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Abstract 
 
Urban agriculture is a concept that has great potential growth in developed countries, where the urbanization rate will 
increase by FAO data to 65%, by the year 2025. The rate of urbanization is growing also in the other countries, 
sustainable development of the developing countries   an urban development of rural areas, e.g. situation of Romania. 
Feeding and especially the food which contributes to the growing urban population health becomes an issue of national 
strategy. The role of fruit in general and ecological in particular, especially remarked in balanced dietis certainly 
undeniable. For this reason is therefore very important to encourage the increasing number of trees in urban area sand 
of course the diversification of species and varieties of trees and shrubs grown. Successful implementation of such a 
strategy is based among others on knowledge. In this knowledge, we want to make our contribution by presenting the 
results of research synthesis developed over the years 2007-2014 at USAMV Bucharest, regarding the fruit growing 
ecosystem sustainability and increasing the diversity of species and varieties of trees and shrubs adapted to the urban 
agriculture. 
 
Key words: fruit growing, cultivars, urban horticulture. 
 
INTRODUCTION  
 
The expansion of urban agriculture and 
alternative food system is a global phenomenon 
which included policy makers, interdisciplinary 
specialists, and financiers, in response to new 
issues of food security, economic development, 
poverty, stress, urban scourge, recycling and 
environmental preservation. Urban agriculture 
produces 1/7 of the food provided to people 
across the globe, and of these, it is estimated 
that 30% of U.S.A. agricultural outputs derived 
from peripheral metropolitan areas (The future 
of our food system uc berkeley college of 
natural resources 2014, http://www.rbd.ro). 
Based on analysis conducted on the safety of 
future agricultural production worldwide, FAO 
makes a number of recommendations on how 
we can achieve the objectives of these 
productions by using and applying the concept 
of Sustainable Crop Production Intensification 
(SCPI), which was developed and detailed 
within the paradigm "Save and Grow" (H. 
Konumal, 2014). The basic principle of this 
FAO initiative is to have a higher production 
but not at cost of environmental sustainability 

as it was until recently. In the globalization of 
research on Urban Agriculture (UA), there is an 
approach to this subject at a continental level, 
including the European one. 
In response to the need to integrate in an 
European context the structure of the urban 
landscape, the important role of Community 
Agricultural Policy (PCA) and the requirements 
of companies that make up Europe, various 
actions have been initiated, one of them being 
COST-Action Urban Agriculture Europe 
(UAE). 
COST operates under existing research projects 
and reference regions in partner countries, 
which are: Austria, Belgium, Bulgaria, Czech 
Republic, Denmark, Estonia, France, Germany, 
Greece, Iceland, Israel, Italy, Netherlands, New 
Zealand, Norway, Poland, Portugal, Romania, 
Slovakia, Slovenia, Spain, Sweden, 
Switzerland, Turkey, and United Kingdom. In 
addition to experts from the European partner 
countries, the COST program cooperates with 
international experts in urban agriculture in 
Canada, (Prof. Dr. Christopher R. Bryant-
University of Montréal), Cuba (Prof. Dr. Jorge 
Pena-Diaz) - Polytechnic University José 
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Antonio Echeverría), Ghana (Dr. Bernard 
KERA) and Japan (Prof. Makoto Yokohari-
University of Tokyo). 
The first results of COST’s action were 
embodied by specifying basic concepts and 
overview of urban agriculture (AU) 
entrepreneurship and developing models, 
including social and environmental, which can 
be followed in future from the partners study 
cases and the contribution of invited 
contributors (ex. Christopher Bryant-University 
of Montreal), types of approach to urban 
agriculture, ideas for possible indicators 
(Willemvander Schans) and questions that must 
be asked and to make them stakeholders in 
urban agriculture (Report of the working 
meeting in Aachen, Germany, 2012). Food 
security is a major challenge to agriculture and 
the alimentation of the XXI century people in 
general and implicitly the urban agriculture. An 
important component of food security is that of 
fruit consumption, mainly ecological ones, 
making a contribution to a healthy diet and can 
help to improve preventive micronutrient 
deficiency or degenerative diseases. According 
to the WHO (World Health Organization) in 
2002, the low intake of fruits along side 
vegetables (F&V) is considered to bea major 
risk factor. In this context WHO and FAO have 
decided to join forces to promote fruit and 
vegetable consumption, encouraging 
interdisciplinary activities and initiatives based 
on national health-agriculture-education-
business partnerships. World Horticulture is 
now heavily involved in such initiatives. There 
are messages based on science that show that 
the best diet or eating habits are composed of a 
minimum consumption ration of different fruits 
and vegetables (F&V) per day per person to be 
400g, in this ration fruits having a significant 
share (Ganry J., 2014). 
One way of raising awareness in public 
institutions and promoting national initiatives, 
is to organize and set up workshops all over the 
world, especially in developed countries, 
organized in promoting fruit and vegetable 
(F&V) health (initiatives PROFAV). Such 
workshops are intended to improve actions in 
the multi-sectors of agriculture, health and 
education, in order to address food shortages in 
major support action-based campaigns, 
developing of an efficient supply chain and 

public awareness about the importance of fruits 
and vegetables (F&V) in balanced diets. 
The University of Agronomic Sciences and 
Veterinary Medicine Bucharest, one of the 
partners of COST has initiated some studies on 
urban agriculture among which are the 
underlying basis of this paper, through which 
results wishes to contribute to the knowledge 
and dissemination of support models for those 
interested persons and entrepreneurs involved 
in urban agriculture. 
 
MATERIALS AND METHODS 
 
The species of fruit tree sand bushes covered 
by this study were located in Biobase UASVM 
Bucharest, geographic coordinates 44 
°28'10.14"N (latitude) and 26°4'4.82" E 
(longitude). Bucharest is located in the Vl siei 
Plain, central compartment of the Romanian 
Plain. It is bordered by Titu-Gherghita to the 
north, Baraganul Mostistei Plain (or Baraganul 
Sudic) to the east and south-east, the median of 
the Ialomita river to the north-east and the 
inferior valley of the Arges river to the west 
and south-west. The plain is typically tabular 
with large and smooth interfluves. 
The climate is temperate continental with mild 
thermal excesses caused by massive 
concentration of buildings, street traffic and 
industrial activities. While the annual average 
temperature is 10.5°C in the peripheral areas, 
the central area is recorded at an average value 
of 12°C. The range of 178-205 frost-free days 
and the vegetation period of 245 days are 
generally favorable for the different fruit 
species adapted to the temperate climate, 
including those covered in this study, of the 
vegetable species and ornamental species. 
The annual amount of rainfall is between 550 
and 600 mm, with a maximum recorded 
between May and July. Showers and heavy 
rains are common. Air circulation is dominant 
from the east and north east during winter and 
west for the rest of the year.   
The maximum wind speed is 3.5-4 m/sec. 
The plains native vegetation consists of broad 
leaf forests with species of quercinee-remnants 
of Codrii Vl siei - with grasslands. The 
predominant soils which the experiences took 
placed are predominantly reddish preluvosoils, 
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with a humus content of between 2.17 to 
2.64%, a clay-loam texture and a pH of 6.2. 
The biological material studied consists of 
these trees pecies: Malus domestica Borkh., 
Armeniaca vulgaris Lam, Cerasus avium L., 
Ribes nigrum L. trees of shrubs, Ribes rubrum 
L., Rubus idaeus L., Lycium barbarum L. and 
varieties belonging to the sespecies which are 
suitable, including, for urban agriculture. 
Bibliographic studies were synthesized and 
standardized research methods, of 
interdisciplinary type, collaborating to their 
application were didactical bodies, researchers, 
graduates and postgraduate stage. Evaluating 
the biodiversity of harmful and useful fauna 
was realized in the agro-ecosystems of 
USAMV Bucharest as an urban area and in the 
agro-system of Moara Domneasca as a peri-
urban area samples being periodically taken 
which captured species were sorted and 
identified. To highlight the relationships 
between the studied plants with the specific 
pathogen agents and their antagonists, specific 
methods from the domain of plant 
phytosanitary protection were used. 
The agro biological and technological 
characteristics of the varieties have been 
studied based on methods developed by the 
Research Institute for Fruit Growing Pitesti 
M r cineni (Cociu et al., 1989). 
The methodology for calculating soil fertility 
indicators is based on the principle of 
numerical taxonomy ( tefanic et al., 2001), 
which recognizes the equal importance of all 
the characteristics in soil fertility and consists 
on transforming the absolute values of biotic 
and enzymatic tests in relative values. Fruit 
quality characteristics were determined in the 
context of the current concept of quality and 
performance methods such as: quality, 
authenticity and biological material uniformity, 
standardization of reagents, quality parameters 
that are valued in the varieties of European 
countries.  
Significant differences between varieties and 
biotypes from mentioned species were based on 
the analysis of the single factorial variance 
ANOVA. 
 

RESULTS AND DISCUSSIONS 
 
1. The adaptability of Malus domestica 
Borkh., Armeniaca vulgaris Lam, Cerasus 
avium L., Ribes nigrum L., Ribes rubrum L., 
Rubus idaeus L., Lycium barbarum L. to a 
biotic factors 
Development and growth of plants, level, 
consist en cyand quality of the productions that 
we expected from the trees species and 
varieties within the mare subjected especially 
to the satisfaction of requirements that they 
have to wards the main factors of the 
environment in which we will grow them, 
enzymatic and biological activity of the soil, 
climatic factors, useful and harmful fauna 
biodiversity in the area, antagonists of pathogen 
agents. Apple, apricot and sweet cherry have 
higher demands for light, unlike the shrubs: 
black and red currant, raspberry and wolfberry. 
Shrubs require as lightly acid pH (5.5 to 7) 
unlike tree species (6-7). Ground water maybe 
1.5 m for shrubs and apple grafted on 
vegetative rootstock, but is preferably to be 2.5 
to 3.0 m depth for apricot and cherry.  
Knowing these requirements are essential for 
the respective species placing and implicitly the 
recommended varieties. The thickness of the 
soil to be explored by the root mass is up to 2 
m for trees species and hrubs 0.6-1.0 m. If we 
associate the shrubs with trees species, soil 
thicknes must meet the trees main requirements 
(Table 1). 
2. Biotical and enzymatic changes in the soil 
have a role in the availability of nutrients, 
which are influenced by the biology of the 
species studied and technological 
management in integrated system 
Soil microbial activity, the living part of it, is 
greatly influenced by the interaction between 
plant roots (by radicelare exudates released), 
microorganisms and soil (Traoreet al., 2000). 
Exudation of carbon through the roots can vary 
from 5 to 20% of the carbon fixed through 
photosynthesis by plants (Whipps and Lynch, 
1983). The nature and availability of this 
carbon affect ssoil microflora (Jones and 
Darrah, 1996). Soil microorganisms feed 
mainly on organic substances coming from 
exudates radicelare, of these simple sugars are 
the major source for the growth of 
microorganisms. 
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Table 1. Evolution of Dairy Cows during the period 1990-2010 (thousand heads) Requirements of factors for the 
studied species: light, heat, water, groundwater depth, depth of soil and pH 

Specie Light Heat Water Depth 
ofgroundwater(m) 

The thickness 
of the soil (m) 

Soil pH 

Malus domestica 
Borkh. (apple) 

Medium Small High 1.5 m (on 
vegetative 
rootstock) 

Up to 2 m 6-7 

Armeniaca vulgaris 
Lam. (apricots) 

High High Small 2.5-3.0 m Up to 2 m 6-7 

Cerasus avium L. 
(sweet cherry) 

High Medium Medium 2.5-3.0 m Up to 2 m 6-7 

Ribes nigrum L. 
(blackcurrant) 
 

Small Small High 1.5m 0.6-1.0 m 5.5-7 

Ribes rubrum L. (red 
currant) 

Small Small High 1.5 m 0.6-1.0 m 5.5-7 

Rubus idaeus L. 
(rasperry) 

Small Small High 1.5 m 0.5-1.0 m 5.5-6,5 

Lycium barbarum L. 
(wolfberry) 

Small Small Medium 1.5 m 0.6-1.0 m 5.5-7 

       
Biotic changes (processes of respiration and 
cellulolysis) and enzymatic changes (catalase, 
urease, phosphatase and sucrose) occur in the 
soil as a result of  the integrated technological 
management on one side (key phytosanitary 
treatments applied in an integrated system, 
foliar fertilizers and soil organically, using 
compost derived from plant debris recycling, 
maintaining natural buffer strips, placing plants 
according to specific requirements and possibly 
the variety) and on the other side the genome 
the fruit of biological species. Modular 
indicators: Potential Enzymatic Activity (PEA) 

and Potential Vital Activity (PVA) and 
Potential Synthetic Biology (PSB) expresses 
these reactions. 
The depth of 0-20 cm, which is the maximum 
of active roots, soil enzyme activity (PAE%) 
was greater compared to the depth of 20-40 cm, 
and between species, the highest value was 
recorded at apricot young second year after 
planting, located in an area with dales (28.4%) 
and lowest in the apricot fruit (23.2%). The 
depth of 20-40 cm higher enzyme activity was 
detected for the apple fruit (24.7%) (Table 2). 
 

 
Table 2. Potential soil enzyme activity (IPAE%) in cultivated land with fruit species 

Specie Catalase Urease Sugars PEA% 
0-20 
cm 

20-40 
cm 

0-20 
cm 

20-40 
cm 

0-20 
cm 

20-40 
cm 

0-20  
cm 

20-40 
cm 

Apricot 2-nd 
years flat land 

3863 230 56.28 34.51 939 1187 b 23.2 a 22.5 

Apricot 2-nd year 
– dales 

679 282 38.91 35.43 1208 1193 a 28.4 B 21.7 

Apricot fruiting 232 236 35.55 31.41 1685 1751 b 24.7 a 24.1 
Sweet cherry 

fruiting 
149 151 41.09 36.48 1502 1605 b 24.2 B 21.7 

Apple fruiting 
 

198 238 34.18 35.21 1679 1554 a 24.32 a 24.10 

         

The Potential Vital Activity (IPAV%) indicator 
of the soil, as result of the respiration process 
and cellulolysis may vary to the first 20 cm 
between 19.54 and 35.36 and for the 20-40 cm 
layer it varies between 18.86 and 30.36 which 
reflect that the vital activity, in general, drops 
with the increase of soil layer depth. Fruit tree 

species in turn affects the value of this 
indicator. 
The area planted with apple varieties, vital 
activity was higher, with values of 35.36% (0-
20 cm) and 30.36% (20-40 cm) with planted 
plots with apricot and cherry activity being 
small, values for the apricot bearing being of 
26.77% (0-20 cm) and 19.64 % (20-40 cm) and 
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22.23% (0-20 cm), and 25.14 (20-40 cm) in 
cherry on the fruit.  
Overall soil biological activity, as measured by 
Potential Synthetic Biology (PSB%) decreased 
in depth exploration of the roots of 20-40 cm. 
The highest biological soil activity was 
recorded in apple plantations and the lowest in 
the second year of apricot (ground plane). All 
three activities analyzed: enzymatic, vital and 
biological are more intense in soil depth of 0-
20 cm, massively explored by active roots, 
whether we are talking about young or in 
fructification apricot, cherry and apple fruit, 
which outlines the importance which must be 
given to nutrients, water and soil aeration at 
this depth. 
 
3. Features impacting climate adaptability of 
the species Malus domestica Borkh., 
Armeniaca  vulgaris Lam., Cerasus avium L., 
Ribes nigrum L., Ribes rubrum L., Rubus 
idaeus L., Lycium barbarum L. (biotypes) 
Overall average temperatures for a period of 23 
years, the last year studied (2010) was 
11.31±9.10C for normal typical year (TMY) 
and 11.33±10.510C for 2007, the coefficient of 
variation in this year is very high (93%). 
Four types of characteristic days were defined 
from which wodays for the hot season and two 
for the cold season: 1. Summer days with 
maximum temperature 250C; 2. Scorching day 
with maximum temperature 300C; 3. Freezing 
days in which the minimum temperature 00C; 
4. Frosty days with maximum temperatures  -
100C. 
In some years of the last decade, appears the 
tendency to install three seasons, to the four 
known in the area, as a result of global climate 
change. A cold season with months of 
November, December, January and February, a 
warm season with April, May, June, July, 
August and finally, a season with intermediate 
features installed in March, September and 
October (Balanet al., 2010). 
In such years, damage to flowers and fruits tied 
to species of apricot and sweet cheery with 
higher or smaller intensity to soil may appear. 
The location of apricot and cherry trees in 
sheltered microzones and choosing resistant 
varieties ( Rares , Carmela , Viorica , 

Dacia , Ilinca , Bucovina  to apricot 
and Giant Red , Van ,  Firm Red , 

Early Red  and Ferrovia  to sweet cherry) 
can prevent or reduce damage. For the apple 
varieties, blueberry, raspberry and biotypes of 
wolfberry there was no damage which might 
affect fruit production. 
 
4. Phytosanitary protection of integrated 
plant species and varieties studied, the 
technological component with obvious 
influences on agroecosystems health and 
reducing urban and suburban sites input 
In the actual European and international 
context great emphasis has been put on the 
conservation of biodiversity and the different 
types of ecosystem, numerous programs been 
developed for this. In the frames of this 
programs, attention must be granted when 
evaluating health state for different ecosystem 
by surveying and monitoring fauna and existing 
flora. 
Application of an integrated system of 
phytosanitary protection is one of the important 
links for reducing inputs in agriculture and at 
the same time to better the health of 
agricultural ecosystems of anthropic type and 
its application is conditioned by the soils 
resistance to disease and pathogens and the 
biodiversity of useful fauna and it’s 
antagonists. 
An interdisciplinary study conducted at 
UASVM Bucharest in the frame of the SAFAR 
project (2010) showed that biodiversity in 
agricultural ecosystems at Moara Domneasca, 
represents approximately 9.36% of the 
biodiversity of natural habitats (Popa L., 2010), 
as an a example the forest complex of Cernica 
Pustnicul near Bucharest. Species collected 
from Moara Domnea scaare generally 
euribionte species with a high capacity for 
adaptation, species that do not require special 
conditions of habitat. 
Many of them are pests or their predators (Ord. 
Orthoptera, Heteroptera, Coleoptera) which 
generally have a specificity for harvested 
plants. Monitoring of key pests such as fruit 
worm Cydia molesta in apricot and Ragoletis 
cerasi for sweet cherry, achieved by installing 
pheromone traps, revealed a degree of harm of 
only 1% (Chireceanu C., 2010).  
In entomophagus population a greater 
abundance had Forficula auricularia L. and 
Chelitureaa cantopigia the order Dermaptera 
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and Adalia bipunctata L., Coccinella 
septempunctata L., Adonia variegata (Goeze), 
Propylea 14 punctata L. in order Coccinelidae. 
The number of captures (April-July) of Cydia 
pomonella (apple fruit worm) was lower by 
17% in terms of applying a minimum of 
permitted organic substance treatments versus 
the failure of no treatment (Dobrin I., 2010). 
Apple blossom weevil attack was also reported 
only in plantation with untreated apple 
varieties. 
Species of Hoplocampa testudinata (wasp 
apples) was not present in the Moara 
Domneasca plantation, while in the didactical 
field plantation of UASVM Bucharest attack 
was nearly 40%. Useful fauna was present 
regard less of the type of plantation, 
represented by the species of Coccinellidae 
(Coccinella septempunctata, Adalia 
bipunctata) and chrisopidae (Chrysoperla 
carnea) (Dobrin I., 2010). 
The degree of attack by the fungus Venturia 
inaequalis (apple scab) has recorded values 
between 0.03% for the ‘Florina’ variety and 
2.25% for the ‘Mutsu’ variety (B.Iacomi, 
2010). For the varieties: ‘Romus3’, ‘Florina’, 
‘Aura’, ‘Pionier’ and’ Ciprian’ there was no 
observed symptoms of scab (Venturia 
inaequalis). The frequency sprouts with 
symptoms of powdery mildew (Podosphaera 
leucotricha) has recorded values between 2% 
(‘Pionier’) and 11.20% (‘Voinea’). 
Apricot species studied had no degree of attack 
from the main pathogensthat can causegreat 
damage, such as Monilinia laxa (Aderh et 
Ruhl), Stigmina carpophilla (Lev.) M.B. Ellis 
and Cytospora cincta Sacc. There was no 
report of the attack virus symptom and the 
main Plum-pox (Balan V., Tudor V., 2014). 
Blueberry bush varieties were attacked by the 
pathogen Cromatium ribicola - Fischerd.w 
(black currant bush leaf rust), but the economic 
damage threshold (EDT) of only3-5% is not a 
concern, especially since no treatments were 
applied (Manole C., 2014). 
Polyphagous pests identified using Atracerus 
type plates, did not specifically target wolfberry 
biotypes. There was also detected a number of 
entomophagous, parasites with higher 
frequency from the orders of Hymenoptera, 
Coleoptera, Neuroptera and bugs from the 

order of Hemiptera (Chireceanu C., 2013 cited 
by Balan V., 2014). 
V2 wolfberry biotype showed no distinct 
symptom of any pest or pathogen attack, during 
the three years of study (Mencinicopschi O., 
2014). 
 
5. The productivity level, quality and 
nutritional characteristics of the fruit 
varieties studied within the species of Malus 
domestica Borkh., Armeniaca vulgaris Lam., 
Cerasus avium L., Ribes nigrum L., Ribes 
rubrum L., Rubus idaeus L., Lycium 
barbarum L. (biotypes) 
 
5.1. The productivity level of the most 
competitive varieties and biotypes of the 
studied species 
Fruit-bearing trees and production levels are 
quantitative characteristics determined 
genetically and like any quantitative 
characteristic they are influenced by the 
environment. The tree is in fact the result of 
two partners living together, we recall here the 
influence of rootstock, to which we the 
conduction system of the tree’s architecture. 
Production of first fruits has a practical and 
economic importance, it  recording to  studied 
tree species in the following order: apple 
grafted on vegetative rootstock second year 
after planting, sweet cherry grafted on mahaleb 
generally in two or three, apricot grafted on 
mirabelle tree or franc in three. Among the 
shrubs studied, wolfberry and raspberry are 
early; they produce fruit in the first year after 
planting, varieties of black currant fruit 
entering the second year. 
Years of full production may be extended to 15 
years in intensive plantations of trees and 
shrubs for10 years, but are commonly found in 
rural, urban and peri-urban of Romania, sweet 
cherry and heirloom apple trees, which we call 
sacred with an age of 50-60 years. 
Each studied plant fruit tree and shrubs type 
will feel comfortable and will bear constant and 
be programmed at the genetic level, in an 
nutrition area of 6-7 m2 for the varieties of 
apple and sweet cherry, apricot varieties 14 m2, 
0.64 m2 black and redcurrant varieties and 4 m2 

for wolfberry.  
The first place to feature production level 
(during fruiting), were located ’Florina’/M9 (22 
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kg/tree 31.4 t/ha, 3.14 kg/m2) on apple species, 
‘Ferrovia’/Colt (5.84 kg/tree, 9.72 t/ha, 0.972 
kg/m2) in sweet cherry, ‘Bucovina’/Franc (22.5 
kg/tree, 14.09 t/ha, 1.409 kg/m2) in apricot, 
’Deea’ (3.12 kg/shrub, 4.87 t/ha, 0.487 kg/m2) 
on blackcurrant, ‘Rolan’ (3.12 kg/shrub, 4.87 
t/ha, 0.467 kg/m2) to redcurrant, ‘Gustar’ (3.52 
kg/shrub, 5.50 t/ha, 0.55 kg/m2) to raspberry 

and V2 wolfberry (1.3 kg/bush, 3.25 kg/ha, 
0.325 kg/m2) in wolfberry (Table 3). 
Ranked followers stood varieties ’Generos’ and 
’Ciprian’ (apple), ‘Early Red’/CAB11E (sweet 
cherry), ‘Elite 124’ (blackcurrant), ‘Jh. Van 
Tets’ (redcurrant), ‘Opal’ (raspberry), ‘V1’ 
(wolfberry). 
 

 
Table 3. Average yields achieved for the most competitive varieties of the studied species 

Specie Apples Sweet 
cherry 

Apricots  Black 
currant 

Red 
currant 

Rasberry Wolfberry 

Variety /Rootstock Florina 
/M9 

Ferrovia 
/Colt 

Bucovina 
/Franc 

Deea Rolan Gustar V2 

Average production per 
plant (kg) 

22 5.84 22.5 3.12 2.70 3.52 1.3 

Average production 
(t/ha) 

31.4 9.72 14.09 4.87 4.21 5.50 3.25 

        
5.2. Nutrition and quality characteristics for 
the fruit species and studied varieties 
Knowing the nutritional wealth of fruit 
components, has a part in the research 
campaigns and disseminating results of several 
research projects and national programs (PNII, 
Human Resources) and international 
(ISAFRUIT, PROFAV, COST, FAO, ISHS) a 
wareness of all the factors responsible for food 
in general and especially healthy food, from 
which fruits should not be missed. The wealth 
of nutritional characteristics (proteins, 
carbohydrates, energy, minerals, vitamins),  
 
 

Fruits make a contribution to reducing the risk 
of cardiovascular disease, obesity and 
nutritional problems. 
Nutrients required for a healthy dietare found in 
all seven studied species, some of them being 
representative of one of the species. For 
example, wolfberry excel being rich in proteins 
(12 g%), carbohydrates (67.7 g%), heat (370 
cal), calcium (112 mg%), phosphorus (178 
mg%), vitamin A (5000 I.U.).Vitamin K is 
found in redcurrants and raspberries, zinc and 
magnesium only in raspberry. Vitamin A is 
found in substantial amount in apricot (2700I.U 
rich in C vitamin are black currant (177 mg%), 
as well as vitamin B5 (400 mg%) (Table 4). 
 

Table 4. Characteristics nutritional fruit species studied 
Components Apples Apricots Sweet 

cherry 
Black 

currant 
Red 

currant 
Rasberry Wolfberry 

(dried fruits) 
Water (%) 84.2 85.3 80.4 81.30 81.89 84-87  

Proteins (g%) 0.2 1.0 1.3 1.2 1.6 1.2 12 
Fats (g%) 0.6 0.2 0.3 0.22 0.2 0.65 8.2 

Carbohydrates (g%) 14.1 12.8 17.4 6.11 15.5 11.94 67.7 
Heat (cal) 56 51 70 39 62.7 52 370 
Minerals        

Calcium (mg%) 7.68 27 22 46 37 25 112 
Phosphorus (mg%) 10.6 23 19 40 49.3  178 

Iron (mg%) 0.3 0.5 0.4 1.3 1.1 0.69 9 
Sodium (mg%) 1.0 1.0 2.0 1.7 1.1 1 150 

Potassium (mg%) 110 281 191 303 306 151 11.32 
Vitamins        
A (U.I.) 94 2700 110 81 47 33 5000 

B1 (mg%) thiamine 0.03 0.03 0.05 51  0.01-0.03 153 
B2 (mg%) riboflavin 0.02 0.04 0.06 44 0.1 0.038 1.3 

B3 (mg%) niacin 0.4 0.6 0.4 200 0.1 0.59 4.3 
B6 (mg%) pyridoxin 0.03 0.07 0.05 80 0.1 0.055 1.7 

C (mg%) 7 10 10 177 45.9 26.2 29 
B5 Panthotenic acid 

(mg%) 
0.10 0.24 0.26 400 0.1   

K Vitamin     12.3 7.6  
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The varieties that have quality performed 
through their biophysical, biochemical and 
sanogene characteristics were mainly those 
who have excelled in terms of production level. 
Externalizing quality and productivity 
characteristics are two of the main criteria for 
their adaptability to the conditions of urban and 
suburban areas. 
In terms of fruit size, in the frame of the Malus 
domestica species, first place 
stood the ’Florina’ variety (196.60 g), followed 
by ‘Aura’ (143.49 g), ‘Ciprian’ (119.25 g) and 
’Romus3’ (103.84 g). Regarding dry matter 
content of 14.07%, ‘Romus3’ ranks first place 
(Table 5). Ascorbic acid level was elevated in 
all varieties,’Romus 3’ with an amount of 12.7 
mg%, some what higher than the ’Aura’, 
‘Florina’ and ’Ciprian’ (Table 5). 
 
Table 5. Characteristics of quality fruit varieties of the 

species Malus domestica Borkh. 
Variety 

/Rootstock 
Average 

weight of the 
fruit (g) 

DM% Ascobic 
acid 
mg% 

Florina/M9 196.60 10.40 10.50 
Aura/M9 143.49 13.80 12.20 
Ciprian/M9 119.25 10.80 10.80 
Romus 3/M9 103.80 14.07 12.70 
 
In the framework of the species Cerasus avium 
L. in the urban part of Bucharest it has excelled 
in fruit size for the variety ‘Firm Red’/CAB6P 
(7.7 g), followed by ‘Giant Red’/CAB6P (7.2 
g) and ‘Early Red’/CAB11E (6.6 g).  
‘Van’ variety, appreciated and already spread 
in the area had less than 5.8 g. Dry matter 
content peaked for the variety ’Giant 
Red’/CAB6P (16%), followed by 
‘Van’/mahaleb (15%). The variety’ Giant 
Red’/CAB6Pis found the highest amount of 
ascorbic acid, of 23.73 mg% (Table 6). 
 
Table 6. Characteristics of quality fruit varieties of the 

species Cerasus avium L. 
Variety /Rootstock Average 

weight of the 
fruit (g) 

DM% Ascobic 
acid  
mg% 

Giant Red/CAB 6P 7.2 16 23.73 
Van/Mahaleb 5.8 15 21.42 
Firm Red/CAB6P 7.7 13 14.31 
Early Red/CAB11E 6.6 13 16.17 
Ferrovia/COLT 4.9 14 21.08 

 
Assessment of quality fruit varieties of 
Armeniaca vulgaris L. was made according to 
their maturation age. Fruit size had maximum 
values for varieties ’Viorica’ (93.6 g), 

‘Carmela’ (89.6 g) and ’Ilinca’ (80.6 g). Level 
of biophysical and biochemical characteristics 
of the fruit were raised in all varieties of 
apricot. Dry matter content (DM%) ranged 
from 15.4% (‘Valeria’) -21.3% (‘Viorica’), 
ascorbic acid from 13.8 mg/100 g (‘Ilinca’) -21 
mg/100 g (‘Carmela’), malic acid between 1.14 
g% (‘Dacia’)-1.83 g% (‘Ilinca’) and percentage 
of seed from 3.5 (‘Rares’) -4.2% (‘Bucovina’). 
According to data published in 2014, to Ribes 
rubrum L. species, first place is ‘Tatran’ 
variety, which has large fruit 3.27 g, high levels 
of flavonoids (rutin 1.12 mM/ml) polyphenols 
(5.77 Mm GAB/ml) of sucrose (23.94%), the 
rate of antiradical activity (88%) and hence the 
antioxidant capacity. High levels of 
polyphenols and antiradical activity takes place 
of ‘Elite’ and ’Jh. Van Tets’ varieties.  
For the Ribes nigrum L. species, fruit weight 
varies from 4.27 g (‘Ebony’) -5.91 g (‘Tinker’), 
DM% from 14.66 (‘Tinker’), 17.36 (‘Ebony’), 
polyphenols between 7.06 Mm GAB/ml -8.06 
MmGAB/ml (‘Elite’), flavonoids rut in from 
0.93 mM/mlto 1.37 Mm rut in/ml and 
antiradical activity of 64.2% (‘Elite 124’) to 
63.2% (‘Deea’). 
The studied wolfberry V2 biotype, compared to 
biotype V1 has a higher content insoluble dry 
matter (DM = 17.3%), ascorbic acid (59.9 
mg/100 g), total sugars (58.9 mg/ml), total 
polyphenols (200 mg gallic acid/100 g) and 
antioxidant capacity (RA 45%) 
‘Heritage’, ‘Opal’ and ’Elite’ varieties, for the 
Rubus idaeus L. have small fruit, 1.7-2.9 g, 
compared to ‘Gustar’ variety which has very 
large fruit 6.90 g.  
The dry matter had a maximum value for the 
’Heritage’ variety, and the other three varieties 
values were close to the threshold of 11.20% 
(‘Elite’) -11.42% (‘Gustar’) (Table7). 
 
Table 7. Characteristics of quality fruit varieties of the 

species, Rubus idaeus L. 
 
Variety Average weigh of the 

fruit (g) 
DM% 

Heritage 1.90 13.20 
Opal 2.90 11.40 
Elita 1.70 11.20 
Gustar 6.90 11.42 
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CONCLUSIONS  
 
University of Agronomic Sciences and 
Veterinary Medicine Bucharest, one of the 
partners of COST has initiated studies, through 
these results contributing to the knowledge and 
dissemination of models to support those 
interested and entrepreneurs involved in urban 
agriculture. 
The species of Malus domestica Borkh.,  
Armeniaca vulgaris L., Cerasus avium L., 
Ribes nigrum L., Ribes rubrum L., Rubus 
idaeus L., Lycium barbarum L. and some 
varieties are adapted to urban and suburban 
area of Bucharest. 
Fulfill abiotic and biotic conditions of the area, 
quality requirements and application of 
technologies with low imput for the varieties: 
- ‘Romus 3’, ‘Ciprian’, ‘Florina’, ‘Aura’, on the 
vegetative rootstock M9 of Malus domestica 
Borkh.  
-‘GiantRed’/CAB6P, ‘Van’/mahaleb,  ‘Firm 
Red’/CAB6P, ‘Early Red’/CAB11E, 
‘Ferrovia’/COLT of Cerasus avium L. 
-‘Valeria’, ‘Rares’, ‘Carmela’, ‘Viorica’, 
‘Bucovina’, ‘Ilinca’ on the rootstock Franc, of 
Armeniaca vulgaris L. 
- ‘Deea’, ‘Elite 124’ and ‘Roxie’ of Ribe 
snigrum L. and ‘Rolan’, ‘Jh.VanTets’ of Ribes 
rubrum L. 
 - Biotype ‘V2’ of Lycium barbarum L.   
- ‘Heritage’, ‘Opal’, ‘Elite’, ‘Gustar’ of Rubus 
idaeus L. 
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Abstract  
 
In this paper, the author presents results of scientific researches on the problems which farmers of the Republic of 
Moldova are facing in the field of risk management and insurance. In conclusion, the author formulates 
recommendations on farm managers’ opportunities to benefit from subsidized insurance, but also some 
recommendations resulting from the research of the experience of other countries from the European Union aimed to 
ensure the entrepreneurial risks in agricultural entities. 

 
Key words: state insurance programs, agricultural risks, opportunities. 
 
INTRODUCTION  
 
Agro-industrial complex is an essential field of 
each economy and society. Sustainable 
development of the agricultural sector is 
impossible without state support. At actual 
stage the state support granted to this sector is 
the foundation of agricultural policy of all 
developed countries, including the European 
Union. 
In many countries the contribution of 
agriculture to GDP is about 30% and consumer 
goods market in proportion of about 3/4 is the 
goods manufactured from raw materials. Also, 
agriculture contributes to the development of 
other areas: trade with agro-food products, 
transport etc. 
Agriculture does not imply only production, 
processing and trade with food. Agriculture is 
the development field, which depends on the 
development level and vitality of rural 
communities, life and living level of the rural 
population. Farmers, in addition to noble 
activity to provide food to people, also 
maintain rural lifestyle. “If there were no farms 
and farmers, villages, hamlets and our fairs 
would be deeply affected. Many jobs from rural 
areas are related to agriculture” (Understanding 
the EU policies, 2014)  
Thus, besides the production and supply of 
safe, available and good quality product and 

also in sufficient quantities, farmers manage 
and rural area for the benefit of whole society. 
In order to produce sufficient quantities, they 
shall apply agricultural technologies that are 
not always sustainable. Farmers are facing with 
a double challenge: on the one hand to be 
competitive on the market, on the other hand - 
to protect soil, landscape, biodiversity etc. 
At the same time, agriculture is a field that is 
largely affected by risk factors such as climatic, 
economic, political nature and otherwise. As a 
result, farmers would need to learn to manage 
their own risk. (Skees et al., 1999) Farmers are 
not paid sufficiently to develop sustainable and 
effective conditions.  
Therefore, state governments offer support for 
services they provide to society for their 
contribution to ensure food security and to 
maintain the vitality of rural economy. 
The subsidies to agricultural insurance systems 
are widespread. The USA have a long history 
of subsidised crop insurance systems. There is 
a special Federal crop insurance Program 
which offers a more complex, multi-peril 
agricultural insurance aimed at covering the 
losses in revenues, not only yields. In the USA 
correspond to 58% of the total risk premiums. 
The European subsidies to insurance premiums 
are around 32%, on the other hand, a more 
complex insurance coverage is usually more 
expensive for farmers, so that the average 
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premium rates in the USA (9%) are much 
higher than in Europe (4%) (Špi ka et al. 
2009).  
 
MATERIALS AND METHODS 
 
The survey on subsidized agricultural risks in 
the Republic of Moldova is based on materials 
of National Bureau of Statistics of the Republic 
of Moldova, Ministry of Agriculture and  
Food Industry, Agency for Interventions and 
Payments in Agriculture, National Commission 
of Financial Market, statistical data of certain 
insurance companies, as well as studies of 
certain researchers in the field of agrarian 
economics. The author has used for realizing 
this thesis the monographic method; analysis, 
synthesis, logical method, time series analysis, 
trend analysis and other processing procedures 
of statistical data. 
 
RESULTS AND DISCUSSIONS  
 
For the Republic of Moldova, on the 
background of an excessive surplus of 
activities, especially based on providing 
services, agriculture still remains the main 
branch of the national economy. That is why 
the state pays a special attention to this sector, 
which has the major assistance from both state 
budgets as well as from development partners.  
From year to year, it is registered an increase of 
investment in the agro-industrial sector. This 
fact is due to favorable climatic conditions for 
practicing these types of activities in our 
country, but also due to the population growth 
on the global level, including reducing the 
areas of land with crops, fact which can lead to 
worsening of global food crisis. 
The existence of an intervention and subsidized 
mechanism of agricultural sector is one of the 
catalysts for increased investment in this sector, 
subsidizing policy based on well-defined 
problems, objectives and concrete actions make 
the subsidized system, under limited financial 
means to be an appreciated one. 
In modern economies tends to economy models 
of social market characterized by intervention 
of public administration in specific fields 
(social security, training, environment, 
agriculture etc.). Developed countries protect 

agriculture from political and economic 
reasons. 
In all countries with market economies, the 
state directly and indirectly supports 
agriculture. The differences reside in nature and 
mechanisms of distribution of subsidies. 
Modern agriculture cannot be developed 
neither based on naive liberalism, nor by a way 
of certain interventionism and systematic and 
rigid protectionism from state. 
Forms of assistance are highly diversified in 
time and space and are changing depending on 
evolution of supply-demand report on national 
and international markets. Choosing forms of 
assistance and protection of agriculture requires 
imagination and innovation and this is done 
differently from country to country, depending 
on its agrarian policies approved by them. 
Subsidies hold the largest share within the 
economic costs performed by the state and 
represents the main manifestation form of its 
direct financial assistance granted to certain 
enterprises and activity sectors. They have not 
only financial role (coverage of certain 
expenses), but also an important instrument of 
state economic policy. 
Agriculture is the activity that mostly is carried 
out outdoors. Since the destructive natural 
phenomena are more frequent, farmers 
frequently ensures their plantations or animals. 
In fact they ensure welfare of their tomorrow 
business which they have today. Analysis of 
statistical data shows that only one percent of 
all farmers from Moldova ensure their crops 
and animals. 
In the last years is feeling a flare of negative 
impact of natural disasters on crops. For 
instance, in 2012 was marked by a strong 
drought that caused Moldovan agriculture 
losses of over 2 billion MDL and 2013 was 
highlighted by heavy rain and hail storms. 
International meteorological services and 
scientists from the field forecast an increase in 
negative effects on different fields of human 
life, especially on agriculture (Annual Report, 
AIPA, 2014). 
The amount of insurance premium subsidy is 
60 percent for ensuring multiannual 
plantations, sugar beet and vegetables and 50 
percent for ensuring other crops and livestock. 
Government Judgment no. 152 from 
26/02/2013 “On approval of allocation way of 
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means of subsidizing fund for farmers for 
2013” stipulates that was accepted the 
allocation of means of subsidizing fund for 
farmers in the amount of 400 million MDL for 
a range of support measures, including the 
ensuring enhancement of agricultural 
production risk. The subsidized insurance in 
agriculture shall be realized in accordance with 
the Law No. 243-XV as of July 08, 2004 “On 
subsidized insurance of production risks in 
agriculture”, according to which the farmers 
benefit of subsidizing premiums insurance if 
they registered at the town hall crops, as well as 
animals, birds, bees and fish families belonging 
to them and those who maintain crops, 
livestock, birds, bees families and producing 
fish according to approved technologies, take 
measures to prevent disease and pest attack and 
keep records of performed work. 
Supporting farmers from the Republic of 
Moldova within the measure “Stimulation of 
ensuring risks production in agriculture” in 
2011 -2014 is presented in the following table. 

 
Table 1. Stimulation of ensuring risk production in 

agriculture in 2011-2014 

Year  

Contracts 
approved 
for com-
pensation  

The 
amount of 
paid com-
pensation, 

million 
MDL 

Total 
subsidies 

for 
agriculture  

The measu-
rement share 
in total sub-

sidies, % 

2011 164 14.61 215.4 6.78 

2012 266 27.81 399.8 6.95 

2013 78 41.29 455 9.07 

2014 107 29.36 564.7 5.20 

 
The data of Table 1 indicate a decrease in the 
number of contracts, and also of certain paid 
compensation. Compared to 2014 the share of 
subsidies granted for ensuring risks decreased 
from 9.1% to 5.2, which is due to the refusal 
from insurer’s side to ensure these types of 
risks. 
The means provided for this measure shall be 
used to subsidize premiums insurance to 
farmers based on contracts of insurance of 
production risks in agriculture and based on 
List of risks for which insurance is subsidized 
premiums insurance from subsidizing fund of 
farmers in cultivation, horticulture, viticulture 
and zootechnics (hail, storms, drought, 
excessive) and List of crops and animals and 
birds species for which insurance is subsidized 

premiums insurance from subsidizing fund of 
farmers (sugar beet, sunflower, corn, etc.). In 
2013 only 4 insurance companies have 
performed subsidized insurance activity of 
production risk in agriculture. According to 
data of 4 insurance companies accredited to 
perform activity in this field, in 2013 were 
concluded 221 subsidized insurance contracts 
of production risks in agriculture with the 
amount of paid compensation of 12322.4 
million MDL, Table 2 (Annual Report National 
Commission for Financial Markets, 2013). 
 

Table 2. Stimulation of insurance mechanism  
of risk in agriculture 

Insurance 
company 

Number of 
beneficiary  

The required 
amount, million 

MDL 

The authorized 
amount, million 

MDL 
2013 2014 2013 2014 2013 2014 

Moldcargo 89 93 5043.6 5022.6 5043.58 4887.55
Garan ie 62 55 3868.8 2493.86 3789.51 2243.10
Klassika 
Asigur ri 

11 16 270.84 196.81 270.84 196.81 

Moldasig 59 52 3225.7 23359.63 3218.43 21435.97
Asterra 
Grup 

n/d 8 n/d 306.99 n/d 306.99 

Galas n/d 1 n/d 146.02 n/d 146.02 
Acord Grup n/d 4 n/d 158.88 n/d 146.28 

TOTAL 221 229 12409.0 31684.8 12322.4 29362.7
 
In 2014 the authorized amount for 
compensating farmers affected by agricultural 
risks was increased more than 2 times, 
constituting about 29.4 million MDL, and the 
number of contracts was increased by 8. 
Cumulative value of written gross premiums 
was 91.0 million MDL, registering an increase 
of 16.5 million MDL compared to value 
registered in previous year (Table 3). 
 
Table 3. Written gross premiums and paid compensation 

for subsidized insurance of production risks in 
agriculture on insurance items in 2013, million MDL  
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Farmer 
 

State 
 

Harvest 30.3 12.1 18.2 33.3 13.1 47.8 
Plantations 59.0 23.6 35.4 64.9 13.9 50.8 

Animals 1.7 0.85 0.85 1.83 0.4 1.34 
TOTAL 91.0 36.6 54.5 100.0 27.4 100.0

 
Subsidies allocated to the payment of insurance 
premiums constituted 54.5 million MDL or 
11.8 million MDL more compared to 2012, 
registering an increase of farmers interest for 
such type of insurance. Also, agricultural 

20



 
insurance potential in the Republic of Moldova 
remains untapped; areas covered by insurance 
are only 3.3 percent of total agricultural land. 
Insurance compensation was 27.4 million MDL 
and decreased with 3.6 times compared to 
previous year. Evolution of premiums and paid 
compensations are represented in Figure 1. 
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Figure 1. Written gross premiums and paid compensation 

for subsidized insurance of production risks in 
agriculture 2008-2013, million MDL 

 
The structure of written gross premiums and 
paid compensation for subsidized insurance (of 
risk for which insurance is subsidized from 
subsidizing fund of farmers in 2013) on types 
of risks, presented in Figure 2, shows the 
following (Annual Report National 
Commission for Financial Markets, 2013): 
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Figure 2. The most frequent agricultural risks insured by 
farmers 

 
 For risk “hail” written insurance premium 

was 37.4 million MDL and paid com-
pensation - 17.9 mil. MDL, compensation 
rate was 47.9 percent; 

 For risk “winter frost” written insurance 
premium was 14.1 million MDL and paid 

compensation - 0.3 million MDL, compen-
sation rate was 2.1 percent; 

 For risk “spring frosts” written insurance 
premium was 22.4 million MDL, paid 
compensation to be equal to zero; 

 For risk “excessive drought” written insu-
rance premium was 14.8 million MDL and 
paid compensation - 8.7 million MDL, 
compensation rate was 58.78 percent; 

 For risks included in category “other” 
written insurance premium was 2.3 million 
MDL and paid compensation - 0.5 million 
MDL, compensation rate was 21.74 
percent. 

 
CONCLUSIONS 
 
Farmer’s subsidy is part of financial framework 
coming to realize agricultural policies on 
national level. 
Thus, agricultural subsidies shall contribute to 
capitalization and increasing competitiveness in 
agriculture sector and ensuring connections 
between them and rural development: 
population employment, maintaining 
subsistence farm income and their transition to 
producing farms, micro and small business 
development in rural areas, population 
migration. 
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Abstract 
 
In the last 50 years, at global level, the industry, agriculture, transport infrastructure and services have gone through a 
long process of transformation, both of intensive as well as extensive nature. The mutations occurred due to the 
demographic duplication and also social structure changing, this fast development was supported by the research and 
technological progress. Of course, the other side of the picture is the massive pollution, with serious consequences for 
the environment and in chain negative effects, at planetary level.  
If at first these phenomena had not a major interest for the scientific community, today they represent an area of major 
interest for the quantitative research, sometimes being a matter of interdisciplinary dispute, but often a factor of 
synergy, political, legal, technical and of course scientific.  
In this article we summarize the main national and international policies to adapt to the effects of climate changes and 
to reduce their impact on the agriculture and environment, through presenting the main legislative measures and the 
existing operational plans, formulated according the research results in this area. 
At the same time, this paper addresses to the agriculture specialists and officials from the administrative sphere, in 
order to identify and reduce the effects of this phenomenon over the agriculture and environment.  
 
Key words: climate changes, global warming, environment, agriculture, adaptation policies. 
 
 
INTRODUCTION 
 
The climate changes represent a topicality: the 
temperatures are rising, rainfall patterns are 
changing, glaciers are melting, and the average 
global level of the seas rise. We expect these 
changes shall continue, and the extreme 
weather conditions that lead to risks such as 
floods and dryness will become more frequent 
and their intensity will increase. The negative 
impact over the nature, economy and human 
health varies in Europe depending by region 
and territory, as well as by the affected 
economic sector (European Environment 
Agency [EEA], 2014).  
The agricultural sector contributes with about 
10% to the total anthropogenic emissions of 
greenhouse gases in EU-27 (EEA, 2010). In 
Romania, the trends of these emissions are 
decreasing at national level. This evolution is 
due to the decrease of economic activities and 

respectively of energy consumption, but also to 
the structural changes in the transition period. 
However, the effects of climate changes are 
manifested more and more visible. Therefore, 
in agriculture must be granted more attention to 
the implementation of adaptation measures, 
which should reduce the negative effects of 
climate changes in this activity field. 
Given the continuous change of environmental 
factors by the development of the phenomena  
of global warming, decreasing of rainfalls and 
soil erosion, as well as of the social factors by 
the population increasing   and automatically 
the demand for food and drinking and industrial 
use water, the agriculture and the related 
industries must to be adapted by competitive 
techniques and technologies in order to provide 
the primary productions necessary for an 
economic and social progress (National 
Meteorological Administration [ANM], 2008). 

22

AgroLife Scientific Journal - Volume 4, Number 1, 2015
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



 
MATERIALS AND METHODS 
 
By this study we proposed to make a summary 
presentation of the main international and 
national policies for the adaptation to the 
effects of climate changes and for the reducing  
their impact over the agriculture and 
environment, by presenting the main legislative 
measures and the existing operational plans, 
formulated based on the research results in this 
area. 
In this respect in order to accomplish the study 
we used the following methods:  
- the historical method, in order to identify 

chronologically the concepts, the occurred, 
environment issues,  the measures to be 
taken and the jurisprudence related to the 
studied issues,  

- the argumentative method in order to prove 
scientifically the effects of dryness and 
global warming phenomena over the 
agriculture and population;  

- the comparative method by consultation of 
specialty bibliographic sources, from 
libraries and published by international 
electronic platforms, necessary to research 
the origin of the problem, the phenomenon 
evolution, the effects caused, the risks and 
solutions to improve the situations.  

 
RESULTS AND DISCUSSIONS 
 
1. Political and legal bases of the concepts of 
environment and climate changes 
At the World Conference regarding the 
environment in Stockholm, 5-16 of June 1972, 
organized by UNO, was enounced and 
recognized, in the principle no. 1, the 
indispensable relation between man, 
respectively human rights and protection of 
environment: „the man has a fundamental right 
to freedom, equality and satisfactory living 
conditions, into an environment where the 
quality allows him to live in dignity and 
welfare”, but also a „solemn obligation to 
protect and improve the environment for the 
present and future generations”. 
Once with the Treaty of Rome, by the Single 
European Act from 1986, the environment 
protection is the subject of Title VII, art. 130 
R,S,T of the Treaty, and art. 130 R states the 
objectives of community policy regarding the 

environment, respectively preservation, 
protection and improvement of environment 
quality.  
The term of sustainable development, often 
used, has found its dedication in 1987, in the  
Brundtl and Report of the World Commission 
of UN regarding the environment and the 
development, entitled „Our Common Future”, 
and later in the Declaration of Rio de Janeiro 
from 14 of June 1992, which proclaimed the 
necessity to encourage a development that 
meets the „needs of the present without 
compromising the capacity of the next 
generations to meet their own needs”.  
At the level of the primary community law, the 
Treaty of Maastricht from 7 of February 1992  
marks a new stage in the recognition of 
environment issues (Van Lang, 2011), a 
strengthened legal frame by the Treaty of 
Amsterdam from 2 of October 1997. Moreover, 
in community law, the concept of sustainable 
development was regulated for the first time by 
the Treaty of Amsterdam from 2 of October 
1997, in the recital 7. In the Treaty is 
mentioned that the development of economic 
activities must be harmonious, balanced and 
sustainable. In this regard, we understand that 
the sustainable development has the function of 
link between environment and economic 
objectives, which must be adapted to a high 
level of protection and improvement of the 
environment quality, according to art. 2 of the 
Treaty. 
As stated Raphaël (2010) in the study Droit de 
l environnement, the international law 
developed the concepts of environment 
protection, but many of these answering to the 
„concepts and principles often related only to 
the search of a new international economic 
order, focused on development”. In the opinion 
of the International Court of Justice, the 
environment is not an abstraction, but „the 
space where human beings live and on which 
depends the quality of their life and health, 
including for the next generations”, in other 
words, an intermediary between nature and 
quality of life (Guillot, 2010). 
In return, other authors highlight the 
incompatibility between the concepts of 
economic development, focusing primarily on 
achieving revenue and „consumerism” and the 
concept of „sustainable development”. In their 
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opinion, the economic development is not 
possible without the use of renewable resources 
(for example: exploitation of forests and soil, 
sea fishing). In consequence, the concept of 
sustainable development will remain more „an 
incantatory application field, than a 
programmatic one” (Kiss and Beurier, 2004).  
On the other hand, the critics remarks aims on 
non-conciliation of development concerns in 
relation with the environmental protection, seen 
as a disinterested protection of species, of 
fauna, of biodiversity, with the subordination of 
environment, economic and commercial 
policies (Cans, 2003; Pallemaert, 1995; 
Maljean-Dubois, 2002). Thus, it cannot be 
denied the political and ideological 
implications over the new era of understanding 
the environment related to the actual 
development of mankind.  
At European level have been already 
ascertained these realities once with the ending 
of the fifth community program of action for 
the environment on December 31, 2000, 
entitled „For a sustainable development”. As a 
result, in 2002, by the Decision 1600/2002/CE 
of the European Parliament and of the Council 
was established a new community program of 
action, which aims both the preventing of 
negative environment effects, due to social 
factors and to industrialization, as well as the 
enhancement and continuous improvement 
based on legislative principles and awareness 
of the population. 
 
2. Assessments of climate changes and their 
influence over the performance of 
agriculture. The Case of Romania 
The forecasts regarding the expected effects of 
global warming are catastrophic. According to 
the experts, if the average global temperature 
will grow with more than 20C, there are 
possible dramatic decreases of food production, 
even wars for basic resources, especially for 
water, worldwide spread of diseases such as 
malaria and melting of glaciers which will 
determine an increased level of the Planetary 
Ocean and flooding of many coastal areas 
inhabited, and implicitly, massive migrations of 

the population (Newspaper: Evenimentul Zilei, 
2009)1. 
According to the statistics, Romania has faced 
in the last 10 years with a series of extreme 
weather phenomena: in 2005, historical floods 
on the inland rivers, in 2006 historical floods in 
the Danube Basin, in 2007 the worst dryness of 
the last 60 years. 
In the last decades, at national level, the areas 
affected by dryness have expanded, the most 
exposed being those in the South and South-
East of the country. The extreme weather -
hydrological phenomena have as effect massive 
economic losses, as well as human life losses, 
and the global climate models show an increase 
in their intensity and frequency. 
The approaches of these phenomena must be 
considered both on global perspective, as well 
as national and regional (IPPC, 2013). A 
special attention should be paid to the regions 
exposed to increased risks, such as B r gan 
Plain, for which there is already researches 
conducted by specialists in soil science, 
climatology and agronomy, highlighting the 
consequences of global warming for the 
manifestation of dryness phenomena, aridity, 
degradation - desertification.  
 
2.1. Estimations of climate changes at global, 
national and regional level  
Based on the findings and research conducted 
worldwide, the experts in the field have 
elaborated different scenarios regarding the 
global warming phenomena and its effects. 
The reporting and forecasting of emissions of 
greenhouse gases is a requirement provided 
both by the implementation of Frame - 
Convention of United Nations Organization on 
the Climate Changes, as well as by the 
European policy on climate changes, 
respectively Decision no. 280/2004/CE. 
Within the 5th National Communication of 
Romania (National Agency for Environment 
Protection [ANPM], 2009), are presented 
scenarios for the period 2001-2030, regarding 
the climate changes in Romania, performed by 
applying two methods of 

                                                      
1The Newspaper Evenimentul Zilei, 10 March 2009 – 
„R zboiul pentru resurse, noua amenin are mondial ”, 
Available online at: 
http://www.evz.ro/razboiul-pentru-resurse-noua-amenintare-
mondiala-842816.html 
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Figure 1. Long-term Climate Change: Projections 

Source: Picture prepared by the author getting from IPCC website: http://www.ipcc.ch/report/ar5/syr/ 
Climate Change 2013: The Physical Science Basis (IPCC, 2014) 

 
downscaling, dynamic and static, 
recommended by the Intergovernmental Board 
for Climate Changes (IPCC)2 1960-1990.  
The results of static modeling outlines:   
- the increase of the average air temperature 

with 0.7-1.10C (Figure 1); 
- significant decreases of the average quantity 

of rainfalls in the months of December - 
February, while in the period October - June 
there will be an increase of rainfalls. 

The results of dynamic modeling shows: 
- the increase of average temperature in the 

Eastern Romania; 
- except for Carpathians, the air temperature 

will decrease by 1.50C in winter, and in the 
summer will increase by 0.20C; 

- in the spring is expected that the temperature 
will rise by 1.80C, as well as in autumn; 

- in the Western part of the country is 
expected an increased of rainfalls during 
summer; 

- increase of rainfall’s quantity in autumn; 
- decrease of rainfalls during winter. 
 
 
 
 

                                                      
2These methods are applied also for some global models 
(AOGCM - The ocean-atmosphere general circulation 
model), regional (RegCM - Regional climatic model) 
and in the case of scenario A1B, of IPCC. 

 
The climate changes will alter rainfalls, 
evaporation, leakage and storage of the 
moisture in the soil.  The consequences will be 
felt on most crops, especially corn, soybeans 
and wheat. The increase of evaporation from 
soil and the accelerated transpiration of plants 
leads to the need of development the crops, 
respectively the varieties with a greater 
tolerance to dryness (Figure 2).  
However, once with the increasing of 
temperatures, the need for irrigation increases 
proportionally. 
The thermal stress (sever heat), which occurs 
during dry and hot years, in conjunction with 
the lack of water for plants, lead to the creation 
of some unfavorable conditions for the winter 
wheat and implicitly to a reducing the quantity 
and the quality of the crop, as show also the 
statistics for 2003 and 2007 ([ANPM], 2009).  
Thus, due to more frequent dryness, the crops 
of cereals and other crops could decrease in the 
southern and south-eastern Romania. Although 
the losses could be partially offset by the 
benefic effects of carbon dioxide, however the 
water requirement, the presence of pests, 
diseases and the loss of agricultural land by 
desertification lead to the threatening of crops 
productivity.  
Concerning the impact of climate changes over 
the agriculture in our country, especially the 
decrease of rainfalls during summer, the results 
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of climate scenarios show a decrease of water 
resources between 10-30%. 
 
2.2. Environment factors that have influence 
over the agricultural performances 
It exists many studies that classify the 
environment factors which affects the 
performance of agricultural cultures and their 
compatibility with the areal. Thus, factors 
which affects the performance of agricultural 
cultures can be classified: abiotics, biotics   and 
a complex of economical, political, social- 
cultural factors (Table 1).   
Other studies show that factors for main risks 
and their negative effects on the agricultural 
crops at regional or national level are: the 
pedological dryness, floods, intense heat, frost 
and freeze during long time (Podani et al., 
1998; Berbecel et al., 1970). 
On the other side the knowledge of the climatic 
and pedological factors for a culture type shall 
become the first important step for the 
identification of the potential new culture types 
within a culture field.  
The Environment European Agency has 
developed a series of indicators ordered into a 
logical structure through the concept DPSIR 
(Motive force - Pressure - State - Impact - 
Respond). According Simota (2013), DPSIR is 

a concept for organizing the information about 
the environment state (IPU, CASA and IÖW 
for the European Commission, 2005). Now this 
concept is applied on large international scale, 
especially for organizing the indicator’s 
systems for environment and durable 
development.  
This concept has the following significances:  
- render an analytical frame developed by the 

European Environment Agency (EEA, 
1999) for describing and knowledge the 
connections between the economic relations 
and the environment;  

- avail the possibility to an integrated analysis 
of the environment within the different 
economic activities; 

- represent a conceptual model, designated on 
the one side for the capitation of key-factors 
involved in the relationship between 
agriculture and the environment, and on 
other side for the reflecting  of the complex 
chain  of causes and effects between these 
factors;  

- constitutes a simplified schema and well 
understanding (many of the relations 
between the agricultural systems and those 
of the environment are not well understood 
or are difficult to be present in a simple 
frame). 

 

Table 1. Factors which care affects the performance of agricultural cultures and their compatibility 

Abiotic  
(climate + soils) 

Biotic  
(pathogens + parasites + 
beneficial organisms + 

genetic variation) 

Economic  
(market + political 

+cultural) 

Climate  Soil   
Annual precipitation 
Growing days 
Daily air temperatures 
Winter minimum 
temperature 

Texture 
Drainage 
pH 
 

Beneficial and harmful 
organisms such as insects, 
fungi and bacteria. 
Genetic variation within a 
crop. 

Supply, demand, seed 
supply laws, government 
policy and social 
acceptance. 

Solar intensity 
Light duration 
Daily precipitation 
Soil temperature 

Depth 
Cation Exchange Capacity 
Fertility 
Organic matter 

  

Source: Table prepared by the author getting from Bowen and Hollinger 

 
The concept is based on inter-active relations   
cause-effect between the components of the 

social, economic and environment that are the 
following: 
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- the driving forces of environment’s changes 

(for example   agricultural  production, 
population growth  etc.); 

- the pressures on the environment (e.g. 
emissions, nutrients losses toward the 
ground water); 

- environment’ s state (for example, well, 
river, lakes  water quality, resulted from 
analyses); 

- the impact  on the  population, the economy, 
on the ecosystems (raw, eutrophication  
etc.); 

- the society response (protection of the 
hydrographic basins, management of 
nutrients 

 
Figure 2. Annual Mean Water cycle change (RCP4,5: 2016-2035) 

Source: Picture prepared by the author getting from IPCC website: http://www.ipcc.ch/report/ar5/syr/ 
Climate Change 2013: The Physical Science Basis (IPCC, 2014) 

 
3. Politics concerning the effects of climate 
changes in Romania 
According the Protocol from Kyoto, ratified by 
the Law no. 3/2001, Romania has engaged 
itself the reduce the gases emissions with 
greenhouse effect with  8 percent  in the  period 
2008-2012, as reference level being the 
emission’s level from 1989. The total gases 
emissions with greenhouse effect (excluding 
the contribution of the domain Land using, 

change of Land using and Forestry - LULUCF) 
decreased until 2010 with 57.56%, compared to 
the emission’s level from 1989, (ANPM, 
2013).  
According to the general objectives of the 
European Commission, targeting the 
environmental priorities for controlling climate 
change, improve the environment, the human 
health and quality of the life, responsible 
management of the natural resources and waste, 
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Romania sustained financial and proved the 
European politics for environment through the 
Emergency Ordinance no. 59/2007. These 
compulsory obligations assigned through the 
Accession Treaty have as general objectives the 
ensuring the compatibility of the national 
legislation with the community.  
These compulsory obligations assigned through 
the Accession Treaty, having as general 
objectives the ensuring the compatibility of the 
national legislation with the community acquits 
for environment.     
Thus it was constituted the environment, the 
Environment Fund in order to be financed 
many national programs. This Fund has as 
general objective the financial sustaining of the 
beneficiaries for some environment programs, 
respectively the local administration 
authorities, city halls and district councils, 
natural and legal persons. All these were 
prepared initially for a 3 years period 2007-
2010, with   extension possibility (currently in 
operation). As answer to the „Green book - 
Adjustment to the effect of climatic changes in 
Europe - options for EU action UE” (European 
Commission [CE], 2007), the Ministry of 
Environment and Forests has prepared in 2008 
the Guide about the adjustment to the climate 
changes effects.  
It must be underlined that Romania has also 
prepared the National Strategy about the 
climate changes for the period 2013-2020. The 
IInd part of this strategy is devoted to the 
adjustment measures for the climate changes 
effects, but our opinion is that this has a more 
theoretical abstract character We believe that 
the concrete elements are missing, such as 
those related to prioritization of the actions, the 
risks assessment method, the setting out of the 
action plan and identifying the afferent budget 
and the financing sources.  These additions are 
expected through the project OPERA-CLIMA,3 
which has as main objective the upgrading and 
the improvement of the existent Strategy.  
 
4. Practical adaptation of the politics 
concerning the climatic changes for the 
agricultural domain    
At European Union level exists politics or 
integrated adapted plans, for domains such 
                                                      
3Project ruled by the  Ministry of Environment, Waters 
and Forest, with aid of Wolrd Bank.  

management of waters and risks management 
in cases of disasters, but about the planning of 
adaptation to rural development or territorial 
arrangement, the put in practice of the theories 
is very limited.  
The measures of adaptation of the agricultural 
production to the climate changes shall include:  
- raising the cultures resistance to heat and 

variable rainfalls; 
- reducing of soil erosion, of the humus 

quantity in soil, as well as the nitrogen 
losses; 

- improving the capacity of water retaining in 
soil through : i) addition of plant residues 
and manure to  arable crops : ii) adding 
diversity through culture rotation (Smith and 
Olesen, 2010); 

-  raising the organic carbon stock by non 
cultivation or reduced cultivation; 

- soil carbon sequestration in an arable 
irrigation system, aiming the lowering 
energy consumption, that also can reduce 
the availability of water for hydro-energy 
(not clear); 

- development of biopower production from 
energetic  crops and agricultural residues 

- agricultural mechanization and development 
activities in macro system, which can lead to 
controlled release of large amounts of 
carbon and nitrogen in organic soils 
(Rosenzweig and Tubiell  Tubiello, 2007). 

As example, according to the studies  
conducted by Fender (2006), King and Balogh 
(2006) and by most researchers in the domain 
of agricultural plants , meadows, forests, grass 
and ornamental plants offers a wide range of 
benefits both improving the value of 
environment and mitigation of its polluting 
factors. Among their actions shall be specified:    
- release oxygen and absorb the carbon 

dioxide (Loisel, 2009); 
- improves the erosion of soil phenomena;  
- purify and treats wastewaters and facilitate 

their re-introduction into the system;  
- reduce and  prevent dust formation; 
- became a natural barrier against fire and 

diminish the risk  of  those propagation; 
- prevent heat dissipation by thermal 

insulation of the buildings, keeping them 
cooler in summer and warmer in winter  
(Shashua-Bar et al., 2009); 
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- provide a natural, comfortable, cool, safe 

wild habitat for recreation and leisure 
activities (Lafortezza et al., 2009); 

- award higher aesthetics features of the  
landscaped urban, suburban and rural areas 
(Negrea and Zlati, 2010);  

- contributes to the raising of economic value 
of the residential landscaped areas (Gaoa 
and Asamib, 2007; Seong-Hoon et al., 
2008); 

- provide general prerequisites for an organic 
development of society, improve the quality 
of life (Lo and Jim, 2010), through the 
improving of the residential environment 
(residential) and business (Schipperijn et al., 
2010); 

- creates prerequisites for a good general state 
of physical health (Hillsdon et al., 2006) and 
mental of the individual (Taylor et al., 
2007). 

The performing the adaptation policies into 
practice have to face to a variety of physical, 
social, technological, political or economic 
barriers. The practice reality of translating these 
objectives into life run over the  national 
legislation about  land estate that allowed and 
allows the forests cutting or of the protective 
skirts by the owners, without having a  vision 
of long-term about the harmful effects due to 
deforestation or massive write-downs. 
One of the most important aspects is the high 
cost of the necessary adaptation measures in 
several areas, such as energy, defense, 
manufacturing or agriculture, costs which may 
vary depending on different scenarios and their 
respective assessments. 
 
CONCLUSIONS  
 
Climate changes are of particular importance 
for the present and future generations. 
Investigation in the past 50 years has proven 
without a doubt the existence of global 
warming phenomenon. And the conclusions 
depending on the scenario, are gloomy or even 
catastrophic. Most optimistic scenarios predict 
an increase of the global average temperature at 
the end of the XXI century, compared with the 
period 1980-1990, with 1.8-40C.  
Other scenarios, more pessimistic give a 
possible increase of the global average 
temperature even with 5.80C. 

The causes of this increase are multiple, but 
they can be classified into two groups: natural 
and anthropogenic. Natural causes consist of a 
certain cyclical developments on Earth Globe, 
with effects in solar radiation and volcanic 
activity. Anthropogenic causes are designed to 
accelerate natural causes and consist of 
pollutant emissions of carbon dioxide (CO2), 
methane (CH4) and nitrogen oxides (N2O). 
Today, on national level, this is estimated that 
the tendency of desertification in Romania is 
manifest  over an area of 3,000,000 ha, from 
which 2.8 million ha is arable land, especially 
in Dobrogea, South East Muntenia and 
Moldavia. But the area affected by drought is 
the larger, covering much of the arable land, 
and areas affected by soil degradation that 
occupy about half of Romanian territory  
I believe that the soil degradation, the drought 
and the desertification are concepts difficult to 
separate due to the interdependence between 
them and the consequences on short-term and / 
or long term. For these reasons, in the near 
future, the goal of the soil science research  will 
be to identify, classifying and research on the 
phenomena of soil degradation - aridity - 
desertification, establishing a database for 
monitoring these processes and establish the 
necessary measures to stop them, namely: 
- the analysis the factors that accelerate the 

soil degradation and the desertification; 
- presentation of the natural frame and the 

evaluation of the soil properties that favors 
its degradation; 

- to set up the vulnerability of soil by drought-
aridity-desertification. 

I also consider necessary the design and 
operation of performance irrigation systems, 
increased irrigation efficiency, capable of 
providing the difference water requirements of 
the cultivated plants. 
Romania is traditionally preponderant an 
agricultural country through its surface relief, 
soil and climate, and the agriculture is one of 
the main contributors to the formation, 
development and strengthening of Gross 
Domestic Product. Taking into account the 
current economic and technical conditions, 
respectively the mechanization capabilities, the 
chemical treatment, the crops irrigation   and 
liquidness, the climate parameters are the main 
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factors influencing the quantity and quality of 
agricultural production (Dinc  et al., 2012). 
For this reason, these must be carefully 
selected, analyzed, quantified, estimated and 
interpreted as use their as a tool to improve the 
production and the optimization of production 
costs (Sandu et al., 2010; Stoica et al., 2012). 
Since 2007, through the adoption and 
implementation of European policies 
established under the Community 
environmental policies, in Romania have 
increased the efforts on the national level, both 
administratively and economically and socially 
concerning the programming activities, 
regulation and enforcement them in order to 
prevent and reducing the effects of climate 
change, through monitoring and a quality and 
quantity control of the polluting factors. 
The main proposed objectives of the national 
strategies and programs are the following: 
- The National Strategy about the Climate 

Changes 2013 - 2020 (MMSC, 2013); 
- The National Program for Rural 

development of Romania for the period 
2014-2020 (MADR, 2014); 

- The Strategy for the development of the 
agricultural - food sector on medium term 
and large horizon 2020-2030 (MADR, 
2014). 

That contribute to the performing of the 
objectives internal and external of the EU in the 
area of sustainable development by: 
encouraging actions to reducing and adaptation 
to the climate changes. 
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Abstract  
 
Various studies have shown that the wine consumption decline in young generation could be influenced by the 
perception of wine as intimidating and difficult to understand, and by the lack of adaptability of the product’s 
communication strategy and packaging design to their lifestyle. Information available on the packaging is often 
complex and confusing for novice wine consumers and sometimes even irrelevant in regards to the intrinsic 
characteristics of the product. Furthermore, wine is seen by young adult consumers as old fashion, formal and mostly 
not associated with their relaxed attitude and “on the move” lifestyle. The objective of this paper is to analyse the 
usability key principles and heuristic and their applicability in wine marketing as a mean to improve the perception and 
increase understanding of wine for the young and/or novice consumers. The paper aims to review the existing 
knowledge and findings about the concept of usability (with special emphasis on Usability Engineering and Human 
Computer Interaction (HCI)), in order to explore the aspects applicable in wine marketing. The usability concept 
proves useful in wine marketing to simplify the decision process, to make the meeting with the product less intimidating 
and more engaging, and to decrease the risk perception for the inexperienced wine consumers. 
 
Key words: usability concept, wine marketing, purchasing behaviour, user-centered design, young wine consumers. 
 
INTRODUCTION 
 
Wine is probably the single consumer good for 
which one could need a formal training to 
understand it, or at least to understand its 
label1. This is why the curricula of many 
organizations integrates courses on several 
wine topics, including aspects regarding the 
terms used on wine labels (e.g. Wine & Spirit 
Education Trust).   
From the average consumer’s perspective, 
information about wine is difficult to 
understand and not useful or relevant for 
personal decision-making, and this is one of the 
reasons some of the consumers simply do not 
choose to buy wine. Studies show that young 
consumers of ages between 18 to 35, mostly 
referred as Millennials or Generation Y2, 
although they do not avoid alcoholic beverages, 
                                                      
1One of the topic included in the curricula of WSET Intermediate level 
course, organised by Wine and Spirit Education Trust, London, is 
“Factors Influencing the Style of Wine and Understanding the Label” 
2The exact age (years of birth) vary, but the terms are found in relation 
to wine marketing in Thach and Olsen, 2006; Thach and d’Hauteville, 
2008; Holter, 2009; Thach, 2011; Lockshin and Corsi, 2012. 

do not consume wine, because they don’t 
understand the product and find it confusing 
(Thach and Olsen, 2006; Thach and 
d’Hauteville, 2008; Holter, 2009). 
Even among wine consumers of all ages, an 
important segment founds wine intimidating, 
19% of the wine consumers saying wine is 
“complex and overwhelming”, which leads to 
the fact that they do not enjoy shopping for 
wine (Constellation Wines US, 2014).  
The paper summarizes existing knowledge and 
findings about the concept of usability, with 
special emphasis on Usability Engineering and 
Human Computer Interaction (HCI), and 
explores the aspects applicable in wine 
marketing.  
The goal of this study is to analyse, from the 
perspective of average consumer, the usability 
of wine as a product.  
The application of usability principles in wine 
marketing will make the interaction with the 
product more accessible and more engaging for 
the inexperienced wine consumers. 
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Usability concept and its evolution 
Usability represents the quality attribute of a 
product or service of being easy to use, from 
the user's perspective.  
The ease of use implies rapid understanding of 
the product (or service), ease of use of the 
product (or service), comfort in use and 
meeting the user expectance regarding the use 
(McNamara and Kirakowski, 2006; Chowdhury 
and Chowdhury, 2011, Madan and Dubey, 
2012). 
Usability principles developed long ago, being 
used in different contexts, even before the term 
was defined. One of the first examples found in 
The Five Laws of Library Science by 
Ranganathan (1931) was the principles of 
operating libraries in order to better serve the 
users, which were as follows: 1. Books are for 
use; 2. Every reader his book; 3. Every book its 
reader; 4. Save the time of the reader; 5. The 
library is a growing organism.  
Other authors extrapolated these principles to 
Web and to information (Noruzi, 2004; 
Chowdhury and Chowdhury, 2011) as seen in 
Table 1. 
Even though these principles can appear as an 
oversimplification, they are laying the roots of 
usability as they are promoting ease of access, 
ease of use and efficiency (time saving 
concern), part of today’s best practice. 
The starting point for the concept of usability 
was the new area of Software Psychology, 
introduced by Shneiderman (1980), which 
makes integrates behavioural research into 
computer science in order to improve software 
design.   
Although most of the papers published in that 
period in computer science was not in favour of 
improving the design process of software 
around the user needs, this direction was 
generally adopted later, starting with 1988, 
when Association for Computing Machinery 
(ACM) included Human Computer Interaction 
(HCI) as one of the principle areas of computer 
science discipline (Carroll, 1997).  
HCI apply findings from numerous disciplines 
- Human factors and ergonomics, behavioural 
sciences, computer science and design - in 
order to study and improve the quality of the 

interaction between people (users) and 
computers. 
In 1988, the concept of user-centered design 
(UCD) was introduced in product design 
(Norman, 1990), a “philosophy” and 
methodology which integrated the needs and 
limitations of the end users of the product in the 
process design. User-centered design term 
evolved into Human-centered design and, later 
on, Norman advocated the further evolution 
into Activity-centered design based on the 
principle of knowing your user and 
understanding the activity for which the 
product is designed (Norman, 2005).  
In computer sciences the concept of user-
centered design is integrated in Human 
Computer Interaction (HCI). Usability 
Engineering is similar to User-centered design 
(Rubin and Chisnell, 2008), but usually the 
term is used in the context of software 
engineering (Nielsen, 1993; Caroll, 1997). 
A comprehensive history of HCI and Usability 
Engineering is traced by Caroll (1997), which 
argues that a more unifying methodology in the 
area would be useful, predicting that HCI will 
generate applications in other areas of activity.  
HCI and usability studies impact the lives of 
users worldwide, and their application has a 
positive outcome on themarket value of 
software products (Caroll, 1997; Pearrow, 
2007; Madan and Dubey, 2012).  

 
For websites, e-commerce and software 
applications, the integration of usability in the 
marketing strategy of a product or service is 
essential. Various studies show that usability 
has a strong effect on user satisfaction and 

Table 1. Principles for better serving the user 

The Five Laws  
applied to web resources

The Five Laws  
applied to information

1. Web resources are for use. 
2. Every user his / her web 
resource. 
3. Every web resource its 
user. 
4. Save the time of the user. 
5. The Web is a growing 
organism. 

1. Information is for use. 
2. Every user his / her [piece 

of] information. 
3. Every [piece of] 

information its user. 
4. Save the time of the user. 
5. Information is a growing 

organism. 

Source: Noruzi (2004), Chowdhury and Chowdhury (2011) 
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website loyalty3 (Flavian et al., 2006) and, for 
e-commerce, on conversion and online sales 
(Juon et al., 2012).  
Usability evaluation is applied wider, not only 
in computer sciences, but also in different other 
areas as Product design, Architecture and 
Interior design, Library and Information 
Sciences, Government or Public services (e.g. 
UK Government portal).  
The users and usability concept were studied in 
different fields with various goals, from 
development of software systems, web 
products and e-commerce, in order to optimize 
and improve the user experience and error 
prevention, to information services and also to 
product and industrial design (Pearrow, 2007; 
Chowdhury and Chowdhury, 2011).  
The application of usability principles proves 
useful in various fields, especially where users 
encounter interaction with complex systems, 
with large amount of information/complex 
information systems and or in public services.  
Various studies apply usability principles in the 
most complex systems, as healthcare, 
government, education, the focus being on 
transparency, ease of information use and 
assuring general usability (as quality in use) in 
order to ensure that the provided products, 
services, and the facilities comply with the 
users’ need (Alexander, 2010; Haron et al., 
2010; Buie and Murray, 2012). Even in 
architecture, usability principles can be applied 
for assessing the quality attributes of the 
buildings (Olsson et al., 2010; Harun et al., 
2011) or, in particular, of the workspaces 
(Kärnä and Nenonen, 2010).  
The concept of usability is also used in Human 
Information Behaviour (HBI), which focuses 
on user behaviour regarding the process of 
searching, obtaining and employing 
information (Chowdhury and Chowdhury, 
2011). Human Information Behaviour (HIB) is 
the main focus for government or private 
institutions which serve the public - healthcare 
services, public information center (online and 
offline), libraries, education system. 
Usability is evaluated in information service for 
assuring efficient and effective access to 
information (Chowdhury and Chowdhury, 

                                                      
3The study focused on a variety of websites, for businesses 
ranging from financial services and travel services to book and 
music retailers. 

2011). For digital libraries usability addresses 
the interface, the content and the functionality 
of the system (Van House, 1996; Vrana, 2007; 
Chowdhury and Chowdhury, 2011). The 
improvements would have to take into 
consideration the level of knowledge of the 
users, their vocabulary and making easier the 
access to information by simplifying the forms 
and the search (Van House, 1996; Chowdhury 
and Chowdhury, 2011). 
Usability is used to adapt the digital library 
services to the users’ needs, to improve the 
access and efficient and effective use of 
information and to find new direction of 
evolution of the services.  
The majority of scientific papers and research 
regarding usability and user behaviour is 
focusing on Usability Engineering and Human 
Computer Interaction (HCI), while some others 
focus on Human Information Behaviour (HIB) 
(Asai, 2008; Chowdhury and Chowdhury, 2011; 
Hu et al., 2012; Madan and Dubey, 2012). 
 
METHODS AND METHODOLOGIES 
FOR USABILITY CONCEPT 
APPLICATION  
 
According to ISO 9241-11 Standard 
(Ergonomics of Human System Interaction, 
1998), there are three basic parameters of 
usability: effectiveness, efficiency and 
satisfaction that should be analysed for specific 
users and in a specified context of use 
(International Organization for Standardization, 
1998).  Thus to evaluate the usability of a 
product, firstly the user to whom it is addressed 
must be stated, and secondly the user’s needs 
taken into consideration (Norman, 1990; 
Ulrich, 2011; Chowdhury and Chowdhury, 
2011; Goodman et al., 2012). Furthermore a 
clear understanding of the goal and the 
projected context of use, from the users’ 
perspective, is essential for designing the 
product and evaluating the usability (Norman, 
1990; Ulrich, 2011; Chowdhury and 
Chowdhury, 2011). 
Most of the models of usability evolve around 
the key attributes of the product that are: ease 
of understanding, learnability and memo-
rability, effective and efficient operability, user 
satisfaction, presented in Table 2 (Nielsen, 
1993; ISO 1998, 2001; Quesenbery, 2003). 
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Also error prevention and fast recovery from 
error is considered, along with the propriety of 
the product of being engaging (attractive) for 
the user (Nielsen, 1993; ISO, 2001; 
Quesenbery, 2003). An important aspect of 
these attributes is that they are correlated with 
characteristics of the product, the user and the 
context, so their importance will vary 
accordingly (Quesenbery, 2003), as seen in the 
example (Figure 1). 

 

 
 

Figure 1. The five Es of usability 
Source: Quesenbery, Whitney Interactive Design 

 
Usability should be considered from the 
planning stage, in the design process of the 
product, when the particularities of the 
anticipated user, its needs and the expected use 
should be considered (Norman, 1990; Ulrich, 
2011). The parameters and the measurements 
should be correlated with the specific goal of 

the user in using the product/ service in its 
specified activity/context.  
Usability must be taken into account in all 
stages of the product development, from the 
initial product planning when the target users 
and the usability goals are defined, to prototype 
testing and to the final product evaluation.  
In software engineering and HCI area, usability 
is a fundamental aspect of the quality of 
software applications and websites (Madan and 
Dubey, 2012). 

The goal of the usability evaluation is to 
identify the problems that could appear in the 
use of the product or service, in order to 
improve the product, from the perspective of 
intuitiveness and ease of use, while also taking 
into consideration the cost implied for 
obtaining the improvement. 
In this first stage, gathering data regarding the 
user, the specific context of the use and the 
tasks involved is necessary for defining the 
product requirements, which underlie the 
design of the product serving as basis for the 
usability goals and objectives.  
This research can be part of the initial 
marketing research or conducted separately as 
part of the design process and involves a 
qualitative study, in which the targeted users 
are observed in the context where they would 
normally use the product or other similar 

Table 2. Usability Models 

Model Key Attributes Description 

Nielsen 
Model 
(1993) 

Learnability Easy to learn and to understand 
Efficiency Related to productivity 

Memorability For intermittent user– ability to understand rapid, when returning  
Errors Minimum errors and easy recovery from errors 

Satisfaction Positive emotions for users during and after using the product 
ISO 

9241-11 
(1998) 

Effectiveness Successful completion of the user goal 
Efficiency The quality of the results related to the time invested 

Satisfaction Acceptability of a system by the user, in specified context of use.  

ISO 
9126 

(2001) 

Understandability For software product  – enable the user to understand how the software can be used, 
intuitive  

Learnability For software product  – easy to be learned (by the user) 
Operability For software product  – enable the user to operate and control it, with ease 

Attractiveness The quality of being attractive for the user. 

Usability compliance For software product – standards, conventions, style guides, or regulations related to 
usability.  

TNR 5Es 
Quesenbery 

(2003) 

Effective Completeness and Accuracy in achieving the user goals 
Efficient The speed to complete the task, with accuracy 
Engaging The quality of the interface of being pleasant, satisfying or interesting 

Error Tolerant Preventing and recovering from errors 
Easy to Learn The quality of the product to be intuitive and encourage deeper learning 

Adapted from Madan and Dubey (2012). Sources specified in the table (first column) 
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products (Rubin and Chisnell, 2008). The data 
obtained will help integrate usability 
enhancements in product core design from the 
beginning (Ulrich, 2011), better understand and 
elaborate the user profile and the specificity of 
the context of use and, in software engineering 
and HCI, to develop personas, scenarios and 
the task description (Rubin and Chisnell, 2008). 
Some authors called this ethnographic 
research, contextual inquiry or simply 
observation of the user, (Nielsen 1993; Raven 
and Flanders, 1996; Rubin and Chisnell, 2008), 
and this is useful in defining the usability goals 
and objectives or in identifying unanticipated 
patterns of usage of the product. 
According to Rubin and Chisnell (2008) the 
most appropriate methodology to be used in 
usability testing, would be controlled 
experiments, but in practice this is adapted, as 
follows:  
• Defining the test questions and objectives, 

according to the usability goals; 
• Choosing the users to be similar with the 

intended users (but in practice the number 
of the users will not make the sample 
representative); 

• The environment should reflect the actual 
context of use;  

• The method of observation - observing the 
users while using or evaluating the product 
(a prototype) or a representation of the 
product. 

• Control of the experiment by controlling 
the environment and the tasks 

• Gather quantitative and qualitative data, 
regarding to performance and preferences, 
using an observer. 

• Data analysis and recommendation.  
According to Nielsen and Mack (1994), the 
usability can be evaluated with different 
methods: automatically (using automated 
software tools), empirically (usability testing 
with users), formally (using formulas to 
calculate usability measurements) and 
informally (using specialised evaluators). The 
usability evaluation methods most commonly 
used, are user-based (empirically) and expert-
based (informally) and a combination of both 
assure best results (Nielsen and Mack, 1994; 
Rubin and Chisnell, 2008). First is the category 
of usability testing which involves real users, 
and there are variation regarding the 

environment, the type of feedback, the degree 
of the control of what is to be tested. 
Laboratory Usability Testing is one of the first 
types of evaluation used, and it is conducted in 
a controlled environment and involves real 
users and an observer, not visible for the user, 
both being present at the same time in the same 
location. The users would individually test the 
performance of the product regarding 
measurable aspects (time for completed task, 
number of errors, errors and successful 
interaction ratio, time spent recovering from 
errors, the incidence of help usage, the number 
of product features that can be recalled, and so 
on) and the observer will suggest the users to 
“think out loud” with adjutant questions 
(Nielsen 1993; Juon et al., 2012). Another 
alternative is to have two test users testing the 
same product in the same time, which will 
replace thinking aloud with the discussion 
occurred between them when attempting and 
use the product, this technique called 
constructiveinteraction. The benefits of this 
technique lie in a more natural feedback of the 
usage, but the cost is increased by the doubled 
number of participants (Nielsen, 1993).  
Remote Usability testing is relatively similar to 
laboratory usability testing, with the main 
difference that it involves the use of external 
software tools to observe the activity of the 
participants (users) that are in other locations 
(Juon et al., 2012). 
In Participatory Design, one or more users are 
continuously involved in the design process, as 
they test and evaluate different prototypes of 
products in order to improve the product to 
respond to their needs (Rubin and Chisnell, 2008). 
One of the key aspects of user-based testing is 
the selection of the test participants in 
accordance to the targeted users. As the scope of 
the user testing is mainly to identify usability 
problems early in order to solve them in the final 
design, while taking into consideration the cost, 
the most advisable approach is to have more 
tests, with fewer participants, instead of just one 
test (Nielsen, 1993). From the perspective of 
optimal number of test participants, based on 
comparison of different projects,  Nielsen (1993)  
estimated that 3 users will generate the most 
advantageous ratio between benefits and costs 
and 15 users reaches the point after which the 
benefit will exceed the cost. The main problem 
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of selecting the relevant test participants comes 
from the “huge individual differences between 
users” (Nielsen, 1993), mainly due to their level 
of expertise. Furthermore, Rubin and Chisnell 
(2008) highlight that the simulation of the actual 
context of use could influence the validity of the 
test results and also that of the lack of usability 
deficiency shown in tests does not always mean 
that the product is working properly.  
The second category are usability inspection 
methods (or expert evaluations), which involve 
the use of one or more inspectors (evaluators), 
usually usability or human factors specialist, 
which will evaluate the product according to 
usability guidelines. This methods are used 
primarily in HCI, and some of them are:  
cognitive walkthroughs (Wharton et al., 1994), 
claims analysis (Caroll; 1998) and heuristic 
evaluation (Nielsen, 1993). Cognitive 
walkthrough is a method of usability evaluation, 
which verify how easily a user could learn and 
use a product or a system, taking into 
consideration the preference of some users to 
empirical learn to use a product (which usually 
mean also not reading the user manual). An 
actual task-specific route of the user is drawn, 
and the reviews follow the step of the user on 
this route, in order to identify usability 
problems. Claims analysis imply the 
investigation the effects of a particular design on 
future use, compare the positive and the 
negative implications, and consider them in 
operating improvements to the design of the 
product. In heuristic evaluation, a few 
specialised evaluators analyse the product, 
individually, using a set of usability principles 
(‘heuristics’) and their results are compiled 
(Nielsen, 1993).  
This is used mainly for assessing usability of 
user interface and permit evaluation even for the 
products that are in the planning / sketching 
stages (early mock-ups). The method allows 
identifying the predictable usability issues and is 
recommended to be used in early stages of the 
development process of the product, and before 
usability testing with real user. Other usability 
evaluation methods used are: questionnaires and 
interviews; focus groups; and analyzing the 
logging data of actual use (record of events 
collected automatically by software during the 
usage of the product) (Nielsen, 1993; Rubin and 
Chisnell, 2008). 

There is a lack of standardized measurements 
and methodology regarding usability evaluation 
identified by authors (Caroll, 1997; Madan and 
Dubey, 2012). Others pointed out the low 
statistical power and random heterogeneity of 
variance of some of the Usability Evaluation 
Methods, which could be prevented by a more 
rigorous application of standard statistical 
techniques (Gray and Salzman, 1998). But the 
main purpose of usability evaluation is to 
obtain feedback from the user regarding his/ 
her experience with the product and integrate it 
in the (iterative) design process to obtain an 
optimum usability level, while considering the 
costs (Nielsen, 1993). 
 
Increasing wine usability through 
information design  
When designing a product to suit the user needs 
and goals, findings from behavioral and 
cognitive psychologyshould be integrated in 
exploration, in order to improve its usability. 
The visual aspect have important implications 
in any product, as for the human cognitive 
response, the aesthetic response is instant and 
involuntary, occurring before analytical 
response, and have a major impact on the 
preference (Ulrich, 2011). But more that its 
aesthetic role, graphic design serves also a 
functional/utilitarian role, by the contribution 
of the information design to improve “clarity of 
the communication” (Petterson, 2004). Our 
visual intelligence uses cues from imagery to 
recognise, and structure information to 
facilitate understanding (Hoffman, 1998). The 
graphic design could contribute to 
implementation of usability in the all the 
communication materials regarding the 
product. The usability of texts is of much 
interest for military industry and for other 
industries where human error can generate 
accidents (Duffy, 2014; Norman, 1990). Carter 
(2014) elaborates on criteria of creating usable 
text, by their usability and effectiveness, and 
considers critical, to first correctly identify the 
audience (the intended users of the text), the 
purpose and the context of use. Olson (2014) 
further emphasises that the text should aim to 
be explicit, because most of the time the 
presumed prior or contextual knowledge of the 
intended user, is erroneous, and will have 
negative effect on comprehension. This is 
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common in wine communication where most of 
the information either imply previous 
knowledge or is too abstract to be useful.  
From the visual perspective, usability of the 
information about a product can be improved 
by implementing principles from graphic 
design and using information visualization as a 
mean of improving cognition. One of the 
principles of graphic design is visual hierarchy, 
which imply that the (graphic) composition / 
layout of the content should communicate the 
relative importance of the elements (of the 
content) to the user, creating meaning.  
The goal of the visual hierarchy is to help user 
intuitively understand and receive the most 
important information first and have a mental 
structure of the content, following his natural 
inclination of organising information, explained 
by Gestalt theory (Graham, 2008). These can be 
achieved by using contrast (in size, weight of the 
font, colour), proximity (elements positioned 
closely to one another being perceived as part of 
a group), closure and continuation (Graham, 
2008). Information visualization represents “the 
use of interactive visual representations of 
abstract data to amplify cognition” (Ware, 
2004). Findings from applied psychology reveal 
that the use of different areas of the brain 
simultaneous, when operating with visual and 
verbal information, has a positive effect on the 
long term memory. Information visualization 
applies this for representing concepts with both 
visual and verbal information in order to be 
easily understood and learned (Ware, 2004). 
This could be useful on the label of product to 
improve Understandability and of complex 
information, improving usability of the products.  
Other information visualization principle 
applicable for improving usability (Learnability 
and Memorability) refers to localization 
information, which was found to be better 
understood and memorized when represented 
visually (Ware, 2004). In wine too, 
understanding the user, his level of knowledge 
and the hierarchy of his needs, and 
implementing this by the use of visual diarchy 
will allow to communicate the information 
considered important from his/her perspective. 
The principles of user-centered design (UCD), 
based on cognitive psychology, can be applied 
in designing any type of product and also in 
wine, from the perspective of the usability of 

(information available on) the label and the 
design of the package. Don Norman (1990) 
elaborated UCD principles, transforming 
difficult tasks into simple ones and argued that a 
good design process uses the “natural 
properties” of people and the constraints, to 
create products easy to understand and use 
without instructions. Norman (1990) suggests 
optimising the product (and the interface or the 
product) in accordance with the natural 
inclinations and cognitive limitations of the user 
and not expecting the user to make 
supplementary effort to adapt to the product, 
which could cause frustration. People are 
inclined to construct theories (mental models) 
about the things around them as a mean of 
understanding and predicting experiences in 
their life, and insufficient (or irrelevant) 
information will generate erroneous assumption. 
Norman (1990) argues that a good design takes 
into consideration integrating visual cues to 
intuitively help the user understand how to use 
the product.  
The 7 principles of UCD developed by Don 
Norman (1990) are:  
1. Integrating “knowledge in the world” and 
“knowledge in the head” in design. First is 
referring to the knowledge of (declarative 
knowledge), rules and facts that the users are 
aware and can utilise them without memorising 
them and second is procedural knowledge, 
which involves memorising and know how. 
This rule implies that the designer would 
understand the particularities of different types 
of knowledge and use them in the design to 
make the product more intuitive / easy to use. 
2. “Simplify the structure of tasks”. This 
implies that the designer is aware of the user’s 
cognitive limitations (attention, short and long-
term memory) and would consider them in 
order to minimize the planning and the problem 
solving required in executing tasks (in the 
process of using the product) and “provide 
mental aid”. 
3. “Make things visible: bridge the gulfs of 
Execution and Evaluation”. This rule implies 
that the product should have visual signals on 
how it works/ is to be used, that the user can 
intuit how the product can be used. 
4. Make use of mappings. The controls and the 
visual information of the product would be 
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arranged in a logical manner (natural mapping), 
easy to understand for the user.  
5. Use of natural and artificial constraints, in 
designing the product in order to limit the 
options, directing the user towards the right 
course of actions (in using the product).  
6. “Design for error”. This rule implies that the 
apparition of error is likely and the products 
and their interfaces should be designed to 
prevent and help recover from errors. 
7. “When all else fails, standardize”. Standards 
are useful, as long as everyone knows them; 
new ones should be generated only after other 
attempts for make the product intuitive, by use 
of “natural mapping” failed.  
Even thaw these principles were created for 
industrial (product) design, they can be 
integrated in wine industry for the design of a 
new type of wine packaging, adapted to the 
user needs and new context of use and also for 
improving the usability of the information 
regarding the product. 
 
IMPLEMENTING USABILITY IN WINE 
MARKETING 
 
The present paper advances the adoption of the 
concept of usability in wine marketing in order 
to create more intuitive and easier to use wine 
products that will respond to the needs of the 
inexperienced consumers. This will help the 
industry address a significant market 
opportunity, by reaching the segment of 
consumers that avoid wine, due to its 
complexity and lack of understanding of the 
product.  
For most of the present everyday life products 
and services, ease of use and of understanding 
is an essential part of their marketing strategy. 
This is most evident in virtual and material 
technologies, where usability is regarded as an 
important competitive advantage (Kuniavsky, 
2003).  
Following the usability principles, for the first 
step of the present analysis, we identified the 
targeted user and its goal, needs and 
expectations, along with the context of use, 
which will be the bases for usability. 
The profile of the user for the present analysis 
is based on previous studies and includes the 
segment of consumers who prefer other types 

of beverages to wine, for reasons that can 
beassociated with lack of usability of the 
product.As shown in Table 3, findings indicate 
that the way the wine is communicated 
confuses some users (1.1.) and defer others, 
especially young consumers (1.2.-1.5) which 
prefer other alcoholic beverages to wine.  
The findings shown in 1.1.-1.5. in Table 3 does 
not allow a generalisation across all markets, 
but show that different segments of customers 
in different geographical areas have been 
identified to encounter somedegree ofcustomer 
confusion, from difficulties in understanding 
the product to the state of being intimidate by 
the complexity of the product, which justify the 
need to address this problem. The issues of 
choice overload and consumer confusion in 
general, were previously discussed (Mitchell et 
al., 2005; Schweizer et al., 2006), the 
conclusion being that such consumers either 
refrain from purchase or end up with 
suboptimal choice, that will generate 
dissatisfaction and most probably negative 
word-of-mouth. The complexity of the wine 
terminology makes it unappealing for the 
uninitiated in comparison to other alcoholic 
beverages.  
Drummond and Rule (2005) analysed the wine 
marketing strategies, finding that the major 
contribution to consumer confusion can be 
attributed to “information overload”, “product 
proliferation” (wide range of virtually similar 
products) and imitation. The same authors 
argue that extending the fine wine descriptors 
to all wine categories has a negative effect on 
consumers, making the information (on the 
label) unhelpful.  
Casini et al. (2008) elaborates further, finding 
that the complexity of the terminology on the 
label together with too much and sometimes 
inconsistent information confuses the wine 
consumer. The authors also identify 
theaggressive promotions in retail, which 
sometimes imply artificially raising the price in 
order to allow illusory price-cuts, as 
contributing to confusion, bydeferring 
consumers from developing an understanding 
of the value of the wines. 
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The user considered for the present analyse is 
young consumer of alcoholic beverage, between 
18-35 years old4, without previous knowledge or 
particular interest/ involvement in wine, as for 
this the lack in usability of wine is most evident. 
Millennials, as this age segment is referred to, 
aspect that all their experiences as consumers to 
be enjoyable (Fromm et al., 2011) and, in regards 
to wine, they drink “more for pleasure than to 
appreciate differences between styles and 
regions” (Lockshin and Corsi, 2012). From the 
young consumers perspective, the motivations of 
consume relate to having fun with friends and 
relaxation (Table 3, 2.1.-2.3.) and not towards 
wine appreciation per se.  
To complete the profile, the goal of the user 
chosen for this study is to drink wine or an 
alcoholic beverage with friends while enjoying 
oneself (having fun). The user consumes alcohol 
beverages, in every-day situations and occasio-
nally in casual meetings with friends or family, at 
home or out (indoor or outdoor). The user needs 
to reasonably choose and purchase wine in a fast 
and convenient manner and to enjoy consuming it 
in the specified context and locations.  
Studies show that the consumers in this cohort 
(Millennials or Generation Y) tend to dismiss 
traditional promotion techniques, being interested 
in products with a clear, direct, and honest 
message, and adapted to their needs. They 
appreciate authenticity in a product, in the sense 
of being “straightforward, simple and does what 
it says it’s going to do” (Holter, 2009), as well as 
fast and reliable service (Thach, 2011).  
Usability evaluation can be used to understand 
the experience of the consumer in regards to 
wine and to identify the usability problems that 
occur, in order to improve the product 
performance and attractiveness. First, Cognitive 
Walkthrough can be used to understand how 
easy is for a new or infrequent consumer to 
understand the product, by projectingthesteps 
of the targeted consumer from considering to 
choosing and to buying wine, and evaluate the 
process from the user perspective. 
Wine usability can be analysed in comparison 
withother alcoholic beveragesfor a new or 
infrequent consumer, from the perspective of: 
• ease of Understanding, without previous 

knowledge 
                                                      
4For certain countries, the age considered is adjusted in 
conformity with the legal drinking age. 

• Learnability and Memorability 
• Efficiency – how much time will the 

consumer need to buy a drink 
• How Attractive and Engaging is the product 

for the consumer. 
In this regard, previous studies indicate lack of 
usability of wine, from the perspective of intui-
tiveness and understanding, as the consumers 
state that they don’t understand the product or 
that the product is confusing for them (Table 3, 
1.1.-1.5.). This could generate negative 
emotions to consumers, Decision Paralysis or 
have a negative impact on efficiency, as much 
more time is needed to complete the task- 
choosing and buying a drink.  
These segment of consumers, confused or 
intimidated by wine, could be attracted if wine 
were presented to them in a more direct and 
uncomplicated manner (following the principles 
of UCD), with emphasis on food pairing and with 
cues towards having fun with friends, hence 
adapting the information to their needs.  
This could improve the Understandability, 
Effectiveness, and Attractiveness (Engaging) of 
wine, attributes of wine usability. 
The way that the product is communicated 
should be intuitive, engaging and memorable 
for the targeted consumers, and this can be 
accomplish only by evaluating the experience 
of the consumers and improvements of the 
product. The description of the product should 
consider the level of knowledge and the 
vocabulary of the consumer and the content 
relevant from his perspective. 
Furthermore, the way that the consumers use 
the product should be evaluated, taking into 
consideration easy handling (for transport), 
storing and cooling, open and consuming the 
product. Targeted users should be observed in 
the contextswhere they use the product and 
indentifying difficulties in usage (usability 
problems) and unanticipated patterns of usage 
that can be solved by redesigning the product’s 
package. Furthermore, by adapting the Claims 
analysis method and using it along with Focus 
group,the packaging of the product can be 
improvedto fit the user needs in order to 
increase the usability of the product.  
Young consumers are spending their time 
going out with friends, but are less interested in 
formal location; they prefer more casual contexts 
and focus on having fun. The typical consume 
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context for alcoholic beverage will be a club, a 
bar or a less formal restaurants, but outdoor 
contexts are also taken into consideration.  
For improving the usability, the different contexts 
of use should be taken into account. The need of 
taking the wine outdoor should be considered 
(e.g. sport event, barbeque, picnic, hiking, party 
at the pool) and the packaging of the product 
should be adapted to the lifestyle particularities 
and needs identified by users, as shown in 4.2.-
4.4. (Table 3). The lack of adaptability of the 
wine to the context of use defer users from this 
beverage to other, more easy to use in the 
context, as shown in 4.1 (Table 3). 
 
The utility of usability in improving the rela-
tion of the inexperienced consumer with wine 
This paper uses data from previous studies to 
address the difficulties identified by young 
consumers in their interactions with wine, and 
propose the application of usability principles 
in wine marketing, in order to increase the 
adaptation of the product to their needs.  
The present usability analysis starts from the 
segment of users whose needs are not met by 
the specified product (wine). The barrier 
identified, between the user and the product, 
are based on statements of real users, from 
quantitative and quantitative studies shown in 
Table 3, and they are: 
1. Complexity of product, to a degree that 

becomes intimidating for the user; for this 
reason some consumers prefer not to use / 
consume wine, other say they don’t enjoy 
buying it; 

2. Lack of appeal of the wine for young 
generation, due to their perception of wine, 
as “too elite” and “not cool”, in contrast to 
their motivation of relaxation and having 
fun;  

3. Lack of appeal of the wine for young 
generation, due to their perception of wine, 
often associated (only) with formal 
occasions and with older people and not 
meeting their needs of having fun (in 
company of their friends); 

4. Lack of adaptability of packaging to their 
lifestyle - better, more portable packaging, 
suitable for their on the go active lives; 

5. Lack of adaptability of packaging to their 
lifestyle - smaller formats, suitable for one 
person. 

For the average consumer, information about 
wine is difficult to understand from different 
perspectives: the wine terminology is not 
understood, the complex Protected Designation 
of Origin (PDO) system unfamiliar, the 
description of the wine is too abstract for them. 
All this make the information on the label of 
the product irrelevant for the user. 
In order to make wine more accessible to these 
consumers, we recommend focusing on 
improving wine usability, starting with the 
label and with the information available at the 
place of sale as follows: 
1. Wine description should be less abstract, 

and the terms adapted to the users’ needs 
and understanding; the graphic design 
should help prioritising the information and 
communicate in a clear, friendly and direct 
manner.  

2. Use of visual information in correlation with 
text information to help the user to 
understand more quickly and to remember 
(and learn); the graphics should be used as 
tool for explaining the concept, not as 
artistic expressions, as follows:  

1.1 Use of visual information for presenting 
the term PDO (abstract for the average 
consumer) in a familiar context, as real place 
on a map; information regarding localization is 
better understood and memorized when 
represented visually (Ware, 2004), but just the 
artistic representation of a chateau on the label 
does not help in this regard. 
1.2 Using simplified mapping of the taste 
and body of the wine, on 2 axes, for repre-
senting the wine style, as concepts represented 
with both visual and verbal information are 
easily and better understood and learned (Ware, 
2004). 
3. Use of dimension of the visual information 

in order to address the hierarchy of the user 
needs.   

The problem of the complexity of the product, 
identified by the users, can be addressed by 
applying the principles of usability to the way 
the product is communicated - visual 
presentation and description of the product.  
Taking into account that choosing wine is 
considered an overwhelming task for many 
users, the inability of the user to make the 
decision of buying reasonably fast, in 
correlation with a low interest for wine, will 
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lead to a great risk to loose it as a customer, for 
the more easy-to-choose alternatives (beer, 
premix drinks). Therefore, the most important 
usability aspects that should be improved are 
Understandability and Efficiency, all related to 
the difficulty of choosing.  
Presenting the choices in a way that is clear and 
understandable to the user will improve 
Effectiveness of the information (about wine), 
improve Understandability of the product, 
consequently improving usability. 
 
CONCLUSIONS  
 
Today's wine marketers should consider also 
the segment of customers (users) that do not 
have previous knowledge and/ or a particular 
interest for wine per se, and tend to be more 
intimidated than attracted by wine, due to the 
way that wine is presented.  
As recent studies show, a segment of 
consumers avoid wine because they don’t 
understand it, considers it too complex or are 
intimidated by it. 
These users are in need of a more easy to 
understand product, less demanding and more 
engaging. 
To address the needs of these users, the product 
and the whole wine experience around it should 
be redesigned. The principles of usability 
applied in wine marketing would improve the 
understanding and ease of use of the product, 
making it more appealing for that part of 
consumers that otherwise would turn to some 
other types of alcoholic beverages. 
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Abstract 
 
Rainfed crop management systems need to be optimized to provide more resilient options in order to cope with 
projected climatic scenarios which are forecasting a decrease in mean precipitation and more frequent extreme drought 
periods in the  Eastern Romanian Danube Plain. This research, carried out in the period of 2011-2014, had as main 
purpose the determination of influence of tillage practices and residue management on rainfall use efficiency, maize 
yield and its stability, in order to evaluate the advantages of conservation agriculture (CA) in the time of stabilization of 
direct seeding effects, in comparison with traditional chisel tillage. The maize grain yields are presented for each crop 
management practices, as follows: (1) chisel tillage, retained crop residues being chopped and incorporated (ciz); (2) 
zero tillage, retained crop residue chopped and kept on the field in short flat condition (rvt); (3) zero tillage, crop 
residues kept on the field in short root-anchored condition (1/2rva), and (4) zero tillage, crop residues kept on the field 
in tall root-anchored condition (1/1rva). In 2012, a year with prolonged drought during vegetative growth, yield 
differences between zero tillage with short root-anchored residue retention (1/2rva) and chisel tillage with residue 
incorporation (ciz) were positive, up to 840 kg ha-1. In average over 2011-2014, conservation agriculture (CA) 
practices had a yield advantage over traditional chisel tillage practice. Zero tillage with residue retention used rainfall 
more efficiently so suggesting that it is a more resilient agronomic system than traditional (conventional) practices 
involving chisel tillage with residue incorporation. 
 
Key words: conservation agriculture, crop residues, zero-tillage, yield stability. 
 
INTRODUCTION 
 
Water is a limiting factor for the world’s 
economy because of its decreasing quality and 
changes in distribution. With global warming, 
an increase in aridity is predicted for some 
areas in some model scenarios which estimated 
that drought would persist in critical 
agricultural regions of Europe, especially in the 
southern regions, as well as in eastern North 
America. It is projected that these regions will 
suffer from increased dryness, heat, water 
shortages, and reduced production (Schwartz 
and Randall, 2003). The projected mean 
precipitation decrease will be accompanied by 
more frequent dry extremes in all seasons 
(Christensen et al., 2007). Evaluation of the 
impact of global weather changes in Romania 
emphasize that aridity would increase, 
especially during the crop growing season, in 
the southern parts of Romania (Marica and 
Busuioc, 2004). In the light of these 

predictions, there is a need to develop resilient 
crop management systems that are able to cope 
with both heavy rainfall events and prolonged 
drought. The basis of conservation agriculture 
(CA) are supported by three principles: (1) 
minimal soil movement, (2) retention of 
rational amounts of residue cover, and (3) 
economically viable crop rotations, which 
together should lead to reductions in 
management costs and to increased profitability 
(Hoobs et al., 2008). The techniques to apply 
the principles of conservation agriculture will 
vary with biophisical and system management 
conditions and farmer circumstances (Verhulst 
et al., 2010).  
Conservation agriculture can improve water 
infiltration in comparison with conventional 
tillage and zero tillage with residue removal 
(Verhulst et al., 2010). In the case of CA, the 
residue cover prevents aggregate breackdown 
and thus crust formation, which is caused by 
direct raindrop impact, as well as by rapid 
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wetting and drying of soils (Le Bissonnais, 
1996). In addition, the residue cover slows 
down runoff, giving the water more time to 
infiltrate. 
Reports on the effect of tillage practice and 
residue management on maize (Zea mays L.) 
yields are variable. Thierfelder and Wall (2009) 
reported that, depending on the season, maize 
yields were equal or higher using conservation 
agriculture practices compared with 
conventional tillage in Zambia and Zimbabwe. 
In the Argentine Pampas, maize yields were 
lower with zero or reduced tillage than with 
mouldboard tillage without nitrogen fertilizer, 
but yield differences disappeared when 
fertilizer was applied (Alvarez and Steinbach, 
2009). Pedersen and Lauer (2003) reported that 
zero tillage decreased maize yield compared to 
chisel plowing in some rotations, but increased 
or maintained yield in others.  
A complex experiment started to be carried out 
in 2010, at a multidisiplinary research platform 
within NARDI Fundulea, in order to 
investigate the long term effects of the 
practices as soil tillage/seeding, crop rotation, 
and vegetal residue management on the 
performaces of  winter wheat-maize-soybean 
system, in rain fed conditions. Further on, the 
research tacking place in the period of 2011-
2014 had the purpose of determination of 

influence of tillage practice and residue 
management on rainfall use efficiency, maize 
yield and stability, in order to evaluate the 
advantages of conservation agriculture (CA) in 
the time of stabilization of direct seeding 
effects, in comparison with traditional chisel 
tillage. 
 
MATERIALS  AND  METHODS 
 
The rain fed, long-term experiment was located 
in NARDI Fundulea experimental field situated 
at 44º27’45” latitude and 26º31’35” longitude, 
East of Romanian Danube Plain, and East of 
Fundulea town. 
The soil is a cambic chernozem formed on 
loessoide deposits, which is typical for a large 
area of this plain. Its surface is flat, at 68 m 
altitude, and with the underground water at 10-
12 m depth. Morphologically, the soil presents 
an Ap 0-27 cm horizon, dusty-argillaceous, 
with 36.5% clay, 49.2 mm ha¯¹ permeability 
and with a compaction of 1.41 g cm¯³. It 
contains high-very high levels of: potassium 
(soluble K = 175 ppm), phosphorus (70 ppm), 
and humus (2.2%). The total nitrogen is around 
0.157, C/N=15.9 and pH = 6.7. Climate is of 
temperate continental type, with a 50 year 
multiannual mean temperature of 10.7 °C and 
580 mm precipitations. 

 
Table 1. Yearly weather data of 2011-2014 crop cycles and average of 1960-2014 at NARDI Fundulea zone 

 Rainfall (mm) Potential evapotranspiration (mm) 
2011 2012 2013 2014 1960- 2014 2011 2012 2013 2014 1960- 2014 

April 29 35 39 83 45 34 54 49 40 39 
May 77 160 97 101 62 67 77 83 68 71 
June 102 21 127 136 75 141 112 101 88 95 
July 59 2 96 52 71 115 141 111 110 108 
August 30 48 22 27 49 111 124 115 116 104 
September 14 49 91 37 50 95 86 70 78 73 
Rainfall 
Apr.-Sept. 

311 315 472 436 352  

 
The total rainfall during the 2011 growing 
season (April-September) was 311 mm, lower 
than the long-term average of 352 mm, but it 
was well distributed (Table 1). The growing 
season started with good precipitations: 77 mm 
in May and 102 mm in June. It was followed 
by a relatively dry three month period (July, 
August and September), with sub long-term 
averages of 59, 30 and 14 mm, respectively, 
and potential evapotranspiration values 
(calculated by the Thornthwaite, 1948 
methode) of 115, 111 and 95 mm respectively. 

In 2012 the total rainfall during the growing 
season was 315 mm (Table 1). It was similar to 
that of 2011, but precipitation distribution was 
very different. In 2011, drought was mainly 
confined to August and September, while in 
June and July of 2012 there was an extended 
very dry period, with rainfalls lower than long-
term average, of 21 mm and 2 mm, 
respectively, and potential evapotranspirations 
of 112 and 141 mm. In 2013 and 2014 the 
rainfall totaled 472 mm and 436 mm, 
respectively, which were higher than the long-
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term average, of 352 mm. Their distribution 
was more favourable to the crop in 2013 then 
2014. While in 2013 the only drier month was 
August, in 2014 the drought installed, as in 
2011, in July and last up to the end of 
vegetation season. 
The study described in this paper was 
conducted as part of a long-term complex trial. 
In 2010, at the end of summer, one month after 
a rainy period, the entire experimental plot was 
treated with a broad-spectrum contact 
herbicide, than it was seeded with winter wheat 
(Cociu, 2011). Individual plots were of size of 
6.0 m by 10.0 m. Maize and soybean were 
planted with a population of 60,000 and 
respectively 500,000 plants ha¯¹, on 70 cm 
apart rows, and winter wheat with 500 seeds 
m¯², on 12.5 cm apart rows. The winter wheat 
and maize plots were fertilized at a rate of 120 
kg N ha¯¹, with all N applied to wheat 
(broadcast) at the 1st node growth stage, and to 
maize (surface-banded) at the 5 or 6 leaf stage. 
Appropriate herbicides were used to control 
weeds as needed. No disease or insect pest 
controls were utilized. Winter wheat planting 
took place in the period of October 10-20, and 
for maize and soybean - April 15-30. 
Experimental design was 4x4 Latin Square. 
The 12 treatments combined: wheat-maize-
soybean rotations, tillage/planting methods, and 
residue management practices. Experimental 
treatments included: 1) chisel tillage, retained 
crop residues being chopped and incorporated 
(ciz); 2) zero tillage, retained crop residue 
chopped and kept on the field in short flat 
condition (rvt); 3) zero tillage, crop residues 
kept on the field in short root-anchored 
condition, maize stubble until below ear and 25 
cm wheat stubble (1/2rva), and 4) zero tillage, 
crop residues kept on the field in tall root-
anchored condition, all maize and wheat 
residue (1/1rva). Ears were hand harvested in 
the two central rows of each plot, dried and 
shelled. Dry weights were recorded. For 
rainfall use efficiency evaluation, grain yield 
was divided by growing season rainfall (April-
September) and expressed in kg grain yield per 
m³ rain.  
Yield data were analyzed using ANOVA for 
randomized complete block design, with 
tillage-residue management system as a split-
plot on year. The significant differences were 

separated by Duncan’s new multiple range test. 
Significant differences were accepted at P<0.05 
(Steel and Torrie, 1980). Yield stability was 
assessed by two methods. First, the CV of 
yields over time was calculated for each plot 
and the CVs were then analyzed like the yield 
data. Second, stability analysis was performed 
as in Raun et al. (1993). Treatment means for 
each year were regressed linearly against 
annual yields (averaged over all considered 
treatments). The annual mean yield reflects the 
overall growing conditions for each year, 
which includes temperature, rainfall and pest 
pressure. Regressing treatment yields on the 
annual mean yield allows one to evaluate the 
relative response of the treatments under the 
range of growing conditions that occurred 
(Raun et al., 1993). Linear slopes of treatment 
yields on the annual mean yield were compared 
among the   four tillage-residue management 
system, using the tests for equality of slopes of 
several regression lines described by Sokal and 
Rohlf (1995) (at P<0.05). 
 
RESULTS AND DISCUSSIONS 
 
Maize yields varied greatly over years, with 
averages ranging from 5.77 t ha¯¹ in 2012 to 
10.80 t ha¯¹ in 2013. The mean yield of the 
period of 2011-2014 was higher, but not 
statistical significantly, in the variant zero 
tillage with residue retention, flat or anchored, 
in comparison with chisel tillage with residue 
incorporation (ciz). The highest mean yield was 
registered for variant zero tillage with tall root-
anchored residue retention (1/1rva): 9.38 t ha¯¹, 
higher with 0.2%, 1.0% and 2.3%, respectively, 
compared to the variants zero tillage with short 
root-anchored residue retention (1/2rva), zero 
tillage with short flat residue retention (rvt) and 
chisel tillage  with residue incorporation (ciz) 
(Table 2). In 2011, maize yields were different, 
but not significantly, varying between 9.70 t 
ha¯¹ and 10.70 t ha¯¹ limits which were 
recorded for the variants zero tillage with root-
anchored residue retention (1/2rva and 1/1rva). 
In 2012, the highest yield was obtained within 
the variant zero tillage with short root-anchored 
residue retention (1/2rva): 6.24 t ha¯¹, grater 
with 4.2%, 14.7% and 15.6%, respectively, 
when compared to those of the variants zero 
tillage with short flat residue retention (rvt),
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zero tillage with tall root-anchored residue 
retention (1/1rva) and chisel tillage with 
residue incorporation (ciz) but the differences 
were not significant. Similarly, in 2013, the 
best yield, but not significantly higher, was 
again registered at the variant zero tillage with 
short root-anchored residue retention (1/2rva), 
11.4 t ha¯¹, grater with 5.2%, 6.6% and        

respectively 11.0% then those of the variants   
zero tillage with tall root-anchored residue 
retention (1/1rva), chisel tillage with residue 
incorporation (ciz) and zero tillage with short 
flat residue retention (rvt). In 2014, yields were 
similar in all applied practices, between 10.11 
and 10.70 t ha¯¹.  

 
Table 2. Effect of tillage practice and crop residue management on maize yields (t ha¯¹) for 2011, 2012, 2013, 2014 and 

average yields 2011-2014, in the long-term sustainability trial, NARDI Fundulea 
Management 
practice 

2011 2012 2013 2014 2011-2014 

ciz 9.97 (1.30) a 5.40 (0.33) a 10.69 (0.70) a 10.62 (0.58) a 9.17 (0.46) a 
rvt 10.19 (1.07) a 5.99 (0.27) a 10.27 (0.43) a 10.70 (0.34) a 9.29 (0.40) a 
1/2rva 9.70 (1.43) a 6.24 (0.23) a 11.40 (1.46) a 10.11 (0.65) a 9.36 (0.45) a 
1/1rva 10.70 (0.81) a 5.44 (0.86) a 10.84 (0.31) a 10.53 (0.71) a 9.38 (0.50) a 

ciz - chisel tillage, retained crop residues being chopped and incorporated; rvt - zero tillage, retained crop residue chopped and kept 
on the field in short flat condition; 1/2rva - zero tillage, crop residues kept on the field in short-root anchored condition, maize 
stubble until below ear and 25 cm wheat stubble; 1/1rva - zero tillage, crop residues kept on the field in tall root-anchored condition, 
all maize and wheat residue. Standard error is given in the parentheses. Management practices with the same letter are not 
significantly different for the indicated crop and period (P<0.05) 
 

Table 3. Stability analysis of maize grain yield (2011-2014) in the long-term sustainability trial, NARDI Fundulea 
Management practice CV (%) Regression of treatment means vs. year means 

Slope Intercept R² 
ciz 28.5 (1.40) a 1.1035 -0.8855 0.9893 
rvt 24.3(1.66) b 0.924 0.6945 0.9810 
1/2rva 25.6 (2.13) ab 0.9061 0.9359 0.9482 
1/1rva 28.5 (4.32) a 1.0685 -0.767 0.9975 
CV coefficient of variation of grain yields over time (2011-2014). Standard error is given in parentheses 
Management practices with the same letter are not significantly different for the indicated crop and period (P<0.05) 
 
The coefficient of variation (CV) over time was 
significantly higher for practices with chisel 
tillage with residue incorporation (ciz) than for 
practices with zero tillage with short flat 
residue retention (rvt). Its value was lower for 
zero tillage with short flat residue retention 
(rvt) and zero tillage with short root-anchored 
residue retention (1/2rva) than for all the other 
practices studied (Table 3). The regression 
lines of treatment mean vs. annual mean 
differed among tillage-residue management 
systems. The test for equality of slopes of 
linear regressions (Figure 1) does not reveal 
significant differences in stability between 
treatments Fs = 2.18 < F0.05 [3, 8] = 4.07. So, we 
conclude that the four groups were sampled 
from populations of equal slopes.  
Zero tillage with short root- anchored residue 
retention (1/2rva) seemed to have the most 
stable (smallest slope) and the highest yield 
(Figure 1, Table 3), whereas chisel tillage with 

residue incorporation (ciz) had the steepest 
slope and thus providing most variable yield.  
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Figure 1. Linear regressions for agronomic treatment 
maize grain yield on the annual average maize grain 

yield from 2011 to 2014 in NARDI Fundulea long-term 
sustainability trial 

 
Average rainfall use efficiency in 2011, 2012, 
2013 and 2014 was 3.57, 2.49, 2.79 and 3.18 
kg m¯³, respectively (Table 4). In 2011, average 
rainfall use efficiency was comprised between 
3.77 kg m¯³ registered for zero tillage with tall 
root-anchored residue retention (1/1rva) and 
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3.42 kg m¯³ for chisel tillage with residue 
incorporation (ciz). In 2012, 2013 and 2014 the 
raifall use efficiency was the lowest for chisel 
tillage with residue incorporation (ciz): 2.33 kg 
m¯³ in 2012, 2.66 kg m¯³ in 2013 and 3.06 kg 
m¯³ in 2014, and the highest for zero tillage 
with short root-anchored residue retention 
(1/2rva): 2.69 kg m¯³ in 2012, 2.95 kg m¯³ in 
2013 and 3.24 kg m¯³ in 2014. The long-term 
average rainfall use efficiency was 3.12 kg m¯³ 
for zero tillage with short root-anchored residue 
retention (1/2rva), 3.03 kg m¯³ for zero-tillage 
with tall root-anchored residue retention 
(1/1rva), 3.02 kg m¯³ for zero tillage with short 

flat residue retention (rvt), and 2.87 kg m¯³ for 
chisel tillage with residue incorporation (cis). 
Rainfall in Easter Romanian Danube Plain is 
erratic and water shortage can occur at any time 
during the growing season.  
In 2011, the soil water reserve, accumulated 
from the abundant rainfall during of tasseling 
and silking favored a very good grain fill in all 
treatments, noticing only a small advantages of 
zero tillage with tall root-anchored residue 
retention (1/1rva). In 2012, the drought 
installed in June and continued during the 
whole tasseling and silking period.  
 

 
Table 4. Effect of tillage practice and crop residue management on rainfall water productivity (kg m¯³) recorded 2011, 

2012, 2013, 2014 and averaged over 2011-2014, in the long-term sustainability trial, NARDI Fundulea 
Management 
practice 

2011 2012 2013 2014 2011-2014 

ciz 3.42 (0.46) a 2.33 (0.14) a 2.66 (0.18) a 3.06 (0.18) a 2.87 (0.16) a 
rvt 3.51(0.38) a 2.58 (0.12) a 2.77 (0.11) a 3.21 (0.10) a 3.02 (0.14) a 
1/2rva 3.59 (0.50) a 2.69 (0.10) a 2.95 (0.38) a 3.24 (0.20) a 3.12 (0.14) a 
1/1rva 3.77 (0.29) a 2.35 (0.37) a 2.81 (0.08) a 3.19 (0.22) a 3.03 (0.19) a 

ciz - chisel tillage, retained crop residues being chopped and incorporated; rvt - zero tillage, retained crop residue chopped and kept 
on the field in short flat condition; 1/2rva - zero tillage, crop residues kept on the field in short-root anchored condition, maize 
stubble until below ear and 25 cm wheat stubble; 1/1rva - zero tillage, crop residues kept on the field in tall root-anchored condition, 
all maize and wheat residue. Standard error is given in the parentheses. Management practices with the same letter are not 
significantly different for the indicated crop and period (P<0.05) 
 
When it began raining again, at the middle of 
August, it was too late for maize crop to 
recover. This year, however, zero tillage with 
short root-anchored residue retention (1/2rva) 
showed a small advantage. In 2013 and 2014, 
years rich in precipitations, the maize grain 
yields registered for all treatments were quite 
similar, with higher but not significant 
advantage of the variant zero tillage with short 
root-anchored residue retention (1/2rva) in 
2013,  and in 2014 of the variant zero tillage 
with short flat residue retention (rvt) (Table 2). 
Data recorded in 2012 (with a dry summer) 
showed that conservation agriculture (CA) 
practices result in a more resilient system than 
applying chisel tillage with residue 
incorporation (conventional tillage). This 
assertion is confirmed by the reduced CV 
values reported for CA-based practices. In the 
regression analysis, the yield advantage in CA-
based practices seemed to be larger in adverse 
conditions (years with low average yields) than 
in years with high yields, but this could not be 
confirmed by the difference in slope of the 
regression lines. Considering the average yield 

advantage, CA seems to be more important 
than a differential yield response to adverse 
conditions. Additionally, the CA practices 
reduced costs compared to practices involving 
conventional tillage resulting in differences in 
returns over variable costs that were even more 
marked than the field differences (Sayre et al. 
2006). 
In years with prolonged drought periods during 
vegetation, as 2012, rainfall was used more 
efficiently in CA-based variants than when 
conventional tillage was practiced (Table 4). 
Thierfelder and Wall (2009) reported rainfall 
use efficiency values of 0.22 to 1.13 kg m¯³ for 
maize in Zambia and Zimbabwe, with higher 
values for conservation agriculture than for 
conventional plowing, in certain sites and 
years. 
 
CONCLUSIONS 
 
In the stabilization period of CA, rainfall was 
used by maize crop more efficiently in zero 
tillage with residue retention (flat or anchored) 
than in the case of chisel tillage with residue 

50



incorporation (conventional tillage). Yields 
were statistically similar in the three 
conservation practices under study (zero tillage 
with short flat or with full or partial anchored 
residue retention), suggesting that removing 
part of the vegetal residue can be a sustainable 
solution when there is a competition for this 
residue. Incorporating residue by tillage, as is 
done in conventional tillage, was less efficient 
in terms of soil and water conservation than 
keeping residue on the soil surface. The 
conservation agriculture (CA) based practices 
resulted in a more resilient agronomic system 
than chisel tillage with residue incorporation, 
especially were irrigation is not available. 
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Abstract 
 
The contamination of foods and feeds is a significant problem in worldwide. Mycotoxins are secondary metabolites of 
fungi, particularly by many species of Aspergillus, Fusarium, Penicillium, Claviceps and Alternaria in many 
agricultural crops, especially in cereals and most oilseeds. Aflatoxins, ochratoxins, trichothecenes, zearelenone and 
fumonisins are the mycotoxins of greatest agro-economic importance. Mycotoxins have various acute and chronic 
effects on animals (especially monogastrics) depending on species and susceptibility of an animal within a species. The 
most applied method to prevent mycotoxicosis in animals involves the addition to the diet of additives with the ability to 
bind or metabolize mycotoxin in the gastrointestinal digesta, aluminosilicates, activated charcoal, yeast and several 
polymers have been tested regarding the adsorption of mycotoxins in the gastrointestinal tract of different species. The 
efficiency of mycotoxin binders, however, differs considerably depending mainly on the chemical structure of both the 
adsorbent and the toxin. This review describes the most implications of mycotoxins in livestock feeds. 
 
Key words: Mycotoxins, livestocks, implications, feeds, foods. 
 
INTRODUCTION  

 
Mycotoxins are secondary toxic metabolites, 
produced by several genera of Aspergillus, 
Fusarium and Penicillium occurring in foods and 
feeds. Mycotoxins, receiving considerable global 
attention are aflatoxins, ochratoxin A, T-2 toxin, 
Deoxinivalenol fumonisins, zearalenone, citrinin, 
patulin and ergot alkaloids. An occurrence of 
mycotoxins in foods and feeds depends on many 
factors, crop rotation, weather conditions, pre and 
post harvest management. The Food and 
Agriculture Organization (FAO) estimated that up 

to 25% of the world’s food crops are significantly 
contaminated with mycotoxins (WHO, 1999). 
Mycotoxins contamination of foods and feeds has 
aroused significant public concern worldwide. 
Contamination of feeds with mycotoxins is 
considered several harmful effects on human and 
animal health, resulting economic losses as well as 
in undesirable trade barriers for raw materials and 
consumable products (Wu, 2006). A type of 
mycotoxin may be produced by different fungi and 
each one has its specific toxicity (Table 1). 

 

 
Table 1. Some major mycotoxins, their main effects and species fungus which produce them in feeds 

Mycotoxins Producing fungi Feed Affected Toxicities 

Aflatoxin Aspergillus flavus, Aspergillus 
parasiticus cereals (maize), nuts Hepatocarcinogen, 

teratogenic effects 

Ochratoxins Aspergillus ochraceus cereals (maize, wheat 
and barley) fruit, nuts 

Nephrotoxin, 
Hepatotoxin 

T-2 Toxin Fusarium graminearum cereals (maize, wheat) Cytotoxicity 
Vomitoxin 
(Deoxynivalenol) Fusarium graminearum cereals (maize, wheat) Vomiting 

Zearalenone Fusarium graminearum cereals, rice, silage Estrogenic effect 

Fumonisins Fusarium moniliforme Fusarium 
verticilloides cereals (maize, wheat) 

Pulmonary edema, 
leukoencephalomalacia, 
hepatotoxicity 
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IMPACTS ON ANIMAL HEALTH AND 
PRODUCTIVITY 

Consuming diets contaminated with one or 
multiple mycotoxins increases the toxicity to 
the animal; leading to reductions in 
performance and/or health status that are often 
far higher than expected. Symptoms were 
observed in animals fed diet contaminated with 
mycotoxins. Their toxicity level is variable 
depending on species, animal age, and 
production level. High concentrations of 
mycotoxins can result in acute symptoms, but 
low levels of mycotoxins may have a long term 
impact on animal performance (Weaver, 2014). 
Mycotoxins affect the internal organs such as 
liver, kidney and including the intestinal tract, 
neurotransmitter or endocrine systems, and 
immune functions. Their effects on 
performance are lower weight gain or altered 
feed efficiency, decreased egg and milk 
production, reproductive failure, or immune 
challenges.  
There are differences among animal species in 
terms of sensitivity to mycotoxins toxicity. In 
monogastrics, variable responses have been 
shown with all mycotoxins (Zain, 2011). Swine 
are the most sensitive among animal species to 
mycotoxins. Broilers, laying hens, turkey, 
quails are other animals which are sensitive to 
mycotoxin’s toxicity. Ruminants are more 
resistant to mycotoxins as compared to other 
species because of protected against exposure 
to mycotoxins by their rumen flora. Various 
mycotoxins pass this barrier or are converted 
into metabolites that retain biological activity 
and the antimicrobial activity of various 
mycotoxins that results in an impairment of the 
function of the rumen flora, followed by a poor 
feed utilization and reduced weight gain and 
productivity (Gremmels, 2008).  

MANAGING AND PREVENTING OR 
REDUCING MYCOTOXINS EFFECTS  

Mycotoxins impact in animal production 
includes the reduced productivity of animals, 
the increased cost of health and veterinary care, 
disposal of contaminated feeds, and investment 
in research and applications to reduce severity 
of the mycotoxin problem (Zain, 2011). 
Controlling mould growth and mycotoxin 
production is essential in reducing the risks to 

animals. Several different strategies have been 
employed to reduce the risk of mycotoxins 
entering the animal feed industry or its transfer 
into the food chain. The main strategies address 
control of the growth of mycotoxins producing 
fungi during the harvesting and storage period. 
Pre-harvest methods (using resistant varieties) 
use biological and chemical agents and field 
and harvest management and post-harvest 
methods (drying raw materials) use natural and 
chemical agents and good storage conditions. 
However, mycotoxin may contaminate the 
ingredients before arriving at the feed mills, 
due to the difficulties in controlling climate and 
environmental conditions. Rigorous risk 
management protocols in the feed mills to 
avoid the incorporation of contaminated grain 
into the animal feed, elimination of mycotoxins 
from feedstuffs by using chemical and physical 
methods. On the other hand the administration 
of mycotoxin contaminated diets to animal 
species that are less susceptible to mycotoxin 
toxicity, are alternative strategies which have 
been considered by the feed industry  
Using of adsorbents, which bind varies 
mycotoxins efficiently in the gastrointestinal 
tract, seems a promising and economical 
approach to reduce the negative effects of 
mycotoxins in the animal industry. For this 
aim, various sorbent materials in feed or 
addition of enzymes or microorganisms capable 
of detoxifying mycotoxins addition have been 
tested in both in vitro and in vivo models to be 
reliable methods for mycotoxin prevention in 
feeds. Binding agents such as activated 
chydrated sodium calcium aluminosilicate 
(Scheildler, 1993) and activated diatomaceous 
clays (Denli et al., 2008; Denli et al., 2009; 
Denli et al., 2015), bentonite and 
cholestyramine (Solfrizzo et al., 2001), and 
esterified glucomannan (Aravind et al., 2003) 
have been used in animal feed to diminish the 
adverse effects of mycotoxins. Many of these 
agents have achieved to prevent harmful effects 
in animals. In addition, in vivo studies have 
demonstrated that aluminosilicates and many 
proposed adsorbents are capable of absorbing 
various mycotoxins. While some adsorbents 
may be very effective in preventing 
mycotoxicosis induced by some toxins but their 
efficacy against others may be limited because 
of each mycotoxin has a different physical and 
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chemical structure? Thus, adsorbents for a 
specific toxin should present specific binding 
properties, such as total charge and charge 
distribution, pore size and accessible surface 
area.  

REGULATION OF MYCOTOXINS IN 
FEEDS 

Many countries have established the 
regulations on mycotoxins in food and feed to 
safeguard the health of humans and the 
economical interests of producers and traders.  
Moreover, mycotoxins in livestock feed, 
transiting into animal products becoming a 
food safety hazard. The Commission of the 
European Communities recommended 
guidelines for the maximum tolerable limits of 
different mycotoxins in feed, cereal and cereal 

products for animal feeding (Denli and Perez, 
2010) (Table 2). 
 
Table 2. The Commission of the European Communities 
Recommendation (2006/576) guidance values for OTA 

in feedstuffs 
Feed Commodities Maximum level 

(µg/kg) 
Cereals and cereal products 250 
Completary and complete 
feedstuffs for pigs 50 

Completary and complete 
feedstuffs for poultry 100 

The Food and Drug Administration (FDA) has 
issued regulatory guidance for three aflatoxin, 
deoxynivalenol (vomitoxin), and fumonisins 
that may be present in raw grains, feed 
ingredients and finished feed (Table 3, Table 4 
and Table 5). 

 
Table 3. FDA Action Levels for Aflatoxin 

Class of Animal Feed Aflatoxin 
level (ppb)

Finishing beef cattle Corn and peanut product 300 

Beef cattle, swine or poultry Cottonseed meal 300 

Finishing swine of 100 lbs. or greater Corn and peanut products 200 

Breeding beef cattle, breeding swine, or mature 
poultry 

Corn and peanut products 100 

Immature animals Animal feeds and ingredients, 
excluding cottonseed meal 20 

Dairy animals, for animal species or uses not 
specified above, or when the intended use is not 
known 

Animal feeds and ingredients 
20 

 
Table 4. FDA Guidance Levels for Fumonisin in Animal Feed 

 Class of Animal Total Fumonisin (ppm) 

Equids and Rabbits 1 

Swine and Catfish 10 

Breeding Ruminants, Breeding Poultry  15 

Ruminants 3 Months Old being Raised for Slaughter  30 

Poultry being Raised for Slaughter 50 

All Other Species  5 
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Table 5. FDA Advisory Levels for Deoxynivalenol (Vomitoxin) 

Class of Animal Vomitoxin (ppm) 

Swine 1 

Chickens 5 

Ruminating beef and feedlot cattle older than 4 months 10 

Ruminating dairy cattle older than 4 months 5 

Ruminating beef and feedlot cattle older than 4 months, and ruminating 
dairy cattle older than 4 months 

10 

All Other Species  2 

 
CONCLUSIONS 

Many studies indicated that mycotoxins will be of 
increasing importance for all those involved in 
feed manufacturing, farming and food production. 
Moreover, the techniques and methods including 
physical, chemical or biological treatments of 
contaminated feed applied to prevention of the 
occurrence of mycotoxins are not economically 
viable. In conclusion, using binding agents 
(adsorbents) could be used to decrease the 
deleterious effects of contaminated feeds on 
animals 
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Abstract   
 
Livestock genetical structure improvement from one generation to another request, among others, the knowledge of 
their genetical parameters. The guidance of livestock genetical structure involves the knowledge of the share caused by 
genetical and environmental factors concerning the variability observed at the livestock level. The knowledge of 
heritability coefficient values makes easy the livestock genetical improvement, this one indicating the resolution of the 
traits to be improved. In this respect, there was estimated the milk production heritability, of the protein percent, of the 
fat percent, in a line of Holstein-Friese, during three generations. The heritability coefficients analysis, estimated by 
means of the interclass correlation method, for the three traits in the lactations dynamics, emphasized different values 
from one lactation to another, values justified by different sample genetical structures and respectively the different 
environmental conditions where these ones evolved. With little exceptions, the heritability coefficients values were 
comprised between 0.2 and 0.4, values which frame the traits within the group of those intermediary heritable. This 
genetical determinism of the analysed traits within the line of Holstein-Frieserecommends that this one may be 
relatively easy to improve.  
 
Key words: heritability, milk production, protein percent, fat percent, livestock. 
 
INTRODUCTION  
 
Amelioration livestock programs achievement 
need, among others, the knowledge of genetic 
parameters which indicate their genetic 
potential. In this respect, there was estimated 
the milk production, the protein and fat percent 
heritability in a line Holstein-Friese. 
 
MATERIALS AND METHODS  
 
The research concerning genetic determinism 
of milk production was achieved on the basis of 
the performances obtained with the first three 
Holstein-Friese cows lactation which belong to 
Prahova country. 
The samples analysed in order to estimate the 
three traits heritability had different structures 
depending on the lactation type, namely:  

- the sample studied during the first lactation 
was made of 190 females, belonging to 19 
father  half-sisters families;   
- the sample studied during the second lactation 
was made of 17 females belonging to half-
sisters families;  
- the sample studied during the third lactation 
was made of 114 females belonging to 16  
father half-sisters families.  
In order to estimate heritability, the interclass 
correlation method (ANOVA) was used.  
 
RESULTS AND DISCUSSIONS  
 
Within the process of guiding animals livestock 
genetic structure, it is important to know the 
extent to which differences among individuals 
are induced by genetic factors and to what 
extent by environmental factors and also how 
many of the performances are owed to 
permanent influence factors.  
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In this respect, the knowledge of heritability 
coefficient values makes easy the process of 
livestock genetic amelioration process, these 
ones showing the determinism of the traits to 
be improved.  
 

Assessment of genetic parameters for the three 
traits, namely milk quantity, fat percent, milk 
protein percent, needs the knowledge of the 
analysed samples peculiarities expressed by the 
achieved average performances, performances 
rendered in Table 1. 
 

Table 1. Average performances of the samples analysed, in terms of  milk quantity 

No. Bull 

First lactation Second lactation The third lactation 

Daughters 
no. X  ± X

S  
Daughters 

no. X  ± X
S  

Daughters 
no. X  ± X

S  

1. Bonanza 23 9352.46±123.38 23 10399.85±123.59 15 11136.53 ±251.08 

2. Bam Bam 37 9305.67±120.54 39 10306.27±116.88 25 10696.47±193.89 

3. Bacculum 8 9964.66±301.62 8 10112.71±231.60 4 11200.33 ±521.60 

4. Epic 26 9648.56±145.90 25 10485.24±144.29 13 11265.64± 218.83 

5. Export 7 9798.00±358.85 7 10175.57±472.27 3 12291.00±372.05 

6. Roxolot 9 9432.87±154.26 8 10576.62±149.14 7 10772.71±261.98 

7. Decent 11 9891.87±189.54 10 10640.9±166.43 6 11276.16±331.11 

8. Dukan 4 9703.25±329.32 4 10624.00±203.19 3 10975.33±271.03 

9. Manning 12 9910.45±141.23 12 10388.66±98.09 6 10705.83±221.76 

10. Samuelo 8 9426.28±177.11 7 10074±114.25 4 11110.75±246.85 

11. Alta R2 5 9921.75±351.01 - - 5 11570.60±120.23 

12. Barok 5 8830.40±214.47 4 10040.75±119.51 3 10622.00±167.13 

13. Louvet 14 9107.18±144.88 14 10131.91±153.39 11 11097.63±266.65 

14. Raptue 3 9397.33±385.53 4 10370.66±369.71 3 9997.33±306.04 

15. Danton 6 9165.00±178.33 6 10402.4±116.24 - - 

16. Casmir 3 9397.33±385.53 - - - - 

17 Sneeker 3 - 3 11358.66±444.34 3 11923.66±564.89 

18 Leeb 3 - 3 11415.33±876.34 3 11710.33±1100.91 

19 Maidal 3 - 3 11389.66±863.36 - - 

 Total 190 9488.83±55.04 180 10412.96±52.27 114 11057.67±78.84 

       

As a result of the average performances 
recorded by the families with the first lactation, 
we find out that these ones surpass the value of 
9000 litters with only one exception, namely 
the bull Barok family which recorded an 
average milk production of only 8830 litters. 
With the second lactation, the average 
performances of the reproductive families 
ranked on the first places and of the families 
ranked on the last places.  
For the third lactation, it is to remark the fact 
that families with an average performance of 
11000 milk litters are predominant, namely 10 
out of the 16 families have recorded such a 
performance. For the milk fat percent, the 
average performances which formed the 
samples are rendered in Table 2. 

Out of the data rendered in table 2, it results 
that there are differences from one family to 
another, but the performances analysis/family 
for the three lactations generally emphasize 
very little differences from one lactation to 
another. 
The average performances recorded with the 
analysed samples for the milk protein percent 
are rendered in Table 3.  
The analysis of the average percent for the milk 
protein percent recorded values for the three 
lactations of the father half-sisters families and 
these ones convey more important differences 
within the same sample from one lactation to 
another.  
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Table 2. Average performances of the samples analysed, in terms of fat percent 

No. Bull 

First lactation Second lactation The third lactation 

Daughters  
no. X  ± X

S  
Daughters 

no. X  ± X
S  

Daughters  
no. X  ± X

S  

1. Bonanza 23 2.93±0.045 23 2.967±0.045 15 2.683 ±0.058 

2. Bam Bam 37 3.06±0.049 39 2.900±0.051 25 2.916±0.045 

3. Bacculum 8 3.09±0.103 8 2.995±0.069 4 3.065 ±0.153 

4. Epic 26 3.08±0.038 25 2.994±0.039 13 3.058±0.077 

5. Export 7 3.04±0.157 7 2.874±0.125 3 2.983±0.013 

6. Roxolot 9 2.90±0.062 8 2.913±0.037 7 3.002±0.084 

7. Decent 11 2.90±0.053 10 2.898±0.049 6 3.013±0.047 

8. Sneeker 3 3.15±0.140 3 3.156±0.188 3 2.946±0.052 

9. Dukan 4 2.92±0.055 4 2.995±0.008 3 2.900±0.075 

10. Manning 12 2.93±0.018 12 3.005±0.016 6 2.986±0.046 

11. Samuelo 8 2.80±0.042 7 2.900±0.063 4 3.005±0.051 

12. Alta R2 5 3.13±0.102 - - 5 2.970±0.064 

13. Leeb 3 2.84±0.108 3 2.860±0.051 3 2.886±0.051 

14. Barok 5 3.08±0.145 4 3.030±0.061 3 2.980±0.144 

15. Louvet 14 2.88±0.060 14 2.957±0.050 11 2.881±0.053 

16. Raptue 3 2.90±0.076 4 2.935±0.055 3 2.990±0.035 

17. Danton 6 2.86±0.096 6 2.905±0.125 - - 

18. Casmir 3 3.07±0.066 - - - - 

19. Maidal 3 2.98±0.058 3 2.920±0.045 - - 

Total 190 2.98±0.016 180 2.989±0.016 114 2.928±0.0194 

 
Table 3. Average performances of the samples analysed, in terms of protein percent  

No. Bull 

First lactation Second lactation The third lactation 

Daughters 
no. X  ± X

S  
Daughters 

no. X  ± X
S  

Daughters 
no. X  ± X

S  

1. Bonanza 23 2.633±0.062 23 2.738±0.032 15 2.717±0.043 

2. Bam Bam 37 2.772±0.046 39 2.740±0.036 24 2.724±0.004 

3. Bacculum 8 2.728±0.076 8 2.796±0.073 4 2.820±0.087 

4. Epic 26 2.762±0.034 25 2.684±0.034 14 2.750±0.049 

5. Export 7 2.815±0.060 7 2.457±0.172 3 2.813±0.116 

6. Roxolot 9 2.626±0.062 8 2.550±0.076 7 2.457±0.172 

7. Decent 11 2.664±0.041 10 2.644±0.058 6 2.401±0.192 

8. Sneeker 3 2.856±0.066 3 2.933±0.128 3 2.933±0.128 

9. Dukan 4 2.647±0.067 4 2.762±0.048 3 2.806±0.029 

10. Manning 12 2.653±0.047 12 2.773±0.029 6 2.656±0.076 

11. Samuelo 8 2.758±0.063 7 2.695±0.101 4 2.705±0.165 

12. Alta R2 5 2.794±0.115 - - 5 2.750±0.092 

13. Leeb 3 2.553±0.153 3 2.530±0.190 3 2.620±0.216 

14. Barok 5 2.784±0.061 4 2.727±0.115 3 2.933±0.128 

15. Louvet 14 2.512±0.137 14 2.641±0.071 11 2.677±0.054 

16. Raptue 3 2.256±0.394 4 2.705±0.165 3 2.786±0.102 

17. Danton 6 2.678±0.101 6 2.545±0.095 - - 

18. Casmir 3 2.900±0.051 - - - - 

19. Maidal 3 2.676±0.142 3 2.623±0.137 - - 

Total 190 2.699±0.0173 180 2.693±0.0158 114 2.703±0.0214 
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Abstract 

 
From 2010 to 2013 tests were conducted with entomopathogenic bioproduct based on Beauveria brongniartii, in 
nurseries of the Botosani, Neamt and Suceava Forest Departments. At RDPP Bucharest a technology for multiplication 
on nutrtive solid substrate of entomopathogenic fungus B. brongniartii was developed, on the basis of which the 
experimental bioinsecticide BioMelCon (G) was obtained. Soil treatments were performed with the BioMelCon (G) in 
doses ranging from 100 to200 kg/ha. The tested dosages were achieved by applying two treatments per year. 
Application of biological product held generally early spring on surfaces free from crops, to ensure a uniform 
distribution and to create the possibility of periodic inspection of the treatment effect by soil surveys. Checking the 
effectiveness of treatment was carried out in several stages, in different site conditions. The paper presents results 
concerning the effect of applying several biological treatments on Melolontha melolontha larvae (L2-L3). The 
cumulative effect of the biological product and the agricultural practices of experimental fields have led to a decreased 
density of larval populations under economic threshold level. 
 
Key words: Melolontha melolontha, Beauveria brongniartii, microbial control. 
 
INTRODUCTION  
 
The European cockchafer or May bug, 
Melolontha melolontha (L.) (Coleoptera: 
Scarabeidae), is considered a serious pest in 
agriculture, horticulture and forest nurseries. 
M. melolontha grubs are feeding underground 
on the roots of a wide range of plants and adult 
cockchafers feed on forest tree leaves - in 
particular oaks (Quercus sp.), beech (Fagus 
sp.), maple (Acer sp.) - as well as on fruit trees, 
producing damages to trees and crops. The 
unavailability of a selective pesticide and the 
restrictive measures laid down by EC 
Directives 91/414 requirements lead to 
development of alternative control measures 
including biological control. 

Natural epizootics of entomopathogenic fungi 
often prevent European cockchafer outbreaks 
and contribute to decreasing of pest 
populations. Beauveria brongniartii (Sacc.) 
Petch is a naturally occurring fungus which 
was repeatedly observed to cause epizootics 
among M. melolontha populations (Keller et 
al., 2007). In Romania, Ciornei et al. (2006) 
discovered natural infections of M. melolontha 
with Beauveria sp. on 3rd instar larvae (L3), 
pupae and adults, during a screening of 116 
nurseries from 38 eastern Romanian forest 
districts. Numerous studies were conducted 
regarding the efficacy of treatments with 
different formulations of B. brongniartii based 
products against European cockchafer 
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(Vestegaard et al., 2002; Kessler et al., 2004; 
Keller et al., 2007; Keller & Schweizer, 2007; 
F tu et al., 2013). Several biological products 
based on the entomopathogenic fungus B. 
brongniartii, have been marketed in Europe: 
Melocont®–Pilzgerste, Beauveria brongniartii 
Myzel, Beauveria Schweizer, Engerlingspilz 
(Faria and Wraight, 2007). Unfortunately, these 
strains has not been approved anymore and 
bioproducts based on entomopathogenic fungi 
are no longer commercially available for 
biological control of M. melolontha in Europe.  
This paper presents the results obtained during 
four years of investigations on the effects of 
consecutive applications of B. brongniartii 
barley kernels on M. melolontha population 
density, in some Romanian forest nurseries. 
 
MATERIALS AND METHODS 
 
Experimental areas 
The experiments were conducted in three forest 
nurseries situated in north and north-east of 
Romania: Basta-Roman (NFA Branch Neamt), 
Zavoi-Siret (NFA Branch Botosani) and Izvor 
(NFA Branch Suceava). The experiments 
started in 2010 and were the first trials carried 
out in Romania with this entomopathogenic 
fungus species. The experimental areas were 
selected based on the feeding damage caused 
by Melolontha melolontha larvae, in forest 
nurseries, the presence of more than one M. 
melolontha larva per square meter (1 L3/m2) 
means a high threshold, a single L3 larva can 
completely destroy a one year old forest culture 
(Georgescu, 1957). The forest nurseries to be 
treated were situated in different stationary 
conditions (altitude of 180, 274 and 468 m 
respectively) and placed on medium texture 
soils (clays), on the riverside. Each trial site has 
been located after the Latin rectangle method 
including the control. The experimental 
surfaces ranged between 20 and 30 ares and 
was equally divided for each treated plot 
(variant). Surfaces between 1 and 3 ares were 
used for control. No chemical treatments were 
applied before and during the tests on the 
experimental areas, except Izvor nursery where 
50 kg/ha Nemathorin 10 g was applied in 2012. 
Experimental bioproduct 
A patented Romanian B. brongniartii strain, 
BbgMm1a/09, was used in the tests. This strain 

was obtained from natural diseased Melolontha 
grubs, identified in forests located in the 
northeast of Romania. In previous studies, B. 
brongniartii was detected two years before 
application in only one experimental area, 
Basta Roman nursery, NFA Branch Neamt 
(Ciornei et al., 2006). The experimental 
bioproduct (1x1013 conidia/kg) was obtained 
using an original fermentation method on 
barley grains (F tu et al., 2014). New series of 
bioproduct were used for each annual 
application. The viability of conidia was 
cheeked before treatments.  
Application method 
For providing better conditions for surviving 
and activity of entomopathogenic conidia, the 
experimental areas preparation, as well as the 
granulated bioproduct incorporation into the 
soil was executed with a motorised cultivator 
between trees rows. A rotary hoe in non- 
cultivated areas was used. Treatments were 
applied two years consecutively so that the 
treated areas received 2.0-5.0x10 15spores ha-1. 
The product was applied in three variants 
resulted in three annual doses: 100 kg/ha (V1), 
150 kg/ha (V2) and 200 kg/ha (V3). In 2010, 
one half of the annual dose of bioproduct was 
applied in two treatments, one month after the 
first one. Next year a single treatment was done 
and the biological product has been applied 
simple or in mixture (Izvor nursery) with beech 
humus in the same annual doses. The long term 
effects of treatments on density of M. 
melolontha larvae were evaluated by classical 
soil survey (1mx1mx1m) in each treated 
nursery, usually in spring and autumn. 
Biological treatment effect was annually 
evaluated during four years (2010-2013). 
The infection rate was calculated with formula: 
100M/  (M+L), where M - mean mycosed 
larvae and L- mean living larve. 
 
RESULTS AND DISCUSSIONS 
 
Infection rate in Ba ta-Roman nursery 
The first trial carried out in Ba ta-Roman 
nursery, was in Pseudotsuga taxifolia Britt. 
cultivated field. In 2010 (19.09.) the field 
observations show the following rates of L3 
infection: 100% in plots treated with 100 kg/ha 
(V1) and 50% in plots treated with 200 kg/ha 
(V3). No infection was recorded in control and 
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V2 (150 kg/ha). These results suggest that after 
the first year of biological treatment, no 
correlation between the dosage of B. 
brongniartii bioproduct and the M. melolontha 
larvae infection rate could be registered. 
In 2011, 56 days after biological treatment 
application, the mean infection rate was 100% 
only in V3, densities of living larvae being null 
in the other. No natural mortalities were 
registered in control areas. B. brongniartii 
mycelium identified in the soil samples taken 
from the experimental plots has induced larva 
mortality in 2013, resulting in a mean infection 
rate of 12.5% only in V2. 
 
Infestation rate 
In the autumn 2010 (01.09.) the relative density 
of grubs/m2 decreased compared to spring, only 

in V1 and V2 (Figure 1). However, a direct 
proportion between the bioproduct dosage and 
the relative larvae density was observed one 
year later in the spring, when the infestation 
was totally reduced compared with the 
untreated area, where 100% grubs infestation 
was recorded. In 2012 when no treatment was 
applied, M. melolontha density was higher than 
the initial infestation recorded in 2010. At 2.5 
years after the last treatment, the insect density 
from areas who received doses of 150 and 200 
kg/ha has maintained the same level as that 
from the beginning of observations. The high 
infestation rates in control compared with 
treated variants at the end of the investigations 
suggested that the high spore treatments are 
responsible for the reduction of cockchafer 
population.  

 
Figure 1. Level of mean infestation of M. melolontha at Basta-Roman nursery 

 
Infection rate in non-cultivated nursery, 
Zavoi-Siret 
There was a low mean L3 infection rate, which 
ranged between 8% and 30% in all three 
variants in the first year of application. One 
third of the infections have been found at 
second instar larvae (L2) in 100 kg/ha treated 
areas. Also 9% of B. brongniartii infected 
larvae was identified in control. These results 
could be influenced by the water flooding from 

July after which the Siret River had stalled over 
two weeks at 1 meter level. Also 75% death 
larvae by asphyxia were founded in one 
repetition in V1 where the water has stalled 
about a month. Next year, the mean infection 
rate increased with 80% in V1, 72% in V2 and 
with 50% in V3. In the flight year 2012 the B. 
brongniartii mycelium was present in the soil. 
In 2013 a mean infection rate of 20% and 23% 
was identified in V1 and control areas 
respectively. 
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Infestation rate 
At Zavoi-Siret nursery, in the treated areas, the 
larval density gradually decreased from spring 
2010 to autumn 2011, proportionally with the 
applied dosage (Figure 2). A slowly decline 
trend was registered also in control maybe 
because of the presence of B. brongniartii after 
the 2010 summer flood of which influences 
were evident even after one year since the last 
application (05.04.2011). Thereafter a fast 
increasing of infestation level was noted only 

in control and 100 kg/ha treated areas, the level 
corresponding with the maximum dose treated 
areas remaining constantly up to spring 2013 
followed by a decline in all variants including 
the control, at the last period of experimental 
observations. These results could correspond to 
the infection with B. brongniartii in control and 
V1 as mentioned before or suggest that other 
factors then the treatment application could 
influence the M. melolontha density. 

 

 
Figure 2. Level of mean infestation of M. melolontha at Zavoi-Siret nursery 

 
 
Infection rate in Izvor nursery  
In this nursery, the best conditions for the 
application of treatments has been provided by 
the very homogeneous incorporation of the 
biologically product into the soil. The total 
mortality produced after two treatment 
applications were at: 25% V1, 37% in V2 and 
V3, 50% with a positive dose-effect correlation 
in the first year. In the following year, the mean 
infection rate was at maximum level of 100% 
in V1 and V2, no larvae being detected in V3. 
No typically fungus infection mortalities were 
recorded in non-treated areas. Also in 2012 and 
2013 no mycosed insect was identified. 
 

Infestation rate 
The overall picture shows that the maximum 
decreasing level of insect density was reached 
after 1.3 years since the beginning of the 
treatments which is corresponding to the high 
infection level due to the fungus (Figure 3). 
Thereafter the trends of the infestation level 
followed the same pattern for all variants. In 
Izvor nursery treatments carried out with the 
same annual doses in the years 2010 and 2011, 
on non-cultivated, followed by spruce cultures 
in 2013 have led to a decrease in the density of 
larvae beetles in fall 2013 (12.09), compared 
with fall 2012, as a percentage of 76.9% in V1 
and 100% in V2 and V3. Natural mortality was 
15% in the control area. 
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Figure 3. Level of mean infestation of M. melolontha at Izvor nursery 

 
The results on the effect of treating the soil two 
years consecutively (2010-2011) with 
Romanian bioproduct demonstrates a positive 
correlation between dosage and mortality due 
to fungus infection only at one forest nursery 
(Zavoi-Siret). The long-term action analyzes of 
the soil colonization by B. brongniartii reveals 
that obvious mortality rates have been 
produced at the end of larval development 
especially (pupation year). However the 
positive effect of treatments on insect density 
was obvious at 1.5 years (on second 
generation) at nurseries who received the 
higher cumulative dose even if not in all cases 
clear fungus infections were detected. An 
increased infection rates in the generation 
following the treatment was reported by Keller 
(1997) who experimented a method to 
contaminate the breeding sites of the 
cockchafer by applying on adults, doses of 2.0-
3.7 x 1014 blastospores of five B. brongniartii 
strains. Keller (2002) recommended also that 
the repeated applications to be done with 
reduced doses to increase inoculation spots in 
the soil instead increasing the dosage. 
Dolci et al. (2006) reported a decrease of pest 
density in orchards treated with 1x109 

conidia/m2 rye kernels in northwest of Italy, the 
damage caused by M. melolonta being 
limitated. Benker and Leuprecht (2005) 

obtained an 80% decrease of insect density due 
to fungal control and 89% decrease using 
mechanical treatment. Also they found that 
chemical treatment didn’t improve the effect of 
the rotary hoe. 
 
CONCLUSIONS 
 
The experiences made in three forest nurseries 
from north east of Romania during 4 years 
clearly show that cockchafer density decreased 
under economical threshold level which is 
more than 1 larvae/m2 due to cumulated action 
of biological and mechanical treatments. 
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Abstract 

Pollination by native honeybees and other pollinating insects is very important for the economy of  farmer and the 
ecosystems. For these reasons, in Italy, a project between the Faculty of Agriculture of the University of Perugia 
(currently DSA3) and Syngenta Crop Protection S.p.a. (currently Syngenta Italia S.p.a.) started in order to verify if the 
presence of autochtonous vegetation could be not only attractive for the pollinating insects but also fit for safeguarding 
the useful insects and increasing their populations. This study indicates that it is practical for growers to create 
valuable habitats suitable for natural pollinators. Moreover, it is possible to significantly reduce soil erosion and 
protect the water resources from pollution through a careful planning and management. Based on 5-years results in 
Italy and others European Countries, actually “Operation Pollinator” is applied in 13 European Countries besides 
Swizerland, UK and USA with the aim to safeguard native pollinating insects and honeybees. Our study, connected to 
the “Operation Pollinator”, can be considered as forerunner of the Greening Measures within the new EU Common 
Agricultural Policy (2014-2020).    

 
Key words: Adalia bipunctata, Apis mellifera ligustica, pollinator insects, Reasoned set-aside, underbasket devices. 

 
INTRODUCTION 
 
Pollinating insects are crucial for many natural 
habitats and the production of a majority of 
food crops (Borneck and Merle 1989; 
Williams, 1994). More than 80% of European 
crop types, including many fruit and 
vegetables, depend directly on them (Gardi et 
al., 2003; Gardi et al., 2004). The activity of 
native bees and other pollinating insects is 
estimated about €5bn/year for Europe’s 
farmers. The value of pollinators to the global 
ecosystem is valued around €150bn/year. 
However, numbers of pollinators and other 
beneficial insects have significantly  declined 
across Europe in recent years (Gardi, 2010; 
Gardi, 2014). For these reasons the Department 
of Agricultural and Environmental Sciences of 
University in Perugia and Syngenta Crop 
Protection S.p.A. carried out a project to verify 
the possibility to provide adequate pasture for 

the wild insects and honeybees and thus 
safeguarding the vegetal biodiversity and 
increase the population of native pollinating 
insects sowing strips of land, “Reasoned Set 
aside”, place near intensive crops (Gallai et al., 
2008; Gardi 2008; Gardi, 2009). 
 
MATERIALS AND METHODS 

 
During the autumn from 2007 to 2011; in four 
different regions of Umbria; were sowed strips 
of land (from 1000 to 4000 mq) of 
autochtonous species very attractive for 
pollinator insects, located near intensive crops 
of tobacco, corn, sunflower and wheat (Figure 
1). 
These four experimental areas, were 
consequently exposed to agrochemical and 
fertilizer treatments, that potentially could 
modify the development of the wild pollinating 
insects, native honeybees (Apis mellifera 
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and intensity of flowering, fruit production, and 
the presence of small mammals and insects 
useful to cultivated species (Gardi e Micheli, 
2010; Gardi et al., 2014). 
The results of this implementation are still 
being worked out because of the slow growth 
of shrubs compared to herbaceous species used 
in the first part of the project "Operation 
Pollinator". 

 
RESULTS AND DISCUSSIONS 
 
The weekly observations, carried out for each 
year, showed that from March to September, no 
period was devoid of flowers, thanks to the 
different species selected. 
Concerning the attractiveness of different 
flowerings, data collected showed a remarkable 
growth not only in term of bumblebees species 
and autochtonous honeybee (Figure 5), but also 
in term of different species of lepidoptera 
(especially Macroglossum stellatarum L.), 
beneficial insects that find nourishment on  
aphids (i.e. Adalia bipunctata L. and 
Coccinella septempunctata L.) (Figure 6), and 
grain-eating birds attracted from continuous 
availability of seeds produced by different 
autochtonous species sowed. 
 

 
Figure 5. Collected pollinator insects                          

from 2007 to 2011 
 

 
Figure 6. Detail of Coccinella septempunctata  

while devouring aphids (Gardi, 2010) 

Generally, in terms of average number of the 
workers honeybees and drones death weekly, 
were observed good results (<150 bees/week), 
also during the treatments on the close by 
crops.  
The honey productions (2007-2011), were 
fairly rich during the season and in spring the 
honeybee colonies appeared numerous (Gardi 
et al., 2007). 
These results show that an adequate “pasture” 
for the wild insects and for the honeybees, 
provides a dutiful safeguard and an appropriate 
development and those strips of land, if 
suitably sowed, can guarantee the safeguarding 
of the pollinator insects important for 
biodiversity and environmental aspects (Gardi, 
2009; Williams, 1994). 
The different species (Figure 7), have been 
very actractive for honeybees and other insects 
(in term of seeds production) (Gardi, 2010; 
Gardi, 2014) and it has been observed that 
these sites are a natural habitat for different 
beneficial insects (i.e. Adalia bipunctata L.) 
that can control some aphids very dangerous 
(Gardi and Micheli, 2010; Gardi et. al., 2014). 
Currently in Italy the project is present in 15 
regions and more than 100 areas (Figure 8). 
 

 
 

Figure 8. The Operation Pollinator strips  
of land realized in Italy 
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Abstract 
 
The paper presents data demonstrating the functionality of biological systems reconstituted with aquatic organisms 
developed under Good Laboratory Practice testing facility within Research - Development Institute for Plant Protection 
Bucharest for environmental risk assessment of four fungicides based on copper, according to Good Laboratory 
Practice requirements. For risk assessment, according to GLP were made the following steps: Good Laboratory 
Practice test facility was established, we have ensured adequate space for growth, acclimatization and testing for each 
test species, it was installed a complex water production instalation needed to perform tests, it was achieved control 
system for checking environmental conditions and have developed specific operating procedures that have been 
accredited according to Good Laboratory Practice.The results showed that biological systems model of the Good 
Laboratory Practice test facility in Research - Development Institute for Plant Protection meet the requirements of 
Organisation for Economic Co-operation and Development Guidelines regarding GLP, and after testing copper-based 
fungicides in terms of acute toxicity Cyprinus carpio and to Daphnia magna revealed that three of them (copper 
oxychloride, copper hydroxide and copper sulphate) showed ecological efficiency, ie low toxicity. Metallic copper 
based fungicides showed a higher toxicity, resulting in fish toxicity symptoms: sleep, sudden immersion, faded, 
weakness, swimming in spiral, lack of balance, breathing slow and cumbersome, spasms and mortality.  
 
Key words: Ecotoxicology, biological system, Cyprinus carpio, Daphnia magna. 
 
INTRODUCTION 
 
In accordance with European legislation, 
environmental risk assessment of plant 
protection products is an important step, aiming 
the approval and marketing of the products that 
meet certain criteria for toxicity to birds, 
aquatic organisms, bees, earthworms, soil 
microorganisms, useful insects etc. 
Organisation for Economic Co-operation and 
Development (OECD) established the 
,,Principles of Good Laboratory Practice" that 
are applied to perform laboratory, greenhouses 
and fields tests, including toxicology tests for 
environmental risk assessment of plant 
protection products. 
This paper presents data on the environmental 
risk assessment according to the principles of 
GLP to four fungicides based on copper, using 
reconstructed biological systems with aquatic 
organisms using GLP test facility within 
Research - Development Institute for Plant 
Protection, Bucharest. 
 

MATERIALS AND METHODS 
 
For risk assessment we used the following 
materials: copper-based fungicides (copper 
oxychloride, copper hydroxide, copper sulfate, 
copper metal) and biological materials 
(juvenile common carp - Cyprinus carpio and 
neonatal Daphnia magna). 
The following methods were used: 
- Organisation for Economic Co-operation 
and Development guide No. 203/17.07.1992 – 
Acute toxicity test on fishes; 
- Organisation for Economic Co-operation 
and Development guide No. 202/17.07.1992 –
Acute immobilizing test on daphnia;  
- GD No. 490/ 16.05.2002;  
- General and specific procedures developed 
under GLPtesting facility within Research - 
Development Institute for Plant Protection. 
For the risk evaluation the acute toxicity of four 
copper-based fungicides were assesed using the 
static method,  test duration being of 96 hours 
for fish and 48 hours for daphnia.  
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Test solutions have not been renewed during 
testing. The main indicators estimated in 
ecotoxicology tests with aquatic organisms are 
presented in Table 1. 
 

Table 1. The main indicators estimated in the 
ecotoxicological tests with aquatic organisms 

Indicator Specification 

Mean lethal 
concentration 
(LC50%) 

calculated concentration of test 
substance which kills 50% of the 
number of fish at the end of the test 
period. 

NOEC 
the highest concentration to which 
no significant toxic effect is 
observed to the test organisms. 

The medium 
inhibitory 
concentration 
(EC50%) 

calculated concentration of test 
substance that induces 
immobilization * 50% of daphnia 
tested. 

Morphological and 
behavioral changes 

disturbances of breath, lack of 
response to tactile stimuli, loss of 
balance, sudden immersion, 
pigmentation, discoloration. 

*Immobilization - daphnia are considered immobile when are not able 
to swim within 15 seconds after gentle agitation of the test vessel 
 
For fish cumulative mortality was recorded at 
24, 48, 72 and 96 hours and mean lethal 
concentration was calculated; the percentage of 
immobilization at 48 hours and the median 
inhibitory concentration were statistically 
calculated for daphnia. Temperature, pH and 
dissolved oxygen concentration in the test 
vessels were monitored daily. 
 
RESULTS AND DISCUSSIONS   
 
For the environmental risk assessment of 
copper-based fungicides according to Good 
Laboratory Practice, were made the following 
steps: Good Laboratory Practice test facility 
was established, appropriate space for growth, 
acclimatization and testing for each test species 
have been ensured, a complexe installation of 
water production for test performing was done, 
a control system for environmental conditions 
has been made and specific operating 
procedures have been developed which have 
been accredited GLP. 
a) Environmental risk assessment to fish 
The studies were conducted with juvenile 
common carp - Cyprinus carpio (Teleostei, 
Cyprinidae) (Linneaus 1758). The fish were 
purchased from accredited fish farms. The 
reception of the batch of fish was carried out in 
accordance with specific procedures, with 

health being registered mortalities and 
aclimatization parameters in the reconstituted 
water. For this study young fish around the 
same age and size were used. Prior to the start 
of testing the weight and length of a total of 10 
fish was determined, the average body length 
was 6.3 cm and weight of 2.7 g, according to 
GLP technical procedures. (Table 2). 
 

Table 2. The weight and length of test fish 

 
After the acclimatization period in the 
laboratory under similar conditions to those 
during testing, fish were exposed to copper-
based fungicides in the following conditions: 
- test method: static; 
- duration: 96 hours; 
- number of fish: 7 for each concentration 
tested, including control tanck; 
- water volume: 20 l/aquarium; 
- test water: reconstituted water; 
- light 16 h light and 8 hours dark; 
- concentration of dissolved oxygen: 63-69; 
- temperature: 21ºC constant during the test; 
- water pH: 7.7-7.9; 
- aeration: without aeration; 
- feeding: no food. 
Fish were observed after the first 2-4 hours 
from the begining of the test and then, at every 
24 hours. Fish were considered dead if not 
reaching caudal peduncle produced no visible 
reaction and were not breathing movements. 
Dead fish were removed when they were 
observed and recorded mortality. 
Copper-based fungicides tested under identical 
conditions have exerted different toxic effects 
on fish, the results are presented in Table 3. 

 

 

 

Nr. copy Weight (g) Length (cm) 
1 3.0 6.5 
2 2.8 8.0 
3 2.8 5.5 
4 2.7 6.0 
5 2.6 4.5 
6 2.6 6.0 
7 2.8 5.5 
8 2.5 6.5 
9 2.8 8.0 

10 3.0 6.5 
Mean 2.7 6.3 
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Table 3. The acute toxicity of the copper-based 
fungicides on fish 

Fungicides 
LC50% 

mg a.i./l 
(96 h) 

NOEC 
mg a.i./l 

(96 h) 

Modification of 
functional and 

anatomical 
indicators 

Copper 
hydroxide 
53.8% 

1.0 0.50 loss of balance 

Copper 
sulphate 
22.5% 

0.60 0.20 asphyxiation, loss 
of balance 

Copper 
oxychlorid
e 50% 

0.20 0.10 

asphyxia, spasms, 
eliminating 
massive intestinal 
contents 

Copper 
metal 
50% 

0.015 0.0025 

inactivity, sudden 
sinking, bluish 
coloration, 
weakness, lack of 
balance, skin 
formation of 
mucus, heavy and 
slow breath 

 
Therefore the fungicide based on copper 
hydroxide showed a low toxicity to fish 
CL50%=1.0 mg a.i./l  and NOEC=0.5 mg a.i./l. 
It was found that copper fungicide conditioning 
as metal, lead to an increase in acute toxicity, 
the median lethal concentration being 0.015 mg 
a.i./l and 0.0025 mg a.i./l for the concentration 
with no effect (Table 4). 
 

Table 4. The acute toxicity of 50% metallic copper 
fungicide on juvenile carp 

Concentration 
mg a.i./l 

No. 
tfish 

Cumulative  
mortality at: 

  24 h 48 h 72 h 96 h 
0.025 7 0 0 0 0 
0.05 7 0 0 0 1 
0.1 7 0 0 1 1 
0.2 7 0 1 1 2 
0.4 7 1 1 2 2 
0.8 7 2 5 - - 

Control 7 0 0 0 0 
NOEC (concentration with no effect) = 0.025 mg a.i./l (96 h) 
LC 50% (96 h) = 0.15 mg a.i./l 
Correlation coefficient R = 0.9991 
 
Exposure to high concentrations of metallic 
copper for juvenile common carp induces 
respiratory disturbances, lack of response to 
tactile stimulation, loss of balance and spinal 
deformities (Table 5). 
At concentrations above 0.1 mg a.i./l, the body 
surface and particularly surface of the gills 
were covered with a film of blue organic mucus 

resulting in the precipitation of copper with 
organic and colloidal substances from water. 
 

Table 5. Symptoms of toxicity observed on juvenile 
common carp maintained in sublethal solution of 

metallic copper 
Concen-
tration 

mg a.i./l 

Modification of functional  
and anatomical indicators: 

24 h 48 h 72 h 96 h 
0.025 - - - - 
0.05 - a,b a,b a,b,c,m 
0.1 a,b,c a,b,c a,b,c,d,m a,b,c,d,m 

0.2 a,b,c,d,
m 

a,b,c,d, 
e,m 

a,b,c,d, 
e,f,m 

a,b,c,d, 
e,f,m 

0.4 a,b,c,d,e, 
g,m 

a,b,c,d,e, 
f,g,m 

a,b,c,d,e, 
f,g,h,m 

a,b,c,d,e,
f,g,h,m 

0.8 m m m m 
Definition of symbols: 
a = inactive 
b = sudden immersion 
c = color blue 
d = weakness 
e = imbalance 
f = the film formation of mucus 
g = slow breathing 
h = shortness of breath 
m = mortality 
 
Therefore, insoluble metal-protein compounds 
that harm gill tissue resulted. Hypoxia occurs 
when gill ventilation was insufficient to cover 
the oxygen. Death occurred by suffocation. 
Copper is part of the heavy metals, which in 
sufficient quantities is toxic to fish. Using 
copper salts on a larger scale in combating 
algae can seriously affect aquatic life due to the 
high toxicity of Cu. The appearance of mucus 
on the gills is a sure indication of poisoning 
fish with copper ions. Fungicide based on 
copper sulphate showed a moderate toxicity to 
fish, median lethal concentration CL50% (96 h) 
was 0.60 mg a.i. /l. At concentrations above 0.1 
mg a.i./l one fish have clear symptoms of 
asphyxiation. Copper oxychloride has not 
shown signs of high toxicity towards fish 
CL50% (96 h) = 0.20 mg a.i./l. However, at 
concentrations exceeding 1 mg a.i./l, fish 
suffered, become excited, have spasms and 
showed massive removal of the intestinal 
content. 
b) Environmental risk assessment to daphnia 
For the environmental risk assessment of 
copper-based fungicides to daphnia, the bio-
logical system according to specific procedures 
developed in the laboratory was completed 
first: 
- selection of test species; 
- increasing the test species; 
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- ensuring the conditions for reproduction;  
- new born separation; 
- verification of test species sensitivity. 
The study was conducted on the crustacean 
Daphnia magna Straus (Cladocera, 
Crustacea). Daphnia were grown and 
multiplied in the GLP test facility according to 
technical procedures. Lot of Daphnia has been 
verified with a reference substance to show if 
under laboratory conditions, the sensitivity to 
the presence of toxic Daphnia has not changed 
significantly and if that growth parameters like 
temperature, pH and oxygen concentration 
meet the requirements of the test method. At 
the beginning of the test daphnids were 
younger than 24 hours, and to reduce 
variability they came from the first generation 
of offspring. Daphnia came from a healthy 
batch which showed no signs of stress such as 
high mortality, presence of males, delays in 
producing the first generation, faded copies, 
etc. acclimatization before testing. The batch 
has been maintained in culture conditions light, 
temperature and medium) similar to those used 
during testing. 
Daphnia were exposed to copper-based 
fungicides in the following conditions: 
- duration: 48 h; 
- number: 20 for each concentration, split in 4 
lots, each with 5 daphnia; 
- the volume of water: 2 ml test solution for 
each dafnia; 
- test water: reconstituted water; 
- photoperiod:16 h light and 8 hours dark; 
- temperature: 24ºC constant during the test; 
- aeration: without aeration; 
- feeding: no food; 
- concentration of dissolved oxygen: 6.0-6.5; 
- water pH: 7.6 to 7.8; 
- test vessels: covered. 
Daphnids were examined at 24 and 48 hours, 
and was registered the numbers of immobile 
daphnia conform with the procedure of test. 
Were considered immobile, daphnia that were 
not able to swim within 15 seconds after gentle 
agitation of the test vessel. 
Copper-based fungicides tested under identical 
conditions have exerted different  toxic effects 
on the swimming ability of Daphnia and led to 
different percentages of mortality (Table 6). 
The fungicide based on copper hydroxide 
showed a moderate toxicity to daphnia EC50% 

(48 h) = 0.50 mg a.i./l and NOEC (48 h) = 
0.040 mg a.i./l. When the fungicide was 
conditioned as metallic copper, the toxicity 
increased, the mean inhibitory concentration 
being 0.01 mg/l and 0.003 mg/l to no effect 
concentration, resulting in massive 
immobilization of Daphnia. Symptoms of 
toxicity induced by sublethal concentrations of 
metallic copper on the crustacean Daphnia 
magna were agitation and loss of balance. 
Fungicides based on copper sulphate and 
copper oxychloride, showed a moderate 
toxicity on daphnia, but at concentrations 
above 0.1 mg/l daphnia have suffered and have 
shown clear symptoms of immobilization. 
 

Table 6. The acute toxicity of the copper-based 
fungicides on daphmia 

Fungicides CE50% 
mg a.i/l 

NOEC 
mg a.i/l 

Modification of 
functional and 

anatomical 
indicators 

Copper 
hydroxide 

53.8% 
0.50 0.040 - 

Copper 
sulphate 
22.5% 

0.01 0.020 - 

Copper 
oxychloride 

50% 
0.10 0.010 - 

Copper 
metal 
50% 

0.01 0.003 agitation 
loss of balance 

 
CONCLUSIONS  
 
Fungicides based on copper hydroxide, copper 
sulphate and copper oxychloride have shown 
ecological efficiency or low toxicity to fish and 
daphnia. 
Metallic copper based fungicides showed high 
toxicity to fish and daphnia main symptom 
recorded being mortality. 
Symptoms of toxicity induced by sublethal 
concentrations of copper metal were: inactivity, 
sudden immersion, faded, weakness, swimming 
in spiral, lack of balance, breathing slow and 
cumbersome, spasms and mortality. 
Symptoms of poisoning to fish kept in lethal 
solution of copper based fungicides were 
atypical, similar to that described in the 
literature. The phases of the progressive 
installation of poisoning by pesticides are phase 
of excitation the phase of partial loss of balance 
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and the final stage of total loss of balance. 
Death occurs at different times depending on 
the concentrations of pesticide solutions. 
Biological model systems with fish and 
daphnia, conducted under GLP test facility in 
Research - Development Institute for Plant 
Protection have proven effectiveness and 
validity of the environmental risk assessment of 
plant protection products according to Good 
Laboratory Practice Principles. 
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Abstract 
 
Remote sensing is of great interest for the study and characterization of the vegetation and of the agricultural crops, in 
order to monitor them and to develop predictable patterns regarding the evolution of the crops and also for the purpose 
of the decision making process in real time. The main purpose of this research was the study of the sunflower crops 
dynamics based on spectral information obtained from satellite images. Vegetation dynamics was differently expressed 
by the indexes NDVI, NDBR and NDMI determined based on spectral information. NDVI has registered an ascending 
slope since the beginning of the vegetation period until the flowering (65 BBCH code) when the maximum value was 
recorded (NDVIGS6 = 0.4074). Later the distribution of this indicator recorded a descending slope until the 
physiological maturity. NDVI in correlation with the NIR band had lower values in the stages 12-14 BBCH code 
(p<0.01; R2 = 0.642) and 80-81 BBCH code (p<0.01; R2 = 0.605) and higher values at flowering stage, 65 BBCH code 
(p<0.01; R2 = 0.966), and physiological maturity, 92-97 BBCH code (p<0.01; R2 = 0.993; F = 3148.2). NDVI index 
has most closely correlated with vegetation phenophases and it highlighted, by the different level of correlation with the 
spectral information, the dynamics and variability in the sunflower crop.  
 
Key words: GIS, growing stages, image analyses, NDVI, sunflower. 
 
INTRODUCTION 
 
Multispectral satellite images were used to 
assess vegetation and crops since the 1970s. 
Each multispectral band contains specific 
information and their combination results in 
new and more complex information, and it 
provides a higher safety in characterizing 
vegetation and especially crops, and also other 
objects of interest. 
Remote sensing is used to analyze different 
aspects like crop area assessment (Quinghan et 
al., 2008), land cover and land use (Löhnertz et 
al., 2006; Begue et al., 2014), mapping crop 
season and crop phenology (Xin et al., 2003; 
Sakamoto et al., 2005; Brown and de Beurs, 
2008; Pan et al., 2015), aspects of growth 
dynamics of the crops (Shang et al., 2014), 
determination of vegetation indicators 
(Gitelson 2004; Jiang et al., 2008; Kumhálová 
et al., 2014), current monitoring in agriculture 
(Zhang et al., 2003; Eerens et al., 2014). 

Some research have studied the evolution of 
the vegetation in different areas affected by 
natural factors or human activities (Huang and 
Siegert, 2006; Schroeder et al., 2011; Poenaru 
et al., 2012; Lanorte et al., 2014). 
Special attention was dedicated to the study of 
crops. Jakubauskas, et al. (2002) have studied 
the possibility of identifying the crops using 
harmonic analysis of time-series AVHRR 
NDVI data. Yang et al. (2008) have 
investigated the impact of using band ratio and 
vegetation indices of the AWIFS images to the 
crop classification accuracy, via supervised 
classification. 
Similar research was also done by Liu et al., 
(2011) who assessed the possibility to identify 
and extract the corn planting area based on 
multi-temporal HJ-1 satellite data and Wilson 
et al., (2014) who studied the possibility for 
separating different species of crops using 
hyperspectral data. 
Lu (2005) and Lu et al. (2008) have evaluated 
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the possibility for integration of vegetation 
inventory data and Landsat TM image for 
vegetation classification in the western 
Brazilian Amazon. They managed to classify 
the vegetation by methods which have an 
accuracy of 61-79% (up to 89%). 
Ding et al. (2014) have studied temporal 
dynamics of spatial heterogeneity over 
cropland based on time-series NDVI, near 
infrared and red reflectance of Landsat 8 OLI 
imagery. 
Given the interest in the study of agricultural 
crops by satellite techniques for monitoring, 
developing predictable models for the 
evolution of crops and decision making in real 
time, the present research aimed to study the 
dynamics of sunflower crops based on spectral 
information obtained from satellite images. 
 
MATERIALS AND METHODS 
 
Research has used technology based on satellite 
images for assessing vegetation stages of 
sunflower crop. The area targeted by the study 
was located in the Teaching and Experimental 
resort of USAMVB Timisoara, under the 

coordinates 21°11'15  - 21°12'45 E / 
45°47'15  - 45°48'0  N, Figure 1. 
The satellite images used in the present study 
represent the period April-September (sun-
flower vegetation period) from the sites: 
http://earthexplorer.usgs.gov/ and www.landsat 
.gsfc.nasa.gov. 
Image analysis was performed with ArcGIS 10 
software by analyzing satellite images and 
extracting the information contained in spectral 
bands (R, G, B, NIR), respectively their 
combinations used in the calculation of 
indicators NDMI, NDBR and NDVI, according 
to relations (1), (2), (3).  
Due to the very low visible reflectance, the 
contrast between the reflectance in "Red" ( R) 
and reflectance in near infrared ( IRA) was 
found to be more relevant as basis for the 
quantitative analysis methods of the vegetation 
based on these spectral bands (Huang et al., 
2013). 
 

( ) ( )NDMI NIR IR / NIR IR= − +    (1) 
( ) ( )NDBR NIR IR / NIR IRM M= − +   (2) 

( ) ( )NDVI NIR R / NIR R= − +    (3)
 

 
Figure 1. Location of the studied area of sunflower crop 
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Following the vegetation stages of sunflower 
crop was achieved according to BBCH code 
(Maier, 2001) through periodic observations on 
plant growth and development, in order to 
correlate the data with information obtained 
from the analysis of satellite images. 
Experimental data were analyzed in terms of 
statistical safety according to the appropriate 
mathematical-statistical methods (p, R2, test F). 
In order to assess interdependencies between 
certain spectral bands and the indexes used to 
evaluate vegetation stages of sunflower crop, 
were used regression analysis and the result 
was the polynomial functions of second degree, 
with safety related parameters. 
 
RESULTS AND DISCUSSIONS 
 
The stages of vegetation for sunflower crop 
was analyzed based on spectral information 
obtained from satellite images LANDSAT 8, 
through several spectral bands and the indexes 
NDVI, NDBR and NDMI determined. 
After the analysis of the respective indexes in 
relation to vegetation stages of sunflower crop, 
the result was a correlated distribution of index 
values NDVI and NDBR and the stages of 
vegetation, results are presented in Table 1. 
NDVI index first reported by Rouse et al 
(1973) and the most known and used index for 
the detection of surfaces covered with green 
plants in multispectral satellite data, had 
average values between 0.0508 - 0.4074. It is 
the index most closely correlated with vegeta-

tion phenophases of sunflower crop. It had an 
ascending slope since the beginning of the 
vegetation period until flowering (65 BBCH 
code) when it recorded the maximum value 
(NDVIGS6 = 0.4074), afterwards the 
distribution of the index followed a descending 
slope until physiological maturity, Figure 2. 
Differentiating vegetation with high accuracy 
by analyzing satellite images has also been 
reported in other studies (Wang and Tenhunen, 
2004; Bagan et al., 2005; Xie et al., 2008; 
Herbei and Sala, 2014). 
From the analysis of the experimental data a 
correlation was identified of the NDVI index 
with biophysical characteristics of sunflower 
crop in spectral satellite signal, expressed in the 
NIR band. 
The correlation between NDVI and NIR band 
had low values in the first stages of vegetation 
(p<0.01; R2 = 0.642, in 12-14 BBCH code) due 
to a degree of unevenness resulting from the 
presence of weeds in the crop. Also a lower 
correlation was identified in the stage 80-81 
BBCH of ripening (p<0.01; R2 = 0.605) as a 
result of differentiated evolution of sunflower 
plants. High correlations of NDVI with NIR 
band were registered at flowering 65 BBCH 
code (p<0.01; R2 = 0.966; F = 670.34) relation 
(6) and at phenological phase of physiological 
maturity, 92-97 BBCH code (p<0.01; R2 = 
0.993; F = 3148.2) relation (9), which indicated 
a very high level of uniformity of the crop in 
these stages of vegetation. 

 
Table 1. Index values NDMI, NDBR and NDVI in relation with vegetation stages of sunflower crop 

Time of year 
for 

determining 
Stage of vegetation NDMI NDBR NDVI 

22_Apr Growth stage 1: Leaf development 
2-4 Leafs (12-14 BBCH) 0.17190±0.018* 0.28672±0.049* 0.05078±0.043* 

24_May Growth stage 3: Stem elongation (32-33 
BBCH) 0.11795±0.013 0.20595±0.016 0.22890±0.019 

09_Juni Growth stage 6: Flowering; 
Full flowering (65 BBCH) 0.15322±0.045 0.30720±0.057 0.40743±0.043 

19_July Growth stage 7: Development of fruit (71-
73 BBCH) 0.11432±0.028 0.41089±0.042 0.25001±0.046 

12_Aug Growth stage 8: Ripening  
(80-81 BBCH) 0.09615±0.016 0.23169±0.019 0.24849±0.018 

28_Aug Growth stage 9: Plant dry 
(92-97 BBCH) 0.00895±0.085 0.11917±0.077 0.20813±0.098 

13_Sept After harvest:  
land with plant debris and disking field 0.18254±0.002 0.29009±0.009 0.03519±0.013 

* ±Standard Deviation 
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Figure 2. Distribution of specific indexes NDBR and NDVI for sunflower crop in the vegetation period:  

GS1 – 12-14 BBCH; GS3 – 32-33 BBCH; GS6 – 65 BBCH; GS7 – 71-73 BBCH;  
GS8 – 80-81 BBCH; GS9 - 92-97 BBCH; AH - After harvest 

 
The particular distribution of the correlation 
values for the index NDVI with NIR band 
during the study period was described in 
relations (4) - (9), Table 2 and it is represented 
in Figure 3. 
Also after harvesting the sunflower crop, on the 
land covered in plant debris and disking field, 
there was a more reduced correlation registered 

(p<0.01; R2 = 0.435; F = 18.083).  
Moreover, in other studies of analysis and 
characterization of the vegetation by analyzing 
the satellite images, there were higher 
correlations found between the spectral bands 
and the indexes NDVI, NDWI, NDBR and 
NDMI (Herbei et al., 2015 a,b). 

 
Table 2. Description functions of the relation between NDVI index  

and NIR band for characterizing the vegetation stages of sunflower crop 

Vegetation stage Equation Equation 
number p R2 F 

12-14 BBCH 1702.006188.710003.1 2 +−−−= xExENDVI  (4) < 0.01 0.642 42.193 
32-33 BBCH 2549.005399.309809.1 2 +−−−= xExENDVI  (5) < 0.01 0.898 209.77 
65 BBCH 107.105588.909644.1 2 −−−−−= xExENDVI  (6) < 0.01 0.966 670.34 
71-73 BBCH 00886.0849.110361.2 2 −+−−= xxENDVI  (7) < 0.01 0.854 137.77 
80-81 BBCH 8894.005303.909141.2 2 −−+−−= xExENDVI (8) < 0.01 0.605 36.058 
92-97 BBCH 569.005695.909453.2 2 −−+−−= xExENDVI  (9) < 0.01 0.993 3148.2 
AH - After harvest 6818.005651.310145.5 2 +−−−= xExENDVI  (10) < 0.01 0.435 18.083 

 
 
Lower correlation between NIR band and 
NDVI index in the stages 71-73 and 80-81 
BBCH is based on differentiated status of the 
plants in their respective stage of vegetation 
and at the same time, it expresses the high 
variability of the plants in the sunflower crop in 
terms of the rate of forming, filling and 
maturation of the seeds. 

Gitelson (2004) has communicated the research 
results regarding wide dynamic range 
vegetation index for remote quantification of 
biophysical characteristics of vegetation. He 
found that the sensitivity of the WDRVI to 
moderate-to-high LAI (between 2 and 6) was at 
least three times greater than that of the NDVI. 
By enhancing the dynamic range while using 
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Figure 3. Particular distribution of NDVI values according to the NIR band in several successive stages  
of vegetation of the sunflower crop; a - f stages of vegetation studied 
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the same bands as the NDVI, the WDRVI 
enables a more robust characterization of crop 
physiological and phenological characteristics. 
He also considered that although this index 
needs further evaluation, the linear relationship 
with vegetation fraction and much higher 
sensitivity to change in LAI will be especially 
valuable for precision agriculture and 
monitoring vegetation status under conditions 
of moderate-to-high density. 
Peña-Barragán et al. (2006) and López-
Granados et al. (2008) have studied 
phenological stages of sunflower and Ridolfia 
sagetum (an umbelliferous weed frequent and 
abundant in sunflower crops in the 
Mediterranean basin) using remote sensing in 
order to create the foundation for the decisions 
in applying herbicides.  
Some research has sought to estimate biomass 
production for sunflower crop based on high 
spatial and temporal resolution remote sensing 
data (Claverie et al., 2012).  
The importance of accurate knowledge of 
phenological stages in different crops was 
highlighted in other research as well. Bolton 
and Friedl (2013) developed linear models to 
predict maize and soybean yield in the Central 
United States using spectral indices derived 
from MODIS data. Based on the studies, they 
have highlighted the importance of evaluating 
the phenological stages of crops. The results 
obtained have confirmed that crop phenology 
improved model predictions and that the best 
times to predict crop yields were 65-75 days 
after greenup for maize and 80 days after 
greenup for soybeans. 
The spectral image analysis in multiple 
phenological stages based on some specific 
vegetation indexes (NDVI, ANVI, VNVI and 
RVI) was used also in the study of some 
invasive species (Ouyang et al., 2013). 
Considering the importance of the evaluation 
with a high accuracy for phenological stages on 
crops with various scopes, new methods of 
investigation have been proposed. You et al. 
(2013) have used a new method to define such 
thresholds for identifying the start and end of 
the growing season (SOS/EOS) for 43 different 
agricultural zones in China. They found that the 
developed NDS threshold method had a 
significantly higher accuracy compared with 
other methods. At the same time they 

concluded that the method is mainly limited by 
the observed data and the necessity of 
reestablishing the thresholds periodically. 
Plant phenology was studied by spectral 
monitoring also by Cole et al. (2014) with the 
purpose of identifying the optimal moments for 
peat lands study by hyperspectral remote 
sensing. 
NDBR index provided information regarding 
the amount of biomass within the sunflower 
crop. During the recording of the data based on 
the satellite images, it started with a higher 
value as a result of the vegetation mass given 
by the sunflower plants and weeds present in 
the crop (12-14 BBCH code). After treatment 
with herbicide, a decrease of the index values 
was recorded, at the evaluation in the month of 
May (32-33 BBCH code), followed by another 
ascending trend with a maximum value 
registered in the month of July, period which 
coincides with the filling of the seeds (71-73 
BBCH). After came the phenophases of seed 
maturation, associated gradually with the 
drying of the basal leaves of the plants, and 
then advancing to the upper levels until August 
when they reach physiological maturity (92-97 
BBCH), when the minimum value was 
recorded.  
Compared with NDVI index which registered 
the maximum value at flowering (65 BBCH), 
correlated with the maximum reflectance, the 
NDBR index has registered the maximum 
value later, in the filling period of the seeds 
when the sunflower crop had the maximum 
biomass recorded. Subsequently, by the drying 
of basal leaves, and gradually those on the 
upper levels of the stem and the whole plant 
and by seed maturation, the amount of total 
biomass decreased as reflected in the value of 
the NDBR index. NDMI index provided 
information about the humidity of the soil and 
the vegetation cover of the sunflower crop. In 
the period of vegetation of the crop, high 
values of NDMI index were recorded based on 
the satellite images in the stage 2-4 leaves (12-
14 BBCH) when the degree of soil coverage by 
plants was reduced and in the flowering 
phenological phase (65 BBCH), subsequently 
this index had a decreasing slope until harvest. 
The highest values for this index were 
registered after harvest on the land with plant 
debris and disking field. 
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CONCLUSIONS 
 
The present studies have facilitated the 
characterization of the vegetation stages for 
sunflower based on the satellite images with 
high accuracy. NDVI, NDBR and NDMI 
indices had specific values according to the 
stages of vegetation analyzed and the specific 
properties of the crop in the certain stages. The 
dynamic of the vegetation was expressed 
differently by the NDVI, NDBR and NDMI 
indices. The most faithfully expressed stages of 
vegetation NDVI index, which values had 
correlated to the vegetation stages analyzed, 
with a maximum value at flowering stage (65 
BBCH code). The differentiated correlation of 
index NDVI with NIR band had highlighted the 
differentiated variability of sunflower crop in 
relation to vegetation stages analyzed. With a 
certain deviation, NDBR index has registered 
the maximum level at the stage BBCH of seed 
filling, marking distinctively this certain stage 
of vegetation. The image analysis based on 
satellite images can be the basis of crop phe-
nological characterization in order to achieve 
predictive and decision-making models. 
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Abstract  
 
Along with cereals, sunflower is species which has seen a significant expansion in plant structure on a farm (Brad, 
1990). The economic advantages of this are important (Hera et al., 1989), and by creating new hybrids are always 
looking for the potential to be as their genetic filled in.  A lot of the new hybrids have also a good resistance for drought 
seasons (Pârjol et al., 1971). In the paper there was a prospect of these new genetic possibilities in terms white luvicsoil 
of southern territory (Ionescu et al., 1983). Were experienced three times of sowing, three densities and three hybrids in 
recent years. The period studied included a very dry year (2012), a favorable year (2013) and a middle one (2014). 
Of all the factors, the greatest influence was a time of sowing, respectively were observed large losses of grain 
production by delaying sowing (Bîlteanu, 1993). The time in which most hybrids produced very well was 1 to 30 April. 
All hybrids sown in May produced significantly negative do to drought conditions (Vrânceanu, 1974). Density had only 
positive influence in medium climatic environment (Holliday, 1960; Robinson et al, 1980) and less in the very favorable 
one. In the background of very dry, high densities (50 and 70 plants.ha-1) grain yield formation disfavored. Investigated 
hybrids with high production potential, behaved rather differently, because their reaction for experiment factors was 
less obvious. Therefore, new hybrids Sandrina, Flornil and the latest F. 911 and F. 708 alongside Favorit is 
recommended for cultivation in southern white luvicsoil conditions. 
 
Key words: densities, drought, grain yields, sowing time, sunflower. 
 
INTRODUCTION 
 
In the present circumstances, to promote the 
newest hybrids of sunflower, specified some 
technological elements are required ( ipo  et 
al., 1981). Practical goal is the best possible 
expression of genes optimized them 
(Vrînceanu, 1974). Some of these measures can 
be adapted since sowing. Thus, every year it 
aims to set spring sunflower crop as early as 
possible. Employment in an early period of 
time means consider an important number of 
factors, including: achieving thermal factor, 
soil moisture, proper timing of the first species 
emergency. For sunflower, the best period for 
sowing may undergo some variation. 
According to some authors, its sowing until the 

end of April not produce obvious differences in 
the formation of seed production (Bîlteanu, 
1993). 
Another necessary element in ensuring 
obtaining a successful of the crop is the 
density. From the results it was found that 
while this crop density at emergence decisive 
influence not produce the maximum ( ipo  et 
al., 1981; Ionescu et Dr ghicioiu, 1989). The 
explanation is obvious that there is a clearing 
capacity of production per plant (Robinson et 
al., 1980), so that the whole chain of sunflower 
would produce about the same parameters. 
However, the expression of an optimal 
production capacity, experiments are necessary 
before launching new hybrid to the market. 
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At the same time, by sowing sunflower hybrids 
new aims to avoid periods of drought in the 
summer, including the time of sowing and 
density. As it is known, the earliest plants 
emerged, having a normal growth, fast 
(Duncan, 1969; Stoy, 1969), before the 
summer, are more resistant to drought in July 
and August (Pârjol et al., 1971). If for some 
reason seeding sunflower is made late, in May, 
three are a number of negative phenomena: 
physiology (Duncan, 1969), uneven growth 
(Russel, 1966), the effect of drought (Pârjol et 
al., 1971). The consequence is to reduce grain 
production. In order to observe the influence of 
the planting periods and densities of creating 
new hybrids, the experiments were conducted 
herein. 
 
MATERIALS AND METHODS 
 
Between 2012-2014 three factorial experiments 
were established, such as the subdivided parcel 
(plot), with factors: 
- A, sowing time: first at the beginning of the 

sowing area, the second midterm, and the 
third at the end of sowing period, 

- B, planting density: the graduations 30, 50 
and 70 thousand plants.ha-1, 

- C, hybdid: the first two years were 
cultivated Sandrina Favorit and Flornil, and 
last year Sandrina, F 911 and F 708. 

Variants area of 20 m2 was in three replicates. 
Crop technology was that recommended by the 
resort. Luvic-soil form culture was in arable 
horizon following indices: pH 5.23, PAL 17.7 
mg.kg-1 d.w., Al3+ 37.2 mg.kg-1, and 1.54 % 
total carbon (TC). During the growing season 
temperatures were recorded (minimum, 
medium and maximum), and precipitations. For 
every moment of sowing were calculated 
amounts of active degrees ( tn>70C) and 
hydro-climatic indices (IHC = P mm/ ETP.100, 
where ETP = evapo-transpiration potential). 
For the Albota sunflower is close to optimum 
climatic conditions and namely from sowing 
until the end of June (Figure 1). In July and 
August, however, rainfall not cover 
consumption needs, so we have registered the 
fenomenon of drought. Compared to multi- 
values in some years the phenomenon of 
drought can be attenuated or accentuated 
depending on the crop each year. In the 

research investigated 2012 was very dry, a 
favorable year 2013 and 2014 the midlle one. 
Accordingly new sunflower hybrids, formed 
different grain yield with accents between 
times of sowing and densities. 
 

 
Figure 1. The ETP and precipitations evolution  

from sunflower vegetation, multiannual data 
 

 
Photo 1. Sandrina hybrid, flowering period 

 
RESULTS AND DISCUSSIONS 
 
Obtaining sunflower production based on 
moments of sowing, density and hybrid, have 
had specificity expressed in each crop year. It 
is caused by increased variability of climatic 
conditions, from close to the normal influenced 
by drought. Thus, three different crop years 
were: 2012 arid, 2013 relatively normal, and 
2014 middle. To observe the influence of the 
three factors of sunflower crop in these 
conditions, the results will be presented for 
each crop year. 
Sunflower under 2012. For this year the 
sunflower was sown between April 5 and May 
15. In experiment three times of sowing were: 
April 12, May 3 and May 15. Climatic 
elements have evolved specific, Table 1. 
Thermal factor of plant vegetation has been 
fairly consistent: 2043 tn > 70C at first sown 
and between 1823 and 1726 for the other dates. 
Temperature excesses occured in July, 8 days 
exceeded the maximum 350C and extreme 
media of environments was 33.20C. Was very 
good rainfall in May and June, followed by 
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lack of water in July/7 mm over the entire 
month). The climatic conditions this year have 
made it clear influence of drought. 

Hydroclimatic index (IHC) was between 66 and 
63%, depending on sowing dates. 

 
Table 1. Climatic evolution from maize vegetation, 2012 dry year 

 
Sowing 
times 

Month mean values  
tn>70 

 
IHC* 
% 

Month Tn0C P mm 
Min. Med. Max. 

 
I 

12.04 

Apr. 
May 
Jun. 
Jul. 

Aug. 

11 
13 
17 
20 
17 

19 
17 
22 
26 
24 

22 
22 
28 
33 
32 

15 
109 
110 
7 
53 

 
2043 

 
66% 

 
II 

3.05 

May 
Jun. 
Jul. 

Aug. 

12 
17 
20 
17 

17 
22 
26 
24 

21 
28 
33 
32 

107 
110 
7 
53 

 
1823 

 
64% 

 
III 

15.05 

May 
Jun. 
Jul. 

Aug. 

13 
17 
20 
17 

16 
22 
26 
24 

20 
28 
33 
32 

20 
110 
7 
53 

 
1726 

 
63% 

*Hydro-climatic index, IHC = ; ETP- evapo-transpiration potential 

 
Table 2. Sunflower grain yields obtained in 2012, dry year conditions 

 
Sowing time 

Grain yields, t.ha-1  
Media  Dens. 30 50 70 

t.ha-1 t.ha-1 t.ha-1

Sandrina 
I, 12.04.2012 
II, 3.05.2012 

III, 15.05.2012 

2.306 
1.643 
0.983 

2.413 
1.346 
0.923 

2.380 
1.213 
0.446 

2.366 
1.401 
0.784 

Media  1.644 1.561 1.346 1.517 
Favorit   

I, 12.04.2012 
II, 3.05.2012 

III, 15.05.2012 

2.213 
1.370 
0.846 

2.040 
1.300 
0.883 

2.136 
1.280 
0.473 

2.130 
1.316 
0.734 

Media  1.476 1.408 1.296 1.393 
Flornil 

I, 12.04.2012 
II, 3.05.2012 

III, 15.05.2012 

2.200 
1.273 
1.007 

2.243 
1.233 
0.753 

2.467 
1.233 
0.573 

2.303 
1.246 
0.778 

Media  1.493 1.410 1.424 1.442 
 

LSD 5 % 
LSD 1 % 

LSD 0,1 % 

Time, A Density, B Hybrid, C A.B.C 
0.144 
0.239 
0.448 

0.216 
0.302 
0.427 

0.097 
0.130 
0.170 

1.059 
1.486 
2.128 

 
Sunflower yields obtained fell from one sowing 
moment to another, very evident, Table 2. The 
maximum yield was obtained for Sandrina 
hybrid, first sowing and density of 50,000 
plants.ha-1 - 2.413 t.ha-1. The second moment 
production levels fell to an average of 1.401 
t.ha-1, while the third sowing production was 
formed under 1.000 t.ha-1. In this hybrid can 
say that in a typical year of drought, only 
sowing at the earliest time they could avoid 
large losses of production. Favorit hybrid 
produced most first time and density of 30,000 
plants.ha-1, with 2.213 t.ha-1 grain yield. 
Lowest production was obtained at 70,000 
plants.ha-1 in the third sowing time (15 May), 
with 0.473 kg.ha-1 grain. Flornil hybrid 
produced under the same conditions 

comparable between 2.467 and 0.573 kg.ha-1 
grains respectively. 
Sunflower in 2013. The range created 
conditions for sowing sunflower this year was 
between 10 April and 10 May. Data from the 
experiment were: 18 April, 24 April and 8 
May. In terms of climate plants have received 
moderate temperatures close to requirements 
and with peak rainfall of 119 mm in June. tn > 
70C above 18000C were to the first two dates, 
and 16190C in the last sowing, Table 3. 
Hydroclimatic indices were located more than 
50%, although rain between 8 and 20 mm fell 
relatively uniform at decadal intervals. 
Formed grain production showed very good 
values for the first two periods and i.e. over 
3.000 t.ha-1  
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Third sowing period produced between 2.033 
t.ha-1 (Flornil, 70,000 plants.ha-1) and 2.867 
t.ha-1 (Sandrina, 30,000 plants.ha-1), Table 4. 
Physiologically, only hybrids sown a delay 

time suffered by a lack of water in August and 
even September (the third moment has 
extended vegetation in September). 

 
Tabel 3. Climatic evolution from maize vegetation, 2013 normal year 

 
Sowing  

time 

Month mean values  
tn>70 

 
IHC* 
% 

Month  Tn0C P mm 
Min. Med. Max. 

 
I 

18.04 

Apr. 
May 
Jun. 
Jul. 

Aug. 

10 
13 
16 
16 
18 

21 
19 
20 
21 
25 

24 
25 
25 
27 
32 

0 
52 
119 
35 
28 

 
1845 

 
50% 

 
II 

24.04 

May 
Jun. 
Jul. 

Aug. 

12 
16 
16 
18 

19 
20 
21 
25 

29 
25 
27 
32 

52 
119 
35 
32 

 
1815 

 
51% 

 
III 

8.05 

May 
Jun. 
Jul. 

Aug. 
Sep. 

12 
16 
16 
18 
11 

18 
20 
21 
25 
19 

24 
25 
27 
32 
22 

36 
119 
35 
32 
0 

 
1619 

 
52% 

*IHC =  (Stâng , 1983); ETP- evapo-transpiration potential 
 

Tabel 4. Maize grain yields obtained from 2013, normal year conditions 
 

Sowing time 
Grain yields, t.ha-1  

Media  Dens. 30 50 70 
t.ha-1 t.ha-1 t.ha-1

Sandrina 
I, 18.04.2013 
II, 24.04.2013 
III, 8.05.2013 

3.500 
3.300 
2.867 

3.433 
3.367 
2.600 

3.467 
3.267 
2.533 

3.467 
3.311 
2.667 

Media  3.222 3.133 3.089 3.148 
Favorit  

I, 18.04.2013 
II, 24.04.2013 
III, 8.05.2013 

2.567 
2.667 
2.533 

3.233 
3.533 
2.800 

3.300 
3.467 
2.267 

3.033 
3.222 
2.533 

Media  2.589 3.189 3.011 2.929 
Flornil 

I, 18.04.2013 
II, 24.04.2013 
III, 8.05.2013 

3.267 
3.367 
2.600 

3.533 
3.467 
2.567 

3.433 
3.500 
2.033 

3.411 
3.444 
2.400 

Media  3.078 3.189 2.988 3.085 
 

LSD 5 % 
LSD 1 % 

LSD 0.1 % 

Time, A Density, B Hybrid, C A.B.C 
0.261 
0.433 
0.808 

0.100 
0.141 
0.199 

0.311 
0.416 
0.547 

0.689 
0.945 
1.313 

 
Sunflower in terms of 2014. This year sowing 
sunflower occurred in two ranges:one early 
April 1-5 and second late from 20 to 31 May. 
Climatic conditions have induced this 
phenomenon, especially by the rains that have 
fallen in large amounts from April to July, 
constantly- Table 5. In experiment the first 
sown was in April 4th and the following two 
moments on 23 May and 29 May. At first 
sowing rains fallen negatively influenced plant 
growing up, after about 30 days. Under these 
conditions the density of emerged plants was 
reduced by about 5%. Overall, plants 
vegetation sown of three times, with 
background excessively wet climate, the 

vegetation was extended until October (first 
decade). Temperatures have evolved close to 
normal, without excesses. tn > 70C was 
different: 19370C in the first sowing, 16190C in 
the second and 14900C in the last sowing. 
Hydro-climatic index exceeded 100% the first 
time and stood at over 90% in the other two 
times. Production of sunflower formed under 
these conditions was very good and namely the 
first two planting dates. Their level often 
exceeded 3.000 t.ha-1, Table 6. The highest 
yields in all three hybrids were obtained from 
30,000 plants.ha-1 density. The lowest yields 
were formed on the third moment of sowing 
and the density of 70,000 plants.ha-1. 
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Tabel 5. Climatic evolution from maize vegetation, 2014 medium year 
 

Sowing  
time 

Month mean values  
tn>70 

 
IHC* 
% 

Month   Tn0C P mm 
 Min. Med. Max. 

 
I 

4.04 

Apr.  
May 
Jun. 
Jul. 

Aug. 
Sep. 
0ct. 

11 
12 
15 
18 
17 
12 
11 

14 
17 
19 
23 
23 
17 
14 

18 
22 
24 
28 
30 
23 
18 

180 
158 
115 
138 
43 
88 
8 

 
 

1937 

 
 

132% 

 
II 

23.05 

May 
Jun. 
Jul. 

Aug. 
Sep. 
Oct. 

15 
15 
18 
17 
12 
11 

18 
19 
23 
23 
17 
15 

26 
24 
28 
30 
23 
18 

0 
115 
138 
43 
88 
13 

 
 

1619 

 
 

94% 

 
III 

29.05 

Jun. 
Jul. 

Aug. 
Sep. 
Oct. 

15 
18 
17 
12 
11 

20 
23 
23 
17 
13 

24 
28 
30 
23 
18 

107 
138 
43 
88 
66 

 
 

1490 

 
 

97% 

*IHC = ; ETP- evapo-transpiration potential 

 
Tabel 6. Sunflower grain yields obtained from 2014 medium year conditions 

 
Sowing  

time 

Grain yields, t.ha-1  
Media  Dens. 30 50 70 

t.ha-1 t.ha-1 t.ha-1

Sandrina 
I, 4.04.2014 

II, 23.05.2014 
III, 29.05.2014 

3.550 
3.350 
2.500 

3.475 
3.250 
2.400 

3.200 
2.775 
1.625 

3.408 
3.125 
2.175 

Media  3.133 3.042 2.533 2.903 
F. 911   

I, 4.04.2014 
II, 23.05.2014 
III, 29.05.2014 

3.525 
3.300 
2.325 

3.300 
3.375 
2.000 

2.850 
2.975 
1.925 

3.225 
3.217 
2.083 

Media  3.050 2.892 2.583 2.842 
F. 708 

I, 4.04.2014 
II, 23.05.2014 
III, 29.05.2014 

3.225 
3.175 
2.450 

3.150 
3.175 
2.475 

2.875 
2.750 
1.800 

3.083 
3.033 
2.242 

Media  2.950 2.933 2.475 2.786 
 

LSD 5 % 
LSD 1 % 

LSD 0.1 % 

Time, A Density, B Hybrid, C A.B.C 
0.136 
0.410 
0.660 

0.148 
0.202 
0.276 

0.110 
0.147 
0.192 

0.354 
0.483 
0.658 

 
 

Statistical analysis of grain productions. 
Three years of sunflower culture showed high 
variability. Hybrids sowing at differing times 
and in several densities expressed within good 
and bad. Variance analysis of experiments in 
the three years highlights the special 
influences, Table 7. Statistical calculation 
demonstrates that planting dates A-factor, had 
the highest influence in all three years. In terms 
of density (B factor) only two years have 
highlighted significant influence and namely in 
the last two years. Hybrid (C factor) had 
obvious influence in the first and in the last 
year. Of interactions, only the moment and 
hybrid of last year had obvious influence. 
 
 

CONCLUSIONS 
 
Among the factors studied, sowing moments 
had the greatest influence in the formation of 
new hybrids. For the area, the time in which the 
terms are planting varies during April and May. 
New hybrids produced betwee 2.500 t.ha-1 to 
early sowing in dry conditions, 3.500 t.ha-1 in 
normal and middle years. Production biggest 
losses occured in the first year when hybrids 
were sown on 3 May. Summer drought has 
formed a production of 470- 570 kg.ha-1 grain. 
Densities had obvious influence on sunflower 
production during last two years. In all three 
hybrids climatic environment formed the 
largest grain production to 30,000 plants.ha-1. 
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New hybrids grown significantly distinguished 
themselves in the first and third years. With 
high yield potential, all hybrids have used fairly 
experienced the full spectrum of climate which 
benefited the studied period. 

Interactions between factors, only one of 
planting dates and hybrids had meaning. This 
acquires practical imporance that farmers will 
sow new hybrids at a time as early as possible. 

 
Table 7. The analysis of Anova test, yield grains of sunflower 

Variability  
cause 

Sq sum LG Variance, S2 F test 

2012 2013 2014 2012 2013 2014 2012 2013 2014 

Repetitions 0.099 0.110 0.156 2       

Factor A 31.101 10.999 24.972 2 15.55 5.499 12.49 420*** 46*** 223*** 

Error A 0.148 0.476 0.335 4 0.037 0.119 0.056    
Big plots 31.348 11.585 25.463 8       
Factor B 0.451 0.604 5.431 2 0.226 0.302 2.715 1.70 10.8** 39*** 

AxB 0.774 1.411 0.199 4 0.019 0.353 0.050 0.15 1.17 0.72 

Error B 1.594 0.333 1.241 12 0.133 0.028 0.069    

Middle plots 2.819 2.348 6.872 18       
Factor C 0.209 0.683 0.245 2 0.105 0.342 0.122 3.39* 1.06 2.25* 

AxC 0.183 0.863 0.746 4 0.046 0.216 0.187 1.48 0.67 3.43* 

BxC 0.159 1.370 0.172 4 0.040 0.343 0.043 1.28 1.07 0.79 

AxBxC 0.055 0.378 0.652 8 0.007 0.047 0.082 0.22 0.15 1.50 

Error C 1.106 11.584 2.935 36 0.031 0.322 0.054    

Small plots 1.712 14.878 4.750 54       
Total experiment 35.879 28.811 37.085 80       
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Abstract  
 
Differences in regulations result in needless destruction of safe food and hamper food trade. The differences are not just 
the result of the history of food safety regulations, often developed in times before global cooperation, but are also built 
in new regulations. It may be responses to media hypes or for other reasons, but in most cases the differences cannot be 
justified scientifically. A major difficulty is that, due to the developments in analytical techniques the number of 
chemicals that are found in food is increasing rapidly and chemicals are always suspected to be a safety risk. By far 
most chemicals are of natural origin but could not be detected in the past because the methods available in the past 
were not sensitive enough. Demanding the absence of chemicals because the risk they present is unknown, however, 
would eventually make all food unacceptable. The general public should be shown that everything they eat is chemical, 
and all food components will be toxic if the amount is too high. It should also be shown that many of these chemicals 
will also cause illness and death if there is not enough of it as is the case with vitamins and minerals.  
 
Key words: food safety regulations, science-based, toxicity. 
 
INTRODUCTION  
 
Differences between food safety regulations 
result in needless destruction of healthy food in 
a world where a billion people have very little 
or no food. Food products that meet the 
regulatory requirements and are therefore 
considered safe in one country may be 
confiscated across the border when exported, to 
protect the citizens on the other side against a 
health hazard. Sometimes such differences are 
created on purpose to block import of products 
for economic reasons. Because of uncertainty 
about whether a new product, new ingredient or 
a product produced using a novel processing 
technology will comply with the interpretation 
of local food laws, companies that operate 
internationally hesitate to invest in their 
introduction or development. Thus differences 
in regulations between countries affect on the 
one hand food security and on the other hand 
hamper international trade and innovation. 
 
THE MAKING OF FOOD SAFETY 
REGULATIONS  
 
One of the main problems is the lack of 
understanding of toxicity by politicians, general 

public, activists (antis), press and the strong 
influence of professional lobbyists. Populist 
politicians have a strong tendency to promise 
what makes them look good so that they will be 
popular, increasing the chance of re-election. 
Generally they do not use time to look at facts 
and many find scientists just troublemakers 
who you cannot trust.  
The general public has the information from 
newspapers or other mass media. Journalists 
prefer publishing negative messages, because 
that is what most readers want and 
consequently also what the publishers want. 
Negative news sells. Publishing that everything 
is fine, food is safe and you stay alive and get 
old by eating what is on the shelves does not go 
down with the general public. Equally, TV 
news programmers generally care about how 
many viewers they get. For them correctness of 
information is secondary and checking 
information anyhow takes too much time. 
Activists are just against; the topic often does 
not matter. In the case of food everything is 
wrong, by definition, because governments 
want to control people and industries want to 
make profit, all at the expense of the people. 
They want “the people” to believe this and be 
against e-numbers, preservatives, processed 
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food etc. “Anti” organisations often spread lies 
and claim to be honest. They never provide the 
scientific evidence of what they say. And if 
somebody shows evidence that they may be 
wrong, they claim that the research has been 
done for the industry or the government and 
everybody knows that you cannot trust 
industries and governments. You can trust their 
organisation and they will fight for you, please 
donate.  
Then of course the industry needs regulations 
that allow them to maximise profit. If they 
leave regulations at the mercy of the public and 
the antis, making profit gets hard. Hence they 
lobby with information that they feel is right - 
for them. The amount of money spent by the 
food industry on lobbying politicians is huge. 
In the USA alone up to $150 million is spent on 
lobbying annually (Senate Office of Public 
Records, 2015). That amount induced the CEO 
of the Irish Health Trade Association, to state 
that the European food industry can learn from 
the US industry (Ruth, 2012). He is right, but 
the European food industry would learn the 
wrong things, because lobbying is aimed at 
getting done what is good for the companies 
that hire the lobbyists, NOT for what is good 
for the consumers.  
 There are very good reasons for having food 
safety regulations and it is important to have 
capable inspectors to ensure their 
implementation. This is exemplified by 
criminal events, discussed in detail and 
referenced elsewhere (Lelieveld, 2012 and 
Motarjemi, 2014), such as the addition of lead 
oxide to paprika powder, diethylene glycol to 
wine, melamine to milk, and oil containing 
polychlorinated biphenyls and dioxins to 
animal feed. To ensure that additions to food 
and food products do not make the food 
unhealthy, there are substances of which 
addition to food is not allowed. If, however, the 
presence of traces of such substances leads to 
the destruction of large quantities of food, 
while the concentration of these substances is 
too low to do any harm, something is wrong. 
Examples are the presence of harmless 
concentrations of antibiotics (parts per billion) 
and of Sudan Red (parts per trillion) in food 
that lead to the destruction of food (Lelieveld, 
2012). A recent (June 2014) example is the 
destruction of 2500 healthy calves by the 

Netherlands government because it contained 
traces (again parts per billion) of the antibiotic 
Furazolidon.  
The Netherlands food safety authority 
(Nederlandse Voedsel - en Warenautoriteit) had 
concluded that the meat did not present an 
unacceptable health risk (Nederlandse Voedsel- 
en Warenautoriteit, 2014).  
 Most man-made chemicals also occur in nature 
in concentrations that can be detected now, but 
not previously. They are produced by animals, 
microbes (bacteria, fungi and parasites), plants 
and geochemical processes (e.g. volcanoes). 
All microbes produce antibiotics and therefore 
all soil contains antibiotics (Lelieveld, 2012). 
More than 5000 different natural organic 
halogens have been identified in nature 
(Gribble, 2003a and Gribble, 2011). The clear 
and convincing evidence that chlorinated 
dioxins and dibenzofurans have several natural 
sources - both abiogenic and biogenic - is one 
of the most significant and politically important 
scientific discoveries of our age Gribble, 
2003b). Chemicals, including chlorinated 
organic compounds, found in food products are 
not necessarily additives and thus do not have 
been the result of criminal action. Moreover, 
humans and their predecessors have been 
exposed to the scariest chemicals for millions 
of years and evolution led to the development 
of a biological system that can cope with these 
chemicals.  
That is why humans have kidneys, a liver and 
built-in filters and often have learned to use the 
chemicals beneficially. Even if a substance has 
been added illegally, if the concentration is 
harmless, there is neither a scientific nor a 
moral justification to destroy the food. Instead, 
the perpetrator should be prosecuted. 
Requiring absence of chemicals makes that the 
methods of analysis determine how much is 
allowed and not the amount that may do harm. 
In the past 50-60 years, the detection limits for 
many chemicals have gone down by a factor of 
a million or more.  
That means that absence now is more than a 
million times less than 50 years ago. Not 
because of scientific evidence of toxicity, but 
because of the improvement in the methods of 
analysis.  
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SCIENCE BASED REGULATIONS 
 
We need regulations but they need to be 
sensible, protecting consumers from harm. 
Destroying safe food does not protect anybody. 
This requires accepting that toxicity is a matter 
of a substance (chemical) in combination with a 
dose, as posed by Paracelsus 500 years ago 
(“Poison is in everything, and no thing is 
without poison. The dosage makes it either a 
poison or a remedy”). Although the remedy 
part may not apply to all substances, it certainly 
applies to many. Since Paracelsus, a vast 
amount of evidence has been produced (Ames 
and Gold, 1997). Clear examples showing the 
importance of the dose are vitamins and 
minerals. Both too much and not enough may 
kill you. All food contains natural substances 
that will be poisonous (toxic) if ingested in too 
high amounts. Cabbage, broccoli, Brussels 
sprouts, cauliflower, turnip, radish, horseradish, 
mustard and rapeseed all contain 
glucosinolates; rhubarb, spinach, parsley, 
chives, purslane, cassava, amaranth, chard, taro 
leaves, radish, kale and monstera fruit all 
contain oxalates; peanut, soy, spinach, broccoli, 
potato and apple contain saponins; potatoes, 
tomatoes and aubergines contain solanine; 
cinnamon, peppermint, green tea, chicory and 
blueberries contain coumarin; pulses contain 
lectins; cassava contains linamarin etc. 
Nevertheless, these produces are safe to eat in 
moderate or often even fairly large quantities 
without risking poisoning. Following the 
understanding of the general public, however, 
one would have to stop eating, because the food 
would be toxic. 
 

 
 
Figure 1 shows what most people think about 
toxic substances, namely damage can be 
prevented only by total absence. This is what in 

public debates is demanded from governments 
if somebody has raised public interest (usually 
the “antis”) that a product is toxic, because they 
found out that a product is contaminated with a 
certain chemical. This leads to absurd regu-
lations, as those that lead to the destruction of 
safe and nutritious food. Also some chemicals 
are no longer allowed for use in packaging 
materials or process equipment even when the 
concentration resulting from leaching into the 
food is so low (sometimes below the natural 
concentration in the food), that harm is not 
possible and indeed never has been reported.  
 

 
Figure 2 shows what most politicians and 
policy makers believe, viz. the higher the 
concentration in a product, the more damage to 
health, but a very low concentration where e.g. 
only one person in a million will suffer is 
usually considered acceptable. Still the idea is 
that there is always damage and no damage will 
require total absence. In many countries those 
in the departments or ministries who have to 
draft the text of the laws have to follow the 
instructions of the politicians, because the 
parliaments have to approve the proposed laws. 
This again may lead to absurd regulations.  
 

 
Toxicologists know that below a certain dose 
there is no effect (the no adverse effect level, 
NOAEL) and hence at that level no reason for 

Figure 3. Most toxicologists agree that there is a 
threshold below which there is no adverse health 

effect 

Figure 1. Interpretation of toxicity by the general 
public: a toxic substance does damage 

independent of the dose 
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concern (Figure 3). This is the level that does 
not overload the capabilities of the human body 
to protect itself (the functions of e.g., the liver 
and kidneys).  

 
Paracelsus described 500 years ago that if the 
dose is too high a substance will be a poison, 
but a low dose will be a cure. This certainly is 
the case with vitamins and many minerals 
(Figure 4), where deficiency will damage 
health but so will be an overdose.  
The Global Harmonization Initiative (GHI) 
intends to find ways to make the general public 
and politicians to understand these matters, 
diverting the tendency to precautionally making 
food safety laws that do not protect the public 
but rather make them suffer. GHI would like to 
see all food scientists to help spreading this 
knowledge and it is hoped that the information 
in this articles will help doing so. 
 
CONCLUSIONS 
 
Too many food regulations are not based on 
science but on misinformation and 
misinterpretation. These regulations lead to the 
needless destruction of safe food. Differences 
in food safety regulations cannot be justified 
scientifically. The general public should be 
shown that everything they eat is chemical, 
because nature consists of chemicals. Then they 

should be made aware that all chemicals and 
hence all food components will be toxic in too 
high a dose. They need also be shown that 
many of these chemicals will also cause illness 
and death if there is not enough of it. Good 
examples are vitamins and minerals. It is hoped 
that the examples and graphs provided in this 
article will help food scientists everywhere to 
convince public and politicians every time an 
issue comes up that could lead to absurd 
regulations. 
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Abstract 
 
Encapsulation and micropropagation technologies were summarized and discussed as tools to exchange and to 
propagate valuable genotypes respectively. Each of these technologies shows advantages and problems for large and 
commercial diffusion whereas their integration represents a considerable innovation for the future nursery. In fact, 
uninodal microcuttings excised from in vitro proliferated axillary shoots or adventitious microshoots, both 3-4 mm 
long, can be encapsulated in a protective and nutritive covering after appropriates root induction treatments to obtain 
synthetic seeds. They are plant structures free from parasites, viruses included, and in several species able to convert in 
whole plantlets under in vitro or in vivo conditions after storage and transport, like the zygotic seeds. In other words 
the combination of the micropropagation with the encapsulation permits to reach the advantages of both technologies 
in one tool (the synthetic seed) characterized by high cloning efficiency, perfect sanitary plantlet conditions, reduced 
space requirements and size, resistance to handling, storability, and transport. Some problems have to be solved before 
large scale diffusion of this innovative combination which can represents a promising tool for the future nurseries. 
 
Key words: plant propagation, in vitro culture, synthetic seed, genotypes exchange. 
 
INTRODUCTION 
 
It well know that the zygotic seeds are the 
natural organs for plant species conservation 
and dissemination on the territories and through 
time. Usually they are free from parasites, 
viruses included, and resistant to environmental 
stresses, manipulation and transport. 
Unfortunately they can’t be employed for 
propagation and/or exchanging of cultivars, 
clones, and/or local woody ecotypes. In these 
situations the nurserymen have to employ one 
of cloning propagation methods like cutting, or 
grafting or layering to diffuse and to sure 
woody plant descent (Hartmann et al., 2002). 
But these methods require appropriate lot of 
mother plants which have to be cultivated 
adequately to maintain their genetic pureness 
and virus free status, as the national and 
international regulations impose. From some 
decades, in an increasing number of private 
nurseries the micropropagation techniques were 
introduced as innovative cloning methods 

because: (i) they are highly productive, (ii) 
requires a restricted amount of mother plants, 
and (iii) the production of new plantlets occurs 
in aseptic conditions. Moreover, the cloned 
plantlets are free from fungi, bacteria, parasites 
and viruses until they remain in the sterile 
conditions. In any case, the final products of 
cloning propagation methods consist in young 
plantlets, which are inadequate for 
conservation, commercialization and long 
distance transport because not resistant to 
sudden changes of temperature and water 
content. Moreover, the final stage of the vitro-
derived plantlets occurs in pots or in soil where 
they can be infected by parasites and viruses 
(Standardi and Micheli, 2013).  
Against these risks local and international 
regulations impose sanitary controls of the 
propagated plant material before their use in 
order to limit the diffusion of parasites. So, 
nurserymen are looking for a new procedure 
able to join the advantages of the 
micropropagation (high efficiency productive, 
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perfect sanitary plantlet conditions, reduced 
space requirements) with the characteristic of 
the zygotic seeds concerning size, resistance to 
handling, storability, and transportability 
(Micheli et al., 2003).         
 
ENCAPSULATION TECHNOLOGY 
 
From some years an increasing number of 
laboratories are involved in experiments 
concerning the encapsulation technology aimed 
to obtain the synthetic seed (or artificial seed or 
synseed or agamic seed), an innovative 
biotechnological product defined by Murashige 
(1978), as an encapsulated somatic embryo. 
The large number of studies aimed to find other 
suitable propagules allowed to extend the 
definition of the synthetic seed as an artificially 
encapsulated vitro-derived somatic embryo, 
shoot bud or any vivo-derived plant tissues 
used as functionally mimic seeds for sowing 
and possessing the ability to evolve (to convert) 
into plantlet under in vitro or ex vitro (in vivo) 
conditions, which can retained even also after 
storage (Bapat et al., 1987; Redembaugh, 
1993; Rai et al., 2009).  
A further product of the encapsulation 
technology is the capsule defined as 
encapsulated portion of vitro-derived plant 
tissue possessing the ability to evolve (to re-
growth) in shoots which can be reused only for 
micropropagation after storage and/or 
transport (Standardi and Micheli, 2013).   
The encapsulation procedure requires sterile 
conditions and includes three steps: coating, 
complexation, and rinsing. The single 
encapsulated propagules (few millimeters long) 
are enclosed in a spherical matrix covering 
them for 1-2 mm and containing nutritive 
compounds (artificial endosperm) suitable to 
maintain: (i) viability or green color, with no 
necrosis or yellowing along the period between 
encapsulation and use that included storage and 
commercialization; (ii) re-growth or growth of 
explants with consequent breakage of the 
encapsulating matrix and extrusion of at least 
one small shoot or root after sowing and (iii) 
conversion or contemporary growth and 
extrusion of epigeous and hypogeous organs 
with a vascular connection between shoot and 
root. This term correspond to germination used 

for gamic or zygotic seed (Carlson and Hartle, 
1995; Gardi et al., 1999). 
Besides the nutritive function, the 
encapsulating matrix protects the enclosed 
plant tissue against mechanical damages during 
manipulation, transport and storage because it 
resists to pressure of 1-2 Kg depending on the 
concentration of the encapsulating compound 
usually represented by sodium alginate 
(Barbotin et al., 1993). Moreover both capsule 
and synthetic seed can be stored for long period 
by cryopreservation or for short and medium 
time in refrigerator at 2-8 °C depending from 
the species (Engelmann, 1997; Micheli et al., 
2007; Micheli et al., 2008; Lambardi et al., 
2009). So, these characteristics make the 
encapsulated plant materials like to the zygotic 
embryos.  
At present the encapsulation technology is 
enough expensive because requires intense 
manual labor but some machineries for 
preparation and encapsulation of the single 
propagules are under experimental evaluation. 
Essentially they have to perform the following 
three functions: (i) excision of the single and 
small propagule from the vegetative mass, (ii) 
dipping of each one into the encapsulation 
solutions, and (iii) complete covering of the 
plant material into the encapsulating matrix 
(Sakamoto et al., 1995; Brischia et al., 2001). 
 
MICROPROPAGATION 
 
It is well known that the micropropagation is a 
very productive technology which permits to 
obtain plantlets: (i) in aseptic conditions, (ii) in 
growth chamber with controlled light and 
temperature and, (iii) in appropriate nutritive 
formulations. In these conditions no risks of 
parasites and virus aggression during the plant 
regeneration process occur. Moreover, possible 
presence of virus in the donor plants can be 
eliminated if the size of the initial meristem is 
very small, about half millimeter or less 
(Micheli et al., 2008).  
According to morphogenetic pathway used for 
in vitro plant propagation, the products of the 
micropropagation are: (i) somatic embryos (bi-
polar organs) obtained by embryogenesis and 
potentially able to convert in plantlets, (ii) 
adventitious shoots (uni-polar organs) obtained 
by organogenesis from the initial plant tissue 
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and, (iii) axillary shoots (uni-polar organs) 
obtained by proliferation of the initial buds or 
meristematic tissues.  
The somatic embryos possess both root and 
shoot apex and adequate size to be 
encapsulated for the synthetic seed production; 
nevertheless their use in the nursery activity is 
not suggested because of somaclonal variations 
can arise during the in vitro embryogenesis 
process (Donnelly and Vidaver, 1988; Gray et 
al., 1995).  
Both adventitious or axillary shoots as unipolar 
explants have to be submitted to rooting 
inductive treatments to obtain whole plantlets 
which become autotrophic and marketable after 
acclimatization in soil or in pots and have to 
face possible virus infections (Standardi and 
Micheli, 2013). To avoid this risk and to sure 
the sanitary plant conditions required for local 
and international exchanges it is recommended 
to commercialize the micropropagated plantlets 
just at the end of the rooting step, inside the 
aseptic jars, on sterile media. But at this stage 
the plantlets are quite sensitive to water and 
temperature stresses and the risk of survival 
loss is very high, especially for long distance 
exchanges. 
 
PERSPECTIVES FOR THE SYNTHETIC 
SEED 
 
At the moment suitable vitro-derived explants 
for synthetic seeds production are considered 
both nodal portion (microcutting) excised from 
proliferated axillary shoots or adventitious ones 
at the rosetta stage, both 4-5 mm long. These 
propagules are able to re-growth in shoots 
spontaneously (uni-polar), whereas the 
synthetic seed is that if the encapsulated plant 
material develops a whole plantlet (conversion) 
after sowing (Bapat et al., 1987; Bapat, 1993; 
Redembaugh, 1993; Rai et al., 2009). So, they 
have to be submitted to appropriate inductive 
treatments before encapsulation. Several 
experiments were conducted to examine the 
effects of some treatments showing positive 
results in many woody fruit, medical and 
ornamental plants (Brischia et al., 2001; 
Sandoval-Yugar et al., 2009; Iklaq et al., 2010). 
Currently it is possible to suppose that the 
treatments to improve rooting and conversion 
of the synthetic seeds can be applied just before 

sown, like those to the zygotic seeds in the 
nursery (Harmann et al., 2002).  
The most part of the experimentation 
concerning the conversion was carried out 
sowing the synthetic seeds on agar medium and 
in sterile conditions, appropriate only for 
exchanging of valuable genotypes between 
laboratories, even if it should be allowed also 
in ex vitro (or in vivo) conditions to satisfy 
completely the definition of synthetic seed. At 
this purpose promising results were obtained by 
addition of antimicrobials or fungicides to the 
sowing medium or to the encapsulating matrix 
(Germanà et al., 2007). Also the use of sowing 
substrates alternative to agar were essayed as 
jiffy, perlite, compo-cactea® and soil-mix with 
encouraging results (Saiprasad, 2001; Ray et 
al., 2009). 
The combination of the in vitro plant 
regeneration with the encapsulation procedure 
seems to be a valuable perspective for 
propagation and exchange of high quality plant 
material but it is not immediately available for 
large diffusion in the nurseries, because some 
problems have to completely solved, as: (a) the 
poor conversion percentage both in vitro or in 
vivo in some species, (b) the full control of 
fungal and bacterial contamination in non 
aseptic environment, (c) the leaching of 
nutrient and dehydration risks from the coating 
during commercialization and storage, and (d) 
the reduction of manual labor for propagule 
preparation and encapsulation (Standardi and 
Micheli, 2013).    
 
CONCLUSIONS   
                            
Research aimed to find solutions for these 
applicative problems is strongly recommended 
because the full value of the two technologies 
(encapsulation and micropropagation) increases 
when their integration will be reached. In fact, 
at moment the application of the encapsulation 
technology alone is limited to exchange plant 
material between laboratories involved on in 
vitro culture.  
At the same time, micropropagation is very 
efficient as cloning method, but unable to 
assure the production of plantlets certainly 
virus free. Combining of micropropagation and 
encapsulation could produce an innovative 
technology, already detectable in nature from 
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time immemorial, when in autumn we can 
observe the spontaneous formation of plantlets 
on the falling leaves. During the winter, the leaf 
lamina protects and feeds the plantlet as our 
encapsulating matrix. 
So, our innovative proposal is only one more 
example of “copy and paste” the nature!         
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Abstract 
 
After nearly three years of intensive consultations, 2015 has been declared the International Year of Soils by the 68th 
UN General Assembly (A/RES/68/232). The International Years of Soil is to be a major platform for raising awareness 
of the importance of soils for food security and nutrition and essential eco-system functions. Key objectives of the 
International Years of Soil have been identified as follows: to create full awareness of all stakeholders about the 
fundamental roles of soils for human life; to achieve full recognition of the prominent contributions of soils to food 
security and nutrition, climate change adaptation and mitigation, essential ecosystem services, poverty alleviation and 
sustainable development; to promote effective policies and actions for the sustainable management and protection of 
soil resources; to sensitize decision-makers about the need for robust investment in sustainable soil management 
activities, to ensure healthy soils for different land users and population groups; to catalyze initiatives in connection 
with the Sustainable Development Goal process and Post-2015 agenda; to advocate rapid enhancement of capacities 
and systems for soil information collection and monitoring at all levels (global, regional and national) 
(http://www.fao.org/soils-2015).  
Applying a proper management of the recovery and conservation of soil resources is a major goal for every nation. The 
development of a country depends on the production potential of own soil resources. Soil degradation is a serious 
problem in Europe an also in Romania. It is caused or exacerbated by human activity such as inadequate agricultural 
and forestry practices, industrial activities, tourism, urban and industrial expansion etc. Soil Quality Monitoring in 
Romania revealed a number of problems concerning land use in Romania following the manifestation of one or more 
limiting factors such as: moisture deficit, salinization and alkalization, soil erosion, waterlogging, reduced organic 
matter content soil acidity, compaction, pollution, reduced edaphic volume etc. 
 
Key words: soil resources, soil health, degradation, monitoring. 
 
INTRODUCTION 
 
Soil health has been defined as "the continued 
capacity of the soil to function as a vital living 
system, within ecosystem and land-use 
boundaries, to sustain biological productivity, 
promote the quality of air and water 
environments, and maintain plant, animal, and 
human health". (Doran et al., 2002) 
The trend in soil health is the assumed change 
in the recent past, determined by two major 
pressures on the soil as they are influenced by 
soil management: 
• The physical pressures related to loss of soil 

mass and structure; 
• the pressures on the long term chemical 

well-being of the soil in terms of nutrient 
availability and the absence of toxicities 
built up in the soil. 

This trend can be negative (degradation) if the 
soil management is not adequately counteract 
the (natural and management) pressures, but 
may also be positive and result in 
improvements when the applied soil 
management and conservation techniques and 
approaches are more than compensating soil 
deterioration. 
Healthy soil gives us clean air and water, 
bountiful crops and forests, productive 
rangeland, diverse wildlife, and beautiful 
landscapes. Soil does all this by performing 
five essential functions. 
Nutrient cycling - soil stores, moderates the 
release of, and cycles nutrients and other 
elements.  
During these biogeochemical processes, 
analogous to the water cycle, nutrients can be 
transformed into plant available forms, held in 
the soil, or even lost to air or water. 
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Water relations - soil can regulate the drainage, 
flow and storage of water and solutes, which 
includes nitrogen, phosphorus, pesticides, and 
other nutrients and compounds dissolved in the 
water. With proper functioning, soil partitions 
water for groundwater recharge and for use by 
plants and soil animals. 
Biodiversity and habitat - soil supports the 
growth of a variety of plants, animals, and soil 
microorganisms, usually by providing a diverse 
physical, chemical, and biological habitat. 
Filtering and buffering - soil acts as a filter to 
protect the quality of water, air, and other 
resources. Toxic compounds or excess nutrients 
can be degraded or otherwise made unavailable 
to plants and animals. 
Physical stability and support - soil has the 
ability to maintain its porous structure to allow 
passage of air and water, withstand erosive 
forces, and provide a medium for plant roots. 
Soils also provide anchoring support for human 
structures and protect archeological treasures. 
This paper presents the main limiting factors of 
soil resources in Romania and and their 
influence on the physico-chemical soils 
characteristics. 
Soil degradation is a serious problem in Europe 
an also in Romania. It is caused or exacerbated 
by human activity such as inadequate 
agricultural and forestry practices, industrial 
activities, tourism, urban and industrial 
expansion etc. 
Damage to Europe’s soils from modern human 
activities is increasing and leads to irreversible 
losses due to soil erosion, local and diffuse 
contamination and the sealing of soil surfaces. 
Population growth coupled with urbanization is 
putting soils under pressure, while agricultural 
intensification is making soils more prone to 
erosion. Sealing of soil surfaces due to an 
increased urbanization and new infrastructures 
is the main cause of soil degradation in the 
most industrialized and populated countries of 
western and northern Europe. 
Sustainable management of soil as a natural 
resource, together with air and water, is one of 
the environmental challenges and priorities in 
the 5th Environmental Action Programme.  
Soil Quality Monitoring in Romania revealed a 
number of problems concerning land use in 
Romania following the manifestation of one or 
more limiting factors such as: moisture deficit, 

salinization and alkalization, soil erosion, 
waterlogging, reduced organic matter content 
soil acidity, compaction, pollution, reduced 
edaphic volume etc. 
Soil degradation processes have a direct impact 
on water and air quality, biodiversity and 
climate change. The degradation of soil 
resources affect health and safety of 
agricultural and food products (Dumitru et al., 
2000). 
The adoption of the EU Thematic Strategy for 
Soil Protection by the European Commission 
on 22 September 2006 has given formal 
recognition of the severity of the soil and land 
degradation processes within the European 
Union and its bordering countries. 
Soil degradation processes are driven or 
exacerbated by human activity. Climate 
change, together with individual extreme 
weather events, which are becoming more 
frequent, will also have negative effects on 
soil.  
Soil degradation processes occurring in the 
European Union include erosion, organic 
matter decline, compaction, salinization, 
landslides, contamination, sealing and 
biodiversity decline. 
 
RESULTS AND DISCUSSIONS 
 
From the perspective of crop production, soil 
fertility at its core is determined by soil life. 
Conventional agronomy as it is taught in most 
formal university settings does not prioritize 
soil life as the central force, and it could be 
argued that this is causal in the drastic decrease 
in agricultural soil fertility worldwide. 
Conventional fertility and management 
protocols are in many ways very destructive to 
soil life, and due to this have effected 
desertification, erosion, pollution of waterways, 
aquifers, and the environment in general.  
Romania's soil resources are shown in Figure 1. 
In recent years arable farmland harnessed in 
Romania is about 8 million ha. If in 10 years 
ago in Romania's arable land was used by 9.4 
million ha, this has dropped significantly in 
recent years.  
The significant decrease in arable land used is 
added to a number of limiting factors that can 
influence the level of agricultural yield. 
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Figure 5. C
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The loss of macro porosity and pore continuity 
reduces strongly the ability of the soil to 
conduct water and air. 
• Reduced infiltration capacity results in 

surface run-off, leading eventually to 
flooding, erosion and transport of nutrients 
and agrochemicals to open water. 

• A poor aeration of the soil reduces plant 
growth and induces loss of soil nitrogen and 
production of greenhouse gases through 
denitrification in anaerobic sites. 

Soil compaction occurs in most soils cultivated 
on an area around of 6.5 million hectares. 
Edaphic volume (Ve, fractions of unity). This 
is an index of the overall profile showing the 
fine material content without skeleton, useful to 
plants. It is expressed in percentages or 
fractions of units compared to 100 cm thick.  
For soils with thickness greater than 1 m, the 
values of the edaphic volume are higher than 
one.  
Edaphic volume reduced is recorded at skeletal 
soils with different percentages of skeleton on 
soil profile which is a limiting factor for the 
development of the root system of plants 
(Photo 8). 
 

 
Photo 8. Low edaphic volume 

 
For agricultural plots, the plots with large 
edaphic volume (35.5%) are predominant, 
followed by soils with very large (23.7%) and 
medium (20.3%) edaphic volume. 

As regarding the soil types, the highest values 
are characteristic to Luvisols (1.11 fractions of 
unity), Phaeozems (1.10), Luvisols (1.07), 
Chernozems (0.92), while the lowest average 
values characterize Leptosols (0.19), Andosols 
(0.37), Rendzic Leptosols (0.37) and Entic 
Podzols (0.45). 
Soil organic carbon, the major component of 
soil organic matter, is extremely important in 
all soil processes. Organic material in the soil is 
essentially derived from residual plant and 
animal material, synthesised by microbes and 
decomposed under the influence of 
temperature, moisture and ambient soil 
conditions. The annual rate of loss of organic 
matter can vary greatly, depending on 
cultivation practices, the type of plant/crop 
cover, drainage status of the soil and weather 
conditions. There are two groups of factors that 
influence inherent organic matter content: 
natural factors (climate, soil parent material, 
land cover and/or vegetation and topography), 
and human-induced factors (land use, 
management and degradation). 
Organic matter exerts numerous positive 
effects on soil physical and chemical 
properties, as well as the soil’s capacity to 
provide regulatory ecosystem services (Brady 
et al., 1999).  
Particularly, the presence of organic matter is 
regarded as being critical for soil function 
and soil quality. 
The positive impacts of organic matter  result 
from a number of complex, interactive edaphic 
factors; a non-exhaustive list of organic 
maters's effects on soil functioning includes 
improvements related to soil structure, 
aggregation, water retention, soil biodiversity, 
absorption and retention of pollutants, 
buffering capacity, and the cycling and storage 
of plant nutrients.  
Soil organic matter increases soil fertility by 
providing cation exchange sites and acting as 
reserve of plant nutrients, especially nitrogen, 
phosphorus, and sulfur, along with 
micronutrients, which are slowly released upon 
organic matter mineralization. As such, there is 
a significant correlation between soil organic 
matter content and soil fertility. 
The decrease in soil humus content recorded in 
most soils cultivated and low content in 
nitrogen, phosphorus and potassium of soils 

108



with a direct influence on the yields obtained 
(Photo 9). 
 

 
Photo 9. Low organic matter content 

 
Soils containing organic matter have a better 
structure that improves water infiltration, and 
reduces the soil’s susceptibility to compaction, 
erosion, desertification and landslides. 
Soil contamination is the occurrence of 
pollutants in soil above a certain level causing a 
deterioration or loss of one or more soil 
functions. Also, soil contamination can be 
considered as the presence of man-made 
chemicals or other alteration in the natural soil 
environment. This type of contamination 
typically arises from the rupture of 
underground storage tanks, application of 
pesticides, percolation of contaminated surface 
water to subsurface strata, leaching of wastes 
from landfills or direct discharge of industrial 
wastes to the soil. The most common chemicals 
involved are petroleum hydrocarbons, solvents, 
pesticides, lead and other heavy metals. The 
occurrence of this phenomenon is correlated 
with the degree of industrialization and 
intensity of chemical usage. 
 

CONCLUSIONS 
 
Soil resources from Romania in recent years an 
increase on the limiting factors for agricultural 
yield, which requires conservation measures of 
soils. 
Decreasing soil fertility with repercussions on 
the health and quality of agricultural yield 
should be a warning to limit soil degradation 
and rehabilitate them. 
Changing production technologies using high 
performance machines require extensive 
research to pursue their long-term effects on 
physical, chemical and biological properties of 
soils. 
A priority of the need to represent farmers' 
awareness about the decline of soil production 
potential. 
Government involvement in the adoption of 
measures for the recovery of soils in areas 
affected by one or more limiting factors. 
Develop a legislative framework to protect soil 
resources. 
Application good agricultural practices code by 
farmers for soil conservation. 
The total costs of soil degradation that could be 
assessed for erosion, organic matter decline, 
salinization, landslides and contamination on 
the basis of available data, would be up to 38€ 
billion annually for EU25.  
If we want a healthy life we need healthy soils 
which implies a change of soil resources 
exploitation. 
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Abstract 
 
The total quality principles implementation contributes to the improving in meeting the consumer needs, essential 
reduction of costs and increasing sales. The total quality is a concept that assures the total satisfaction of clients on the 
entire distribution chain, including all the actors in this chain. The aquaculture and fisheries are very diverse sectors 
which use different breeding and fishing technologies and provide a wide variety of specific products. This induces a 
real complexity of the supply and distribution chain for fish and fishery products, including the links from the 
production point (fishery or farm) to the final consumer. The components of the distribution chain differ with the 
geographic areas, type of farms, transportation, information on the fishery market and management systems. 
Implementing the total food quality system for fishery products involves the quality specification in all marketing stages 
for all products, along the entire distribution chain. The present work was focused on identifying the distribution chain 
for fish and fishery products with the identification of the specificity of this type of chain form farm to end consumer, 
which is the first step in the implementation of total quality concept in aquaculture, with all the benefits that come with 
it. 
 
Key words: consumer, food, quality, traceability. 
 
INTRODUCTION 
 
Traceability is a concept relating to all products 
and all types of supply chain. Nowadays, in an 
economic system in which companies compete 
against each other in an environment widely 
founded on customer satisfaction, traceability is 
an indispensable instrument in obtaining the 
market consensus. Direct benefits are supply 
chain optimization, product safety, and market 
advantages (marketing advantages/competitive 
business advantages). However, the EU 
Directive 178/2002 (European Parliament, 
2002) has placed responsibility for ensuring 
product safety and quality on individual 
producers, processors and retailers. Moreover, 
traceability for control of food safety has been 
singled out as an area where more surveillance 
and transparency is needed. 

Due to consumers interest, including for fishery 
products, focusing on high quality products, in 
respect with the environment, with sanitary 
safe, a good and transparent traceability, the 
European fishery industry must adapt to these 
requirements in order to satisfy the consumers’ 
expectations. The traceability system is 
considered a tool to guarantee safety in fish 
products and improve the supply chain 
transparency (Nicolae et al., 2014). 
Handling after harvesting, processing of fish 
and fish products transportation must be done 
with respect of food safety conditions. 
Maintaining the fish nutritional value, 
preserving its benefits and composition, as well 
as avoiding fish spoilage or emergence of 
diseases is vital (Metaxa, 2003).   
The traditional fishery supply chain is a 
conventional and long chain, characterized by 
complex combinations of upstream and 
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downstream elements. Most aquatic organisms’ 
commercialization takes place through the 
traditional model - from farms and fishing 
points, processors, through wholesale markets, 
then retailer to consumers. Also, another way 
of commercialization is from farm or fishing 
points to wholesalers directly, to intermediaries 
who charge a commission to distribute the 
aquatic organisms (fish, mollusk, crustacean, 
frog etc.) to wholesalers and directly to 
consumers. Rabade and Alfaro (2006) analyzed 
the influence of the relationship between 
supplier and consumer on safety traceability, 
and then built an evaluation model on this 
basis. Resende (2007) analyzed the excitation 
mechanism of the traceability system by 
building a “supplier-consumer” model. 
 
MATERIALS AND METHODS 
 
Product traceability and its components 
represent a major challenge for food industry. 
In practice, the traceability systems are written 
registrations defined by procedures that show a 
pathway of a product or ingredients unit (batch)   
form the provider (one or more) through all 
particular stages of processing and combining 
into new resulted products (Banu et al., 2007).  

These systems follow the pathway from the 
intermediate users to the final ones, the 
consumer, through all the supply chain in order 
to provide safe foods, with clear and 
transparent traceability.  
This work identifies the distribution chain of 
the fishery products, as it is done at 
international level. The information was found 
in the specialized literature, as well as 
framework documents and analysis made by 
European Union institutions. The results of a 
case study made on the distribution chain for 
fishery products in Romania are also cited.  
 
RESULTS AND DISCUSSIONS 
 
The distribution chain in the fishery sector 
consists in the entire set of processes and 
activities necessary for producing and 
delivering on the target market the fish and 
fishery products. 
The term “produce“ covers growing, 
harvesting, transforming and processing. 
The smooth functioning of the value chain 
requires not only the factors of production and 
technology, but also the efficient transport, 
market information systems and management.  
 (Figure 1).  
 

 

 
Figure 1. Key links in fish and fishery product supply chain (De Silva, 2010)   
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The concept of value of the distribution chain 
(Figure 2) was introduced in 1985 by Michael 
Porter, who highlighted that the activities 
within the organisation add value to the service 
and products that the organisation produces, 
and all these activities should be run at 
optimum level if the organisation is to gain any 
real competitive advantage 
If they are run efficiently, the value obtained 
should exceed the costs of running them i.e. 
customers should return to the organisation and 
transact freely and willingly. 
Distribution value chains with added value are 
interested on what market would pay for a good 
or a service offered for selling. Moreover, 
market considerations differ from one country 
to another and have a strong link to food habits 
and consumption pattern of humans (De Silva, 
2010). The main objective of the management 
of a distribution value chain is to grow the 
gross returns and to maintain them for a longer 
period of time. The distribution chains are 
interested in the reduction of the links’ number 

and blockages, costs and market times (Banu et 
al., 2008).  
A good distribution chain is one that is 
developing and transforming into a value 
distribution chain. The distribution chain for 
fish and fishery products includes all the links 
from the production (fishing or farm place, in 
aquaculture) to the end consumer. This 
contains an important set of markets and 
management systems. 
A management system is defined as a link 
between the producer/provider and the 
consumer/user and also the mechanisms, the 
flows, inter-changes, service, operational, 
which determine relations among the 
producers’ gains and the product itself.  
The flows into a good and operational trade 
system include information on prices, market 
status, trends, consumers preferences, but also 
on physical flows of product or/and money, 
credits or property rights (Codex Committee on 
Food Import and Export Inspection and 
Certification systems, 2002).  
 

 
Figure 2. The emergence of the value chains in the fish produces industry (adapted from De Silva, 2010) 

 
As is the case of other food products, fish and 
fishery products must follow the certain 
distribution channels to reach the consumers. 
But, what makes fish and fishery products to be 
as special as they are is their vulnerability due 
to the reduced shelf-life. This involves new 
essential requests related to handling, quality, 
temperature control or tight timing that must be 
respected.   
Traditionally, in most countries, the 
distribution channels are multileveled, each 
level having its own part of tasks and ways of 
working: 

� importers;  

� distributers; 
� en-gross sellers and retailers; 
� brokers and food brokers. 

In order to assure continuity in supplying the 
distribution chain and its correlation with 
consumers demands, aquaculture has become 
very important by covering the gap between 
offer and demand (Roheim, 2008).  
The distribution chain for oceanic and marine 
catches has only a few links: the producer, the 
en-gross storage, dealers, intermediates, 
retailers, processers and consumers.  
The fishermen can be amateur or professional. 
Form the industry point of view, the interest is 
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focused on some categories of fish, 
economically important species, so the role of 
amateur fishermen is restricted. 
Fish and fishery product quality must be 
guaranteed by standards adoption and legal 
reglementations following. Processors play a 
very important role in national and 
international chains by selling further to the 
other section in the chain.  
Distributers and sellers represent the next link 
in the distribution chain. They store the 
products and sell them afterwards to retailers, 
processing companies or restaurants. They have 
been identified three types of distributors: 
specialized in seafood, full-line distributors 
(which distribute a wide range of products and 
have big national distribution networks) and 
sellers with environmental sustainability. 
Selling fish directly from the amateur 
fishermen is reduced in large stores and 
supermarkets, where the supplying is made 
directly from the importer, complying with the 
hygiene and traceability regulations. 
Recently, increased competition and logistics 
improvements have shortened the distribution 
chains in many countries, in which, as an 
example, the en-gross seller imports/buys the 
product directly from the retail chain, through 
its external operator.  
This is especially the case of frozen products, 
canned products, but also the case of fresh, 
refrigerated fish and fishery products 
distribution chain. The absence of fish or 
seafoods branding may determine the 
replacement of one product or a supplier 
(which is not always the same). In fact,    
enhancing the international trade with fish and 
fishery products, as well as the increasing and 
extending of the free trade markets determined 
the proliferation of small operators or en-gross 
storages.  
In most countries, the big en-gross storages 
with national distribution have narrowed their 
geographic covering. This trend, combined 
with the policies of supermarket chains to buy 
directly from the producers (especially for 
aquaculture products) lead to the global 
decreasing importance of the small en-gross 
sellers, which have become weaker. 
Meanwhile, on the majority of markets, the role 
of the agent has suffered changes. Better 
logistics, improved communications have sped 

up the direct contact between the supplier and 
importer and have reduced the importance and 
the role of the agent. On the other hand, the 
time pressure, increased specialization, services 
externalization have created new roles for 
agents wanting to find new products or new 
markets. Various international studies have 
documented the increasing power exerted by 
retail chains on food distribution chains 
(Ardjosoediro et al., 2008). The positive 
general effects of modern retail channels were 
reflected in smaller prices for final consumers, 
better accessibility and commodities, but with a 
big negative competitive impact on small 
retailers and supplier.  
In the fish and fishery products markets for the 
European Union and United States of America, 
the supermarket chains have played an 
important role in promoting and quantitative 
selling of aquaculture products like salmon, sea 
bass, gilthead seabream, catfish.  
The success formula of retail competitive 
distribution chain must contain a balanced mix 
of competitive price, big amount of fresh 
products at high quality standards obtained by 
strict specifications, modern logistics and 
efficient control. The results are confirmed by 
the market studies in which consumers are 
showing their trust in a certain brand or 
supermarket (FAO, 2002). 
The modernization of the food fishery products 
distribution channels has become an integral 
part of the global trend and a symbol for 
globalization in the fishery sector. Companies 
in this filed must arrange marketing strategies 
adapted to consumers needs and also 
considering competition.  
The distribution chain for fish and fishery 
products may involve an important series link 
between the fisherman/farmer and the final 
consumer. The majority of fishery products are 
sold internationally, especially the species with 
high added value (tuna and scallops). There are 
four possible routes through which harvested 
fish can reach the consumer: 
a) exported directly after harvesting/fishing; 
b) exported after a primary processing; 
c) exported after primary and secondary 
processing;  
d) exported after harvesting/fishing in a third 
country where it is processed and returns as a 
finished product in the country of origin.   
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Maintaining constant temperature is the key 
factor for fish and fishery product 
transportation. All persons/links involved in 
perishable products’ transport and handling are 
responsible for maintaining the cold chain link 
continuous (uninterrupted). The transporting of 
perishable goods on far distance must be done 
following perfect procedures after previous 
planning for efficient and safe distribution of 
food goods.  
Distributors and transporters must be capable to 
work with frozen, refrigerated products, smell 
issuing products or food that produce ethylene 
or sensitive to ethylene products. 
Many countries do not have this kind of 
facilities and the losses after the 
harvesting/fishing are really significant.  
Appropriate decisions must be taken as related 
to storing facilities, trucks design and 
capacities, as well as the supplying pathways to 
fulfil the food safety and quality (European 
Commission, 2004).  
Maintaining the cold chain is an essential factor 
for minimising the losses of products by 
deterioration and exceeding the validity period 
of products. Many of the potential problems 
that may occur in the distribution chain can be 
avoided by correct understanding and 
management of the critical issues of handling 
and carefully planning of each charge.    
Depending of the production process, the 
traceability chain of fish and fishery products  
may be short or long, which produce changes 
in the status of all actors involved.  
Labelling and certification are important 
parameters in product strategy, especially for 
intercommunity trade or export. Furthermore, 
following the legal reglementations of the 
importing countries means the assuming of the 
voluntary certification for fish and fishery 
labels in order to reach certain groups of 
consumers and to obtain competitive 
advantages. For example, many producers in 
the fields of fishery industry have introduced 
voluntary certification systems as ISO 9000 
standards just to increase the quality level of 
products and procedures, but also to assure that 
they will be preferred by importers, retailers or 
consumers.  
This factor has become extremely efficient 
following the increased importance of 

traceability and food safety systems for 
importers, retailers or their suppliers. 
The European Union has introduced new 
labelling regulations for fishery products which 
require labelling of the way of production 
(capture or aquaculture), the fisheries areas, 
production country, as well as Latin (scientific) 
name of the fish species (INCDM, 2014).  
Producers focused on the quality and fished 
products managed to sell their products few 
times more expensively than those focused on 
aquaculture. In the meantime, the certified 
aquaculture producers with high quality label 
(red label) obtained a better price compared to 
the uncertified ones. 
On the other hand, the companies can choose to 
specify some mentions like “organic product“, 
“free trade“, “dolphin-safe tuna“, and labels 
known as eco-labels.  
 
CONCLUSIONS 
 
The development strategy for fishery at 
European and national level aims to enhance 
and promote competitiveness and sector 
diversity, issues that can be fulfilled by 
research and aquaculture technology 
development.  
Implementing the principles of quality 
contributes to the increasing of consumer needs 
satisfaction, increasing the selling volume and 
essential reduction of costs. 
The entire sets of processes and activities 
necessary to produce and deliver the final 
product to the fish and fishery market is 
reflected in the distribution chain, whose good 
functioning depends not only on the production 
factors, but also on the efficient transportation, 
market information, and all management 
systems for the links involved in fishery area of 
production and capitalization.  
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Abstract 

Each process, including economic, under certain conditions is conducted objectively. Manager, when it comes to 

economic processes can intervene to avert the processes, or to modify the conditions of their deployment. Economic 

processes, left to the discretion of supply and demand, generate a multitude of risks.  

Risks (economic losses, misses, reduction of profit) in agricultural activities can be generated including due to 

insufficient implementation of programming methods. Currently, specialists in the application of economic and 

mathematical methods have developed a variety of methods and algorithms to reduce the risk coefficient in economic 

activities. A special importance for practitioners have presented mathematical methods accessible to specialists from 

other fields. Mathematical methods are based on the management of decisions (no the risks) and can contribute 

significantly to increasing productivity in agriculture and in other branches. 

Key words: agricultural activity, optimal program, production cost, profit, risk coefficient. 

INTRODUCTION 

Agricultural activity as a whole, being closely 

linked to the climatic conditions not controlled 

by humans, living organisms, strongly 

emphasized the economic interests of all parties 

involved, etc., is ranked as one of the highest 

risk level. Usually this assessment includes 

both natural risks and economic ones. 

Economic processes, left to the discretion of 

supply and demand, generates a multitude of 

risks. The manager can intervene in economic 

processes that already take place, in economic 

processes that can potentially take place. 

Managerial intervention methods can be 

different depending on the specific nature, lag 

of the process. The processes generating by 

"comfort" or "risks" can be from different 

areas, fields organizational, economic, 

environmental, social, military, natural, 

political, national, ethnic, religious, linguistic, 

social structures, mentalities of society 

members, technological progress, innovation. 

For each of the economic sectors in economic 

theory, mathematics can be found various ways 

to reduce risky situations. For economic 

activities are available a large set of 

programming methods. 

MATERIALS AND METHODS 

To reveal the problem was used specialized 

literature and data obtained from research 

conducted by author. Based on accumulated 

data were performed calculations to determine 

the costs of agricultural producer and was 

elaborated optimal production program. For the 

interpretation of accumulated data and 

calculations was applied analytical method, 

tabular and graphical methods. In order to 

interpret the results analytical method was 

applied. In formulation of the conclusions the 

author focused on the method of induction and 

deduction.  

RESULTS AND DISCUSSIONS 

Mathematical methods with which the problem 

of selecting variants can be solved by the level 

of cost proposed in the mathematical 

programming bibliography involve manager’s 

knowledge of applied mathematics. Problem 

solving and therefore reducing risk of potential 

losses becomes a reality, if at the disposal of 

manager will be the resolution methods less 

"sophisticated". The idea of elaboration an 



118 

optimization method of agricultural activities 

may be exposed on the basis an economic 

problem solving. The enterprise S.A. "Nistru - 

Olăneşti" in Stefan Voda has an area of arable 

land (1) where can be cultivated three crops: 2; 

3; 4 (tomatoes, cucumbers, peppers); the 

production obtained may be preserved in three 

assortments 5; 6; 7 (conserved tomatoes, 

cucumbers preserved; assorted tomatoes and 

cucumbers); the final product can be stored in 

the centers: 8; 9; can be exported by direction 

10. Costs incurred by the economic agent

related to cultivation, processing, storage and 

export are shown in schematic form in Figure 

1. The issue is following: to determine the

economic activities of the economic agent for 

which costs will be minimal. 

The optimal program can be determined on the 

basis of R. Bellman optimization: 

       1111
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 Where       m

llll UUUU ...,, 21 - solution to 

achieve the iteration l; 
      m

llll SSSS ...,, 21 - economic situation of 

agricultural activity by the iteration l; 

Re - effect achieved after the iteration l; b 

lnf   - optimal value of the effect achieved by 

(n-1) iterations; 

n - number of iterations. 

Figure 1. The scheme of possible costs flows of agricultural activities in S.A. „Nistru - Olăneşti” 

Source: elaborated by author  

Schemes of implementing the principle of R. 

Bellman for dynamic problem solving, in our 

view, include: a considerable training in 

mathematics; are not accessible to many 

managers. Under these conditions manager 

accepts intuitive a variant, that usually is not 

optimal, and thus creates conditions of losses, 

failures, reduction of profit possible. The 

following is proposed a way, in our view is 

simple, for determining the optimal variant of 

agricultural activity. For this purpose we 

develop a table - algorithm (Figure 2).  
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Figure 2. Scheme - bloc, S.A. „Nistru - Olăneşti” 

Source: elaborated by author 

The initial data of Figure 1 are transcribed in 

table - algorithm, they occupy squares below 

the main diagonal. Algorithm of completing the 

data on the main diagonal of Figure 2: into the 

square 10×10 fill out the "o" (cost of 

agricultural activities before their starting); 

4269+0= 4269 – pass it into the square 9×9; 

5033 + 0= 5033 – pass it into the square 8×8; 

min {3385+4269; 5033+5033} = 7654  – pass 

it into the square 7×7;  

min {630+3385; 630+4269} = 4015 – pass it 

into the square 6×6;  

min {2030+630; 2030+5033} = 2660 – pass it 

into the square 5×5;  

min {1533+7654; 5453+4015; 8285+2660} = 

9187– pass it into the square 4×4;  

min {5453+4015; 2673+2660} = 5333 – pass it 

into the square 3×3;  

min {7744+4015; 5808+2660} = 8468 – pass it 

into the square 2×2;  

min {2400+9187; 2186+5333; 1533+8468} = 

7519 – pass it into the square |x|. 

We determine the optimal program starting the 

square |x|, take an arrow to the intersection with 

the main diagonal; from this intersection 

(square 2 × 2) take an arrow to the figure 

marked (5808*); from square occupied by 

5808* raise a perpendicular up to intersection 

with the main diagonal (10 × 10); from the 

square 5 × 5 take an arrow up to the marked 

number (2030*); from the number 2030 * raise 

a perpendicular to its intersection with the main 

diagonal (9 × 9); from the square 9 × 9 take an 

arrow up to marked number 4269*; from the 

4269* raise a perpendicular to its intersection 

with the main diagonal. In such a way we have 

established optimal "route" 1-2-5-9-10, which 

means that for S.A. "Nistru - Olăneşti" optimal 

variant is to produce tomatoes and afterwards 

to conserve them. The minimum cost for these 

agricultural activities will be 7519 lei per tonne 

of tomatoes. 

Risks (economic losses, misses, reducing 

profit) in agricultural activities can be 

generated and by insufficient implementation 

of programming methods. Currently, specialists 

in the application of economic-mathematical 

methods have developed a large arsenal of 

methods and algorithms that can lowered risk 

coefficient of economic activities. Particular 

importance for practitioners have presented 

mathematical methods accessible for specialists 

from other fields. Mathematical methods are 

the basis of decisions management (no risk) 

and can contribute significantly to increasing 

productivity in agriculture, and more. 

In economic theory by using mathematical 

programming methods can be determined the 

minimum coefficient of risk. Next, we consider 

some methods of "compliance" of agricultural 

producer to market requirements, we deduce 

methodology for determining the minimum 

coefficient of risk. Market prices on agrifood 

products oscillates under the impact of several 

factors. Accordingly, demand D (t) is 

oscillating. Supply S (t), in turn, has its own 

oscillations. The shaded surfaces shown in 

Figure 3 represents the moments when the 

farmer can take advantage of gaps may incur 

losses. Farmer losses are its risks. The problem 

is reduced: by minimize potential losses of 

farmers. Determination of the minimal 

coefficient of risk decisions is adoption of 

scientific - practical argued decisions. 

Figure 3. The evolutions of agricultural products 

demand, supply 

Source: elaborated by author 

Production costs (k) depend on the volume of S 

(t) production at time t. That is, the production 

costs can be expressed by the function f (S(t)) 

with the following properties: f'(S(t))>0; 

f''(S(t))>0 (Figure 4). 

Figure 4.  Growth rate of production costs exceed the 

growth rate of products volume 

Source: elaborated by author 

D (t) 
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Agricultural enterprise in time t can provide the 

volume of products by S (t); demand of the 

respective products constitutes D (t); the 

volume of products at the initial moment (t=0) 

constitutes R (0) at the time t R(t) = S(t) – D(t) 

+ R (0). The total costs of agricultural 

enterprise K consist of total production costs 

and from the additional expenses related to the 

surplus items or misses the potential profits. 

Objective function value K represents the total 

production costs and additional expenses 

related to the surplus supply over demand or 

misses the potential profits. The function K 

depends not on the value of certain variables, 

but by a function S (t). The problem of the 

farmer shall be reduced to determining optimal 

function of output growth over time. From the 

infinity of possible variants of these functions 

must be chosen the function for which the total 

cost K will be minimal. Determination of 

minimum value of the functional K, in this 

case, is unconditional. In principle, the farmer 

may introduce additional conditions on matters 

variables S (t), R (t). In principle, the farmer 

may introduce additional conditions on matters 

variables S (t), R (t). In order to determine 

function S (t) that minimizes the functional 

value K (S (t)) we shall use Euler's equation. 

To deduce this equation we consider integral   

We accept that the function S (t) and its 

variation ΔS (t) are the first and second 

derivatives with respect to t. 

Total change in the functional 

Or 

It results therefrom: 

Euler's differential equation. 

We apply the Euler's equation for determining 

the minimum conditions necessary by the 

functional (3.1): 

; 
therefore 

.   

It follows 

where: 

S(t))  - marginal production costs; 

 - modification of marginal costs, 

which must coincide with  .  

In other words . 

Production costs and the volume of finished 

products are in direct dependence. In other 

words, production costs are determined by 

function:  

 will have the minimum value when 

, therefore 

, when we obtain 

. 

For the period (0, t) the volume of production 

constitutes  

Let us examine a concrete example of planning 

the production volume during the period (0, t).  

Based on the data form no. 9-CAI agricultural 

enterprises "Carahasani - Agro" and "Nistru - 

Olăneşti" Table 1, by using Lagrange 

polynomial: 

+ 
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+ 

We determine production costs f (s) depending 

on the volume of production for wheat 

, corn , seed corn : 

 (wheat) 

 (corn) 

 (seed corn). 

We calculate the volume of production for the 

period (0, t):  

. 

Table 1. The quantity and cost of finished products 

Source: Specialized forms of agricultural enterprises no. 

9 - CAI activity for S.A "Nistru - Olăneşti" and SRL 

"Garahasani - Agro" from Stefan Voda district 

Thus, production plans for each considered 

crop are expressed by linear functions in 

relation to t, are increasing functions. Functions 

S1(t), S2(t), S3(t) can be represented 

geometrically by straight angular coefficients: 

; ; , which intersect the ordinate 

axis at the distances k1, k2, k3. 

Variations in demand D(t) are rigid, the farmer 

complies market and to reduce the area 

determined by the intersection of S(t) * D(t), 

curve D(t) "segmented" it, each segment is 

located at the optimal distance to D(t) (Figure 

5). 

Figure 5. Interpretation of minimal risk 

Source: elaborated by author  

The gap between demand D (t) and supply S (t) 

is represented by the shaded spaces. Problem 

solutions are discrete: supply S (t) "down" or 

"climb" depending on fluctuations in market 

prices. Function of production costs can be a 

third degree polynomial:  

f (s(t)) = as3(t) + bs2(t) + cs(t) +  

In this case the supply function will not be 

linear but a logarithmic curve also: we get a 

solution which consists in the fact that the 

discrete supply function, during certain periods, 

moves in the "up", "down". Processes exposed 

creates prerequisites for reducing the amount of 

possible risk, but not guided by risk. The risk is 

high or low depending on quality of manager's 

decision. The manager can reduce, increase the 

number of risky situations (producing risks). 

The manager makes decisions, usually under 

conditions of uncertainty. Optimal coefficient 

of risk manager can determine it with the 

formula: 

, 

where: 

,  - specific production costs, of deficit.  

In many cases in economic activities: the 

development of high incomes is accompanied 

by high risks. The risk can be quantified by 

using dispersion, standard deviation from the 

line (equation) regression, coefficient of 

correlation. Income hoped (expected) - by 

using mathematical expectancy. 

Dependence between risk and incomes is 

expressed by function: 
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where:  - created income norm; 

 - potential income (probably); 

- risk coefficient of asset i; 

 - hoped income. 

CONCLUSIONS 

From the conducted researches we can 

conclude the following: 

- An effective management system must 

evolve progressively by applying advanced 

techniques, methods and principles of 

quality, competitiveness and risk 

management. 

- The risks can be managed through optimal 

decisions taken by the manager, which 

minimizes the risk coefficient. Through an 

insufficient level of information, risks can 

be generated by the manager himself. 

- In conditions of uncertainty is important for 

the enterprise organization of analytical test 

procedures, calculation, deduction, analysis 

of the occurrence of probabilities generating 

the potential risks. 

- In the market economy appears necessary of 

risk assessment and evidence and 

elaboration of a decision-making 

mechanism. In complicated situations, the 

man is usually more prone to making 

decisions under risk conditions. In addition, 

his training to use risk is determined the 

most part by the results of the previous 

decisions. 
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Abstract 

Our research was aimed to analyse the behavior of the grain sorghum (Sorghum bicolor L. Moench var. Eusorghum) 
grown under the ecological conditions of Southeastern Romania (Moara Domneasca, Ilfov county), and to assess its 
yield potential.  
Research was based on a split plot experiment where the following factors were analyzed: Factor A – grain sorghum 
hybrids with three graduations - Alize, Aquilon, Arack, Factor B - distance between rows with two graduations – at 70 
cm and 50 cm, Factor C - fertilization treatments with 10 graduations – N0P0K0 (Control), N60P0K0, N90P0K0, N120P0K0, 
N90P60K0, N90P60K0+foliar fertilization, N90P60K60, N90P60K60+foliar fertilization, N120P60K0, N120P60K60. 
In the field conditions of the 2013-2014 agricultural year, grain sorghum crop produced a total average biomass 
(September, 2014) that varied from 26.59 t/ha in the hybrid Arack to 26.70 t/ha in the hybrid Alize at 70 cm distance 
between rows, and between 26.71 t/ha in the hybrid Alize and 27.75 t/ha in the hybrid Arack at the distance of 50 cm 
between rows. Depending on the fertilization rates, the total biomass at 70 cm between rows ranged from 19.18 t/ha in 
the hybrid Arack unfertilized to 31.69 t/ha in the hybrid Aquilon fertilized N120P60K60+fertilization during the vegetative 
period. At the distance of 50 cm between rows the total biomass according to the fertilization rates varied between 
19.14 t/ha in the hybrid Alize unfertilized and 31.77 t/ha in the hybrid Aquilon fertilized N120P60K60+fertilization during 
the vegetative period. 
The average grain yield for the three hybrids, depending on the fertilization rates, varied from 6 t/ha (Ct) to 10.6 t/ha 
(N120P60K60+fertilization during the vegetative period) for the distance of 70 cm between rows and from 6.2 t/ha (Ct) 
and 10.4 t/ha (N120P60K60+fertilization during the vegetative period) for the distance of 50 cm between rows. 

Key words: Sorghum bicolor L. Moench, hybrid, fertilization, total biomass, grain yield. 

INTRODUCTION  

Sorghum is a species with a good ecological 
plasticity, being grown worldwide in the semi-
arid areas of Southeastern Asia, India and 
Australia, but also in areas with a warm 
temperate climate like Central America and 
Europe where sorghum crop is common in 
countries like Italy and France. According to 
FAO (Food and Agriculture Organization of 
the United Nations), in 2013 sorghum was 
cultivated on an area of approximately 42.2 
million ha worldwide, the recorded yield being 
62.3 million tones. In Europe, in 2013 sorghum 
yield was approximately 1.3 million tones, 
while the area harvested was almost 393 
thousand ha. Sorghum crops are important 
owing to both the plant’s tolerance to drought 

and higher temperatures (Kebede, 2001; 
Wenzel, 2001) and its multiple usage, ranking 
fifth among the cultivated global grains 
(Dahlberg, 2011). Worldwide sorghum is used 
mostly as fodder in USA and Australia, as food 
in Africa, India, China, and Central America 
and in the food and light industry (starch 
production, alcohol and beer production). 
In the Romanian agricultural conditions 
sorghum crop is important due to the plants 
efficiency in using natural resources. Sorghum 
has high yields in ecological conditions less 
favourable to other grain crops, characterized 
by poor soils and in areas affected by drought 
and intense heat (Antohe, 1981; Antohe, 2002; 
Draghici, 2007). In Romania sorghum grains 
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may be used as fodder and in different branches 
of food industry (Racol a, 2006). 
Research conducted in USA demonstrated that 
production technology factors – crop rotation 
and fertilization (Varvel, 2000; Espinoza, 2005; 
Kaye, 2007), plant density (Schatz, 1990) and 
the distance between rows (Fernandez, 2012) – 
have a significant influence on sorghum yields.  
In Romania, previous research attempted to 
ascertain grain sorghum hybrids yield 
(Sorghum bicolor (L.) Moench var. 
Eusorghum) considering the influence of the 
restrictive climatic and soil conditions  
(Mure an, 1962; Antohe, 2002; Dr ghici, 2007; 
Matei, 2011) and the results obtained varied 
under the influence of the testing factors 
(fertilization, crop rotation, distance between 
rows, plants density). 
 
MATERIALS AND METHODS  
 
Our research was aimed to analyse the yield 
potential for certain grain sorghum hybrids 
(Sorghum bicolor (L.) Moench var. 
Eusorghum) cultivated in the climatic and soil 
conditions of Southeastern Romania, under the 
influence of different fertilizers rates and 
different row spacing distances.  
The paper comprises results of the research 
conducted in the 2013-2014 agricultural year, 
at the Experimental Field of Moara Domneasc  
Didactic Farm (Ilfov County), belonging to the 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest; the soil was 
chromic luvosoil. 
The experimental design was based on the split 
plot method with four replications. In the study 
area the following factors were tested:  
- Factor A - grain sorghum hybrids, with three 

graduations: Alize (FAO group 380-400), 
Aquilon (FAO group 390-400), Arack (FAO 
group 400-420).  

- Factor B - sowing distances between rows 
with two graduations: 70 cm and 50 cm;  

- Factor C - fertilization treatment with ten 
graduations: N0P0K0 (Control), N60P0K0, 
N90P0K0, N120P0K0, N90P60K0, N90P60K0+ 
Hortifor, N90P60K60, N90P60K60+Hortifor, 
N120P60K0, N120P60K60.  

Wheat (Triticum aestivum L.) was the previous 
crop grown before the grain sorghum (Sorghum 

bicolor L. Moench var. Eusorghum) crop. 
Tillage consisted in a 20 cm deep plowing in 
autumn, and bedding one day before sowing at 
5-6 cm depth, using a pre-sowing combinator.  
Grain sorghum hybrids were sown on the 2nd of 
May and harvested on the 16th of September, 
136 days after sowing. The sowing-machine 
SPC 6 was used for sowing sorghum hybrids at 
70 cm distance between rows and the sowing-
machine SPC 7 was used for the 50 cm rows 
spacing distance. Plant density at sowing was 
270 thousand sprouting seeds/ha. 
Weeds were controlled pre-emergence using 
the herbicide Dual Gold (1.5 l/ha) and after 
emergence using Dicopur (1 l/ha). The control 
of Tanymecus dilacotillis was done using the 
insecticide Calypso in a dose of 150 ml/ha. 
During the vegetative stage sorghum crop was 
mechanically hoed twice. Fertilizers doses were 
applied when preparing the research field for 
sowing and during the vegetative stages (36 
days after sowing) at the treatment with 120 
kg/ha N (90 kg/ha at bedding + 30 kg/ha during 
the vegetative stages). Foliar fertilization was 
done by applying two treatments with the 
commercial product Hortifor, using a dose of 
2.5 kg/ha. The foliar fertilization treatments 
were applied at 36 day after sowing and 67 
days after sowing. 
 
RESULTS AND DISCUSSIONS  
 
Climatic conditions, Moara Domneasc , 2014 
Climatic conditions of the 2013-2014 
agricultural year (Table 1) varied compared to 
the normal climatic conditions of the area.  
Table 1. Climatic conditions at Moara Domneasc , Ilfov 

County in the 2013-2014 agricultural year  

Month 
Temperature (oC) Rainfall (mm) 

2013-2014 Normal  2013-2014 Normal 
October 14.0 11.0 81.7 35.8 
November 8.3 5.3 17.6 40.6 
December -0.2 0.4 1.2 36.7 
January -0.5 -3.0 33.2 30.0 
February 1.2 -0.9 7.6 32.1 
March 8.9 4.4 37.3 31.6 
April 13.4 11.2 116 48.1 
May 19.3 16.5 88.0 67.7 
June 19.9 20.2 113.0 86.3 
July 22.8 22.1 38.0 63.1 
August 24.1 21.1 26.2 50.5 
September 18.4 17.5 60.6 33.6 

Avg/Sum  
Oct. – Sept. 12.5 10.5 620.4 556.1 

Avg/Sum  
02 May-15 Sept. 21.3 20.0 291.0 284.4 
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Between May and August rainfall values were 
close to the normal standard of the area but 
recorded a different distribution. 
The average temperatures registered between 
the 02nd of May and the 15th of September 
(Figure 1) exceeded the average multiannual 
values by 1.3oC and ensured the required useful 
thermal units (t >6oC) of 1850oC for the grain 
sorghum hybrids, the amount of temperature 
degrees (t >6oC) during the vegetative stages 
being 2083.9oC. 
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Figure 1. Climatic conditions between 02 May  
and 15 September 2014, Moara Domneasc  

 

Total fresh biomass yield  
Data regarding the total fresh biomass yield for 
the three analyzed grain sorghum hybrids sown 
at 70 cm distances between rows are presented 
in Table 2. Total fresh biomass yield varied 
from 19.18 t/ha for in the unfertilized hybrid 
Arack to 31.69 t/ha for the hybrid Aquilon 
fertilized N120P60K60. On average for the three 
grain sorghum hybrids, grain yield represented 
between 29.7% and 35.7% of the total fresh 
biomass yield, and the secondary fresh biomass 
yield represented between 64.3% and 70.3% of 
the total fresh biomass yield. 
The hybrid Alize, grown both at 70 cm between 
rows sowing distance (Table 2) and at 50 cm 
between rows sowing distance (Table 3), 
recorded the highest share of secondary fresh 
biomass in the total fresh biomass yield at 
harvest and by default the lowest share of the 
grain yield. 
 

Table 2. Total fresh biomass yield (TFB t/ha) at 70 cm sowing distance between rows, 
Moara Domneasc , September 2014

 Alize Aquilon Arack Average hybrids 

Treatment TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB  
% 

SFB 
% 

GY 
% 

N0P0K0 20.76 100.0 70.1 29.9 20.72 100.0 70.1 29.9 19.18 100.0 70.8 29.2 20.22 100.0 70.3 29.7 

N60P0K0 23.70 100.0 67.4 32.6 24.08 100.0 67.3 32.7 22.82 100.0 68.0 32.0 23.53 100.0 67.6 32.4 

N90P0K0 24.88 100.0 64.9 35.1 25.87 100.0 64.5 35.5 24.63 100.0 64.5 35.5 25.12 100.0 64.6 35.4 

N120P0K0 25.69 100.0 64.9 35.1 26.55 100.0 64.3 35.7 25.98 100.0 64.1 35.9 26.07 100.0 64.4 35.6 

N90P60K0 26.40 100.0 65.1 34.9 27.56 100.0 63.2 36.8 26.55 100.0 64.5 35.5 26.84 100.0 64.3 35.7 

N90P60K0+Hortifor 27.35 100.0 65.7 34.3 28.19 100.0 63.7 36.3 26.99 100.0 64.7 35.3 27.51 100.0 64.7 35.3 

N90P60K60 28.29 100.0 66.4 33.6 28.71 100.0 64.0 36.0 27.98 100.0 65.1 34.9 28.33 100.0 65.2 34.8 

N90P60K60+Hortifor 29.14 100.0 66.2 33.8 30.15 100.0 65.0 35.0 29.42 100.0 65.3 34.7 29.57 100.0 65.5 34.5 

N120P60K0 30.24 100.0 67.3 32.7 31.00 100.0 65.5 34.5 30.79 100.0 66.0 34.0 30.68 100.0 66.3 33.7 

N120P60K60 30.58 100.0 67.5 32.5 31.69 100.0 64.9 35.1 31.59 100.0 65.9 34.1 31.29 100.0 66.1 33.9 

Average 26.70 100.0 66.5 33.5 27.45 100.0 65.2 34.8 26.59 100.0 65.9 34.1 26.92 100.0 65.9 34.1 

TFB – Total Fresh Biomass = Secundary Fresh Biomass at harvest (SFB) + Grain Yield (GY) at STAS humidity (14%) 

 
The average secondary fresh biomass yield of 
the three grain sorghum hybrids (Figure 2), 

ranged between 14.21 t/ha for the control and 
20.67 t/ha for the treatment N120P60K60.  
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Figure 2. Total fresh biomass (TFB t/ha) production structure, average of three sorghum hybrids sown  
at 70 cm between rows, Moara Domneasc , 2014 

 
For the sowing distance of 50 cm between rows 
(Table 3), the hybrid Alize recorded the lowest 
total fresh biomass yield of 19.14 t/ha at 
Control treatment, while Aquilon fertilized 
N120P60K60 had the highest total fresh biomass 
yield of 31.77 t/ha, of which grain yield had a 
share of 32.9%.  

The average grain yield of sorghum hybrids 
sown at the distance of 50 cm between rows 
varied between 31.4% and 33.1% of the 
average total fresh biomass yield. The average 
secondary fresh biomass yield had shares in the 
total fresh biomass yield that varied from 
66.9% to 68.6%.  

 

Table 3. Total fresh biomass yield (TFB t/ha) at 50 cm sowing distance between rows,  
Moara Domneasc , September 2014 

 Alize Aquilon Arack Average hybrids 

Treatment TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB 
% 

SFB 
% 

GY 
% 

TFB 
t/ha 

TFB  
% 

SFB 
% 

GY 
% 

N0P0K0 19.14 100.0 68.7 31.3 19.22 100.0 68.5 31.5 19.46 100.0 68.7 31.3 19.27 100.0 68.6 31.4 

N60P0K0 23.59 100.0 68.5 31.5 24.56 100.0 68.2 31.8 23.69 100.0 68.6 31.4 23.95 100.0 68.4 31.6 

N90P0K0 25.12 100.0 68.5 31.5 26.23 100.0 67.3 32.7 26.08 100.0 66.9 33.1 25.81 100.0 67.6 32.4 

N120P0K0 26.28 100.0 67.1 32.9 27.15 100.0 66.7 33.3 27.63 100.0 67.0 33.0 27.02 100.0 66.9 33.1 

N90P60K0 27.03 100.0 67.3 32.7 27.94 100.0 67.6 32.4 28.35 100.0 65.8 34.2 27.77 100.0 66.9 33.1 

N90P60K0+Hortifor 27.24 100.0 67.3 32.7 28.18 100.0 67.2 32.8 29.22 100.0 66.3 33.7 28.21 100.0 67.0 33.0 

N90P60K60 28.42 100.0 67.0 33.0 29.53 100.0 67.5 32.5 29.73 100.0 66.3 33.7 29.23 100.0 66.9 33.1 

N90P60K60+Hortifor 28.85 100.0 67.3 32.7 29.79 100.0 67.5 32.5 30.15 100.0 66.4 33.6 29.59 100.0 67.1 32.9 

N120P60K0 30.56 100.0 68.2 32.7 30.64 100.0 67.5 32.5 30.94 100.0 66.7 33.3 30.71 100.0 67.4 32.6 

N120P60K60 31.64 100.0 67.6 32.4 31.77 100.0 67.1 32.9 31.62 100.0 66.6 33.4 31.68 100.0 67.1 32.9 

Average 26.79 100.0 67.8 32.3 27.50 100.0 67.5 32.5 27.68 100.0 66.9 33.1 27.32 100.0 67.4 32.6 

TFB – Total Fresh Biomass = Secondary Fresh Biomass at harvest (SFB) + Grain Yield (GY) at STAS humidity (14%) 
 
Secondary fresh biomass yield at harvest 
(Figure 3) had an average value of 18.40 t/ha, 
varying from 13.23 t/ha, the minimum value 

registered at the Control treatment, to 21.27 
t/ha, the maximum yield value obtained for the 
treatment N120P60K60. 

B
io

m
as

s t
 / 

ha
 

126



 
 
 

.

19,27
23,95

25,81 27,02 27,77 28,21 29,23 29,59 30,71 31,68

27,32

13,23
16,38

17,43 18,09 18,57 18,89 19,55 19,84 20,71 21,27
18,40

6,05 7,56 8,38 8,93 9,20 9,32 9,67 9,75 10,00 10,41 8,93

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

N0P
0K

0

N60
P0K

0

N90
P0K

0

N12
0P

0K
0

N90
P60

K0

N90
P60

K0+
Hort

ifo
r

N90
P60

K60

N90
P60

K60
+Hort

ifo
r

N12
0P

60
K0

N12
0P

60
K60

Avg
.  T

rea
tm

ent
s

GY t/ha

SFB t/ha

TFB t/ha

 
Figure 3. Total fresh biomass (TFB t/ha) yield structure, average of three sorghum hybrids sown at 50 cm  

between rows, Moara Domneasc , 2014 
 
 
The data in Table 4 highlights that in the field 
conditions of Moara Domneasc  in the 
agricultural year 2013-2014, the sowing 
distance between rows had no significant 
influence on the total fresh biomass average 
yield of the three cultivated grain sorghum 
hybrids. The total fresh biomass average yield 
obtained for the sowing distance of 50 cm 
between rows was 1.52% higher, i.e. 0.41 t/ha, 
than the total fresh biomass average yield 
obtained at the distance of 70 cm between 
rows.  
 
Grain yield 
The hybrid influence on the grain yield was 
low both for the sowing distance of 70 cm 
between rows (Table 5) and 50 cm between 
rows (Table 6), regardless of the fertilization 
treatment, the differences between hybrids 
varying from -0.79 t/ha to +0.50 t/ha. 
Applying fertilizers had a favourable influence 
on the grain yield of sorghum hybrids. The 
average grain yield of the three analyzed grain 
sorghum hybrids sown at the distance of 70 cm 
between rows recorded a distinctly significant 
increase for the treatment N60P0K0 compared to 
the control treatment (Table 7). Fertilization 
with nitrogen doses of 90 and 120 kg/ha, the 
usage of NPK complex fertilizers and foliar 
fertilizers had a very significant positive 

influence on the grain yield, generating yield 
increases between 48.0% (N90P0K0) and 76.6% 
(N120P60K60). The highest grain yield of 11.12 
t/ha was obtained in the hybrid Aquilon 
fertilized N120P60K60. On average fertilization 
treatments increased the grain yield of the three 
sorghum hybrids studied in the field conditions 
of Moara Domneasc  by 53.4%. 
 

Table 4. Total fresh biomass yield (TFB t/ha)  
average of three sorghum hybrids, depending  

on the sowing distance between rows  

Treatment 

Sowing distance between rows 

70 cm 50 cm 
TFB 
t/ha % Diff. 

t/ha 
TFB 
t/ha % Diff. 

t/ha 
N0P0K0 20.22 100.0  Ct  19.27 95.31 -0.95
N60P0K0 23.53 100.0  Ct  23.95 101.77 0.42
N90P0K0 25.12 100.0  Ct  25.81 102.72 0.68
N120P0K0 26.07 100.0  Ct  27.02 103.62 0.95
N90P60K0 26.84 100.0  Ct  27.77 103.48 0.93
N90P60K0+Hortifor 27.51 100.0  Ct  28.21 102.55 0.70
N90P60K60 28.33 100.0  Ct  29.23 103.18 0.90
N90P60K60+Hortifor 29.57 100.0  Ct  29.59 100.08 0.02
N120P60K0 30.68 100.0  Ct  30.71 100.11 0.03
N120P60K60 31.29 100.0  Ct  31.68 101.26 0.39
Average Treatments 26.92 100.0  Ct  27.32 101.52 0.41
LSD 5% = 1.49 t/ha; LSD 1% = 2.10 t/ha; LSD 0.1% = 3.10 t/ha 

TFB – Total Fresh Biomass = Secondary fresh biomass at 
harvest (SFB) + Grain Yield (GY) at STAS humidity (14%); 
Ct = Control 
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Table 5. Hybrid influence on grain yield (GY t/ha) for 70 cm between rows sowing distance,  
Moara Domneasc , September 2014 

Treatment 
Alize Aquilon Arack Average hybrids 

GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
N0P0K0 6.22 103.5 0.21 6.20 103.3 0.20 5.60 93.2 -0.41 6.01 100.0  Ct  
N60P0K0 7.73 101.3 0.10 7.87 103.1 0.23 7.29 95.6 -0.34 7.63 100.0  Ct  
N90P0K0 8.74 98.3 -0.15 9.18 103.3 0.29 8.75 98.4 -0.14 8.89 100.0  Ct  
N120P0K0 9.02 96.8 -0.30 9.47 101.6 0.15 9.33 101.6 0.15 9.27 100.0  Ct  
N90P60K0 9.22 93.7 -0.62 10.15 103.2 0.31 9.42 103.2 0.31 9.84 100.0  Ct  
N90P60K0+Hortifor 9.39 94.3 -0.57 10.25 102.9 0.29 9.53 102.9 0.29 9.96 100.0  Ct  
N90P60K60 9.49 94.5 -0.56 10.33 102.8 0.28 9.75 102.8 0.28 10.05 100.0  Ct  
N90P60K60+Hortifor 9.83 95.3 -0.48 10.56 102.3 0.24 10.20 102.3 0.24 10.32 100.0  Ct  
N120P60K0 9.89 94.8 -0.54 10.70 102.6 0.27 10.46 102.6 0.27 10.43 100.0  Ct  
N120P60K60 9.93 92.6 -0.79 11.12 103.7 0.40 10.79 103.7 0.40 10.72 100.0  Ct  
Average treatments 8.95 96.0 -0.37 9.58 102.8 0.27 9.11 101.1 0.10 9.21 100.0  Ct  
LSD 5% = 0.66 t/ha; LSD 1% = 0.90 t/ha; LSD 0.1% = 1.20 t/ha 
GY = Grain Yield at STAS humidity (14%); Ct = Control 

Table 6. Hybrid influence on grain yield (GY t/ha) for 50 cm between rows sowing distance,  
Moara Domneasc , September 2014 

Treatment 
Alize Aquilon Arack Average hybrids 

GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 

N0P0K0 5.99 99.0 -0.06 6.06 100.2 0.01 6.09 100.8 0.05 6.05 100.0  Ct 
N60P0K0 7.43 98.3 -0.13 7.82 103.4 0.25 7.44 98.4 -0.12 7.56 100.0  Ct 
N90P0K0 7.92 94.5 -0.46 8.57 102.3 0.19 8.64 103.2 0.27 8.38 100.0  Ct 
N120P0K0 8.64 96.7 -0.29 9.03 101.1 0.10 9.12 102.1 0.19 8.93 100.0  Ct 
N90P60K0 8.84 96.1 -0.36 9.06 98.4 -0.14 9.70 105.5 0.50 9.20 100.0  Ct 
N90P60K0+Hortifor 8.90 95.4 -0.43 9.23 99.0 -0.09 9.84 105.6 0.52 9.32 100.0  Ct 
N90P60K60 9.38 97.0 -0.29 9.61 99.3 -0.06 10.02 103.6 0.35 9.67 100.0  Ct 
N90P60K60+Hortifor 9.44 96.9 -0.31 9.67 99.2 -0.08 10.14 104.0 0.39 9.75 100.0  Ct 
N120P60K0 9.72 97.2 -0.28 9.97 99.7 -0.03 10.31 103.1 0.31 10.00 100.0  Ct 
N120P60K60 10.24 98.3 -0.17 10.45 100.3 0.03 10.55 101.3 0.14 10.41 100.0  Ct 
Average treatments 8.65 96.9 -0.28 8.95 100.2 0.02 9.19 102.9 0.26 8.93 100.0  Ct 
LSD 5% = 0.85 t/ha; LSD 1% = 1.13 t/ha; LSD 0.1% = 1.48 t/ha 
GY = Grain Yield at STAS humidity (14%); Ct = Control 

Table 7. Treatment influence on grain yield (GY t/ha) for 70 cm between rows sowing distance, 
Moara Domneasc , September 2014 

Treatment 
Alize Aquilon Arack Average hybrids 

GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
N0P0K0 6.22 100.0  Ct  6.20 100.0  Ct  5.60 100.0  Ct  6.01 100.0  Ct  
N60P0K0 7.73 124.4 1.52 7.87 126.8 1.66 7.29 130.2 1.69 7.63 127.0 1.62 
N90P0K0 8.74 140.5 2.52 9.18 148.0 2.98 8.75 156.2 3.15 8.89 148.0 2.88 
N120P0K0 9.02 145.1 2.81 9.47 152.7 3.27 9.33 166.5 3.73 9.27 154.4 3.27 
N90P60K0 9.22 148.3 3.00 10.15 163.6 3.95 9.42 168.1 3.82 9.60 159.7 3.59 
N90P60K0+Hortifor 9.39 151.0 3.17 10.25 165.2 4.04 9.53 170.2 3.93 9.72 161.8 3.72 
N90P60K60 9.49 152.7 3.28 10.33 166.5 4.13 9.75 174.1 4.15 9.86 164.1 3.85 
N90P60K60+Hortifor 9.83 158.2 3.62 10.56 170.2 4.36 10.20 182.0 4.60 10.20 169.7 4.19 
N120P60K0 9.89 159.1 3.68 10.70 172.5 4.50 10.46 186.8 4.86 10.35 172.3 4.34 
N120P60K60 9.93 159.7 3.71 11.12 179.2 4.91 10.79 192.6 5.19 10.61 176.6 4.60 
Average treatments 8.95 143.9 2.73 9.58 154.5 3.38 9.11 162.7 3.51 9.21 153.4 3.21 

LSD 5% = 1.15 t/ha; LSD 1% = 1.53 t/ha; LSD 0.1% = 1.98 t/ha 

GY = Grain Yield at STAS humidity (14%); Ct = Control 
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For the grain sorghum hybrids sown at the 
distance of 50 cm between rows (Table 8), a 
distinctly significant increase of the average 
grain yield was observed for the fertilization 
with nitrogen doses of 90 and 120 kg/ha 
compared to the Control treatment. Regarding 
the treatments N90P60K0, N90P60K0 + Hortifor, 
N90P60K60, N90P60K60+Hortifor, N120P60K0, 

N120P60K60, they generated yield increases from 
52.2% to 72.2% that were statistically assured 
compared to the control treatment. On average, 
the ten fertilization treatments generated a yield 
increase distinctly significant compared to the 
control treatment, the average yield for the 
three sorghum hybrids being 47.7% higher 
compared to the control.  

 
Table 8. Treatment influence on grain yield (GY t/ha) for 50 cm between rows sowing distance, 

 Moara Domneasc , September 2014 

Treatment 
Alize Aquilon Arack Average hybrids 

GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
GY  
t/ha  % Diff. 

 t/ha 
N0P0K0 5.99 100.00 Ct 6.06 100.00 Ct 6.09 100.0 Ct 6.05 100.0 Ct 
N60P0K0 7.43 124.1 1.45 7.82 129.1 1.76 7.44 122.1 1.35 7.56 125.1 1.52 
N90P0K0 7.92 132.2 1.93 8.57 141.5 2.51 8.64 141.8 2.55 8.38 138.5 2.33 
N120P0K0 8.64 144.2 2.65 9.03 149.2 2.98 9.12 149.7 3.03 8.93 147.7 2.88 
N90P60K0 8.84 147.6 2.85 9.06 149.6 3.00 9.70 159.2 3.61 9.20 152.2 3.15 
N90P60K0+Hortifor 8.90 148.6 2.91 9.23 152.5 3.18 9.84 161.5 3.75 9.32 154.2 3.28 
N90P60K60 9.38 156.7 3.39 9.61 158.7 3.55 10.02 164.5 3.93 9.67 160.0 3.63 
N90P60K60+Hortifor 9.44 157.7 3.46 9.67 159.7 3.62 10.14 166.3 4.04 9.75 161.3 3.70 
N120P60K0 9.72 162.3 3.73 9.97 164.7 3.92 10.31 169.1 4.21 10.00 165.4 3.95 
N120P60K60 10.24 171.0 4.25 10.45 172.5 4.39 10.55 173.1 4.46 10.41 172.2 4.37 
Average treatments 8.65 144.5 2.66 8.95 147.7 2.89 9.19 150.7 3.09 8.93 147.7 2.88 
LSD 5% = 1.75 t/ha; LSD 1% = 2.32 t/ha; LSD 0.1% = 3.00 t/ha 

GY = Grain Yield at STAS humidity (14%); Ct = Control 
 
Influence of the sowing distance on the grain 
yield of sorghum 
The analysis of the data presented in Table 9 
points out that in 2014 the grain yield of 
sorghum hybrids was lower for the distance of 
50 cm between rows. The grain yield of 
sorghum hybrids at the sowing distance of 50 
cm between rows represented between 94.2% 
and 99.1% of the grain yield of sorghum 
hybrids sown at the distance of 70 cm between 
rows. The yield differences obtained for the 50 
cm sowing distance, compared to sowing 
distance of 70 cm between rows, were 
statistically negatively assured for the treatment 
N90P0K0 (-0.51 t/ha).  
The grain yield of the three sorghum hybrids 
recorded a very significantly positive influence 
of the amount of active substance fertilizers 
applied. The correlation coefficient between the 
fertilizers doses (active substance kg/ha) and 
the grain yield at 70 cm between rows sowing 
distance (Figure 4) was r = 0.9486, and at 50 
cm between rows sowing distance (Figure 5) 
was r = 0.9642. 
 

Table 9. Influence of the sowing distance on the average 
grain yield (GY t/ha) for different fertilization treatments 

Treatment 

Sowing distance between rows 
70 cm 50 cm 

GY 
t/ha % Diff. 

t/ha 
GY  
t/ha % Diff. 

t/ha 
N0 P0K0 6.01 100.0  Ct  6.05 100.6 0.04 
N60 P0K0 7.63 100.0  Ct  7.56 99.1 -0.07 
N90P0K0 8.89 100.0  Ct  8.38 94.2 -0.51 
N120 P0K0 9.27 100.0  Ct  8.93 96.3 -0.34 
N90 P60 K0 9.60 100.0  Ct  9.20 95.9 -0.40 
N90P60 K0+Hortifor 9.72 100.0  Ct  9.32 95.9 -0.40 
N90P60K60 9.86 100.0  Ct  9.67 98.1 -0.19 
N90P60K60+Hortifor 10.20 100.0  Ct  9.75 95.6 -0.45 
N120 P60 K0 10.35 100.0  Ct  10.00 96.6 -0.35 
N120 P60 K60 10.61 100.0  Ct  10.41 98.1 -0.20 
Average   9.21 100.0  Ct  8.93 96.9 -0.29 
LSD 5% = 0.44 t/ha; LSD 1% = 0.60 t/ha; LSD 0.1% = 0.80 t/ha 

GY = Grain Yield at STAS humidity (14%); Ct = Control 

CONCLUSIONS  
 
Fertilizer application influenced the total fresh 
biomass production of grain sorghum hybrids. 
In the conditions of the agricultural year 2013-
2014, the grain sorghum hybrids grown in the 
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Southeastern area of Romania (Moara 
Domneasc , Ilfov County) had a high total 
fresh biomass yield, varying at the sowing 
distance of 70 cm between rows from 23.53 
t/ha to 31.29 t/ha, and at the sowing distance of 
50 cm between rows from 23.95 t/ha to 31.68 
t/ha. 
 

y = -8E-05x2 + 0.0372x + 5.9456
R2 = 0.9802

0

2

4

6

8

10

12

0 50 100 150 200 250 300
Doses of active substance fertilizers  kg/ha

G
ra

in
 y

ie
ld

 (G
Y 

t/
ha

)

 
Figure 4. Correlation between the grain yield (GY t/ha) 

of the sorghum hybrids sown at 70 cm between rows and 
the doses of active substance fertilizers applied (kg/ha) 
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Figure 5. Correlation between the grain yield (GY t/ha) 

of the sorghum hybrids sown at 50 cm between rows and 
the doses of active substance fertilizers applied (kg/ha) 

 
The lowest grain yield at 70 cm sowing 
distance between rows was recorded in the 
unfertilized hybrid Arack (5.60 t/ha), and the 
highest grain yield in the hybrid Aquilon (11.12 
t/ha) fertilized N120P60K60. 
For the sowing distance of 50 cm between rows 
the minimum grain yield was recorded in the 
unfertilized hybrid Alize (5.99 t/ha) and the 
maximum grain yield in the hybrid Arack 
(10.55 t/ha) fertilized N120P60K60. 
The average grain yield of the three sorghum 
hybrids did not vary significantly under the 
influence of the sowing distance between rows. 
Depending on the fertilization treatment, the 
average grain yield for the sowing distance of 
70 cm rows was higher by 0.9-5.8% than the 
average grain yield at the distance of 50 cm 
between rows.  
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Abstract  
 
The recently emerged interest in using renewable vegetable sources as feedstock for biofuel production requires the 
identification of effective solutions aimed to follow the principles of sustainable development. Biofuels from the first 
generation were produced from sugarcane, starch and oils derived from agricultural products, but they may not be 
sustainable because are competing with the agricultural production. Currently, studies are focused on the obtaining of 
a second generation of biofuels that originate from plants other then food crops, from agricultural residues and from 
municipal wastes. Being economically attractive and having certain agro-technical advantages, the Camelina sativa 
seed oil is considered a sustainable source for obtaining second generation biofuels. The aim of the present research 
was to record the effect of genotype in 3 foreign varieties of Camelina sativa (CALENA, GP 204 and GP 202) and in 3 
autochthonous ones (CAMELIA, one local population Fundulea and one hybrid line) as regards both the growth 
characteristics and the yield components in a greenhouse experiment, in order to evaluate their potential performance 
and adaptability in field conditions. Periodic phenological observations were performed on the occurrence of 
flowering, on the pod maturation and genotypic differences of the biometric measurements such as plant height, number 
of branches, number of pods per plant, number of seeds in pods and thousand seed weight are discussed. 
 
Key words: Camelina sativa L., greenhouse experiment, varieties. 
 
INTRODUCTION  
 
The recent interest in using renewable vegetal 
sources as feedstocks for biofuel production 
requires the identification of effective solutions 
aimed at pursuing the principles of sustainable 
development. The concept of sustainable 
development was implemented in 1987 by the 
World Commission on Environment and 
Development (WCED) following the 
Brundtland Report. The sustainable 
development is the one that meets the needs of 
the present without compromising the ability of 
future generations to meet their own 
requirements. 
Being attractive from economic point of view 
and having certain agro-technical advantages, 

Camelina sativa crop is considered a 
sustainable source to be used for obtaining the 
second generation of biofuels (Dobre and 
Jurcoane, 2011, Imbrea et al., 2011; Moraru, et 
al., 2013; Robinson, 1987). Camelina sativa is 
an annual plant that belongs to the 
Brassicaceae family, originating from 
southeastern Europe and southwestern Asia. 
Camelina sativa exhibits unique characteristics 
which make possible its introduction in culture 
as a sustainable source for obtaining second-
generation biofuels (biokerosene), compared to 
other oilseed species such as soybean, rapeseed 
and sunflower (Ciubota-Rosie et al., 2013; 
Bonjean and Le Goffic, 1999; Budin et al., 
1995; Downey, 1971). 

131

AgroLife Scientific Journal - Volume 4, Number 1, 2015
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



 

Among the special features that deserve to be 
mentioned are: adaptability to low 
temperatures, reduced consumption of inputs 
(fertilizers, water, pesticides), short vegetation 
period (85-105 days, recovery of degraded land 
and reduction of gaseous emissions with 
greenhouse effect (Dobre et al., 2014a; Dobre 
et al., 2014b; Putnam et al., 1993). 
In this context, the paper presents an analysis of 
the evolution of 6 Camelina sativa varieties in 
a greenhouse experiment. 
 
MATERIALS AND METHODS  
 
The research was conducted in in the unit-
greenhouse for automation research of the 
Center for quality research of the agro-food 
products (HORTINVEST), Bucharest. The 
characteristics of the compartment distributed 
to our experiment were: 160 m², with the scope 
to obtain seedlings on culture bench and the 
facilities: heating, shielding, air-conditioning, 
electric set up, tide type irrigation, 
microaspersion, 4 assimilation lamps; two LED 
lighting devices (red and blue) were added to 
supplement the  light during 16 hours/day. 
The biological material being tested was 
represented by several varieties of Camelina 
sativa: 'GP 202', 'GP 204' (provided by 
Camelina Company Espana), ‘Calena’ 
(Austria) and 'Camelia' (NARDI Fundulea 
Romanian genotypes) (Toncea et al., 2013), 
one Fundulea local population (wild camelina 
population) and one hybrid line named FP-5-02 
(obtained by controlled hybridization between 
international comercial camelina genotypes with 
pollen from the Fundulea local population). For 
the new hybrid line, named FP-5-02 the 
amelioration program (started in 2012) has 
been conducted in amelioration laboratory from 
NARDI Fundulea (50 km from Bucharest) and 
field's trails of UASVM Bucharest (Moara 
Domneasca, 15 km far from Bucharest) and in 
present moment are in pending approval stage 
from Romanian National Homologation 
Authority). The purpose of this work was to 
improve the camelina oil content and 
productivity by breeding a new variety adapted 
to Romanian alternative cultivation conditions. 
For each 6 variety of camelina studied were 
provided five repetitions. 

The seeds were sown in 11x11x11 cm square 
pots (1 seed/pot) placed in appropriate trays, at 
a density of 15 plants/m². Each pot was filled 
with 1 l substrate consisting of Kekkila DSM 2 
W peat, which is a light ”breathable” peat (well 
milled) with addition of perlite, pre-fertilized 
with a base fertilizer ( NPK 14-16-18), with the 
Ph adjusted to 5.5/5.9. Before potting the 
substrate was sterilized by autoclaving at 100ºC 
for 20 min. Prior to seeding the substrate was 
soaked up with as much water as it could take 
in. Date of seeding: 20 November 2014. 
As a fertilizer, a complex chemical fertilizer 
named Azofoska was chosen, that has the 
following characteristics: N:P:K 13.6-6.4-19.1 
containing in addition small quantities of Mg, 
S, B, Fe, Mn, Mo, Zn. A first fertilizing was 
applied at seeding, by using 150 ml of the 
fertilizer solution (5 g/10 l) for every pot. The 
application of the next watering depended on 
temperature, humidity and air flow in the 
greenhouse compartment.  
The photoperiod/temperature regimen was of 
16 h light, 24ºC and 8 h dark, 20ºC, light 
intensity of 4700 lux. The ventilation was 
middle and the RH was of 55-57%. 
As the weather conditions recorded during the 
first 30 days after sowing (1-st decade of 
November-1-st decade of December 2014) 
among which we mention continuous 
cloudiness, natural light intensity at low levels 
throughout the all day and low temperatures 
recorded in this date range led us to add to the 
artificial light, besides the 4 assimilation lamps 
provided at HORTINVEST greenhouse, an 
equipment of 2 LED panels with specific band 
lights in red and blue color. Each of the two 
LED panels were made in the following sizes: 
650 mm x 350 mm x 120 mm, and insured with 
continuous illumination of 2000 lx each for 14 
hours. 
Light-emitting diodes (LEDs) represent a 
promising technology for the greenhouse 
industry that has technical advantages over 
traditional lighting sources. Designs of LED 
arrays allow waste heat to be placed within the 
greenhouse when and where desired during 
cold weather, or vented from the greenhouse 
during warm weather. LEDs can be 
manufactured to emit photon colors that match 
the absorbance peaks of important plant 
pigments, such as the red and far-red-absorbing 
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forms of phytochrome, or the red and blue 
peaks of leaf photosynthetic action spectra.  
In order to prevent fungal diseases a 0.1% 
solution of PREVICUR, a systemic fungicide, 
was prepared and was applied when necessary. 
The first treatment to prevent disease 
occurrences was administered to seedlings that 
were in the stage of the development of the first 
leaflet pairs (12 days after sowing). 
 
RESULTS AND DISCUSSIONS  
 
A.) The evaluation of the results on 
germination rate 
The results recorded for germination rate in the 
4th day of sowing were 100% for genotypes: 
GP204, Calena, Camelia, local Romanian 
population (Fundulea) and the newly created 
hybrid named FP-5-02; the genotypes - GP202 
registered a value of only 80%. The non-
germinated seeds of GP202 variety germinated 
only after 10 days from sowing.  
 
B.) Evaluation of results on the 
development of the first pair of leaves 
As regards the dynamics of the leaves 
development, there were not significant 
differences among the 6 genotypes, these being 
evaluated at:  
• 12 days after sowing for the 1st pair of 
leaves); 
• 18 days after sowing for the 2nd pair of 
leaves;  
• 22 days after sowing for the 3rd pair of 
leaves); 
• 28 days after sowing for the 4th pair of 
leaves. 
A general characteristic of the Camelina 
plantlets in the first stage of growing is the 
development of abnormally long and thin 
hypocotyls, making them prone to bend down, 
In this stage the presence of a Pythium attack 
was noticed. The respective plants were 
discarded and treatments with 0.1% Previcur 
were applied every 5-10 days. Due to the fact 
that the thin hypocotyls cannot maintain the 
plants upright, a mechanical support was 
provided (Figure 1). Besides the fertilizer 
applied at seeding, a second application was 
done after 2 weeks of seeding. The hypocotyls 
continued to remain thin, while the epicotyls 
developed normally. 

 
Figure 1. Plantlets of Camelina sativa  

(Calena genotype) sustained upright by a support 
(original image-December 08.2014) 

C.)  Evaluation of results on the 
dynamics of plant growth 
Plants from the 6 Camelina varieties studied 
under greenhouse conditions were evaluated by 
biometric measurements made at different time 
intervals in order to quantify the growth 
dynamics of the main stem height (cm) (Figure 
2), the number of stem ramifications and the 
total biomass (g), weighted before harvesting 
the pods (Table 1). 
 

 
Figure 2. Evolution of plant height in the 7 Camelina 

sativa varieties (cm) 
By analyzing the average value for the 5 
repetitions/Camelina studied genotype of the 
growth dynamics presented in Table 1 it was 
noted that three varieties exceeded the average 
values calculated at 113 cm total height (GP 
202 followed by the local population and the 
new hibrid line FP-5-02, 3 genotypes exceeded 
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the average value of 19 floriferous 
branches/plant (Fundulea local population, GP 
204 and the new hibrid line FP-5-02), and three 
genotypes exceeded the average of total plant 
biomass calculated at 26.45 g (GP 204, 
Fundulea local population and GP 202). 
 
Table 1. Evaluation of plant growth parameters from six 

Camelina sativa varieties (average value for the 5 
repetitions / each Camelina studied genotype) 

Genotype 

Plant  
height 
(cm) 

No. of  
branches/ 

plant 

Biomass 
weight 

(g) 
CAMELIA 113.00 17.80 25.37 
CALENA 105.60 17.66 19.33 
GP 204 113.75 20.00 31.69 
GP 202 118.20 17.40 28.42 

FUNDULEA 
Local 

Population 115.00 21.40 30.52 
new HIBRID 

(line FP-5-02 ) 117.40 19.75 23.34 
AVERAGE 

VALUE 113.83 19.00 26.45 
 
 

D.) Evaluation of production components 
(seeds) 
Determination of seed production (g), obtained 
from each genotype was performed by 
harvesting the plants, counting the total 
pods/plant, average number of seeds/pod, and 
by weighing the total seed/plant and the weight 
of 1000 seeds. The percent of total seed 
weight/biomass and the total seeds/plant were 
estimated by mathematical calculations (Table 
2). 
In assessing the recorded production values, the 
followings exceeded the calculated averages 
(value for the 5 repetitions / Camelina studied 
genotype) (Figure 3). 
- the total weight of seeds/plant (3.20 g) for the 
new HIBRID (line FP-5-02) followed by 
Camelia genotype; 
- average seed/pod (13.12) for the new HIBRID 
(line FP-5-02) and Camelia genotype; 
-weight of 1000 seeds/plant (1.04 g) for GP 204 
genotype followed by the new HIBRID (line 
FP-5-02). 
 

Table 2. Evaluation of production parameters in six Camelina sativa varieties (average value for the 5 repetitions / 
Camelina genotype studied) 

Genotype 
 

No. of 
pods/plant 

Seed weight/ 
plant (g) 

Total 
seed weight/ 
biomass (%) 

Average 
seeds 
/pod 

Number 
of seeds/ 

plant 

1000 seed weight 
(g) 

CAMELIA 236 3.38 13.32 14.6 3313 1.02 
CALENA 248 3.26 16.86 12.75 3228 1.01 

GP 204 241 3.15 11.48 11.48 2763 1.14 
GP 202 251 3.01 10.60 12.62 3168 0.95 

FUNDULEA Local 
Population 238 2.95 9.66 

11.9 2864 1.03 

new HIBRID  
(line FP-5-02 ) 235 3.42 15.37 

15.34 3288 1.08 

AVERAGEVALUE 241.5 3.20 12.90 13.12 3104 1.04 

 

D.) Periodic assessment of plant health  
A good phytosanitary state as regards the 
pests and diseases was maintained until the 
flowering stage by applying 6-7 treatments 
with a 0.1% solution of Previcur to prevent 
the fungal diseases and 5 alternating 
treatments for the control of harmful pests 

(mites, thrips and whiteflies) with Mospilan 
(0.03%) and Actara. In order to support a 
vigorous growth of Camelina sativa plants, 
the complex Azofoska fertilizer was applied 
at 2 weeks intervals, until about 20% of plants 
have formed inflorescences (Figure 4). 
 

134



 

 
Figure 3. Production elements recorded in plants from the six Camelina sativa varieties  

(average value for the 5 repetitions / Camelina genotype studied) 
 

 
Figure 4. Camelina plants in flowering stage (original-HORTINVEST greenhouse experiment, January 15.2015) 

 

CONCLUSIONS  
 
The obtained results recorded for the 
production parameters in Camelina sativa 
grown in controlled environmental conditions 
suggest that these are comparable to the ones 
obtained in the field (Dobre, and Jurcoane, 
2011). 
Analysing the production parameters obtained 
for the six Camelina sativa studied varieties the 
best good results were achieved by the new 
hybrid line (FP-5-02), which is pending 
approval for introduction in culture in Romania 
for: seed weight/plant (3.42 g) and for average 
seeds/pod (15.34), and other good results over 

the average values were recorded for the other 
3 parameters analyzed (total seed weight/ 
biomass, number of seeds/plant, 1000 seed 
weight).  
Except for plant height obtained values for all 
other production parameters analyzed were 
higher for the new camelina created hybrid line 
(FP-5-02), compared to the local population 
Fundulea used as pattern genitor in the 
controlled hybridization process. 
After evaluating the productive performance 
recorded at the 6 varieties of crop plants, in the 
second decade of March (2015) were 
performed biochemical analyzes for the oil 
content of the seed samples and the rest was 

135



 
used as a source of biological material to set up 
in the field of comparative batches, the results 
of these experiments will be reported in the 
future. 
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Abstract 
 
This paper aims to quantify the qualitative and quantitative parameters of milk production at goats from Carpathian 
breed in relation with the breeding system (extensive versus semi-intensive). To determine the total quantity of milk, the 
milk production control it included suckling period of kids and milking period of goats. For determining the quality of 
milk it was made the analysis of chemical composition of milk in the main constituents, namely water and dry matter, 
content of fat, protein, lactose and minerals. The biological material studied in this paper was represented by the adult 
goats from Carpathian breed belonging of two private farms from the south region of country. The size of the control 
group during the whole lactation was 25 heads for each farm. The research took into account two farms of goats 
differentiated by breeding system practiced, respectively extensive and semi-intensive. The obtained results showed that 
regarding the quantitative milk production the best performance was achieved by animals from semi-intensive farm 
(253.21 liters versus 208.50 liters) and in terms of milk quality by the animals from extensive farm. 
 
Key words: goats, milk production, lactation, milk parameters, breeding system 

. 
INTRODUCTION 
 
The importance of goat breeding lies in the 
many products that this species provides to the 
human: milk, meat, hides, furs, hair production, 
etc., products of high quality, without which 
the humanity could not survive (Taft , 2008). 
Both globally and also in our country these 
products began to be required increasingly 
more lately by a large number of people of all 
ages, which explains the increase of goats 
number in recent years (Aziz, 2010; Popescu, 
2010).  
Thus is for the first time in our country when a 
domestic animal species exceeds numeric 
comparative to 1989, in 1990 the number of 
goats was about 1,017,000 heads, reaching in 
2013 to approx. 1.313 million head, an increase 
of approx. 30%. Also, there was a substantial 
increase of milk and meat productions which 
reached to 248,000 tons and respectively to 
7000 tons. 
In our country the main direction of goats 
breeding is for milk production, which depends 
largely, both quantitative and qualitative, by the 

system of goats exploitation practiced in farms. 
Goat farms in Romania are still in their vast 
majority of small and medium size and the 
applied operating technology are generally 
dependent by semi-intensive and extensive 
systems of exploitation (R ducu , 2004; 
R ducu  and Ghi , 2010). 
In this context the paper aims to quantify the 
qualitative and quantitative parameters of milk 
production at goats from Carpathian breed in 
relation with the operating system of 
exploitation. 
 
MATERIALS AND METHODS 
 
The research took into account two private goat 
farms from the south region of country 
differentiated by breeding system practiced, 
respectively extensive (from Prahova County) 
and semi-intensive (from Giurgiu County). 
Biological material studied in this paper was 
represented by the adult goats from Carpathian 
breed. 
The size of the control group during the whole 
lactation was 25 heads for each farm. To 
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determine the total quantity of milk, the milk 
production control it included suckling period 
of kids and milking period of goats.  
The amount of milk in suckling period was 
appreciated through the weight gain registered 
by kids at 28 days and at weaning date (60 
days) compared with birth weight.  
The amount of milk during the milking period 
was determined through monthly individual 
control of milk, respectively by goats milking 
in the morning and the evening day of control, 
according to the official standard method of 
control A4.  
For determining the quality of milk it was made 
the analysis of chemical composition of milk in 
the main constituents, namely water and dry 
matter, content of fat, protein, lactose and 
minerals. 
 
RESULTS AND DISCUSSIONS 
 
The farm from Prahova County exploits 
animals of Carpathian breed and practicing an 
extensive breeding system. 
This system consisting of maintenance of goats 
in separately herds or together with sheep on 
mountain pastures in summer (June to 
September), at the sheepfold, where descends 
on the pastures, meadows and occasional 
valleys or hill areas and in the winter animals 
stay indoors, being fed particularly with fibrous 
forages. 
In the extensive system practiced in Prahova 
farm goats receiving approx. 0.2-0.3 kg of 
cereal grains only for 15 days before calving 
and that is all quantity of concentrates 
administrated at goats for the entire year in this 
type of farm. 
The farm from Giurgiu County exploits also 
goats from Carpathian breed and uses a semi-
intensive exploitation system of animals. In this 
farm animals are kept indoors of shelter during 
winter (requires annexes of storage for hay, 
coarse forage, concentrates and silage) and in 
spring-summer-autumn goats are maintained on 
natural pastures, meadows and occasional 
pastures, which are successively used. 
Compared with the farm from Prahova County 
in the farm from Giurgiu County, where is 
practiced semi-intensive operating system, 
goats receive a daily amount of approx. 0.3 kg 
cereal grains throughout the calendar year. 

The data obtained from the investigations show 
that average production of milking milk at goat 
populations from Carpathian breed varies from 
one farm to another farm. Thus for goats from 
extensive farm is 165.96 liters and higher with 
20.9% in the case of goats from semi-intensive 
farm, respectively 200.64 liters (Table 1). 
 
Table 1.Total milk production and milking milk at goats 

population from extensive farm (Prahova County) 

No. Month of lactation Prahova Farm 
liters % 

1 May 40.31 24.29 
2 June 36.43 21.95 
3 Iuly 35.87 21.61 
4 August 31.54 19.01 
5 September 17.61 10.61 
6 October 4.20 2.53 

7 Total milking 
milk (liters) 165.96 

8 Average milk 
production (liters) 208.50 

9 Lactation length (days) 226.26 
 
Average milk production at goats from 
extensive farm is 208.50 liters obtained in an 
average duration of lactation by 226.26 days 
and an average daily milk production of 0.92 
liters (Table 1). 
Regarding the quantity of monthly and daily 
milking milkin the case of goats from extensive 
farm, the results show that, the largest quantity 
of milk is harvested in May (24.29% of total) 
when recording the peak of lactation (Table 1 
and Figure 1). 
 

 
Figure 1. The curve of average daily milking milk 

production in Prahova farm (liters) 
 
Average milk production at goats from semi-
intensive farm is 253.21 liters obtained in an 
average duration of lactation by 233.34 days 
and an average daily milk production of 1.09 
liters (Table 2). 
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Compared with other researches on milk 
quality at our local Carpathian breed, our 
results regarding the content of dry matter are 
with about 4.7% lower in the case of goats 
from semi-intensive farm and with 2.7% in the 
case of goats from extensive farm (Zamfir, 
2014). 
 
CONCLUSIONS  
 
Milk yield at goats from semi-intensive farm is 
with approx. 21.4% higher compared to that 
from goats from extensive farm, the difference 
between two populations being very significant 
(P<0.001). 
Differences between farms regarding milk yield 
are mainly caused by feeding conditions, which 
are net superior in the semi-intensive system 
compared with those used in the extensive 
system. 
Goat's milk from extensive farm has a content 
in dry matter with 2.14% higher compared to 
that of semi-intensive farm type. As a result, 
most of other components of dry matter (fat, 
protein and lactose) are found in greater 
amounts in milk produced by goats from 
extensive farm. 
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Abstract 
 
Conservative soil tillage (minimum tillage and no-tillage) are considered among the most important components of 
conservation agriculture. Their research and extension was imposed especially in hilly areas with specific problems of 
desertification (erosion, drought) as bioremedial measures. Our research follows the effects of the three tillage systems: 
conventional systems, minimum tillage and no-tillage on soil properties (bulk density, penetration resistance, 
temperature and moisture, soil respiration) and on the production of wheat, maize and soybean, obtained on an Argic 
Faeoziom from the Somes Plateau. Average soil bulk density grows, compared to the conventional system (1.20-1.24 
g/cm3), in all variants with minimum tillage (1.22-1.32 g/cm3); the highest growth is recorded at no-tillage, being 1.35-
1.38 g/cm3 with statistically significant positive differences. Soil moisture increases in all variants with minimum and 
no-tillage with different percentages, ranging from 1-15% v/v, compared to the conventional system. This is also 
reflected in the values of resistance to penetration. Tillage appeared to affect the timing rather than the total amount of 
CO2 production: the daily average is lower at no-tillage (315-1914 mmoles m-2s-1), followed by minimum tillage (318-
2395 mmoles m-2s-1) and is higher in the conventional system (321-2480 mmoles m-2s-1). Productions obtained at 
minimum tillage and no-tillage did not have significant differences for the wheat culture but were higher for soybean. 
The differences in crop yields were recorded at maize and can be a direct consequence of loosening, mineralization and 
intensive mobilization of soil fertility. 
 
Key words: minimum tillage, no-tillage, soil conservation, crop production.  
 
INTRODUCTION 
 
Conservation agriculture involves trying to 
make equal or close productivity to 
conventional agriculture, energy efficient and 
economical optimized, while reducing the 
environmental impact. In Romania, 
conservation agriculture is applied to approx. 
10% of arable lands and includes a range of 
complementary agricultural practices (Rusu et 
al., 2009; Stanila et al., 2012; Sandoiu et al., 
2012; Cociu et al., 2013): (i) minimum soil 
tillage (through a system of reduced tillage or 
no-tillage) to preserve the structure, fauna and 
soil organic matter; (ii) permanent soil cover 
(cover crops, residues and mulches) to protect 
the soil and help to remove and control weeds; 
(iii) various combinations and rotations of the 
crops which stimulate the micro-organisms in 
the soil and controls pests, weeds and plant 
diseases. 

Motivations for practicing conservation 
agriculture are (Al-Darby and Lowery, 1987; 
Jitareanu et al., 2006; Moraru and Rusu, 2010; 
Marin et al., 2011): agrotechnical (combating 
drought and soil erosion control), economical 
(efficiency), environmental protection (soil 
greening) and of compatibility with the 
Common Agricultural Policy (GAEC 1, 
Measure 214 - Agri-environment payments, 
green crops). In the current system of 
agriculture, 50-60% of the water from rainfall 
is lost directly through evaporation during one 
year - therefore are imposed agrophytotechnical 
water conservation measures. These can be 
accomplished by conservative tillage based on 
soil protection works and its tillage so that crop 
residues remains on the surface, providing "the 
right of the soil for vegetation". 
Scientific criteria for the extension of soil 
conservative tillage (minimum tillage and no-
tillage) are considered the 10 benefits obtained 
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through their application (Stefanic et al., 1997; 
Ulrich et al., 2006; Domuta et al., 2012; Dinca 
et al., 2013; Wozinak et al., 2014): time with 
soil tillage is reduced by 2-4 times; fuel 
consumption per unit area is reduced by 30-
50%; number of agricultural machinery per unit 
area is lower; soil structure recovers and 
surface and depth compaction decreases; soil 
organic matter content increases; soil 
permeability for water grows and soil overall 
drainage improves; soil erosion decreases; crop 
residues left on the soil surface or incorporated 
at 10-15 cm depth (where biological activity is 
the greatest) contribute to increased soil fauna 
and flora; maintains groundwater and surface 
water quality (nutrients and pesticides applied 
are no longer washed by erosion, and increased 
biological activity - associated with soil organic 
matter - uses and decompose this nutrients and 
pesticides); maintains air quality by reducing 
emissions that result from burning fossil fuels 
(diesel) used by traffic on the land and reducing 
carbon released into the atmosphere by soil 
respiration (being fixed by increasing soil 
organic matter). 
Requirements of transition to conservation 
agriculture system are as follows (Lazureant et 
al, 2011; Sin, 2013): farmers must make an 
initial investment in specialized equipment; 
farmers need thorough training and access to 
specialized counseling services; compared with 
the conventional agriculture it is necessary to 
apply a fundamental change in the approach 
(difficult separation of plow); normally, there is 
a need for a transitional period of 5-7 years in 
order that conservative farming system to 
equilibrate; productivity may be lower in the 
early years, and the attack of diseases, pests 
and weeds higher. 
Our research follow the effects of the three 
tillage systems: conventional systems, 
minimum tillage and no-tillage on soil 
properties (bulk density, penetration resistance, 
temperature and moisture, soil respiration) and 
on the production of wheat, maize and soybean, 
obtained on an Argic Faeoziom from the 
Somesan Plateau. 
 
MATERIALS AND METHODS 
 
The data presented in this paper were obtained 
on Argic-Stagnic Faeoziom (SRTS, 2003), at 

University of Agricultural Sciences and 
Veterinary Medicine in Cluj-Napoca, within 
the Research Center for Minimal Systems and 
Sustainable Agricultural Technologies. The 
field soil is a class II quality type, having 78 
points for arable use. The soil profile is of type: 
Amp – Am – A/Btw – Btw – B/C – Cca. The 
clay content on 0-40 cm depth varies between 
42.1 and 45.7%. On 0-20 cm depth, soil has a 
reaction at the limit neutral - weak acid, with a 
value of 6.02. The presence of carbonates in the 
next horizon, the 120-210 cm depth determines 
an increase of pH value to 7.88. The base 
saturation degree of 75% frames this soil type 
in the eumezobasic soils. As for the humus 
content, the soil is appreciated as good, namely 
4.33% in the first 20 cm and 3.27% in the 20-
40 cm depth. The field is with 8% slope, with 
the ground water level at 10 m depth. 
These areas were was our research presents a 
medium multi annual temperature of 8.20C 
medium of multi annual rain drowns: 613 mm.  
The experimental variants chosen were: A. 
Conventional system (CS): V1 – reversible 
plough (22-25 cm) + rotary grape (8-10 cm). B. 
Minimum tillage system (MT): V2 – paraplow 
(18-22 cm) + rotary grape (8-10 cm); V3 – 
chisel (18-22 cm) + rotary grape (8-10 cm); V4 
– rotary grape (10-12 cm). C. No-Tillage 
systems (NT): V5 – direct sowing.  
The experimental design was a split-plot design 
with three replications. In one variant the area 
of a plot was 300 m2. The experimental variants 
were studied in the 3 years crop rotation: maize 
(Zea mays L.) - soybean (Glycine hispida L. 
Merr.) – autumn wheat (Triticum aestivum L.). 
The analysis and determinations were done 
according to acting methodology and standards 
(MESP, 1987; SRTS, 2003). 
The biological material was represented by the 
LG32 – hybrid maize, Felix – of soya-bean and 
the Ariesan – species for the wheat. Except for 
the soil tillage, all the other technological 
sequences of sowing, fertilizing, are identical in 
all the variants. Weed control was 
supplemented each year for the NT version 
with herbicide before seeding, using Roundup 
(glifosat 360 g/l), 4 l/ha. 
To quantify the change in soil properties under 
different tillage practices, determinations were 
made for each crop in four vegetative stages 
(spring, 5-6 leaves, bean forming, and harvest). 
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Soil parameters monitored included soil water 
content (Aquaterr MT300 – Capacitive Sensor), 
temperature (Aquaterr MT300 – Silicon 
Junction Sensor), soil bulk density (determined 
by volumetric ring method using the volume of 
a ring 100 cm3), penetration resistance 
(FieldScout SC900 - digital penetrometer) and 
soil respiration using ACE Automated Soil CO2 
Exchange System. The average result values, 
obtained in the vegetal phases were statistically 
processed, taking into consideration the last 
three cultivation years within the crop rotation. 
The results were statistically analysed by 
ANOVA test. A significance level of P  0.05 
was established a priori. 
 
RESULTS AND DISCUSSIONS 
 
Minimum Tillage (MT) and No-Tillage (NT) 
application reduce or completely eliminate 
the soil mobilization, due to this, soil 
is compacted in the first years of application. 
The degree of compaction is directly related 
to soil type and its state of degradation. 
Significant differences are recorded up to 
18 cm depth. Determinations made on 
Faeoziom Argic (Table 1) shows a bulk density 
greater in case of the direct sowing at maize 
crop (1.35 g/cm3) and soybean (1.38 g/cm3), 
respectively at rotary harrow and direct sowing, 
in case of wheat (1.32-1.38 g/cm3). The state 
of soil compaction diminishes over time, 
tending toward a specific type of soil density. 
Soil tillage system influences more 
significantly the penetration resistance. This is 
because the resistance to penetration is a more 
complex determination that depends on the 
condition of soil settlement and its humidity. 
The differences were mainly determined in the 
first 20 cm and there were no differences 
in the depth. 
All determined values were higher in NT and 
MT compared with  CS, the differences  being 

significant distinct positive or significant 
positive at NT. Differences are also depending 
on the crop (Table 2): wheat - CS: 1524 kPa, 
CT: 1621-1735 kPa; maize - CS: 1421 kPa, 
CT: 1523-1624 kPa; soybean: CS: 1643 kPa, 
CT: 1755-1799 kPa. 
Moisture determinations (Table 3) shows 
significant differences, statistically insured, at 
NT (wheat: 76%; soya-bean: 86%), although 
high values were recorded at MT, too. Soil 
moisture was higher in NT and MT at the time 
of sowing and in the early stages of vegetation, 
then the differences diminishes over time. 
Soil temperature increases in all variants 
with MT and NT, with differences insured 
statistically, at wheat crop (Table 4). The 
differences are recorded especially in the first 
15cm, where the NT recorded lower thermal 
amplitude compared with MT and CS. 
Soil respiration (Table 5) varies throughout the 
year for all three crops of rotation, with a 
maximum in late spring (1383 to 2480 mmoli 
m-2s-1) and another in fall (2141 to 2350 mmoli 
m-2s-1). The determinations confirm the effect 
of soil tillage system on soil respiration; the 
daily average is lower at NT (315-1914 mmoli 
m-2s-1), followed by MT (318-2395 mmoli m-2s-

1) and is higher in the CS (321-2480 mmol m-

2s-1). 
Wheat has ensured equal productions 
between 3745-3856 kg/ha (Table 6), with no 
significant differences between tillage systems. 
Maize responded better at the soil loosening, at 
the mobilization of soil fertility and nutrient 
mineralization, providing a production of 6310 
kg/ha.  
The production was between 5890-6145 kg/ha 
at MT, being significant negative at 
rotary harrow, respectively 5774 kg/ha at NT, 
being distinct significant negative. The soybean 
crop productions are between 2112-2341 
kg/ha, being significant positive at MT and NT.

 
 

Table 1. Influence Soil Tillage Systems on Soil Bulk Density (g/cm3), 0-50 cm Depth  

Variants Wheat Maize Soya-bean 
Plough 1.24ws 1.20ws 1.22ws

Paraplow 1.28ns 1.22ns 1.26ns

Chisel 1.29ns 1.22ns 1.25ns

Rotary grape 1.32* 1.31ns 1.32ns

Direct sowing 1.38* 1.35* 1.38*

Note: wt – witness, ns – not significant, *positive significance, 0negative significance. 
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Table 2. Influence Soil Tillage Systems on Soil Penetration Resistance (kPa), 0-45 cm Depth 

Variants Wheat Maize Soya-bean 
Plough 1524ws 1421ws 1643ws

Paraplow 1626* 1523* 1762*

Chisel 1627* 1523* 1755*

Rotary grape 1621* 1621** 1774*

Direct sowing 1735** 1624** 1799*

 
Table 3. Influence Soil Tillage Systems on Soil Moisture (% v/v), 0-50 cm Depth 

Variants Wheat Maize Soya-bean 
Plough 61ws 83ws 75ws 

Paraplow 65ns 88ns 77ns 

Chisel 64ns 85ns 76ns 

Rotary grape 64ns 86ns 86* 

Direct sowing 76** 89ns 86* 

 
Table 4. Influence Soil Tillage Systems on Soil Temperature (°C), 0-50 cm Depth 

Variants Wheat Maize Soya-bean 
Plough 17.3ws 23.2ws 22.2ws

Paraplow 19.3* 23.5ns 22.5ns

Chisel 18.9ns 23.4ns 22.5ns

Rotary grape 19.4* 23.9ns 22.3ns

Direct sowing 19.5* 23.9ns 22.6ns

 
Table 5. The Influence of Soil Tillage Systems upon Soil Respiration (mmmoli, m-2s-1) 

Culture Soil tillage systems Plough  Paraplow Chisel Rotary grape Direct sowing 

Wheat 

Spring 721 714 708 641 532 
5-6 leaves 321 320 321 318 315 
Bean forming 1531 1460 1414 1408 1383 
Harvest 2114 2111 2070 1942 1914 

Maize 
  
 

Spring 1014 1010 1010 982 914 
5-6 leaves 1580 1523 1541 1512 1510 
Bean forming 2340 2308 2312 2252 2218 
Harvest 2250 2242 2221 2208 2141 

Soybean 

Spring 1140 1140 1129 1092 1042 
5-6 leaves 1620 1615 1612 1580 1550 
Bean forming 2480 2395 2382 2350 2320 
Harvest 2350 2314 2318 2270 2183 

 
Table 6. Influence Soil Tillage Systems on Yield of Wheat, Maize and Soyabean (kg/ha) 

Variants Wheat Maize Soya-bean 
Plough 3812ws 6310ws 2112
Paraplow 3856ns 6120ns 2251*

Chisel 3795ns 6145ns 2198ns

Rotary grape 3745ns 58900 2241*

Direct sowing 3786ns 577400 2341*

 

CONCLUSIONS 
 
The state of soil settlement is changed 
through the tillage, which increases bulk 
density and penetration resistance in MT and 
NT. 
MT and NT systems reduce the thermal 
amplitude in the first 15 cm of soil and increase 
soil temperature by 0.5-2.20C. 

Tillage appeared to affect the timing rather than 
the total amount of CO2 production: the daily 
average is lower at NT (315-1914 mmoli m-2s-

1), followed by MT (318-2395 mmoli m-2s-1) 
and is higher in the CS (321-2480 mmol m-2s-

1). An exceeding amount of CO2 produced in 
the soil and released into the atmosphere, 
resulting from aerobic processes of 
mineralization of organic matter (excessive 
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loosening) is considered to be not only a way of 
increasing the CO2 in the atmosphere, but also 
a loss of long-term soil fertility. 
Water dynamics and soil temperature showed 
no differences that could affect crop yields. 
Productions obtained at MT and NT don’t have 
significant differences at wheat and are higher 
at soybean. The differences in crop yields are 
recorded at maize and can be a direct 
consequence of loosening, mineralization and 
intensive mobilization of soil fertility. 
Application of MT and NT systems can lead to 
soil conservation in the Somes Plateau, without 
affecting crop yields, especially on soils with 
high initial fertility. 
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Abstract  
 
This study was conducted in order to determine the ability of bacterial consortium: Bacillus coagulans, Bacilus 
licheniformis, Bacillus pumilus, Bacillus subtilis, Nitrosomonas sp., and Pseudomonas putida in bioremediation of 
wastewater origin Cisirung WWTP. This study uses an experimental method completely randomized design (CRD), 
which consists of two treatment factors (8x8 factorial design). The first factor is a consortium of bacteria (K), 
consisting of 8 level factors (k1, k2, k3, k4, k5, k6, k7, and k8). The second factor is the time (T), consisting of a 7 level 
factors (t0, t1, t2, t3, t4, t5, t6, and t7). Test parameters consist of BOD (Biochemical Oxygen Demand), COD 
(Chemical Oxygen Demand), TSS (Total Suspended Solid), Ammonia and Population of Microbes during 
bioremediation. Data were analyzed by ANOVA, followed by Duncan test. The results of this study showed that  the 
consortium of Bacillus pumilus, Bacillus subtilis, Bacillus coagulans, Nitrosomonas sp., and Pseudomonas putida with 
inoculum concentration of 5% (k6) is a consortium of the most effective in reducing BOD 71.93%, 64.30% COD, TSS 
94.85%, and 88.58% of ammonia. 
 
Key words: Bioremediadtion, Bacillus, Consortium, BOD, COD, TSS. 
 
INTRODUCTION 
 
Water river pollution, especially in Citarum 
River, West Java, has achieved the status of 
heavily polluted due to the amount of liquid 
waste discharged into the water body without 
being processed. Therefore, the government 
built the Waste Water Treatment Plant 
(WWTP) Cisirung for treatment of industrial 
wastewater surrounding South Bandung area 
before it is discharged into water bodies. 
Industrial wastewater generally have 
concentration of organic matter so high that 
need microorganisms as bioremediation agents, 
especially bacteria. Bacteria are 
microorganisms that are easy to find because of 
the wide spread.  
Genera Bacillus have interesting physiological 
properties because each type has different 
abilities, including: capability of degrading 
organic compounds such as proteins, starch, 
cellulose, hydrocarbons, and order; ability to 
produce antibiotics; role in nitrification and 
denitrification; nitrogen; oxidizing selenium; 

oxidizing and reducing manganese (Mn); is 
chemolithotroph, aerobic or facultative 
anaerobes, acidophilic or alkaliphilic, or 
thermophilic (Clous and Berkeley, 1986).  
Bioremediation is defined as the use of 
microorganisms that have been selected to be 
grown on certain pollutants in an effort to 
reduce levels of these pollutants.  
During the bioremediation process, enzymes 
produced by microorganisms modify the 
structure of toxic pollutants into less complex 
structure so that it becomes harmless 
metabolites (Priadie, 2012). In Indonesia, the 
bioremediation of waste water treatment has 
not been carried out effectively. Therefore, any 
research on bioremediation of waste using 
bacteria is expected to help solving the problem 
of industrial waste in Indonesia.  
The purpose of this study is to obtain bacterial 
consortium and the most effective 
concentration of inoculum to remediate WWTP 
(Wastewater Treatment Plant) effluent in 
Cisirung. 
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MATERIALS AND METHODS  
 
The experimental method is applied to the 
bioremediation of wastewater WWTP Cisirung 
with completely randomized design (CRD). 
8x8 factorial design with three replications 
consisting of two level factors. The first factor 
is the type of consortium (K), consists of 8 
levels, the second factor is the time (T), 
consisting of 8 levels sampling time, namely:  
Factor (t0): 0, (t1) 60, (t2) 120, (t3) 180, (t4) 
240, (t5) 300, (t6) 360, (t7) 420 hours. The 
whole treatment consists in: 1. (k1): Waste 
heated inoculated by consortium of Bacillus 
coagulans, B. licheniformis B. pumilus 
Pseudomonas putida  and Nitrosomonas sp. 
Inoculated by  concentration of  inoculum 10% 
of the total volume 2. (k2): Waste heated 
inoculated by consortium of B. licheniformis, 
B. pumilus, B. subtilis Pseudomonas putida, 
Nitrosomonas sp. Inoculated by concentration 
of inoculum 10% of the total volume. 3. (k3): 
Waste heated inoculated by consortium of B. 
pumilus, B. subtilis B. coagulans, 
Pseudomonas putida a Nitrosomonas sp. 
Inoculated by concentration of inoculum 10% 
of the total volume 4. (k4): Waste heated and 
inoculated by consortium of Bacillus 
coagulans, B. licheniformis, B. pumilus 
Pseudomonas putida, Nitrosomonas sp. 
Inoculated by concentration of inoculum 5% of 
the total volume. 5. (K5): Waste heated and 
inoculated by consortium B. licheniformis, B. 
pumilus, B. subtilis, Pseudomonas putida and 
Nitrosomonas sp. Inoculated by concentration 
of inoculum 5%. 6. (k6): Waste heated and 
inoculated by consortium B. pumilus, B. 
subtilis, B. coagulans, Pseudomonas putida, 
Nitrosomonas sp. Inoculated by concentration 
of inoculum 5% of the total volume. 7. (k7): 
Wastewater WWTP heated Cisirung no 
additional indigenous bacteria and other 
bacteria. 8. (k8): WWTP Cisirung industrial 
wastewater, not heated.  
Parameters measured consists of Biochemical 
Oxygen Demand (BOD), Chemical Oxygen 
Demand (COD), acidity (pH), Dissolved 
Oxygen (DO), the number of bacteria, 
temperature, and Total Suspended Solid (TSS). 
The experimental data obtained and analyzed 
by using analysis of variance (ANOVA). If 
there is a real effect then continued with 

Multiple Range Test (Duncan) with a 
significance level of 5% (Gomez and Gomez, 
1995). 
 
RESULTS AND DISCUSSIONS  
 
Growth of Bacteria Consortium During 
Bioremediation 
The ability of microorganisms to degrade 
wastewater contained in Cisirung WWTP can 
be assessed from the calculation of the number 
of microbial cells during the process of 
bioremediation. The number of bacteria that 
grow during the biodegradation process 
wastewater was measured by the method of 
Total Plate Count (TPC). The number of 
bacteria was counted every 60 hours for 420 
hours. In Table 1 it is known that the 
consortium (k2) which consists of a strain of 
Bacillus licheniformis, B. pumilus, B. subtilis, 
P. putida, and Nitrosomonas sp. inoculated as 
inoculum concentration of 10% is a consortium 
that has the most number of cells which 
reached 3:13 x1012 CFU/mL at 240 hours. 
This shows that the bacterial strains 
Consortium (k2) work synergistically so as to 
decompose the organic content of the waste, or 
it can be said that the biodegradation process 
can increase the number of microorganisms and 
metabolism activity. The more the number of 
microorganisms, the more enzymes is produced 
by these microorganisms. Enzymatic reactions 
were carried out by bacteria which is the key to 
the process of gradual change of wastewater 
containing complex compounds into simpler 
components and stable so that the levels of 
pollutants in the effluent to be down (Sutanto, 
2012). Microbes use these chemical 
compounds for growth and reproduction 
through various oxidation processes in the 
degradation process.  
Based on Table 1 it is known that the bacterial 
population in the consortium (k2) in all 240 
hours were not significantly different with a 
consortium of B. coagulans, B. licheniformis, 
B. pumilus, P. putida, and Nitrosomonas sp. the 
inoculum concentration of 5% (k4) in all 180 
hours. The presence of bacteria in the control, 
the waste heated (k7) and waste that are not 
heated (k8) indicates the existence of 
indigenous bacteria in the wastewater that were 
not killed in the heated.  
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Tabel 1. Duncan's multiple range test of bacterial population during bioremediation process  

(log10 CFU/ mL) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note : Lowercase different horizontal direction there is a real difference 
 
Different capital letters vertical direction there is a real difference 
k1: B. coagulans, B. licheniformis, B. pumilus, P. putida and Nitrosomonas sp. inoculum 10% 
k2: B. licheniformis, B. pumilus, B. subtilis, P. putida and Nitrosomonas sp. inoculum 10% 
k3: B. pumilus, B. subtilis, B. coagulans, P. putida and Nitrosomonas sp. inoculum 10% 
k4: B. coagulans, B. licheniformis, B. pumilus, P. putida and Nitrosomonas sp. inoculum 5% 
K5: B. licheniformis, B. pumilus, B. subtilis, P. putida and Nitrosomonas sp. inoculum 5% 
k6: B. pumilus, B. subtilis, B. coagulans, P. putida and Nitrosomonas sp. inoculum 5% 
K7: Liquid waste Cisirung heated  
k8: Cisirung WWTP waste water, not heated, contain indigenous bacteria Cisirung  

 
Effect of type Consortium Against Bacteria 
Bioremediation of Industrial Wastewater 

 

Biodegradation is the decomposition of 
complex organic materials into simple organic 
materials which take place biologically. 
Biodegradation process occurs observed with 
changes in parameters that support the process 
of biodegradation. The parameters used in this 
study is the level of Biological Oxygen 
Demand (BOD), Chemical Oxygen Demand 
(COD), ammonia, and total suspended solid 
(TSS).Biochemical Oxygen Demand (BOD) or 
biological oxygen demand is the amount of 
oxygen needed by microorganisms in the water 
environment to degrade organic waste 
contained in the water. BOD parameters are 
commonly used to determine the level of 
contamination of waste water. Initial BOD 
value of industrial waste before it is added 
medium starter medium was 260 mg/L. This 
value exceeds the quality standards that have 
been set, which is equal to 85 mg/L. Once 
added to the medium in the effluent starter on 

hour-0, BOD increased varying. This is due to 
the medium containing Nutrient Broth starter 
(NB) add organic content in the waste. The 
high value of BOD in the effluent showed a 
high oxygen demand required to perform the 
decomposition of the organic materials 
contained in the waste. Based on the results of 
the analysis of variance (ANOVA) followed by 
Duncan's Multiple Range Test (Table 2). From 
Table 2 it is known that bacterial consortium of 
B. pumilus, B. subtilis, B. coagulans, P. putida, 
and Nitrosomonas sp. inoculum 5% (k6) is able 
to reduce the BOD levels high at 71.93%. 
Based on Table 2 known that bacterial 
consortium of B. pumilus, B. subtilis, B. 
coagulans, P. putida, and Nitrosomonas sp. 
inoculum 5% (k6) is able to reduce the BOD 
levels high at 71.93%.  
This shows that there is a synergistic 
interaction between bacteria in the use of 
organic materials as nutrients. 

Treatmnet 
Time of Bioremediation  (Hours) 

0 60 120 180 240 300 360 420 

(k1) 
11.42 c 11.57 bc 11.73 bc 11.85 b 11.73 bc 12.33 a 11.86 b 11.47 ab 

B B AB BC BC AB A AB 

(k2) 
11.44 d 11.54 cd 11.77 bc 12.42 a 12.56 a 12.3 a 11.88 b 11.68 bcd 

B B AB A A AB A A 

(k3) 
11.59 cd 11.56 d 11.80 bc 12.09 a 12.03 a 11.88 ab 11.42 d 11.19 e 

A B AB AB ABC AB BC B 

(k4) 
11.31 d 11.91 bc 12.00 bc 12.46 a 12.21 ab 12.15 ab 11.91 bc 11.65 cd 

BC A A A AB AB A A 

(k5) 
11.25 b 11.45 ab 11.66 ab 11.85 a 11.57 ab 11.78 a 11.72 ab 11.68 ab 

B B AB BC C B AB A 

(k6) 
11.31 b 11.56 b 11.46 b 11.67 b 12.48 a 12.51 a 11.3 b 11.33 b 

BC B B C A A C AB 

(k7) 
2.34 bc 2.43 abc 2.33 c 2.58 a 2.60 a 2.55 ab 2.49 abc 2.51 abc 

E D D E E D E D 

(k8) 
9.63 ab 9.73 a 9.47 abc 9.34 abcd 9.44 abcd 8.90 bcd 8.81 cd 8.67 d 

D C C D D C D C 
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Table 2. Duncan's Multiple Range Test on the influence 
of the consortium on the percentage decrease in the value 

of BOD wastewater 
Treatment by Consortium  Percentage decline in 

the value of BOD (%) 
B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

5% (k6) 
71.93 a 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida,  Nitrosomonas sp. 

inoculum 5% (k4) 
69.7 b 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

inoculum 5% (k5) 
69.7 b 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

10% (k3) 
57.3 c 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

inoculum 10% (k2) 
57.3d 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 10% (k1) 
49.8 e 

Heated liquid wastes no indigenous 
bacteria and other bacteria (k7) 30.8 f 

Liquid waste is not heated, there are 
indigenous bacteria (k8) 29.1 g 

    Note: Different letters indicate there are significant differences 
 
Based on Table 2 known that bacterial 
consortium of B. pumilus, B. subtilis, B. 
coagulans, P. putida, and Nitrosomonas sp. 
inoculum 5% (k6) is able to reduce the BOD 
levels high at 71.93%.  
This shows that there is a synergistic 
interaction between bacteria in the use of 
organic materials as nutrients. According Lynd 
et al. (2002) Bacillus sp. compounds can 
degrade lipids into glycerol and fatty acids so it 
is more easily digested by microbes as a source 
of nutrients.  
Decreased levels of BOD on all treatments 
inoculated by genus Bacillus, showing that the 
genus bacillus has a high ability to decompose 
organic materials from industrial wastes in 
large quantities. Bacillus sp. can produce 
extracellular enzymes decomposing cellulose 
and hemicellulose, Nitrosomonas sp. able to 
decompose ammonia into nitrogen compounds 
that are simpler and Pseudomonas putida and 
Bacillus can degrade phenol (Prasanna et al., 
2008).  
This is consistent with the opinion of Davis and 
Cornwell (1991) that the bacteria have the 
ability to use organic nutrients as a source of 
energy, so that the bacteria can degrade organic 
matter in the wastewater into CO2 and water. 
Therefore, it can be concluded that consortium 
of bacteria can reduce levels of BOD in 
industrial wastewater. 

 
Influence of wastewater bioremediation by a 
consortium against the COD  
Chemical Oxygen Demand (COD) is the 
amount of oxygen needed by microorganisms 
to oxidize organic compounds chemically. 
COD covers all compounds in a body of water, 
whether or not easily parsed. COD can describe 
the content of organic material that can be 
chemically oxidized, both biodegradable and 
non-biodegradable.  
Higher COD values describe the higher level of 
contamination of a water body (Metcalf and 
Eddy, 1991). According to Boyd (1990), the 
difference between COD and BOD value gives 
an overview of the magnitude of organic 
materials that are difficult outlined in the water 
bodies. 
Initial COD concentration of industrial waste 
before adding starter medium at 441 mg/L. The 
COD levels exceed the quality standards 
established government regulations, ie 250 
mg/L. Once added to the medium in the 
effluent starter on hour-0, COD increase varied.  
Data were analyzed by ANOVA followed by 
Duncan's Multiple Range Test (Tabel 3).  
 

Table 3. Duncan's Multiple Range Test the Effect of 
Bacterial Consortium Against COD content (%) of 

Industrial Waste Water 
Treatment by Consortium  Percentage decline in 

the value of COD (%) 
B. licheniformis, B. pumilus, B. 

subtilis, P. putida, Nitrosomonas sp. 
inoculum 5% (k5) 

65.56a 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

5% (k6) 
64.30b 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

10% (k3) 
54.82c 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 10% (k1) 
53.23d 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

inoculum 10% (k2) 
52.00e 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 5% (k4) 
41.26f 

Heated liquid wastes no indigenous 
bacteria and other bacteria. (k7) 30.67g 

Liquid waste is not heated, there are 
indigenous bacteria (k8) 26.25h 

   Note: Different letters indicate there are significant differences 
 
Based on Table 3 it is known that bacterial 
consortium B. licheniformis, B. pumilus, B. 
subtilis, P. putida, and Nitrosomonas sp. 
inoculum 5% (k5) is able to reduce the COD 
levels high at 65.56% and reduce levels of 
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BOD by 69.7%. While the consortium (k6) 
consisting of B. pumilus, B. subtilis, B. 
coagulans, P. putida, Nitrosomonas sp. 
menurunkan highest BOD level that is equal to 
71.93%.  
This shows both consortium that can be used 
for bioremediation of industrial waste water. 
Industrial wastewater contains high organic 
matter such as carbohydrates, proteins and fats; 
there are also chemical pollutants such as 
phenol compounds.  
The waste decomposition process require 
assistance cellulase enzymes able to break the 
glycosidic bond (Howard, 2003). B. coagulans 
and Bacillus that related B. subtilis is known as 
a group that able to produce high amounts of 
cellulase enzymes, while B. licheniformis 
produces amylase enzymes that is resistance to 
heat resistance (Anthony and Philip, 2002), so 
the use of both of these bacteria strongly 
support the decomposition of organic matter  in  
industrial wastewater.  
Furthermore, Pseudomonas and nitrosomas a 
nitrifying bacteria are widely used in 
bioremediation in shrimp culture systems, and 
lake or water that has a high content of 
ammonia (Anthony and Philip, 2002, Ranjan et 
al., 2014). 
Pseudomonas is also used for the 
bioremediation of oil spills, and waste pulp and 
Bacillus group was used for mineralization and 
decomposition of protein. The genus 
Pseudomonas and Bacillus is used for 
municipal solid waste.  
The genus Bacillus such as Bacillus subtilis, 
Bacillus licheniformis, Bacillus cereus, 
Bacillus coagulans, and of the genus 
Paenibacillus, such as Paenibacillus polymyxa 
is used for bioremediation of organic detritus 
and effective cleaning of the carbon waste of 
waters (Ranjan et al., 2014). Based on this 
study the average value obtained COD levels at 
1177.7 m/l still exceed the maximum levels 
COD quality standards in the textile industry 
which is regulated by the government in the 
amount of 150 mg/l.  
Decreased levels of COD in bioremediation by 
bacteria showed that bacteria play a role in the 
process of biodegradation in the industrial 
wastewater. 
 

Effect of Bacterial Strains Consortium 
Against Levels TSS (Total Suspended Solid) 
During Bioremediation Process Liquid 
Waste  
Total suspended solids (TSS Total Suspended 
Solid or) is suspended material with a diameter 
of more than 1 um milliophore retained on the 
filter with a pore diameter lm 0:45 remaining 
for evaporation and heating at a temperature of 
103-105ºC (Saeni, 1989). TSS initial value of 
industrial waste by 1100 mg/L. This value 
exceeds the quality standards that have been 
set, that is equal to 60 mg/L. Once added to the 
medium in the effluent starter on hour-0, TSS 
increase varied. Addition of medium starter 
containing nutrient Broth (NB), causing the 
increase content of TSS in the effluent. TSS 
data for bioremediation analyzed by ANOVA 
followed by Duncan's Multiple Range Test. 
The results of Table 4. It is known that a 
decrease in TSS concentration is highest in 
treatment by a consortium of k6, k5 and k2 are 
composed of bacteria B. pumilus, B. subtilis, B. 
coagulans, P. putida, B. licheniformis and 
Nitrosomonas sp. with inoculum concentration 
of 5%, which amounted to 94.85% respectively 
and and 91.82%.  
This shows that the bacterial strain and the 
consortium are effective in letting decompose 
organic waste and industrial waste water 
pollutants.  
This suggests also that the bacteria in the 
consortium (k6) is able to utilize substrates 
decompose organic substances and liquid 
industrial waste to energy sources.  
According to research Barros (2013), the 
species Bacillus sp. has a unique ability that 
can be used in the process of biodegradation. B. 
subtilis is able to oxidize hydrocarbons, 
producing biosurfactant and has the ability to 
produce the form of lipopeptide antibiotics. B. 
coagulans is able to produce the enzyme 
cellulase and lipase. Cellulose can be broken 
down by the bacteria Bacillus coagulans and 
Bacillus subtilis because the bacteria have a 
high cellulolytic capabilities.  
The genus Bacillus has the ability to degrade 
crude fiber and lignin are difficult to 
decompose through the process of 
delignification and cellulose hydrolysis so that 
the dissolved organic material in the 
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wastewater industry in form of lignin, lipids, 
and cellulose can be reduced. 
 

Table 4. Duncan's Multiple Range Test of Influence 
Consortium of Bacteria Against Percentage Decrease of 

TSS concentration (%)  

Treatment  Percentage decline of 
the TSS (%) 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. Inoculum 

5% (k6) 
94.85 a 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

Inoculum 5% (k5) 
91.82 ab 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

Inoculum 10% (k2) 
91.82 ab 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 5% (k4) 
88.79 bc 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. Inoculum 

10% (k3) 
86.36 c 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida,  Nitrosomonas sp. 

inoculum 10% (k1) 
85.76 c 

Heated liquid wastes no indigenous 
bacteria (k7) 27.27 d 

Liquid waste is not heated, there are 
indigenous bacteria (k8) 17.27 e 

   Note: Different letters indicate there are significant differences 
 
Effect of Bacterial Strains Consortium 
Against Levels Ammonia During 
Bioremediation  
Data Ammonia during bioremediation analyzed 
by analysis of variance (ANOVA) followed by 
Duncan's Multiple Range Test (Tabel 5). 
 

Table 5. Duncan's Multiple Range Test the Effect of 
Bacterial Consortium Against the reduction of Ammonia 

concentration (%) 

Treatment  Perc. Reduction of 
Ammonia (%) 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

inoculum 10% (k2) 
92.647 a 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

5% (k6) 
88.581 ab 

B. licheniformis, B. pumilus, B. 
subtilis, P. putida, Nitrosomonas sp. 

inoculum 5% (k5) 
87.615 abc 

B. pumilus, B. subtilis, B. coagulans, 
P. putida, Nitrosomonas sp. inoculum 

10% (k3) 
83.998 bc 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 5% (k4) 
83.549 bc 

B. coagulans, B. licheniformis, B. 
pumilus, P. putida, Nitrosomonas sp. 

inoculum 10% (k1) 
81.074 c 

Heated liquid wastes no indigenous 
bacteria (K7) 15.326 d 

Liquid waste is not heated, there are 
indigenous (k8) 0.3850 e 

   Note: Different letters indicate there are significant differences 
 

From Table 5 it is known that the consortium 
Bacillus licheniformis, B. pumilus, B. subtilis, 
P. putida, and Nitrosomonas sp. in inoculation 
with inoculum concentration of 10%, a starter 
(k2) can reduce the ammonia levels at 92.467% 
and was as effective as the consortium (k6) and 
(k5). These results indicate that the strain of 
bacteria in the third consortium is effective in 
reducing ammonia levels. Ammonia is a 
compound of nitrogen and hydrogen which has 
a pungent aroma with a characteristic odor and 
has a chemical element represented as NH3. 
The smell of ammonia which is derived from 
the decomposition of urea, as a component of 
most organic material is broken down by 
bacteria into energy and NH3. Nitrosomonas sp. 
a nitrifying bacteria capable of oxidizing 
ammonia to nitrite or nitrate, in autorof and use 
it as a source of carbon. Besides Nitrosomonas, 
Bacillus sp. also able to reduce levels of 
ammonia. Genus Bacillus can reduce levels of 
ammonia because of its ability to oxidize 
ammonia content in waste and can utilize the 
basis of heterotrophic ammonia as a source of 
nutrition (Edwards, 2011). Therefore, the 
addition of Nitrosomonas sp. and Bacillus on 
industrial waste contribute to lower ammonia 
levels. Organic compounds contained in waste 
and effluent such as proteins, carbohydrates, 
and fats, according to Gower (1980), used by 
bacteria as a food source. In this process, large 
molecules are broken down by enzymes into 
compounds of lower molecular weight. For 
example, the protein is broken down into amino 
acids and then further degraded to produce 
ammonia. 
 
CONCLUSIONS 
 
Consortium of Bacillus pumilus, Bacillus 
subtilis, Bacillus coagulans, Nitrosomonas sp., 
and Pseudomonas putida (k6) is a consortium 
of the most effective, resulting in 71.93% 
BOD, COD 64.30%, 94.85% TSS, and 
ammonia 88.58%. 
Consortium Bacillus coagulans, Bacillus 
licheniformis, Bacillus pumilus, Bacillus 
subtilis, Nitrosomonas sp., and Pseudomonas 
putida is effective for the bioremediation of 
industrial waste water. 
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Abstract 
 
The research was carried out at Research and Production Farm of Agricultural Faculty, Cukurova University during 
1996 and 1997 growing season. In this experiment, different irrigation methods (S: Sprinkler; D: Drip), nitrogen forms 
(L: Liquid; G: Granule) with various amounts (based on applied line source sprinkler irrigation method, N1; N2; N3 
kg/da) and two varieties of watermelon (P: Paladin; M: Madera) were studied. Free water surface evaporation was 
used to determine irrigation water amount. In only SL and SGL treatments, three different nitrogen levels were formed 
providing gradient situation during the irrigation season. 
Based on the results, irrigation water ranged from 119.2 mm (first year) to 350.5 mm (second year). Nitrogen 
applications varied from 5.1 kg da-1 (SL) to 10 kg da-1 (SG) in the all treatments. Total yield changed between 1325 kg 
da-1 (first year) and 5013 kg da-1 (second year) depending on year and treatments. Although, the highest yield was taken 
from treatments in which liquid fertilizers were applied for both of the varieties in the first year. The varieties have 
different response to form and amounts of nitrogen in the second year. In this year, the highest yield was obtained from 
SG treatment in Paladin variety. The yield decreased only by 12% in SL treatments that nitrogen was applied in liquid 
form. In Madera variety, the highest yield was taken from SGL treatments that granule and liquid fertilizer were applied 
together.  
The effects of irrigation methods and nitrogen levels on some quality parameters of watermelon were found to be 
insignificant (P>0.05). However, fruit diameter of Madera was larger than Paladin variety. The longest fruit length was 
measured in Paladin-DL treatment. 
As a result, it was determined that watermelon yield was increased by nitrogen which was applied through irrigation 
water. Therefore, it could be said that watermelon yield increased considerably with applying nitrogen together with 
irrigation water in each irrigation application. 
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INTRODUCTION 

 
Watermelon production is being taken very 
important place in the world agriculture for 
vegetable yield. There are production capacity 
about 109.3 million tones and 3.5 million ha 
planting area in the world. Turkey is the second 
largest watermelon producer after China in the 
world and the first in Europe because of 3.9 
million tone yield and 157585 ha planting area 
(FAOSTAT, 2015). 
Watermelon became an important summer 
plant in Turkey because of its marketability and 
the high demand. In the last decade, 
watermelon growth in both under plastic cover 
and field conditions increased because it can be 
easily grown everywhere and it has high-
income rate per unit area.  

Adequate irrigation water supply is of vital 
importance to reach high yield level because of 
high growth rate and short growing period 
(Desai and Patil, 1984). But, since the 
watermelon is planted in the rows quite apart 
from each other, a part of the irrigation water 
gets lost in the early growth stages if water is 
applied by traditional surface irrigation 
systems. On the other hand, watermelon plant 
is grown crawling on the soil surface. Use of 
traditional surface irrigation methods in the late 
growing season result in development of some 
fungal diseases, branch and leaf decay and 
physical suffer from irrigation workers, 
consequently large yield losses may occur 
(Srinivas et al., 1989a). 
Some problems are also faced in the growing 
season related to application of plant nutrients 
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because of growth manner of watermelon. 
Many problems, which could be very difficult 
overcome, are faced in the process of mixing 
fertilizer to the soil besides physical damage of 
plants during the applications.  
Problems related to both irrigation and 
fertilization can be solved using pressurized 
irrigation systems such as drip and mini-
sprinkler can provide frequent irrigation and 
apply plant nutrients through the irrigation 
system. Recently, watermelon producers 
already have started to widely use drip and 
sprinkler systems together with liquid fertilizer. 
Giving fertilizers with water is an approach 
which is defined as “fertigation”. The 
techniques look quite hopeful to use for plants 
such as watermelon which have a lot of 
problem with irrigation and fertilization. 
However, some problems may occur when 
these systems are not properly designed and 
managed.  
The aim of this study was to determine the 
effects of different irrigation methods and 
nitrogen forms with various amounts on the 
yield and some quality parameters of 
watermelon 
 
MATERIALS AND METHODS 
 
The experiment was carried out at the Farm of 
Agriculture Faculty, University of Cukurova, 
during 1996 and 1997 growing season. Soil in 
the test area had flat level topography. Soil 
profile was deep and soil consists of clay in 
high rate. Lime content of soil was rich. Its 
color was dark reddish brown (Ozbek et al., 
1974).  
Mediterranean climate is prevailing in 
Cukurova Region with hot and dry summer and 
rainy and warm winter. The annual rainfall is 
about 646.8 mm that has not uniform 
distribution. According to long-term 
observation, average relative humidity, average 
wind speed and temperature are 66%, 2.0   ms-1 
and 18.9 oC, respectively. 
In this experiment, two different watermelon 
varieties (P: Paladin, M: Madera) were used. 
Paladin has the ellipse form, sweet taste and 
dark green color of peel. Fleshy part of the 
vegetable’s color is dark red (Sapeksa, 1995). 
Variety of Madera has circular form, very 
sweet taste and light green color of peel. Fleshy 

part of the vegetable’s color is also dark red 
(May, 1995). 
Two irrigation methods, mainly sprinkler (S) 
and Drip (D) were employed in the experiment. 
The system, which is the line source sprinkler 
irrigation technique, was used for obtaining 
different water and nitrogen levels. Planning 
and management of the system was made using 
the methods and principles given by Hanks et 
al. (1976), and Kanber et al. (1994). For this 
aim, 30 m length lateral pipes were place on the 
plots. Full or half-turning sprinkler heads were 
placed with 6 m distance along the lateral line. 
Lateral distances were 12 m. Collecting cups 
were placed with 2 m distance between two 
laterals beginning 2 m from first line. In this 
way three irrigation levels were created which 
varied from I1 that is near the line in which 
plants received much water to I3 that is the far 
from line in which plants have less water. In 
the same condition, different nitrogen levels 
were obtained which varied from the most, N1, 
to the least, N3. Drip irrigation method was 
used in the second year of the experiment. Drip 
system used in the study was consists of control 
unit and pipe network. In-line drippers were 
placed with 50 cm distance along the laterals 
(q: 4 l h-1 at 2 atm pressure). Laterals were 30 
m length. Drip irrigation plots contain 3 
watermelon rows and one lateral employs each 
row (Figure 1.). Water amount collected in the 
cups having known volume was measured and 
their nitrogen contents were analyzed. 
Irrigation water was provided from Lower 
Seyhan Irrigation Project system. Irrigation 
water is classified as C2S1 quality for irrigation 
(USSLS, 1954). 
Additionally, different nitrogen forms (G: 
Granule; L: Liquid), application types and 
levels (N1; N2 and N3 kg ha-1) were tested. 
Granule nitrogen (G) was provided from a 
granule nitrogen source (21%, ammonium-
sulfate). In this treatment, 1/3 part of total 
nitrogen was given before sowing. Remaining 
2/3 of total nitrogen was applied two times. 
One of them (1/3 N) was applied in branching 
period and the rest of 1/3 N was mixed with 
soil by hand as base fertilizer when the first 
fruits have 3-4 cm diameter (Zuang, 1982). In 
this treatment, 10 kg da-1 pure nitrogen was 
applied to the plots. In this treatment, there 
were no different nitrogen and water levels. 
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During the first year, equal water and nitrogen 
level were applied to the each point of plots. In 
the second year, gradient water level was 
created with line source sprinkler irrigation 
technique. Liquid nitrogen (L) was taken from 
liquid source which was UAN (Nitrogen of 
Urea and Ammonium Nitrate) fertilizer (32-0-
0). Mentioned nitrogen coming from UAN was 
dissolved in a fertilizer tanks placed in the 
control unit of sprinkler and drip systems and 
then injected through irrigation water. Total 
nitrogen amounts to be given were divided to 
irrigation number to determine necessary 
nitrogen amount for each irrigation event. At 
the end of irrigation events, water samples were 
taken from collecting cups during irrigation 
were analyzed for obtaining actual amount of 
nitrogen applied to the each plot. In the plots 
fertilized with granule and liquid nitrogen 
(GL); 3 kg per decare nitrogen as pure matter, 
which were provided from granule N source, 
was given by hand before planting. Remaining 
part of total pure nitrogen was taken from 
liquid source. 
The treatments were arranged on the field by 
the strip plot design in the first year; and split-
strip plot design in the second year with three 
replications. Totally, there were 360 
watermelon plants (180 plants for each variety) 
in sprinkler plots and 180 watermelon plants 
(90 plants for each variety) in drip plots. The 
seeds were sown in the torf blocks with 5x5x7 
cm in dimension. Then, when seedlings 
reached to a sufficient size, they were 
transplanted the experimental area. Seedlings 
were planted with a row spacing of 2 m and 
plant spacing of 0.5 m. Phosphorus (P2O5) and 
potassium (K2O) of 10 kg da-1 were applied by 
hand to the all plots. Watermelon was 
harvested when atriums which were bounded to 
fruit stem dried, color of peel reached to 
maturity color and stems became thin (Gunduz 
and Kara, 1996). Generally, 0.5 m from each 
two sides of sprinkler heads were discarded; 
then, remaining parts were harvested (4-11 July 
for both experimental years).  
Irrigation events were started at branching 
stage. Irrigation water was calculated using 
cumulative evaporation (Ep) from Class A pan 
values measured between consecutive irrigation 
(Equation 1 and 2) (Goldberg et al., 1976; 
Doorenbos and Pruitt, 1979). 

I= Kcp × Ep × P                         (1) 
VL= I × A       (2) 
where: I and VL irrigation water, mm, and L; 
Kcp, plant-pan coefficient (this value considered 
as 1); A, plot area, m2; P, wetting percent (for 
drip irrigation, it was 0.7) (Papazafiriou, 1980). 
Determination of fruit quality was performed 
on fruit samples taken from each plot at 
harvesting. In the analyses, 3-5 fruit samples 
from each plot were used. Average fruit 
weight, length and diameter, and total 
solublesolids were determined on fruit samples 
(Alavoine et al., 1988). In the study, the effect 
of examined variables on the yield and quality 
parameters were analyzed statistically using 
variance analyses after average yield obtained 
from each plot was evaluated. Strip and split-
strip plot designs were used to analyse the other 
parameters (Yurtsever, 1984). 
 
RESULTS AND DISCUSSIONS 

 
Irrigation applications 
First year, five irrigations were done in the 
growing season. First two applications were 
considered as the pre-plant irrigations. 
Generally, plants were irrigated 9-12 day 
intervals. Maximum irrigation water amount 
was applied in the middle of June. Second year 
of the study, seven irrigations were performed. 
Pre-plant irrigations were given in first three 
applications. Irrigations were applied generally 
5-15 day intervals (Table 1). 
 
Applied nitrogen amount 
Nitrogen amounts from different nitrogen 
sources applied to watermelon through 
sprinkler and drip methods were shown in 
Table 2. Nitrogen amounts varied depending on 
applied irrigation water amount and irrigation 
method except granule nitrogen applications. 
The maximum nitrogen of 10 kg da-1 was 
applied in SG treatment. Similar relationships 
were obtained between this study and other 
studies (Gunduz and Kara, 1996; Cetin and 
Nacar, 1997). The minimum nitrogen amount 
of average 5.1 kg da-1 was applied to SL 
treatment. Nitrogen saving was about 50% in 
SL; 20% in SGL treatment as compared to SG. 
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Table 1. Total water amount applied to the treatments (mm) 

Irr 
No Irr. Date  

Treatments 
  SG SGL SL  
 

 
1997 

SG1 SG2 SG3 SGL1 SGL2 SGL3 SL1 SL2 SL3 D* 

1 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 

2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 50.2 

3 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 58.4 53.8 

4 68.3 57.0 47.8 75.7 68.6 66.4 68.3 62.1 57.3 46.5 

5 22.7 16.9 12.8 31.3 22.9 12.4 35.5 24.9 13.8 9.6 

6 65.0 40.3 29.2 62.2 40.3 33.2 67.9 40.3 25.2 37.7 

7 46.8 27.9 24.8 46.2 34.1 27.0 47.4 21.8 20.6 31.2 
TOTAL 334.2 273.5 246.0 346.8 297.3 270.4 350.5 280.5 248.3 251.7 

1 

1996 

15.0   15.0   15.0 15.0 15.0  
2 43.7   43.7   43.7 43.7 43.7  
3 41.4   48.0   49.8 29.2 28.3  
4 43.3   35.1   35.0 24.8 21.0  
5 31.5   28.8   21.4 13.9 11.2  

TOTAL 174.9  170.6  164.9 126.6 119.2  

* Same nitrogen amounts were applied to all treatments with drip method. 

Table 2. Applied total nitrogen amount in the treatments (kg da-1) 

Treatments 
 

1996 1997 

 3. irr. 4. irr 5.irr. Total 4.irr. 5. irr. 6. irr. 7.irr Total 
SG1 
SG2 
SG3 

SGL1* 
SGL2 
SGL3 
SL1 
SL2 
SL3 
DG 

DGL* 
DL 

 
 
 

1.9 
 
 

2.2 
1.4 
1.4 

 
 
 

0.9 
 
 

0.8 
0.6 
0.5 

 
 
 

1.7 
 
 

1.3 
0.9 
0.7 

10.0 
 
 

7.3 
 
 

4.3 
2.9 
2.6 

 
 
 

2.6 
2.4 
2.3 
2.3 
2.1 
2.0 

 
2.5 
2.5 

 
 
 

0.6 
0.5 
0.3 
0.6 
0.4 
0.3 

 
0.3 
0.3 

 
 
 

1.9 
1.3 
1.0 
2.2 
1.6 
0.9 

 
2.0 
2.0 

 
 
 

0.6 
0.5 
0.3 
0.8 
0.5 
0.4 

 
0.9 
0.9 

10.0 
10.0 
10.0 
8.7 
7.7 
6.9 
5.9 
4.6 
3.6 

10.0 
8.7 
5.7 

*Granule nitrogen of 3 kg da-1 given during transplanting was added to total amount 

Yield results 
Average total yields were shown in Table 3. 
Significant differences were observed in total 
yield between the years. In the second year, the 
yield increased by 70%. This could be resulted 
from the changes in climate, plant growth and 
particularly, cultural practices between the 
years. The maximum yields were obtained 
from Madera variety for both years. The effect 
of nitrogen forms and amounts on the yield was 
found to be different under S irrigation 
applications. In the first year of experiment, 
maximum yields were obtained from L 
treatments. In P variety, yield was decreased by 
21% in the G treatments, as compared to the L 

treatments. Corresponding decrease was by 
25% in M variety. The responses of varieties to 
nitrogen forms and amounts were different in 
the second year. Maximum yield was observed 
in SG treatment in P variety. The yield 
decreased only by 12% in SL treatment in 
which liquid nitrogen was applied 50% less 
than granule nitrogen. Maximum yield for M 
variety was obtained from G and L fertilizer 
treatments (SGL and SL). Similar results were 
obtained in D irrigation. In P variety, the yield 
reduced by 11-13% using other nitrogen forms 
rather than G fertilizer. In M variety, the yield 
decreased by 5% with G fertilizer applications. 
It can be seen that marketable yield was similar 
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to total yield amounts (Table 4). Marketable 
yield varied similarly with changing total yield. 
It was recorded that the higher total yield gave 
the higher marketable yield. Maximum yield, 

generally, was obtained either from 
applications of completely L or GL nitrogen 
form. 

 

Table 3. The Average Total Yield Amounts of the Treatments (kg da-1) 

Treatments 1996 1997 
 P % M % P % M % 
SG1 
SG2 
SG3 
SGL1 
SGL2 
SGL3 
SL1 
SL2 
SL3 
DG 
DGL 
DL 

1928 
 
 

2233 
 
 

2429 
1630 
1325 

79 
 
 

92 
 
 

100 
67 
54 

2003 
 
 

2682 
 
 

2529 
2530 
1811 

75 
 
 

100 
 
 

94 
94 
67 

4352 
4832 
4566 
3280 
3485 
3108 
3567 
4236 
3611 
3840 
3421 
3343 

90 
100 
94 
68 
72 
64 
74 
88 
75 
77 
71 
69 

4981 
4466 
4386 
4214 
4549 
4199 
3485 
4832 
5013 
3737 
3822 
3934 

99 
89 
87 
84 
91 
84 
69 
96 
100 
74 
76 
78 

 

Table 4. The Average Marketable Yield Amounts of the Treatments (kg da-1) 

Treatments 1996 1997 
 P % M % P % M % 
SG1 
SG2 
SG3 
SGL1 
SGL2 
SGL3 
SL1 
SL2 
SL3 
DG 
DGL 
DL 

869 
 
 

1205 
 
 

1401 
551 
425 

62 
 
 

86 
 
 

100 
39 
30 

1244 
 
 

1633 
 
 

1622 
1465 
806 

76 
 
 

100 
 
 

99 
90 
49 

3475 
4056 
3724 
2528 
2884 
2341 
3040 
3505 
2546 
3018 
2801 
2796 

86 
100 
92 
62 
71 
58 
75 
86 
63 
74 
69 
69 

4160 
3953 
3876 
3384 
3815 
3339 
2754 
3972 
4090 
2897 
3174 
3253 

100 
95 
93 
81 
92 
80 
66 
95 
98 
70 
76 
78 

 

Total and marketable yield amounts obtained 
from plots in both years were evaluated using 
variance analyses. The results were shown in 
Table 5. Based on results there were no 
significant differences between the varieties for 
total and marketable yield in the first year of 
experiment. The statistically impact of nitrogen 
applications on watermelon yields was 
investigated using orthogonal method. For this 
reason, total yields of nitrogen application were 
split by orthogonal method to the smallest 
influences. As a result, SL and SGL treatments 
were placed in the best class while SG took 
second yield class with 95% confidence. There 
was no statistically significant difference 
between varieties and nitrogen levels according 
to results of second year. Significant difference 
was determined between the irrigation methods 

for total yield (p<0.05), whereas for marketable 
yield both between the irrigation methods and 
their interaction with variety were significantly 
different (p<0.05). For total yield, average 
values were compared using Duncan test. 
Duncan test results indicated that greater yield 
was obtained from S method ( =xS 1965) as 
compared to D irrigation method at 5% 
significance level (Table 6). In the same way, 
averages of marketable yield values related to 
irrigation method-variety interaction ( =xS 680 
and =xS 1360) were compared to each other. 
Therefore, S irrigation method constituted first 
yield class while D irrigation method 
constituted second yield class in M variety; S 
and D irrigation methods constituted third yield 
group in P variety. These results agreed with 
findings of Cetin and Nacar (1997) and Stanley 
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and Maynard (1990). From the results, it can be 
concluded that watermelon yield could be 
increased by L fertilizer. Although the amount 
of L nitrogen was applied less than G nitrogen 
form by 20-50%, no significant difference was 
observed between yields obtained from L and 
G nitrogen. First year data indicated that the 
yield was increased by 5% with L fertilizer. On 
the other hand, application of G nitrogen at 
planting/sowing did not influence the 
watermelon yield, since SL and SGL treatments 
always took statistically same yield class. On 
the other hand, yields were increased at 5% 

level by S system as compared to D; but, this 
factor depended on the varieties; for example, 
significant differences were not observed 
between irrigation methods in P variety. For 
this reason, reactions of varieties to irrigation 
methods were different. Therefore, irrigation 
methods to be used should be taken into 
consideration in selection of watermelon 
variety to be grown. In addition, it can be 
concluded that there was no significant 
difference between varieties. Some differences 
are occurred by randomly.

 

Table 5. Variance Analysis of Watermelon Yield 

Year Variation  DF Total Yield Marketable Yield 
 Source  Mean Square F values Mean Square F values 
 
 
 
 
1996 

Replication 
Variety 
Error(1) 
N 
   SG with Others 
   SGL with SL 
Error(2) 
Variety-Nitrogen Int. 
Error (3) 
General 

2 
1 
2 
2 
1 
1 
4 
2 
4 

17 

183836 
192235ns 
171445 
506941 

1010092* 
14225.7ns 
78575.9 
64276.7 
253645 
198477 

 
1.12 

 
6.45 
12.85 

 
 

0.25 

40476.3 
515586 
214505 
349949 

 
 

270399 
16614.3 
100278 
190670 

 
2.4 

 
1.29 

 
 
 

<1 
 

 
 
 
 
 
 
 
 
1997 

Replication 
Variety 
Error(1) 
Irrigation  
Irrigation-Variety Int. 
Error(2) 
N  
Error(3) 
N-Variety Int. 
Error(4) 
N-Irrigation Int 
Variety-N-Irrigation Int. 
Error(5) 
General 

2 
1 
2 
1 
1 
4 
2 
4 
2 
4 
2 
2 
8 

35 

80752.2 
2565336ns 
1596666 

1945989* 
461326.8 
115843.7 

767715.5 ns 
360761.5 
1072831ns 
225819.4 

418641.8ns 
196866.1ns 
1687448 
554977 

 
1.61 

 
16.8 
3.98 

 
2.13 

 
4.75 

 
<1 
<1 

128576.4 
2898506ns 
2155647 

977791.4* 
987042.3* 
83269.1 

651673.5ns 
567588 

758840.1ns 
177038.3 

737460.2ns 
776754.6ns 
1632834 
624528.4 

 
1.34 

 
11.74 
11.85 

 
1.15 

 
4.29 

 
0.45 
0.48 

*DF: Degree of freedom 

Table 6. Comparing of Treatment Averages with Orthogonal and Duncan’ Multiple Range Test Methods* 

Treatm 1996 1997 
 Average Yield xS  Average Yield xS  
SL 
SGL 
SG 

2479.3 a 
2457.5 a  (Total Yield) 
1965.9 b 

 
161.8 

  

S 
D 

  4147  a 
3683  b   (Total Yield) 

196.5 

MS 
MD 
PD 
PS 

  3769  a 
 3108   b (Marketable Yield) 
2872  c 
2870  c 

 
68  (Irrigation Method) 
136  (Variety) 

*Treatments shown with same letters are in same yield class at 5% confidence level 
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Quality Properties 
Average values of some parameters related to 
quality properties of treatments were given in 
Table 7. These parameters contain second 
quality yield, fruit diameter and length, fruit 
weight and total soluble solids (Srinivas et al., 
1989b; Sezgin et al., 1997). 
Generally, significant differences were not 
found between treatments. Some quality 
properties were not influenced by the irrigation 
methods and nitrogen levels, except fruit 
diameter and fruit length. Fruit diameter was 

found different in varieties at 5% significance 
level. Fruit diameter of M was higher than P’s 
(p<0.05). In the same way, variety-nitrogen-
irrigation-interaction influenced on fruit length. 
Therefore, treatments were constituted 7 groups 
that were different from each other. It can be 
concluded that the longest fruit length was 
measured in P-DL treatment. It is followed by 
SL and DG treatments in the same variety. In 
addition, fruit length was increased under drip 
irrigation in P variety.  

 

Table 7. Some Quality Properties of the Treatments* 

Variety Treatments 

Second 
Quality 
Yield 

(kg da-1) 

Fruit 
Diameter 

(cm) 

Fruit Length 
(cm) 

T.S.S.W. 
(%) 

Fruit 
Weight, 

(g) 

 
 

P 
 
 
 
 

SG 
SGL 
SL 
DG 
DGL 
DL 
 

941ns 
890ns 
897ns 

822ns 
619ns 
547ns 

19.4 b 
19.3 b 
18.9 b 
18.5 b 
18.2 b 
18.8 b 

25.5 b 
  25.0 bc 
  25.6 ab 
  25.8 ab 
23.4 c 
26.2 a 

  9.0ns 
  8.5ns 
  8.8ns 

10.4ns 
10.0ns 
  9.6ns 

5020ns 
4969ns 
5055ns 

4687ns 
4099ns 
5107ns 

  
 

M 
 
 
 
 

SG 
SGL 
SL 
DG 
DGL 
DL 

790ns 
806ns 
919ns 

839ns 
649ns 
681ns 

21.1 a 
20.2 a 
21.2 a 
20.7 a 
21.1 a 
20.8 a 

  22.5 cd 
21.5 e 
21.4 e 

  22.6 cd 
   22.4 cd 
   22.5 cd 

  8.6ns 
  8.8ns 
  9.0ns 

10.6ns 
10.5ns 
  9.4ns 

5030ns 
4835ns 
4921ns 

4996ns 
5236ns 
5212ns 

    *Treatments shown with same letters are in same yield class at 5% significance level 

CONCLUSIONS 
 
In the study, different watermelon varieties, 
irrigation methods and nitrogen levels with 
forms were investigated under Cukurova 
conditions. There is no statistically significant 
difference between yields of two watermelon 
varieties. Varieties gave similar results under 
all conditions such as irrigation method and 
nitrogen level. However, it can be concluded 
that yield of M variety was greater than P’s in 
some applications. These results could be 
coincidence since they were not proved 
statistically. Therefore, further studies are 
needed for better understanding. Sprinkler 
irrigation method seems to be suitable method 
for watermelon irrigation. Especially, in M 
variety, higher yield was obtained from this 
method. 
There was no significant difference between 
yields with various nitrogen amounts and 

application types. However, yield of 
watermelon was increased by nitrogen applied 
through irrigation water. Similar yields were 
obtained from liquid nitrogen that was about 
the half of granule nitrogen applied. The 
application nitrogen fertilizers at the planting 
time did not affect on the yield and quality of 
watermelon. Liquid nitrogen can be applied 
during the branching growth period. If granule 
nitrogen sources are used in that period, it may 
result in some damage in the watermelon 
plants. Application of liquid nitrogen through 
irrigation water (fertigation) is suggested 
because it seems to be a practical way for 
obtaining higher yields.  
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Abstract 
 
The main goal of this study was to examine different leaf samples (Acer Platanoides ‘Globusum’, Tilia Tomentosa, 
Fraxinus Excelsior ‘Westhof’s Glorie’) collected alongside major roads and at Buda Arboretum of Corvinus University 
of Budapest. Three experiments were carried out at different times. For every one of them 30 leaf samples were 
collected from each taxon and from each area, on which 5 repeated experiments were performed (6 leaves per group). 
Groups of leaves were washed off with distilled water. After soaking and ultrasonic shaking filtrates were prepared. 
Conductivity (total salinity), pH, nitrate ion, ammonium ion, chloride ion, and sulphate ion concentrations were 
determined from these filtrates. According to our preliminary results higher air pollution level was associated to higher 
values of examined parameters. Detailed results are listed in our paper. 
 
Key words: air pollution, leaf samples, filtrates. 
 
INTRODUCTION 
 
Atmospheric pollution is one of the major 
problems in urban environment (Sawidis et al., 
2011). Pollutants are originated from several 
different anthropogenic sources: as industry, 
combustion of fossil fuels in vehicular traffic 
and energy production. In urban areas transport 
is the most significant source of air pollution 
(Bargagli, 1998).  
Now it is well accepted that plants can be 
effectively used as biomonitors of 
environmental pollution. Chemical analyses of 
plant samples has for many years been an 
alternative, easy and effective way of 
conducting ecological research in urban areas 
(Markert, 1995). Vegetation is passive sampler 
in biomonitoring with the advantage of high 
spatial and temporal resolution due to the 
excellent availability of plants and low 
sampling costs (Sawidis et al., 2011).  
It is known that trees are worse indicator for 
monitoring air pollution than lower plants, but 
they are widely distributed in many countries 
as a major plant type of polluted urban area 
(Celik et al., 1995). They are long-living, so 
that a repetition of investigation is possible 
(Witting, 1993). 
Many studies have used trees for monitoring 
elemental deposition from the atmosphere. In 

several case trees were used as biomonitors for 
air and soil pollution of urban environments 
(Song et al., 2015) (Ani i  et al., 2011) (Sæbø 
et al., 2012). 
Roadsides in urban area are commonly polluted 
by particulate matter originated mostly from 
traffic: motor vehicle emission, abrasion of 
tyres, brake linings as well as road surface, 
cycling of dust suspension due to vehicular 
movement, dispersion of construction materials 
(Gautam et al., 2004).  
Dry deposition of air pollutants depends on 
physical characteristics of particles (size and 
shape), on meteorological conditions, (wind 
speed and thermal stability), and also on the 
morphological characteristics of the biological 
surface (Harrison&Yin, 2000). 
 
MATERIALS AND METHODS 
 
Leaves were sampled from three deciduous tree 
species: globe Norway maple (Acer 
Platanoides ‘Globusum), silver linden (Tilia 
tomentosa) and European ash (Fraxinus 
excelsior ‘Westhof’s Glorie’). The samples 
were collected from Buda Arboretum of 
Corvinus University of Budapest and alongside 
major roads with heavy traffic in three different 
times: 16.10.2013., 11.06.2014 and 12.11.2014. 
Each sampling was performed in a dry period. 
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5 subsamples (6 fully developed leaves) were 
taken from the trees, randomly from all sides of 
the crown. The leaves were cut off from the 
lowest part of the foliage.  
The subsamples (6 leaves) were washed off 
with distilled water. The leaves were put into a 
plastic box and 250 mL of distilled water was 
added, then subsamples where ultrasonic 
shaken for 10 min. The dust containing 
suspension was filtered through a sieve. 
Conductivity (total salinity), pH and chemical 
composition (nitrate ion, ammonium ion, 
chloride ion, and sulphate ion concentrations) 
were determined from these filtrates.  
Conductivity was measured by platinum 
electrode (ADWA AD32 EC/TDS) and pH was 
measured by combination electrode (ADWA 
AD14 pH/ORP). Nitrate ion, ammonium ion 
and sulphate ion were determined by 
spectrophotometric measurements 
(MACHEREY-NAGEL Photometer PF-12) 
after color reaction. Calculations were 
performed after preliminary calibration. Mohr 
method was used to determine the chlorides by 
titration with silver nitrate (argentometric 
titration).  
 

RESULTS AND DISCUSSIONS 
 
The total salinity and nitrate result from the 
combustion gases of vehicles and firewood 
burning (Gillies et al., 2001). Ammonium is 
originated from vehicles with catalyst and 
industrial sources and agricultural activities 
(Harrison & Yin, 2000). The nitrate 
concentration is directly related to the traffic of 
the road because it is formed from NO2 (Celis 
et al., 2004). The chloride is an element that 
normally is present in nature, generally part of 
the atmosphere (Matsumoto & Tanaka, 1996). 
Systematic differences were not observed 
between filtrates of leaves from busy roads and 
protected area. Spatial and temporal variability 
of chemical compounds for each species is 
shown in Tables 1-3.  
In case of Fraxinus excelsior ‘Westhof’s 
Glorie’ notable difference was observed in 
ionic composition of filtrates from busy roads 
and Buda Arboretum. This difference was not 
seen in case of Acer Platanoides ‘Globusum 
and Tilia tomentosa. Variations of dust 
deposition can be explained by leaf properties 
such as hair and wax cover (Sæbø et al., 2012).  

Table 1. Parameters of filtrates from Acer platanoides ’Globosum’ 

Acer platanoides 
’Globosum’ 

pH Total salinity (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 5.96 ± 0.05 6.68 ± 0.06 7.03 ± 0.29 33.20 ± 1.37 74.63 ± 28.10 18.26 ± 2.70

Busy road 6.18 ± 0.15 6.40 ± 0.20 6.80 ± 0.04 72.67 ± 3.00 109.77 ± 38.85 36.70 ± 5.56

Acer platanoides 
’Globosum’ 

c (NO3
-) (mg/dm3) c (NH4

-) (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 9.00 ± 1.00 5.33 ± 1.53 3.17 ± 0.58 0.11 ± 0.00 0.43 ± 0.40 2.29 ± 0.02

Busy road 8.33 ± 0.58 6.67 ± 4.62 6.83 ± 0.76 0.18 ± 0.06 0.20 ± 0.17 2.33 ± 0.02

Acer platanoides 
’Globosum’ 

c (Cl-) (mg/dm3) c (SO4
2-) (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 34.32 ± 4.10 66.14 ± 22.01 28.99 ± 5.13 9.62 ± 0.64 16.52 ± 8.28 11.21 ± 1.87

Busy road 53.25 ± 3.55 88.18 ± 22.77 60.35 ± 15.17 6.56 ± 0.47 26.86 ± 12.68 16.81 ± 1.18

 
Table 2. Parameters of filtrates from Tilia tomentosa 

Tilia Tomentosa 
pH Total salinity (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 
Buda Arboretum 3.18 ± 0.13 6.70 ± 0.02 7.08 ± 0.05 16.47 ± 4.55 27.47 ± 6.70 8.08 ± 0.67 

Busy road 6.06 ± 0.07 6.79 ± 0.03 6.91 ± 0.02 24.77 ± 6.71 38.80 ± 4.49 20.62 ± 0.89 

Tilia Tomentosa c (NO3
-) (mg/dm3) c (NH4

-) (mg/dm3) 
16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 6.00 ± 0.00 3.33 ± 0.58 2.00 ± 0.50 0.28 ± 0.06 0.37 ± 0.06 3.91 ± 0.03 
Busy road 4.67 ± 3.79 4.00 ± 0.00 3.50 ± 0.00 0.46 ± 0.34 0.53 ± 0.06 5.60 ± 0.35 

Tilia Tomentosa 
c (Cl-) (mg/dm3) c (SO4

2-) (mg/dm3) 
16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 28.40 ± 0.00 6.30 ± 8.93 40.23 ± 0.80 3.12 ± 0.27 5.42 ± 0.92 4.78 ± 0.80 
Busy road 41.42 ± 2.05 45.56 ± 3.70 57.98 ± 12.08 4.60 ± 0.39 5.60 ± 0.77 9.86 ± 0.47 
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Table 3. Parameters of filtrates from Fraxinus excelsior ‘Westhof’s Glorie’ 

Fraxinus Excelsior 
‘Westhof’s Glorie’ 

pH Total salinity (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 5.99 ± 0.05 6.76 ± 0.04 6.80 ± 0.04 341.00 ± 156.64 53.67 ± 7.87 15.66 ± 1.01

Busy road 5.64 ± 0.04 6.82 ± 0.18 7.11 ± 0.09 94.17 ± 15.15 135.93 ± 82.89 50.00 ± 5.34

Fraxinus Excelsior 
‘Westhof’s Glorie’ 

c (NO3
-) (mg/dm3) c (NH4

-) (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 8.00 ± 1.73 4.67 ± 0.58 3.67 ± 1.15 0.11 ± 0.00 0.27 ± 0.15 3.22 ± 0.37

Busy road 1.13 ± 1.62 11.33 ± 4.16 7.67 ± 2.08 0.11 ± 0.00 0.60 ± 0.20 3.36 ± 2.52

Fraxinus Excelsior 
‘Westhof’s Glorie’ 

c (Cl-) (mg/dm3) c (SO4
2-) (mg/dm3) 

16.10.2013. 11.06.2014 12.11.2014. 16.10.2013. 11.06.2014 12.11.2014. 

Buda Arboretum 718.28 ± 915.35 51.47 ± 3.55 60.94 ± 7.39 46.09 ± 39.09 6.76 ± 1.82 8.99 ± 1.45

Busy road 111.23 ± 24.93 78.69 ± 38.99 92.89 ± 8.39 5.91 ± 0.26 18.89 ± 7.75 18.89 ± 6.20

 
Without varieties are taken into account, 
concentrations (nitrate ion, ammonium ion, 
sulphate ion) were higher alongside major 

roads with heavy traffic, but chloride ion 
concentration was lower in the filtrate from 
busy roads.  

 

 
 
 
CONCLUSIONS 
 
Examination of dust deposited on three tree 
species was performed in three different 
times, sampled from Buda Arboretum and 
alongside major roads.  
In every plant species and for all times, the 
water soluble fraction of the leaf deposits 
were analyzed. It has been shown that the 
effect of air pollution can be reflected in 
deposits on leaves.  
Therefore, Acer platanoides ‘Globusum’, 
Tilia tomentosa, Fraxinus excelsior 
‘Westhof’s Glorie’ could be used as a suitable 
biomonitor of atmospheric pollution in urban 
areas. 
 
 

ACKNOWLEDGEMENT 
 
This work was carried out within the 
framework of project no. OTKA (Hungarian 
Scientific Research Fund) 109361 founded by 
the National Research, Development and 
Innovation Office (NKFIH) of Hungary. 
 
REFERENCES 
 
Ani i  M. et al., 2011. Trace elements accumulation 

and temporal trends in leaves of urban deciduous 
trees (Aesculus hippocastanum and Tilia spp.). 
Ecological Indicators, Vol. 11, p. 824-830. 

Bargagli R., 1998. Trace elements im terrestrial plants: 
An ecophyciological approach to biomonitoring 
and biorecovery. Berlin: Springer-Verlag. 

Celik A., Kartal A., Akdogan A. & Kaska Y., 1995. 
Determining the heavy metal pollution in Denizli 

163



(Turkey) by using Robinio pseudo-acacia L. 
Environment International, Vol. 31, p. 105-112. 

Celis J.E., Morales J.R., Zaror C.A. & Inzuza J.C., 
2004. A study of the particulate matter PM10 
compostion in the atmosphere on Chillian, Chile. 
Chemosphere, Vol. 54, p. 541-550. 

Gautam P., Blaha U., Appel E. & Neupane G., 2004. 
Integration of magnetic approach properties and 
heavy metal chemistry to quantify environmental 
pollution in urban soils, Kathmandu, Nepal. 
Himalayan Journal of Science, 2(4), p. 140-141. 

Gillies J., Gertler A., Sagebiel J. & Dippel W., 2001. 
On-road pariculate matter (PM2.5 and PM10) 
emission in the Sepulveda tunnel, Los Angeles, 
California. Environmental Science & Technology, 
Vol. 35, p. 1054-1063. 

Harrison R.M. & Yin J., 2000. Particulate matter in the 
atmosphere: Which particle properties are 
important for its effects on health? The Science of 
the Total Environment, Vol. 249, p. 85-101. 

Harrison R. & Yin J., 2000. Particulate matter in the 
atmposphere: which particle properties are 
important for its effect on health? Science of the 
Total Environment, Vol. 249, p. 85-101. 

Markert B., 1995. Sample preparation (cleaning, 
drying, homogenization) for trace element analysis 
in plant matrices. Science of The Total 
Environment, Vol. 176, p. 45-61. 

Matsumoto K. & Tanaka H., 1996. Formation and 
dissociation of atmospheric particulate nitrate and 
chloride: An approach based on phase equilibrium. 
Atmospheric Environment, 60(4), p. 639-649. 

Sæbø A. et al., 2012. Plant species differences in 
particulate matter accumulation on leaf surfaces. 
Science of Total Environment, Vol. 427-728, p. 
347-354. 

Sawidis T. et al., 2011. Trees as bioindicator of heavy 
metal pollution in three European cities. 
Environmental Pollution, Vol. 159, p. 3560-3570. 

Song Y. et al., 2015. Particulate matter deposited on 
leaf of five evergreen species in Beijing, China: 
Source identification and size distribution. 
Atmopheric Environment, Volume 105, p. 53-60. 

Witting R., 1993. General aspect of biomonitoring 
heavy metals by plants. In: B. Markert, ed. Plants as 
biomonitors. Indicators for heavy metals in the 
environment. Weinheim: VCH, p. 3-27. 

 
 

 

164



         
          

 
STABILIZING THE GONADOTROPIN ACTIVITY WITH THE USE  

OF DIFFERENT ORGANIC COMPOUNDS 
 

Yriy SLYVCHUK, Iryna MATIUKHA, Vasyl SYRVATKA, Ivan HEVKAN,  
Svetlana FYODOROVA, Oksana SHTAPENKO, Ivan ROZGONI 

 

Institute of Animal Biology, National Academy of Agrarian Science, V. Stusa Str. 38,  
79034 Lviv, Ukraine, Tel./Fax: +38032.270.23.89, Email: inenbiol@mail.lviv.ua 

 
Corresponding author email: iramatiukha@gmail.com 

 
Abstract 
 
Complex studies of optimum quantitative and qualitative composition of carbohydrates and amino acids necessary for 
gonadotropines activity stabilization were the aim of our investigations. This was determined by biological active 
substances - saccharose, L- lysine which stabilizes gonadotropins activity for longer use while preserving activity. As a 
result of the studies we found out that during 6 weeks of incubation at 40 0 , the activity of hCG was the highest in the 
samples with 50 and 75 mg/sm3 of saccharose. Concentration of the hormone was high at 8 week of the incubation in 
the group of samples with 75 mg/sm3 of saccharose. In the series of hCG samples with 10 mg/sm3 of L - lysine, the 
activity of hormone was 54% during 8 weeks. Compatible adding of 10 mg/cm3 of L-lysine + 75 mg/sm3 of saccharose 
provided the best stabilization gonadotropin activity. 
 
Key words: chorionic gonadotropin, stabilization, sa charose, L - lysine, immune-chemiluminescent assay.  
 
INTRODUCTION  

 
Human chorionic gonadotropin (hCG) is a 
placental glycoprotein hormone that acts 
through binding to a G-protein-coupled 
receptor, leading to the increased 
adenylatecyclase activity (Lapthorn et al., 
1994; Erbel et al., 1999). The increase in cAMP 
level stimulates the corpus luteum to produce 
progesterone until the placenta itself acquires 
the ability to produce this pregnancy-sustaining 
steroid. After dissociation of hCG into its 
subunits, the fully bioactive hormone can be 
regained by recombination of the subunits 
(Lapthorn et al., 1994; Erbel et al., 2002). 
Native hCG has four N-linked carbohydrate 
chains, two in the a-subunit at Asn-52 and Asn-
78 (ahCG [glycan52,78]) and two in the b-
subunit at Asn-13 and Asn-30 (bhCG). The 
mono- and di-antennary glycan structures are 
mainly sialylated, representing 10% of the total 
weight of hCG (Lapthorn et al., 1994). 
The three-dimensional structure of hCG shows 
that each of its two different subunits has a 
similar topology, with three disulphide bonds 
forming a cystine knot. The same folding motif 
is found in some protein growth factors. The 
heterodimer is stabilized by a segment of the -
subunit which wraps around the -subunit and 

is covalently linked like a seat belt by the 
disulphideCys 26–Cys 110. This extraordinary 
feature appears to be essential not only for the 
association of these heterodimers but also for 
receptor binding by glyco-protein hormones. 
Lapthorn et al. (1994) described the crystal 
structure of hCG. During the recent years, the 
structure of gonadotropic hormones has been 
decoded for different species of fishes, animals 
and human (Fiddes et al., 1984; Baenziger et 
al., 1992; Moyle et al., 1994; Zambrano et al., 
1995; Howles, 1996; de Leeuw et al., 1996; 
Nozaki et al., 2013). 
The molecules of hCG and of chorionic 
gonadotropin (CG) of various animal species 
being considerably homologous are not 
identical. The -hCG subunit is identical to -
subunit of luteinizing hormone (LH), follicle-
stimulating hormone (FSH), as well as thyroid-
stimulating hormone (TSH), and consists of 92 
amino acid residues. -CG contains two 
oligosaccharide chains attached to the 
polypeptide chain by a N-glycosidic bond 
between N-acetylglucosamine and an amid 
group of two asparagine residues. The -hCG 
subunit, the polypeptide chain consists of 145 
amino acid residues, is specific of this 
hormone, but displays a high level of structural 
homology of about 80% with the -subunit of 
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luteinizing hormone, differing from the latter 
by its C-terminal section prolonged by 24 
amino acid residues. -CG contains 6 
oligosaccharide chains, 2 of which are joined 
by an N-glycosidic bond at asparagine residues, 
while 4 are linked by an O-glycosidic bond 
between N-acetylgalactosamine residues and 
the OH group of serine residues of the C-
terminal section of the polypeptide chain. 
Specific biological properties of the hCG are 
determined by the -subunit. Structural affinity 
between the -subunit of the hCG and that of 
the LH is manifested by the similarity of their 
biological and immunological properties 
(Fiddes et al., 1984; Lempiäinen et al., 2012). 
The carbohydrate part, characterized by a 
considerable heterogeneity, constitutes about 
30% of the CG molecular weight. It includes 
sialic acid, L-fructose, D-galactose, D-
mannose, N-acetylglucosamine and N-
acetylgalactosamine. Carbohydrate components 
of the CG are needed for binding subunits, 
maintaining the conformation of the molecule 
and protecting polypeptide chains of subunits 
from degradation under the action of 
proteolytic enzymes.  
Elimination of carbohydrate residues causes a 
considerable decrease of the half-life of CG in 
the organism. The CG molecule is relatively 
easily dissociated into subunits, for instance, 
under the effect of urea or propionic acid. 
Isolated subunits are deprived of biological 
activity, but can recombine producing a 
biologically active CG molecule (Waddell and 
Smith, 2006). It has been suggested that CG 
and its -subunit are produced not only in the 
136 chorion of trophoblast and placenta, but 
also in the tissues of the fetus, in many tissues 
of both sexes, i.e., during the entire ontogenesis 
of mammals; it can also be produced by some 
tumors related by their origin to placenta 
trophoblast cells. The synthesis of - and -
subunits occurs independently. Both dimeric 
(intact) hormone molecules and free (unbound) 
CG subunits are released into the blood (Cole, 
2009).  
High level of hCG are synthesized by placenta 
and extracted with urea, from which it can be 
isolated and purified. Particularly, purified 
gonadotropins are obtained by means of 
lyophilisation and preserved dry. Lyophilized 
preparations are stable enough at conservation, 

however, lyophilisation is an expensive and 
labor consuming stage in the process of 
obtaining gonadotropins, while their solutions 
are unstable, which represents a disadvantage 
in their use. According to the researchers’ 
study, both inorganic (ZnCl2 or AlCl3) and 
organic (methionine, glycine, mannitol, 
arginine, lactose, sucrose) compounds are used 
for stabilizing gonadotropic preparations 
(Cameo et al., 2004; Maiti et al., 2011). 
Therefore, the aim of our study was a 
comprehensive search of an optimum 
quantitative and qualitative composition of 
organic compounds needed for the stabilization 
of the hCG. 
 
MATERIALS AND METHODS  
 
According to the general pattern of 
investigation presented in Tables 1, 2, 3 three 
experiments were conducted. The experiments 
differed between themselves by the stabilizers 
added to the solvent (L-lysine, saccharose) and 
their concentrations. Each experiment consisted 
of three series of samples (control, 
experimental 1 and experimental 2 (Table 1). 
The human chorionic gonadotropin (hCG) was 
obtained in the Institute of Animal Biology, N 
AAS from the urine of pregnant women (12-16 
weeks of gestation) by means of filtering and 
precipitation by alcohol, acetone and 
ammonium acetate.  
The concentration of intact gonadotropin was 
established by means of electro- and immuno-
chemiluminescent methods based on difference 
between total and free hCG. The initial 
concentration of total hCG was 30,175 mIU per 
mL (international units), while the 
concentration of free hCG was 375 mIU per 
mL. Theoretically, the activity of hCG was 
29,800 mIU per mL (Tables 1, 2, 3). The 
obtained gonadotropin was solved in phosphate 
buffer (pH 7.34) and aliquoted by 2.500 mIU 
per mL. The samples were placed for 
incubation at the temperature of 40°C. After 
each 2 weeks during two months, the 
concentration of total (hCG+ -hCG) and free 
( -hCG) gonadotropin was measured. The hCG 
concentration was determined by the difference 
between (hCG+ -hCG) and ( -hCG) (Frimel, 
1987; McPherson et al., 2006). 
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able 5. Dynamics of gonadotropin activity with 

addition of L-lysine to the solvent 

 
In the 1st experimental series, where 10 mg/cm3 
of L-lysine were inserted, the concentration of 
gonadotropin was 51.72% of the initial 
concentration of hCG (Table 5, Figure 2). 
 

 
Figure 2. Dynamics of gonadotropin activity with 

addition of L-lysine to the solvent 
In the X axis, the time of incubation of hCG with 
addition of saccharose to the solvent are presented in 
the Y axis, the changes of hormone activity in the % 
from initial concentration are presented 
 
By the 4th week of samples conservation, a 
tendency to the further decrease of 
gonadotropin concentration in all series of 
samples was demonstrated. However, by the 6th 
week of conservation, the hCG concentration in 
all experimental and control series increased 
and exceeded the respective values obtained at 
the 4th week of incubation (Figure 1). The 
highest concentration (51.93% of the initial 
one) in the 1st experimental series with 10 
mg/cm3 of L-lysine in the sample was noted. 
By the 8th week of samples conservation in the 
thermostat, no changes of concentration of 
intact hCG were found, as compared with the 
6th week conservation in the control and 2nd 
experimental series. A tendency to the increase 
of concentration of intact gonadotropin in the 
1st experimental group was demonstrated 
(Figure 3). 
Prolonged storage of hCG at 40°C with 
addition of L-lysine + saccharose revealed 
changes in all experimental groups and in the 
control one (Table 6).  
 
 

able 6. Dynamics of gonadotropin activity with 
addition of L-lysine + saccharose to the solvent 

Samples Organic 
compounds 

T=6 
hours 

2 
weeks 

4 
weeks 

6 
weeks 

8 
weeks 

Control - 1646.
5 785.6 474.3 377.3 352.9

2 

Experi-
mental 1 

10 mg/cm3 of  
L-lysine +  
75 mg/sm3 

saccharose 

2172.
6 

1969.
0 

1280.
0 

1260.
0 

976.4
5 

Experi-
mental 2 

10 mg/cm3 of  
L- lysine +  
50 mg/sm3  

of saccharose 

2040.
2 

1788.
0 

1148.
0 906.2 606.3 

 
Already at the 6 hour after the dissolution of 
gonadotropin, differences in its activity in all 
series of samples with respect to the initial 
theoretical activity and between experimental 
batches of samples were determined. The 
lowest activity of hCG was found in the control 
and experimental series of samples, where 10 
mg/sm3 L-lysine and 50 mg/sm3 saccharose was 
added as stabilizer (Figure 3). 
 

 
Figure 3. Dynamics of gonadotropin activity with 
addition of L-lysine + saccharose to the solvent 

In the X axis, the time of incubation of hCG with 
addition of saccharose to the solvent are presented in 
the Y axis, the changes of hormone activity in the % 
from initial concentration are presented 
 
After the 2nd week of conservation, the hCG 
concentration in the control series of samples 
decreased to almost 32%. In the experimental 
series of samples, the hormone activity was 
78.7 and 71.5% in the first and second group, 
respectively, as compared with the initial 
concentration. On the 4th week of conservation, 
a tendency to the decrease of gonadotropin 
concentration in the control and 2nd 
experimental group was observed. In the 
samples of the 1st experimental group, the 
activity of hCG was on the highest level and 
amounted to 51.2%. The same tendency was 
also preserved on the 6th week of incubation. 
After 8 weeks of incubation still the highest 
activity of hCG in the 1 experimental group of 
samples was noted. The extensive analysis of 
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the data from literature testifies to the fact that 
the research of optimum methods of 
stabilization of gonadotropic preparations for 
their use both in human and veterinary 
medicine is urgent and is being performed by 
many researchers (van Zuylen et al., 1997; 
Tsivou et al., 2010). With the spectrum of 
gonadotropin-releasing drugs in use constantly 
expanding, they find their application in 
different areas: the creation of test systems in 
medicine, sport (doping control), hormone 
therapy of reproductive abnormalities, etc. (van 
Zuylen et al., 1997; Tsivou, 2010). Given this 
demand and interest to the gonadotropic 
preparations, researchers continue to search the 
optimal stabilizer of hormones activity during 
their incubation. It has been established that the 
use, for instance, of mannite as a stabilizing 
agent does not cause a visible decrease of the 
activity of the hormone after 24 weeks of 
conservation (Geigert, 1989; Samaritani et al., 
2000).  
The US patent No 5270057 describes a 
lyophilized composition containing 
gonadotropin (for example, LH, TBG, FSH and 
hCG) stabilized with polybasic carboxylic acid 
or its salt. The US patent No 5650390 reveals a 
lyophilized composition containing FSH, LH or 
hCG stabilized with a combination of 
saccharose and glycine (Samaritani et al., 2000; 
Jang and Sung, 2006). Within 6 weeks of 
incubation at 40°C, a higher activity of hCG in 
samples containing 50-75 mg/sm3 saccharose 
was established. These results are confirmed by 
the research of scientists. 
However, lyophilized products are 
inconvenient due to the fact that they have to be 
dissolved in water for injection (WFI) before 
their use. Moreover, the process of production 
of lyophilized products includes a stage of 
freezing-drying, and requires, thus, a serious 
financing. As an alternative for overcoming 
these limitations, the stability of the protein can 
be improved by adding a stabilizer to the 
dissolved protein. Examples of used protein 
stabilizers include surfactants, plasma albumin, 
polysaccharides, amino acids, polymers, etc. 
(Wang, 1999). The combined use of different 
protein stabilizers may cause unfavorable side 
reactions leading to an effect opposed to the 
desirable one, due to a competitive interaction 
and side reactions between concrete stabilizers. 

Besides, the successful stabilization of proteins 
in the solution requires a great attention and 
many efforts, since individual protein 
stabilizers have a certain range of 
concentrations required for stabilizing 
respective proteins (Wang, 1999). Glycine 
solution favors the accumulation of a greater 
number of molecules of water around FSH, 
making thus more stable the remotest 
hydrophobous amino acids among the 
multitude of amino acids constituting hFSH 
and in this way stabilizing the latter. Some 
compositions include methionine, which 
stabilizes the FSH preventing its oxidation in 
water solution (Wang, 1999). 
In our investigation we used different organic 
compounds for stabilizing hormone activity for 
storage during 8 weeks at the temperature 
+40°C. Some authors used other temperature 
regimes and organic components. So, they used 
a competitive radioimmunoassay measuring 
hCG, hCG  and hCG cf together. De Medeiros 
et al. (1991) found that hCG is stable at +4°C 
for at least 3 weeks and Mc Chesney et al. 
(2005) found that hCG is stable for at least 4 
weeks at +4°C. Glycerol provided protection 
against urea-induced hCG degradation at          
-20°C, and it has earlier been shown to protect 
urinary FSH and LH against degradation at       
-20°C (Kesner et al., 1995; Saketos et al., 
1994). 
Glycerol is thought to increase the proportion 
of liquid solution in partially frozen urine and 
hence prevent the formation of liquid regions 
with very high solute concentrations. Glycerol 
also stabilizes protein conformation and can 
thereby reduce the reaction with cyanate. 
Addition of glycerol can be used to reduce the 
loss of hCG at 20°C but it cannot be used in 
doping control because it can be used as a 
plasma expander and is therefore included in 
the list of prohibited substances (Kesner et al., 
1995; Saketos et al., 1994). 
Our aim was to evaluate the stability of hCG, 
hCG , hCG  and hCG cf in urine during 
storage at various temperatures. Since urine 
contains fairly high concentrations of urea (0.2-
0.8 mol/L) that has been suggested to cause 
degradation of LH at 20°C, the effect of 
added urea on hCG loss was studied. 
Lempiäinen et al. evaluated the protective 
effect of different additives; glycerol has been 
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shown to prevent the degradation of other 
gonadotropins, ethylene diamine (EDA), which 
protects proteins against carbamylation caused 
by urea-derived cyanate, EDTA, and bovine 
serum albumin (BSA) (Lempiäinen et al., 
2012). 
 
CONCLUSIONS 
 
In our investigation we used different organic 
compounds for stabilizing hormone activity for 
storage during 8 weeks at the temperature 
+40°C. The most higher activity of HGh in the 
samples with adding of 10 mg/cm3 of L-lysine 
+ 75 mg/sm3 saccharose we established. In the 
sample with 75 mg/sm3 of saccharose, the 
concentration of the hormone was the highest 
and constituted almost 68% of initial 
concentration in compare with the sample 
where we added 50 and 25 mg/sm3 of 
saccharose. 
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Abstract 
 
An important part of chickens rising is feeding. A good nutrition is reflected in the bird's performance and its products. 
Actually the use of additives feed as immunostimulatory is in a great scale. For these reasons our investigations were 
aimed at studying the influence of metabolitesextracted from Streptomyces strains on the main indices of chickens 
productivity. Actinomycetes are a group of prokaryotic microorganisms with many important producers of biologically 
active substances known to wide application in human and veterinary medicine. 
In ourexperimentswasused the dry and metabolites of streptomycetes which were administered to 3 groups  of chickens 
since one day age respectively in combefeed  a dry biomass - 1 g/1 kg and cultural liquid - 1 ml/1 l in drinking water, 
daily. The duration of examination period was 70 days. 
Fromeachgroup of chickens periodically were sampled bloud to investigate the total serum protein,albumins and 
cholesterol. As a results was established that the total protein in bloud serum of experimental groups chickens I and II 
which was feed with streptomycetes biomass and cultural liquid in drinking water,  at the age of 15 days was  31.23 and 
30.53 g/l compared with  28.83 g/l on chickens from the control group, respectively albumins  was 13.67 g/l compared 
with 12.33 g/l in the control chickens group, and cholesterol was 4.63 and 4.3 g/l on chickens in groups I and II 
compared with 4.5 g/l on chickens from the control group. The obtaining results show that the metabolitesof 
streptomycetes has the stimulatory effect tosomebloodbiochemicalindexes of chickens. 

 
Key words: albumins, blood, chicken, cholesterol, metabolites. 
 
INTRODUCTION 
 
Population explosion, substantial enrichment to 
the knowledge regarding rational human 
nutrition, and other socio-economic considera-
tions have led to increase growth of broilers 
and developing technologies that lead to 
externalization production capacity. Recent 
studies have revealed the role and current 
priorities in poultry: use of natural stimulators 
of livestock and poultry feed denied antibiotics 
for producing clean and safe. 
Study metabolites for use in food rations 
obtained from isolated Streptomyces increase 
in soil Moldova isincreasing enables productive 
indices in chickens. Priority remains afore-
mentioned biomass, which contains a variety of 
biologically active complexes and the prime 
cost of the product is much smaller than the 
cost of other similar products. Impact assess-
ment bio preparation "BM-36" and "LN-36" in 
pup weight gain demonstrated that nutritional 

effect of "BM-36" (116.8 g and 107 g in gr. 
Control). This preparation has a beneficial 
effect on hematopoiesis and immune system of 
broilers (Toderasco, 2000; Burtseva, 2002). 
Blood and biochemical analyzes are essential to 
monitor the health status of flocks, although 
rarely can outline an etiologic diagnosis. For 
many species of mammals and birds, clinical 
and laboratory diagnosis is based largely on the 
results of hematological and biochemical 
investigations. 
Regardless of advanced progress in metho-
dology, science and laboratory technique used 
(   ., 2010), hematological exami-
nation maintains its position in the wide range 
of investigations both in sickness and in 
determining the effects of medicinal remedies 
predetermined stimulatory properties and, not 
least, products bio stimulators properties and 
hematological results obtained in most cases 
serve as a reflection of the health of the animal 
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organism ( , 2002;   ., 
2009; Falc  et al., 2009; Todera , 2000).  
Investigating the hematological animals and 
birds, regardless of scientific and practical 
progress remains current. Therefore, we 
considered it important to study influence 
biomass and liquid Streptomyces strains 
cultural product isolated from soils Moldova on 
hematology parameters in chickens. 

 
MATERIALS AND METHODS 
 
Was used for investigations biomass and liquid 
cultural chickens administered daily in a dose 
of 1 g/1 kg concentrated fodder and 1 ml/l 
respectively drinking water. The research was 
conducted at the Department Epizootology, 
State Agrarian University of Moldova. 
Growing biomass and liquid Streptomyces and 
getting behind the initiation of experiments 
conducted at the Institute of Microbiology of 
the Academy of Science of Moldova, which 
was obtained as a result of nutrient medium M- 
I (true source of Cu, N, being the basic 
component corn flour). Investigations were 
conducted on 3 groups of 25 chickens each 
breed Rhode Island one day old, kept in 
conditions analogue. I group served as the 
control group. The chickens of group II 
received 0.1% biomass ratio of Streptomyces 
daily chickens of group III in drinking water 
was administered 1 ml/l liquid culture of 
Streptomyces. Were studied some biochemical 
indices and CBC. 
The chicks were fed with fodder of appropriate 
biological value age. As to using EDTA 

anticoagulant, knowing that heparin is not 
indicated for the determination of fibrinogen 
and may fail to count white blood cells (Clark 
et al., 2009). Blood count parameters were 
assessed using comparative methods enshrined 
in avian hematology. 
The data were processed graphically and 
statistically analyzed by resorting to specialized 
applications (Mathlab). When evaluating the 
data recorded in the experimental groups, we 
used as reference values obtained in the initial 
investigations performed on controls, together 
with those from the literature. 
 
RESULTS AND DISCUSSIONS 

 
Hematological values in chickens research 
subject 1 day living are presented in Table 1. 
On the first day of life, total protein averaged 
28.96±0.14 g/l, which subsequently increased 
with age in all groups. About similar mean 
values of serum total protein both at the 
beginning and at the end of the study reports 
and other authors (Islam et al., 2009;  

 ., 2009;   ., 2011). Analysis of 
the results presented in Table 1. Talk about 
values within physiological, hematological 
indices of the first day of life which obviously 
reflects good health of the offspring at study 
onset. Similar results of hematological in 
chickens during the first days after hatching 
and other authors reported (   ., 
2009). At 15, 55 and 70 - day life blood 
samples were collected for laboratory tests in 
Tables 2, 3 and 4. 

 
 

Table 1. Hematological values in chickens aged a day 
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Table 2. Hematological values in chickens aged 15 days 

Pa
ra

m
et

er
 

To
ta

l p
ro

te
in

  
g/

l 

A
lb

um
in

 
g/

l 

Le
uk

oc
yt

es
 

10
9 /l 

no
n-

se
gm

en
te

d 
ne

ut
ro

ph
ils

  
%

 

Se
gm

en
te

d 
ne

ut
ro

ph
ils

 
%

 

Eo
si

no
ph

ils
 

 %
  

ly
m

ph
oc

yt
es

 
%

 

M
on

oc
yt

es
 

%
 

To
ta

l 
ch

ol
es

te
ro

l. 
m

m
ol

/l 

Tr
ig

ly
ce

rid
e 

m
m

ol
/l 

 - 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

- 
X 

 
p 

Lo
t I

 

28
.8

3 

1.
44

 

12
.3

3 

0.
62

 

63
.5

3 

0.
04

 

1.
33

 

0.
07

 

11
.3

3 

0.
57

 

1.
53

 

0.
07

 

80
 

4 4.
33

 

0.
22

 

4.
50

 

0.
23

 

0.
66

 

0.
03

 

Lo
t I

I 

31
.2

3 

1.
56

 

13
.6

7 

0.
68

 

67
.4

6 

0.
04

**
 

0.
67

 

0.
03

 

4.
28

 

0.
55

 

0.
33

 

0.
02

 

83
.3

3 

4.
17

 

10
.3

3 

0.
52

 

4.
63

 

0.
23

 

0.
67

 

0.
03

 

Lo
t I

II
 

30
.5

3 

1.
53

 

13
.3

7 

0.
67

 

65
.7

6 

0.
3 1 0.
05

 

10
.6

6 

0.
53

 

1.
33

 

0.
03

 

80
.6

7 

4.
03

 

10
 

0.
5 

4.
30

 

0.
22

 

0.
57

 

0.
03

 

 
Table 3. Hematological indices in chickens aged 55 days 
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Table 4. Hematological indices in chickens aged 70 days 
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From the data presented it can be mentioned 
that the total protein in the experimental groups 
increased by 6.29% in chickens in group II and 
16.58% in offspring of group III compared with 
controls. At the same time, and albumin levels 
increased in group II Chicken with 14.63% and 
6.84% in group III in dynamic chickens at the 
age of 55 days was a decrease of 17.12% 
albumin levels in serum from chickens in group 
III compared to the control group chickens. 
Recorded data shows that preparation protein-
synthetic show positive influence on the 
function of the liver and especially on protein 
metabolism. The importance of assessing the 
cholesterol level can be considered as a sample 

function of the liver, metabolic processes 
involved in cholesterol to form bile acids, 
cholesterol esters. Involved in the transport of 
cholesterol esters of polyunsaturated fatty 
acids, important sources for the synthesis of 
biologically active substances (prostaglandins, 
thromboxane and leukotrienes). In this 
consensus, the offspring of experimental 
groups aged 15 days was an increase of 2.2% in 
chickens in group II, and a decrease of 5.07% 
in chickens in group II and 0.67% in offspring 
in group I. At the age of 70 days chickens, 
cholesterol is decreasing constituting 14.25% in 
group II chickens, chickens 13.96% in group II 
and 40% in chickens in group I. Analysis of 
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triglycerides in virtue chickens for 70 days was 
56.3% in group II chickens, chicks 41.5 in 
group II compared with the value of 26.4% in 
the control group chickens. 
The researches have shown that experimental 
chicken in batches, the number of lymphocytes 
and monocytes had a similar evolution 
significant increase in the mean values of these 
parameters compared with the control group 
indices. In the offspring of experimental groups 
leukocytes values were down compared to the 
control group, but statistical difference between 
them is significant. Leukocytes study results 
shown in table 2 batches of lymphocytes in 
chickens confirms that the values in groups II 
and III values were 4.16% and 0.83%, higher 
than the control group offspring clues 0.41 -
1.25% (table 4). 
Distribution of no segmented neutrophils core 
have been reported following values compared 
with controls: table 2 from 80.23 to 40.11%; 
and table 5-21.18%. Significant differences 
between the values of neutrophils in chickens 
in the experimental and control groups of those 
not registered. We emphasize higher value of 
the number of monocytes in the offspring of 
experimental groups was 51.89±0.72% on 
average compared to 42.92±1.85% in chickens 
from the control group (table 4). The inter-
pretation of these results in relation to recent 
scientific data is therefore detrimental tested 
product indicating that the decrease in 
peripheral blood monocytes may be a 
consequence of their migration into tissues, 
transformation and their maturation in 
macrophages (   ., 2009). 

 
CONCLUSIONS 
 
The metabolites produced by Streptomyces 
isolated Moldova soils helps stimulate 
nonspecific resistance. 
Use in chickens of metabolites produced by 
Streptomyces isolated of Moldova soils, helps 
optimize fat metabolism during periods of 
intensive development, showing a byproducts 
adaptive. 

The metabolites produced by Streptomyces 
isolated from soils Moldova favors protein 
synthesis in the liver of chickens, because their 
content in amino acids and biologically active 
substances. 
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Abstract 
 
The formulation of the present classifications of species of the genus Triticum associates mainly with several plant 
morphological factors such as fragility of the spikes spindle, grains threshability, grain sphericity, shape and position 
of glumes, lemmas and paleas and awns, compactness, etc. Special attention is paid to the factor "cultural/wild" form, 
the ploidy and the genomic constitution of the species, often supported by molecular data which provides considerable 
comfort in disclosing phylogenetic features in a particular taxonomic unit. Such taxonomic determination is associated 
with certain disadvantages. It is not sufficiently focused on the spike morphology related to the reproductive apparatus 
of the plant, and also the causes of phylogenetic differentiation of certain parameters, such as spike branching, multiple 
spikelets, as well as the ratios of quantitative properties. The existing classifications do not give a precise answer to the 
taxonomic position of amphidiploids in the genus Triticum, and also for those obtained from hybrid combinations with 
genera Aegilops, Secale, Haynaldia, Hordeum, Elymus, Leymus, Elytrigia, Agropyron, as transitional and similar 
forms. Based on studies of spike and grain morphology of a large number of representatives of the genus Triticum and 
other interspecific and intergeneric amphidiploid forms, a classification of the genus sensu lato and sensu stricto is 
composed. Sensu stricto, genus Triticum covers all existing wild and cultivated known wheat forms, together with 
interspecific artificial synthetic forms. Sensu lato, the genus includes intergeneric hybrids, for which a specific generic 
epithet was coined - ×Triticum, and also a specific epithet, consistent with the originator of the amphidiploid. Special 
attention was paid to species and amphidiploids with the genus Aegilops. Classification sensu strictissimo was also 
formulated where the genus Triticum brings together only diploid species, but natural amphidiploids are separated as 
genus Aegilotriticum, and artificial as genus ×Aegilotriticum, and the remote intergeneric amphidiploids are not 
subject to the classification. Drawn up in this way, the classifications cover morphological and ecological, evolutionary 
and phylogenetic features of the representatives of the genus Triticum. 
 
Key words: amphidiploids, classification, morphology, taxonomy, Triticum. 
 
INTRODUCTION 
 
The modern understanding of the systematics 
of cultivated plants is based on a number of 
factors, which are mutually complementary. 
The anatomical and morphological 
characteristics of the plants both play an 
important role in this respect, as well as their 
phylogenetic nature. Essential for the new 
classification is molecular genetics, which 
allows following in detail the genetic 
similarities and differences between individual 
plant sets (Goncharov et al., 2009). 
Nevertheless plant species are dynamic, not 
discrete structures that undergo changes due to 
the normal processes which involve and are 
determined by their heredity and variability 
(Ayala and Kiger, 1984). Therefore the 

established relationships in a single species are 
an unsustainable model subjected to the 
evolutionary factors (Stoyanov, 2014c). Thus 
the classification of species, regardless of their 
relative stability, should take into account the 
dynamic concept of speciation. 
In essence, the definition of "species" presents 
versatile information (de Queiroz, 2005). This 
is due to the many definitions and 
interpretations that characterize this concept. 
On the one hand, the classic definition of 
‘species’ given by Ernst Meyer - "a group of 
actually or potentially crossing populations that 
are reproductively isolated from other such 
groups" presents difficulties in identifying and 
classifying some artificially created synthetic 
species (de Queiroz, 2005), such as a large 
number of amfphdiploids in Poaceae. This 
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view contradicts the idea of artificial 
interspecific and intergeneric hybridization 
because it does not allow the different species 
to cross but defines them as “reproductively 
isolated”. The ability to create interspecific and 
intergeneric hybrids in Poaceae (Matsuoka, 
2011; Stoyanov et al., 2010; Stoyanov, 2013a; 
Stoyanov 2014a; Mico et al., 2013), and in 
particular in tribus Triticae, excludes the above 
hypothesis. Simultaneously, the conventional 
definition contradicts the basic concept of 
phylogenetic speciation, since it does not allow 
for variation in the organisms and they are 
categorized as constant groups. 
Genus Triticum represents philogeneticly 
determined taxon in Poaceae, which includes a 
large number of species. The classification in 
the genus was initiated by Carl Linnaeus, who 
grouped seven species - Triticum aestivum, 
Triticum hybernum, Triticum turgidum, 
Triticum monococcum, Triticum spelta, 
Triticum repens and Triticum caninum (the last 
two were subsequently reffered to Elytrigia 
repens and Elymus caninus) (Linnaeus, 1753) 
as in the second edition of Species Plantarum 
he also adds Triticum polonicum (Linnaeus, 
1762). Subsequently the family is continuously 
supplemented, amended and revised by many 
researcher as Lamarck (1778), Villars (1787), 
Schrank (1789), Desfontaines (1798), Host 
(1805), Seringe (1818), Metzger (1824), 
Seringe (1841), Alefeld (1866), Heuze (1872), 
Harz (1885), Hackel (1890), Vilmorin (1889), 
Flaksberger (1915), Percival (1921). Sakamura 
(1918) indicates the chromosome number of 
the species identified by Hackel (1890), which 
allows for significant changes in the current 
classification and arrangement of species. 
The first modern classification of the genus 
begins with the extensive survey of Flaksberger 
ending with a classification of the genus 
Triticum (Flaksberger, 1935), which he later 
revised and supplemented (Flaksberger et al., 
1939). Similar additions, modifications and 
edditions have been made by Shieman (1948), 
Shieman (1951), von Rosentsiel (1950), 
Mangelsdorf (1953), Jakubziner (1958). 
MacKey (1954) grouped the hexaploid species 
into only one species as subspecies because 
between the species there are no real specific 
barrier and they could cross readily with each 
other and easily exchange hereditary material. 

Bowden (1959) proposed to unify the tetraploid 
and hexaploids forms in common species based 
on the cytogenetic characteristics of the 
representatives of the genus, as well as 
including the species of genus Aegilops in 
genus Triticum. This classification was later 
revised by Morris and Sears (1967) and became 
fundamental to the later classifications of 
Kimber and Sears (1987). MacKey (1966)  
reported such classification (without the species 
of genus Aegilops however), which was later 
rivized and supplemented (MacKey, 1988). 
Although it is the most recent classification of 
the genus Triticum, classification Dorofeev et 
al. (1979) remains unknown outside Russia. It 
is considered to be controversial as it gives the 
‘species’ status to almost all cultivated and wild 
forms. Highly significant is the contribution of 
Gandilyan (1980) in the taxonomy of the 
genus; his classification and identification key 
give an extremely simple but effective scheme 
for grouping the wheat forms on the basis of 
their spike qualitative morphology. Love 
(1984) revised the classification of the genus, 
splitting it into three genera (Chritodium 
(diploid), Gigachilon (tetraploid), Triticum 
(hexaploid)). Flora of Turkey (1985) 
complemented the genus with the extinct 
species Triticum parvicoccum reported by 
Kislev (1979), but it gives an overly simplified 
classification. The classification of Kimber and 
Sears (1987) gives an idea of the genus 
Triticum sensu lato, unifying it with the species 
of the genus Aegilops as a correction to the 
classification of Kimber and Feldman (1987). 
Van Slageren (1994) follows the primary 
classification of MacKey (1988), with slight 
modifications. Goncharov et al. (2009), based 
on genetic markers, summarize their 
classification of the genus Triticum, and 
include hybrid and amfidiploid forms in a new 
section, basically following the classification of 
Dorofeev et al. (1979). 
All classification of genus Triticum are based 
on qualittative indices of the current wheat 
forms with adjustments based on cytogenetic 
and molecular genetic studies. In any of the 
wheat classifications, the morphological 
quantitative characteristics are not considered. 
Certain indices for species separation, which 
are confered only of one or several genes 
become reason for species formation (fragility, 
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shape of grains, compactness of spikes) 
(Goncharov et al., 2009). Other indices such as 
branching, vernalization, multiple spikelets, 
multiple embryos are excluded as too variable 
and controversial with regard to heritability 
(MacKey, 1954). Despite these facts, none of 
the classifications address the essence of the 
concept of ‘species’ - the ability to reproduce. 
The phylogenetic differentiation of the spike 
morphology is associated with two main factors 
- the reproduction and survival of the species 
(Stoyanov, 2014f). While the possibility of 
survival of a species is not related to the plant 
taxonomy, since the presence of specific 
morphology means that the species is able to 
survive under specific environmental 
conditions, the reproduction should have a key 
role because its mechanisms are fundamental 
for both the concept of ‘species’ and for the 
realization of the heredity and variability of 
every single species (Ayala and Kiger, 1987). 
The main purpose of this report was to 
compose a classification of genus Triticum 
based on the spike morphology and on data and 
research on quantitative and qualitative indices 
pertaining to the ability of plants to reproduce 
by presenting it in different versions (sensu 
lato, sensu stricto, sensu strictissimo) on the 
basis of the phylogeny of the genus. 
 
MATERIALS AND METHODS 
 
For the compilation of this classification data 
and graphics from our previous research related 
to the spike morphology of different species of 
the genus Triticum, Aegilops and amphdiploids 
and hybrids were used (Stoyanov et al., 2010; 
Stoyanov et al., 2012; Stoyanov, 2013b; 
Stoyanov, 2013c, Stoyanov, 2013d; Stoyanov, 
2014a; Stoaynov, 2014b; Stoyanov, 2014c; 
Stoaynov 2014d; Stoyanov 2014e; Stoyanov 
and Plamenov, 2014). The morphology of each 
species was evaluated on the basis of definitive 
botanical keys based on existing classifications 
(Gandilyan, 1980; Dorofeev et al., 1979). The 
correction of these classifications was based on 
the quantitative parameters of the cited studies. 
The affiliation to a certain species was 
determined by combining the data of the 
identification keys and the summarized 
information of the quantitative parameters. The 
different types of classifications (sensu lato, 

sensu stricto, sensu strictissimo) are generated 
according to the phylogenetic distance of the 
certain species, hybrids and amphidiploids. 
Taxonomic novelties are described accordind to 
International Code of Nomenclature for algae, 
fungi, and plants (ICNAFP) (2012) in English.  
 
RESULTS AND DISCUSSIONS 
 
The current classification of the genus Triticum 
sensu lato, sensu stricto, sensu strictissimo is 
presented in Appendix 1, Table 1. In this Table, 
the affiliation of a particular species to its 
genomic constitution can be followed by 
sections. Thus composed, this classification 
implies the need for clarification of the 
taxonomic status of certain plant forms and the 
reasons for changing it. 
The necessity, the representatives of genus 
Triticum, to be classified and reclassified in 
three different ways is imposed by the presence 
of many diverse criteria regarding the concept 
of ‘species’ (de Queiroz, 2005; de Queiroz, 
2007). On the one hand there is the 
conventional definition that puts the species in 
narrow frames as a discrete unit (sensu stricto) 
(de Queiroz, 2005). On the other hand, the 
notion of particular form as a dynamic and 
evolving system (Stoyanov, 2014c) requires 
integration of such plant forms within a species 
that represent a similar mechanisms of 
reproduction, distribution and ontogenesis 
(sensu lato). Last but not least is the issue of 
common phylogenetic origin (Matsuoka, 2011; 
Stoyanov et al., 2010), which implies the 
effective and strict separation between the 
forms of origin of each of the species (sensu 
strictissimo). Since genus Triticum and its 
representatives follow these three criteria 
(because of the presence of different 
classification systems), it is necessary to 
effectively refer each distinct plant form, on the 
basis of its morphological parameters of 
heredity and variability, to a particular 
taxonomic unit in parallel in all three types of 
classification. 
A major milestone in the classification of the 
different wheat species is associated with 
species Triticum turgidum and Triticum 
aestivum, according to the classification of 
MacKey (1988) and Van Slageren (1994). Both 
are presented as aggregate species which, on 
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subspecies level, unify all known cultivated and 
wild forms with ‘species’ status under other 
classifications. The main reason for such 
clustering is the cytogenetic similarity that 
exists between the different forms inside the 
species and allows for easy crossability and 
exchange of genetic material. Particular studies, 
however (Naskidashvili, 1974, Tsitsin, 1978), 
conclude that in progressive hybrid generation, 
often a large number of plants assimilated 
largely their initial parental components. A 
small number of hybrid plants develop 
intermediate morphology, and quite a few of 
them - a new type of morphological features. 
Therefore, regardless of the high degree of 
similarity, the distinction between these forms 
is necessary to follow the processes of 
reproduction of the species and not their 
cytogenetic affiliation. In this respect, such 
parameters as spindle fragility, density, shape 
and structure of the glumes, form of grains are 
directly related to the plant reproductive 
system, giving it higly specific features 
(Stoyanov, 2014c). These features are related to 
adaptability to specific levels of stress realized 
through the development of particular 
parameters in relation to spike and grain 
morphology (Stoyanov, 2014c). The data from 
the cluster analysis on quantitative morphology 
of various tetraploid species (Stoyanov, 2014b; 
Stoyanov, 2014c), exhibits significant 
differences in the overall spike morphology of 
the pooled species Triticum turgidum, which in 
80% of the cases represent species affiliation 
according to the definitive key tables. Since the 
division of the pooled species Triticum 
aestivum follows the same principles 
(Stoyanov, 2004e), the presence of two more 
recent subspecies, according to the 
classification of the Flora of China (2006) 
should alter their status from subspecies to 
species level according to the characteristics 
described: 
Triticum tibeticum (King ex S.L.Chen) 
H.P.Stoyanov stat. nov. of Triticum aestivum 
ssp. tibeticum  King ex S.L.Chen (Acta Genet. 
Sin. 7(2):155. 1980) - Spike rachis 
disarticulating. Glumes laxly appressed to 
floret, distinctly keeled. 2n=42. (Flora of 
China, 2006) 
Triticum yunnanense (J.Z. Shao) H.P. Stoyanov 
stat. nov. of Triticum aestivum ssp. yunnanense 

J.Z. Shao (Novon 7:230. 1997) - Spike rachis 
easily disarticulating. Glumes adnate to floret, 
very hard, distinctly keeled. Fl. and fr. Apr–
Aug. 2n = 42. (Flora of China, 2006). 
A very important aspect of the classification is 
the inclusion of genus Aegilops to genus 
Triticum, which meets many contradictions 
based on genetic and cytological studies 
(MacKey, 1988; Van Slageren, 1994). The 
ontogenetic development of the representatives 
of the genus allows species of the genus 
Aegilops to be classified in a larger group – 
Triticum sensu lato, together with the wheat 
species due to their similar morphoecological 
characteristics related to both reproduction and 
distribution. Similar classification is presented 
by Kimber and Sears (1987). A new section in 
the genus Triticum is created - Aegilopsiformis 
H.P.Stoyanov sect. nov. sensu lato:  
Inflorescence composed of racemes; deciduous 
or not as a whole. Typus - Triticum cylindricum 
Ces. 
However, due to the phylogenetic origin of the 
natural polyploid series of genus Triticum 
based on natural hybridization with 
representatives of genus Aegilops (Stoyanov et 
al., 2010; Spetsov et al., 2008; Spetsov et al., 
2009; Matsuoka, 2011), it is necessary to 
generate a stricter idea of genus Triticum - 
sensu strictissimo. Since Aegilops vary 
considerably in morphological terms (van 
Slageren, 1994) (excluding environmental 
factors) and although they are similar in genetic 
aspect to Triticum, sensu stricto and sensu 
strictissimo these species do not represent the 
basic notion of genus Triticum. Nevertheless, 
since they participate as a genomic component 
of the polyploid wheat species (according to 
Stoyanov et al., 2010), the 4x and the 6x 
species of Triticum are a specific taxonomic 
paradox and their referrence to this genus in the 
strict sense contradicts the phylogenetic 
definition of ‘species’. For a proper and 
legitimate compilation of the classification of 
genus Triticum sensu strictissimo, a proposal is 
made on the basis of Div. III of ICNAFP 
(2012) to add a synonymous taxa (cognomen) 
regarding the phylogenetic species for which it 
is known that they represent intergeneric 
natural polyploid series based on taxonomically 
various generic names, and to compose 
categories - coggenus (coggen., synonymous 
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genus), cogspecies (cogsp., synonymous 
species), with strict indication of the scope of 
the classification - sla (sensu lato), sst (sensu 
stricto) , sss (sensu strictissimo), after the name 
of the species (eg: Aegilotriticum durum sss 
(Desf.) H.P. Stoyanov - Triticum durum sla 
(sst) Desf.). A new synonymous genus is 
created: Aegilotriticum H.P. Stoyanov 
coggen.nov. - Synonym of Triticum L. (Sp. Pl. 
1:85. 1753) - Represent polyploid species in the 
genus Triticum sensu strictissimo. To this 
genus are refferred all polyploid wheats, 
excluding species of sections Urartu and 
Monococcon and possible their hybrids which 
are classified to the genus Triticum. 
In this respect, genus×Aegilotriticum is a 
legitimate genus from a taxonomical point of 
view, different from Aegilotriticum, and it does 
not represent the phylogenetic origin of the 
families, but the actual hybridization (natural 
and artificial) between the two genera Triticum 
and Aegilops. 
Sensu lato, such kind of artificial and natural 
hybrids as the different species of Aegilops, 
represent identical morphology related to their 
reproduction and distribution (Stoyanov, 2012; 
Stoyanov, 2014f), and are also assigned sensu 
lato to the genus Triticum. The natural hybrids 
represent a specific taxonomic unit, as they 
exist in this genetic condition and perform its 
own morphology only in the first hybrid 
generation (Stoyanov et al., 2012; Stoyanov, 
2013b; Stoyanov, 2013c; Stoyanov and 
Plamenov, 2014). Since genomically they are 
specific polyhaploids they are assigned to a 
new section of the genus Triticum - Hybrida 
HPStoyanov sect. nov. - Inflorescence 
deciduous as a whole. Glumes rigid. Seeds 
higly shriveled. Typus - Triticum×sancti-
andreae Degen. 
Other intergeneric amphidiploids with 
participation of wheat species are also a subject 
of controversy in their classification. The 
proximity of the genera Elymus, Leymus, 
Agropyron, Elytrigia to genus Triticum and 
their early classification as its representatives 
(Linnaeus, 1753) (as for the genus Aegilops), 
often are reasons the amphidiploids between 
these two genera to be assigned to the genus 
Triticum (Stoyanov, 2012). However, since the 
definition of the genus Triticum (Flora of 
China, 2006) and its taxonomic description 

exclude perennial forms, even sensu lato, such 
kind of amphidiploids do not meet the 
morphoecological criteria of the genus. 
Therefore in order to maintain the taxonomic 
affiliation given by the creators of the 
amphidiploids it is made a proposal for the 
formation of complementary hybrid genus 
(nothogenus novum) within the genus Triticum 
- ×Triticum (L.) H.P. Stoyanov, nothogen.nov. 
- unite the morphology of genus Triticum 
(Flora of China 22: 442. 2006) with perennial 
habitus. A new section in the genus Triticum is 
created: Amphidiploida H.P. Stoyanov sect. 
nov. – Perennial; culms solitary, or caespitose. 
Typus - ×Triticum tsitsini H.P. Stoyanov sp. 
nov. 
×Triticum tsitsinii H.P. Stoyanov sp.nov. 
Perennial, tufted grass up to 100 cm tall, with 
2-5(-8) tillers; stem (culm) cylindrical, smooth, 
hollow except at nodes. Leaves distichously 
alternate, simple and entire; leaf sheath 
rounded, auricled; ligule membranous; blade 
linear, 20-30 cm × 1-1.5 cm, parallel-veined, 
flat, glabrous. Inflorescence a terminal, 
distichous spike 7-8 cm long, with non-sessile 
spikelets borne solitary on zigzag rachis. 
Spikelet 10-15 mm long, laterally compressed, 
3-5-flowered with bisexual florets, but 1-3 
uppermost ones usually rudimentary, 
sometimes only 2 of the florets bisexual; 
glumes almost equal, oblong, shorter than 
spikelet apex, thinly leathery, veined; lemma 
rounded on back but keeled towards the tip, 
leathery, without awns; palea 2-keeled, not 
hairy on the keels; lodicules 2, ciliate; stamens 
3; ovary superior, tipped by a small fleshy hairy 
appendage and with 2 plumose stigmas. Fruit 
an ellipsoid caryopsis (grain) at one side with a 
central groove, reddish brown to red or greyish 
blue. (2x=8n=56, AABBDDEE). 
So composed the current classification meets 
the morphological description of the 
"unbranched spike with individually arranged 
spikelets" (Flora of China, 2006). Therefore 
spikes which do not fullfil this description 
should not be included in this arrangement of 
the genus Triticum. However, many forms with 
branched spikes and/or with multiple spikelets, 
even with multiple embryos were reported as 
forms of Triticum aestivum and Triticum 
turgidum (Stoyanov, 2014c). They differ 
greatly in relation to their quantitative 
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morphology according to various studies 
(Stoyanov, 2013d; Stoyanov, 2014b; Stoyanov 
2014c; Stoyanov, 2014d; Stoyanov, 2014e). 
Therefore additional studies in this direction 
are required to clarify their status and to 
determine precisely their taxonomic affiliation. 
 
CONCLUSIONS 
 
Based on the above classification the following 
conclusions could be made: 
1. Genus Triticum is a complex systematic unit, 
covering morphologically various, ecologically 
similar and phylogenetically close related species, 
suggesting a wide (sensu lato), narrow (sensu 
stricto) and very narrow (senso strictissimo) 
classification. 
2. The species separation of the pooled species 
Triticum turgidum and Triticum aestivum is based 
on the different spike morphology of particular 
forms, which is related to their reproductive 
apparatus. 
3. New sections in the classification sensu lato are 
composed (Aegilopsiformis, Hybrida, 
Amphidiploida) for grouping the species, hybrids 
and amphidiploids added to the genus. 
4. A synonymous genus Aegilotriticum and a 
complementary genus ×Triticum are proposed 
aiming at accurate classification of the species in 
genus Triticum. 
5. Additional studies are necessary to establish the 
taxonomic affiliation of forms with branched 
spikes, multiple spikelets and multiple embryos. 
 
PROVISIONS 
 
This classification does not claim to be 
completely comprehensive regarding various 
forms and accessions in the genus Triticum, but 
only aims the organizing it in the form and 
vision allowing the parallel consideration of 
species to different interpretations of the term 
"species". 
 
REFERENCES 
 
Ayala F.J., Kiger J.A., 1987. Modern genetics. Zemizdat. 

Sofia (Bg). 
Alefeld F., 1866. Landwirtschaftliche flora oder die 

nutzbaren kultivierten garten- und feldgewaechse 
mittelewiopa’s. Berlin, 363 p. (Ge) 

Bowden W.M., 1959. The taxonomy and nomenclature 
of the wheats, barleys and ryes and their wild 
relatives. Can. Jour. Bot, 37: p. 657-684. 

Caldwell R.M., Cartwright W.B., Compton L.E., 1959. 
Dual - a Hessian fly resistant soft red winter wheat. 
Purdue Univ. Agr. Expt. Sta. Res. Bul. 681, 20 p. 

Davis P.H., 1985. Flora of Turkey and the East Aegean 
Islands, Vol. 9 (Davis PH Ed.). Edinburgh at the 
University Press, Scotland. 

Desfontaines R., 1798. Flora Atlantica, t.1. Parisiis. 
Dorofeev V.F., Filatenko A.A., Migushova E.F., Udaczin 

R.A., Jakubziner M.M., 1979. Wheat. vol. 1. In: Flora 
of Cultivated Plants (Dorofeev VF and Korovina ON, 
Eds.) Leningrad (St. Petersburg), Russia. Kolos, 346 
p. (Ru) 

Flaksberger C., 1915. Determination of wheats. Trudy 
Prikl. Bot. i Selek. (Bul. Appl. Bot.), 8: p. 9-210 
(Ru). 

Flaksberger C., 1935. Cereals. Wheat. In Flora of 
Cultivated Plants. Lenin Acad. Agr. Sci. U.S.S.R., 
Inst. Plant Indus. Moscow and Leningrad. 434 p. (Ru) 

Flaksberger, C., Antropov V.I., Antropov V.F., 1939. 
Key to true cereals, wheat, rye, barley, oats. People’s 
Commis. Agr. U.S.S.R. Lenin Mem. All-Union 
Acad. Agr. Sci. Inst. Plant Cult., 416 p. (Ru). 

Flora of China, 2006. 109. Triticum. 22: p. 442-444. 
Gandilyan P.A., 1980. Key to wheat, Aegilops, rye and barley. 

Academy of Science. Armenian SSR, Erevan 190p. (Ru) 
Goncharov N.P., Golovnina K.A., Kondratenko E., 2009. 

Taxonomy and molecular phylogeny of natural and 
artificial wheat species. Breeding Science, 59(5): p. 
492-498. 

Hackel E., 1890. The true grasses. Transl. from Die 
Natuerlichen Pflanzenfamilien by F.Lamson-Scribner 
and Effie A. Southworth, New York, 228 p. 

Harz C.D., 1885. Landwirtschaftliche semenkunde - 
Bd.1. Berlin. (Ge) 

Heuze G., 1872. Les Plantes Alimentaires, t.1. Paris, 576 p. (Fr) 
Host N.T., 1809. Icones et descriptions graminum 

austriacorum. V.3., V.4. Vindobonae. (L) 
International Code of Nomenclature for algae, fungi, and 

plants (Melbourne Code), 2012. Regnum Vegetabile 
154. Koeltz Scientific Books. 

Jakubziner M.M., 1958. New Wheat Specie. First International 
Wheat Genetic Symposium Proc: p. 207-217. 

Kimber G., Feldman M., 1987. Wild Wheat, an 
introduction. Special Report 353, College of 
Agriculture, Univ. of Missouri, Columbia. 146 p. 

Kimber G., Sears E.R., 1987. Evolution in the genus 
Triticum and the origin of cultivated wheat. In: 
Wheat and Wheat Improvement, 2nd Ed (Heyne EG, 
Ed.). Ameican Society of Agronomy, Madison, WI. 
p. 154-164. 

Kislev M.E., 1979. Triticum parvicoccum sp. nov., the 
oldest naked wheat. Israel Journal of Botany, 28(2): 
95-107. 

Koernicke F., Werner H., 1885. Handbuch des 
getreidebanes, 2v, Berlin (Ge). 

Lamarch C. de, 1778. Flore Francaise, v.3. Paris. (Fr) 
Löve Á. 1984. Conspectus of the Triticeae. Feddes 

Repert 95(7-8): p. 425-521. 
Harz C.D., 1885. Landwirtschaftliche semenkunde - 

Bd.1, Berlin. (Ge) 
Linnaeus C., 1753. Species Plantarum. T.1. Holmiae (L). 
Linnaeus C., 1762. Species Plantarum. Ed. 2, T.1. Holmiae (L). 

181



 
MacKey J., 1954. The taxonomy of hexaploid wheat. 

Svensk. Bot. Tidskr. 48: p. 579-590. 
MacKey J., 1988. A plant breeder's perspective on 

taxonomy of cultivated plants. Biologisches 
Zentralblatt 107: p. 369-379. 

Mangelsdorf P.C., 1953. Wheat. Sci. Amer. 189: p. 50-
59. 

Matsuoka Y., 2011. Evolution of Polyploid Triticum 
Wheats under Cultivation: The Role of 
Domestication, Natural Hybridisation and 
Allopolyploid Speciation in their Diversification. 
Plant and Cell Physiology, 52(5), p. 750-764. 

Metzger J., 1824. Europaesche cerealien. Mannheum, 7 p. (Ge) 
Mico P., Megyeri M., Molinar-Lang M., Kovacs G., 

2013. Characterization of Triticum timopheevii Zhuk. 
Gene Bank accessions for the development of 
synthetic amphidiploid wheat lines. Acta Agronomica 
Hungarica, 61(2): p. 113-121. 

Morris R., Sears E.R., 1967. The cytogenetics of wheat 
and its relatives. In: Wheat and Wheat Improvement 
(Quisenberry KS and Reitz LP, Eds.). American 
Society of Agronomy, Madison WI. P. 19-87. 

Naskidashvili P.P., 1984. Wheat wide hybridization. 
Kolos. Moscow (Ru). 

Percival J., 1921. The wheat plant. A monograph. 
London, 463 p. 

Queiroz K. de, 2005. Ernst Mayr and the modern concept 
of species. Proc. Natl. Acad. Sci. U.S.A. 102 (Suppl. 
1): 6600-7. 

Queiroz K. de, 2007. Species Concepts and Species 
Delimitation. Syst. Biol. 56(6): p. 879-886. 

Rosentsiel K. von, 1950. Weizen, Triticum. 
Handb.d.Pflanzenzuchtg. Berlin (Ge). 

Sakamura T., 1918. Kurze mittelung ueber die 
chromosomenzahlen und die 
verwandtschaftsverhaeltnisse der Triticum-arten. Bot. 
Mag. [Tokyo] 32: 150-153 (Ge). 

Schiemann E., 1948. Weizen, rogen, gerste systematic, 
geschichte und verwendung. Jena, Germany, 102 p. (Ge). 

Schiemann E., 1951. New results on the history of 
cultivated cereals. Heredity, 5: p. 305-320. 

Schrank F. von P., 1789. Baierische Flora. v.1., 
Muenchen, 753 p. (Ge) 

Seringe N.C., 1818. Monographie des cereals de la 
Suisse. In his Melanges Botaniques, ou Recueil 
d’Observations, Memoires, et Notices sur la 
Botanique. v. 1, No 2.: [65]-244. Berne (Fr). 

Seringe N.C., 1842. Descriptions et figures des cereals 
europeennes. Ann. Sci. Phys. Et Natl. Soc. Roy. Agr. 
Lyon 4: 321-384, 1841; 5(2): 103-196, 1842. (Fr). 

Slageren M.W. van, 1994. Wild wheats: a monograph of 
Aegilops L. and Amblyopyrum (Jaub. & Spach) Eig 
(Poaceae). Wageningen Agriculture University 
Papers 1994(7). 513 p. 

Spetsov P., Belchev I., Plamenov D., 2008. Breeding of 
synthetic wheats: Crossability and production of 
hybrids with participation of Aegilops tauschii. 
Proceedings of Technical university-Varna, , p. 71-
76 (Bg). 

Spetsov P., Plamenov D., Belchev I., 2009. Breeding of 
synthetic wheats: analysis of amphidiploid plants 
obtained with Aegilops tauschii Coss. Field crops 
studies, V-2, p. 207-216 (Bg). 

Stoyanov H., Spetsov P., Plamenov D., 2010. Origin of 
common wheat (Triticum aestivum L.) and analysis 
of synthetic wheat forms as sources of genetic 
diversity. Proceedings of University of Ruse, 49(1.1), 
p. 55-60 (Bg). 

Stoyanov H., Koleva M., Plamenov D., Spetsov P., 2012. 
Influence of wheat genome in hybrids with 
participation of Aegilops cylindrica Host. Field Crops 
Studies VIII-1, p. 41-52 (Bg). 

Stoyanov H., 2012. Characteristics of amphidiploids in 
the Triticum-Aegilops-Haynaldia-Agropyron group. 
Scientific Papers. Series A. Agronomy, LV: p. 249-
255. 

Stoyanov H., 2013a. Status of remote hybrids in the 
Poaceae: problems and prospects. Agricultural 
science and technology, 5(1): p. 3-12. 

Stoyanov H., 2013b. Characteristics of natural hybrids 
between Aegilops cylindrica Host. and common 
winter wheat (Triticum aesticum L.). AgroLife 
Scientific Journal, 2(1): p. 66-71. 

Stoyanov H., 2013c. Characteristics of second generation 
hybrids between wheat species (Triticum sp.) and 
Aegilops cylindrica Host. Scientific Papers. Series A. 
Agronomy, LVI: p. 357-362. 

Stoyanov H., 2013d. Correlation between the spike 
characteristics in common winter wheat varieties 
(Triticum aestivum L.). Scientific works of the 
Institute of Agric.-Karnobat, 2(1): p. 95-104. (Bg).  

Stoyanov H., Plamenov D., 2014. Mechanism of 
emerging and morphology of natural hybrids between 
Aegilops cylindrica Host. and Triticum aestivum L. 
near Black sea climatic region. Proc. of Union of 
scientists-Varna 2014. Series Marine sci.: p. 18-24. 

Stoyanov H., 2014a. New amphidiploid wheat species 
(nothosp. nov.) as a result of artificial hybridisation. 
Sci. Papers. Series A. Agronomy, LVII: p. 331-338. 

Stoyanov H., 2014b. Morphological analysis of spikes 
and grouping of accessions of Triticum turgidum ssp. 
dicoccon. Agric. science and techn., 6(2): p. 124-133. 

Stoyanov H., 2014c. Similarity of spike properties of 
tetraploid wheat species of section Dicoccoides 
(2n=4x=28, AABB). Field Crop Studies (in press). 

Stoyanov H., 2014d. Determining and characteristics of 
grain volume in common winter wheat (Triticum 
aestivum L.). Field Crop Studies (in press). 

Stoyanov H., 2014e. Dependence of the spike properties 
of factor "accession" in common winter wheat 
(Triticum aestivum L.). Proc. of Univ. of Ruse. 

Stoyanov H., 2014f. Analysis and assessment of 
amphidiploids of Triticum-Aegilops group as a source 
of genetic diversity. Bulgarian Journal of Agricultural 
Science, 20 (Supplement 1), p. 173-178. 

Tsitsin N.V., 1978. Perrenial wheat. Nauka. Moscow 
(Ru). 

Vasconcelos J. de C.E., 1933. Portuguese wheats. Bol. de 
Agr. [Portugal] 1 (1 and 2): [151]. 

Villars D., 1787. Histoire des plantes de dauphine. t.2., 
Grenoble, Lyon, and Paris, 690 p. (Fr) 

Vilmorin H.L. de, 1889. Catalogue methodique et 
synonymique des froments. Paris, 76p. (Fr). 

Zhukovsky P.M., 1928. A new species of wheat. Trudy 
Prikl. Bot. Genet., i Selek. (Bul. Appl. Bot., Genet., 
and Plant Breeding) 19(2): [59]-66, (Ru). 

182



 A
PP

EN
D

IX
 1

. 
Ta

bl
e 

1.
 C

la
ss

ifi
ca

tio
n 

of
 g

en
us

 T
rit
ic
um

 se
ns

u 
la

to
, s

en
su

 st
ric

to
 a

nd
 se

ns
u 

st
ric

tis
si

m
o.

 

N
o 

N
am

e 
of

 th
e 

sp
ec

ie
s 

Pl
oi

dy
 

G
en

om
e 

fo
rm

ul
a 

S
en

su
 la

to
 

S
en

su
 s

tri
ct

o 
S

en
su

 s
tri

ct
is

si
m

o 
Se

ct
io

n 
U
ra
rt
u 

D
or

of
. &

 A
.A

.F
ila

te
nk

o 
1 

Tr
iti

cu
m

 u
ra

rtu
 T

um
an

ia
n 

ex
 G

an
di

ly
an

 
Tr

iti
cu

m
 u

ra
rtu

 T
um

an
ia

n 
ex

 G
an

di
ly

an
 

Tr
iti

cu
m

 u
ra

rtu
 T

um
an

ia
n 

ex
 G

an
di

ly
an

 
2x

 
Au Au  

Se
ct

io
n 
M
on
oc
oc
co
n 

D
um

. 
2 

Tr
iti

cu
m

 b
oe

ot
ic

um
 B

oi
ss

. 
Tr

iti
cu

m
 b

oe
ot

ic
um

 B
oi

ss
. 

Tr
iti

cu
m

 b
oe

ot
ic

um
 B

oi
ss

. 
2x

 
Ab Ab  

3 
Tr

iti
cu

m
 m

on
oc

oc
cu

m
 L

. 
Tr

iti
cu

m
 m

on
oc

oc
cu

m
 L

. 
Tr

iti
cu

m
 m

on
oc

oc
cu

m
 L

. 
2x

 
Am

Am
 

4 
Tr

iti
cu

m
 s

in
sk

aj
ae

 A
.A

.F
ila

te
nk

o 
& 

U
.K

.K
ur

ki
ev

 
Tr

iti
cu

m
 s

in
sk

aj
ae

 A
.A

.F
ila

te
nk

o 
& 

U
.K

.K
ur

ki
ev

 
Tr

iti
cu

m
 s

in
sk

aj
ae

 A
.A

.F
ila

te
nk

o 
& 

U
.K

.K
ur

ki
ev

 
2x

 
Am

Am
 

Se
ct

io
n 
D
ic
oc
co
id
es

 F
la

ks
b.

 
5 

Tr
iti

cu
m

 d
ic

oc
co

id
es

 (K
ör

n.
 e

x 
As

ch
. &

 
G

ra
eb

ne
r) 

Sc
hw

ei
nf

. 
Tr

iti
cu

m
 d

ic
oc

co
id

es
 (K

ör
n.

 e
x 

As
ch

. &
 

G
ra

eb
ne

r) 
Sc

hw
ei

nf
. 

A
eg

ilo
tri

tic
um

 d
ic

oc
co

id
es

 [(
Kö

rn
. e

x 
As

ch
. &

 G
ra

eb
ne

r) 
Sc

hw
ei

nf
.] 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au BB

 

6 
Tr

iti
cu

m
 d

ic
oc

cu
m

 S
ch

ra
nk

 e
x 

Sc
hü

bl
er

 
Tr

iti
cu

m
 d

ic
oc

cu
m

 S
ch

ra
nk

 e
x 

Sc
hü

bl
er

 
A

eg
ilo

tri
tic

um
 d

ic
oc

cu
m

 (S
ch

ra
nk

 e
x 

Sc
hü

bl
er

) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

7 
Tr

iti
cu

m
 d

ur
um

 D
es

f. 
Tr

iti
cu

m
 d

ur
um

 D
es

f. 
A

eg
ilo

tri
tic

um
 d

ur
um

 (D
es

f.)
 H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

8 
Tr

iti
cu

m
 p

ol
on

ic
um

 L
. 

Tr
iti

cu
m

 p
ol

on
ic

um
 L

. 
A

eg
ilo

tri
tic

um
 p

ol
on

ic
um

 (L
.) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au BB

 

9 
Tr

iti
cu

m
 tu

rg
id

um
 L

. 
Tr

iti
cu

m
 tu

rg
id

um
 L

. 
A

eg
ilo

tri
tic

um
 tu

rg
id

um
 (L

.) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

10
 

Tr
iti

cu
m

 tu
ra

ni
cu

m
 J

ak
ub

z.
 

Tr
iti

cu
m

 tu
ra

ni
cu

m
 J

ak
ub

z.
 

A
eg

ilo
tri

tic
um

 tu
ra

ni
cu

m
 (J

ak
ub

z.
) H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

11
 

Tr
iti

cu
m

 a
et

hi
op

ic
um

 J
ak

ub
z.

 
Tr

iti
cu

m
 a

et
hi

op
ic

um
 J

ak
ub

z.
 

A
eg

ilo
tri

tic
um

 a
et

hi
op

ic
um

 (J
ak

ub
z.

) H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au BB

 

12
 

Tr
iti

cu
m

 k
ar

am
ys

ch
ev

ii 
N

ev
sk

i 
Tr

iti
cu

m
 k

ar
am

ys
ch

ev
ii 

N
ev

sk
i 

A
eg

ilo
tri

tic
um

 k
ar

am
ys

ch
ev

ii 
(N

ev
sk

i) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

13
 

Tr
iti

cu
m

 is
pa

ha
ni

cu
m

 H
es

lo
t 

Tr
iti

cu
m

 is
pa

ha
ni

cu
m

 H
es

lo
t 

A
eg

ilo
tri

tic
um

 is
pa

ha
ni

cu
m

 (H
es

lo
t) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au BB

 

14
 

Tr
iti

cu
m

 ja
ku

bz
in

er
i U

da
cz

in
 &

 
Sc

ha
ch

m
. 

Tr
iti

cu
m

 ja
ku

bz
in

er
i U

da
cz

in
 &

 
Sc

ha
ch

m
. 

A
eg

ilo
tri

tic
um

 ja
ku

bz
in

er
i (

U
da

cz
in

 &
 S

ch
ac

hm
.) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au BB

 

15
 

Tr
iti

cu
m

 c
ar

th
lic

um
 N

ev
sk

i i
n 

Ko
m

. 
Tr

iti
cu

m
 c

ar
th

lic
um

 N
ev

sk
i i

n 
Ko

m
. 

A
eg

ilo
tri

tic
um

 c
ar

th
lic

um
 (N

ev
sk

i i
n 

Ko
m

.) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au BB
 

16
 

Tr
iti

cu
m

 p
ar

vi
co

cc
um

 K
is

le
v 

(e
xt

in
ct

) 
Tr

iti
cu

m
 p

ar
vi

co
cc

um
 K

is
le

v 
(e

xt
in

ct
) 

A
eg

ilo
tri

tic
um

 p
ar

vi
co

cc
um

 (K
is

le
v)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 (e
xt

in
ct

) 
4x

 
Au Au BB

 

Se
ct

io
n 
Ti
m
op
he
ev
ii 

A
.A

.F
ila

te
nk

o 
&

 D
or

of
. 

17
 

Tr
iti

cu
m

 ti
m

op
he

ev
ii 

(Z
hu

k.
) Z

hu
k.

 
Tr

iti
cu

m
 ti

m
op

he
ev

ii 
(Z

hu
k.

) Z
hu

k.
 

A
eg

ilo
tri

tic
um

 ti
m

op
he

ev
ii 

[(Z
hu

k.
) Z

hu
k.

] H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au G

G
 

18
 

Tr
iti

cu
m

 a
ra

ra
tic

um
 J

ak
ub

z.
 

Tr
iti

cu
m

 a
ra

ra
tic

um
 J

ak
ub

z.
 

Ae
gi

lo
tri

tic
um

 a
ra

ra
tic

um
 (J

ak
ub

z.
) H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

4x
 

Au Au G
G

 

19
 

Tr
iti

cu
m

 m
ili

tin
ae

 Z
hu

k.
 &

 M
ig

us
h.

 
Tr

iti
cu

m
 m

ili
tin

ae
 Z

hu
k.

 &
 M

ig
us

h.
 

A
eg

ilo
tri

tic
um

 m
ili

tin
ae

 (Z
hu

k.
 &

 M
ig

us
h.

) H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
Au Au G

G
 

20
 

Tr
iti

cu
m

 z
hu

ko
vs

ky
i M

en
ab

de
 &

 
Er

ic
zj

an
 

Tr
iti

cu
m

 z
hu

ko
vs

ky
i M

en
ab

de
 &

 E
ric

zj
an

A
eg

ilo
tri

tic
um

 z
hu

ko
vs

ky
i (

M
en

ab
de

 &
 E

ric
zj

an
) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au G

G
Am

Am
 

Se
ct

io
n 
Tr
iti
cu
m

 L
. 

21
 

Tr
iti

cu
m

 m
ac

ha
 D

ek
ap

r. 
& 

M
en

ab
de

 
Tr

iti
cu

m
 m

ac
ha

 D
ek

ap
r. 

& 
M

en
ab

de
 

A
eg

ilo
tri

tic
um

 m
ac

ha
 (D

ek
ap

r. 
& 

M
en

ab
de

) H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

183



 22
 

Tr
iti

cu
m

 s
pe

lta
 L

. 
Tr

iti
cu

m
 s

pe
lta

 L
. 

A
eg

ilo
tri

tic
um

 s
pe

lta
 (L

.) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

6x
 

Au Au BB
D

D
 

23
 

Tr
iti

cu
m

 a
es

tiv
um

 L
. 

Tr
iti

cu
m

 a
es

tiv
um

 L
. 

A
eg

ilo
tri

tic
um

 a
es

tiv
um

 (L
.) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

24
 

Tr
iti

cu
m

 p
et

ro
pa

vl
ov

sk
yi

 U
da

cz
in

 &
 

M
ig

us
h.

 
Tr

iti
cu

m
 p

et
ro

pa
vl

ov
sk

yi
 U

da
cz

in
 &

 
M

ig
us

h.
 

A
eg

ilo
tri

tic
um

 p
et

ro
pa

vl
ov

sk
yi

 (U
da

cz
in

 &
 M

ig
us

h.
) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

25
 

Tr
iti

cu
m

 v
av

ilo
vi

i (
Tu

m
an

ia
n)

 J
ak

ub
z.

 
Tr

iti
cu

m
 v

av
ilo

vi
i (

Tu
m

an
ia

n)
 J

ak
ub

z.
 

A
eg

ilo
tri

tic
um

 v
av

ilo
vi

i [
(T

um
an

ia
n)

 J
ak

ub
z.

] H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

26
 

Tr
iti

cu
m

 c
om

pa
ct

um
 H

os
t 

Tr
iti

cu
m

 c
om

pa
ct

um
 H

os
t 

A
eg

ilo
tri

tic
um

 c
om

pa
ct

um
 (H

os
t) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

27
 

Tr
iti

cu
m

 s
ph

ae
ro

co
cc

um
 P

er
ci

va
l 

Tr
iti

cu
m

 s
ph

ae
ro

co
cc

um
 P

er
ci

va
l 

A
eg

ilo
tri

tic
um

 s
ph

ae
ro

co
cc

um
 (P

er
ci

va
l) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

28
 

Tr
iti

cu
m

 ti
be

tic
um

 (J
.Z

.S
ha

o)
 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
Tr

iti
cu

m
 ti

be
tic

um
 (J

.Z
.S

ha
o)

 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

A
eg

ilo
tri

tic
um

 ti
be

tic
um

 (J
.Z

.S
ha

o)
 H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

6x
 

Au Au BB
D

D
 

29
 

Tr
iti

cu
m

 y
un

na
ne

ns
e 

(K
in

g 
ex

 
S.

L.
C

he
n)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
Tr

iti
cu

m
 y

un
na

ne
ns

e 
(K

in
g 

ex
 S

.L
.C

he
n)

 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

A
eg

ilo
tri

tic
um

 y
un

na
ne

ns
e 

(K
in

g 
ex

 S
.L

.C
he

n)
 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

D
D

 

Se
ct

io
n 
C
om
po
si
ta
e 

N
.G

on
ch

. 
30

 
Tr

iti
cu

m
 ×

pa
lm

ov
ae

 G
.Iv

an
ov

 
Tr

iti
cu

m
 ×

pa
lm

ov
ae

 G
.Iv

an
ov

 
×A

eg
ilo

tri
tic

um
 e

re
bu

ni
i (

G
an

di
ly

an
) V

an
 S

la
ge

re
n 

4x
 

D
D

A
b Ab  

31
 

Tr
iti

cu
m

 ×
ki

ha
ra

e 
D

or
of

. E
t M

ig
us

ch
. 

Tr
iti

cu
m

 ×
ki

ha
ra

e 
D

or
of

. E
t M

ig
us

ch
. 

×A
eg

ilo
tri

tic
um

 k
ih

ar
ae

 (D
or

of
. e

t M
ig

us
ch

.) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

6x
 

Au Au G
G

D
D

 

32
 

Tr
iti

cu
m

 ×
so

ve
tic

um
 Z

he
br

ak
 

Tr
iti

cu
m

 ×
so

ve
tic

um
 Z

he
br

ak
 

A
eg

ilo
tri

tic
um

 ×
so

ve
tic

um
 (Z

he
br

ak
) H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

8x
 

Au Au BB
Au Au G

G
 

33
 

Tr
iti

cu
m

 ×
fu

ng
ic

id
um

 Z
hu

k 
Tr

iti
cu

m
 ×

fu
ng

ic
id

um
 Z

hu
k 

A
eg

ilo
tri

tic
um

 ×
fu

ng
ic

id
um

 (Z
hu

k)
 H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

8x
 

A
u Au BB

Au Au G
G

 

34
 

Tr
iti

cu
m

 ×
bo

ris
ov

ii 
Zh

eb
ra

k 
Tr

iti
cu

m
 ×

bo
ris

ov
ii 

Zh
eb

ra
k 

A
eg

ilo
tri

tic
um

 ×
bo

ris
ov

ii 
(Z

he
br

ak
) H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

10
x 

Au Au BB
D

D
Au A

u G
G

 

35
 

Tr
iti

cu
m

 ×
fla

ks
be

rg
er

ii 
N

av
r. 

Tr
iti

cu
m

 ×
fla

ks
be

rg
er

ii 
N

av
r. 

A
eg

ilo
tri

tic
um

 ×
fla

ks
be

rg
er

ii 
(N

av
r.)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
8x

 
Au Au BB

Au Au G
G

 

36
 

Tr
iti

cu
m

 ×
di

m
oc

oc
cu

m
 S

ch
ie

m
an

 e
t 

St
au

dt
 

Tr
iti

cu
m

 ×
di

m
oc

oc
cu

m
 S

ch
ie

m
an

 e
t 

St
au

dt
 

A
eg

ilo
tri

tic
um

 ×
di

m
oc

oc
cu

m
 (S

ch
ie

m
an

 e
t S

ta
ud

t) 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

6x
 

Au Au BB
Am

Am
 

37
 

Tr
iti

cu
m

 ×
m

ig
us

ch
ov

ae
 Z

hi
ro

v 
Tr

iti
cu

m
 ×

m
ig

us
ch

ov
ae

 Z
hi

ro
v 

×A
eg

ilo
tri

tic
um

 m
ig

us
ch

ov
ae

 (Z
hi

ro
v)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au G

G
D

D
 

38
 

Tr
iti

cu
m

 ×
tim

on
ov

um
 H

es
lo

t e
t F

er
ra

ry
 

Tr
iti

cu
m

 ×
tim

on
ov

um
 H

es
lo

t e
t F

er
ra

ry
 

A
eg

ilo
tri

tic
um

 ×
tim

on
ov

um
 (H

es
lo

t e
t F

er
ra

ry
) 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
8x

 
Au Au Au Au G

G
G

G
 

39
 

Tr
iti

cu
m

 ×
tim

oc
oc

cu
m

 K
os

to
v 

Tr
iti

cu
m

 ×
tim

oc
oc

cu
m

 K
os

to
v 

A
eg

ilo
tri

tic
um

 ×
tim

oc
oc

cu
m

 (K
os

to
v)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au G

G
Am

Am
 

40
 

Tr
iti

cu
m

 ×
te

re
s 

H
.R

.J
ia

ng
 &

 X
.X

.K
on

g 
Tr

iti
cu

m
 ×

te
re

s 
H

.R
.J

ia
ng

 &
 X

.X
.K

on
g 

×A
eg

ilo
tri

tic
um

 te
re

s 
(H

.R
.J

ia
ng

 &
 X

.X
.K

on
g)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
4x

 
D

D
Au Au  

41
 

Tr
iti

cu
m

 ×
ed

w
ar

di
i Z

he
br

ak
 

Tr
iti

cu
m

 ×
ed

w
ar

di
i Z

he
br

ak
 

A
eg

ilo
tri

tic
um

 ×
ed

w
ar

di
i (

Zh
eb

ra
k)

 H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

Am
Am

 

42
 

Tr
iti

cu
m

 ×
sa

vo
vi

i H
.P

.S
to

ya
no

v 
Tr

iti
cu

m
 ×

sa
vo

vi
i H

.P
.S

to
ya

no
v 

A
eg

ilo
tri

tic
um

 ×
sa

vo
vi

i H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

Ab Ab  
43

 
Tr

iti
cu

m
 ×

sp
et

so
vi

i H
.P

.S
to

ya
no

v 
Tr

iti
cu

m
 ×

sp
et

so
vi

i H
.P

.S
to

ya
no

v 
A

eg
ilo

tri
tic

um
 ×

sp
et

so
vi

i H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
Au Au BB

Ab Ab  
44

 
Tr

iti
cu

m
 ×

to
sc

he
vi

i H
.P

.S
to

ya
no

v 
Tr

iti
cu

m
 ×

to
sc

he
vi

i H
.P

.S
to

ya
no

v 
A

eg
ilo

tri
tic

um
 ×

to
sc

he
vi

i H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
6x

 
- 

Se
ct

io
n 
A
eg
ilo
ps
ifo
rm
is

 H
.P

.S
to

ya
no

v 
se

ct
.n

ov
. 

45
 

Tr
iti

cu
m

 m
ac

ro
ch

ae
tu

m
 (S

hu
ttl

. &
 

H
ue

t) 
R

ic
ht

er
 

A
eg

ilo
ps

 b
iu

nc
ia

lis
 V

is
. 

A
eg

ilo
ps

 b
iu

nc
ia

lis
 V

is
. 

4x
 

U
U

M
M

 

46
 

Tr
iti

cu
m

 o
va

tu
m

 (L
.) 

R
as

pa
il 

Ae
gi

lo
ps

 g
en

ic
ul

at
a 

R
ot

h 
Ae

gi
lo

ps
 g

en
ic

ul
at

a 
R

ot
h 

4x
 

U
U

M
M

 
47

 
Tr

iti
cu

m
 tr

ia
ris

ta
tu

m
 (W

illd
.) G

od
r. &

 G
re

n.
 

A
eg

ilo
ps

 n
eg

le
ct

a 
R

eq
. e

x 
Be

rto
l. 

A
eg

ilo
ps

 n
eg

le
ct

a 
R

eq
. e

x 
Be

rto
l. 

4x
, 6

x 
U

U
M

M
, U

U
M

M
N

N
 

48
 

Tr
iti

cu
m

 p
er

eg
rin

um
 H

ac
k.

 
Ae

gi
lo

ps
 p

er
eg

rin
a 

(H
ac

k.
 in

 J
.F

ra
se

r) 
M

ar
ie

 &
 W

ei
lle

r 
Ae

gi
lo

ps
 p

er
eg

rin
a 

(H
ac

k.
 in

 J
.F

ra
se

r) 
M

ar
ie

 &
 W

ei
lle

r 
4x

 
U

U
SS

 

184



 49
 

Tr
iti

cu
m

 u
m

be
llu

la
tu

m
 (Z

hu
k.

) B
ow

de
n 

A
eg

ilo
ps

 u
m

be
llu

la
ta

 Z
hu

k.
 

A
eg

ilo
ps

 u
m

be
llu

la
ta

 Z
hu

k.
 

2x
 

U
U

 
50

 
Tr

iti
cu

m
 c

ol
um

na
re

 (Z
hu

k.)
 M

or
ris

 &
 S

ea
rs

 
A

eg
ilo

ps
 c

ol
um

na
ris

 Z
hu

k.
 

A
eg

ilo
ps

 c
ol

um
na

ris
 Z

hu
k.

 
4x

 
U

U
M

M
 

51
 

Tr
iti

cu
m

 tr
iu

nc
ia

le
 (L

.) 
R

as
pa

il 
A

eg
ilo

ps
 tr

iu
nc

ia
lis

 L
. 

A
eg

ilo
ps

 tr
iu

nc
ia

lis
 L

. 
4x

 
U

U
C

C
 

52
 

Tr
iti

cu
m

 k
ot

sc
hy

i (
Bo

is
s.

) B
ow

de
n 

A
eg

ilo
ps

 k
ot

sc
hy

i B
oi

ss
 

A
eg

ilo
ps

 k
ot

sc
hy

i B
oi

ss
 

4x
 

U
U

SS
 

53
 

Tr
iti

cu
m

 c
om

os
um

 (S
ibt

h.
 &

 S
m

.) R
ich

te
r 

A
eg

ilo
ps

 c
om

os
a 

Sm
. i

n 
Si

bt
h.

 &
 S

m
. 

A
eg

ilo
ps

 c
om

os
a 

Sm
. i

n 
Si

bt
h.

 &
 S

m
. 

2x
 

M
M

 
54

 
Tr

iti
cu

m
 u

ni
ar

is
ta

tu
m

 (V
is

.) 
R

ic
ht

er
 

A
eg

ilo
ps

 u
ni

ar
is

ta
ta

 V
is

. 
A

eg
ilo

ps
 u

ni
ar

is
ta

ta
 V

is
. 

2x
 

N
N

 
55

 
Tr

iti
cu

m
 d

ic
ha

si
an

s 
(Z

hu
k.

) B
ow

de
n 

A
eg

ilo
ps

 c
au

da
ta

 L
. 

A
eg

ilo
ps

 c
au

da
ta

 L
. 

2x
 

C
C

 
56

 
Tr

iti
cu

m
 c

yl
in

dr
ic

um
 C

es
. 

Ae
gi

lo
ps

 c
yl

in
dr

ic
a 

H
os

t 
Ae

gi
lo

ps
 c

yl
in

dr
ic

a 
H

os
t 

4x
 

C
C

D
D

 
57

 
Tr

iti
cu

m
 b

ic
or

ne
 F

or
ss

k 
A

eg
ilo

ps
 b

ic
or

ni
s 

(F
or

ss
k.

) J
au

b.
 &

 S
pa

ch
 

A
eg

ilo
ps

 b
ic

or
ni

s 
(F

or
ss

k.
) J

au
b.

 &
 S

pa
ch

 
2x

 
S

b Sb  

58
 

Tr
iti

cu
m

 lo
ng

is
si

m
um

 (S
ch

w
ei

nf
. &

 
M

us
ch

l.)
 B

ow
de

n 
Ae

gi
lo

ps
 lo

ng
is

si
m

a 
Sc

hw
ei

nf
. &

 
M

us
ch

l. 
Ae

gi
lo

ps
 lo

ng
is

si
m

a 
Sc

hw
ei

nf
. &

 M
us

ch
l. 

2x
 

Sl Sl  

59
 

Tr
iti

cu
m

 s
ea

rs
ii 

(F
eld

m
an

 &
 K

isle
v) 

Fe
ldm

an
 

A
eg

ilo
ps

 s
ea

rs
ii 

Fe
ldm

an
 &

 K
isle

v e
x H

am
m

er
 

A
eg

ilo
ps

 s
ea

rs
ii 

Fe
ldm

an
 &

 K
isl

ev
 e

x H
am

m
er

 
2x

 
Ss Ss  

60
 

Tr
iti

cu
m

 s
ha

ro
ne

ns
e 

L.
 

A
eg

ilo
ps

 s
ha

ro
ne

ns
is

 E
ig

 
A

eg
ilo

ps
 s

ha
ro

ne
ns

is
 E

ig
 

2x
 

Sh Sh  
61

 
Tr

iti
cu

m
 s

pe
lto

id
es

 (T
au

sc
h) 

Gr
en

. e
x R

ich
ter

 
A

eg
ilo

ps
 s

pe
lto

id
es

 T
au

sc
h 

A
eg

ilo
ps

 s
pe

lto
id

es
 T

au
sc

h 
2x

 
SS

 
62

 
Tr

iti
cu

m
 ju

ve
na

le
 T

he
ll.

 
Ae

gi
lo

ps
 ju

ve
na

lis
 (T

he
ll)

. E
ig

 
Ae

gi
lo

ps
 ju

ve
na

lis
 (T

he
ll)

. E
ig

 
6x

 
D

D
M

M
U

U
 

63
 

Tr
iti

cu
m

 ta
us

ch
ii 

(C
os

s.
) S

ch
m

al
h.

 
A

eg
ilo

ps
 ta

us
ch

ii 
C

os
s.

 
A

eg
ilo

ps
 ta

us
ch

ii 
C

os
s.

 
2x

 
D

D
 

64
 

Tr
iti

cu
m

 s
yr

ia
cu

m
 B

ow
de

n 
A

eg
ilo

ps
 v

av
ilo

vi
i (

Zh
uk

.) 
C

he
nn

av
. 

A
eg

ilo
ps

 v
av

ilo
vi

i (
Zh

uk
.) 

C
he

nn
av

. 
6x

 
D

D
M

M
SS

 
65

 
Tr

iti
cu

m
 c

ra
ss

um
 (B

ois
s.)

 A
itc

h.
 &

 H
en

sl.
 

A
eg

ilo
ps

 c
ra

ss
a 

Bo
is

s.
 

A
eg

ilo
ps

 c
ra

ss
a 

Bo
is

s.
 

4x
, 6

x 
D

D
M

M
, D

D
D

D
M

M
 

66
 

Tr
iti

cu
m

 v
en

tri
co

su
m

 C
es

. 
A

eg
ilo

ps
 v

en
tri

co
sa

 T
au

sc
h 

A
eg

ilo
ps

 v
en

tri
co

sa
 T

au
sc

h 
4x

 
D

D
N

N
 

67
 

Tr
iti

cu
m

 tr
ip

sa
co

id
es

 (J
au

b.
 &

 S
pa

ch
) 

Bo
w

de
n 

A
m

by
lo

py
ru

m
 m

ut
ic

um
 (B

oi
ss

.) 
E

ig
 

A
m

by
lo

py
ru

m
 m

ut
ic

um
 (B

oi
ss

.) 
E

ig
 

2x
 

TT
 

Se
ct

io
n 
A
m
ph
id
ip
lo
id
a 

H
.P

.S
to

ya
no

v 
se

ct
.n

ov
. 

68
 

×T
rit

ic
um

 ts
its

in
ii 

H
.P

.S
to

ya
no

v 
sp

.n
ov

. 
×E

ly
m

ot
rit

ic
um

 s
p.

 P
.F

ou
rn

. 
- 

8x
 

Au Au BB
D

D
EE

 

69
 

×T
rit

ic
um

 d
ue

lo
ng

at
um

 (P
ol

ev
a)

 
H

.P
.S

to
ya

no
v 

co
m

b.
no

v.
 

×E
ly

m
ot

rit
ic

um
 s

p.
 P

.F
ou

rn
. 

- 
6x

 
EE

Au Au BB
 

70
 

×T
rit

ic
um

 d
ur

om
ed

iu
m

 (L
ub

im
ov

a)
 

H
.P

.S
to

ya
no

v 
co

m
b.

no
v.

 
×E

ly
m

ot
rit

ic
um

 s
p.

 P
.F

ou
rn

. 
- 

10
x 

JJ
Js Js SS

Au Au BB
 

Se
ct

io
n 
H
yb
rid
a 

H
.P

.S
to

ya
no

v 
se

ct
.n

ov
. 

71
 

Tr
iti

cu
m

 ×
gr

en
ie

ri 
K.

R
ic

ht
er

 
×A

eg
ilo

tri
tic

um
 g

re
ni

er
i (

K.
R

ic
ht

er
) 

A.
C

am
us

 
×A

eg
ilo

tri
tic

um
 g

re
ni

er
i (

K.
R

ic
ht

er
) A

.C
am

us
 

5x
 

U
M

Au BD
 

72
 

Tr
iti

cu
m

 ×
lo

re
ti 

K
.R

ic
ht

er
 

×A
eg

ilo
tri

tic
um

 lo
re

ti 
(K

.R
ic

ht
er

) 
A.

C
am

us
 

×A
eg

ilo
tri

tic
um

 lo
re

ti 
(K

.R
ic

ht
er

) A
.C

am
us

 
5x

 
U

C
Au BD

 

73
 

Tr
iti

cu
m

 ×
re

qu
ie

ni
 C

es
at

i, 
Pa

ss
er

in
i &

 
G

ib
el

li 
×A

eg
ilo

tri
tic

um
 re

qu
ie

ni
 (C

es
at

i, 
Pa

ss
er

in
i &

 G
ib

el
li)

 P
.F

ou
rn

. 
×A

eg
ilo

tri
tic

um
 re

qu
ie

ni
 (C

es
at

i, 
Pa

ss
er

in
i &

 G
ib

el
li)

 
P.

Fo
ur

n.
 

5x
 

U
M

Au BD
 

74
 

Tr
iti

cu
m

 ×
ro

de
tii

 T
ra

bu
t 

×A
eg

ilo
tri

tic
um

 ro
de

tii
 (T

ra
bu

t) 
A.

C
am

us
 

×A
eg

ilo
tri

tic
um

 ro
de

tii
 (T

ra
bu

t) 
A.

C
am

us
 

4x
 

D
N

Au B
 

75
 

Tr
iti

cu
m

 ×
sa

nc
ti-

an
dr

ea
e 

D
eg

en
 

×A
eg

ilo
tri

tic
um

 s
an

ct
i-a

nd
re

ae
 (D

eg
en

) 
Va

n 
Sl

ag
er

en
 

×A
eg

ilo
tri

tic
um

 s
an

ct
i-a

nd
re

ae
 (D

eg
en

) V
an

 S
la

ge
re

n 
5x

 
C

D
A

u BD
 

 

185



         
          

 
THE PERSPECTIVE OF CULTIVATION AND UTILIZATION  

OF THE NEW LEGUMINOUS GRASSES SPECIES IN MOLDOVA 
 

Alexandru TELEU 1, Victor Î EI1, Sergiu CO MAN2 

 
1Botanical Garden (Institute) of the Academy of Sciences of Moldova, Chi in u,  

18 Padurii str., MD 2002 Republic Moldova 
2Institute of Biotechnology in Animal Husbandry and Veterinary Medicine of M.A.F.I.,  

Chi in u, Maximovca, MD 6525 Republic Moldova 
 

Corresponding author email: director@gb.asm.md  
 

Abstract 
 
The development and modernization of our country’s agriculture is related to the revitalization of the animal breeding 
sector along with the implementation of new genotypes of animals and diversification of fodder production, balanced in 
terms of quantity and quality throughout the year, suitable for the physiological requirements of animals, and 
qualitative products as required in the market. Scientific research conducted in the Botanical Garden (Institute) of the 
ASM over decades was aimed at mobilization, improvement and implementation of new non-traditional plant species 
that use efficiently photosynthetic active radiation and land resources to obtain fodder with a high level of vegetable 
protein, the fodder leguminous grasses (fam. Fabaceae Lindl.) play an important role. 
We have studied the biological peculiarities, productivity, chemical composition and nutritional value of new fodder 
leguminous plant species Astragalus galegiformis, Onobrychis inermis and Medicago tianschanica of the collection of 
non-traditional fodder plants of the Botanical Garden (Institute) of the ASM, the traditional forage crop alfalfa served as 
control variant.  The nutritional value of fresh mass accounts: the Astragalus galegiformis - 0.27 nutritive units, 3.26 
MJ metabolizable energy and 146g digestible protein/nutritive unit; Onobrychis inermis - 0.25 nutritive units, 2.56 MJ 
metabolizable energy and 154 g digestible protein/nutritive unit; Medicago tianschanica - 0.24 nutritive units, 2.86 MJ 
metabolizable energy and 173 g digestible protein/nutritive unit and alfalfa - 0.21 nutritive units, 2.28 MJ 
metabolizable energy and 164 g digestible protein/nutritive unit.  
Due to the productivity and high and stable quality of fodder, use of the plantation for a long period of time, capacity of 
fixing atmospheric nitrogen, the new fodder leguminous species Astragalus galegiformis, Onobrychis inermis and 
Medicago tianschanica can serve as initial material for enriching the range of forage crops. 
 
Key words: biological peculiarities, fodder leguminous plants, productivity, nutritional value. 

 
INTRODUCTION 

 
The development and modernization of our 
country’s agriculture is related to the 
revitalization of the animal breeding sector 
along with the implementation of new 
genotypes of animals and diversification of 
fodder production, balanced in terms of 
quantity and quality throughout the year, 
suitable for the physiological requirements of 
animals, and qualitative products as required in 
the market. The increase of fodder production 
in the context of climate change and increasing 
prices for energy resources will be based on 
more rational use of natural pastures and 
identification of new species that will expand 
the range of crops. 
Recent literature has shown that systems based on 
forage legumes have the ability to positively 

impact on the environment (Lüscher et al., 2013). 
Forage legumes have been shown to increase 
efficiency of nitrogen use and decrease nitrogen 
transit from the soil. Moreover, global warming is 
projected to increase the yield of forage legumes, 
relative to grasses. Legumes are able to convert 
inorganic gaseous atmospheric nitrogen into 
bioavailable nitrogen compounds (ammonium) 
thanks to a symbiotic association with bacteria (the 
symbiont species of bacteria can be from several 
genera). Ammonium is then directly usable by the 
plants to produce proteins (Duke, 1981; Frame et 
al., 1998). A lot of them are used as fertilization of 
the degraded soil, honey, medicinal and 
ornamental plants. 
Problem of forage with high protein content is still 
an actual one in livestock farming. Traditional 
legume crops, such as alfalfa and clover tend to 
exhaust with the lapse of time, and after 3-4 years 
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their productivity gets considerably lower. From 
the perspective of livestock nutrition, recent 
studies have demonstrated that forage legumes 
with moderate levels of secondary compounds, 
such as condensed tannins and flavonoids, are 
beneficial. In particular, some species of genus 
Astragalus L. and Onobrychis Mill. increased the 
efficiency of nitrogen utilisation in the digestive 
tract, reduced bloat hazard and decreased 
parasitism (Goplen et al. 1980; Lees, 1992 ). 
For over six decades of scientific research on 
mobilization of plant resources, the collection of 
non-traditional fodder plants of the Botanical 
Garden (Institute) of the ASM was founded. It 
contains over 300 species and cultivars, including 
70 leguminous fodder grasses, mobilized from 
different areas of Central and South Europe, 
Caucasus, Asia and America (Teleu , 2010). 
The following species have been identified as 
promising leguminous fodder crops: 
Onobrychis inermis Stev. (syn. Onobrychis sativa 
Lam. var. subinermis Boiss.) - unarmed sainfoin, a 
Crimean and Caucasian endemic perennial 
herbaceous plant. The species is mainly distributed 
in the Caucasus. Stems 30-60 cm tall, subglabrous, 
branched in upper part. Stipules fused, ovate, 
ciliate. Lower leaves 6-8-paired, with oblong-
elliptic leaflets; upper leaves 4-5-paired with 
linear-oblong leaflets. Racemes twice as long as 
leaves. Calyx 5-6 mm long, its teeth linear-
subulate. Corolla 7-9 mm, pink. Pod 4-6 mm long, 
semicircular, without teeth. Flowering - in July, 
fructification - in August. Self-incompatible, 
cross-pollinated plant. 2n=16. (Dzyubenko and 
Dzyubenko, 2009) 
Medicago tianschanica Vass. (syn. Medicago 
lavrenkoi Vass.; Medicago ochroleuca Kult.; 
Medicago tianschanica var. lavrenkoi (Vass.) 
Khassan.; Medicago tianschanica var. ochroleuca 
(Kult.) Khassan.) Tian-Shan alfalfa is perennial 
herbaceous plant native to central Asia. Stems 40 
to 120 cm high, numerous, branched, erect, more 
rarely ascending, together with the leaves 
sometimes appressed-pubescent. Stipules 
lanceolate in the free portion, with three to five 
acute teeth along the margin. Leaflets green, 
usually 15 to 30 mm. long, 3 to 4 (or up to 9) mm 
wide, elongate-obovate or oblanceolate, toothed in 
the upper portion. Inflorescence ovoid, dense, 
many-flowered. Bracteoles subulate, equalling or 
slightly shorter than the bracts. Calyx on the upper 
half of the tube sometimes hirsute, with subulate 

teeth longer than the tube. Flowers of various 
colours, white, yellow, lavender, pink, blue, green, 
purple, magenta, etc., but not red. Pod forming one 
to one-and-a-half twists, 4 to 5 mm in diameter, 
finely appressed-pubescent. 2n=32. (Bolton, 1962) 
Astragalus galegiformis L. (syn. Tragacantha 
galegiformis L.) is native to Caucasus. The species is 
herbaceous perennial, up to 1.2-2.5 m in height. 
Leaves up to 20 cm long, with 13-16 pairs of leaflets, 
oblong-ovate, 12-25 mm long, rounded. 
Inflorescence up to 30 cm long brush with flowers. 
Calyx 5-6 mm long, weak and short with linear-
subulate teeth. Corolla yellow or yellowish-white 
flag, 14 to 15 mm in length. Pods 10-16 mm long, 
pointed at both ends, glabrous, curved, 4-6 seeds. 2n 
= 16 (Sytin, 2009). 
 
MATERIALS AND METHODS 

 
The new fodder leguminous plant species 
Astragalus galegiformis, Onobrychis inermis  and 
Medicago tianschanica of the collection of non-
traditional fodder plants of the Botanical Garden 
(Institute) of the ASM served as object of study, 
the traditional forage crop alfalfa (Medicago sativa 
L.) served as control variant.  The experiments 
started in spring; they were performed on 
chernozem, when the soil had reached physical 
readiness. The seeds were sown at a depth of 1.5-
2.0 cm, with soil compaction before and after 
sowing. The plot area was of 10 m2, 4 repetitions 
were done. The scientific research on growth and 
development, productivity and nutritional value of 
plants was performed according to methodical 
indications (Novosiolov et al. 1983; Ermakov et 
al., 1987). 
 
RESULTS AND DISCUSSIONS 
 
As a result of phenological observations, it has 
been found that in the first year of vegetation the 
examined species of forage legumes differ 
essentially by growth rate and development. It 
has been established that at the species Medicago 
tianschanica seedlings appear evenly on the soil 
surface after 7 days from sowing, four days 
earlier compared to the control Medicago sativa, 
at the species Onobrychis inermis seedlings 
appear after 17 days, and Astragalus galegiformis 
is characterized by the latest emergence of 
plantlets - after 24 days from sowing, or 13 days 
later than the control. The aerial part of 
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Astragalus galegiformis grows and develops 
slowly, reaching by the end of growing season 
only the phase when the stem with leaves are 
formed, but the plant develops a strong tap root 
system. The species Medicago tianschanica, 
Onobrychis inermis as well as Medicago sativa 
go through all ontogenetic stages. The 
Onobrychis inermis plants are characterized by a 
faster development, formation and ripening of 
seeds occurring 11 days earlier as compared with 
Medicago sativa, and 22 days earlier as 
compared with Medicago tianschanica. 
In the following years, the studied species of 
forage legumes resume their vegetation in spring, 
when temperatures are above 6 ºC. It has been 
established that the species Onobrychis inermis 
resumes vegetation 5 days earlier than Medicago 
sativa and Medicago tianschanica, and 
Astragalus galegiformis is characterized by a 
later start of vegetation season, but this species 
grows and develops faster during the whole 
growing season. So, at the end of April (Table 1) 
the height of Astragalus galegiformis plants 
exceeds 61 cm, compared to 40 cm at the other 
studied species. This fast growth rate is 
maintained until flowering, when Astragalus 
galegiformis plants reach a height of 191.4 cm as 
compared to 83.2 cm - of Medicago sativa plants. 
During this period Onobrychis inermis plants are 
108.3 cm tall.  
It has been established that the flowering period 
of Astragalus galegiformis occurs 12 days 
earlier than Medicago sativa and - of 
Onobrychis inermis - 6 days earlier. Medicago 
tianschanica plants blossom 18 days later than 
those of Medicago sativa and 30 days later than 
Astragalus galegiformis.  

The studied species require a different period of 
time from the beginning of vegetation until the 
full seed ripening. Thus, for the species 
Onobrychis inermis, this period of time is 117 
days, for Astragalus galegiformis - 121 days and 
for Medicago tianschanica - 161 days. It also can 
be mentioned that the Medicago tianschanica 
plants need a longer period of time until 
flowering in comparison with the control, 
however, from flowering until full seed ripening 
any differences weren’t found.  
Analyzing the seed productivity, we can 
mention that the studied new species of forage 
legumes have a higher yield of seeds than 
Medicago sativa. The Onobrychis inermis and 
Astragalus galegiformis plants are 
distinguished by high seed productivity with a 
yield of 71.44 g/m2 and 60.40 g/m2, 
respectively. Medicago tianschanica plants 
have a higher seed productivity compared to 
the control and develop the highest number of 
seeds - about 14000 seeds/m2.  
As previously mentioned, the studied species of 
forage legumes have a different rate of growth 
and development during the growing season, 
which influence the natural forage harvest and 
dry matter accumulation. So, a higher yield of 
natural forage and dry matter is obtained from 
Astragalus galegiformis (6.42 kg/m2 or 2.05 
kg/m2) and Onobrychis inermis (4.25 kg/m2 or 
1.25 kg/m2), which by far exceeds the control.  
It is known that animals eat leaves firstly due to 
the increased nutrient content and the proportion 
leaves/stem influences the forage value. The 
forage of Astragalus galegiformis and Medicago 
tianschanica is characterized by a higher content 
of leaves and dry matter in comparison with the 
control Medicago sativa. 

                                                                                                                      
Table 1. Agro-biological peculiarities of new species of fodder legumes in the 2nd year of vegetation 

Indices 
Medicago 
sativa L. 
(control) 

Astragalus 
galegiformis 

L. 

Onobrychis inermis 
Stev. 

Medicago 
tianschanica 

Vass. 
Period, days since the beginning of vegetation, until:                          
- budding 
  - flowering 
  - seed ripening 
Plant height, cm  
- at the end of April 
- during flowering 
Annual yield: 
- natural forage, kg/m2 
- dry matter, kg/m2 
 - leaf content in the forage,% 
Seed production, g/m2 
Weight of 1000 seeds, g 
 

 
 

70 
82 

143 
 

38.1 
83.2 

 
3.11 
0.82 
35.4 

27.14 
2.67 

 
 

61 
70 
121 

 
61.4 
191.4 

 
6.42 
2.05 
48.0 
60.40 
8.66 

 
 

66 
76 

117 
 

40.3 
108.3 

 
5.17 
1.52 
35.8 

71.44 
8.44 

 
 

82 
100 
161 

 
39.8 
81.5 

 
3.36 
1.03 
44.5 
32.10 
2.31 
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Animals need for growth, development, 
reproduction and realization of some products, 
numerous nutrients they receive from feed. 
Proteins are the most important and largest 
group of natural macromolecular compounds 
essential for life, which provide a source of 
assimilable nitrogen for the body and play a 
crucial role in exploitation of the genetic 
production potential. The natural forage of the 
studied species (Table 2) is characterized by a 
high content of raw protein (53.20-56.05 g/kg) 
as compared with Medicago sativa (46.10 
g/kg); the forage of Onobrychis inermis has the 
highest protein content. 
The higher protein content of the studied 
species in comparison with Medicago sativa is 
mentioned in researches carried out in several 
scientific centers from abroad. Thus, the 
protein content in proportion to dry matter of 
Astragalus galegiformis constitutes 18.77% 
under the conditions of Russia (Borayeva and 
Bekuzarova, 2010; Chibis et al., 2011), in 
Ukraine - 25.00% (Ostapko and Shynkarenko 
2003). The raw protein content of the 
Medicago tianschanica plants in the region 
Penza, Russia reaches 20.88% (Kshnikatkina et 
al., 2005).   
It is known that fats are the main source of 
energy for the animal organism and are 
necessary for the normal course of vital 
processes and transportation of soluble 
vitamins in fatty acids, contribute to the 
accumulation of fat in milk. The natural forage 
of Onobrychis inermis and Astragalus 
galegiformis contains a high amount of fat 
exceeding the control by approximately 64-
69%, at Medicago tianschanica it is by 10% 
lower.  
In all studied species, it was found a higher 
cellulose content in the natural forage in 
comparison with Medicago sativa, the highest 
being in Astragalus galegiformis (113.38 g/kg) 
and Medicago tianschanica (97.32 g/kg). We 
also mention that the optimal cellulose content 
has a beneficial effect on the synthesis of 
protein substances in the rumen of animals and 
on the reduction of nitrate content. 
The nitrogen-free extractive substances (NFE), 
along with fats provide the necessary energy 
for vital processes of animals, contributing to 
the formation and storage of fats. The content 
of nitrogen-free extractive substances is by 

18-23% higher in the new species of forage 
legumes, which influences positively the 
possibility of the natural forage to provide 
energy. 
The vegetal forage contains minerals in 
variable quantities regarding the type of the 
elements and their proportion to other chemical 
components. Minerals are essential components 
of all tissues and organs that maintain a 
constant osmotic pressure, participate in 
regulation of acid-base balance, activate a 
number of enzymes, moderate neuromuscular 
activities and prevent the emergence and 
development of animal diseases. The presence 
of minerals in animal feed is indispensable for 
growth and health. The forage of Medicago 
tianschanica and Onobrychis inermis is 
characterized by a high content of minerals and 
the forage of Astragalus galegiformis - by a 
lower one in comparison with the control.  
Calcium is the mineral element that is found in 
the highest amount in the animal organism, it is 
a structural component of bones and teeth; it 
plays an essential role in blood coagulation, 
muscle contraction, activity of enzyme systems, 
at cellular level. The normal assimilation of 
calcium by organism depends also on the 
quantity of phosphor in the feed. Phosphor 
plays multiple roles in the vital processes in the 
body, being a constituent of nucleic acids it 
participates in protein synthesis, cell 
proliferation and transmission of hereditary 
characters; is a component of ATP (adenosine 
triphosphate) the main deposit of energy 
required by muscular activity, nerve activity, 
vital processes of the body; as phospholipids, it 
enters the structure of cells and cell membranes 
regulating the transportation of solutions 
through them; participates in the metabolization 
of glucides, fatty acids and amino acids etc. 
(Suttle, 2010).     
A high content of calcium (5.26 g/kg) and 
phosphorous (0.58 g/kg) was found in the 
forage of Medicago tianschanica. The forage of 
Astragalus galegiformis has a low content of 
calcium and that of Onobrychis inermis 
contains these mineral elements approximately 
in the same amount as the control.  
The nutritional and energy value is determined 
by the content and biochemical composition of 
the organic substances from the feed that 
influence the health and productivity of 
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animals. We can mention that the natural 
forage of the new species of forage legumes 
reaches 0.24-0.27 nutritive units and 2.76-3.26 
MJ/kg metabolizable energy, by far exceeding 
the control Medicago sativa. The amount of 
digestible protein in a nutritive unit 145.81- 
173.29 grams) meets the zootechnical 
standards.  
Thus, in the conditions of the Republic of 
Moldova, the productive potential of 
Astragalus galegiformis plants reaches 17.3 

thousand nutritive units/ha and 2.5 thousand 
kg/ha of digestible protein; Onobrychis inermis 
- 12.9 thousand nutritive units/ha and 2.2 
thousand kg/ha of digestible protein, 
respectively; Medicago tianschanica - 8.1 
thousand nutritive units/ha and 1.4 thousand 
kg/ha of digestible protein, respectively, and 
Medicago sativa - 6.6 thousand nutritive 
units/ha and 1.1 thousand kg/ha of digestible 
protein.  

                                                                                                                                                                      
Table 2. Biochemical composition and nutritive value of the natural forage of leguminous plants 

 Medicago 
sativa L. (control) 

Astragalus  
galegiformis L. 

Onobrychis 
inermis Stev 

Medicago 
tianschanica Vass. 

1 kg of natural forage contains: 
dry matter, g 
raw protein, g 
digestible protein, g 
raw fat, g 
raw cellulose, g 
nitrogen-free extractive substances, g 
minerals, g 
calcium, g 
phosphor, g 
nutritive units 
metabolizable energy for cattle, MJ/kg 
Digestible protein, grams/nutritive unit 

 
263.70 
46.10 
34.50 
6.20 

80.30 
99.30 
21.70 
4.61 
0.54 
0.21 
2.28 

164.29 

 
320.00 
53.20 
39.37 
10.18 
113.38 
122.60 
20. 64 
2.78 
0.44 
0.27 
3.26 

145. 81 

 
295.00 
56.05 
42.04 
10.50 
87.61 

117.54 
23.30 
4.34 
0.56 
0.25 
2.76 

169.16 

 
307.00 
55.45 
41.59 
5.53 
97.32 

122.73 
25.97 
5.25 
0.58 
0.24 
2.86 

173.29 

 
The amino acid composition is the most 
important factor in defining food protein 
quality, followed by the digestibility of the 
protein and the bioavailability of its amino 
acids. The protein quality is determined by the 
content of certain amino acids, which ensure 
biological value of the feed. Analyzing the 
amino acid content (Table 3), we have found 
out that the forage of the studied species 
contains a high amount of aspargine, threonine, 

serine, glutamine, proline, glycine, alanine, 
leucine, tyrosine, histidine, lysine and a small 
amount of methionine as compared to 
Medicago sativa. 
Analysing the amino acid content, we have 
found out that the forage of Medicago 
tianschanica and Onobrychis inermis has the 
highest content of threonine and lysine and a very 
low content of valine, methionine, isoleucine 
and phenylalanine. 

 
Table 3. Amino acid content of the natural forage (mg/100 g dry matter) of leguminous plants 

 Medicago 
sativa  L. (control) 

Astragalus 
galegiformis L. Onobrychis inermis Stev. Medicago 

tianschanica Vass. 

asparagine 
threonine 
serine 
glutamine 
proline 
glycine 
alanine 
valine 
methionine 
isoleucine 
leucine 
tyrosine 
phenylalanine 
histidine 
lysine 
arginine 

1.711 
0.564 
0.687 
1.360 
0.922 
0.550 
0.674 
0.559 
0.139 
0.459 
0.913 
0.458 
0.850 
0.326 
0.619 
0.655 

2.039 
0.579 
0.698 
1.518 
1.063 
0.574 
0.728 
0.650 
0.096 
0.498 
1.004 
0.484 
0.971 
0.523 
0.726 
0.627 

2.498 
0.596 
0.911 
1.942 
2.073 
0.619 
1.078 
0.276 
0.054 
0.285 
1.253 
0.705 
0.796 
0.386 
0.796 
0.733 

2.714 
0.749 
1.073 
1.902 
0.941 
0.565 
0.881 
0.228 
0.090 
0.249 
0.988 
0.490 
0.603 
0.337 
0.792 
0.545 
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CONCLUSIONS 
 

The species Astragalus galegiformis, 
Onobrychis inermis reach the natural forage 
harvesting period at the first mowing 10 days 
earlier, and Medicago tianschanica - 10 days 
later as compared to Medicago sativa, a fact 
which will help ensure a regular provision 
with natural forage. 
The productive potential of Astragalus 
galegiformis plants is about 17300 nutritive 
units/ha and 2500 kg/ha of digestible protein; 
Onobrychis inermis - 12900 nutritive units/ha 
and 2200 kg/ha of digestible protein; 
Medicago tianschanica - 8100 nutritive 
units/ha and 14 000 kg/ha of digestible protein 
in comparison with 6600 units/ha and 1100 
kg/ha of digestible protein at Medicago sativa.  
These species can serve as starting material in 
crop improvement and implementation of new 
leguminous species for fodder production. 
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Abstract 
 
Aims of the study was to determine the cost-benefit analysis in neufchatel whey bioconversion into rectified ethanol and 
organic liquid fertilizer. Bioconversion whey into rectified ethanol and organic liquid fertilizer has shown great 
potential as a way to reduce the pollution resulting from cheese-making process. Semi pilot scale experiment was done 
to ferment 5 L neufchatel whey using 5% K. lactis at 33°C for 24 h in semi anaerobic plastic container without 
agitation and then distilled into 96.2% purity. Data collected and analyzed descriptively related to benefit cost 
ratio/BCR, net present value/NPV and internal rate returns/IRR. The result showed that semi pilot scale bioconversion 
of neufchatel whey resulting in 106.42 ml rectified ethanol and 4404.22 ml distillery residue. Economic benefit could 
achieved by the support of distillery residue sales as organic liquid fertilizer. 
 
Key words: cost-benefit analysis, neufchatel whey, rectified ethanol, organic liquid fertilizer, semi pilot scale.  
 
INTRODUCTION 
 
By-product of cheese making as we called it 
whey are increasingly of concern to the cheese 
producers. To date, Indonesian small scale 
cheese producers dumped whey directly into 
the environment and causing pollution. Along 
with that, there are costs to incurred which 
became an additional burden for small scale 
cheese producers. 
Whey could utilized into many products such 
as functional drink, whey protein concentrates, 
biopolyester and single cell protein (Siso, 1996; 
Singh and Singh, 2012; Shukla et al., 2013; 
Spalatelu, 2012; Koller et al., 2012) However, 
lack of knowledge and small capital owned by 
small scale cheese producers became one of 
constraints to do it. Appropriate technology 
that easy to apply such as bioconversion can be 
used to utilize whey into bioethanol (Siso, 
1996; Guimaraes et al., 2010; Koller et al., 
2012). 
Neufchatel whey is one of whey that resulted 
from small-scale cheese producers in Indonesia 
and cannot utilized to date. Production of semi-

soft cheese from cow's milk that has been done 
by the producers will resulting Neufchatel 
whey (Fox et al., 2004). Utilization of 
Neufchatel whey through laboratory scale 
bioconversion inside sealed container (semi-
anaerobic) with batch system for 24 hours 
incubation could produce bioethanol content of 
1.79 to 1.94% (Roostita et al., 2010; Utama et 
al., 2011). Bioethanol produced could distilled 
into rectified ethanol which has 96.2% purity, 
and the distillery residue could applied as 
organic liquid fertilizer. 
The feasibility of appropriate technology 
application that done in the laboratory has to be 
tested on a larger scale. Up-scaling into semi 
pilot scale and economic feasibility calculation 
should be considered.  
Cost benefit analysis provides to determine the 
best way for Neufchatel whey utilization in 
small scale cheese producers. The emphasis 
lies on the evaluation of the profitability aspect 
that emphasizes the benefits of Neufchatel 
whey utilizations for cheese producers 
(Suharjito et al., 2003). 
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MATERIALS AND METHODS 
 
Whey taken from PT Yummy Food Utama, 
East Jakarta with the composition of 4.09% 
lactose, 2.39% fat, 0.75% protein, 0.089% ash, 
0.015% fiber and 92.67% water. 
Kluyveromyces lactis from School of Life 
Science, Institute Technology of Bandung. 
Semi pilot scale experiment was done to 
ferment 5 L Neufchatel whey using 5% K. 
lactis at 33°C in semi anaerobic plastic 
container without agitation with 4 replications. 
Incubation was held for 24 h and then distilled 
into 96.2% purity (Utama et al., 2011).  
The results of quantity and quality of ethanol 
and organic liquid fertilizer used as the design 
basis for the calculation of economic feasibility 
based on Net Present Value (NPV), Benefit 
Cost Ratio (BCR) and Internal Rate Return 
(IRR) (Suharjito et al., 2003). 
Net Present Value (NPV), the current value of 
project or activity calculated by the formula: 

NPV= +
−=

=
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t
ti

CtBt
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Benefit Cost Ratio (BCR), ratio of benefit and 
cost of the project or activity, calculated by the 
formula: 
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Internal Rate of Returns (IRR), the maximum 
interest that can be paid by the project or 
activity, calculated by the formula:  

IRR= 0
)1(1

=
+
−=

=

nt

t
ti

CtBt  

Ko = Initial Investment 
Bt = Benefit  
Ct = Cost  
t = Year of the project  
i = Discount rate 
n = Period of the project  
 
 
RESULTS AND DISCUSSIONS 
 
Semi pilot scale of bioconversion 5 L 
Neufchatel whey into ethanol showed that 
average rectified ethanol produced was 106.42 
and 4404.22 ml distillery residues. Which 
mean, bioconversions 1L Neufchatel whey 
resulting in 21.284 ml rectified ethanol and 
880.34 distillery residues. The results on Table 
1 taken as basis for economic feasibilities 
calculation.  
 

Table 1. Results of semi pilot scale experiments 

Replication 
Rectified 
Ethanol 

(ml) 

Distillery 
Residues 

(ml) 
1 116.42 4395.22 
2 118.56 4442.11 
3 89.88 4566.41 
4 100.82 4507.25 

Average 106.42 4404.22 
 

 

 

 

 

 

 

 

 

 

 

  

Whey Reception Fermentation Dehydration and First 
Stage Distillation 

Rectified  
Ethanol 
96.2% 

Bioethanol 
80% 

Second Stage 
Distillation Organic 

Fertilizer 

Figure 1. Flow chart of bioconversion whey into rectified ethanol 

193



 
Table 2. Initial investments 

Subject Unit Price 
(Euro) 

Land Rent 5 m x 4 m 1 Unit 1000 
Single Distilator 1500 L 1 Unit 345 
Dehydrator and Distilator 1500 L 1 Unit 695 
Fermentation Tank 1500 L 1 Unit 155 
Fermentor Pump 1 Unit 235 
pH meter 1 Unit 50 
Alcoholmeter 2 Unit 80 
Reception Tank 1 Unit 80 
Piping 1 Pack 350 
Total 2990 
 

Table 3. Monthly costs 
Subject Unit Price  

(Euro) 
Salary 3 employee 240 
Yeasts  1875 L 750 
Electricity 100 kWh 10 
LPG 200 Kg 25 
Water 25 m3 5 
Total 1030 
 

Table 4. Monthly incomes 

Subject Unit Price 
(Euro) 

Rectified Ethanol (€0.5/L)  787.5 L 393.75 
Organic Liquid Fertilizer (€1/U) 1650 U 1650.00 
Total 2043.75 
 
 
If small scale cheese producers able to 
produced 15kg Neufchatel cheese per day, it 
can assumed that approximately 1500 L 
Neufchatel whey per day will be discarded. In a 
month with the assumption of 25 production 

days, there will be 37500 L Neufchatel whey 
that were not utilized.  
Whey utilization for rectified ethanol and 
organic fertilizers can be done by some capital 
investment to build the installation. Scheme of 
whey utilization as shown in Figure 1, will 
need a number of investment such as distilator, 
dehydrator and fermentor as shown in Table 2. 
Initial investment of bioconversion Neufchatel 
whey into rectified ethanol and organic liquid 
fertilizer for 1500 L/d will spent €2990.  
Beside the initial investment, operational costs 
that spent mothly need to calculated. Table 3, 
showed that €1030 needed as monthly costs 
which covered salary for 3 employee, yeasts, 
electricity, LPG for distillation and dehydration 
then also water. 
Monthly operation will produce 787.5 L 
rectified ethanol and approximately 33000 L 
organic liquid fertilizer. As shown in Table 4, 
rectified ethanol will generate income €393.75 
if the highest international price of rectified 
ethanol was €0.5/L (Ogbonna and Okoli, 2013). 
Beside that, organic liquid fertilizer will packed 
in 20L/Unit and per unit sold €1 which 
generate €1650. The organic liquid fertilizer 
generated from ethanol distillery residues with 
neufchatel whey as raw materials contains N of 
0.1%, P of 0.067% and K of 0.135 (Utama et 
al., 2011). Bioconversions Neufchatel whey 
into rectified ethanol and organic liquid 
fertilizer will generate total monthly income of 
€2043.75.  

 
Table 5. Net Present Value and Benefit Cost Ratio calculation for Scenario A 

Year Investment Operational 
Cost (C) Total Benefit (B) 

Discount 
Factor (DF) 

15% 
B * DF C * DF 

1 2990 12360 15350 0 0.78 0 11973 
2 12360 12360 4725 0.76 3591 9393.6 
3 12360 12360 4725 0.66 3118.5 8157.6 
4 12360 12360 4725 0.57 2693.25 7045.2 
5 12360 12360 4725 0.5 2362.5 6180 

11765.25 42749.4 
Net Present Value = -30984.15 

Benefit Cost Ratio = 0.275 
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Table 6. Net Present Value and Benefit Cost Ratio calculation for Scenario B 

Year Investment Operational 
Cost (C) Total Benefit (B) 

Discount 
Factor (DF) 

15% 
B * DF C * DF 

1 2990 12360 15350 0 0.78 0 11973 
2 12360 12360 24525 0.76 18639 9393.6 
3 12360 12360 24525 0.66 16186.5 8157.6 
4 12360 12360 24525 0.57 13979.25 7045.2 
5 12360 12360 24525 0.5 12262.5 6180 

61067.25 42749.4 
Net Present Value = 18317.85 

Benefit Cost Ratio = 1.43 
 

Table 7. Internal Rate Returns calculation 

Year Investment Operational
Cost (C) Total Benefit 

(B) B-C DF 
12% NPV 12% DF 

15% NPV 15% DF 
90% NPV 90% 

1 2990 12360 15350 0 -15350 0.893 -13707.55 0.87 -13354.5 0.526 -8074.1 

2 12360 12360 24525 12165 0.797 9695.505 0.756 9196.74 0.277 3369.705 

3 12360 12360 24525 12165 0.712 8661.48 0.658 8004.57 0.146 1776.09 

4 12360 12360 24525 12165 0.636 7736.94 0.572 6958.38 0.077 936.705 

5 12360 12360 24525 12165 0.567 6897.555 0.497 6046.005 0.04 486.6 

19283.93 16851.195 -1505 

Internal Rate Returns = 84.24 % 

 
 
Feasibilities of the project shown by NPV, 
BCR and IRR results on Tables 5, 6 and 7.  
Table 5 showed that the scenario A without 
organic liquid fertilizer sales, lead to loss and 
the project was not feasible which shown by 
the value of NPV < 0 and BCR value < 1 
(Suharjito et al., 2003).  
However scenario B with organic liquid 
fertilizer sales (Table 6 and 7), shown benefit 
and feasibility of the project which shown by 
the value of NPV €18317.85, BCR of 1.43 and 
IRR of 84.24%.  
High income generated from organic liquid 
fertilizer increased the value of the project and 
the benefit-cost ratio, so that the IRR also 
increased into high percentage.  
Bioconversions of Neufchatel whey into 
rectified ethanol and organic liquid fertilizer 
gave multi benefit to the communities.  
Beside the economic benefit, this project could  
employ three workers from surrounding 
communities.  
As the environmental benefit, there will be 
reduction of pollution load resulting from 
Neufchatel whey disposal.  
 

CONCLUSIONS 
 
Semi pilot scale of bioconversion neufchatel 
whey resulting in 106.42 ml rectified ethanol 
and 4404.22 ml distillery residue.  
The economic benefit will achieved with 
organic liquid fertilizer sales, with the NPV 
€18317.85, BCR of 1.43 and IRR of 84.24%. 
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Abstract 
 
The work refers to the analysis of aroma compounds identified in Tamaioasa Romanian wines from 2 distinct Romanian 
wine-growing areas: vineyard Stefanesti-Arges and Pietroasa, watching, and in particular the variation of flavorings 
depending on the region of origin. 
Gas chromatographic method coupled with mass Spectrometry were identified 6 esters, 3 higher alcohols, 1 aromatic 
alcohol, 2 terpenes, 1 lactone, 1 acid and 1 aldehyde. The high concentration of ethyl acetate, ethyl butanoate,  isoamyl 
alcohol were identified; flavor specific Tamaioasa Romanian wine is given by 1- -terpineol, terpenic alcohol has been 
identified in this wine in large quantities. 
Research has shown that wine-growing region influence the organoleptic characteristics of wine and  aromatic content 
of their wines, so the wines can be very quickly recognized when tasting. 
 
Key words: gas chromatography, mass spectrometry, volatile compounds, Tamaioasa Romaneasca wine. 
 
INTRODUCTION 

 
The specific character of wines produced from 
a grape variety aromatic flavor is given by 
variety, on the one hand, the way the flavors 
evolve during fermentation and during aging 
wines but also, the one-off character printed 
wine-growing zone (Baek et al., 1997). Several 
studies have referred to the volatile aroma 
compounds of musts and wines from aromatic 
varieties, especially those of Muscat (Muscat 
Ottonel, Muscat of Alexandria, Muscat of 
Hamburg), semiaromatic varieties (Sauvignon) 
(Chandary et al., 1964) or neutral varieties 
(Riesling) (Chisholm et al., 1994). Flavor of 
these wines is determined by terpene alcohols, 
aromatic terpenes are specific to each variety 
(ex. the linalool for Muscat Ottonel, geraniol 
for Muscat of Alexandria, neroli for Muscat of 
Hamburg etc) (Guth H., 1997). 
Our studies concerns the characterization 
aromatic potential of Tamaioasa Romaneasca 
wine and wine-growing region influence the 
aromatic character of these wines. Grape and 
wine aroma of Tamaioasa Romaneasca, 
aromatic variety as Muscat group is on terpenes 
and especially the 1- -terpineol, a compound 
that is found in large quantities in these wines 

and ranging, in rather large limits depending on 
wine region. Variation of chemical compounds 
of wine is even more striking if the areas are 
much different in terms of growing conditions 
and climate ecopedological. 
 
MATERIALS AND METHODS 
 
Tamaioasa Romaneasca wine was analyzed in 
terms of physico-chemical characteristics: 
alcoholic strength (vol% alcohol), sugar 
content (g/L), total acidity (g/L sulfuric acid), 
total dry extract (g/L), acidity volatile (g/L 
acetic acid) andglycerol (g/L). All analyses 
were performed by the standard methods in the 
field (Recueil des methodes internationales 
d’analyse des vins et mouts, 2011). Chemical 
tests were followed by organoleptic analysis 
(tasting laboratory) and GC/MS (gas 
chromatography coupled with mass 
spectrometry) analyses for identification and 
determination of volatile compounds in the 
wines (Câmpeanu et al., 2001). Determination 
of volatile aromatic compounds in wine was 
performed using a Hewlett Packard 5890 gas 
chromatograph series II coupled to a mass 
spectrometer Hewlett Packard 5972 series II. 
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Extraction methods 
Volatile compounds were isolated by solvent 
extraction. 75 mL of wine (containing internal 
standard IS, 2-ethyl hexanol) were extracted 
with 15 mL solvent of pentane (Serot et al., 
2001): dichloromethane 2:1 in a separation 
funnel. Internal standard solution in absolute 
ethanol (Merck, Germany) was previously 
prepared by adding 20 µL (16.2 mg) of ethyl 
hexanol to 4 mL of ethanol. From this solution 
10 µL were introduced in the wine sample. The 
solvent extract was placed in a 25 mL round 
bottom flask, then concentrated to about 1 mL 
under a gently nitrogen flow, at 25°C. This 1 
mL volume was further concentrated in a 2 mL 
vial under nitrogen flow to about 100 µL. From 
this solution 1 mL was injected in split less 
injection mode.  
 
Chromatographic conditions 
A Hewlett Packard gas chromatograph 
equipped with split/splitless injector was used. 
1 l from each extract was injected into an HP 
5-MS capillary column with dimensions: 30 m 
x 0.25 mm x 0.25 µm film thickness. Column 
temperature: 30° C for 10 min., followed by 
temperature gradient 10° C/min up to 80° C, 
then gradient of 25° C/min up to 250° C where 
stationed 10 minutes. The temperature of the 
injection port was 280° C and the detector 
(FID) temperature was set at 250° C. MSD 
conditions are: temperature 180°C ion source, 
ionization energy 70 eV, mass limit of 20-400 
amu, electronic multiplier voltage 1700V, scan 
rate 1.60 s-1. 
Injection mode: split, opening after 60 sec, and 
the split flow: 20 ml/min. 
Quantitative determination and identification of 
volatile compounds based on the comparison of 
retention indices (RI), mass spectra and the 
estate of odors. Identification is based on the 
standard MS library Wiley. 
 
RESULTS AND DISCUSSIONS 
 
Chemical and organoleptic analyses of wine 
The two wines T mâioas  Româneasc , from 
the two Romanian wine regions, Stefanesti-
Arges (TR I) and Pietroasa (TR II) were 
analyzed in terms of key physical, chemical 
and organoleptic parameters, and results are 
presented in Table 1 (Tardea C., 1980). 

Organoleptic analysis of wine sshowed: 
Tamaioasa Romaneasca wines are aromatic 
white wines, high quality, with a sugar content 
of 38 respectively 45 g/Land an alcoholic 
strength of 11.4 respectively 12.5 vol% alcohol 
(Figure 1). Wines are rich, complex, balanced 
taste, smoothnes sand softness sensationis 
printed, probably higher in glycerol content 
(16 respectively 18 g/L). Wine Tamaioasa 
Romaneasca of Pietroasa is a high class wine, 
with a strong flavor and total particular flavor, 
honey and lime and acacia flowers and amber 
color.  
 

Table 1. The Main Physico-Chemical Parameters 
Analyzed wines 
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Figure1. Physico-chemical analysis of the wines 

 
GC/MS analyses of wines. Identification of 
volatile compounds 
Results of the wine volatile compounds 
determined in T mâioas  Româneasc  wine 
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are given in Table 2. Given the large number of 
alcohols and acids contained in wine, the 
number of possible combinations (esters) is 
also very high, primarily ethyl esters, ethanol is 
mainly because the wine. Esters are formed in 
grape fermentation process in large quantities 
by enzymatic esterification and in the process 
of maturation and aging of wine by chemical 
esterification (Visan et al., 2010). Neutral 
esters (ethyl acetate, ethyl lactate etc.) are 
volatile and the wine bouquet, and affects acid 
esters are not volatile and have more influence 
on the taste of wine (Figure 2 and Figure 3). 
The T mâioas  Româneasc  wine stands for 
ethyl acetate, smelling the flowers and ethyl 
butanoate, smell of pineapple. Only T mâioas  
Româneasc  wine of Stefanesti Arges region 
decanoate ester was identified as ethyl ester 
odor of chemicals.  

 
Table 2. The Concentration of Wine Volatile 

Compounds Determined in T mâioas  Româneasc  
wines, ( g/L) 

No. Compound Concentration ( g/L) 
TR I TR II 

The concentration of esters  
1 Ethyl acetate  645 683 
2 Butyl acetate  0.2 1 
3 Ethyl butanoate 155 233 
4 Ethyl octanoate 2 2 
5 Methyl butanoate 90 56 
6 Ethyl decanoate 2 - 

The concentration of aliphatic alcohols 
7 2-methyl-1-propanol 19 22 
8 3-methyl-1-butanol  200 280 
9 1-hexanol  1 0.3 

The concentration of aromatic alcohols 
10 Benzetanol 820 630 

The concentration of terpenes 
11 Linalol 0.1 0.1 
12 1-  -terpineol 2 3.7 

The concentration of lactones 
13 -butyrolactone 56 78 
 
Terpene alcohols are volatile class of 
compounds with the highest importance to 
wine aroma, terpenes, however, being found 
only wines from aromatic varieties: Muscat 
Ottonel, Muscat of Alexandria, Muscat of 
Hamburg, T mâioas  Româneasc  etc. 
Identification of terpenes in wine flavored 
variety shows the specific nature of each part, 
these compounds represent "key substances" 
(Figure 4) that may contribute to the identity of 
a wine. Thus, terpene content varies by variety 

flavored: linalool is found in high concentration 
in wine Muscat Ottonel, geraniol in Muscat of 
Alexandria etc. 
The T mâioas  Româneasc  wines analyzed 
are present 1- -terpineol (an odorant 
monoterpenes with a very high potential, and 
linalool), -terpineol printing wines sweet 
incense smell of lilac (Visan et al., 2012). 
Linalool is found in wines, but in very low 
concentrations. Although1- -terpineol was 
identified in both wines, noticed the wine TR 
II, by Pietroasa, with a about double content of 
1- -terpineol. 
 

 
Figure 2. The main esters of a  

Tamaioasa Romaneasca wines, g/L 
(TR I, Stefanesti) 

 
Figure 3. The main esters of a  

Tamaioasa Romaneasca wines, g/L 
(TR II, Pietroasa) 

 
Figure 4. Concentration of terpenes in Tamaioasa 

Romaneasca wines ( g/L) 
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The higher alcohols were represented by 2-
methyl-1-propanol, 3-methyl-1-butanol, 1-
hexanol and benzetanol, in slightly different 
concentration (Figure 5). 
 

 
Figure 5. Concentration of higher alcohols in Tamaioasa 

Romaneasca wines ( g/L) 
 
CONCLUSIONS 
 
Aroma T mâioas  româneasc  wines is 
striking, but especially the standout wines from 
wine-growing center Pietroasa;  wines have a 
strong and distinctive flavor, honey and lime 
and acacia blossom and amber color. Wine can 
be classified in the category high-class wines, 
is complex, robust, very well balanced.  
Of esters were identified in both wines: ethyl 
acetate, butyl acetate, ethyl butanoate, ethyl 
octanoate, methyl butanoate and ethyl 
decanoate, the latter being found only in wine 
from Stefanesti-Arges wine-growing region. 
Concentrations in esters were slightly different, 
slightly higher Pietroasa wine-growing region. 
Aromatic alcohols were represented by 
benzetanol, in slightly different concentration, 
higher in wine from Stefanesti-Arges wine-
growing region.  
Terpenic compound that print flavor of 
Tamaioasa Romaneasca variety is -terpineol; 
the compound was identified in both wines, in 
wine from the Pietroasa wine-growing region, 

-terpineol still being found in almost double 
the concentration Stefanesti-Arges wine.
Although flavored varieties presents a varietal 
aroma, though a great influence on the aromatic 
character of grapes and wines has wine-
growing region, which can lead to large 
differences in the typical character of wines. 
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