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Abstract 
 
The black bean aphid Aphis fabae constitutes a dangerous pest. The use of pesticides provokes undesirable effect on the 
environment and the human health. Thus, the research for methods with low negative secondary effect becomes very 
important. The purpose of this study is the screening of the aphicidal activity of extracts from Marrubium deserti and 
Hertia cheirifolia. Moreover, the effect of the same treatments was tested on the orientation of A. fabae.  
Through our study, ANOVA revealed significant differences between the studied essential oils. Those of H. cheirifolia 
with a concentration of 10000 ppm were the most effective with 96.67% of corrected mortality rate after 6 hours. 
Whereas for aqueous extracts, the mortality rate were less important and it reached only 30% after 24 h for H. 
cheirifolia 30% extracted by maceration. For the test of orientation, the results showed that after 24 hours, the essential 
oils of H. cheirifolia with a concentration of 10000 ppm and the extracts obtained by maceration of the two plants had 
an important repellency rate superior than 70%.  
 
Key words: Aphis fabae, aqueous extracts, essential oil, aphid mortalities, repellency percentage.  
 
INTRODUCTION  
 
Aphids are economically important insect pests 
of agriculture and forest crops (Guerrieri & 
Digilio, 2008; Chaieb et al., 2018). Chemical 
pesticides are the main tool used to control 
aphid populations. Nevertheless, the extensive 
and unscientific use of insecticides has resulted 
in a universal zooming insecticide resistance 
among aphids across regions and substantial 
detrimental influences on the environment (Yan 
et al., 2018; Kumar et al., 2019). In Africa, it is 
estimated that 10% of products used are 
extremely hazardous (Class 1a) and highly 
hazardous (1b) (Pretty & Bharucha, 2014).  
Therefore, there is a need to develop 
biopesticides for effective control that 
minimizes environmental hazards (Barzman et 
al., 2015).  
The term “Green pesticides” include all natural 
materials that can reduce the pest population 
and increase food production (Mossa, 2016).  
There is a common notion that natural products 
with unique bioactive structures have been 

playing a vital role in developing new types of 
insecticides with glaring advantages of low 
residual, easy biodegradation and high security 
to non-target organisms, like the application of 
pyrethrin, rotenone, nicotine and neonicotine in 
the control of pests (Yan et al., 2018). 
Furthermore, the combination of non-chemical 
methods that may be individually less efficient 
than pesticides can generate valuable synergies 
(Barzman et al., 2015).  
Literature survey on the potential use of 
essential oils as bio-pesticides indicated that 
essential oils obtained from different plant 
families, including Asteraceae and Lamiaceae 
have insecticidal activity and they are active as 
a repellent, fumigant, larvicidal and adulticidal 
against insects (Mossa, 2016).  
In Algeria, several plants endowed with 
insecticidal and repellent activities are rarely 
used (Arab et al., 2018). Hertia cheirifolia and 
Marrubium deserti are two plants widespread 
in Algeria. However, no study has been 
performed on the evaluation of its repellency 
and aphicidal effect against the black bean 

AgroLife Scientific Journal - Volume 10, Number 2, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718
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aphid. Thus, the aim of our study is the 
screening of the aphicidal and repellency 
activities of plant extracts from these two plants 
against A. fabae under laboratory conditions. 
 
MATERIALS AND METHODS 
 
Plant collection and tested treatments 
Two plant species were chosen to obtain 
aqueous extracts and essential oils: Hertia 
cheirifolia L. (belonging to the Asteraceae 
family) and Marrubium deserti de Noé 
(belongs to the family of Lamiaceae).  
The choice of these plants is justified on the 
one hand by their availability at the time of 
experimentation and on the other hand they are 
not known as hosts for the black bean aphid 
(Aphis fabae). 
H. cheirifolia, also known as Othonnopsis 
cheirifolia Jaub. (Segueni et al., 2017), is a 
very popular plant in Algeria (Chermat & 
Gharzouli, 2015). It is an endemic medicinal 
species of the Tunisian and Algerian flora 
(Rahali et al., 2017). 
In addition, M. deserti, an Algerian endemic 
species, has several applications in traditional 
medicine (Zaabat et al., 2010), as a remedy for 
asthma, diabetes and as a diuretic (Edziri et al., 
2012). 
The parts collected from the selected plants 
(leaves and stems) were air-dried and cleared of 
dust. Then, they were crushed electrically to 
obtain a fine powder. 
The aqueous extraction was made using two 
methods: maceration and infusion. 
As regards maceration, a quantity of plant 
powder was mixed with cold distilled water at a 
ratio of 1/10 (w/v). Each of the two obtained 
solutions was agitated for a few minutes and 
left for 24 h. The solutions were then filtered 
and later diluted with distilled water to obtain 
two doses (10 and 30%). 
For infusion, a quantity of plant powder was 
mixed with warm distilled water at a ratio of 
1/10 (w/v). Each of the two obtained solutions 
was agitated for a few minutes and then left for 
2 h. The solutions were then filtered and later 
diluted with distilled water to obtain two doses 
(5 and 10%). 
The obtained aqueous extracts were kept in the 
refrigerator until use.  

Concerning the essential oils of H. cheirifolia, 
they were obtained using the technique of 
hydro-distillation. Afterwards, the resulted 
solution was diluted using distilled water and 
2% Tween 20, to obtain three doses 1000, 5000 
and 10000 ppm. 
 
Test of aphicidal activity 
The test of the toxicity effect was performed 
under laboratory conditions. Adults of the black 
bean aphid Aphis fabae were selected as target 
pests. 
Toxicity tests are focused in the treated insect 
mortality counting after a period of time from 
the beginning of the experiment. Treatment can 
be applied with different manner, including 
contact toxicity (Chaieb, 2011). 
A total of 39 Petri dishes were prepared with 
three repetitions for each treatment. 13 
treatments were tested: four by infusion, four 
obtained by maceration, three of essential oils, 
one with distilled water (control 1) and one 
with distilled water and Tween 20 (control 2). 
Each Petri dish contains one faba bean leaflet, 
imbibed with the corresponding treatment. 
Then, ten adults were placed on the treated 
leaflet. Dead aphids were counted 3, 6 and 24 h 
after the artificial infestation for each dish. 
The corrected percentage of mortality was then 
calculated basing on Abott formula (1925): 
Corrected mortality rate = [(Tmp - Cmp)/             
(100 - Cmp)] × 100 
Knowing that: 
Tmp: Treatment mortality percentage; 
Cmp: Control mortality percentage.  
 
Test of repellency 
The repellent effect of essential oils and 
aqueous extracts (obtained by maceration and 
infusion) on the aphids A. fabae was evaluated 
using a standard method. The Petri dishes were 
divided into two equal areas: one occupied by a 
treated faba bean leaflet and the other by a 
control (treated either by distilled water for 
aqueous extracts or by distilled water and 
Tween 20 for essential oils). 
Ten aphids were placed in the center of each 
dish. The procedure is repeated three times for 
each of five examined treatments. After 3, 6 
and 24 hours, the number of insects present on 
each part was noted, and then the percentage of 



11

 
repellency (PR) for each treatment was 
calculated as follow: 
PR = [(NC - NT) / (NC + NT)] × 100 (Singh et 

al., 2012) 
Where:  
NC represents the number of aphids oriented 
towards the control; 
NT represents the number of aphids oriented 
towards the treated leaflet. 
 
Statistical analysis 
Analysis of variance (ANOVA) combined with 
a Student-Newman-Keuls test were performed, 
using the 10th version of SPSS software, to 
compare the corrected percentage of 
mortalities.  
 
RESULTS AND DISCUSSIONS 
 
Concerning the test of aphicidal activity, the 
ANOVA analysis revealed a significant 
difference between aqueous extracts during the 
inspection after 6 hours only (P = 0.024); 
whereas after 3 and 24 h, there were no 
significant differences (P = 0.084 and 0.064, 
respectively).  
In general, the aqueous treatments caused weak 
mortality rates, which did not exceed 30% 
(Figure 1). Similarly, previous studies revealed 
a low insecticidal activity of the aqueous 
extracts from M. vulgare (Lebbal et al., 2018a), 
Artemisia herba-alba, Myrtus communis and 
Ruta montana against A. fabae (Lebbal et al., 
2018b). 
 

 
Figure 1. Corrected mortality rate of aphids  

on different aqueous treatments 
(HM: H. cheirifolia by maceration; HI: H. cheirifolia by infusion;  

MM: M. deserti by maceration; MI: M. deserti by infusion) 

However, there were highly significant 
differences of aphid mortality between the 
different concentrations of the essential oils of 
H. cheirifolia (P = 0.000), where the most 
efficient was 10000 ppm (Table 1). Likewise, 
Oulebsir-Mohandkaci et al. (2015) mentioned 
that essential oils of Eucalyptus globulus 
proved very toxic towards green peach aphid 
Myzus persicae (Sulzer) either by contact or by 
inhalation. 
 

Table 1. Corrected mortality percentages of aphids on 
different essential oil treatments 

Treatments 3 H 6 H 24 H 
Essential oils H. 
cheirifolia 10000 ppm 

76.67 c 96.67 c 78,47 b 

Essential oils H. 
cheirifolia 5000 ppm 

46.67 b 66.67 b 78,47 b 

Essential oils H. 
cheirifolia 1000 ppm 

00 a 06.67 a -13,69 a 

Signification  0.000* 0.000* 0.000* 
*Significant at P < 0.05 
 
Plants are very rich in allelochemical 
molecules, of structural diversity, reacting as a 
bio-insecticide according to various 
mechanisms (Bourmita et al., 2013). For 
instance, the results of aphicidal bioassay 
against Aphis citricola (van der Goot) aphids 
showed that some compounds, particularly N-
Allylnorgalanthamine (alkaloids), exhibited 
considerable aphicidal activity (Yan et al., 
2018).  
Botanical insecticides are generally complex 
mixtures of several, often closely related 
secondary metabolites that may or may not 
have an important role in the toxicity of the 
mixture (Miresmailli & Isman, 2014).  
Segueni et al. (2017) indicated that GC-MS 
analysis of H. cheirifolia oil has resulted in the 
identification of 62 compounds representing 
78.29% of the total oil, where the compounds 
belonging to the class of monoterpenoids and 
sesquiterpenoids represented 33.64% of the 
total identified compounds.  
Previous studies have noticed a correlation 
between insecticidal activity against different 
insects and monoterpenoids (Lee et al., 1997; 
Papachristos et al., 2004) or sesquiterpenoids 
(Collins et al., 2000). 
Nevertheless, it can be assumed that mortality 
was mainly due to the various active molecules 
containing in those oils and of a synergism of 
all compounds (Hakimi et al., 2015). A better 
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understanding of the behavior and bioactivity 
of individual components of botanical 
insecticides coupled with more advanced 
methods of compartmentalization and 
formulation will allow greater degrees of 
control over the availability and activity of 
individual components of complex botanical 
mixtures and, consequently, should enhance the 
efficacy of botanical insecticides (Miresmailli 
& Isman, 2014).  
On the other hand, the results revealed that 
after 24 hours, the essential oils of                            
H. cheirifolia with a concentration of 10000 
ppm and the extracts obtained by maceration of 
the two plants had a repellency rate superior 
than 73% (Table 2). In the same way, Oulebsir-
Mohandkaci et al. (2015) found that 
percentages of repulsion against green peach 
aphid vary between 37.59% and 63% for the 
essential oils of thyme, and 50 to 72.4% for 
those of eucalyptus after three hours. Besides, 
rosemary oil was shown to have a repellency 
effect against aphids and repelled them even in 
the presence of host plant odor (Hori & 
Komatsu, 1997). 
 
Table 2. Percentage of repellency (PR) of different plant 

extracts against black bean aphids 

Treatments Time of 
count (H) 

PR (%) 

Essential oils  
H. cheirifolia 10000 ppm 

3 
6 

24 

53.3 
66.7 
80 

H. cheirifolia 30% by 
maceration 

3 
6 

24 

60 
66.7 
73.3 

H. cheirifolia 10%  
by infusion 

3 
6 

24 

33.3 
20 

26.7 
M. deserti 30%  
by maceration 

3 
6 

24 

73.3 
80 
80 

M. deserti 10%  
by infusion 

3 
6 

24 

13.3 
6.7 

13.3 
 
The extracts obtained by infusion showed a 
very weak repulsive effect comparatively to 
those obtained by maceration. For the same 
plant species, the efficiency of extracts may 
differ depending on the extraction method and 
the organ used. For example, entrainment 
extracts from uninfested Prunus padus L. had 
no effect on emigrants in the olfactometer, 
whereas those from twigs infested with 

nymphal emigrants were repellent against bird 
cherry–oat aphid, Rhopalosiphum padi 
(Linnaeus, 1758) (Glinwood & Pettersson, 
2000). The repellency effectiveness of the 
examined extracts may be attributed to their 
composition, including their contents in 
terpenoids. Schultz et al. (2004) mentioned that 
the mature leaf essential oil samples of Nepta 
cataria L. (Lamiaceae) exhibited significant 
repellency to German cockroaches, Blattella 
germanica L., and nepetalactone (a terpenoid) 
was the major constituent of catnip essential 
oil. 
 
CONCLUSIONS  
 
Our results suggest that the extract of the 
essential oils extracted from H. cheirifolia may 
be a potential alternative to chemical 
insecticides. They expressed aphicidal and 
repulsive effects. It would be interesting to 
carry out more investigations on this plant by 
identifying molecules responsible for these 
activities and by testing these essential oils in 
natural conditions.  
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Abstract 
 
Cypripedium genus is represented by 59 species and nothospecies (species of hybrid origin), mainly distributed across 
North, Central and South America, Europe and Asia, but absent from Madagascar and Australia. The most important 
characteristic of this genus is their showy and large labellum, which transformed into the specific slipper-shaped, 
vividly coloured, inflated pouch. In Romania, the genus is represented by one species only, Cypripedium calceolus. The 
article contains the first description of a newly discovered population in Prahova County, as well as a complete 
illustration of a Cypripedium calceolus flower pollinated by a female bee of the Lasioglossum genus. The flowers are 
passive traps pollinated by bees of particular type and size. The article describes in detail different mimicry (deceit) 
pollination strategies employed by the orchid in order to exploit its insect pollinators (generalized food deception 
mimicry, shelter mimicry, nest/brood-site mimicry, rendezvous attraction). Using advanced techniques of ultra-macro 
photography, details of floral organs are illustrated in order to describe in great detail the intriguing deceptive 
pollination mechanisms and mimicry strategies employed by the Slipper Orchids to attract their highly specific and 
rather scarce pollinating insects. Along with the detailed description and illustration of the common single-flowered 
plants, we also describe rare Cypripedium calceolus f. biflorum plants in Prahova County and present for the first time 
in Romania, a unique Cypripedium calceolus var. citrina individual, found in 2019, in Suceava County. 
 
Key words: Cypripedium calceolus, Prahova, pollination, Lasioglossum, conservation.  
 
INTRODUCTION 
  
Orchidaceae Juss. is the second largest family of 
flowering plants or Angiosperms/Angiospermae 
Lindl., 1830 (the major family is the 
Compositae or the Asteraceae Brecht. & J. Presl, 
2017, with 36,701 accepted species). Plant 
databases describe 899 orchid genera, 
comprising between 28,000 and 35,000 species 
of orchids (Dressler, 1993). In Romania, the 
family covers three subfamilies, 
Cypripedioideae Kostel., 1831, Orchidoideae 
Lindl., 1826 and Epidendroideae Lindl., 1821. 
Cypripedium calceolus L. is the type species of 
the subfamily Cypripedioideae Kostel., 1831, 
synonym of Cypripedioideae Garay, 1960, tribe 
Cypripedieae Lindl., 1826, subtribe 
Cypripediinae (Lindl.) Meisn., 1842, genus 
Cypripedium L. 1753, section Cypripedium, 

subsection Cypripedium. Cypripedioideae is a 
monophyletic family (composed of organisms 
descended from a single ancestor) and consists 
of five genera: Cypripedium, Mexipedium, 
Paphiopedilum, Phragmipedium and 
Selenipedium, widely distributed throughout 
the temperate regions of Eurasia and North 
America, also in Central and South America 
(all the way to Southern Brazil and Bolivia), 
tropical Asia (from India to Taiwan), South-
east Asia (from Indo-China to the Philippines, 
New Guinea and the Solomon Islands) (Cribb, 
in Pridgeon et al., 2009). The subfamily has no 
representatives in Madagascar and Australia. 
Cypripedioideae can be found from the sea 
level, up to the highest mountain peaks, as 
some species of Cypripedium himalaicum 
Rolfe and Cypripedium tibeticum King ex 
Rolfe) have been reported to grow up to 4900 
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m a.s.l., in the Himalayas (Maity et al., 2002). 
In Europe, Cypripedioideae subfamily is 
represented by one genus only, the 
Cypripedium L. genus. Cypripedium L. genus 
is represented by 59 species and nothospecies 
(species of hybrid origin), mainly distributed 
across North and Central America (Guatemala 
and Honduras), Europe and temperate Asia 
(Russia, Siberia, China - the Himalayas, 
Mongolia, Korea, Myanmar and Japan), Sakhalin 
and Aleutian Islands (Cribb, in Pridgeon et al., 
2009). In Romania, the genus is represented by 
one species only, Cypripedium calceolus L.  
The aims of the present study are: (1) to describe 
in detail the main morphological characteristics 
of a newly found population of Cypripedium 
calceolus in Prahova County, by using advanced 
techniques of ultra-macro photography; (2) to 
explore the intriguing deceptive pollination 
mechanisms and mimicry strategies employed by 
this orchid to attract its highly specific pollinating 
insects; (3) to summarize its conservation status 
and (4) identify the main threats it faces in 
Romania, (5) suggesting conservation strategy 
measures to ensure the future protection of this 
species. 
 
MATERIALS AND METHODS 
 
1. Study species: Cypripedium calceolus found 
in Prahova County is the object of this study.  
2. Morphometric/biometric analyses: In order 
to describe this newly found population as 
comprehensive as possible, a number of 
morphological characters were taken in 
consideration and morphometrically analysed. 
Prahova County population was compared to a 
control population found in Harghita County. 
3. Study sites and populations counts: Studies 
were conducted in three sub-alpine sites on wet to 
dry, calcareous substrates: (a) Valea Rea - Sinaia, 
Baiu Mountains, Prahova County; altitude 700-
1000 m a.s.l.; deciduous woodland; 40-45 
individuals (De Angelli & Anghelescu, 2020); (b) 
Depresiunea și Munții Ciucului, Natura 2000 
protected area, code: ROSPA0034, Harghita and 
Bacău Counties; altitude 600-1100 m a.s.l.; pine-
beech forests; 150-200 individuals (Anghelescu 
et al., 2021b); (c) Rodnei Mountains National 
Park (national park and protected area, category 
II IUCN), code: RO02 (EUNIS), Bistrița Năsăud 
and Maramureș Counties; altitude 630-990 m 

a.s.l.; mixed (coniferous, deciduous) woodland, 
meadows; several hundred individuals. 
4. Pollination monitoring: Monitoring was 
made for a total of 8.5 hours in 2017 and 2018, 
in Prahova County, 2.3 hours in 2019, in 
Suceava County and 4.5 hours in 2021, in 
Harghita County. The observer (NA) was 
initially located approximately 2-3 m above the 
subjects (groups or individual plants). Once the 
insects were observed to have entered the 
labellum, the observer (NA) approached the 
flowers to a distance of about 1-10 cm. The 
behaviour of visitors was recorded on digital 
photographs, from the moment they entered the 
labella, until they left the flowers. No insects or 
plants were collected or harmed in any way. 
5. Digital photographic equipment: Individual 
plants were photographed with body cameras: 
Canon 5D Mark III, Nikon D3 and Nikon 
D850. lenses: Nikon Micro NIKKOR 60 mm, 
Venus Optics Laowa 100 mm 2X Ultra Macro 
and Canon MP-E 65 mm 1-5x Macro Lens. 
Additional equipment: Manfrotto Tripod, Litra 
Torches 2.0s. Adapted Helion FB tube was 
used for Automated Focus Bracketing. Images 
were analysed using Adobe Photoshop CC 
2021, Helicon Focus and Zerene Stacker 
Software. 
 
RESULTS 
 
1. Type: Cypripedium calceolus is a long-lived 
herbaceous, terrestrial, perennial, geophyte. It 
is considered one of the most attractive 
terrestrial species of orchids in Eurasia. 
2. Geographic range: Cypripedium calceolus 
can be found in northern England and 
Scandinavia, eastern France, Northeast Spain, 
Germany, Northern Italy and Eastern Europe 
eastwards to European Russia, all the way to 
Primorye Region and Sakhalin Island, and from 
Crimeea to Siberia, Mongolia, Northeast China, 
Korea and Japan’s Rebun Island (Averyanov, 
2000). A small population of about forty 
Cypripedium calceolus individuals has been 
recently found to occur in an isolated area in 
Algeria (Nemer et al., 2019). This species is 
totally absent in the evergreen, warm and 
humid Mediterranean zone (Terschuren, 1999). 
3. Binomial name: The official, accepted name 
of this species was published in 1753, by the 
Swedish botanist Carl Linnaeus/Carl von Linné 
(1707-1778), author abbreviated as ‘L.’. 
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Figure 1. Cypripedium calceolus L. f. biflorum Rouy 
1912 occurring within Prahova County population; note 
the fine trichomes and the bifid/bidentate synsepalum  

© NA 
 

 

 

Figure 2. Cypripedium calceolus - Schematic explanation 
of the perianth morphology; the leaves and bract are 
covered in glandular hairs - trichomes, which secrete 
cipripedin, a quinone that causes allergic reactions 

(dermatitis) © NA 

 

Figure 3. The unique individual, Cypripedium calceolus 
L. var. citrina B. Hergt, 1899 found Suceava county  

© NA 
 

 

 

Figure 4. Flower detail - the flowers appear entirely 
yellow, totally missing the anthocyanins (red-purple 
pigments). The hover flies of the family Muscidae 

Latreille, 1802 hoover the oily exudates on the shiny 
surface of the labellum, attracted by the fruity smell of 

the flower © NA 
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4. Etymology: The generic name, 
Cypripedium, has its origins in Greek 
mythology in the words Kýpros (Cyprus), 
which refers to the other name of Aphrodite, 
the Cyprian (she was born in Cyprus), and 
pédilon (pedium in Latin), which means slipper 
or open shoe, a reference to her small slipper, 
hence the vernacular names of this genus, the 
Slipper Orchids  or the Lady’s Slipper Orchids. 
The specific epithet, calceolus, also has its 
origins in Ancient Greek, meaning a small 
pebble or calcar, thus referring to the 
calcareous soils where this species usually 
occurs. 
5. Morphology. Stem: In orchids, no primary 
root is formed. The underground organs as 
well as the aerial organs are all produced by 
the different parts of the stem. Hypogeal stem: 
The underground part of the stem forms a long, 
branchy and thick, horizontal rhizome. 
Adventitious roots: The rhizome produces 
adventitious roots, some covered in root hairs 
or rhizoids. They originate either from the 
axillary buds of the scale leaves, or directly 
from the main stem (axis) of the rhizome, 
developing just below a node. From the 
terminal buds of the branchy rhizome, the 
aerial organs, the leaves and the aerial 
(epigeal) part of the stem emerge. Epigeal 
stem: The flowering stem is slender and tall, 
glandular-pubescent. Basal leaves: 3-5 
yellowish-brown scaly sheaths emerge 
basally. Cauline leaves:  3-5 vivid-green, 
alternate or spirally oriented, widely 
elliptical, more or less densely coarsely 
hairy and glandular, acuminate leaves are 
formed. They grow along the length of the 
stem, sheathing it. Flower bracts: Large, erect 
and leaf-like, lanceolate to ovate, glandular, 
acuminate, usually longer than the ovaries and 
shorter than the flowers. Trichomes: Dense 
glandular hairs, which cover the stem, leaves, 
bracts and perianth parts (Figure 1). 
Inflorescence: It is usually a large, single-
flowered raceme. Occasionally, some plants 
may produce 2-3 flowers. Individual flower: It 
is the largest flower in all European genera, 
very brightly coloured and extremely attractive 
(Figure 2). The Perianth: It consists of 
two whorls of 3 sepals (2 lateral & 1 median) 
and 3 petals (2 lateral & 1 median - the 
labellum). Sepals: They are crimson-red, 

elongated, oval-lanceolate and sinuate (slightly 
twisted). The lateral sepals are fused and form a 
synsepalum with a forked-tip (bidentate), rarely 
entire (Averyanov, 2000), which hangs 
downward, below the labellum. The median 
(dorsal) sepal is broad, lanceolate, either erect 
or bent slightly forward over the central 
opening of the labellum. The margins of the 
sepals are pubescent, with longer hairs at the 
base and shorter, denser hairs (trichomes) 
toward the tips. Petals: The two lateral petals 
are usually similarly coloured, crimson-red or 
dark brown. They are ribbon-like, occasionally 
slightly spirally twisted toward apex, linear-
lanceolate and held horizontally, more or less 
densely hairy/downy basally (trichomes).  
Labellum: The median, modified petal is 
bright-yellow, ovoid and large, very attractive. 
It has the characteristic shape of a pouch or 
shoe, filled with air. The high contrast between 
the brownish perianth and the golden labellum 
enhances the attractiveness of the flowers. On 
the top of the pouch, there is an oval exit-like, 
termed as the central opening, with its 
margins/rim turned inward and covered in a 
slippery substance. At the base of the opening, 
there are two lateral (auriculate) openings, 
which are formed on each side of the 
gynostemium (Figure 5). The inner walls of the 
labellum are lined with long, translucent 
trichomes, pointing toward the two lateral 
openings. Their basal, epidermal cells contain 
anthocyanins and are red or purple-pigmented, 
mimicking drops of reddish nectar scattered on 
the bottom of the pouch. The trichomes secrete 
little drops of oil, but are not usually chewed or 
eaten by the insects (Figure 6). However, 
Stoutamire (1967) reported chewed hairs. 
Laterally, the labellum walls present 
translucent patches termed windows, which 
play an important role in insect pollination 
(Figure 7). They are composed of colourless, 
transparent epidermal cells, that lack both 
pigmentation and intracellular spaces 
(Claessens & Kleynen, 2011). These are 
designed to allow sufficient light into the pouch 
to keep the trapped, diurnal insect active long 
enough to emerge from the pouch (Figure 8). 
Without the light from the windows, the 
trapped insect would likely go to sleep and 
perhaps die without escaping. Spur: No spur is 
present. Nectar: No nectar is secreted.  Scent: 
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The flowers emit a soft, rose-like or fruity, 
orange-like perfume, depending on the soil 
composition. It has been shown that only the 
sepals and lateral petals are the main sources of 
scent production.  
 

 
Figure 5. Schematic explanation of the reproductive 
organs, situated below the staminodium, flanking the 

lateral openings if the labellum © NA 
 

 
 

Figure 6. Detail of the translucent, oil secreting 
trichomes that cover the inner surface of the labellum. 

Note the purple-red pigmented basal epidermal cells that 
mimic drops of nectar and the individual pollen grains  

© NA 
 
The labellum emits a very weak chemical 
stimulation. Analyses of the floral fragrance 
showed that the volatile compounds contain 
large quantities of acetate (dodecyl acetate), 
chemical compounds that are also found in 
pheromones used by many bees and 
bumblebees (Tengö & Bergström, 1977). 

The Gynostemium: The gynostemium is 
yellowish-green, thick, three-lobed with a short 
base. It is formed by the partial fusion of the 
androecium (male) and gynoecium (female).  
 

 
Figure 7. Detail of the translucent, lateral windows that 
allow the light to penetrate the inside of the labellum. 
Note the prominent venation of the thin, labellar walls  

© NA 
 

 
 

Figure 8. Detail of a window composed of a thin layer of 
unpigmented epidermal cells. The transparent patches 

help orientate the insects towards the lateral openings, a 
phenomenon known as phototaxis. © NA 

 
Androecium: Is represented by two fertile 
stamens, making Cypripedium calceolus the 
only diandrous orchid of the Dinadrae, the 
other name given to the Cypripedioideae 
family. The stamens are placed laterally to the 
gynostemium, on two side lobes. Anthers: 
Each stamen carries a fertile anther. The 
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stamen filaments extend beyond the anther, 
forming a thorn-like acute termination. The 
anthers block the small, side openings found at 
the base of the labellum, laterally to the stigma. 
Pollen grains: The anthers produce the sticky 
or agglutinated, individual (free) pollen grains, 
called monads, held together within the anther 
by a sticky fluid called elastoviscin (Pacini & 
Hesse, 2002).  
  

       

Figure 9. Detail of the 
unique staminodium. 

It is tongue-shaped and 
points towards the 

inside of the labellum.  
It is marked with red 

patched of cells  
© NA 

Figure 10. Detail of a rare, 
unpigmented, totally white 

staminodium. As a rule, 
staminodia vary 

significantly in the amount 
of pigmentation, which 

makes them more 
attractive to pollinators  

© NA 

 
 

Figure 11. Close-up of the red pigmented epidermal 
patches that present stomata, in the staminodium groove 

© NA 
 
Staminode: It resulted from the transformation 
of the third, degenerated, non-fertile anther, 
being placed on top of the gynostemium. It is 
yellowish-white, large, elongated, tongue-
shaped (petaloid), oblong-ovate, presenting a 
central ridge, rounded at apex, with a wide, 
often thick base, borne on a short stalk 
(Figures 9-10). It has a bright, whitish-
yellowish colour and is adorned with patched of 

pigmented epidermal cells that form a pattern of 
crimson-red spots and stripes that function as 
false nectar-guides (Figure 11).  
On the adaxial (upper) side it presents many 
stomata inside the groove (Szlachetko et al., 
2020). It is very slippery, tongue-like and 
points downwards toward the central opening 
of the labellum. 
Gynoecium: The structure of the gynoecium is 
unlike any other European orchid. Stigma: Is 
located below the anthers and formed on a short 
pedicel (termed pedicellate) slightly curving 
downwards, tongue-shaped (Figure 12). 
 

 
Figure 12. Detail of the two fertile anthers and the 

stigmatic, concave, heavily papillate surface © NA 
 

 
 

Figure 13. Clos-up of the conical, glandular papillae with 
their bases emerged in papillary, viscous exudate © NA 
 
It is large, triangular, three-lobed, with a 
significantly larger middle lobe with a rounded 
apex, concave in the centre. In contrast to all 
other European orchids, Cypripedium calceolus 
has a dry stigma, which is not soaking in 
stigmatic fluid. On its surface, however, there 
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are minuscule, oblique, conical papillae that 
point downwards and backwards, surrounded 
by small amounts of viscous glandular/papillate 
exudate, which brush the pollen grains from the 
insects’ backs (Figure 13). Ovary: Is green, 
slender, downy (covered in very fine hairs) and 
has a straight, shorth and thick pedicel. It is 
unilocular with parietal placentation 
(Szlachetko et al., 2020), slightly curved, but 
not twisted (Figure 18). 
6. Morphomeric/biomeric analyses: All 
morphological measurements were undertaken 
in the field, between 2017-2021. In total, 18 
morphological characters were measured 
directly. Morphological characters used for 
analysis included most of the characters used 
previously in Shirokov (2020). The quantitative 
measurements encompass all organs except the 
hypogeal parts of the stem (rhizome) (Table 1). 
 

Table 1. Average values of the main morphometric 
characters of Cypripedium calceolus individuals in 

Prahova and Harghita Counties; the unique individual 
Cypripedium calceolus var. citrina was analysed in 

Suceava County.  Note: all measurements were done in 
centimetres (cm) unless otherwise stated 

Morphological 
character 

C. calceolus 
Prahova 

C. calceolus 
Harghita 

C. citrina 
Suceava 

Shoot height 21.8-55.5 (72.2) 22.3-58.7 (74.5) 22.2 
Leaf length 12.25-16.5 (18.4) 12.5-17.2 (18.6) 7.8-11.3 
Leaf width 6.9-9.8 (12) 6.8-10.1 (13.1) 4.2-5.7 
Bract length  2.3-5.2 (6.2) 2.4-5.4 (6.7) 5.1 
Bract width  1.7-2.7 (3.1) 1.7-2.9 (3.7) 2.8 
Flower height  3.8-6.6 (8.6) 3.8-6.8 (8.9) 5.3 
Flower width  3.8-5.5 (6.6) 3.9-6.2 (6.7) 3.2 
Dorsal sepal 
length 

3.5-4.8 (5.7) 3.5-5.1 (6.4) 3.9 

Dorsal sepal 
width 

1.4-1.5 (1.8) 1.4-1.6 (1.9) 2.3 

Synsepalum 
length 

3.4-4.7 (5.3) 3.4-4.9 (5.4) 2.4 

Synsepalum 
width 

1.4-1.6 (1.8) 1.4-1.8 (1.9) 1.9 

Lateral petal 
length  

4.1-5.8 (7.1) 4.0-5.8 (7.8) 3.7 

Lateral petal 
width  

1.3-2.6 (2.9) 1.4-2.7 (3.0) 1.1 

Labellum length 2.4-4.2 (5.1) 2.3-4.7 (5.8) 2.8 
Labellum width 1.5-2.4 (3.2) 1.5-2.8 (3.4) 1.9 
Staminode length 0.4-1.2 (1.8) 0.3-1.4 (1.8) 0.5 
Staminode width 0.3-0.9 (1.1) 0.3-0.9 (1.3) 0.3 
Diameter of lip 
orifice 

1.2-2.1 (2.6) 1.2-2.3 (2.8) 0.7 

7. Chromosome numbers: 2n = 20, 22. 
8. Flowering time: May-July, depending on 
the altitude. The flowers’ longevity is 
estimated between 11-17 days, a considerable 

long time for a temperate orchid (Savina, 
1964). 
9. Pollination: (a) Compatibility: 
Cypripedium calceolus is a self-compatible 
species. (b) Type of pollination - Allogamy: 
In the wild, Cypripedium calceolus is an 
exclusively allogamous, entomophilous 
species, which depends entirely on insect 
pollinators for seminal reproduction (fruit set 
and seed production). (c) Insect behaviour: 
Five anthophilous insect species were recorded 
as flower visitors but most of them only 
alighted or rested on the flower. It has been 
shown that the bees belonging to Halictidae and 
Andrenidae families are the sole pollinators of 
some Cypripedium orchids. In Romania, only 
bees belonging to the genus Lasioglossum 
Curtis, 1833 (Family Halictidae) were found 
entering the labellum and subsequently 
escaping from the lateral openings, covered in a 
smear of sticky pollen grains. The average time 
spent inside the labellum was 1-3 min. (d) 
Deceptive pollination mechanisms and 
mimicry strategies: Cypripedium calceolus 
does not produce any rewards for the 
pollinating insects (edible nectar or pollen), 
hence its pollination mechanisms are based 
exclusively on mimicry and deceit strategies. 
Nilsson (1979) noticed that Lasioglossum bees 
became visually attracted (visual stimulation) 
from afar by the bright yellow labellum and by 
the patterns of the contrasting crimson-red 
spots that function as false nectar guides, 
mimicking the presence of food (nectar) - this 
type of pollination strategy is termed 
generalised food deception mimicry (Figure 
14). At short distance, the approaching bees 
start to show an undulating flight, caused by the 
olfactory attractant (olfactory stimulation), the 
fruity scent of the flower, which contains 
acetates. Both Lasioglossum males and females 
secrete acetates in order to attract each other 
and mate (Przybyłowicz, 2012). It is supposed 
that Cypripedium calceolus flowers partially 
mimic the male pheromones and deceive the 
females to land on the labellum, by the promise 
of finding suitable mating partners - this type of 
pollination strategy is termed rendezvous 
attraction, a precursor of sexual deceptive 
mimicry found in genus Ophrys (Anghelescu et 
al., 2021a).  
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Figure 14. A Holarctic species of hoverfly Cheilosia 
scutellata (Fallen, 1817) (Family Syrphidae Latreille, 

1802), just landed on the slippery labellum, trying 
hard to get a grip on its slippery surface, before 

plunging inside the pouch © NA 
 
Once landed, the insects loose grip of the 
extremely slippery, greasy, oily surface of the 
labellum and plunge straight into the golden 
pouch, which functions as a passive trap - this 
type of pollination strategy is termed a passive 
trap mimicry (Figure 15).  
 

 
Figure 15. A female bee belonging to the genus 
Lasioglossum Curtis, 1833 (Family Halictidae 

Thomson, 1869), which just fell inside the labellum. 
After a few moments of confusion, the bee will 
eventually find its way out of the pouch © NA 

 

After failing to find any nectar, they try to 
climb the walls of the labellum (impossible due 
to the inward turned rims/margins) or attempt 
to open their wings (impossible due to the lack 
of space).  
The inner surface is oily and marked with red 
blotches and deep veins, which mimic a brood-
site cavity (marked with nest tunnels or veins), 
thus inducing some females to search for a 
suitable brood-site. This type of pollination 
strategy is termed brood-site mimicry (Nilsson 
1979; Li et al., 2006). The same phenomenon 
was observed in China’s Sichuan Province 
where queen bumblebees searching for nest 
sites enter the labellum of Cypripedium 
tibeticum that mimic the dark entrance of a 
mouse hole, a common nest site for bees (Li et 
al., 2006). The oily hairs give the insects a 
good grip and serve as guides, facilitating their 
forward movement towards the two auricular, 
lateral openings. The translucent windows play 
an important part in guiding the female bees 
that instinctively follow the brighter patches of 
light that get larger near the anthers, a 
phenomenon called phototaxis. Insects of the 
right size (medium size) manage to climb the 
ladder of hairs and force their way through the 
narrow posterior openings, thereby touching 
the orchid’s anthers. Pollen grains embedded in 
elastoviscin are deposited on the insect’s body 
(thorax) (Figure 16). During a successive visit, 
after falling again inside another one-way 
passage trap, the sticky pollen grains will be 
scraped off by the downward pointing papillae 
of the dry stigma, successfully accomplishing 
the orchid’s pollination. In some cases, various 
species of bees transform this passive trap into 
a warm, night-time shelter. During periods of 
rainy weather or cold nights, the ambient 
temperature inside the pouch may exceed the 
outside temperature by up to 30C during the 
early morning hours, so bees may use them as a 
sleeping or resting place - this type of 
pollination strategy is termed shelter mimicry. 
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Figure 16. The pollination sequence of a Cypripedium calceolus flower by a solitary female bee belonging to the genus 
Lasioglossum. Climbing the ladder of oily trichomes and following the light guidance of the transparent labellar 
windows, the bee reaches one of the two lateral openings and squeezes its medium-sized body through. In the process 
its thorax gets smeared with a layer of sticky pollen grains (monads). In Romania, this is the first complete description 
and illustration of a Cypripedium calceolus flower being pollinated by a female bee of the genus Lasioglossum. © NA 
 
10. Orchid mimics - Active camouflage 
Despite the wide variety of mechanisms of 
deception displayed by the Slipper Orchids to 
attract and exploit their pollinators, it comes a  
time, when, orchids, in turn, may be exploited 
by other, very clever masters of mimicry: the 
goldenrod crab spiders, Misumena vatia 
(Clerck, 1757), (Family Thomisidae Sundevall, 
1833). The young females, which temporary 
reside the orchid’s flowers, are able to change 
and adapt their colour at will, a phenomenon 
termed as active camouflage.  
These spiders change colour based on visual 
cues and spiders with impaired vision lose this 
ability (Insausti, 2012).  
The standard colour of this spider is white. 
However, when they find a suitable yellow 
residence, they start secreting a liquid, yellow 
pigment into the body's outer cell layer, a 
process that requires 10-25 days to complete.  
Thus, during the flowering period, when 
Cypripedium flowers are in full bloom and the 
bright golden pouches shine in the sun, the 
witty females become completely yellow 
(Figure 17).  
Perfectly camouflaged from visual detection 
and with no need of a web (Misumena are 
webless spiders), they prey on any naïve insect 
that lands on the deceiving, golden trap 
(Chittka, 2001). 

 
 

Figure 17. The perfect golden mimic, Misumena vatia 
uses the yellow labellum to hunt small insects. They are 

also known as crab spiders because of their unique 
ability to walk sideways as well as forwards and 

backwards. They use the venom from their fangs to 
immobilize their prey, although they are harmless to 

humans © NA 
 
11. Mycorrhizal associates and nutrition: 
During its adult stages, Cypripedium calceolus 
develops numerous green leaves and uses 
photosynthesis to produce most of its necessary 
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carbohydrates, becoming partially to fully 
autotrophic. In the same time, similar to other 
green-leaved species, this orchid is likely to 
obtain some of its carbohydrates from an 
external source, heteroterotrophically, using a 
dual strategy that combines photo-assimilation 
and myco-heterotrophy, simultaneously or over 
time. This combined form of nutrition has been 
termed mixotrophy. Its adventitious roots and 
rhizoids are strongly colonised by mycorrhizal  
hyphae of the Tulasnellaceae family, for which 
this orchid presents a rather high specificity 
(Rasmussen, 1995). Recent studies also showed 
that Cypripedium calceolus is occasionally 
associated with other four species of 
saprotrophic fungi belonging to Rhizoctonia 
genus (Gebauer et al., 2016). These fungi 
species are mainly wood-rotting saprotrophs, 
which feed on decomposing dead organic 
matter, but some are ectomycorrhizae that 
simultaneously form ectomycorrhizal 
associations with the neighbouring trees, 
mainly oak (Quercus robur L.) and beech 
(Fagus L.) and other photosynthetic plants, 
from which they derive their carbohydrates and 
ultimately pass them to the orchid. In exchange, 
the ectomycorrhizal fungi pass water and 
minerals to the trees. The capacity of switching 
between fungal partners, i.e., from Tulasnella 
(fungi which form ectomycorrhizal 
associations with the neighbouring trees) to 
Rhizoctonia (saprotrophs) seems to be 
necessary for orchids growing under low light 
conditions that need to secure most efficiently 
their carbohydrate supplies. 
12. Fruit: It is a single, elongated, ovoid, erect, 
pod. Fruit set varies from year to year, greatly 
depending on the presence of the pollinators 
and on the exposure to sunlight. In sunnier 
locations, the fruit set may be four times higher 
than in the less exposed ones. In average is 
between 15.2% (Kull, 1998) (Figure 18). 
13. Seed: The seeds usually mature by July-
August. They are numerous, minute, dust-like, 
wind-dispersed (Figure 19). The average seed 
size is 0.94 ± 0.29 millimetres in length and 0.2 
± 0.03 millimetres in width. The average 
number of naturally pollinated seeds per 
capsule is 1435 (Arditti & Ghani, 2000).   
14. Growth cycle: Cypripedium calceolus is 
thought to be a particularly slow-growing plant, 
taking between 6-10 years (Rasmussen, 1995), 

12 years (Kull, 1999) or even 16 years 
(Terschuren, 1999) of growth before it actually 
produces the first flower.  
 

  
 

Figure 18. Detail of the fruit 
pod. It is elongated, green, 
untwisted, presenting three 

longitudinal ridges, the 
remains of the three carpels 
that fused and formed the 
characteristic syncarpous 

ovary © NA 

Figure 19. Detail of the 
seed capsule. It is dry 
and partially opened 

along the three lines of 
dehiscence, through 

which the seeds will be 
released and windborne 

© NA 
 
Nevertheless, the life expectancy of some 
individuals, after the first appearance above 
ground, can reach an age of about 30-100 years 
with some clumps reaching an average life span 
of 330-350 years (Kull, 1988; Nicolè, 2005), 
more than enough for successional generations 
to occur in the habitat.  
 
DISCUSSIONS 
 
This is the first description of a medium-sized 
population of Cypripedium calceolus that 
occurs in Prahova County. The population was 
discovered by Dan Anghelescu (De Angelli & 
Anghelescu, 2020) approximately 50 years ago, 
during a mountain trip. 

 
However, the location was kept secret and no 
official descriptions were made at the time, 
since it occurs/grows in a vulnerable site, 
which needs to be highly protected, in order to 
preserve the plants. Although, exact and 
detailed records were not periodically kept, 
during the 50 years of monitoring, gradual 
increasing in size and spatial distribution of the 
population were observed. The population kept 
increasing from its initial size of 15-18 
individuals to approximately 40-45 individuals 
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in 2020. Initially, it developed on an area of 
about 10m2, which increased to approximately 
20-30 m2. The area, found at an altitude of 700-
1000 m a.s.l., is characterized by varied light 
conditions and surrounded by Fagus sylvatica 
and Acer pseudoplatanus. In the same area 
various other alpine species may be found, such 
as Allium ursinum, Galanthus nivalis, Anemone 
nemorosa, Helleborus purpurascens, 
Dryopteris filix-mas, Isopyrum thalictroides, 
Ranunculus serpens subsp. nemorosus, Arnica 
montana. Due to the fact that the location 
remains completely unknown to the public, we 
hope that the Lady Slippers will continue to 
survive undisturbed and increase their numbers 
(close monitoring will be performed). The only 
threat posed is excessive shading, caused by 
vegetation succession (massive development of 
tree canopy, which, in time, may change the 
light condition and affect orchid’s population 
survival). To date, this is the only Cypripedium 
calceolus population known to occur in 
Prahova County. The population described in 
Harghita County differs in terms of its floral 
community, occurring in a shady area, 
dominated by Pinus sylvestris and Picea abies. 
Other representatives are: Viburnum lantana, 
Euonymus verrucosus, Corylus avellana, 
Vaccinium myrtillus, Aquilegia vulgaris, 
Fragaria vesca, Platantera bifolia. However, it 
should be stressed that the height structure of 
vegetative shoots in Prahova County is almost 
similar to those in Harghita County, although 
those in Harghita proved to be more robust, 
taller and produce a higher share of flowering 
shoots. Lastly, our studies included the rare 
Cypripedium calceolus var. citrina, found in 
Suceava County (Figure 3). The Swiss priest 
and botanist Alphonse Rion (1809-1856) 
named it forma flava, in his Guide du Botaniste 
en Valais (1872). In 1899, the German botanist 
Bernhard Hergt named it variety citrina (var. 
citrina) from the Latin citrus (lemon tree), a 
reference to its uniform, bright yellow colour 
(Figure 4). In citrina plants, the sepals and 
lateral petals totally lack the anthocyanin 
pigments (pH dependent, red-purple pigments) 
and consequently, appear completely yellow, 
similar to the labellum (De Angelli & 
Anghelescu, 2020). In Romania, this is the only 
specimen known to have ever flowered in the 
wild. In the spring of 2020, this unique 

specimen was uprooted and stolen from its 
natural habitat. The thief was never caught by 
the local authorities. This unfortunate story 
brings me to the last part of this article, the 
conservation status and protection measures of 
Cypripedium. 
Conservation status: All orchids are included 
under Appendix II of the Convention on 
International Trade in Endangered Species of 
Wild Fauna and Flora (CITES). In Europe, 
Cypripedium calceolus is also listed on 
Annexex II and IV of the Habitats Directive 
92/43/EEC/1992 and under Appendix II of the 
Convention on the Conservation of European 
Wildlife and Natural Habitats (Bern 
Convention). It is fully protected under 
Schedule 8 of the Wildlife and Countryside Act 
1984 and is listed on Schedule 4 of the 
Conservation Regulations/The Conservation of 
Habitats and Species Regulations 2017 (Bilz et 
al., 2011; Jakubska-Busse et al., 2021). Despite 
having a large distribution area covering most 
of Eurasia, in some parts of Europe many 
populations suffered a significant decline in the 
number of individuals (García et al., 2010), due 
to numerous natural and anthropic threats. 
Nevertheless, most of the populations are stable 
or even increasing in other parts due to 
conservation and protection measures that have 
been implemented. Therefore, this orchid has 
been assessed as a species of Least Concern 
(LC) by the International Union for 
Conservation of Nature (IUCN) Red List of 
Threatened Species 2014. Regardless of the 
apparent reassuring threat status (LC), in 
Europe, Cypripedium calceolus is protected at 
national level in most countries and collection 
of the species is forbidden. Many populations 
are included in Natura 2000 sites and other 
forms of protected areas (Rankou, 2021). 
Cypripedium calceolus has never been recorded 
and thus considered as absent in seven 
countries (Albania, Cyprus, Iceland, Ireland, 
Malta, North Macedonia, Portugal) and it was 
declared extinct in five countries (Belgium, 
Greece, Liechtenstein, Luxemburg, The 
Netherlands). It is classified as Critically 
Endangered (CR), Endangered (EN) or 
Vulnerable (VU) in 22 out of the 35 countries 
of Europe. It is considered as Near Threatened 
(NT) in five countries (Austria, Estonia, 
Finland, Slovak Republic, Norway) or as of 
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Least Concern (LC) in only three European 
countries [Italy, Russia (European part), 
Sweden] (Jakubska-Busse et al., 2021). 
In Romania, Cypripedium calceolus has been 
protected since 1938 by the High Royal Decree 
part I, no. 42 of February 20, 1938, given by 
King Carol II. Today, this species is included in 
Annex No. III, Law no. 462/2001, on the 
regime of protected natural areas, conservation 
of natural habitats, wild flora and fauna. In 
1972, in Flora României were mentioned in 
total of 109 localities of Cypripedium calceolus 
(Săvulescu et al., 1972). However, as expected, 
many habitats have changed over the past 50 
years, either naturally (vegetation succession) 
or due to human intervention. As a 
consequence, in some of the previously 
mentioned locations, the populations were 
absent or found counting much smaller 
numbers of individuals (Pop, 2006; Balázs et 
al., 2016). The European University 
Information Systems (EUNIS) data for 
Romania shows 21 Natura 2000 sites with 
Cypripedium calceolus occurring in only four 
sites located in the lower lands and the rest 
located in the upland regions (Jakubska-Busse 
et al., 2021). However, in the Synthetic report 
concerning the state of conservation of species 
and habits of community interest from 
Romania, the general assessment of the state of 
conservation for Cypripedium calceolus is 
considered favourable with unknown tendency 
(Mihăilescu et al., 2015). 
Nevertheless, despite the accidental destruction 
of some locations, all is not lost. In recent 
years, an increasing number of new sites were 
discovered, most of which were never regis-
tered in the in the EUNIS database or officially 
published in local magazines. Just to give a few 
examples, various new, healthy, medium-sized 
to large populations were newly discovered in 
Prahova, Brașov, Mureș, Argeș, Buzău, 
Covasna, Harghita and Dâmbovița counties, 
either in the wild or on private properties. For 
example, as of 2021, Harghita County is 
counting more than 20 populations of Slipper 
Orchids, some newly discovered. Another exam-
ple may be the newly discovered population of 
Slipper Orchids in Piatra Craiului range, at 
1650-1700 m a.s.l. (20 July 2021, Bordea 
Ionuț, personal communications). The popu-
lations are usually local and isolated, small to 

large in size, counting from 3 to over 100 indi-
viduals in some cases, covering from 4-6 m2 to 
40-100 m2. In most cases, the local people are 
very protective of the orchids and, at times, 
quite reluctant to advertise or register them, in 
order to preserve the plants. Other examples of 
recently registered populations of Cypripedium 
calceolus may be: two populations near Sovata, 
in Mureș county, within Ursu Lake Reservation 
and Sărături Arboretum (Pop, 2006); a small 
population of Cypripedium calceolus in The 
Cheile Şugăului-Munticelu Natural Reserve in 
Neamţ County (Oprea et al., 2007); a new 
population in Piatra Craiului Mountains, in 
Rucăr village area (Marinescu et al., 2012); a 
re-discovered population after more than 80 
years since the last record, in a Natura 2000 site 
named Făgetul Clujului-Valea Morii in Cluj 
County (Balázs et al., 2016) and four medium-
sized populations found within the Natura 2000 
site ROSCI0135 Pădurea Bârnova-Repedea 
(Stoica et al., 2017). Since the newly 
discovered sites of Cypripedium calceolus 
orchids keep adding up each year, a complete 
list of locations will be published in due time, 
in the future. 
Threats: In Romania, as well as in most 
European countries, Cypripedium calceolus 
falls both under natural and anthropogenic 
threats. The most damaging or even lethal 
natural threats are prolonged spring frosts, 
droughts and vegetation succession processes. 
In recent years, it has been common ground, 
due to climate change, to have extended 
winters and experience alternating frost/snow 
periods in late spring or even in early summer, 
mostly in the subalpine or alpine regions where 
this orchid grows. The young shoots, leaves 
and floral stems are usually irreversibly 
damaged by the prolonged periods of frost and, 
in time, the destruction of several individuals 
may be very harmful to the entire populations. 
Drought caused by the lack of rains during 
extended periods of time, during hot and dry 
summers, is very harmful as well, since this 
species prefers constant moderate moisture or 
even wet substrates, for the normal 
development of the young seedlings and adult 
individuals, as well as for the seed germination 
and mycorrhizal associations (Corkhill, 1996). 
In Romania, the most damaging natural factor 
is vegetation succession, by which the 
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competing neighbouring trees, shrubs and other 
herbaceous species overgrow and invade the 
sites, asphyxiating and ultimately killing the 
orchids. It is important to keep in mind that, 
despite its preferences for shady places, it has 
been shown that Cypripedium plants need a 
certain amount of light in order to flower and 
ultimately to survive. In cases where the shade 
increased substantially due to the growth of 
neighbouring trees or vegetation, the plants first 
became etiolated (grew pale due to the partial 
loss of chlorophyll, the photosynthetic 
pigment) and then gradually produced fewer 
flowers and smaller stems. After few more 
years, all the plants disappeared permanently 
from above ground (Rasmussen, 1995). The 
anthropogenic threats include habitat 
destruction, agriculture, inappropriate forest 
management such as uncontrolled deforestation 
and clear cutting, overgrazing (which affects 
the individuals), the abandonment of traditional 
grazing activities (which leads to natural 
vegetation succession processes and therefore 
increased competition for this orchid), real 
estate development, road and trail construction 
and most of all, plant collection or illegal 
uprooting for gardens by the so-called orchid 
enthusiasts for its very attractive, large flowers 
that are likely to be used for both commercial 
and personal purposes. Pollution may also do 
long term damage to entire populations, since, 
the soil pH usually changes and the increased 
acidity of the substrates affects not only the 
pre-existing individuals (which prefer alkaline, 
calcareous substrates), but also destroys the 
specific mycorrhizal associations, thus limiting 
seed germination. 
Conservation measures: In order to save the 
existing populations and also help the 
propagation and formation of new ones, 
appropriate measures should be taken, such as: 
habitat protection (prevention of habitat loss, 
alteration or disturbance), protection of sites, 
constant monitoring and surveillance of the 
existing populations and sites, constantly 
educating and raising public awareness of the 
existence and protection of orchids, fencing the 
vulnerable sites to protect the orchid species 
from collection and/or herbivores, proper sites 
management (mowing meadows, controlled 
grazing, forest proper management to prevent 
vegetation succession). Due to high ornamental 

qualities of Cypripedium calceolus orchids, the 
development of successful micropropagation 
and cultivation techniques of mature or 
immature seed germination techniques 
(Anghelescu et al., 2020) may lead to the 
protection of the wild specimens (Obdržálek, 
2009; Korczyński & Krasicka-Korczyńska, 
2014). In this way, both domestic cultivation 
and also reintroduction of plants to their 
primary habitats will be facilitated/possible 
(Ramsey & Stewart, 1998; Rasmussen & 
Pedersen, 2011). However, one should keep in 
mind that if optimal cultivation conditions are 
given, it may take 3-5 years or more, from seed 
germination to producing the first flowering 
stem (Perner, in Pridgeon et al., 2009). 
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Abstract  
 
This paper presents a fast and precise method of designing municipal technical network thematic maps for an 
agricultural company which besides the agricultural production activities, also specializes in the food industry. 
Because of this, the improvement of the water management is imperative. In order to reach the objectives needed, a 
field survey was performed at the same time as the one required for “Study on the development of a GIS for improving 
the management of a drinking water network for an agricultural company”. Based on the collected data, a series of 
thematic maps for the water and sewer systems were designed. They show the surveyed details with great accuracy and 
are very important for water management. An important characteristic of the GIS developed is that it has the ability of 
providing all of the departments with data visualisation capacity through a WMS and service for easy map printing, 
without the need of specialised knowledge. The users only need to choose the paper size and the system will take care of 
designing and adding the finishing touches to the map. 
 
Key words: database, GIS, thematic maps, water management. 
 
INTRODUCTION  
 
GIS technology integrates operations that are 
shared with databases, such as statistical 
analysis and research while benefiting from the 
ability to visualise the geographical data and 
perform analyses. These abilities set the GIS 
apart from other information systems and make 
it valuable for a wide range of public and 
private entities to explain events, predict results 
and strategize (Barazzetti et al., 2010; 
Tomlinson, 1984). 
GIS offers the possibility of designing maps, 
integrate information, visualise scenarios, solve 
complex problems, present ideas and develop 
efficient solutions like never before. GIS is a 
tool used by individuals, organisations, schools, 
governments or businesses that search for new 
ways to solve problems. 
Designing maps and performing geographical 
analyses is not a new thing, but a GIS performs 
these tasks better and faster that old methods. 
On the other hand, before GIS, only a few 
people had the required knowledge to use the 
geographical information available to aid in 
decision making. A GIS stores information 
about the world as a collection of thematic 
layers and geographical connections can be 
made between them. This simple concept 

proved to be priceless for solving many global 
issues starting from tracking delivery vehicles, 
recording details regarding planned projects, to 
changing global air travel (Patino and Duque, 
2013; Păunescu et al., 2020). 
Geographical information contains either an 
explicit geographical reference such as a 
coordinate grid - latitudinal and longitudinal - 
or an implicit reference such as an address, 
postal code or forest parcel identification 
number. An automated process called 
geocoding is used in order to create explicit 
geographical references (multiple locations) 
from within the implicit references 
(descriptions such as addresses). These 
geographical references allow for the 
localisation of properties such as an industrial 
compound, a forest, a hotel and events from all 
across the globe such as an earthquake, to be 
processed and analysed (Konecny, 2009; 
Tsihrintzis, 1996). 
Geographical information systems use two 
fundamentally different types of geographical 
models - “vectors” and “rasters”. For the 
“vector” type, the information regarding the 
points, lines and polygons is coded and stored 
as a collection of X and Y coordinates. The 
position of a borehole can be defined by a 
single pair of coordinates. Linear objects such 
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as a road or a river can be stored as a collection 
of points. Polygon objects such as industrial 
surfaces or river collection basins can be stored 
like a closed loop of coordinates (Calinovici 
and Călina, 2008; GIS Geography, 2021). 
The vector model is very efficient in describing 
objects but it is less efficient for trying to 
represent elements that are changing 
continuously such as soil type or cost 
accessibility for hospitals (Doneus and 
Neubauer, 2005). 
The raster was developed especially for 
representing these variable features. A raster 
image is made of a grid of cells. Both vector 
and raster models have advantages and 
disadvantages for storing geographical data. 
Modern geographical information systems are 
capable of handling both of these models 
(Călina et al., 2020; Shamsi, 2004) 
Many of the requirements of these projects are 
satisfied by the best-known sources of 
cartographic data such as: basic maps, maps 
and commercial data, maps and data regarding 
the environment, general and thematic maps. 
Thankfully, volumes containing geographic 
data are already available. With the help of the 
ArcData application, ESRI established a 
partnership with the most important data 
suppliers in order to offer a vast amount of 
plug-and-play information through ArcView. 
GIS Store and ESRI’s ArcData Online offer an 
easy way to obtain some of the most used 
geographic data. At the same time a great 
variety of geographical data is made available 
with Arc View GIS for a quick start. These 
datasets can be used as basemaps for future 
GIS projects or for supplementing already 
existing data (Surani and Dihora, 2015; Sala et 
al., 2020). 
 
MATERIALS AND METHODS 
 
In this paper, the fundamental elements of a 
GIS will be presented and the topographical 
and geodetic theoretical aspects required for 
using a GIS developed for a municipal 
technical network and how it incorporates a 
wide variety of data and information, stores it, 
processes it and produces maps and spatial 
analyses that assist in the decision-making 
process and the improvement of the provided 
services. 

Geographical information systems include a 
wide variety of technologies. There are many 
hardware manufacturers for network storage, 
database servers, Web servers, visualisation 
servers and desktops, all connected in various 
configurations of local area networks or 
internet. All these technologies need to be able 
to function in a coherent way in order to have a 
balanced processing environment (Călina et al., 
2018). 
Centralised systems with only one database are 
the most basic and easiest to implement and 
maintain. Obviously, the ones with more 
databases can end up being very difficult to 
implement and maintain. Because of this, many 
small and medium organisations, such as the 
one presented in this paper, choose the first 
option while also maintaining the failure risk as 
low as possible (Shamsi, 2004). 
In this study was used the same working 
method as the one in the “Study on the 
development of a GIS for improving the 
management of a drinking water network for an 
agricultural company” paper and the following 
main strategic initiatives were used: 
1. Developing and implementing a strategy - A 
strategic plan is the guide that needs to be 
followed in order to be able to establish what 
the initial vision is, objectives, needs and other 
parameters of a GIS (Bishop et al., 1991). 
2. Initiating a pilot phase - Taking into account 
the investment required for a GIS and the long 
period of time associated with complete 
implementation, a pilot phase is an excellent 
opportunity for the production of tangible 
results and for increasing the support for the 
project. 
3. Establishing the hardware architecture and 
the software environment - The foundation of a 
GIS is given by the design of the hardware 
structure and the suite of software that need to 
be able to produce the required results 
established in the first phase. This will differ 
from one company to another because of 
varying needs and requirements (Longley et al., 
2004; Adamov et al., 2020). 
4. Developing a basemap - The main layer on 
which the whole system is built upon is the 
map of the area in which it needs to perform 
spatial analyses. The instruments used for field 
surveys are the GNSS Leica Viva GS08 + 
CS10. Building up the database can easily be 
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the most costly aspect of the whole project. It 
will also use up most of the time. The abilities 
of the project manager will surely be put to the 
test in this phase because a careful analysis of 
the requirements that need to be met is needed. 
The ones that are vital to the department’s well 
being must be prioritized (ROMPOS, GNSS, 
2021). 
5. Developing standards and procedures - A 
GIS is more than just software, hardware and 
data. It needs to include standards and proce-
dures that allow the data and technological 
components to function consistently and 
efficiently. 
6. Online visualisation - In order to ensure an 
efficient integration with other departments that 
do not benefit from specialized IT equipment, a 
information distribution method is required for 
the data generated by the GIS. After the system 
becomes widespread, an online visualisation 
tool becomes mandatory. 
7. Development/Priority applications integra-
tion - The system will need an environment that 
will allow for future modifications as the 
various systems that make it up are being 
replaced or updated. This environment needs to 
be flexible and economically efficient. If the 
system will reach maturity, modifications and 
updates will be necessary (Rosca et al., 2020; 
ROMPOS, GNSS, 2021). 
8. Developing a training programme - As the 
system gets adopted by more and more 
departments, the project manager will need to 
take into account the fact that not all of the 
users have the necessary know-how to interact 
with the system. Because of this, a training 
programme needs to be developed so that the 
level of knowledge will be sufficient for all of 
the employees and their various levels of 
interaction that they have with the system’s 
various components (Pop et al., 2019). 
9. Project maturity - In an organisation, a GIS 
can not be implemented and afterwards left 
without leadership, coordination, support and 
ability to develop. A departmental management 
system will have to be developed in such a way 
that operational efficiency and longevity are 
guaranteed (Becker et al., 2011; GIS 
Geography, 2021). 
Implementing an organisational GIS needs to 
lead to the production of some final results, the 
most important one being the basemap, which 

is most of the times, composed of a series of 
layers that contain the geometry and attributes 
of the features such as streets, private property 
boundaries, constructions, water bodies, 
forests, electricity and lighting poles, parking 
lots and others. Because these layers, together, 
will shape the map on which various spatial 
analyses will be performed, they need to have 
the highest degree of precision and attribute 
data accuracy (Mihai et al., 2015; Burghilă et 
al., 2016; ROMPOS, GNSS, 2021). 
 
RESULTS AND DISCUSSIONS  
 
This study has been made for a private 
agricultural company located in Valcea County 
which besides the agricultural activity, also has 
multiple meat processing activities and the 
production of feed. All this makes the water 
usage level to be high, which results in the need 
of developing a GIS that will design all the 
thematic maps required for tracking and 
managing the water use. 
The purpose of this study is to develop the 
planning phases, develop and implement a GIS 
that will be used for the storage, processing and 
visualising all topographical data related to the 
networks that are being used by the company. 
Also, the intention was that of identifying and 
promoting the main advantages of a mature 
GIS that has become an important component 
in the company’s information flow through its 
abilities to process and visualise data in an 
intuitive manner (Herbei and Sala, 2020). 
Using this GIS through a WMS service has 
become an advantage in the use of geo-
information that is distributed to the employees, 
no matter the performance of the computer that 
they use. The reaction times for the various 
problems that arise have been reduced mainly 
because the access to correct information is 
done through an easy to understand method, 
which leads to planning for a solution more 
efficiently. 
Like any other information system, it is not 
perfect. It is in a continuous development and 
improvement. From one day to another new 
technologies are born, that either add new 
analysis and visualisation methods or solve past 
issues in a more efficient way. One of the most 
important tasks for the team starts the moment 
the GIS is fully implemented and integrated. 
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The continuous need for new analysis tools 
generated by the issues that the company is 
faced with, makes this system to be in a 
continuous development and the only way to 
stay relevant is by having a team with the 
necessary knowledge that remains dedicated to 
the project. 
In order to create the thematic map with the 
specific elements of the technical network, 
during the field survey, all of the water valves 
were inventoried. Most of these valves are 
created to be installed in the ground because of 
the epoxy coating that protects them from rust 
and because of the ability to be toggled from 
the surface with the help of a telescopic valve 
tool. 
Taking into account the fact that even though 
the main distribution water pipe is not visible, 
because of how the water valves are designed 
to work, it is usually right underneath the valve 
cover. The cases where it is positioned at an 
angle are very rare, making the cover to not be 
placed on top of the water pipe. This under-
ground valve room contains two valves that 
work together to create two possible scenarios:  
1. In normal use valve 1 is closed and valve 2 is 
open. This way, the water is sent to the main 
network; 2. When the water tank is being 
cleaned and disinfected, valve 1 is opened and 
valve 2 is closed in order to not send 
contaminated water towards the main network. 
After the field survey with the GNSS system, 
the ground elevation is determined, and not the 
main water pipe’s elevation. Gathering that 
information is impossible if the survey is not 
performed when the pipe is installed. Because 
the water network is permanently pressurized, 
not knowing the precise elevation is not a 
major problem. In order to collect this 
information, the GIS department is issued with 
a series of internal memos for each intervention 
on network pipes that leads to excavation and 
having access to the pipe. This way the GIS 
department will eventually gain access to 
unknown information regarding pipe elevation 
that was not known previously. It is important 
for the GIS department members to be 
accompanied by an employee that has 
knowledge regarding the details of the water 
network in that particular area. This way, all of 
the relevant technical and geographical 
information is gathered. 

This way, by drawing a polyline through the 
points determined by the water valves and           
following the details collected in the field, the 
water pipe will be added to the GIS. In the 
places here there are more complex 
construction is located, sketches and 
photographs will be made that will assist with 
the accurate digitizing. Such a situation was 
noticed in the S-E of the study area, at the 
intersection of roads where there is a small 
reservoir (Figure 1). 
In order to digitize surveyed details, each one 
of them need to be added to their respective 
category. This way, in the case of water valves, 
after the field survey is downloaded to the 
computer and loaded into QGIS, the editing 
mode will be turned on for the layer where 
valves are located. Auto-snapping will also be 
turned on. The moment when the user clicks, a 
pop-up window will open that will request the 
details for that particular network element. 
These windows have been custom made by the 
GIS department and are used to accurately add 
details to each element (Figure 2). 
 

 
Figure 1. Water network configuration in the s-e area 

 

 
Figure 2. Digitization toolbar (up) and auto-snapping 

toolbar (down) 
 
As it was mentioned earlier, the GIS has the 
capacity to hold and arrange a lot of data that 
belongs to one pair of coordinates. In this case, 
water valves. For the water valves, a feature 
attribute window was created. It has the role of 
guiding the QGIS user through a series of 
details that need to be filled. These are: type of 
valve, its role in the network, its diameter, the 
diameter of the pipe it is installed on, if it is 
opened or closed during normal operation, the 
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GNSS precision with which it was surveyed, 
year of install, and others (Figure 3). 
Another network feature that benefits from a 
feature attribute window are the hydrants 
(Figure 4). Hydrants are important network ele-
ments. Most of the time they go unnoticed with 
the exception of the ones installed above ground. 
 

 
Figure 3. Feature attribute window for water valves 

Source: own field observations 
 

 
Figure 4. Feature attribute window for hydrants 

Source: own field observations 
 
In Romania, most of the fire hydrants are 
installed beneath the ground level. The only 
visible thing at ground level is the casing and 
its detachable cover and most of the times, the 
markings that are placed on visible permanent 
markers such as fences, poles, curbs, trees and 
others. Yearly, they are inventoried, marked 
and checked in order to be able to generate a 
list that contains coordinates, status, diameter, 
water pressure and position details. For each 
pair of coordinates, the system stores all of the 
technical specifications and characteristics that 
are observed in the field. All this, next to a 
photograph made with the Leica Viva CS10 
controller, the GIS can offer all the details 
required by the firefighters for easy positioning, 
which can drastically reduce the time required 
to intervene in the case of a fire. 
The information that the GIS department needs 
to collect are the geographical position 
determined with the GNSS instrument or total 
station, the material that they are made of, if 

there is any marking available, if they are 
installed underground or on top of the ground, 
the elevation of the protection casing, survey 
precision and other details. At the time of the 
field survey, a series of photographs are taken 
that will be correlated with the ID that each 
hydrant will receive. All this is done in order to 
have information and landmarks that will allow 
for it to be discovered if the casing is covered, 
in case of road resurfacing, and the people at 
the scene do not have access to topographical 
instruments. 
For many people that do not work in this field 
or have rarely used a map, identifying such a 
small element can be difficult just by looking at 
a sketch. In this case, a photograph can make 
the difference in identifying and quickly sol-
ving such an issue or planning an intervention 
with the members of the GIS department which 
can be a few hours later or a couple of days. 
Another aspect that must not be overlooked is 
the positioning of water meters. Its position will 
be surveyed and digitized just like any other 
element whose geometry is defined by a point. 
In order to obtain a complete GIS model of the 
network, the specialist needs to process sewer 
network specific elements where the attention 
to detail is imperative. The water network is 
pressurized and as long as the elevation 
differences between two points are not great, 
all of the service subscribers will have access to 
a guaranteed pressure of 2.5 bar. 
In the case of the sewer network, everything 
needs to work with the help of gravity. Since 
the designing phase, the attention to the 
elevation needs to be heightened. In the 
northern part of the study area, the average 
elevation is 248.1 meters while in the southern 
part it is 241.3 meters. Taking this into account, 
the network was built to transport grey water 
from west to east through secondary pipes that 
are connected to the main pipe which will flow 
into the main collector. 
For the surveyed elements of the sewer 
network, the digitization procedure is identical. 
The appropriate layer is chosen, the editing 
mode is turned on and auto-snapping is used in 
order to guarantee the correct positioning of the 
network elements, on top of the points 
surveyed in the field with the GNSS instru-
ment. In the study area, the network is build 
with modular concrete elements. The visitation 



34

 
rooms are fitted with a concrete cover and the 
manhole cover and rim are made out of cast 
iron. The depth at which the pipes are installed 
is approximately 2 meters. Like in the case of 
water valves or hydrants that were presented 
above, for these were also created feature 
attribute windows that have the role of guiding 
the user through a series of text fields and drop-
down menus that will collect and store as much 
information as possible. For the detailed 
representation of the sewer network elements, 
and for avoiding future visits, in the field, must 
be collected as much information as possible, 
such as: visitation room status, type, material, 
elevation, visitation room depth, access ladder 
status, manhole status, manhole material, 
construction year and others. Also, it is 
important to know details about the pipe that 
connects two visitation rooms. Information 
regarding the material that was used, status, 
depth, shape and others (Figure 5). 
 

 
Figure 5. Feature attribute window for sewer visitation 

rooms. Source: own field observations 
 

After digitizing the pipe’s direction, the user is 
met with a new data entry form, but this time it 
is adapted for collecting data regarding the 
pipe’s characteristics. When it comes to 
visually representing the properties of a pipe, 
there are many details that need to be visible 
but everything becomes a lot easier as soon as 
the GIS starts having access to all of the 
information mentioned above (Figure 6). 
 

 
Figure 6. Sewer network details that have been 

automatically calculated by the GIS.  
Source: own field observations 

The visitation rooms and pipes are automa-
tically categorised, given symbols, have their 
length calculated, have their slope calculated, 
and an arrow is drawn to show the direction of 
flow. Once the details regarding the pipes are 
introduced into the system, it will know what 
roughness value it has, which is used for 
various other calculations and analyses. 
Once an area starts to become crowded with all 
of the digitized elements and details belonging 
to various elements, as a result of a series of 
rendering rules, the system will always try to 
avoid overlapping symbols and labels and 
where this becomes impossible, it will prioritise 
certain elements. 
For example, if the layers that belong to the 
sewer network are active and are in conflict 
with the general topographical data, the sewer 
system will be drawn on top. In this GIS all of 
the software elements are modular and taking 
into account the needs and objectives for 
managing the details belonging to water and 
sewer networks are very specific, the database 
structure and working procedures have been 
built from scratch. The database has a series of 
restrictions for certain fields in order to avoid 
erroneous information from being added. There 
are a few fields that are dependant on others. 
This way, one can not be validated without the 
other. 
Such an example is the feature attribute 
window for hydrants. If one has been identified 
in the field, it needs to be mentioned if it is 
placed underground or not and if visible defects 
were observed. This way, important informa-
tion is not left behind or forgotten (Figure 7). 
 

 
Figure 7. Screenshot - sewer system after processing 

Source: own field observations 
 
Uploading processed data into the GIS 
Most of the steps presented so far are 
performed locally, on each user’s desktop with 
minimal interactions with the database. In most 
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situations it is being interrogated for new 
information only because the extents of the 
workspace have been modified and new 
information is required for visualisation. 
The system functions in an efficient manner 
and taking into account the fact that the server 
does not benefit from raw computational power 
similar to the one from big corporations such as 
Google Maps, Apple Maps or Bing Maps), it 
only supplies the data necessary for 
visualisation and interaction - in the case of 
interaction between it and the members of the 
GIS department. For the adjacent departments 
the map is supplied through a WMS by using 
pre-rendered tiles of the map for all of the usual 
scales and with the possibility of interacting 
with various features. The information 
contained by the GIS is not public, therefore 
the access to the database is granted after 
authentication with a username and password, 
through an intranet. After all of the features 
have been processed, waiting for database 
upload and meeting all of the requirements 
imposed by the feature attribute windows, they 
can be prepared for the „Append” procedure. 
In this case, this procedure consists of adding a 
few more columns of information for the 
database whose structure is very well defined. 
For an easy processing, the columns are created 
just like the ones present in the database. Even 
though during the processing of the data there 
are data validation requirements for each 
feature and its feature attribute form, the 
database into which all the information is 
appended is the final filter (Figure 8). 
 

 
Figure 8. Database management window 

Source: own field observations 
 
If the append algorithm returns errors, they 
need to be corrected. If the append algorithm 
does not return errors, then that means that the 
database “understood” all of the new 
information and like it was mentioned earlier, 
the system will grant symbols and start 
performing various calculations for each 
feature, such as lengths, slopes, areas, elevation 
differences and more. 

In this same step, all of the coordinates and 
elevation values that have been surveyed will 
be given a small description of what they 
represent (ground elevation, ditch elevation, 
etc.) and will be introduced in a table in the 
database that contains all previously surveyed 
values. By doing this, the elevation network 
will be thickened thus helping system users to 
understand the terrain without needing to travel 
to that location. 
Designing and printing maps for the study area 
In the past, all maps were made by 
cartographers in workshops, and they benefited 
from all the tools and materials needed. Today 
there are still such workshops that have the 
capability of designing maps that meet the 
highest quality standards, in great batches and 
that represent a wide variety of elements such 
as the ones found in: aeronautical maps, 
astronomical maps, geological maps and more. 
Even though these workshops will continue to 
fill an important gap in the field of cartography, 
with the birth and development of GIS 
software, the amount of work is rapidly and 
permanently changed because of the 
availability of software elements that can meet 
even the most difficult requirements. 
Obviously, just because someone has access to 
the most advanced GIS software, that does not 
mean that they have the knowledge and 
experience of a cartographer. QGIS offers the 
“Print Composer” tool that allows for the 
transformation of all the topographical 
information that was processed to be visualised 
on a map (Figure 9). 
 

 
Figure 9. Accessing the “print composer” tool 

Source: own field observations 
 
In the pop-up window after clicking on the tool, 
a name can be given to the future thematic 
map, for easy access at a later date. The next 
steps consist of choosing the printing paper size 
and drawing an extent inside which the map 
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will be drawn. By default, on the left side of the 
workspace can be found the toolbar that 
contains the tools most often used during the 
map-making process (Figure 10). 
After all of the necessary elements have been 
added, in the following figures you can see the 
two thematic maps for the water network and 
sewer network, created by the GIS software 
easily and with a high degree of accuracy and 
detail (Figure 11 and 12). 
In Figure 13 can be observed the printing menu 
used for easily printing a map. This way, the 
adjacent departments do not need to ask the 
GIS department for a basic map print. The 
users can choose the location they are 
interested in and the details that they need for 
preparing a field visit for various problems that 
may arise. This level of automation leads to 
saving up the most important asset - time. 
 

 
Figure 10. Toolbar for adding various features on the 

map 
Source: own field observations 

 

 
Figure 11. Map of the water network and all of its 

elements 
Source: own field observations 

 
Figure 12. Map of the sewer network and all of its 

elements 
Source: own field observations 

 

 
Figure 13. Screenshot - map of the intersection of two 

roadways 
Source: own field observations 

 
In order to not overpopulate the map, the 
system avoids rendering all of the details that it 
knows about present features, wherever the 
labels would not properly fit because of the 
chosen scale or position on the sheet of paper.  
The main objective of the GIS is to show 
technical information in a useful manner. 
Although there is an esthetical component to 
the rendering rules that is actively taken into 
account during development, the focus is 
always on trying to provide all of the available 
information for the rendered features in a way 
that does not impede with the user’s actions. 
Whenever the user will use a larger scale, all of 
the details will be rendered accordingly. 
 
CONCLUSIONS  
 
From the earlier presented information, we can 
conclude that by developing a GIS, multiple 
types of data can be brought together, with the 
common component being the geographical 
and positional one of the data. Compared to a 
paper map, a GIS can hold multiple layers of 
information. The user will have the capability 
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of integrating, visualising, managing, solving 
and presenting the information in a new way. 
The connections between the datasets will 
become obvious and because of this, the owned 
data will be more valuable. 
Using all of these tools and deploying GIS 
technology, we are given the possibility of 
creating high precision thematic maps, and 
based on them we can visualize scenarios, 
solve complex problems, shape ideas and 
develop solutions in an efficient way that was 
not available before. 
By using the GIS technology and putting into 
practice the ability to interact with the maps 
and the data included, numerous advantages are 
brought forward such as: high level of 
interactivity, availability, user benefits, cost 
reduction, lower reaction times, more efficient 
personnel use, ability to reorganise the 
management process and a high level of 
transferability. 
An important aspect that was significant during 
this research was that even today, the 
technology of geographical information 
systems is still evolving and updating. In the 
end, it needs to lead to the development of new 
results, significant from a quality point of view, 
with the most important being the end result 
which is the basemap which is most of the 
times built from a series of layers that contain 
the geometry and attributes of the features that 
are used for creating thematic maps as a result 
of spatial analyses. 
Confirming that the GIS is implemented in the 
company that is the subject of this study and 
that it reached maturity becomes obvious when 
all of the departments have the ability to 
visualise data through a WMS. The portal 
grants the ability to easily print maps without 
needing to have special training. Users only 
need to know what paper size they want to print 
on and the system will automatically draw the 
coordinate grid, point the north arrow, add 
borders and a legend. All this is done in a 
dynamic way so that the information 
corresponds to the elements that are featured on 
the map. 
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Abstract 
 
Stevia leaves are important as a new source of natural sugar substitute which makes it one of the most valuable new 
crops for Europe. The development of in vitro vegetative propagation strategies, to secure availability of well 
characterised and healthy clonal accession of plant material capable of providing an economically accepted level of 
leaf and stevioside harvest, becomes an agricultural priority. Growth and development of new plantles were strongly 
influenced by the type of in vitro plant support and by the presence of exogenous plant growth regulators added to the 
medium, the best combination was that of auxin (IBA 0.5 mg/l) and cytokinin (Kin 0.2 mg/l). The sponge-like structure 
of the fruits of Luffa cylindrica were used as plant support for liquid media. Results confirm that an in vitro 
multiplication of plant material is a reliable system for mass production of seedling to be cultivated in the field 
condition. The liquid system allows a superior root system formation. The use of Luffa cylindrica for ex vitro transfer 
proved to be a technological like approach, the ligno-skeleton cube replacing the usual giffy-pot system. 
 
Key words: HPLC, ligno-skeleton, liquid culture, Stevia, stevioside. 
 
INTRODUCTION 
 
Stevia rebaudiana Bert. was first described by 
Bertoni in 1905, due its characteristic sweet 
taste in its leaves. The genus Stevia includes 
approximately 150-200 species of herbaceous, 
shrub and sub-shrub plants (Gentry, 1996) and 
is one of the most characteristic genera into the 
tribe Eupatorieae, especially because of the 
morphological uniformity of its flowers and 
capitula, which consist of five tubular flowers 
and five involucral bracts (King & Robinson 
1987). Stevia rebaudiana Bert. leaves contain a 
zero-calorie ent-kaurene diterpene glycosides 
(stevioside and the rebaudiosides) 300 times 
sweeter than sucrose with higher solubility in 
water and a assertive taste profile that is safely 
metabolized by the human body without any 
effect (Gupta et al., 2013). The primary 
compounds of Stevia as steviol glycosides are 
metabolized and eliminated by similar ways in 
both humans and animals, has been studied by 
Genus et al. (2003; 2007). Rebaudioside A in 
the digestive tract is firstly metabolized by 
microbes in the colon to stevioside which is 
further converted into glucose molecule and 
steviol (Gupta et al., 2013).  The sweet taste is 
produced by a wide range of compounds as 

saccharides diterpene glycosides (stevioside, 
rebaudioside A, B, C, D and E, dulcoside A), 
polyols, amino-acids, dipeptides and other non 
sugars. The most economically important 
compound, comprising 6-18% of Stevia leaf, is 
called stevioside, being worldwide used as a 
natural sweetening agent and sugar substitute 
(Mishra et al., 2010). Intensive cultivation of 
plants of the genus Stevia rebaudiana ert. is 
motivated in particular by its importance in the 
food sector. Stevioside has been shown to be 
about 300 times sweeter than sugar (Wood et 
al., 1955). Stevioside is characterized by a high 
stability to temperature and pH variables, not 
fermenteazaşi does not change color on heating 
(Brandle, 1998). 
In the past, the main commercial compulsion 
for the stevia manufacture was the forbidden on 
its use in food products as a food additive in the 
United States of America, although its use as a 
food supplement was approved by the Food 
and Drug Administration in 1995 (Bespalhok-
Filho & Hattori, 1997 cited by Yadav et al., 
2011). On December 17, 2008 the U.S. Food 
and Drug Administration (FDA) approved the 
use of high quality stevia extract in food and 
beverages (Perrier et al., 2018). After over a 
decade of research data, JECFA published 
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approval of stevia stating that "95 percent 
steviol glycosides are safe for human use" 
(Aguilar et al., 2010). Based on studies 
conducted by the Plant Science Group at 
Central Queensland University and Australian 
Stevia Mills, the Australian and New Zealand 
food and safety regulatory body FSANZ 
granted stevia for use in food and beverages. 
Allowance of stevia to be sold in Switzerland, 
and in many countries such as China, Japan, 
Paraguay, Korea, Brazil, Israel and Malaysia 
field crop and industrialization are in force. In 
human diet its leaves are known to be used as 
natural sweetener for diabetics, treating 
obesity, preventing dental cavities, 
hypertension, stress and depression which 
makes it one of the most valuable new crops 
for Europe (Ferrazzano et al., 2016). 
Stevia rebaudiana Bert. is a small herbaceous 
perennial (2n = 22), belonging to the 
Asteraceae family. It originated in Paraguay. 
Stevia is self-incompatible and it is difficult to 
conventional sexual seed production. In 
temperate zones can be cultivated but produce 
unfertile seeds (Bridel & Lavieille, 1931). A 
high level of variation is usually found among 
sexually propagated plants with regard to the 
glycoside content as well as leaf mass growth. 
A perennial in its native environment, in 
Europe cultivated stevia can be grown as an 
annual or perennial (Ramesh et al., 2006). 
Stevia is a short-day plant that flowers from 
January to March in the southern hemisphere 
and from September to December in the 
northern hemisphere. Flowering under short-
day conditions should occur 54-104 days 
following transplanting, depending on the 
daylength sensitivity of the cultivar. The 
variability for photoperiod sensitivity is large, 
ranging from 8 h to 14 h. A minimum of two 
induced short-day cycles are essential for 
flowering induction. The flowering can be 
determined from the four-leaf-pairs stage. 
Flowering is more early in the 8-hours 
photoperiod, but plants remained vegetative 
under an 8-hours photoperiod with 
discontinued night (Valio & Rocha, 1977 cited 
by Yadav et al., 2011). 
Whereas seeds of stevia manifest a low 
germination percentage (Felippe & Lucas, 
1971) and clonal propagation through cuttings 
are improper for the small number of 

individuals (Sakaguchi & Kan, 1982), 
micropropagation is the the only one system 
that improved mass propagation of Stevia 
rebaudiana Bert. 
In vitro multiplication and proliferation are 
seriously affected by the category of explants 
used. Valuable initiation of in vitro direct 
organogenesis in stevia has been reached using 
a selection of explants, for example, shoot tips 
(Ibrahim et al., 2008), leaves (Kalpana et al., 
2010), nodal segments (Modi et al., 2012), and 
axillary buds (Das et al., 2011). For all that 
several segments of the plant have been used as 
explants, nodal segments have been used at a 
high level (Gantait et al., 2015). 
Therefore, an up-to-day micropropagation 
technology ensures a good clonal 
multiplication choice. The development of in 
vitro vegetative propagation strategies, to 
secure availability of well characterised and 
healthy clonal accession of plant material 
capable of providing an economically accepted 
level of leaf and stevioside harvest, becomes an 
agricultural priority. The plant growth 
regulators combinations and levels as well as 
the explants have significant impact on rapid 
micropropagation of Stevia rebaudiana Bert. in 
vitro regeneration. Often, growth regulators 
like BAP and NAA were proved to be essential 
for growth and axillary shoot formation (Pande 
& Gupta, 2013). 
Breeding programmes for stevia should follow 
the improvement of total glycoside content and 
rebaudioside-A: stevioside ratio with higher 
leaf productivity. Plant breeding studies with 
stevia have been excessively focused on growth 
leaf yield and rebaudioside-A concentration in 
the leaves. High leaf: stem ratios are worthy in 
cultivated stevia because of the low stevioside 
concentrations (< 5 mg/g−1) in stem tissue. 
Cultivar descriptions show that sufficient 
genetic variability exists to make significant 
genetic rising in leaf yield, rebaudioside-A 
content and the rebaudioside-A: stevioside ratio 
(Yadav et al., 2011). 
 
MATERIALS AND METHODS 
 
Plant material, culture medium and culture 
conditions 
The nutrient basal medium used in all 
experiments consisted of the basal salt of 
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Murashige and Skoog (1962) supplemented 
with: 100 mg/l myo-inositol, 1 mg/l thiamine 
HCl, 1 mg/l nicotinic acid, 2 mg/l glycine, 
20 g/l sucrose. The initiation media was 
solidified with 6 g/l Gelrite and supplemented 
with 1 mg/l BAP. The pH was adjusted to 5.7 
prior to autoclaving at 121ºC during 20 min. 
Nodal stem segments of 2 cm length were 
excised, disinfected in a solution of Domestos 
(5% sodium hypochlorite) for 15 min and then 
rinsed with sterilized tap water. These nodal 
segments were cultivated on MS (1962) 
medium. After three weeks lateral buds with 4 
to 5 pairs of leaves developed.  
Seedling multiplication was started on solid 
medium: the initiated seedlings, cultivated for 
21 days, were transferred to MS + 0.5 mg/l 
BAP + 0.2 mg/l NAA medium and grown at 
25oC, under photoperiod conditions of 16 hours 
of light alternating with 8 hours of darkness; 
the light intensity was 2000 lux per unit area. 
Maintaining in vitro plant stock of Stevia 
rebaudiana Bert. was performed by periodic 
subculturing, at 21-day intervals, of uninodal 
cuttings, on fresh medium, MS + 0.5 mg/l BAP 
+ 0.2 mg/l NAA.  
To achieve the media formulas used, the basic 
Murashige and Skoog medium (1962) was 
supplemented as follows combinations which 
represent the experimental variants:  
V1 = Multiplication (sprouting) and stimulation 
of rooting on MS (1962) solid medium 
supplemented with 0.5 mg/l BAP + 0.2 mg/l 
NAA. Material used: internodal segments. 
V2 = Multiplication (sprouting) and stimulation 
of liquid rooting using MS (1962) liquid 
medium (+ Luffa support) supplemented with 
0.5 mg/l BAP + 0.2 mg/l NAA. Material used: 
Internodal segments.  
New formed branches were transferred on 
liquid MS (1962) medium supplemented auxin 
(IBA) and cytokinin (Kin). In vitro established 
plantlets were then used for experiments for 
inducing root formation on solid medium (V1) 
or liquid medium (V2) in the presence of auxin 
(IBA 0.5 mg/l) and cytokinin (Kin 0.2 mg/l). 
In the solid medium the mechanical support 
was achieved by adding Gelrite, and in the 
liquid medium this function returned to the 
Luffa cylindrica. Solid culture medium without 
phytohormones was used as a control. 
 

HPLC conditions 
RP-ODS column (25 cm x 4.6 mm i.d., 5 μm 
particle size, produced by Alltech Alltima), 
AcCN:H2O (35: 65); flow rate: 1 ml/min; 
detection at UV = 210 nm; retention time: 4.3-
4.7 min. Extraction of stevioside from dried 
plant material was performed according to 
seviol quantification at the picomol level by 
High-Performance Liquid Chromatography 
method (Minne et al., 2004). 
The extraction of 10 mg dried stevia leaves was 
made with 2 x 1 ml water, by boiling for 5 
minutes. Then the water fraction was collected. 
The amount of stevioside was obtained by 
injecting 10 μl of water fraction on the 
chromatography. The results are used to 
calculate the total amount of stevioside in 10 
mg of plant material. The following solution 
was prepared : 125 ng SV + 500 ng IS + 250 μl 
DMF. For the derivation 5 μg coumarin + 5 μl 
DIPA were added to each sample, then the 
mixture was heated at 70-80°C for 25 minutes. 
The mixture was used for HPLC analysis. As 
internal standard (IS) the DHISV, a structure 
analogue of  steviol (SV), was chosen. 
 
RESULTS AND DISCUSSIONS 
 
The starting plant material used to initiate in 
vitro culture was harvested from young 
branches of a Stevia rebaudiana Bert. plant 
grown in the collection of Center for 
Biodiversity and Conservation at University of 
Agricultural Sciences and Veterinary Medicine, 
Cluj-Napoca. After trimming stalk segments 
were made free of germs and practised the 
culture of one single tissue node fragment/jar. 
Luffa cylindrica is a fast plant climber grown 
for its fruit. When mature and dries develop an 
inedible sponge-like structure, easily 
autoclavable together with the media. Ligno-
skeleton cubes of 3 cm3 cuted of Luffa 
cylindrica were used as plant support for liquid 
media. Based on the experimental data, for in 
vitro multiplication of Stevia rebaudiana, Bert., 
the best results, in terms of multiplication rate 
and growth uniformity, were obtained on the 
MSO medium, by using intermediate 
internodes. Starting and growing of nodes 
meristems was noticed after about three weeks 
and axillary-bud formation was registered in 
three weeks of culture. Development of new 
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plantles were influenced by the type of in vitro 
plant support and by the presence of exogenous 
plant growth regulators added to the medium.  
The extent to which the plant explant becomes 
competent and possibly determinant depends 
on the physical and chemical conditions to which 
it has been exposed. In the case of in vitro cul-
tures, the properties of the nutrient medium are 
associated with the physical conditions which 
both play an essential role in determining the 
organogenic signals. The culture medium is the 
key element in the chemical control of in vitro 
organogenesis as a ratio between auxins and 
cytokinins present in the environment. 
Regarding the effect of plant support after three 
weeks of culture on new plantlets growth from 
in vitro plants of Stevia rebaudiana Bert., 
(Figure 1) the seedling stem recorded average 
values of 11.61 cm on the liquid medium, the 
total average length of the seedlings being 
14.48 cm, obtained statistically significant 
differences compared to the length of the 
plantlets rooted on agarized medium (8.19 cm). 
The seedlings presents on average 2.87 roots in 
liquid media comparatively to 1.22 roots in 
agarized media, the differences are statistically 
significant. 
 

 
Figure 1. Effect of plant support  after three weeks  

of culture on new plantlets growth (cm) from in vitro 
plants of Stevia rebaudiana Bert. 

 
As respects the effect of plant support  after 
three weeks of culture on axillary-bud forma-
tion from in vitro plants of Stevia rebaudiana 
Bert. statistically significant differences are 
recorded for all the analyzed parameters 
(Figure 2), so on liquid medium the plantlets 
present on average 10.4 roots, 2.9 stems and an 
average number of nodes of 9.6 (Figure 3). On 
agarized medium the plantlets present on 
average 2.6 roots, 2.1 stems and an average 
number of nodes of 2.53. 

 
Figure 2. Effect of plant support  after three weeks  

of culture on axillary-bud formation from in vitro plants 
of Stevia rebaudiana Bert. 

 

  
Figure 3. Effect of plant support  after three weeks of 

culture on axillary-bud formation from in vitro plants of 
Stevia rebaudiana Bert. (left: control: MSO solid media; 

right: MSO liquid media on the support of Luffa 
cylindrica) 

 
Regarding the effect of plant support  after 
three weeks of culture on in vitro plants weight 
of Stevia rebaudiana Bert. statistically 
significant differences are recorded for fresh 
weight (Figure 4). Plants grown on liquid 
medium registered a fresh weight of 9.6 g, 
compared to plants grown on solid medium 
with much lower values of 6.1 g. The water 
content of the culture medium is the factor that 
influences this result, the differences regarding 
the dry weight being statistically uninsured. 
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Figure 4. Effect of plant support  after three weeks of 

culture on in vitro plants weight  
of Stevia rebaudiana Bert. 

 
In vitro established plantlets of Stevia 
rebaudiana Bert. development on ligno-
skeleton support in liquid media culture (Figure 
5) shows the shoots length, the number of 
shoots, the length of the roots and the number 
of roots in the plants obtained on culture 
medium MS + IBA 0.5 mg/l + Kin 0.2 mg/l. 
Comparing the length of the shoots it can be 
seen that on a liquid medium with Luffa  the 
seedlings had an average of 3.8 cm compared 
to the solid medium which was 3.1 cm. The 
control regarding the length of the shoots is 0.4 
cm smaller than what was obtained on solid 
medium, and on liquid medium the difference 
was 1.1 cm, statistically significant. Regarding 
the roots, it can be observed that on the solid 
medium both the length is clearly superior to 
the liquid medium and the control. 
 

 
Figure 5. Average values regarding the effect of different 

culture system on plant growth and rhizogenesis at 21 
days after in vitro plantlets establishment 

 
On the support of Luffa cylindrica, the plants 
showed a very good growth and development, 
also showing a high shoot capacity. The plants 
obtained in this system did not show the 
phenomenon of vitrification, a situation due to 
a limited immersion of the initial explant in the 

liquid medium, a phenomenon prevented by the 
matrix network. 
Although the presence of growth regulators has 
in some cases an action to stimulate 
organogenesis, their presence is not mandatory, 
Stevia rebaudiana Bert. it can be successfully 
multiplied, in a large number of copies and at a 
low cost on a simple MS liquid medium.  
The results obtained from the correlation 
between each morphological character 
analyzed are represented in Table 1. Using the 
Pearson correlation coefficient, a very strong 
direct link positively correlated (p<0.001) has 
shown between the length of the shoots (cm) 
and the length of the roots (cm) (r = 0.78). 
Between the length of the shoots (cm) and the 
number of roots arising a substantially 
association positively correlated (p<0.001) (r = 
0.60) and between the roots length and the 
number of roots arising a moderately 
association positively correlated (p<0.001) (r = 
0.48 ). Regarding the connection between the 
length of the shoot (cm) and the number of 
shoots (r = 0.26) and between the number of 
shoots and the number of roots (r = 0.12) there 
arising low associations positively correlated 
(p<0.001). A negligible association negatively 
correlated (p<0.001) is highlighted between the 
number of shoots and the root length (cm) (r = -
0.03)  

 

Table 1. Correlation matrix with Pearson significance 
levels of each pair of variables in Stevia rebaudiana Bert 

  

Shoots 
length 
(cm)  

No. of 
shoots 

Root 
length 
(cm) 

No. of 
roots 

Shoots 
length 
(cm)  1    

No. of 
shoots 

 
0.26 

 1   
Root 
length 
(cm) 

0.78 
 
 

-0.03 
 
 

1 
  

No. of 
roots 0.60 0.12 0.48 1 

 
Multiplication and rhizogenesis on solid and 
liquid medium Figure 6 show the effect of 
different cropping systems on the length and 
number of shoots.  
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Figure 6. Aspects of in vitro Stevia rebaudiana Bert. 

initiation on solid MS(1962) media (a, b, c, d); plantlets 
growth and roots development on ligno-skeleton  
of Luffa cylindrica used as plant support (e, f, g) 

 
In their research, Das et al. (2011) studied 
Stevia rebaudiana Bert. tissue culture through 
shoot tip. Murashige and Skoog (MS) (1962) 
medium supplemented with 2 mg/l Kinetin was 
demonstrated to be the best for multiple shoot 
proliferation, producing more than 11 shoots 
from only a shoot tip explant. For root 
induction, they shown that MS media without 
growth regulators got better results. 
Dezhsetan et al. (2017) studied Stevia 
rebaudiana micropropagation posibilities. 
Explants with single node were cultured on 
MS, B5 and N6 media supplemented with TDZ 
(0, 0.1, 0.2, 0.3, 0.6 and 0.9 mg/l), Kin and 
BAP (0, 1, 2 and 3 mg/l). In this research, MS 
and B5 proved to be the best with Kin and TDZ 
in shoot induction and BAP treatment caused 
callus induction. In N6 medium, single node 
cuttings manifested malformed growth. The 
results demonstrated that MS medium 
supplemented with 0.9 mg/l TDZ is the proper 
treatment for in vitro micropropagation of 
Stevia rebaudiana. 
In their research, Vives et al. (2017) compared 
semisolid culture medium, liquid culture 
medium and BIT® (bioreactor) regarding 
Stevia rebaudiana biomass and steviol 
glycosides production. At 21 days of culture, 
morphological quality of BIT®-derived shoots 
was best and shoot fresh and dry weight that 
was more than seven times higher in bioreactor 
compared with Stevia micropropagation in 
semisolid or liquid media.   

Kaplan et al. (2019) evaluated various gelling 
agents (plant agar and Gelrite) and 20 distinct 
growth regulators combinations. The results 
proved an approximately 200-times multipli-
cation rate obtained within 13 weeks using MS 
medium supplemented with 0.5 mg/l BAP and 
0.25 mg/l Kinetin solidified with Gelrite. 
Average stevioside and rebaudioside A con-
tents in in vitro cultured plants were determine 
to be 8.1% and 8.6%, respectively. 
Tang et al. (2021) reported an improved in 
vitro shoot regeneration protocol for 
S. rebaudiana Bert using chitosan. The highest 
plant height (4.94 ± 1.17 cm/explant) with a 
maximum number of leaves (25.33 ± 6.95 
/explant) was observed on explants cultured 
using MS basal medium supplemented with 
1.0 mg/l of 6-benzyaminopurine (BAP) and 
60 mg/l of low molecular weight chitosan after 
4 weeks of culture. 
Yang et al. (1981), recorded in vitro multiple 
shoot induction from nodal explants of stevia in 
MS medium supplemented with various 
cytokinins at varying concentrations (1 to 10 
mg/l). The highest rate of axillary shoot 
proliferation was reported in medium 
containing benzyl adenine (2 mg/l), kinetin    
(10 mg/l) and N6-(2-Isopentenyl)-adenine     
(10 mg/l).  
The presence of the stevioside was determined 
by HPLC (Figure 7). The analyse was 
performed to observe the effects of in vitro 
plant production on synthesis of stevioside and 
the results are mentioned in the Table 2. The 
calibration curve used to calculate the 
stevioside amount was determined as 
y=205.86x. As a conclusion, in 10 µl was 5545 
ng of stevioside, so in 10 mg plant material was 
1.11 mg of stevioside (SV). 
 
Table 2. Determination of stevioside from in vitro plants 

of Stevia rebaudiana Bert. 

Sample HPLC peak  area sd se 
1 
2 
3 
4 
5 

1258524 
1110232 
1051265 
1245212 
1041750 

 

Mean 1141397 104308 46648.07 
sd=standard deviation 
sd=√n∑x²-(∑x)²/n(n-1) 
n=5  
se=sd√5 
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The stevioside content is represented as a 
percentage of dry weight, and in this 
experiment the fraction of stevioside is about 
11% of dry weight.  
According to Sivaram &  Mukundan (2003), 
stevioside and rebaudioside are shown as gray 
zones on visual observation of the HPTLC 
samples. On scanning the plates at 200 nm, the 
standard and samples gave peaks having Rf 
values in the range of 0.10-0.45. In their 

research, Aranda-González et al. (2015) shown 
that rebaudioside A content (g/100 g) in Stevia 
rebaudiana Morita II varieties was 15.15 ± 
0.02 while stevioside was 3.97 ± 0.003. Also in 
the case of  Stevia rebaudiana Criolla varieties 
they were 4.03 ± 0.01 and 8.80 ± 0.14, 
respectively (p<0.001). The recoveries of 
fortified samples were 100% ± 10% and 
precision RSD was ≤6.27%. 

 
Figure 7. Stevioside analyses of in vitro Stevia rebaudiana Bert. using HPLC 

 
CONCLUSIONS 
 
Results confirm that an in vitro multiplication 
of plant material is a reliable system for mass 
production of seedling to be cultivated in the 
field condition. The liquid system allow a 
superior plant system formation.  
The support of Luffa cylindrica demonstrated a 
stimulating effect on the average total length of 
the plant, the average number of stems per 
plant, the average fresh and dry weight but also 
on the number of roots per plant. Instead, the 
same support had a negative influence on the 
average length of the roots. 
Although the presence of growth regulators has 
in most cases an action to stimulate 
organogenesis, their presence is not mandatory, 
Sevia rebaudiana Bert. it can be successfully 
multiplied in a large number of copies and at a 
low cost on a simple medium, MS, without 

phytoregulators. 
The use of Luffa cylindrica for ex vitro transfer 
proved to be a technological like approach, the 
ligno-skeleton cube replacing the usual giffy-
pot system typical used for seedlings without 
affecting the biosynthesis capacity of the 
acclimatised stevia plants. 
HPLC analysis confirmed that the plant Stevia 
rebaudiana Bert. produced in vitro and 
acclimatized ex vitro shows a capacity to 
synthesize stevioside within normal limits for 
this species (4-13% of the dry weight of the 
leaves). 
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Abstract  
 
Honeysuckle (Lonicera caprifolium) is a perennial flowering plant from the genus Lonicera of the family 
Caprifoliaceae. Lonicera caprifolium flowers are used in herbal traditional medicine for their antibacterial, 
antioxidant and antiviral activities. The objective of this research was to optimize the ultrasound-assisted extraction 
(UAE) process of polyphenols from Lonicera caprifolium flowers using Design of Experiments (DoE) and Response 
Surface Methodology (RSM). We used a three-level factorial model with three variable factors (ethanol concentration, 
time and the ratio between solvent and plant material). The model and the data indicated that the ethanol concentration 
was highly significant (p<0.05), while the other two were less significant for the extraction of the maximum total 
phenolic compounds and the maximum antioxidant activity of the extracts. The antioxidant activity was performed by 
DPPH, ABTS and FRAP methods. The polyphenols were identified by HPLC. The optimal condition obtained for the 
extraction of polyphenols from honeysuckle by UAE will be used for bioproduct formulation in future work. 
 
Key words: antioxidant activity, polyphenols, response surface methodology, ultrasound-assisted extraction. 
 
INTRODUCTION  
 
Polyphenols are secondary metabolites of plant 
material with various biological properties such 
as antioxidant, antimicrobial, anti-inflam-
matory, anti-hypertensive and other properties 
(Gam et al., 2020). The main classes of 
polyphenols include phenolic acids, flavonoids, 
stilbenes and lignans (Abbas et al., 2017).  
Due to their important biological activity we 
have recently seen an increased interest in 
research about their extraction, isolation, 
identification and activity. Numerous studies 
show relationships between the polyphenol 
content and the antioxidant activity of plant 
material (Proteggente et al., 2002; Nichita et 
al., 2016; Rodriguez-Casado et al., 2016). 
The method of extraction of phenolic com-
pounds influences their bioavailability, their 
content, and their quality. For this reason new 
methods of extraction of polyphenols were 
investigated and developed lately (Chemat et 
al., 2017) 
Ultrasound-assisted extraction (UAE) is 
described as green, efficient, easy to operate 

method. UAE is based on the phenomenon of 
acoustic cavitations and mechanical effects on 
plant matrix, which can lead to the 
disintegration of the cell wall and allows the 
rapid passing of the solvent through the plant 
matrix and consecutive intensification of the 
extraction process (Ali et al., 2018). 
Lonicera caprifolium is an European perennial 
flowering plant from the genus Lonicera of the 
family Caprifoliaceae. L. caprifolium flowers 
are used in herbal traditional medicine for their 
antibacterial, antioxidant and antiviral activities 
(Ilies et al., 2013). While many species of 
genus Lonicera such as L. japonica (Japanese 
honeysuckle) and others are studied and used in 
traditional medicine and cosmetics, the 
chemical composition of European 
honeysuckle (L. caprifolium) is less 
investigated (Seo et al., 2012).  
The main aim of this research was to determine 
the optimal conditions for the hydroalcoholic 
UAE of polyphenols from local L. caprifolium 
and to establish the polyphenolic composition 
of the extract resulted in optimal conditions. 
The extraction was monitored in terms of 
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optimal content of polyphenols/compounds 
reacting with Folin-Ciocâlteu reagent and 
optimal antioxidant activity. 
 
MATERIALS AND METHODS  
 
Materials 
Freshly flowers were harvested from the plants 
of L. caprifolium in Bucharest. The flowers 
were dried at room temperature and were 
ground to a powdered form using an electrical 
grinder. The following chemicals were used: 
pharmaceutical ethanol 96% (Chimopar Srl, 
Bucharest, Romania), Trolox 97% (Acros 
Organics, Thermo Fisher Scientific, Pittburghs, 
PA, USA), Gallic acid, 2.2-Diphenyl-1-
picrylhydrazyl (Sigma-Aldrich, Merck Group, 
Darmstad, Germany), 2.2'-Azino-bis (3-
ethylbenzothiazo-line-6-sulfonic acid) 
diammonium salt, 98%, 2,4,6-tri (2-piridil-
1,3,5-triazina) 98% (Alfa Aesar), Folin- 
Ciocalteu’s phenol reagent, Iron chloride (III) 
(Merk), hydrochloric acid, acetic acid 
(Chimopar, Bucharest), sodium acetate 
(Scharlau, Barcelona, Spain), HPLC standards: 
ferulic acid, p-coumaric acid, caffeic acid 
(Sigma-Aldrich, Merck Group, Darmstad), 
syringic acid (Alfa Aesar, Haverhill, MA, 
USA), chlorogenic acid (Cayman Chemical, 
Ann Arbor, MI, USA).  
 
Ultrasound-assisted extraction of phenolic 
compounds 
The phenolic compounds were extracted from 
honeysuckle by ultrasound-assisted extraction 
using an ultrasonic bath (Elmasonic P, 
Germany) at power P = 580 W and frequency 
37 Hz of ultrasound. The temperature was 
maintained between 20-30°C by adding ice to 
the bath. The samples were placed in a 
volumetric flask with different volumes of 
solvent. After the extraction, the extract of 
polyphenols was separated from biomass by 
centrifugation, at 8500 rpm (6080 x g), 15 min, 
at 10°C, and used for the determination of the 
total polyphenols content (TPC), by the Folin 
Ciocâlteau method, and for the assay of the 
antioxidant activity by DPPH, ABTS and 
FRAP methods (Xie et al., 2017). 
 
Experimental Design 
Response surface methodology is an approach 
to evaluate the relationship between responses 

and independent variables, determining the 
optimal parameters and giving information about 
the predictive responses (Humbird et al., 2016). 
According to other studies (Sun et al., 2011; 
Gam et al., 2020; Peng et al., 2020) the Box 
Behnken experimental design (BBD) with 
three-level and three factors were applied to 
determine the best combinations of extraction 
parameters for the extraction of the total 
polyphenol content (TPC) and the antioxidant 
activity (AOA) of extracts from flowers of 
honeysuckle.  
The three factors selected for this experimental 
design were: the concentration of ethanol (X1 = 
50, 73, 96%), the extraction time (X2 = 30, 45, 
60 min), and the ratio of liquid to solid (X3 
(L/S) = 10, 20, 30). The levels for each factor 
were coded with +1 which represents high, 
0→middle and -1 →low (Table 1).  
 

Table 1. The three-level quadratic model of three-
factorial of Box-Behnken design 

Test 
number 

Ethanol 
concentration (%) 

Time  
(min) 

Liquid/solid 
ratio 

1 50 (-1) 30 (-1) 20 (0) 
2 96 (+1) 30 (-1) 20 (0) 
3 50 (0) 60 (+1) 20 (0) 
4 96 (+1) 60 (+1) 20 (0) 
5 50 (-1) 45 (0) 10 (-1) 
6 96 (+1) 45 (0) 10 (-1) 
7 50 (-1) 45 (0) 30 (+1) 
8 96 (+1) 45 (0) 30 (+1) 
9 73 (0) 30 (-1) 10 (-1) 
10 73 (0) 60 (+1) 10 (-1) 
11 73 (0) 30 (-1) 30 (+1) 
12 73 (0) 60 (+1) 30 (+1) 
13 73 (0) 45 (0) 20 (0) 
14 73 (0) 45 (0) 20 (0) 
15 73 (0) 45 (0) 20 (0) 
16 73 (0) 45 (0) 20 (0) 
17 73 (0) 45(0) 20 (0) 

 
The experimental design consisted of 17 
experiments, 5 of which at the centre point 
were used to evaluate the experimental error. 
The general quadratic response model is 
described by equation 1. 
The validity of the experimental model was 
evaluated by the determination of the regre-
ssion coefficient of the model, by determination 
of adjusted R2 and predicted R2, the 
significance (p) and lack of adjustment tests. 
 
𝑌𝑌𝑌𝑌 = 𝛽𝛽𝛽𝛽0 + ∑ 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖

𝑘𝑘𝑘𝑘
𝑖𝑖𝑖𝑖=1 + ∑ 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑘𝑘𝑘𝑘
𝑖𝑖𝑖𝑖=1 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖

2 + ∑ ∑ 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖
𝑘𝑘𝑘𝑘
𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑋𝑋𝑋𝑋𝑖𝑖𝑖𝑖   (1) 

 
In this equation Xi, Xj represent the independent 
variables, β0, βi, βii, βij are the regression 
coefficients for the intercept, linear, quadratic, 
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and interaction terms, respectively, k is the 
number of variables, and Y is the predicted 
response. 
To evaluate the obtained model, the analysis of 
variance (ANOVA) was performed with 
Design Expert® software version 11. 
 
The total polyphenol content 
The total polyphenol content (TPC) of the 
extracts was determined by the Folin-Ciocalteau 
method. TPC was spectrophotometrically 
measured using a plate reader (CLARIOstar, 
BMG LABTECH, Germany) by the method 
described by (Kim et al., 2003). Briefly, 0.01 
mL of standard gallic acid or sample solution 
was mixed with 0.09 mL H2O d.d. and 0.01 mL 
of Folin Ciocalteu reagent, and after 5 minutes 
of mixing, 0.1 mL of 7% Na2CO3 and 0.04 mL 
H2O d.d were added to the mixture. The 
absorbance was read at 765 nm after 60 minu-
tes of incubation at room temperature. The 
calibration curve was in the range of 5-25 
µg/mL gallic acid. The results were expressed 
as gallic acid equivalent/g mass of the sample. 
 
The antioxidant activity  
Radical scavenging activity by ABTS assay 
The antioxidant method of neutralizing the 
ABTS radical was determined by the ABTS 
radical cation discolouration test (Proestos et 
al., 2013). ABTS+ was produced by the reac-
tion between 7 mM ABTS in water and 2.45 
mM potassium persulfate, incubated in the dark 
at room temperature for 12-16 hours before 
use. The ABTS+ solution was then diluted with 
96% ethanol to have an absorbance of 0.700 ± 
0.04 at 734 nm. After adding 20 μl of sample to 
180 μl of diluted ABTS+ solution, the absor-
bance was measured at 734 nm after 30 min. 
All measurements were performed three times. 
The results were expressed as mM Trolox / g 
dry weight (DW). Trolox was used as the 
standard substance, the calibration curve was 
made from the concentration range 0-150 µM 
Trolox.  
 
Radical scavenging activity by DPPH assay  
The method involves neutralizing the stable 
radical DPPH (2.2-diphenyl-1-picrylhydrazyl) 
and was performed according to (Dudonné et 
al., 2009) with some modification. When 
DPPH reacts with an antioxidant compound, 

which can donate hydrogen, it is reduced, 
varying in colour from purple to light yellow. 
Briefly, 100 μl of sample/standard was mixed 
with 100 μl of 0.3 mM DPPH solution in 
99.6% (v/v) ethanol. The absorbance was read 
at λ = 517 nm after 30 min of reaction using a 
UV-Vis plate reader (CLARIOstar, BMG 
LABTECH, Germany). All measurements were 
performed three times. Trolox was used as the 
standard substance and the calibration curve 
was made from the concentration range 0.0125 
mM - 0.15 mM, starting from a stock solution 
of Trolox 1 mM. The results were expressed as 
mM Trolox/g dry weight (DW). 
 
Ferric-Ion Reducing Antioxidant Power 
(FRAP) Assay 
The FRAP method is based on the ability of 
antioxidants to reduce the tripyridyltriazine -
Fe3+ (Fe (III) -TPTZ) complex to the blue-
coloured tripyridyltriazine-Fe2+ (Fe (II) -TPTZ) 
complex by the action of electron release by the 
antioxidant. 
The determination of the antioxidant power of 
iron reduction was performed by the method 
described by (Benzie & Strain, 1999) with 
some modifications. The FRAP reagent was 
prepared by mixing 10 parts of 0.3 M acetate 
buffer pH 3.6 with one part of 10 mM TPTZ (in 
a solution of 40 mM HCl) and one part 20 mM 
FeCl3 solution (10: 1: 1). An aliquot of 15 µL 
sample/standard solution was added to 285 µL 
FRAP reagent. The absorbance was read at 593 
nm, after incubation for 30 minutes at 37oC in 
the dark. Trolox was used as the standard 
substance, the calibration curve was made from 
the concentration range 0-450 µM Trolox/mL. 
The results were expressed as mM Trolox/g dry 
weight (DW). 
 
HPLC analysis 
The phenolic acids from the optimised etha-
nolic extract of Lonicera caprifolium, obtained 
from optimisation of UAE, were identified 
using high pressure liquid chromatographic 
(HPLC) analysis. The phenolic acids were 
identified by comparison with the retention 
time of standards. 
The HPLC analysis was performed on a Dionex 
Ultimate 3000 equipment and chromatograms 
were processed by Chromelleon 7.0 software. 
The chromatographic separation was performed 
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on a Luna Omega 5 μm Polar C18 100Å 
column (250 mm × 4.6 mm). The analysis was 
performed according to a method described by 
(Robbins & Bean, 2004). Briefly, the method 
involves using a gradient program with two 
solvents system (A - aqueous solution with 
0.1% formic acid and B - methanol) which was 
applied as follows: 0-25 min. 5% B, 25-33 min. 
30% B, 34-40 min. 5% B. The flow rate was set 
at 1.25 mL × min-1 and the injection volume of 
10 μL was used for the detection of phenolic 
acids at 280 nm.  
The calibration curve consisted of several 
standard concentrations between 18.125-1000 
µg/mL. The correlation coefficients (r2) were 
above 0.9996, which indicated a good linearity. 
 
Statistical analysis 
As was already mentioned, the BBD models 
were used to evaluate the effect of each 
independent factors (concentration of ethanol, 
extraction time, and liquid to solid ratio) to the 
responses.  
The calculations were performed using Design-
Expert software 11 (State-Ease Inc., 
Minneapolis, MN, USA).  
Analysis of variances (ANOVA) was applied to 
determine the statistical significance of the 
model and variables by determination of p-
value, F-value, regression coefficient square 
terms, and to validate the model. 
 
RESULTS AND DISCUSSIONS  
 
The results of the UAE optimisation are sum-
marized in Table 2, with values of TPC ranging 
between 392.093 and 1741.05 µg GAE/g DW, 
the values of antioxidant activity by DPPH 
method between 7.59 and 22.87 mM Trolox/g 
DW, by ABTS method between 29.41 and 
162.37 mM Trolox/g DW, and by FRAP method 
between 39.78 and 204.06 mM Trolox/ g DW.  
The results of the statistical analysis are 
presented in Table 3. In the case of TPC, the F-
value (101.13) and the p-value (p<0.0001) 
indicate the model was significant.  
The data shown in Table 3 indicate that the 
ethanol concentration was a highly significant 
factor (p<0.0001) for TPC. 
Also, the reduced quadratic model was 
significant for the response TPC, with a good 
regression coefficient R2 = 0.9353 (more than 

93% of variation can be predicted by the 
model). 
 

Table 2. Experimental results 
Test 
number 

TPC µg 
GAE/g DW 

DPPH 
mM Trolox/ 

g DW 

ABTS  
mM  

Trolox/g 
DW 

FRAP  
mM  

Trolox/g 
DW 

1 1387.41 ± 
54.10 

13.32 ± 
0.62 

61.99 ± 
3.40 

185.06 ± 
9.45 

2 1365.2 ± 
21.32 

21.34  ± 
1.23 

78.65 ± 
0.62 

204.06 ± 
0.67 

3 471.69 ± 
24.82 

19.09 ± 
0.87 

39.81 ± 
0.59 

48.98 ± 
9.68 

4 652.56 ± 
27.10 

17.06 ± 
1.20 

44.12 ± 
3.26 

71.53 ± 
0.58 

5 1330.59 ± 
53.95 

16.20 ± 
0.48 

154.6 ± 
2.73 

171.33 ± 
4.85 

6 1551.28 ± 
31.32 

22.10 ± 
0.73 

57.38 ± 
0.50 

176.12 ± 
1.32 

7 392.093 ± 
69.41 

7.911 ± 
2.82 

29.41 ± 
4.39 

39.78 ± 
12.35 

8 1507.15 ± 
29.01 

8.90 ± 
0.32 

110.52 ± 
1.6 

145.96 ± 
4.075 

9 1606.68 ± 
97.88 

22.87 ± 
1.72 

93.31 ± 
4.03 

163.47 ± 
6.35 

10 1486.84 ± 
66.31 

17.59 ± 
1.34 

153.49 ± 
1.54 

168.78 ± 
5.84 

11 1741.05 ± 
39.59 

7.59 ± 
0.46 

98.3 ± 
0.63 

156.65± 
10.67 

12 1264.3 ± 
72.76 

15.85 ± 
1.19 

149.93 ± 
0.61 

159.37 ± 
13.30 

13 1530.4 ± 
86.83 

17.35 ± 
1.21 

162.37 ± 
5.99 

175.25 ± 
10.36 

14 1549.34 ± 
64.94 

17.75 ± 
0.77 

61.75 ± 
2.11 

172.31 ± 
4.17 

15 1475.47 ± 
77.78 

16.74 ± 
1.07 

161.49 ± 
2.03 

178 ± 
3.27 

16 1571.16 ± 
53.07 

16.59 ± 
0.81 

53.047 ± 
4.78 

72.29 ± 
14.52 

17 1399.67 ± 
28.02 

18.69 ± 
0.51 

108.41 ± 
2.03 

136.84 ± 
8.73 

 
The difference between the predicted R² of 
0.9008 and the adjusted R² of 0.9260 was less 
than 0.2. The lack of fit F-value of 1.11 implies 
the lack of fit is not significant relative to the 
pure error.  
In the case of AOA by ABTS and FRAP 
methods, the reduced quadratic model was 
significant with F-value 93.15 and 147.61, 
respectively, and regression coefficient R2 = 
0.9864 (ABTS) and R2 = 0.9888 (FRAP). For 
both methods, the predicted R² was in 
reasonable agreement with the adjusted R². 
Also, the data presented in Table 3 show that 
the ethanol concentration and liquid to solid 
ratio were significant for the antioxidant 
activity of the extracts from flowers of 
honeysuckle by all methods studied. In the case 
of AOA by the DPPH method, the linear model 
was fit better than others, with regression 
coefficient R2 = 0.9538, model F-value 89.48 
and model p-value < 0.0001.  
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Table 3. Analysis of variance (ANOVA) for the selected factorial model 

Source 
TPC AOA FRAP 

Sum of 
squares 

Mean square F-value p-value Sum of 
squares 

Mean square F-value p-value 

Model 2.826E+06 1.413E+06 101.13 < 0.0001 41239.52 6873.25 147.61 < 0.0001 
X1 2.144E+06 2.144E+06 153.48 < 0.0001 26168.89 26168.89 562.01 < 0.0001 
X2 - - - - 903.13 903.13 19.40 0.0013 
X3 - - - - 2336.06 2336.06 50.17 < 0.0001 
Interaction  
X2-X3 - - - - 247.60 247.60 5.32 0.0438 
Quadratic  
X1

2 6.815E+05 6.815E+05 48.78 < 0.0001 11075.98 11075.98 237.87 < 0.0001 
X3

2 - - - - 277.36 277.36 5.96 0.0348 
Residuals 1.956E+05 13969.37 - - 465.63 46.56 - - 
Lack of Fit 1.436E+05 14363.24 1.11 0.5026 259.33 43.22 0.8380 0.5976 
Pure Error 51938.78 12984.69 - - 206.31 51.58 - - 

Source 
AOA DPPH AOA ABTS 

Sum of 
squares 

Mean square F-value p-value Sum of 
squares 

Mean square F-value p-value 

Model 466.62 155.54 89.48 < 0.0001 34483.99 4926.28 93.15 < 0.0001 
X1 12.21 12.21 7.02 0.0200 1597.00 1597.00 30.20 0.0004 
X2 7.53 7.53 4.33 0.0577 8.02 8.02 0.1516 0.7061 
X3 446.88 446.88 257.09 < 0.0001 516.13 516.13 9.76 0.0122 
Interaction  
X1- X3 - - - - 1041.85 1041.85 19.70 0.0016 
Quadratic  
X1

2 - - - - 21420.02 21420.02 405.02 < 0.0001 
X2

2 - - - - 4623.17 4623.17 87.42 < 0.0001 
X3

2 - - - - 2741.83 2741.83 51.84 < 0.0001 
Residuals 22.60 1.74 - - 475.98 52.89 Tan - 
Lack of Fit 20.42 2.27 4.16 0.0916 360.82 72.16 2.51 0.1970 
Pure Error 2.18 0.5454 - - 115.16 28.79 - - 

X1 - ethanol concentration, X2- extraction time, X3- liquid to solid ratio. 
 

 
Figure 1. Response surface showing the effect of ethanol concentration, time,  

and liquid to solid ratio on the total polyphenol content 

Figure 1 represents graphically the interaction 
between variables and the effects on the TPC 
value. As reported in Table 3, the effect of the 
ethanol concentration on TPC is significant (p 
<0.0001) and the TPC value decreases with the 
increase of ethanol concentration beyond 50%.  
Similar behaviour was recently obtained for the 
polyphenols extraction from Lonicera 
japonicum (Fan et al., 2019) and was reported 
also in the case of extractions from other plants  
(Sun et al., 2011; Arteaga-Crespo et al., 2020; 
Gam et al., 2020).  

In general, maximum TPC is obtained at 50-
70% ethanol, sometimes higher. At too low 
ethanol concentrations the polarity of the 
solvent is too high and the viscosity is 
increased, while at too high ethanol 
concentrations the polarity of the solvent 
decreases too much for efficient extraction of 
polyphenols. 
The results presented in Table 3 and Figure 1 
indicate that time and solid to liquid ratio were 
insignificant to the TPC value and that there 
was no interaction between them.  
 



52

 

 
Figure 2. Response surface plots for the effect of ethanol concentration and extraction time on the antioxidant activity 

by ABTS method (A), by FRAP method (B), by DPPH method (C) 
 
Figure 2 shows the AOA by ABTS, FRAP and 
DPPH, as a function of ethanol concentration 
and extraction time. The ethanol concentration 
influences the AOA by all methods, but in the 
case of DPPH, the ethanol concentration 
presented a lower level of significance 
compared to the other two methods (Figure 2C)  
as reported also by ANOVA p-value of 0.02 
(Table 3).  
The surface response plot demonstrated a 
significant quadratic effect of ethanol 
concentration on AOA measured by ABTS and 
FRAP method. Figure 2A shows that the 

maximum AOA by ABTS method (162.37) 
mM Trolox/g DW) was obtained at 73% 
ethanol concentration and 45 min extraction 
time, after which the tendency became 
downwards in both directions. Also, figure 2B 
shows that the maximum value of AOA by 
FRAP assay was obtained at 73% ethanol 
concentration and 45 min extraction time, 
which it represents the inflexion point of the 
3D curve. This trend data can be also observed 
in the results of other authors (Gam et al., 
2020). 
 

 
Figure 3. Response surface plots for the effect of ethanol concentration and liquid to solid ratio on the antioxidant 

activity by ABTS method (A), by FRAP method (B), by DPPH method (C) 
 
Similar behaviour was observed in the case of 
the 3D surface representation as a function of 
L/S and ethanol concentration (Figure 3). In the 
case of DPPH, the L/S had a more significant 
effect than the extraction time. The DPPH 
antioxidant activity increased linearly with 
increasing L/S (Figure 3C).  
The second-order polynomial equation in terms 
of code factors determined from the 
experimental results is presented as: 
 
𝑌𝑌𝑌𝑌𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 1440.70 − 517.7𝑋𝑋𝑋𝑋1 − 401.13𝑋𝑋𝑋𝑋12                    (2) 
 

𝑌𝑌𝑌𝑌𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 = 156.38 − 14.13𝑋𝑋𝑋𝑋1 − 1.00𝑋𝑋𝑋𝑋2 − 8𝑋𝑋𝑋𝑋3 +
16.14𝑋𝑋𝑋𝑋1𝑋𝑋𝑋𝑋3 − 71.32𝑋𝑋𝑋𝑋12 − 33.14𝑋𝑋𝑋𝑋22 − 25.52𝑋𝑋𝑋𝑋32         (3) 
𝑌𝑌𝑌𝑌𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 = 16.29 + 1.24𝑋𝑋𝑋𝑋1 − 0,9704𝑋𝑋𝑋𝑋2 + 7.47𝑋𝑋𝑋𝑋3        (4) 
 
𝑌𝑌𝑌𝑌𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇 = 170.61 − 57.19𝑋𝑋𝑋𝑋1 + 10.63𝑋𝑋𝑋𝑋2 + 17.09𝑋𝑋𝑋𝑋3 +
7.87𝑋𝑋𝑋𝑋2𝑋𝑋𝑋𝑋3 − 51.22𝑋𝑋𝑋𝑋12 − 8.11𝑋𝑋𝑋𝑋32                                  (5) 
 
We calculated the Pearson’s correlation 
coefficients (r) between response variables 
(Table 4). The behaviour of FRAP was similar 
to that of TPC, both methods being highly 
positively correlated (r = 0.768). Significant 
correlation was found between ABTS and 
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FRAP (r = 0.589) and between TPC and ABTS 
(r = 0.493). These results suggest that most of 
the extracted polyphenols detected by TPC 
were involved in these AOA. The lowest 
correlation was found between DPPH and 
ABTS assay (r = 0.034). 
 

Table 4. Pearson correlation coefficients 
 TPC µg 

GAE/ g 
DW 

DPPH 
mM 

Trolox/ 
g DW 

ABTS 
mM 

Trolox / g 
DW 

FRAP  
mM  

Trolox / g 
DW 

TPC µg GAE/g 
DW 1 0.144 0.493 0.768 

DPPH 
mM Trolox/g 

DW 
0.144 1 0.034 0.268 

ABTS 
mM 

Trolox/g DW 
0.493 0.034 1 0.589 

 

FRAP 
mM 

Trolox/g DW 
0.768 0.268 0.589 1 

 
Differences in correlations were reported also 
by others and seem to depend on the substrate 
used for extraction (Andres et al., 2013). 
Andres et al. obtained correlation between TPC 
and ABTS and between DPPH and reducing 
power (RP), but not between these two groups, 
for hydroalcoholic extraction of brewers’ spent 
grain (BSG). They explained these results in 
terms of the different solubilities of the AOA 
substrates.  DPPH can be solubilised only in 
organic solvents, therefore mostly the lipophilic 
antioxidants contribute to the reaction. ABTS is 
soluble in both aqueous and organic solvents 
and it is usually measured in hydroalcoholic 
solution, therefore both hydrophilic and 
lipophilic compounds contribute to AOA. 
In our case, TPC and FRAP are the most 
similar in terms of the solvent used (aqueous 
solution) which could be one explanation for 
the positive correlation between the two 
methods. The response of ABTS is more 
complex, probably because of the significant 
contribution of both hydrophilic and lipophilic 
fractions. In the case of DPPH, only the more 
lipophilic fraction has a significant 
contribution, which correlates with the slight 

increase in the DPPH activity when the ethanol 
concentration increases. The significant and 
linear influence of L/S suggests that the 
extraction of the more lipophilic fraction is not 
saturated in the L/S interval selected.  
Another possible explanation related to the 
differences between the antioxidant activities 
determined by the different methods is related 
to the mechanisms characteristic of each 
antioxidant assay method. There are several 
mechanisms involved in antioxidant activity, 
such as hydrogen atom transfer (HAT), 
sequential proton loss–electron transfer 
(SPLET), single-electron transfer–proton 
transfer (SET-PT) mechanisms (Galano et al., 
2016). Most of the antioxidant assays which we 
used are related to electron transfer, SPLET or  
SET-PT (Apak et al., 2016). However, recently 
it was suggested that DDPH assay could have 
HAT, SET-PT and SPLET mechanisms in 
different micro-environments (Chen et al., 
2020). Therefore, the lack of correlation of 
DDPH assay with other types of assays could 
be explained by the predominance of HAT 
mechanism (Tošović et al., 2017) for DDPH in 
our assays. 
A third explanation for the different responses 
could be the differences in the extraction 
composition as a function of variables. This 
aspect needs a thoroughly investigation of the 
composition response in terms of different 
classes of compounds and it is planned to be 
further investigated. 
 
Selection of the optimum factors and 
estimation of the optimum responses 
The desirability function method was employed 
to optimise the extraction conditions to obtain 
maximum extraction yield of TPC and AOA by 
all methods as described in Table 5. 
Optimal conditions were established to be 
61.079% ethanol, 32.283 min extraction time at 
a liquid/solid ratio of 18.906. 

 
Table 5. Optimal factors and predictive responses 

Ethanol concentration, 
% 

Time, 
min L/S TPC µg GAE/ g 

DW 

DPPH 
mM Trolox/ g 

DW 

ABTS 
mM 

Trolox / g 
DW 

FRAP 
mM 

Trolox / g 
DW 

Desirability 

61.079 32.283 18.906 1601.266 15.656 123.060 176.252 0.705 
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HPLC analysis 
The phenolic acids from the optimized 
ultrasound extract of L. caprifolium flowers 
were identified by HPLC, by comparing with 
the retention time (RT) of standards.  

Figure 4. HPLC chromatogram of honeysuckle  
flower extract obtained by UAE extraction at optimised 

conditions 
 
The HPLC chromatogram showed one major 
peak at RT 22.415 min, which was identified 
and quantified as chlorogenic acid -1331.91 
µg/g DW (Figure 4). Chlorogenic acid was 
previously shown to be the main phenolic acid 
in other Lonicera species (Wang et al., 2009; 
Yuan et al., 2014; Chaowuttikul et al., 2020). 
Antioxidant mechanism of chlorogenic acid in 
conditions similar to our AOA assay is 
predominantly of electron transfer - SPLET 
(Tošović et al., 2017). Such mechanism could 
be an explanation for different correlation 
coeficients between various AOA assays of 
extracts of L. caprifolium flowers (Table 4). 
 
CONCLUSIONS 
 
The UAE of polyphenols from flowers of 
Lonicera caprifolium was optimised using DoE 
and RSM in Design Expert software version 
11. A BBD three-level, three-factor (ethanol 
concentration, extraction time, liquid to solid 
ratio) was applied to obtain the optimal 
condition with regards to highest yield of TPC 
and AOA. AOA was assessed through three 
colourimetric methods namely DPPH, ABTS 
and FRAP. The highly significant factor for 
polyphenol content and AOA was the ethanol 
concentration, while the other two were less 
significant for the extraction of the maximum 

total polyphenolic compounds and the 
maximum AOA of the extracts. The 
correlations between TPC and AOA depended 
on the method of AOA, one possible 
explanation being the reagent solubility. The 
optimal extract was analysed by HPLC to 
identify the phenolic acids, and the main 
phenolic acid was chlorogenic acid, similar to 
other Lonicera species. 
All of these facts point to the possible use of 
this extract in different products such as 
cosmetics and nutraceuticals. 
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Abstract 
 
Lead, one of the toxic metals with no biological function, is a widely dispersed heavy metal found in many forms in 
natural resources on earth, and anthropogenic activities continue to increase the concentration of Pb in the 
environment. In this study, it was aimed to determine the effects of different Pb concentrations (0, 5, 25, and 50 mg/L) 
on physiological parameters and mineral contents of safflower seedlings grown hydroponically under controlled 
conditions. After two weeks of Pb application, Pb and macro- (K, Ca, Mg) and micro- (Zn, Fe, Cu) element contents of 
the seedling parts, as well as photosynthetic pigments, total carbohydrate, total phenolic compound, and 
malondialdehyde (MDA) contents were determined. There was a dose-dependent increase in the Pb contents of the 
seedling organs. The highest Pb content was found in the roots and the lowest in the leaves. Lead toxicity has been 
found to impair nutrient uptake and transport, causing nutrient imbalance. In addition, it was shown that Pb toxicity 
from the changes in photosynthetic pigment, carbohydrate, and phenolic compound contents caused physiological 
changes in the seedling tissues. Besides, it clearly revealed that the increase in the amount of MDA triggers oxidative 
stress, which is the secondary stress caused by Pb toxicity. 
 
Key words: safflower (Carthamus tinctorius L.), Pb toxicity, physiological effect, nutritional elements. 
 
INTRODUCTION 
 
Lead, which has no biological function, is a 
widely distributed heavy metal found in many 
forms in natural resources on earth. Its 
concentrations are increasing rapidly with 
increasing use by humans in the environment 
(Pais & Jones, 2000). Lead is generally retained 
in the upper part of the soil (Cecchi et al., 
2008). Very little lead is thought to be soluble 
in soil because of its tight hold by soil colloids. 
However, Pb behavior, solubility, mobility, and 
biological availability in soil are controlled by 
biogeochemical factors. (Kopittke et al., 2008; 
Punamiya et al., 2010). These factors include 
pH, redox, cation exchange capacity, 
mineralogy, lead concentration, organic and 
inorganic ligand levels, competing cation 
levels, and plant species (Dumat et al., 2006; 
Komjarova & Blust, 2009; Tabelin & Igarashi, 
2009; Arias et al., 2010; Bi et al., 2010; Vega et 
al., 2010; Shahid et al., 2011). Lead taken by 
plants affects many physiological and 
biochemical processes. Among the most well-
known Pb toxicity effects are such as decreased 

growth, deterioration in mineral nutrition, 
triggering oxidative stress, and decrease in the 
amount of chlorophyll (Sharma & Dubey, 
2005; Dogan et al., 2009; Dogan et al., 2017). 
Safflower is an annual oil plant belonging to 
the Asteraceae family. The vegetative and 
generative parts of the plant are used for 
different purposes. Its seeds are important in 
human nutrition due to their high content of 
linoleic acid and vitamin E. In addition, its 
seeds are used especially in the production of 
edible oil, as well as in the production of 
dyestuffs and for medicinal purposes, as a 
coloring and flavoring in food (Kayacetin et al., 
2012). 
This study was carried out to determine the 
effect of different Pb concentrations on 
physiological parameters and mineral contents 
of safflower seedlings grown hydroponically. 
 
MATERIALS AND METHODS 
 
For the experiment, C. tinctorius seeds were 
used. Safflower seeds were sterilized with 5% 
sodium hypochlorite. The seeds were sowed in 
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perlite medium in a controlled climate cabinet 
(Snijders Scientific, Netherlands) at 26 ± 1°C 
under constant dark conditions. In case of need, 
the seeds were watered with distilled water. On 
the 14th day of the study, safflower seedlings 
(four seedlings in each container) were 
transferred to an aerated water culture medium 
(2 L) containing 10% nutrient solution (0.88 
mM K2SO4, 2 mM Ca (NO3)2, 0.25 mM 
KH2PO4, 1 mM MgSO4, 0.11 mM KCl, 100 
μM Fe-EDTA, 10 μM H3BO3, 5 μM MnSO4, 
10 μM ZnSO4, 2 μM CuSO4 and 0.2 μM 
(NH4)6Mo7O24). After a two-week acclimati-
zation period under controlled conditions (~120 
μE.m-2.s-1 light and 26 ± 1ºC temperature), the 
seedlings were exposed to lead concentrations 
of 0, 5, 25, and 50 mg/L as Pb(NO3)2 for two 
weeks. Solutions were renewed every two days. 
The study was applied in three repetitions. The 
roots of the harvested seedlings were washed 
three times with distilled water.  
The fresh seedling leaves were homogenized in 
80% acetone to determine the photosynthetic 
pigment contents. After the supernatants were 
separated, the samples were read in a 
spectrophotometer (GBC CINTRA 202, 
Australia) at 662, 645, and 450 nm. 
Chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), 
and carotenoid contents were calculated 
according to Lichtenthaler & Wellburn (1985). 
For total soluble carbohydrate determinations, 
the anthrone method was used (Plummer, 
1998). The carbohydrate content was then 
estimated using the standard curve of glucose. 
Phenolic compounds were detected according 
to Ratkevicius et al. (2003). Lipid peroxidation 
was determined by measuring the level of 
malondialdehyde (MDA) by the method of 
Zhou (2001). 
Safflower seedling parts were dried at 80ºC 
until constant weight. The wet digestion 
procedure (HNO3-HCl) was applied to 
determine the Pb and nutrient contents (Zn, Fe, 
Cu, Mn, Mg, Ca, and K). Element contents 
were determined using a flame atomic 
absorption spectrometer (Perkin Elmer 
Aanalyst 400). 
Bioconcentration factor (BCF) was calculated 
as follows (Zayed et al., 1998):  

BCF = 
CTotal Pb contents of the seedling tissues 
CPb concentration added in solution 

Transportation index (TI) of the seedling parts 
were calculated as follows (Ghosh & Singh, 
2005): 

TI = 
Caerial parts x 100 

Croots 
where: Caerial parts is Pb concentration of in the 
above-ground tissues and Croots is Pb 
concentration of in the roots. 
Data analysis was performed using SPSS (SPSS 
11.0 for Windows). One-Way ANOVA LSD 
(Least Significant Difference) test, a multiple 
range test, was applied to determine the signi-
ficance of differences between mean values. 
 
RESULTS AND DISCUSSIONS 
 
Pb concentrations accumulated in safflower 
seedling parts, and their TI and BCF levels 
have been shown in Figure 1. Significant 
increases were found in the Pb accumulation of 
seedlings with increasing external metal 
concentrations (p<0.05) (Figure 1A). Metal 
concentrations in plant tissue are related to the 
metal concentration in the environment in 
which it grows. In addition, it was determined 
that the Pb contents of the seedling organs were 
in the form of root>stem>leaf.  
The transportation index (TI) of seedling stem 
and leaves also changed with increasing Pb 
concentration (Figure 1B). The TI could give 
an idea about how much Pb, was taken up by 
the roots, could transport to the above-ground 
organs. According to findings, it can be shown 
that seedling roots limit Pb transport to the 
leaves by accumulate Pb at high concentrations, 
and thus playing a vital role in protecting Pb 
from its harmful effects. Sayyad et al. (2009) 
according to the results of their research by 
applying Pb to the safflower plant, the limited 
translocation of metals from roots to shoots 
supports our findings. In this blocking 
mechanism, Pb can be retained in the stem cell 
walls in the form of pyrophosphate (Marschner, 
1995). The accumulation of more Pb in the 
roots is probably a mechanism that was 
implemented to protect the above-ground 
organs from the toxic effects of Pb. 
Bioconcentration factor (BCF) is the ratio of 
the metal concentration in plant tissues to the 
metal in the environment and was used to 
determine the efficiency of the plant to 
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concentrate a metal into its biomass (Dogan et 
al., 2018). With the applied Pb concentration, 
decreases in BCF rates were found (p<0.05) 

(Figure 1C). Accordingly, the highest BCF was 
calculated with 319.8 at 5 mg/L Pb concen-
tration.  

 

 
Figure 1. Lead contents (A), Transportation index (TI) (B) and BCF (C) of safflower seedlings. Means with different 

letters are significantly different from one another according to LSD test (p<0.05) 
 
Photosynthetic pigment content of seedling 
leaves increased insignificantly at 5 mg/L Pb 
(p>0.05) (Figure 2A). Especially with the 
increase in external Pb concentration, Chl-a, 
Chl-b, and carotenoid contents were calculated 
to decrease up to 25.4%, 19.5%, and 19.1%, 
respectively, compared to the controls 
(p<0.05). One of the well-known effects of lead 
toxicity is on chlorophylls. It has been reported 
in many studies that photosynthetic pigments 
are inhibited by Pb (Dogan et al., 2009; 
Saygideger et al., 2013; Chen et al., 2014). This 
inhibition is thought to be due to the indirect 
effects of Pb. These effects include irregularity 
in uptake and transport of nutrients, 
replacement of divalent cations such as Mg 
with lead, decreased ferredoxin NADP + 
reductase, and delta-aminolaevulinic acid 
dehydratase (ALAD) activity. However, these 
effects may differ according to plant species 
(Gopal & Rizvi, 2008; Gupta et al., 2009; 
Cenkci et al., 2010). 
Total carbohydrate contents of root and stem 
generally were increased by Pb (Figure 2B). On 
the contrary, it was determined that the 

carbohydrate content of the leaves decreased 
with the Pb concentration. Phenolic compounds 
are one of the most important secondary 
metabolite groups in plants. The phenolic 
compound contents of roots did not change 
under the Pb effect (p>0.05) (Figure 2C). In 
contrast, the contents of stems and leaves 
increased significantly at 25 and 50 mg/L 
(p<0.05). This may indicate that these 
compounds may have a role in response to Pb 
toxicity. 
Malondialdehyde (MDA) indicates the level of 
lipid peroxidation and is an indicator of 
oxidative stress. It is known that reactive 
oxygen species (ROS) can be produced on 
heavy metal exposure, thus causing oxidative 
damage in plants (Dogan et al., 2009). As a 
result of Pb toxicity, the MDA contents of 
roots, stems, and leaves were calculated to 
increase up to 4.2, 6.9, and 9.8 times, 
respectively (p<0.05) (Figure 2D). These 
results showed that Pb toxicity triggered 
oxidative stress, which is secondary stress, and 
caused an increase in MDA content in the cells 
of seedling organs. 
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Figure 2. Effects of Pb on the contents of photosynthetic pigments (A), total carbohydrate (B),  

total phenolic (C) and MDA (D) in safflower seedlings. Means with different letters are significantly different  
from one another according to LSD test (p<0.05) 

 
It was found that the macronutrients K, Ca, and 
Mg and micronutrients Zn, Fe, and Cu contents 
of the seedling organs and their uptake and 
transport to the aboveground organs were 
changed under the influence of different Pb 
concentrations (Figure 3). It was found that the 
K contents under the effect of 5, 25, and 50 
mg/L Pb decreased by 47.1%, 54.9%, and 
53.5% in the roots and by 77.1%, 70.7%, and 
75.2% in the stems, respectively, compared 
with their respective controls (p<0.05) (Figure 
3A). Similarly, Lamhandi et al. (2013) 
determined that all Pb concentrations applied 
caused a decrease in the K content of spinach 
and wheat plants. On the contrary, it was 
determined that the K content of the leaves 
increased up to 48.9% (p<0.05). In agreement 
with our findings, it was reported by Kibria et 
al. (2009) that there was an increase in 
potassium under the effect of Pb in the shoots 
of Amaranthus oleracea.  
While the Ca content of the roots increased 
significantly at 5 mg/L Pb concentration 
(p<0.05), it decreased significantly at 50 mg/L 
Pb concentration (p<0.05) (Figure 3B). Ca 
content of stems increased at 5 mg/L but 
decreased at 25 and 50 mg/L (p>0.05). 
Similarly, while the Ca content of the leaves 

increased by 69.7% at 5 mg/L Pb (p<0.05), it 
decreased by 22.7% at 50 mg/L Pb (p<0.05). 
Calcium is a divalent cation like Pb. Due to 
these ionic properties, Pb can replace Ca 
(Azmat et al., 2009). Therefore, especially high 
Pb concentration blocked Ca uptake and 
transport to above-ground parts.  
Mg content of the roots increased at 5 and 25 
mg/L Pb concentrations (p<0.05), but did not 
show a significant change at 50 mg/L (p>0.05) 
(Figure 3C). Mg content of the stems decreased 
insignificantly under the Pb effect (p>0.05). 
The contents of leaves also showed similar 
changes with the roots. As a result, Mg 
contents increased at 5 and 25 mg/L Pb, and 
then decreased at 50 mg/L Pb were determined. 
It was found that the Mg contents of the roots 
and shoots of two peanut cultivars decreased 
due to the toxic effects of Pb (Nareshkumar et 
al., 2014). 
Zn contents of the seedling parts increased 
under the effect of 5 mg/L Pb (Figure 3D). 
Except for leaves at 50 mg/L Pb, decreases in 
Zn contents were determined at 25 and 50 
mg/L Pb. Fe contents of the seedling roots 
showed insignificant changes in the Pb effect 
(p>0.05) (Figure 3E). On the contrary, it was 
calculated that it decreased up to 75.9% in stem 
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and 28.0% in leaf, respectively, when 
compared to their controls (p<0.05). Cu 
contents of seedling parts decreased 
significantly at all Pb concentrations applied. 
(p<0.05) (Figure 3F). There are many studies in 
the literature that are consistent with our 
findings on the effects of Pb toxicity on 

micronutrient contents in plants. For example, 
Zn, Fe, and Cu contents were decreased in 
tomatoes (Akinci et al. 2010), spinach and 
wheat (Lamhandi et al., 2013), peanut cultivars 
(Nareshkumar et al., 2014) grown under the 
influence of Pb. 

 
Figure 3. Macro-and micro-nutrient contents of safflower seedlings after Pb application and their transportation indexes 

(TI). Means with different letters are significantly different from one another according to LSD test (p<0.05) 

CONCLUSIONS 
 
It is known that lead causes physiological and 
biochemical toxic effects in plants. As a result, 
macro- and micro-elements uptake and 
transport were affected by Pb and the metal 
caused a nutrient imbalance in the seedling 
parts. In addition, it was understood from the 
changes in the contents of photosynthetic 
pigment, carbohydrate, phenolic compound, 
and MDA that Pb caused physiological changes 
in the seedling tissues. It also shows that the 

increase in the amount of MDA triggers 
oxidative stress, which is the secondary stress 
caused by Pb toxicity. 
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Abstract 
 
The article explores some aspects of the use of unmanned aerial vehicles (UAVs), approaches to their classification and 
possible areas of application. The main advantages and disadvantages of using unmanned aerial vehicles of different 
types (quadcopter and aircraft type) in comparison with classical aerial photography and ground shooting are 
revealed. The features of UAV aerial photography at different stages of semi-automatic mode are considered. Aerial 
photography of a local object (land with vegetation and the building of the NULES of Ukraine building) was performed 
by a quadcopter with the subsequent acquisition of an orthophoto, a digital model, construction of a 3D image and a 
further topographic plan of scale 1:500. Surveying materials were proceeded with a specialized Pix4D program. We 
counted the time needed to perform separate stages of material processing. In this case, all stages of processing were 
performed in automatic mode, except for entering coordinates of anchor points. The main disadvantage of this program 
was the need to form a 3D model in manual mode without the possibility of phased saving. The article offers a 
classification of the main problems of using UAVs, namely: regulatory, technical and scientific. The comparative 
assessment of the use of technologies of tacheometric survey, terrestrial scanning, lidar and aerial photography with 
UAV and their use for land cover monitoring purposes was made. 
 
Key words: 3D model, methods of aerial photography, monitoring surveying photogrammetry, UAV. 
 
INTRODUCTION 
 
Obtaining objective information about the 
objects of analysis and observation plays a key 
role in the process of their research. With the 
current pace of scientific and technological 
development, it is difficult to imagine which 
photogrammetric methods technologies for 
obtaining information about terrestrial objects 
will be used in the near future. Because over 
time, they become faster, more informative, 
guarantee higher quality and getting cheaper. 
Mentioned criteria can generally characterize 
the use of aerial photography on the basis of 
remote methods. 
Today, the use of photogrammetric methods is 
quite popular in various spheres of social 
development. Mainly driven by the cheapening 
of obtaining aerial photo shooting materials. 
For example, the most widespread use of UAV 
is in agriculture, construction, geodesy and land 
management, marketing, forestry, liquidation of 
emergencies, nature management, tourism and 
other spheres. 

UAVs are widely used in various areas of 
social development, solving the tasks of 
mapping, forest research (emergency 
monitoring, assessment of forest areas, 
identification of the negative events) and 
agriculture (for the purposes of accurate 
agriculture and operational mapping and 
development of digital terrain models), has a 
great importance in the field of archaeology and 
cultural heritage, including for 3D modelling 
(Remondino et al., 2011). Along with the 
reduction in the cost of the surveying process 
using such methods, software tools are rapidly 
developing that make the process of shooting 
and processing simple and automatic, which 
allows you to expand the range of users 
(costumers). 
The main problematic issues regarding the use 
of unmanned technologies in various economic 
spheres and countries remain: certification of 
equipment, accuracy of work, mode of UAVs 
use, improvement of processing technologies, 
seasonality, availability of software, ease of use 
of aircraft and processing software, adaptation 
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to different spheres of life, different standards 
and data formats, that are not compatible with 
each other, are used by UAVs manufacturers. 
Analysis of recent research and publications. 
A wide range of scholars and practitioners have 
been engaged in the issue of the widespread use 
of UAVs in various spheres of social 
development. So, Sauerbier (2012) focused on 
the economic aspects of shooting, Butenko 
(2018) on the features of UAVs of different 
types, Demir (2010), Irschara (2010), 
Remondino (2011), Wang (2007), Sauerbier 
(2010) on 3D modelling of different objects, 
Eisenbeiss (2008) focused on improving image 
orientation and camera calibration. 
However, some issues of UAV use are 
extremely relevant, namely: regulations, 
comparative evaluation of the use of different 
types of drones and aerial photography 
processing software, substantiation of economic 
aspects, unification of data formats, equipment 
certification, non-aerial photography materials 
processing technologies and more. 
The purpose of the study is to investigate the 
evolution of the use of UAVs to make aerial 
photographs for monitoring missions and other 
possible uses; comparative evaluation of the 
use of different types of UAVs, shooting 
methods and features of 3D modelling 
depending on the area of the shooting, as well 
as identifying the shortcomings and prospects 
for their further development. 
 
MATERIALS AND METHODS  
 
The study used a method of comparing 
scientific publications; own UAV and ground-
based materials; 3D modelling of building and 
vegetation objects has been performed. It has 
been performed based on the analysis of 
geometric and physical properties of images 
and their application to determine the 
quantitative and qualitative characteristics of 
the photographed objects. 
To evaluate the areas of application of UAV 
aerial photography materials, a comparative 
analysis of competitive ways of obtaining 
planning and mapping material in the 
implementation of monitoring missions was 
carried out. 
In the process of generating the initial data for 
the study, the same camera parameters were 

used on different UAVs, which was not 
calibrated for topographic purposes of aerial 
photography, but can be used to solve 
monitoring and special problems with tolerable 
error and has the following technical 
characteristics: 
• Matrix: 1′ CMOS; 
• Number of effective pixels: 20 MP; 
• Lens: Viewing angle 84°, 24 mm, f/2.8 - f/ 
11, autofocus 1 m - ∞; 
• ISO range: 
• mechanical shutter speed: 8-1/2000 s; 
• electronic shutter speed: 8-1/8000 s. 
The study was carried out by the method of 
experiment, which carried out the evaluation of 
different methods of surveying (tacheometric 
surveying and photogrammetric method of 
processing aerial photography obtained from 
UAVs) at the expense of time, number of 
stations/take-offs, area of surveying, data 
volume, time of manual and automatic 
processing, the accuracy of the final product, 
and their comparison with terrestrial scanning 
based on LiDAR technology conducted by 
other authors. 
The general process of aerial surveying and 
processing of materials obtained from UAVs 
took place in automatic and semi-automatic 
modes and includes two main stages. The first 
one is planning and conducting direct survey of 
the object. It includes: construction of the route 
by UAV software, selection of shooting 
parameters (longitudinal and transverse 
overlap, flight speed, angle of the aerial 
camera, type of shooting). The second stage 
includes linking of aerial photographs to 
increase the accuracy and create a basis for 
accuracy assessment, decoding and processing 
of survey results, namely orthophoto mosaics, 
point clouds, digital terrain model, 3D models 
and final material quality assessment 
(processing verification). 
It is worth noting that before creating a 3D 
model, in the program Pix4D, you should 
automatically classify the cloud of points into 
separate thematic groups to exclude objects that 
can create errors in further modelling and 
obtaining the final aerial photographs. 
To evaluate the comparison of the use of 
different types of drones, the main criteria that 
could determine the feasibility of their use for 
different tasks were taken into account: battery 
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capacity (time of single use is limited), 
estimated cost ($/ha), portability, ease of use (is 
involvement of specialists needed?), flight 
stability (controllability and compliance with 
the task), load capacity, launch (required area, 
location, equipment), shooting area (limitation 
of shooting area), the possibility of using 
additional equipment (photo camera or sensor), 
the scale of the resulting cartographic material, 
the use of certified aero photo camera, altitude, 
the need for GNSS reference materials for 
aerial photography. 
One of the key factors in choosing a method of 
research of the territory or the formation of 
terrain models are the time spent on the survey 
and processing of materials, which in modern 
conditions determine the methods of surveying. 
The own experiment determined the time 
required to perform all stages of processing 
aerial photography from UAVs, starting with 
the surveying (photo shooting) of terrain and 
the formation of a 3D model, the results are 
given in a percentage ratio, which generally 
allows to optimize the process of material 
processing and allows to automate the process 
of implementation and to estimate the costs of 
their implementation in different ways. We 
compared the obtained results with the studies 
of other scientists, which in percentage terms 
determined the time spent at different stages of 
work. So, we can compare the effectiveness of 
techniques of monitoring surveys conducting in 
agriculture and forestry. 
Numbers of criteria have been used to compare 
the effectiveness of a particular method when 
comparing the basic methods of terrain imaging 
(tacheometric shooting, quadcopter-type UAV 
shooting, terrestrial scanning, and LiDAR). 
These include: time of capture in hours, number 
of stations for ground-based surveying or 
UAV’s take-offs, captured area in hectares, 
amount of collected data specified in Gb, time 
required for manual and automatic processing 
of captured materials, the accuracy provided by 
each method in centimetres, relative to points 
of the State Geodetic Network; the relative 
effectiveness of the use of these methods is 
based on the time consumed per unit area 
(ha/hour). 
The study of the 3D image modelling technique 
was also carried out in an experimental way, by 

treating aerial photography shot by the UAVs 
of several types, in licensed Pix4D software. 
Such approaches allowed to obtain unified 
materials of homogeneous territory obtained in 
different ways, which provided a comparative 
evaluation of research and comparison of 
simulation results of other scientists and to 
obtain a reasonable conclusion on the 
effectiveness of different types of surveying for 
monitoring purposes in agriculture, 
construction, surveying, land management, 
marketing, forestry, emergency, nature 
management, tourism and other areas. 
 
RESULTS AND DISCUSSIONS 
 
Nowadays, photogrammetry identifies three 
main areas of research, namely, the first one 
related to the methods of mapping objects on 
the earth by images; the second - to solve 
problems of various fields of science and 
technology; the third - with technologies for 
obtaining and processing information about the 
objects under study - Earth's surface, sea shelf, 
celestial bodies, objects on the Earth's surface, 
etc. (Kupriianchyk et al., 2013). 
In addition, aerial survey is an instrument of 
geodetic work, the basis of land management of 
territories, monitoring of various crisis 
phenomena in land use. But, at the same time, 
the shooting was carried out in large areas, first 
of all because of the high cost, and because of 
the complicated and long technological process 
of photogrammetric processing. The data 
collection process required careful preparation, 
time and expense, and was only possible in 
large areas and at a clearly limited time period 
and season. 
Depending on the task, scale (large, medium 
and small) and aerial photography hardware, 
different planes were used, with different flight 
altitude limits and average speeds 
(Kupriianchyk et al., 2013). At the same time, 
images obtained by aircraft and satellites may 
not always ensure the accuracy of large-scale 
mapping, so the only way to get an image in 
1:1000 and larger scales is to use UAVs. 
The key factors that contributed to the rapid 
expansion of the use of UAVs for the purposes 
of topography were the solutions of certain 
technological problems, namely: stabilization 
of UAVs during flight en route; maintaining 
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speed during flight; straightness of the route; 
reducing the angles of the pictures. In addition, 
the key issues that significantly affect the aerial 
photography took with the above equipment 
include: flight duration and range, certification 
of cameras, sensors and laser equipment. For 
example, a standard UAV capture cycle 
involves the following steps: preparation for 
shooting, camera calibration, flight task 
formation, determination of anchor point 
coordinates (in the vast majority of GNSS 
technologies), and processing of capture 
materials, mainly in automatic or semi-
automatic mode (Hlotov et al., 2014). 
Unmanned aerial vehicles, along with cameras, 
are currently not standardized in some 
countries, i.e., their status and scope are not 
specified. At the same time, the cameras used 
for aerial photography do not meet the 
requirements of classic aerial cameras, which 
are characterized by the necessary parameters: 
depth of field, angles of field of view and 

image, focal length, resolution, and most 
importantly the permissible aberrations. 
In order to meet the requirements of 
photogrammetric surveying, UAV aerial 
photography materials have to meet certain 
conditions: ensuring the required accuracy, 
special value, cost-effectiveness compared to 
other similar technologies (Sauerbier et al., 
2012). 
Today, UAV aerial photography competes with 
such powerful measurement technologies as 
GNSS, laser scanning and classic aerial or 
helicopter photography using medium or large 
format cameras. 
In the vast majority, two types of UAVs are 
used, namely, the copter and the aircraft type. 
According to Butenko and Kulakovskyi (2018), 
the most appropriate use of multicopters is 
aerial photography of local objects with an area 
up to 20 hectares. In general, it is advisable to 
carry out a comparative evaluation of UAVs on 
many indicators (Table 1). 
 

Table 1. Comparative evaluation of the use of unmanned aerial vehicles 

Evaluation options Multicopter systems Airplane systems Classic aerial 
photography  

Autonomy 15-45 minutes 40 min-2 hours without significant 
restrictions 

Cost of shooting From $2/ha From $3/ha From $40/ha 
Portability + +/- - 
Easy to use + +/- - 
Stability in flight +/- +/- + 
Load capacity - +/- + 
Launch vertical from the catapult airfield 

Area of shooting Optimally up to 20 ha optimally up to 500-
1000 ha 

without significant 
restrictions 

Possibility of using 
additional equipment +/- +/- + 

Scale to 1:10000 from 1:500 to 1:50000 from 1:10000 
Certified aerial photo camera - +/- + 
Flight altitude up to 500 m up to 2000 m from 2000 
Working with GNSS Not possible GNSS mode is available GNSS mode is available 

   Source: Butenko and Kulakovskyi (2018) 
 
To investigate the scope of UAV, we tested the 
use of them to solve local problems, including 
aerial photography of individual land use, the 
effectiveness of their application, the quality of 
materials collected with quadcopter type UAV 
Phantom 4 during surveying of educational building 

№ 6 of NULES of Ukraine with further processing 
of materials in software and estimation of time 
spent on processing of aerial photography materials 
from UAVs of the main hourly-cost processes 
(Table 2). 
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Table 2. Estimation of time share spent on the different processing stages of aerial photography from UAVs 

The execution process Time spent, %1 Time spent, %2 
Shooting 4.1 6 

Data collection 33 3 

Setting up a project in the software 2, LPS (Leica Photogrammetry 
Suite) 4, Pix4D 

Photogrammetric condensation 11.4 4.17 
Formation of a digital model 41.2 35 

Formation of mosaic 6.9 6 
Formation of orthophoto 11.4 13 
Formation of 3D model not carried out 29 

Total 100 100 
1Time distribution according to the stages of UAV material processing using 10 images and 10 reference points (Sauerbier et al., 2012); 
2Time distribution according to the stages of own UAV materials processing using 90 pictures and 4 reference points (executed by authors). 

During the flight task, the transverse and 
longitudinal overlap corresponded to 80%, the 
flight altitude was 100 meters. The survey area 
of the study object was about 2 hectares. The 
connection between operator and quadcopter 
was stable during the whole procedure, despite 
the dense construction around the survey area. 
As a result of the flight task, about 90 high-
quality images were obtained and were used for 
further processing (Figures 1 and 2). 
 

 
Figure 1. Construction of phototriangulation network at 

UAVs surveying facility (top view) 
Source: survey and processing executed by authors  

 
Orientation has been performed in 
semiautomatic mode (photogrammetric 
condensation construction). It requires a 
qualitative set of points that are visible on the 
materials of shooting, these tasks are solved by 
many software tools (eg, PhotoModeler 
Scanner, Eos Inc; PhotoScan, Agisoft). 

 
Figure 2. Construction of phototriangulation network at 

UAVs surveying facility (side view) 
Source: survey and processing executed by authors 

 
But sometimes it is possible to use the 
automatic orientation of the shooting materials. 
It can be done if accurate shooting materials 
and coordinates of terrain points in the state 
coordinate system are not required. For 
example, in case of monitoring of crisis 
phenomena that require rapid shooting or in 
situations where it is impossible to make GNNS 
observations because of weak or absent satellite 
signal, dense construction, adverse conditions, 
etc. (Eisenbeiss, 2008). 
After the work at the location being surveyed 
has been completed, an automated cycle of 
processing of the material of shooting has been 
started in Pix4Demapper software, namely 
construction of a condensation network 
(phototriangulation), aerial image anchoring in 
the software has been carried out manually (4 
reference points and 4 control points have been 
taken by GNSS and related to the USC-2000 
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state geodetic network operating in Ukraine), 
photogrammetric image processing, formation 
of orthophoto images in appropriate scale, point 
cloud and digital terrain model (Figures 1, 2 
and 3). Figure 4 shows an example of an 
unsuccessful classification of a point cloud that 
may have resulted from a misfolded flight task. 
 

 
Figure 3. Example of automatic classification of 3D point 

cloud in Pix4D, the density is about 20 points/m2 
Source: survey and processing executed by authors 

 

 
Figure 4. Example of a poorly constructed point cloud in 

Pix4D based on 2D surveying 
Source: survey and processing executed by authors 

 
Most of the processing of aerial photography in 
special software is done in an automatic mode, 
it should be noted that processing in Pix4D can 
be carried out both by the own computer or by 
using the software developer's cloud service 
(Figures 5 and 6).  
The main disadvantage of forming a 3D model 
in this program is the need to do the work 
manually, with no possibility of correction and 
intermediate storage of objects in 3D or it can 
be done automatically, but without the 
possibility of intermediate adjustment. 
The process of constructing of such an image is 
shown on the Figure 7. Therefore, as noted 
earlier, one of the key problems that needs to be 
solved is the technical adjustment of the data 
formats of various software for the processing 
of aerial photography. 

 
Figure 5. 2D orthophoto of surveying facility 

Source: survey and processing executed by authors 
 

 
Figure 6. Automatic point cloud processing: in Pix4D 

Source: survey and processing executed by authors 
 

 
Figure 7. The process of manual processing of a point 

cloud to form a 3D model in Pix4D 
Source: survey and processing executed by authors 

 
In addition to the aforementioned software, 
which is now widely used in 3D modeling, 
Vacca (2018) with fellow scientists are 
focusing on the benefits of using VisualSfM, 
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which can be the basis for building 3D models 
of cities and 3D-GIS. This software product has 
the advantage of simplicity and efficiency over 
the widely known PhotoScan. 
As it can be seen from the Figure 4 and Figure 
8, the classification of terrestrial objects by 
Pix4D in the context of aerial photography of 
different terrains by UAVs requires an 
improvement. 
 

 
Figure 8. Features of point cloud classification when 

processing terrain objects 
Source: survey and processing executed by authors 

 
The configuration and properties of the 
surveyed objects affect the particularities of the 
flight planning process for shooting homes, 
architectural monuments, landscapes, existing 
vegetation and tree cover, linear objects, and 
more. 
To compare our survey with competing 
technologies (GNSS, topographic surveying, 
etc.), such important factors as area, limitations 
on the use of UAVs, accuracy, the possibility of 
certified use of cartographic products, the 
ability to obtain raw data must be taken into 
account. To make this comparison possible we 
made a tacheometric survey of the same object. 
After it we made a topographical plan of the 
surveyed territory (Figure 9). The results of our 

comparison can be found in Table 3. We also 
found a data of Ever Scan for the surveyed 
objects with similar parameters as ours and 
included them to the comparison. 
 

 
Figure 9. Schematic representation of the topographic 

plan of the object of study on the materials of terrestrial 
tacheometric survey 

Source: survey and processing executed by authors 
 
The main problems of using UAVs in modern 
conditions can be classified as regulatory, 
technical and scientific-technical. At the same 
time, the regulatory and legal aspects should 
include modes of use, determination of the 
class of unmanned aerial vehicle, certification 
of shooting systems. The solution to technical 
issues is to improve the software, shooting 
equipment, data formats, and the fundamental 
difference between automatic methods of 
obtaining orthophoto mosaic and accuracy of 
orthophoto plan. Instead, improving scientific 
and technological capabilities lies in creating 
new techniques for capturing and processing 
information, displaying data, and more. 

 
Table 3. Comparison of surveying methods 

Type of work Tacheometric 
surveying2 

Quadcopter UAV 
surveying2 

Terrestrial 
scanning1 LiDAR1 

Surveying time (h) 8 1 6 2 
Number of stations/ take-offs 12 1 22 1 
Surveying area, ha 1 1 1 80 
Gb data volume 0.15 0.9 6 8 
Manual processing (h) 6 1 2 2 
Computer processing (h) 16 8 1 1 
Accuracy up to 5 cm up to 10 cm up to 1cm up to 2 cm 
Total ha/hour 0.03 0.1 0.5 16 

1Based on Ever Scan materials; 
2Own surveying with a Phantom 4 quadcopter. 
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CONCLUSIONS 
 
Today, UAV is a necessary component of 
social development in the context of the study 
of territories and objects of the earth's surface 
by photogrammetric methods. They are the 
source of photogrammetric data obtained from 
professional or non-professional digital 
cameras. In addition, the ability to obtain digital 
terrain models, 3D modelling, orthophoto is 
almost automatic. At the same time, the main 
advantages of such shooting over classic aerial 
photography are the low cost, obtaining high-
resolution images and large-scale mapping 
material, the ability to explore small areas, 
conduct operational monitoring, the possibility 
of mapping crisis phenomena or poorly 
accessible objects in manual, automatic, or 
semi-automatic modes with relatively high 
accuracy. Thus, relying on our own research in 
comparison of different methods of surveying 
and planning of monitoring missions in the 
agrosphere, the most cost-effective way to 
proceed a surveying of small areas is 
tacheometric survey, but it we made only 0.03 
hectares per working hour, because the 
surveying and data processing takes a lot of 
time. So, we believe that on an area of up to 20 
hectares, but an average of not more than 100 
hectares, the most effective way of surveying is 
a drone of multicopter type. The results are not 
that accurate, but it is possible to make a job 
done 3 times faster.  
The main problems of using UAV in modern 
conditions can be classified as regulatory, 
technical and scientific, which will be solved in 
the near future. Priority should be given to the 
unification of data formats and regulation of the 
status of UAVs and the development of 
standards, increasing the battery life. It is 
possible to speak about the further 
improvement of all UAV surveying systems 
and proceeding software, namely the increase 
of accuracy in comparison with the classical 
methods of surveying, image quality and the 
final product (orthophoto, 3D models, digital 
models), speed of information processing by 
software products, which dramatically changes 
the productivity of the process and as a 
consequence reduces the cost of work by 50%. 
Even today, UAVs with two GNSS frequency 
receivers and the attachment of the centre of 

each image to the State Coordinate System are 
applied in practice, which of course affects 
their fundamentally higher cost, but allows to 
obtain an accuracy that is 5 times higher than 
the permissible value for such works. At the 
same time, the key aspect of the use of drones 
for photogrammetric purposes is the use of 
certified cameras, and accordingly the 
determination of the use of UAVs of different 
classes to solve various problems in accordance 
with the accuracy and technical requirements of 
surveying (defining the scope and technical 
requirements). 
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Abstract  
 
Toxoplasma gondii and Neospora caninum are two closely related protozoan parasites that can cause reproductive 
disorders in ruminants. The aim of this study was to determine the seroprevalence of N. caninum and T. gondii 
infections in a dairy cattle farm in South-Eastern Romania. For this, a total of 157 blood samples from 84 dairy cows 
and 73 heifers with reproductive disorders were analyzed for N. caninum specific antibodies. In addition, of these, 127 
samples (54 dairy cows and 73 heifers), were also analyzed for T. gondii specific antibodies by using commercial 
ELISA kits. Overall, 5.1% (95% CI: 1.66-8.54) and 11.8% (95% CI: 6.20-17.42) of tested animals were seropositive for 
N. caninum and T. gondii, respectively, and 1.6% (95% CI: 0.59-3.74) were positive for both parasites. The apparent 
seroprevalence of N. caninum and T. gondii, respectively, according to the analyzed category, varied between 7.1% and 
9.3% (dairy cows) and from 2.7% and 13.7% (heifers). These results emphasize the need of periodical screenings for  
N. caninum and T. gondii infections, associated with  applying appropriate control measures, in the frame of good 
management practices. 
 
Key words: Toxoplasma gondii, Neospora caninum, dairy cattle farm, reproductive disorders, seroprevalence. 
 
INTRODUCTION 
 
Reproductive disorders in ruminants are a 
major cause of economic losses and also a 
major limitation for the achievement of 
optimum efficiency in the livestock production 
system largely. Amongst the causes of 
reproductive disorders, protozoan parasites are 
a significant cause of abortion and infertility in 
domestic ruminants. Toxoplasma gondii and 
Neospora caninum are closely related obligate 
intracellular protozoan (Apicomplexa: 
Sarcocystidae) that can cause reproductive 
disorders in ruminants (Kaltungo and Musa, 
2013; Sánchez-Sánchez et al., 2018). Although 
these parasites show morphological similarities, 
they are antigenically different in the tissue cyst 
phase N. caninum having a thicker cyst-wall 
(Temesgen and Tariku Geinoro, 2019). 
T. gondii is a zoonotic parasitic protozoan with 
worldwide distribution. T. gondii is capable of 
infecting all warm-blooded animals. In cattle, 
the majority of T. gondii infections are 

subclinical (Olsen et al., 2019; Lindsay and 
Dubey, 2020). 
Neosporosis is recognized as one of the most 
important disease of cattle worldwide (Dubey 
and Schares, 2011). Cows with N. caninum 
antibodies (seropositive) are more likely to 
abort than seronegative cows (Lindsay and 
Dubey, 2020). 
Epidemiological studies conducted on 
toxoplasmosis and neosporosis in cattle have 
been published in many parts of the world. 
However, only a few studies targeting the 
detection of both pathogens, T. gondii and             
N. caninum were conducted, in countries such 
as China (Su et al., 2012; Ma et al., 2020), 
Mongolia (Pagmadulam et al., 2018), Turkey 
(Zhou et al., 2017), Switzerland (Gottstein et 
al., 1998) and Czech Republic (Bártová et al., 
2015). 
Commonly, the seroprevalence varies among 
countries, among regions and between dairy 
and beef cattle, depending on the testing 
method and its cut-off, but also on the number 
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of the examined cattle, their age, gender, breed, 
and health status (Bártová et al., 2015). 
Epidemiological data about the seroprevalence 
of N. caninum and T. gondii in dairy cattle is 
limited in Romania and no studies have been 
performed for simultaneously testing.  
N. caninum infection in dairy cattle has been 
serologically diagnosed in cattle from different 
areas of the country, with mean prevalences up 
to 56% (Gavrea et al., 2011; Imre K. et al., 
2011; Mitrea et al., 2012; Enachescu et al., 
2014).  
However, a coproscopical and serological study 
in dogs (Southern Romania) reported on                  
N. caninum - like oocysts in 4.9% of the dogs, 
with higher prevalence in rural guard dogs 
(9.8%) and cattle farm dogs (5.1%); also, the 
study reported a seroprevalence of 20.2% of             
N. caninum infection (38.1% in dogs from 
cattle farms) (Mitrea et al., 2013). These data 
suggest a potential high infection pressure for 
dairy cattle in the investigated area. 
There are little available data regarding             
T. gondii infection in cattle in Romania. Some 
old studies reports about finding dye test 
antibodies in 18.9% (31/164) of cattle (Elias 
(1966) and a seropositivity of 12.6% (84/667) 
of cattle, by the complement fixation test 
(Medrea and Constantinescu, 1991; Dubey et 
al., 2014).   
Therefore, our goal was to investigate the 
seroprevalence of both, N. caninum and                  
T. gondii infection in a dairy cattle farm whith 
reproductive disorders.  

 
MATERIALS AND METHODS 
 
The study was conducted in a dairy cattle farm 
with reproductive disorders, from South-East of 
Romania. Reproductive disorders have been 
defined by infertility and in the majority of 
cases were associated with retroperitoneal fat 
necrosis (nutritional fat necrosis, also called 
steatitis or yellow fat disease). 
Between 2017- 2020, 157 cattle blood samples 
were collected and subjected for serological 
testing. Animals were divided into two age 
category: heifers (aging between 1 and 2 years) 
(n = 73) and dairy cows (older than 2 years)             
(n = 84). 

All 157 animals were tested for N. caninum 
infection by using an indirect ELISA 
immunoenzymatic assay (Ingezim, 12.NC.K., 
Ingenasa S.A, Spain) for the detection of 
antibodies against N. caninum, following the 
manufacturer′s instruction. The test results 
were expressed as RIPC (Relative Index Per 
Cent) based on positive-control and negative-
control sera. The samples with RIPC ≥ 20 were 
considered positive, those with RIPC between 
17 and 20 - were categorized as doubtful, and 
samples with RIPC ≤ 17 were considered 
negative. 
Additional, a subset of the samples (n = 127; 54 
from dairy cows and 73 from heifers), were 
also tested for T. gondii specific antibodies by 
using a commercial test (Toxoplasmosis 
Indirect, IDVET, kit multi-species ID Screen® 
Montpellier), following the manufacturer′s 
instruction. Test results were expressed as 
sample/positive control (S/P) ratios. Samples 
with the S/P (%) ≥ 50% were rated positive; 
samples with S/P% between 40 and 50 were 
considered doubtful; samples with S/P ≤ 40 
were considered negative. 

 
RESULTS AND DISCUSSIONS 
 
Neosporosis and toxoplasmosis are two major 
causes of reproductive disorders in ruminants 
and serologic surveys reveal that they are 
worldwide distributed, including Romania. 
In this study, a serological testing was 
performed to determine the prevalence of                  
N. caninum and T. gondii infection in a dairy 
cattle farm IN South-Easte of Romania, with 
history of reproductive disorders, by using two 
commercially available ELISA-based tests. 
Overall, 5.1% (8/157; 95% CI: 1.66%-8.54%) 
and 11.8% (15/127; 95% CI: 6.20%-17.42%) of 
tested animals were seropositive for                         
N. caninum and T. gondii, respectively (Table 1). 
Of the 127 tested animals for the both 
pathogens, two cattle (1.6%; 95% CI: -0.59% - 
3.74%) were seropositive for both parasites.  
The apparent seroprevalence, according to the 
analyzed category, heifers and dairy cows, 
ranged between 2.7% and 7.1%, respectively, 
for N. caninum, and from 13.7% to 9.3% for              
T. gondii (Table 1). 
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Table 1. Determined seroprevalence of Neospora caninum and Toxoplasma gondii infection in tested cattle,  

South-East of Romania  

 
Cattle 

category 

Neospora caninum Toxoplasma gondii N. caninum and T. gondii 
Seroprevalence 

(no. positive/no. tested) 95% CI Seroprevalence 
(no. positive/no. tested) 95% CI Seroprevalence 

(no. positive/no. tested) 95% CI 

Dairy cows 7.1% (6/84) 1.64 - 12.65 9.3% (5/54) 1.53 - 16.99 1.9% (1/54) -1.74 - 5.45 

Heifers 2.7% (2/73) -1.00 - 6.48 13.7% (10/73) 5.81 - 21.59 1.4% (1/73) -1.30 - 4.04 

Total 5.1% (8/157) 1.66 - 8.54 11.8% (15/127) 6.20 - 17.42 1.6 % (2/127) -0.59 - 3.74 
* 95% CI: 95% Confidence Interval; no: number 

 
Our results regarding N. caninum indicated an 
overall seroprevalence of 5.1%, lower 
compared with those previously reported in 
some studies in the country. Therefore, in 
Romania, reported seroprevalence rates appear 
to be higher in healthy animals than in those 
with reproductive disorders, suggesting that 
reproductive disorders may be also caused by 
other factors, in the field of management issues 
(Mitrea et al., 2012). This assumption seems to 
be valid for our study as well, considering that 
the main cause of reproductive disorders was 
retroperitoneal fat necrosis. 
In other studies, antibodies against N. caninum 
have been reported in cattle form different 
European countries such as Czech Republic  
(0.5%), Sweden (0.5%), Belgium (12.2%), 
Germany (1.6%), Hungary (15.1%), Italy 
(34.0%), Spain (16.2%), Poland (9.23%), and 
Turkey (60.0%), with prevalence rates ranging 
from 0.5% to 60% (Czech Republic vs. 
Turkey) Bartels et al., 2006; Kul et al., 2009, 
Bártová et al., 2015.  
The antibodies against N. caninum have been 
detected in both healthy animals and those 
with reproductive disorders, with a higher 
level for the latter (2.3% vs. 20.1%) 
(Reiterova et al., 2009; Vaclavek et al., 2003; 
Bártová et al., 2015). 
Regarding T. gondii, the detected 
seroprevalence of 11.8% in this study is close 
to the previous ones detected in our country, 
using different detection method (Dubey et al., 
2014). The detected seroprevalence is also 
similar to those recently reported (8.1%) in 
water buffaloes (Bărburaș et al., 2019).  
Comparing with other studies in European 
countries, the T. gondii seroprevalence detected 
in our study is lower than the average level, in a 
detection scale of 2-76%, being similar to those 
reported in Switzerland (10.7%) and Czech 
Republic (9.7%) (Gottstein et al., 1998; 
Bártová et al., 2015). 

Generally, the reported seroprevalence rates of 
N. caninum were found to be higher than those 
of T. gondii. However, the results obtained in 
this study showed a higher prevalence for                
T. gondii infection than for N. caninum 
infection, which is similar to those previously 
described in Turkey and Czech Republic (Kul 
et al., 2009; Bártová et al., 2015). Similar 
aspects have been previous found in dairy goats 
from Romania (Iovu et al., 2012). 
Regarding the correlation between infections 
and the age category, different opinions were 
issued, and, generally, in respect to neosporosis 
the seropositivity is higher in cows over 2 years 
of age and horizontal transmission was 
suggested (Mitrea et al., 2012).  
In our study, the seroprevalence of N. caninum 
was higher in dairy cows and the one for                   
T. gondii in heifers; however, the difference is 
not statistically significant. 
The co-existence of N. caninum seropositivity 
was frequently observed with specific antibodies 
against other pathogens, including T. gondii 
(Yildiz et al., 2009). In our study, 1.6% of 
animals were positive for both parasites. Similar 
results were previously described in Switzerland, 
with 1.1% of the tested cows positive for both 
infections (Gottstein et al., 1998).  
However, further studies are necessary in order 
to investigate in more details, at farm level, the 
eco-epidemiology of neosporosis and 
toxoplasmosis, to fundament a suitable control 
program for the both abortion causative agents, 
in Romanian farms.  
 
CONCLUSIONS 
 
Our study showed that N. caninum and                       
T. gondii infections were present in the 
analyzed dairy cattle farm and can overlap with 
other reproductive disorders. These results 
emphasize the need in the frame of good 
management practices, of screenings for                    
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N. caninum and T. gondii in cattle with 
reproductive diseases. 
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Abstract 
 
In some combinations obtained by cyclic hybridization between mutant/recombinant lines and several winter wheat 
varieties, it was studied the participation of genotypic variance, environment and genotype-environment relationship 
for characters such as: main stem length, leaf area, number of spikelets/spike, number of grains/spike and weight of 
1000 grains. 
The prognostic indicators regarding the choice of forms according to the phenotype were determined winter wheat 
genotypes the participation of genotypic variance, environment and genotype-environment relationship was studied for 
characters such as: length of main stem, leaf area, indicating the value of the paternal forms able to contribute to the 
improvement of each studied character. The genotype-environment relationship can be appreciated as a prognostic 
indicator when establishing limits for the use of agro-technical factors in order to increase production. 
 
Key words: wheat, variance, genotype-environment, interaction. 
 
 
INTRODUCTION 
 
Wheat is one of the most important food plants 
cultivated in over 45 countries, feeding 35-40% 
of the world's population. The main use is in 
bread making, but also in various products that 
are prepared from flour. In addition to bread 
and countless pastries, wheat can be used in the 
manufacture of alcohol, starch, dextrin and 
glucose. Wheat is also used in animal feed. 
Grain yield traits can be influenced by the 
genetics of the cultivars and by the 
environment (primarily the testing location) 
and any difference in response of cultivars for 
various traits is mainly due to G x E interaction 
(Nehe et al., 2019). Breeding for higher yield 
components should focus on developing 
cultivars with strong genetic potential. 
Mohammadi et al. (2010) stated that combined 
analysis of variance has significant influence 
upon genotype (G), environment (E) and GE 
interactions, with environmental main effects 
being the predominant source of variation, 
followed by GE interaction. 
Knowing the contribution of genetic and 
environmental factors, as well as their 
relationship to the determination of useful 
traits, expressed quantitatively in the phenotype 

of the analyzed plants, allows the enunciation 
of prognoses on parental choice, the ability to 
transmit and maintain to the offspring of those 
traits and therefore to establish of the method 
and measures to improve plant productivity. 
Cultivated wheat from South Romania is lately 
subjected to a great variability of climatic 
conditions which sometimes can completely 
cancel the progress realized in yield capacity 
obtained through breeding. But, even in 
difficult years, with unfavourable conditions, 
Romanian wheat varieties give significant and 
quality yields.  
In another types of experiments, the 
mutant/recombinant germplasm exhibited high 
production capacity and good resistance to the 
main climate risk factors in the southern area 
(Iancu et al., 2019).  
This study examined relationships between 
some vegetative and productivity characters 
and the measure to which the participation of 
the genotypic variance or the environment 
intervenes in their quantitative expression. 
 
MATERIALS AND METHODS 
 
Combinations were made by cyclic 
hybridization using as maternal parents 3 
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mutant/recombinant lines (C1, C2 and C3) and 
as paternal parents the genotypes Izvor, Pitar, 
the improved line F00628-34, as well as other 3 
mutant/recombinant lines.  
The hybrid combinations were obtained in 
2016 and 2017 and then experienced as F1 and 
F2 generations, along with the parental forms at 
ARDS Caracal of the University of Craiova. 
The influence of the maternal form, in the case 
of cyclic crosses determines the specific effect 
of the paternal varieties, since the influence of 
the maternal parent at the cyclic cross is equal 
and controlled. 

The data analyzed referred to the characters: 
the length of the main stem, the leaf area, the 
number of spikelets in the main spike, the 
number of grains/spike and the weight of 1000 
grains. These represented the averages of 2018, 
2019 and 2020 (for parent forms and 
generations F1 and F2) obtained from 100 
annual determinations for parents and 50 
annual determinations for generations. 
As a genetic model for the analysis of multiple 
variances, in establishing the participation of 
variances, Lein's (1960) scheme was used, 
applying the formulas: 

 
s2G =  (𝑔𝑔𝑔𝑔−1)(𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔−𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝐴𝐴𝐴𝐴)

𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑆𝑆𝑆𝑆
 (participation of genotypic variance) 

 
s2M = (𝐴𝐴𝐴𝐴−1)(𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴−𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝐴𝐴𝐴𝐴)

𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑆𝑆𝑆𝑆
 (participation of environmental variance) 

 
s2GM = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝐴𝐴𝐴𝐴

𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑆𝑆𝑆𝑆
 (participation of genotype-environment interaction) 

 
RESULTS AND DISCUSSIONS 
 
In Table 1 there are presented the average 
values for the analyzed characters (vegetative 
and of productivity) for both the parent forms 
and for the hybrid generations F1 and F2. 
The extent to which the participation of the 
genotypic variance or the environment is 
involved in the quantitative expression of the 
mentioned characters this result from the data 
of Tables 2 and 3 and from Figures 1-5. 
 
Length of main stem (Table 2, Figure 1). As 
fall-resistant cereals forms, capable of 
imprinting the short straw character, in the 
three groups of cyclic combinations, the parent 
lines Ai-II 55 and Bi-II 44 stand out. The 
participation of the genotypic variance in the 
transmission of this character is predominant in 
two groups of cyclic hybridization, namely in 
the combinations C2 x Bi-II 44, C2 x Ai-II 55 
and C3 x Ai-II 55. 
Plant height is an important trait influenced by 
GE interaction and this could be reduced by 
optimizing it (by selecting plants with medium 
height). 
 

Leaf area (Table 2, Figure 2). The highest 
genotypic participation in the determination of 
the leaf surface was registered by the Bi-II 98 
line in the first hybridization group, followed 
by the improved line F00628-34 and the Izvor 
variety; in the second group the Bi-II 44 and 
Ai-II 55 lines, and in the third group the Pitar 
variety and again the Ai-II 55 line. 
Current testing system evaluates a number of 
morphological characters which becomes an 
impediment in the event of evaluating hundreds 
of samples, so that the use of molecular 
markers becomes of great help (Vasile et al., 
2020). Number of spikelets in the main spike 
(Table 3, Figure 3).  
In most combinations of the three groups of 
cyclic hybridization, the influence of the 
environment in determining this character is 
noticeable.  
As parent forms that can be used in order to 
increase the number of spikelets in the main 
spike, the Bi-II 44 line and the Pitar variety 
stands out because in the combinations C2 x 
Bi-II 44 and C2 x Pitar, the participation of the 
genotypic variance in the determinism of this 
character is the highest. 
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Table 1. Average value of the characters (2018-2020) 

Line 
Variety 

F1 
F2 

Length of the main 
stem (cm) 

Leaf area 
 (cm2) 

No. of spikelets/ 
spike 

No. of grains 
/spike 

 Weight of 1000 
grains (g) 

C1 63.20 61.85 15.05 34.45 31.66 
Izvor 
F1 
F2 
Pitar 
F1 
F2 
F00628-34 
F1 
F2 
Bi- II 98 
F1 
F2 

62.93 
70.39 
65.25 
77.94 
61.67 
68.21 
49.90 
62.74 
56.86 
55.54 
60.53 
57.98 

55.48 
65.52 
59.68 
57.65 
70.81 
68.51 
51.97 
57.74 
53.75 
52.32 
60.20 
57.95 

16.42 
17.47 
15.83 
12.69 
15.90 
14.35 
16.14 
16.91 
15.61 
14.95 
16.04 
15.21 

36.40 
38.31 
35.24 
24.12 
32.73 
29.74 
25.08 
31.75 
27.39 
29.85 
33.19 
31.30 

34.71 
34.57 
32,78 
32.17 
33.09 
31.22 
33.90 
33.40 
31.62 
28.70 
30.81 
29.45 

C2 59.10 59.78 16.91 38.11 31.82 
Izvor 
F1 
F2 
Pitar 
F1 
F2 
Bi- II 44 
F1 
F2 
Ai- II 55 
F1 
F2 

62.93 
66.92 
63.01 
74.62 
76.38 
69.76 
39.17 
54.85 
54.45 
54.40 
61.60 
54.95 

55.48 
62.20 
55.96 
57.65 
69.83 
65.35 
48.24 
60.20 
57.34 
46.22 
61.42 
53.93 

16.42 
18.17 
16.77 
12.69 
15.90 
14.35 
12.25 
16.01 
14.91 
15.18 
17.12 
15.41 

36.40 
39.25 
36.80 
24.12 
34.92 
31.86 
20.26 
31.42 
27.51 
35.82 
39.78 
36.91 

34.71 
33.80 
32.40 
32.17 
32.85 
31.86 
38.05 
36.43 
34.50 
32.15 
32.93 
31.77 

C3 83.62 58.63 15.70 34.68 31.45 
Pitar 
F1 
F2 
Ai- II 55 
F1 
F2 

74.62 
91.21 
79.36 
54.40 
70.04 
66.67 

57.65 
61.03 
58.00 
46.22 
59.53 
52.59 

12.69 
15.98 
14.62 
15.18 
16.55 
15.23 

24.12 
31.09 
28.46 
35.82 
39.22 
34.61 

32.17 
33.10 
32.05 
32.15 
33.44 
32.05 

 
Table 2. Variance components for vegetative characters 

Combination Variance participation 
 (%) 

*) 𝐺𝐺𝐺𝐺
𝐴𝐴𝐴𝐴

 

Genotype Environment Interaction 
Length of the main stem (cm) 

C1 x Izvor 
C1 x Pitar 
C1 x F00628-34 
C1 x Bi II 98 
C2 x Izvor 
C2 x Pitar 
C2 x Bi-II 44 
C2 x Ai-II 55 
C3 x Pitar 
C3 x Ai-II 55 

14.7 
23.8 
27.6 
26.1 
11.1 
28.3 
43.1 
32.2 
16.6 
74.9 

48.9 
70.9 
70.4 
53.2 
87.0 
56.3 
30.2 
23.4 
73.5 
24.8 

36.4 
5.3 
2.0 

20.7 
1.9 

15.4 
26.7 
44.4 
9.9 
0.3 

0.30 
0.34 
0.39 
0.49 
0.13 
0.50 
1.43 
1.38 
0.23 
3.02 

Leaf area (cm2) 
C1 x Izvor 
C1 x Pitar 
C1 x F00628-34 
C1 x Bi II 98 
C2 x Izvor 
C2 x Pitar 
C2 x Bi-II 44 
C2 x Ai-II 55 
C3 x Pitar 
C3 x Ai-II 55 

45.4 
35.0 
47.9 
76.5 
18.4 
29.0 
69.4 
66.4 
51.3 
74.4 

45.1 
57.2 
44.9 
17.4 
71.9 
63.9 
16.7 
25.8 
40.5 
18.9 

9.5 
7.8 
7.2 
6.1 
9.7 
7.1 

13.9 
7.8 
8.2 
6.7 

1.00 
0.61 
1.07 
4.40 
0.26 
0.45 
4.16 
2.57 
1.26 
3.94 

*)G = Genotype; E = Environment 
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Figure 1. Length of the main stem 

 

     
Figure 2. Leaf area 

 
Number of grains in the main spike (Table 3, 
Figure 4). As valuable parents for improving 
the number of grains/spike, the Pitar variety 
recorded the highest participation of the 
genotypic variance in all three groups of cyclic 
combinations (C1 x Pitar; C2 x Pitar; C3 x 
Pitar). With a similar value of the genotypic 
participation for the number of grains/spike, the 
line Bi-II 44 is also included. 
Weight of 1000 grains (Table 3, Figure 5). 
Following the participation of the components 
of the grain weight variants, it is noted that, in 
combinations of the first groups and the second 
cyclic hybridization, the source of the source 
and the F00628-34 and BI-II 44 are capable of 
printing the descendants of this productivity. In 
the combinations in which the Pitar variety is 
present as a patern, the weight of the grain's 
weight belongs to the environment variance. In 
a PCA analysis of twenty-five mutant/ recom-
binant lines and two parental forms of winter 
wheat taken into study for yield and quality 
correlation, Păniță et al. (2020) reported that 
the first component has positive values for all 
analyzed characters except the protein content, 
so this component can be considered as an 
identifier for the variants with high production 
results, good starch content and high value 
yield elements while the second component, 
positive values for protein and seeds no./ear 
can represent a identifier for high-protein 
variants with high values for TKW and seeds 
no./ear. 
The ratio between the participation of the 
genotypic variance and the environment (G/M) 

was considered as a prognostic indicator in 
assessing the limits of use of agro-technical 
measures to increase production for the parent 
forms and the offspring obtained by 
hybridization. 
For a differentiated estimate the following scale 
was used in interpreting this indicator: 
- G/E < 0.5 - strong development; 
-G/E between 0.5-1 - moderate development; 
- G/E > 1.0 - limited development. 
Comparing the G/E values for the vegetative 
and productivity elements (Tables 2 and 3) it 
can be predicted to what extent these characters 
show a strong, moderate or limited 
development trend. Thus, the stem length has a 
limited development in the combinations C2 x 
line Bi-II 44; C2 x Ai-II line 55; C3 x line Ai-II 
55. In the rest of the combinations there is a 
danger of the strong development of the straw 
in the detriment of fall resistance of the plants. 
With limited development of leaf area, the 
combinations C2 x line Bi-II 44; C2 x Ai-II 
line 55; C3 x line Ai-II 55; C1 x line Bi-II 98 
are registered. The number of spikelets/spike 
increases significantly as a result of agro-
technical factors action in most combinations, 
except for the combination C2 x line Bi-II 44, 
which is less susceptible. 
The number of grains/spike increases in the 
combinations in which the parents Ai-II line 
55, the Izvor variety, the Bi-II line 98 and the 
improved line F00628-34 were used. Trends in 
weight gain of 1000 grains are recorded in the 
combinations in which the Pitar variety and the 
Ai-Ii 55 and Bi-II 98 lines are present. 
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Table 3. Variance components for productivity characters 

Combination  Variance participation (%) *) 𝐺𝐺𝐺𝐺
𝐴𝐴𝐴𝐴

 
Genotype Environment Interaction 

Number of spikelets/spike 
C1 x Izvor 
C1 x Pitar 
C1 x F00628-34 
C1 x Bi II 98 
C2 x Izvor 
C2 x Pitar 
C2 x Bi-II 44 
C2 x Ai-II 55 
C3 x Pitar 
C3 x Ai-II 55 

18.0 
15.6 
10.5 
19.4 
16.2 
38.6 
35.8 
22.7 
23.7 
14.3 

71.5 
81.6 
82.9 
65.5 
81.9 
55.0 
16.1 
71.7 
71.1 
79.2 

10.5 
2.8 
6.6 

15.1 
1.9 
6.4 

48.1 
5.6 
5.2 
6.5 

0.25 
0.19 
0.13 
0.30 
0.20 
0.70 
2.22 
0.32 
0.33 
0.18 

Number of grains/spike 
C1 x Izvor 
C1 x Pitar 
C1 x F00628-34 
C1 x Bi II 98 
C2 x Izvor 
C2 x Pitar 
C2 x Bi-II 44 
C2 x Ai-II 55 
C3 x Pitar 
C3 x Ai-II 55 

10.4 
59.5 
35.3 
14.5 
13.2 
54.3 
62.4 
12.0 
60.8 
19.3 

85.4 
39.1 
57.6 
51.1 
83.6 
38.9 
5.6 

86.4 
35.6 
77.5 

4.2 
1.4 
7.1 

34.4 
3.2 
6.8 

32.0 
1.6 
3.6 
3.2 

0.12 
1.52 
0.61 
0.28 
0.15 
1.40 

11.14 
0.14 
1.71 
0.25 

Weight of 1000 grains 
C1 x Izvor 
C1 x Pitar 
C1 x F00628-34 
C1 x Bi II 98 
C2 x Izvor 
C2 x Pitar 
C2 x Bi-II 44 
C2 x Ai-II 55 
C3 x Pitar 
C3 x Ai-II 55 

51.3 
41.7 
52.2 
28.6 
37.4 
16.8 
62.4 
42.1 
22.0 
9.2 

30.1 
51.8 
28.2 
35.5 
27.4 
79.3 
5.6 

49.0 
40.7 
30.5 

18.6 
6.5 

19.6 
35.9 
35.2 
3.9 

32.0 
8.9 

37.3 
60.3 

1.70 
0.80 
1.85 
0.81 
1.36 
0.21 

11.14 
0.86 
0.54 
0.30 

*)G = Genotype; E = Environment 
 

     
Figure 3. Number of spikelets/spike 

 

     
Figure 4. Number of grains/spike 
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Figure 5. Weight of 1000 grains 

 
CONCLUSIONS 
 
The analysis of multiple variances for the main 
vegetative and productivity elements at the 
cyclical wheat combinations and the 
establishment of the genotype-environment 
ratio, lead to the formulation of the following 
conclusions: 
- the choice of parents by phenotype in wheat 

is indicated at a participation of the genotypic 
variance expressed by a higher value than the 
environment, highlighting the efficiency of 
selection by phenotype; 

- the specific effect of the paternal varieties at 
the cyclic cross, validated by the expression 
of the participation of the genotypic variance, 
allows to predict the value as corresponding 
parents of the lines Ai-II 55 and Bi-II 44 for 
the transmission of the short straw character; 
line Bi-II 98, improved line F00628-34, 
varieties Izvor, Pitar, lines Bi-II 44 and Ai-II 
55 for the constant transmission of the foliar 
apparatus; line Bi-II 44 and variety Pitar for 
the number of spikelets/spike and for the 
number of grains/spike; Izvor variety, 
improved line F00628-34 and line Bi-II 44 
for the weight of 1000 grains; 

- the G-E ratio is important to be considered as 
a forecast indicator in order to establish limits 

for the use of agro-technical factors that 
contribute to increasing production.  
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Abstract 
 
The article examines the development of theoretical and methodological approaches and practical recommendations 
for improving the ecological and economic foundations of land management and land management at the local level in 
the example of the European Union. 
In practice, regional, spatial, strategic, landscape, and integrated types of land use development planning are most 
often used in the European Union. With the development of the market economy of European society, environmental 
problems arose, which prompted the development of landscape planning, both landscape-ecological and socio-
economic aspects of territorial development. The experience of landscape planning was introduced in Germany, which 
later became used in almost all European countries. 
The study and direct comparison of existing landscape planning systems in different European countries, and their 
reduction to several basic features are not possible and impractical because these systems are very different. This is due 
to a number of reasons: history, features of political systems, cultural traditions, level of economic development, the 
nature of legal systems and property relations. Landscape planning in the European Union is going to be one of the 
tensest areas of activity in the future, and Ukraine must take an active part in this process. 
 
Key words: landscapes, planning, sustainable development, land management, international standards, authorities. 
 
INTRODUCTION 
 
The study and direct comparison of existing 
landscape planning systems in different 
European countries, and their reduction to 
several basic features are not possible and 
impractical, because these systems are very 
different. This is due to a number of reasons: 
history, features of political systems, cultural 
traditions, level of economic development, the 
nature of legal systems and property relations. 
In addition, European countries are 
characterized by significant natural differences. 
However, all these countries with their 
planning systems - in response to the 
challenges of economic globalization, as well 
as increased cultural openness and the 
formation of the European dimension in 
politics - are united by the need for common 
decisions. Therefore, in the above-mentioned 
planning systems, we can find more or less 
clear trends that show the need to create tools 
that would provide opportunities to manage the 
established order and processes of social or 
economic self-organization for sustainable 
development. To do this, along with other 

actions, it is necessary to introduce 
environmental and aesthetic guidelines into 
planning systems. 
 
MATERIALS AND METHODS  
 
The research of foreign experience in planning 
of development of land use at the local 
(municipal) level on an example of the 
European countries to use in Ukraine in the 
creation of our own approaches in land 
management planning. 
The methodological basis of the study was 
fundamental scientific provisions and 
principles of economic theory, the economics 
of land and nature management, applied 
research on improving ecological and 
economic principles of development and 
implementation of land management. The use 
of retrospective analysis made it possible to 
examine the effectiveness of the land 
management and land management system 
through a system of performance evaluation 
criteria and indicators. 
The results of the calculation by groups made it 
possible to make assumptions about promising 
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directions of the applied analysis of the 
application of economic instruments of 
ecological and economic processes in 
agricultural production. 
 
RESULTS AND DISCUSSIONS 
 
There are many types of land development 
planning at the regional and local (municipal) 
level: spatial (territorial), strategic, program, 
landscape, complex (Novakovsky, 2015; 
Dorosh et al., 2011; Dorosh, 2014; Land 
Management in Switzerland, 1999; Martin et 
al., 2008). These species are most often 
mentioned in the literature and used in practice. 
Contrary to various names, all types of 
planning have two common features that 
determine their similarity - the nature of the 
activity (planning) and the object of study and 
impact (territory). In addition, it is obvious that 
all different types of planning should be aimed 
at achieving a common goal - to ensure 
sustainable development of the territory as a 
whole and land use in particular. In the 
European countries, spatial (territorial) 
planning has a more independent status and 
covers, as a rule, the whole complex of urban 
planning and land management with mandatory 
legal justification. Finally, landscape planning, 
which is a part of the system of spatial 
(territorial) planning and its an integral part of 
it in almost all developed European countries. 
In the 1960-the 1970s in Europe, there was an 
active reform of spatial (territorial) planning 
systems, associated mainly with reforms and 
changes in the powers of local governments in 
market economies. In addition, during these 
years, economic conditions of development 
have changed dramatically, and competition for 
the use of resources has increased. In some 
countries, such as Belgium, despite municipal 
reforms, formal planning procedures have 
remained the same for some time, in others, 
such as Germany, there have been very 
important changes in the planning system, 
including public participation in planning 
decisions (Land Registration in Holland, 1999). 
At the same time, with the intensification of 
environmental problems, it has become obvious 
that the current general spatial (territorial) 
planning is not able to meet environmental 
requirements fully (Dorosh, 2012). There is a 

need for a planning system that can take into 
account the peculiarities of the landscape 
organization of the territory and contribute to 
the optimization of relations in the system of 
society and nature. With the introduction of 
landscape planning in general planning, it 
became possible to take into account both 
landscape-ecological and socio-economic 
aspects of spatial (territorial) development. In 
almost all European countries, landscape 
planning systems are based on the principles 
developed and used in Germany, where the 
concept of "landscape planning" was born and 
formed. 
In the European Union and the Council of 
Europe, cooperation between their member 
states in the spheres fields of nature and 
environmental protection, as well as spatial 
planning, is slowly but steadily becoming 
increasingly important due to the following 
reasons: 
• EU policy has an increasingly significant 

impact on the environmental aspects of 
territorial development; 

• European environmental standards should be 
based on common principles in order to 
eliminate "environmental dumping" and 
provide long-term guarantees for investment 
in the economy; 

• protection of nature and the environment 
becomes more effective if it is carried out on 
a continent-wide scale and becomes 
transboundary in nature; 

• Landscaping regulations due to their 
European application, gain political weight. 

National planning systems must be developed 
in light of these circumstances. Thus, in Spain 
and Portugal, almost all environmental laws are 
based on European standards, in Denmark - 
only half (Volkov et al., 2010). European legal 
regulations (so-called "legal lines") are already 
being implemented in countries intending to 
join the European Union. Relevant 
requirements are being prepared. These 
circumstances can also be applied to Ukraine as 
one of the partners of European countries. Let’s 
consider the features of landscape planning at 
the European level and in different countries. 
Undoubtedly, both the framework 
characteristics and individual trends and 
positive results of landscape planning in 
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Europe can be useful for the development of 
such planning in Ukraine. 
In Germany, landscape planning has long roots. 
Its development comes from the notion of 
"Land Improvement" and "Land Decoration" - 
the beginning of the XIX century (Volkov et 
al., 2010; The concept an experience of 
landscape planning in Germany as a model of 
the existing system, 2021).  
Another source is the movement to protect 
nature and the Motherland. It emerged in the 
late nineteenth century as a reaction to the 
industrialization of the country and the 
destruction of nature.  
In the federal law of 1976, landscape planning 
was first enshrined in law as a planning tool for 
landscape protection, landscape care and 
development. 
Thus, landscape planning was first established 
in Germany as a planning discipline. Recently 
developed principles and methods have turned 
landscape planning into an important and 
recognized tool for nature protection. At the 
same time, the drastic social and economic 
changes of recent years have again provoked a 
heated debate in Germany about the right ways 
to ensure environmentally sustainable develop-
ment.  
The main issue in this discussion was what 
planning tools could implement the ideas of 
sustainable development put forward at the 
1992 UN Conference in Rio de Janeiro in the 
"Order of the 21st Century". Below we will 
consider in more detail what is landscape 
planning and what is its contribution to the 
implementation of the concept of sustainable 
development.  
The development of forms of planning and 
decision-making that have a significant impact 
on the state of nature and landscape is carried 
out in Germany at various levels. 
Landscape planning is based on the ecological 
direction of the territorial features and with the 
great support of the population at different 
stages of its development, especially at the 
stage of implementation of proposals. At times, 
people tend to see the environment as the most 
important foundation of their lives.  
The foundations of human life are soil, water, 
air, climate, plants, animals, and in this context, 
the ability of the natural complex to withstand 

anthropogenic stress for a long period is the 
highest aim. 
Landscape planning aims to establish and 
evaluate the functions of landscape features, as 
well as the sustainable preservation of natural 
components and the aesthetics of the landscape.  
Recommendations for the use of natural 
resources (Landschaftsplanung, 1997) are 
aimed at obtaining the main questions on 
creating the preconditions for the positive use 
of natural components and preserving their 
relationships.  
Speaking about the soils, our mains own are to 
preserve the regulatory and productive 
function, as well as the function of a viable 
environment for flora and fauna while 
preventing erosion processes and counteracting 
irrational land use and land pollution. This 
applies to soils with high natural fertility and 
too rare and disturbed soils. 
Taking into account the above-mentioned 
information, landscape planning has specific 
goals related to land management planning for 
land use development in the following areas: 
• to establish and fix results of research of 

constituent elements of nature and its ability 
to transfer loading; 

• to study the relationships between natural 
components, as well as the diversity, 
features and grandeur of the landscape, that 
is its appearance and aesthetic value; 

• to represent the natural-territorial complex 
as a single interconnected system; 

• to ensure the dominance of this system of 
existing and planned forms of nature 
management, as well as the reverse impact 
of the system on human activities; 

• that is landscape planning should be aimed 
at addressing the tasks of protection of 
natural resources and should also be "cross-
cutting" and comprehensive; 

• while setting up main concepts of 
development of territories to establish clear 
parameters of the level of environment aim 
at providing long-term preservation of 
people’s life; 

• at the same time it is necessary to provide 
measures to ensure the implementation of 
both general environmental objectives and 
the requirements of sectoral plans and needs 
of land and nature users; 
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• landscape planning projects should meet 
environmental quality criteria, which serve 
as guidelines for territorial development 
projects of land use and construction and 
other plans, as well as measures for the 
regulation of environmental impacts and 
environmental expertise of projects; 

• landscape planning should summarize and 
synthesize environmental requirements, 
landscape care measures and ensure the 
determination of the balance between these 
requirements and the proposals of different 
land use plans; 

• a base for decision-making on the 
admissibility of different intentions of nature 
users should be created. 

Thus, in landscape planning, on the one hand, 
we can distinguish the working stages due to 
the object itself and the tasks of planning - the 
description of the object, its evaluation, 
development of goals, action programs and 
measures for their implementation. On the 
other hand, there are "steps" related to the 
social function of planning - it is informing the 
public, as well as involved in the planning all 
affected by this process, including industrial 
land managers, representatives of various 
institutions and individual consultants. 
Land use planning policy in Sweden is 
determined by local authorities (municipalities, 
communes). They are responsible for the 
development of the infrastructure of the 
territory and the implementation of 
environmental measures (physical (territorial) 
and environmental planning). 
Public authorities through their regional 
administration can only influence planning 
decisions made by local authorities: 
1) in the event of conflicts and territorial 

disputes between communes; 
2) the need to comply with national interests in 

the field of land use, health and safety; 
3) in the case of placement of natural objects or 

infrastructure elements of regional or 
national importance (highways, reserves, 
airports, etc.). 

The main law governing land use planning in 
Sweden is the Planning and Development Act 
(Boverket, 1987). According to this law, each 
commune (municipality) draws up a review 
plan for the development of the municipal 
territory for the entire area under its 

jurisdiction. According to Article 3 of Chapter 
1 of the law, the municipal review plan is not 
mandatory for institutions or citizens. Control 
over land use and development within the 
municipality is carried out through a detailed 
development plan. 
A detailed development plan can cover only a 
limited part of the municipality. For certain 
areas of the municipality not covered by a 
detailed development plan, zonal regulations 
may be developed if they are required to 
achieve the objectives of the review plan or to 
ensure national interests under the Law (1987: 
12) on natural resource management, etc. 
(Boverket, 1987). According to the Planning 
and Construction Act, every municipality in 
Sweden develops The Municipal 
Comprehensive Land Use Plan for the entire 
area under its jurisdiction Volkov et al., 2010). 
This plan is developed at the level of the 
scheme by the planner or the architect of the 
municipality with the participation of the land 
surveyor. It contains proposals for the 
development of local industry, housing and 
communal services, reservation of territories 
for the expansion of settlements, the location of 
protected areas and recreation areas, nature 
protection, the use of coastal areas. 
Analogues of such a plan for rural areas in 
Ukraine were district planning schemes 
developed in rural administrative districts in the 
60s and 70s of the last century, and urban 
master plans developed in cities. The general 
plan of development of the municipal territory 
has no form of law, namely, it is not a legal 
document. It contains only principled, general 
decisions planned for the future regarding the 
organization of rational use and protection. 
A detailed development plan for a part of the 
territory has legal force. This plan is developed 
for a period of 5 to 15 years, and it is 
mandatory for both landowners and various 
authorities. Land use and all development of 
the territory is regulated by this plan. If 
investors want to build a district, they are 
obliged to coordinate the planned measures 
with this plan, and in its absence - to order its 
development. The final decision on the 
development of this plan is made by the 
municipality. It also obliges the developers to 
coordinate this plan with the General 
Development Plan. 
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Detailed development plans for part of the 
territory in the various municipalities of 
Sweden show: 
1) division of lands into different functional 

zones (residential zone by types of 
buildings, public lands: streets, squares, 
parks, etc., underwater areas and coastal 
lands, reserve zones); 

2) design solutions for the arrangement of 
functional zones (division into quarters, 
sections, etc.); 

3) location of the main elements of 
infrastructure: roads, driveways, utilities. 

As part of a detailed plan or as a stand-alone 
document, a Land Use Restrictions and 
Encumbrances Plan is developed. 
This document must establish environmental 
requirements, protection and sanitary 
protection zones, easements in accordance with 
the planned use of land and water resources. 
According to Article 1 of Chapter 2 (Boverket, 
1987), lands and bodies of water must be used 
for those purposes for which these areas are 
best suited to their natural conditions and 
location, as well as to actual needs. When 
drawing up plans and preparing construction 
permits and prior approval, the Law (1987: 12) 
on natural resources management, etc. should 
be applied. 
According to Article 2, Chapter 2, planning, 
taking into account natural and cultural values, 
should contribute to the creation of an 
appropriate development structure, green areas, 
transport routes and other facilities. From a 
social point of view, a good ecological 
environment and good environmental 
conditions, in general, provide for the 
promotion of good long-term management of 
land and water resources, as well as energy and 
raw materials. The environmental conditions of 
adjacent municipalities should also be 
considered (Boverket, 1987). 
The development of general (review) and 
detailed plans for the development of the 
territory of municipalities in Sweden consists 
of many stages and is quite long (Volokov et 
al., 2010). Dorosh (2013) explains the fact that 
various changes in the organization of the 
territory in the future for many years will 
determine land relations and the type of land 
use, which requires consideration of the 
interests (landowners, local authorities, the 

state). Therefore, the process of land use 
planning and protection has a great public 
resonance. 
Local authorities (municipalities, communes) 
in Sweden are responsible for the development 
of the infrastructure of the territory and the 
implementation of environmental measures 
(physical (territorial) and environmental 
planning). Public authorities through their 
regional (district) government body can 
influence the planning decisions of local 
authorities only: in conflicts and territorial 
disputes between communes, the need to 
comply with national interests in the field of 
land use, health and safety, in the case of 
natural sites or infrastructure elements that 
have a regional or state purpose (highways, 
reserves, airports, etc.). 
In Germany, in modern conditions, more and 
more importance is attached to land use 
planning and protection, protection of 
agricultural lands from unjustified withdrawal 
for the needs of industry, transport, growing 
cities (Land Registration in Holland, 1999; 
Volkov et al., 2010). At the same time, the state 
uses the levers of land management as the main 
mechanism for regulating land tenure and land 
use in the future. The study of land 
management experience in Germany is very 
important for land use planning, forms and 
methods of rational organization of land and 
land protection in our country, which makes the 
transition to new economic relations and 
pursues a new land policy. It is also necessary 
to create a system of land management in 
Ukraine, which could, taken into account the 
national characteristics of the country and the 
positive experience of land management of 
other countries, become an example of the 
organization of rational use and protection of 
land in modern conditions. 
In West Germany, land management began to 
be carried out on the basis of the law on land 
management, which was updated in 1976, 1988 
and 1997 (Volkov, 2003; Volkov et al., 2010). 
This law regulated land relations and 
determined the order of land management in 
the field of land use planning, construction, 
placement of roads, water structures and other 
engineering objects, nature protection. 
According to the Law, land management is 
aimed at improving working and production 
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conditions in agriculture and forestry, as well 
as promoting rural development as a result of 
the organization of rural land holdings. The 
tasks of land management in these areas are 
especially important, including agriculture and 
forestry in the field of environmental 
protection, landscape conservation, village 
renewal through new construction. The goals of 
land management in all directions are equally 
important and necessary for farmers and their 
families. As a result of the rational organization 
of land plots, taking into account 
environmental protection measures, land 
management serves primarily the preservation 
and development of agriculture. 
According to German experts, the law on land 
management is a tool that offers great 
opportunities for environmental protection and 
nature, preservation of land and soil, 
purification and maintenance of clean water. 
This creates the preconditions for improving 
land use, as well as for preserving and 
improving the cultural landscape together with 
the expansion of the habitat of flora and fauna. 
Land management also contributes to the 
improvement of living and working conditions. 
The federal law on land management is 
specified and supplemented in the relevant laws 
of the federal states of Germany. For example, 
the federal state of Hesse has its own land law. 
When conducting land management in 
Germany, other laws are used: the Constitution, 
the Civil Code, the Building Code, the Federal 
Law on Spatial Planning, the laws of the 
federal states on real estate cadastre, geodetic 
surveys, etc. (Volkov, 2003). 
In general, everyone in Germany understands 
that land management is a system of necessary 
measures, without which it is impossible to 
form and organize the rational use of real estate 
in the interests of society as a whole and in the 
interests of individual landowners and land 
users. It is believed that land management is at 
the service of humans, on guard of nature 
protection, and provides guarantees of land 
ownership. 
The Building Code states that land use 
planning and development management are the 
responsibility of communities. So they develop 

a system of documents that are consistent with 
higher levels of planning. 
The Federal Law on Spatial Planning 
formulates the principles that must be taken 
into account in the development of territories at 
the federal state level. Based on the following, 
the subjects of the federation (land) develop 
their own more detailed legislation. This 
federal law defined a policy to limit the transfer 
of agricultural land for other uses and 
enshrined an important principle of preserving 
family farms as the most important structural 
units of the national economy. Thus, the 
legislation of Germany has finally established a 
holistic system of land use planning and 
protection in the country as a whole, at the 
level of federal lands and municipalities. This 
system is shown in Table 1. 
Each of the 16 federal states that make up the 
territory of Germany has broad powers to 
create its own systems of planning and 
regulation of land use. However, according to 
federal law, all lands are obliged to develop a 
General Program and a General Plan for the 
development of land use of their territories, the 
provisions of which are mandatory for 
compliance at the municipal (commune) level. 
Communes carry out a significant part of 
planning (zoning) and almost complete 
regulation of land use. Higher governing bodies 
can interfere in the processes of planning the 
development of communes and land 
management only when the special social goals 
of the Federation or federal land require 
deviations from the decisions made by the 
commune (Dorosh, 2014; Tretyak, 2013). 
In these cases, the higher authorities 
compensate the commune for possible losses, 
damages and expenses incurred in processing 
or adjusting local planning documents. 
The main document that determines the 
development of the territory in municipalities - 
Plan for the use of land (territories) of the 
commune. The land-use plan (commune 
territory) is made on a scale of 1: 10000 for the 
whole territory of the municipality. It must be 
in line with higher-level plans. 
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Table 1. Levels of land use planning and protection in Germany 
(on the example of the lands of Hesse) (Volkov, 2003; Volkov et al., 2010) 

The level of power Legislative basis Land management document 
Federation Federal Law on Spatial Planning of Land Use Basic rules (law) on the development of the territory 
Subject of the 
Federation (Hesse) 

The same  General program for the development of the territory 
of the state of Hesse 
General plan for land development in the lands of 
Hesse 

Regional level * Regional development plan 
Communes 
(municipalities): 
cities and 
communities, 
districts 

Building Code 
(Federal law) 
Federal Law "On Land Management" 
Hessen Real Estate Cadastre and Geodetic 
System Act 
Administrative order to meet construction 
needs 

Land use plan (territory) 
Land management project 
 
 
 
Building plan (project) 

Developer Regulations on construction in the lands of 
Hesse 

The same 
Land title (certificate of ownership) 

 
In this regard, the territory of the municipality 
is divided by a type of use and based on it, land 
development plans are developed. In terms of 
land use we need to: 
- specify the total area, structure and types of 

land use of the community, as well as its 
boundaries; 

- determine, based on higher-level plans, the 
intended location of infrastructure that is 
important to the state, federal state or region; 

- establish the type (purpose) of use of the 
territory, develop prospects for urban 
development of the territory, determine 
land plots for the expansion of settlements, 
for industrial and other facilities, etc.; 

- specify the location and area of built-up 
land plots, determine the area for transport 
communications, greenery, water bodies, 
areas of location and development of 
minerals; 

- specify the area of agricultural and forest 
lands. 

Plans for the use of lands of communes are 
being developed for a period of 5-15 years. 
They give an idea of the development of the 
territory in general terms and mutually agree 
with neighbouring municipalities with higher 
authorities, which can have a significant impact 
on these plans (Dorosh, 2012, 2014). These 
bodies have the right to set certain goals, the 
procedure for drawing up and approving land 
use plans, the size of land plots; give 
instructions on how to build land; to determine 
the development of land plots; to approve the 
procedure for determining the built-up areas on 

sites of different purpose and to make a 
decision on the admissibility of construction on 
a particular territory. 
Land use plans are subject to wide public 
discussion within one month in order to ensure 
"transparency" of planning goals, search for 
alternative solutions, observance of public and 
personal interests, receipt and consideration of 
complaints. 
During the implementation of land mana-
gement projects Germans are guided by the 
following main provisions (Volkov et al., 2010; 
Volkov, 2003): 
1) the scope of land management is considered 

to only be land ownership in rural areas, in 
urban they create development and rede-
velopment projects; 

2) management of land management processes 
is carried out only by special state agencies; 

3) the land management process is imple-
mented at the discretion of the state land 
management body; 

4) each owner is guaranteed to get an equal 
compensation in the form of land, and at his 
request - in cash; 

5) the need for land for public buildings (for 
example, in roads) is met by all owners in 
the form of a certain percentage of 
gratuitous alienation; 

6) the presence of legal protection against any 
departmental decisions; 

7) the owners themselves pay for land mana-
gement measures, receiving significant 
subsidies from the state; 
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8) land management costs are distributed 
according to the value of the site. 

When developing plans we should be guided 
by such principles as creating a healthy envi-
ronment for life and work of the population; 
environmental protection, protection of histo-
rical and cultural heritage sites; economical 
land management, optimization of land use; 
creation of conditions for the progressive deve-
lopment of economy, transport, supply, culture 
and sports; removal of industrial enterprises 
from residential areas, prevention of housing 
construction near industrial areas, prevention of 
harmful effects of industrial and communal 
facilities on the environment, prevention of 
enclave settlements. And also, as noted by 
Dorosh (2012, 2013), ensuring equal conditions 
for the formation and development of property 
of different segments of the population, 
meeting their social and cultural needs, 
socially-oriented development of land use for 
the benefit of society and individuals. 
When carrying out land management works in 
rural areas we are guided by the following 
requirements: 
- all land plots should be adjacent to the road 

network and be accessible at any time of 
the year; 

- be prepared for modern mechanized 
cultivation (a rectangle with an aspect ratio 
of 6: 1 is optimal); 

- have the optimal size (length 300-600 m, an 
area about 10 hectares when cultivated on 
family farms); 

- land-use system should provide protection 
of soils from erosion, reduce the risk of 
floods; 

- land use should be carried out taking into 
account the requirements of environmental 
protection, impact on soils, water, air, 
climate, man, animals, plants, landscapes. 

According to scientists from the Higher School 
of Privatization and Entrepreneurship, who 
have studied the problems of agricultural land 
use abroad, in Germany, when planning the 
rational use and protection of land, the 
principle of protection of agricultural land from 
unjustified foreclosure is clearly followed. 
For this purpose, firstly, in the "agricultural 
zones" defined in the zoning plans, non-
agricultural land development is usually 
excluded, and the transfer to other uses is 
limited; secondly, the construction of non-
agricultural buildings is prohibited in any 
"undeveloped zone" (not identical to the 
"agricultural zone") as part of the municipal 
territory, which is not allocated as a 
development zone (development zones and 
zones indicated in the plans) (Volkov et al., 
2010; Dorosch, 2013). 
Levels, stages and carriers of land use planning 
in the Federal Republic of Germany (Volkov, 
2003; Volkov et al., 2010) and according to 
research by Tretyak (2013), has the form 
presented in Table 2. 

 

 
Table 2. Levels, stages and carriers of land use planning in the Federal Republic of Germany (Tretyak, 2013) 

Level/planning stage 
Scale 

Type of plan, planning stage 
Professional plans 

Media 
Scope 

Planning of federal lands 
1: 500,000, 1: 100,000 

Land development program and land development 
plans with landscape program, transport routes, radio 
lines, etc. 

Federal lands 
The territory of the federal states 

Regional planning 
1: 500,000, 1: 100,000 Regional plan with framework landscape plan Regional planning association 

Urban development planning 
1:50 000 - 1:20 000 

Simulation models, calculations, forecasts, texts, 
structural sketches 

Territorial community 
Community area and land-carers 

Construction regulation 
1:25 000 - 1:10 000 

Land use plan (preparatory plan) with landscape plan, 
general transport plan, plans for provision and 
utilization (sewerage) 

Community or planning association 
The territory of the community or 
several neighboring communities 

Construction regulation 
1:1 000 - 1:500 

Building plan (responsibilities plan) with landscaping 
plan, development plan and design plan 

Community 
As a rule, part of the city 

Construction planning 1:100, 
1:50 - 1:1 

Projects of houses with projects of load-bearing 
structures, installation works and projects of external 
areas (development and landscaping) 

Developer 
Building plots 
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To understand the land use plan - as a carrier of 
public needs and the public and the 
development plan - as a carrier of professional 
urban planning in Germany. The land use plan 
is developed by identifying types (subtypes) of 
urban land use and protection of lands and 
other natural resources, as well as territories of 
historical, cultural and other heritage. Such a 
plan is mandatory for the authorities. The 
development plan is developed taking into 
account the legal status of land plots of their 
owners and is mandatory for all: authorities, 
citizens and legal entities (Dorosh, 2013; 
Tretyak, 2012). 
The process of developing land-use plans 
(territories) of municipalities consists of four 
stages (Dorosh, 2013; Lindemann, 2010): 
• inventory of current land use; 
• analysis of the condition and use of land; 
• forecasting and alternative scenarios for the 

development of land tenure and land use in 
the future; 

• development of a plan for the organization of 
rational use and protection of community 
lands for the future. 

Thus, the experience of European countries, 
and especially Germany, in planning land 
development in Ukraine is quite useful. 
 
CONCLUSIONS 
 
The tasks of landscape planning in different 
countries are performed quite differently. 
Environmental requirements for spatial 
planning are not present in the form of holistic 
concepts in all countries and at all 
administrative levels. The tasks and stages of 
landscape planning in different countries are 
given different importance. In general, 
landscape planning in European countries 
should become one of the tense fields of 
activity in the future. This process also affects 
Ukraine. As an important political and 
economic partner of European countries, 
Ukraine needs to adopt international 
environmental standards and planning systems. 
For Ukraine, this requires the search for their 
own approaches in the context of land 
management planning, which embodies socio-
economic and environmental measures. 
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Abstract 
 
The paper presents the research results of blood serum biochemical parameters, as well as fattening and meat qualities 
of Large White young pigs of different genotypes by melanocortin receptor gene 4 MC4R; the level of phenotypic 
consolidation of quantitative characters is calculated and their correlations are determined. 
It was found that the serum biochemical parameters of young pigs from the experimental groups correspond to the 
physiological norm of clinically healthy animals. Studies have shown that animals of the MC4RAG genotype exceed 
significantly their peers of the MC4RAA genotype in the age of achievement of live weight of 100 kg, in fatback thickness 
at the level of 6-7 thoracic vertebrae and in the length of the chilled carcass by 4.47% on average. 
The coefficients of phenotypic consolidation of fattening and meat qualities of young pigs from the experimental groups 
ranged from -0.101 to +0.370. 
The number of significant correlations between serum biochemical parameters, fattening and meat qualities of Large 
White young pigs of the MC4RAA genotype is 26.67%, of MC4RAG genotype is 33.34%. This indicates the possibility of 
using interior indicators for early prediction of fattening and meat qualities of Large White young pigs. The maximum 
increase in additional products was obtained from Large White young pigs of the MC4RAG genotype by the 
melanocortin receptor gene in amount of +2.02%. 
 
Key words: pigs, genotype, gene, fattening and meat qualities, variability, correlation. 
 
INTRODUCTION 
 
Evaluation of young pigs by fattening and meat 
qualities was carried out taking into account the 
following indicators: the average daily gain in 
live weight for the period of control feeding, 
kg; the age of achievement of live weight of 
100 kg, days; the thickness of fatback at the 
level of 6-7 thoracic vertebrae, mm; the length 
of chilled carcass, cm; the length of bacon side 
of chilled half carcass, cm (Berezovskii & 
Khatko, 2005). 
DNA typing of animals was performed in the 
Laboratory of Genetics of the Institute of Pig 
Breeding and the Agro-industrial Institution NAAS 
(Kim et al., 2006).  
In the blood serum, the total protein content (g/l), 
the urea content (mmol/l) and the concentration of 
total lipoproteins (mg %) were determined (Vlizlo 

et al., 2012). Phenotypic consolidation 
coefficients (K1, K2) and biometric indicators 
were calculated according to the methods of 
Polupan (1996) and Lakin (1990). 
It is established that the main criteria for 
increasing the gross production of pork is to 
improve both the reproductive qualities of sows 
and breeding boars and to increase the fattening 
and meat qualities of their offspring 
(Tsereniuk, 2014; Bankovska, 2016; Khalak et 
al., 2007; Furata & Hashimoto, 1995; Khalak, 
2014; Khalak et al., 2020).  
In order to accelerate the selection and 
breeding work in these areas in the conditions 
of breeding factories, farms and industrial 
complexes, and with using animals of foreign 
selection, active searching work for biological 
markers of early prediction of economically 
important characters is conducted. 
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The works of native and foreign scientists prove the 
relevance of the chosen field of research (Khalak et 
al., 2020; Tsareniuk, 2010; Pelykh & 
Ushakova, 2015; Shulga et al., 2012; Susol, 
2013; Luhovoi & Kramarenko, 2010; Hugo et 
al., 1999). 
The aim of the paper is to study the 
biochemical parameters of blood serum, as well 
as fattening and meat qualities of Large White 
young pigs of different genotypes by the 
melanocortin receptor gene MC4R and to 
calculate the level of phenotypic consolidation 
of quantitative characters and their correlations. 
 
MATERIALS AND METHODS 
 
The research was conducted in STOV 
«Druzhba-Kaznacheyivka» Dnipropetrovsk 

region, meat-packing factory «Dzhaz», the 
Research Centre for Biosafety and 
Environmental Control of Resources of the 
Agro-industrial Complex of Dnipro State 
Agrarian and Economic University, the 
Laboratory of Genetics of Institute of Pig 
Breeding and the Agro-industrial Institution 
NAAS of Ukraine, and the Animal Husbandry 
Laboratory of State Institution - Institute of 
Grain Crops NAAS of Ukraine. Large White 
young pigs were the object of the study. 
DNA typing of animals was performed in the 
Laboratory of Genetics of the Institute of Pig 
Breeding and the Agro-industrial Institution NAAS 
(Kim et al., 2006). 
Figure 1 shows a typical electrophoregram of 
the corresponding restriction fragment. 

 

 
Figure 1. Electrophoresis in 8% polyacrylamide gel restriction of MC4R and Leptin (LEP) genes  

(Saienko & Khalak, 2020) 
 
In the blood serum of 5th-month-old animals the 
total protein content (g/l), the urea content (mmol/l) 
and the concentration of total lipoproteins (mg %) 
were determined (Vlizlo et al., 2012).   
Evaluation of young pigs by fattening and meat 
qualities was carried out taking into account the 
following indicators: the average daily gain in 
live weight for the period of control feeding, 
kg; the age of achievement of live weight of 
100 kg, days; the thickness of fatback at the 
level of 6-7 thoracic vertebrae, mm; the length 
of chilled carcass, cm; length of bacon side of 
chilled half carcass, cm (Berezovskii & 
Khatko, 2005). 
Complex assessment of young pigs of different 
genotypes in fattening and meat qualities (SI) and 
phenotypic consolidation coefficients of 

quantitative characters (K1, K2) were calculated 
by the following formulas: 

SІ = 0.18 × Х1 – 4.46 × Х2,                            (1) 

where: SІ - selection index, points; Х1 - the 
average daily live weight gain during the 
period of control fattening, g; Х2 - thickness of 
fatback at the level of 6-7 thoracic vertebrae, 
mm (Bazhov & Komlatsii, 1989); 

з
гК

σ
σ

−= 11                                              (2) 

зCv
гCvК −= 12                                              (3) 

where: σ г and сv г - standard deviation and 
coefficient of variability of the evaluated group 
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of animals by a specific trait; σ з and сv з - the 
same indicators of the general total (Polupan, 
1996). The cost of additional products was calcu-
lated according to currently accepted methods 
(Methodology for determining economic…, 
1983). The results of the research were 
processed by the method of variation statistics 
according to Lakin (1990).  

RESULTS AND DISCUSSIONS 
 
It was found that the serum biochemical 
parameters of young pigs of different 
genotypes by the melanocortin receptor gene 
MC4R correspond to the physiological norm of 
clinically healthy animals (Table 1). 

 
Table 1. Biochemical parameters of blood serum of young pigs from experimental groups, n = 8 

Indicators, units of 
measurement 

Biometric  
indicators 

Genotype 
МС4RАА МС4RАG 

group 
І ІІ 

Total protein, g/l XSХ ±  81.25±0.977 85.87±0.895** 

Сv±Scv, % 3.40±0.850 2.95±0.737 

Urea, mmol/l XSХ ±  4.77±0.576 5.10±0.275 

Сv±Scv, % 34.13±8.532 15.26±3.815 

Total lipoproteins, 
mg% 

XSХ ±  559.28±41.775 547.80±32.436 

Сv±Scv, % 19.76±4.940 13.24±3.310 
Note: ** - P≤0.01  
 
The difference between the groups in terms of 
total protein content is 4.62 g/l (td = 3.50; P 
<0.01), of urea - 0.33 mmol/l (td = 0.52; P> 
0.05), of total lipoproteins - 11.48 mg % (td = 
0.21; P> 0.05). The coefficient of variability of 
blood serum biochemical parameters of young 
pigs of different genotypes ranges from 2.95 to 
34.13%. 
Analysis of the results of Large White young 
pigs control fattening shows (n = 50) that the 
average daily gain in live weight of animals 
during the control period is 779.9 ± 5.38 g (Sv 
= 4.84%), the age of achievement of live 
weight of 100 kg is 177.2 ± 0.68 days (Сv = 
2.82%), fatback thickness at the level of 6-7 
thoracic vertebrae is 20.4 ± 0.35 mm (Сv = 
12.48%), the length of chilled carcass is 96, 4 ± 
0.33 cm (Сv = 1.78%), the length of the bacon 
side of the chilled half-carcass is 85.4 ± 0.59 
cm (Сv = 3.59%). The selection index SI 
ranges from 23.29 to 84.77 points. 
The results of studies of fattening and meat 
qualities of Large White young pigs of 
different genotypes by the melanocortin 
receptor gene 4 (MC4RAA, MC4RAG) are 
shown in Table 2. 

It was found that the young pigs from group II 
exceeded peers from group I in average daily 
live weight gain during the period of control 
fattening by 33.8 g (td = 3.49; P <0.01), in the 
age of achievement of live weight of 100 kg by 
3.9 days (td = 2.80; P <0.01), in fatback 
thickness at the level of 6-7 thoracic vertebrae 
by 1.8 mm (td = 2.60; P <0.05), in the length of 
chilled carcass by 2.2 cm td = 4.07; P <0.001), 
in the length of the bacon side of the chilled 
half-carcass by 2.9 cm (td = 3.53; P <0.001). 
According to the selection index SI, the 
difference between animals from groups II and 
I is 11.69 points (td = 2.90; P <0.01). 
Consolidation of a selection group of animals is 
a process of achieving a certain stability in 
genotypic and phenotypic similarity by 
selection characteristics among structural units 
of breed, herd, which is realized through 
relative narrowing of genotypic and phenotypic 
variability, fixing them at the desired level of 
demonstration with the appropriate interaction 
of "genotype-environment", which provides 
high heritable stability of their transmission by 
animals to their offspring (Polupan, 2001). 
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Table 2. Fattening and meat qualities of Large White young pigs of different genotypes  
by melanocortin receptor gene 4 (МС4RАА, МС4RАG) 

Indicators, units of measurement Biometric 
indicators 

Genotype  
МС4RАА МС4RАG 

group 
І ІІ 

Average daily gain in live weight during the 
control fattening period, kg 

n 24 26 

XSХ ±  760.8±6.22 796.0±7.08** 

Сv±Scv, % 3.67±0.530 4.54±0.629 

Age of achievement of live weight of 100 kg, 
days 

XSХ ±  178.5±1.08 174.4±1.09** 

Сv±Scv, % 2.72±0.393 3.19±0.442 

Thickness of fatback at the level of 6-7 
thoracic vertebrae, mm 

XSХ ±  21.4±0.55 19.5±0.51* 

Сv±Scv, % 11.59±1.674 13.43±1.862 

Length of chilled carcass, cm 

n 9 15 

XSХ ±  95.1±0.35 97.3±0.42 

Сv±Scv, % 1.10±0.259 1.67±0.305 

Length of the bacon side of chilled half 
carcass, cm 

XSХ ±  83.3±0.60 86.2±0.57*** 

Сv±Scv, % 2.16±0.509 2.56±0.468 
   Note: * - P≤0.05, ** - P≤0.01, *** - P≤0.01  

 
 
The results of the calculation the phenotypic 
consolidation coefficients of fattening and meat 

qualities of young pigs from the experimental 
groups are shown in Table 3. 

 
Table 3. Phenotypic consolidation coefficients (K1, K2) of fattening and meat qualities of young pigs from 

experimental groups  

Indexes Coefficients of 
phenotypic consolidation 

Group  
І ІІ 

Average daily gain in live weight during the 
control fattening period, g 

К1 0.063 0.157 
К2 0.039 0.177 

Age of achievement of live weight of 100 kg, 
days 

К1 -0.059 0.129 
К2 -0.051 0.122 

Thickness of fatback at the level of 6-7 
thoracic vertebrae, mm 

К1 -0.101 0.156 
К2 -0.056 0.176 

Length of chilled carcass, cm 
К1 0.370 0.037 
К2 0.363 0.045 

Length of the bacon side of chilled half 
carcass, cm 

К1 0.214 0.075 
К2 0.200 0.086 

 
It was found that the phenotypic consolidation 
coefficients of fattening and meat qualities of 
young pigs from experimental groups ranged 
from -0.101 (phenotypic consolidation 
coefficient K1, young pigs from group I, trait - 
fatback thickness at the level of 6-7 thoracic 
vertebrae, 70 mm) to +0,370 (phenotypic 

consolidation coefficient K1, young pigs from 
group I, trait - length of chilled carcass, cm). 
The results of the correlation analysis between 
the blood serum biochemical parameters, 
fattening and meat qualities of Large White 
young pigs of different genotypes by the 
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melanocortin receptor gene 4 (MC4RAA, 
MC4RAG) are shown in Table 4. 
It was established that the correlation 
coefficient between these groups of traits 
ranges from -0.919 (urea content × average 

daily live weight gain during the control period, 
the group - young pigs of the MC4RAG 
genotype) to +0.977 (total protein content × age 
of achievement of live weight of 100 kg, group 
- young pigs of the MC4RAG genotype). 

 
Table 4. Pair correlation coefficients between serum biochemical parameters, fattening and meat qualities  

of young pigs of different genotypes by melanocortin receptor gene 4 (МС4RАА, МС4RАG) 
 

Character 
Group  

І ІІ 
biometric indicators 

х у r±Sr tr r±Sr tr 

Total protein, 
g/l 

1 0.247±0.3956 0.62 -0.188±0.4010 0.47 
2 -0.726±0.2808* 2.59 0.977±0.0871*** 11.22 
3 -0.284±0.3914 0.73 -0.817±0.2354* 3.47 
4 -0.824±0.2313* 3.56 -0.654±0.3088 2.12 
5 0.164±0.4027 0.41 0.114±0.4056 0.28 

Urea, mmol/l 

1 0.793±0.2487* 3.19 -0.919±0.1610*** 5.71 
2 0.885±0.1901** 4.66 0.830±0.2277* 3.65 
3 -0.314±0.3876 0.81 -0.723±0.2820* 2.56 
4 0.131±0.4047 0.32 -0.624±0.3190 1.96 
5 -0.326±0.3859 0.84 0.501±0.3533 1.42 

Total 
lipoproteins, 
mg % 

1 0.288±0.3910 0.74 0.511±0.3509 1.46 
2 0.324±0.3862 0.84 -0.275±0.3925 0.70 
3 -0.041±0.4079 0.10 -0.125±0.4050 0.31 
4 -0.190±0.4008 0.47 -0.117±0.4054 0.29 
5 0.325±0.3861 0.84 -0.537±0.3444 1.56 

Note: 1 - average daily gain in live weight during the control fattening period, g; 2 - age of achievement of live weight of 100 kg, days; 3 - length of 
chilled carcass, cm.; 4 - length of the bacon side of chilled half carcass, cm.; 5 - thickness of fatback at the level of 6-7 thoracic vertebrae, mm; * - 
P≤0.05, ** - P≤0.01, *** - Р≤0.001 
 
Significant correlations were also established 
between the following pairs of characters: total 
protein content × length of chilled carcass (r = 
–0.817, group - young pigs of the MC4RAG 
genotype), urea content × age of achievement 
of live weight of 100 kg (tr = +0.885 - +0.830, 
group - young pigs of genotype MC4RAA, 
MC4RAG), urea content × length of chilled 
carcass (r = –0.723, group - young pigs of 
genotype MS4RAG), total protein content × age 
of achievement of live weight of 100 kg (r =     
–0.726, group - young of pigs of the MC4RAA 
genotype), total protein content × length of 
bacon side of chilled half-carcass (r = –0.824, 
group - young pigs of the MC4RAA genotype), 
urea content × average daily live weight gain 
during the period of control fattening (tr = 

+0.793, group - young pigs of genotype 
MC4RAA). 
The number of significant correlations between 
serum biochemical parameters, fattening and 
meat qualities of Large White young pigs of 
genotype MC4RAA is 26.7%, of MC4RAG is 
33.4%. This indicates the possibility of using 
interior indicators for early prediction of 
fattening and meat qualities of Large White 
young pigs. 
The calculation of the economic efficiency of 
the research results showed that the maximum 
increase in additional products was obtained 
from young pigs of group II (MC4RAG) - 
+2.02%, and its cost from the sale of 1 animal 
is +92.4 UAH. 
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CONCLUSIONS 
 
Biochemical parameters of blood serum of Large 
White young pigs from the controlled population 
correspond to the physiological norm of clinically 
healthy animals, and in terms of fattening and 
meat qualities they belong to the I class and the 
elite class.  
It was established that animals of the MC4RAG 
genotype exceeded their peers of the MC4RAA 
genotype at the age of achievement of live 
weight of 100 kg, fatback thickness at the level 
of 6-7 thoracic vertebrae and the length of the 
chilled carcass by 4.47% on average. The 
coefficient of variation of the main quantitative 
characters of animals from the experimental 
groups varies from 1.10 to 13.43%.  
Phenotypic consolidation coefficients of 
fattening and meat qualities of young pigs from 
experimental groups ranged from -0.101 
(phenotypic consolidation coefficient K1, 
young pigs from group I, trait - fat thickness at 
the level of 6-7 thoracic vertebrae, mm) to 
+0.370 (phenotypic consolidation coefficient 
K1, young pigs from group I, trait - the length 
of the chilled carcass, cm). 
The number of significant correlations between 
biochemical parameters of blood serum, 
fattening and meat qualities of Large White 
young pigs of genotype MS4RAA is 26.7%, of 
MS4RAG is 33.3%, which indicates the 
possibility of using interior indicators for early 
prediction fattening and meat qualities of Large 
White young pigs.   
The maximum increase in additional products 
was obtained from Large White young pigs of 
MS4RAG genotype by melanocortin receptor 
gene - +2.02%, and its cost from the sale of 1 
animal is +92.4 UAH. 
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Abstract  
 
Like all parts of the North- east Algeria, the study area has considerable surface water wealth, to which attention must 
be reserved. River Seybouse, which is fed by a network of rivers, is one of the most important rivers of this region; it 
drains the Guelma basin towards West-East clearly on nearly 45 km with a total contribution estimated at 408 Hm3/ 
year to Boudraoua station (Bouchegouf). 
In parallel with the rapid population growth, record the development of agricultural and industrial sectors that knows 
the study area in recent decades, River Seybouse, became the seat of important illegal dumping and polluting 
discharges. 
For this purpose, samples of water samples were conducted at nine stations during wet periods and dry periods. A 
multidisciplinary analysis concerned in particular, the physicochemical parameters (T°, pH, CE, O2, Cl-, PO4, NO2 and 
NO3), the evaluation of contamination by trace elements (Fe, Mn, Cu, Zn) 
The analysis results show that the waters of this river are characterized by high natural mineralization and 
concentrations substantially higher than the standards recommended by OMS and Algerian standards of the various 
parameters reflecting generally the waters of this course of water are of good quality. 
The concentrations of metallic elements are not alarming, and the degree of metal contamination differs from one site 
to another depending on the distance away from the source of pollution. 
 
Key words: contamination, surface water, Seybouse, physicochemical parameters.  
 
INTRODUCTION  
 
The countries on the southern shore of the 
Mediterranean are characterized by a situation 
of structural water stress.  
North Africa accounts for only 0.1% of the 
world's renewable natural water resources for a 
total population of 180 million inhabitants, i.e. 
about 2.6% of the world population.  
Since the commissioning in 1996 of the 
Guelma, Bouchegouf irrigated perimeter, the 
issue of the quality of irrigation water from the 
Seybouse River has been a major concern. 
Should the water from this river be used for 
irrigation or not?  
Knowing that industrial wastewater, domestic 
wastewater and waste oil and others are 
discharged directly into this river, without any 
prior treatment. This on the one hand, and on 
the other hand, another source of pollution, not 
least, is pollution of agricultural origin 
(leaching of chemical fertilisers and pesticides) 
(Guettaf, 2015). It is important to note that all 
the drinking water supply wells and wells are 

located in agricultural land and that the latter 
are irrigated from the Seybouse River. 
The intensification of irrigation with water of 
dubious quality can cause the infiltration of 
various pollutants into the groundwater of the 
aquifer, as the self-purifying power of the soil 
should not be overestimated, since a real case 
of contamination was reported by the health 
service of the Wilaya of Guelma (DSP) during 
the month of July 1997, when the well (BA3) 
located in Belkhir was contaminated by a leak 
in the delivery pipe of the irrigated area. 
However, there could be other similar cases 
since the irrigation network is branched over a 
surface area of 12000 ha. 
The aim of our study is to see the impact of 
irrigation water on the soil and on the 
groundwater table.  
Therefore, the content of irrigation water in 
various pollutants (nitrates, orthophosphates, 
heavy metals, etc.) was compared with that of 
groundwater to determine the responsibility of 
this water in the degradation of the quality of 
the Guelma alluvial aquifer. 
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MATERIALS AND METHODS  
 
Study area 
The River Seybouse drains one of Algeria's 
main catchment areas. This basin is located in 
the north-east of Algeria and covers a total area 
of about 6471 km2 (Figure 1). It is the largest 
basin, after the Medjerda, in the eastern part of 
North Africa and is subdivided into six main 
sub-basins (Balayac, 19912; ABHCSM, 1999). 
From the point of view of the importance of 
water resources and its strong anthropisation, 
the physiographic characteristics and the humid 
and sub humid climate of the Seybouse 
catchment area (located between the confluence 
of the River Charef and the River 
Bouhamdane), explain the hydrological 
functioning of this watercourse. The River 
Seybouse originates from the commune of 
Medjez Amar, wilaya of Guelma 
(36°26.587''N, 0 07°18.740''E), west of the 
town of Guelma and flows for 134.74 km 
before emptying into the Mediterranean Sea, 
near the commune of Sidi Salem, wilaya of 
Annaba (36°51.689''N, 007°46.066''E). It 
crosses three wilayas (Guelma, El-Tarf and 
Annaba) and continuously receives the 
discharges and wastewater from the 68 
communes and agglomerations of the 
catchment area, i.e. 1300000 inhabitants 
(Ghachi, 1986). Guelma and El-Tarf are two 
wilayas with an agricultural vocation. 
 

 
Figure 1. Watershed of the Seybouse and its tributaries 

 
Sample collection site 
During 2013 and in two periods, one in winter 
and the other in summer, water samples from 

the River Seybouse were taken in clean plastic 
bottles with a capacity of 1.5 litres and 2 m 
from the banks. The bottles were filled to the 
brim and then the cap was screwed on to avoid 
any gas exchange with the atmosphere. The 
water samples were sent directly to the 
laboratory within 8 hours for analysis. Nine 
stations were selected (Figure 2). They were 
chosen because of their accessible locations for 
sampling, the crossing of densely populated 
urban areas and some of them along 
agricultural land.  
The following parameters were analysed, T°C, 
pH, Electrical Conductivity (EC), Dissolved 
Oxygen (DO), Sulphates (SO4-), Ortho-
phosphates (OP), Chlorides (Cl), Nitrates 
(NO3), and Ammonium (NH4). The following 
parameters (Temperature, pH, Electrical 
Conductivity and Dissolved Oxygen) were 
measured directly in situ using a suitable 
portable multi-parameter (WTW multi 1971). 
The other physicochemical parameters were 
determined according to Rodier's analysis 
protocol (Rodier et al., 1984). Thus, the total 
hardness of the water was determined by 
volumetric titration with EDTA 0.2N and the 
concentrations of chloride ions by argentometry 
(determination by silver nitrates). The other 
indicators (parameters) were determined 
spectrophotometrically. Univariate (correlation 
tests) and multi-variety (similarity tests and 
Principal Component Analysis) statistical 
analyses were carried out on these data in order 
to determine the various correlations existing 
between these parameters. 
 

 
Figure 2. Location of sampling points 

 
RESULTS AND DISCUSSIONS  
 
Physicochemical characteristics of water 
Physicochemical indicators of water quality are 
often subject to spatial-temporal variations 
induced by anthropogenic activities that modify 
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the characteristics of the water and affect its 
quality (Karrouch, 2009) Thus, measurements 
of these parameters in a logic ecosystem can 
give us information on the degree of pollution 
of this biotope. 
The pH is a factor that depends on the natural 
conditions of the environment, such as the 
vegetation cover and the nature of the rocks 
and the soil substrate, and on human activities 
such as pollution (Dussart, 1966; Bermond and 
Vuichaard, 1973). It decreases in the presence 
of high levels of organic matter and increases 
during low-water periods, when evaporation is 
high enough (Meybeck et al., 1996). In our 
region, the values of this hydrogen potential 
fluctuate between 7.5 and 8.8 (Figure 3) and 
show a slight gradient increasing from 
upstream to downstream. As a result, the pH is 
slightly neutral to moderately alkaline at 
stations S1 and S7. 
 

 
Figure 3. Spatial and temporal variation of pH 

 
Water temperature (Figure 4) is strongly 
influenced by environmental conditions related 
to the geographical location of the locality, the 
geology of the terrain, the hydrology of the 
ecosystem and, above all, the prevailing 
climate (Rodier et al., 1984). Thus, the 
temperature does not vary greatly from one 
station to another. The minimum recorded is 
13.5°C (station S3) and the maximum is 22°C 
(station S5). 
Electrical conductivity (EC) is the ability of 
water to conduct an electrical current. It is 
proportional to the mineralization of the water, 
so the richer the water is in ionized mineral 
salts, the higher the conductivity (Derwich et 
al., 2010). It is also a function of the 
temperature of the water, and is higher as the 

temperature rises (Rejsek, 2002). Not only that, 
but it is also used to assess the quantity of 
dissolved salts in the water (Rodier et al., 
1984). Following the measurements carried out, 
with values always varying between 650 and 
1600 µS/cm, the waters of the Seybouse are 
considered to be mineralized (Figure 5). 
 

 
Figure 4. Spatial and temporal variation of temperature 

 
These high values seem to be the consequence 
of the inputs from the river on the one hand and 
on the other hand they may be the result of soil 
leaching. 
 

 
Figure 5. Spatial and temporal variation of conductivity 

 
Quantifying the concentration of dissolved 
oxygen (DO) in the water of a hydro-system is 
a fairly important factor because it is involved 
in the majority of chemical and biological 
processes in these aquatic environments 
(Rodier et al., 1984, Brahimi and Chafi, 2014). 
The evolution of dissolved oxygen in the water 
of River Seybouse shows a more or less clear 
degradation of the quality of these waters 
downstream of this river (Figure 6).  
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The highest content is observed at the level of 
the inlet of the STEP and River Hellia which 
are respectively of the order of 5.9 and 5.6 
mg/l. The lowest values are observed in the 
river (Boumahra outlet) with a value of 3.5 
mg/l. 
 

 
Figure 6. Spatial and temporal variations of dissolved 

oxygen 
 
As far as chlorides and sodium are concerned, 
we note that the origin of these elements is 
mainly linked to the dissolution of evaporate 
(calciferous) formations and to the effect of 
marine salinity. In the waters of the Seybouse 
river, the existence of these two elements is 
linked to the dissolution of evaporate 
formations. The sodium and chloride contents 
generally present variable values that are 
sometimes higher than the portability standards 
with a content varying between 94.5 and 280 
mg/l (station S6, Boumahra exit) for chlorides 
and 49 to 120 mg/l for sodium, these figures 
indicating the existence of strong calciferous 
contributions from the Triassic geological 
formations (Figure 7 and Figure 8) 
 

 
Figure 7. Spatial and temporal variations of sodium 

 
Figure 8. Spatial and temporal variation  

of the chloride ion 
 
As far as nutrients (nitrates and nitrites) are 
concerned, these represent the most oxygenated 
form of nitrogen. It is a very soluble form. Its 
presence is linked to the intensive use of 
chemical fertilizers (Debieche, 2020). In this 
form, nitrogen is a nutrient salt that can be used 
by most plants. The average nitrate 
concentrations in the waters of the River 
Seybouse are lower than the norm for surface 
waters. Therefore, the waters of the Seybouse 
River and its tributaries cannot be the source of 
pollution of the groundwater. 
Nitrite or nitrous nitrogen is a less oxygenated 
and less stable form representing the form of 
the transition between nitrate and ammonium. 
It is a toxic form. The highest value is observed 
at the WWTP S1 outlet (2.25 mg/l). The high 
values are due to the effect of oxidation of the 
ammonium form. In the whole region, the 
average value is around (0.16 mg/l). 
For phosphates in water, it is linked to urban 
discharges or to the dissolution of chemical 
fertilizers (NPK) (Chapman and Kimstach, 
1996; Lgourna et al., 2014). In surface waters, 
its content is variable and does not exceed the 
standard for surface waters (15 mg/l). 
 
Statistical processing of data 
The study of bivariant linear correlations 
between the parameters studied provides 
information on the strength of any associations 
between them (Wilcox, 1955). The correlation 
matrix of the thirteen parameters measured 
during the study period (March and July 2013) 
is presented in Table 1. 
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Table 1. Correlation matrix of the different physical and 
chemical elements of the Seybouse River 

  

 
 
Figures in bold indicate significant correlations 
 
Thus, a strong correlation is observed between 
conductivity and calcium ions r = 0.84 on the 
one hand and on the other hand with 
bicarbonates r = 0.81. Calcium ion caries well 
with bicarbonate ions r = 0.76, sulfate ions r = 
0.68 and magnesium ion r = 0.68. Also, 
potassium ion caries well with nitrate r = 0.67 
The multi-variant analysis by means of PCA 
(Principal Component Analysis) carried out on 
a double entry table (13 variables and 9 
stations) by STATISTICA software and 
expressed up to four factors and 77.05% of the 
variance were expressed. The projection of the 
variables on the factorial plane F1 and F2 
shows two poles (Figure 9): The plane F1, 
showing 35.70% of the variance, expresses an 
axis characterizing the mineralization of the 
water by the leaching of the geological 
formations. It is determined by electrical 
conductivity, chlorides, calcium ions, sulfates, 
bicarbonates and phosphates. The factorial 
plane F2 representing only 19.15% of the 
information is considered as an axis 
characterizing agricultural pollution and is 
determined by nitrates, nitrites, magnesium and 
chlorides (Figure 9). 
By projecting the variables onto the factorial 
plane 1-3 (Figure 10), we see that chloride, 
sodium and magnesium are opposed to the 
elements. Chlorine followed by sodium and 
magnesium show the best contributions along 
factorial axis 3. The chloride and sulphate-
calcium-magnesium faces predominate in the 
waters of the Seybouse as shown in the Piper 
diagram (Figure 11). 
 

 
Figure 9. Representation of the measured variables on 

the F1 and F2 factorial plane of the PCA 
 
Factor 3 can therefore be considered to be a 
factor in the dissolution of evaporates 
formations. 
 

 
 
Figure 10. Representation of the measured variables on 

the F1 and F3 factorial plane of the PCA 
 

 
Figure 11. Piper diagram 
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Water suitability for irrigation 
The sodium adsorption ratio (SAR) which 
expresses the relative activity of sodium ions in 
exchange reactions in soils. This index 
measures the relative concentration of sodium 
to calcium and magnesium. The SAR is defined 
by the following equation: 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁+

�𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶+++𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀++

2

 

 
The concentrations of Ca++, Mg++ and Na+ are 
in meq/l. 
Richards (1954) developed a classification 
based on the two parameters (SAR and 
electrical conductivity). The water quality 
classes (C1S1, C4S4) correspond in Richards' 
diagram to (Figure 12) SAR (ordinate for the 
letter S) and conductivity (abscissa for the letter 
C). 
Thus, class C1S1 (bottom left corner) is 
considered excellent because it corresponds to 
minimum values of SAR and conductivity; in 
contrast, class C4S4 (top right corner) is poor, 
because SAR and conductivity values are at 
their maximum.  
Three classes appear (eligible, poor and bad) 
each with its own characteristics. 

• Eligible (C3S1-C3S2). 
In general, it is suitable for irrigating salt-
tolerant crops on well-drained soils. However, 
salinity changes must be monitored. 

• Poor (C4S2). 
The water is highly mineralized and is likely to 
be suitable for the irrigation of certain species 
(cucumbers, etc.) that are well tolerant of salt 
and on well-drained and leached soils. 

• Bad (C4S3-C4S4). 
This water is generally not suitable for 
irrigation, but can be used under certain 
conditions: very permeable soils, good 
leaching, very salt-tolerant plants (cabbage, 
beetroot, etc.). 
The waters of the Seybouse River and its 
tributaries belong to the C3S1 classes and are 
therefore suitable for irrigation, but the salinity 
evolution must be controlled. If the irrigation 
water is loaded with sodium, the number of Na+ 
ions combined with the soil increases. This 
leads to structural degradation, with swelling of 
the clays causing impermeability of the 

environment. The desalination and drainage 
process can then be completely stopped. 
Generally, plants do not tolerate sodium-
saturated soils. 
 

 
Figure 12. Richards’s diagram 

 

 
Figure 13. Wilcox diagram 

 
CONCLUSIONS 
 
Spatial and temporal monitoring of several 
physicochemical parameters of the water of 
River Seybouse has provided us with the image 
of a relatively intense pollution which 
translates into a significant mineral and organic 
load. We shall retain: 
A predominance of chloride and sulfate 
calcium and magnesia faces. 
From a statistical point of view, sulfates, 
bicarbonates and calcium show a good 
correlation with electrical conductivity on the 
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one hand and between chloride, nitrate and 
electrical conductivity on the other hand, 
confirming the pollution of the River water. 
The principal component analysis allowed us to 
determine three factors influencing the 
chemistry of the surface aquifer water, namely 
a factor F1 of mineralization, factor F2 
characterizing water pollution. 
The comparison of the saturation indices 
obtained by geochemical modelling applied to 
13 elements, allowed us to obtain the following 
results: 
 Super saturation with respect to calcite 

and aragonite, thus precipitation of these 
chemical elements in water. 
 Evaporate minerals are always in a state 

of under-saturation, hence a tendency for these 
minerals to dissolve. 
 The study of the suitability of the water 

for irrigation has shown the good quality of the 
water. However, control of salinity and other 
chemical elements (boron, heavy metals, etc.) 
is necessary. 
We insist on developing means to fight against 
this pollution of the Seybouse River. The best 
means remain the sensitization of the residents 
of the watercourse, its users and the local 
population. The adequate treatment of all these 
discharges becomes an imperative operation. 
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Abstract 
 
The search for genotypes with high productivity and stability is a key aspect in modern breeding programs that aim to 
develop genotypes with high manifestations in different ecological regions. The purpose of this study was to estimate 
the phenotypic stability of 15 white lupine accessions regarding productivity and stability of main quantitative traits. A 
field trial was conducted during the period 2016-2018, at the Institute of Forage Crops (Pleven, Bulgaria). It was used 
a randomized block method. The genotype influence was strongest regarding 1st pod height (55.16%), pod length 
(45.21%) and 1000 seeds weight (34.43%). The stability parameters for plant height determined Lp 27 and Lp 27\10 as 
stable and high-growing. Lp 4 was of interest regarding pod length, pod width, and seed weight, and Lp 1 was in a 
favorable position concerning 1000 seeds mass. Lp 6 was the closest to the ideal type, combining high productivity with 
stability in terms of main quantitative traits. Suitable parental components in combinative breeding for the development 
of high yielding cultivars were Lp 1, Lp 4 and, Lp 6, which exhibited stability and productivity in main traits. 
 
Key words: quantitative traits, lupine, genotype-environment interaction. 
 
INTRODUCTION 
 
White lupine (Lupinus albus L.) is one of four 
economically important species of the genus 
Lupinus. It is a well-known, economically 
important, large-seed species. White lupine is a 
promising annual legume crop suitable for 
forage, human consumption and green 
manuring (Atnaf et al., 2015). Compared to 
other legumes, it is relatively more tolerant of 
abiotic stress conditions and has а proven 
potential for resilience in cultivation on poor or 
polluted soils. In the future, the germplasm 
identification with tolerance to abiotic stresses 
associated with climate changes could allow 
cultivation into a wider range of agroclimatic 
conditions (Coba et al., 2012). 
Lupine breeding is currently focused on the 
estimation, and development of varieties for 
both animal feed and human diet, to address 
food safety and the influence of climate 
changes (Abraham et al., 2019). According to 
Annicchiarico & Thami-Alami (2012) and 
Atnaf et al. (2018), modern breeding programs 
should focus on yield stability, abiotic stress 
resistance, seed quality, disease tolerance and 
late ripening. Phenotypic stability is two basic 
types, stability in a biological and an 
agronomic sense. In the biological sense, 

stability is the ability of a genotype to maintain 
permanent production in different environ-
ments with little variation between them. 
Stability in the agronomic sense shows that the 
genotype reacts positively to improvements in 
soil-climatic conditions of the environment, 
and its manifestations are above average in 
different locations (Sabaghnia et al., 2015). 
According to Milioli et al. (2018), the search 
for genotypes with high productivity and 
stability is very important in breeding programs 
that aim to obtain genotypes with high 
manifestations in different ecological regions. 
The interaction genotype × environment 
strongly influences genotype manifestation, 
which complicates the selection of new 
cultivars. One way to use this interaction is to 
identify genotypes with high productive 
potential and phenotypic stability in different 
environments. 
The purpose of this study was to estimate the 
phenotypic stability of white lupine accessions 
regarding productivity and stability of main 
quantitative traits. 
 
MATERIALS AND METHODS 
 
The study was conducted during the period 
2016-2018, at the Institute of Forage Crops 
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(Pleven, Bulgaria). The objects of the study 
were 15 white lupine (Lupinus albus L.) 
accessions: Lp 1, Lp 4, Lp 6, Lp 10, Lp 21, Lp 
23, LP 25, Lp 27, Lp 28, Lp 29, Lp 27\1, Lp 
27\3, Lp 27\7, Lp 27\10, Lp 28\1. It was used a 
randomized block method (Barov, 1982), with 
a plot size of 4 m2 and three replicates. Sowing 
was done at the end of March, by hand, with an 
interrow spacing of 50 cm, intrarow spacing of 
10 cm and a depth of 2-3 cm. Lupine plants 
were grown under organic farming conditions 
without the use of pesticides and fertilizers. 
The biometric characteristic of plants included 
the following traits: 1st pod height (cm), plant 
height (cm), pods number per plant, pod length 
(cm), pod width (cm), seeds number per plant, 
1000 seeds mass (g), seed weight per plant (g). 
Data on the main quantitative traits of the 
studied accessions are presented in Figure 1. 
 

 
A-plant height, B-1st pod height, C-podsnumber, D-seeds 

number; E-seed weight; F-100 seeds mass, 
G-pod leght, H- pod width 

 

Figure 1. Main quantitative traits in white lupine 
accessions 

 
The data obtained were processed by analysis 
of variance for all traits for determining the 
influence of genotype (accessions) (G), 
environment (E), and G × E interaction. 
Estimation of the ecological stability of the 
lupine accessions was performed using the 
following analyzes and parameters: variance 
analysis - mean variance component (PP) 
(according to Plaisted & Peterson, 1979), 
ecovalence (W2) (Wricke, 1965) and stability 
variance (Wi) (Annicchiarico, 1992) 
respectively; regression analysis - regression 
coefficient (bi) and the variance of the 
deviations from regression (Si2) according to 
Eberhart & Russell (1966), parameters ai 
(linear response to the environmental effects) 
and λi (deviation from the linear response) 

according to Tai (1979); non-parametric 
analysis - by using parameter Pi according to 
the model of Lin & Binns (1988) and the 
coefficient of total adaptability (А) 
(Valchinkov, 1990). 
The mean variance component (PP) (Plaisted & 
Peterson, 1979) was a measure of a cultivar’s 
contribution to the G × E interaction, and the 
reliability index (Wi) (Annicchiarico, 1992) 
estimated the probability of a genotype to show 
a manifestation below the environmental 
average or below any standard used.  
It was done the GGE biplot model, which uses 
single decomposition of the first two principal 
components (Yan, 2002). All experimental data 
were processed statistically with using the 
computer software GENES 2009.7.0 for 
Windows XP (Cruz, 2009). 
 
RESULTS AND DISCUSSIONS 
 
Analysis of variance 
Analysis of genotype-environment interaction 
is essential at all levels of the breeding process 
- determining the ideotype, selecting parents 
for hybridization, selection based on different 
indicators and yield. Table 1 presents the 
results of the two-factor analysis of variance 
for the quantitative traits studied. It was found 
that the influence of the three factors - 
genotype, environment (year) and their 
interaction on the trait formation was 
significant. 
Significant GE interaction was a prerequisite 
for a more detailed analysis of the observed 
interaction. The effects of this interaction 
suggest that genotypes can be selected for 
adaptation to a specific environment. 
The studied accessions differed essentially in 
their genetic nature, especially in terms of 1st 
pod height, pod length and 1000 seeds mass. 
For these traits, the influence of the genotype 
on the phenotypic expression of the trait was 
crucial and had the strongest influence 
(55.16%, 45.21%, 34.43%). The effect of the 
other two factors (environment and genotype-
environment interaction) on their manifestation 
was less pronounced, indicating that they were 
genetically deterministic and, to a small extent, 
change with changes in environmental 
conditions. 
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Table 1. Mean squares in analysis of variance of white lupine accessions regarding main quantitative traits 
 

Source of variation DF Plant 
height 

% from  
total 

1st pod 
height 

% from  
total 

Pods 
number 

% from  
total 

Seeds 
number 

% from  
total 

Genotype 14 737.28** 26.53 226.15** 55.16 50.38** 29.86 865.58** 19.96 
Environment 2 12179.31** 62.62 390.29** 13.60 829.05** 17.55 13498.23** 44.47 
G × E 28 150.77** 10.85 64.03** 31.24 44.37** 52.59 771.17** 35.57 
Error 84 1.37  1.39  0.62  1.84  
  Seed 

weight 
% from  

total 
Pod 

lenght 
% from  

total 
Pod 

width 
% from  

total 
1000 seeds 

mass 
% from  

total 
Genotype 14 58.72** 26.31 1.32** 45.21 0.01** 12.07 2560.66** 34.43 
Environment 2 645.84** 41.34 3.08** 15.07 0.23** 39.66 17293.08** 33.21 
G × E 28 36.09** 32.34 0.58** 39.73 0.02** 48.28 1089.56** 29.3 
Error 84 0.53  0.08  0.002  38.0  
CorrectTotal 128         
*significant at P < 0,05; ** at P < 0,01; ns = not significant 

 
The environment factor had the highest 
influence in the total variation in plant height 
(62.62%), seeds number (44.47%) and seed 
weight (41.34%). This was an indication that 
the environment plays a major role in the 
manifestation of these traits, and the genotype 
factor was of secondary importance. The 
performance of the genotype for seeds number 
and seed weight was below 27%, which would 
hinder the selection process for the 
development of new high-yielding cultivars. 

Ecological stability 
Regarding pods number and pod width, the GE 
interaction was essential (52.59%, 48.28%). 
For other traits (except for plant height), the 
GE effect was relatively high.  
This indicated that genotypes responded 
differently to changes in environmental 
conditions, which was a prerequisite for 
assessing their ecological stability (Table 2).  
 

 
Table 2. Parameters of phenotypic stability in white lupine accession regarding main quantitative traits 

 

Accessions 
Eberhart & Russell 

(1966) 
Tai 

(1979) 
Lin & Binn 

(1988) 
Plaisted & 

Peterson (1979) 
Wricke 
(1965) 

Annicchiarico 
(1992) 

bi Si2 ai λi Pi PP W2 Wi 
plant height 

Lp 1 1.24** 42.24** 1.24 68.42 95.50 44.64 222.31 104.87 
Lp 4 1.50** 26.12** 1.50 42.48 0.00 68.46 489.11 108.97 
Lp 6 1.08 7.01** 1.08 11.78 246.86 27.65 31.96 95.27 
Lp 10 0.54** 1.55* 0.55 3.03 977.70 55.22 340.72 79.66 
Lp 21 0.64** 3.14** 0.65 5.62 642.25 43.94 214.48 86.14 
Lp 23 0.67** 44.23** 0.68 71.65 809.49 51.65 300.77 76.41 
Lp 25 0.96 37.55** 0.96 60.89 467.26 35.16 116.07 83.75 
Lp 27 0.87 90.03** 0.87 145.22 342.00 51.37 297.64 98.53 
Lp 28 1.53** 87.14** 1.54 140.57 68.80 89.86 728.74 97.80 
Lp 29 1.52** 33.72** 1.53 54.72 26.18 74.03 551.41 103.62 
Lp 27\1 1.06 5.54** 1.06 9.43 246.72 26.97 24.34 96.03 
Lp 27\3 1.23** 7.57** 1.24 12.69 38.16 34.93 113.49 108.48 
Lp 27\7 0.33** 0.2409 0.33 0.93 668.68 89.51 724.80 87.70 
Lp 27\10 0.91 3.97** 0.91 6.93 140.56 27.08 25.63 105.25 
Lp 28\1 0.86** 3.57** 0.87 6.30 275.19 28.35 39.84 98.26 

1st pod height 
Lp 1 0.98 2.48** 0.98 4.53 43.03 11.10 8.46 105.04 
Lp 4 1.70** 0.60 1.71 1.47 24.48 12.92 28.95 104.05 
Lp 6 1.49 0.02 1.49 0.56 113.50 11.57 13.76 87.98 
Lp 10 0.07** 0.90 0.07 1.76 337.13 25.27 167.19 77.50 
Lp 21 1.13 59.10** 1.14 95.52 116.84 26.35 179.32 86.27 
Lp 23 0.91 3.65** 0.91 6.42 237.11 11.45 12.39 78.64 
Lp 25 5.014** 5.29** 5.02 7.90 0.00 86.73 855.52 80.00 
Lp 27 0.15** 0.33 0.15 1.03 159.73 13.83 39.05 91.52 
Lp 28 1.706* 23.45** 1.71 38.20 52.29 19.03 97.32 92.51 
Lp 29 1.55* 18.24** 1.56 29.84 64.03 16.77 72.05 92.17 
Lp 27\1 0.51 2.35** 0.51 4.30 107.65 12.16 20.38 95.96 
Lp 27\3 0.38* 1.14** 0.38 2.34 38.25 12.52 24.42 109.36 
Lp 27\7 0.09 9.61** 0.09 15.71 178.54 31.37 235.54 92.99 
Lp 27\10 0.61 3.50** 0.61 6.16 4.54 12.06 19.28 120.02 
Lp 28\1 0.58 3.11** 0.58 5.51 40.38 12.08 19.46 107.57 
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pods number 
Lp 1 1.28 -0.25 1.28 0.12 6.47 7.88 9.11 97.62 
Lp 4 1.48* 0.71 1.49 1.66 14.44 9.69 29.40 87.48 
Lp 6 1.17 1.12* 1.17 2.33 0.04 7.74 7.57 119.76 
Lp 10 0.64 0.127 0.65 0.09 13.45 8.29 13.74 83.80 
Lp 21 1.11 0.15 1.11 0.29 9.36 7.23 1.87 91.58 
Lp 23 1.10 2.95** 1.10 5.28 11.09 8.04 10.98 100.06 
Lp 25 2.48** 23.09** 2.48 37.50 28.03 34.97 312.60 77.95 
Lp 27 1.64** 11.05** 1.65 18.27 28.18 14.27 80.71 78.89 
Lp 28 2.02** 1.13* 2.02 2.27 0.12 17.63 118.37 106.78 
Lp 29 1.81** 6.39** 1.81 10.77 0.00 15.28 92.04 99.11 
Lp 27\1 0.13** 7.57** 0.14 12.66 3.84 16.54 106.19 72.70 
Lp 27\3 0.16** 10.88** 0.16 17.99 4.20 17.00 111.25 67.65 
Lp 27\7 0.05** 0.93 0.06 1.96 12.09 18.38 126.77 74.72 
Lp 27\10 0.03** 0.05 0.02 0.39 11.52 16.50 105.75 70.77 
Lp 28\1 0.02** 0.112 0.02 0.28 30.47 17.45 116.29 53.65 

seeds number 
Lp 1 1.31** 1.79* 1.31 3.42 79.42 143.88 175.64 106.40 
Lp 4 1.27** 30.68** 1.27 49.82 163.62 148.46 226.99 99.60 
Lp 6 0.95 79.07** 0.96 127.62 0.01 149.73 241.15 108.68 
Lp 10 0.76** 4.66** 0.76 8.03 225.36 138.71 117.73 82.42 
Lp 21 0.91* 8.93** 0.91 14.89 123.87 132.07 43.34 92.23 
Lp 23 1.08 73.08** 1.09 117.98 195.43 149.10 234.09 97.97 
Lp 25 2.62** 400.10** 2.62 643.26 395.93 659.53 5950.88 79.77 
Lp 27 1.87** 163.96** 1.87 263.88 333.08 294.16 1858.75 84.49 
Lp 28 2.11** 9.95** 2.11 16.45 65.55 329.72 2257.04 98.44 
Lp 29 1.66** 7.79** 1.66 12.99 5.48 201.25 818.25 112.74 
Lp 27\1 0.16** 175.74** 0.17 282.99 30.19 287.10 1779.74 74.90 
Lp 27\3 0.27** 480.81** 0.27 773.28 0.99 341.64 2390.55 67.96 
Lp 27\7 0.03 0.12 0.01 0.07 400.73 289.80 1809.91 57.42 
Lp 27\10 0.04** 9.36** 0.04 15.65 178.10 279.19 1691.16 70.21 
Lp 28\1 0.04** 11.93** 0.04 19.71 428.66 306.57 1997.82 57.89 

seed weight 
Lp 1 1.51** 0.12 1.51 0.06 0.23 7.66 22.15 127.75 
Lp 4 1.18 1.53* 1.18 3.00 5.78 6.44 8.45 111.95 
Lp 6 0.92 4.48** 0.93 7.74 0.24 7.01 14.87 107.14 
Lp 10 0.8 0.23 0.81 0.90 15.51 6.12 4.93 83.15 
Lp 21 0.88 0.12 0.88 0.06 13.07 5.80 1.34 92.37 
Lp 23 1.06 7.72** 1.07 12.95 24.69 7.88 24.58 87.03 
Lp 25 2.06** 26.77** 2.06 43.49 33.35 21.61 178.38 79.27 
Lp 27 1.99** 1.31* 1.99 2.56 13.89 13.68 89.54 82.25 
Lp 28 2.15** 2.58** 2.15 4.60 7.53 16.67 122.99 95.83 
Lp 29 1.69** 0.19 1.70 0.19 0.33 9.45 42.22 116.79 
Lp 27\1 0.22** 7.95** 0.23 13.27 7.33 12.46 75.94 72.58 
Lp 27\3 0.53* 45.32** 0.54 73.35 0.03 19.54 155.22 63.13 
Lp 27\7 0.01** 0.128 0.02 0.00 29.11 13.65 89.17 61.59 
Lp 27\10 0.05** 0.07 0.05 0.59 19.47 12.72 78.79 68.20 
Lp 28\1 0.08** 0.56 0.08 1.36 32.48 14.82 102.33 60.51 

pod length 
Lp 1 2.38 0.33 3.04 0.20 0.39 -0.16 0.787 93.40 
Lp 4 0.17 0.32 0.20 0.06 0.33 -0.21 0.313 101.26 
Lp 6 0.56 0.17 0.35 0.78 0.58 -0.09 1.575 91.38 
Lp 10 0.65 0.31 0.49 0.03 0.40 -0.22 0.127 101.07 
Lp 21 1.01 0.07 1.02 0.64 0.70 -0.13 1.203 95.94 
Lp 23 1.08 0.22 1.12 0.18 0.64 -0.20 0.344 92.81 
Lp 25 3.98 0.33 5.41 0.93 0.52 0.09 3.682 80.74 
Lp 27 2.85 0.12 3.73 0.02 0.04 -0.05 2.034 95.45 
Lp 28 2.12 0.32 2.65 0.12 0.10 -0.19 0.541 100.51 
Lp 29 1.06 0.26 1.09 0.12 0.21 -0.21 0.231 102.94 
Lp 27\1 0.16 0.32 0.20 0.05 0.21 -0.21 0.338 102.83 
Lp 27\3 0.14 0.32 0.30 0.06 0.30 -0.20 0.340 101.85 
Lp 27\7 0.31 0.27 0.01 0.04 0.64 -0.20 0.370 95.98 
Lp 27\10 0.05 0.15 1.31 0.04 1.46 -0.10 1.559 92.69 
Lp 28\1 0.09 0.17 0.18 0.43 0.70 0.04 3.047 100.71 

pod width 
Lp 1 1.02 0.32 0.99 0.03 0.0006 -0.32 0.055 90.04 
Lp 4 0.13 0.33 1.41 0.04 0.0009 -0.32 0.060 97.78 
Lp 6 0.91 0.32 1.03 0.03 0.002 -0.32 0.048 91.83 
Lp 10 0.86 0.33 1.04 0.00 0.0022 -0.33 0.002 103.56 
Lp 21 0.93 0.33 1.02 0.00 0.0025 -0.33 0.001 97.36 
Lp 23 0.98 0.33 1.00 0.01 0.0034 -0.33 0.011 95.04 
Lp 25 2.32 0.29 0.60 0.11 0.0044 -0.31 0.193 83.33 
Lp 27 1.90 0.31 0.73 0.05 0.0059 -0.32 0.094 91.93 
Lp 28 0.83 0.33 1.05 0.01 0.007 -0.33 0.011 99.93 
Lp 29 0.04 0.33 1.32 0.03 0.0092 -0.32 0.045 94.78 
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Lp 27\1 1.29 0.32 0.91 0.02 0.0106 -0.32 0.042 100.45 
Lp 27\3 1.22 0.32 0.93 0.02 0.0109 -0.33 0.038 101.22 
Lp 27\7 0.16 0.33 1.26 0.02 0.0129 -0.33 0.023 96.21 
Lp 27\10 2.02 0.30 0.69 0.08 0.0327 -0.32 0.131 89.37 
Lp 28\1 0.95 0.33 1.02 0.01 0.049 -0.33 0.022 98.71 

1000 seeds mass 
Lp 1 0.82** 764.30** 0.82 1228.88 - 394.02 2370.99 110.24 
Lp 4 1.82** 93.26** 1.82 150.44 470.22 344.95 1821.43 104.53 
Lp 6 1.58** 171.55** 1.58 276.27 3343.71 297.18 1286.37 92.92 
Lp 10 1.42** 3.43** 1.42 6.04 1800.00 219.27 413.78 99.34 
Lp 21 1.54** 197.83** 1.54 318.55 3235.56 294.69 1258.56 93.80 
Lp 23 0.22** 8.48** 0.22 14.12 4191.31 309.27 1421.80 85.05 
Lp 25 1.79** 369.22** 1.79 593.94 2342.24 408.26 2530.55 85.94 
Lp 27 1.64** 701.53** 1.64 1127.96 555.56 454.22 3045.25 96.74 
Lp 28 1.39** 14.01** 1.39 23.07 1949.58 217.06 389.07 96.54 
Lp 29 1.53** 56.51** 1.53 91.42 2266.89 254.80 811.78 97.47 
Lp 27\1 0.43** 324.97** 0.43 522.73 2905.00 336.23 1723.73 95.94 
Lp 27\3 0.03** 293.72** 0.04 472.33 1375.15 646.44 5198.08 91.59 
Lp 27\7 0.11** 25.96** 0.11 42.07 1934.83 443.56 2925.83 93.26 
Lp 27\10 0.60** 766.54** 0.60 1232.43 3736.22 419.91 2660.99 94.04 
Lp 28\1 0.72** 880.46** 0.72 1415.53 3289.42 434.80 2827.73 96.44 
*significant at P < 0,05; ** at P < 0,01; ns = not significant 

 
Plant height 
On the basis of plant height, accessions Lp 6 
(bi = 1.08), Lp 27 (bi = 0.87) and Lp 27\10 (bi 
= 0.91) can be identified as the most valuable. 
The estimation of ecological stability showed that 
accessions with higher plants exhibited more 
pronounced instability (bi> 1), but under 
intense growing conditions, they could de-
monstrate their biological potential. In regions 
where such conditions cannot be provided, 
genotypes with regression coefficient bi <1 
(such as Lp 21 and Lp 10) would be more 
suitable. 
1st pod height 
Lp 1 and Lp 23 had the lowest stability index 
according to the parameters of Plaisted & 
Peterson (1979) and Wricke (1965) (11.10, 
11.45 and 8.46, 12.39, respectively). According 
to the model of Eberhart & Russell, the values 
of the regression coefficient in these accessions 
were close to the ideal genotype (bi≈1), but Lp 
1 had an advantage that it formed its 1st pod at 
a higher height. The calculated stability 
parameters in Lp 25, Lp 4, Lp 28 and Lp 29 
were high (bi>1), which means that this trait is 
variable and affected by climatic differences 
over the years. With stable parameters were 
hybrid populations (Lp 27\1, Lp 27\3, Lp 27\7, 
Lp 27\10, Lp 28\1), which implies stabilization 
of the trait in subsequent generations, as well as 
Lp (bi = 0.07) and Lp 27 (bi = 0.15). 
Pods number per plant 
Comparing the accessions by pods number and 
stability of the trait, Lp 6 was distinguished by 
a favorable combination of a large pods 
number (15-16) with their low variability. Its 

good stability evaluation was confirmed by all 
parameters. Lp 28, Lp 25 and Lp 29 also 
formed a considerable number of pods, but 
stability parameters defined them as responsive 
only under favorable environmental conditions. 
When the cenotic environment deteriorates, Lp 
10 and hybrid populations are more suitable for 
growing, because they form fewer pods but 
exhibit greater stability. 
Seeds number 
For the three experimental years of the study, 
accessions with more pods formed the most 
seeds. However, they had unsatisfactory 
stability, except for the Lp 6. It had a 
regression coefficient close to 1 (bi = 0.95) and 
a relatively low parameter W2 of Wricke 
(1965), putting it in the group of stable 
genotypes. The parameters of Eberhart & 
Russell (1966), Tai (1979), and Plaisted & 
Peterson (1979) evaluated hybrid populations 
as stable concerning this trait. It had a 
regression coefficient close to 1 (bi = 0.95) and 
relatively low parameter W2 of Wricke (1965), 
putting it in the group of stable genotypes. The 
parameters of Eberhart & Russell (1966), Tai 
(1979), and Plaisted & Peterson (1979) 
evaluated hybrid populations (Lp 27\1, Lp 
27\3, Lp 27\7, Lp 27\10, Lp 28\1) as stable 
concerning this trait. 
Pod length 
With respect to the pod length, the parameters 
of Eberhart & Russell (1966) and Tai (1979) 
were not statistically significant, so the 
assessment of their environmental stability can 
be conducted by using the other parameters. 
With lowest stability parameter W2 (according 
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to Wricke, 1965), was distinguished Lp 10, as 
well as Lp 29 and Lp 4, whose plants had long 
pods. These accessions were evaluated 
similarly by the reliability index (Wi) of 
Annicchiarico (1992). Lp 27\1 and Lp 27\3 
were of interest because they also exhibited 
similar stability and formed long pods. Lp 28\1 
had the longest pods, but contradictory 
estimates of its stability give reason to believe 
that the breeding process will be longer. 
Pod width 
The ecological stability of this trait can also be 
better evaluated by using parameters based on 
variance analysis. The low values of the 
stability index W2 in all accessions indicated 
that the considered trait is principally low-
variable, and it is difficult to respond to 
changes in the environment. Lp 4 and Lp 10, as 
well as Lp 27\1 and Lp 27\3, had the widest 
pods and good stability also for the parameter 
Wi. Accessions Lp 25 and Lp 27\10 exhibited 
greater variability in pod width under change of 
the environmental limits. 
Seed weight 
Assessment regarding this characteristic 
showed that Lp 23 had very good stability (bi = 
1.06) but relatively low seed weight per plant. 
At Lp 4, the regression coefficient values were 
slightly higher (bi = 1.18), but it can also be 
characterized as stable and with seed weight 
above the average for the group. The other sta-
bility parameters also defined Lp 4 as a stable 
genotype. Also, of interest was Lp 6, which 
was highly productive, with a value close to 

that of Lp 4, but it showed better stability in 
terms of the parameters PP, W2 and Wi.  
Accessions Lp 1, Lp 28 and Lp 29 exhibited 
essential variability in the stability of the trait 
considered (despite its high productivity), 
which gives reason to believe that it is 
considerably affected by changes in climatic 
conditions. In contrast, the plants of Lp 27\1, 
Lp 27\3, Lp 27\7, Lp 27\10, Lp 28\1 did not 
succeed to form a high seed weight but 
manifested extremely stability of the trait. 
1000 seeds mass 
The regression coefficient (bi) in most of the 
accessions tested substantially exceeded 1, 
which was a prerequisite for being considered 
that they had low stability, but responsiveness 
in improving environmental conditions. Lp 1 
performed yourself very well, and its stability 
was at a good level according to the parameters 
"bi" (0.82), "PP" (394.02) and "Wi" (110.24). 
The behavior of Lp 27\1, Lp 27\3, Lp 27\7, Lp 
27\10 and Lp 28\1 in this trait was similar to 
the seed weight. Of interest was Lp 28\1, which 
was characterized by medium-heavy seeds in 
combination with high ecological stability. 
Adaptability 
To obtain objective information on the 
adaptability of the white lupine genotypes, the 
coefficient of total adaptability (A) was cal-
culated (Table 3), which allows an additional 
assessment of their productive capabilities.  
This coefficient gives an advantage to highly 
productive genotypes with better stability (bi 
<1.0).  

 
Table 3. Coefficient of total adaptability (Valchinkov, 1990) 

 

Accessions Plant 
height 

1st pod 
height 

Pods 
number 

Seeds 
number 

Seed 
weight 

Pod 
length 

Pod 
width 

1000 seeds 
mass 

Lp 1 7.73 3.90 11.98 56.08 15.72 5.13 0.15 2.273 
Lp 4 7.89 3.181 11.27 53.76 14.08 7.84 1.61 1.108 

Lp 6 6.86 2.65 14.54 59.13 14.03 6.87 0.29 1.022 

Lp 10 6.21 4.602 10.32 42.62 10.37 7.29 0.41 1.308 

Lp 21 6.64 3.185 11.11 47.98 11.25 6.73 0.26 1.083 

Lp 23 5.887 2.783 12.5 53.81 11.7 6.28 0.19 2.148 

Lp 25 6.16 -0.519 12.36 59.91 12.01 2.84 -1.17 0.694 

Lp 27 7.58 4.165 11.03 53.89 11.75 4.96 -0.65 1.124 

Lp 28 7.32 2.797 14.47 61.44 13.42 5.89 0.42 1.267 

Lp 29 7.62 2.893 13.8 63.2 15.00 7.06 1.25 1.171 

Lp 27\1 6.92 3.989 10.6 45.22 10.66 7.98 0.01 2.263 
Lp 27\3 7.80 4.761 10.06 45.08 10.97 7.92 0.06 3.011 
Lp 27\7 7.42 5.623 11.55 34.84 9.49 7.3 1.03 2.752 

Lp 27\10 7.86 5.018 10.36 41.76 10.16 8.07 -0.82 2.061 

Lp 28\1 7.31 4.463 8.15 36.33 9.69 9.2 0.31 2.021 
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In general, white lupine accessions exhibited 
a high coefficient of adaptability based on 
pods number, seeds number and seed weight, 
and low values in pod width and 1000 seeds 
mass. Most of the accessions manifested 
similar adaptability in plant height. Lp 6 and 
Lp 29 deserve special attention because they 
were characterized by high total adaptation in 
pods number, seeds numbers, and seed 
weight. Lp 27\10 and Lp 28\1 were highly 
adaptable in plant height and pod 
length.Genotypes with high adaptation are of 
breeding value on condition that they exhibit 
low variability of a given trait at different 
environmental limits. In the present study, Lp 
1, Lp 4, Lp 6, Lp 28 and Lp 29 combined 
high average productivity (seed weight per 
plant) with relatively low variability and high 
adaptability. 
GGE biplot analysis 
By applying the graphical analysis of GGE 
biplot, genotypes combining good 
productivity and high stability can be 
identified. The results indicated that the first 
two major components (PC1 and PC2) 
accounted for 94.9% of the total variation 
(PC1 = 78.8%; PC2 = 16.1%), which was the 
result of the GE interaction (Figure 2). 
For breeding purposes, suitable genotypes are 
those that have high positive values for the 
two major components and have a shorter 
vector. 
In the first quadrant, with positive values of 
PC1 and PC2, were situated Lp 4, Lp 6, Lp 29 
and Lp 1. Lp 29 and Lp 1 had the highest 
values on PC1 (abscissa), and therefore the 
highest productivity. In both accessions, the 
short vector implied greater stability and 
adaptation to a wide range of environments. 
Lp 4 was also stable (short vector), but it was 
located closer to the origin of the coordinate 
system and was, therefore, less productive. 
In the second quadrant, with positive values 
on PC1 but negative ones on PC2, were 
located Lp 28, Lp 27, Lp 25 and Lp 23. 
Judging by the vector length , these 
accessions can be assigned to the group of 
unstable genotypes. In terms of productivity, 
Lp 28 occupied the third position after Lp 1 
and Lp 29, while Lp 27 came close by Lp 4 
and Lp 6. 
 

 
Figure 2. GGE biplot analysis in white lupine 

accessions 
 
The third and fourth quadrants contained four 
(Lp 21, Lp 10, Lp 27\10, Lp 27\7 and Lp 
28\1) and two (Lp 27\3; Lp 27\1) genotypes, 
respectively, characterized by lower 
productivity compared to others. The 
variability of Lp 27\3 and Lp 27\1 was more 
pronounced since they were located at a 
greater distance from the perpendicular axis. 
Stable in this respect were Lp 27\7 and Lp 
28\1, but they were the least productive 
among the group of accessions participating 
in the study. 
Correlation analysis 
Analysis of the genotype evaluation data, 
expressed in a numerical form, could not give 
a clear understanding of the effectiveness of 
each of the methods used to determine 
stability. In some cases, arrangement by 
different parameters for each accession is 
reflected in its ranking differently against the 
whole group. It is also not clear what the 
compromise is between the expression of a 
trait and its stability in the final genotype 
estimation. The results of the correlation 
analysis presented in Table 4 can provide a 
reply somewhat. 
Positive and significant correlations were 
found between seed weight and the 
parameters "A" (r = 0.975) of Valchinkov 
(1990), "Wi" (r = 0.947) of Wricke (1965), 
"bi" (r = 0.671) of Eberhart & Russell (1966) 
and “ai” (r = 0.672) of Tai (1979). The non-
parametric method for assessing the stability 
of Lin & Binn (1988) showed a negative and 
mean relationship (r = -0.661) with 
productivity (seed weight).  
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The correlations between “A” and “Wi” (r = 
0.912), “bi” (r = 0.817) and “ai” (r = 0.818) 
were positive, high and statistically 
significant. 
 
Table 4. Correlations between stability parameters and 

productivity in white lupine accessions 
 

 bi Si2 ai λi Pi PP W2 Wi A 

Si2 0.031         

ai 
0.990

** 0.032        

λi 0.030 0.990
** 0.032       

Pi -
0.230 

-
0.057 

-
0.232 

-
0.056      

PP 0.105 0.649
** 0.104 0.649

** 0.340     

W2 0.105 0.650
** 0.104 0.650

** 0.341 0.990
**    

Wi 0.594
* 

-
0.344 

0.595
* 

-
0.347 

-
0.625

* 

-
0.577

* 

-
0.57
7* 

  

A 0.817
** 

-
0.091 

0.818
** 

-
0.093 

-
0.587

* 

-
0.217 

-
0.21

7 

0.912
**  

seed 
weig
ht 

0.671
** 

-
0.133 

0.672
** 

-
0.136 

-
0.661

** 

-
0.316 

-
0.31

6 

0.947
** 

0.975
** 

*/** Correlation is significant at the 0.05 / 0.01 level 
 
Relatively higher was the correlation value 
between "W2" and "PP" (1979), which 
reached r = 0.990, with significance at a very 
high statistical level. The dependences of the 
parameters "PP" and "W2" with the indices 
"Si2" (r = 0.649) and "λi" (r = 0.650) were 
also quite high. 
The estimation of the productivity of a 
genotype depended not only on its biological 
potential but also on the environmental 
conditions in which that potential has 
realized. Changes in environmental conditions 
caused to some extent yield instability and 
corresponding specific response by the 
genotype (Dyakov & Trunova, 2010). 
According to Nascimento et al. (2013), in 
plant breeding, when the aim is to select 
stable genotypes, a detailed study of the 
genotype-environment interaction is crucial 
(Nascimento et al., 2013). In this study, 
productivity was considerably influenced by 
the factor environment, secondarily by the GE 
interaction and relatively less by the factor 
genotype. Ashrei & Ghareeb (2015) reported 
similar results in their studies when assessing 
the stability of the main traits in white lupine 
cultivars. The authors indicated that the 
environmental impact was the predominant 
source of variation, followed by GE 
interaction and genotype effect. Arega et al. 
(2018) have obtained similar results for 
soybean cultivars. The analysis of variance 

showed that the yield was significantly 
influenced by the environment, genotype and 
their interaction, with values of 57.4%, 20.9% 
and 19.8% of the total variation. 
According to Ivanov et al. (2018), cultivars 
characterized by higher phenotypic stability 
of productivity, have also pronounced GE 
interaction and relative persistence in the 
manifestation of their genetic characteristics. 
Similar dependence, but in terms of plant 
height and 1st pod height was found by Pan et 
al. (2007), Singh et al. (2007) and Satish et al. 
(2007) in common bean. In the present study, 
Lp 25 and Lp 29 formed a considerable 
number of pods per plant, but they had 
unpredictable behavior due to the essential 
deviation from regression. Similar results for 
the stability of this trait have been reported by 
Ceyhan et al. (2012) when evaluating pea 
genotypes. 
In the present study, accessions Lp 25 and Lp 
28 were distinguished by an increased number 
of seeds per plant, with high instability, but 
also with good responsiveness to environ-
mental conditions. Mahmud et al. (2007) have 
pointed similar results in chickpeas. They 
concluded that varieties with a higher number 
of seeds per plant, coupled with high 
regression coefficients and high regression 
deviation, were distinguished with good 
adaptation to the environment. These results 
supported the studies of Demirbas et al. 
(2016) and Karakoy et al. (2018), who found 
that none of the chickpea genotypes with high 
average  (in terms of seed productivity and 
seeds number per plant) were very stable. 
It is important for the breeder to use methods 
in which genotype stability is associated with 
high average yield. Among the various 
methods, the GGE biplot enables the 
genotypes to be analyzed simultaneously, 
taking into account high seed yield and 
stability (Yan et al., 2007; Yan, 2016). 
Unfortunately, as noted above, high stability 
is often associated with low levels of 
productivity and vice versa (Tsenov et al., 
2004; Tsenov and Gubatov, 2019). Many 
researchers (Roostaei et al., 2014; Gubatov et 
al., 2017) considered that the application of 
some of the evaluation methods makes it 
possible to identify cultivars that compromise 
a high yield with stability of the background 
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of the studied group. Our results of GGE 
biplot defined Lp 29 and Lp 1 as optimally 
combining high performance with relative 
stability. 
The results of the correlation analysis of 
stability and adaptability parameters with 
productivity partially supported the researches 
of Kilic (2012) and Ahmadi et al. (2015). The 
authors reported high correlation coefficients 
of "PP" with "Si2", "λ" and "Wi". They 
considered that these parameters can be used 
in parallel when selecting genotypes with 
high stability and moderate expression of the 
value of the corresponding trait. 
According to Cargnelutti Filho et al. (2009), 
the different methods and analyses used to 
evaluate cultivars (hybrids) can provide 
considerable information, and only one would 
be sufficient to select the best genotypes. 
However, even at strong relationship between 
methods, ranking genotypes may be different 
between different methodologies. 
 
CONCLUSIONS 
 
It was established significant influence of the 
factors of genotype, environment and 
genotype-environment interaction on the 
formation of main quantitative traits in white 
lupine accessions. The genotype influence 
was strongest regarding 1st pod height 
(55.16%), pod length (45.21%) and 1000 
seeds weight (34.43%). The factor of the 
environment had the highest influence in the 
total variation in plant height (62.62%), seeds 
number (44.47%) and seed weight (41.34%) 
(41.34%). 
The stability parameters for plant height 
determined Lp 27 and Lp 27\10 as stable and 
high-growing. Lp 4 was of interest regarding 
pod length, pod width, and seed weight, and 
Lp 1 was in a favorable position concerning 
1000 seeds mass.  
From a breeding point of view, Lp 6 was the 
closest to the ideal type, combining high 
productivity with ecological stability in terms 
of main quantitative traits (pod numbers, seed 
numbers and seed weight). Suitable parental 
components in combinative breeding for the 
development of high yielding cultivars were 
Lp 1, Lp 4 and, Lp 6, which exhibited 
stability and productivity in main traits. 
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Abstract  
 
The authors present the results of organoleptic, physicochemical, biochemical and microbiological studies of a new 
lyophilized functional bioproduct "FucoSTEM". The product is a nutritious concentrate developed on the basis of 
buffalo colostrum. The inclusion in the composition of fruit (chokeberry) leads to an increase in the content of total 
phenolic substances, anthocyanins and high antioxidant activity of the product. The obtained results prove that the new 
product "FucoSTEM" has a balanced composition, preserved quality characteristics, high biological and energy value. 
It is microbiologically pure and safe to use. These features define it as suitable for use by a wide range of users. 
 
Key words: lyophilized bioproduct, colostrum, chokeberry, antioxidant activity, phenolic substances. 
 
INTRODUCTION  
 
The increased interest in healthy and 
environmentally friendly nutrition stimulates 
the production and regular inclusion in the 
daily menu of functional products. The 
production of foods with a favorable impact on 
health human status implies the use of 
biologically active ingredients in the basic 
formulations for these foods. Extensive 
scientific and clinical research has highlighted 
the role of colostrum from large horned cattle 
as a functional ingredient due to its health 
benefits. Interest in colostrum is growing due to 
the high content of biologically active peptides, 
immunological components and growth factors. 
Scientists predict that colostrum-based products 
may play a significant role in the functional 
products market in the future (Mehra et al., 
2021; Bartkiene et al., 2020; Dzik et al., 2017; 
Altomare et al., 2016). 
The chokeberry (Aronia melanocarpa) is one 
of the richest sources of dietary polyphenols 
with healthy effects. Anthocyanins, 
proanthocyanidins, flavan-3-ol and flavonol 
glycosides and phenolic acids are the main 
polyphenols present in chokeberry. Chokeberry 
extracts and fruits show various positive health 
properties in animal and human studies, such as 
antihyperlipidemic, hypoglycemic, hepato-
protective, antiproliferative, anti-inflammatory, 

antimicrobial and others (Ćujić et al., 2018; 
Sosnowska et al., 2018; Denev et al., 2014; 
Hawkins et al., 2020). In the last few years, 
research interest in the chemical composition 
and healing potential of chokeberry fruits, their 
potential health benefits and their clinical 
efficacy has increased (Kulling and Rawel, 
2008; Valcheva-Kuzmanova and Belcheva, 
2006; Chrubasik et al., 2010). Chokeberry 
fruits are used in the food industry for the 
production of juices, nectars, various food 
products and food supplements, and in 
pharmacy as traditional medicines based on 
healthy actions against influenza and immune 
enhancer (Sidor et al., 2019; Kitryte et al., 
2017). Sidor et al. (2019) show that a diet 
enriched with black chokeberry juice or extract 
improves the lipid balance of people with 
metabolic syndrome. Yamane et al. (2017) in 
an experiment with feeding hypertensive rats 
on a diet with 10% lyophilized black 
chokeberry fruit, found that it causes a decrease 
in their blood pressure. 
Fucose (L-Fucose), as a rare monosaccharide, 
finds applications in cosmetics, pharma-
ceuticals and as a dietary supplement. Fucose 
acts as an immunomodulator, increases cellular 
communication, suppresses tumor growth, 
protects against respiratory infections, 
suppresses allergic skin reactions, kills bacteria 
and helps the body in the fight against 

AgroLife Scientific Journal - Volume 10, Number 2, 2021
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



117

infections (Roca, 2005; Garcia-Vaquero et al., 
2018; Vanhooren, 1999). 
Xylitol represents a natural birch sugar, which 
is applied as a substitute for ordinary sugar 
(sucrose) in various products such as food 
supplements, medicines, toothpaste and more. 
Xylitol is metabolized insignificant by insulin, 
so it has little effect on blood sugar. It is 
absorbed more slowly than sucrose, has a low 
glycemic index and is suitable for diabetics. It 
has been found to be effective in improving the 
symptoms of chronic rhinosinusitis (Riley et 
al., 2015; Weissman et al., 2011). 
Mannitol is used as a sweetener and medicine. 
Characteristically, it raises blood glucose to a 
lesser extent than sucrose and is poorly 
absorbed by the intestine. It has anti-edema 
effect, stimulates the functions of the urinary 
system and intestinal peristalsis. It is suitable 
for diabetics (Grenby, 2011; Lawson, 2007). 
Beta-glucans represent complex soluble fibers 
derived from the cell wall of bacteria, fungi, 
yeast, seaweed and the aleurone layer of 
cereals. β-glucans are well-known immune 
modulators that activate the immune system. 
They increase the body's resistance to bacterial 
and fungal pathogens. Beta-glucans possess 
antioxidant, antidiabetic, hypocholesterolemic 
activity and probiotic function (Wani et al., 
2021; Colosimo et al., 2021). 
Fructooligosaccharides (FOS) are low-calorie, 
indigestible carbohydrates, prebiotics, which 
encourage the growth of beneficial bacteria in 
the host's intestinal tract while suppressing the 
spread of potentially pathogenic bacteria. FOS 
stimulate the health of the host by intensifying 
peristalsis and digestion, increase the absorption 
of essential minerals and ions (Mg2+ and Ca2+) 
in the small intestine, regulate blood glucose 
metabolism, lower the levels of serum triglyce-
rides, phospholipids and cholesterol, etc. 
Fructooligosaccharides are present in various 
inulin-rich raw materials such as chicory, 
Jerusalem artichoke and others (Singh et al., 
2020; Ojwach et al., 2020; Han et al., 2021). 
In response to the increased consumer interest 
in functional foods with additional positive 
effects for prophylactic and therapeutic 
purposes the lyophilized product "FucoSTEM" 
has been developed and adapted for use by a 
wide range of users. The main goal of the 
present study is its analytical determination by 

organoleptic, physicochemical, biochemical 
and microbiological indicators. 
 
MATERIALS AND METHODS  
 
1. Organoleptic evaluation 
The evaluation of the organoleptic qualities of 
the new lyophilized product "FucoSTEM" was 
performed on the indicators: appearance, 
consistency, aroma and taste. 
2. Physicochemical methods 
 water content (%) - on a hygrometer 

“Sartorius”; 
 dry matter (%) - calculated as the 

difference from the water content; 
 total protein content (%) - (BDS 

6231); 
 content of total lipids (%) - (BDS EN 

16932-3: 2018); 
 active acidity (pH) - with pH-meter 

"Hanna"; 
 total ash (%) - (BDS 9373-80); 
 reducing sugars (%) - by Schoorl 

(Razola-Díaz et al., 2020). 
The energy value per 100 g of product (kcal/ 
kJ) was calculated based on the chemical 
composition. 
3. Biochemical methods 
Determination of antioxidant activity of 
functional bioproduct "FucoSTEM" - The 
method is spectrophotometric and is based on 
analysis of radical scavenging activity with 
DPPH to Trolox. Toward 0.3 ml solution on 0.2 
mM DPPH is added 0.5 ml of MeOH (HPLC 
99.5%) 0.5 ml of the test samples. The solution 
thus obtained is homogenized and allowed to 
stand in the dark at room temperature for 120 
minutes. Absorption (A) is measured at 517 nm 
(UV-VIS Spectrophotometer, Biochrom). The 
total antioxidant activity was calculated from a 
calibration curve (R = 0.9906) using Trolox as 
a standard. The results were expressed relative 
to Trolox concentration (mg/g). 
Determination of total content of phenolic 
substances in functional bioproduct 
"FucoSTEM" - A modified spectrophoto-
metric method by Singleton and Rossi was 
applied to quantitative assessment the total 
content of phenols (Alhakmani et al., 2013; 
Valyova et al., 2012). The total phenolic 
content (TPC) was determined with Folin-
Ciocalteu reagent against a gallic acid standard. 
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TPC is expressed as Gallic Acid (GAE) 
equivalents in mg/g or mg/ml. The results of 
the studies were expressed in GAE mg/g. 
Determination of anthocyanins in a 
functional bioproduct "FucoSTEM" - The 
content of anthocyanins in the product was 
quantified by a differential method (Lee et al., 
2005). The amount of anthocyanins is 
presented as cyanidin-3-glucoside equivalents, 
expressed in cyd eq mg/l and calculated by the 
following formula: 
Anthocyanin pigment (cyd eq mg/l) = A x 
Mw x DF x 103 / Ɛ x L, 

where: 
A = (A520 nm - A700 nm) pH 1.0 - 

(A520 nm - A700 nm) pH 4.5; 
Mw (molecular weight) = 449.2 g/mol 

for cyanidin-3-glucoside; 
DF = dilution factor; 
L = thickness of the cuvette layer in cm; 
Ɛ = 26900 molar extinction coefficient 

for cyanidin-3-glucoside; 
103 = conversion factor from g to mg. 

Determination of reducing sugars (glucose 
and fructose) of product "FucoSTEM" - The 
determination of reducing sugars (glucose and 
fructose) is performed by the method of Luff 
Schoorl (Taufik and Guntarti, 2016). The total 
amount of sugars is determined by hydrolyzing 
sucrose to glucose and fructose in the sugar 
extract with acid. The results were expressed in 
% content by weight of the sample. 
4. Microbiological assessment 
A general analysis of microbiological 
insemination of the lyophilized product was 
performed according by main microbiological 
indicators: 
 Total number of mesophilic aerobic and 

facultative anaerobic microorganisms - 
CFU/g (BDS EN ISO 4833-2013); 

 Escherichia coli in 0.1 g of the product 
(ISO 16649 - 1,2,3); 

 Pathogenic microorganisms, incl. 
Salmonella (BDS EN ISO 6579: 2003) 
in 25.0 g of the product; 

 Coagulase-positive staphylococci in 1.0 
g of the product (BDS EN ISO 6888-1-
2005); 

 Sulphite-reducing clostridia in 0.1 g of 
the product (ISO 15213-2003); 

 Spores of microscopic molds and 
yeasts, CFU/g (BDS ISO 6611-2006). 

5. Statistical processing of results 
The statistical processing of the results and 
their graphic image was performed using the 
software product MS Office Excel 2007. 
 
RESULTS AND DISCUSSIONS  
 
The composition of the bioproduct 
"FucoSTEM" includes sources of constructive 
and energy elements, as well as physiologically 
active substances of different origin: buffalo 
colostrum; chokeberry; fucose; natural birch 
sugar (xylitol); mannitol; β-glucans; FOS 
(fructooligosaccharides); sodium citrate. 
The data on the organoleptic characteristics of 
the new lyophilised product are presented in 
Table 1. 
 
Table 1. Organoleptic indicators of functional bioproduct 

"FucoSTEM" 
Product  Appearance Consistency Aroma Taste 

Functional 
bioproduct 

"FucoSTEM" 

Lyophilic 
product with 
pale purple 

color 

Fine, quickly 
soluble 

Pleasant, 
compo-
sition-

specific 

Pleasant, 
lactic  

sour with 
chokeberry 

aroma 

 
The lyophilized bioproduct "FucoSTEM" has a 
fine texture, with a pleasant, composition-
specific aroma and color, quickly soluble, 
prepared for direct consumption in the form of 
a sachet. 
Table 2 presents the main physicochemical 
parameters of the lyophilized product. 

 
Table 2. Physicochemical indicators of the lyophilized 

bioproduct (n = 3) 

Indicators Values for analysis 
Water content, %                 2.72 ± 0.02 

Dry matter, %               97.28 ± 0.03 
Total protein, % 7.04 ± 0.01 
Total lipids, % 4.38 ± 0.01 
Total ash, % 4.53 ± 0.02 

Reducing sugars, % 73.0 ± 0.01 
Active acidity - pH 6.05 ± 0.01 

Energy value / 100 g 
product, kcal/kJ 

 per 100 g:     29.6 / 125.8 
 per 2 g:         0.6 / 2.55 

 
The obtained data show that the lyophilized 
product represents a food concentrate with a 
residual moisture content of 2.72% after 
lyophilization within limits of the norm (2-5%), 
which is proof of an optimally conducted 
technological process. The active acidity is 
6.05, which largely predetermines the 
preservation of enzymatic and biological 
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activity in the product. The content of total 
protein is mainly due to the main raw material 
in the product - colostrum. Relatively low for 
concentrated foods is the quantitative value of 
total fat in the product - 4.38%. 
The high content of reducing sugars is due to 
the imported additional nutrients of 
polysaccharide type. The high water-binding 
ability of the fructooligosaccharide allows 
interaction in a characteristic way with the 
protein of the product. This interaction brings 
mainly electrostatic in nature, as a result of 
which a strong bond is formed between the 
individual particles of the product and after 
rehydration, the lyophilized product receives 
the required density. 
Based on the chemical composition, the energy 
value of the obtained lyophilisate was 
calculated (for 100 g: 29.6 kcal/125.8 kJ and 
for 2 g: 0.6 kcal/2.55 kJ), as the main energy 
carrier is the carbohydrate-protein complex.  
The antioxidant activity of the product was 
determined spectrophotometrically on the basis 
of an analysis of the radical scavenging activity 
with DPPH relative to Trolox. Trolox 
Equivalent Antioxidant Capacity (TEAC) is a 
measure of the antioxidant power based on 
Trolox, measured in units called Trolox 
equivalents (TE). The antioxidant activity of 
chokeberry juice was also determined experi-
mentally, as it is assumed that it is he who 
imports in the final product the antioxidant 
potential. According to the prescription compo-
sition of the product, chokeberry juice is 15% 
of the total amount, which fully corresponds as 
a ratio between the two tested samples. The 
results are pronounced relative to Trolox con-
centration (mg/g) and are presented in Table 3. 
 

Table 3. Antioxidant activity of functional bioproduct 
"FucoSTEM" relative to Trolox (n = 6) 

Sample TEAA mg/g 
Aronia (lyophilized juice) 1.629350 ± 0.05 
Bioproduct "FucoSTEM" 0.295321 ± 0.09 
 
Quantitative assessment of the total content of 
phenols in the product and in chokeberry juice 
was performed. The total phenolic substance 
(TPC) content was determined by a Folin-
Ciocalteu reagent spectrophotometric method 
relative to the gallic acid standard. The results 
of the studies performed are presented in Table 
4 in GAE mg/g. 

Table 4. Total content of phenolic substances in 
functional bioproduct "FucoSTEM" (n = 6) 

Sample GAЕ, mg/g 
Aronia (lyophilized juice) 7.04 ± 0.06 
Bioproduct "FucoSTEM" 1.55 ± 0.07 

 
As with antioxidant activity, so in the results 
for the content of total phenols in the product, 
the ratio between the indications of pure 
lyophilized chokeberry juice and its percentage 
content in the finished product is preserved. 
The assumption that the main carrier of 
phenolic substances is the added amount of 
fruit (chokeberry) is confirmed. 
Quantitative analysis of the content of 
anthocyanins in the product and in chokeberry 
juice was performed spectrophotometrically. 
The results of the studies performed are 
presented in Table 5 in Anthocyanin pigment, 
cyd eq mg/l. 
 

Table 5. Quantitative content of anthocyanins in 
functional bioproduct “FucoSTEM” (n = 6) 

Sample Anthocyanin pigment, 
cyd eq mg/l 

Aronia (lyophilized juice) 6232.9 ± 0.03 
Bioproduct “FucoSTEM” 1022.8 ± 0.04 

 
The high content of anthocyanins in chokeberry 
juice also determines the content available in 
the product, which provides additional health 
benefits.  
The results of the tests performed to determine 
the reducing sugars (glucose and fructose) of 
the obtained functional product, expressed as a 
percentage content of the sample weight, are 
presented in Table 6. 
 

Table 6. Percentage content of reducing sugars in 
functional bioproduct "FucoSTEM" (n = 3) 

Sample Glucose, % Fructose, % 
Bioproduct 

"FucoSTEM" 7.3 ± 0.02 7.8 ± 0.01 

 
Table 7 presents the data from the performed 
microbiological tests of the lyophilized 
product. 
The results of the conducted microbiological 
analyzes prove that the indicators of the studied 
lyophilized bioproduct “FucoSTEM” are in the 
admissible norms for microbial contamination 
and meet the requirements and criteria of BDS 
ISO. 



120

Table 7. Values of microbiological contamination of 
functional bioproduct "FucoSTEM" 

Indicators 
 

Functional bioproduct 
"FucoSTEM" 

CFU/g Log 
Total number of 

mesophilic aerobic and 
facultative anaerobic 

microorganisms - CFU/g 

3.1 х102 2.49 

Escherichia coli in 0.1 g 
of product 

Not 
established - 

Pathogenic 
microorganisms, 

including Salmonella in 
2.0 g of product 

Not 
established - 

Coagulase-positive 
staphylococci in 1.0 g of 

product 

Not 
established - 

Sulphite-reducing 
clostridia in 0.1 g of 

product 

Not 
established - 

Spores of microscopic 
molds, CFU/g 1.2 х101 1.07 

 
CONCLUSIONS  
 
The composition of the bioproduct 
"FucoSTEM" includes sources of constructive   
and energy elements, as well as physiologically 
active substances of different origin - 
colostrum, mono, polysaccharides, beta-
glucans, natural antioxidants and others.  
High levels of content of total phenolic 
substances, anthocyanins and high antioxidant 
activity of the product have been established. 
The assumption that the main carrier of these 
properties is the added amount of fruit 
(chokeberry) is confirmed. 
Summarizing the results of the analytical 
studies, it is established that the new product 
"FucoSTEM" is a lyophilized concentrate with 
preserved quality characteristics, high 
biological and energy value, microbiologically 
pure and safe for use. These characteristics 
define it as suitable for use for prophylactic and 
curative purposes by a wide range of users. 
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Abstract 

For the first time in Kyiv, Ukraine, the insect pest complex is studied of six open-ground woody plants of Araliaceae 
Juss. (Eleutherococcus senticosus (Rupr. et Maxim.) Maxim., Eleutherococcus sessiliflorus (Rupr. & Maxim.) S. Y. Hu., 
Hedera helix L., Aralia cordata Thunb., Aralia elata (Miq.) Seem., Kalopanax septemlobus (Thunb.) Koizd.). We 
monitored collections of the three botanical gardens in the city, and qualitatively and quantitatively analyzed the 
diversity of pests. Five insect species were found that damaged the vegetative and generative organs of plants over the 
vegetative season: Sciaphobus squalidus Gyll., Cteniopus flavus Scop., Aphis fabae Scop., Cetonia aurata L., 
Pulvinaria Targ. Four different trophic groups of insects damaged the aboveground plant parts, causing injuries to the 
assimilation apparatus, young shoots, buds, and generative organs, respectively. The phytophages and their impact on 
the plants varied depending on the species, aggressive behavior, and the plants’ reactions to injury.  
 
Key words: Araliaceae Juss., species, insect fauna, insect influence, harmful activity, phytophage. 
 
INTRODUCTION 
 
Analysis of modern literature shows that 
introduction significantly widens and enriches 
the diversity of decorative plants through 
testing and establishing new and promising 
ones to use in landscape design (Kotsun and 
Pylypchuk, 1999). Highly decorative 
introduced plants play a lot of significant roles 
in the diverse plantations in metropolises and 
other settlements in Ukraine, for they 
contribute the largest share of the marketed 
species (Pototska, 2012). Introduction can be 
successful or not depending on the biological 
make-up and ecological adaptations studied as 
the organism grows, develops and adapts to the 
specific conditions it finds itself in. 
An introduced plant faces unfavorable 
environmental factors both biotic and abiotic. 
Thus, it employs the adaptation mechanisms 
which are an important aspect of its biology. 
Special attention should be paid to selecting 
species least damaged by pests, and evaluating 
their viability under the burden of phytophages 
that lower the defensive capabilities and vitality 
of plants, which is immediately reflected on 
their ornamental value. 

The plant tolerance to damage by insects is 
linked to the activation of defensive 
mechanisms of putting up physical and 
chemical barriers. Thus, plants avoid damage 
because of the specific features of their 
morphology, physiology, biochemistry of 
secondary metabolites, and variability of 
ontogenesis, supporting some ability to grow, 
re-grow, and reproduce after injury.  
The biological tolerance of plants in urbanized 
environment varies widely and depends on a 
number of coincident factors: the habitat, the 
agricultural techniques to establish and 
maintain the plantation, the prophylactic 
measures to prevent the infection by pathogenic 
microorganisms, etc. The inhibited metabolism 
of plants in metropolises lowers their resilience 
and facilitates the spread of pests which can 
severely injure their vegetative and generative 
organs. The negative impact of pest insects 
interferes with plants’ growth and 
development. It renders them susceptible to the 
effects of abiotic factors, mainly cold and frost.  
The insect influence is not limited to the direct 
consumption of biomass. The insects are also 
vectors of pathogenic microorganisms and can, 
through disrupting the integrity of tissues, 
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transfer phytopathogens from the infected to 
the healthy plants (Symochko, 2002). 
Overall, this makes the species composition 
and negative effects of the insect complex of 
phytophages affecting introduced plants from 
the Araliaceae family in Kyiv an urgent 
scientific problem. 
According to Shinohara and Ibuki (2011), 
significant damages were noted to the leaves of 
A. elata and A. сordata by larvae of two 
sawflies, Conaspidia singularis Mal. and         
C. hyaline Sato, respectively, at the plantations 
of the central area of the Honshu Island in 
2009-2010. 
Among the species of Araliaceae whose natural 
range includes temperate and subtropic regions 
of Europe and Asia, H. helix proves tolerant to 
the illumination, humidity, and temperature 
regime. The ivy’s resistance is partially 
explained by the glycosides in its cells that can 
induce spasms and excitation, and disrupt 
respiration in insects (Rose, 1996). According 
to Ivy Removal Project, retrieved from 
https://www.portland.gov/parks/nas/noivy, the 
toxicity of glycosides of H. helix glycosides to 
insects does not preclude feeding of the larvae 
of four moth species (Rose, 1996), the scale 
insect Lichtensia viburni Sign. (Van-Rossem et 
al., 1979) of the superfamily Coccoidae F., and 
the mite Phytoptus hedericola Keifer 
(Knihinicki and Boczek, 2002) in the 
Netherlands and Australia, respectively on its 
leaves. Metcalfe (2005) reports 70 insect 
species feeding on ivy in England: 16 beetles, 
27 hemipterans, and 27 lepidopterans and 
thrips. Analysis of available publications 
(Borchsenius, 1950) showed that five 5 
Coccoidae species, namely Iceriy purchasi 
Mask., Ferrisiana virgata Ckll., 
Asterolecanium arabidis (Sign.), Aspidiotus 
hederae (Vall.), Dynaspidiotus britannicus 
(Newst.), and Hemiberlesia rapax (Comst.) 
were found on the leaves, shoots or fruit of ivy.  
According to Evans (1954) and Martinez et al. 
(1985), sheep and goats can eat ivy in winter 
when they do not have enough food, and the 
red deer Cervus elaphus L. and roe deer 
Capreolus capreolus L. rely on it as a staple. 
Eating H. helix fruit was recorded for nine 
species of invasive and common birds such as 
the common blackbird Turdus merula L. and 
the American robin T. migratorius L., the 

common starling Sturnus vulgaris L., the house 
sparrow Passer domesticus L., Steller’s jay 
Cyanocitta stelleri Gm. and cedar waxwing 
Bombycilla cedrorum Vieillot, аccording to Ivy 
Removal Project, retrieved from 
https://www.portland.gov/parks/nas/noivy. 
Among the nine bird species feeding on the ivy 
fruit in England, only the common wood 
pigeon, Columba palumbus L. eats the seeds 
(Snow and Snow, 1988). It was found that ivy 
is the main food plant for a dusky lady beetle 
Clitostethus arcuatus Rossi (Majerus, 1994). 
Despite ivy containing a number of toxic 
secondary metabolites (triterpenoid saponins), 
the British researchers found a host of 
arthropods feeding on it. The list includes 86 
species of insects and mites of 13 families, 
most of which belong to Anthocoridae (minute 
pirate bugs) and Coccidae (soft scales), 13 and 
12 taxa, respectively (Majerus, 1994). There 
are six insect pests of H. helix in Ukraine: 
Zygina flammigera Geoffr., Eupoecilia 
ambiguella Hb., Abraxas grossulariata L., 
Lasiocampa quercus L., Lobesia botrana Den. 
et Schiff., Tetranychus urticae Koch. 
(Lytvynov and Yevtushenko, 2005). 
The local literature does not sufficiently cover 
the Araliaceae resistance to insect pests. 
Our aim was to study the diversity and 
structure of the pest insect complex affecting 
the woody species of Araliaceae in Kyiv and to 
evaluate the level of infection and the 
resistance of plants. 

 
MATERIALS AND METHODS 
 
We conducted research on Araliaceae in open-
ground collections of the three botanical 
gardens of Kyiv: the botanical garden of the 
National University of Life and Environmental 
Sciences of Ukraine (BG NULES), the M.M. 
Hryshko National Botanical Garden of the 
National Academy of Sciences of Ukraine (BG 
Hryshko), and the O.V. Fomin Botanical 
Garden of the Taras Shevchenko National 
University of Kyiv (BG Fomin) in 2018-2020.  
In the course of the field study, we identified 
and counted the pests taking into account the 
phenology of plant growth and development. 
During monitoring we examined every plant 
and on seeing the insects or injuries to the 
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plant, collected the pests to identify in the 
laboratory. In the field we found, analyzed and 
classified the damage to the plants, evaluated 
the level of damage to each plant, counted 
insects. The analysis and identification of 
insect species were done in the lab (Stankevych 
and Zabrodina, 2016).  
To find the aphid colonies we examined young 
juicy shoots, noting the visible signs of leaf 
laminae damage (curving, deformation, 
honeydew) (Dovidnyk, 1999). The level aphid 
infection was graded using a four-point scale: 0 
points - buds, leaves, and shoots are aphid-free; 
1 point - single aphids present; 2 points - small 
colonies covering less than half the area of 
buds, leaves and shoots; 3 points - colonies 
occupy more than half area of the above 
(Dovidnyk, 1999). 
The weevils we counted before the buds 
opened by gently shaking them off the 
branches down onto a white sheet, on four 
sides of a bush. Thus, we could calculate the 
average density of pests per plant. 
The coccids were counted during the vegetation 
period: before and during the budding, the 
unfolding, growth and development of leaves. 
On every plant, we examined four branches on 
four sides of the crown. 
 
RESULTS AND DISCUSSIONS 
 
On the six woody species of Araliaceae we 
found four species of pests and signs of damage 
they caused to the vegetative and generative 
organs of plants.  

In the first decade of April 2018, we recorded 
many weevils Sciaphobus squalidus Gyll. 
(Curculionidae) on the buds of 
Eleutherococcus senticosus in the collection of 
BG NULES.  
Large populations of the insects are found in 
Polissya and Forest-Steppe, while in the Steppe 
zone the species occurs in areas with increased 
humidity. 
It damages fruit, berry, forest and decorative 
plants (Lytvynov and Yevtushenko, 2005).  
The beetles are active in daytime, at night they 
descend to the ground and seek shelter 
(Lytvynov, 2005).  
The females oviposit under the edges of 
unfurled leaves. The eggs can be infected by 
parasites, such as Poropoea stollerckii Forst., 
P. difilippii Selv., and the larvae can be injured 
by the braconids Triaspis caudatus Nees. and 
Bracon variator Nees.  
As the larvae go deeper into the soil, many are 
consumed by earwigs, spiders, carabids and 
other predatory arthropods (Lytvynov and 
Yevtushenko, 2005). The embryo develops for 
about a fortnight. The larvae fall down and 
bury into the ground where they eat fine roots 
of trees and shrubs. After wintering in the soil, 
the larvae keep feeding and at the end of 
summer pupate at the depth of 40-50 cm. Thus, 
a generation of weevils develops in two years.  
The beetles appear at the start of the vegetation 
period, before the buds open (Figure 1).  
For 28-34 days they feed, gnawing out large, 
irregularly shaped indentations, damaging 
leaves, emptying buds on the inside (Figure 1).

 

 
Figure 1. Sciaphobus squalidus on Eleutherococcus senticosus; А - imago; В - imago and typical damage  

to buds (plant collection of the M.M. Hryshko National Botanical Garden of the NAS of Ukraine, April 2018) 
 



125

As we counted the pests on one bush of          
E. senticosus (BG Hryshko), we found 32                
S. squalidus predominantly on the upper part of 
a plant (mostly, buds). As for the generative 
organs of E. senticosus, we found the 
following: 12 buds (13% of all monitored) 
were damaged and did not grow or develop, 22 
buds (23%) were severely damaged yet 
proceeded to develop and open.  
We found no more pests on Eleutherococcus at 
the time of intense budding; the leaves bore the 
signs of injuries they had received (Figure 2). 
 

 
Figure 2. Damage to Eleutherococcus senticosus:  

А - a bud injured by Sciaphobus squalidus;  
В - development of leaves after damage (plant  

collection of the M. M. Hryshko National Botanical 
Garden of the NAS of Ukraine, April, 2018) 
 

In the summer of 2018, we found colonies of 
Aphis fabae on the lower side of leaves of                
E. sessiliflorus (Figure 3). Small noticeable 
colonies of pests covered 10-15% of the 
laminae (2 points). The colonies gravitated to 
the central veins of the pinnately compound 
leaves of E. sessiliflorus. We saw no further 
manifestations and indications of their harmful 
action on the species.  

Figure 3. Aphis fabae colonies on the leaves of 
Eleutherococcus sessiliflorus (plant collection of the 

Botanical garden of the NULES, July 2018) 

The migrating species A. fabae is common in 
different habitats, on shrubbery and herbaceous 
plants. It is polyphagous and feeds on beets, 
fruit, berry, agricultural and decorative plants 
(Dychenko et al., 2015). The eggs overwinter at 
the bases of shoots of the European spindle, 
Viburnum, and mock-orange. In April at 7-9°C 
the surviving eggs release larvae that after 12-
14 days of feeding become wingless females 
spawning five to eight larvae daily (Dychenko 
et al., 2015).  
Besides E. sessiliflorus, aphids appeared in 
2018 and 2019 on the leaves and generative 
organs of a perennial herbaceous plant                      
A. сordata; the colony was less numerous than 
on other species, and the infection rate did not 
exceed 2 points. There was no visible damage 
to vegetative and generative organs (Figure 4). 
 

 
Figure 4. Aphis fabae colonies on Aralia сordata:  

А - generative organs; В - leaves (collection of plants  
of the O. V. Fomin Botanical garden of the National 
Taras Shevchenko University of Kyiv, June 2019) 

 
We recorded numerous cases of aphids 
colonizing woody lianas H. helix in the three 
botanical gardens of Kyiv. The rate and nature 
of the damage varied: in May 2018 we found 
small aphid colonies on young shoots of                  
H. helix, together with several ants in the BG 
Hryshko. The ivy’s rate of infection was within 
2 points, there were no typical injuries (Figure 
5 А).  
Yet in BG Fomin in May 2020, on H. helix 
branches, aphid infection reached 3 points. The 
insect fed intensely causing visible twisting and 
deformation of leaf laminae (Figure 5 В). 
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Figure 5. Aphid infection on shoots and leaves of             

H. helix, May 2020; А - damage to plants of the M. M. 
Hryshko National Botanical Garden of the NAS of 
Ukraine; В - damage to plants of the O. V. Fomin 

Botanical Garden 
 

Aphids colonize the underside of young and 
succulent shoots and leaves and suck the juice 
(Figure 6 А, В).  
 

 
Figure 6. Hedera helix infected by aphids; А, В - 

deformations of leaf laminae; С - leafs shape unaffected 
by harmful effect of aphids (O.V. Fomin Botanic 

Garden, May 2020) 
 

The damaged leaves become misshapen, 
wrinkled or twisted, lose turgor and desiccate. 
As the aphids feed, the leaf is punctured and 
the saliva enzymes enter the plant tissue 
inducing cell plasmolysis and breaking up 
starch into sugars (Dychenko et al., 2015). 
Thus, the plant’s surface becomes covered in 
liquid sugary secretions; respiration, 
photosynthesis, and nutrition are inhibited; 
conditions favour the development of the 
ustilaginaceous fungi (Puzrina, 2020). 

Besides the direct harm they cause, aphids 
transmit over a hundred viral infections 
(Puzrina, 2020). The toxic saliva enzymes 
make the affected plants sickly even after the 
pest colonies are fully destroyed. 
In ivy stands we found young shoots signifi-
cantly colonized by aphids, which caused leaf 
deformations later because of intense feeding. 
Aphids are the most numerous phytophages 
feeding on Araliaceae, they are more fecund 
and reproduce faster than other pests which 
makes them so harmful. Their populations can 
rapidly recover even after intense agricultural 
measures. Some species can have 20 genera-
tions in a single season, raising the probability 
of becoming resistant to insecticides and 
becoming more harmful as a result.  
In early July 2020 we found three sulfur beetles 
(Figure 7) on the inflorescences of A. elata 
(Cteniopus flavus, syn. Cteniopus sulphureus 
L.). Given the plants’ height and architecture 
we examined only the accessible 
inflorescences.  
The beetles feed on pollen, preferring the 
umbelliferous plants (Araliales: Apiaceae). 
They are found mostly in the Steppe and 
Forest-Steppe regions of Europe, usually near 
flooded meadows (Ohloblyn and Znoiko, 
1950).  
The larvae live in dead wood, tree trunks and 
hollows, rotting stumps, more rarely in soil 
where they eat roots (Kazenas et al., 2014). 
 

 
Figure 7. Adult sulfur beetle Cteniopus flavus  

on flowers of Aralia elata (O.V. Fomin Botanical 
Garden, July 2020) 

 
We found another pest, Pulvinaria sp. 
(Coccidae), in large numbers. This insect was 
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found on young shoots and petioles of  
E. senticosus, A. elata and K. septemlobus 
(Figures 8, 9). Females secrete white egg sacs 
during oviposition (Figure 9). 
The insects reproduce and recover rapidly. 
They frequently cover bark of trees and shrubs. 
The females attach themselves to the trunks 
and branches and become motionless 
(Borchsenius, 1950). Feeding on juice, they 
cause premature defoliation and deformation of 
older sprouts. 

 
Figure 8. Pulvinaria sp. on shoots and petioles;  

A - on Eleutherococcus senticosus; B, C - on Kalopanax 
septemlobus; D - on Aralia elata 

 

 
Figure 9. Pulvinaria Targ. sp.; A, B - the egg sac 

secreted by the female; C - the female (х 20);  
D - eggs inside the egg sac (magnification 50) 

 

The pests are spread together with the seedlings 
and cuttings. The mobile larvae crawl from one 
tree to another on touching branches, 
occasionally carried on people’s clothing.  
In July, when A. elata blooms, its 
inflorescences attract Coleoptera, in particular 
C. aurata. The beetles actively feed from the 
third decade of May into June. They consume 
flowers, overripe fruit beginning to ferment, 
juice from injuries of young bark, etc. 
(Ryndevych et al., 2014). 
 
CONCLUSIONS  
 
We found that the pest insect complex of 
woody plants of the Araliaceae family in Kyiv 
numbers five species. The injuries they inflict 
are various. The phytophages belong to four 
trophic groups: coccids and aphids damage the 
assimilation apparatus and young shoots, 
Sciaphobus squalidus specializes in buds, and 
the sulfur beetle in generative organs. S. 
squalidus gnawed out large pits in E. senticosus 
buds, leading to partial loss of leaves and death 
of buds. Numerous aphid colonies on the 
abaxial surface of leaves of E. sessiliflorus and 
on young shoots of H. helix and A. cordata 
spoiled the ornamental value of plants. We 
recorded significant deformations of leaf 
lamina of H. helix caused by aphid saliva 
enzymes entering leaf tissues. On the 
inflorescences of A. elata we found C. flavus 
beetles feeding on pollen. A few species of 
Pulvinaria sp. (Coccidae) were observed on the 
shoots and petioles of E. senticosus, A. elata 
and K. septemlobus. 
The most abundant phytophages of Araliaceae 
are aphids. The reasons are two-fold: their 
fecundity, and the fact that they spawn every 
12-14 days. Outer manifestations of the injuries 
were the most visible on H. helix: deformed 
leaf laminae which soon die. 
Early in the vegetation season, S. squalidus fed 
on the buds of E. senticosus for a month, 
leaving large pits causing the death of buds. In 
these cases, the phytophages both decrease the 
ornamental value of plants and negatively 
affect the plants’ vitality in general.  
The changes in pest numbers and thus the rates 
of damage to plants depend largely on the 
weather. Likely, it is the temperature regime in 
spring that determines the appearance of S. 
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squalidus on E. senticosus buds in particular. 
Also, the numbers of pests significantly depend 
on the agricultural techniques in use. 
The plants’ resistance to unfavorable factors is 
a complicated and interconnected complex of 
adaptive and protective functions gained in the 
evolutionary process. 
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Abstract 
 
In this paper we reporte the presence of the species Lindernia dubia (L.) Pennell in the flora of Banat (SW Romania) 
and at the same time we present a new place for this species in Romania. We found the species on the lake Surduc area. 
This is a 362 ha artificial lake, a protected area (nature reserve of national interest). We found Lindernia dubia here 
for the first time in 2005, in flooded areas periodically (on clay soils), on the shore of the lake as well as in the nearby 
arable fields. We suppose he arrived here with the fish he brought to populate his lake or by seeds brought through the 
birds. The size of the population depends on the fluctuation of water level. Being an invasive species, we believe it is 
necessary to monitor it; Sîrbu & Oprea (2011) say it extends into characteristic habitats while Doroftei & Anastasiu 
(2014) consider it one of the most abundant invasive species from the Danube Delta. 
 
Key words: Lindernia dubia (L.) Pennell, Romanian Banat, invasive. 
 
INTRODUCTION 
 
The genus Lindernia Allioni encompases about 
70 species distributed throughout warm tropical 
and warm-temperate regions of New and Old 
World (Flora of China, 1998); recently, based 
on cpDNA sequences, many Lindernia species 
have been transfered to different genera within 
Linderniaceae (Les, 2017). Formerly included 
in Scrophulariaceae, this genus belongs to 
Linderniaceae Borsch et al., K. Müller, & Eb. 
Fischer (Stevens, 2017). In Europe, the genus 
Lindernia is represented mainly by two 
species: Lindernia procumbens (Krock.) 
Philcox, native and Lindernia dubia (L.) 
Pennell, from North America, naturalized 
(Tutin et al., 1972). Marhold (2017, The 
Euro+Med PlantBase1) mentions also 
Lindernia anagallidea (Michx.) Pennel 
(Lindernia dubia var. anagallidea (Michx.) 
Cooperr.)   from Italy, a species native from 
North America (Cook, 1985). The most 
significant morphological differences between 
Lindernia procumbens (Krock.) Philcox and 
Lindernia dubia (L.) Pennell are documented 
by Molnár et al. (2000): length of leaves, length 
of pedicels, ratio of pedicels/leaf length. These 

 
1 https://ww2.bgbm.org/EuroPlusMed/PTaxonDetail.asp?NameCache= 
Lindernia&PTRefFk=7200000 

two species may occur simultaneously in a 
habitat and may interbreed (Yoshino et al., 
2006, in Schmotzer, 2015). Lindernia dubia 
(L.) Pennell is characterized by: serrated 
leaves, floral pedicels shorter than the bracts, 
corolla longer than the calyx, two fertile 
stamens (Figure 1). Lindernia procumbens 
(Krock.) Philcox (Natura 2000 species code: 
1725) is included in the Annex IV of the 
Council Directive 92/43/EEC among the 
species of community interest in need of strict 
protection. Lindernia dubia (L.) Pennell is an 
invasive, accidentaly introduced in France in 
1850, by ships on the Loire river banks 
(Fournier, 19402; Simons & Jansen, 2018). 
According to Marhold (2017), the species is to 
be found in: Bulgaria, France, Germany, 
Switzerland, Italy, Portugal, Slovenia, while 
DAISIE Database3 mentions Lindernia dubia 
(L.) Pennell present in: Belgium, Bulgaria, 
Czech Republic, France, Germany, Greece, 
Hungary, Italy, Macedonia, Portugal, Romania, 
Spain. The Euro+Med PlantBase presents the 
following countries as a distribution for genus 
Lindernia: Armenia, Austria, Bulgaria, Czech 
Republic, Croatia, Egypt, France, Germany, 

 
2http://www.fcbn.fr/sites/fcbn.fr/files/ressource_telechargeable/fiche_-
_lindernia_dubia_v2.pdf  
3http://www.europe-aliens.org/speciesFactsheet.do?speciesId=19525#  
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Greece, Switzerland, Spain, Hungary, Italy, 
Portugal, Poland, Central European Russia, 
South European Russia, Romania, Slovakia, 
Slovenia, Serbia (including Kosovo and 
Vojvodina), Asiatic Turkey, Ukraine and for 

the species Lindernia dubia (L.) Pennell, the 
following: Bulgaria, France, Germany, Spain, 
Italy, Portugal, Slovenia. The European areal of 
the species included also Poland (first mention: 
2003, Drobnik & Buchalik, 2004).

 

  
a) Lake shore with Lindernia dubia b) Corolla longer than the calyx 

  
c) Pedicel shorter than leaf length d) The two fertile stamens 

Figure 1. Lindernia dubia (L.) Pennell - overwiew of the habitat (a) and morphological aspects (b, c, d) 
 

In Romania, Lindernia dubia (L.) Pennell have 
been identified for the first time in the Danube 
Delta by Ciocârlan & Costea, 1994, and is now 
one of the most abundant invasive species in 
the Danube Delta Nature Reserve (Doroftei & 
Anastasiu, 2014; Sîrbu et al., 2011; Anastasiu 
et al., 2014). Lindernia species are among the 
few annual species whose germination doesn’t 
diminish in floodable conditions; Lindernia 
dubia (L.) Pennell germinates very well in the 
riparian areas of the rivers Loire and Allier 

(France), but if the water layer persists the 
plants do not grow (Abernethy & Willby, 
1999). Lindernia dubia’s capacity to germinate 
both in floodable conditions and in non-flooded 
soil is also highlighted by Neff et al. (2009), 
Šumberová et al. (2012) and 
http://beta.floranorthamerica.org/Lindernia_du
bia4. In seasonally flooded habitats the ability 
to preempt the growth of flooding-sensitive 
annuals by germinating before water levels 

 
4http://beta.floranorthamerica.org/Lindernia_dubia 
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have fully receded will bestow a considerable 
competitive advantage and may account for the 
present abundance of Lindernia dubia (L.) 
Pennell in the riparian zone of sections of the 
Loire and Allier (Abernethy & Willby, 1999). 
In the Czech Republic, Šumberová et al. (2005) 
discussing the two species, they appear in the 
marginal vegetation; Lindernia dubia (L.) 
Pennell regenerates earlier from the stock of 
seeds, while Lindernia procumbens (Krock.) 
Philcox appears at the end of June when there 
are high temperatures necessary for 
germination. 
In this country, the species is also study by 
Horáková et al. (2005), Kaplan et al. (2016). In 
1995, Seliškar et al. revised the Lindernia 
genus and first mentioned the Lindernia dubia 
(L.) Pennell species in the flora of Slovenia. In 
Slovakia, Hrivnák et al. (2016) discussing 
Lindernia dubia (L.) Pennell in its Central 
European context. In Bulgaria, both species 
grow in humid sandy places, in ponds and rice 
paddies. Lindernia procumbens (Krock.) 
Philcox is cited in 1889, Lindernia dubia (L.) 
Pennell appearing much later in 1984. Stojchev 
& Cheshmedziev (2005) investigate the 
anatomy of the two species and complete their 
chorology in Bulgaria with new data. The 

anatomical characteristics remain in close 
parameters, the observed differences refer only 
to a greater density of the epidermal cells and 
the stomata from the Lindernia procumbens 
(Krock.) Philcox leaf and the higher number of 
cavities and medullary rays from the Lindernia 
dubia (L.) Pennell stem. 
Pignatti (2005) considers as main ecological 
differences between the two species of 
Lindernia the fact that Lindernia procumbens 
(Krock.) Philcox has slightly higher 
requirements for light, slightly lower for 
temperature, and slightly lower for humidity, 
compared to Lindernia dubia (L.) Pennell. 
Ellenberg et al. (1992) present the two species 
as having the same light requirements (high) 
and Lindernia procumbens (Krock.) Philcox 
slightly more thermophilic. 
Julve (2020a, 2020b)  presents Lindernia dubia 
(L.) Pennell as a more thermophilic and more 
trophic soils. Both species are intolerant to 
salinity. Sanda et al. (2003), consider that there 
are no ecological differences between the 
populations of the two species in Romania, 
while Sârbu et al. (2013) say that Lindernia 
dubia (L.) Pennell needs less light and slightly 
higher temperature. 

 

 
Figure 2. Geographical position of Surduc Lake 

 
During some researches on the flora and 
vegetation around Surduc Lake (Timiș County, 

W Romania, Figure 2), during 2005-2019 we 
followed the presence of invasive species 
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populations, given that this area is subject to a 
chaotic tourist development (Neacșu et al., 
2017). Lindernia dubia (L.) Pennell is among 
the species we found here. 
 
MATERIALS AND METHODS 
 
We conducted field research in July-
September, during 2005-2019. The 
identification of the species was made 
according to the current determinants in 
Romania (Ciocârlan, 2009, Sârbu et al., 2013), 
and according to Molnar et al. (2000) and Flora 
of China, 1998 (online edition). In the areas 
with populations of Lindernia dubia (L.) 
Pennell we also noticed the presence of other 
species of cormophytes. We also made 
observations on anthropogenic pressures. 
Nomenclature is according to Euro+Med 
PlantBase. Voucher specimens are stored in the 
Herbarium of Banat’s University of 

Agricultural Sciences and Veterinary Medicine 
“King Michael I of Romania” from Timisoara. 
 
RESULTS AND DISCUSSIONS 
 
We found populations of Lindernia dubia (L.) 
Pennell in six areas of the shores of Surduc 
Lake (Figure 3). Given the characteristics of 
the habitat (accumulation lake on the edge of a 
small river, with a narrow valley), two ways in 
which Lindernia dubia (L.) Pennell got here 
seem more likely: together with the fish 
brought here for breeding or by seeds in the 
mud encrusted in birds’ feathers and legs 
(natural zoochory). 
Both anthropic and natural Lindernia dubia (L.) 
Pennell dispersion is considered by various 
authors (e.g. Thiébault, 2007; Schmotzer, 
2015). Simons & Jansen (2018) present as a 
way of introduction the zoochory. 
 

 
Figure 3. Zones with Lindernia dubia (L.) Pennell populations on the Lake Surduc shore 

 
We noticed that the morphology of Lindernia 
dubia (L.) Pennell specimens depends on the 
characteristics of the microhabitat: 
a) Along the shore with clay soil we met 
abundant populations, with vigorous 
specimens, ample, ascending or slightly 
procumbent stems, which take root at the 

nodes. When the soil is dry, it blooms. In 
autumn, the stems turn reddish. In these 
microhabitats are also found: Eleocharis 
palustris (L.) R. Br., Eleocharis acicularis (L.) 
Roemer et Schultes, Lythrum portula (L.) D. A. 
Webb, Echinochloa crus-gali (L.) Beauv., 
Gypsophilla muralis L., Gnaphalium 
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uliginosum L., Polygonum aviculare L., 
Polygonum lapathifolium L., Xanthium 
orientale subsp. italicum (Moretti) Greuter; 
b) On the waterfront, in the sandy areas, 
Lindernia dubia (L.) Pennell grows together 
with: Polygonum aviculare L., Trifolium 
repens L., Potentilla reptans L, Plantago 
media L., Bidens tripartita L., Alisma 
plantago-aquatica L., Echinochloa crus-galli 
(L.) Beauv. These forms are vigorous, with 
ascending stems. 
c) In the agricultural crops near the shore we 
found isolated specimens, small in size, with 
weak rooting. 
In the whole studied area, the shores of the lake 
are occupied by populations of the following 
species: Alisma plantago-aquatica L., Bidens 
tripartita L., Calystegia sepium (L.) R.Br., 
Carex riparia Curtis, Cyperus fuscus L., 
Echinochloa crus-galli (L.) Beauv., Eleocharis 
acicularis (L.) Roemer et Schultes, Eleocharis 
palustris (L.) R. Br., Gnaphalium uliginosum 
L., Gypsophila muralis L., Impatiens noli-
tangere L., Juncus bufonius L., Juncus effusus 
L., Juncus tenuis Willd., Leersia oryzoides  (L.) 
Sw., Leontodon autumnalis L., Lotus 
corniculatus L., Lysimachia vulgaris L., 
Lythrum hyssopifolia L., Lythrum salicaria L., 
Mentha pulegium L., Oenanthe aquatica (L.) 
Poir., Plantago media L., Polygonum aviculare 
L., Polygonum hydropiper L., Polygonum 
lapathifolium L., Polygonum persicaria L., 
Pulicaria vulgaris Gaertn., Ranunculus repens 
L., Rorippa amphibia L. (Besser), Rorippa 
sylvestris L. (Besser), Salix alba L., Salix 
cinerea L., Stachys palustris L., Trifolium 
pratense L., Trifolium repens L., Xanthium 
orientale subsp. italicum (Moretti) Greuter. 
In our research (Neacșu, 2008), we encountered 
on the shores of Lake Surduc and Lindernia 
procumbens (Krocker) Philcox and we 
included these phytocenoses in the vegetal 
association Eleocharidetum acicularis W. 
Koch 1926 em. Oberd. 1957, which we did not 
find later. Near the lake, Lindernia procumbens 
(Krock.) Philcox is also reported by Karácsonyi 
& Negrean (2012). From a phytosociological 
point of view, Lindernia procumbens (Krock.) 
Philcox is presented by Sârbu et al. (2013) as a 
characteristic species for Isoëto-Nanojuncetea, 
while Lindernia dubia (L.) Pennell is 
considered characteristic for Nanocyperion. 

Mucina et al. (2016) presents the unit Cypero-
Lindernion dubiae Müller-Stoll et Pietsch in T. 
Müller 1963 as synonym for Eleocharition 
soloniensis Philippi 1968, described as pioneer 
ephemeral rush-vegetation in temporarily 
flooded mesotrophic habitats of Central and 
Western Europe. Lindernia dubia (L.) Pennell 
is considered in Mucina et al. (2016) 
classification as a diagnostic species for the 
class Oryzetea sativae Miyawaki 1960 
(www.synbioosys.alterra.nl/evc/).  
 
CONCLUSIONS  
 
In the paper, we signal a new place in Romania 
for Lindernia dubia (L.) Pennell: the shores of 
Surduc Lake. This habitat is represented by 
depression areas, flooded in spring, whose 
existence is conditioned by the water levels. 
When these areas are covered in water the 
species takes refuge on the nearby arable lands. 
In the habitat near Surduc Lake, Lindernia 
dubia (L.) Pennell grows alongside other 
cormophyte species, most frequently being 
accompanied by: Echinochloa crus-galli (L.) 
Beauv., Eleocharis acicularis (L.) Roemer et 
Schultes, Gypsophilla muralis L., Polygonum 
lapathifolium L., Alisma plantago-aquatica L., 
Bidens tripartita L.  
Due to the area occupied by the species on the 
lake shores and large population fluctuations 
from one year to another, as well as the status 
of the lake (protected and tourist area), we do 
not recommend drastic measures to manage the 
species, especially since there is a probability 
of reappears Lindernia procumbens (Krock.) 
Philcox. However, it is necessary to monitor 
the area and the lakes and ponds in the area, 
where Lindernia dubia (L.) Pennell could be 
spread by birds.  
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Abstract 
 
The pathology caused by bacteria belonging to the genus Clostridium is a major cause of economic loss in small 
ruminant herds. The clinical manifestations caused by these pathogens are the result of a wide and variable spectrum of 
toxins released during their multiplication. The aim of this study was to enhance the toxigenesis of one of the 
Clostridium septicum isolates and to select the most productive clone, being the closest to the field strain. The strain 
toxicity was improved by passages on guinea pigs. In vivo assays on balb/C mice were confirmed by in vitro 
experiments (Western Blott, semi quantitative dosing of cytopathic effect and quantification of hemolytic activity). 
Assessment of the immunizing value was carried out by seroneutralization in mice. The selected and improved strain 
produced a toxin with a biological value superior to the minimum recommended limits for the formulation of anaerobic 
vaccines for small ruminants. 
 
Key words: α toxin, immunogenic, Clostridium septicum. 
 
INTRODUCTION 
 
The pathology caused by bacteria belonging to 
the genus Clostridium often associated with the 
specific pathology of the family Retroviridae, 
is a major cause of economic loss in small 
ruminants herds (Enache, 2017).  
Clostridium genus is a varied group of gram-
positive anaerobic bacteria that produce 
thermosensitive endospores, critical criteria in 
epidemiology. Many members of this genus are 
equally pathogenic to humans and animals 
because of extracellular toxins. 
Clostridium septicum is recognized as a major 
contributor to clostridial infections (Kornbluth, 
1989; Larson, 1995; Chew, 2001), respectively 
the primary aetiological agent of spontaneous 
gas gangrene or atraumatic myonecrosis 
(Hatheway, 1990; Abella, 2003). Major 
infection symptoms are represented by cyclic 
neutropenia, immunosuppression, diabetes 
mellitus and arteriosclerosis (Chew, 2001; 
Turcu, 2010; Stevens, 1990; Pelletier, 2000), 
plus a strong association (50% to 85%) between 
C. septicum infection and colorectal and 

hematological malignancy (Larson, 1995; 
Chew, 2001; Pelletier, 2000; Alpern, 1969; 
Koransky, 1979). Under such conditions the 
bacteria travel by the bloodstream and establish 
an infection (Abella, 2003), which is rapidly 
fulminating and often fatal, with mortality rates 
around 60% (Kornbluth, 1989; Larson, 1995; 
Abella, 2003).  
C. septicum produces four main toxins termed 
alpha, beta, gamma, and delta. Alpha toxin is 
the main protein involved in the pathological 
properties of C. septicum due to its biological 
activities (Popoff and Bouvet, 2009). 
The C. septicum lethal α‐toxin is a necrotizing 
pore‐forming cytolysin (Ballard, 1995). The 
toxin is secreted inactive and cleaved at an 
RGKR motif by host cell proteases in order to 
form the active monomers (Gordon, 1997). 
The monomers bind to GPI‐anchored proteins 
on the cell surface (Gordon, 1999), oligomerize 
into hexameric complexes generating 1.3-1.6 
nm pores into the cell membrane (Sellman, 
1997; Tweten, 2001) and inducing lytic and 
vacuolating effects (Ballard, 1992; Wichroski, 
2002). The lethal effect of the α‐toxin is tested 
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on mice (Tweten, 2001) and the cytotoxicity on 
CHO cells (Gordon, 1997). 
The aim of this study was to enhance the 
toxigenesis of a C. septicum isolate and to 
select the most productive clone, being the 
closest to the field strain. The strain toxicity 
was improved by passages on guinea pigs. 
 
MATERIALS AND METHODS 
 
The cultivation and toxicity evaluation of a 
C. septicum strain. The strain was cultured in 
anaerobic conditions, at 37°C, 200 rpm, at a pH 
of 7.5 (± 0.2). The culture medium was 
prepared after the following recipe: 1% Liver 
meat glucose cysteine broth, 1% cooked meat 
medium broth, 1.7% C. perfringens spore 
broth, 1.7% casein yeast peptone, 0.8% liver 
hydrolysate, 0.6% yeast extract, 0.7% liver 
extract, 0.6% glucose, 0.6% L-cysteine, 1% 
fresh liver extract. The toxin was obtained by 
the following protocol: culture centrifugation at 
4000 rpm, for 30 minutes at 4°C, collection of 
supernatant and filtration through Millipore® 
filters of 0.8 µ, 0.45 µ, 0.2 µ and finally 0.1 µ. 
In order to test the alpha toxin titer, dilutions 
were prepared using peptone water. Each 
dilution was administered to a group of 5 
Balb/C mice, intravenously, 0.5 ml/animal. All 
the animals in the control group survived, and 
showed no local or systemic reactions to the 
peptone water. The dilutions used and the results 
of the toxicity test are presented in Table 1. 
 

Table 1. Toxicity test design and results 

Species/ 
Toxotypes 

Toxin 
dilutions 

Dead mice 
24 h pi 48 h pi 72 h pi 

C. septicum  
α-toxin 

1/10 2 5 - 
1/20 - 1 1 
1/40 - - 1 

 
C. septicum culture passage in guinea pigs 
For the animal passage, 5 healthy male guinea 
pigs were used. 0.5 ml of C. septicum culture 
was administered intramuscularly to each 
guinea pig. The control group was represented 
by 5 guinea pigs inoculated with the toxin 
diluent (peptone water). Within 24 hours of the 
inoculation, all 5 animals that received the                
C. septicum culture were dead and were 
subjected to post-mortem examination. All the 
animals in the control group survived, and 
showed no local or systemic reactions to the 

peptone water. The necropsy findings included 
hemorrhagic edema at the inoculation site, pink 
fluid in the peritoneal cavity, intestinal con-
gestion, anemic lungs, necrotic spots on the 
liver and kidneys. Samples were collected from 
the liver, spleen, heart cavity and bone marrow 
of the guinea pigs. The samples were cultured 
anaerobically in VF culture medium. After 20 
hours of incubation, the cultures were subcul-
tured on 10% fresh sheep blood agar at la 37°C 
for 24 hours in anaerobic conditions. After 
morphological and cultural examinations, colo-
nies were selected and purified on blood agar 
plates. 
 
Biochemical identification 
The biochemical properties of the bacterial 
isolate were determined using the API 20A test 
(Biomerieux). The API 20A strip included tests 
such as gelatinase, licitinase, lipase, nitrate, 
reductaze and amylase, and also motility, indol, 
sugar fermentation for glucose, sucrose, 
lactose, maltose, salicin mannitol and esculin. 
The identification was performed according to 
the producer’s instructions, with the help of the 
provided software.  
 
Cultivation of the C. septicum clone obtained 
by animal passage  
The isolate was cultured in anaerobic 
conditions, at 37°C, 200 rpm, at a pH of 7.5            
(± 0.2), for 20 hours. The culture medium was 
prepared after the following recipe: 1% Liver 
meat glucose cysteine broth, 1% cooked meat 
medium broth, 1.7% C. perfringens spore 
broth, 1.7% casein yeast peptone, 0.8% liver 
hydrolysate, 0.6% yeast extract, 0.7% liver 
extract, 0.6% glucose, 0.6% L-cysteine, 10% 
fresh liver extract. 
 
Nucleic acids and proteins extraction 
The ZR Fungal/Bacterial DNA Miniprep Kit 
(Zymo Research) was used for genomic DNA 
extraction and others two - the Ambion™ 
TRIzol™ Plus RNA Purification Kit (Thermo 
Fischer Scientific) and Direct-zol Miniprep 
(Zymo Research) - for mRNA isolation and 
purification. Cellular membrane and soluble 
proteins were extracted on ice with the total 
lysis buffer (TLB: 62.5 mM Tris, pH 6.8, 2% 
(v/v) SDS, 10% (v/v) glycerol, 6 M urea, 
0.01% (w/v) bromophenol blue, 0.01% (w/v) 
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phenol red, and 5% (v/v) beta-
mercaptoethanol) from the bacterial pellet. The 
secreted proteins suspension was concentrated 
at +4°C by ammonium sulfate precipitation 
(0.476% w/v) and centrifugation (20,000 g/h), 
and stored at - 85°C in the 4× native buffer 
(40% (v/v) glycerol, 0.5 M Tris, pH 6.8).  
 
Toxin genes detection 
Amplification of the representative toxins 
sequences for Clostridium species were 
performed according to the literature (Table 2). 
Primers for C. septicum genes were designed 

for conservative regions by Vector NTI 
Advance 11 (Table 2). A GeneAmp® PCR 
9600 system (Applied Biosystems) and a Fast 
Start High/High Fidelity PCR System kits 
(Roche) were used for the amplification 
according to the manufacturer’s recommend-
dations, using an universal concentration of 10 
μm for each primer. The amplicons were 
visualized with ethidium bromide on agarose 
gels (Sigma-Aldrich), at appropriate concentra-
tion, and photographed with a ChemiDoc 
XRS+ imager (Bio-Rad Laboratories, Inc.). 

 
Table 2. Primers and results of molecular Clostridium septicum identification and gene expression detection 

Nr. 
crt. 

Primers  
name Primers sequence 

Gene  
identification/ 
toxotype (PCR) 

Expression  
detection/  
toxotype (RT-PCR) 

Reference 

C. septicum: 
1 csa-F CGGCAGTAGTACCACATGTACAA α-toxin - 325bp α-toxin - 325bp 

This paper 

2 csa-R CGATACCCACTTGCATAAGGAT 
3 hyaCS-F ATGAAAGTGCAGTGCAAGAAGAGG γ-toxin - 872bp γ-toxin – 872bp 4 hyaCS-R CCCTGCTGTAGCAAATATTGATCC 
5 colCS-F GAAAAGGAGGTGCAACATTAGC collagenase A/ 

colA - 2475bp 
collagenase A/colA 
- 2475bp  6 colCS-R CGCCTTTTTCATCTTCTCCA 

 
Western-blot analysis 
After thermal (5 min, 95°C) and chemical 
(0.1% v/v beta-mercaptoethanol) denaturation, 
the total cellular and secreted proteins were 
separated by SDS-PAGE and blotted to a 
nitrocellulose membrane (Trans-Blot Semi-Dry 
Transfer Cell, Bio-Rad Laboratories, Inc.). 
Signal detection was based on a HRP system 
(Metal Enhanced DAB Substrate kit, Thermo 
Fischer Scientific). 
 
Hemolytic activity test 
Hemolytic activity was quantified by incubation of 
two fold serial dilution (up to 1:1024) of clostridial 
toxins incubated with PBS prewashed sheep red 
cells. The reaction was developed after 1h at 
+37oC and 12 h at +4oC. The experiments were 
performed in triplicates of 2 replicates. 
 
Cytopathic effect 
The cytotoxic effect of clostridial toxins was tested 
on BHK-21 cells. Cells were split 1:4. The 
extracellular extracts were diluted with cell media 
(1:1000). Infected cells were incubated 21 h at 
37oC into a 5% CO2 atmosphere. The experiments 
were performed in duplicates of 2 replicates. 
 
 

Neutralization test in mice 
A 12 hours culture of the strain was filtered and 
then 0.5 ml of the obtained toxin was mixed 
with 0.2 ml nutrient broth and 0.1 ml specific 
antiserum.  
The serum toxin mixtures were kept at room 
temperature for 30 minutes and then 0.5 ml of 
the mixture was injected intravenously into a 
group of two mice per mixture. The inoculated 
mice were closely observed for 24 hours. 
 
The toxicity analysis of the Clostridium 
izolated strain 
The active extracellular proteins were prepared 
by culture centrifugation (4000 rpm, 30 
minutes, 4°C), and supernatant filtration 
through a 0.8, 0.45, 0.22 and 0.1 µ Millipore 
filters. The potency of bacterial toxins was 
tested on BALB/c male mice of 21-24 grams. 
 
RESULTS AND DISCUSSIONS 
 
After 20 hours of incubation on blood agar, the 
Clostridium septicum culture appeared grayish, 
semi-translucent. The colonies were 2-3 mm in 
diameter, slightly raised, with markedly 
irregular to rhizoid margins (Figure 1). 
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Microscopic examination of the characterized C. 
septicum strain revealed long cylindrical bacilli, 
0.8×3-5 μm or longer (Figure 2). 
The biochemical properties of the isolated strain 
are summarized in Table 3. 
Based on genes amplification, it was confirmed 
that the C. septicum strain belonged to the 
known species or toxotype (Table 4). Toxins 
expression was identified at transcriptional 
(Figure 3) or/and translational level (Figure 4). 
The cytopathic effect of the C. septicum strain is 
shown in Figure 5 (21 h pi - 37°C, 5% CO2), 
compared to the non-infected cells (Figure 6) 
and the non-infected cell culture after 21 hours 
incubation (Figure 7). 
Hemolytic activity of the C. septicum isolate 
toxin reached the highest titer at a dilution of 
1:512 (Table 5). 
 

 
Figure 1. Colonies of Clostridium septicum after 20 

hours on blood agar plate 

 
Figure 2. Long Gram-positive cylindrical bacilli of 

Clostridium septicum after 20 hours on blood agar plate 
(1000x) 

 
Figure 3. RT-PCR experiment/toxins expressions: 

Clostridium  septicum-1- inoculum; 2 - 8 h 30’ pi; 3 -  9 h 
30’ pi; 4 – 10 h 30’ pi; 5 - 12 h pi. RNA of strain was 

extracted from bacterial culture and amplified in order to 
detect specific genes expression. L - weight 50bp DNA 
ladder; numbers: - harvest time;  (-) negative control. 

 
Tabel 3. Biochemical properties of the Clostridium septicum izolated strain 

IND URE GLU MAN LAC SAC XYL ARA GEL ESC GLY CEL MNE MLZ RAF SOR RHA TRE CAT MAL SAL 
- - + - + - - - + + - + + - - - - + - + + 

Legend: IND- Indole formation, URE - urease, GLU-glucose, MAN- mannitol, LAC-lactose, SAC-saccharose, XYL - xylose, ARA- arabinose, GEL- gelatin hydrolysis, ESC 
- esculin, GLY- glycerol, CEL-cellobiose, MNE- mannose, MLZ - melezitose, RAF-raffinose, SOR- sorbitol, RHA- rhamnose, TRE- trehalose, CAT - catalase, MAL-
maltose, SAL – salicilin. 

 
Table 4. Analysis results for the Clostridium septicum isolated strain 

Toxin/techniques PCR RT-PCR WB hemolytic activity cytopathic effect 
α-toxin/septicum poz. poz. poz poz. poz(, BHK-21 cells) 
γ-toxin/septicum poz. poz. poz n.a. n.a. 
colA/septicum poz. poz. poz n.a. n.a. 

Legend: uppercase letters – toxotypes; bold letters – strongest expression; poz. – positive signal; n.a. – not applied. 
 

 L     1      2    3     4     5    
(-) 

α -toxin, 270bp 

colA, 690bp 
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Figure 4. SDS-PAGE 4-15% 55min - 120V, Coomassie Blue, on 4°C,: 5 µl filtrate + 5 µl 2 x Laemmli sample buffer +  

1 µl βmeth, 95⁰C – 10 min 
 

                          

 
 

Table 5. Hemolytic activity of alpha toxin for Clostridium septicum strain 

Toxins dilution 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1024 
C. septicum sample 1 before passage on 
guinea pigs + + + + + - - - - - 

C. septicum sample 2 before passage on 
guinea pigs + + + + + - - - - - 

C. septicum sample 1 after passage on 
guinea pigs + + + + + + + + + - 

C. septicum sample 2 after passage on 
guinea pigs + + + + + + + + + - 

 
Neutralization test in mice 
Mice inoculated with mixtures of toxins and              
C. septicum antiserum survived, while the 
animals inoculated with similarly diluted toxin 
with nutrient broth, died within 24 hours post 
inoculation. 
 
Clostridium toxicity 
The potency of bacterial toxins was tested on 
BALB/c male mice of 21-24 grams.  
The LD50 (lethal dose 50) was calculated for 
culture supernatant by a non-linear logistic 
regression with specific confidence intervals, 
depending on the minimal value necessary for 
the vaccine formulation. 0.5 ml of each dilution 
was administered per mice in 5 replicates, by 
caudal intravenous route.  

The negative controls were represented by 5 
mice inoculated with peptone water.  
The animals were monitored for 72 hours after 
inoculation (Table 6) and the dead mice were 
subjected to necropsy. The experiments were 
performed in duplicates. 
 

Table 6. Toxicity tests design and results of the 
Clostridium izolated strain  

Species/ 
Toxotypes 

Toxin 
dilutions 

Dead mice 
24 h pi 48 h pi 72 h pi 

C. septicum 1/400 5 - - 
1/500 5 - - 
1/600 0 1 1 

Legend: numbers – media of duplicate experiments; bold letters – 
highest dilution inflicting death 
 

Figure 5.  
Cytopathic effect of the 

Clostridium septicum toxin 
(200x) 

 

Figure 6.  
Non-infected cells before 

(200x) 

Figure 7.  
Non-infected cells exp/ 

21 h pi  
(200x) 

1
0 
1
5 
2
5 
3
5 
4
0 
5
5 
7
0 
1
0
0 

1
3
0 

1
8
0 

1
0 
1
5 
2
0 
3
0 
4
0 
5
0 3
.
5 

6
0 
8
0 
1
1
0 

1
6
0 

2
6
0 

L                                                                                      L 

1
0 
1
5 
2
5 
3
5 
4
0 
5
5 
7
0 
1
0
0 

1
3
0 

1
8
0 1

0 
1
5 
2
0 
3
0 

4
0 
5
0 3
.
5 

6
0 
8
0 
1
1
0 

1
6
0 

2
6
0 

L                                                                                             L    



141

CONCLUSIONS 
 
By guinea pigs passage, we were able to create 
Clostridium septicum clone with a higher 
toxicity and virulence. The toxicity of the 
obtained strain was evaluated on Balb/C mice. 
The potency of the toxin produced by the 
revitalized strain was 50 times higher than that 
of the initial Clostridium septicum strain.  
The hemolytic activity of Clostridium septicum 
toxin after guinea pig passage increased from 
1/32 to 1/512. 
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Abstract  
 
Microplastics represent one of the most important concerns of the actual society. With a long environmental 
persistence, these plastic based particles are transported by the flow and deposited in sedimentary systems. This paper 
describes the distribution of microplastics in fluvial and lacustrine environments of the Danube Delta. Taking into 
account that the River Danube and its main distributaries (Kilia, Sulina and St. George) are the primary pathways 
along which MPs are transferred to the Black Sea, the superficial sedimentary material could testify the pollution 
degree. Microplastic concentrations identified previously by Pojar et al. (2021a) and the data of flow velocities and 
fluxes at different hydrological regimes were considered to characterise the MPs distribution, as their abundance and 
morphology change due to the discharge and currents speed. Our results show that moderate to higher concentrations 
have been found in the first and second rank locations, related closely with the main distributaries. Complementary, we 
discuss how hydrodynamics can elucidate the spatial distribution of MPs in the Danube Delta, as well as their path and 
behaviour in a regional-scale aquatic environment. 
 
Key words: Danube Delta, hydrological processes, microplastics, water flow, ADCP. 
 
INTRODUCTION  
 
A considerable number of studies has 
approached microplastic particles (MPs) 
presence and behaviour in aquatic and 
terrestrial environments. The increasing trend 
of studies regarding MPs from terrestrial and 
freshwater (Ballent et al., 2016; Siegfried et al., 
2017; Luo et al., 2019; Stock et al., 2019; 
Campanale et al., 2019, 2020) has been noticed 
due to the questions around the marine and 
fluvial MPs sources. Therefore, different 
studies respond with estimated riverine fluxes 
to the global ocean (1.15 to 2.41 x 106 t/year, 
Lebreton et al., 2017; Lin et al., 2018; 0.41-4 x 
106 t/year, Schmidt et al., 2017). On the other 
hand, few studies have detailed MPs abundance 
and characteristics in deltas, where the 
distribution of MPs is paternalized by a 
multitude of natural and anthropic factors 
(Pojar et al., 2021a).  
The Danube River is considered to be under a 
significant pollution risk, especially in its 
Lower Segment (Gati et al., 2016), having an 
important input from several major effluents 
and numerous sources of contaminants derived 
from highly urbanised areas. Moreover, the 

Danube Delta Biosphere Reserve (DDBR), 
which is considered a buffer zone by filtrating 
and improving the water quality discharged 
into the Black Sea (Popescu et al., 2015), is 
under a high impact of incoming pollutants, 
especially Persistent Organic Pollutants (POPs) 
and Toxic Organic Micro Pollutants (TOMPs), 
from anthropogenic activities located upstream 
(Dobrinas et al., 2004).  
As expected, multiple types of pollution such 
as heavy metals and POPs (Catianis et al., 
2013, 2018; Stănescu et al., 2013; Tiron Duțu 
et al., 2019) have been observed as 
accumulation in water, sediments and biota, 
with different concentrations, depending on a 
multitude of natural and human-induced 
factors. As source of pollution, it can be 
considered industrial, household and 
agricultural waste that is entering into Danube 
River hydrological system upstream its delta 
(Kyle, 2006). 
Due to MPs diverse morphology (pellets; 
micro-beads; fibres; fragments; flakes) and 
different physical and chemical properties that 
vary according to polymer-type and the 
presence of absorbed pollutants (e.g. TOMPs) 
inside the plastic microstructure (Guzzetti et 
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al., 2018) it is difficult to determine the fully 
impact over the environment. From what it is 
acknowledged, the MP extent and distribution 
is recognized in each and every environment 
from terrestrial to marine (Xiong et al., 2019; 
Luo et al., 2019; Yan et al., 2019), although a 
clear concept regarding their accumulation in 
specific areas, known as ‘hotspots’, is still a 
debatable issue.  
MPs abundances in freshwater environments 
are found with variable concentrations, from 
10s to 100s of p·kg-1 (particles per kg) (Sagawa 
et al., 2018; Saliu et al., 2018). However, 
higher concentrations are identified in heavily 
urbanised catchment headwaters (Hurley et al., 
2018; Xiong et al., 2019), and in areas with 
high sedimentation rate such as freshwater-
marine transition areas (Yan et al., 2019). 
As it is little available information on MPs 
accumulation on deltas and estuaries, there is 
an acknowledged need to link terrestrial 
sources and transport of plastic particles, their 
stack in freshwater-marine transitional 
sediments, as well their impact in these areas. 
Concerning MPs behaviour and path in 
freshwater, recent surveys of the Rhine and 
Danube have focussed on low density particles 
(Siegfried et al., 2017; Mani et al., 2019; Prata 
et al., 2019), concluding their tendency to be 

transported long distances downstream to the 
North Sea and Black Sea basins.  
Taking into account that the River Danube and 
its main distributaries (Kilia, Sulina and St. 
George) are the primary pathways along which 
MPs are transferred to the Black Sea basin; it is 
needed to sink the MPs distribution to the flow 
distribution within the Danube Delta area. 
Seeking to advance in clarifying the fate of 
MPs in freshwater accumulations such as lakes 
and channels, this study aims to describe MPs 
concentrations and distribution in the 
hydrological context of the area. This study 
expands the previously researches on the MPs 
distribution (Pojar et al., 2021a) with a 
correlation with the water circulation inside the 
Danube Delta. The authors describe the 
distribution of MPs in fluvial and lacustrine 
environments of the Danube Delta. 
 
STUDY AREA 
 
Located in the south-eastern Romania, DDBR 
has a surface of arround 580,000 ha and a very 
complex network of canals and lakes (Panin, 
2003; Driga, 2004). The Danube input of 
freshwater is supplying the natural lakes and 
channels through its main distributaries (Kilia, 
Sulina and St. George). 

 

Figure 1. Danube Delta with the marked sampling points and the ADCP profiles position 
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In the Danube Delta the present hydro-
morphological and sedimentological processes 
are the result of a multiple series of anthropic 
works located in the Danube Basin but also 
inside the delta. Two most important dams 
influencing the downstream part of the Danube 
River are situated in the upper sector of the 
lower Danube section, at 942 km and 864 km 
from the Black Sea (Iron Gates I and Iron Gates 
II, built respectively in 1970 and 1984). 
Combined with the hydro-technical regulation 
works along the Danube tributaries, 
abovementioned dams have dramatically 
decreased the sediment discharge measured at 
the mouths of the Danube (within 25-30%); 
approximately 30 million t/year of sediments 
which are trapped in the barrage lake upstream 
the Iron Gates I (Panin & Jipa, 2002; Panin, 
2003, Panin et al., 2016).   
Additionally, in the last 200 years, the cut-offs 
programme of the Sulina and St. George 
branches brought a redistribution of water and 
sediment discharge among the delta 
distributaries (Panin, 1999). 
 
MATERIALS AND METHODS 
 
Hydrodynamic data have been used to 
characterise the water circulation in the Danube 
Delta. The water flow was measured in 
September 2016, May and September 2019, 
and September 2020, using a powered boat 
mounted acoustic Doppler current profiler 
(ADCP, RiverRay 600 kHz, manufactured by 
Teledyne) (Table 1).  
On the Sulina Channel, 12 transverse ADCP 
profiles were completed and, on the St. George 
branch, other 22 transverse ADCP profiles 
were measured, to assure an overall 
understanding of the flow distribution within 
the delta area (Figure 1).  
The measured discharges for Sulina and St. 
George branches are presented below: 
 

Table 1. Water discharge of the Sulina and St. George 
branches, measured with ADCP equipment 

 Sept 
2016 

May 
2019 

Sept 
2019 

Sept 
2020 

Water discharge (m3·s-1) 
Sulina Channel - 1511.00 698.00 891.00 

St. George 
Branch 

1264.00 2469.00 1107.00 1382.00 

 
 

For MPs evaluation and distribution, it was 
sampled sediments from 15 locations 
comprising distributaries, lakes and channel 
deposits from the Danube Delta and from 2 
lagoon beach deposits on the Danube Delta 
coast, nearby to the mouths of Sulina and St. 
George branches (Figure 1, Table 2). Sampling 
areas comprise channels and lakes selected to 
include a hierarchy of locations situated at 
progressively increasing distances from the 
three distributaries:   

- 1st order lakes are connected to a 
distributary via a single channel;  

- 2nd order lakes are connected to a 
distributary via a channel, an 
intermediate lake and a second channel;  

- 3rd order lakes are connected to a 
distributary via two intermediate lakes 
and three channels. 

Sampling procedures have been performed 
during a field campaign from April 2016. The 
research vessel R.V. ISTROS (NIRD 
GeoEcoMar) was used for measurements and 
sampling the selected sites. Technical 
approaches about the MPs determination 
methods have been developed by Pojar et al. 
(2021a). 
 
Table 2. Locations of sites sampled in the Danube delta; 

Mm - maritime mile 

Sample 
no. 

Sample location System 
type 

Order/ 
Rank 

DD1 Ceatal St. George; Mm. 
32 

fluvial - 

DD2 Fortuna Lake deltaic 1 
DD3 Sontea channel 

 (towards Fortuna L.) 
deltaic 1 

DD4 Lopatna channel 
 (towards Matita L.) 

deltaic 2 

DD5 Matita Lake deltaic 2 
DD6 Sulina distributary; Mm 

13 
fluvial - 

DD7 Sulina distributary; Mm 
0.1 

coastal; 
fluvial 

- 

DD8 Rosulet Lake deltaic 3 
DD9 Rosu Lake deltaic 3 
DD10 Rosu Lake deltaic 3 
DD11 Magistral Canal  

(towards Rosulet L.) 
deltaic 3 

DD12 Sahalin Coastal Lagoon brackish 
water 

- 

DD13 Dunavat Channel deltaic 4 
DD14 Razim Lake deltaic 4 
DD15 St. George distributary; 

Km 0.4 
fluvial - 
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RESULTS AND DISCUSSIONS  
 
The water circulation between distributaries 
and the delta territory can be analysed only at 
the global level of the entire deltaic space. Most 
of the flow of the three arms of the Danube is 
transported directly into the Black Sea and only 
a small part is transited to the depressions 
through a very complex network of canals, 
(between 100 - 450 m3·s-1), approximately 2.2 -
7% of the Danube flow at the entrance to the 
delta (Driga, 2004). During high waters, when 
the flow of the Danube at the entrance to the 
delta exceeds the value of approximately 9000 
m3.s-1, the water passes over the levees towards 
the interdistributary depressions. After filling 
them, the flow at the mouths became equal to 
the flow at the entrance of the delta, producing 
a hydrological balance.  
At the delta apex (Ceatal Ismail) the flow is 
distributed almost equally between the Tulcea 
(44%) and Kilia (56%) branches (Bondar & 
Panin, 2000). Downstream, at the hydrological 
knot of Ceatal St. George the flow distribution 
between Sulina and St. George branches is 
unequal; the Sulina distributary represents 
around 38-39% of the Tulcea distributary 
discharge (Figure 2) and play an important role 
in supplying the interdistributary depressions.  
The most dynamic sector of the Sulina Channel 
is the upstream sector, due to the steep slope, 
the narrowing of the channel and the presence 
of the concrete dikes. Few adjacent channels 
are making the connection with the 
interdistributary depressions from the North, 
such as Gârla Păpădia (at Mile 30.5). 
Downstream, the channels of the “Big M” 
former meander (Dunărea Veche canals at 
Miles 14 and 8.5) take a very small part of the 
main flow (between 3 and 7%) and make the 
connection with the northern interdistributary 
area mainly through the Eracle and Şontea 
canals. At Mile 8.5, reverse currents have been 
observed in September 2019 (at a discharge of 
698.00 m3·s-1).  To the South, the Caraorman 
canal (at Mile 14) takes a small part of the 
discharge towards Puiu Lake. Starting from 
Mile 10, going downstream to the Sulina 
Channel mouth, a single connection with the 
southern interdistributary area is made by the 
Busurca Canal (at Mile 2).  

On the St. George branch, the main liquid flow 
is unequally distributed between the artificial 
canals and the cutoff meanders. Previous 
studies (Tiron Duțu et al., 2014 and Tiron Duțu 
& Duţu, 2019) argued that the flow to the cut-
off channels was progressively diminished in 
the last 40 years, as effect of the meander 
rectification works. Furthermore, our results 
have showed that the water volumes 
transported by the cuttofs are continuously 
reduced (the cutoff channels of Mahmudia, 
Dunavăţ de Jos and Dranov de Jos meanders 
receives only 5-10% of the upstream flow). 
Thus, the interdistributary depressions are less 
supplied with water. The connection with the 
interdistributary areas from North and South is 
made through many canals, such as the Litcov 
Canal (towards the Gorgova lake), Uzlina 
Canal (towards the Uzlina Lake), Murighiol 
Canal, Dunavat Canal (towards the Razim 
Sinoe), Perivolovca Canal, Dranov Canal 
(towards Dranov Lake), Erenciuc Canal, Tataru 
Canal and Gârla Turcească.  
Bondar & Panin (2000) have shown that during 
small waters (flows below the multiannual 
average of the Danube), the volume of water 
flowing into the Black Sea through the Danube 
above mentioned distributaries is higher than 
the volume of water of the distributaries at the 
bifurcation area of Ceatal St. George (the 
balance is positive, IN < OUT). The situation is 
reversed at high water levels, when the water 
supply from the discharge is lower than the 
volume of water taken over by the Danube 
branches in the bifurcation area (the balance is 
negative, IN > OUT).  
The MPs distribution is relationship with the 
flow circulation inside the delta. Few MPs (< 
100 p·kg-1) were found in the middle part of the 
St. George branch, at the exit of the Mahmudia 
meander (on DD15, 16 p·kg-1), and in Rosu 
Lake (on DD09, 24 p·kg-1 and on DD10, 24 
p·kg-1). MP concentrations were also low in the 
Sulina Channel, at the middle of “Big M” 
meander (on DD06, 59 p·kg-1) and, in the 
mouth area (on DD07, 76 p·kg-1) (Pojar et al., 
2021a). 
Lower to moderate concentrations were found 
in the transitional waters (Sulina Branch mouth 
and Sahalin Lagoon), although Pojar et al. 
(2021b) consider these areas hotspots for MPs 
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abundance in water surface layer, with up to 19 
particles per m3. 
Moderate MP concentrations, up to 150 p·kg-1, 
have been observed at the bifurcation of the 
Sulina and St. George branches, at Ceatal St. 
George knot (~165 p·kg-1, on DD01), located 
downstream the city of Tulcea (Figure 2). 
MP concentrations were slightly higher in 
deltaic lake sediments sampled north of the 
Sulina Channel (148 p·kg-1 on DD02) and 
higher in the Magistral canal (381 p·kg-1, on 
DD11) (Table 3) (Pojar et al., 2021a). We 
consider that the higher values founded in the 
Magistral canal are explained by the water 
supply from two sources (Busurca and Tătaru 
channels). 
Moderate to higher concentrations have been 
found in the first and second rank (i.e., DD02, 
DD08, DD11) related closely with the main 
distributaries. The samples collected from the 
third rank are considerably lower (e.g., DD09, 
DD10, DD03). 
While MPs were found at all our sampled sites, 
some isolated sites in the Danube Delta had 
negligible concentrations and these areas could 
be considered in relatively pristine condition.  
Without any developed industrialization and 
high urbanised areas, the DDBR is affected 

mainly by MPs derived from upstream fluvial 
transport. Although by definition the MPs 
(particles <5 mm in size, Thompson et al., 
2004; Arthur et al., 2009) are a complex 
contaminant, abundant, ubiquitous and 
environmentally persistent, their concentrations 
found in Danube Delta area are considerable 
lower than in the transitional waters located at 
the Danube mouths at the Black Sea (Pojar et 
al., 2021b), correlating MPs abundance in 
sediments and surface water.  
The MPs concentrations found in the 
investigated stations during the field campaign 
from April 2016 in the Danube sediments are 
noticeably lower in comparison with data 
recorded in the world major rivers. For the 
Rhine and Main rivers (Germany) Klein et al. 
(2015) reported values up to 4,000 p·kg-1. A 
study of Qin River (Zhang et al., 2020) 
indicated values up to 97 p·kg-1.  
The low MP concentrations in the lakes of the 
Danube Delta suggest the high filtration of the 
flow exchanged with the distributaries of the 
Danube, as there are few local sources of MPs 
in the Danube Delta apart from scattered tourist 
lodges, with the nearest city of Tulcea (78 km 
W of the Black Sea).   

 

 
Figure 2. Microplastic particle abundance in Danube Delta sediments (after Pojar et al., 2021a) 
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Table 3. MPs abundances expressed in particles per weight and volume of sediment (after Pojar et al., 2021a) 

Sample Location of the sample Order/ 
Rank 

Water depth 
(m) Sediment type MP/kg MP/0.5L 

DD1 Ceatal Ismail (Mm 32) - 4.5 Sandy mud 165.17 92 
DD2 Fortuna Lake 1 1.1 Mud 148.99 50 
DD3 Șontea Channel 1 0.5 Mud 39.08 18 
DD4 Lopatna Channel 2 0.5 Mud 125.44 40 
DD5 Matița Lake 2 2.6 Mud 80.97 52 
DD6 Sulina Branch (Mm 13) - 0.5 Mud 59.17 38 
DD7 Sulina Branch (Mm 0.1) - 1.3 Mud 76.05 38 
DD8 Roșuleț Lake 3 0.5 Mud 213.90 54 
DD9 Roșu Lake 3 0.5 Mud 24.49 8 
DD10 Roșu Lake 3 0.5 Mud 20.93 6 
DD11 Magistral Canal 3 0.5 Mud 381.46 100 
DD12 Sahalin Lagoon - 0.5 Sand 178.24 110 
DD13 Dunavat Chanell 4 0.5 Sand 100.46 62 
DD14 Razelm Lake 4 0.5 Sandy mud 106.94 58 
DD15 St. George Branch (Km 0.4) - 0.5 Sand 16.06 8 

 
In term of MPs structure and morphology, 
contrary to other rivers (e.g., the Rhine River, 
Germany, Mani et al., 2019), the MPs in 
sediments sampled along the Danube Delta 
through to the Romanian Black Sea are 
predominantly fibres (Figure 3), which also 
represent the majority in tidal flat sediments in 
Shanghai (Peng et al., 2018).  
 

 
Figure 3. Observed MPs morphology 

 
Furthermore, particles morphology might 
influence their floating time period as de Haan 
et al. (2019) confirmed during laboratory 
analyses. Same results of fibers having longer 
settling velocities (from 0.39 to 0.5 cms-1 for 
polyamide fibers and different fishing line 
pieces) than other plastic forms (12.7-31.4 
cm·s-1 for expanded polystyrene pellets and 
polycaprolactone spheres) were confirmed in 
direct observations for freshwater 

(Waldschläger & Schüttrumpf, 2019; 
Khatmullina & Isachenko, 2017) and marine 
environment (Bagaev et al., 2017). 
In our sediment samples, the most encountered 
particles were fibers (>90%) (Figure 3), 
assuming that primary objects generating MPs 
are fishing nets and, possibly different clothing 
and textile items. In the case of fishing nets, it 
is well known the fact of intensive fishing 
activities on almost the entire deltaic area, 
including lakes, channels and branches, 
however, clothing litter is not frequently 
encountered. Other particles than fibers could 
be associated with high depth locations (e.g., 
DD1 and DD5 samples), having a high settling 
velocity that can compensate with current 
speed. 
 
CONCLUSIONS 
 
The study provides recent data on the 
importance of the water circulation on the MPs 
distribution on a large deltaic environment. It is 
certain that the determining role in the water 
circulation in the Danube Delta is represented 
by the canals adjacent to the main distributary 
and interruptions of the dikes, which connect 
them with the depression areas, closely related 
to upstream water levels. However, the effects 
of the upstream dams and the hydrotechnical 
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works inside the delta must be considered; 
these anthropic interventions have produced the 
change of the water circulation on the delta 
territory.  
Besides the considerations brought for 
estimating MPs paths and sources, the 
identified concentration patterns could arise 
due to variations in the buoyancy, density and 
shape of MPs leading to preferential 
accumulation of certain particle types 
depending upon local hydrodynamic 
conditions.  
Therefore, in terms of the European Water 
Framework Directive criteria, integrating 
measurements, data and results obtained within 
this study may improve the existing knowledge 
database, which is useful to identify trends in 
evolution, further environmental assessments, 
as well as the behaviour of MPs in 
unidirectional currents. 
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Abstract 
 
The study of milk productivity of French Holstein and Montbéliard breeds is regarded in the article, the uniformity of 
lactation is investigated, the lactation activity is assessed, as well as the cows are evaluated by the shape of their udder. 
The obtained results make it possible to affirm that the breed affects the production efficiency and the quality indicators 
of milk from cows of different French breeds, which are used in Ukraine. The cows of Holstein breed have a uniform 
course of lactation, high and constant productivity in terms of lactations and the better milk yield, but their milk quality 
indicators are inferior to those in the cows of Montbéliard breed. The cows of Montbéliard breed have a constant 
productivity and a uniform flow of lactation, they give high milk yield immediately after calving, but later they rapidly 
decrease productivity. 

 
Key words: productivity, breed, lactation, milk yield, fat, protein, Montbéliard breed, Holstein breed. 
 
INTRODUCTION  

 
The factors determining milk productivity 
include breed, type of livestock, feeding, 
keeping, milking technique, age, body weight, 
dry period and calving interval (Basovsky et 
al., 2001; Piddubna & Pelekhaty, 2012). 
The cattle breed is the main factor affecting 
milk yield, its composition, physicochemical 
and technical properties of milk. Changes in the 
milk composition of the same breed cows are 
explained by hereditary factors, as well as by 
different housing conditions (Grymak et al., 
2020). Since only the ability to produce a 
certain amount of milk with an approximately 
constant composition (milk yield) is inherited, 
the conditions for keeping cows are of great 
importance for its realization (Mashkin & 
Parish, 2006). 
One of the main characteristics in the breeding 
of dairy cows is their dairy productivity, 
exterior constitutional features and 
reproductive qualities. The breeding work 
should be carried out on the selection of cows 
of a strong type of constitution, which, 
according to the main characteristics, is the 
most consistent with the desired. This will 
increase the milk productivity of livestock and 

will not lead to a decrease in their reproductive 
ability (Mashkin & Parish, 2006; Oltenacu & 
Broom, 2010). 
Modern breeding programs should be aimed at 
the genetic improvement of production 
characteristics such as milk yield, growth rate, 
live weight and reproductive function. At the 
same time, an increase in milk yield should not 
be accompanied by a decrease in fertility, an 
increase in limb diseases, metabolism and a 
decrease in life expectancy. Therefore, these 
programs are often developed on the  basis of 
the breeds of the world’s best gene pool: 
Holstein, Simmental, Montbéliard, Charolais 
and others (Oltenacu, & Broom, 2010; 
VanRaden & Cole, 2000; Uzun & Koç, 2019). 
Tellah et al. (2019) investigated the influence 
of the genotype of breeding bulls of Holstein, 
Montbeliard and Jersey (Holstein, Montbéliard 
and Jersey) breeds on improving the milk 
productivity of local breeds (Kuri and 
Bokolodji). The analysis of productivity of the 
dairy herd showed that the amount of produced 
milk varied depending on the genotype of the 
crossbred cows. Crossbreeds of Holstein, 
Montbéliard and Jersey bulls with local breeds 
(Kuri and Bokolodji) are more favorable for 
increasing milk yield, but reproductive 
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indicators (age of first calving and calving 
interval) must be taken into account. 
Getu et al. (2016) dealt with the problems of 
crossing and its impact on the productivity of 
native dairy cattle. The studies have shown that 
when using bulls of the Holstein breed, the 
indicators of milk productivity (both in quantity 
and quality), as well as functional conforma-
tional signs of the exterior have been signifi-
cantly improved; the type of body structure has 
become more consistent with the dairy type. 
Holstein, Dutch, Montbéliard cattle, Jersey, 
Charolais and other breeds are promising for 
improving milk productivity, body structure, 
lactation characteristics, milk quality, 
morphological and functional characteristics of 
the udder, milk yield depending on the cow’s 
level of development and live weight, as well 
as the age of its first insemination and calving 
(Mirulugovna, 2020; Bensaha & Arbouche, 
2014; Vallée-Dassonneville, 2017; Vitorino 
and others, 2017; Tawah et al., 1999). 
The Holstein-Friesian breed dominates in the 
dairy sector, although there is a general concern 
that these cows may not be well adapted to 
certain climatic conditions and livestock 
farming technologies. Rodríguez Bermúdez et 
al. (2019) compared the reproductive ability of 
the Holstein-Friesian breed in different 
livestock management systems, as well as with 
other breeds and crosses having been used. The 
obtained results give grounds to assert that the 
reproductive ability of the Holstein-Friesian 
breed is limited not by the technology of 
management, but by the manifestation of 
estrus, which is less pronounced in Holstein 
than in other breeds. Therefore, the 
reproductive breeding and proper management 
of estrus detection will improve the 
reproductive indicators in the cows of Holstein-
Friesian breed. 
The Montbéliard breed is a part of the 
Simmental breed and is very widely used to 
improve the productive, reproductive and 
technological qualities, as well as the 
harmonious body structure of cows. The 
Montbéliard breed spread from France to other 
European countries, especially Switzerland, 
Romania, Bulgaria, Moldova and Poland (Vidu 
et al., 2011; Ponsart et al., 2014). 
Over the past 40 years, the milk productivity of 
cows has significantly increased due to the use 

of breeds of world leaders in the milk 
production. Different foreign breeds are also 
widely used for intensive livestock farming in 
Ukraine. Therefore, the aim of our study is to 
analyze the main indicators of milk 
productivity in the cows of different French 
breeds, which are used in Ukraine. 
 
MATERIALS AND METHODS 
 
The production facilities of the enterprise are 
located in the village of Mukhovtsy of Nemirov 
district, Vinnytsia region. The enterprise has a 
fully completed production cycle of dairy 
products: its own arable land for growing feed, 
the specialized equipment for harvesting a 
forage base, modern premises for keeping 
cows, a milking parlor equipped with a milking 
complex, as well as the modern equipment for 
storing, cooling and processing milk. 
All equipment for the farm and dairy plant was 
purchased in Germany and Israel; the genetic 
material for breeding dairy cows was imported 
from France. The cows on the farm are kept 
unleashed, with free access to feed, water, and 
walking areas. 
In order to conduct the research, experimental 
groups from Holstein cows (n = 40) and 
Montbéliard cows (n = 34) were formed. 
The data on milk productivity of cows, 
including milk yield per lactation, the average 
daily milk yield, the fat content in milk, the 
amount of milk fat, the protein content, the 
amount of milk protein and live weight were 
used as the material for the study.  
The research used methods generally accepted 
in zootechnics, while the methods of variation 
statistics were used for biometric data 
processing (Basovsky et al., 2001; Lakin, 
1990). 
In order to assess the lactation curve, the 
following indices were determined: 
(Orikhivskyi et al., 2019). 
The first way - according to the formula of 
H. Turner: 

ILC1 =
D
С ,  

where: 
ILC1 is the index of lactation constancy;  
С - milk yield per lactation, kg; 
D - the highest milk yield per month, kg.  
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The second way - according to the formula of  
I. Johansen and A. Hansson: 

ILC2 =
в

а 100× , 

where:  
ILC2 is the index of lactation constancy; 
a - milk yield from the 101st to the 200th day of 
lactation, kg; 
c - milk yield from the 1st  to the 100th day of 
lactation, kg. 
The third way is the index of milk yield decline 
up to 7 months: 

ІYD = 100×
В
а , 

where:  
IYD is the index of milk yield decline up to 7 
months;  
a - actual milk yield for the first 7 months, kg; 
B - total milk yield per lactation. 
 
RESULTS AND DISCUSSIONS 
 
In an unstable economic environment, when 
restructuring dairy farms, the choice of cattle 
for breeding can determine the economic effect 
of running the industry and become a big 
problem. Since each breed reacts in its own 
way to the process of adaptation to certain 
environmental conditions, fodder resources and 
the technology of animal husbandry. 
The Holstein cows of various breeding occupy 
the main segment for milk production in 
Ukraine, but French breeding cows have been 
studied rather poorly. In recent years, other 
foreign breeds of dairy production have also 
begun to be used. There is practically no data 
on the use of Montbéliard breed in Ukraine, 
which aroused our interest in this study. 
Milk productivity in the cows of different 
French breeds. Studies have determined that 
the average milk yield per lactation in the herd 
of Holstein cows was 7662 kg, which 
significantly (P<0.001) exceeded the milk yield 
of Montbéliard cows by 13.2% (Table 1). 
The cows of Holstein breed also reliably 
(P<0.05-0.001) dominated the animals of 
Montbéliard breed in terms of milk yield for 
the first, second, third and older lactations by 
10.4-15.9%; in terms of the average daily milk 
yield - by 8.2-23.0%. 

The quality indicators of milk in the cows of 
Montbéliard breed reliably (P<0.05-0.001) 
dominated those of Holstein breed in terms of 
the fat content in milk by 0.4% (P<0.001), of 
the amount of milk fat - by 16.3% (P<0.05-
0.001), of the protein content - by 0.1% (P 
<0.05-0.001) and the milk protein content - by 
17.8% (P <0.001). 
It was also determined a significant difference 
between the qualitative indicators of Holstein 
and Montbéliard cows (P<0.05-0.001) in the 
first, second, third and older lactations. The 
difference varied in the fat content within the 
range of 0.32-0.41%, in the amount of milk fat 
- 9.0-21.7%, in the protein content - 0.06-
0.15% and the amount of milk protein - 16.3-
19.9%. 
There was no significant difference between 
the live weight of cows in terms of the average 
indicator by the herd, except for the indicator 
of cows of the third lactation and older. 
N. Balandraud, C. Mosnier, L. Delaby,            
F. Dubief et al. (2018) studied the phenotypic 
differences between Montbéliard and Holstein 
breeds. In the similar production environment, 
the Montbéliard cows were found to produce 
by about 12% less milk than the Holstein cows, 
but the fat and protein content in their milk was 
higher.  
The age of the first calving in Holstein cows 
was, on average, by 3 months earlier than in 
Montbéliard cows, but with a lower 
reproductive function (the interval between 
calving was by 25 days longer) and more 
frequent mastitis. 
When analyzing the indicators of 
characteristics variability (Table 2), it was 
found that the variation coefficient of milk 
yield in Holstein cows was 15.8% (high 
characteristics variability); the coefficient of 
the average daily milk yield was 16.8% (high 
characteristics variability); the coefficient of fat 
content in milk was 3.9% (low characteristics 
variability); the coefficient of the amount of 
milk fat was 15.5% (high characteristics 
variability); the coefficient of protein content 
was 2.1% (low characteristics variability); the 
coefficient of the amount of milk protein was 
18.9% (high characteristics variability); the 
coefficient of live weight was 5.2% (medium 
characteristics variability). 
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Table 1. Milk productivity in the cows of French breeding, X ±S x   

Indicators 
Lactation 

І ІІ ІІІ and older X  for herd 
Holstein breed  

n 9 12 29 40 
Milk yield per lactation, kg 6948±185.4 7689±190.5 8350±124.7 7662±163.9 
Average daily milk yield, kg 27.8±0.55 39.4±0.89 48.0±0.44 38.3±0.83 
Fat content, % 3.69±0.01 3.72±0.01 3.78±0.02 3.73±0.02 
Amount of milk fat, kg 265.2±5.45 2.0,8±6.78 325.1±7.65 293.7±7.84 
Protein content, % 3.14±0.02 3.24±0.01 3.28±0.01 3.22±0.01 
Amount of milk protein, kg 213.1±5.74 229.1±5.99 254.0±6.32 232.1±5.24 
Live weight, kg 536±6.78 585±5.90 612±7.23 577.7±6.89 

Montbéliard breed   
n 7 6 21 34 
Milk yield per lactation, kg 5840±145.8*** 6641±173.6*** 7479±128.1*** 6653±154.7*** 

Average daily milk yield, kg 25.5±0.63* 32.9±0.78*** 39.0±0,80*** 32.5±0.78*** 
Fat content, % 4.01±0.01*** 4.13±0.01*** 4.16±0.03*** 4.10±0.02*** 

Amount of milk fat, kg 289.1±6.52* 354.0±7.30*** 382.0±7.42*** 341.7±6.94*** 
Protein content, % 3.20±0.01* 3.35±0.01*** 3.43±0.02*** 3.32±0.01*** 

Amount of milk protein, kg 255.6±6.60*** 267.4±6.32*** 295.3±5.45*** 273.5±6.34*** 

Live weight, kg 545±5.80 588±4.09 634±6.14* 589±5.35 
Note: * Р≤0.05, ** Р<0.01, *** Р<0.001 compared to Holstein breed  

 
Table 2. Indicators of characteristics variability in the dairy cows of French breeding, Сv, % 

Indicators 
Lactation 

І ІІ ІІІ and older X  for herd 
Holstein breed  

n 9 12 29 40 
Milk yield per lactation, kg 12.8 16.4 18.3 17.8 
Average daily milk yield, kg 8.2 90.1 12.1 9.6 
Fat content, % 2.4 5.5 3.8 3.9 
Amount of milk fat, kg 15.0 14.7 16.9 15.5 
Protein content, % 1.9 2.8 1,6 2.1 
Amount of milk protein, kg 17.3 20.4 18.9 18.9 
Live weight, kg 6.0 4.5 5.2 5.2 

Montbéliard breed   
n 7 6 21 34 
Milk yield per lactation, kg 16,.2 18.6 13.8 16.2 
Average daily milk yield, kg 6.6 9.7 8.9 8.4 
Fat content, % 1.9 3.4 5.9 3.7. 
Amount of milk fat, kg 18.1 12.7 10.1 13.6 
Protein content, % 1.8 2.6 4.0 2.8 
Amount of milk protein, kg 16.6 17.9 20.5 18.3 
Live weight, kg 3.2 5.9 8.0 5.7 

 
The indicator of the variation coefficient of 
milk yield in the cows of Montbéliard breed 
was 16.2% (high characteristics variability); the 
coefficient of the average daily milk yield was 
8.4% (medium characteristics variability); the 
coefficient of fat content in milk was 3.7% 
(low characteristics variability); the coefficient 
of the amount of milk fat was 13.6% (medium 
characteristics variability), the coefficient of 
protein content was 2.8% (low characteristics 

variability); the coefficient of the amount of 
milk protein was 18.3% (high characteristics 
variability); the coefficient of live weight was 
5.7% (medium characteristics variability). 
Consequently, the coefficient of variability of 
milk yield, fat and protein content in milk is not 
constant and is corrected by the influence of 
environmental factors, the intensity and type of 
breeding, as well as by the genetic structure of 
the herd. 
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It has been found that the indicators of milk 
productivity of Holstein cows versus those of 
Montbéliard cows are characterized by a high 
degree of phenotypic variability. 
The uniformity of lactation in the cows of 
French breeding. Milk productivity largely 
depends on the nature of the formation of 
cows’ lactation, the value of the maximum milk 
yield and the ability to maintain milk yield at a 
certain level for a long time. The uniformity of 
lactation is characterized by a coefficient of 
constancy, which can be determined in various 
ways (Karateeva & Polishchuk, 2018). 

Under the optimal conditions of feeding and 
keeping cows, daily milk yield in the first 
months of lactation, as a rule, increases and 
reaches a maximum in the second month of 
lactation. Subsequently, milk yield for lactation 
decreases and the lactation curve falls. But our 
studies have defined a different intensity of 
lactation decline and the level of milk yield 
depends on the breed characteristics of dairy 
cows (Orikhivskyi et al., 2019). 
The studies have determined that the milk yield 
of Holstein cows was significantly higher 
(Table 3). 

 
Table 3. Indicators of lactation constancy in the dairy cows of French breeding, X ±S x  

Indicators 
Lactation 

І ІІ ІІІ and older X  for herd 
Holstein breed 

n 9 12 29 40 
Milk yield per lactation, kg 6948±185.4 7689±190.5 8350±124.7 7662±163.9 
Index of lactation constancy 
according to I. Johansen and 
A. Hansson, % 

91.9±0.95 90.4±1.54 96.3±0.83 90.1±1.84 

Index of lactation constancy 
according to H. Turner, %  7.7±0.25 7.9±0.41 8.2±1.10 7.9±0.83 

Index of milk yield decline  
up to 7 months, % 80.5±1.67 83.4±2.14 88.1±1.85 84.0±1.94 

Montbéliard breed 
n 7 6 21 34 
Milk yield per lactation, kg 5840±145.8*** 6641±173.6*** 7479±128.1*** 6653±154.7*** 

Index of lactation constancy 
according to I. Johansen and 
A. Hansson, % 

92.4±1.12 95.6±1.39* 94.3±1.84 94.1±2.14 

Index of lactation constancy 
according to H. Turner, %  7.5±1.10 7.6±1.82 7.9±0.93 7.7±1.64 

Index of milk yield decline  
up to 7 months, % 82.8±2.51 84.9±1.74 85.9±1.65 84.5±2.10 

Note: * Р≤0.05, ** Р<0.01, *** Р<0.001 compared to Holstein breed 

There was no significant difference in the 
groups between the indices of lactation 
constancy and the decline in milk yield, except 
for the indicator of the second lactation of 
Holstein cows. 
The data in the Table show that lactation of 
experimental cows of both breeds is 
characterized by a high indicator of lactation 
constancy according to I. Johansen and 
A. Hanson and H. Turner (90.1 and 94.1%; 7.7 
and 7.9%). The index of milk yield decline in 
Holstein and Montbéliard cows was at the same 
level. 
So, the main indicator characterizing the 
lactation activity of dairy cattle is the amount 

of milk received during lactation, and the latter 
one is due to high milk yields per month and 
the stability of lactation. The lactation in the 
cows of Holstein and Montbéliard breeds is 
characterized by constancy, since the higher are 
the indices, the more stable is the lactation 
curve of the cows under study. 
Assessment of the cows’ lactation activity 
Milk productivity of a dairy herd is one of the 
main indicators characterizing the efficiency of 
dairy cattle breeding. The optimal internal and 
external factors of cow productivity directly 
depend on the dynamics of milk yield during 
lactation, displayed by the lactation curve. In 
the production conditions, preference is given 
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to the cows, the yield curve of which gradually 
increases and decreases evenly, which means 
that such animals have a high lactation activity. 
The high and stable lactation curve indicates 
the cow’s ability to withstand a prolonged 
physiological stress for a long time 
(Orikhivskyi et al., 2019; Karateeva & 
Polishchuk, 2018).  
But even if these conditions are optimal, the 
productivity is uneven during lactation. The 
highest milk yield occurs in the first 2-3 
months after the calving of cows, and then 

begins to gradually decrease until the end of 
lactation. The period of calving has a 
significant effect on reducing milk yield. 
There are several ways to assess the course of 
lactation activity, among which the simplest is 
to graphically depict changes in daily or 
monthly milk yield. 
The study of the lactation curves of Holstein 
cows shows that the animals had the maximum 
productivity during the 2nd month of lactation, 
and then the lactation curve passed with 
different intensities (Figure 1). 
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Figure 1. Lactation curves of monthly milk yield in the cows of Holstein breed  
 
At the same time, the cows of the third and 
older lactations had the highest monthly milk 
yields; subsequently, they gradually decreased 
monthly with a rapid fall after the fifth month 
of lactation. In this case, the animals first 
increase milk secretion at the expense of a 
physiological maximum. The lactation curve is 
characterized by a high index of milk yield 
decline, which indicates that the conditions of 
keeping, feeding and using animals of this 
breed provide the highest productivity. 
However, in such conditions, the cows of the 
second lactation reduce productivity with a 
slightly more intense decline from the third to 
the fifth month of lactation. On average for a 

herd of Holstein cows, the curve is charac-
terized by a similar decline from the third to the 
fifth month of lactation. 
The lactation curve of the first lactation cows 
showed a high milk yield after calving in the 
second or third month of lactation and was 
characterized by a stable decrease in milk yield 
in the following months until the end of 
lactation. 
The milk yield curves in Montbéliard cows 
were characterized by rapid growth to the peak 
of lactation with a decrease by certain months 
and a subsequent gradual decrease until its end 
(Figure 2). 
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Figure 2. Lactation curves of monthly milk yield in the cows of Montbéliard breed 
 
The lactation curve in the cows of the first 
lactation increased until the second month of 
lactation and gradually decreased until its end. 
The curve in the cows of the third and older 
lactations increased until the second month and 
fell rapidly until the fifth; then a gradual 
decrease was recorded. The second lactation of 
experimental cows is characterized by a rapid 
increase in milk yield until the second month of 
lactation, decreasing to the fourth month; after 
that a stable decrease in milk yield was 
observed in the following months until the end 
of lactation. On average, the herd of 
Montbéliard cows showed a rapid increase by 
the second month, a stable decrease until the 
fourth month of lactation and a gradual 
decrease until its end. 
Consequently, the formation of lactation curves 
makes it possible to determine a positive or 
negative effect on the productivity of the breed 
characteristics of cows. By the course of 
lactation, the Holstein cows can be attributed to 
the type of cows with high and constant 
productivity and a uniform course of lactation, 
while the Montbéliard breed to those that 
immediately after calving show high 
productivity, which subsequently sharply 

decreases; the lactation curve after a short 
upward movement quickly decreases. 
A number of foreign scientists have also been 
involved in identifying different forms of the 
lactation curve for dairy cattle using empirical 
mathematical models (Macciotta, et al., 2019; 
Congleton & Everett, 1980; Landete-Castillejos 
& Gallego, 2000). 
The correlation between mathematical 
characteristics and lactation curve shapes were 
analyzed by N.P.P. Macciotta, D. Vicario,              
A. Cappio-Borlino (2005) by selecting several 
common functions (Wood incomplete gamma, 
Wilmink's exponential, Ali and Schaeffer's 
polynomial regression, and fifth-order 
Legendre polynomials). Among the studied 
models, the three-parameter models (Wood and 
Wilmink) corrected the lactation activity better 
and were able to identify 2 main groups of the 
curve shape: standard and atypical. The five-
parameter models (Ali and Schaeffer's function 
and Legendre polynomials) were able to 
recognize more curve shapes. However, each 
group of curves can be considered as a result of 
a certain deformation of two main forms, 
standard or atypical, which become more 
variable due to the presence of waves in the 
second half of lactation. 
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The other authors state that the appearance of 
curves without peak lactation is mainly the 
result of a lack of recordings in the early days 
of lactation (Congleton & Everett, 1980). 
T. Landete-Castillejos & L. Gallego (2000) 
also reported about differences in the ability of 
models to describe different forms of the 
lactation curve. 
Assessment of dairy cows of French 
breeding according to the udder shape. The 
assessment of shape, size and health of the 
udder in the lactating cows during breeding is 
of great importance since the minimum body 
weight is reached earlier than the peak milk 
yield, and much earlier than the peak feed 
intake. The genetic breeding for a higher milk 
yield will result in the cows with lower body 
weight gain during lactation and therefore the 
cows that are less well prepared to meet the 

energy requirements of subsequent lactation. 
The breeding of cows based on milk production 
alone will increase the physiological load on 
the udder and therefore increase the incidence 
of mastitis (Søndergaard et al., 2002). 
A deep and well-attached udder is closely 
associated with high productivity. The udder 
must be well attached to support more milk 
without functional problems. The placement of 
the teats for mechanical milking should be 
vertical and their size should be the same to fit 
the teat cup. Therefore, we were tasked with 
assessing the shape and size of the udder in the 
dairy cows of studied groups, as well as their 
suitability for machine milking technologies. 
It was found that among the Holstein cows the 
majority of animals (70%) had a bath-like 
udder shape, while the percentage among the 
Montbéliard breed was 74% (Table 4). 

 
Table 4. Assessment of dairy cows of French breeding according to the udder shape 

Indicators 

Parameters including the udder shape  

bath-like cupped  X  by herd 

n % X ±S x  n % X ±S x  X ±S x  
Holstein breed, n = 40 

One-time milk yield, kg  28 70 18.6±0.31 12 30 18.1±0.26 18.4±0.28 
Tme of milking, min. 28 70 9.62±0.220 12 30 8.33±0.32 8.85±0.193 
Intensity of milk flow, kg/min  28 70 2.08±0.018 12 30 2.09±0.026 2.08±0.022 

Montbéliard breed, n = 34 
One-time milk yield, kg 25 74 17,.6±0.29* 9 26 17.4±03.8 17.5±0.33* 

Tme of milking, min. 25 74 9.62±0.351 9 26 9.49±0.362* 9.56±0.356 
Intensity of milk flow, kg/min 25 74 1.84±0.026*** 9 26 1.82±0.032*** 1.83±0.029*** 

Note: * Р≤0.05, ** Р<0.01, *** Р<0.001 compared to Holstein breed  
 
As a result of the studies carried out, it was 
found that the cupped shape of the udder is 
characteristic for both Holstein (30%) and 
Montbéliard cows (26%). The animals of 
Holstein breed are characterized by high 
intensity of milk yield (2.08 kg/min) under the 
conditions of milking on the automated 
installation “Parallel”, which was by 12.0% 
higher than the same indicator of Montbéliard 
breed (1.83 kg/min) (P≤0.001). This is due to 
their manufacturability and better suitability for 
machine milking and intensive technology 
conditions. 
In order to assess effectively the udder 
condition of highly productive cows during 
their breeding for machine milking at modern 
dairy complexes, Palii et al. (2020) developed a 
methodology that provides the classification of 
the udder into the following categories: 

Category I (not suitable); II category (suitable); 
Category III (not suitable). The minimum 
percentage of cows leaving the main herd 
according to this method was determined by 
linear assessment indicators: the udder depth (6 
points), the attachment of the front lobes of the 
udder (5 points) and the placement of the front 
teats (6 points). 
Gussmann et al. (2019) used records from the 
Danish cattle database to identify factors 
associated with culling at different stages of 
lactation, with particular attention to udder 
health. The authors proved that most of the 
factors were predominantly motivating factors 
for culling, however, high average milk yield 
reduced the possibility of culling. For early 
lactation cows, the treatment of dry cows in the 
previous lactation also reduced the risk of 
culling in most herds. 
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CONCLUSIONS 
 
Thus, the obtained results make it possible to 
assert that the French breeds of cows are well 
adapted for breeding in Ukraine, and their 
breed influences the efficiency of milk 
production. Based on the foregoing, it can be 
concluded that Holstein cows, in terms of 
lactations, are characterized by better milk 
yield, but at the same time they are inferior to 
Montbéliard cows in terms of quality 
indicators, namely, the content and amount of 
milk fat and protein. 
It has been proved that lactation in the 
experimental cows of both breeds is 
characterized by a high coefficient of lactation 
constancy and index of milk yield decline, 
which indicates the stability of their lactation 
curves. By the course of lactation, the Holstein 
cows can be attributed to the type of cows with 
high and constant productivity and a uniform 
course of lactation, while the Montbéliard 
breed to those that immediately after calving 
show high productivity, which subsequently 
sharply decreases. Their lactation curve after a 
short upward movement quickly decreases. 
It was found that among the Holstein cows the 
majority of animals (70%) had a bath-like 
udder shape, while the percentage among the 
Montbéliard breed was 74%. The animals of 
Holstein breed are characterized by high 
intensity of milk yield under the conditions of 
milking on the automated installation 
“Parallel”, which was higher than the same 
indicator of Montbéliard breed. 
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Abstract 
 
The study evaluated the content of photosynthetic pigments (Chl, Car) and the Chl/Car ratio in wheat leaves, Alex 
cultivar, in relation to fertilization rate. Mineral fertilizers with N (0-200 kg ha-1) and P, respectively K (0-150 kg ha-1) 
generated 11 experimental variants. The tests were performed on the flag leaf (BBCH 7 stage). The chlorophyll content 
(Chl) varied between 34.73 ± 1.14 units in the control variant (V1) and 60.52 ± 1.17 units in the V8 variant. The 
carotenoid content (Car) varied between 4.51 ± 0.18 units in the control variant (V1) and 11.41 ± 0.27 units in the V11 
variant. The Chl/Car ratio was calculated, which recorded values between 7.70 ± 0.15 in the control variant (V1) and 
5.27 ± 0.08 in the V11 variant. Different correlations were found between photosynthetic pigments and N, respectively 
P, K (eg. r = 0.832 between Chl and N; r = 0.828 between Car and N; r = 0.717 between Car and P, K; r = -0.770 
Chl/Car and N; r = -0.728 between Chl/Car and P, K). The regression analysis facilitated the obtaining of some 
variation models of Chl, Car and the Chl/Car ratio in relation to N and P, respectively K, in statistical safety 
conditions. 
 
Key words: Chl/Car ratio, fertilizers, flag leaf, photosynthetic pigments, wheat. 
 
INTRODUCTION 
 
Chlorophyll (a,b) and several types of 
carotenoids are present as pigments in the 
leaves of all plants (Esteban and García-
Plazaola, 2016; Fernández-Marín et al., 2018). 
Chlorophyll (Chl) is the pigment with high 
significance and important role in the process 
of photosynthesis of plants (Li et al., 2018). 
Concentration values of photosynthetic pig-
ments in leaves have specific and physiological 
determinations and constraints (Niinemets, 
2007). 
A series of studies evaluated chlorophyll but 
also other plant pigments in relation to different 
conditions and influencing factors, given the 
importance of photosynthetic pigments for the 
plant organisms functioning, and for plants far-
ming systems productivity. The content of 
chlorophyll pigments in plant leaves varies 
according to a number of internal and external 
factors (Esteban et al., 2015). Chlorophyll con-
tent varies with plant species, genotypes (natu-
ral or cultivated), growth conditions, stressors 
and others (He et al., 2019; Motyka et al., 2020). 

The content of photosynthetic pigments for 
non-stressed plants was evaluated from various 
databases, which included over 800 species 
(Esteban et al., 2015; Fernández-Marín et al., 
2017). 
Ivanov et al. (2013) studied chlorophyll pig-
ments in leaves in relation to the longitudinal 
gradient and found the variation of the 
chlorophyll/carotenoid ratio from 5.6 to 3.5. 
The variation of chlorophyll and carotenoid 
pigments in some plant species was recorded 
depending on the edaphic variable condition 
(Zielewicz et al., 2020), different light condi-
tions (Lima et al., 2017). The distribution of 
photosynthetic pigments in leaves is influenced 
by stress factors (environmental stress, eg. 
diseases, pests, heavy metal) and is considered 
an indicator of stress levels (Zeng et al., 2021). 
Leaf pigment has been studied in relation to 
common bean pathogens (Lobato et al., 2010). 
Some studies have taken into account and 
analyzed the size of the leaves, the total leaf 
area, the one affected by pathogens and the 
functional photosynthetic one (Drienovsky et 
al., 2017a, 2017b). 
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Non-destructive methods for determining 
photosynthetic pigments have been used in 
various studies (Cassol et al., 2008; Brito et al., 
2011; Liang et al., 2017; Wood et al., 2020), 
with the advantages that they are practical, fast, 
precise and ensures the obtaining of infor-
mation in the conditions of keeping the 
samples, the dynamic analysis of the samples, 
etc. The study of chlorophyll and carotenoid 
pigments and their ratio were evaluated by 
hyperspectral reflectance in Japanese 
horseradish (Sonobe et al., 2020). Chlorophyll 
and carotenoids have been studied in relation to 
different proteic systems protection (e.g. 
OHP1/2, LHC/LIL), as mechanisms for the 
protection of the plant photosynthetic apparatus 
(Psencik et al., 2020). 
High importance present the content of 
photosynthetic pigments in agricultural crops, 
from the ecophysiological perspective, agro-
ecosystems functionality and agricultural yields 
(Rawashdeh and Sala, 2013; Esteban et al., 
2015; Shafiq et al., 2021). The photosynthetic 
pigments content has been studied in relation to 
the senescence of the flag leaf in wheat plants 
in field conditions (Lu et al., 2001). The 
chlorophyll content in vegetables was studied 
in intercropping conditions (tomato/lettuce) and 
differentiated use of light (da Cunha-
Chiamolera et al., 2017). 
Variation in chlorophyll content in some crop 
plant species has been studied in relation to 
different types and doses of fertilizers and soil 
management systems (Kulsum et al., 2007; 
Bojović and Marković, 2009; Wang et al., 
2009; Davaran-Hagn et al., 2015; Fiorentini et 
al., 2019; Purbajanti et al., 2019).  
For the characterization of some species and 
varieties of agricultural interest, and the 
management of agricultural crops, some studies 
evaluated the chlorophyll content based on 
satellite or aerial images, which facilitated the 
creation of models for crop evaluation and 
estimation of agricultural production (Herbei 
and Sala, 2016; Constantinescu et al., 2018; 
Croft et al., 2019). 
Photosynthetic pigments have also been studied 
in relation to stressors and protective 
mechanisms of cultivated plants. Chlorophyll 
and carotenoids in corn leaves have been 
evaluated in relation to exposure to heavy 
metals, e.g. cadmium (Drazkiewicz and 

Baszyński, 2005; Alpha et al., 2009), and in 
some roadside plant communities in relation to 
different heavy metals (Popova, 2017). 
The present study evaluated the variation in the 
content of photosynthetic pigments in wheat 
plants in relation to mineral fertilization. 
 
MATERIALS AND METHODS 
 
The study evaluated the content of 
photosynthetic pigments (chlorophyll a and b, 
Chl; carotenoids, Car) and the Chl/Car ratio in 
wheat leaves in relation to different fertilization 
rate with N and P, respectively K. 
The Alex wheat cultivar was used as a 
biological material. 
Different levels of fertilization were performed 
with P, K (0, 50, 100 and 150 kg ha-1) and N (0, 
50, 100, 150 and 200 kg ha-1), associated in 11 
experimental variants (V1-V11). The fertilizers 
used were complex type (NPK; 15:15:15), and 
ammonium nitrate. 
The content of photosynthetic pigments in the 
leaves (Chl and Car) was determined by non-
destructive methods. The chlorophyll content 
was determined with a portable 
chlorophyllmeter SPAD 502Plus (KONICA 
MINOLTA), and the carotenoid content was 
determined with a portable ACM-200 Plus 
device (OPTI-SCIENCES). 
Photosynthetic pigments (Chl and Car) were 
determined on the flag leaf, in the BBCH 7 
stage - Development of fruit (Meier, 2001). 
Determinations were made on 25 leaves in each 
experimental variant, in three repetitions, 
randomized in each plot. 
Based on the values of the content of 
chlorophyll (Chl) and carotenoids (Car), the 
Chl/Car ratio was calculated on each leaf 
sample, respectively the experimental variant. 
The distribution of the experimental data series 
for the Chl, Car indices and the Chl/Car ratio 
was analyzed. The experimental data were 
analyzed by ANOVA test, correlation analysis, 
regression analysis, Cluster analysis. 
For the statistical interpretation of the results 
were used the parameter p (p<0.05), the 
correlation and regression coefficients (r, R2), 
the cophenetic coefficient (Coph.corr.), 
similarity and distance indices (SDI), and 
RMSEP, equation (1). 
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PAST software (Hammer et al., 2001) and 
Wolfram Alpha (2020) were used for statistical 
processing and analysis of experimental data. 
 
RESULTS AND DISCUSSIONS 
 
Through differentiated fertilization with N and 
P, respectively K, wheat plants, Alex cultivar, 
benefited from various levels of nutrition. This 
was reflected and quantified in the flag leaf, in 
the content of photosynthetic pigments, 
chlorophyll (Chl) and carotenoids (Car) (Table 

1). The chlorophyll content varied between 
34.73 ±1.14 SPAD units in the control variant 
(V1) and 60.52 ± 1.17 SPAD units, in the case 
of the V8 variant. The carotenoid content (Car) 
varied between 4.51 ± 0.18 units in the control 
variant (V1) and 11.41 ± 0.27 units in the V11 
variant. Based on the Chl and Car values 
recorded, the Chl/Car ratio was calculated, 
which varied between 7.70 ± 0.15 in the control 
variant (V1) and 5.27 ± 0.08 in the V11 variant. 
The statistical analysis of the experimental data 
showed a normal distribution of the values of 
the studied photosynthetic pigments (Chl, Car) 
and of the Chl/Car ratio (Figure 1). 

Table 1. Average values of photosynthetic pigments depending on fertilization rate, flag leaf, Alex wheat cultivar 

Trial N P,K Chl Car Chl/Car 

V1 0 0 34.73±1.14 4.51±0.18 7.70±0.15 

V2 100 0 46.17±1.15 6.26±0.25 7.38±0.19 

V3 200 0 57.29±1.02 9.40±0.31 6.09±0.18 

V4 50 50 45.83±0.81 6.94±0.21 6.61±0.14 

V5 100 50 54.94±0.85 9.30±0.24 5.91±0.13 

V6 200 50 57.16±1.33 10.72±0.44 5.33±0.13 

V7 100 100 55.68±0.76 9.43±0.36 5.90±0.13 

V8 150 100 60.52±1.17 10.87±0.35 5.57±0.11 

V9 200 100 59.51±1.05 10.81±0.32 5.51±0.12 

V10 150 150 57.91±0.59 10.18±0.29 5.69±0.12 

V11 200 150 60.12±0.76 11.41±0.27 5.27±0.08 

 

 
Figure 1. Distribution histograms of data series for studied physiological indices, wheat Alex cultivar (Chl data values - 

green colour; Car data values - red colour; Chl/Car ratio values - blue colour) 
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Statistical analysis on the distribution of values 
in each set of experimental data, led to 
abundance distribution models, as geometric 
model, for each index studied, Figure 2; k: 

0.002264, chi2: 68.8, p (same): 1, for Chl, 
figure 2 (a); k: 0.004015, chi2: 18.54, p (same): 
1 for Car, figure 2 (b); k: 0.002048, chi2: 3.027, 
p (same): 1 for Chl/Car ratio, Figure 2 (c). 

 

 
Figure 2. Geometric model of abundance distribution: (a) - Chl; (b) - Car; (c) - Chl/Car ratio 

 
There was a high variation of chlorophyll 
content under the influence of N, on the levels 
of P and K respectively. 
Thus, at the level of PK 0, the chlorophyll 
content varied between 34.73 ± 1.14 and 57.29 
± 1.02 SPAD units, related to the variation N 
between 0 - 200 kg ha-1. At the PK 50 level, the 
chlorophyll content varied between 45.83 ± 
0.81 and 57.16 ± 1.33 SPAD units, related to 
the N variation between 50 - 200 kg ha-1. At the 
level of PK 100, Chl varied between 55.68 ± 
0.76 and 60.52 ± 1.17 SPAD units, 
corresponding to the variation N between 100 
and 200 kg ha-1. At the level of PK 150, Chl 
varied between 57.91 ± 0.59 and 60.12 ± 0.76 
SPAD units, afferent N 150 - 200 kg ha-1. 
Similarly, the variation of the carotenoid 
content was registered, but on a small scale of 
values, on the 4 levels of PK provided, and 
depending on the doses of N. 
Different levels of correlation were found 
between the values of photosynthetic pigments 

and fertilizers (N, respectively P, K). Strong 
positive correlations were found between Chl 
and N (r = 0.832) and between Car and N (r = 
0.828). Moderate correlations were found 
between Car and P (r = 0.717), between the 
Chl/Car ratio and N (r = -0.770), respectively 
between Chl/Car ratio and P (r = -0.728). A 
weak correlation was found between Chl and P 
(r = 0.655). 
Also, there were very strong, positive 
correlations between Chl and Car (r = 0.977), 
and very strong negative correlations between 
the values of the Chl/Car ratio and Chl (r = -
0.939), respectively between Chl/Car ratio and 
Car (r = -0.984). 
The interdependence relationship between the 
content of photosynthetic pigments (Chl and 
Car), under the influence of N and P, 
respectively K, under experimental conditions, 
was described by a polynomial equation of 
degree 2, equation (2), under conditions of 
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statistical safety (R2 = 0.853, p <0.001, F = 
759.39). 

2.486x0.05137x0.00316Car 2 +−=     (2) 

where: x - Chl (Chlorophyll content in wheat 
leaves, SPAD units) 
By the simple regression analysis, the variation 
of the studied photosynthetic pigments (Chl, 
Car) was evaluated and in relation to the 
fertilizing elements N and P, respectively K, as 
a direct relation. 
The Chl variation in relation to N was 
described by a polynomial equation of degree 
2, under conditions of R2 = 0.885, p = 0.00017, 
equation (3). In relation to P (or K), the Chl 
variation was described by equation (4), under 
conditions of R2 = 0.467, p = 0.0808. 
The Car variation, as a function of N was 
described by equation (5), under conditions of 
R2 = 0.799, p = 0.00162, and in relation to P 
(respectively K), the Car variation was 
described by equation (6) under conditions of 
R2 = 0.560, p = 0.0374. 

47.3425210.65190000.Chl 2 ++−= NN     (3) 

83.45090260.15040000.Chl 2 ++−= PP     (4) 

415.4053380.110000.Car 2 ++−= NN     (5) 

72.6054750.0001836Car 2 ++−= PP     (6) 

Multiple regression analysis facilitated the 
obtaining of equations that described the 
variation of photosynthetic pigments 
(chlorophyll - Chl; carotenoids - Car) and the 
Chl/Car ratio in wheat leaves in relation to N 
and P (respectively K), as a direct relation and 
of interaction, in statistical safety conditions 
(R2 = 0.950, p <0.001). 
The variation in chlorophyll (Chl) content was 
described by equation (7). The graphical 
distribution in 3D format and in the form of 
isoquants of Chl in relation to N (x-axis) and P, 
respectively K (y-axis) is shown in Figures 3 
and 4. Based on the values of the equation (7) 
coefficients, the optimal values for N and P 
(respectively K) in relation to Chl in the flag 
leaf in wheat plants were calculated. Thus, 
resulted the values xopt = 142.37 kg a.s. ha-1 N, 
and yopt = 113.72 kg a.s. ha-1 P, respectively K. 

fexydycxbyax +++++= 22Chl      (7) 

where: Chl - Chlorophyll content in wheat leaves 
(SPAD units); 
x - N doses (kg a.s. ha-1); 

y - P,K doses (kg a.s. ha-1); 
a, b, c, d, e, f - coefficients of the 

equation (7); 
a= -0.0016510; 
b= -0.0007375; 
c= 0.6127788; 
d= 0.3463489; 
e= -0.0012544; 
f= 0. 

 
Figure 3. 3D variation model of Chl in wheat,  

Alex cultivar, depending on N (x - axis), and P, 
respectively K (y - axis) 

 

 
Figure 4. Variation model in the form of isoquants of Chl 
in wheat, Alex cultivar, depending on N (x - axis) and P, 

respectively K (y - axis) 
 
From the regression analysis was obtained the 
equation (8) which described the variation of 
the carotenoid content (Car) depending on N 
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and P (respectively K), as a direct and 
interaction effect, in conditions of statistical 
safety, p <0.001. The graphical distribution of 
Car values in relation to N and P, respectively 
K, is rendered in 3D and in isoquants format in 
Figures 5 and 6. 

fexydycxbyax +++++= 22Car      (8) 

where: Car - Carotenoid content in wheat 
leaves; 

x - N doses (kg a.s. ha-1); 
y - P, K doses (kg a.s. ha-1); 
a, b, c, d, e, f - coefficients of the 

equation (8); 
a= -0.0001489; 
b= -0.0001960; 
c= 0.0767617; 
d= 0.0831694; 
e= -0.0002369; 
f= 0. 

 
Figure 5. 3D variation model of Car, Alex cultivar, 

depending on N (x - axis), and P, respectively K (y - 
axis) 

 

 
Figure 6. Variation model in the form of isoquants of Car 
in wheat, Alex cultivar, depending on N (x - axis) and P, 

respectively K (y - axis) 
 
Based on the values of the equation (8) 
coefficients, the optimal values for N and P 

(respectively K) were calculated in relation to 
Car. Thus, the values xopt = 171.39 kg a.s. ha-1 
N, respectively yopt = 108.52 kg a.s. ha-1 P, 
respectively K were obtained. 
From the analysis of the optimal values of 
fertilizers in relation to Chl and Car, a large 
difference was found regarding nitrogen N, and 
close values for P, respectively K. Thus, in 
relation to Chl, the value of 142.37 kg a.s. ha-1 
N, and in relation to Car the value of 171.39 kg 
a.s. ha-1 N, were found, with a difference of 
29.02 kg a.s. N. Regarding P, respectively K, in 
relation to Chl the value 113.72 kg a.s. ha-1 (P, 
respectively K), and in relation to Car the value 
of 108.52 kg a.s. ha-1 (P, respectively K) was 
obtained, with a difference of 5.20 kg a.s. 
This shows that N was determinant in the 
variation of the differences in the Chl/Car ratio 
in wheat leaves, while P and K respectively 
generated minor differences in the experimental 
conditions. 
The regression analysis was also used to 
analyze the variation of the Chl/Car ratio in 
relation to N and P, respectively K, and 
equation (9) was obtained, in statistical safety 
conditions, R2 = 0.827, p <0.001. 

fexydycxbyax +++++= 22Chl/Car     (9) 

where: Chl/Car - Chlorophyll/Carotenoids ratio 
in  

wheat, flag leaves; 
x - N doses (kg a.s. ha-1); 
y - P, K doses (kg a.s. ha-1); 
a, b, c, d, e, f - coefficients of the 

equation (9); 
a= -0.0003855; 
b= -0.0000391; 
c= 0.1079403; 
d= 0.0014652; 
e= -0.0000321; 
f= 0. 

 
The graphical distribution of the values of the 
Chl/Car ratio in relation to N and P, 
respectively K, is shown in 3D form and in the 
form of isoquants in Figures 7 and 8.  
From the analysis of the graphical distribution, 
figure 7, it was found that the variation of the 
Chl/Car ratio was significantly determined by 
N, and the contribution of P, respectively K 
was minor, in the conditions of the present 
study. 
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Figure 7. 3D variation model of Chl/Car ratio,  

Alex cultivar, depending on N (x - axis), and P, 
respectively K (y - axis) 

 

 
Figure 8. Variation model in the form of isoquants  
of Chl/Car ratio in wheat, Alex cultivar, depending  

on N (x - axis) and P, respectively K (y - axis) 

Cluster analysis facilitated the grouping of 
variants according to the degree of similarity in 
relation to Chl and Car, Figure 9, in statistical 
safety conditions (Coph. Corr = 0.868).  
Resulted two distinct clusters, with several sub-
clusters. A C1 cluster comprised variants V1 
(with the lowest values Chl and Car) and 
variants (V2, V4). Cluster C2 comprised the 
other 8 variants, grouped into two subclusters 
C2-1 and C2-2. Subcluster C2-2 comprised 
variants [(V8, V11) V9] with the best results 
for the studied photosynthetic pigments. 
Subcluster C2-1 included the other variants, 
with intermediate values for Chl and Car [(V5, 
V7), and V3 (V6, V10)]. 
From the analysis of similarity and distances 
indices (SDI), Table 2, a very high level of 
similarity was found between variants V8 and 
V11 (SDI = 0.73593), followed by variants V5 
and V7 (SDI = 0.7514), variants V9 and V11 
(SDI = 0.88865), and variants V6 and V10 
(SDI = 0.99182). At the level of the other 
variants, the SDI values registered supraunitary 
values, gradually increasing, between SDI = 
1.0136 at the level of variants V8 and V9, up to 
SDI = 26.423 which indicated the maximum 
distance of similarity in the case of the study 
(V1 and V11). 

 

 
Figure 9. Diagram of the cluster distribution, based on the Euclidean distances  

of the experimental variants, in relation to the photosynthetic pigments (Chl, Car) 
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Table 2. SDI values in wheat fertilized variants, Alex cultivar, in relation to Chl and Car 

  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 

V1   11.577 23.14 11.415 20.847 23.394 21.595 26.648 25.662 23.948 26.423 

V2 11.577   11.627 1.0821 9.3976 12.036 10.133 15.181 14.218 12.492 15.019 

V3 23.14 11.627   11.733 2.359 1.5287 1.6214 3.5867 2.6931 1.0737 3.5667 

V4 11.415 1.0821 11.733   9.4367 12.012 10.185 15.242 14.259 12.541 15.033 

V5 20.847 9.3976 2.359 9.4367   2.6984 0.7514 5.8066 4.8296 3.1054 5.6298 

V6 23.394 12.036 1.5287 12.012 2.6984   2.0444 3.3719 2.3586 0.99182 3.04 

V7 21.595 10.133 1.6214 10.185 0.7514 2.0444   5.0604 4.0897 2.3621 4.9021 

V8 26.648 15.181 3.5867 15.242 5.8066 3.3719 5.0604   1.0136 2.7023 0.73593 

V9 25.662 14.218 2.6931 14.259 4.8296 2.3586 4.0897 1.0136   1.729 0.88865 

V10 23.948 12.492 1.0737 12.541 3.1054 0.99182 2.3621 2.7023 1.729   2.5639 

V11 26.423 15.019 3.5667 15.033 5.6298 3.04 4.9021 0.73593 0.88865 2.5639   

 
The estimation of the variation of the pigments 
Chl and Car, as well as of the Chl/Car ratio in 
the wheat flag leaf, Alex cultivar, in relation to 
the mineral elements N and P (respectively K) 
was possible in statistical safety conditions. 
The prediction of photosynthetic pigments 
based on N and P (respectively K) was possible 
in conditions of RMSEP = 12.14465 for Chl, in 
conditions of RMSEP = 2.10540 for Car and 
respectively in conditions of RMSEP = 
2.60288 for the Chl/Car ratio. 
The models that best described the variation of 
Chl, Car and the Chl/Car ratio according to the 
fertilizing elements were of the polynomial 
type of degree 2, in statistical safety conditions. 
The regression analysis facilitated the obtaining 
of equations that described the variation of the 
Chl, Car pigments and of the Chl/Car ratio, as a 
direct effect and of the interaction of the 
fertilizing elements, in conditions of statistical 
safety. 
Also, based on the equations resulting from the 
regression analysis, it was possible to find the 
optimal values of N and P (respectively K) in 
relation to Chl, Car and Chl/Car ratio. 
Kulsum et al. (2007) reported linear models of 
variation of Chl in the species Vigna mungo L. 
in relation to N doses, in the range 0 - 100 kg N 
ha-1, in statistical safety conditions (R2 = 
0.7631 to R2 = 0.8599). 
Rawashdeh and Sala (2015) reported a 
significant increase (p = 0.05) in the content of 
chlorophyll in wheat leaves, Alex cultivar, in 
relation to foliar fertilization with Fe and B. 
Zhang et al. (2016) found the differentiated 
influence of the thermal factor, respectively N 
on Chl and Car in the species Phragmites 

communis and Leymus chinensis, in Temperate 
Meadow Ecosystem conditions. 
Constantinescu et al. (2018) evaluated the Chl 
variation in relation to different cereals 
genotypes and obtained a model of 
interdependence between fresh biomass and 
Chl, in the characterization of the studied 
genotypes. 
 
CONCLUSIONS 
 
The photosynthetic pigments Chl and Car 
showed a close variation in relation to the 
fertilizing elements N and P (respectively K), 
highlighted at the level of correlation 
coefficients, in conditions of statistical safety. 
Polynomial models, of the grade 2, described 
the variation Chl and Car in direct relation to 
N, and P, respectively K. The Chl/Car ratio 
showed a decreasing trend in relation to the 
increase of fertilizer doses (N, P and K, 
respectively), in the studied conditions. 
The regression analysis facilitated the obtaining 
of equations that described the variation Chl 
and Car under the influence of N and P 
(respectively K), as a direct and interaction 
effect. 3D and isoquants models described the 
variation of Chl and Car in relation to N and P 
(respectively K) and the optimal values of N 
and P (respectively K) in relation to Chl and 
Car were found. 
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Abstract 
 
Fresh water is the most used natural resource among the products we consume daily. Everything we eat or buy 
contains. But do we know how much water is needed to produce these goods? The concept of water footprint can help 
us find the answer to this question. Researcher at the University of Twente (Netherlands), Arjen Hoekstra, developed 
this concept in 2002. His goal was to show the impact on the amount of water that products in our lives contains. For a 
single product, the water footprint means the amount of water consumed and/or polluted at all stages of its production. 
It is measured in units of volume giving us an idea of the impact that a particular item has on the use of fresh water. 
Therefore, it takes into account the water used directly in production and the indirect part used in raw materials. The 
water footprint assessment method represents the volume of drinking water used either by a consumer or by a producer 
throughout the supply chain. By using this method, the volume of water is calculated by type of source, as well as the 
amount of water polluted, depending on the type of pollution, all these elements being specified spatially and 
temporally. The total water footprint of a product consists of three components: blue, green and gray water footprint. 
Assessing the water footprint of products and services is a good step towards evaluation of water circularity. The water 
footprint assessment must be integrated into the concepts of the circular economy by insisting on what happens to water 
after use and how circular and sustainable it is. 
 
Key words: blue, green, gray water footprint, circular economy, water use. 
 
INTRODUCTION 
 
Water is a fundamental need of all life forms 
with a significant role in sustainable 
development and circular economy (Decision 
No. 1386/2013/EU). Water not only provides 
the basic needs for the population, it is the key 
to development in particular and supports the 
economy through agriculture, commercial, 
power generation, industry, transportation and 
tourism (Vörösmarty et al., 2000).  
Our existence on earth is totally dependent on 
this unparalleled resource and is vital for all 
global ecosystems.  
With a constantly growing world's population, 
consumption of resources, intensive agriculture 
and climate change (UN, 2016; Popa et al., 
2019; Vîrsta et al., 2019) water becomes a 
limited resource (Oki and Kanae, 2006; 
Kakwani and Kalbar, 2020). 
Apart from the problem of water reserves, there 
are also associated aspects that have a special 
impact on development: droughts, floods, 
epidemics due to water diseases or natural 
hazards (GWP, 2002; Ene, 2011; Sandu et al., 
2014; Ivanescu et al., 2016).  

We should be aware of the amount of water we 
consume daily in all our activities but also in 
the goods we use water because fresh water on 
Terra is limited and is subject to high pressures 
in the context of water consumption and 
pollution (WWAP, 2009). 
The total amount of water available on Planet 
Earth is 97.5% and it covers two thirds of the 
planet surface. Only 2.5% of this amount of 
water is fresh water. But, just 1% of our 
freshwater is easily accessible, with much of it 
trapped in glaciers and polar caps (Gleick, 
1996). It’s clear that our freshwater sources are 
a finite and vulnerable resource that can easily 
become overused or even scarce.  
Awareness of the global problems of 
freshwater resources can be the key to solving 
some of the problems related to water 
(Hoekstra, 2011).  
The water itself is circular on the scale of the 
planet and moves constantly from one place to 
another and from one shape to another. Water 
management is one of the Circular Economy 
(CE) biggest challenges (Mauchaufee et al., 
2012) with implications on human behavioural 
changes, rules and regulations, policy and 
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governance (Kakwani et al., 2020). The 
principle of the Circular Economy can be 
implemented in the water sector to combat the 
current problem of water scarcity and moving 
away from the linear (Figure 1) towards 
circular models of production and consumption 
(IWA, 2016; Voulvoulis, 2018; Kakwani et al., 
2020). 
 

 
Figure 1. Strategies of Circular Economy in water sector 
 
Water footprint concept 
 
In 2002, Arjen Hoekstra came up with the idea 
to measure the volume of fresh water used and 
polluted during the production of goods and 
services - water footprint concept (Chapagain 
and Hoekstra, 2004; Jenerette, 2006; Hoekstra 
and Chapagain, 2007). The water footprint, 
along with the carbon footprint and the field 
footprint, is an indicator of the ecological 
footprint and is also linked to the virtual water 
trade introduced in the 1990 by professor John 
Allan. 
To promote the idea of the water footprint, the 
Water Footprint Network (WFN) was founded 
by professor Hoekstra. WFN provides a 
platform for the exchange of knowledge and 
innovation among stakeholders on increasing 
water scarcity and pollution levels and the 
consequences for humans and nature (Hoekstra 
and Chapagain, 2008). 
The water footprint studies the consumption of 
fresh water (directly and indirectly) related to a 
product or service. This can be calculated either 
for a group of consumers (a single individual, a 
family, a village, a city, a province, a state), or 
for producers (public organizations, private 
companies, economic sectors) (Hoekstra and 

Hung, 2002). It can be used to measure the 
consumption of water for practically anything - 
from the manufacture of a pair of trousers to 
the entire consumption of a country. 
The volume of water footprint used in products 
and services is surprisingly high: 140 L per cup 
of coffee, 1200 L to produce a pizza 
Margherita, 15415 L of water for beef steak, 
3200 L for a pair of cotton jeans, 14600 L for a 
gigajoule of energy generated by hydropower 
(Chapagain et al., 2006; Chapagain and 
Hoekstra, 2008).  
An individual's water footprint is the quantity 
of fresh water used directly or indirectly by a 
person. Direct water use is the volume of water 
consumed in the home, while indirect water is 
the amount of water used in the production of 
goods and services consumed by the individual. 
One person consumes 3800 L per day to 
support his lifestyle (Hogeboom, 2016).  
In 2008, Hoekstra and Chapagain showed that 
knowing the volume of water used to make 
products helps to better understand the global 
nature of fresh water and quantify the effects of 
this consumption and trade on water use.  
One important effect of considering indirect 
water consumption is to understand that it 
displaces water usage. Even if we minimize 
direct water usage from domestic activities, 
consumption of those goods is connected to 
water consumed earlier from where those 
goods and services were produced. 
Improved understanding can provide a basis for 
better management of the world's freshwater 
resources. 
 
Types of water footprint 
According to the WFN, a water footprint can 
be dividing into three groups: blue, green and 
grey (Hoekstra et al., 2011). 
Blue water consumption refers to the volume 
(from surface or ground water sources) that 
was used to produce a given good and is either 
evaporated, integrated directly into the products 
or tipped into the sea. 
Green water consumption can be defined as the 
amount of rain water used. 
Grey water refers to the contaminants in the 
water and reflects the quantity of fresh water 
needed to dilute waste waters and reduce 
pollutants below the appropriate quality 
thresholds (Hoekstra et al., 2011). 
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The global dimension of water 
Water footprint assessment is an innovative 
concept (Aldaya et al., 2011) and provides way 
to use water, understand pollution and measure 
scarcity (Hoekstra, 2017). 
The water footprint is presented as a tool to 
assist policy development in the water sector, 
showing the degree of interdependence of 
water resources other countries (Chapagain et 
al., 2006) and thus allowing countries to assess 
their national food security and to develop 
environmental policy (WWF, 2008; Hoekstra 
and Mekonnen, 2012). 
The water footprint of a country is given by the 
total volume of water used globally for the 
production of goods and services used by its 
inhabitants and is made up of two components: 
internal and external. The internal water 
footprint is the volume of water needed to grow 
and provide the goods and services which are 
produced and consumed inside that country. 
The external water footprint results from 
consumption of imported goods, or in other 
words, water that is used for the production of 
goods in the exporting country.  
 

 
Figure 2. Virtual water footprint of a country 

(https://waterfootprint.org/en/water-footprint/national-
water-footprint/) 

 
All countries use water for similar activities but 
in varying amounts and percentages, for things 
like household (or domestic) use, food and 
agricultural use and industrial uses. 
A top-down or bottom-up approach can be used 
to calculate a nation's water footprint 
(Chapagain and Hoekstra, 2004; Hoekstra and 
Chapagain, 2007; Chapagain and Orr, 2008; 
van Oel et al., 2009; Hoekstra et al., 2011). 

The top-down approach considers the total 
water use in a country and add the virtual-water 
imports minus the exports. This approach is 
practically an environmental input-output 
analysis (Leontief, 1970; Munksgaard et al., 
2005; Velázquez, 2006; Guan and Hubacek, 
2008; Zhao et al., 2009). 
The bottom-up approach it sums the water used 
to make the full range of final consumer goods 
and services used in a country, adding up the 
water use at each stage of the supply chain for 
each product (Chapagain and Hoekstra, 2004; 
Feng et al., 2011). 
The global water footprint (Figure 3) shows an 
increase in water consumption by 1.4 times 
from 1995 to 2009. Approximately 90% of the 
water footprint was due to domestic 
consumption with only 10% for transfer 
through international trade. The green 
component accounted for a major portion of 
both domestic consumption and trade transfer 
(Tian X. et al., 2018). 
The water footprint in a country depends on: 
- total consumption volume; 
- consumption patterns; 
- climate; 
- agricultural practices. 
In rich countries, people generally consume 
more goods and services, which leads to 
increased water footprint. However, the 
composition of the consumed products is also 
relevant because the production of certain 
goods requires more water. For example, 
production of beef. We saw that for 1 kg of 
beef, 15415 liters of water are used (analyzing 
the water consumption from the entire 
production flow, from the water used to obtain 
food to the water consumed directly by the 
animal) (Chapagain and Hoekstra, 2006). But a 
cow raised in Romania and allowed to graze 
freely does not have the same water footprint as 
a cow raised in mega-farms of industrial caliber 
in the United States of America, because their 
food is totally different. Thus, human diets 
have also an impact on agriculture and the 
environment (Tukker et al., 2011; Lacirignola 
et al., 2012; Nemecek et al., 2016). 
The US water footprint is large due to high per 
capita meat consumption and high consumption 
of industrial products. Iran's water footprint is 
relatively high (1624 m3/head/year) due to low 
yields in crop production but also due to of 
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high evapotranspiration (Chapagain and 
Hoekstra, 2004). 
The virtual water flow analyses (Figure 4) 
illustrate by Mekonnen and Hoekstra in 2011 
shows how water has become a truly 
geopolitical resource. Only gross flows 
exceeding 15 Gm3/year are displayed.  

The bigger the virtual water flow, the fatter the 
arrow. In green are represented the countries 
that export more water in virtual form than they 
import. In yellow- and red colored are 
represented the countries that depend on 
foreign water resources for their needs. 

 

 
Figure 3. Global water footprint from 1995 to 2009 (Tian et al., 2018) 

 

 
Figure 4. Virtual water balance and direction of gross virtual water flows - trade in agricultural and industrial products, 

1996-2005 (Mekonnen and Hoekstra, 2011) 
 
Circular Economy 
Circular Economy concept was introduced by 
David W. Pearce and R. Kerry Turner in 1989 

(Pearce and Turner, 1990) and it has become 
prominent in policy-making (Kovacic et al., 
2020). Since 2010 Ellen MacArthur Foundation 
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has significantly contributed to the develop-
ment of CE practices in different sectors: 
waste, air, land, food production (EMF, 2017). 
Circular systems bring sustainable ecological 
and economic value by minimizing resource 
consumption through closed loops of material 
flows and economic activities (EMF, 2015; van 
Buren et al., 2016; Vîrsta et al., 2019). 
CE is a kind of rethinking, in a way to cycle 
valuable materials from one product at the end 
of its life and reuse the same material for ano-
ther product manufacturing so as to maintain 
the ecology and continue to be valuable beyond 
the useful life of individual products.  
CE it is a “zero waste” strategy (COM no. 398, 
2014) where the goods of today are the 
resources for tomorrow (Stahel, 1982). 
From CE perspective wastewater is a valuable 
resource for water, energy, and material (Mo 
and Zhang, 2013). Water can be reclaimed 
from wastewater for the potable or non-potable 
purpose (Angelakis et al., 2018), energy can be 
recovered from sludge (Rulkens, 2008), 
nutrients recovered can be used for agricultural 
purpose (Vaneeckhaute et al., 2018).  
The strategies of CE, (6Rs) – rethink (avoid 
use), reduce, removal, reuse, recycle and 
recover are essential in the management of 
water resources following the waste 
management hierarchy (Figure 5). 
 

 
Figure 5. Water and wastewater aspects in the waste 

management hierarchy 
(adaptation after Smol et al., 2020) 

 
Circular water footprint 
The relationship between water and circular 
economy was developed in 2019 by Ellen 
MacArthur Foundation and presented in the 
White Paper (EMF, 2019). Circular economy 
principles are applied to water systems 
management and include: 

- design of waste externalities focusing on 
usage of minerals, chemicals and energy;  
- maintaining the resources in use, with an 
emphasis on the optimization of resource yields 
and energy or resource extraction from the 
water system; 
- natural resource regeneration by reducing 
water consumption. 
The inclusion of water in the CE can contribute 
to technological innovation, improve water 
quantity and quality by fostering its reuse and 
also optimize the amount of energy, minerals, 
and chemicals used in the operation of water 
systems (EMF, 2019). 
The White Paper clustered the water into the 
three themes: service (consumptive, production 
and process uses), energy (kinetic, thermal) and 
(nutrients, chemicals, minerals). 
The water cycle must be managed from capture 
to consumer, back to capture, and the transition 
to the circular economy model must take into 
account both consumption and production of 
resources along the entire value chain (IWA, 
2016). 
Circular economy strategies for water align the 
human water cycle with the natural water cycle 
(Figure 6). 
 

 
Figure 6. “Half Butterfly” Circular Water Economy 
Diagram on the Human Managed side (EMF, 2019) 
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Assessing the water footprint of products and 
services is a good step towards evaluation 
water circularity. 
In order to achieve an efficient and sustainable 
circular economy model, it is necessary to plan 
the interactions between production of goods 
and services and the natural water cycle. 
The adoption of the circular economy model 
should not only innovate wastewater 
regeneration techniques, but also optimize and 
reduce water consumption and pollution loads, 
allowing a balance to be struck by mitigating 
the burden of over-exploitation and 
contamination of water resources. 
The circular economy model allows the 
complete regeneration and reuse of wastewater, 
minimizing the net demand for water in high 
consumption sectors such as agriculture or 
industry, as well as reducing the pressure 
generated in natural systems (rivers and 
aquifers).  
Adopting this model facilitates the 
management of the water footprint when 
producing a good or service, focusing on 
strategies that reduce water consumption in 
sectors suffering from water stress.  
Integrating circularity in estimating the water 
footprint of goods and services is an excellent 
means of properly assessing water 
consumption. 
 
CONCLUSIONS 
 
The concept of water footprint provides the 
link between the use of water resources and the 
consumption of goods. The concept was 
introduced in the science of water management 
to show the importance of consumption 
patterns and global dimensions in good water 
governance (Galli et al., 2012). 
Following climate change and global 
demographic change, it is necessary to act on 
reducing the water footprint.  
To achieve the overall goal of delivering 
sustainably healthy diet for the 11 billion 
people (UN, 2016) projected for 2050, the yield 
gap on existing agricultural land must be 
reduced by means of sustainable intensification 
(Foley et al., 2011; Godfray et al., 2010). To 
reduce water scarcity, pollution and the use of 
freshwater resources is a common 
responsibility.  

The water footprint of a nation is an indicator 
of water use in relation to the consumption 
volume and pattern of the people. There are 
four most important factors that explain high 
water footprints: the total volume of 
consumption (related to national income of a 
country), the people water-intensive 
consumption pattern, the climate and the water-
inefficient agricultural practice (Chapagain and 
Hoekstra, 2004). 
The relatively high volume of international 
virtual water flows and the associated external 
water dependencies strengthen the argument to 
put the issue of water problem of water deficit 
in a global context (Hoekstra, 2011). 
The concept of the CE is about how to use 
resources to create a sustainable economy, 
which is free from waste and emissions. In 
water management it is necessary to move from 
the current linear model of ‘take, make, waste’ 
to the nRs circular economy. 
Assessing the entire life cycle of a product 
allows the quantification of actual water 
consumption - including direct and indirect use 
of water, as well as water devalued by 
contamination. From a circular economy 
perspective, contaminants in water are lost 
resources that should be recovered and 
maintained in closed loops. 
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Abstract 
 
In the protected area Natural Park Comana located in Giurgiu County, a survey was carried out between April and 
June 2021, in order to analyze the water quality related to the aquatic diversity. In the samples collected from Comana 
Pond, several representatives belonging to four kingdoms were identified: Bacteria (blue-green algae, bacteria), 
Protista (single-celled and colonial green algae, diatoms, euglenoid flagellates, ciliates), Plantae (filamentous green 
algae, aquatic freshwater plants) and Animalia (European perch, rudd, pike, Prussian carp). Plankton organisms 
Achromatium sp., Merismopedia sp., Spirilla sp., Spirulina sp. (bacteria); Gomphonema sp., Melosira sp., Paramecium 
caudatum (chromists); Desmococcus sp, Ulothrix sp., Volvox sp. (chlorophyte green algae) and also the parasitic 
nematode Philometroides sanguineus were mentioned for the first time in the Comana Pond. A biometric analysis was 
performed on a total number of 91 Carassius gibelio individuals and negative pattern of growth and also a fish well-
being were postulated. The parasite P. sanguineus was detected in the caudal fin of two Prussian carp individuals. 
Water samples were collected from 7 sampling points (SP) and were subjected to physico-chemical analysis. It were 
determined the following parameters: pH, electrical conductivity (EC), total hardness (TH), chemical oxygen demand 
(COD), phosphate phosphorus (P-PO4

3-), nitrate nitrogen (N-NO3
-), nitrite nitrogen (N-NO2

-). Generally, it was 
concluded that Comana Pond is a dynamic ecosystem that meets favorable conditions for the growth and development 
of aquatic organisms. 
 
Key words: algae, Comana Pond, diatoms, fish, water quality. 
 
INTRODUCTION 
 
Comana Natural Park is located within the 
administrative territory of Giurgiu County, at 
30 km from Bucharest. This protected area of 
great interest for biologists was investigated so 
far from both botanical (Pescott, 2018; Peyton, 
2018; Grigorescu et al., 2020) and zoological 
perspectives (Papadopol & Petrescu, 1995; 
Burlacu et al., 2004; Iftime & Iftime, 2008; 
Fălcuță et al., 2011; Damoc et al., 2014).  
With a surface of 24.963 ha, Comana Natural 
Park is an integrated part of network Natura 
2000 (SPA, SCI), being added to the List of 
Wetlands of International Importance and 
declared a Ramsar site (Ramsar Sites 
Information Service, 2011). It was designated 
with the intention to protect fauna, flora, 

habitats and landscapes (European 
Environment Agency, eunis.eea.europa.eu, 
2019). Classified in Category V IUCN, 
Comana Natural Park covers three nature 
reservations, two in forest and one in aquatic 
environment (Nuță (David) et al., 2018).  
Balta Comana (Comana Pond) is part of a 
group of lakes that should be managed as 
needed stepping stone areas for fish fauna of 
the Danube Basin (Bănăduc et al., 2020). It was 
established that its ichthyofauna consists of 30 
species (Comana Natural Park Management 
Plan, 2020), the most common fish species 
identified between 2011 and 2015 including 
northern pike (Esox lucius), weatherfish 
(Misgurnus fossilis), asp (Aspius aspius), 
European carp (Cyprinus carpio carpio), 
Eurropean perch (Perca fluviatilis), wels 
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catfish (Silurus glanis), European bitterling 
(Rhodeus sericeus amarus) and roach (Rutilus 
rutilus) (Nuță et al., 2016).  
Despite some few published reports and studies 
on the biodiversity of this lentic ecosystem, it 
appears that the data about biometric charac-
teristics of ichthyofauna, plankton composition 
and physico-chemical parameters of the aquatic 
environment in which these organisms live and 
interact together remain scarce. Therefore, the 
main purpose of the survey conducted in 2021 
was to assess the ecological status of water of 
Comana Pond, along with compelling a 
partially checklist of its organisms. 
 
MATERIALS AND METHODS 
 
I. Experiment location 
This study was conducted between April and 
and June 2021 in Comana Natural Park, in 
whose territory the Comana Pond or Neajlov 
Delta with an area of 1184.5 hectares is located 
(Comana Natural Park Management Plan, 
2020). The surface of this freshwater lake 
generated and crossed by Neajlov River is 
variable, depending on rainfall and temperature 
values (Fălcuță et al., 2011). For realizing the 
map (Figure 1), the GPS coordinates of each 
point where water samples were collected were 
measured, using the Qfield mobile application.  
Subsequently, these points (Table 1) were 
imported into the QGIS application. 
 

Table 1. Geographic coordinates for sampling points 
(SP) expressed as DD (decimal degrees) 

SP Latitude Longitude 
1 44.181661 26.127914 
2 44.176201 26.119639 
3 44.174763 26.109209 
4 44.172249 26.130673 
5 44.190041 26.132237 
6 44.176556 26.128128 
7 44.174224 26.10622 

 

 
Figure 1. Sampling points (SP) in the study area (red 

colour indicates the boundaries of Natural Park Comana, 
scale bar = 1000 m) 

 
II. Water sampling and performed analyses 
Water samples were taken from different points 
of the pond at about 45 cm below surface layer 
in sterile recipients.  
The labeled samples were subsequently stored 
at 4°C for as short time as possible before 
analysis to minimize physical and chemical 
changes.  
The analyses were conducted within 48 hours 
of collection. All samples were allowed to stay 
until they reached room temperature before 
analysis which were runned in triplicates 
(Stavrescu-Bedivan et al., 2015).  
The chemical analysis of water samples was 
performed as previously reported (Stavrescu-
Bedivan et al., 2015), by using methods similar 
to those recommended for drinking water 
(Mănescu et al., 1994). 
A brief presentation of the analyses, methods 
and apparatus is depicted in Table 2.  
 

 

Table 2. Performed analyses, analytical techniques and instrumentation 

Analysis Analytical technique Instrumentation 
pH Potentiometry Inolab WTW pH-meter 
Electrical conductivity (EC) Conductometry Hach SensIon7 
Total hardness (TH) Complexonometry - 
Chemical oxygen demand (COD) Manganometry - 
Nitrate nitrogen (N-NO3

-)  
Spectrophotometry 

 

 
Metertek SP830 Plus 

spectrophotometer 
Nitrite nitrogen (N-NO2

- ) 
Ammonium nitrogen (N-NH4

+) 
Phosphate phosphorus (P-PO4

3-) 
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III. Biological inventory 
Wet mount slides were prepared and 
photographs were made using a binocular 
microscope Motic Panthera S, at 20x and 40x 
magnification. 
Freshwater algae were identified according to 
guides of Jansen van Vuuren (2006) and Șchiopu 
(2008). For algal classification, the global 
database AlgaeBase of taxonomic and nomen-
clatural information (Guiry & Guiry, 2021; 
www.algaebase.org) and WoRMS Editorial 
Board (www.marinespecies.org) were accessed.  
Scientific classification and vernacular names 
for plant species followed the online data bases 
Global Biodiversity Information Facility 
(https://www.gbif.org/), Plants for a Future 
(https://pfaf.org/user/) and World Flora Online 
(http://www.worldfloraonline.org/). 
The symbol “*” was used to indicate new 
genera, not mentioned so far in reports or 
specialist literature concerning the biodiversity 
in Comana Natural Park. 
Scientific name for ichthyofauna species listed 
in this paper were given according to FishBase 
(Kottelat & Freyhof, 2007; 
https://www.fishbase.se/).  
Fish samples were caught by the stationary 
method using a foldable mesh bait trap 2 m x 2 
m, with mesh size 30 mm.  
In order to compute the lenght-weight 
relationship, Carassius gibelio individuals were 
measured (TL = total length) and weighed (TW 
= total body weight) to the nearest 1.0 mm and 
0.1 g, respectively. The coefficient of 
determination (R2) and confidence intervals 
(CI95%) for parameters a (intercept) and b 
(slope), were computed by the least-square 
method, in accordance with previous research 
(Stavrescu-Bedivan et al., 2017). Used to show 
the fish well-being, the Fulton condition factor 
was expressed as: K = (TW/TL3) × 100 
(Nehemia et al., 2012; Stavrescu-Bedivan et al., 
2015). Moreover, body surfaces of Prussian 
carp were examined for the parasitofauna under 
a dissecting microscope Krüss Optronic.  
Within each biological category, the genera 
were arranged alphabetically, with the 
corresponding order and family names given in 
parentheses. The Seven Kingdom Classification 
proposed by Ruggiero M.A. in 2015 was 
adopted in this inventory (Ruggiero et al., 
2015; Guiry & Guiry, 2021). 

RESULTS AND DISCUSSIONS 
 
I. Pond water under the microscope 
Some groups of planktonic organisms 
including Cyanobacteria (Kingdom Bacteria), 
single-cell and colonial green algae, single cell 
flagellate eukaryotes and free-living protozoans 
(Kingdoms Chromista and Protozoa) and also 
filamentous green algae (Kingdom Plantae) 
were identified under the microscope in water 
originated in Comana Pond, as follows: 
 
Kingdom Bacteria 
*Achromatium sp. (Thiotrichales: Thiotrichaceae) 
Anabaena sp. (Nostocales: Nostocaceae) 
Lyngbia sp. (Oscillatoriales: Oscillatoriaceae) 
*Merismopedia sp. (Synechococcales: 
Merismopediaceae) (Figure 2a) 
Oscillatoria sp. (Oscillatoriales: 
Oscillatoriaceae) 
*Spirillum sp. (Nitrosomonadales: Spirillaceae) 
*Arthrospira sp. (formerly Spirulina sp.) 
(Oscillatoriales: Microcoleaceae) (Figure 2b) 
 
Kingdom Chromista 
Caloneis amphisbaena Bory (Cleve) also 
known as Navicula amphisbaena Bory 
(Naviculales: Naviculaceae) (Figure 2c)  
Cymbella sp. (Cymbellales: Cymbellaceae) 
(Figure 2d) 
Cocconeis sp. (Cocconeidales: Cocconeidaceae) 
Fragilaria sp. (Fragilariales: Fragillariaceae) 
*Gomphonema spp. (Cymbellales: 
Gomphonemataceae) 
Gyrosigma sp. (Naviculales: Naviculaceae) 
*Melosira sp. (Melosirales: Melosiraceae) 
Navicula spp. (Naviculales: Naviculaceae) 
Nitzschia apiculata (Gregory) Grunow also 
known as Tryblionella apiculata Gregory 
(Bacillariales: Bacillariaceae) 
Nitzschia linearis Smith (Bacillariales: 
Bacillariaceae) 
*Paramecium caudatum Ehrenberg 
(Peniculida: Parameciidae) 
Pinnularia spp. (Naviculales: Pinnulariaceae) 
Suriella sp. (Suriellalales: Suriellaceae) 
Synedra sp. (Fragilariales: Fragillariaceae) 
Kingdom Protozoa 
Euglena spp. (Euglenida: Euglenaceae) (Figure 
2e) 
Phacus sp. (Euglenida: Phacaceae) (Figure 2f) 
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Diatoms (Class Bacillariophyceae) are the most 
abundant among the different algae groups 
(Shibabaw, 2021). These single cell plankton 
organisms are considered useful indicators of 
habitat conditions (Malinowska-Gniewosz et 
al., 2018). In this study, freswhater diatoms 
within 12 genera (Caloneis, Cymbella, 
Cocconeis, Fragilaria, Gomphonema, 
Gyrosigma, Melosira, Navicula, Nitzschia, 
Pinnularia, Suriella and Synedra) were 
detected. These findings were in agreement 
with previous data concerning plankton species 
provided by Comana Natural Park Management 
Plan (2020). Of the total 25 genera of plankton 
listed in this document, 18 (72%) were 
encountered in the present sampling survey.  
Another indicator for water quality is 
represented by zooplankton, with an important 
role in the flow of nutrients from algae and 
bacteria to the top of trophic pyramid (Florescu 
et al., 2018). Single-celled organisms such as 
ciliates that develop in the detritus serve as 
natural food for some species of fish ponds 
(Woynarovich et al., 2010). 
 

 
Figure 2. Planktonic organisms in Comana Pond: 
Merismopedia sp.; b. Arthrospira sp.; c. Caloneis 

amphisbaena; d. Cymbella sp. e. Euglena sp.; f. Phacus 
sp.; g. Scenedesmus sp.; h. Spirogyra sp. 

 
Kingdom Plantae 
Chlorella sp. (Chlorellales: Chlorellaceae) 
*Desmococcus sp. (Prasiolales: Stichococcaceae) 
Scenedesmus sp. (Sphaeropleales: 
Scenedesmaceae) (Figure 2g) 

Spirogyra sp. (Zygnematales: Zygnemataceae) 
(Figure 2h) 
*Ulothrix sp. (Ulothricales: Ulothricaceae) 
*Volvox sp. (Chlamydomonadales: Volvocaceae) 
Within the Chlorophyceae class of green algae, 
Scenedesmus and Spyrogyra genera were 
recorded before in Comana Natural Park 
Management Plan (2020). 
 
II. Aquatic plant species in Comana Pond 
The following floating aquatic plants species 
were identified in Comana Pond during the 
study period: 
Ceratophyllum demersum L. (Ceratophyllales: 
Ceratophyllaceae), hornwort 
Lemna minor L. (Alisamatales: Araceae), least 
duckweed  
Marsilea quadrifolia L. (Salviniales: 
Marsileaceae), water clover 
Potamogeton natans L. (Alisamatales: 
Potamogetonaceae), floating pondweed 
Salvinia natans L. (All.) (Salviniales: 
Salviniaceae), floating fern 
Utricularia vulgaris L. (Lamiales: 
Lentibulariaceae), bladderwort (Figure 3) 
Wolffia arrhiza (L.) Horkel ex Wimm. 
(Alismatales: Araceae), rootless duckweed 
 

 
Figure 3. Carnivorous aquatic plant Utricularia vulgaris 
from Comana Pond (black arrows indicate underwater 
suction traps, below under Krüss Optronic binocular 

microscope) 
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All these plant species were documented before 
in this wetland in the specialist literature (Strat, 
2012; Pescott, 2018; Peyton, 2018) and in the 
most recent version of the Comana Natural 
Park Management Plan (2020). 
 
III. A note on the omnivorous Prussian carp 
Within the fish sampled between April and 
June 2021 from Comana Pond were identified 
the following species: Carassius gibelio Bloch 
(Prussian carp or Gibel carp), Perca fluviatilis L. 
(European perch), Scardinius erythrophtalmus L. 
(rudd) and Esox lucius L. (pike). 
In the present research, 91 Carassius gibelio 
sampled from Comana Pond were analyzed 
(Figure 4).   
 

 
Figure 4. Samples of Prussian carps caught from Comana 

Pond 
 
In the caudal fin of two individuals of Prussian 
carp, the adult nematode parasites 
*Philometroides sanguineus (Figure 5) were 
detected, measuring between 3.1 and 4.4 cm 
(three in the first fish host with TL = 17 cm, 
one single parasite in the second fish host with 
TL = 17.6 cm). The values of length for P. 
sanguineus individuals are in agreement with 
previous research (Stavrescu-Bedivan & Vasile 
Scăețeanu, 2020).  
The biometric data for the Prussian carp sample 
were registered as: TL (min. 17 - max. 27.6 cm, 
with a mean of 22.44 cm) and TW (min. 151 - 
max. 343 g, with an average of 219.05 g). The 
linear regression of the log-transformed values 
was calculated as Log (TW) = 1.6216 Log (TL) 
+ 0.1425 (R2 = 0.716, 95% CI of the 
parameters a and b). The corresponding 

nonlinear equation was calculated as TW = 
1.388 × TL1.6216. Thus, growth type for 
Prussian carp from Comana Pond was 
determined as negative allometric (b < 3) 
(Karachle & Stergiou, 2012).  
 

 
Figure 5. Nematode parasite Philometroides sanguineus 

(arrow) in the caudal fin of C. gibelio from Comana 
Pond (June 2021) 

 
These results would show that C. gibelio from 
Comana Pond grows more in its length then in 
weight, however additional data are needed to 
prove that this is the case for Prussian carp 
population in this aquatic ecosystem. 
With values of the Fulton condition factor 
between 1.41 and 3.38 (mean = 1.98), a good 
condition was suggested for C. gibelio sampled 
in study area, since K was above 1.00. 
Carassius gibelio is a broadly recognized 
omnivorous fish species which plays a 
significant role as consumer in aquatic 
ecosystems (Yalçın Özdilek & Jones, 2014; 
Razlutskij et al., 2021).   
This opportunistic fish species feed on different 
resources, including diatoms, green algae and 
blue-green algae (also known as 
cyanobacteria), typically preferred by juvenile 
individuals (Rogozin et al., 2011). It has been 
shown that Baccilariophyta members such as 
Cocconeis sp., Fragilaria sp. and Navicula sp. 
were an important part in the gut content of C. 
gibelio (Partal & Yalçın Özdilek, 2019).  
 
IV. Water quality analyses 
The results of the analyses and the standards 
for quality classes of surface waters are 
presented in Table 3 and Table  4, respectively. 
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Table 3. Results of the chemical analyses for water samples collected from Comana pond and assigned quality classes  

Sampling 
point 

pH EC 
 (µS/cm) 

TH 
(mg CaO/L) 

COD 
(mg O2/L) 

P-PO43- 

(mg P/L) 
N-NO3- 

(mg N/L) 
N-NO2- 

(mg N/L) 
N-NH4+ 

(mg N/L) 
SP1 7.39 705 17.50 10.43 0.28 BDL BDL 0.73 
SP2 7.22 671 16.27 10.35 0.22 BDL BDL 0.56 
SP3 7.09 662 16.15 10.35 0.16 BDL BDL 0.51 
SP4 6.96 659 15.59 10.43 0.14 BDL BDL 0.57 
SP5 7.07 655 15.93 10.07 0.14 BDL BDL 0.42 
SP6 7.34 645 16.49 10.31 0.15 BDL BDL 0.39 
SP7 7.13 698 16.15 10.87 0.13 BDL BDL 0.45 

Average 7.17 670.71 16.29 10.40 [III] 0.17 [II] BDL [I] BDL [I] 0.51[II] 
Range 6.96-7.39 645-705 15.59-17.50 10.07-10.87 0.13-0.28 - - 0.39-0.73 

Values between square brackets represent quality classes for surface water according to Order 161/2006  
BDL - below detection limit 

 
Table 4. Quality classes for surface waters according to Order 161/2006 

Quality classes COD 
mg O2/L 

P-PO4
3- 

mg P/L 
N-NO3

- 
mg N/L  

N-NO2
- 

mg N/L 
N-NH4

+ 

mg N/L 

Ist class 0-5  0-0.1  0-1  0-0.01  0-0.4  
IInd class 5-10  0.1-0.2  1-3  0.01-0.03  0.4-0.8  
IIIrd class 10-20  0.2-0.4  3-5.6  0.03-0.06  0.8-1.2  
IVth class 20-50  0.4-0.9  5.6-11.2  0.06-0.3  1.2-3.2  
Vth class >50  > 0.9  > 11.2  > 0.3  > 3.2  

 
a) Results concerning pH, EC and TH 
The water analysis indicated pH values in the 
range 6.96-7.39 (Table 3), within the limits 
(6.50-8.50) imposed by Order 161/2006. 
According to literature data, desirable pH range 
for optimal growth of most fish species is 6.50-
9.50 and pH values below 6.50 may reduce fish 
reproduction (Stone & Thomforde, 2004). 
Moreover, pH values below 4.50 are difficult to 
be neutralized and affect strongly fish health. 
Therefore, maintaining pH in a safe range is 
very important because otherwise affects the 
metabolism and other physiological processes 
of aquatic organisms. Also, it can enhance 
susceptibility to disease and affects directly the 
production levels, cause poor growth 
(https://thefishsite.com/). 
Regarding EC parameter, the analyses 
indicated values between 645 and 705 µS/cm. 
For aquaculture desirable range is 100-
2000 µS/cm (Stone & Thomforde, 2004). 
Similar results were reported for Tătaru fish 
pond (653-760 µS/cm) (Scăețeanu Vasile et al., 
2019). Lower EC values were reported for 

Snagov Lake (451-499 µS/cm) (Florescu et al., 
2018). 
TH values (15.59-17.50 mg CaO/L; 16.29 mg 
CaO/L, as average) are slightly lower than 
desirable range for aquaculture (28-84 mg 
CaO/L) (Stone & Thomforde, 2004). 
The analysis of the results indicated that 
conductivity (µS/cm) presents significant 
correlation with total hardness (mg CaO/L) 
with correlation coefficient r = 0.4897*. 
Between pH values and total hardness (mg 
CaO/L) it has been evidenced very significant 
correlation with r = 0.7646*** (Figure 6). 
 
b) Results concerning COD  
As concerning COD parameter which is an 
indicator of organic contamination, the 
analyses indicated values between range 10.07-
10.87 mg O2/L (10.40 mg O2/L, as average) 
which allow framing to IIIrd quality class for 
surface waters according to legislation 
(Order161/2006). Slightly lower values for 
COD were reported for Tătaru fish pond (7.99-
9.58 mg O2/L) (Scăețeanu Vasile et al., 2019).  
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Figure 6. Correlations between conductivity and pH values with total hardness of water samples from Comana pond 

 
c) Results concerning phosphate phosphorus 
In surface waters, phosphorus is encountered as 
phosphate at levels between 0.005 and 0.5 mg 
P/L (Stone & Thomforde, 2004). Chemical 
analyses for water collected from Comana pond 
evidenced values within the range 0.13-0.28 
mg P/L, with an average of 0.17 mg P/L. On 
the basis of the average value, water from this 
location was classified as IInd quality class for 
surface water. Higher values were reported for 
Snagov Lake (0.73-1.93 mg P/L) (Scăețeanu 
Vasile et al., 2018), Tătaru fish pond (>0.9 mg 
P/L) (Scăețeanu Vasile et al., 2019), meanwhile 
for Cișmigiu Lake and Brănești Lake the levels 
were undetectable by spectrophotocolorimetry 
(Stavrescu-Bedivan et al., 2015). 
Generally, high phosphorus concentrations in 
water are directly related with accelerated algae 
blooms which promote the occurrence of 
eutrophication with consequences on the life of 
aquatic organisms. Thus, it has been 
demonstrated that body weight of cyprinids 
decrease with the increase in phosphorus 
content of water samples (Jeppesen et al., 
2000).  
 
d) Results concerning nitrogen species 
Nitrate and nitrite nitrogen were found below 
detection limit for analyzed samples, which 
indicate Ist class quality for surface waters. 
Anyway, toxicity of nitrate for aquatic 
ecosystems has been considered irrelevant. 
Nevertheless, some studies have shown that 

nitrate levels of 10 mg N/L may affect during 
long-term exposures freshwater invertebrates, 
fishes and amphibians (Camargo et al., 2005).  
Contrariwise, nitrite levels above 0.6 mg N/L 
are toxic, even lethal, for many fish species 
(https://thefishsite.com/). Some authors (Austin 
et al., 2016) indicated desirable range for nitrite 
in ponds less than 0.1 mg N/L and others 
(Camargo & Alonso, 2006) estimated that 
range 0.08-0.35 mg N/L is adequate to protect 
aquatic species during short-term exposures. 
Ammonium nitrogen quantified by chemical 
analyses ranges between 0.39 and 0.73 mg N/L 
with an average of 0.51 mg N/L, which 
corresponds to IInd quality class for surface 
waters. Lower values were reported for Tătaru 
fish pond (0.12-0.32 mg N/L) (Scăețeanu 
Vasile et al., 2019), Snagov Lake (0.04-0.24 
mg N/L; 0.13-0.50 mg N/L) (Florescu et al., 
2018; Scăețeanu Vasile et al., 2018) meanwhile 
for Cișmigiu Lake and Brănești Lake the 
ammonium nitrogen was much higher, 1.58 mg 
N/L and 4.39 mg N/L, respectively (Stavrescu-
Bedivan et al., 2015).  
Regarding ammonia influence on fish health, 
literature studies evidence that toxicity varies 
with fish species, salmonids for example being 
more sensitive than other fish species (Stone et 
al., 2013), age or other quality parameters 
(Latha and Lipton, 2007). Goldfish, Carassius 
auratus and  Gibel carp C. gibelio seem to have 
a greater resistance to ammonia (Schenone et 
al., 1982; Nathanailides et al., 2003). 
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e) Correlations between COD, nitrogen and 
phosphorus 
According to different studies, eutrophication 
and consequently phytoplancton proliferation is 
related with elevated levels of inorganic 
nutrients (nitrogen, phosphorus) presence in 
water.  A study reported high density of 
euglenophytes when water fish pond had 
slightly acidic pH (6.50), phosphate 
phosphorus 1.37 mg P/L and nitrate nitrogen 
was 1.47 mg N/L (Rahman & Khan, 2007). 
Moreover, there are studies that emphasize the 
relation between COD and eutrophication, 

more accurate with chlorophyll a, an indicator 
of phytoplankton biomass. Monthly evolution 
during a decade of COD, inorganic nitrogen 
and phosphorus was recorded by Kawabe & 
Kawabe (1997) to identify the factors that are 
contributing to organic contamination of water 
from Tokyo Bay. 
The values of COD at sampling moment 
correlate with increase of nitrogen and 
phosphorus levels (Figures 7 and 8). The 
nutrients’ contents influence the COD 
variation, the increase of them being 
responsible with water quality decrease. 

 
Figure 7. The Cartesian coordinates given by COD and nitrogen at sampling moment 

 

 
Figure 8. The Cartesian coordinates given by COD and phosphate phosphorus at sampling moment 
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CONCLUSIONS  
 
As novelty, the present work reveal the 
physico-chemical properties of the water, 
biometric information upon Prussian carp and 
first published photographs of some plankton 
organisms inhabiting Comana Pond. 
Analysis of each water parameter is not always 
relevant but interpretation of the data provided 
by several parameters may reveal processes 
that occur in the pond and provide useful 
information. Also, it must be considered that 
each chemical water parameter alone can 
directly affect fish health and tolerances to 
water parameters vary among fish species. 
All the values recorded herein for physico-
chemical parameters of water samples have 
indicated that nowadays the Comana Pond 
represents a good environment for the life of 
aquatic organisms.  
The values of assessed chemical parameters 
allow framing to Ist, IInd and IIIrd class for pond 
waters according to legislation 
(Order161/2006). 
The future research will be focused on 
establishing a network of sample collection 
points for water, vegetation, macroinvertebrates 
and plankton, upstream and respectively 
downstream of the Neajlov Delta, aiming to 
highlight the dynamic of trophic state and to 
investigate the biological diversity, mainly the 
diatom assemblages related to the expected 
impact of anthropic pressure.  
Studying interspecific interactions between 
diatoms, green algae, blue green algae and the 
development of omnivorous fish such as 
Prussian carp in Comana Pond could be 
relevant for complex ecological research. 
In addition, further studies on growth pattern of 
dominant fish species will play a key role in 
fisheries management of this protected wetland.  
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Abstract 
 
Food security is threatened by numerous pathogens that cause a variety of foodborne illnesses. The promotion of 
healthier lifestyles increases the consumption of fresh products such as tropical fruits. Their consumption can expose 
the consumer to a higher risk of diseases since the fruits do not undergo processing steps to ensure the effective 
elimination or inactivation of pathogenic microorganisms. Therefore, postharvest treatments are essential for the 
preservation of the fruit, by reducing the microbial load and lengthening the perch life. Unlike traditional means of 
postharvest protection, biopreservation of fruits offers the benefits of the natural ecosystems of the microbiome in fruits. 
The principle of biopreservation is the use of beneficial microorganisms, with the ability to control the growth of other 
microorganisms, through the production of metabolites known as bacteriocins, postbiotics, metabiotics, paraprobiotics, 
proteobiotics. These active molecules produced by probiotic bacteria may constitute a safe alternative capable to 
protect the fruits from deterioration or postharvest damage. The present review described the sources of contamination 
and deterioration of tropical fruits along with the use of bioactive compounds such as postbiotics as an alternative for 
fruit protection.  
 
Key words: postbiotics, postharvest, lactic acid bacteria, pathogens, contamination. 
 
INTRODUCTION  
 
Globally, there is a growing concern about the 
quality and safety of food products. Food 
security is threatened by numerous pathogens 
that cause a variety of foodborne illnesses 
(Balali et al., 2020). The promotion of healthier 
lifestyles increases the consumption of fresh 
products such as tropical fruits and their 
derivate products (Mostafidi et al., 2020; 
Mathur et al., 2014). Tropical fruits present 
different extrinsic and intrinsic characteristics 
(pH, water activity, and nutrients), thus the 
risks associated with pathogen growth are 
common. Their consumption results in high-
risk diseases since the fruits do not undergo 
processing steps to ensure the effective 
elimination or inactivation of pathogenic 
microorganisms before consumption (Balali et 
al., 2020; Berger et al., 2010). Case reports of 
fruit and vegetable-related disease outbreaks 
have increased substantially and information on 
these events is often not available (Aiyedun et 
al., 2020). However, more than 600 million 
cases of foodborne illness and 420,000 deaths 

per year were reported due to the consumption 
of contaminated foods (Moradi et al., 2020). Of 
particular importance for Latin America is that 
foodborne illness is common in areas with low 
per capita income families (Moradi et al., 
2020). For example, in Ecuador, the number of 
illnesses caused by food has increased by 
19,500 cases compared to previous years due to 
poor handling, cooking, conservation, and 
hygiene, facilitating the transmission of 
bacteria (MSP, 2020). The commercialization 
of food products in local markets generates one 
of the main sources of contamination since 
inappropriate storage and personal hygiene 
constitute a source of transmission of 
pathogenic bacteria (Salazar-Llorente et al., 
2021). No effective improvement in the 
handling of fruits or vegetables after the post-
harvest or the hygienic control of the personnel 
although the growth of the food sector or the 
implementation of good manufacturing 
practices (Zurita et al., 2020). The number of 
ambulant vendors increases however eight 
vendors for every 1,000 inhabitants were 
registered lately in Ecuador (Tenea and 
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Olmedo, 2021). The bad handling and the 
absence of sanitary control increase the 
probability of contamination of the fruit. After 
the harvesting process, the fruits begin a loss of 
their sensory and nutritional properties. As the 
fruits usually contain high water content and 
are conducive to microbial growth, they are 
prone to deterioration (Linares-Morales et al., 
2018). 
In this sense, the food industry has used 
common conservation alternatives that 
involve refrigeration, acidification, 
bioluminescence techniques, methods based on 
physicochemical techniques (films of selective 
dehydrated culture media), among others (Lal 
Basediya et al., 2013). However, some 
processes use chemicals that present a degree 
of toxicity and residues in the products, 
generating an additional problem for the 
consumer (Buck et al., 2003). Thus, bio 
conservation is a new biological alternative 
that provides natural protection to the product. 
Therefore, postharvest treatments are essential 
for the preservation of the fruit, by reducing the 
microbial load and lengthening the perch life 
(Lal Basediya et al., 2013). Unlike traditional 
means of postharvest protection, bio 
preservation of fruits offers the benefits of the 
natural ecosystems of the microbiome in fruits. 
The principle of bio preservation is based on 
the use of beneficial microorganisms, secreting 
substances that can inhibit other 
microorganisms (Linares-Morales et al., 2018). 
During the last two decades, several natural 
antimicrobial agents (peptides, proteins, and 
other metabolites) have been developed to 
prevent the growth of pathogens in food and 
therefore increase consumer food safety (Huan 
et al., 2020).  
Antimicrobial peptides (AMP), known as host 
protection system peptides, are produced by 
almost all organisms, including bacteria, plants, 
vertebrates, and invertebrates (Bahar and Ren, 
2013). In bacteria, AMP’s benefit individual 
species by excluding other bacterial species 
that can compete for nutrients in the same 
environmental niche (Liu et al., 2020; Wang et 
al., 2015). The Antimicrobial Peptide Database 
(APD) contains 3,217 registered peptides from 
six kingdoms (357 bacteriocins/peptide 
antibiotics from bacteria, 5 from archaea, 8 
from protists, 20 from fungi, 360 from plants 

and 2385 from animals, including some 
synthetic peptides) 
(https://wangapd3.com/main.php); while the 
Data Repository of Antimicrobial Peptides 
(DRAMP) contains 19,899 documents (Kang et 
al., 2019) (http://dramp.cpu-bioinfor.org/).  
Those probiotic bacteria or lactic acid bacteria 
are recognized with increasing evidence as of 
significant relevance to promoting health in a 
variety of food systems (Tenea et al., 2020); 
above all, due to their biological safety 
characteristics, functional properties, and 
technological applications. Lactic acid bacteria 
(LAB) produce active substances. These 
substances are peptides or proteins with 
antimicrobial action, produced by Gram-
positive bacteria and other organisms, which 
have a wide spectrum of antagonistic effects 
against Gram-positive and -negative pathogens. 
By maintaining the natural balance of the 
microbial ecosystem in fruits, bioprotective 
microorganisms ensure food safety and 
maintain the nutritional and sensory properties 
of the fruits (Elsser-Gravesen and Elsser-
Gravesen, 2014). Today, these compounds and 
mechanisms are widely used around the world 
as an emerging solution to agricultural 
problems. Some species often produce 
exopolysaccharides (EPS) that enhance the 
colonization of probiotic bacteria by cell-cell 
interactions in the gastrointestinal tract (Abbasi 
et al., 2021). The use of secondary metabolites 
of bacteria for food preservation is acquiring 
interest for the food industry to replace 
synthetic preservatives. Consumers' awareness 
of the health risks associated with chemicals 
has become more apparent (Jarrín, 2019). 
These consumers demand processed foods that 
do not contain preservatives. There are many 
alternative natural preservatives produced by 
certain microorganisms; however, these 
microorganisms must be safe and easy to grow 
on cheap media (Moradi et al., 2020). 
 
TROPICAL FRUITS ADULTERATION 
 
The production of tropical fruits increases with 
the consumer’s demand for consuming fresh 
and highly nutritive products. They are found 
in a variety of forms, including whole, fresh 
cut, dried, juice mixes, frozen, pulp, and 
nectars (Moreina-Machado et al., 2019). They 
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contain abundant sugars and a high amount of 
water therefore they provide appropriate 
conditions for microbial growth and survival. 
Most postharvest tropical fruits deteriorate 
rapidly as there are no uniform food safety 
standards for their production and postharvest 
practices, thus the safety of these products 
remains a concern. Often the consumers are not 
verifying those products before consuming, 
therefore is of importance to improve the 
existing food safety management procedures 
(Kirezieva et al., 2015). In particular, the 
number of disease outbreaks related to 
agricultural products has increased in recent 
years (Mantziari et al., 2020). Sources of 
tropical fruit contamination have mainly been 
identified in the production environment, but 
there is limited data on the specific route of 
transmission from these sources (Strawn et al., 
2011). In most fruits, spoilage or contamination 
is not associated with a single pathogen, in 
particular, due to nature it is difficult to trace 
and most of the associated diseases involve the 
consumption of fresh fruits. 
 
Deterioration caused by the environment 
Tropical ecosystems are believed to be ideal 
habitats for the survival and growth of E. coli, 
due to the high concentration of environmental 
nutrients, constant hot air (high humidity), 
nutritional soil and water, and appropriate 
temperature (Alegbeleye et al., 2018). Soil 
designed for crop production is often treated 
with animal manure / human biosolids applied 
as fertilizers, serving as a nutrient source, but 
they might possess pathogenic microorganisms 
(Gutiérrez-Rodríguez and Adhikari, 2018; 
Julien-Javaux et al., 2019). The transport of 
microorganisms from contaminated soil to 
agricultural products can be mediated by 
splashing from water droplets. Both rain and 
irrigation water droplets have been shown to 
transport soil particles to the surface of plants, 
leading to pollution (Allende et al., 2017). 
Water used for irrigation of agricultural 
products, as well as for applying pesticides, 
cooling, or protecting crops against frost, can 
be obtained from municipal water supplies, 
groundwater, reclaimed rainwater, surface 
water, or reused wastewater (Jongman and 
Korsten, 2018). Besides, the type of irrigation 
used in a given crop also influences the 

potential for microbial contamination 
(Alegbeleye et al., 2018).  
 
Deterioration caused by post-harvest 
handling 
Fresh fruits and vegetables can carry large and 
diverse populations of bacteria. This bacterial 
community is very diverse and varies with the 
product’s chemical composition.  Most 
research focused on pathogens identification 
but there is a lack of information about the 
potential effect of these microorganisms on 
human health. However, the pathogenic 
microorganisms adapt, survive, and develop in 
the fruit matrices for larger periods, and they 
can cause diseases. Therefore, is crucial to 
maintain their quality after postharvest. If many 
practices are presently used to control the 
development of diseases during the plant 
growth, after postharvest from the farm to 
perch the classical methods used, such as the 
washing before packing but the effectiveness 
depends on the fruit surface and the washing 
conditions (Bassett and McClure, 2008). For 
example, the hot water treatments can 
negatively affect the quality of tropical fruits, 
unless care is taken to ensure that the time and 
temperature combinations used are appropriate 
(Strawn et al., 2011). 
 
Hygiene of vendors 
The safety of the raw tropical fruits can be 
compromised in different manipulation steps 
and often is associated with the poor hygiene of 
the personal or farmers from their harvest to 
consumer. Thus, the postharvest steps of the 
farm to perch chain are of particular concern. 
Inappropriate manipulation of products results 
in the transfer of pathogenic microorganisms 
from worker’s hands to the product.  Early 
research demonstrated the survival of E. coli 
O157 and Salmonella cells on the nitrile and 
latex gloves after the transfer of contaminated 
products (Erickson et al., 2018), which may 
increase the probability of further 
contamination. Recently, the presence of 
several pathogens (E. coli, Shigella and 
Salmonella) in the peel of fruits expanded in 
the local market in Ecuador was demonstrated 
(Tenea et al., 2020; Tenea and Olmedo, 2021). 
Therefore, the importance of human hygiene 
during production, processing, and selling is 
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critical to eliminate microbiological safety risks 
inherent in the raw materials. Further down the 
processing chain, when receiving food products 
from foodservice operators or private consu-
mers, refrigeration conditions should be used to 
prevent microbial contamination or minimize 
microbial growth in the products. 
Given the nature of these foods as potential 
vehicles for microbial contamination, food 
producers and processors play an essential role 
in decreasing contamination events and/or 
implementing strategies to mitigate this 
problem throughout the chain from farm to 
fork.  Preventive practices and intervention 
strategies must be applied to control microbial 
contamination in the different stages of 
production. 
To understand the importance of implementing 
such strategies, growers and processors must be 
provided with relevant data on outbreaks of 
microbial diseases related to fruits, covering 
important aspects about the causes of 
pathogenesis, transmission vehicles, associated 
economic loss, and consumer illnesses. 
Recently, antimicrobial-containing edible films 
and coatings are developed to improve food 
safety by inhibiting food pathogens during 
handling, transportation, and storage of food 
products (Rojas-Grau et al., 2009).  
 
BIOPROTECTIVE POSTBIOTICS   
 
The use of secondary metabolites of bacteria 
for food preservation is gaining more and more 
interest in the food industry to replace synthetic 
preservatives. Consumers' awareness of the 
health risks associated with chemicals has 
increased recently, and they are demanding 
processed foods that do not contain presser-
vatives. There are many alternative natural 
preservatives produced by certain microorga-
nisms, however, these microorganisms must be 
non-toxic, easy to grow, and require simple 
media for cultivation. The metabolites 
produced by bacteria are called postbiotics, 
metabiotics, protectobiotics, parabiotics 
(Aguilar-Toala et al., 2018; Lee et al., 2018). 
Thus, postbiotics include metabolic bioproducts 
of live probiotic bacteria such as cell-free 
supernatant (CFS), short-chain fatty acids, 
secreted bacteriocins, neurotransmitters, 
secreted biosurfactants, amino acids peptides, 

proteins, cellular fractions, exopolysaccharides, 
flavonoids derived postbiotics, terpenoids 
derived postbiotics, phenolic-derived 
postbiotics, cell wall fragments, lipoteichoic 
acid, peptidoglycan-derived muropeptides, and 
pili-type structures (Shingal et al., 2018; Wang 
et al., 2019). Among bacteria, probiotic 
bacteria or lactic acid bacteria have been 
increasingly proposed as health-promoting 
bacteria in a variety of food systems, due to 
their safety, functional and technological 
characteristics. In general, species from the 
genus Lactobacillus, Bifidobacterium, 
Weissella, Lactococcus are producing 
antimicrobial substances. However, postbiotics 
have been defined as bioactive ingredients from 
food-grade microorganisms that are generated 
in a matrix during fermentation (Collado et al., 
2019). Postbiotics derive from the fermented 
culture medium that is being filtered after the 
growth of the microorganism resulting in a 
liquid CFS containing a combination of 
bioactive molecules (Zolkiewicz et al., 2020), 
or via the inactivation of probiotics using heat, 
filtration, sonication, centrifugation, resulting a 
bacterial lysate comprising several compounds 
such as DNA molecules, enzymes, and other 
intracellular metabolites (Mantziari et al., 
2020). Figure 1 showed the production of 
postbiotics from probiotics producer cells.  
 

 
Figure 1. Postbiotics producing mechanism (modified 

from Cuevas-González et al., 2020) 
 
The mode of action of postbiotics relies on 
definite dosage levels, but most studies have 
failed to fix a specific dose to ensure their 
beneficial effects.  
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Recent literature survey underscores that 
postbiotics exert several pharmacodynamic 
features over live bacteria such as no risk of 
bacterial translocation from the gut lumen to 
blood, no chances of acquisition and transfer of 
antibiotic resistance genes, easy to extract, 
standardize, transport, and store (Nataraj et al., 
2020).  
 
Probiotic cell-free supernatants 
Probiotic cell-free supernatants (CFS) are 
obtained from bacterial cell cultures after 
optimal growth in a specific media, centrifu-
gation, and cell removal. The resulting mixture 
containing different active metabolites (acids, 
peptides, bacteriocins, etc.) is filtered and 
stored with refrigeration (Tenea, 2019). 
Bacteriocins are ribosomally synthesized 
peptides with the ability to kill closely related 
(narrow spectrum), or a diverse range of 
(broad-spectrum), microorganisms, being 
active at nanomolar concentrations, and exert 
their killing effect predominantly through 
membrane permeabilization (Connor et al., 
2020). They are produced by GRAS (generally 
regarded as safe) or QPS (qualitative 
presumption of safety) microorganisms. These 
CFS have different antimicrobial inhibitory 
activities against pathogenic bacteria. CFS 
from different species of Lactobacillus, 
Lactococcus, and Bifidobacteria were found to 
inhibit Listeria monocytogenes, Clostridium 
perfringens, Salmonella enterica, and E. coli 
(Patel and Denning, 2013; Garzon et al., 2017; 
Cuevas-González et al., 2020; Zolkievitz, et al., 
2020). The efficacy of these extracts is strain-
related, doses applied, the form of application, 
mode of action, the type of target (Tenea and 
Delgado-Pozo, 2019; Tenea et al., 2020). Thus, 
we showed that the efficacy of CFS extracted 
from native L. plantarum protected the tomato 
fruits from deterioration (Tenea and Delgado-
Pozo, 2019). More recently, we demonstrated 
that a formulation based on CFS from a 
combination of two native lactic bacteria can 
inhibit a mixture of pathogenic bacteria in 
Ananas comosus and mango ready-to-eat 
wedges (Tenea and Olmedo, 2021). The results 
indicate the effectiveness of a combination of 
peptide extracts results in a simultaneous 
diminution of the target viability with more 
than 60%. On the basis of the molecular 

analysis these formulations induced ruptures of 
the protein structure of the target bacterium, 
thus contrary to the interaction of the classic 
antibiotic with the cytoplasmic membrane 
inducing its permeabilization. Thus, these 
antimicrobial formulations can be considered as 
a feasible option for the preservation of 
minimally processed food. 
 
Exopolysaccharides 
Probiotic microorganisms produce biopolymers 
called exopolysaccharides (EPSs) during their 
culture growth having different technological 
benefits for the food industry (Xu et al., 2019). 
The use of EPSs in functional foods has 
grasped the attention as they possess various 
physiological functions such as antibacterial 
and immunological activity, antioxidant 
capacity, hypoglycaemic capacity, antihyper-
tensive, cholesterol-lowing activities the ability 
to promote the colonization of probiotics in the 
intestine of the host and anticancer (Nguyen et 
al., 2020). Lactic acid bacteria such as 
Streptococcus, Lactococcus, Pediococcus, 
Lactiplantibacillus, Leuconostoc, and 
Weissellale are most widely used to produce 
EPSs (Nguyen et al., 2020). They play 
important role in cell protection against adverse 
environmental conditions such as dehydration, 
extreme temperature, acidic conditions, 
osmotic stress, phagocytosis, macrophages, and 
antibiotics (Caggianiello et al., 2016). Recently 
research indicated the antiviral bioavailability 
of EPSs, thus they contribute to the protection 
of human cells against certain viruses (Rahbar-
Saadat et al., 2017; Kim et al., 2018). The anti-
bacterial capacity of EPS from Bifidobacterium 
bifidum WBIN03 and L. plantarum R315 has 
been investigated against different pathogens 
such as E. coli, Shigella sonnei, Staphylococcus 
aureus, Listeria monocytogenes (Li et al., 
2014). The EPS from lactic bacteria for fruit 
protection was less investigated. Nonetheless, 
polysaccharide-based edible coatings were used 
to postharvest strawberry fruit during cold 
storage (4°C), and their effects on fruit quality 
and antioxidant enzyme system were 
investigated (Li et al., 2017).  
 
Enzymes produced by probiotics 
Probiotics are producing several enzymes such 
as amylase, protease, and citrate lyase which 
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along with EPSs are employed in the food 
industry being able to enhance the organoleptic 
characteristics and food stability (Konkit and 
Kim, 2016; Unban et al., 2017; Quattara et al., 
2017; Domingos-Lopes et al., 2018). On the 
other hand, the antioxidant enzymes (peroxide 
dismutase, catalase, glutathione peroxidase, and 
NADH-oxidase) produced by probiotics play 
role in combating the reactive oxygen species 
(ROS), which can damage lipids, proteins, 
carbohydrates, and nucleic acids. Currently, 
there is a lack of information about the use of 
enzymes in fruit protection.  
 
Cell-wall fragments 
Lipoteichoic acid is a component of Gram-
positive bacterial cell wall, spontaneously 
released into the environment, and was found 
to play a specific immune response (van 
Langevelde et al., 1998). The immune effect of 
these substances is controversial due to the 
discrepancy of the results. Some reports 
indicate that their topical application in 
dermatology which enhances non-specific 
defence mechanisms, leading to the release of 
anti-infectious peptides, along with human -
defensin, and cathelicidin antimicrobial 
peptides (Schauber and Fallo, 2009). Further 
applications in the food industry of these 
substances shall be addressed. 
 
FUTURE PERSPECTIVES 
 
The research on the efficacy of reducing 
microbial contamination in tropical fruit and 
derivates products is limited. Several methods 
such as pulsed electric field, pulsed light, 
irradiation, oscillating magnetic fields, 
ultrasound, high pressure, and UV treatment 
were previously employed (Strawn, 2011). 
These methods are overdue as the tropical fruits 
are sensitives to heat, therefore there is a need 
for alternative natural methods. The new 
technologies based on probiotics and their 
derivates metabolites are a major issue for 
future research. From a practical point of view, 
postbiotics are more stable and safer for a 
broad spectrum of foods (Barros et al., 2020). 
They can be produced at a larger scale and used 
in aliments such as fresh fruits and vegetables 
to protect against the growth of invading 
microorganisms. Thus, the covering of tropical 

fruits with these peptide-based formulations 
might be a solution for fruit protection as the 
risks associated with their intake are 
minimized. Nonetheless, the current research is 
conducted at the level of the laboratory. Thus, 
further research should be focused on a 
commercial scale to extend shelf-life as well 
the impact on the biochemical properties of the 
products after the treatment/coated with the 
postbiotics. Besides, more studies are required 
to understand the interaction between the active 
ingredients with the fruit peel as they might 
induce changes in the sensory or functional 
properties of the products.  
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Abstract 
 
To establish the dependence of the influence of tillage and fertilization system in the conditions of short-rotation grain-
fallow-cultivated crop rotation on the degree of weediness of winter wheat is the aim of the paper. Field and laboratory 
methods were used. The research was carried out in a long-term out-station experiment of Veselopodilsk research and 
selection station, on typical low-alkalinized chornozem black soil. The use of combined tillage contributed to the growth 
of weediness of crops, where in the unfertilized version there were 50.3 pcs/m2, while using the plowing 46.8 pcs/m2 

were observed. When using the organic-mineral fertilization system 21.9 pcs/m2 in combined tillage, and 16.4 pcs/m2 in 
plowing were counted. When plowing post-harvest residues, an increase in the number of weeds was observed due to 
the use of plowing - 23.7 pcs./m2, and the use of combined tillage - 20.8 pcs/m2. Plowing contributed to the appearance 
of fewer weeds than in combined tillage, both in the unfertilized plot and with the use of organic-mineral fertilization 
system by 3.7 and 5.5 pcs/m2, respectively. Plowing of post-harvest residues on the background of mineral fertilizing 
during plowing increased by 2.9 pcs/m2 compared to combined tillage. The use of fertilizers significantly reduced 
weediness of crops, regardless of the type of tillage. 
 
Key words: weediness, tillage, soil, fertilizers. 
 
INTRODUCTION 
 
Winter wheat crops, without timely and 
qualified care, are affected by weeds due to 
their weak competitiveness in the early stages 
of plant development: from the two-leaf phase 
to the tillering phase in autumn, and from the 
spring tillering phase to the tube phase.  
Weeds in crops are always a limiting factor, as 
their presence slows down the growth and 
development of cultivated plants. 
In total, there are more than 1500 species in 
Ukraine, of which more than 300 are the most 
common and harmful (Manko, 2018; Zuza et 
al., 2018). 
Therefore, weediness of crops is one of the 
main problems in modern farming conditions, 
because in order to obtain high-quality products 
it is necessary not only to prevent the rapid 
development of segetal vegetation, but it is also 
important not to exceed the maximum pesticide 
load (Burda et al., 2004; Ivashchenko, 2018; 
Ivashchenko, 2016; Moshiur Rahman, 2017; 
Virginia Nichols, 2015).  

Along with the use of chemicals to control 
unwanted vegetation, it is also advisable to use 
mechanical measures (Barshtein et al., 2002; 
Zimdahl, 2013; Singh et al., 2012). Among the 
various methods of cultivation, plowing proved 
to be the most effective in controlling weeds of 
winter wheat crops in short-rotation crop 
successions, when 37.0 pcs/m2 of weeds were 
observed when it was used, compared with 
shallow cultivation - 119.3 pcs/m2, and flat 
cutter - 178.3 pcs/m2 (Tsvey et al., 2012).  
Crop weed control provides a timely response 
and elimination of possible problems. In order 
to successfully control the number of weeds it 
is necessary to have complete information on 
their quantitative and species composition. One 
of the means of control is the constant 
monitoring of the spread of weeds in crops. 
The degree of weediness of crops is primarily 
characterized by the phytocenotic ability of 
cultivated plants to suppress weeds, the 
peculiarity of soil and climatic conditions, 
technologies of growing crops and the degree 
of potential soil contamination (Kurdyukova et 
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al., 2018; Brainard et al., 2013; Creamer et al., 
2002; Singh et al., 2012).  
Weed germination, stand establishment, and 
subsequent growth are affected by the tillage 
processes (Clements et al., 1996). Changing 
weed flora under different tillage regimes calls 
for a change in management options. Weed 
infestation is a serious problem during initial 
years under conservation tillage, which causes 
a reduction in crop yield (Blackshaw et al., 
2001; Manko et al., 2019). On the other hand, 
some weed species may be suppressed in 
conservation tillage systems. For instance, 
wheat (Triticum aestivum L.) planting in no-till 
conditions reduced the seedling emergence rate 
of littleseed canarygrass (Phalaris minor Retz.), 
when compared with conventional plowing and 
sowing (Franke et al., 2007). In recent years, 
due to the increase in the area of organic land, 
the need for alternative methods of weed 
control is becoming more acute (Saracin & 
Vasile, 2015; Murimva et al., 2019). 
The aim of the research is to study the 
effectiveness of the impact of different tillage 
methods on the background of applying 
fertilizer systems in short-rotation grain-crop 
rotation in the conditions of the Left bank 
forest-steppe of Ukraine. 
 
MATERIALS AND METHODS 
 
The research was carried out in the conditions 
of unstable humidification of the zone of the 
Left-bank forest-steppe of Ukraine in the link 
of grain-fallow-cultivated short crop rotation of 
the out-station of Veselopodilsk research and 
selection station during 2015-2020. The soil of 
the experimental plots is typical low-
alkalinized low-humus medium-loam 
chernozem, which is characterized by the 
following agrochemical parameters of the 
arable soil layer: pH of the salt extract is 7.1-
7.5; humus according to Tyurin - 4.2-4.6%, 
supply of alkaline hydrolyzed nitrogen is 170-
180 mg/kg of soil, mobile phosphorus and 
exchangeable potassium (according to 
Machigin), 45.8-70.3 and 131.6-164.2 mg/kg of 
soil respectively. The scheme of the experiment 
provided for studying the influence of the type 
of tillage and fertilization system on crop 
rotation productivity and chernozem fertility. 
The following link of crop rotation was 

provided: black fallow, winter wheat, sugar 
beets, barley. N45P45K45 was applied to wheat, 
and the aftereffect of plowing post-harvest crop 
residues and 6.25 t/ha of manure per crop 
rotation was applied. The technology of 
growing winter wheat is generally accepted for 
the unstable moisture zone. The species 
composition of weeds was determined at the 
time of plant emergence into the tube using a 
guide. The research was conducted in 
accordance with the methodology of the field 
experiment and in accordance with the 
guidelines (Stupakov 1984; Lebid et al., 2008). 
 
RESULTS AND DISCUSSIONS 
 
Our research carried out in winter wheat crops 
in the short-rotation grain-fallow cultivation 
crop rotation, at the beginning of the 
emergence of plants into the tube, found both 
monocotyledonous and dicotyledonous segetal 
vegetation.  
Monocotyledonous weeds were represented 
only by yellow foxtail (Setaria glauca), and the 
composition of dicotyledons was more diverse: 
wintering, ephemerals, early and late spring, as 
well as perennial rhizomatous and rhizome 
weeds. The use of combined tillage contributed 
to the growth of weediness of crops, where on 
the unfertilized version there were 50.3 pcs/m2, 
while in using the plowing 46.8 pcs/m2 were 
observed. When applying the organic-mineral 
fertilization system, 21.9 pcs/m2 for combined 
tillage and 16.4 pcs/m2 for plowing were 
counted. When plowing post-harvest residues, 
an increase in the number of weeds was 
observed due to the use of plowing - 23.7 
pcs/m2, and the use of combined tillage - 20.8 
pcs/m2. The main representative of 
monocotyledons is the yellow foxtail (Setaria 
glauca). This late spring weed was most 
widespread in the unfertilized variant with the 
use of plowing - 5.7 pcs/m2, and with combined 
cultivation 0.3 pcs/m2. The use of organic-
mineral fertilization system together with 
plowing of post-harvest residues did not reveal 
a significant difference in the type of tillage, 
and was at the level of 0.7 pcs/m2 in combined 
tillage, and 0.4 pcs/m2 in plowing. 
The distribution of dicotyledonous weeds 
depended on both tillage and fertilization 
system. Wintering species of weeds are the first 
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to start their vegetation among dicotyledons. 
The most common were common buckthorns 

(Capsella bursa-pastoris) and field talaban 
(Thlaspi arvense).  
 

Table 1. Quantitative and species composition of weeds in winter wheat crops for the period  
of plants entering the tube under different fertilization systems and types of tillage, 2015-2020, pcs/m2 

Weeds 

combined tillage plowing 

сontrol 

6.25 t/ha of 
manu-re + 
N45 
P45K45 

post-harvest 
residues + 
6.25 t/ha of 
manure + 
N45P45K45 

сontrol 

6.25 t/ ha 
of manu-
re + N45 
P45K45 

post-harvest 
residues + 
6.25 t/ha of manure 
+ N45P45K45 

wintering 
Common buckthorn 

(Capsella bursa-pastoris) 1.4 1.9 1.4 0.2 0.8 1.5 

Field talaban (Thlaspi 
arvense) 2.0 1.6 0.7 8.2 1.3 4.7 

ephemerals 
Chickweed (Stellaria 

media) 8.3 4.6 4.3 0.7 1.0 1.3 

early spring 
Pig weed (Chenopodium 

album) 3.3 1.0 1.9 0.7 1.4 4.0 

Birch smartweed 
(Polygonum convolvulus) 7.2 3.7 3.7 3.6 2.9 2.9 

Common cockweed 
(Agrostemma githago) 4.9 2.0 0.8 4.9 - 0.3 

Common fumitory 
(Fumaria officinalis) 3.7 2.0 2.7 3.4 3.0 6.0 

late spring 
Common hemp nettle 
(Galeopsis tetrahit) 4.9 2.6 0.4 1.9 0.3 0.2 

Field tall buttercup 
(Anagallis arvensis) 9.1 0.3 1.6 11 0.7 - 

Common sagebrush 
(Amaranthusretroflexus) 1.7 0.7 1.0 - 0.7 - 

Yellow foxtail (Setaria 
glauca) 0.3 - 0.7 5.7 - 0.4 

perennial rhizomatous and rhizome 
Yellow field thistle 
(Sonchus arvensis) 0.7 0.7 - 1.1 0.3 - 

Field birch (Convolvulus 
arvensis) 0.9 - 0.7 0.4 0.7 1.0 

Common yarrow (Achillea 
millefolium) 0.9 0.8 0.6 2.3 0.3 0.8 

Other species 1 - 0,3 2.7 3.0 0.3 
Total monocotyledons 0.3 - 0.7 5.7 - 0.4 

Total dicotyledons 50.0 21.9 20.1 41.1 16.4 23.3 
Total weeds  50.3 21.9 20.8 46.8 16.4 23.7 

 
Common buckthorn in the unfertilized version 
was more common when using the combined 
tillage - 1.4 pcs/m2, and when plowing - 0.2 
pcs/m2. A similar dependence was observed 
with the use of organic-mineral fertilization 
system - 1.9 pcs/m2 in combined tillage and 0.8 
pcs/m2 in plowing, which was 2.4 times more. 
When plowing the post-harvest residues on the 
background of organic-mineral fertilizer, the 
difference between the types of tillage was not 

observed, the abundance of weeds was at the 
level of 1.5 pcs/m2.  
Talaban field was more widespread when 
plowing, both on the unfertilized version - 8.2 
pcs/m2, and when plowing post-harvest 
residues on the background of organic-mineral 
fertilizer - 4.7 pcs/m2, in the combined tillage, 
there were 2.0 and 0.7 pcs/m2 respectively. 
After application of 6.25 t/ha of manure and 
N45P45K45 to winter wheat, no difference in 
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weediness, depending on cultivation, was 
observed - 1.6 pcs/m2.  
After wintering dicotyledons the ephemerals 
start spreading; the latter were represented by 
the chickweed (Stellaria media). It was most 
widespread in the conditions of combined 
tillage, where the unfertilized variant had 8.3 
pcs/m2, which was 11.9 times more per 
plowing, and 4.6 pcs/m2 were observed when 
using the organic-mineral fertilizer, which is 
4.6 times higher than plowing, and when 
plowing post-harvest residues on the 
background of organic-mineral fertilizer, the 
number of chickweed sprouts was 4.3 pcs/m2, 
which in the conditions of plowing was 1.3 
pcs/m2.  
Among the early springs, the most common are 
pig weed (Chenopodium album), birch 
smartweed (Polygonum convolvulus), common 
cockweed (Agrostemma githago), and common 
fumitory (Fumaria officinalis). Against the 
unfertilized background, the abundance of pig 
weed was greater than after combined tillage - 
3.3 pcs/m2, while for plowing it made 0.7 
pcs/m2. The use of organic-mineral fertilization 
system and plowing of post-harvest residues on 
the background of organic-mineral fertilizers 
contributed to the increase in the amount of 
segetal vegetation to the level of 1.4 and 4.0 
pcs/m2, respectively. The use of combined 
tillage contributed to the increase in the amount 
of birch smartweed, both on the unfertilized 
background - 7.2 pcs/m2, and in the version of 
using the organic-mineral fertilization system 
and its combination with crop residues - 3.7 
pcs/m2; the use of plowing provided 3.6 and 2.9 
pcs/m2, respectively. The distribution of the 
common cockweed depended on the cultivation 
and fertilization system in the crop rotation. 
Thus, if without the use of fertilizers the 
difference between the types of tillage was not 
observed - 4.2 pcs/m2, when using the organic-
mineral fertilizers in combined tillage 2.0 
pcs/m2 were counted, and when plowing post-
harvest residues on the background of applying 
the organic-mineral fertilizers - 0.8 pcs/m2 
were observed, and only 0.3 pcs/m2 - after 
plowing. The distribution of common fumitory 
on the unfertilized variant did not differ from 
tillage, but was at the level of 3.7 pcs/m2. After 
plowing the post-harvest residues on the 
background of organic-mineral fertilization 

there were 6.0 pcs/m2, and 3.0 pcs/m2 - when 
using organic-mineral fertilizer system. Among 
the late spring dicotyledonous weeds, the most 
common were: common hemp nettle 
(Galeopsis tetrahit), field tall buttercup 
(Anagallis arvensis), common sagebrush 
(Amaranthus retroflexus) and nightshade black 
(Solanum nigrum). Their distribution depended 
on both the type of tillage and the system of 
crop fertilization in crop rotation. Thus, a larger 
number of common hemp nettle was observed 
during the combined cultivation: without using 
fertilizers - 4.9 pcs/m2; by using the organic-
mineral fertilizers - 2.6 pcs/m2, and when 
plowing post-harvest residues on the 
background of the organic-mineral fertilization 
system - 0.4 pcs/m2. After plowing there were 
1.9; 0.3 and 0.2 pcs/m2, respectively. Field tall 
buttercups were widespread, both after 
combined cultivation and plowing. Without 
using fertilizers, 9.1 and 11 pcs/m2 respectively 
were counted, when applying 6.25 t/ha of 
manure + N45P45K45, 0.3 and 0.7 pcs/m2 were 
observed. When plowing post-harvest residues 
against the background of the organic-mineral 
fertilization system, segetal vegetation was 
observed only during combined cultivation - 
1.6 pcs/m2. Common sagebrush has spread due 
to the use of combined cultivation. Against the 
unfertilized background there were 1.7 pcs/m2, 
after applying the organic-mineral fertilizer 0.7 
pcs/ m2 were observed, and after plowing in the 
post-harvest residues together with 6.25 t/ha of 
manure + N45P45K45 there were 1.0 pcs/m2. 
During plowing, common sagebrush was 
recorded only in the version using the organic-
mineral fertilization system - 0.7 pcs/m2, which 
was on a par with the combined tillage. Black 
nightshade was widespread after plowing. 
Thus, if in conditions without using fertilizers a 
special difference in the types of cultivation 
was not observed - 1.0 and 0.7 pcs/m2, then  in 
case of using the organic-mineral fertilization 
system in plowing there were 2.0 pcs/m2, and 
when plowing post-harvest residues on the 
background of organic-mineral fertilizer there 
were 0.3 pcs/m2.  
Dicotyledonous plants were also represented by 
such rhizomatous and rhizome weeds as: 
yellow field thistle (Sonchus arvensis), field 
birch (Convolvulus arvensis) and common 
yarrow (Achillea millefolium). Yellow thistle 
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was in a bigger amount after combined tillage, 
when 0.7 pcs/m2 were observed while using the 
organic-mineral fertilization system, which was 
twice as much as in plowing. In the variant 
without applying fertilizers, no difference was 
observed. Field birch inn the unfertilized 
variant was more common while using 
combined tillage - 0.9 pcs/m2 against 0.4 
pcs/m2 in plowing. And the application of 
organic-mineral fertilizers and plowing of post-
harvest residues contributed to the increase in 
the number of field birch - up to 0.7 and 1.0 
pcs/m2 respectively, while in plowing the post-
harvest residues in combined cultivation 0.7 
pcs/m2 were observed. Common yarrow on an 
unfertilized background became more common 
after plowing - 2.3 pcs/m2, while in combined 
tillage its number was 0.9 pcs/m2. When 
applying organic-mineral fertilization system, 
its number was greater after the combined 
tillage - 0.8 pcs/m2, which was 2 times more 
than after plowing. Plowing in of post-harvest 
residues with applying 6.25 t/ha of manure + 
N45P45K45 contributed to the development of 
yarrow, both in combined tillage - 0.6 pcs/m2, 
and in plowing - 0.8 pcs/m2, which was at the 
same level.  
 
CONCLUSIONS 
 
In winter wheat crops in short-rotation grain-
fallow-cultivated crop succession, by using 
combined tillage with organic-mineral fertiliza-
tion system, the abundance of weeds was 21.9 
pcs/m2, while in plowing 16.4 pcs./m2, against 
the background of plowing postharvest residues 
together with organic-mineral fertilizer, a larger 
number of weeds was observed during plowing 
- 23.7 pcs/ m2, while in combined cultivation 
there were 20.8 pcs/m2. 
Among the species composition of weeds, 
against the background of organic-mineral fer-
tilization and in combined tillage, the greatest 
abundance was observed in chickweed - 4.6 
pcs./m2; birch smartweed - 3.7 pcs/m2; 
common buckthorn - 1.9 pcs./m2; common 
hemp nettle - 2.6 pcs/m2, while in plowing 1; 
2.9; 0.8; 0.3 pcs/ m2 respectively. 
Plowing in of post-harvest residues, manure on 
the background of mineral fertilizers increased 
the abundance of field talaban up to 4.7 pcs/m2; 
pig weed - up to 4.0 pcs/m2; common fumitory 

- up to 6.0 pcs/m2. Whereas in combined tillage 
they made 0.7; 1.9 and 2.7 pcs/m2 respectively. 
Growing wheat on an unfertilized background 
increased the abundance of chickweed and 
birch smartweed in the combined cultivation up 
to 8.3 and 7.2 pcs/m2, while in plowing the 
made 0.7 and 3.6 pcs/m2. 
The use of plowing significantly reduced the 
abundance of pig weed and common hemp 
nettle, but enhanced the growth of field talaban 
and field birch. 
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Abstract  
 
Determination of the combining ability of varieties and F1 of spring barley is a necessary element in breeding for 
productivity. The results of the analysis of the general combining ability (GCA) and specific combining ability (SCА) 
make it possible to organize work on a specific studied feature, to select components for obtaining new hybrid 
combinations. The method of diallelic crosses was used in the work. The effects of GCA and SCА of spring barley were 
revealed on the feature of "duration of the germination-heading period". Between the effects of GCA and the estimates 
of the feature "duration of the seedling-heading period" in varieties there is a high correlation, therefore the value of 
the feature is an analogous feature of the breeding value, as well as the GCA effect. The stability of GCA effects over 
the years does not differ from the stability of the germination-heading period, which indicates the same efficiency of 
selection for any of these features. In the context of climate change towards warming, the determination of the 
combining ability is an additional tool for predicting selections for this feature. 
 
Key words: combining ability, correlation, feature, spring barley, variety. 
 
INTRODUCTION  
 
The use of the effects of general combining 
ability (GCA) as a criterion for selecting initial 
varieties for hybridization is based on the 
assumption that they more fully, in comparison 
with direct estimates of traits, reflect the 
properties of a particular variety in various 
combinations of crosses (Kompanets et al., 
2016; Turbin et al., 1966; Litun, 1992; 
Kilchevsky, 1997).  
In spring barley, correlations of various quan-
titative traits have been established according 
to their modular structure: general tillering - 
productive tillering - ear length; productive 
bushiness - the number of grains per plant - the 
number of grains in an ear; the number of 
grains per plant - the mass of grain per ear - the 
height of the plant; grain weight per ear - grain 
weight per plant - 1000 grain weight. 
Analyzing long-term weather conditions, a 
feature of which, especially in the last 11 years, 
are dry-dry wind phenomena, uneven 
distribution of precipitation throughout the year 
and the growing season, it was possible to 

identify a number of patterns and correlations 
that allow more targeted selection. 
Under conditions of insufficient and uneven 
moisture, the most suitable under conditions of 
a changing climate are mid-ripening varieties 
(75-78 days), with an average or increased 
productive tillering (2.0-2.8 pcs.), With an 
increased number of ears per 1 m2 (550-600 
pcs.), with medium-sized or above-average 
grain (1000 grain weight 48-52 g) and suffering 
from air drought during the flowering period 
(with a minimum number of empty flowers in 
the ear), with resistance to powdery mildew, 
helminthosporium, dusty, hard smut. 
The response of varieties to day length and air 
temperature by accelerating or slowing the 
beginning of heading affects yield. In years 
with early spring, earing occurs on May 25-27, 
with long-term optimal weather, earing on May 
30 - June 1, and such varieties bush better. 
Intensive varieties, highly responsive to the 
length of daylight hours, spike on June 2-4, 
they form high yields only in favorable years. 
The possibility of predicting the combining 
ability of spring barley varieties on the basis of 
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the severity of the trait, the duration of the 
"sprout-heading" period has not been experi-
mentally confirmed, therefore, the task of the 
research was to analyze the correlation between 
the conditions of this trait and the GCA effects, 
as well as the stability of the relative severity of 
the sprout-earing period and the GCA effects 
(Shevchenko, 2009; Vaschenko, 2013). There is 
a high correlation between the effects of GCA 
and a number of traits in cereals. 
It has been established that the correlation 
coefficient between the GCA effects and the 
grain size of an ear is 0.58-0.99, the grain 
weight of an ear is 0.75-0.99, and between the 
number of grains of the main spike, the mass of 
1000 grains is within 0.84-0.93 and 0.88-0.97 
respectively. 
 
MATERIALS AND METHODS  
 
Fifteen original varieties (Donetskiy 14, Avers, 
Shchedrik, Stalyy, Rezerv, Repriz, Bravyy, 
Voyevoda, Avatar, Eney, Komandor, Svyatovit, 
Galichanin, Statok, Kozatskiy) and 105 of their 
direct dialle F1 hybrids were tested by the 
method of randomized blocks in 2019-2020. 
Donetskiy 14, originator of the Donetsk State 
Agricultural Science Station of the NAAS 
(DSASS NAAS). It is the steppe ecotype, 
intense, plastic, drought-resistant, resistant to 
lodging and the most common diseases. Mid-
ripening, growing season is 76-86 days, plants 
are undersized (53-61 cm). The mass of 1000 
grains is 52-66 g, the content of crude protein 
in the grain is 12.0-13.8%. Productivity 4.6 
t/ha. Valuable. For growing in the steppe and 
forest-steppe zones of Ukraine. 
Avers, originator of the DSASS NAAS. It is the 
steppe ecotype, mid-ripening, growing season 
is 75 to 80 days. Plants have 60-72 cm height. 
Possesses high resistance to lodging, 
mechanized harvesting, drought-resistant. The 
mass of 1000 grains is 48-50 g. The yield is 4.8 
t/ha. For growing in the steppe and forest-
steppe zones of Ukraine. 
Shchedrik, originator of the DSASS NAAS. A 
variety is the steppe ecotype. It is mid-season, 
growing season is 70-78 days. Plant height is 
75 cm. It is drought-resistant. The mass of 1000 
grains is 47-51 g. Productivity is 4.5-5.5 t/ha. 
For growing in the steppe and forest-steppe 
zones of Ukraine. 

Stalyy, originator of the DSASS NAAS. A 
variety is the steppe ecotype. It is mid-season, 
growing season is 70-75 days. Plant height is 
75 cm. It is resistant to lodging, to drought. The 
mass of 1000 grains is 48-50 g. Productivity is 
5.3 t/ha. For growing in the steppe and forest-
steppe zones of Ukraine. 
Reserv, originator of the DSASS NAAS. It is a 
variety of the steppe ecotype. It is mid-season, 
growing season is 76 78 days. Plants are 65-75 
cm high. The mass of 1000 grains is 48-50 g. 
Productivity is 5.5 t/ha. For growing in the 
steppe and forest-steppe zones of Ukraine. 
Repris, originator of the DSASS NAAS. The 
growing season is 82 - 88 days. Plant height - 
62.1 - 78.1 cm. Protein content - 11.9 - 13.5%. 
The mass of 1000 grains is 51.2 g. Productivity 
is 5.6 t/ha. It has resistant to lodging, shedding, 
drought, powdery mildew, leaf rust, 
helminthosporium. For growing in the steppe 
and forest-steppe zones of Ukraine. 
Bravyy, originator of the DSASS NAAS. The 
growing season is 79 - 84 days. Plant height is 
65.8 - 71.5cm. Protein content is 13.6-13.8%. 
Grain evenness - 93.2-95.6%. It has resistance 
to lodging, shedding, drought, powdery 
mildew, brown rust, helminthosporium. For 
growing in the steppe and forest-steppe zones 
of Ukraine. 
Voyevoda, originator of the Institute of 
Breeding and Genetics - National Center for 
Seed Production and Variety Research UAAS 
(IBG-NCSPVR UAAS); Selena CJSC. A 
variety of the steppe ecotype, grain, brewing. It 
is mid-ripening, growing season is 75-80 days. 
It has resistant to drought, lodging, disease. 
Weight of 1000 grains is 48-52 g. Protein 
content under drought conditions is 11.8-
12.0%. Grain evenness - 97%. Recommended 
growing area: Forest-steppe, Polesie. 
Avatar, originator of the IBG-NCSPVR UAAS; 
Selena CJSC. The growing season is 75-80 
days. Drought-resistant, lodging resistant, 
complex resistance to major diseases. Grain 
evenness - 95%. Weight of 1000 grains - 50-55 
g. Productivity 5.52 t/ha. 
Eney, originator of the IBG-NCSPVR UAAS. 
Vegetation period is 76-86 days. Drought-
resistant, lodging resistance, high disease 
resistance. Masa 1000 grains - 50-51 g. 
Productivity 5.87 t/ha. It is a valuable. 
Recommended for all zones of Ukraine. 
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Komandor, originator of the IBG-NCSPVR 
UAAS. Recommended for forest-steppe and 
Polesye, brewing. It is mid-ripening, growing 
season is 76-79 days. It has drought-resistant, 
resistant to lodging, powdery mildew, 
helminthosporiosis, dwarf rust, dusty, black and 
stone smut. The mass of 1000 grains is 48-50 g. 
Productivity is 5.51 t/ha. 
Svyatovit, originator of the IBG-NCSPVR 
UAAS. It is mid-season, growing season is 74-
77 days. Plant height is 77 cm. It has drought-
resistant, resistant to lodging and grain 
shedding. It has high resistance to powdery 
mildew, helminthosporiosis, not affected by 
smut diseases. The mass of 1000 grains is 48 - 
54 g. Productivity is 5.61 t/ha. Recommended 
for all zones of Ukraine, brewing. The protein 
content is 11.4%. Grain evenness - 94 - 96%. 
Galichanin, originator of the IBG-NCSPVR 
UAAS. It is six-rowed, short-stemmed. Plant 
height is 60 - 65 cm, mid-season, vegetation 
period is 75 - 78 days. It has resistant to 
lodging and shedding of grain, resistant to 
diseases. Weight of 1000 grains is 45-50 g. 
Productivity is 5.5 t/ha. Recommended for 
Steppe and Forest-steppe, valuable. 
Statok, originator of the Kirovograd Institute of 
Agroindustrial Production of the UAAS. 
Steppe ecotype. Semi-intensive, mid-season, 
highly plastic. Plant height is 65-70 cm. The 
growing season is 82-85 days. Highly resistant 
to leaf diseases, lodging and drought. The mass 
of 1000 grains is 43-50 g. Recommended 
distribution zones are Steppe, Forest-steppe, 
Polesie. 
Kozatskiy, originator Nosovskaya selection 
experimental station of the Chernigov IAP of 
the NAAS. Recommended growing area: 
Polesie. It is mid-season, vegetation period ші 
87-98 days. Plants have height of 63-70 cm. 
Resistance to lodging and shedding, to certain 
types of diseases is above average. The mass of 
1000 grains is 41.3-46.8 g. 
The research was carried out at the 
experimental plots of the Donetsk State 
Agricultural Science Station of the National 
academy of agrarian sciences of Ukraine. The 
aim of the work is to analyze the correlation of 
combinatorial abilities for the studied feature in 
order to obtain new hybrid combinations.  
For each variant, 100 grains were sown. 
Sowing was carried out to a depth of 5-6 cm 

using an SKS 6-10 cassette seeder. During the 
growing season, phenological observations 
were carried out: the dates of sowing, germina-
tion, tillering, earing, and wax ripeness were 
noted. In the phase of full sprouting, earing, 
wax ripeness, the general field assessment of 
varieties was carried out on a nine-point scale. 
The following indicators were taken into 
account: plant development, uniformity in 
morphology and stem, plant density, resistance 
to lodging and disease. Harvesting was carried 
out at the stage of full ripeness. After 
harvesting, a structural analysis was carried out 
according to the indicators: productive tillering, 
number of grains in an ear, weight of 1000 
grains, weight of grain of an ear and a plant. 
Based on the data obtained, the duration of the 
germination-heading period was calculated for 
each variant, then the results were entered into 
the diallel table using the second Griffing 
method using computer Exel, Statistica 6.0 and 
the software package for processing selection 
and genetic experiments developed by the 
Institute of Plant Industry named V.Ya. Yuriev, 
NAAS of Ukraine. 
In the research, we used the Methodological 
recommendations (Wolf & Litun, 1980), as 
well as the methods of biological statistics 
(Rokitsky, 1973; Gardner & Eberhart, 1966; 
Savchenko, 1973). 
 
RESULTS AND DISCUSSIONS  
 
The hydrothermal conditions of the study 
period were contrasting. Monthly distribution 
of precipitation was uneven. In 2019, spring 
temperatures were above the annual average. 
The amount of precipitation for the month was 
44 mm or 116% of the monthly norm. In May, 
the average air temperature was 17-18°C, the 
amount of precipitation was 62 mm (132% of 
the monthly norm). The average air 
temperature in June was on 3-5о higher than the 
norm and was determined to be 23.5-24.5оС. 
The amount of precipitation for the month was 
33 mm or 53% of the monthly norm. Deficit of 
precipitation, low relative humidity, insufficient 
moisture reserves in April 2020 negatively 
affected the plants of spring barley. In May, 
abnormally humid cool weather was observed, 
in June such phenomena as drought, heavy 
rains, squall winds (Figure 1). 
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An important stage in the selection process in 
the creation of adaptive varieties is the 
assessment of the initial material by combining 
ability in regard to the growing season and its 
part of the time of emergence-heading. 
 

 
Figure 1. Climatic conditions of the growing season of 

spring barley 
 
Combination value is a genetically determined 
property. It has been experimentally proven that 
varieties with good combining ability give 
more productive seed offspring. Therefore, try 
to find any easily fixed features that sufficiently 
correlate with the combinational ability and 
their owners. The main attention is paid to the 
productivity of varieties and hybrids obtained 
from hybridization. The known methods for 
predicting this biological property are not 
informative enough, therefore, there remains 
one reliable way to assess the combinational 
ability - crossing with subsequent testing of 
hybrid offspring.  
The growing season determines the distribution 
area of varieties, their potential and actual 
yield. The development cycle of spring barley 
is divided into two periods: sprouting-earing 
and earing-maturation (vegetative and 
reproductive phases). It has been established 
that there is a high correlation between the 
duration of the growing season and the duration 
of the sprout-heading phase; therefore, the 
study of the sprout-heading period is of 
particular practical interest. 
A review of experimental data shows that the 
growing season in F1 hybrids is controlled by 

the polygenic genetic system. Genetic analysis 
of the duration of the germination-heading 
period revealed the advantage of the additive-
dominant gene system in determining the 
indicator, i.e. intralocus dominance and 
additivity between loci are manifested. Partial, 
incomplete, and complete dominance and 
overdominance were noted within the loci. This 
phenomenon is explained by the set of studied 
varieties in the experiment, and by the 
meteorological factors of the growing season. 
Analysis of middle varieties and hybrids of the 
first generation shows their approximate 
equality. The difference between varieties and 
hybrids in terms of earing time and their 
variability depending on hydrothermal 
conditions in the years of research 
demonstrates the share of the influence of 
factors on the indicator (Table 1). 
 
Table 1. The percentage of the influence of factors on the 
variability of the duration of the sprouting-earing period  
Factor mS % 
Conditions of the year (A) 3889.52* 99.76 
Genotype (B) 5.12* 0.15 
Interaction (AxB) 2.38* 0.07 
Error 0.52 0.02 
Р ≤ 0,05   

 
Analysis of variance of the initial data showed 
that there are significant differences between 
genotypes (varieties, F1 hybrids), this made it 
possible to calculate the mean squares of the 
GCA, specific combining ability (SCА) and 
compare them with the mean square of the 
random variation of the feature (Table 2). 
 

Table 2. Combining ability of the germination-heading 
period 

Variant year df mS 
GCA 2019 

2020 
14 
14 

44.92* 
55.21* 

SCA 2019 
2020 

105 
105 

1.01* 
1.03* 

Random 
deviations 

2019 
2020 

357 
357 

0.20 
0.17 

* at P = 0.01 
 
The results presented in Table 2 indicate the 
importance of GCA and SCA in the analysis of 
F1 hybrids. The significant advantage of the 
mean square of the GCS in comparison with 
the SCA indicates the predominance of the 
additive effects of genes in the determination of 
feature. In more favorable conditions of 2020, 
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the expression of the additive effects of genes 
increases slightly. 
The influence and variance of SCA is 
significant, which indicates the effects of allelic 
and non-allelic interactions of genes. The value 
of a feature in hybrids is determined mainly by 
the additive action of genes, therefore, the 
selection of the best varieties can be carried out 
according to the effects of GCA (Table 3).  
 

Table 3. GCA effects on the basis of "duration of the 
germination-heading period" (F1 years) 

No. Variety Effect of GCA Average for 
two years 2019 2020 

1 Donetskiy 14 -1.07 -2.03 -1.55 
2 Avers -3.64 3.24 -3.44 
3 Shchedrik -0.19 -0.61 -0.40 
4 Stalyy -1.92 -2.06 -1.99 
5 Rezerv -1.41 -0.54 -0,97 
6 Repriz -0.66 -0.32 -0,74 
7 Bravyy +0.26 -0.32 -0.05 
8 Voyevoda +1.16 +1.36 +1.26 
9 Avatar +1.01 +1.85 +1.43 
10 Eney  -0.10 -0.75 -0.43 
11 Komandor +0.10 -0.42 -0.16 
12 Svyatovit +1.00 +1.05 +1.03 
13 Galichanin +3.38 +3.78 +3.62 
14 Statok +0.60 +0.92 +0.47 
15 Kozatskiy +1.47 +1.74 +1.61 
 LSD 0,5 0.40 0.35  

 
The smallest GCA effects have the varieties 
Shchedrik, Rezerv, Repriz, Eney. The same 
cultivars are early streaked among the studied 
set, i.e. there is a clear correspondence between 
the GCA effects and the estimates of the feature 
levels in the initial varieties: the correlation 
between these indicators is highly consistent 
over the years of research (Tables 4, 5). The 
correlation coefficient between the effects of 
ACS and the values of the trait "duration of the 
germination - heading period" is 0.94 and 0.95. 
Thus, the research results of the relationship 
between the effects of GCA and the values of 
the feature "duration of the period" sprouting - 
heading "are in full agreement with the data for 
other features. Therefore, it can be argued 
about the relationship of these indicators as a 
general pattern, the reasons for which lie in the 
similarity of the genetic nature of GCA effects 
and environmental effects. From the postulates 
of genetics of quantitative features, the effects 
of ACS in the additive-dominant model are 
equal to the sum of the additive effects of genes 
for the two-locus model (Kilchevsky, 1997). In 

the presence of a non-allelic interaction, the 
effects of GCA include additive epistasis. 
 

Table 4. Average values of the feature "duration of the 
germination-heading period" in the initial varieties 

No. Variety Feature value, days Average  
2019 2020 

1 Donetskiy 14 41.7 40.3 41.0 
2 Avers 41.5 40.6 41.1 
3 Shchedrik 40.2 41.0 40.6 
4 Stalyy 42.7 42.3 42.5 
5 Rezerv 43.2 42.0 42.6 
6 Repriz 40.3 41.1 40.7 
7 Bravyy 40.7 31.8 40.3 
8 Voyevoda 43.1 42.2 42.7 
9 Avatar 45.0 44.1 44.6 
10 Eney  41.7 40.8 41.3 
11 Komandor 44.2 43.7 43.9 
12 Svyatovit 45.2 44.0 44.6 
13 Galichanin 48.2 46.1 47.2 
14 Statok 46.1 45.9 46.0 
15 Kozatskiy 50.1 48.6 49.4 
 LSD 0,5 1.8 1.6  

 
Table 5. Correlation coefficients of GCA effects with the 

severity of the feature "duration of the germination - 
heading period“ (F1) 

Generation Correlation coefficient  
2019 2020 аverage 

F1 0.94 0.95 0.95  
F1 0.91 0.96 0.94 Р = 0.01 

 
It is known that the effect of a cultivar, defined 
(Gardner, 1966) as the difference between the 
values of a feature in an individual cultivar and 
the average for all studied cultivars, is also 
determined by additive and additive epistatic 
genes (Wolf, 1980). Therefore, it follows that, 
in the ideal case, we should observe a 
functional relationship between the severity of 
features in varieties and the effects of GCA.  
In this regard, it can be assumed that the effects 
will have a higher stability over the years of 
research in comparison with direct estimates of 
the corresponding features in varieties. 
Therefore, we calculated the correlation 
coefficients between the estimates of the GCA 
effects obtained in 2019-2020 and compared 
them with the correlation of the values of the 
"germination-heading period duration" feature, 
and found that the stability of the GCA effects 
did not differ from the stability of the feature in 
the original varieties. Consequently, the 
reliability of the selection of varieties based on 
the effects of GCA has no advantage over 
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direct selection in terms of the duration of the 
germination-heading period. 
  
CONCLUSIONS  
 
There is a high correlation between the effects 
of GCA and the estimates of the feature 
"duration of the germination-heading period" in 
varieties, therefore the value of the trait is an 
analogous indicator of the breeding value, like 
the effect of GCA.  
The stability of GCA effects over the years 
does not differ from the stability of the 
germination-heading period, which indicates 
the same efficiency of selection for any of these 
indicators.  
In conditions of climate change towards 
warming, the determination of the combining 
ability is an additional tool for predicting 
selections for this feature. 
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Abstract 
 
In this study it was aimed to investigate the effect of biogas digested (BD) on the growth and some potential toxic 
element (B, Cd, Cr, Ni, Co and Pb) concentrations of wheat grown under greenhouse conditions. For this reason, 0, 15 
and 30 tha-1 of BD were applied to the soils and left incubations during 0, 30 and 60 days. After incubation period is 
ended wheat seeds were sawn and left for growth during 2 months. Results indicated that BD dosages and incubation 
periods increased plant dry weight. Applications of BD did not affect B, Cd and Co concentrations of wheat and Cr and 
Ni concentrations decreased generally with the BD dosages. Similarly, incubation showed decreasing effect on Pb 
concentration of wheat. Plant Co, Cr and Pb uptakes did not vary with the applications, other element uptakes 
increased in the parallels of plant dry weights. Looking at the element concentrations of wheat it was seen that all 
element concentrations were in the ranges of acceptable levels. So, it was concluded that the application of BD did not 
pose a risk for potential toxic elements on the growth of the wheat.  
 
Key words: agricultural wastes, bio solids, plant growth, toxicity.  
 
INTRODUCTION 
 
Due to the increasing world population, the 
need and consumption of energy is constantly 
increasing. Depending on this demand, efforts 
on finding alternative energy sources is 
increased as well. Biogas is one of the famous 
and environmentally friend energy sources. 
Biogas is produced with the anaerobic 
fermentation of various organic materials based 
on plants and animals. After biogass production 
a waste named biogass digasteted (BD) 
containing 93-99% of water and 1-7% of dry 
matter (Lukehurst et al., 2010; Namlı et al., 
2020) is obtained. Obtained BD becomes a 
valuable organic fertilizer having noteworthy 
amounts of mineral elements, enzymes, and 
amino acids, as well as significant amounts of 
organic matter with a relatively lower C/N ratio 
(Kılıç, 2011). The application of BD improves 
water holding capacity, aeration capacity, 
nutrient retention capacity, cation exchange 
capacity, and so on in different soils (Rozylo & 
Bohacz, 2020; Alaboz et al., 2021). By 
changing the pH of soil, BD can also increase 
the availability of nutrients in some soils 
(Mader et al., 1997). In many studies, 
effectiveness of BD on plant mineral nutrition, 

growth and yield have been demonstrated 
(Barbosa vd, 2014; Walsh et al., 2018; Yaraşır 
et al., 2018). In order to sustain agricultural 
production, it became an important issue to 
examine the effects of different organic wastes 
on soil fertility parameters. At the same time, 
proper disposal of these wastes has become 
very important in terms of protecting natural 
resources and environmental pollution 
(Gökcan, 2012). Although there are many 
direct or indirect positive effects of BD on soil 
fertility and plant nutrition, it became a 
research subjects weather BD had any potential 
to create any toxicity on plant or not. One of 
the factors limiting the use of organic wastes or 
bio solids in soil is the risk of pollutants 
including heavy metals (Głowacka et al., 
2020). So, different countries and organizations 
formed their own rules indicating permissible 
levels of some heavy metals in organic residues 
and bio solids used for agricultural purposes 
(Table 1 and Table 2). We could not find any 
data on what the toxic level of boron in the BD.  
Present study aimed to investigate the effects of 
BD on the variations of some potential toxic 
elements (B, Cd, Cr, Ni, Co, Pb) and to 
examine whether BD had any negative effect 
on wheat growth or not. 
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Table 1. Permissible levels of some heavy metals in organic residues used for agricultural purposes in different 
countries and organizations (Teglia et al., 2011) 

 

Countries/ organizations 
Elements (in dry matter, mg kg-1) 

Zn Cu Cd Co Cr Ni Pb 
RTMAF1 1100 450 3.0 - 350 120 150 
British PAS2 400 200 1.5 - 100 50 200 
CCME3  700 400 3.0 34 210 62 150 
US EPA4  2800 1500 39 - 1200 420 300 
NF U44-0515 600 300 3.0 - 120 60 180 
RAL GZ2516 400 100 1.5 - 100 50 150 

1Republic of Turkey Ministry of Agriculture and Forestry (Regulation on organic, mineral and microbial source fertilizers used in agriculture) 
2Specification for whole digestate, separated liquor and separated fibre derived from the anaerobic digestion of source-segregated biodegradable 
materials. 
3Canadian Council of the Ministers of the Environment (CCME: PN 1340 Guidelines for Compost Quality  
4United States Environmental Protection Agency. 
5French standards for organic amendments (AFNOR: NF U44-051 Amendements organiques-De´nominations, spe´cifications et marquage. 
6German standards for compost (Siebert, S.: Quality requirements and quality assurance of digestion residuals in Germany. In: ECN/ORBIT Worshop 
The future for Anaerobic Digestion of Organic Waste in Europe. Nu¨remberg, Germany.  
 

Table 2. Permissible levels of some heavy metals in the bio solids provided for the some European Countries 
(Collivignarelli et al., 2019) 

 

Countries 
Elements (in dry matter, mg kg-1) 

Zn Cu Cd Cr Ni Pb 
Germany  4000 800 10 900 200 900 
Spain 4000 1750 40 1500 400 1200 
France 3000 1000 20 1000 200 800 
Italy  2500 1000 20 200 300 750 
Netherlands 300 75 1.25 75 30 100 
Denmark 4000 1000 0.8 100 30 120 

 
MATERIALS AND METHODS 
 
Study was conducted under greenhouse 
condition as pot experiment at Soil Science and 
Plant Nutrition Department, Faculty of 
Agriculture, Isparta University of Applied 
Sciences, Isparta/Turkey.  
 
Experimental soil 
The soil used for the experiment had a silt loam 
texture and a slightly alkaline character. It had 
high CaCO3 and low organic matter.  
 
Biogas Digestate (BD) 
The digestate used for the experiment was 
obtained from the biogas and compost labora-
tory, Agricultural Machinery and Technologies 
Department, the Faculty of Agriculture.  
The BD used consisted of 75% cattle manure 
and 25% alkaloid processing solid waste 
mixtures.  
The dry matter content of BD was 6.97%. 
Some other characteristics of BD are shown in 
Table 4.  
 

Experimental setup 
The experiment was conducted in 2019 at the 
Department of Soil Science and Plant Nutrition, 
the Faculty of Agriculture, Isparta University of 
Applied Sciences, Isparta. The experiment was 
conducted using 2 kg soil contained in pots 
under greenhouse condition. The experiment 
consisted of three incubation periods (IP) (0, 
30, and 60 days), three BD dosages (0, 15, and 
30 t ha-1), and 3 replications. The study was 
performed at two stages as the incubation step 
and the plant growth stage.  
At incubation stage 0, 15, and 30 t ha-1 of BD 
were mixed in to soils then were left for 
incubation for 0, 30, and 60 days. During the 
IP, the pots were irrigated at the 60% of the 
water holding capacity. 
At plant growth stage: After the IP, the pots 
were fertilized with 200 mg kg-1 N, 100 mg  kg-

1 P, and 125 mg kg-1 K as basal fertilization  
using ammonium nitrate, triple superphosphate, 
and potassium sulfate fertilizers.  
Some other properties and total heavy metal 
concentrations of the soil are given in Table 3.
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Table 3. Some properties of the experimental soil 
 

Properties    
Texture 
pH (1:2.5; soil/water) 
EC (1:2.5; soil/water) (dSm-1) 
CaCO3 (%) 
Organic matter (%) 
Plant available P (mg kg-1) 
Exchangeable K (mg kg-1) 
Exchangeable Ca (mg kg-1) 
Exchangeable Mg (mg kg-1) 
DTPA extractable Fe (mg kg-1) 
DTPA extractable Zn (mg kg-1) 
DTPA extractable Mn (mg kg-1) 
DTPA extractable Cu (mg kg-1) 
0.01 M CaC12 extractable B (mg kg-1) 

Silty loam 
8.0 
0.2 

27 
1.7 
5.4 
298 
6352 
372 
1.5 
0.6 
5.3 
1.5 
0.44 

Heavy metal concentrations  
(Total amount) 
Ni (mg kg-1) 85 
Cr (mg kg-1) 44.8 
Co (mg kg-1) 4.7 
Cd (mg kg-1) 0.01 
Pb (mg kg-1) 12.3 

 
Table 4. Some characteristics of BD used for experiment 

 

Parameters  
Dry matter (%) 6.97 
Organic matter (%) 70.24 
pH  7.37 
EC (dS/m) 8.23 
Total element concentrations (Dry matter basis) 
N (%) 1.86 
C (%) 35 
P (%) 0.9 
Ca (%) 1.15 
K (%) 3.67 
Mg (%) 1.07 
Zn (mg kg-1) 192 
Fe (mg kg-1) 3177 
Mn (mg kg-1) 254 
Cu (mg kg-1) 896 
B (mg kg-1) 55.0 
Cd (mg kg-1) 0.11 
Co (mg kg-1) 1.03 
Cr (mg kg-1) 6.45 
Ni (mg kg-1) 13.8 
Pb (mg kg-1) 3.73 

 
After, the soils were mixed with hand and 15 
wheat seeds (Triticum aestivum L., bread 
wheat, cv. ʻTosunbeyʼ) were sown.  
The plants were thinned to ten after 
germination. Plant growth period lasted for two 
months.  

Soil, plant and BD analysis  
 
The values of pH and EC were measured (1:2.5 
soil/water mixture, w/w) using pH and EC 
meters (Peech, 1965). Texture and CaCO3 were 
determined as described by Bouyoucous (1951) 
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and Allison & Moodie (1965), respectively. 
Organic matter content was determined 
according to Walkley & Black (1934) method. 
Plant available P was measured according to 
the molybdophosphoric blue color method by 
means of spectrophotometer (Olsen, 1954). 
Exchangeable K, Ca, and Mg were determined 
using AAS after NH4AOC extraction (Jackson, 
1967). DTPA extractable Fe, Cu, Zn, and Mn, 
concentrations were measured using AAS as 
described in Lindsay and Norvell (1969). Soil 
B concentrations were determined 
calorimetrically after the extraction in 0.1 m 
CaCl2 (Sillinpaa, 1982). Total amount of heavy 
metals (Ni, Cr, Co, Cd and Pb) in the soil were 
measured after the wet digestion methods 
(Khan & Frankland, 1983).  
After growing period, the plants were harvested 
over the soil surface. The plants were washed 
with top and distilled water, dried at 65-70°C 

for 48 h, weighed, and grounded. Then, 0.5 g of 
plant samples was put in porcelain cups and 
dry-ashed at 550°C for 5 h. The ash was 
dissolved in 3 ml concentrated HCl and 
filtrated, and the final volume was brought up 
to 50 ml with deionized water. All elements in 
the supernatant were measured using an ICP at 
recommended wavelength and detection limits 
(Table 5).  
 

Table 5. Wavelength and detection limits of each 
elements used for ICP- AES 

 

Element Wavelength (nm), λ detection limits 
mg/l 

B 249.700 0.040 
Pb 220.353 0.0072 
Cd 228.802 0.0010 
Cr 267.716 0.0022 
Ni 231.604 0.0035 

 
The total C and N contents of BD were 
determined according to the Dumas method 
with a LECO-Truspec CN analyzer (Kirsten, 
1983). The pH and EC values of BD were 
measured directly using pH and EC meters. 
The dry matter content of BD was measured by 
keeping it at 70°C until it reached a stable 
weight. Organic matter content was calculated 
through dry-ashing at 550°C for 5 h. Total 
element concentrations of BD were measured 
with the same procedures used for the plant 
analysis. The statistical evaluations of the 

results were made using the MSTAT program. 
Differences between means were compared 
using the Duncan’s multiple range tests. 
 
RESULTS 
 
The effects of treatments on plant dry weights, 
boron and other element concentrations of 
plants have been indicated in Table 6. As seen 
there, the effects of individual factors and their 
interactions significantly affected DW. Plant 
dry weights showed changes between 5.10-8.95 
g and this variation showed significant 
differences with the application dosages (p≤ 
0.01). In conditions without BD applications 
(BD0) plant DW showed significant variation 
with the incubation times. Similarly, IP resulted 
in an increase in DW under other BD dosages. 
Application of increased BD led to DW 
increase under all incubation periods. Looking 
at the means, DW showed about 23 % increases 
with the application of 30 t ha-1 BD. The most 
efficient IP on DW was found as 30 days. 
Boron concentrations in plants showed non-
significant variations between 15.3 and 17 mg 
kg-1.  As in B, plant Cd and Co concentrations 
did not change significantly with individual 
factors and their interactions. While Cd 
concentrations varied between 0.05-0.08 mg 
kg-1, Co concentrations changed between 0.06 
to 0.09 mg kg-1. Plant Cr concentrations were 
found to be between 2.19-4.38 mg kg-1. While 
the effect of incubation on these variations was 
not significant, the effect of BD dosages was 
significant.  Plant Cr concentration under D0 
conditions was 3.52 mg kg-1, this decreased to 
2.50 and 2.60 mg kg-1 with applications of 1.5 
and 3 t da-1 of BD.  
The effect of interaction on Ni concentrations 
was found to be significant. While the highest 
Ni concentration was found from the treatment 
of 15 t ha-1 BD under non-incubated condition, 
the lowest was obtained from treatment of 30 t 
ha-1 BD under 60 days incubation. Depending on 
the treatments, Pb concentrations in wheat were 
determined between 1.644-3.053 mg kg-1. Plant 
Pb concentration significantly decreased with 
the incubation up to 33%. Also BD dosages 
resulted in decreases in plant Pb concentrations 
but these decreases were not significant. 
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Table 6. Effect of BD and incubation on B and some heavy metal concentrations of wheat 
 

 
Incubation (Days) 

BD (t ha-1)  
0 15 30 Means 
                                       DW (gr plant-1)     

0  5.10 E*** 7.05 BC 6.55 CD 6.23 b** 
30 7.17 BC 7.90 AB 7.83 AB 7.63 a 
60 6.75 CD 5.67 DE 8.95 A 7.12 ab 
Means  6.34 B* 6.87 AB 7.78 A   

B (mg kg-1) 
0 16.6 15.3 15.4 15.8 
30 16.2 15.9 16.5 16.2 
60 16.1 16.7 17.0 16.6 
Means 16.3 16.3 15.9  

Cd (mg kg-1) 
0 0.08 0.07 0.05 0.08 
30 0.07 0.07 0.07 0.07 
60 0.07 0.07 0.07 0.07 
Means 0.07 0.07 0.07  

Co (mg kg-1) 
0 0.09 0.07 0.07 0.08 
30 0.07 0.06 0.08 0.07 
60 0.07 0.06 0.07 0.07 
Means 0.08 0.06 0.07  

Cr (mg kg-1) 
0 3.00 2.38   2.69   2.68   
30 3.23 2.76 2.92   2.97   
60 4.38 2.35   2.19   2.97 
Means 3.52 A* 2.50 B 2.60 AB  

Ni (mg kg-1) 
0 1.62 AB*** 2.77 A 1.85 AB 2.08 
30 2.16 AB 1.94 AB 2.09 AB 2.06 
60 2.26 AB 1.37 B 1.35 B 1.66   
Means  2.012   2.03   1.76    

Pb (mg kg-1) 
0 0.52  0.43  0.33 0.43 a** 
30 0.32  0.27  0.29  0.29 b 
60 0.33  0.30  0.34  0.32 b 
Means  0.39 0.34 0.32  

*: Shows the BD effect, **: shows the incubation effect, ***: shows the interaction effect      
 
Boron and heavy metal uptakes of wheat are 
shown in Table 7. Looking at the B uptake, it 
was seen that all factor significantly affected 
plant B removal.  
Depending on the interaction the highest B 
uptake was obtained from combination of 30 t 
ha-1 BD and 60 days incubation whereas the 
lowest was obtained from the combination of 0 
t ha-1 BD and 0 day incubation. 
If an evaluation was made on the individual 
factors, the most effective BD dosage was 15 t 
ha-1 and the most effective incubation day was 
60 days. As for heavy metal uptakes of wheat, 
it has been observed that no factors had a 
significant effect on Co, Cr and Pb uptakes of 
wheat. When looked removed Cd amount by 

wheat, it can be seen incubation periods had 
significant effect on it. Only difference between 
0 and 60 days incubation was significant on Cd 
uptake. Plant Pb uptakes showed significant 
variation with the interaction.  
The lowest Ni removal was measured from the 
control treatments of both individual factors, 
but the highest was obtained from the 
combination of 15 t ha-1 BD under 0 day 
incubation condition.      
 
DISCUSSIONS 
 
Plant DW increased due to the increase in BD 
levels and incubation times compared to the 
control treatments. These results are in accor-
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dance with previous studies (Różyło et al., 
2016; Sogn et al., 2018; Kara et al., 2019; 
Głowacka et al., 2020). It is thought that the 

increase in DW depending on the applications 
is closely related to the BD doses and 
incubations. 

 
Table 7. Effect of BD and incubation on B and some heavy metal uptakes of wheat 

 

 
Incubation (Days) 

BD (t ha-1)  
0 15 30 Means 

B 
0  85.22 C*** 109.45 BC 103.67 BC 99.45 b** 
30 114.13 ABC 125.17 AB 93.68 BC 110.99 b 
60 105.14 BC 130.39 AB 152.09 A 129.21 a 
Means  101.50 B* 121.67 A 116.48 AB  

Cd 
0  0.4027  0.5053  0.3600  0.4227 b* 
30 0.4605  0.5793  0.4153  0.4851 ab 
60 0.4567  0.5483  0.6265  0.5438 a 
Means  0.4399   0.5443   0.4673    

Co 
0  0.4483   0.5133   0.4500   0.4706   
30 0.4800   0.4537   0.4537   0.4624   
60 0.4785   0.4963   0.5955   0.5234 
Means  0.4689   0.4878  0.4997    

Cr 
0  14.83   17.21   18.31   16.79   
30 23.06   21.94   16.49   20.50   
60 28.70   18.46   19.38   22.18   
Means  22.20   19.20   18.06    

Ni 
0  8.034 B*** 20.330 A 12.625 AB 13.663   
30 15.160 AB 15.374 AB 11.821 AB 14.118   
60 14.719 AB 10.720 AB 11.929 AB 12.456   
Means  12.638   15.475   12.125    

Pb 
0  2.607   3.029 2.235   2.624   
30 2.196   2.141   1.644   1.994   
60 2.174   2.352   3.053   2.527   
Means  2.326   2.507   2.311    

*: Shows the BD effect, **: shows the incubation effect, ***: shows the interaction effect      
 
As a matter of fact, the increase in the amount 
of available nutrients in soil is due to BD 
application is one of the factors that increase 
plant growth. 
Also its own properties of BD affecting soil 
fertility, affects plant growth directly or 
indirectly (Barbosa et al., 2014; Nabel et al., 
2017; Walsh et al., 2018).  
Due to bioactive substances, such as vitamins, 
humic and fulvic acids, nucleic acids, free 
amino acids, monosaccharides, phytohormones, 
etc in it, digestat can promote plant growth, 
namely DW (Liu et al., 2009; Yu et al., 2010).  

Plant B concentrations from each treatments 
were not affected from treatments and the 
concentrations of B took place between the 
sufficiency range (3-25 mg kg-1) (Reuter and 
Robinson, 1997). In different recent studies 
conducted on different wheat genotypes under 
different growth environment, similar B levels 
were recorded as in our study (Turan et al., 
2008; Rana et al., 2017; Fakir et al., 2018; Al-
Ameri et al., 2019). Boron concentrations 
found in this study were very close to those of 
Taban & Erdal (2000). They found that B 
concentration of above ground part of eight 
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weeks old 6 wheat genotypes varied between 
10.0-44.0 mg kg-1. They also indicated that 
there were not a yield lose although a genotype 
having 12.68 and 44.00 mg g-1 B 
concentrations but another genotype having 
12.33-25.33 mg g-1 B concentrations had 
17.29% yield lose at higher B concentration.  
It was observed that most of the heavy metal 
concentrations of wheat were not affected by 
the applications, and some heavy metals were 
even adversely affected (Ni and Pb) by BD 
dosage and incubation treatments. This 
situation can be explained with the low B and 
heavy metal concentration of BD.  As it was 
indicated before, our material has lower B and 
heavy metal concentrations than the 
permissible concentrations reported by 
different organizations (Teglia et al., 2011; 
Collivignarelli, 2019). Increase of soil 
buffering capacity due to BD dosages and 
incubation periods might be another result of 
the decreases in the availabilities of the 
elements. Also heavy metal concentration of 
the soil is quite below the world limit (Li et al., 
2009; Zhou et al., 2014).  
Concentrations of Ni found in the present study 
were quite lower than those measured in 
previous studies (Bose and Bhattacharyya, 
2008; Wang et al., 2015). The wheat Cd 
concentration we obtained is well below the 
wheat Cd concentrations previously determined 
by Köleli et al. (2004) and by Cui et al. (2012).  
According to the previos records criticial Cd 
levels to create oxidative stress on wheat 
seedlings were between 3.3 and 10 mg kg-1 
(Bingham et al., 1975). Hara & Sonoda (1979) 
pointed out the critical Cr concentration as 10 
mg kg-1 in barley. Gedikoğlu et al. (1998) 
recorded the toxic concentration of Co as 20-25 
mg kg-1 in some cereals such as barley. In this 
study it was determined that heavy metal 
concentrations of wheat were found to be 
below the toxicity levels indicated by different 
researchers (Mamata et al., 2009; Yurdakul et 
al., 2017).  
We saw that element uptake of wheat applied 
did not increase with BD dosages and 
incubation periods. Element removals were 
closely related to plant DW mostly 
Looking at the amount of potential toxic 
elements in digestate used in this research are 
quite below the threshold levels given by 

different countries and organizations for 
organic wastes and bio solids used for 
agricultural purposes (Teglia et al., 2011; 
Collivignarelli, 2019). Digestate used in this 
study also has lower heavy metal 
concentrations than permissible concentrations 
given by Republic of Turkey, Ministry of 
Agriculture and Forestry. So it is suitable for 
using agricultural purposes.  As it can be 
observed that the limit values provided for the 
countries are very different; moreover, almost 
all countries provide their own limit values for 
both organic residues and bio solids 
(Hargreaves, 2008; Teglia et al., 2011; 
Collivignarelli et al., 2019). 
 
CONCLUSIONS 
 
As conclusion, looking at the plant DW and 
variations of potentially toxic element 
concentrations in the plant, there is not a 
potential of BD to create toxicity on plant 
growth under incubated or non-incubated 
conditions. For this reasons, BD’s having the 
similar properties we used, can be used as soil 
amender or fertilizer source when used at the 
rate used in this study.  
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Abstract  
 
The diversity of trees is an important factor in ensuring the sustainability of urban forests, but it has hardly been 
studied in small towns in Ukraine. This study examines the diversity of urban tree species in two small towns in the 
capital region of Ukraine. The results show that the richest species composition of Vyshgorod city in the adjoining the 
houses territories and in mini-parks. A total of 100 species and forms of trees and shrubs have been found in the city.  
27 species of trees and shrubs are represented In Ukrainka city. Spiraea vanhouttei, Syringa vulgaris and the genus 
Spiraea are critical for Vyshhorod city. Acer saccharinum, Pinus sylvestris, Populus piramidalis, Betula pendula and 
Spiraea vanhouttei are critical for Ukrainka city. In contrast to Vyshhorod, where the distribution of trees by diameter 
is close to optimal, Ukrainka lacks young trees and exceeds the share of "ripening", which violates the guarantees of 
sustainable development of urban plantations. The methodology used in this study may allow practitioners to better 
assess the sustainability of urban tree plantations. 
 
Key words: green plantings for public use, introducers, species structure, street plantings.  
 
INTRODUCTION  
 
The ecopotential of urban landscapes is 
determined by the structure of vegetation, its 
species composition, condition and resistance 
to urban factors (Ovcharenko & Zalyubovska, 
2018), including the conservation of 
biodiversity (Caynes et al., 2016). 
In urban conditions, there is a complex impact 
of negative factors on woody plants, which 
requires a differentiated approach to the 
selection of their species composition, taking 
into account the stability and categories of 
plantations, they purposes and natural features 
of the territory (Vedernikov & Bukharina, 
2010). It is recognized that a quality urban 
environment can be achieved only through the 
creation of effective bio-sustainable plantings, 
the use of a regional range of sustainable 
plants, which will be based on aboriginal 
species that are better adapted to local eco-
conditions (Buko & Volobaeva, 2008). Instead, 
(Gerasimchuk, 2009) found that the species 
composition of greenery in the towns of 
Ukraine, especially on the streets, is poor and 
does not meet modern needs. 
According to Smona (2010), the diversity of 
urban plantations is the most important among 

the factors of estimate the impact on the 
environment, as well as a key component of 
resistance to pests, diseases and climate change 
(Cowett & Bassuk, 2017). Rule 10-20-30 
(Santamour, 2002) has become a generally 
accepted norm, despite the lack of scientific or 
empirical evidence of the values of the 
established restrictions, but, unfortunately, has 
not been introduced in Ukraine. 
The Simpson diversity index or the Shannon-
Wiener index are often used to assess the 
diversity of street trees, and the inversion of the 
Simpson index (SDI) is considered to be one of 
the best indicators of phytodiversity (Sun, 
1992).  
In the post-Soviet space, the species 
composition of green areas of large cities was 
mostly studied. It was found that despite the 
use in urban landscaping of a large number of 
species of woody plants, they are usually 
dominated by only 10-15 species (Bukharina et 
al., 2007).  
Number of urban green space is an important 
determining factor of biodiversity (Lepczyk et 
al., 2017). Accurately extracting tree 
characteristics and species information can 
facilitate the monitoring and management of 
street trees, as well as aiding landscaping and 
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studies of urban ecology (Y. Wang et al., 
2021). However, quantitative measurements of 
structure and morphology of urban trees are 
hardly exhausted so far (Bayer et al., 2018).  
It was noted that the expansion of species in 
urban greenspace leads to an increase in the 
similarity of the species composition of plants 
between remote areas (X. Wang et al., 2021). 
There are numerous works to study the current 
state of the composition of urban forests 
(Monteiro et al., 2019). There is almost no 
information about species composition of green 
plantings in small towns. This study aims to 
examine the current state of composition and 
stability of greenery of different functional 
purposes in small Ukrainian cities in the capital 
region.  
 
MATERIALS AND METHODS  
 
General characteristics of the study areas 
Small city are the most common category of 
cities in Ukraine (as in many other countries of 
the world), and at the same time, the least 
studied. In the capital Kyiv region there are 20 
(80% of the total number) small cities with a 
population of up to 50 thousand inhabitants. 
Detailed research was conducted in Vyshhorod 
city (forest zone - Polissya) and for 
comparison, in a more generalized form (only 
for the town as a whole) - in Ukrainka city 
(forest-steppe zone) (Figure 1).  
 

  
Figure 1. Location of small towns relative to Kyiv 

The average annual temperature for this area is 
about 7°C and ranging from about -6°C in 
January to more than 19°C in July. The climate 
is temperate continental. 
Vyshhorod is a historic small city founded in 
946, energy in terms of industrial development, 
the district center, one of the closest to the 
capital (Kyiv), located on the picturesque hills 
on the banks of the Dnieper River. The town is 
developing rapidly and currently has of over 27 
thousand inhabitants. Ukrainka is a newly built 
city with a population of 15.5 thousand, but 
also located on the banks of the Dnieper 
(downstream from Kyiv).  
The study area covers almost the entire territory 
of the Vyshhorod city, which occupies 874 
hectares, but, above all, its central part. The 
population density is about 3180 people per 
km2. Apart from the scarce data about green 
areas in the Master plans and datas about area 
of public green spaces in the statistical form of 
land use, no other data on green areas were 
found. The Master plans provide a single 
indicator of landscaping - the provision of 
green areas for public use. It is the only directly 
normalized indicator in the process of urban 
planning of Ukrainian cities. 
 
Methodological aspects of assessing the 
quality of greenery. Given that the inventory 
of green areas in small towns has never been 
conducted and currently no data on their quality 
are available, the research was based on our 
(conducted in 2012-2017) inventory of green 
areas (Zibtseva, 2014; 2015; 2018). Green 
plantings of all three functional groups in 
Vishhorod city were researched. The species 
composition and the main taxonomic indicators 
were determined, in particular the age and 
diameter of trees at a height of 1.3 meters on 
the territory of each research object.  
The share of tree species in plantings was 
calculated as the ratio of the number of 
specimens of this species to the total number of 
surveyed tree plants in a given group of objects. 
Structural analysis of tree plantations included 
assessment according to the classification of 
species by Mikheeva (2009), where species 
with a high share of participation included 
species with a share of specimens from 5 to 
10%, and with a very high share of 
participation - with share more than 10%. The 
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ratio of aboriginal and introduced species was 
determined. 
To assess the phytodiversity, we calculated the 
index of diversity of tree plant species (Species 
Diversity Index - SDI) - the inversion of the 
Simpson index (Sun, 1992). An SDI value 
close to 20 indicates that the plantings are 
stable. 
In general, the inventory covered greenery of 
all functional groups on the territory of the 
town, in particular: the territory of 10 squares 
(mini-parks), public buildings of local 
authorities, adjacent territories of more than 
30% of apartment buildings, which are 
communally owned to territorial community of 
town, multi-storey new buildings, of a number 
of private sector estates in the historic part of 
town, three secondary schools, of a former 
scientific institution, recreation center, hospital, 
industrial zone, 14 streets and along of a 
suburban highway of regional importance. In 
addition, an inventory of trees and shrubs  was 
conducted in Ukrainka city. The number of 
surveyed trees and shrubs in plantations of 
different functional purposes amounted to more 
than 3,000 specimens.  
In the absence of domestic analogues, for 
comparison, the experienced of inventory of 
tree plantations in a number of small US towns: 
Topsham, Chester and others, as well as Essex 
(UK). An important result of the inventory of 
tree plantations in American cities is the 
selection of critical species (which exceed the 
number of individuals rule 10-20-30 
(Santamour, 2002) in terms of species diversity 
and the distribution of plants by diameter 
classes, the correspondence of which to the 
ideal (Richards, 1983) indicates the stability of 
urban green plantings development. 
 
RESULTS AND DISCUSSIONS 
 
Information in Master plans about the quality of 
greenery  
According to the master plans of the 1970s - 
1990s (later data on the species composition of 
green plantations are absent), the species 
composition of woody and shrub plants in 
green plantations of small towns of the region 
was quite limited and had up to 12 species. 
Common species were included Acer negundo 
L., Robinia pseudoacacia L., as well as 

Aesculus hippocastanum L., Acer saccharinum 
L. (introduced species, currently widespread in 
most Ukrainian cities). It is obvious that some 
of these plantings have survived to this day, but 
have crossed the age of decorative durability 
and are usually represented by plantations that 
need to be replaced. Aboriginal species such as 
Tilia cordata Mill., Populus nigra L., Betula 
pendula Roth., Alnus glutinosa (L.) P. Gaertn., 
Sorbus aucuparia L., Pinus sylvestris L.,, Salix 
alba L., S. caprea L., Quercus robur L., Ulmus 
laevis Pall., Fraxinus excelsior L., Picea 
excelsa Link. In addition, the territories of 
small towns are characterized by large areas of 
orchards, which significantly influenced the 
formation of the urban landscape. Among the 
wide range of tree plant species recommended 
by the master plans of the 1970s and 1990s for 
promising urban landscaping, introduced 
species predominated. 
 
Green plantings of Vyshhorod town 
Public green plantings in Vyshhorod town is 
actually represented only by squares (mini-
parks), although some of them are called parks 
even in official sources. In fact, they do not 
meet the minimum area of the park, which 
according to the state standard must be as 
minimum 2 hectares.  
According to research results, the species 
composition of the town squares numbered 20 
species and forms of tree plants. As a rule, the 
basis of squares are older trees of several 
aboriginal species, to which decorative 
introducers were added over time. Among the 
species of tree plants 11 (55%) are introducers, 
among shrubs - three species (or 50%). 
Very high share (over 10%) is inherent to 
Thuja occidentalis L. and Aesculus 
hyppocastanum. High share (5-10%) is inherent 
to decorative forms of Thuja occidentalis, Acer 
platanoides L., Ulmus scabra Mill., Tilia 
cordata. Figure 2 shows the distribution of 
species of tree plants in public gardens by age. 
The 10-year-old plantings, 50- and 40-year-old 
trees predominate in the squares of the 
downtown. The share of trees aged 60-70 years 
reaches 12.5%. Young trees are mostly 
decorative forms of conifers. The SDI for 
downtown tree plantations is 9.2 (a similar 
result was obtained for street plantings in 
Springfield, Massachusetts) (Sun, 1992).  
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Figure 2. Age distribution of tree plantings  

in squares of Vyshhorod town, % 
 
Only six species of shrubs were found in the 
squares of the downtown. Spiraea japonica L. 
predominates, accounting for more than half of 
the bush plantings.  
The rapid development of the city over the last 
decade is accompanied by changes in 
landscaping, especially public greenery, new 
squares are appearing. On the territories of the 
newly created squares there are 22 species of 
trees and shrubs, including such exotic ones as 
Aesculus carnea 'Briotti', Physocarpus 
opulifolius f. ʻDiabloʼ, Ginkgo biloba L., 
Catalpa bignonioides Walt., Potentilla 
fruticosa ‘Elizabethʼ, Juniperus squamata 
Lamb., J. squamata f. ʻBlue Swedeʼ, Corylus 
colurna L., Magnolia soulangeana Soul.-Bod., 
Rhus typhina L., Physocarpus opulifolius f. 
ʻDiabloʼ.  
It was found that Syringa vulgaris L. occurs in 
all newly created parks, and 28 species occur 
only in one of the squares. Planting of rare 
exotic plants became more frequent. A total of 
54 species and forms of trees and shrubs have 
been identified in the city's public gardens, and 
their species diversity index (SDI) is 10.4. 
Green plantations for limited use. According 
to Luce (1978) green plantations of limited use 
are the most common category of green areas 
in small towns, which is explained, in 
particular, by large areas under residential 
buildings (especially private estates) and, 
accordingly, gardens at these areas, as well as 
that thegreen plantations of limited use are 
represented in all territories with any restriction 
of the contingent of visitors. 
A significant part of the important public 
buildings is concentrated in Vyshhorod 

downtown. The species composition of the 
plantations of these areas includes 14 species of 
woody plants, 9 of which (64%) are 
introducers. Species with a very high share of 
participation include Picea pungens f. glauca, 
P. excelsa, Betula pendula and Acer 
platanoides f. globosum.  
There are 42 species of plants in the adjoining 
the apartment building territories of Vyshhorod 
downtown, including 23 species of trees, 17 
species of shrubs and 2 of lianes (Figure 3).  
 

 
Figure 3. Species composition of green plantings on the 

adjoining to aparhouses territories in downtown 
Vyshhorod, % 

 
Syringa vulgaris (17.0%), Prunus cerasus L. 
(10.6%) and Spiraea japonica (8.6%) have the 
highest share. The number of introducers 
reaches 67%, and fruit - ranges from 36 to 78% 
with an average value of 45%. 
The age of tree plants ranges from a few years 
to 60 years or more for fruit trees). Landings 
under the age of 10 are available at all sites. 
In the adjacent territories of multi-storey new 
apartment buildings, as a rule, young highly 
decorative plantings of trees and bushes are 
presented: Juglans regia L., Pyrus communis 
L., Prunus cerasus, Malus prunifolia (Wild.) 
Borkh., Prunus persica (L.) Batsch,  
P. armeniaca L., Rhus typhina, Salix integra 
'Hakuro-nishiki', Aesculus hyppocastanum, 
Syringa vulgaris, Spiraea japonica, Berberis 
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thunbergia 'atropurpurea', Rosa canina L. 
There are trees of Betula pendula, Pinus 
sylvestris, Quercus robur aged 40 and over, 
which grew in the area before construction. On 
the territory of some new buildings, no 
greenery or areas allocated for them were found 
at all. In total, 57 species and forms of woody 
and shrubby plants were found in apartment 
buildings, including new buildings. The index 
of species diversity for them is 18.5, ie close to 
optimal. 
The territories of private estates in the historical 
part of the Viwshhorod city is characterized by 
plantings of mainly fruit trees: Malus 
domestica Borkh., Prunus armeniaca, P. avium 
(L.) L., P. cerasus, Pyrus communis L., Juglans 
regia, Ribes nigrum L. and others under 40 
years of age. 
The territories of three educational institutions 
in  Vyshhorod downtown were studied: general 
secondary school No. 1, lyceum and district 
gymnasium “Intellect”. In total, 28 species of 
plants are represented on the school territory, 
including 20 species of trees and 8 shrub 
species. Species with a very high share (over 
10% of the total) include Ulmus laevis and 
Populus nigra L.; with a high share of 
participation - only Ligustrum vulgare L. 
Conifers are represented only by Thuja 
occidentalis. Among the species of woody 
plants, 55% are of aboriginal. Among the 
shrubs 50% are of the aboriginal species. 
A total of 24 species and forms were found on 
the lyceum territory: 16 species of trees and 9 
species of shrubs. 44% of the trees are 
aboriginal species. Among the bushes there is 
only one aboriginal species. Species with a 
very high share include Thuja occidentalis and 
Platicladus orientalis; with high - five species 
of shrubs. Dominated by 10-year-old trees 
(26.5%), the number of trees and shrubs under 
15 years is 35.7%, older (50 years or more) - 
0.6%, the number of others in 5-year-olds 
varies within from 1.8 to 4.2%. 
In total, 27 species were found on the 
gymnasium territory: 16 trees and 11 shrubs. 
Only Spiraea thunbergii Sieb.; belongs to the 
species with a very high share of participation; 
with a high share of participation belong seven 
species. Among woody plants 56% are 
aboriginal species, one of them is coniferous. 

Among the bushes only 18% are aboriginal 
species, no conifers. 
Eight species of trees are common to these 
three territories. The index of species diversity 
of SDI trees for the school territory is 5.75; for 
the territory of the lyceum - 11.52; for the 
territory of the gymnasium - 16.22, ie 
approaching the optimal one. 
The analysis of the age structure of plantations 
showed that on the territory of school No. 1 30- 
and 60-year-old tree plants predominate (Figure 
4), which account for more than 75% of the 
specimens. On the territory of the lyceum and 
gymnasium young plantings up to ten years old 
predominate (32 and 39% of plants, 
respectively). 
 

 
Figure 4. Distribution of tree plantings by age on the 

territory of educational institutions 
 
The number of species and forms of trees and 
shrubs in plantations on the territory of 
educational institutions ranges from 24 to 28. 
Among the trees are almost equally represented 
aboriginal and introduced species, and among 
the shrubs are dominated by introducers. In 
particular, on the territory of school № 1 
aboriginal species make up 55% of woody 
plants and 50% of shrubs; lyceum - 
respectively 47.3 and 11.1%; gymnasiums - 
56% and 27%. In total, 45 species and forms of 
trees and shrubs were found on the territory of 
educational institutions. The Species Diversity 
Index (SDI) for the school grounds is 5.75; for 
the territory of the lyceum - 11.52; for the 
territory of the gymnasium - 16.22, ie only in 
the latter case is it approaching the optimal one. 
On the territory of Vyshhorod hospital 28 
species of woody and shrub plants were found 
in the amount of 270 specimens (Figure 5). 
Only two species are characterized by a very 
high share of participation: Tilia cordata and 
Betula pendula, high share of participation - 
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three species: Pyrus communis, Ligustrum 
vulgare, Prunus armeniaca. The age of plants 
varies from 3-5 to more than 50 years. The 
index of species diversity of plants in this area 
is 7.79. 
 

 
Figure 5. Species composition of green plantings on the 

territory of the hospital, % 
 
Green plantings on the territory of the industrial 
zone was researched. In total, 26 species of 
trees and shrubs were found in this area. Of 
these, 13 (50%) are aboriginal species, 10 
introduced species and three cultivars. 
Quantitatively, introducers predominate. 
Species with a very high share include Populus 
nigra and Acer platanoides, with a high share – 
Acer negundo, Juglans regia, Syringa vulgaris, 
Thuja occidentalis. 
Green plantings for special purposes. Green 
plantations of special purpose of Vyshgorod 
include plantations of cemeteries (one of which 
is located on hills in the historical northern part 
of the city), street landscaping, protective 
plantings, first of all on steep slopes. More 
common (by area) special purpose green spaces 
within the town are street landscaping (which is 
generally typical of the Kyiv region. 
The historical network of streets in the southern 
part of the town was redesigned in the early 
1960s, at the same time they were landscaped. 
Currently, the routes of the oldest streets, which 
are located in the historic part of the town are 
almost not landscaped, along their carriageway 
there are only a few trees. The central streets 
are marked by relatively better landscaping 
with linear tree plantations. 

According to the results of our research (Figure 
6), 33 species of tree and shrubby plants are 
represented in the Vyshhorod street plantings. 
The four most common species in street 
plantings - Aesculus hyppocastanum, Tilia 
cordata, Acer platanoides and Populus 
pyramidalis - account for 54.8% of tree plants. 
Species with a very high share include Populus 
pyramidalis, Tilia cordata, Aesculus 
hyppocastanum; with high - Betula pendula. 
46.2% of street trees are introducers. 
 

 
Figure 6. Share of participation of tree plant species in 

street plantings of Vyshhorod 
 
The oldest species are Salix alba, Populus 
nigra and P. pyramidalis (average age 63 and 
61 years, respectively) (Figure 7), the youngest 
species are Juglans regia, Prunus cerasus, 
P. armeniaca (mean age 23, 26 and 30, 
respectively). The weighted average age of 
trees in the experimental street plantations is 47 
years. 
 

 
Figure 7. The average age (years) and diameter 

(centimeters) of tree species in the street plantings of 
Vyshgorod downtown 
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For landscaping of the road, which was carried 
out in the 50s - 60s of the last century, mostly 
aboriginal species were used. So far, 11 species 
of woody plants have been identified, including 
three introducers (27%), wich represented by 
10.1% of specimens. Three species - Betula 
pendula, Tilia cordata and Populus 
pyramidalis account for 80.8% of tree 
specimens. According to the proposed 
(Ukhvatkina and Denisov, 2010) distribution, 
only Betula pendula, which accounts for 
62.2%, is classified as mass. Tilia cordata and 
Populus pyramidalis are included in the 
category of common (10.1 and 8.5%, 
respectively); Populus nigra, Salix alba, Pinus 
sylvestris and Acer negundo are rare, and 
Sorbus aucuparia, Prunus armeniaca are 
single. The total share of species of the genus 
Populus in-line plantings reaches 13.8%. The 
weighted average age of trees is 56 years. Trees 
over 60 years of age (5.9% of the studied trees) 
are affected by mistletoe, namely: 33.3% of 
Populus nigra, 30 % дерев Acer platanoides, 
12.5% - Salix alba, 10.5% - Tilia cordata and 
1.7% - Betula pendula. Affected by mistletoe 
among the trees of Populus pyramidalis were 
not detected. 
Thus, at present, the homesteads and squares 
are distinguished by a wider species 
composition. In total, 100 species and forms of 
woody and shrubby plants were found in 
Vyhorod. The index of species diversity of 
urban plantations was 25.6, which should 
nominally guarantee their stability. 
 
Green plantings of Ukrainka city and 
comparison of two cities.  
The recommended ratio of trees and bushes is 
also not observed in the landscaping of the city 
of Ukrainka: trees predominate, compared to 
which the number of bushes is four times 
smaller. However, this picture is typical for 
landscaping of cities, especially small ones. 
The species composition of the urban tree 
plantings is limited. Less than half (41%) of 
them are aboriginal species, which make up 
49% of the total number of plants. A total of 21 
species of trees, 5 species of shrubs and 1 
species of liana were found in the study area. 

The predominant species among the trees are 
Acer saccharinum, Pinus sylvestris, Populus 
piramidalis, Betula pendula, Aesculus 
hippocastanum, Tilia platyphillos Scop. and 
Acer platanoides, the total number of which is 
80.5% of the total number of woody plants. 
Species with a very high share of participation 
are Acer saccharinum, Pinus sylvestris, 
Populus piramidalis, Betula pendula; species 
with a  high share of participation are Aesculus 
hippocastanum, Tilia platyphillos and Acer 
platanoides. In the diagram, the category 
"other" includes such species as Prunus 
armeniaca, Fraxinus excelsior, Fagus sylvatica 
L., Acer pseudoplatanus, Quercus rubra and 
Morus alba, the number of which is from 0.6 to 
0.1%. 
The SDI index is 10.7. Five species of shrubs 
have been found in the city, of which only 
Juniperus sabina - is a conifer. Hedges of 
Spiraea vanhouttei predominate (68.4% of the 
total number of shrubs). 
In the absence of domestic analogues, for 
comparison we used, the experience of 
inventory of tree plantations in a number of 
small US towns: Middlebury, Topsham, 
Weston, Easton, Acton and others, as well as 
Essex (UK). An important result of the 
inventory of tree plantations in American cities 
is not only the selection of critical species 
(which exceed the number of individuals 
(Santamour, 2002) 10-20-30 on species 
diversity), but also the distribution of plants by 
classes of diameter, which correspond to the 
ideal distribution (Richards, 1983) and 
indicates the stability of urban plantations. 
Inventoried trees in US cities are classified by 
diameter size at chest height (and, conjugately, 
by age groups). The resulting plantation 
structure is compared with the ideal distribution 
(Richards, 1983), according to which the 
largest share of trees (40%) should be young 
trees (up to 8 inches in diameter), and 10% - 
large trees (over 24 inches). Tables 1 and 2 
show generalized qualitative characteristic of 
green plantings - the structure of plantations of 
both two researched towns according to the 
criteria of inventory plans of US cities. 
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Table 1. Total characteristics of plantings in Vyshhorod and Ukrainka cities 

Object Number of 
species and 

forms 

Species with a very high share of participation (critical) and 
high participation 

SDI The share of 
aboriginal 
species, %  

Downtown 
squares 

26 Thuja occidentalis, Aesculus hyppocastanum, Acer 
platanoides, Tilia cordata 

9.2 45  

All squares 54 Tilia cordata, Aesculus hyppocastanum, Syringa vulgaris, 
Spiraea vanhouttei 

10.4 22 

Apartment 
buildings 
 

57 

 

Prunus cerasus, P. armeniaca, Syringa vulgaris, Spiraea 
japonica, Ligustrum vulgare  

18.5 до 20  

Schools  24-28 

 

Ulmus laevis, Populus nigra; Thuja occidentalis; Spiraea 
Thunbergii 

5.8 – 16.2  44 -55  

Public 
institutions 

14 Picea pungens f. glauca, P. excels, Betula pendula, 
Juniperus sabina, Spiraea vanhouttei 

7.9 36 

Hospital 28 Tilia cordata, Betula pendula  7.9 62 

Industrial zone 26 

 

Populus nigra, Acer platanoides, A. negundo, genus Acer 
and Populus  

7.3 50 

Downtown 
streets 

24 Acer platanoides, Aesculus hyppocastanum, Tilia cordata, 
Populus pyramidalis  

11.2 36 

All streets  38 Aesculus hyppocastanum, Tilia cordata, Populus 
pyramidalis, Acer platanoides, Betula pendula  

11.8 54 

Highway 11 Betula pendula, Tilia cordata  2.3 73  

Vyshhorod city 100 Spiraea vanhouttei, Syringa vulgaris, genus Acer and 
Spirae  

25.6 25 

Ukrainka city 27 

 

Acer saccharinum, Pinus sylvestris, Populus piramidalis, 
Betula pendula, Aesculus hippocastanum, Spiraea 
vanhouttei  

10.7 41 

 
Table 2. Correspondence of the structure of Vyshhorod 

and Ukrainka plantings to the ideal Richards (1983) 
distribution  

Territories Diameter classes, cm 
0-21 22-44 45-60 > 60 

Perfect distribution 40 30 20 10 
Squares 44 17 27 12 
Adjoining apartament houses 75 13 10 2 
School 15 10 35 40 
Gymnasium 40 30 15 15 
Lyceum 80 20 20 0 
Industrial zone 51 30 9 20 
Street downtown 38 30 28 4 
All streets 10 60 10 20 

Vyshhorod city 36 30 22 12 
Ukrainka city 20 20 45 15 

 
According to the results of our research, it was 
easy to identify critical species, as this 
restriction coincides with the belonging of 
woody plants to the category of species with a 
very high share (over 10%), provided by the 
research methodology. In the territory of 
Vyshhorod the most common species are Tilia 
cordata, Acer platanoides, Aesculus 
hyppocastanum, Prunus cerasus, Populus 
pyramidalis, but only shrubs were critical in 

number in the town as a whole: genus Spiraea 
and species Spiraea vanhouttei, Syringa 
vulgaris. On the territory of the settlement zone 
of Ukrainka, four species of trees and one 
species of bush are considered critical: Acer 
saccharinum, Pinus sylvestris, Populus 
piramidalis, Betula pendula and Spiraea 
vanhouttei. 
The maximum deviations from the optimal 
distribution of trees by diameter classes are 
observed in street plantations, on the 
embankment, in adjoining house territories, but 
in general the distribution of trees by diameter 
(and, accordingly, by age) in Vyshgorod is 
close to optimal. On the other hand, there are 
not enough young trees on the territory of 
Ukrainka and the share of "ripenined" (45-60 
cm in diameter) is exceeded, which does not 
guarantee their stable development in the 
future. 
In general, the study showed that small towns 
have a similar set of predominant (main) tree 
species. However, for the demographically and 
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economic more developed town the higher 
variety of species is inherent, mainly due to  
introduced decorative tree plants in adjacent to 
houses territories in residential areas. 
 
DISCUSSIONS 
 
According to the literature, in the cities of the 
former Soviet republics are dominated by about 
10 species of trees and Acer platanoides is 
more common (Gontar et al., 2013; Molganov 
& Ovesnov, 2014; Zhudrik, 2016; Valetov & 
Ulasik, 2013), shrubs are rare. There is a 
positive relationship between the diversity of 
tree plant species and higher average minimum 
winter temperatures (Sjöman et al., 2012). Most 
species are typical for the researched cities. 
As in Ukraine, there are insufficient detailed 
studies about the use of plants in backyards 
(Klepacki & Kujawska, 2018; Wysmułek et al., 
2020). Like the study objectsі, open spaces in 
the United States tend to be small and difficult 
to manage, and are often underestimated as 
environmental amenities (Lynch, 2021).  
In the tree plantings of USA municipalities 
(parks and street plantings) within the 
considered small towns there are from 20 to 53 
species of trees. As a rule, the genus Acer, 
often Malus, sometimes Thuja, Fraxinus, 
exceeds the established standard, which causes 
concern for biodiversity. Although the purpose 
of species diversity is often at odds with 
aesthetic goals, where uniformity is valued, the 
plantations created should reduce the 
dominance of any species or genus, avoid pest-
susceptible species and take into account future 
climate change. It is recommended to continue 
diversifying the structure of urban tree 
plantations (species and age composition) to 
prevent potential threats and challenges. 
Reliable information not only on quantitative 
but also on qualitative indicators of green 
plantations, obtained as a result of their 
inventory, is a necessary precondition for 
assessing ecosystem services and ensuring 
ecologically balanced development of urban 
areas. 
 
CONCLUSIONS 
 
The analysis of the data of the inventory of 
green plantations, conducted by us in the 

researched small towns, allowed to formulate 
the following conclusions. 
The richest species composition in Vyshgorod 
city are typical for adjoining the apartment 
building territories and for squares. In total in 
the town 100 species and forms of tree and 
bush plants are found. The index of species 
diversity of urban plantations (including tree 
and shrub plants) was 25.6, which should 
nominally guarantee their stability. 
The species composition of greenspace in the 
city of Ukrainka is represented by 27 species of 
trees and shrubs. Index of species diversity of 
urban plantings is 10.7. 
Shrub species Spiraea vanhouttei, Syringa 
vulgaris and the genus Spiraea are critical for 
Vyshhorod, and Acer saccharinum, Pinus 
sylvestris, Populus piramidalis, Betula pendula 
and Spiraea vanhouttei are critical for the 
settlement zone of Ukrainka.  
In contrast to Vyshhorod, where the 
distribution of trees by diameter is close to 
optimal, in the territory of Ukrainka there are 
not enough young trees and the share of 
"ripening" trees is exceeded, which violates the 
guarantees of sustainable development of urban 
plantations. 
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