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Abstract. The relevant scientific justification for the western region of Ukraine 
is the comprehensive assessment and selection of maize hybrids with wide 
environmental plasticity to ensure high and stable grain yield under the 
influence of specific weather factors. The increase in gross maize yields is 
possible due to the effective use of the genetic capabilities of new hybrids 
and is vital for the Western Forest-Steppe where this crop is not selected, 
and agricultural producers use hybrids of other originator institutions. The 
purpose of this study was to establish the grain productivity of hybrids of 
early-maturing and mid-early maturing groups in the soil and climatic zone 
of Ukraine under study. Generally accepted and special methods were used 
in this study, such as field, measurement and weight, statistical methods. 
Based on the obtained research results for 2019-2021, changes in weather 
conditions in the soil and climate zone under study were confirmed.  The 
duration of the growing season of maize is determined depending on weather 
factors and the hybrid. The area of the leaf surface in the flowering stage 
(BBCH 61-69) – development of fruit (BBCH 71-79) and the net productivity 
of photosynthesis were found. The resistance of hybrid plants to diseases 
was substantiated and the highest percentage of their damage was found 
in 2021 with a large amount of precipitation during June-September. The 
dependence between hybrids and their biological properties was proved to 
effectively use the existing soil and climatic conditions, which affected grain 
productivity and the range of variability over the years. The results of this 
study suggest that changes in weather factors, namely an increase in the sum 
of active temperatures and sufficient precipitation during the growing season, 
enable high grain yields of maize hybrids of early-maturing and medium-early 
maturing groups. Recommendations were given for farms of various legal forms 
to introduce Ukrainian hybrids into agricultural production: DN Meotyda and 
Orzhitsa 237 MV

Keywords: FAO, BBCH development stages, leaf area duration, net photosynthesis 
productivity, diseases, yield
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INTRODUCTION
Currently, an urgent issue is the strategic grain sector of 
the agricultural sector of Ukraine, which forms food for 
the population and provides foreign exchange incomes 
of the state. As described in the article by Hadzalo & 
Luzan (2020), the conditions of an open economy will 
bring along an intensive competition with much more 
advanced foreign firms, and not just with each other. 
Therefore, more effective measures are required to pro-
tect the domestic agricultural market, to adapt the legis-
lation to its European counterparts as much as possible.

M.  Cherny (2017) believes that Ukraine has all 
the opportunities, both in terms of natural factors and 
the organisational structure of agricultural enterprises, 
to take a prominent place in the global grain market. 
However, there are also threats, according to Sabluk & 
Luzan (2019), which include the lack of reliable safe-
guards to prevent the shadow economy, unblocking the 
development of exchange trading as a tool for objec-
tively determining prices in the agricultural sector of the 
Ukrainian economy.

The leader in grain production is maize – a crop 
of a wide range of application, used in 60% for animal 
feed, 25% for nutrition, and the rest – for industrial pro-
cessing, as described in the studies of Dziubetskyi et al. 
(2020), Belov (2018) and Vozhegova et al. (2018). The 
leading role of maize lies not only in the efficiency of 
grain production, but also in the economic growth of the 
livestock industry, as Mason et al. (2019), Jareš et al. (2019) 
and Marchenko et al. (2021) note.

Ya.  Nagy (2012) believes that the crop has re-
cently gained considerable popularity among Ukrainian 
farmers due to the prominent biological potential of 
productivity, its demand in the internal and external 
markets, simplicity of cultivation technologies, low cost 
of grown products, which contributed to an increase in 
sown areas.

Currently, the maize collection in Ukraine is rep-
resented by 6,340 samples, including 548 local variet-
ies, 532 breeding varieties, 211 synthetic populations, 
4,584 self-pollinated lines and 465 lines with a genet-
ically determined genotype. Kuzmyshyna et al. (2019) 
outlined self-pollinated lines of promising hybrids with 
a complex of valuable economic characteristics, which 
will improve the breeding process and ensure its ac-
celeration by 4-5 years. Marković et al. (2017) indicates 
a considerable difference between hybrids in terms of 
productivity indicators due to genetic features.

Voloshchuk et al. (2021) concluded that the West-
ern Forest-Steppe of Ukraine is a specific region, since it 
includes several zones: forest-steppe, Polissia, foothills, 
and mountains – all with differing soils, sums of effective 
temperatures, and precipitation. Therefore, to reduce 
the risks of the negative phenomena from the range of 
varietal resources of maize, it is advisable to adhere to 
the approximate ratio of hybrids: for the Forest-Steppe 
zone – 35% of the early-maturing group, 50-55% – mid-early 

maturing, 10-15% – mid-late maturing; for the Polissia 
zone – 100% of the early-maturing group.

Proper selection of hybrids as an effective factor 
in using their genetic capabilities plays an important 
role in increasing the gross grain yield of this crop. The 
desired result can be achieved by considering the bi-
ological requirements of the hybrid to the proposed 
cultivation technology, which includes sowing seeds 
of high generations, placement according to the best 
predecessors, sowing dates, seeding rates, plant nutri-
tion system, and protection from diseases and pests, as 
indicated in the studies of Mazur & Shevchenko (2018), 
Lemic et al. (2019) and Marchenko (2019).

The climate of the Western Forest-Steppe, which 
has changed towards increasing active temperatures and 
reduced precipitation in the summer-autumn period, is 
favourable for growing maize. However, depending on 
the biological characteristics, the hybrid’s response to 
the same factors is different, which requires identifying 
the most productive ones based on the principles of 
adaptability and ecological plasticity to respond pos-
itively to weather factors and proposed elements of 
cultivation technology. The expansion of the assort-
ment of early-maturing hybrids (FAO 100-200) and me-
dium-early (FAO 201-300) allows farms to obtain the 
required amount of grain and feed products, to sow and 
harvest at an earlier time, increase the density of agro-
cenosis and move away from conventional crop rota-
tions, but leads to a slower accumulation of dry matter 
and accelerated moisture recovery at the final stages of 
grain maturation. Therefore, establishing the variabil-
ity of morpho-biological signs under the influence of 
weather factors, maturity groups, the growing season, 
grain moisture loss and resistance to major diseases is 
an urgent issue of scientific research for practical recom-
mendations for production.

The purpose of this study lies in figuring out the 
duration of interstage periods, leaf area duration, net 
photosynthetic productivity, disease resistance, and grain 
yield of maize hybrids of different maturing groups in 
the Western Forest-Steppe zone of Ukraine.

MATERIALS AND METHODS
Experimental work was performed during 2019-2022 
in the Western Forest-Steppe zone. The experiments 
were conducted on grey forest surface-water gley, light 
loamy soil, which is the most common in the area under 
study and occupies over 50%. It has a shallow humus 
horizon (20-30 cm) with a humus content of 1.7% and 
is acidic (pH – 5.4). It is characterised by (per 100 g of 
soil, mg): nitrogen – 8.96, mobile and metabolic phos-
phorus – 6.95 and potassium – 6.80.

The hybrids of the state institution – the Insti-
tute of Grain Crops of the National Academy of Agrar-
ian Sciences of Ukraine FAO 150-199 and FAO 200-
299 were used as the source material. The area of the  
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experimental plot was: total  – 60  m2, accounting  – 
50 m2. Placement of variants was systematic, and repli-
cation was threefold. The technology of growing crops 
was the generally accepted technology for the West-
ern Forest-Steppe zone of Ukraine. The sum of active 
temperatures in the years of research exceeded the 
biological requirements of hybrids of the early-matur-
ing and mid-early maturing groups by 211.1-348.5°C 
and 111.1-248.5°C with slightly lower precipitation in 
2020 – 414.8 mm, in 2021 – 432.9 mm (for 450 mm).

The study was conducted according to generally 
accepted author’s methods: phenological observations 
of plants (Dudka et al., 2019); phytopathological assess-
ment of plants – accounting for diseases and pests of ag-
ricultural crops (Omelyuta et al., 1986); determination of 
plant leaf area duration and net photosynthetic produc-
tivity of maize (Peterson et al., 1993); determination of 

morpho-biological indicators (Fursova et al., 2004); maize 
grain yield (Methodology…, 2003); general statistical 
processing of research data (LSD0.05 – least significant 
difference) (Atramentova & Utevskaya, 2014).

RESULTS AND DISCUSSION
Due to the compaction of the soil under the influence 
of a large amount of precipitation (176% of the average 
long-term indicator), the duration of the sowing-seed-
ling period in the studies conducted at the Institute of 
Agriculture of the Carpathian Region of the National 
Academy of Agrarian Sciences of Ukraine was 16 days. 
In 2020, the difference between high day and low night 
temperatures led to an increase in the duration of this 
period to 18 days. Low rainfall in 2021 (68%) provided 
seedling in 13 days. On average, over the years of research, 
the sowing-seedling period lasted 15 days (Table 1).

Table 1. Duration of stages of plant development and grain maturation of maize hybrids (2019-2021)
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Pochaevsky 190 MV 150-199 15 44 13 5 7 17 13 11 125

DN Meotyda 150-199 15 45 13 5 7 17 13 11 125

DN Khortitsa 200-299 15 46 14 6 6 16 12 12 127

Orzhitsa 237 MV 200-299 15 47 14 6 6 16 12 12 127

Deviation 0 2 1 1 1 1 1 2 4

According to the duration of the BBCH 10-19 stage 
(leaf development), the difference between the early- 
maturing and medium-early maturing groups was 1-2 days. 
In the stages: BBCH 30-39 (stem elongation), BBCH 51-
59 (inflorescence emergence) and BBCH 61-69 (flower-
ing), the difference was one. The duration of milky stage 
in hybrids varied within 16-17 days, waxy stage – 12- 
13 days, full-ripe stage – 11-12 days. The total number 
of days from germination to flowering was 77-82, grain 
formation and maturation – 41 (early maturing) and 

40 (medium-early), the growing season of early-matur-
ing hybrids was 125 days, medium-maturing – 127 days. 

The leaf area duration in the flowering stage of 
maize was formed in the close interaction of the bio-
logical characteristics of the hybrid, its maturing group 
and weather conditions that developed over the years 
of research. Depending on the weather conditions of 
the year and the productivity of the hybrid, the aver-
age area of the maize leaf area duration ranged from 
34.1 thousand m2/ha up to 40.1 thousand m2/ha (Fig. 1).

Figure 1. The leaf area duration of maize depending on the hybrid maturing group (2019-2021), thousand m2/ha
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The maximum development of the leaf surface 
during the flowering period was recorded in 2019 with 
the sum of active temperatures higher than the annu-
al average by 304°C and precipitation 9.7 mm – 34.6- 
41.6 thousand m2/ha. In 2020, compared to the previous 
year, these meteorological indicators were: 178°C, and 
45.6 mm. Under such weather conditions, the leaf area 
duration varied from 33.7 to 40.9 thousand m2/ha, and in 
2021 – from 34.0 to 41.5 thousand m2/ha. A significant 
difference in this indicator was recorded between the 
groups of hybrids maturing. Due to the longer growing 

season in the varieties of the medium-maturing group 
compared to the early-maturing one, it was larger by 
5.6-7.2 thousand m2/ha. The range of variability over 
the years was within the margin of error of 7.0-7.5 thou-
sand m2/ha for LSD05=0.9.

The net photosynthetic productivity of maize 
hybrids was within 10.5-12.6 g/m2 per day – in 2019, 
9.8-11.6  g/m2 per day – in 2020 and 9.9-12.1  g/m2 
per day – in 2021 (Fig. 2). The volatility of this indi-
cator ranged from 1.8 (in 2020) to 2.2/m2 per day (in 
2021).

Figure 2. Influence of the hybrid maturing group on maize photosynthesis productivity (2019-2021), g/m2 per day

The spread of diseases was affected by hot tem-
perature (20-25°C) and humidity during the flowering pe-
riod, which contributed to the damage of generative or-
gans (cob, panicle). Plants were evaluated on a 5-point scale, 
where plant damage of 0-10% corresponds to 9 resistance 
points. According to this definition, it was found that the 
maize hybrids under study were resistant to smut (Fig. 3). 

The percentage of plant damage in the early-maturing 
hybrid Pochaevsky 190 MV, which was taken as a control, 
was 12.1%, which corresponds to a resistance score of 7. 
A 1.5% lower development of the disease was found in a 
hybrid of DN Meotyda. In medium-early maturing hybrids 
(FAO 200-299), the development of this disease was signifi-
cantly lower than the control by 2.6-3.3% per LSD05=1.3%.

Figure 3. Smut development on maize plants depending on the biological characteristics  
of the hybrid in the BBCH 89 stage (2019-2021), %

Since maize was sown in a crop rotation with the 
observed rotation of alternating crops, and the sown seeds 
were characterised as biologically healthy, the develop-
ment of this disease was insignificant (5.2-5.7%), i.e., all 
hybrids were classified as resistant (7 points). There was 
no significant difference between the maturing groups, 
and the difference was within the margin of error.

Among the various types of stem rot, the most dan-
gerous is fusarium rot, which affects the roots and lower 
internodes and affects the lodging of plants, especially if 

the soils of the soil and climate zone under study are suf-
ficiently moist. The average percentage of disease inten-
sity in the experiments of this study ranged from 13.9% in 
the early-maturing hybrid Pochaevsky 190 MV (control) to 
14.7% in the mid-early maturing Orzhitsa 237 MV (Fig. 4). 
According to the degree of damage to the cob area, hybrids 
were classified as medium-resistant – 24.4-29.1%. Group 
resistance to major diseases of maize from early-maturing 
(FAO 150-199) hybrids was provided by DN Meotyda, from 
medium-early maturing (FAO 200-299) – Orzhitsa 237 MV.
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In the authors’ experiments, the highest grain 
productivity was obtained in 2019 – 7.49 t/ha in hy-
brids of the early-maturing group and 7.62  t/ha – in 
mid-early maturing; the productivity was lower in 

2020 – 7.07 and 7.22  t/ha, respectively (Table  2). In 
terms of average yield, the following hybrids were 
more productive: DN Meotyda (7.68  t/ha), Orzhitsa 
237 MV (7.67 t/ha).

Figure 4. Development of fusarium rot (Fusarium moniliforme J. Sheld) on maize depending 
on the biological features of the hybrid in the BBCH 89 stage (2019-2021), %

Note: the degree of damage: wea – up to 25%, average – 26-50%, strong – above 50%

Table 2. Maize grain yield depending on the hybrid maturing group (2019-2021)

Indicator

FAO

150-199 200-299

Pochaevsky  
190 MV DN Meotyda Mean DN Khortitsa Orzhitsa 237 MV Mean

2019 7.11 7.87 7.49 7.46 7.78 7.62

2020 6.59 7.55 7.07 6.88 7.56 7.22

2021 6.87 7.63 7.25 7.11 7.67 7.39

Mean 6.86 7.68 7.27 7.15 7.67 7.41

min 6.59 7.55 7.07 7.11 7.56 7.22

max 7.11 7.87 7.49 7.46 7.78 7.62

R 0.52 0.32 0.42 0.35 0.22 0.40

LSD05 0.21 0.17 0.14 0.11

The range of grain yield variability over the years 
ranged from 0.22 to 0.52 t/ha, which confirms the in-
dividual reaction of the hybrid to growing conditions.

Several institutions of the National Academy of 
Agrarian Sciences are working on solving the urgent 
problem of the development of grain production, namely 
maize, in Ukraine; at the same time, agricultural produc-
tion declares an elevated practical interest in innovative 
developments. Since the new maize hybrids included 
in the Register (Methodology for the examination and 
state…, 2003) react differently to particular growing con-
ditions of different zones, subzones, and soil differences, 
their implementation requires a scientific justification 
of the advantages of genetic productivity. This task is 
particularly relevant in the Western Forest-Steppe zone, 
where maize is not selected, and agricultural producers 
use hybrids of originator institutions located in the Central 
Forest-Steppe and Steppe zones.

According to the results of the authors’ research, 
hybrids that provided grain yields at 7.07-7.62 t/ha were 
ecologically flexible to the growing conditions of the 
Western Forest-Steppe zone.  The conclusions made by 
the authors of this study are consistent with the experi-
mental data of researchers and scientists in various soil 
and climatic zones of Ukraine.

Andrienko et al. (2017a) confirms the effective 
use of soil and climatic potential by maize hybrids of 
early-maturing and medium-early maturing groups, 
which allows obtaining not only high yield and quality 
of grain, but also save material, technical, and monetary 
resources. They offer medium-early hybrids with high 
potential yields for the eastern part of the Forest-Steppe 
of Ukraine: Lyubchik (FAO 240), Vektor (FAO 270) of the 
grain direction, Stavr (FAO 290) – universal direction.

According to the recommendations of Shevchuk 
& Kyriyenko (2022), the best Ukrainian hybrids for the 
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conditions of the Polessia zone of Ukraine are Po-
chaevsky 190 SV (early-maturing), Baturinsky 278 MV 
and Orzhitsky 237 MV (medium-early maturing).

 Researchers (Zaplitnyi et al., 2010) believe that 
for more economical use of energy resources for drying 
maize grain, considering the level of energy supply in 
the south-western part of the Forest-Steppe, it is pos-
sible to grow hybrids: early-maturing at the sum of 
active temperatures of 2200°C, medium-early – 2400°C 
and medium-maturing – 2600°C. Introduction of im-
mune-resistant products is the most effective means 
of preventing diseases and pests, and therefore agri-
cultural producers should pay special attention to the 
choice of hybrids considering a complex of biological 
and economic characteristics.

Andrienko et al. (2017b) emphasise that the main 
step in growing maize for grain and dealing with stress 
should be the correct identification of the hybrid that 
best meets the available soil-climatic, agrotechnical 
conditions and technical support of a particular farm. 
Increasing the level of production, reducing the cost of 
post-harvest grain determine the timing of sowing and 
the choice of maize hybrids of different maturing groups, 
the share of which in the structure of sown areas for 
grain should be differentiated and vary depending on the 
specialisation of the farm and its practical orientation.

Tsekhmeystruk et al. (2014) note a 40-50% use of 
the genetic potential by modern hybrids with a poten-
tially high yield of 16-18 t/ha. The authors present the 
data of the National Institute of Agricultural Botany of 
Great Britain on the increase in yield growth due to va-
rieties and hybrids over thirty years. It is indicated that 
for the first decade it is 38%, the second decade – 42% 
and the third decade – 60%. It is noted that the maxi-
mum yield is provided by hybrids with the optimal FAO 
for the growing area, since the choice with less than 
the recommended one leads to incomplete use of so-
lar radiation during the growing season and a shortage 
of crops, while greater FAO does not necessarily allow 
achieving full-ripe maturing of grain and unjustified costs 
for its drying.

Kaminsky & Asanishvili (2020) found a different 
reaction of hybrids to cultivation technologies. In in-
tensive farming systems, production resources are most 
effectively used for growing a medium-early hybrid 
with a high genetic productivity potential. To expand 
grain production, increase gross grain volumes and 
land use efficiency, it is advisable to use high-intensity 
maize cultivation technology, which makes provision 
for the introduction of N180-240P120K180-240 against the 
background of by-products of the precursor, herbicides, 

microfertilisers and growth stimulants. With a yield of 
11.21-12.10 t/ha, the profitability is 118-128%, which 
allows agricultural enterprises to conduct large-scale 
commercial grain production. It is advisable to grow 
the early-ripening hybrid Trubizh SV using inten-
sive technology with mineral fertilisers in a dose not 
higher than N120P80-90K100-120 against the background of 
by-products of the predecessor, which provides a profit 
of 23.0-23.96 thousand UAH/ha, profitability of 121% at 
a yield of 8.40-8.77 t/ha and a reduction in production 
costs by 22.7-28.4% due to herbicide control of segetal 
vegetation in crops, foliar top dressing with microfer-
tilisers, and the use of plant growth regulators in various 
regulations.

The selection of environmentally friendly maize 
hybrids of various originator institutions with high pro-
ductivity and product quality and lower humidity during 
harvesting will contribute to an increase in gross collec-
tions in the zone of excessive moisture in the Western 
Forest-Steppe of Ukraine, which leads to further research.

CONCLUSIONS
Ukrainian selection has created a number of new maize 
hybrids that are offered to producers, but they have dif-
ferent morpho-biological features and characteristics, 
a reaction to favourable and adverse factors of produc-
tion, which requires differentiated selection to achieve 
an increase in grain yield and quality.

During the vegetation period of maize plants, 
the sum of active temperatures varied from 2311°C 
in 2021 to 2448.5°C in 2019 with a long-term average 
of 2372.2°C. Moisture supply was at 414.8 mm (2020) – 
432.9 mm (2021). Under the influence of weather con-
ditions and the maturing group of the hybrid, the dura-
tion of the growing season varied within 125-127 days.

Depending on the biological characteristics, the 
hybrids provided a different leaf area duration during 
the flowering stage (BBCH 61-69) – grain formation 
(BBCH 71-79) (34.1-41.3 thousand m2/ha) and net pho-
tosynthetic productivity (10.1-12.1 g/m2) per day.

The highest percentage of disease damage was 
observed in 2021 with a large amount of precipitation 
during June-September.  Group resistance to major dis-
eases of maize from early-maturing (FAO 150-199) hy-
brids was provided by – DN Meotyda, from medium-early 
(FAO 200-299) – Orzhitsa 237 MV. Grain yield was en-
sured by the productivity of the hybrid to effectively use 
the available soil and climatic resources of the zone 
under study. In early-maturing hybrids, this economi-
cally valuable indicator was formed at 7.07-7.49 t/ha, in 
mid-early hybrids – at 7.22-7.62 t/ha. 
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Анотація. Актуальним науковим обґрунтуванням для західного регіону України є комплексна оцінка та добір 
гібридів кукурудзи з широкою екологічною пластичністю забезпечувати високу і стабільну урожайність зерна під 
впливом специфічних погодних чинників. Збільшення валових зборів кукурудзи можливе за рахунок ефективного 
використання генетичних можливостей нових гібридів і є надзвичайно важливим для зони Західного Лісостепу 
де не ведеться селекція даної культури, а сільськогосподарські виробники користуються гібридами інших установ-
оригінаторів. Метою дослідження було встановити зернову продуктивність гібридів ранньостиглої і середньоранньої 
груп в досліджуваній ґрунтово-кліматичній зоні України. У дослідженнях застосовували загальноприйняті і 
спеціальні методи: польовий, вимірювально-ваговий, статистичний. На основі отриманих результатів досліджень 
за 2019−2021 рр. підтверджено про зміну погодних умов у досліджуваній ґрунтово-кліматичній зоні. Визначено 
тривалість періоду вегетації кукурудзи залежно від погодних факторів та гібриду. Встановлено площу листкової 
поверхні в фазу цвітіння (ВВСН 61−69) – формування зерна (ВВСН 71−79) та чисту продуктивність фотосинтезу. 
Обґрунтовано стійкість рослин гібридів до хвороб та виявлено найвищий їх відсоток ураження в 2021 р., за великої 
кількості опадів впродовж червня-вересня. Доведено залежність між гібридами та їх біологічними властивостями 
ефективно використовувати наявні ґрунтово-кліматичні умови, що впливало на зернову продуктивність і розмах 
мінливості за роками. Отримані результати дозволяють зробити висновок, що зміни погодних факторів, зокрема 
підвищення суми активних температур та достатня кількість опадів впродовж вегетації дозволяють отримувати 
високі врожаї зерна гібридів кукурудзи ранньостиглої і середньоранньої груп стиглості. Господарствам різних 
організаційно правових форм рекомендовано впроваджувати в сільськогосподарське виробництво українські 
гібриди: ДН Меотида та Оржиця 237 МВ

Ключові слова: ФАО, фази розвитку ВВСН, площа листкової поверхні, чиста продуктивність фотосинтезу, хвороби, 
урожайність
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Abstract. The relevance of the research topic is determined by the search for 
new technological methods of growing soybeans. Therefore, the specifics 
of the formation of productivity of different varieties of soybeans were 
investigated depending on a number of factors, such as: dates, methods of 
sowing and the rate of sowing. The purpose of the research was theoretical 
substantiation and practical advises of sowing dates and methods, sowing 
rates of different varieties of soybeans. Indicators of the influence of light 
intensity, fertilizer application, changes in seed sowing rates and different 
variants of soybean sowing distance on biological nitrogen fixation of 
soybeans were analyzed. As a result, regularities were established and a 
scientific substantiation of provisions was carried out, recommendations 
for production and scientifically based methods of soybean cultivation 
technology were developed, which ensure an increase in crop productivity 
by 15-25%. The developed practical recommendations for increasing soybean 
production are used in the farms of the region and beyond to solve an 
important problem − increasing the production of fodder and food protein 
and vegetable oil. Changing the sowing rate from 0.5 to 0.8 M seeds/ha 
for row sowing contributed to an increase in the attachment height of the 
lower beans, which, in turn, contributes to a reduction in crop losses during 
crop harvesting. Sowing rate had a greater influence on soybean yield 
than the sowing method. The best conditions were obtained when sowing 
0.7 M seeds/ha of similar seeds. During the research, the Romantyka variety 
showed the highest yield of 3.07 t/ha under the row method of sowing, the 
sowing rate of 0.8 M seeds/ha and the second sowing period

Keywords: plant growing, light intensity, sowing terms, norms and methods, 
root nodule, inter-row distance, seeding rate
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INTRODUCTION
Soybean is the world’s most important seed legume, 
cultivated on an estimated 121 million ha worldwide, 
with a total production of 334.9 million tons in 2018 
(FAOSTAT, 2017). It is one of the largest sources of an-
imal feed in the world (Patil et al. , 2017) and is also 
used as a source of high-quality protein in the human 
diet (Rizzo & Baroni, 2018). With a protein content of 
36-42% protein and an oil content of 15-25%, soybean 
is a rich source of protein and is the largest oilseed 
crop in the world (Vinnichek et al., 2018; De Luca & 
Hungria, 2014). A large amount of nitrogen is required 
by the grain legumes to synthesize seed storage pro-
teins, a substantial portion of which is obtained by the 
process of symbiotic biological nitrogen fixation. Out of 
193 million tons of nitrogen fixed annually by biological 
means, crop legumes fix about 21.5 million tons, and the 
contribution from soybean is about 77% of this amount 
(Weil & Brady, 2017; Herridge et al., 2008). Therefore, 
efforts aimed towards increasing the efficiency of sym-
biotic biological nitrogen fixation and seed yield in le-
gumes, particularly in soybean, can contribute signifi-
cantly towards sustainable food production.

The nitrogen fixation carried out by plant-bac-
teria symbiotic association is affected by the environ-
mental factors. Optimization of these factors can po-
tentially increase the seed yield of soybean and that of 
other legumes and help in reducing the use of chemical 
fertilizers. Each year >100 million tons of nitrogen is 
applied to the crops worldwide (Heffer & Prud’Hom-
me, 2016; Umburanas et al., 2018). The production and 
application of nitrogen fertilizers utilize about 1.1% 
of the world’s energy (IFA, 2009) and represent about 
1.5% of the global GHG emissions (CCAFS, 2019). Ap-
proximately one-third of the GHG emissions from agri-
culture is in the form of N2O, a byproduct of the degra-
dation of nitrogen fertilizers and with a global warming 
potential 265 times that of carbon dioxide (Blanco et al., 
2014). Therefore, gradual replacement of chemical fer-
tilizers with symbiotically fixed nitrogen can play an 
important role in limiting the environmental damage 
due to chemical fertilizers. Improvements in the nitro-
gen fixation capabilities of legumes particularly that of 
soybean, can contribute significantly towards this tran-
sition. Increase in nitrogen fixation efficiency of grain 
legumes can also reduce the need for bringing addi-
tional land under cultivation to keep up with the grow-
ing world food demand (Getachew Gebrehana & Abeble 
Dagnaw, 2020).

D.F.  Herridge et al. (2008) in their researches 
calculated nitrogen fixation by the crop legume–rhi-
zobia symbioses. They determined the role of nitrogen 
fixation in underpinning legume productivity and how 
highly efficient rhizobia–soybean symbioses might be 
achieved in commercial practice.

X.-Y. Lin et al. (2022) in their researches studied 
interactions between hydrogen sulphide and rhizobia 

modulate the physiological and metabolism process 
during water deficiency in soybeans.

Temperature, soil moisture, soil mineral nitrogen, 
salinity, soil oxygen (Atieno et al., 2019; Mathenge et al., 
2019), and soil acidity are major factors affecting the sym-
biotic nitrogen fixation in legumes (Pahari et al., 2021).

A study of the influence of light intensity, fertilizer 
application, irrigation, seeding rate and row spacing on 
nitrogen fixation and yield for three soybean varieties 
was conducted.

The purpose of the research was to develop theo-
retical explanations and practical advice on increasing 
the productivity of soybeans by improving the elements 
of the cultivation technology, taking into account the 
biological characteristics of the varieties.

MATERIALS AND METHODS
Laboratory experiments were carried out at the Institute 
of Crops and Grassland Science, University of Hohenheim 
(Stuttgart, Germany) and at the Department of Plant 
Growing, Poltava State Agrarian University (Poltava, 
Ukraine). The seeds of Romantica variety were obtained 
from Yuriev Institute of Plant Breeding, National Academy 
of Science, (Kharkiv, Ukraine); Ustya variety from Insti-
tute of Agriculture, National Academy of Science, (Kyiv, 
Ukraine) and Vorskla variety from Soy Research Institute 
(Globyno, Ukraine).

Plant growth conditions. The soybean seeds of 
Romantica variety were sown in 800 ml pots containing 
vermiculite and sand in a ratio of 1:1. A single seed was 
sown in each pot, and 6 pots were maintained in a 
RK-340 CH growth chamber (Kambič d.o.o, Semič, 
Slovenia) at 27°C, 70% RH, 460 μmol mol−1 CO2 and 
16/8 light/dark photoperiod at 60 W/m2 or 120 W/m2. 
The distance between the plants was 20 cm. The plants 
were harvested at 5th trifoliate (V5), flowering (R2), and 
full pod stages (R4). One set of plants at full bloom (R2) 
stage was used to study the effect of dark periods on 
the nitrogen fixation by the root nodules. These plants 
were subjected to a continuous dark period of 48 h before 
measuring the BNF rate.

Estimation of nitrogenase activity in the root nodules.
The rate of nitrogen fixation in the root nodules 

was determined by using the acetylene reduction method 
(Gremaud & Harper, 1989). The roots with attached 
nodules were placed in a hermetically sealed glass vial 
of 75 ml capacity, which was filled with 10% acetylene 
gas. The flask was incubated for 1 h, and the ethylene 
gas formed in the flask was quantified on a gas chro-
matograph equipped with a flame ionization detector 
(Agilent GC system 6850; Agilent Technologies, Santa 
Clara, CA, USA). The separation of gases was performed 
on a Supelco Porapak N column at a furnace tempera-
ture of 55°C and a detector temperature of 150°C. The 
carrier gas was helium (50 ml.min−1) and the sample 
volume injected into the gas chromatograph was 1 ml. 
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The amount of ethylene formed in 1 hour by the action 
of nitrogenase was expressed as nmol.plant−1.min−1.

Measurement root nodule respiration. The root 
nodule respiration was studied by the method of Nelson 
and Wood with some modifications (17). A sample of the 
test material (2 g) was placed into a gauze bag and fixed 
with a hook to a rubber cork. Twenty-five milliliters of 
0.25 N solution of Ba (OH)2 were quickly poured into a 
flask, and 3 drops of phenolphthalein were added. The 
flask was immediately sealed with the cork, bringing the 
sample inside the flask (the gauze bag could pass easily 
through the neck of the flask and did not touch the 
solution present in the flask).

The control flask was set up in the same manner 
but without the test material. After 20 min the test ma-
terial was removed from the experimental flask, and it 
was quickly closed with a stopper. The solutions in the 
experimental and the control flasks were titrated with 
0.01 N HCl until the disappearance of the pink color. 
The flasks are periodically shaken so that a BaCO3 film 
does not form on the surface of the liquid. The amount 
of CO2 evolved per gram of plant tissue per hour was 
calculated from the volume of HCl consumed, given 
that 1 ml of 0.01 N HCl is equivalent to 0.22 mg of CO2 
produced by the plant material.

Field Experiments. Three varieties of soybean, 
Romantica, Ustya, and Vorskla, were used to study the 
effect of inter-row spacing and seeding rate on the 
number and mass of root nodules and the seed yield. 
The size of the study plots was 25 m2, and the seeds of 
each variety were sown in rows with 15 cm or 45 cm 

spacing and at rates of 0.5, 0.6, 0.7 and 0.8  million 
seeds/ha. The experiments were conducted between 
April 26 and May 10 of the year 2017 and repeated three 
times in the same duration during the years 2018, 2019 
and 2020. The average temperatures and rainfalls for 
the study period were: 2017 – 13.4°C, 7.35 mm; 2018 – 
18.3°C, 5.05 mm; 2019 – 15.6°C, 6.08 mm; 2020 – 15.1°C, 
12.9 mm. The soil of the experimental site was podzolic 
medium-textured loam chernozem with a humus con-
tent of 3.7%, and a pH 5.6. The nodule mass and num-
ber for each variety were determined three times – after 
the formation of symbiosis (1st selection – 35 days after 
emergence, 5th trifoliolate stage) and during the period of 
active nitrogen fixation (2nd and 3rd selection – 45 and 55 
days after emergence). At maturity, seed harvesting was 
carried out using small grain harvesters Sampo (Sampo- 
Rosenlew, Pori, Finland). The yield of the seeds and the 
green mass were determined from the samples taken from 
an area of 1 m2 from each field. The beans were plucked 
from the plant and opened to collect the seeds, which 
were counted and weighed. Statistical analysis was per-
formed using Microsoft Excel and Statistica programs.

RESULTS AND DISCUSSION
The effect of light intensity on the nitrogen fixation. 
The effect of light intensity on the dry weight of the 
plants and the nodules, and the rate of nitrogen fixa-
tion in the nodules was studied at V1, R1, and R7 stages. 
The plant and nodule dry weight per plant was signifi-
cantly increased at 120 W/m2 light intensity, compared 
to 60 W/m2 (Figs. 1; 2).

Figure 1. Effect of light intensity (60 or 120 W/m2) on dry matter content of plants and nodules
Source: authors’ development

Figure 2. Rate of nitrogen fixation (measured as rate of acetylene reduction (nmol/plant/min) 
as affected by light intensity in soybean plants

C2H4
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The nitrogen fixation rate (expressed as nmol/
plant/min of C2H4 production) was higher in the plants 
grown under the light of 120 W/m2 at the V1 and R1 
stages. The nitrogen fixation rate was not affected by the 
light intensity at the R7 stage and was, in fact, slightly 
lower at 120 W/m2 light intensity than at 60 W/m2. The 
increased rate of nitrogen fixation during the V1 and 
R1 stages at higher light intensity was due to greater 
growth and higher masses of the nodules and not due 
to greater specific activity of the nitrogenase enzyme in 
the nodules. At R7 stage though the mass of the nod-
ules per plant is higher than in earlier stages, the ni-
trogen fixation is reduced, suggesting a decrease in the 
specific activity of the nitrogenase enzyme at this stage. 
Earlier studies indicated that a light of 400-500 µmol/m2/s 
(~ 87-109 W/m2) was optimum for soybean growth and 
development. Therefore, light intensities of 60 and 
120 W/m2 were used in the study. Earlier studies have 
also reported a positive correlation between the light 
intensity and the nitrogen fixation rates in soybean up 
to a certain light intensity. The reduction in nodule mass 
and number per plant with decreasing light intensity 
has been reported (Lin et al. , 2022; Jańczak-Pieniążek 
et al., 2021; Yang et al., 2022). The drop-in nitrogen fix-
ation rates in the green bean filing stage have been 
reported (Prusinski & Nowicki, 2020).

Soybean monitoring the effect of light intensity 
on the root development, and nitrogen fixation rates at 
three growth stages of soybean under the conditions of 
infection by native soil symbiotic bacteria were studied. 
The research revealed two important characteristic of 

nitrogen fixation in soybean: 1) at later stages of growth 
when the rate of nitrogen fixation drops, light of higher 
intensity cannot boost the nitrogen fixation rate, 2) this 
drop in nitrogen fixation at later stages of growth is 
due to decrease in specific activity of nitrogenase in the 
nodules, as nodule mass and number did not decrease 
at R7 stage.

Effect of soil nitrogen content on the initiation and 
development of root nodules.

There are conflicting views on the use of inor-
ganic nitrogen fertilizer for increasing the yields of 
soybean. Reed et al. (2019) have advocated against the 
use of supplemental nitrogen for legumes, while other 
authors have recommended the use of small amounts 
of inorganic nitrogen to achieve good nodulation and 
yields (Rizzo & Baroni, 2018, Arachchige et al., 2020). The 
amount of nitrogen required to maintain plant growth 
and development prior to the initiation of nitrogen fix-
ation in soybean plants is small and can be provided by 
the soil reserves. During the period of active growth and 
development of soybeans, especially during the forma-
tion of the beans, nitrogen-deficient conditions in the 
soil lead to the development of a defective photosyn-
thetic apparatus with a low photosynthetic efficiency 
that cannot be improved without providing supplemen-
tal nitrogen. An efficiently functioning photosynthetic 
apparatus is thus a prerequisite for the development 
of healthy root nodules. The number of nodules that 
developed on the roots of the plants varied with the 
soil nitrogen content and the stage of the plant growth 
(Table 1).

Table 1. The effect of mineral nitrogen fertilizer on the number and mass of root nodules per plant

 Indicators

Phases of growth and development of soybean plants

V1-V3 stage R1-R2 stage R3-R6 stage

W
ith

ou
t

fe
rt

ili
ze

rs

N30 N60

W
ith

ou
t

fe
rt

ili
ze

rs

N30 N60

W
ith

ou
t
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rt

ili
ze

rs

N30 N60

Number of nodules per 1 plant, pcs. 3.0±1.2 3.5±1.6 4.0±1.2 7.2±2.0 6.3±1.5 6.1±1.7 12.8±4.3 10.3±1.6 8.1±1.9

The mass of nodules per 1 plant, mg 23±3.5 28±3.6 34±3.4 91±5.4 63±6.3 50±5.6 287±14.9 201±5.8 153±6.5

Nitrogen content in soil 
(mg/kg of soil) N–NO3

10.8±2.2 17.5±3.9 20.2±2.9 9.4±2.2 19.7±2.6 21.1±2.3 4.1±1.7 6.7±2.5 7.2±2.3

N–NH4 6.8±2.0 8.6±3.0 10.3±3.3 14.8±2.0 15.7±2.5 15.9±3.9 8.0±1.7 9.2±3.3 9.7±3.8

N–NO3: N–NH4 1.59 2.0 2.0 0.64 1.25 1.32 0.51 0.73 0.74

Source: authors’ development

During the first three to four weeks of growth, 
soybeans actively use inorganic nitrogen from the soil. In 
the first-third trifoliate stage (V1-V3), a greater number 
of nodules per plant were noted in areas with fertilizer 

application: 3.5 in areas with 30 kg/ha, 4.0 in areas with 
60 kg/ha and 3.0 without fertilizer application. The aver-
age mass of the nodules per plant was also higher in the 
areas with fertilizer: 28 g in plants growing in 30 kg/ha 
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and 34 g in plants growing in areas with 60 kg/ha fer-
tilizer application. The average mass of the nodules per 
plant in areas without fertilizer application was only 23 g.

In later stages of plant growth, fertilizer appli-
cation had a negative effect on the nodule number and 
nodule mass. In the R1-R2 stages, there was an increase 
in the number of nodules in areas without fertilizers: 
7.2±1.81 in unfertilized areas, 6.3±2.21 in areas with 
30 kg/ha and 6.1±1.91 in areas with 60 kg/ha fertilizer 
application. The mass of nodules was also greater in 
unfertilized areas: 91 g vs 63 g in 30 kg/ha and 50 g 
in 60 kg/ha fertilizer application. A similar decrease in 
number and mass of nodules per plant with fertilizer 
use was observed in the R3-R6 stage – 12.8±1.55 in 
areas without fertilizer and 10.3±2.31 in areas with 
30  kg/ha fertilizer application and 8.1±1.97 in areas 
with 60 kg/ha fertilizer application. The mass of nod-
ules was also greater in unfertilized areas – 91 g vs 
63 g in 30 kg/ha and 50 g in 60 kg/ha fertilizer appli-
cation. This observation is consistent with earlier ob-
servations that mineral nitrogen in the form of nitrate 
strongly inhibits the nitrogen fixation process during 
the later stages of the growth of the plants (Lin et al., 
2022). Thus, addition of inorganic nitrogen promotes 
growth and development during the early stages of 
growth of soybean plants. However, excess inorganic 
nitrogen in the soil suppresses the development of root 
nodules during later stages of growth.

As part of the research, an agrochemical analysis 
of the soil was carried out to determine the content 
of ammonia and nitrate nitrogen (Table  1). Fertilized 
plants showed a higher content of ammonia and nitrate 
nitrogen at all stages of plant growth and development. 
No significant difference in the content of nitrate nitro-
gen was found in unfertilized crops and fertilized soil 
between the V1-V3 and R1-R2 stages; however, a large 
drop in the nitrate nitrogen and ammoniacal nitrogen 
content of non-fertilized and fertilized soil was observed 
in the R3-R6 stage. This indicates that although soil 
must contain sufficient nitrogen during the early stages 
of plant development to enable proper development of 
photosynthetic apparatus, the amount of nitrogen ab-
sorbed from the soil is not much till the plants reach 
the bean formation stage. At this stage, the growing de-
mand for nitrogen for seed protein synthesis is met by 
both absorption of large amounts of soil inorganic ni-
trogen and symbiotically fixed nitrogen. The ammonia 
nitrogen in the soil is increased in the flowering stage, 
most likely due to ‘leakage’ of symbiotically fixed am-
moniacal form of nitrogen from the roots. Thus, it may be 
beneficial to apply a small amount of inorganic fertilizer 
(depending on soil nitrogen level) during the initial stag-
es of soybean plant growth and then a larger amount at 
the later stages when the seeds are forming in the pods.

Effect of inter-row distance and the sowing rate on 
the number and weight of root nodules.

As part of the research, the influence of row spacing 
and seeding rate on the number and mass of root nodules 

per plant was determined for three soybean varieties. 
The seeds were sown in rows, with an inter-row distance 
of 15 cm (narrow-row sowing method) or 45 cm (wide-row 
sowing method) and at rates of 0.5 million, 0.6 million, 
0.7 million, and 0.8 million seeds/ha. The average num-
ber of root nodules and active root nodules on the plants 
were determined in three varieties at R2 stage and the 
average data are presented in Figure 3. The narrow-row 
sowing method resulted in a greater number of nodules 
per plant on all three varieties. The number of nodules 
at 0.5 million seeds/ha was 26.3±4.6 for variety Ustya, 
27.4±3.1 for variety Romantika, and 23.7±3.1 for variety 
Vorskla. An increase in seeding rate to 0.8 million/ha 
helped to increase the number of nodules to 27.5±2.6 
in Ustya, 28.1±2.2 in Romantika, and 25.5±3.0 in Vorskla. 
For wide-row sowing method, the corresponding values 
were less by 4.5-10.6%.

The average mass of nodules on the plants was 
also determined in the three varieties. A greater mass of 
nodules was observed in plants grown with an inter-row 
spacing of 15  cm. At the seeding rate of 0.5 million 
seeds/ha, the average mass of nodules was 4.1±1.3 g in 
Ustya, 4.2±1.3 g in Romantika and 3.9±0.9 g in Vorskla va-
riety. An increase in seeding rate to 0.8 million seeds/ha 
helped to increase the number of nodules to 4.3±0.9 in 
Ustya, 4.3±0.8 in Romantica, and 3.9±0.7 in Vorskla variety. 
For the wide-row sowing method, the corresponding values 
were 2.5-5.7% less. All data are presented in Figure 4.

Thus 15 cm inter-row distance and a seeding rate 
of 0.8 million seeds/ha resulted in the highest number 
and mass of root nodules per plant. The variety Roman-
tica developed the highest number and mass of root 
nodules under optimal conditions. Effect of inter-row 
spacing and seeding rate on the nodule number and nodule 
mass per plant are variety and cultivation location de-
pendent. In a study conducted on Merlin variety of soy-
bean in Poland, the inter-row distance (15 cm or 30 cm) 
did not affect the nodule mass and number, whereas nod-
ule mass and number showed a decreasing trend with 
the increasing seeding rate (70, 90, and 110 seeds/m2) 
(Kaur, 2018; Kena, 2018). Similar results were obtained 
by testing the seeding densities from 40,000 to 320,000 
seeds/ha in BRS 133 varieties of soybean (Natsumi et al., 
2019). At the same time, no correlation between the 
seeding rate or inter-row distance and the nodule number 
or nodule mass was found (Sobko et al. , 2019; Araujo 
et al., 2018).

Effect of inter-row distance and seeding rate on the 
yield of soybean seeds.

The yields of soybean for crops cultivated at dif-
ferent inter-row distances and seeding rates are presented in 
Figure 5. The data from the third term crops were used 
to determine the effect of inter-row distance and seed-
ing rate on the yields, as it more closely corresponds to 
real-world situation of a field being used for soybean  
cultivation for many consecutive years. A trend of increas-
ing seed yield with the increasing seeding rate was ob-
served in the crops cultivated using narrow-row sowing 
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method at all sowing rates. In wide-row sowing method 
the seed yield increased from 0.5 to 0.7 million seeds/ha 
but dropped at 0.8 million seeds/ha by 6.1% in Roman-
tika, 13.5% in Ustya, and 7.5% in Vorskla variety. Also, the 
difference in the seed yield between 0.7 and 0.8 million 
seeds/ha with the narrow-row sowing method, was small 

(2.9%, 4.3% and 3.2% for Romantika, Ustya, and Vorskla 
variety, respectively) which does not justify the extra ex-
penditure for the purchase of extra 0.1 million seeds and 
the associated labor costs. Hence, a seeding rate of 0.7 mil-
lion/ha was found to be optimum for both narrow-row 
and wide-row sowing method for all three varieties.

Figure 3. The effect of variety, seeding rate and inter row distance plants on number  
of root nodules per plant in soybean plants
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At 0.7  million seeds/ha, the wide-row sowing 
method resulted in greater yield than the narrow-row 
sowing method by 21.0% for the Romantica, 19.6%, for 
the Ustya and 9.8% for the Vorskla variety. Under these 
conditions, the highest yield was obtained for Romantica 
variety at 2.95 t/ha (Fig. 5). Earlier studies have reported 

Figure 4. The effect of variety, seeding rate and inter row distance plants on mass of root  
nodules per plant in soybean plants

the effect of inter-row spacing and seeding rate on the 
seed yield in soybean. In the eastern Mediterranean 
region of Turkey, the highest yield in full-season crop 
was obtained at 50 cm and that in the late-season crop 
at 30 m row spacing (Weil & Brady, 2017). Mathenge, 
Thuita et al. obtained the highest seed yields at 25 cm  
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row spacing in cultivar Ika in Siaya County of Kenya 
(Mathenge et al., 2019; Leilah & Khan, 2021). A row 
spacing of 19 cm yielded 0.8-10% more seeds per hectare 
as compared to 76 cm row spacing in a study in South 
Dakota, USA. The highest yield was obtained at 506, 
500 seeds/ha in this study (Vinnichek et al., 2018). In 
another study in Western Ethiopia, the authors reported 
a different optimum inter-row spacing of 40, 50, and 
60 cm for three different soybean varieties (Lyu et al., 

2019; Schutte & Nleya, 2019). It is likely that apart from 
the inter-row spacing, the performance of soybean crop 
is also affected by factors such as the variety, the local 
climatic conditions, and the properties of the soil, and 
the best seeding rate and inter-row spacing need to be 
determined for each soybean variety.

An inter-row spacing of 15 cm was optimal for 
root nodule development, but an inter-row spacing of 
45 cm resulted in better seed yield in all three varieties. 

Figure 5. The effect of variety, seeding rate and inter row distance plants on mass of root  
nodules per plant in soybean plants
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The infection of root tissues with the symbiotic bacteria is 
mediated by the chemical mediators secreted by roots. 
The concentration of these mediators may be higher in 
the soil when more roots are present in a given area 
in narrow-row sowing. However, wide-row sowing may 
minimize the competition for soil resources and allow 
greater inception of light from different directions for 
photosynthesis (Schwember et al., 2019; Ulafić et al., 
2020).

Thus, the increase in the rate of nitrogen fixation 
at the V1 and R1 stages at higher light intensity was 
due to greater growth and greater mass of nodules, and 
not to greater specific activity of the nitrogenase enzyme 
in the nodules.

This indicates that the amount of nitrogen ab-
sorbed from the soil is negligible until the plants reach 
the stage of bean formation, but it must be in sufficient 
quantity to ensure the proper development of the pho-
tosynthetic apparatus during the early stages of plant 
growth and development.

Also, the narrow-row method of sowing ensured 
a greater number and mass of nodules per plant, in all 
three varieties. There was also a tendency to increase 
seed yield with increasing seeding rate, so it can be 
concluded that 15 cm row spacing is optimal for the 
development of root nodules, but 45 cm row spacing 
resulted in better seed yield.

CONCLUSIONS
The effects of light intensity, soil inorganic nitrogen 
levels, seeding rate, and the inter-row distance on the 
biological nitrogen fixation efficiency and soybean seed 
yield were studied in three soybean varieties. The light 
intensity had a significant effect on the biomass accu-
mulation in the nodules and the plants. The nodules 

accumulated significantly more biomass when grown 
at higher light intensity. The biological nitrogen fixation 
was also higher in the plants growing at the higher light in-
tensity at all developmental stages before the ripening 
of the beans. Excessive fertilizer application was found 
to suppress the development and growth of nodules in 
the later stages and may thus affect the seed yield.

The sensitivity of soybeans to changes in the 
feeding area in the crop was studied. At optimal density, 
the main mass of beans is formed on the main shoot, in 
thinned ones – on side branches. Excessive thickening 
of litter leads to lodging, premature yellowing and fall-
ing of leaves on plants. Changing the sowing rate from 
0.5 to 0.8 M seeds/ha for row sowing contributed to an 
increase in the attachment height of the lower beans, 
which, in turn, contributes to a reduction in crop losses 
during crop harvesting. The seeding rate and the in-
ter-row distance affected the seed yield, and optimum 
levels of these parameters have been determined for the 
three varieties.

Sowing rate had a greater influence on soybean 
yield than the sowing method. The best conditions were 
obtained when sowing 0,7 M seeds/ha of similar seeds. 
Increasing the sowing rate to 0,8 M seeds/ha of similar 
seeds, especially for late sowing, did not contribute to a 
significant increase in yield. The early ripening Roman-
tika variety had the maximum yield at the sowing rate 
of 0.7 M seeds/ha – 2.41 t/ha. Low sowing rates contrib-
uted to a decrease in seed yield to 2.07 t/ha – for sowing 
rates of 0.6 M seeds/ha & to 1.82 t/ha – for 0.5 M seeds/ha. 
Increasing the sowing rate to 0,8 M seeds/ha was inef-
fective – 2.39 tons/ha. The optimum growth conditions 
determined in this study for three soybean varieties will 
help farmers boost yields in the Romantica, Ustya, and 
Vorskla varieties of soybean.
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Анотація. Актуальність теми досліджень визначається пошуком нових технологічних прийомів вирощування сої.  
З огляду на це, досліджували особливості формування продуктивності різних сортів сої залежно від низки 
чинників, таких як: строки, способи сівби та норми висіву. Метою досліджень було теоретичне обґрунтування 
та практичні рекомендації щодо строків і способів сівби, норм висіву різних сортів сої. Проаналізовано 
показники впливу інтенсивності освітлення, внесення добрив, зміни норм висіву насіння та різних варіантів 
ширини міжрядь на біологічну азотфіксацію сої. В результаті встановлено закономірності та здійснено наукове 
обґрунтування положень, розроблено рекомендації виробництву та науково обґрунтовані прийоми технології 
вирощування сої, які забезпечують підвищення продуктивності культури на 15–25 %. Розроблені практичні 
рекомендації щодо збільшення виробництва сої використовуються в господарствах області та за її межами 
для вирішення важливої проблеми – збільшення виробництва кормового і харчового білка та рослинної олії. 
Зміна норми висіву з 0,5 до 0,8 млн насінин/га за рядкової сівби сприяла збільшенню висоти прикріплення 
нижніх бобів, що, в свою чергу, сприяє зменшенню втрат врожаю при збиранні культури. Норма висіву мала 
більший вплив на урожайність сої, ніж спосіб сівби. Найкращі умови були отримані при висіві 0,7 млн схожих 
насінин/га. В ході досліджень сорт Романтика показав найвищу врожайність 3,07 т/га за рядкового способу 
сівби, норми висіву 0,8 млн схожих насінин/га та другого строку сівби

Ключові слова: рослинництво, інтенсивність освітлення, строки сівби, норми і способи, кореневий бульбочок, 
міжряддя, норма висіву
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Abstract. Plants, having a wide array of different substances that are 
natural to ecosystems, can be effective biofungicides. Most scientific studies 
have demonstrated the effectiveness of plant extracts against certain 
phytopathogenic species/genera in vitro. These results do not provide an 
answer to how certain substances might affect the systems of microorganisms. 
The aim of the work was to study the influence of plants on isolation of 
mycobiota representatives of winter wheat seeds, the peculiarities of its 
germination and seedling development. The mycocomplex of the seeds of 
the 2017 and 2019 harvests from the North-East of Ukraine was studied. 
The seeds were kept in aqueous plant solutions and spread on potato-glucose 
agar. The effects of Citrus sinensis L., Citrus limon L., Zingiber officinale Roscoe, 
Larix decidua Mill., and Pinus sylvestris L. were evaluated. All plant solutions 
changed the quantitative and qualitative composition of seed mycobiota. 
The negative effect of soaking seeds on the development of wheat seedlings 
was established, which will not allow them to be used to regulate the seed 
mycocomplex in the future. C. limon (67%) and Z. officinale (on average 52%) 
most effectively reduced the number of dominant Alternaria sp. Seed treatment 
increased the number of fungal colonies compared to the control, except for 
the 40% ginger solution, and when ginger was used, the spectrum of fungi 
was expanded, and when citrus and pine were used, it was narrowed. Plant 
solutions changed the dominance of Alternaria sp. in the seed mycobiota 
on the prevalence of Penicillium sp. and Aureobasidium pullulans (de Bary) 
G. Arnaud. The mycobiota of wheat seeds acquired the most significant 
changes under the influence of L. decidua and P. sylvestris

Keywords: biofungicides, citrus fruits, ginger, pine needles, seed treatment, 
fungal complex
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INTRODUCTION
Mycobiota of winter wheat seeds contains endophytic 
and phytopathogenic fungi. Endophytes are fungi that 
do not have a negative effect on plants (Chitnis et al., 
2020). Scientists are currently actively searching for 
biological plant protection agents among endophytes. 
Wheat seeds are a source of infection for phytopatho-
genic species. One of the elements of plant protection 
is the treatment of seeds with pesticides of various ori-
gins to regulate pathogens. The main purpose of seeds 
treatment is the destruction of fungi, which is effectively 
dealt with by modern chemical fungicides. The question 
of changes in the mycobiota of seeds when individual 
representatives disappear remains unexplored. Although 
chemicals are highly effective, they have a negative im-
pact on human health (carcinogenic, teratogenic, acute 
toxicity) and the environment (prolonged decomposi-
tion leads to contamination of soil, water, etc.) (Soković 
et al. , 2013). Continued use of fungicides causes the 
emergence of resistant forms in populations of phyto-
pathogens: resistance of Fusarium to prochloraz, tebuco-
nazole and benomyl (Choi et al., 2017); cross-resistance 
of Alternaria alternata to mancozeb and difenoconazole 
(Yang et al., 2019). People require natural foods without 
dangerous substances to improve their health. To date, 
chemical manufacturers have regained their interest in 
natural compounds (Soković et al., 2013). These compa-
nies used to attract natural compounds. Thus, the active 
ingredients of Falcon (manufactured by Bayer) include 
morpholines, which are derivatives of cinnamic acid.

In Ukraine, biological pesticides on wheat based 
only on microorganisms and their metabolites have been 
registered. Some plants contain a variety of biologically 
active chemicals that may be new components for bio-
fungicides. Plant extracts, essential oils, gums, resins etc. 
are sources for finding natural ingredients. These prod-
ucts are more suitable for natural ecosystems. Plant sub-
stances have a specific target effect, without touching 
the beneficial antagonists, they are quickly destroyed, 
do not pollute the environment, easily accessible and cost- 
effective. Plant extracts and oils are most often used 
against fungal pathogens (Zaker, 2016). The biologically 
active substances of plants include alkaloids, glycosides, 
glucosinolates, lipids, phenols, terpenes, polythienes, 
polyacetylenes, etc. (Borges et al., 2018).

An analysis of scientific studies on the effec-
tiveness of plant extracts against seed fungi of various 
crops showed 100 percent inhibition of phytopatho-
gens, with most researchers using aqueous plant ex-
tracts (Almeida et al. , 2021).

Mycobiota of wheat seeds consists of various rep-
resentatives. As a rule, the most common or most harm-
ful species are first isolated from seeds, and then the 
effectiveness of plant extracts against phytopathogens 
is studied in vitro. Thus, Z. Baka & M. Baka (2014) first 
identified the most common species in wheat seeds 
(A. flavus, A. niger, and F. moniliforme), and then determined 

the effectiveness of five medicinal plants before their 
growth on a nutrient medium. When studying the ef-
fectiveness of grain extracts and beekeeping products 
on fungi from the seeds of buckwheat, wheat, oats and 
corn, the most harmful species from the genus Fusarium 
were first isolated. And then the influence of the extracts 
on the growth of these fungi on PDA was studied (Keriene 
et al., 2020).

Less often, researchers study the effectiveness of 
plant extracts in vivo. The study of four plants on the 
peculiarities of isolation of fungi from wheat seeds by 
the Standard Blotter Method (on filter paper) showed 
their high efficiency (Arshad Ali et al. , 2015). The effi-
ciency of five plants was tested by seed treatment fol-
lowed by incubation on filter paper and agar medium 
with control of 12 representatives of mycobiota of barley 
seeds (Ahmad et al., 2016).

Thus, most often investigations do not take into 
account the changes that will occur in microbial com-
plexes with a decrease in the number or extinction of a 
species. Important factors in determining the effective-
ness of botanical fungicides are the chemical composi-
tion of plants, which depends on many factors, as well as 
the local population of phytopathogens. Therefore, the 
goal of the research was to determine not only the ef-
fectiveness of aqueous solutions of plants against cer-
tain representatives of the mycobiota of winter wheat 
seeds, but also the nature of changes in it, taking into 
account the impact on seed germination and plant de-
velopment.

MATERIALS AND METHODS
Winter wheat (Bohdana variety) was grown in the North-
East of Ukraine (Sumy region, educational and scientific 
production complex of Sumy National Agrarian University). 
The seeds of the 2017 and 2019 harvests were analysed.

Lemons, oranges and ginger were bought in the 
supermarket. Pine and larch needles were torn from the 
trees of the SNAU arboretum. Lemon and orange fruits 
were squeezed to obtain juice. Sterilized water was 
added to the juice to obtain a 10% aqueous solution. 
The ginger rhizome was crushed in a blender, and then 
the juice was squeezed through gauze. By adding ster-
ile water, a 40% aqueous solution was obtained. Larch 
and pine needles (4.5 g) were ground with the addition 
of water. Then was added 100 ml of sterile water. The 
seeds were kept in aqueous solutions for 2-3 hours. It 
was soaked in sterilized water in the control variant. 
After drying on filter paper, the seeds were spread on 
potato-glucose agar. Petri dishes were incubated in 
a thermostat at 22-24°C for seven days. Fungi were 
identified by the biological method based on colony 
morphology, mycelium and asexual sporulation based 
on (Warham et al., 1997; Watanabe, 2002; Leslie & Sum-
merell, 2006; Schubert et al., 2007; Zalar et al., 2008; 
Walther et al., 2013). The second step was to study the 
effect of solutions on seed germination: the number of 



Scientific Horizons, 2022, Vol. 25, No. 8

30 Applying of Plants to Regulate Mycobiota of Winter Wheat Seeds

germinated seeds (on the 7th day) and average length 
of seedlings were calculated. The length of seedlings 
to study the effectiveness of solutions of ginger and 
conifers was measured on the 14th day.

Statistical analysis of the results was performed 
by the method of one-way analysis of variance in Excel, 
calculating the LSD05.

RESULTS AND DISCUSSION
The dominance of Alternaria in the mycobiota of win-
ter wheat seeds in the conditions of the North-East of 
Ukraine was established, as evidenced by other stud-
ies (Rozhkova et al., 2021). In addition to these fungi, 
two genera (Penicillium sp. and Trichoderma sp.) and 

five species (Cladosporium herbarum (Pers.: Fr.) Link, 
Neurospora sitophila Shear, Mucor mucedo L., Nigrospora 
oryzae (Berkeley et Broome) Petch., and Aureobasidium 
pullulans (de Bary) G. Arnaud) were identified in the con-
trol. Fungi that germinated from wheat seeds without 
sporulation, but only in the form of mycelium, were not 
identified.

Citrus was chosen to regulate the mycobiota of 
seeds based on their properties: they have an antiseptic 
effect and contain a significant amount of ascorbic acid 
(in orange 66, lemon – 52-60 mg). When soaking the 
seeds for two hours, the number of fungal colonies on 
variants with the use of plants increased compared to 
the control (Table 1).

Table 1. The effect of aqueous extracts of plants of the genus Citrus on the isolation of fungi mycobiota seeds and the 
development of seedlings of winter wheat (2017)

Variants Isolation of fungal colonies, pcs
Number  

of colonies,
pcs

Seed 
germination, %

The average 
length of 

seedlings, mm

Control (water)

Alternaria sp. 78
Penicillium sp. 21

C. herbarum 9
N. sitophila 3
M. mucedo 2

113 100 51.4

Orange
(10% aqueous solution of fruit juice)

Alternaria sp. 65
Penicillium sp. 61

M. mucedo 5
131 100 40.5

Lemon
(10% aqueous solution of fruit juice)

Penicillium sp. 105
Alternaria sp. 26

M. mucedo 6
137 100 20.5

LSD05

Alternaria sp. 4.8
Penicillium sp. 6.8 10.6 - 4.4

Regarding the effect of lemon and orange on the 
mycobiota of wheat seeds, the similarity of their action 
was noted: they reduced the range of its species and 
genera, the amount of Alternaria fungi and increased 
the number of Penicillium sp. These fungi inhibited the 
development of wheat germ. Moreover, this negative 
effect was greater in the variant with the use of lemon, 
where the amount of Penicillium fungi was 105 colo-
nies – this is the maximum indicative isolation among 
all authors’ studies.

Alternaria fungi are dangerous pathogens for cit-
rus crops, so most modern research is aimed at study-
ing their species composition, pathogenicity and more. 
Information on studies on the effectiveness of citrus 
extracts against fungi was not found, but the results 
of testing essential oils are known. An in vitro study of 
the antifungal activity of lemon (C. limon) essential oil 
against three pathogenic fungi that infect grapevine 
(Eutypa sp., Botryosphaeria dothidea and Fomitiporia 
mediterranea) has shown its significant effectiveness 
against all tested fungi. Eutypa sp. was the most sen-
sitive to the essential oil of C. limon. The composition 

of EO was also studied. Ten volatile components were 
identified by gas chromatography, the most common 
of which were hydrocarbon monoterpenes (Ammad et 
al., 2018). The effectiveness of citrus essential oils on 
Aspergillus and Penicillium fungi has been studied. The 
essential oil of C. sinensis caused complete inhibition of 
the growth of Aspergillus niger (L.) at 3.0 μg⋅ml-1 on agar 
plates. The oil showed fungistatic activity at 1.5 μg⋅ml-1 
with approximately 79% growth inhibition after 7 days 
of incubation and delayed conidiation compared to 
control. Its use also caused bifurcation of apical hyphae 
and abundant budding of vegetative hyphae, which led 
to complete loss of cytoplasm by hyphae (Sharma & 
Tripathi, 2008). Earlier fungitoxic studies of C. sinensis 
essential oil have shown the antifungal efficacy of citrus 
oils against Penicillium digitatum and Penicillium itali-
cum and have shown that P. digitatum has been demon-
strated to be the most sensitive (Caccioni et al., 1998).

Thus, citrus changes the mycobiota of winter 
wheat seeds, reducing the number of Alternaria sp., but 
increasing the number of Penicillium sp., which inhibits 
the development of wheat seedlings (especially lemon).
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The influence of garden ginger on the mycobiota 
of wheat seeds and the peculiarities of the development 

of its seedlings was carried out in 2017 and 2019 
(Table 2).

Table 2. The effect of garden ginger (Z. officinale) on the mycobiota of winter seeds  
and the development of wheat seedlings

Variant Isolation of fungal colonies, pcs Number of colonies,
pcs

The average length of seedlings 
on the 7th/14th day, mm

2017

Control (water)

Alternaria sp. 78
Penicillium sp. 21

C. herbarum 9
N. sitophila 3
M. mucedo 2

113 51.4/-

Ginger (100% juice)

Penicillium sp. 64
Alternaria sp. 44

N. sitophila 4
C. herbarum 3
M. mucedo 2

Fusarium sp. 1
Other fungal colonies 1

119 45.3/-

LSD05

Alternaria sp. 6
Penicillium sp. 5.3
C. herbarum 3.7

6 8.1

2019

Control (water)

Alternaria sp. 43
Penicillium sp. 16

N. oryzae 12
A. pullulans 10

Trichoderma sp. 5
Other fungal colonies 29

115 40.4/97.5

Ginger (40% aqueous 
solution)

Penicillium sp. 18
Alternaria sp. 17
A. pullulans 16

N. oryzae 6
Arthrinium arundinis

(Corda) Dyko & B. Sutton 1
N. sitophila 1

Fusarium sp. 1
Other fungal colonies 38

98 28.2/78.9

LSD05

Alternaria sp. 5.3
N. oryzae 7.7

A. pullulans 3.2
8 5.6/8.1
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In 2017, the effect of undiluted rhizome juice was 
investigated, which showed a slight increase in colonies 
compared to the control.

The use of ginger reduced the amount of Alter-
naria sp. by 43.6%, but increased the number of Penicil-
lium sp. (Fig. 1).

Figure 1. Mycobiota of winter wheat seeds treated with 100% ginger juice (Bogdana variety, 2017)

Suppression of seedling development was also 
recorded. In 2019, the seeds were kept in 40% aque-
ous solution, after which the number of fungal colonies 
decreased. Uncertain species occupied a dominant po-
sition in the mycobiota, and the number of Alternaria 

fungi decreased by 60% compared to the control. The 
species composition has changed: instead of Trichoderma 
sp. sprouted other fungi (A. arundinis (Fig. 2), N. sitophila, and 
Fusarium sp.). An inhibitory effect on seedling length on 
both the 7th and 14th day was also observed.

Figure 2. Mycelium and conidial sporulation of A. arundinis

А significant effect of aqueous solutions of gin-
ger (15.10 and 5%) on the growth of Alternaria alternata (Fr.) 
Keissl. from tomatoes in Sudan has been shown. The 
highest concentration contributed to the best inhibi-
tion of the fungus. Ginger restrained mycelial growth 
by 57%, 35% and 20% compared to controls (Osman 
& Algam, 2016). The effect of aqueous extracts of five 
different plants on A. alternata and Fusarium oxysporum 
was studied in vitro. Ginger solutions have been effec-
tive in inhibiting the growth of tested fungi (Fawzi et al., 
2009). Ethanol extract of ginger of various concentra-
tions (0.5, 1.5-5.5%) showed high efficiency of inhibition 
of mycelial growth and sporulation of A. alternata – the 
causative agent of spinach spot, in vitro. The highest 
concentration (5.5%) was 90.4% inhibition of mycelial 
growth. The germination of spores was completely sup-
pressed by both 4.5% and 5.5% concentration (Rizwana, 
2015). The effect of aqueous, ethanol and methanol ex-
tracts and ginger essential oil on the radial growth of 

Alternaria solani and Phytophthora infestans was stud-
ied. Ginger oil was as effective as a synthetic fungicide. 
That is, this plant has strong antifungal properties with 
a high potential for use as a biofungicide (Mugao et 
al., 2021). A study of the effectiveness of extracts from 
five plants against Alternaria alternata in vitro showed 
significant antifungal activity of these plants, one of 
which was ginger. The zone of inhibition of Z. officinale 
ranged from 30 to 48 mm. The highest antifungal value 
of ginger extract was observed at a concentration of 
2.5 μl⋅ml-1 – 87.04% (Ghalem et al., 2020).

Thus, ginger alters the mycobiota of wheat seeds, 
most reducing the amount of Alternaria fungi, but this 
increases the number of Penicillium sp. 100% juice and 
40% aqueous solution inhibits the development of wheat 
seedlings.

It was established that C. limon and Z. officinale 
are active Alternaria reducers. Scientists around the 
world are actively searching for chemical compounds 
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to regulate the number of these fungi. In Uruguay, a 
study of 10 plant species found that extracts of Salvia 
sclarea L. , S. officinalis L. , and Rosmarinus officinalis L. 
were effective against Alternaria sp. at the level of 
chemical fungicides (Dellavalle et al. , 2011). In Mexico, 
the effectiveness of 12 different plants was found to 
inhibit the growth of A. alternata in the range of 2.02-
69.07%. Adenophyllum aurantium L. was the most ef-
fective against this fungus (Lira-De León et al. , 2014). 
In India, aqueous and methanol extracts of Aloe vera L. , 

Polygonum perfoliatum L. , Cymbopogon citratus (DC.) 
Stapf, Lantana camara L., and Mimosa pudica L. have 
been shown to have the ability to significantly inhibit 
the growth of A. alternata and A. tenuissima (Srivastava 
et al. , 2012).

Quite unexpected results were obtained by study-
ing the effect of aqueous solutions of conifers on the 
mycobiota of wheat seeds. Soaking the seeds in aqueous 
extracts of pine and larch needles showed quite similar 
results (Table 3).

Table 3. The effect of aqueous solutions of needles on the mycobiota of winter wheat seeds  
(Bohdana variety of the 2019 harvest)

Variant Isolation of fungal colonies, pcs Number of colonies, pcs

Control (water)

Alternaria sp. 30
A. pullulans 18

N. oryzae 9
Trichoderma sp. 7
Penicillium sp. 6

Other fungal colonies 31

103

L. decidua

A. pullulans 58
Alternaria sp. 32
Trichoderma sp. 5

M. mucedo 4
Fusarium sporotrichioides Sherb.3

N. sitophila 1
Penicillium sp. 1

Other fungal colonies 3

107

P. sylvestris

A. pullulans 42
Alternaria sp. 42

F. sporotrichioides 16
Rhyzopus stolonifer (Ehrenb.) Vuill. 6

Other fungal colonies 1

110

LSD05

Alternaria sp. 6.8
A. pullulans 5.5 6.3

The amount of A.  pullulans and Alternaria sp. 
increased, the germination of colonies without sporu-
lation of fungi decreased, Fusarium fungi appeared in 
variants with pine needles. Germination of fungi of the 
genus Mucor was also observed. Pine needles provoked 
the release of the largest amount of F. sporotrichioides.

The average length of seedlings in the variants 
with soaking the seeds in the solutions of the needles 
was less than in the control (Fig. 3). The reduction in 
plant growth with the use of pine was 26.7% com-
pared to the control and was greater than in the vari-
ant with soaking in a solution of larch needles (12%) 

on the 7th day. This fact may be explained by the greater 
isolation of Fusarium fungi for soaking the seeds in an 
aqueous solution of pine needles. Measurement of the 
length of wheat seedlings on the 14th day demonstrated 
the preservation of the dominance of the indicator in 
the control. The picture of the negative impact has 
hardly changed. The high percentage of isolation of 
Fusarium fungi by treatment with a solution of pine 
needles suspended the development of seedlings 
more significantly at this date of accounting – 33% 
compared to the control. The use of larch suspended 
germination by 7%.
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The antimicrobial action of essential oils of the 
Pinaceae family has been proven by various authors. 
Pine essential oil was very active only against bacteria, 
but not against fungi (Lis-Balchin et al., 1998). Essential 
oil (at a concentration of 2%) from North American pine 
is able to inhibit the growth of two species: F. culmorum 
and F.  solani. Fungicidal activity against F.  poae was 
observed at 5% concentration of pine oil (Krauze-Ba-
ranowska et al., 2002).

Pine needles and bark contain a lot of essential oil, 
so they are used in medicine (Baldan et al., 2017). Studies 
of the antimicrobial action of larch bark and wood have 
shown their high effectiveness against Aspergillus flavus, 
A. niger and Penicillium funiculosum. (Salem et al., 2016).

The obtained results showed the effect of plant 
extracts on the entire mycobiota of winter wheat seeds, 
unlike other studies that demonstrated only a decrease 
in its individual representatives (Arshad Ali et al., 2015 
Ahmad et al., 2016).

CONCLUSIONS
Soaking the seeds in aqueous solutions of C. sinensis, 
C. limon, Z. officinale (as well as its juice), L. decidua and 
P. sylvestris led to significant changes in the mycobiota of 
winter wheat seeds grown in the North-East of Ukraine. 
The dominance of Alternaria sp. in the mycocomplex 

from winter wheat seeds on control was established. 
Two genera (Penicillium sp. and Trichoderma sp.) and five 
species (Cladosporium herbarum (Pers.: Fr.) Link, Neuros-
pora sitophila Shear, Mucor mucedo L., Nigrospora oryzae 
(Berkeley et Broome) Petch., and Aureobasidium pullu-
lans (de Bary) G. Arnaud) were identified here as well.

Solutions of citrus juice increased the number 
of fungal colonies, did not affect seed germination 
and significantly lessened the length of seedlings on 
the 7th day. They reduced the number of Alternaria sp., 
Penicillium sp. occupied a dominant position in the seed 
mycocomplex. C. limon had the greatest effect on the 
length of seedlings, because the maximum amount of 
Penicillium sp. sprouted. These fungi are able to inhibit 
plant development. Ginger juice and 40% aqueous solu-
tion had a citrus-like effect on seed mycobiota, except 
that they further expanded the range of fungal species. 
The most unexpected changes in the mycocomplex 
were caused by soaking the seeds in aqueous solutions 
of pine and larch needles: the appearance of F. sporo-
trichioides, Mucor fungi, an increase in the number of 
A. pullulans and Alternaria sp.

These plants cannot be used to regulate the 
mycobiota of wheat seeds because they adversely af-
fect plant growth. C. limon and Z. officinale are effective 
reducers of Alternaria sp.

Figure 3. The effect of aqueous solutions of needles on the development of wheat seedlings (LSD057=5.3; LSD0514=4.9)
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Анотація. Рослини, маючи широкий набір різних речовин, які є природними для екосистем, можуть бути 
ефективними біофунгіцидами. Більшість наукових досліджень продемонстрували ефективність екстрактів 
рослин проти певних фітопатогенних видів/родів в умовах in vitro. Ці результати не дають відповіді на те, як 
певні речовини будуть впливати на системи мікроорганізмів. Було поставлено за мету вивчити вплив рослин 
на виділення представників мікобіоти насіння пшениці озимої, особливості його проростання та розвиток 
проростків. Дослідили мікокомплекс насіння врожаїв 2017 та 2019 рр. з Північного Сходу України. Насіння 
було витримано у водних розчинах рослин та розкладено на картопляно-глюкозний агар. Оцінили вплив Citrus 
sinensis L., Citrus limon L., Zingiber officinale Roscoe, Larix decidua Mill. та Pinus sylvestris L. Всі рослинні розчини 
змінили кількісний та якісний склад мікобіоти насіння. Було встановлено негативну дію замочування насіння 
на розвиток проростків пшениці, що не дозволить їх застосувати для регулювання насіннєвого мікокомплексу 
у подальшому. C. limon (67 %)  та Z. officinale (у середньому 52 %)  найефективніше знизили чисельність домінуючих 
Alternaria sp. Обробка насіння збільшила кількість грибних колоній порівняно з контролем, за винятком 40 %-го 
розчину імбиру, та за застосування імбиру розширила спектр грибів, а за використання цитрусових та хвої – 
його звузила. Рослинні розчини змінили домінування Alternaria sp. у мікобіоті насіння на превалювання 
Penicillium sp. та Aureobasidium pullulans (de Bary) G. Arnaud. Найістотніших змін мікобіота насіння пшениці 
набула під дією L. decidua та P. sylvestris

Ключові слова: біофунгіциди, цитрусові, імбир, хвоя, протруєння насіння, грибний комплекс
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Abstract. The introduction of new types of aromatic plants of the Lamiaceae 
family into the culture is relevant for the enrichment of the biological diversity 
of the flora of the Central Polissia of Ukraine, as well as for the expansion 
of the raw material base of spicy-aromatic, medicinal, food, decorative, 
and honey-bearing plants. The purpose of this study is to find methods of 
propagation of aromatic plants, best sowing times and feeding areas, and 
to obtain phytoraw and seed materials. Research methods: laboratory, field, 
statistical. It was established that the best period for sowing plants of the 
Lamiaceae family in the conditions of the botanical garden of the Polissia 
National University is the third decade of April. The use of various methods of 
propagation proves the expediency of propagation of all annual and perennial 
plant species under study by seeds, and for M. didyma, S. officinalis, L. vera, 
and O. vulgare – also by particles, rhizomes, transplanting, and propagule. 
It is recommended to place S. hortensis, D. moldavica, E. cristata, H. officinalis 
according to the scheme of 30x45 cm, L. vera, L. anisatus, N. transcaucasica, 
S.  officinalis – 30x50 cm, and O. vulgare, S.  sclarea, M. didyma, – 40x50 cm. 
Among the annual species, the highest productive potential was found in 
D. moldavica, the above-ground mass productivity of which was 24.7±1.7 t/ha;  
among perennials – in H. officinalis (38.9±0.2 t/ha) and L. anisatus (44.1±0.9 t/ha). 
The highest yield of essential oil in terms of absolutely dry substance was 
found in S. officinalis (1.2%), L. vera (1.808%) and H. angustifolius (2.054%). 
The results of research on reproduction methods can be used for growing 
new species of aromatic plants of the Lamiaceae family both on homesteads 
and in agricultural enterprises. The most productive types of aromatic plants 
should be introduced into production for further use of phytoraw materials 
and essential oil in pharmacy, food, and other sectors of the national economy

Keywords: Lamiaceae, introduction, methods of reproduction, productive 
potential
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INTRODUCTION
Presently, special attention is paid to the issue of manu-
facturing medicines and food additives from vegetable 
raw materials. As a result of the search and introduction 
of rare new crops and possible areas of their cultiva-
tion, it is possible to expand the raw material base of 
medicinal and aromatic plants (Zharinov & Ostapenko, 
1994; Rakhmetov, 2017). Plants belonging to the Lami-
aceae family, which are new to the conditions of the 
Polissia of Ukraine, have a wide range of uses. It is the 
sixth-largest family of angiosperms (Ahmad et al., 2021; 
Napoli et al., 2020; Zhao et al., 2021), which includes 
over 245 genera and 7,886 species, as well as many eco-
nomically important species distributed in all climatic  
zones of the planet, with the greatest species diversity 
found in the Mediterranean (Fedoronchuk, 2022).

Representatives of the genera Ajuga  L., Lami-
um  L., Dracocephalum  L., Glechoma  L., Mentha  L., Sal-
via L., Thymus L., Galeopsis L., Leonurus L., Origanum L., 
Stachys  L., Elsholtzia  L., Betonica  L. are found in the 
natural ecosystems of the Polissia region of Ukraine; 
however, their industrial use is impossible due to the 
limited resource base. Therefore, there was a need to ex-
pand domestic production of medicinal, spicy-aromatic 
plants that were not previously cultivated in Ukraine. 

The purpose of this study is to find the best breed-
ing methods, sowing and harvesting periods, figure out 
productivity indicators of rare plants of the Lamiaceae 
family in the conditions of the Central Polissia of Ukraine. 
Thanks to the resolution of these issues, it is possible to 
enrich the phytodiversity of the region due to new spe-
cies. This will expand the raw material base of medicinal 
and aromatic plants, increase the ecological and eco-
nomic effect, and improve the health of the population.

LITERATURE REVIEW
To expand the domestic raw material base for obtaining 
valuable biologically active substances, some research-
ers propose to introduce new promising plant species 
from different botanical and climatic zones into the 
culture. Thus, T. Ivanova et al. (2022) reported the intro-
duction into culture of 27 taxa of the Lamiaceae family 
in Bulgaria, L.A. Kotyuk et al. (2022) reported 17 taxa in 
Ukraine, Sharafzadeh & Zare (2011) – 10 taxa in Iran.

K. Carović-Stanko et al. (2019) note that spicy and 
aromatic crops of the Lamiaceae family (Hyssopus offic-
inalis, Lavandula angustifolia, Monarda fistulosa, Nepeta 
cataria, Origanum vulgare, Salvia officinalis, Salvia sclarea, 
Satureja hortensis, etc.) are used for flavouring, preser-
vation of food products. Dry raw materials of Origanum 
vulgare and Satureja hortensis plants contain vitamins, 
proteins, sugars, lipids, amino acids, macro- and mi-
croelements, and therefore Skendi et al. (2019) sug-
gest adding it to flour when baking bread. Ukrainets & 
Frolova (2010) established that “obtaining natural fla-
vours by processing essential oils synthesised by aro-
matic plants and their introduction into production will 

enable food industry enterprises to produce products 
that meet global quality standards.”

According to R.R. Raja (2012), plants of the Lami-
aceae family are described by considerable medicinal 
potential, and J. Michel et al. (2020) recommend the use 
of phytoraw material and essential oil of Dracocephalum 
moldavica, Lavandula angustifolia, Origanum vulgare, Sal-
via officinalis, and Satureja cuneifolia for the treatment 
of cardiovascular diseases. E. Napoli et al. (2020) note 
the radioprotective properties of Origanum, Salvia, and 
Lavandula essential oils.

M. Kozlowska et al. (2015) established the bacteri-
cidal properties of ethanol extracts of Origanum vulgare, 
Salvia officinalis against Staphylococcus aureus, Klebsiella 
pneumoniae, Proteus vulgaris and Listeria monocytogenes, 
S.I. Dubinin et al. (2020) – antihelmintic properties of Orig-
anum vulgare, Hyssopus officinalis and Satureja hortensis 
plants, and S. Bedini et al. (2021) – insecticidal properties.

O.S. Demianiuk et al. (2022) suggest the use of 
aromatic plants Lavandula angustifolia, Origanum vul-
gare, Satureja hortensis and Salvia officinalis for vertical 
greening of the external and internal walls of premises, 
and consider it necessary to popularise them.

T.M. Manushkina (2021) noted that “essential oil 
crops have important agroecological importance. It is 
advisable to grow biennial or perennial ether-bearing 
plants on low-productivity, stony soils, since they protect 
the soil from wind and water erosion, inhibit the germi-
nation of weeds, and activate soil microflora. Cultivation 
of essential oil crops provides an increase in biodiversity 
in agroecosystems, air purification from pathogenic bac-
teria due to the release of essential oil with antiseptic 
properties, aesthetic beauty in the flowering phase; they 
are valuable honey plants” (Manushkina, 2021).

Industrial areas of rare plants of the Lamiaceae 
family are concentrated mainly in Kherson (Ushkarenko 
et al., 2020), Poltava (Shatkovskyi et al., 2021), and Dnipro- 
petrovsk oblasts (Baranets & Korshykov, 2020). Skybitska 
& Mohylyak (2013) report the successful introduction 
of aromatic plants of the Lamiaceae family in the West, 
and L.A. Kotyuk et al. (2021) – in the Polissia of Ukraine.

L.A. Kotyuk (2015, 2017) notes that reproduction 
by seed is an essential condition for the preservation of 
plant species, population growth and the ability to adapt 
to new living conditions, while D.B. Rakhmetov (2011) 
points to its advantages when introducing new types of  
plants into culture. The studies of Shatkovskyi et al. (2021) 
proved that when planting seedlings of the Lamiaceae 
family in open ground, watering and additional care is 
necessary. Therefore, they recommend that perennial 
species be propagated by a vegetative method, which 
ensures the rapid distribution of the species and the 
preservation of genetic traits.

MATERIALS AND METHODS
The study used sparsely distributed annual and peren-
nial plant species: summer savory (Satureja hortensis L.), 
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vietnamese balm (Elsholtzia cristata Willd.), Moldavian 
dragonhead (Dracocephalum moldavica L.), lavender (La-
vandula vera D. C.), narrow-leaved hyssop (Hyssopus аn-
gustifolius M. Bieb.), hyssop (Hyssopus officinalis L.), bee 
balm (Monarda didyma L.), oregano (Origanum vulgare L.), 
cat mint transcaucasica (Nepeta transcaucasica Grossh.), 
anise lofant (Lophanthus anisatus Adans), clary sage (Salvia 
sclarea L.), common sage (Salvia officinalis L.).

The experiment was established in the botanical 
garden of the Polissia National University (Zhytomyr) 
during 2008-2021 in an illuminated area. The soil of the 
experimental plots was described by the following pa-
rameters: Ph-saline humus horizon – 6.23±0.051, Nk – 
90,543,731 mg/kg soil, K2O – 84,03±3,859 mg/kg, P2O5 – 
458,01±4,771 mg/kg, humus content – 2.967±0.082%.

The climate of the Central Polissia of Ukraine is 
moderately continental. Average long-term air tempera-
tures above 0°C are maintained for 150 to 160 days, so 
the conditions for the cultivation of spicy and aromatic 
plants are quite favourable. Average long-term tempera-
ture of the coldest month (February): from -1 to -6°C, the 
warmest (July): from +18.4 to +23°C. The annual amount 
of precipitation was recorded both below the norm 
(600 mm) and above the norm: from 550 to 920 mm. The 
average annual relative humidity was 71-78%. The end 
of spring frosts was observed during the third decade of 
April, and the beginning of the first autumn frosts – in 
late September – early October.

The specific features of plant development were 
investigated according to the methods (DSTU 7160-2010; 
Methodology for examination…, 2016; Rakhmetov, 2011). 
The essential oil content was determined according to 
the Clevenger method (Raw medicinal plant…, 1988).

The study used seed material from the exchange 
funds of botanical gardens of Ukraine and the world. 
Plants were grown by sowing seeds directly into the soil 
or by seedling method. Sowing was performed during the 
last decade of April – the first decade of May. 

Plants H.  officinalis, S.  hortensis, D.  moldavica, 

E. cristata were placed according to scheme 45×30 cm, 
S. sclarea, O. vulgare, M. didyma, – 50×40 cm, and L. vera, 
L. anisatus, N. Transcaucasica, S. Officinalis – 50×30 cm, 
four-fold repetition. Fertilisers, pesticides, and irriga-
tion were not used during plant cultivation. During the 
growing season of the plants, weeds were removed, the 
rows were loosened, spring pruning was carried out 
(H. officinalis, H. angustifolius, S. montana) or dead shoots 
of perennial plants were removed (O. vulgare, L. anisatus, 
M. didyma, S. sclarea and S. aethiopis).

RESULTS AND DISCUSSION
The introduction of new aromatic, medicinal, food, and 
honey-bearing plants of the Lamiaceae family is neces-
sary for the enrichment of the biological diversity of the 
flora of the Polissia of Ukraine. The main criteria that 
indicate the perspective of introduction into culture 
are the establishment of propagation methods, optimal 
sowing dates and feeding areas, features of plant care 
during their growing season, methods of obtaining phy-
toraw materials and seed material.

Introductory research carried out in the Central 
Polissia of Ukraine used seed material from different 
botanical and geographical zones of the globe. Accord-
ing to the origin of the plant of the Lamiacea family, it 
is assigned to four genetic centres: the Mediterranean 
(S.  officinalis, H.  angustifolius, H.  officinalis, S.  hortensis, 
L. vera, O. vulgare and S. sclarea), to the North American 
(L. anisatus and M. didyma), European-Siberian (E. cristata 
and D. moldavica), Western Asian (N. transcaucasica) (Kotyuk, 
2022).

Studies have established different life expectancy 
of spicy-aromatic plants in the conditions of the Central 
Polissia of Ukraine. Thus, under the study conditions, 
the maximum duration of the life cycle of S.  sclarea 
plants was 3 years, L. anisatus – 6 years, N. transcaucasica – 
9 years, S. officinalis – 10 years, M. didyma – 10 years, 
L. vera, O. vulgare, H angustifolius – 12 years, H. officinalis, 
S. montana – 15 years (Fig. 1).

Figure 1. Life cycle of the Lamiacea family plants under cultivation in the botanical garden  
of the Polissia National University (2008-2021)
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According to V.O. Ushkarenko et al. (2020), during 
the industrial cultivation of S. sclarea plants under drip 
irrigation conditions in the Southern Forest Steppe of 
Ukraine (Kherson Oblast), the life cycle of S.  sclarea 
plants was four years. T.M.  Manushkina (2021) notes 
that S. sclarea is a biennial plant in the conditions of the 
Mykolaiv Oblast, and a triennial plant in the conditions 
of the study, which, apparently, is caused by the differ-
ence in soil and climatic conditions. As for the life span 
of other perennial plants, there is no information in the 
scientific sources of the last decade.

The seed material of representatives of the La-
miacea family is formed in the fruits – cenobia, which 
are located in the calyx of the flower. The fruit develops 
from a cenocarpous bipartite gynoecium, which, when 
ruptured, forms four one-seeded fragments  – erems 
(Novikoff & Barabasz-Krasny, 2015). In the new condi-
tions of growth, the erems of aromatic plants matured 
at different times, which is conditioned upon features 
of the species, different duration of fruiting and acrope-
tal order of flowering in inflorescences. When the fruits 
ripened in the lower semi-rings of the inflorescences, 
the buds in the upper ones had not yet opened. There-
fore, to obtain seed material, the plants were cut during 

the period when most of the inflorescence was in the 
fruiting phase, they were maturated for 7-10 days, after 
which they were threshed.

Erems from the calyx of the flower can release 
themselves and form self-sown plants. In the conditions 
of the growth of aromatic plants in the botanical gar-
den of the Polissia National University, their ability to 
self-renew, forming self-sown plants, was found, which 
is evidence of their adaptation. Observations showed 
that under the conditions of culture, the vast majority 
of plants formed self-sown plants, which overwintered 
or died due to the effects of negative temperatures. An-
nual plants S. hortensis, D. moldavica, E. cristata formed 
abundant or moderate self-sowing plants in autumn, 
after the fall of erems, but the seedlings died during 
the winter, so their sub-winter sowing is not advisable. 
In some places, self-sowing plants’ shoots appeared in 
the spring, which formed viable seedlings. Abundant 
self-seeding and frost-resistant seedlings were formed 
by H. angustifolius, H. officinalis, S. sclarea, L. anisatus, O. vul-
gare and N.  transcaucasica. N.  transcaucasica bore fruit 
2-3 times during the season and were resistant to low 
temperatures during the growing season. Self-seeding 
was not found in S. officinalis, M. didyma, L. vera (Table 1).

Table 1. Characterisation of the viability of self-sowing plants of the Lamiaceae family 
in the conditions of the Central Polissia of Ukraine

Note: * – self-sowing plant is resistant to negative temperatures, ** – unstable
Source: compiled by the authors

Evaluation
criteria Abundant Moderate Thinned Missing

Species
N. transcaucasica* 

S. sclarea* H. officinalis* 
D. moldavica**

E. cristata** S. hortensis** O. vulgare* L. anisatus* 
H. angustifolius *

S. officinalis M. didyma 
L. vera

Studies have shown that in the conditions of the 
Central Polissia of Ukraine, the most optimal time for 
sowing aromatic plants is the last decade of April. De-
pending on features of the species, soil moisture and 
temperature conditions, plant seedlings appeared after 
8-20 days (H. officinalis, N.  transcaucasica, D. moldavica, 
S. sclarea) or 14-30 days (E. cristata, S. hortensis, L. vera, 
H. angustifolius, O. vulgare, M. didyma). Sowing in the early 
spring period (the first decade of April) caused very sparse 
shoots and a delay in their emergence.

When sowing in the first decade of June (summer 
sowing), there was a delay in germination and a slow-
down in plant development due to insufficient moisture 
supply in the soil. In this case, flowering of plants was 
observed during September-October; during autumn 
frosts, inflorescences were often damaged, so seed ma-
terial was not formed.

The authors’ research found that sowing for win-
ter can be successful for H. angustifolius, H. officinalis, 
N. transcaucasica, L. anisatus, S. sclarea.

V.O. Ushkarenko et al. (2020) believe that under the 
conditions of the Kherson Oblast, the best sowing time for 

S. sclarea is in the winter, in the first decade of December. 
This information does not contradict the results obtained.

S.  hortensis, E.  cristata, and D.  moldavica, whose 
life cycle is one year, were propagated by the seed 
method. The depth of seed wrapping is recommended 
to be 10-15 mm, after which the soil must be compacted. 
Seedlings of E. cristata and S. hortensis appeared in an 
average of 18 days, D. moldavica – in 12 days.

Annual species are described by a long pre-emer-
gence period and slowed plant growth at the first stages 
of ontogenesis; therefore, during this period, it is nec-
essary to remove weeds that develop more intensively. 
Due to the signs of xerophilic of the plants, added wa-
tering was not performed. With the beginning of the 
generative period, plants did not need added care.

The aerial part (shoots with leaves and inflores-
cences) of annual plants for the food industry and phar-
macy was collected during the flowering phase (July-Au-
gust) at a height of 10 to 25 cm relative to the soil surface.

The productive potential of plants is evidence of 
their adaptation to new living conditions. Among the 
aromatic plants whose life cycle ends in one year, the 
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highest productivity was noted in D. moldavica. Produc-
tivity of the aerial part of D. moldavica was 24.7±1.7 t/ha, 

seeds  – 0.073±0.028  t/ha, weight of 1000 erems  – 
2.29±0.39 g (Table 2).

Table 2. Productive potential of annual and perennial plants of the Lamiaceae family in the conditions  
of the botanical garden of the Polissia National University

Plant type Year of life
Productivity, t/ha

Weight of 1000 erems, g
Green mass Erems

Annual plants
E. cristata I 16.2±0.57 0.267± 0.013 0.22±0.01

S. hortensis I 14.0±0.63 0.387± 0.024 0.49±0.04
D. moldavica I 24.7±1.7 0.733± 0.028 2.29±0.39

Perennials

S. sclarea
I 4.3± 0.2 − −
II 37.1±6.5 0.58±0.053 3.42±0.15

S. officinalis 
I 0.9±0.1 − −

IV 26.0±1.3 0.40±0.038 7.15±0.27

H. officinalis
I 2.8± 0.2 0.06±0.008 1.17±0.03

IV 38.9±0.2 0.54±0.052 1.08±0.13

H. angustifolius
I 0.72±0.07 − −

IV 8.91±0.11 0.27±0.02 0.57±0.02

M. didyma
I 1.1± 0.1 − −

IV 28.6±3.4 0.38±0.027 0.46±0.02

O. vulgare
I 0.9± 0.1 − −

IV 33.0±2.0 0.18±0.024 0.10±0.01

L. vera
I 0.7± 0.1 − −

IV 19.6±1.1 0.45±0.029 1.05±0.11

L. anisatus
I 6.8±0.2 0.03±0.006 0.42±0.03

III 44.1±0.9 0.33±0.064 0.41±0.02
N. transcaucasica I 0.65±0.04 0.045±0.004 0.65±0.04

III 13.2±0.3 0.33±0.058 0.67±0.059

Note: “–” seed material is absent
Source: compiled by the authors

Perennial species of aromatic plants were propa-
gated both by seeds and vegetatively. It was found that 
the best coverage depth for O. vulgare and L. anisatus is 
10 mm, and for H. angustifolius, L. vera, N. transcaucasica, 
H. officinalis, M. didyma, S. sclarea and S. officinalis – 15 mm. 
Advantages of vegetative reproduction were found in 
M. didyma, L. vera, S. officinalis and O. vulgare.

H. officinalis plants were propagated by the seed 
method. At the first stages of ontogenesis, seedlings devel-
oped slowly, but during the first year of life they bloomed 
and bore fruit. The best sowing time: the third decade 
of April. Friendly seedlings were obtained during summer 
sowing, but the seedlings did not always form generative 
organs. During winter sowing, H. officinalis plants were 
overwintered in case of the formation of mature imma-
ture individuals even before the onset of persistent frosts. 
During the first year of vegetation, H. officinalis formed one 
vegetative-generative shoot with second- and third-order 
shoots. In the second and subsequent years of life, the 
number of vegetatively generative shoots increased, the 
maximum indicators of productivity were found in the 
fourth year of life. In the collection plots, seedlings of 
H. officinalis grow for 15 years, bloom and bear fruit every 
year, regardless of the appearance of signs of ageing.

It was found that the vegetative reproduction of 
H. officinalis plants of the third and subsequent years 
of life by particles in April or October is quite effective.

The raw material of H. officinalis is green, non-
woody leafy shoots with inflorescences. With age, the 
area of lignification of the shoots increases, the lignified 
part of the shoots of hyssop becomes unusable. There-
fore, during the harvesting of raw materials, the above-
ground part of the plants of 1-3 years of life was cut at a 
height of 10-15 cm, and the 4-year and subsequent ones 
were cut at a height of 20-30 cm above the soil surface.

The highest indicators of productivity of H. offic-
inalis were recorded in the fourth year of life. Thus, the 
productivity of above-ground mass was 38.9±0.2 t/ha, 
seeds – 0.54±0.052 t/ha, weight of 1000 erems – 1.08± 
±0.13 g. At the end of the first year of life, these indi-
cators were, respectively, 2.8±0.2 t/ha, 0.06±0.008 t/ha, 
weight of 1000 erems – 1.17±0.03 g (see Table 2).

H. angustifolius plants were propagated by the seed 
method and vegetatively. Plant seeds were sown in the 
soil in April, after sowing plant seedlings appeared within 
14-17 days. In the first year of life, individuals of H. an-
gustifolius formed one vegetative branched shoot, the 
seedlings did not flower and did not form seeds. Flowering 
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was observed in the second year of life. During the fol-
lowing years of vegetation, the spring growth of plants 
began in the first decade of April, when the tempera-
ture reached above +10°C, flowering in July (during the 
2nd and 3rd year of life) –August (during the 4-12 years 
of life). The growth processes of H. angustifolius plants 
were completed in October-November. Plants of H. an-
gustifolius grow under the conditions of introduction 
for 12 years.

Plants of H. angustifolius were propagated veg-
etatively, which was simplified by the particulation 
of individuals. During the third year of life in culture 
conditions, the number of particles was from 3 to 4, in 
the fifth and subsequent years – from 10 to 12 pieces. 
The phytoraw material of H. angustifolius (green shoots 
with inflorescences) was harvested by cutting them at a 
height of 10-15 cm relative to the soil surface.

Observations have shown that H.  angustifolius 
plants are described by lower performance indicators 
compared to H. officinalis. In the first year of life, plant 
productivity was 0.72±0.07 t/ha, seeds were not formed. 
The highest productivity was found in plants of the 
fourth year of life. Thus, the yield of above-ground mass 
was 8.91±0.11 t/ha, erems – 0.27±0.02 t/ha, weight of 
1000 erems – 0.57±0.02 g (see Table 2).

L. anisatus plants were propagated by seed and 
vegetative methods. When sowing erems in the third 
decade of April, seedlings appeared after 18-23 days. 
During the first year of life, seedlings formed one veg-
etative-generative shoot with shoots of the second or-
der. Growth of L. anisatus plants of the second and sub-
sequent years of life after overwintering in the absence 
of snow cover and air temperature exceeding +10°C 
was observed in April. In the second and subsequent 
years of life, plants formed several generative shoots 
that branched, flowered, and bore fruit.

L. anisatus plants of the second and subsequent 
years of life were propagated by division into parts. The 
seedlings took root well, bloomed and bore fruit.

Compared to other species, L.  anisatus plants 
were less winter-hardy. The death of 5% of three-year-
old individuals in winter and more than 60% of plants 
in the fifth year of life was noted. Observations showed 
that the maximum lifespan of L. anisatus plants under 
the conditions of introduction was 6 years.

The raw material of L. anisatus – aerial leafy shoots 
and inflorescences, was cut at a height of 15-20 cm rel-
ative to the soil surface. The highest productivity of abo-
veground raw materials of L. anisatus was noted in the third  
year of life – 44.1±0.9 t/ha, seed material – 0.33±0.064, 
weight of 1000 erems – 0.41±0.02 g (see Table 2).

L. vera plants were propagated by seeds and veg-
etatively. During seed propagation of L. vera plants with-
out stratification, low field germination was noted (5-
10%), seedlings appeared after 25-30 days. During cold 
stratification for 30 days at a temperature of +5-7°C, the 
similarity of L. vera erems increased to 43%. During the 

first year of life, plants formed one vegetative shoot, on 
which shoots of the second order were laid, in the second 
year of life – shoots of the third order. Flowering and 
fruiting were observed in the third and subsequent years 
of life, when plants created a significant number of veg-
etative-generative shoots. Flowering of plants was ob-
served in June, fruiting in August. When peduncles were 
cut in the flowering phase, re-formation of inflorescences 
of L. vera plants was observed in August-September.

It is known that L. vera plants are propagated by 
cuttings or seedlings, but these methods require additional 
care and watering. L. vera plants of the third and subse-
quent years of life took root well when divided into parts, 
which indicates the advantages of vegetative propagation.

For the economic needs of industries, inflorescences 
are mainly used, which is about 30% of the above-ground 
part of plants. However, green shoots with leaves, which 
are cut at a height of 20-25 cm above the soil surface, 
are no less valuable phytoraw material and a source of 
biologically active compounds. The maximum productiv-
ity of L. vera was noted in the fourth year of life. Produc-
tivity of above-ground plant material was 19.6±1.1 t/ha, 
erems – 0.45±0.029 t/ha, weight of 1000 erems – 1.05± 
±0.11 g (see Table 2).

M.  didyma plants were propagated by seeds, 
seedlings, and vegetatively. The best results were ob-
tained during the spring reproduction of individuals 
of the third and subsequent years of life by dividing 
the rhizome with recovery buds into parts. The cuttings 
took root well, formed generative organs.

Reproduction of M.  didyma plants by the seed 
method was accompanied by some difficulties – seed-
lings appeared 18-21 days after sowing, field germi-
nation of seeds was 40 to 50%, seedlings developed 
very slowly during the first year of life. In addition, the 
results of the splitting of parental traits were observed 
and seedlings with different leaf colours (dark green 
and light green), with different stem lengths (short and 
tall), variable flower colours (dark purple, pink, or light 
pink) were obtained. Different resistance to damage by 
powdery mildew (relatively resistant and unstable). 
One-year seedlings of M. didyma formed one unbranched 
vegetative shoot, the number of shoots increased in the 
second and following years (from 8-10 to 20-50 pcs.). 
Generative organs formed some plants in the second 
year of life, in the third and subsequent years of vege-
tation – all plants.

When propagated by the seedling method, 30% 
of M. didyma individuals took root, the plants turned out 
to be unstable to drought, and summer thunderstorms 
caused lodging and damage to the stem, which led to 
their death. Under the conditions of introduction today, 
individuals of M. didyma grow for 10 years, the death of 
40% of individuals was found.

The raw material of M. didyma – the aerial part 
of plants with leaves and inflorescences, was cut at 
a height of 10-15 cm relative to the soil surface. The 
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maximum productivity of M.  didyma plants was ob-
served in the fourth year of life. Phytomass productivity 
was 28.6±3.4 t/ha, erems – 0.38±0.027 t/ha, weight of 
1000 erems – 0.46±0.02 g (see Table 2).

Erems of O. vulgare plants are petite, have low 
laboratory similarity (about 20%). Seedlings of O. vulgare 
in the first year of life formed one vegetative shoot, in 
the second and subsequent years of life, the number 
of vegetative-generative shoots increased. O. vulgare 
plants flowered and bore fruit from the third year of life.

It has been established that the best method of 
reproduction for O. vulgare plants is vegetative, by di-
viding the rhizome with regeneration buds into parts. 
The mentioned method of reproduction made it pos-
sible to quickly increase the number of plants of this 
species since they took root well and grew to the size of 
the parent in 1-2 years.

Twelve-year-old plants currently grow in the col-
lection of aromatic plants and are quite productive. The 
raw material of O. vulgare is shoots with leaves and in-
florescences, cutting them at a height of 10 cm from the 
soil surface. The highest productivity of above-ground 
mass of O. vulgare (33.0±2.0 t/ha) was recorded in the 
fourth year of life. Among all studied species, O. vulgare 
plants have the lowest seed productivity (0.18±0.024 t/ha) 
and weight of 1000 seeds (0.10±0.01 g).

According to the results of research by Shatkovskyi 
et al. (2021) when planting seedlings in open ground 
according to the scheme of 60x10 cm, the dry mass pro-
ductivity of O. vulgare under drip irrigation conditions 
was 3.16 t/ha (in terms of raw mass – 26.3 t/ha). The 
yield of plants in the conditions of the Polish region 
is higher, in addition, their cultivation does not require 
added costs for irrigation.

Plants of N. transcaucasica were propagated both 
by seeds and vegetatively, by division into parts. The 
plants formed viable self-seeding throughout the 
growing season, sprouts appeared after 8-20 days, de-
pending on moisture conditions. During the first year 
of life, the seedlings developed one vegetative-gener-
ative shoot, flowering and fruiting were observed during 
August-September. In the second and subsequent years 
of life, N. transcaucasica plants flowered and bore fruit 
3 times during the growing season.

The maximum productivity of N. transcaucasica 
plants was observed in the third year of life. Plant phyto-
mass productivity during this period was 13.2±0.3 t/ha, 
seed material – 0.33±0.058  t/ha, weight of 1000 er-
ems – 0.67±0.059 g (see Table 2).

S.  officinalis plants were propagated by seeds, 
seedlings, green cuttings, and division into parts. During 
the first year of life, seedlings of S.  officinalis formed 
a rosette of leaves, later one vegetative shoot. In one-
year individuals, generative shoots were not formed. 
Plants of the second year of life developed several 
branched shoots, on which shoots of the 2nd, 3rd and 4th 
orders were formed. Flowering was observed in the last 

decade of June, ripening of erems – in the third decade 
of August.

In the third and fourth year of life, the plants ex-
ceeded quantitative indicators of growth and produc-
tivity in comparison with plants of the first and sec-
ond years of life. Flowering was observed during the 
first-second decade of June, ripening of erems – at the 
beginning of August. Re-flowering of some S. officinalis 
plants in September was noted. At this time, individuals 
of S. officinalis have been growing under the conditions 
of introduction for ten years, a decrease in productivity 
indicators and signs of plant death have been detected.

The raw material of S. officinalis, mainly leaves, 
was collected by cutting them together with green 
shoots at a height of 14-18 cm relative to the soil sur-
face. The highest indicators of productivity of S. officinalis 
were observed in the fourth year of life: productivity of 
phytomass was 26.0±1.3 t/ha, erems – 0.40±0.038 t/ha, 
weight of 1000 erems – 7.15±0.27 g (see Table 2).

S.  sclarea plants were propagated by the seed 
method and division into particles. When propagating 
by seeds during the first year of vegetation, seedlings 
formed a rosette of leaves, in the second and subse-
quent years of life – generative shoots. Flowering of 
S. sclarea plants was observed in July, fruiting in August.

S. sclarea plants of the second or third year of 
life were propagated by division into parts, which was 
facilitated by the particulation of the root system. In 
the conditions of introduction, abundant self-sowing of 
S.  sclarea and high frost resistance of seedlings were 
found, so we believe that the vegetative method of plant 
propagation is not appropriate. The raw material of 
S.  sclarea – leaves and vegetatively generative shoots 
(including inflorescences, which make up to 40% of the 
entire phytomass) was cut 10-15  cm above the soil 
surface. The maximum productivity of S. sclarea plants 
was established during the second year of life: above-
ground mass – 37.1±6.5 t/ha, erems – 0.58±0.053 t/ha, 
weight of 1000 erems – 3.42±0.15 g (see Table 2).

In the conditions of the Central Polissia of Ukraine, 
the productivity of S. sclarea inflorescences was 14.84 t/ha, 
which does not contradict the information about other 
researchers. Thus, according to the report of Ushkarenko 
et al. (2020), under the conditions of the Kherson re-
gion, when S.  sclarea was sown in the first decade of 
December with a row width of 45 cm, a yield of inflores-
cences was obtained at the level of 15.01-14.61 t/ha. At 
the same time, additional costs for irrigation affect the 
profitability of production, and in the conditions of the 
Polish region, plants do not need watering.

An important indicator of the adaptation of rare 
plant species to new living conditions is not only phy-
tomass productivity, but also the possibility of synthesis 
of biologically active compounds by the plant organ-
ism. It is common knowledge that glandular structures 
are formed on the vegetative and generative organs 
of plants of the Lamiaceae family: trichomes, peltate 
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glands, in which aromatic substances in the form of 
essential oils accumulate. Thanks to this, biologically 
active compounds are obtained from the above-ground 
mass of plants, which are used as natural flavourings of 
food products, medicinal, and perfumery and cosmetic 
products. The essential oil of each studied plant has 
a wide range of effects on the body, as it is a multi- 
component mixture of chemical compounds, mainly 
terpenoids and aromatic components (Shanayda & 
Pokryshko, 2015). In Ukraine, natural essential oils are 
imported from abroad, and they are costly. Therefore, 

the cultivation of aromatic essential oil crops on the 
territory of the state can provide industries with eco-
logically safe raw materials.

Research has established that the natural and 
climatic conditions of the Central Polissia of Ukraine are 
quite suitable for growing crops that are a source of ob-
taining essential oils. The highest yield of essential oil in 
terms of dry mass during flowering was found in plants: 
Hyssopus angustifolius (2.054%), Lavandula vera (1.808%),  
Salvia officinalis (1.2%) and Monarda didyma (1.07%), the 
lowest – in Origanum vulgare (0.197%) (Fig. 2).

Figure 2. Essential oil content of phytoraw materials of aromatic plants in the conditions of the botanical garden  
of the Polish National University, % by absolute dry weight
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Considering the different timing of the beginning 
of flowering and the considerable duration of this period, 
all species of plants of the Lamiaceae family turned out 
to be quite promising for use in landscape design (Fig. 3). 
It is advisable to use compositions of aromatic plants in 
diverse types of flower design – aroma beds, landscape 
slides, flowerbeds, mono- and multi-species composi-
tions, mix borders with decorative species of bushes and 

trees, to improve the condition of administrative prem-
ises, recreation, and health areas. Plants D.  moldavica, 
S. sclarea, H. angustifolius, H. officinalis, N. transcaucasica, 
L. anisatus, O. vulgare are summer-blooming plants, the 
flowering of which began in July. Flowering of the men-
tioned species is long-lasting – from 30 to 50 days. The 
shortest flowering period (20-30 days) was observed in 
the early summer flowering species M. didyma (Table 3).

Table 3. Groups of aromatic plants depending on the timing of flowering in the botanical garden  
of the Polissia National University

Group
Phase start time

Species
Decade Month

Spring blooming II-III May N. transcaucasica

Early summer blooming I-IV June L. vera, M. didyma, S. officinalis

Summer blooming I-IV July D. moldavica, S. sclarea, H. angustifolius, H. officinalis,  
O. vulgare, L. anisatus, N. transcaucasica

Late summer blooming I-IV August S. hortensis, E. cristata

Autumn blooming I-IV
I-II September-October N. transcaucasica, L. vera (2nd and subsequent years of life),  

H. officinalis (1st year of life)

Source: compiled by the authors
























































































































































































