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ЕКОЛОГІЯ

Mycobiota of Podolyanka and Poliska 90 winter wheat varieties seeds was 
found to be represented mainly by fungi of the Alternaria, Fusarium, Penicillium, 
Aspergillus, Chaetomium, Trichothecium genera which are characterized by various 
levels of pathogenicity, depending on the physiological and biochemical properties 
the host variety. Significant increase is air temperature and relative humidity during 
the wheat flowering and milking stage of grain ripening contributed to the spread of 
micromycetes of the genus Alternaria Nees. (50 %). The seeds the affected by fungi 
Alternaria were physiologically underdeveloped, had low energy and germination, 
which averaged 40 %. Plants form such seeds lag behind in growth and development.

It is established that the physiological and biochemical mechanism of Podoly-
anka winter wheat variety stimulates mycelium radial growth and intensity of fungi 
Alternaria sporulation indicating the rapid reproduction of micromycetes, which 
contributes to the contamination of agrophytocenoses by propagative structures of 
the pathogen. However, the intensity of spore formation and the rate of mycelium 
radial growth on Poliska 90 variety seeds, was significantly lower. This fact gives 
reason to believe that the physiological and biochemical mechanism of the Poliska 
90 variety plants is able to restrain the intensity of the genus Alternaria micromy-
cetes spore formation at an ecologically safe level.

It was found that the seeds of the Podolyanka and Poliska 90 winter wheat vari-
eties are low in protein content and have high humidity. In terms of raw gluten con-
tent, they are classified in the quality group 3.  Isolates of fungi the genus Alternaria 
developed more intensively on the Podolyanka winter wheat variety grain, which is 
characterized by a lower content of protein and gluten. However the development of 
fungi was significantly lower on the Poliska 90 variety grain, which is characterized 
by a slightly higher content of protein and gluten.

System-ecological approach to the improvement of agroecosystems in organic 
farming can be carried out using indicators of the variety physiological and biochem-
ical properties interaction with physiological properties of phytopathogenic fungi, 
namely sporulation intensity and mycelial radial growth rate. This can increase the 
level of biosafety in agroecosystems and improve the quality of plant raw materials.

Key words: the frequency of occurrence, mycelium radial growth, sporulation 
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Beznosko І., Parfenyuk A., Gorgan Т., 
Gavrilyuk L., Turovnik Y. Ecological 
significance of winter wheat varieties 
in phytosanitary optimization of 
agroecosystems. Zbirnyk naukovyh prac' 
«Agrobiologija», 2021. no. 1, pp. 180–187.

Рукопис отримано: 13.02.2021 р.
Прийнято: 01.03.2021 р.
Затверджено до друку: 25.05.2021 р.

doi: 10.33245/2310-9270-2021-163-1-180-187

UDC 581.2:633.34:582.288

Ecological significance of winter wheat varieties  
in phytosanitary optimization of agroecosystems

Beznosko І. , Parfenyuk A. , Gorgan Т. , Gavrilyuk L. , Turovnik Y.  

Institute of Agroecology and Environmental management  
of National Academy of Agrarian Sciences

 E-mail: beznoskoirina@gmail.com

Problem statement and analysis of recent 
research. Recently, organic farming has become 
especially widespread in Ukraine, denying the use 
of chemical plant protection products, genetical-
ly modified organisms and synthetic fertilizers. In 
this regard, the urgent problem is to find ways to 
control the number of pests in crops agrocenoses 
in organic farming [1, 2].

Infectious diseases of plants, including winter 
wheat, caused by phytopathogenic micromycetes 
are listed as dangerous factors of environmental 
pollution along with radionuclides, heavy metals 

and chemical pesticides. These factors can quick-
ly overcome the crops resistance, multiply inten-
sively and cause epiphytotics. Epiphytotics of 
ecologically dangerous diseases, such as brown 
leaf, stem and yellow rust, powdery mildew, sep-
toria, pyrenophora, virus types  are increasingly 
observed in the structure of winter wheat crops 
in Ukraine [3, 4, 5]. In the conditions of invari-
able wheat crops dominance or crop rotations with 
short alternation, similar crops saturation, intro-
duction of zero or minimum tillage, cultivation 
of disease-resistant, homogeneous varieties, caus-
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es disruption of the natural connections between 
the host plant and the pathogen which results in 
the expansion of species diversity and increased 
pathogens harmfulness of winter wheat [6, 7]. 

Studying the mechanisms and factors deter-
mining the rate of natural ecological fungi-para-
sites formation is of great practical importance. 
Simplification of multiple ecosystems transforms 
their optimal functioning and stability, which 
leads to the deterioration the ecology agrocenoses 
[8]. Particular attention should be paid to the 
toxic properties of pathogens and their ability to 
accumulate in the soil, seeds and plant residues. 
This will allow to improve the eсological safety 
of agro-ecosystems, the food and feed industry, 
which will greatly improve human and animal 
health.

Peculiarities of phytopathogenic background 
formation of micromycetes, pathogens of win-
ter wheat diseases in the conditions of organic 
production are analyzed. In the phytopathogenic 
complex, the leading place is occupied by micro-
mycetes. The pathogens of root rot and powdery 
mildew prevail. The area of crops affected by 
these diseases ranges from 32.5 to 75.0 %, and it 
reaches 100 % in some years. The spread of dis-
eases in  winter wheat plants ranges from 4.2 to 
19.8 %, and their development ranges from 1.6 
to 14.0 %. Alternaria and Fusarium dominate 
among the wheat ear diseases. Reduction of crop 
yields under intensive development and spread of 
diseases can reach 60–70 % [9–11]. Also, accord-
ing to scientific data [12], global warming, espe-
cially in the winter months, causes the range of 
pathogens expansion in areas where they have not 
occured before [13, 14]. Thus, numerous studies 
are aimed at studying meteorological conditions 
during the growing season, which is an important 
factor in the implementation of cereals produc-
tivity, their resistance to lodging and the devel-
opment of pathogens of major diseases [15–18]. 
Genetic variability (gene mutations, recombina-
tion) and their use in selections that open access 
get plants is of great interest for foreign authors 
given since it provides comprehensive resilience 
to the harmful organisms and various agro-climat-
ic conditions [19, 20]. However, the advantages 
of many resistant varieties are short-time, because 
new types of resistant phytopathogenic microor-
ganisms arise during their production. Varieties 
that have lost their resistance become reservoirs 
of highly pathogenic races and strains of phyto-
pathogenic microorganisms, which can multiply 
and cause epiphytotic [21, 22]. Thus, agroecosys-
tems  recovery in organic farming can be achieved 
through agrocenoses phytosanitary status optimi-
zation the using a plant variety  as a trophic factor 

influencing the phytopathogenic fungi population.
The aim of the research is to determine the 

ecological role of  winter wheat varieties in the 
agrocenoses phytosanitary optimization.

Materials and methods of research. The re-
search was carried out in the laboratory of agro-
ecosystems biocontrol and organic production in 
the Institute of Agroecology and Nature Manage-
ment of NAAS and in the research field of Skvyra 
research station of organic production of IAP 
NAAS. Two varieties of winter wheat were used 
for research: Poliska 90 (STC of the Institute of 
Agriculture of NAAS) and Podolyanka (Institute 
of Plant Physiology and Genetics of the NAS of 
Ukraine, Myronivsky Wheat Institute named after 
V.M. Remeslo, UAAS). Plant samples were tak-
en in agrocoenotic populations of winter wheat 
varieties grown using  organic technology. To de-
tect endophytic and ectophytic plant diseases, a 
biological method was used according to DSTU 
4138-2002 (National Standard of Ukraine) [23].

Four samples, 50 seeds each, were selected 
according to DSTU 4138. The seeds were disin-
fected for 5 min in 0.5 % potassium permanga-
nate solution and washed with sterile water. The 
seeds were decomposed in petri dishes on agar 
nutrient medium and germinated in thermostats at 
a temperature of 27–30 °C for 7–10 days accord-
ing to the generally accepted methods [23–25]. 
The fungi were identified on the 10th days after 
the mycelium colonies formation and sporulation 
beginning. Determinants were used to  identify 
ectophytic and endophytic structures of the phy-
topathogenic fungi [26–28]. Indicator of frequen-
cy occurrence (FO) in some fungus species in the 
seeds of various crops was calculated according to 
the formula  [29]:

where: А – the frequency of occurrence in species; 
            В – the number samples in which this species 
                   was detected; 
            С – the total number of selected species.

A common method was used to determine the 
indicator of variability of the obtained isolate of 
Alternaria, extracted from the seeds of Podolyan-
ka and Poliska 90 winter wheat varieties [30, 31]. 
The fungi Alternaria cultures were grown on solid 
potato-glucose nutrient medium with addition of 
1 ml of the variety exudates per 10 ml of nutrient 
medium [30]. To obtain the metabolites of win-
ter wheat plant varieties, 50 seeds of each studied 
variety were selected and sterilized in accordance 
with DSTU 4138 [23]. The seeds were soaked in 
water and kept for 3–5 days until the formation 
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the seedlings 2–3 cm long.  Ten seedlings of each 
variety were placed in petri dishes with sterile dis-
tilled water, where they were kept for 72 hours in 
diffused light at a temperature of 22–24 °C. The 
exudates were washed and filtered through a mi-
croporous bacterial filter (0.02 μm).

To determine the fungi growth rate, the diam-
eter of the colonies was measured every 24 hours. 
The fungi culture speed growth was calculated ac-
cording to the formula:

where: Kr – radial rate of the colonies growth; 
            r0 – radius of the colonies at time t0;
            r1 – radius of the colonies at time t1.

Spore formation intensity was determined by 
direct counting of the spores number in the Gory-
aev-Tom chamber [32]. Mathematical analysis of 
experimental data was performed using Microsoft 
Office Excel software.

Qualitative indicators were studied according 
to DSTU 3768: 2019 Wheat. Technical conditions 
[33, 34]. The method is based on the use of depen-
dences of the absorption spectral characteristics, 
light transmission or reflection in the infrared sec-
tion of the spectrum on the grain content and (or) 
its processing products components.

Research results and discussion. According 
to the results of the research, the seeds of winter 
wheat varieties Podolyanka and Poliska 90, sown 
by organic technology, were analyzed. It is estab-
lished that the mycobiome of winter wheat seeds 
of Poliska 90 variety is represented mainly by 
fungi genera: Alternaria, Fusarium, Penicillium, 
Aspergillus. The amount of affected seeds of this 
winter wheat variety was 67.5% and 6 species of 
phytopathogenic micromycetes were found to par-

asitize on Podolyanka winter wheat variety seeds: 
Alternaria, Fusarium, Penicillium, Aspergillus, 
Chaetomium, Trichothecium. The seed damage 
was 60 %. Significant increase in air temperature 
above +24 °C and relative humidity 95–97 % 
during the flowering of wheat and milk ripeness 
the grain contributed to spreading genus Alternar-
ia Nees. micromycetese which were character-
ized by a high frequency of occurrence (50 %). 
The seeds the affected by fungi Alternaria were 
physiologically underdeveloped, had low germi-
nation energy, which averaged 40 %. Plants with 
such seeds lag behind in growth and development. 
Therefore, the study was aimed on studying the 
characteristics synecological relationships be-
tween winter wheat varieties grown with organic 
technology and phytopathogemic isolates of Al-
ternaria genus fungi. Other species were not char-
acterized by a low frequency (1–13 %) (Fig. 1).

The variability indicators obtained from Alter-
naria isolate extracted from Podolyanka and Po-
liska 90 winter wheat varieties seeds were studied 
to determine the ecological role of the variety in 
phytosanitary optimization of grain agroecosys-
tems (Fig. 2).

According to the results presented in Figure 2, 
it was found that the radial mycelium growth of 
the Alternaria fungus cultures that passed through 
the Podolyanka variety genotype increased signifi-
cantly compared to the Poliska 90 variety, where 
the radial growth rate was lower. The high rate of 
radial growth of mycelium, which passed through 
the Podolyanka variety genotype, indicates insuf-
ficient resistance to the environment and rapid re-
production of the fungus Alternaria, which con-
tributes to the contamination agrophytocenoses by 
the pathogen propagative structures.

A similar dependence was observed in deter-
mining the intensity of fungi sporulation of the ge-

Fig. 1. Mycobiome of Podolyanka and Poliska 90 winter wheat varieties seeds
grown with organic technology.



183

agrobiologiya.btsau.edu.ua                                                                                                                               Агробіологія, 2021, № 1

nus Alternaria under the influence of the Poliska 
90 and Podolyanka winter wheat varieties. On the 
seeds of Podolyanka variety the intensity of genus 
Alternaria micromycetes spore formation was high 
and amounted to 1.1 million spores/ml. It is known 
that 100 % of crops are damaged at optional para-
sitic conidia fungi concentrations within 1 million 
pcs/ml (Geshele, 1954). Therefore, the Podolyanka 
seeds are able to stimulate the fungi spore forma-
tion, which can contribute to the epiphytic devel-
opment of the disease on winter wheat plants and 
result in biological contamination of agrocenoses. 
At the same time, the intensity of spore formation 
was almost twice lower on the Poliska 90 variety 
seeds. This gives reason to believe that the physio-
logical and biochemical mechanisms of the Poliska 
90 crops are able to restrain the intensity of micro-
mycetes spore formation of the genus Alternaria at 
an environmentally safe level (Fig. 2).

Were studied the quality indicators winter 
wheat sowing varieties Poliska 90 and Podolyan-
ka, grown by organic technology (Fig. 3).

The results presented in Figure 3 show that 
the Podolyanka and Poliska 90 winter wheat va-
rieties seeds are characterized by low protein con-
tent (7–9 %) and high humidity (12.5 %). By raw 
gluten content, they belong to the quality group 
3, in accordance with the requirements of DSTU 
3768: 2019 "Winter processing. Specifications". 
Fungi Alternaria isolates developed intensively 
on the  Podolyanka winter wheat  variety grain, 
which is characterized by low protein and gluten 
content. However, the development of the fungi 
was significantly lower on the Poliska 90 variety 
grain, which is characterized by a slightly higher 
content of protein and gluten. The development of 
saprophytic mycoflora, including the genus Alter-
naria fungi on the winter wheat grain is known 
[35] to contribute to poor yields and deterioration 
of grains technological qualities.

Thus, system-ecological approach to the im-
provement of agroecosystems in organic farming 
is possible through the use indicators of interac-
tion physiological and biochemical properties of 

Fig. 3. Indicators of Poliska 90 and Podolyanka winter wheat varieties grain quality.

Fig. 2. Spore intensity and radial growth rate of a micromycete of the 
Alternaria Nees genus.
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the variety with physiological properties of phy-
topathogenic fungi, namely intensity sporulation 
and speed radial growth mycelial. This will make 
it possible to obtain ecological clean and safe crop 
products using organic technologies cultivation.

Conclusions. Mycobiota of Podolyanka and 
Poliska 90 winter wheat varieties seeds is repre-
sented mainly by genera Alternaria, Fusarium, 
Penicillium, Aspergillus, Chaetomium, Trichoth-
ecium fungi. They are characterized by various 
levels of pathogenicity, depending on the physio-
logical and biochemical properties of the host va-
riety. Significant increase in air temperature above 
+24 °C and relative humidity 95–97 % during the 
wheat flowering and milking stage of grain ripe-
ness contributed to spreading of micromycetes of 
the genus Alternaria Nees., wh (50 %). The seeds 
affected by fungi Alternaria were physiological-
ly underdeveloped, had low germination energy 
which averaged 40 %. Plants from such seeds lag 
behind in growth and development.

The physiological and biochemical mechanism 
of the Podolyanka winter wheat variety stimulates 
mycelium radial growth and intensity of fungi Al-
ternaria culture sporulation, which contributes to 
the contamination of agrophytocenoses by propa-
gative structures the pathogen. However, the inten-
sity of spore formation and the rate of mycelium 
radial growth on Poliska 90 variety seeds, was sig-
nificantly lower. This fact gives reason to believe 
that the physiological and biochemical mechanism 
of the Poliska 90 variety plants is able to restrain 
the intensity of the genus Alternaria micromycetes 
spore formation at an ecologically safe level.

The Podolyanka and Poliska 90 winter wheat 
varieties seeds are characterized by low protein 
content (7–9 %) and high humidity (12.5 %). Ac-
cording to the content of raw gluten, they belong 
to the third quality group, in accordance with the 
requirements of DSTU 3768: 2019 "Winter pro-
cessing. Specifications".  Alternaria fungi isolates 
more intensively developed on the Podolyanka 
winter wheat variety grain, which is characterized 
by a lower content of protein and gluten.

System-ecological approach to the improve-
ment of agroecosystems in organic farming can be 
carried out using indicators of the variety phys-
iological and biochemical properties interaction 
with physiological properties of phytopathogenic 
fungi, namely sporulation intensity and mycelial 
radial growth rate. This will ensure phytosanitary 
optimization of agroecosystems considering the 
laws of interaction of plants and micromycetes, 
without disturbing the biological balance, which 
will further create stable ecosystems in winter 
wheat agrophytocenoses, and thus reduce their bi-
ological and chemical pollution.
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Eкологічне значення сортів пшениці озимої у фі-
тосанітарній оптимізації агроекосистем 

Безноско І.В., Парфенюк А.І., Горган Т.М., Гаври-
люк Л.В., Туровнік Ю.А.

Мікобіота насіння пшениці озимої сортів Подолян-
ка і Поліська 90 представлена переважно грибами родів: 
Alternaria, Fusarium, Penicillium, Aspergillus, Chaetomium, 
Trichothecium, що характеризуються різним рівнем пато-
генності, залежно від фізіолого-біохімічних властивостей 
сорту-живителя. Значне підвищення температури повітря 
і відносної вологості в період цвітіння пшениці і молоч-
ної спілості зерна сприяло поширенню мікроміцетів роду 
Alternaria Nees. (50 %). Насіння, уражене альтернаріозом, 
було фізіологічно недорозвинене, мало низьку енергію 
проростання і схожість, що становила в середньому 40 %.  
Рослини з такого насіння відставали у рості і розвитку.

Встановлено, що фізіолого-біохімічний механізм 
рослин сорту пшениці озимої Подолянка стимулює раді-
альний ріст міцелію та інтенсивність споруляції культур 
гриба Alternaria. Це свідчить про швидке розмноження 
мікроміцетів, що спричиняє забруднення агрофітоцено-
зів пропагативними структурами патогену. Водночас, на 
насінні сорту Поліська 90 інтенсивність спороутворен-
ня і швидкість радіального росту міцелію була істотно 
нижчою. Це дає підстави вважати, що фізіолого-біохі-
мічний механізм рослин сорту Поліська 90 здатний стри-
мувати інтенсивність спороутворення мікроміцету роду 
Alternaria на екологічно безпечному рівні.

Доведено, що насіння сортів пшениці озимої Подо-
лянка та Поліська 90 характеризується низьким вмістом 
білка та високою вологістю. За вмістом сирої клейкови-
ни вони належать до третьої групи якості. Ізоляти грибів 
роду Alternaria інтенсивніше розвивалися на зерні пше-
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ниці озимої сорту Подолянка, яке характеризується ниж-
чим вмістом білка і клейковини. Водночас, на зерні сорту 
Поліська 90, яке характеризується дещо вищим вмістом 
білка і клейковини, розвиток грибів був істотно нижчим.

Системно-екологічний підхід до оздоровлення агро-
екосистем в умовах органічного землеробства можливий 
завядки використанню показників взаємодії фізіолого-бі-
охімічних властивостей сорту із фізіологічними власти-
востями фітопатогенних грибів, а саме інтенсивність спо-
руляції та швидкість радіального росту міцелію. Це дасть 
змогу підвищити рівень біобезпеки в агроекосистемах та 
покращить якість рослинної сировини. 

Ключові слова: частота трапляння, радіальний ріст 
міцелію, інтенсивність споруляції, фітосанітарна оптимі-
зація, агрфітоценози пшениці озимої.

Экологическое значение сортов пшеницы озимой 
в фитосанитарной оптимизации агроэкосистем

Безноско И.В., Парфенюк А.И., Горган Т.М., Гав-
рилюк Л.В., Туровник Ю.А.

Микобиoта семян пшеницы озимой сортов По-
долянка и Полесская 90 представлена грибами родов: 
Alternaria, Fusarium, Penicillium, Aspergillus, Chaetomium, 
Trichothecium, характеризующимися различным уровнем 
патогенности, в зависимости от физиолого-биохими-
ческих свойств сорта-хозяина. Значительное повыше-
ние температуры воздуха и относительной влажности в 
период цветения пшеницы и молочной спелости зерна 
способствовало распространению микромицетов рода 
Alternaria Nees. (50 %). Семена, пораженные грибами 
родов Alternaria, были физиологически недоразвитыми, 
имели низкую энергию прорастания и всхожесть, которая 
составляла в среднем 40 %. Растения из таких семян от-
ставали в росте и развитии.

Установлено, что физиолого-биохимический меха-
низм растений сорта пшеницы озимой Подолянка сти-

мулирует радиальный рост мицелия и интенсивность 
споруляции культур гриба Alternaria. Это свидетель-
ствует о скором размножения микромицетов, что спо-
собствует загрязнению агрофитоценозов пропагатив-
нимы структурами патогена. В то же время, на семенах 
сорта Полесская 90 интенсивность спорообразования и 
скорость радиального роста мицелия была существенно 
ниже. Это дает основания полагать, что физиолого-био-
химический механизм растений сорта Полесская 90 
способен сдерживать интенсивность спорообразования 
микромицетов рода Alternaria на экологически безопас-
ном уровне.

Доказано, что семена сортов пшеницы озимой По-
долянка и Полесская 90 характеризуются низким содер-
жанием белка и высокой влажностью. По содержанию 
сырой клейковины они принадлежат к третьей группе 
качества. Изоляты грибов рода Alternaria интенсивнее 
развивались на зерне пшеницы озимой сорта Подолян-
ка, характеризующимся низким содержанием белка и 
клейковины. В то же время, на зерне сорта Полесская 90, 
характеризующимся несколько более высоким содержа-
нием белка и клейковины, развитие грибов было суще-
ственно ниже.

Системно-экологический подход к оздоровлению 
агроэкосистем в условиях органического земледелия 
возможен за счет использования показателей взаимо-
действия физиолого-биохимических свойств сорта с 
физиологическими свойствами фитопатогенных грибов, 
а именно интенсивность споруляции и скорость ради-
ального роста мицелия. Это позволит повысить уровень 
биобезопасности в агроэкосистемах и улучшит качество 
растительного сырья.

Ключевые слова: частота встречаемости, ради-
альный рост мицелия, интенсивность споруляции, фи-
тосанитарная оптимизация, агрфитоценозы пшеницы 
озимой.
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