 3. Amino acid content (from literature) 

Samples 

Milk protein 
(sodium 

caseinate) 
(g/100 g) 

Whey 
protein 

(g/100g) 
(g/100 g 
protein) 

Pleurotus 
flour 

protein 
(g/100 g) 

Pea 
protein 
isolate 

(g/100g) 
(g/100 g 
protein) 

Protein 
hydrolyzat

e from 
corn 

(g/100 g) 

Soy 
protein 
isolate 

(g/100g) 
(g/100 g 
protein) 

Oat 
protein 

(g/100 g) 

Hemp 
protein 

(g/100g) 
(g/100 g 
protein) 

Sea 
buckthorn 

protein 
(g/100 g) 

Wheat 
flour 

(g/100 g) 

Alanine 2,6 4,2 2,9 3,2 4,8 2,8 n.d. 1,9 0,21 n.d. 5,5 5,4 4,5 0,03 

Arginine 2,6 1,7 5,2 5,9 1,7 4,8 n.d. 5,3 0,11 n.d. 2,7 8,4 7,8 0,01 

Aspartic acid n.d. n.d. 5,3 n.d. n.d. n.d. n.d. n.d. 4,27 n.d. 12,2 11,9 11,8 0,04 

Glutamic acid 16,7 15,5 7,6 12,9 13,1 12,4 n.d. 7,4 0,19 n.d. 21,5 16,4 20,5 0,03 

Tank 0,2 0,8 1,3 0,2 0,3 0,2 n.d. 0,2 0,03 n.d. 2,7 1 1,2 0,01 

Phenylalanine 3,5 2,5 3 3,7 3,4 3,2 2,7 1,8 0,2 3,7 3,8 5,7 5,5 0,03 

glycine 1,5 1,5 0,7 2,8 1,6 2,7 n.d. 2,1 0,17 n.d. 2,3 4 4,4 0,01 

Histidine 1,9 1,4 1,8 1,6 1,1 1,5 0,9 1,1 0,14 1,4 1,6 2,4 2,5 0,01 

Isoleucine 2,9 3,8 1,7 2,3 1,7 1,9 1,3 1 0,17 2 7,4 4,4 4,9 0,01 

Leucine 7 8,6 6,5 5,7 8,8 5 3,8 2,6 0,02 5 12,1 7,6 5,6 0,02 

Lysine 5,9 7,1 3,6 4,7 1 3,4 1,3 1,4 0,27 1,1 10,9 6,7 5,6 0,04 

Methionine 2,1 1,8 0,8 0,3 1,1 0,3 0,1 1 0,02 0,7 2,5 0,9 1,4 0,01 

Proline 7,3 4,8 0,8 3,1 5,2 3,3 n.d. 1,8 0,45 n.d. 6,1 4,4 4,9 0,12 

Serine 4 4 2,3 3,6 2,9 3,4 n.d. 2,3 0,28 n.d. 6,7 5,4 5,2 0,05 

Tyrosine 3,8 2,4 1,2 2,6 2,7 2,2 n.d. 1,3 0,13 n.d. 3,7 4 3,9 0,02 

Threonine 3,5 5,4 3 2,5 1,8 2,3 1,5 1,3 0,37 1,8 8,8 3,8 3,9 0,06 

Tryptophan n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0,01 n.d. 1,7 0,9 1,3 0,01 

Valine 3,6 3,5 3,4 2,7 2,1 2,2 2 1,3 0,22 2,3 6,9 4,9 5,1 0,03 
n.d. – not determined; Sea buckthorn protein (g/100 g) (H. rhamnoides L., H. sinensis). Gorissen et al., 2018; Ciesarová et al., 2020. 
 
Milk proteins are considered a high-quality 
protein source taking into account their 
essential amino acid score, protein- digestibility 
corrected amino acid score and digestible 
indispensable amino acid scores (Mulet-Cabero 
et al., 2020). 
 
Functional analysis 
Absorption capacity - water and oil 
The results for water and oil absorption 
capacity are shown in Figure 1 and Table 4. 
The water absorption capacity ranged from 
0.54 for oat protein to 3.22 WHC (g water/g 
sample) for soy protein. The highest oil 
absorption capacity was in milk protein sample 

1.07 WHC (g oil/g sample), and the lowest was 
recorded in the corn protein sample, 
respectively 0.33 WHC (g oil/g sample). 
 

 
Figure 1. Oil absorption capacity: (A) the sample before 
centrifugation, (B) sample after centrifugation and (C) 

sample after removal of the supernatant  
(photos from experiments)

 
Table 4. The ability of protein ingredients to absorb water and oil 

Samples 

Milk 
protein 
(sodium 

caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Water absorption capacity  
g water/g sample 2.66 2.48 2.04 2.29 -1.00 3.23 0.54 1.27 1.19 0.78 

Oil absorption capacity  
g oil/g sample 1.075 0.86 0.55 0.88 0.34 0.93 0.87 0.79 0.74 0.67 
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Water absorption capacity plays an important 
role in developing food texture, especially in 
meat products and baked dough. Protein 
ingredients with very high water absorption 
capacity may dehydrate other ingredients in a 
food system. Proteins with low water 
absorption capacity can be more sensitive to 
storage humidity. Oil absorption capacity 

(OAC) of proteins is essential in order to 
improve mouthfeel and flavor retention of 
certain food products (Khan et al., 2011). 
Protein ingredients with high OAC can be used 
in the formulation of food matrices like cake 
batters, mayonnaise, salad dressings and 
sausages (Chandi & Sogi, 2007). 

 
Foaming properties and foam stability  

Table 5. The capacity of the protein ingredients to form the foam and the foam stability 

Samples 

Milk 
protein 
(sodium 

caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Foaming capacity (%) 91.5 84 40 79.5 1.5 76 48.5 0 54 38 
Foam stability (%) 41.5 23.5 7.5 29.5 0.5 37.5 40.5 0 22.5 7 

(mean values, n = 2) 

 
The foaming capacity ranged from 0% for 
hemp protein sample to 91.5% for milk protein 
sample. The whey protein and milk protein 
samples had the strongest foam stability. The 
wheat flour and Pleurotus flour protein samples 
had approximately the same foam capacity 
respectively 38-40% but also the same foam 
stability 7-7.5% (Table 5, Figure 2).  
 
The property of protein ingredients to gel 
Milk protein and whey protein samples had 
approximately the same values. The oat protein 
sample had slightly lower values than the 
previous two samples. The other samples 
analyzed did not form a gel (Figure 3). 
 

 
Figure 2. Foaming properties and foam stability:  

(A) foam formation and (B) foam stability  
after one hour of rest (photos from experiments) 

 
Figure 3. Gelling capacity of the sample-mixture  

of 10% milk protein in wheat flour 
 
Protein emulsifying capacity 
The emulsification capacity varied from 
69.23% for the corn protein hydrolyzate to 
54.69% for oat protein sample (Table 6). 
Emulsifying ability is another important 
physicochemical property that may directly 
affect the application of proteins in food 
formulations (Figure 4). The emulsifying 
properties of proteins, in particular, are 
complex, usually affected by molar mass, 
hydrophobicity/ solubility, conformational 
stability and load, and physicochemical factors 
such as pH, ionic strength, temperature, protein 
concentration and profile of amino acids 
(Ladjal-Ettoumi et al., 2015). The samples: 
milk protein (sodium caseinate), whey protein, 
Pleurotus flour protein, pea protein isolate, 
protein hydrolyzate from corn, soy protein 
isolate, oat protein, hemp protein, sea 
buckthorn protein and wheat flour had an 
average emulsification capacity.  

 
Figure 4. Protein emulsifying capacity: (A) samples before centrifugation and (B) samples  

after centrifugation (photos from experiments)

Table 6. Protein emulsification activity 

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

He (mm) 35 35 40 40 45 37 35 37 35 35 
Ht (mm) 58 60 70 60 65 65 64 63 61 63 
AE (%) 60.34 58.33 57.14 66.67 69.23 56.92 54.69 58.73 57.38 55.56 

 
CONCLUSIONS 
 
Protein ingredients have different functional 
properties which determine their behaviour in 
food systems and based on which they can be 
used in different food applications, for 
improving the protein content of food products. 
The selection of proteins with appropriate 
functional properties is vital in food 
formulation. However, different intrinsic, 
extrinsic, and environmental factors such as 
pH, ionic strength, and temperature affect the 
functional properties of proteins and these must 
be considered in experiments as well. 
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Water absorption capacity plays an important 
role in developing food texture, especially in 
meat products and baked dough. Protein 
ingredients with very high water absorption 
capacity may dehydrate other ingredients in a 
food system. Proteins with low water 
absorption capacity can be more sensitive to 
storage humidity. Oil absorption capacity 

(OAC) of proteins is essential in order to 
improve mouthfeel and flavor retention of 
certain food products (Khan et al., 2011). 
Protein ingredients with high OAC can be used 
in the formulation of food matrices like cake 
batters, mayonnaise, salad dressings and 
sausages (Chandi & Sogi, 2007). 

 
Foaming properties and foam stability  

Table 5. The capacity of the protein ingredients to form the foam and the foam stability 

Samples 

Milk 
protein 
(sodium 

caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

Foaming capacity (%) 91.5 84 40 79.5 1.5 76 48.5 0 54 38 
Foam stability (%) 41.5 23.5 7.5 29.5 0.5 37.5 40.5 0 22.5 7 

(mean values, n = 2) 

 
The foaming capacity ranged from 0% for 
hemp protein sample to 91.5% for milk protein 
sample. The whey protein and milk protein 
samples had the strongest foam stability. The 
wheat flour and Pleurotus flour protein samples 
had approximately the same foam capacity 
respectively 38-40% but also the same foam 
stability 7-7.5% (Table 5, Figure 2).  
 
The property of protein ingredients to gel 
Milk protein and whey protein samples had 
approximately the same values. The oat protein 
sample had slightly lower values than the 
previous two samples. The other samples 
analyzed did not form a gel (Figure 3). 
 

 
Figure 2. Foaming properties and foam stability:  

(A) foam formation and (B) foam stability  
after one hour of rest (photos from experiments) 

 
Figure 3. Gelling capacity of the sample-mixture  

of 10% milk protein in wheat flour 
 
Protein emulsifying capacity 
The emulsification capacity varied from 
69.23% for the corn protein hydrolyzate to 
54.69% for oat protein sample (Table 6). 
Emulsifying ability is another important 
physicochemical property that may directly 
affect the application of proteins in food 
formulations (Figure 4). The emulsifying 
properties of proteins, in particular, are 
complex, usually affected by molar mass, 
hydrophobicity/ solubility, conformational 
stability and load, and physicochemical factors 
such as pH, ionic strength, temperature, protein 
concentration and profile of amino acids 
(Ladjal-Ettoumi et al., 2015). The samples: 
milk protein (sodium caseinate), whey protein, 
Pleurotus flour protein, pea protein isolate, 
protein hydrolyzate from corn, soy protein 
isolate, oat protein, hemp protein, sea 
buckthorn protein and wheat flour had an 
average emulsification capacity.  

 
Figure 4. Protein emulsifying capacity: (A) samples before centrifugation and (B) samples  

after centrifugation (photos from experiments)

Table 6. Protein emulsification activity 

Samples 
Milk protein 

(sodium 
caseinate) 

Whey 
protein 

Pleurotus 
flour 

protein 

Pea 
protein 
isolate 

Protein 
hydrolyzate 
from corn 

Soy 
protein 
isolate 

Oat 
protein 

Hemp 
protein 

Sea 
buckthorn 

protein 

Wheat 
flour 

He (mm) 35 35 40 40 45 37 35 37 35 35 
Ht (mm) 58 60 70 60 65 65 64 63 61 63 
AE (%) 60.34 58.33 57.14 66.67 69.23 56.92 54.69 58.73 57.38 55.56 

 
CONCLUSIONS 
 
Protein ingredients have different functional 
properties which determine their behaviour in 
food systems and based on which they can be 
used in different food applications, for 
improving the protein content of food products. 
The selection of proteins with appropriate 
functional properties is vital in food 
formulation. However, different intrinsic, 
extrinsic, and environmental factors such as 
pH, ionic strength, and temperature affect the 
functional properties of proteins and these must 
be considered in experiments as well. 
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Abstract 

 
The paper aimed to present the influence of bacterial inoculation,applied to seeds, on the attack of pathogens, on yield, 
yield elements and quality in soybean crop.A two-year experiment was carried out at Research and Development 
Station for Agriculture Turda (RDSA Turda), in 2019-2020. Teo TD, an early soybean variety was used in the 
experiment. Seed stimulation was conducted with two nitrogen-fixing bacteria: Bradyrhizobium sp. JHI and 
Paenibacillus graminis FL400. The application of bacterial inoculants leads, in the second year of experiment, to an 
increase in soybean yield with 903 kg/ha, 39.8% higher compared to the control, when Bradyrhizobium + 
Paenibacillus was applied. Biostimulation also help the plant fight against pathogens with a positive impact on number 
of nodules, yield elements and quality parameters. 

 
Key words: soybean, inoculation, pathogens, yield, quality. 
 
INTRODUCTION  
 
Soybean [Glycine max (L.) Merr.], is cultivated 
for a high content of protein and oil, it is often 
called the miracle crop due to its numerous uses. 
Soybean is an essential dominant source of 
proteins and oils with many uses in forage, food 
and industrial applications (Lee et al., 2007).  
The soybean plant is well adapted to a number 
of environmental conditions, but certain abiotic 
and biotic stresses cause significant reductions 
in production. Salinity, temperature, drought 
and pH are the main constraints that limit plant 
productivity and cause losses, while among 
biotic stresses the attack of various pathogens 
are the main problem to be solved (Tewari et 
al., 2017). Under stressful conditions, the plant 
reduces its vegetative growth to preserve and 
redistribute the essential resources for the 
survival of the plant in severe conditions.  
In the context of climate change and increasing 
population pressure, it is essential to increase 

crop productivity, even under stress. A number 
of techniques have been used to increase plant 
tolerance under conditions of ecological stress. 
Some of these techniques are based on the use 
of chemicals that can be toxic to the 
environment (Tewari et al., 2017).  
As an alternative to chemicals is the natural 
growth of plants that promote rhizobacteria 
(PGPR). Data from the literature show the 
effectiveness of PGPR in improving plant 
growth and development (Glick, 2012; Paul 
and Nair, 2008). This population of ecological 
bacteria is effective in promoting crops 
production, but also in the management of 
diseases under normal and stressful conditions 
(Dimkpa et al., 2009; Tewari et al., 2017). 
Inoculation of legume seeds with fixing 
bacteria is a well-established practice and 
contributes significantly to obtaining high 
productions (Rodrigues et al., 2015).  
The main ways we can prevent the attack of 
diseases and pests are seed treatments which, as 
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The paper aimed to present the influence of bacterial inoculation,applied to seeds, on the attack of pathogens, on yield, 
yield elements and quality in soybean crop.A two-year experiment was carried out at Research and Development 
Station for Agriculture Turda (RDSA Turda), in 2019-2020. Teo TD, an early soybean variety was used in the 
experiment. Seed stimulation was conducted with two nitrogen-fixing bacteria: Bradyrhizobium sp. JHI and 
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it is known, have a period of effectiveness from 
two to three weeks, and their duration of 
activity is influenced by dose and climatic 
conditions (Dyer, 2012).  
Recently, as a result of the widespread use of 
chemicals and inorder to find new safer 
environmentally technologies, in the control of 
plant diseases alternative methods are being 
developed.  
 
MATERIALS AND METHODS 
 
In order to observe the influence of bacterial 
inoculation, applied to seeds, on the attack of 
pathogens, and of some elements of 
productivity in the soybean crop, Teo TD 
soybean variety was used.  
Two nitrogen-fixing bacteria were used in this 
study Bradyrhizobium sp. JHI and 
Paenibacillus graminis FL400. The JHI strain 
originates form the James Hutton Institute, UK 
and was kindly provided by dr. IoanToncea. As 
rhizobia, this strain presents nif genes encoding 
for enzymes involved in atmospheric nitrogen 
fixation into a nitrogen form available to plants, 
as well as nod genes, responsible for root 
nodulation in specific hosts of leguminous 
plants. The FL400 strain is a Romanian native 
bacteria isolated from bean roots. This strain is 
a diazotrophic bacteria that naturally possesses 
nif genes. Moreover, it was patented at OSIM 
(State Office for Inventions and Trademarks, 
Romania) for its potential to increase 
polyamine levels in crops and currently is 
deposited in NCAIM microbial collection as 
B001365. The bacterial based inoculum was 

prepared on agar plates. Bradyrhizobium sp. 
JHI strain was grown on Yeast-Manitol-Agar, 
and P. graminis FL400 on Luria Bertani agar. 
Bacterial biomass was harvested as 
concentrated suspension (minimum 109 
CFU/ml) and applied as seed treatment.  
Field observations: 

• plant height; 
• number of leaves/ plant; 
• number of nodules/ plant; 
• Peronospora manshurica (mildew) 

frequency and intensity. 
Laboratory determinations:  

• number of pods/plant;  
• plant weight;  
• number of seeds/plant;  
• seeds weight/ plant;  
• thousand kernel weight (TKW);  
• quality parameters;  
• yield. 

 
RESULTS AND DISCUSSIONS 
 
The plants height was influenced by the seed 
treatment, but also by the climatic conditions of 
the experimental years. In the background of 
climatic conditions of 2020, the plants weretaller, 
compared to 2019. Between developed, which 
are part of the experimental variants, there were 
differences but these were not statistically 
assured. In both experimental years in the 
variant in which the inoculation was made with 
Bradyrhizobium sp. the plants were the tallest 
(112.00 and 116.25 cm) (Table 1). 

 
Table 1. The influence of bacterial inoculants on plantheight 

No. Year Experimental variant Height 
(cm) 

% 
to control 

The difference to 
control (cm) 

1. 

2019 

Untreated 105.10 100.00 0.00 
2. Bradyrhizobium sp. 112.00 6.6 6.90 
3. Bradyrhizobium sp. +  

Paenibacillus graminis 
107.48 2.3 2.38 

4. 

2020 

Untreated 114.75 100,0 0.00 
5. Bradyrhizobium sp. 116.25 1.3 1.50 
6. Bradyrhizobium sp. +  

Paenibacillus graminis 
110.25 -3.9 -4.50 

LSD (p 5%) 13.65 
 
The number of leaves is a genetically 
determined characteristic, specific to each 
genotype. From the data presented in Table 2 it 
can be seen that this parameter shows similar 

values, for all experimental variants, with the 
highest value for the variant to which 
Bradyrhizobium sp. in both experimental years.  

 
Table 2. The influence of bacterial inoculants on number of leaves 

No. Year Experimental variant Number of leaves %  
to control 

The difference  
to control (no.) 

1. 
2019 

Untreated 13.10 100.0 0.00 
2. Bradyrhizobium sp. 13.33 1.7 0.22 
3. Bradyrhizobium sp. + Paenibacillus graminis 12.45 -5.0 -0.65 
4. 

2020 
Untreated 12.50 100.0 0.00 

5. Bradyrhizobium sp. 15.00 20.0 2.50 
6. Bradyrhizobium sp. + Paenibacillus graminis 14.00 12.0 1.50 

LSD (p 5%) 4.35 
 
The application of bacterial inoculum leads to 
an increase in the number of nodules 
(Rodrigues et al., 2015; Hungary et al., 2015). 
Our data confirm the data from the literature, 
the formation of nodules on the plant was 
influenced by the treatment applied to the seed. 
The application of any treatment product to the 

seed leads to the formation of a higher number 
of nodules, compared to the untreated variant. 
It is noticed the variant to which the mixed 
treatment Bradyrhizobium sp. + Paenibacillus 
graminis, with the highest number of nodules 
per plant (60) (Table 3). 

 
Table 3. The influence of bacterial inoculants on number of nodules 

No. Year Experimental variant Nodule  
(no) 

%  
to control 

The difference to 
control (no.) 

1. 
2019 

Untreated 39.50 100.0 0,00 
2. Bradyrhizobium sp. 43.75 10.8 4.25 
3. Bradyrhizobium sp. + Paenibacillus graminis 45.75 15.8 6.25 
4. 

2020 
Untreated 35.75 100.0 0.00 

5. Bradyrhizobium sp. 39.75 11.2 4.00 
6. Bradyrhizobium sp. + Paenibacillus graminis 60.00 67.8 24.25* 

LSD (p 5%) 22.14 
 
Although the treatment of the seed has an 
efficacy of two to three weeks, the products 
used help the plant fight against diseases. 
Despite the conditions of 2019, the mildew 
attack manifested itself with reduced frequency 
and intensity in comparison with the mildew 
attack in Figure 1. During the growing stages, 
observations were made regarding the attack of 
pathogens on soybeans. In 2019, in soybean 
crop, mildew and bacterial burn was 
manifested. Even though the values obtained 
are small, differences can be observed between 
the experimental variants regarding the degree 
of attack of Peronospora manshurica. In Figure 
2, we can see the frequency, intensity and 
degree of attack of Pseudomonas savastanoi 
pv. glycinea. 
The degree of attack of bacterial blight did not 
exceed 1%, with the highest value on the 

variation which had no treatment applied to the 
seed. The lowest values of frequency and 
intensity, and thus degree of attack, came from 
the variation to which Bradyrhizobium sp. + 
Paenibacillus graminis was applied. 
In 2020, only the attack of mildew was 
manifested in soybean crop. From Figure 3 we 
can see that the highest degree of attack by 
Peronospora manshurica was on the variant 
which did not receive treatment to the seed 
(1.17%). The lowest degree of attack of mildew 
was on the variant where Bradyrhizobium sp. + 
Paenibacillus graminis was applied. These 
results can be put down to the fact that bacteria 
of the type Paenibacillus graminis are known 
for having biocontrol activity against bacteria, 
fungi and nematodes (Tiwari, 2019). 
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environmentally technologies, in the control of 
plant diseases alternative methods are being 
developed.  
 
MATERIALS AND METHODS 
 
In order to observe the influence of bacterial 
inoculation, applied to seeds, on the attack of 
pathogens, and of some elements of 
productivity in the soybean crop, Teo TD 
soybean variety was used.  
Two nitrogen-fixing bacteria were used in this 
study Bradyrhizobium sp. JHI and 
Paenibacillus graminis FL400. The JHI strain 
originates form the James Hutton Institute, UK 
and was kindly provided by dr. IoanToncea. As 
rhizobia, this strain presents nif genes encoding 
for enzymes involved in atmospheric nitrogen 
fixation into a nitrogen form available to plants, 
as well as nod genes, responsible for root 
nodulation in specific hosts of leguminous 
plants. The FL400 strain is a Romanian native 
bacteria isolated from bean roots. This strain is 
a diazotrophic bacteria that naturally possesses 
nif genes. Moreover, it was patented at OSIM 
(State Office for Inventions and Trademarks, 
Romania) for its potential to increase 
polyamine levels in crops and currently is 
deposited in NCAIM microbial collection as 
B001365. The bacterial based inoculum was 

prepared on agar plates. Bradyrhizobium sp. 
JHI strain was grown on Yeast-Manitol-Agar, 
and P. graminis FL400 on Luria Bertani agar. 
Bacterial biomass was harvested as 
concentrated suspension (minimum 109 
CFU/ml) and applied as seed treatment.  
Field observations: 

• plant height; 
• number of leaves/ plant; 
• number of nodules/ plant; 
• Peronospora manshurica (mildew) 

frequency and intensity. 
Laboratory determinations:  

• number of pods/plant;  
• plant weight;  
• number of seeds/plant;  
• seeds weight/ plant;  
• thousand kernel weight (TKW);  
• quality parameters;  
• yield. 

 
RESULTS AND DISCUSSIONS 
 
The plants height was influenced by the seed 
treatment, but also by the climatic conditions of 
the experimental years. In the background of 
climatic conditions of 2020, the plants weretaller, 
compared to 2019. Between developed, which 
are part of the experimental variants, there were 
differences but these were not statistically 
assured. In both experimental years in the 
variant in which the inoculation was made with 
Bradyrhizobium sp. the plants were the tallest 
(112.00 and 116.25 cm) (Table 1). 

 
Table 1. The influence of bacterial inoculants on plantheight 

No. Year Experimental variant Height 
(cm) 

% 
to control 

The difference to 
control (cm) 

1. 

2019 

Untreated 105.10 100.00 0.00 
2. Bradyrhizobium sp. 112.00 6.6 6.90 
3. Bradyrhizobium sp. +  

Paenibacillus graminis 
107.48 2.3 2.38 

4. 

2020 

Untreated 114.75 100,0 0.00 
5. Bradyrhizobium sp. 116.25 1.3 1.50 
6. Bradyrhizobium sp. +  

Paenibacillus graminis 
110.25 -3.9 -4.50 

LSD (p 5%) 13.65 
 
The number of leaves is a genetically 
determined characteristic, specific to each 
genotype. From the data presented in Table 2 it 
can be seen that this parameter shows similar 

values, for all experimental variants, with the 
highest value for the variant to which 
Bradyrhizobium sp. in both experimental years.  

 
Table 2. The influence of bacterial inoculants on number of leaves 

No. Year Experimental variant Number of leaves %  
to control 

The difference  
to control (no.) 

1. 
2019 

Untreated 13.10 100.0 0.00 
2. Bradyrhizobium sp. 13.33 1.7 0.22 
3. Bradyrhizobium sp. + Paenibacillus graminis 12.45 -5.0 -0.65 
4. 

2020 
Untreated 12.50 100.0 0.00 

5. Bradyrhizobium sp. 15.00 20.0 2.50 
6. Bradyrhizobium sp. + Paenibacillus graminis 14.00 12.0 1.50 

LSD (p 5%) 4.35 
 
The application of bacterial inoculum leads to 
an increase in the number of nodules 
(Rodrigues et al., 2015; Hungary et al., 2015). 
Our data confirm the data from the literature, 
the formation of nodules on the plant was 
influenced by the treatment applied to the seed. 
The application of any treatment product to the 

seed leads to the formation of a higher number 
of nodules, compared to the untreated variant. 
It is noticed the variant to which the mixed 
treatment Bradyrhizobium sp. + Paenibacillus 
graminis, with the highest number of nodules 
per plant (60) (Table 3). 

 
Table 3. The influence of bacterial inoculants on number of nodules 

No. Year Experimental variant Nodule  
(no) 

%  
to control 

The difference to 
control (no.) 

1. 
2019 

Untreated 39.50 100.0 0,00 
2. Bradyrhizobium sp. 43.75 10.8 4.25 
3. Bradyrhizobium sp. + Paenibacillus graminis 45.75 15.8 6.25 
4. 

2020 
Untreated 35.75 100.0 0.00 

5. Bradyrhizobium sp. 39.75 11.2 4.00 
6. Bradyrhizobium sp. + Paenibacillus graminis 60.00 67.8 24.25* 

LSD (p 5%) 22.14 
 
Although the treatment of the seed has an 
efficacy of two to three weeks, the products 
used help the plant fight against diseases. 
Despite the conditions of 2019, the mildew 
attack manifested itself with reduced frequency 
and intensity in comparison with the mildew 
attack in Figure 1. During the growing stages, 
observations were made regarding the attack of 
pathogens on soybeans. In 2019, in soybean 
crop, mildew and bacterial burn was 
manifested. Even though the values obtained 
are small, differences can be observed between 
the experimental variants regarding the degree 
of attack of Peronospora manshurica. In Figure 
2, we can see the frequency, intensity and 
degree of attack of Pseudomonas savastanoi 
pv. glycinea. 
The degree of attack of bacterial blight did not 
exceed 1%, with the highest value on the 

variation which had no treatment applied to the 
seed. The lowest values of frequency and 
intensity, and thus degree of attack, came from 
the variation to which Bradyrhizobium sp. + 
Paenibacillus graminis was applied. 
In 2020, only the attack of mildew was 
manifested in soybean crop. From Figure 3 we 
can see that the highest degree of attack by 
Peronospora manshurica was on the variant 
which did not receive treatment to the seed 
(1.17%). The lowest degree of attack of mildew 
was on the variant where Bradyrhizobium sp. + 
Paenibacillus graminis was applied. These 
results can be put down to the fact that bacteria 
of the type Paenibacillus graminis are known 
for having biocontrol activity against bacteria, 
fungi and nematodes (Tiwari, 2019). 
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           Figure 1. The attackdegree of Peronospora                                  Figure 2. The attackdegree of Pseudomonas 
                             manshurica - 2019                                                                     savastanoi pv. glycinea - 2019 

Figure 3. The attackdegree of Peronospora manshurica - 2020 
 

Table 4. The influence of bacterial inoculants on seed number 
Year Grains number/10 pl 

(average) 
%  

to control 
The difference to 

control (no) 
1. 2019 57.00 100.0 0.00 
2. 2020 48.42 -15.1 -8.580 

LSD (p 5%) 5.25 
                              Treatment 

1. Untreated 49.25 100.0 0.00 
2. Bradyrhizobium sp. 53.00 7.6 3.75 
3. Bradyrhizobium sp. + Paenibacillus graminis 55.88 13.5 6.63 

LDS (p 5%) 9.24 
 

The number of seeds per plant has been 
influence by the climate conditions of the 2 
years of experiment, but also by the treatment 
applied to the seed. From the data presented in 
Table 4, we can observe that in 2020, the 
average number of grains (mean for 10 plants) 
was smaller compared to 2019, with a 
significant negative difference to the control. 
The number of grains was larger on the 
variants which had a treatment on the seed, 
with the highest value on the variation to 
which Bradyrhizobium sp. + Paenibacillus 
graminis (55.88) was applied, but the 

difference compared to the control is not 
significant (Table 4).  
The mass of a thousand kernel weight (TKW) 
was influenced by the climate conditions of the 
2 years of the experiment, so that despite the 
climate conditions of 2020, the value of this 
parameter was larger, with a significant 
positive difference to the control (Table 5). 
There are differences between the experimental 
variants regarding the weight of a thousand 
grains, but the differences were insignificant. 
The treatment Bradyrhizobium sp. positively 
influenced this parameter (Table 5). 

 

 

 

 
Table 5. The influence of bacterial inoculants on mass of a thousand grains (TKW) 

Year TKW 
(g) 

%  
to control 

The difference  
to control (g) 

1. 2019 116.83 100.0 0.00 
2. 2020 132.75 113.3 15.92* 

LSD (p 5%) 9.64 
                                  Treatment 

1. Untreated 118.00 100.0 0.00 
2. Bradyrhizobium sp. 129.75 10.0 11.75 
3. Bradyrhizobium sp. + Paenibacillus sp. 126.63 7.3 8.63 

LSD (p 5%) 41.29 
 
The yield represents the results of interactions 
between the potential production of the 
genotype with the influence of the climatic 
conditions, to which the agro technical capacity 
of the genotype is also applied. The yield is one 
of the most complex characteristics, to which 
multitude of elements contribute, which in turn 
have a stable genetic determinism, which can 
be more or less influence on the climatic 
conditions (Racz, 2013). Harvest is determined 
by the genetic potential of each plant and the 
control factors (solar radiation, water, 
temperature, nutritive elements, weeds, 
pathogens) which influence the manifestation 
of the harvest to be larger or smaller. Farmers 
have plants with more and more genetically 
potential at their disposition, fruit of the 
improvement activity. Through technology, the 
cultivator is looking to create conditions that 

are favourable to the plants, to improve the 
control factors and to correct them when they 
are unfavourable, so that the harvest obtained is 
as close to the genetically potential obtained 
through improvement (Ion, 2020). 
The yield obtained from the Teo TD variety 
was influenced by the application of treatment 
to the seed. Through the inoculation of soybean 
seeds with products of Bradyrhizobium we 
obtained an increase of production of 222 kg/ha 
(values obtained also by Hungria et al, 2015), 
however, with the inoculation with 
Bradyrhizobium + Paenibacillus graminis the 
increase of production was 903 kg/ha, the 
productivity input being 19.2% and 39.8% 
compared to the untreated control variant, 
during the two years of the experiment  
(Table 6). 

 
Table 6. The influence of bacterial inoculants on yield 

No. Year Experimental variant Yield 
(kg/ha) 

%  
to control 

The difference to 
control (kg/ha) 

1. 
2019 

Untreated 2474 100.0 0.00 
2. Bradyrhizobium sp. 2696 9.0 222 
3. Bradyrhizobium sp. + Paenibacillus graminis 2951 19.2 477* 
4. 

2020 
Untreated 2271 100.0 0.00 

5. Bradyrhizobium sp. 2718 19.7 447* 
6. Bradyrhizobium sp. + Paenibacillus graminis 3176 39.8 903*** 

LSD (p 5%) 439;  
LSD (p 1%) 616;  
LSD (p 0.1%) 870 

 
The quality of soybean seeds is based on the 
amount of protein and fat it contains. Similarly, 
essential fatty acids present in soybean seeds 
are the type of fate important in diets, with 
many benefits on human health.  
Table 7 shows ranks for yield, yield elements 
and parameters of quality, analysed at the 3 
experimental variables. Comparisons based on 
yield rank and productivity elements showed 
that the inoculation of seeds has positively 
influenced the behaviour of soybean variety 

Teo TD. For example, the experimental variant 
where products based on Bradyrhizobium and 
Paenibacillus graminis were used proved to 
benefit the most, being ranked first, both on the 
basis of the ranks obtained for each 
productivity element analysed (1) and on the 
basis of the total rank (5). A similar behaviour 
is observed following the analysis of quality 
indices. It would seem that by applying seed 
treatments, not only high yields are obtained 
but also superior in terms of quality. 
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           Figure 1. The attackdegree of Peronospora                                  Figure 2. The attackdegree of Pseudomonas 
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Figure 3. The attackdegree of Peronospora manshurica - 2020 
 

Table 4. The influence of bacterial inoculants on seed number 
Year Grains number/10 pl 

(average) 
%  

to control 
The difference to 

control (no) 
1. 2019 57.00 100.0 0.00 
2. 2020 48.42 -15.1 -8.580 

LSD (p 5%) 5.25 
                              Treatment 

1. Untreated 49.25 100.0 0.00 
2. Bradyrhizobium sp. 53.00 7.6 3.75 
3. Bradyrhizobium sp. + Paenibacillus graminis 55.88 13.5 6.63 

LDS (p 5%) 9.24 
 

The number of seeds per plant has been 
influence by the climate conditions of the 2 
years of experiment, but also by the treatment 
applied to the seed. From the data presented in 
Table 4, we can observe that in 2020, the 
average number of grains (mean for 10 plants) 
was smaller compared to 2019, with a 
significant negative difference to the control. 
The number of grains was larger on the 
variants which had a treatment on the seed, 
with the highest value on the variation to 
which Bradyrhizobium sp. + Paenibacillus 
graminis (55.88) was applied, but the 

difference compared to the control is not 
significant (Table 4).  
The mass of a thousand kernel weight (TKW) 
was influenced by the climate conditions of the 
2 years of the experiment, so that despite the 
climate conditions of 2020, the value of this 
parameter was larger, with a significant 
positive difference to the control (Table 5). 
There are differences between the experimental 
variants regarding the weight of a thousand 
grains, but the differences were insignificant. 
The treatment Bradyrhizobium sp. positively 
influenced this parameter (Table 5). 

 

 

 

 
Table 5. The influence of bacterial inoculants on mass of a thousand grains (TKW) 

Year TKW 
(g) 

%  
to control 

The difference  
to control (g) 

1. 2019 116.83 100.0 0.00 
2. 2020 132.75 113.3 15.92* 

LSD (p 5%) 9.64 
                                  Treatment 

1. Untreated 118.00 100.0 0.00 
2. Bradyrhizobium sp. 129.75 10.0 11.75 
3. Bradyrhizobium sp. + Paenibacillus sp. 126.63 7.3 8.63 

LSD (p 5%) 41.29 
 
The yield represents the results of interactions 
between the potential production of the 
genotype with the influence of the climatic 
conditions, to which the agro technical capacity 
of the genotype is also applied. The yield is one 
of the most complex characteristics, to which 
multitude of elements contribute, which in turn 
have a stable genetic determinism, which can 
be more or less influence on the climatic 
conditions (Racz, 2013). Harvest is determined 
by the genetic potential of each plant and the 
control factors (solar radiation, water, 
temperature, nutritive elements, weeds, 
pathogens) which influence the manifestation 
of the harvest to be larger or smaller. Farmers 
have plants with more and more genetically 
potential at their disposition, fruit of the 
improvement activity. Through technology, the 
cultivator is looking to create conditions that 

are favourable to the plants, to improve the 
control factors and to correct them when they 
are unfavourable, so that the harvest obtained is 
as close to the genetically potential obtained 
through improvement (Ion, 2020). 
The yield obtained from the Teo TD variety 
was influenced by the application of treatment 
to the seed. Through the inoculation of soybean 
seeds with products of Bradyrhizobium we 
obtained an increase of production of 222 kg/ha 
(values obtained also by Hungria et al, 2015), 
however, with the inoculation with 
Bradyrhizobium + Paenibacillus graminis the 
increase of production was 903 kg/ha, the 
productivity input being 19.2% and 39.8% 
compared to the untreated control variant, 
during the two years of the experiment  
(Table 6). 

 
Table 6. The influence of bacterial inoculants on yield 

No. Year Experimental variant Yield 
(kg/ha) 

%  
to control 

The difference to 
control (kg/ha) 

1. 
2019 

Untreated 2474 100.0 0.00 
2. Bradyrhizobium sp. 2696 9.0 222 
3. Bradyrhizobium sp. + Paenibacillus graminis 2951 19.2 477* 
4. 

2020 
Untreated 2271 100.0 0.00 

5. Bradyrhizobium sp. 2718 19.7 447* 
6. Bradyrhizobium sp. + Paenibacillus graminis 3176 39.8 903*** 

LSD (p 5%) 439;  
LSD (p 1%) 616;  
LSD (p 0.1%) 870 

 
The quality of soybean seeds is based on the 
amount of protein and fat it contains. Similarly, 
essential fatty acids present in soybean seeds 
are the type of fate important in diets, with 
many benefits on human health.  
Table 7 shows ranks for yield, yield elements 
and parameters of quality, analysed at the 3 
experimental variables. Comparisons based on 
yield rank and productivity elements showed 
that the inoculation of seeds has positively 
influenced the behaviour of soybean variety 

Teo TD. For example, the experimental variant 
where products based on Bradyrhizobium and 
Paenibacillus graminis were used proved to 
benefit the most, being ranked first, both on the 
basis of the ranks obtained for each 
productivity element analysed (1) and on the 
basis of the total rank (5). A similar behaviour 
is observed following the analysis of quality 
indices. It would seem that by applying seed 
treatments, not only high yields are obtained 
but also superior in terms of quality. 
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Table 7. Production, productivity elements and quality parameters ranks (2020) 

Elements of productivity Untreated Bradyrhizobium Bradyrhizobium + Paenibacillus 
graminis 

Number of pods/plant 3 2 1 
Number of grains/plant 3 2 1 
Grain mass/plant 3 2 1 
TKW (g) 2 2 1 
Yield (kg/ha) 3 2 1 
Total  14 10 5 
Grain quality Untreated Bradyrhizobium Bradyrhizobium + Paenibacillus 

graminis 
Stearic acid 1 1 1 
Oleic acid 1 2 1 
Linoleic acid 3 1 1 
Linolenic acid 3 2 1 
Fat  2 2 1 
Protein 3 1 1 
Total  13 9 6 

 
CONCLUSIONS  
 
In conclusion, we can say that the 
application to seed of products based on 
Bradyrhizobium sp. and Paenibacillus 
graminis influenced the formation of 
nodules (large number), reduced the 
frequency and intensity of mildew attack 
and bacterial blight, and was noted for 
best results obtained in all elements of 
productivity studied. 
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Abstract 
 
Survival status of aqua fauna is estimated by studying the dynamic behaviour (motion) in underwater environment. 
Survival status of aqua fauna particularly, shrimp is estimated to prevent huge economic losses to the aqua farmers. A 
novel approach has been proposed in this research work to address this issue through segmentation, extraction of 
features, motion analysis and classification of aqua fauna from the pond aquaculture video sequences. First, the 
content-based video is translated into frames, and the image content is segmented using the Background Subtraction 
algorithm. Then, shrimp motion analysis is done with the assistance of the optical Flow algorithm. At the same time, 
shrimp body feature is extracted by Edge detection method for Shape analysis. Finally, the Decision Tree classifier is 
constructed to estimate the status of shrimp is alive or dead.  Real-time video sequences of shrimp in pond aquaculture 
have illustrated the effectiveness of our process. The projected method shows that the results are more accurate to 
estimate the shrimp survival status as well as providing GMP (Good Manufacturing Practices) in shrimp cultivation to 
alert the aqua farmers in advance to avoid economic loss. 
 
Key words: aquaculture, Decision Tree Classifier, edge detection, motion detection, optical flow, segmentation, video 
analysis. 
 
INTRODUCTION 
 
Typically, in an image, a three-dimensional 
visual image is created in the plane, meaning 
that each point forms a 2-dimensional pathway 
at a faster vector velocity (Anil, 1989). The 
changing state can be seen in the sequence of 
images. Action events observed over time are 
caused by the movement of objects or the 
viewer or both (Can and Weichuan, 2013). 
Changes in image frames provide features to 
detect moving objects or assess their habitat. 
Similarly, changing pixels in an image furnish 
a vital feature to determine and realize the 
objects. 
Image segmentation refers to that whole image 
is divided into several regions containing each 
pixel with similar attributes is known as. The 
image is divided into two parts called 
background and foreground. The attentive 

portion of an image is called foreground, while 
the rest portion is called background (Hui et al., 
2008). In a review by Zhang and Lu (2001), 
briefed numerous algorithms related to motion 
segmentation under two categories namely, 
motion and spatial-temporal based approaches. 
Based on motion approach is further 
subdivided into 2D motion and 3D motion 
methods. 2D method utilizes 2D image motion 
such as optical flow algorithm while 3D motion 
parameters are used in 3D method. Hariyono et 
al. (2014) applied optical flow algorithm and 
Histogram of Orient Gradients (HOG) for 
pedestrian recognition through moving 
vehicles. Pedestrian movements were determi-
ned by distinguishing the regions with the same 
optical flow in the image domain. Thereafter, 
linear SVM uses HOG features as an input for 
making decision as pedestrians and non - 
pedestrians. Simplest method to detect the 
object is described by Mahamuni et al. (2014). 
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Table 7. Production, productivity elements and quality parameters ranks (2020) 

Elements of productivity Untreated Bradyrhizobium Bradyrhizobium + Paenibacillus 
graminis 

Number of pods/plant 3 2 1 
Number of grains/plant 3 2 1 
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TKW (g) 2 2 1 
Yield (kg/ha) 3 2 1 
Total  14 10 5 
Grain quality Untreated Bradyrhizobium Bradyrhizobium + Paenibacillus 

graminis 
Stearic acid 1 1 1 
Oleic acid 1 2 1 
Linoleic acid 3 1 1 
Linolenic acid 3 2 1 
Fat  2 2 1 
Protein 3 1 1 
Total  13 9 6 

 
CONCLUSIONS  
 
In conclusion, we can say that the 
application to seed of products based on 
Bradyrhizobium sp. and Paenibacillus 
graminis influenced the formation of 
nodules (large number), reduced the 
frequency and intensity of mildew attack 
and bacterial blight, and was noted for 
best results obtained in all elements of 
productivity studied. 
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Abstract 
 
Survival status of aqua fauna is estimated by studying the dynamic behaviour (motion) in underwater environment. 
Survival status of aqua fauna particularly, shrimp is estimated to prevent huge economic losses to the aqua farmers. A 
novel approach has been proposed in this research work to address this issue through segmentation, extraction of 
features, motion analysis and classification of aqua fauna from the pond aquaculture video sequences. First, the 
content-based video is translated into frames, and the image content is segmented using the Background Subtraction 
algorithm. Then, shrimp motion analysis is done with the assistance of the optical Flow algorithm. At the same time, 
shrimp body feature is extracted by Edge detection method for Shape analysis. Finally, the Decision Tree classifier is 
constructed to estimate the status of shrimp is alive or dead.  Real-time video sequences of shrimp in pond aquaculture 
have illustrated the effectiveness of our process. The projected method shows that the results are more accurate to 
estimate the shrimp survival status as well as providing GMP (Good Manufacturing Practices) in shrimp cultivation to 
alert the aqua farmers in advance to avoid economic loss. 
 
Key words: aquaculture, Decision Tree Classifier, edge detection, motion detection, optical flow, segmentation, video 
analysis. 
 
INTRODUCTION 
 
Typically, in an image, a three-dimensional 
visual image is created in the plane, meaning 
that each point forms a 2-dimensional pathway 
at a faster vector velocity (Anil, 1989). The 
changing state can be seen in the sequence of 
images. Action events observed over time are 
caused by the movement of objects or the 
viewer or both (Can and Weichuan, 2013). 
Changes in image frames provide features to 
detect moving objects or assess their habitat. 
Similarly, changing pixels in an image furnish 
a vital feature to determine and realize the 
objects. 
Image segmentation refers to that whole image 
is divided into several regions containing each 
pixel with similar attributes is known as. The 
image is divided into two parts called 
background and foreground. The attentive 

portion of an image is called foreground, while 
the rest portion is called background (Hui et al., 
2008). In a review by Zhang and Lu (2001), 
briefed numerous algorithms related to motion 
segmentation under two categories namely, 
motion and spatial-temporal based approaches. 
Based on motion approach is further 
subdivided into 2D motion and 3D motion 
methods. 2D method utilizes 2D image motion 
such as optical flow algorithm while 3D motion 
parameters are used in 3D method. Hariyono et 
al. (2014) applied optical flow algorithm and 
Histogram of Orient Gradients (HOG) for 
pedestrian recognition through moving 
vehicles. Pedestrian movements were determi-
ned by distinguishing the regions with the same 
optical flow in the image domain. Thereafter, 
linear SVM uses HOG features as an input for 
making decision as pedestrians and non - 
pedestrians. Simplest method to detect the 
object is described by Mahamuni et al. (2014). 
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In this method, the foreground image (attentive 
portion) from the gathered images is segmented 
first. Then, changes in features are evaluated 
from each subsequent frame with all possible 
directions of movement. The object location in 
the succeeding frame will be considered when 
it reaches certain threshold conditions. A 
comprehensive review by Beauchemin and 
Barron (1995) described many classical 
methods to estimate the velocity of moving 
objects through optical flow algorithm.  Further 
it was classified into Intensity-based, Region-
based and Frequency-based methods. A review 
by Yang et al. (2004), discusses the extraction 
feature on shape of an object. Shape of an 
object is one of the vital visual features in 
separation process, recognition process for 
Image content description.   
Chesta and Abhilasha (2011) discuss 
understanding of an image using Decision 
Tree. It uses a supervised learning system to 
recognize in the image processing. With the 
help of critical defence application, the 
different stages involved in the image analysis 
process were described in their work. And also, 
the required rules to construct the decision tree 
for different attributes were discussed. Survival 
status of aqua fauna, particularly, in shrimp 
pond aquaculture, is performed by 
segmentation, feature extraction, motion 
analysis and classification from video 
sequences are discussed in this research article. 
 
MATERIALS AND METHODS 
 
Segmentation 
Image and video segmentation is the process of 
separating the video frames/image into two 
distinct visual layers like the foreground of a 
scene from the background (Singh and Singh, 
2010).  
Let us consider an image R. The image R is 
segmented into multiple regions by dividing Ri, 
i = 1, 2, 3, ... , m, disjoint on empty regions. 
While segmenting the regions, the following 
conditions should be satisfied:  
(1) The fusion of all the disjoint regions in Ri, 
retains its original image.  
(2) The intersection of any two regions is the 
empty set.  
An image is expressed as 2D function f(x1, x2), 
while for video an additional third dimension 

time as a function is included. It can be 
expressed as f (x1, x2, t), which represents the 
colour changes of a pixel in position (𝑥𝑥1, 𝑥𝑥2), 
and along the temporal dimension 𝑡𝑡. 
Segmentation plays an important role for 
image/video analysis. Hemavathy and Shobha 
(2013), described the significance of 
segmentation process in an Image processing 
application. It plays a vital role for further 
processing of image/video content. As the 
computation of descriptors produce various 
results for different segmentation methods, 
which will impart the influence in recognition 
results. Separating the visual representation 
into relevant information associated with 
distinguishable and rigidly moving objects is 
the main objective of motion segmentation. In 
general, it is classified into two methods 
namely, binary or two label segmentation and 
multi-label segmentation (Sivakumar and 
Meenakshi, 2016). 
Feature Extraction 
"Features" are pieces of information can well 
describe the characteristics we need for our 
application in a frame or a sequence of frames 
(e.g., corners position or direction). "Feature 
extraction" will be the process of finding out 
the value of these features. In image 
processing, feature extraction is a technique for 
reshaping the original image into the desired, 
informative and non-redundant data for 
analysis or recognition purposes (Soumya and 
Leya, 2018). Feature extraction plays a vital 
role, so that the desired features are extracted 
first and simultaneously, assessment will be 
carried on the desired features.  
Edge Detection technique for Shape 
descriptors: 
A group of pixels continuously appear on the 
border of two distinct parts in an image are 
known as Edge.  Edges are very important in 
digital imaging to determine the points where 
intensity changes sharply and find pixels 
discontinuity (Rashmi et al., 2013). In general 
shape is described as the external structure of 
an object having boundaries. An edge provides 
more information about shape of an image. 
Similar shape feature is matched and regained 
in a shape-based image retrieval application. 
Hence shape plays a key factor in image 
analysis and one of the primitive visual feature 
extractions (Drashti et al., 2015). Edges are 

directly related with shape descriptor through 
scattering of pixel intensities. Shape feature is 
analysed by object boundary detection using 
Edge detection technique (Ushma and 
Mohamed Shanavas, 2014). Boundary regions 
of low-quality images may be unclear and 
improper determination value being overcome 
by Edge detection method. Most widely used 
thresholding techniques of edge detection 
algorithms are Canny and Sobel - edge 
detection (Hankyu et al., 2002). 
Optical Flow 
For motion estimation, most widely used 
computer vision method is an Optical flow 
method. Due to wide varieties of applications 
such as 3D reconstruction, tracking or 
recognition of object, robot navigation and 
traffic analysis, it attracts more attention in the 
research community. Due to poor lighting, 
presence of occlusions and have been taken 
from bad angle,  Video may be poor 
quality. To solve the above-mentioned 
problems, an optical flow algorithm is applied. 
Generally, optical flow is expressed as the 
movement of visual attributes like objects, 
corners, shapes, points, etc., in the environment 
through a periodical observation. Optical flow 
provides vector information that outlines the 
propagation of rational movement of pixels 
brightness in the video sequence (Barron et al., 
1994). When a camera (observer) is moving or 
the feature (target) is moving or both are 
moving, this necessitates tracking. Tracking 
might further be useful to understand behaviour 
Tracking therefore is simply recognizing the 
same feature either frame to frame over time or 
could perhaps include finding the same feature 
as seen from two different viewing angles 
(Fennema and Thompson, 1979). The apparent 
flow of objects, points and edges within an 
observer (camera or eye) and the scene in a 
video can be assessed by using optical flow 
method.  
Decision tree classification 
The classification or regression model of 
decision tree algorithm develops like a tree 
structure. A decision tree classifier is a 
hierarchical step at each stage, a check is 
implemented to one or more feature values 
(Friedl and Drodley, 1997). It classifies by 
partitioning the entire dataset into many smaller 
subsets which gradually develops like tree 

structure to make decision or classification. 
Decision nodes and leaf nodes are the two 
outcomes of the tree. A decision node indicates 
an additional check on the attribute values of a 
branch of the tree to be performed and has at 
least two branches. Leaf node indicates that a 
classification or decision is made (Swain and 
Hauska, 1977). Classification continues by 
recursively dividing the information till to 
attain a leaf node. When the leaf node is 
attained, then the class label is assigned to the 
record.  In this research, decision tree is 
selected for classification due to simple in 
construction, flexibility, lack of any 
assumptions, nonlinear relationship of features 
and classes can be handled easily. Also, quick 
training and fast execution leads to employ the 
decision tree. In addition to that feature 
selection/reduction can be performed by 
Decision Tree (Mingers, 1989). 
General Framework of our system to 
estimate the survival of shrimp in pond 
Aquaculture 
The main aspiration in designing the 
framework is, it has to automatically examine 
based on the assumption of low-level features. 
The framework (Figure 1) recognizes the object 
first and separates the attentive portion of video 
frames in the dataset. Followed by extracting 
the desired features in each frame and relevant 
features are marked. Hence, video content is 
reduced by marking the sequences between the 
specific features and consecutive frames.  
This meaningful information is saved into a 
simple form. Optical flow executes this simple 
form for further analysis to extract low level 
features such as motion feature of shrimp. And 
simultaneously allows Edge detection 
technique to extract another low-level feature 
like shape of shrimp body. These two features 
determine the survival status of shrimp with the 
assistance of Decision tree classifier. Motion 
feature alone is not sufficient to estimate its 
survivability. This is because, while consuming 
food, shrimp won’t move. At this stage, shape 
of shrimp body to be considered. Shape of 
shrimp body will be straight in nature during its 
functioning in underwater environment (Figure 
2), whereas, its shape may be bent during its 
inanimate period (Figure 3). Hence, Shape 
feature along with motion is considered for 
estimating the survivability.  
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In this method, the foreground image (attentive 
portion) from the gathered images is segmented 
first. Then, changes in features are evaluated 
from each subsequent frame with all possible 
directions of movement. The object location in 
the succeeding frame will be considered when 
it reaches certain threshold conditions. A 
comprehensive review by Beauchemin and 
Barron (1995) described many classical 
methods to estimate the velocity of moving 
objects through optical flow algorithm.  Further 
it was classified into Intensity-based, Region-
based and Frequency-based methods. A review 
by Yang et al. (2004), discusses the extraction 
feature on shape of an object. Shape of an 
object is one of the vital visual features in 
separation process, recognition process for 
Image content description.   
Chesta and Abhilasha (2011) discuss 
understanding of an image using Decision 
Tree. It uses a supervised learning system to 
recognize in the image processing. With the 
help of critical defence application, the 
different stages involved in the image analysis 
process were described in their work. And also, 
the required rules to construct the decision tree 
for different attributes were discussed. Survival 
status of aqua fauna, particularly, in shrimp 
pond aquaculture, is performed by 
segmentation, feature extraction, motion 
analysis and classification from video 
sequences are discussed in this research article. 
 
MATERIALS AND METHODS 
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Image and video segmentation is the process of 
separating the video frames/image into two 
distinct visual layers like the foreground of a 
scene from the background (Singh and Singh, 
2010).  
Let us consider an image R. The image R is 
segmented into multiple regions by dividing Ri, 
i = 1, 2, 3, ... , m, disjoint on empty regions. 
While segmenting the regions, the following 
conditions should be satisfied:  
(1) The fusion of all the disjoint regions in Ri, 
retains its original image.  
(2) The intersection of any two regions is the 
empty set.  
An image is expressed as 2D function f(x1, x2), 
while for video an additional third dimension 

time as a function is included. It can be 
expressed as f (x1, x2, t), which represents the 
colour changes of a pixel in position (𝑥𝑥1, 𝑥𝑥2), 
and along the temporal dimension 𝑡𝑡. 
Segmentation plays an important role for 
image/video analysis. Hemavathy and Shobha 
(2013), described the significance of 
segmentation process in an Image processing 
application. It plays a vital role for further 
processing of image/video content. As the 
computation of descriptors produce various 
results for different segmentation methods, 
which will impart the influence in recognition 
results. Separating the visual representation 
into relevant information associated with 
distinguishable and rigidly moving objects is 
the main objective of motion segmentation. In 
general, it is classified into two methods 
namely, binary or two label segmentation and 
multi-label segmentation (Sivakumar and 
Meenakshi, 2016). 
Feature Extraction 
"Features" are pieces of information can well 
describe the characteristics we need for our 
application in a frame or a sequence of frames 
(e.g., corners position or direction). "Feature 
extraction" will be the process of finding out 
the value of these features. In image 
processing, feature extraction is a technique for 
reshaping the original image into the desired, 
informative and non-redundant data for 
analysis or recognition purposes (Soumya and 
Leya, 2018). Feature extraction plays a vital 
role, so that the desired features are extracted 
first and simultaneously, assessment will be 
carried on the desired features.  
Edge Detection technique for Shape 
descriptors: 
A group of pixels continuously appear on the 
border of two distinct parts in an image are 
known as Edge.  Edges are very important in 
digital imaging to determine the points where 
intensity changes sharply and find pixels 
discontinuity (Rashmi et al., 2013). In general 
shape is described as the external structure of 
an object having boundaries. An edge provides 
more information about shape of an image. 
Similar shape feature is matched and regained 
in a shape-based image retrieval application. 
Hence shape plays a key factor in image 
analysis and one of the primitive visual feature 
extractions (Drashti et al., 2015). Edges are 

directly related with shape descriptor through 
scattering of pixel intensities. Shape feature is 
analysed by object boundary detection using 
Edge detection technique (Ushma and 
Mohamed Shanavas, 2014). Boundary regions 
of low-quality images may be unclear and 
improper determination value being overcome 
by Edge detection method. Most widely used 
thresholding techniques of edge detection 
algorithms are Canny and Sobel - edge 
detection (Hankyu et al., 2002). 
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For motion estimation, most widely used 
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method. Due to wide varieties of applications 
such as 3D reconstruction, tracking or 
recognition of object, robot navigation and 
traffic analysis, it attracts more attention in the 
research community. Due to poor lighting, 
presence of occlusions and have been taken 
from bad angle,  Video may be poor 
quality. To solve the above-mentioned 
problems, an optical flow algorithm is applied. 
Generally, optical flow is expressed as the 
movement of visual attributes like objects, 
corners, shapes, points, etc., in the environment 
through a periodical observation. Optical flow 
provides vector information that outlines the 
propagation of rational movement of pixels 
brightness in the video sequence (Barron et al., 
1994). When a camera (observer) is moving or 
the feature (target) is moving or both are 
moving, this necessitates tracking. Tracking 
might further be useful to understand behaviour 
Tracking therefore is simply recognizing the 
same feature either frame to frame over time or 
could perhaps include finding the same feature 
as seen from two different viewing angles 
(Fennema and Thompson, 1979). The apparent 
flow of objects, points and edges within an 
observer (camera or eye) and the scene in a 
video can be assessed by using optical flow 
method.  
Decision tree classification 
The classification or regression model of 
decision tree algorithm develops like a tree 
structure. A decision tree classifier is a 
hierarchical step at each stage, a check is 
implemented to one or more feature values 
(Friedl and Drodley, 1997). It classifies by 
partitioning the entire dataset into many smaller 
subsets which gradually develops like tree 

structure to make decision or classification. 
Decision nodes and leaf nodes are the two 
outcomes of the tree. A decision node indicates 
an additional check on the attribute values of a 
branch of the tree to be performed and has at 
least two branches. Leaf node indicates that a 
classification or decision is made (Swain and 
Hauska, 1977). Classification continues by 
recursively dividing the information till to 
attain a leaf node. When the leaf node is 
attained, then the class label is assigned to the 
record.  In this research, decision tree is 
selected for classification due to simple in 
construction, flexibility, lack of any 
assumptions, nonlinear relationship of features 
and classes can be handled easily. Also, quick 
training and fast execution leads to employ the 
decision tree. In addition to that feature 
selection/reduction can be performed by 
Decision Tree (Mingers, 1989). 
General Framework of our system to 
estimate the survival of shrimp in pond 
Aquaculture 
The main aspiration in designing the 
framework is, it has to automatically examine 
based on the assumption of low-level features. 
The framework (Figure 1) recognizes the object 
first and separates the attentive portion of video 
frames in the dataset. Followed by extracting 
the desired features in each frame and relevant 
features are marked. Hence, video content is 
reduced by marking the sequences between the 
specific features and consecutive frames.  
This meaningful information is saved into a 
simple form. Optical flow executes this simple 
form for further analysis to extract low level 
features such as motion feature of shrimp. And 
simultaneously allows Edge detection 
technique to extract another low-level feature 
like shape of shrimp body. These two features 
determine the survival status of shrimp with the 
assistance of Decision tree classifier. Motion 
feature alone is not sufficient to estimate its 
survivability. This is because, while consuming 
food, shrimp won’t move. At this stage, shape 
of shrimp body to be considered. Shape of 
shrimp body will be straight in nature during its 
functioning in underwater environment (Figure 
2), whereas, its shape may be bent during its 
inanimate period (Figure 3). Hence, Shape 
feature along with motion is considered for 
estimating the survivability.  
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Figure 1. Outline of our system to estimate the survival status of shrimp 

 

 

 
Figure 2. Shape feature of Live Shrimp Images  

(Body Shape is Straightened) 
 

 

 
Figure 3. Shape feature of Dead Shrimp Images  

(Body Shape is bended) 
 
Background Subtraction Segmentation 
(BGS Algorithm): 
Video/Image can be separated into two 
different visual layers called foreground and 
background. Desired or attentive portion will 

be present in the foreground image layer and 
the remaining portion will be available in the 
background image layer. Foreground image is 
separated from background image with the help 
of Background subtraction (BGS) method in an 
image processing (Ashwani et al., 2006). BGS 
algorithm is also known as Foreground detection.  
Steps involved in BGS algorithm is as follows: 
(1) Video frames of underwater camera data is 
converted into grey scale using the formula:  
I =  0.2989 R +  0.0870 G +  0.1141 B     (1) 
Where the Intensity of grey scale is denoted by 
“I” and R, G, B indicates the three grey level 
intensities like Red, Green and Blue respectively.  
(2) Develop a recursive technique background 
model, as it does not require prior information 
about the background. First frame video is 
considered as initial background, in this 
algorithm. However, background is recursively 
updated based on each input frame.  
(3) Detection of object or attentive portion of 
video frame is performed by subtracting pixel 
intensity of current frame with pixel intensities 
of previous frame from background model. 
Based on the intensity of pixels in two different 
frames, decision to be made as either 
background or object (foreground) by 
calculating the Diff _ frame as follows: 
Diff_ frame = │Current frame - Previous 
frame│                                                           (2) 
(4) Set threshold value. If the threshold is lower 
or equal to Diff _ frame value, it is considered 
as Background image, Else considered as 

Object or Attentive portion of the image 
(foreground). 

f (x, y) = 

{Background,          if │It (x, y)  −   Bt (x, y)│ ≥   T
 Object,                    if │It (x, y)  −   Bt (x , y)│ <   𝑇𝑇

 

where:  
It (x, y) is the existing frame intensity at 
location (x, y).  
Bt (x, y) is the intensity of background model 
frame pixels in (x, y) location.  
After background subtraction, the object or 
attentive portion is represented by white pixels. 
This procedure is executed till all the frames in 
the video are segmented. 
Canny Edge detection for shape descriptor 
Edge detection is one of the important aspects 
in the image processing application whereas the 
edge is major information provider to any 
image. An Edge of objects in an image is 
determined by the changes in brightness level. 
To extract the structure of object in an image, 
Edge detection plays a key role.  
From the literature papers, we have observed 
that “Canny edge detection algorithm” is the 
most ideal edge detection algorithm compared 
to others.  
Low error rate, Good localization and Single 
response are the key points to choose the canny 
edge detection algorithm (Avneesh and Rajesh, 
2018). In edge detection algorithm, first step is to 
separate the background of the images to get the 
outline of the object by detecting all the edges.  
Important aspect in edge detection is exact 
edges to be detected with their orientation to 
provide information about shape and 
orientation of the object.  
Simple five steps involved in this algorithm 
are: 

1. The horizontal (Gx) and vertical (Gy) 
gradients of each pixels in an image are 
computed first.  

2. Based on the above information of each 
image pixel, magnitude (G) and direction is 
calculated. 

3. Non-maxima are made as zero and 
suppressed. This process is called Non-Maxima 
suppression. 

4. With the help of histogram of gradient 
magnitude of the image high and low threshold 
are computed. 

5. Strong and weak edges are linked to 
obtain the best possible edge, by utilizing map 

hysteresis threshold. Pixels of an image having 
more than high threshold value is known as 
strong edge, whereas the pixel values lie 
between high and low threshold is known as 
weak edge. Hysteresis thresholding is utilized 
to make a decision that whether detected weak 
edges to be considered or not. Weak edges to 
be considered only when it is connected with 
one of the strong edges. 
Motion Estimation using Differential 
Technique Optical flow algorithm 
Continuous observation of visual features like 
points, objects, corners, shape, etc., motion in 
an environment is called as optical flow. 
Optical flow detects motion within each 
neighbourhood of pixels by registering changes 
in the colour and intensity of pixels from frame 
to frame (Figure 4).  
Vectors indicating the direction and magnitude 
of detected motion are created, and groups of 
similar vectors are then segmented from each 
other (Chi-Cheng and Hui-Ting, 2006). The 
primary purpose of using optical flow 
estimation is to isolate individual moving 
objects within a video.  
Differential technique optical flow algorithms 
are widely used for velocity estimation through 
spatial and temporal derivatives of image in-
tensity. In (Barron et al., 1994), nine techniques 
were implemented which includs differential 
method, region based method, energy based 
and phase based techniques and found that 
second order differential method produce 
accurate and relatively dense measurements of 
2D velocity. Shrimp movement in underwater 
is also dense motion, hence Lucas-Kanade 
method is used as differential technique optical 
flow for shrimp motion estimation. 

 
Figure 4. Optical flow motion estimation  

(frame 1 to frame 2) 
 
Image Intensity (I) can be expressed as a 
function of space (x, y) and time (t) between 
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Figure 1. Outline of our system to estimate the survival status of shrimp 

 

 

 
Figure 2. Shape feature of Live Shrimp Images  
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Figure 3. Shape feature of Dead Shrimp Images  

(Body Shape is bended) 
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(BGS Algorithm): 
Video/Image can be separated into two 
different visual layers called foreground and 
background. Desired or attentive portion will 

be present in the foreground image layer and 
the remaining portion will be available in the 
background image layer. Foreground image is 
separated from background image with the help 
of Background subtraction (BGS) method in an 
image processing (Ashwani et al., 2006). BGS 
algorithm is also known as Foreground detection.  
Steps involved in BGS algorithm is as follows: 
(1) Video frames of underwater camera data is 
converted into grey scale using the formula:  
I =  0.2989 R +  0.0870 G +  0.1141 B     (1) 
Where the Intensity of grey scale is denoted by 
“I” and R, G, B indicates the three grey level 
intensities like Red, Green and Blue respectively.  
(2) Develop a recursive technique background 
model, as it does not require prior information 
about the background. First frame video is 
considered as initial background, in this 
algorithm. However, background is recursively 
updated based on each input frame.  
(3) Detection of object or attentive portion of 
video frame is performed by subtracting pixel 
intensity of current frame with pixel intensities 
of previous frame from background model. 
Based on the intensity of pixels in two different 
frames, decision to be made as either 
background or object (foreground) by 
calculating the Diff _ frame as follows: 
Diff_ frame = │Current frame - Previous 
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(4) Set threshold value. If the threshold is lower 
or equal to Diff _ frame value, it is considered 
as Background image, Else considered as 

Object or Attentive portion of the image 
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where:  
It (x, y) is the existing frame intensity at 
location (x, y).  
Bt (x, y) is the intensity of background model 
frame pixels in (x, y) location.  
After background subtraction, the object or 
attentive portion is represented by white pixels. 
This procedure is executed till all the frames in 
the video are segmented. 
Canny Edge detection for shape descriptor 
Edge detection is one of the important aspects 
in the image processing application whereas the 
edge is major information provider to any 
image. An Edge of objects in an image is 
determined by the changes in brightness level. 
To extract the structure of object in an image, 
Edge detection plays a key role.  
From the literature papers, we have observed 
that “Canny edge detection algorithm” is the 
most ideal edge detection algorithm compared 
to others.  
Low error rate, Good localization and Single 
response are the key points to choose the canny 
edge detection algorithm (Avneesh and Rajesh, 
2018). In edge detection algorithm, first step is to 
separate the background of the images to get the 
outline of the object by detecting all the edges.  
Important aspect in edge detection is exact 
edges to be detected with their orientation to 
provide information about shape and 
orientation of the object.  
Simple five steps involved in this algorithm 
are: 

1. The horizontal (Gx) and vertical (Gy) 
gradients of each pixels in an image are 
computed first.  

2. Based on the above information of each 
image pixel, magnitude (G) and direction is 
calculated. 

3. Non-maxima are made as zero and 
suppressed. This process is called Non-Maxima 
suppression. 

4. With the help of histogram of gradient 
magnitude of the image high and low threshold 
are computed. 

5. Strong and weak edges are linked to 
obtain the best possible edge, by utilizing map 

hysteresis threshold. Pixels of an image having 
more than high threshold value is known as 
strong edge, whereas the pixel values lie 
between high and low threshold is known as 
weak edge. Hysteresis thresholding is utilized 
to make a decision that whether detected weak 
edges to be considered or not. Weak edges to 
be considered only when it is connected with 
one of the strong edges. 
Motion Estimation using Differential 
Technique Optical flow algorithm 
Continuous observation of visual features like 
points, objects, corners, shape, etc., motion in 
an environment is called as optical flow. 
Optical flow detects motion within each 
neighbourhood of pixels by registering changes 
in the colour and intensity of pixels from frame 
to frame (Figure 4).  
Vectors indicating the direction and magnitude 
of detected motion are created, and groups of 
similar vectors are then segmented from each 
other (Chi-Cheng and Hui-Ting, 2006). The 
primary purpose of using optical flow 
estimation is to isolate individual moving 
objects within a video.  
Differential technique optical flow algorithms 
are widely used for velocity estimation through 
spatial and temporal derivatives of image in-
tensity. In (Barron et al., 1994), nine techniques 
were implemented which includs differential 
method, region based method, energy based 
and phase based techniques and found that 
second order differential method produce 
accurate and relatively dense measurements of 
2D velocity. Shrimp movement in underwater 
is also dense motion, hence Lucas-Kanade 
method is used as differential technique optical 
flow for shrimp motion estimation. 

 
Figure 4. Optical flow motion estimation  

(frame 1 to frame 2) 
 
Image Intensity (I) can be expressed as a 
function of space (x, y) and time (t) between 
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two consecutive frames by assuming pixel 
intensities of an object are constant. 
I (x, y, t) = I (x + dx, y + dy, t + dt)               (3) 
In this differential method, two components of 
point motion are unknown. This can be solved 
by expanding Taylor series approximation of 
the RHS of eq. (3) and removing the common 
terms. 
I (x +  dx, y +  dy, t +  dt)  =  I (x, y, t)  +
𝜕𝜕𝜕𝜕
 𝜕𝜕𝜕𝜕  δ𝜕𝜕 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  δy +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 δ𝜕𝜕 + ....                             (4) 

»»      𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕  δ𝜕𝜕 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  δy +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 δ𝜕𝜕  = 0                  (5) 
To obtain the optical flow equation, divide eq. 
(5) by (dt), we get, 
 𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕  𝑈𝑈 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  𝑉𝑉 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 

= 0                         (6) 
where: 
U = (δx / δt),  
V = (δy / δt),  
( 𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕,  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕,   𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕) are the image gradients along with 
the horizontal axis, the vertical axis and time.  
Optical flow can be estimated by solving “U” 
and “V”. The above expression is having one 
equation with two unknown variables. Hence, it 
can’t be solved directly. We have solved the 
equation using Lucas-Kanade method. 
ID3 Decision tree classifier 
ID3 algorithm is widely used simplest classify-
cation algorithm. ID3 represents that “Iterative 
Dichotomiser 3”. This algorithm works based 
on the Greedy approach. Decision tree is 
constructed by means of best attribute (feature) 
selection. High Information Gain (IG) or Low 
Entropy (H) is the key factor in selection of 
best attribute (Vadthe et al., 2014). 
In our research, two attributes such as Motion 
and Shape of shrimp to be considered (Figure 5). 
 

 
Figure 5. Decision Tree algorithm for estimating the 

shrimp status 

Entropy (H): It is an assessment of the quantity 
of haziness in the dataset “S”. It is represented 
mathematically as,   

𝐻𝐻 (𝑆𝑆) =  ∑ − 𝑝𝑝(𝑐𝑐)𝑐𝑐∈𝐶𝐶 log2 𝑝𝑝(𝑐𝑐)                    (7) 
where: S - Entropy of current data set to be 
calculated; C - array of classes in S; p(c) - The 
ratio of the class “C” elements quantity to the 
set “S” elements quantity.  Entropy having zero 
value is said to be leaf node. Otherwise, that 
branch to be spitted further to get the desired 
output. 
Information Gain (IG): It provides information 
about how much haziness in the dataset “S” 
was reduced after splitting dataset “S” on attri-
bute “A”. It is represented mathematically as,  
𝜕𝜕𝐼𝐼 (Attribute [A], splitting set [S]) =
  H (S)– ∑ P(t) H(t)t∈T                                   (8) 
where:  
H(S) - Entropy of dataset “S”;  
T- The subsets generated by dividing dataset S 
through attribute A;  
P(t) - The ratio of the number of determinants 
in “t” to the number of determinants in the set 
“S”;  
H(t) - Entropy of subset “t”. 
Information gain is computed for every 
attribute. The attribute having high Information 
gain is considered as decision node of the tree 
which will further divided to get the desired 
tree. Procedures for building decision tree are 
as follows:  

1. Entropy of the given dataset is 
computed. 

2. For each attribute, Entropy of all its 
distinguishable values and Information 
Gain of every feature to be evaluated. 

3. Either largest Information Gain or 
lowest Entropy with feature is identified 
for splitting to decision node or branch 
of tree. 

4. This process is repeated until we get the 
desired tree (output). 

 
RESULTS AND DISCUSSIONS 
 
One of the video frames is taken for analysis 
purpose is shown in Figure 7. With the help of 
Background subtraction segmentation 
algorithm, the attentive portion that is, shrimp 
position is separated for further analysis. 
Motion feature of shrimp is analysed by 
differential technique optical flow algorithm, 
whereas, shape of shrimp body feature is 
extracted with the help of canny edge detection 
method. 

Direct processing on the video is difficult; as 
the images are captured continuously by the 
camera. Hence the video is converted into 
frames. Frames at different time period is 
converted and shown in Figure 6. A video can 
be represented as a function of x, y over time 
‘t’ ie., f (x, y, t). When all the frames are 
converted then the background frame is 
initialized and considered as the reference 
frame or background frame B (x, y). Next step 
is the subtraction of background frames are 
performed with the current frames. The pixel 
by pixel (x, y) of the images will be subtracted 
on both frames (Ochs et al., 2014).  
After subtraction process, the current image f 
(x, y) is marked as foreground. Foreground or 
attentive portion of image is obtained using 
equation (9). 
if, | f (x, y) −  B (x, y) |   > Td                        (9) 
where: Td is a predefined threshold. 
Magnitude of motion vector from optical flow 
as well as entropy and information gain of edge 
detection leads to make a conclusion. Decision 
tree algorithm is applied to estimate the 
survival status of shrimp (Figure 7). 
 

 
Figure 6. Image sequences of shrimp movement in pond 

aquaculture 
 

   
(a)                                    (b) 

Figure 7. (a) Shrimp Movement in Pond Aquaculture;  
(b) Dead Shrimp in Pond Aquaculture 

 
(a)                                      (b) 

Figure 8. The canny edge detector output  
for shape of shrimp body: (a) Live shrimp edges;  

(b) Dead shrimp edges 
 
Presence of pixels in the outline of the image 
identifies the shape of the shrimp body. Canny 
edge detector appropriately distinguishes the 
pixels to detect the shrimp body shape. Canny 
edge detection uses double threshold to 
determine boundary pixels. The performance of 
the algorithm primarily depends on the 
changing parameters of threshold values. 
Horizontal and vertical edges were detected 
perfectly by the good performance of canny 
edge detector (Figure 8).  
Using this edge detector, maximum edges get 
detected and this is the advantage of the canny 
edge detector (Javad and Hossein, 2012). 
 

 
(a)                                        (b) 

Figure 9. (a) One of the video frame of shrimp 
movement in the pond; (b) Optical flow velocity 

estimation of shrimp motion in the pond 
 
According to the Figure 9 we conclude that 
“two frames difference” optical flow method is 
suitable for simple motion detection. 
Decision tree algorithm process the source of 
information into rule-based mechanism. 
Dataset for computing entropy and information 
gain to estimate the status of shrimp is 
presented in Table 1. 
 
 
 
 



233

two consecutive frames by assuming pixel 
intensities of an object are constant. 
I (x, y, t) = I (x + dx, y + dy, t + dt)               (3) 
In this differential method, two components of 
point motion are unknown. This can be solved 
by expanding Taylor series approximation of 
the RHS of eq. (3) and removing the common 
terms. 
I (x +  dx, y +  dy, t +  dt)  =  I (x, y, t)  +
𝜕𝜕𝜕𝜕
 𝜕𝜕𝜕𝜕  δ𝜕𝜕 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  δy +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 δ𝜕𝜕 + ....                             (4) 

»»      𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕  δ𝜕𝜕 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  δy +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 δ𝜕𝜕  = 0                  (5) 
To obtain the optical flow equation, divide eq. 
(5) by (dt), we get, 
 𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕  𝑈𝑈 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕  𝑉𝑉 +  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 

= 0                         (6) 
where: 
U = (δx / δt),  
V = (δy / δt),  
( 𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕,  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕,   𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕) are the image gradients along with 
the horizontal axis, the vertical axis and time.  
Optical flow can be estimated by solving “U” 
and “V”. The above expression is having one 
equation with two unknown variables. Hence, it 
can’t be solved directly. We have solved the 
equation using Lucas-Kanade method. 
ID3 Decision tree classifier 
ID3 algorithm is widely used simplest classify-
cation algorithm. ID3 represents that “Iterative 
Dichotomiser 3”. This algorithm works based 
on the Greedy approach. Decision tree is 
constructed by means of best attribute (feature) 
selection. High Information Gain (IG) or Low 
Entropy (H) is the key factor in selection of 
best attribute (Vadthe et al., 2014). 
In our research, two attributes such as Motion 
and Shape of shrimp to be considered (Figure 5). 
 

 
Figure 5. Decision Tree algorithm for estimating the 

shrimp status 

Entropy (H): It is an assessment of the quantity 
of haziness in the dataset “S”. It is represented 
mathematically as,   

𝐻𝐻 (𝑆𝑆) =  ∑ − 𝑝𝑝(𝑐𝑐)𝑐𝑐∈𝐶𝐶 log2 𝑝𝑝(𝑐𝑐)                    (7) 
where: S - Entropy of current data set to be 
calculated; C - array of classes in S; p(c) - The 
ratio of the class “C” elements quantity to the 
set “S” elements quantity.  Entropy having zero 
value is said to be leaf node. Otherwise, that 
branch to be spitted further to get the desired 
output. 
Information Gain (IG): It provides information 
about how much haziness in the dataset “S” 
was reduced after splitting dataset “S” on attri-
bute “A”. It is represented mathematically as,  
𝜕𝜕𝐼𝐼 (Attribute [A], splitting set [S]) =
  H (S)– ∑ P(t) H(t)t∈T                                   (8) 
where:  
H(S) - Entropy of dataset “S”;  
T- The subsets generated by dividing dataset S 
through attribute A;  
P(t) - The ratio of the number of determinants 
in “t” to the number of determinants in the set 
“S”;  
H(t) - Entropy of subset “t”. 
Information gain is computed for every 
attribute. The attribute having high Information 
gain is considered as decision node of the tree 
which will further divided to get the desired 
tree. Procedures for building decision tree are 
as follows:  

1. Entropy of the given dataset is 
computed. 

2. For each attribute, Entropy of all its 
distinguishable values and Information 
Gain of every feature to be evaluated. 

3. Either largest Information Gain or 
lowest Entropy with feature is identified 
for splitting to decision node or branch 
of tree. 

4. This process is repeated until we get the 
desired tree (output). 

 
RESULTS AND DISCUSSIONS 
 
One of the video frames is taken for analysis 
purpose is shown in Figure 7. With the help of 
Background subtraction segmentation 
algorithm, the attentive portion that is, shrimp 
position is separated for further analysis. 
Motion feature of shrimp is analysed by 
differential technique optical flow algorithm, 
whereas, shape of shrimp body feature is 
extracted with the help of canny edge detection 
method. 

Direct processing on the video is difficult; as 
the images are captured continuously by the 
camera. Hence the video is converted into 
frames. Frames at different time period is 
converted and shown in Figure 6. A video can 
be represented as a function of x, y over time 
‘t’ ie., f (x, y, t). When all the frames are 
converted then the background frame is 
initialized and considered as the reference 
frame or background frame B (x, y). Next step 
is the subtraction of background frames are 
performed with the current frames. The pixel 
by pixel (x, y) of the images will be subtracted 
on both frames (Ochs et al., 2014).  
After subtraction process, the current image f 
(x, y) is marked as foreground. Foreground or 
attentive portion of image is obtained using 
equation (9). 
if, | f (x, y) −  B (x, y) |   > Td                        (9) 
where: Td is a predefined threshold. 
Magnitude of motion vector from optical flow 
as well as entropy and information gain of edge 
detection leads to make a conclusion. Decision 
tree algorithm is applied to estimate the 
survival status of shrimp (Figure 7). 
 

 
Figure 6. Image sequences of shrimp movement in pond 

aquaculture 
 

   
(a)                                    (b) 

Figure 7. (a) Shrimp Movement in Pond Aquaculture;  
(b) Dead Shrimp in Pond Aquaculture 

 
(a)                                      (b) 

Figure 8. The canny edge detector output  
for shape of shrimp body: (a) Live shrimp edges;  

(b) Dead shrimp edges 
 
Presence of pixels in the outline of the image 
identifies the shape of the shrimp body. Canny 
edge detector appropriately distinguishes the 
pixels to detect the shrimp body shape. Canny 
edge detection uses double threshold to 
determine boundary pixels. The performance of 
the algorithm primarily depends on the 
changing parameters of threshold values. 
Horizontal and vertical edges were detected 
perfectly by the good performance of canny 
edge detector (Figure 8).  
Using this edge detector, maximum edges get 
detected and this is the advantage of the canny 
edge detector (Javad and Hossein, 2012). 
 

 
(a)                                        (b) 

Figure 9. (a) One of the video frame of shrimp 
movement in the pond; (b) Optical flow velocity 

estimation of shrimp motion in the pond 
 
According to the Figure 9 we conclude that 
“two frames difference” optical flow method is 
suitable for simple motion detection. 
Decision tree algorithm process the source of 
information into rule-based mechanism. 
Dataset for computing entropy and information 
gain to estimate the status of shrimp is 
presented in Table 1. 
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Table 1. Dataset for estimating the shrimp survival status 

Attribute 1 Attribute 2 Output 

Shrimp movement Shrimp body 
shape 

Shrimp 
status 

Movement 

Non movement 

Non movement 

Straight 

Straight 

Bent 

Live 

Live 

Dead 

 
Overall Entropy is calculated as follows:  
H(S) = [- P (Live) log2(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿) - P (Dead) 
log2(𝐷𝐷𝐿𝐿𝐷𝐷𝐷𝐷)]  
 = - P (2/3) log2(2/3) - P (1/3) log2(1/3) = 
0.9183                                                           (10) 
Similarly, Information Gain (IG) for each 
attribute is calculated to identify decision node 
and leaf node.  
While computing IG, attribute 2 (Shrimp body 
shape) will be the decision node. While 
computing entropy for further analysis, leaf 
node (LIVE) is attained when its value is zero 
and when it is having nonzero value, 
considered as next output. That is shrimp is 
dead. 
 
CONCLUSIONS 
 
In this research, we approached a solution for 
the problem of recognizing aqua fauna, 
particularly shrimp in pond aquaculture and 
estimate the existence using Image processing 
Technologies. However, the proposed method 
not only detects the movement of aqua fauna 
(Shrimp), also take a binary decision about the 
survivability that is, alive or dead in the water 
environment.  The work is modelled in such a 
way that it is able to recognise the shrimp 
motion and shape of shrimp body. Our 
proposed work results that image analysis (such 
as segmentation, feature extraction, motion 
analysis and classification) of shrimp in pond 
water aquaculture is more effective. 
Moreover, this research is a partial work for 
developing automation system of monitoring 
the aqua-fauna, particularly, shrimp cultivation 
remotely. The outcome of this research can be 
developed as a product for monitoring aqua 
fauna cultivation in ponds, lakes or in small 
ponds created artificial. In addition to the work, 
we propose to address further prior optical 
knowledge into progressive machine vision 

approaches by model renovation and building 
up highly sophisticated models for productive 
remote aqua fauna monitoring system in 
underwater environment. Also, efforts have to 
be made to reduce the response time of the 
systems and make them online. Output of our 
research will be beneficial to Aqua farmer’s 
community by preventing from huge economic 
losses. 
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Table 1. Dataset for estimating the shrimp survival status 

Attribute 1 Attribute 2 Output 

Shrimp movement Shrimp body 
shape 

Shrimp 
status 

Movement 

Non movement 

Non movement 

Straight 

Straight 

Bent 

Live 

Live 

Dead 

 
Overall Entropy is calculated as follows:  
H(S) = [- P (Live) log2(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿) - P (Dead) 
log2(𝐷𝐷𝐿𝐿𝐷𝐷𝐷𝐷)]  
 = - P (2/3) log2(2/3) - P (1/3) log2(1/3) = 
0.9183                                                           (10) 
Similarly, Information Gain (IG) for each 
attribute is calculated to identify decision node 
and leaf node.  
While computing IG, attribute 2 (Shrimp body 
shape) will be the decision node. While 
computing entropy for further analysis, leaf 
node (LIVE) is attained when its value is zero 
and when it is having nonzero value, 
considered as next output. That is shrimp is 
dead. 
 
CONCLUSIONS 
 
In this research, we approached a solution for 
the problem of recognizing aqua fauna, 
particularly shrimp in pond aquaculture and 
estimate the existence using Image processing 
Technologies. However, the proposed method 
not only detects the movement of aqua fauna 
(Shrimp), also take a binary decision about the 
survivability that is, alive or dead in the water 
environment.  The work is modelled in such a 
way that it is able to recognise the shrimp 
motion and shape of shrimp body. Our 
proposed work results that image analysis (such 
as segmentation, feature extraction, motion 
analysis and classification) of shrimp in pond 
water aquaculture is more effective. 
Moreover, this research is a partial work for 
developing automation system of monitoring 
the aqua-fauna, particularly, shrimp cultivation 
remotely. The outcome of this research can be 
developed as a product for monitoring aqua 
fauna cultivation in ponds, lakes or in small 
ponds created artificial. In addition to the work, 
we propose to address further prior optical 
knowledge into progressive machine vision 

approaches by model renovation and building 
up highly sophisticated models for productive 
remote aqua fauna monitoring system in 
underwater environment. Also, efforts have to 
be made to reduce the response time of the 
systems and make them online. Output of our 
research will be beneficial to Aqua farmer’s 
community by preventing from huge economic 
losses. 
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Abstract 
 
Listeria monocytogenes (LMO) is one of the most pathogenic agents that can contaminate the ready-to-eat (RTE) 
products, of animal and non-animal origin and, due to its special resistance, it justifies specific measures on the RTE-
processing flow. It is a continuing concern for the prevention of LMO infections in humans through the food 
consumption. In the reduction of LMO growth, the bioprotectors use is increasingly being considered. In this paper we 
are presenting the antimicrobial effect of substances added to RTE products to suppress or limit the growth of LMO in 
Chorizo sausages. One of these is the bioprotection culture that contain strains of Pediococcus acidilactici.                   
P. acidilactici produces pediocin which is a bacteriocin with strong antagonistic properties against LMO. The results 
support the recommendations of P. acidilactici use as an additional culture in the production of dry or semi-dry 
fermented sausages below 26ºC. Under these conditions, the addition of the culture to the normal recipe will ensure an 
efficient reduction of LMO growth, and does not significantly affect the acidification profile. 
 
Key words: RTE, LMO, bioprotection substances, Pediococus acidilactici. 
 
INTRODUCTION 
 
Listeria monocytogenes (LMO) is one of the 
most important pathogenic agents that can 
contaminate the ready-to-eat (RTE) products, 
of animal and non-animal origin. Human 
listeriosis may affect some risk category that 
include immunocompromised patients, 
pregnant women, neonates, and the elderly. It 
causes pathologies such as meningitis, 
septicemia, encephalitis and abortions 
(Vázquez-Boland et al., 2001; Di Pinto et al., 
2010; Lopez-Valladares et al., 2018). 
The establishment of listeriosis as a major 
foodborne infection began in 1983 when 
human outbreaks were reported in North 
America and Europe (Vázquez-Boland et al., 
2001). Various food products have been 
reported as sources of infection for humans 
(e.g., soft cheeses, dairy products, sausages, 
smoked fish, and salads) but they were usually 
refrigerated ready-to-eat products (McLauchlin 
et al., 1990; Farber et al., 1991; Rocourt, 1996). 
Listeria monocytogenes is widespread in the 
environment and is a potential risk because 
there is a wide variety of foodstuffs, including 
the dry fermented sausages, that may be 

contaminated with LMO (Meloni, 2015). These 
categories of products, asRTE products, could 
be contaminated with LMO if the raw meat is 
contaminated. Also, during the fermentation, 
ripening and drying steps of manufacturing, 
LMO, which is ubiquitous, psychrotrophic and 
relatively resistant bacteria to the action of 
curing agents, could survive and multiply 
(Johnson et al., 1988; Junttila et al., 1989). 
The pathophysiology of LMO in humans and 
animals infection it is not fully known 
(Vázquez-Boland et al., 2001). The primary site 
of LMO entry into the host is thought to be the 
gastrointestinal tract with contaminated food as 
the major source of infection (Farber & 
Peterkin, 1991). The minimum infectious dose 
in humans is unknown, levels of food 
contamination as low as 102 to 104CFU/g of 
LMO have been associated with human 
listeriosis (Farber et al., 1991; McLauchlin, 
1991). In the presentation of clinical disease, 
the number and pathogenic properties of 
bacteria ingested with food and susceptibility, 
health and immunological status of the patient 
play major roles (Vázquez-Boland et al., 2001). 
Bioprotective action of some bacterial cultures 
against LMO has been described in several 
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scientific papers (Tomé et al., 2008; Garriga et 
al., 2015; Winkelströter et al., 2015; Saraoui et 
al., 2018; Aymerich et al., 2019). 
The addition of the bioprotection culture that 
contains strains of Pediococcus acidilactici 
proved to be efficient to suppress or limit the 
growth of LMO in dry or semi-dry fermented 
sausages below 26ºC, throughout the shelf life 
of the product, since this microorganism 
produces pediocin which is a bacteriocin with 
strong antagonistic properties against LMO 
(Silberiagel et al., 2004; Johnson & Mills, 
2013). The positive effects were observed with 
use of bacteriocin and organic acid supplement-
ation and the best antilisterial effects were 
achieved by combined use of bacteriocin and 
organic acid (Ustudang & Ozdogan, 2017). 
In this paper we are presenting the 
antimicrobial effect of substances added to 
RTE products to suppress or limit the growth of 
LMO in Chorizo sausages. 
 
MATERIALS AND METHODS 
 
In order to evaluate the antimicrobial effect of 
Pediococcus acidilactici culture (B-LC-20 
SafeProTM, Chr. Hansen) added to dry 
fermented sausages below 26ºC, two Chorizo 
sausages batches with LMO contaminated meat 
(100 CFU/g) were prepared in accordance with 
the manufacturing process: (1) chopping and 
mixing of ingredients, (2) stuffing the meat 
mixture, (3) fermentation and smoking 
(alternative stages of fermentation and 
smoking), (4) ripening and storage steps. The 
LMO inoculum was added directly to the meat 
recipe, into the bowl chopper, during the 
products manufacturing. 
Batch I 
Chorizo sausages with the bioprotection culture 
Pediococcus acidilactici culture 6.1×107 CFU/g 
(SafePro® B-LC-20, CHR. Hansen Holding, 
Hoersholm, Denmark) and the starter culture 
Pediococcus pentosaceus plus Staphylococcus 
carnosus 5×106 CFU/g) (BFL-F02, Chr. 
Hansen Holding, Hoersholm, Denmark). The 
starter culture is intended for the dry meat 
products to ensure the characteristics of the 
meat mixture during fermentation step (the 
acidification process). 
The evaluation of Pediococcus acidilactici in 
the reduction of LMO growth was performed 

with VIDAS® Listeria monocytogenes II 
(LMO2) (bioMérieux, Marcy-l'Etoile, France) 
on 25 g of samples taken on days 0, 2, 5 and 9. 
Each sample was tested in quintuplicate. 
Batch II 
Chorizo sausages with the starter culture 
Pediococcus pentosaceus plus Staphylococcus 
carnosus 5×106 CFU/g) (BFL-F02, Chr. 
Hansen Holding, Hoersholm, Denmark). The 
evaluation of LMO growth was perfomed with 
VIDAS® Listeria monocytogenes II (LMO2) 
(bioMérieux, Marcy-l'Etoile, France) on 25 g of 
samples taken on days 0, 2, 5 and 9. Each 
sample was tested in quintuplicate. 
LMO detection by using VIDAS® Listeria 
monocytogenes II (LMO2) (bioMérieux, 
Marcy-l'Etoile, France) 
VIDAS® Listeria monocytogenes II (LMO2) 
(bioMérieux, Marcy-l'Etoile, France) is an 
automated enzyme-linked fluorescent 
immunoassay (ELFA) for the specific detection 
of Listeria monocytogenes antigens in foods 
with a detection limit P < 0.05 (Silberiagel et 
al., 2004; Johnson & Mills, 2013). 
The protocol 
- In a blender bag, aseptically add: 25 g of 

sample and 225 ml of Half-FRASER 
broth; 

- The mixing using a paddle blender; 
- Incubation for 24-26 hours at 30°C ± 1°C; 
- After incubation, mixing the contents of 

the blender bag manually and transfer 1 
mL of the suspension into 10 ml of 
FRASER broth (enrichment broth); 

- Incubating for 24-26 hours at 30°C ± 1°C; 
- Performing the VIDAS® assay (Figures 1 

and 2). 
 

 
Figure 1. VIDAS STR for Listeria monocytogenes 
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contaminate the ready-to-eat (RTE) products, 
of animal and non-animal origin. Human 
listeriosis may affect some risk category that 
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pregnant women, neonates, and the elderly. It 
causes pathologies such as meningitis, 
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smoked fish, and salads) but they were usually 
refrigerated ready-to-eat products (McLauchlin 
et al., 1990; Farber et al., 1991; Rocourt, 1996). 
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environment and is a potential risk because 
there is a wide variety of foodstuffs, including 
the dry fermented sausages, that may be 
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categories of products, asRTE products, could 
be contaminated with LMO if the raw meat is 
contaminated. Also, during the fermentation, 
ripening and drying steps of manufacturing, 
LMO, which is ubiquitous, psychrotrophic and 
relatively resistant bacteria to the action of 
curing agents, could survive and multiply 
(Johnson et al., 1988; Junttila et al., 1989). 
The pathophysiology of LMO in humans and 
animals infection it is not fully known 
(Vázquez-Boland et al., 2001). The primary site 
of LMO entry into the host is thought to be the 
gastrointestinal tract with contaminated food as 
the major source of infection (Farber & 
Peterkin, 1991). The minimum infectious dose 
in humans is unknown, levels of food 
contamination as low as 102 to 104CFU/g of 
LMO have been associated with human 
listeriosis (Farber et al., 1991; McLauchlin, 
1991). In the presentation of clinical disease, 
the number and pathogenic properties of 
bacteria ingested with food and susceptibility, 
health and immunological status of the patient 
play major roles (Vázquez-Boland et al., 2001). 
Bioprotective action of some bacterial cultures 
against LMO has been described in several 
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The addition of the bioprotection culture that 
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proved to be efficient to suppress or limit the 
growth of LMO in dry or semi-dry fermented 
sausages below 26ºC, throughout the shelf life 
of the product, since this microorganism 
produces pediocin which is a bacteriocin with 
strong antagonistic properties against LMO 
(Silberiagel et al., 2004; Johnson & Mills, 
2013). The positive effects were observed with 
use of bacteriocin and organic acid supplement-
ation and the best antilisterial effects were 
achieved by combined use of bacteriocin and 
organic acid (Ustudang & Ozdogan, 2017). 
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SafeProTM, Chr. Hansen) added to dry 
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smoking), (4) ripening and storage steps. The 
LMO inoculum was added directly to the meat 
recipe, into the bowl chopper, during the 
products manufacturing. 
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Chorizo sausages with the bioprotection culture 
Pediococcus acidilactici culture 6.1×107 CFU/g 
(SafePro® B-LC-20, CHR. Hansen Holding, 
Hoersholm, Denmark) and the starter culture 
Pediococcus pentosaceus plus Staphylococcus 
carnosus 5×106 CFU/g) (BFL-F02, Chr. 
Hansen Holding, Hoersholm, Denmark). The 
starter culture is intended for the dry meat 
products to ensure the characteristics of the 
meat mixture during fermentation step (the 
acidification process). 
The evaluation of Pediococcus acidilactici in 
the reduction of LMO growth was performed 

with VIDAS® Listeria monocytogenes II 
(LMO2) (bioMérieux, Marcy-l'Etoile, France) 
on 25 g of samples taken on days 0, 2, 5 and 9. 
Each sample was tested in quintuplicate. 
Batch II 
Chorizo sausages with the starter culture 
Pediococcus pentosaceus plus Staphylococcus 
carnosus 5×106 CFU/g) (BFL-F02, Chr. 
Hansen Holding, Hoersholm, Denmark). The 
evaluation of LMO growth was perfomed with 
VIDAS® Listeria monocytogenes II (LMO2) 
(bioMérieux, Marcy-l'Etoile, France) on 25 g of 
samples taken on days 0, 2, 5 and 9. Each 
sample was tested in quintuplicate. 
LMO detection by using VIDAS® Listeria 
monocytogenes II (LMO2) (bioMérieux, 
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VIDAS® Listeria monocytogenes II (LMO2) 
(bioMérieux, Marcy-l'Etoile, France) is an 
automated enzyme-linked fluorescent 
immunoassay (ELFA) for the specific detection 
of Listeria monocytogenes antigens in foods 
with a detection limit P < 0.05 (Silberiagel et 
al., 2004; Johnson & Mills, 2013). 
The protocol 
- In a blender bag, aseptically add: 25 g of 

sample and 225 ml of Half-FRASER 
broth; 

- The mixing using a paddle blender; 
- Incubation for 24-26 hours at 30°C ± 1°C; 
- After incubation, mixing the contents of 

the blender bag manually and transfer 1 
mL of the suspension into 10 ml of 
FRASER broth (enrichment broth); 

- Incubating for 24-26 hours at 30°C ± 1°C; 
- Performing the VIDAS® assay (Figures 1 

and 2). 
 

 
Figure 1. VIDAS STR for Listeria monocytogenes 
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Figure 2. Performing LMO detection by using VIDAS® 
Listeria monocytogenes II (LMO2) (bioMérieux, Marcy-

l'Etoile, France) 
 
Results are analyzed automatically by the 
computer (Figures 3 and 4). 
 

 
Figure 3. Mini VIDAS Reporting for VIDAS® Listeria 
monocytogenes II (LMO2) (bioMérieux, Marcy-l'Etoile, 

France) 

 
Figure 4. Mini VIDAS Report for LMO perfomed  
with VIDAS® Listeria monocytogenes II (LMO2) 

(bioMérieux, Marcy-l'Etoile, France) 
 
RESULTS AND DISCUSSIONS 
 
In the first two days, all results of batches I and 
II were positive for LMO (Tables 1 and 2). On 
testing on the fifth day, three of the five 
samples analyzed in Batch I were negative. 
Testing on day nine provided only negative 
results, suggesting that, in the Chorizo sausages 
with the bioprotection culture Pediococcus 
acidilactici culture 6.1×107CFU/g (SafePro® 
B-LC-20, Chr. Hansen Holding, Hoersholm, 
Denmark) and the starter culture Pediococcus 
pentosaceus plus Staphylococcus carnosus 
5×106CFU/g) (BFL-F02, Chr. Hansen Holding, 
Hoersholm, Denmark) LMO growth was 
efficiently reduced.  
These results are in agreement with the 
observations of Heller-Stahnke (2005) who 
found that “The use of an adjunct culture such 
as B-LC-20 provides a unique anti-listerial 
reduction for fermented sausages since it was 
found that Pediococcus acidilactici is a strong 
producer of pediocin (which destroys Listeria 
monocytogenes) at European fermentation 
temperatures (< 26°C) while not being a strong 
acidifier at 10 this temperature” (Heller-
Stahnke, 2005). 

 
Table 1. Results obtained in Chorizo sausages with the 

bioprotection culture* at VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Sample 
code 

Sampling 
day 

Result of VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Pozitiv 
(≥ 0.05)/25 g 

Negativ 
(< 0.05)/25 g 

T0 A 

0 

x - 
T0 B x - 

T0 C x - 

T0 D x - 

T0 E x - 

T1A 

2 

x - 

T1 B x - 

T1 C x - 

T1 D x - 

T1 E x 
- 

T2 A 

5 

x - 

T2 B - Absent/25 mg 

T2 C - Absent/25 mg 

T2 D x - 

T2 E x Absent/25 mg 

T3A 

9 

- 
Absent/25 mg 

T3B - 
Absent/25 mg 

T3C - 
Absent/25 mg 

T3D - 
Absent/25 mg 

T3E - 
Absent/25 mg 

*Chorizo sausages with the bioprotection culture Pediococcus 
acidilactici culture 6.1×107CFU/g (SafePro® B-LC-20, Chr. Hansen 
Holding, Hoersholm, Denmark) and the starter culture Pediococcus 
pentosaceus plus Staphylococcus carnosus 5×106CFU/g) (BFL-F02, 
Chr. Hansen Holding, Hoersholm, Denmark) 

 
Al samples of the in Chorizo sausages without 
the bioprotection culture at VIDAS® Listeria 
monocytogenes II (LMO2) provided positive 
results in days 0, 2, 5 and 9 of study.  
Foegeding et al. (1992) were interested in 
finding out whether pediocin is produced by 
Pediococcus acidilactici and has effective 
antilisterial activity during sausage 
fermentation. Their research indicated that the 
dry sausage fermentation process can reduce     
L. monocytogenes populations when the pH at 
the end of the fermentation process was less 
than 4.9 and during drying portions of 
manufacturing (Foegeding et al., 1992). The 
action of P. acidilactici at this pH is supported 
by de Bhunia et al. (1988) study that proves the 
sensitivity of pediocin to proteolytic enzymes 
resistant to heat and organic solvents, and 

activity of pediocin at a wide range of pH. In 
the same study, the pediocin produced by          
P. acidilactici inhibited many food spoilage 
bacteria and foodborne pathogens (e.g., 
Staphylococcus aureus, Clostridium 
perfringens and Listeria monocytogenes). 
 

Table 2. Results obtained in Chorizo sausages without 
the bioprotection culture* at VIDAS® Listeria 

monocytogenes II (LMO2) testing 

Sample 
code 

Sampling 
day 

Result of VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Pozitiv 
(≥ 0.05)/25 g 

Negativ 
(< 0.05)/25 g 

C0 A 

0 

x - 
C0 B 

x 
- 

C0 C x - 

C0 D x - 

C0 E x - 

C1A 

2 

x - 

C1 B x - 

C1 C x - 

C1 D x - 

C1 E x - 

C2 A 

5 

x - 

C2 B x - 

C2 C x - 

C2 D x - 

C2 E x - 

C3A 

9 

x - 

C3B x - 

C3C x - 

C3D x - 

C3E x - 

*Chorizo sausages with the starter culture Pediococcus pentosaceus 
plus Staphylococcus carnosus 5×106CFU/g) (BFL-F02, Chr. Hansen 
Holding, Hoersholm, Denmark) 

 
The contamination of fermented sausages with 
LMO can be from various sources (e.g., 
slaughterhouse environments, raw meat, 
production processes, and post-processing 
conditions) and the use of starter cultures and 
the correct drying can minimize the potential 
for LMO growth in this type of sausages 
(Meloni, 2015). In our study the use of 
bioprotection cultures proved that the 
Pediococcus acidilactici culture (B-LC-20 
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Figure 2. Performing LMO detection by using VIDAS® 
Listeria monocytogenes II (LMO2) (bioMérieux, Marcy-

l'Etoile, France) 
 
Results are analyzed automatically by the 
computer (Figures 3 and 4). 
 

 
Figure 3. Mini VIDAS Reporting for VIDAS® Listeria 
monocytogenes II (LMO2) (bioMérieux, Marcy-l'Etoile, 

France) 

 
Figure 4. Mini VIDAS Report for LMO perfomed  
with VIDAS® Listeria monocytogenes II (LMO2) 

(bioMérieux, Marcy-l'Etoile, France) 
 
RESULTS AND DISCUSSIONS 
 
In the first two days, all results of batches I and 
II were positive for LMO (Tables 1 and 2). On 
testing on the fifth day, three of the five 
samples analyzed in Batch I were negative. 
Testing on day nine provided only negative 
results, suggesting that, in the Chorizo sausages 
with the bioprotection culture Pediococcus 
acidilactici culture 6.1×107CFU/g (SafePro® 
B-LC-20, Chr. Hansen Holding, Hoersholm, 
Denmark) and the starter culture Pediococcus 
pentosaceus plus Staphylococcus carnosus 
5×106CFU/g) (BFL-F02, Chr. Hansen Holding, 
Hoersholm, Denmark) LMO growth was 
efficiently reduced.  
These results are in agreement with the 
observations of Heller-Stahnke (2005) who 
found that “The use of an adjunct culture such 
as B-LC-20 provides a unique anti-listerial 
reduction for fermented sausages since it was 
found that Pediococcus acidilactici is a strong 
producer of pediocin (which destroys Listeria 
monocytogenes) at European fermentation 
temperatures (< 26°C) while not being a strong 
acidifier at 10 this temperature” (Heller-
Stahnke, 2005). 

 
Table 1. Results obtained in Chorizo sausages with the 

bioprotection culture* at VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Sample 
code 

Sampling 
day 

Result of VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Pozitiv 
(≥ 0.05)/25 g 

Negativ 
(< 0.05)/25 g 

T0 A 

0 

x - 
T0 B x - 

T0 C x - 

T0 D x - 

T0 E x - 

T1A 

2 

x - 

T1 B x - 

T1 C x - 

T1 D x - 

T1 E x 
- 

T2 A 

5 

x - 

T2 B - Absent/25 mg 

T2 C - Absent/25 mg 

T2 D x - 

T2 E x Absent/25 mg 

T3A 

9 

- 
Absent/25 mg 

T3B - 
Absent/25 mg 

T3C - 
Absent/25 mg 

T3D - 
Absent/25 mg 

T3E - 
Absent/25 mg 

*Chorizo sausages with the bioprotection culture Pediococcus 
acidilactici culture 6.1×107CFU/g (SafePro® B-LC-20, Chr. Hansen 
Holding, Hoersholm, Denmark) and the starter culture Pediococcus 
pentosaceus plus Staphylococcus carnosus 5×106CFU/g) (BFL-F02, 
Chr. Hansen Holding, Hoersholm, Denmark) 

 
Al samples of the in Chorizo sausages without 
the bioprotection culture at VIDAS® Listeria 
monocytogenes II (LMO2) provided positive 
results in days 0, 2, 5 and 9 of study.  
Foegeding et al. (1992) were interested in 
finding out whether pediocin is produced by 
Pediococcus acidilactici and has effective 
antilisterial activity during sausage 
fermentation. Their research indicated that the 
dry sausage fermentation process can reduce     
L. monocytogenes populations when the pH at 
the end of the fermentation process was less 
than 4.9 and during drying portions of 
manufacturing (Foegeding et al., 1992). The 
action of P. acidilactici at this pH is supported 
by de Bhunia et al. (1988) study that proves the 
sensitivity of pediocin to proteolytic enzymes 
resistant to heat and organic solvents, and 

activity of pediocin at a wide range of pH. In 
the same study, the pediocin produced by          
P. acidilactici inhibited many food spoilage 
bacteria and foodborne pathogens (e.g., 
Staphylococcus aureus, Clostridium 
perfringens and Listeria monocytogenes). 
 

Table 2. Results obtained in Chorizo sausages without 
the bioprotection culture* at VIDAS® Listeria 

monocytogenes II (LMO2) testing 

Sample 
code 

Sampling 
day 

Result of VIDAS® Listeria 
monocytogenes II (LMO2) testing 

Pozitiv 
(≥ 0.05)/25 g 

Negativ 
(< 0.05)/25 g 

C0 A 

0 

x - 
C0 B 

x 
- 

C0 C x - 

C0 D x - 

C0 E x - 

C1A 

2 

x - 

C1 B x - 

C1 C x - 

C1 D x - 

C1 E x - 

C2 A 

5 

x - 

C2 B x - 

C2 C x - 

C2 D x - 

C2 E x - 

C3A 

9 

x - 

C3B x - 

C3C x - 

C3D x - 

C3E x - 

*Chorizo sausages with the starter culture Pediococcus pentosaceus 
plus Staphylococcus carnosus 5×106CFU/g) (BFL-F02, Chr. Hansen 
Holding, Hoersholm, Denmark) 
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LMO can be from various sources (e.g., 
slaughterhouse environments, raw meat, 
production processes, and post-processing 
conditions) and the use of starter cultures and 
the correct drying can minimize the potential 
for LMO growth in this type of sausages 
(Meloni, 2015). In our study the use of 
bioprotection cultures proved that the 
Pediococcus acidilactici culture (B-LC-20 
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SafeProTM, Chr. Hansen) improve microbial 
safety in the production of food products.  
In a review made by Mehta et al. (2013), it is 
shown that pediocins are of great interest to the 
food industry for their strong activity against 
food spoilage and pathogenic bacteria. 
Moreover, pediocin produced by Pediococcus 
acidilactici, has been recognized as safe (Mehta 
et al., 2013).  
In the future, more scientifically studies should 
be performed to identify other isolates with 
properties similar to those demonstrated by the 
cultures used in this study. These studies 
should also be encouraged by recent study of 
Bungenstock et al. (2020) who identified 
among the 169 collected isolates, two new 
bacteriocin-producing isolates which have the 
potential to contribute to product and consumer 
safety: Pediococcus pentosaceus LMQS 331.3 
and Pediococcus acidilactici LMQS 154.1 
(Bungenstock et al., 2020). 
 
CONCLUSIONS 
 
This study showed the LMO reduction after the 
fermentation stage and till the end of ripening 
and drying stage, compared to a control starter 
culture alone.  
The bioprotection culture is able to inhibit the 
growth of LMO in Chorizo sausages, proving 
that is suitable to use for this purpose, very 
important for the food safety aim and the 
human health. 
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Abstract 
 

The results of the agriculture systems impact of on sugar beet agrophytocenosis weeds studies has been presents. The 
studies were conducted in the field experiment of the Agriculture and herbology department (Agronomic Research 
Station of the National University of Life and Environmental Sciences of Ukraine), which is located in the Forest-
Steppe of Ukraine. The studies were performed in a five-track rotation with the following alternation of crops: peas- 
winter wheat-sugar beet-barley-corn for grain. Three variants of intensive, ecological and biological agriculture 
systems have been studied. Within each system of agriculture, was studied four variants of basic tillage in crop 
rotation: differentiated (control), subsurface, periodical moldboard (shelf+shelf-free), reduced (surface). Laboratory 
and field studies the impact of agriculrure systems on the crop weediness degree and formation of agrophytocenosis 
weed component have been determined. An intensive and ecological agriculture system has been found to be a 
favorable option, which has significantly reduced the number and weight of weeds. The use periodical moldboard 
(shelf+shelf-free) tillage helps to reduce weeds compared to differentiated tillage. 

 
Key words: agriculture system, sugar beet, tillage, weeds. 
 
INTRODUCTION 

 
Weediness of crops is one of the factors that 
reduce the effectiveness of technological 
activities (fertilizer, varieties and other) during 
cultivation of agricultural crops which are 
aimed at increasing their yields (Tkachenko & 
Roik, 1998; Tsvey, 2014). Weeds control in the 
agrocenoses rotation provides increased yields 
of each crop and improve the plants quality 
products (Stupakov, 1984). Sugar beet crops in 
the initial vegetations stages increasing herbal 
mass slowly, so are not able to compete with 
weeds in the struggle for the use of moisture, 
nutrients and solar radiation (Royik, 2001; May 
& Wilson, 2006; Kyryliuk, 2013). Especially 
visible influence is the impact of weeds on the 
sugar beet crops in the 1st vegetation period 
(from germination to rows closing) (Gorobets 
et al., 2000; Fedorenko et al., 2012; Egley, 
1986). Sugar beet crops are extremely sensitive 
to the small quantities of weeds presenc. The 
presence of 1 of the weed plant per 1 m2 can 
reduce root yield by 11.7% (Longden, 1989). 
With ineffective control of weeds reduced 

productivity of sugar beet reaches 80% of the 
possible yields level (Rosso et al., 1996; 
Petersen, 2004), and additional weed control 
activities and especially in wet years 
significantly increases the amount of expenses 
associated with farming cultures (Petit et al., 
2013). So, in 80 days’ combines vegetation 
weeds complex absorbs from the soil the same 
amount of nutrition, which is enough to 
formation of sugar beet yield (45-55 t/ha) with 
associated ground mass (Ivashchenko et al., 
2002).  
The main causes of high crops weedy is 
biological weeds properties and failure to 
comply with organizational and economic 
activities (Zuza, 2002; Ivashchenko, 2001). 
The German farmers experience (Zakharenko, 
2000), which are engaged an organic control 
without the use of herbicides and to obtain 
good yields. This is one of the key of organic 
farming and weed control should be an integral 
part of the strategic concept, based on careful 
crop rotations planning and it observance. In 
biology agricultures conditions, especially in 
the transition years, 3-4 years, according to 

scientific data, weed growth can increase 
(Saranin et al., 1997). 
Soil machining is an effective factor in 
reducing crop weediness. New systems of 
mechanical weeds control in sugar beet crops 
are not inferior to the use of herbicides in 
efficiency (Bhagirath et al., 2014; Scherner et 
al., 2016). Deep plowing in the main tillage 
helps to reduce the weediness of crops by 
clearing the topsoil from viable weed seeds 
(Melander et al., 2017). 
In the case of annual moldboard tillage, 
typically chernozem loses the optimal 
structures parameters, which degrades its water 
and air conditions. It is possible to improve the 
fertility of typical chernozem by replacing the 
traditional shelf soil tillage - on shelf-free or 
reduced tillage (Huwe, 2002). With reduced 
tillage, weed seeds are concentrated in the 
upper soil layer and massively sprout in spring 
under favorable conditions, which requires the 
application of additional weed control 
measures. The depth of shelf-free tillage 
reducing influence on changes the temperature 
and water regime of the soil, can stimulate a 
changes in the number and weeds species 
composition in sugar beet crops coenosis 
(Kyryliuk, 2013; Peters et al., 2014).  
The purpose of the publication is to reveal the 
impact of agriculture systems on the actual 
sugar beet crops weediness. 
 
MATERIALS AND METHODS 

 
The researches were carried out during 2010-
2018 in the conditions of stationary field 
experiment of the Agriculture and herbology 
Department - Agronomic Research Station of 
the National University of Life and Environ-
mental Sciences of Ukraine, which is located in 
the right-bank Forest-Steppe of Ukraine. The 
studies were carried out in a five-crop rotation 
with the following crops alternation: peas - winter 
wheat - sugar beet -barley - corn for grain. 
The soil of the experimental area - is the  
typical low humus chernozem. The humus 
content in the arable soil layer is 4.4%, pH - 
6.8. The climate is temperate continental. The 
average air temperature for the year is 6.5-70C. 
The average annual rainfall is 540-560 mm, 
during the growing season - about 65% of the 
annual average. 

Intensive system of agriculture (technogenic-
chemical, control) - priority use of industrial 
fertilizers for the reproduction of soil fertility 
with the application of 12 tons of manure per 
hectare of crop rotation and 300 kg NPK 
(N92P100K108), intensive use of pesticides and 
mineral fertilizers. Ecological agriculture 
system - priority use for the soil reproductions 
fertility organic fertilizers with the application 
per hectare of 18 tons of organic matter, from 
them (12 tons of manure, 6 tons subsistence 
crop, mass of stubble green accounting in 
manure) and 150 kg of active ingredient of 
fertilizers (N46P49K55), with the pesticides use 
according to criterion of ecological and 
economic threshold of pests organisms 
presence. 
Biological (organic) agriculture system - use 
only natural, organic fertilizers with the 
application per square hectare 17 tons of 
organics (12 t manure 5 t non-tradable parts of 
the crop accounting in manure) to restore soil 
fertility without making industrial 
agrochemicals and pesticides, but using 
biological methods of crop protection against 
pests. 
Within each farming systems we studied 4 
variants of primary tillage in crop rotation: 1) 
differentiated cultivation (control), which is 
recommended for the Forest-Steppe of Ukraine, 
and provides for rotation of six shelf 
cultivation, two surface - for winter wheat after 
peas and corn for grain, one flat-cut cultivation 
for barley after sugar beet; 2) multi-depth 
subsurface tillage under all crops of rotation, 
with the exception of the surface treatment disc 
guns under winter wheat after peas and corn 
silage; 3) periodical moldboard (shelf+shelf-
free) tillage, which includes plowing under 
sugar beet, surface plowing under winter wheat 
after peas and corn on silage and subsurfase 
tillage under the rest of crops; 4) surface tillage 
of disk tools for all crops at a depth of 8-10 cm 
Under the sugar beet in intensive agriculture, 
40 t/ha and mineral fertilizers P90K120 were 
applicated into the main tillage, N60P35K15 in 
the pre-sowing period, and N60P15K15 
fertilization. Under the ecological system, 
fertilizer resources mainly tillage were, 
respectively, organic - 67.5 t/ha and mineral 
P30K40, pre-sowing - N20P20K20 and fertilizing 
N20. In organic farming, only organic fertilizers 
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Abstract 
 

The results of the agriculture systems impact of on sugar beet agrophytocenosis weeds studies has been presents. The 
studies were conducted in the field experiment of the Agriculture and herbology department (Agronomic Research 
Station of the National University of Life and Environmental Sciences of Ukraine), which is located in the Forest-
Steppe of Ukraine. The studies were performed in a five-track rotation with the following alternation of crops: peas- 
winter wheat-sugar beet-barley-corn for grain. Three variants of intensive, ecological and biological agriculture 
systems have been studied. Within each system of agriculture, was studied four variants of basic tillage in crop 
rotation: differentiated (control), subsurface, periodical moldboard (shelf+shelf-free), reduced (surface). Laboratory 
and field studies the impact of agriculrure systems on the crop weediness degree and formation of agrophytocenosis 
weed component have been determined. An intensive and ecological agriculture system has been found to be a 
favorable option, which has significantly reduced the number and weight of weeds. The use periodical moldboard 
(shelf+shelf-free) tillage helps to reduce weeds compared to differentiated tillage. 

 
Key words: agriculture system, sugar beet, tillage, weeds. 
 
INTRODUCTION 

 
Weediness of crops is one of the factors that 
reduce the effectiveness of technological 
activities (fertilizer, varieties and other) during 
cultivation of agricultural crops which are 
aimed at increasing their yields (Tkachenko & 
Roik, 1998; Tsvey, 2014). Weeds control in the 
agrocenoses rotation provides increased yields 
of each crop and improve the plants quality 
products (Stupakov, 1984). Sugar beet crops in 
the initial vegetations stages increasing herbal 
mass slowly, so are not able to compete with 
weeds in the struggle for the use of moisture, 
nutrients and solar radiation (Royik, 2001; May 
& Wilson, 2006; Kyryliuk, 2013). Especially 
visible influence is the impact of weeds on the 
sugar beet crops in the 1st vegetation period 
(from germination to rows closing) (Gorobets 
et al., 2000; Fedorenko et al., 2012; Egley, 
1986). Sugar beet crops are extremely sensitive 
to the small quantities of weeds presenc. The 
presence of 1 of the weed plant per 1 m2 can 
reduce root yield by 11.7% (Longden, 1989). 
With ineffective control of weeds reduced 

productivity of sugar beet reaches 80% of the 
possible yields level (Rosso et al., 1996; 
Petersen, 2004), and additional weed control 
activities and especially in wet years 
significantly increases the amount of expenses 
associated with farming cultures (Petit et al., 
2013). So, in 80 days’ combines vegetation 
weeds complex absorbs from the soil the same 
amount of nutrition, which is enough to 
formation of sugar beet yield (45-55 t/ha) with 
associated ground mass (Ivashchenko et al., 
2002).  
The main causes of high crops weedy is 
biological weeds properties and failure to 
comply with organizational and economic 
activities (Zuza, 2002; Ivashchenko, 2001). 
The German farmers experience (Zakharenko, 
2000), which are engaged an organic control 
without the use of herbicides and to obtain 
good yields. This is one of the key of organic 
farming and weed control should be an integral 
part of the strategic concept, based on careful 
crop rotations planning and it observance. In 
biology agricultures conditions, especially in 
the transition years, 3-4 years, according to 

scientific data, weed growth can increase 
(Saranin et al., 1997). 
Soil machining is an effective factor in 
reducing crop weediness. New systems of 
mechanical weeds control in sugar beet crops 
are not inferior to the use of herbicides in 
efficiency (Bhagirath et al., 2014; Scherner et 
al., 2016). Deep plowing in the main tillage 
helps to reduce the weediness of crops by 
clearing the topsoil from viable weed seeds 
(Melander et al., 2017). 
In the case of annual moldboard tillage, 
typically chernozem loses the optimal 
structures parameters, which degrades its water 
and air conditions. It is possible to improve the 
fertility of typical chernozem by replacing the 
traditional shelf soil tillage - on shelf-free or 
reduced tillage (Huwe, 2002). With reduced 
tillage, weed seeds are concentrated in the 
upper soil layer and massively sprout in spring 
under favorable conditions, which requires the 
application of additional weed control 
measures. The depth of shelf-free tillage 
reducing influence on changes the temperature 
and water regime of the soil, can stimulate a 
changes in the number and weeds species 
composition in sugar beet crops coenosis 
(Kyryliuk, 2013; Peters et al., 2014).  
The purpose of the publication is to reveal the 
impact of agriculture systems on the actual 
sugar beet crops weediness. 
 
MATERIALS AND METHODS 

 
The researches were carried out during 2010-
2018 in the conditions of stationary field 
experiment of the Agriculture and herbology 
Department - Agronomic Research Station of 
the National University of Life and Environ-
mental Sciences of Ukraine, which is located in 
the right-bank Forest-Steppe of Ukraine. The 
studies were carried out in a five-crop rotation 
with the following crops alternation: peas - winter 
wheat - sugar beet -barley - corn for grain. 
The soil of the experimental area - is the  
typical low humus chernozem. The humus 
content in the arable soil layer is 4.4%, pH - 
6.8. The climate is temperate continental. The 
average air temperature for the year is 6.5-70C. 
The average annual rainfall is 540-560 mm, 
during the growing season - about 65% of the 
annual average. 

Intensive system of agriculture (technogenic-
chemical, control) - priority use of industrial 
fertilizers for the reproduction of soil fertility 
with the application of 12 tons of manure per 
hectare of crop rotation and 300 kg NPK 
(N92P100K108), intensive use of pesticides and 
mineral fertilizers. Ecological agriculture 
system - priority use for the soil reproductions 
fertility organic fertilizers with the application 
per hectare of 18 tons of organic matter, from 
them (12 tons of manure, 6 tons subsistence 
crop, mass of stubble green accounting in 
manure) and 150 kg of active ingredient of 
fertilizers (N46P49K55), with the pesticides use 
according to criterion of ecological and 
economic threshold of pests organisms 
presence. 
Biological (organic) agriculture system - use 
only natural, organic fertilizers with the 
application per square hectare 17 tons of 
organics (12 t manure 5 t non-tradable parts of 
the crop accounting in manure) to restore soil 
fertility without making industrial 
agrochemicals and pesticides, but using 
biological methods of crop protection against 
pests. 
Within each farming systems we studied 4 
variants of primary tillage in crop rotation: 1) 
differentiated cultivation (control), which is 
recommended for the Forest-Steppe of Ukraine, 
and provides for rotation of six shelf 
cultivation, two surface - for winter wheat after 
peas and corn for grain, one flat-cut cultivation 
for barley after sugar beet; 2) multi-depth 
subsurface tillage under all crops of rotation, 
with the exception of the surface treatment disc 
guns under winter wheat after peas and corn 
silage; 3) periodical moldboard (shelf+shelf-
free) tillage, which includes plowing under 
sugar beet, surface plowing under winter wheat 
after peas and corn on silage and subsurfase 
tillage under the rest of crops; 4) surface tillage 
of disk tools for all crops at a depth of 8-10 cm 
Under the sugar beet in intensive agriculture, 
40 t/ha and mineral fertilizers P90K120 were 
applicated into the main tillage, N60P35K15 in 
the pre-sowing period, and N60P15K15 
fertilization. Under the ecological system, 
fertilizer resources mainly tillage were, 
respectively, organic - 67.5 t/ha and mineral 
P30K40, pre-sowing - N20P20K20 and fertilizing 
N20. In organic farming, only organic fertilizers 
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- 67.5 t/ha (40 t of manure + 20 t of the 
greenery oilseed radish + 7.5 t of previous 
winter wheat straw) were used for soil 
fertilization. 
The following observations were made in 
agrophytocenoses of sugar beet: crops 
weediness in phase of 2-4 true leaves was 
quantified, and before harvest quantitative-
weight method (at fixed places with size 0.25 
m2; species composition of weeds; yield 
accounting is a continuous method (Manko et 
al., 1998). 
The area of the elementary accounting zone is 
93.6 m2. Experiment repeatability - four times. 
Experience options are laid down by the 
method of split plots. 

 
RESULTS AND DISCUSSIONS 

 
Analysis of the information obtained during the 
first weed count at the beginning of the 
growing season of cultivated plants showed a 
clear significant increase in the weedinees of 
the experimental plots in biologycal agriculture 
variants. The highest number of weeds was 
established on the surface tillage variant for the 
biological system of agriculture - 372 pcs/m2, 
and the lowest - for the industrial agriculture 
system on the variant with periodical 
moldboard (shelf+shelf-free) tillage -               
92 pcs/m2, with better effect compared to the 
control had the variant with periodical 
moldboard tillage under the ecological system 
of agriculture, the number of weeds in the    
areas - 112 pieces/m2 (Table 1). The organic 
agriculture model saw a 10% increase in weed 
abundance compared to the control, which is 
explained by the direct correlation between 
germination and organic fertilizer rates r = 
0.57. The effect of organic weed fertilizers on 
the emergence of weed seedlings enhances the 
use of shelf-free tillage. The analysis of the 
information obtained during the first 
accounting of weeds to changes in the botanical 
structure of weed sinus in the field of sugar 
beets towards increasing the proportion of 
juvenile dicotyledons and perennial species 
under influence of ecological and especially 
biological models of agriculture. The influence 
of soil tillage look at tends to increase the 
proportion of juvenile and perennial 
monocotyledonous species compared to control 

under the influence of subsurface and reduced 
(surface) tillage and decrease - under periodical 
moldboard tillage systems. 
The use of subsurface tillage in crop rotation 
contributes to increased crop weediness 
(Manko & Tsyuk, 2002). Some foreign and 
ukrainian researchers have come to the 
conclusion that plowing is a more reliable 
measure of weed control, especially perennial 
(rhizome and root shoots) than treatment with 
disk plowers or flat-cut tools (Barshteyn et al., 
2002). An increase of organic fertilizers rate in 
crop rotations leads to an increase of the 
weediness in sugar beet crops, among which 
dicotyledonous weeds predominate (Barshteyn 
et al., 2002).  
Before harvest, the control systems of crops 
were the least polluted by weeds. In models of 
ecological, and especially organic agriculture, 
this indicator exceeded the control by 37% and 
316%. Increase in weediness occurred in these 
variants due to monocotyledonous annual and 
perennial species. The magnitude of the weeds 
at harvest time was greater than the first.  
This fact obviously caused by the dry 
conditions the first half of the growing season, 
which is certainly delayed the emergence of 
weeds. Precipitation in July-August led to the 
increase of abundance of weeds at the harvest 
time of sugar beet. The tillage systems of soil 
treatment best clean fields from weeds at the 
time the harvest was periodical moldboard 
(shelf+shelf-free) processing. In this variant, 
the abundance of all weeds was 16% less than 
control. This is especially effective variant 
proved to the effect on perennial weed species, 
a profusion of which decreased compared to 
control at 45%. 
Observations showed a significant impact of 
the studied systems of agriculture on the 
species composition of the crops weediness. 
The results’ analyzing of the surveys and 
records, showed that the 21 most common 
weed species, most of which were perennial 
species, were identified in sugar beet crops. 
As a part of weed sinus rotation (Figure 1) at 
the beginning of the growing season the most 
common were two-year-old dicotyledons: 
sparrow (Amaranthus retroflexus L.), white 
quinoa (Chenopodium album L.), scallop 
(Calium aparine L.), mustard twist (Polygonum 
convolvulus L.) and monocotyledonous 

monkeys: common squirrel (Echinochloa crus-
galli L.), mouse bluish (Setaria glauca P. 
Beauv). Among the perennials, there were a 

small abundance of pink oysters (Cirsium 
arvense L. Scop) and creeping creepers 
(Elytrigia repens L.). 

 
Table 1. Changes in weed sinus in sugar beet crops under the agriculture systems influence  

(2010-2018) 
 

The agriculture  
system 

 
Variant  

of tillage 

Weed abundance at the 
beginning of the growing 

season, pcs/m2 

Weed mass at the end of the 
beginning 

of the growing season, g/m2 

Weed severity at 
the end of the 

growing season,  
pcs/m2 

Weed mass at the 
end of the 

growing season, 
g/m2 

Intensive 
(control) 

Differentiated (control) 123 15.1 22 110 
Subsurface 148 18.2 27 121 

Periodical moldboard 
(shelf+shelf-free) 

92 11.1 18 115 

Reduced (surface) 191 23.1 29 135 
Ecological Differentiated (control) 130 16.2 28 122 

Subsurface 182 22.2 35 144 
Periodical moldboard 

(shelf+shelf-free) 
112 13.4 25 128 

Reduced (surface) 190 23.6 42 140 
Biological Differentiated (control) 236 29.0 75 182 

Subsurface 315 39.2 83 280 
Periodical moldboard 

(shelf+shelf-free) 
188 23.4 63 250 

Reduced (surface) 372 45.9 82 265 
Average for farming 

systems 
Intensive 138 16.8 24 120 

Ecological 153 18.8 33 133 
Biological 277 34.3 76 244 

Average tillage Differentiated (control) 163 20.1 42 138 
Subsurface 215 26.5 48 181 

Periodical moldboard 
(shelf+shelf-free) 

130 15.9 35 171 

Reduced (surface) 251 30.9 51 180 

 
Before sugar beet harvesting, there was a 
significant change in species composition, 
dominated by annual monocotyledons.  
The abundance of juvenile (annual) dicots 
decreased. Perennial monocotyledonous and 
dicotyledonous weeds increased their 
participation in rotation fields to 3-7% with 
3%.  
An increase in the turbulence of one-year-old 
monocotyledons at the end of the growing 
season was facilitated by precipitation and a 
decrease in the phase of reaching the leaf area, 
which means competitiveness. 
The results of the aboveground mass of weeds 
in sugar beet crops before harvesting their crop, 
show a trend of increase in option of organic 
agriculture to 10% and a significant increase in 
weight compared with the control of biological 
agriculture by 203%. 
 
 
 
 

At the beginning of the sugar beet growing 

 
 

Before harvesting sugar beet 

 
Figure 1. The biological weeds spectrum at the 

accounting times 
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- 67.5 t/ha (40 t of manure + 20 t of the 
greenery oilseed radish + 7.5 t of previous 
winter wheat straw) were used for soil 
fertilization. 
The following observations were made in 
agrophytocenoses of sugar beet: crops 
weediness in phase of 2-4 true leaves was 
quantified, and before harvest quantitative-
weight method (at fixed places with size 0.25 
m2; species composition of weeds; yield 
accounting is a continuous method (Manko et 
al., 1998). 
The area of the elementary accounting zone is 
93.6 m2. Experiment repeatability - four times. 
Experience options are laid down by the 
method of split plots. 

 
RESULTS AND DISCUSSIONS 

 
Analysis of the information obtained during the 
first weed count at the beginning of the 
growing season of cultivated plants showed a 
clear significant increase in the weedinees of 
the experimental plots in biologycal agriculture 
variants. The highest number of weeds was 
established on the surface tillage variant for the 
biological system of agriculture - 372 pcs/m2, 
and the lowest - for the industrial agriculture 
system on the variant with periodical 
moldboard (shelf+shelf-free) tillage -               
92 pcs/m2, with better effect compared to the 
control had the variant with periodical 
moldboard tillage under the ecological system 
of agriculture, the number of weeds in the    
areas - 112 pieces/m2 (Table 1). The organic 
agriculture model saw a 10% increase in weed 
abundance compared to the control, which is 
explained by the direct correlation between 
germination and organic fertilizer rates r = 
0.57. The effect of organic weed fertilizers on 
the emergence of weed seedlings enhances the 
use of shelf-free tillage. The analysis of the 
information obtained during the first 
accounting of weeds to changes in the botanical 
structure of weed sinus in the field of sugar 
beets towards increasing the proportion of 
juvenile dicotyledons and perennial species 
under influence of ecological and especially 
biological models of agriculture. The influence 
of soil tillage look at tends to increase the 
proportion of juvenile and perennial 
monocotyledonous species compared to control 

under the influence of subsurface and reduced 
(surface) tillage and decrease - under periodical 
moldboard tillage systems. 
The use of subsurface tillage in crop rotation 
contributes to increased crop weediness 
(Manko & Tsyuk, 2002). Some foreign and 
ukrainian researchers have come to the 
conclusion that plowing is a more reliable 
measure of weed control, especially perennial 
(rhizome and root shoots) than treatment with 
disk plowers or flat-cut tools (Barshteyn et al., 
2002). An increase of organic fertilizers rate in 
crop rotations leads to an increase of the 
weediness in sugar beet crops, among which 
dicotyledonous weeds predominate (Barshteyn 
et al., 2002).  
Before harvest, the control systems of crops 
were the least polluted by weeds. In models of 
ecological, and especially organic agriculture, 
this indicator exceeded the control by 37% and 
316%. Increase in weediness occurred in these 
variants due to monocotyledonous annual and 
perennial species. The magnitude of the weeds 
at harvest time was greater than the first.  
This fact obviously caused by the dry 
conditions the first half of the growing season, 
which is certainly delayed the emergence of 
weeds. Precipitation in July-August led to the 
increase of abundance of weeds at the harvest 
time of sugar beet. The tillage systems of soil 
treatment best clean fields from weeds at the 
time the harvest was periodical moldboard 
(shelf+shelf-free) processing. In this variant, 
the abundance of all weeds was 16% less than 
control. This is especially effective variant 
proved to the effect on perennial weed species, 
a profusion of which decreased compared to 
control at 45%. 
Observations showed a significant impact of 
the studied systems of agriculture on the 
species composition of the crops weediness. 
The results’ analyzing of the surveys and 
records, showed that the 21 most common 
weed species, most of which were perennial 
species, were identified in sugar beet crops. 
As a part of weed sinus rotation (Figure 1) at 
the beginning of the growing season the most 
common were two-year-old dicotyledons: 
sparrow (Amaranthus retroflexus L.), white 
quinoa (Chenopodium album L.), scallop 
(Calium aparine L.), mustard twist (Polygonum 
convolvulus L.) and monocotyledonous 

monkeys: common squirrel (Echinochloa crus-
galli L.), mouse bluish (Setaria glauca P. 
Beauv). Among the perennials, there were a 

small abundance of pink oysters (Cirsium 
arvense L. Scop) and creeping creepers 
(Elytrigia repens L.). 

 
Table 1. Changes in weed sinus in sugar beet crops under the agriculture systems influence  

(2010-2018) 
 

The agriculture  
system 

 
Variant  

of tillage 

Weed abundance at the 
beginning of the growing 

season, pcs/m2 

Weed mass at the end of the 
beginning 

of the growing season, g/m2 

Weed severity at 
the end of the 

growing season,  
pcs/m2 

Weed mass at the 
end of the 

growing season, 
g/m2 

Intensive 
(control) 

Differentiated (control) 123 15.1 22 110 
Subsurface 148 18.2 27 121 

Periodical moldboard 
(shelf+shelf-free) 

92 11.1 18 115 

Reduced (surface) 191 23.1 29 135 
Ecological Differentiated (control) 130 16.2 28 122 

Subsurface 182 22.2 35 144 
Periodical moldboard 

(shelf+shelf-free) 
112 13.4 25 128 

Reduced (surface) 190 23.6 42 140 
Biological Differentiated (control) 236 29.0 75 182 

Subsurface 315 39.2 83 280 
Periodical moldboard 

(shelf+shelf-free) 
188 23.4 63 250 

Reduced (surface) 372 45.9 82 265 
Average for farming 

systems 
Intensive 138 16.8 24 120 

Ecological 153 18.8 33 133 
Biological 277 34.3 76 244 

Average tillage Differentiated (control) 163 20.1 42 138 
Subsurface 215 26.5 48 181 

Periodical moldboard 
(shelf+shelf-free) 

130 15.9 35 171 

Reduced (surface) 251 30.9 51 180 

 
Before sugar beet harvesting, there was a 
significant change in species composition, 
dominated by annual monocotyledons.  
The abundance of juvenile (annual) dicots 
decreased. Perennial monocotyledonous and 
dicotyledonous weeds increased their 
participation in rotation fields to 3-7% with 
3%.  
An increase in the turbulence of one-year-old 
monocotyledons at the end of the growing 
season was facilitated by precipitation and a 
decrease in the phase of reaching the leaf area, 
which means competitiveness. 
The results of the aboveground mass of weeds 
in sugar beet crops before harvesting their crop, 
show a trend of increase in option of organic 
agriculture to 10% and a significant increase in 
weight compared with the control of biological 
agriculture by 203%. 
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accounting times 
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It should be noted the positive effect periodical 
moldboard primary tillage. The best 
combinations of the investigated factors were 
the use of shelf+shelf-free or differentiated 
primary tillage within a resource support 
systems in intensive and ecological agriculture. 
In these variants  saw a decrease in the mass of 
weeds compared to shelf-free tillage 23%. 
As the yield of sugar beet ecological system 
were not significantly different from control 
(Figure 2). It should be noted a significant 
decrease in comparison with the differentiated 
version of the yield of sugar beet on subsurface 
and surface treatments of the soil in the crop 
roation. 

 

 
Figure 2. Sugar beet yield depending on agriculture 

systems, t/ha 
 

Periodical moldboard (shelf+shelf-free) basic 
tillage in crop rotation proved to be the best 
among the studied variants, which significantly 
exceeded the control. 

 
CONCLUSIONS 

 
Changes in weed sinusia in sugar beet 
agrophytocenoses under the influence of 
agriculture systems in the biological model lead 
to a significant increase in abundance (by 
100% at the beginning of vegetation, by 216% 
at the end of vegetation), and by the mass of 
weeds by 203% and a significant increase and 
participation perennial monocotyledonous 
species and reduced dicotyledon involvement 
compared to an intensive farming system. The 
use of periodical moldboard (shelf+shelf-free) 
basic tillage helps to reduce weed abundance 
by 16.6-20.8% compared to control. The 
variants of subsurface and surface tillage 

caused a significant increase in the weediness 
of sugar beet crops. 
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It should be noted the positive effect periodical 
moldboard primary tillage. The best 
combinations of the investigated factors were 
the use of shelf+shelf-free or differentiated 
primary tillage within a resource support 
systems in intensive and ecological agriculture. 
In these variants  saw a decrease in the mass of 
weeds compared to shelf-free tillage 23%. 
As the yield of sugar beet ecological system 
were not significantly different from control 
(Figure 2). It should be noted a significant 
decrease in comparison with the differentiated 
version of the yield of sugar beet on subsurface 
and surface treatments of the soil in the crop 
roation. 

 

 
Figure 2. Sugar beet yield depending on agriculture 

systems, t/ha 
 

Periodical moldboard (shelf+shelf-free) basic 
tillage in crop rotation proved to be the best 
among the studied variants, which significantly 
exceeded the control. 

 
CONCLUSIONS 

 
Changes in weed sinusia in sugar beet 
agrophytocenoses under the influence of 
agriculture systems in the biological model lead 
to a significant increase in abundance (by 
100% at the beginning of vegetation, by 216% 
at the end of vegetation), and by the mass of 
weeds by 203% and a significant increase and 
participation perennial monocotyledonous 
species and reduced dicotyledon involvement 
compared to an intensive farming system. The 
use of periodical moldboard (shelf+shelf-free) 
basic tillage helps to reduce weed abundance 
by 16.6-20.8% compared to control. The 
variants of subsurface and surface tillage 

caused a significant increase in the weediness 
of sugar beet crops. 
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