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Abstract 

Shepilova, T., Mostipan, M., Petrenko, D. & Vasylkovska, K. (2020). The influence of sowing time and micro-fer-
tilizers on soybean productivity in the northern Steppe of Ukraine. Bulg. J. Agric. Sci., 26 (4), 787–792

Field studies conducted in 2016-2018 in the conditions of the northern Steppe of Ukraine with the mid-season soybean va-
riety Romashka showed that the periods of sowing and application of micro-fertilizers have a significant impact on the growth 
and development of plants and their productivity. In particular, the efficiency of micro-fertilizer Quantum was higher than the 
early sowing at the soil temperature of 8–10°С (April 20) with the integrated application of seed treatment and crops, when 
a larger mass of plants was formed.The number of vacuoles and the number and weight of seeds of one plant increased. The 
shift of sowing to May 1, when the soil temperature was 10–12°С, resulted in a decrease in all indicators and a decrease in the 
efficiency of micro-fertilizers. The highest productivity was obtained at the sowing time on April 20 and the treatment of seeds 
and crops by micro-fertilizer, Quantum, was 2.22 tons per hectare, and the increase in crop productivity was significant and 
amounted to 0.28 t/ha (14.4%).
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Introduction

Soya is a widespread and profitable protein and oil crop 
that has a wide range of aplication for food, feed and techni-
cal purposes (Sichkar, 2016). There is a constant annual in-
crease of the crop area in Ukrainewhich results in consider-
able gross collections, but the productivity remains low and 
unstable, mainly due to the non-observance of cultivation 
technology, in particular, varietal agricultural machinery. 
The increase in production volume should be reached due 
to the maximum realization of the genetic potential of new 
domestic soybean varieties (Petrychenko, 2011). Each vari-
ety needs optimal parameters of agrotechnical methods. Ac-
cording to some researchers (Shovkova, 2014), the optimal 
timing of sowing is the most controversial issue in the tech-
nology of soybean cultivation, which is especially important 
in climatic changes (Shevnikov, 2011; Tsekhmeistruk et al., 
2016). According to Babych (2013), the time of sowing for 

soybeans is decisive, since it influences the moisture content, 
good sprouts, density of plants, the biometric indices, uni-
formity of ripening, the size and quality of the crop.

Soy is sensitive to a light day and this fact should be 
taken into account when selecting the optimal time of sow-
ing. Babych et al. (2006) and others believe that for most 
soy varieties, the favourable duration of light day is 13-15 
hours. It was established that due to late sowing, the period 
between sprouting and flowering of soybeans decreases, and 
as a result, this negatively affects both growth and productiv-
ity (Babych et al., 2013).

According to the recommendations of foreign scientists 
(Gibson, 2001) due to the danger of drought in July soybeans 
must be sown as soon as possible.

The main criterion for choosing the sowing time is the 
stable warming of the seed layer of the soil. The minimum 
temperature for soybeans is about + 8–10°С with the tenden-
cy of the soil temperature increase. The warming of the seed 
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layer to + 12-14˚С provides friendly seed germination in the 
presence of moisture (Nizhegolenko et al., 2009; Shevnikov 
et al., 2013).The mid-season and late-season varieties should 
be sown until there are good conditions in order to ripen be-
fore first autumn frost (Artemenko, 2011; Silkova, 2014). It 
is known that the change of early sowing (soil temperature 
is 8-10˚С) for the late stage (soil temperature is 13-14˚С) 
causes a decrease in soybean productivity by 13.5% (Shepi-
lova, 2009).

An important reserve for increasing soybean productiv-
ity is the use of micro-fertilizers. The effect of micronutri-
ents on physiological and biochemical processes in plants is 
based on their inclusion in the so-called “accessor substanc-
es”, that is, vitamins, hormones, enzymes and coenzymes 
that take part in the metabolism (Jarecki et al., 2016). They 
also enhance the process of photosynthesis and activate the 
work of many vitamins and enzymes involved in nitrogen 
and carbohydrate metabolism, oxidation-reducing processes 
(Shevnikov et al., 2015).

Nowadays, the micronutrients on the chelated basis have 
been widely spread.Their efficiency is 5–10 times higher 
than inorganic salts, due to their faster assimilation into bio-
chemical processes of plants. In addition, chelating forms 
of micro-fertilizers are assimilated by almost 100%, and as 
a result the amount of their application decreases (Kushnir, 
2014, Kulibaba, 2015).

Kirovohrad region (Ukraine) is the zone of insufficient 
moisture, where rainfall distribution is quite uneven in years 
and months, so it is important to know which agronomic 
techniques provide more rational use of the basic factors of 
plant life, and especially moisture.

Therefore, it is important to study of the effect of sow-
ing time and micro-fertilizers on the productivity of the mid-
season soya of Romashka variety in specific soil and climatic 
conditions.

Material and Methods 

Field experiments were conducted during 2016-2018 
in the experimental field of Central Ukrainian National 
Technical University (Kropyvnytskyi, Ukraine). The ex-
perimental field is located in the subzone of the northern 
Steppe of Ukraine. The climate is moderately continental 
with insufficient and unstable moisture. The soil of the 
experimental field is black medium-humus soil with deep 
heavy clay loam. The content of humus is 4.4%, the level 
of the main elements of feedingis average: nitrogen that 
is easily hydrolyzed – 10.9 mg/100 g of soil, labile phos-
phorus is 5.1 mg/100 g of soil, exchangeable potassium 
is 13.3 mg/100 g of soil. In spring, average reserves of 

productive moisture per meter of soil layer range from 
121 to 160 mm.

The years of research were significantly different by their 
hydrothermal conditions. The amount of rainfall in the pe-
riod of soybean vegetation in 2016 was 229 mm, in 2017 – 
125 mm, in 2018 – 249 mm. Accordingly, the hydrothermal 
coefficients, calculated by H.T. Selyaninov’s methodology, 
were 0.9, 0.5 and 1.1, which indicates dry conditions in 2017 
and their negative impact on the productivity level.

The experiment was carried out by block method. Re-
peatability in the experiment is threefold. The area of the lots 
is 54 m². Field, laboratory and statistical methods were ap-
plied in the research. The experiment was carried out with 
a mid-season soybean of Romashka variety. The originator 
of the variety is the Institute of Steppe Agriculture of the 
National Academy of Agricultural Sciences. In the course of 
research we used agricultural techniques that are common 
for the growing zone. Soybeans were sown after spring bar-
ley.In autumn, after harvesting the predecessor, primary till-
age was carried out at the depth of 6-8cm. Fertilizers were 
applied in the normal range – N23R60K60 kg/ha of active fluid 
before ploughing to the depth of 22–25cm. In spring, the 
early spring harrowing was carried out. Tank mixtures of 
herbicides Harnes – 1.5 l/ha and Hezagard – 2 l/ha were ap-
plied, and pre-sowing cultivation was carried out. The sow-
ing width between the rows was45 cm and the seeding rate 
was 600 thousand/ha. The depth of seeding was 5–6 cm. In 
the phase of 3 leaves, spraying of crops with the mixture of 
herbicides Basagran 2.5 l/ha and Fuzilad Forte 0.8 l/ha was 
applied.

Two sowing times were studied. The first time was with 
the soil temperature of 8–10°С (April, the 20th), the second 
time was with the soil temperature of 10–12°С (May, the 1st).
The seeds and crops of the nil treatment were sprayed with 
water.

Micro-fertilizer Quantum was used for research purpos-
es. It is a highly concentrated complex chelated fertilizer for 
endocrine fertilization of crops, as well as for seed treatment. 
It contains high content of copper, zinc and manganese. The 
manufacturer is research and production company “Kvadrat 
Ltd”, Kharkiv, Ukraine.

Chemical composition and properties of micro-fertilizer 
are the following: N – 6% (57 g/l); P2O5 – 5% (52 g/l); K2O – 
8% (77 g/l); SO3 – 3% (30 g/l); B – 0.6% (6 g/l); Zn – 1.2% 
(12 g/l); Cu – 1.1% (11 g/l); Mn – 1.1% (11.3 g/l); Mo – 
0.03% (0.3 g/l); Ni – 0.01% (0.1 g/l); Co – 0.003% (0.03 g/l). 
The treatment of crops was carried out by the micro-fertilizer 
Quantum in the phase of soybean bud formation according to 
the experimental scheme. The flow rate was 250 l/ha withthe 
air temperature not exceeding 18°С.
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Results and Discussion 

The impact of agro-technical methods on the germi-
nation of seeds, the mass of plants and the number of 
vacuoles

Field germination of seeds is a rather variable feature 
which is characterized by a complex of soil-climatic and 
agro-technical factors. It is known that the treatment of seeds 
by micro-fertilizers contributes to increasing the germination 
of seeds and plant density, due to the activation of enzymes 
and enzyme systems responsible for the flow of exchange 
processes, photosynthesis, respiration, adaptation of plants 
to stressful conditions of cultivation.

It was established that field germination of seeds was 
within the range of 87.0–92.0% (Table 1). The application of 
micro-fertilizer Quantum increased the germination of seeds 
sown on April 20th by 3.8-4.2% (the least significant differ-
ence (LSD0.05) by the factor B = 1.8%), and with the sowing 
time on May 1 – by 1.7–2.2%.

The shift of sowing time from the first period to the sec-
ond period resulted in the increase in the germination of 
seeds by 2.8%. The highest indicator of 91.5-92.0% was at 
sowing time on May 1 and treatment of seeds by the micro-
fertilizer.

The intensity of growth of the aboveground soy plants de-
pends to a large extent on the sowing time, variety, soil and 
climatic conditions. It is known that the application of micro-
fertilizers provides the formation of a larger mass of plants, the 
leaf area and the increase of individual productivity.

The mass of plants in the phase of seeds plumping was 
higher at the first stage of sowing with  the average of 57.3 g, 

while at the second stage it decreased by 14.3 g (LSD0.05 by 
the factor A = 1.3 g), which was 24.9%. The largest mass of 
plants was formed in the first sowing period with application 
of micro-fertilizer – 58.9–59.4 g.

The application of micro-fertilizer Quantum resulted in 
a significant increase in the mass of plants in relation to the 
control sample of both sowing times. Thus, at the first stage, 
it increased by 5.3–5.8 g, while at the second stage it in-
creased by 2.3–3.0 g (LSD0.05by the factor B = 1.6 g).

Immobilization of nitrogen by vacuole bacteria and its 
penetration into a plant most intensively occurs during the 
flowering period during the formation and growth of beans. 
Under normal conditions, an average of 21 to 80 vacuoles or 
more is formed per plant (Kulibaba, 2015).

Scientific research has shown that the application of mi-
cro-fertilizers has a positive effect on the symbiotic cell of soy, 
promotes the development of the root system, and stimulates 
the formation of vacuoles in the roots (Jarecki et al., 2016). 
Consequently, the number of vacuoles should increase.

High intensity of nitrogen immobilization is observed in 
the regions with a favourable water supply, and in the re-
gions with insufficient moisture it happens only in the peri-
ods of sufficient rainfalls.

The calculationof the vacuoles on soybean roots in the 
phase of plumping showed that their number at the first stage 
of sowing was higher at the average of 46.5 pcs. The shift 
of sowing to the second stage resulted in a decrease in their 
number by 13.0 pcs. (LSD0.05 by the factor A = 2.5 pcs.), or 
by 27.9%.

The maximum number of vacuoles (49.3 pcs.) was formed 
during sowing on April 20 and treatment of seeds and crops 

Тable 1. The impact of sowing time and Quantum micro-fertilizer on the germination of the seeds, mass of the plants 
and the number of vacuoles (2016–2018)

Sowing time 
(Factor А)

Micro-fertilizer (factor В) Field  
germination, %

Plant mass,  
g

Number  
of vacuoles, 

pcs.
Soil temperature 
of 8–10°С 
(20.04)

Control sample (without treatment) 87.0 53.6 42.5
Treatment of seeds with Quantum (3 l/t) 90.8 58.9 47.8
Treatment of seeds and crops by Quantum
(3 l/t + 3 l/ha)

91.2 59.4 49.3

Soil temperature 
of 10–12°С 
(1.05)

Control sample (without treatment) 89.8 41.2 31.2
Treatment of seeds by Quantum (3 l/t) 92.0 43.5 33.5

Treatment of seeds and crop by Quantum (3 l/t + 3 l/ha) 91.5 44.2 35.9
LSD0.05 by factor А 1.4 1.3 2.5
LSD0.05 by factor В 1.8 1.6 3.1
LSD0.05 by factor АВ 2.5 2.3 4.4



790 Tamara Shepilova, Mykola Mostipan, Dmytro Petrenko and Kateryna Vasylkovska

by micro-fertilizers. The application of micro-fertilizers in-
creased the number of vacuoles in relation to the control sam-
ple of the first sowing date by 5.3–6.8 pcs.,while in the sec-
ond stageby only 4.7 pcs.aftertreatment of seeds and crops by 
micro-fertilizer (LSD0.05 by the factor B = 3.1 pcs.).

Elements of the yield structure depending on the sow-
ing time and application of micro-fertilizers 

Changing the elements of the soybean yield structure de-
pends on many factors. In particular, the sowing time which 
determines the availability of plants with moisture during the 
vegetation period, is especially relevant for the dry condi-
tions of the northern steppe of Ukraine. A significant influ-
ence on the elements of soybean productivity is the applica-
tion of micro-fertilizers with their main purpose to improve 
plant growth processes, to intensify nitrogen-phosphorous 
fertilization, to increase crop productivity and to increase 
plant resistance to drought.

The selection of the optimal sowing time and application 
of micro-fertilizers improves the formation of optimal plant 
density, shows best indicators of individual productivity of 
plants, and first of all, increase of the mass of plants, the 
number of beans and seeds per plant, the height of affixture 
of beans of the lower layer.

Our studies have shown that the number of beans, de-
pending on the agronomic techniques, was 16.3–24.7 pcs. 
(Table 2). A greater number of them was formed on the first 
sowing date – 20.8–24.7 pcs., while on the second sowing 
date their number was much fewer – 16.3–18.9 pcs. The ap-
plication of Quantum micro-fertilizer significantly increased 
the number of beans in relation to the control sample of the 
first sowing time by 3.7–3.9 pcs., in the second time by 1.9–
2.6 pcs. (LSD0.05by the factor В = 0.9 pcs.).

The number of seeds sown on April 20 was higher and 
amounted to the average of 45.7 pcs., The shift of sowing to 

May 1 caused a significant decrease in their number by 11 pcs, 
which equaled to 24.1%. The application of micro-fertilizer 
at the first stage of sowing increased significantly the amount 
of seeds in relation to control – at 5.9–7.2 pcs. (LSD0.05by the 
factor B 4.7 pcs.). At the second stage of sowing the amount of 
seeds increased insignificantly, by 3.2–3.7 pcs.

An important indicator that has an impact on the qual-
ity of harvesting is the height of affixture of the lower bean. 
The affixture height depends on the plant spacing in the area, 
plant height and the amount of light.

The micro-fertilizer Quantum did not have a significant 
effect on the height of affixture of the lower bean. This indi-
cator depended on the sowing time. Thus, with the sowing 
date of April 20, the height to the lower bean was 16.4 cm on 
average, and with the sowing on May 1 it decreased to 14.3 
cm, or 12.8%.

The individual productivity of plants in one way or an-
other shows the effect of the investigated factors on the reali-
zation of the biological and genetic potential of the varieties 
and, to a certain extent, allows influencing the formation of 
grain productivity on time.

The mass of seed from one plant varied significantly de-
pending on the sowing time. In the early sowing, it was larg-
er in the range of 5.40–5.69, and when the sowing time was 
shifted on May 1, it significantly decreased to 4.71–4.98 g. 
When the seeds and the crop were treated with the micro-fer-
tilizer Quantum during the first sowing time,the mass of the 
seed increased relative to the control seed by 0.29 g (LSD0.05 
by the factor В = 0.23 g) and during the second sowing time 
it increased by 0.26–0.27 g.

Soybean productivity depending on the sowing time 
and application of micro-fertilizers

Soybean productivity depends on many agro-technical 
methods of growing technology. However, the most contro-

Тable 2. The influence of sowing time and application of Quantum micro-fertilizer on the elements of the yield 
structure (2016–2018)
Sowing time 
(factor А)

Micro-fertilizer (factor В) Number of beans 
(pcs.)

Number of seeds 
(pcs.)

Seed mass  
(g/plant)

Soil temperature 
of 8–10°С 
(20.04)

Control sample (without treatment) 20.8 41.3 5.40
Treatment of seeds with Quantum (3 l/t) 24.5 47.2 5.61
Treatment of seeds and crops by Quantum
(3 l/t + 3 l/ha)

24.7 48.5 5.69

Soil temperature 
of 10–12°С 
(1.05)

Control sample (without treatment) 16.3 32.4 4.71
Treatment of seeds with Quantum (3 l/t) 18.2 35.6 4.98
Treatment of seeds and crops by Quantum (3 l/t + 3 l/ha) 18,9 36.1 4.97

LSD0.05by factor А 0.7 3.8 0.19
LSD0.05by factor В 0.9 4.7 0.23
LSD0.05by factor АВ 1.2 6.6 0.33
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versial, according to some researchers, is the optimal sowing 
time. Both early and late sowing times are harmful for soy. 
Early periods of sowing, especially in cooler springs, lead to 
thin planting, overgrowing with weeds, and low productiv-
ity. Delay with sowing leads to the fact that the seeds fall into 
the dried ground, the plants are rooted worse, and seeds do 
not ripen and have a high humidity level.

The results of the studies of many institutions have prov-
en that micro-fertilizers contribute to a 15–45% increase in 
productivity. They improve growth processes in plants, im-
prove the biochemical parameters of the quality of the prod-
ucts obtained, increase the fertilization of plants with macro-
nutrients (nitrogen, phosphorus, potassium and sulfur) from 
fertilizers and from soil, enhance plant resistance to drought 
conditions and soil salinization (Babych et al., 2011; Ven-
ediktov, 2006).

Studies have shown that the productivity of soybean of 
Romashka variety sown on April 20 was higher and amount-
ed to the average of 2.11 tons per hectare; the shift of sow-
ing on May 1 caused a significant decrease of 0.26 tons per 
hectare, or 12.3% (Table 3).

The efficiency of Quantum micro-fertilizer increased 
during sowing on April 20. Thus, the increase in productivity 
in relation to control samples amounted to 0.23 t/ha (with the 
treatment of seeds) and 0.28 t/ha (with the treatment of seeds 
and crops). During sowing on May 1, only the complex ap-
plication of micro-fertilizers for seeds and crop provided a 
significant increase in productivity up to 0.17 t/ha (LSD0.05 
by the factor B = 0.13 t/ha).

It should be noted that the additional spraying of crops 
by micro-fertilizer did not contribute to a significant increase 
in productivity compared to the treatment of seeds only, the 
productivity increase was 0.05–0.06 t/ha.

Thus, the early sowing time with the soil temperature of 
8–10°С had a greater impact on micro-fertilizer efficiency 

witha substantial amount of moisture in soil, as opposed to 
a later sowing time with the temperature of 10–12°С. Early 
sowing is recommended for the varieties of the mid-season 
group in the northern Steppe of Ukraine (Pernak, 2004). 
This was confirmed by our research, when the shift of sow-
ing time from April 20 to May 1 caused 12.3% decrease in 
average productivity.

In case of the application of Quantum micro-fertilizer 
there is an increase in the absorption of moisture and activa-
tion of enzymes in the treated seeds, which in turn increases 
its germination, and also contributes to the formation of more 
viable plants. In our studies, the seed germinationincreased 
by 3.8–4.2% in early sowing time compared to the control 
sample. This is confirmed by the fact that the efficiency of 
micro-fertilizer is higher when sufficient soil moisture is re-
tained in the soil at earlier sowing time (Marushchak, 2005).

The studies show that Quantum macro-fertilizer stimu-
lates the increase in the mass of plants and the number of 
vacuoles on one plant and the elements of the structure of 
the crop. But the greater effect can be observed in the process 
of treatment of seeds. Since this micro-fertilizer is recom-
mended to be applied in the phases of branching, flowering, 
and the formation of beans (Serevetnyk, 2011), further stud-
ies are planned to identify the effectiveness of the application 
of several treatments of crops by micro-fertilizers.

Conclusion 

Therefore, the research showed that the efficiency of 
Quantum micro-fertilizer was higherin the early sowing on 
April 20 with the complextreatment of seeds and crop. This 
resulted in a larger mass of plants (59.4 g), a higher number 
of vacuoles (49.3 pcs.), number of seeds (48.5 pcs.) and mass 
of seeds (5.69 g). The shift of sowing to May 1 led to a de-
crease of all indicators and the efficiency of micro-fertilizers.

Тable 3. Soybean productivity depending on sowing time and application of micro-fertilizers, t/ha
Sowing time
(factor А)

Micro-fertilizer
(factor В)

Average for 2016–2018 ± according  
to controlsample

Soil tem-
perature of 
8–10°С 
(20.04)

Control sample (without treatment) 1.94 –
Treatment of seeds with Quantum (3 l/t) 2.17 +0.23
Treatment of seeds and crops by Quantum (3 l/t + 3 l/ha) 2.22 +0.28

Soil tem-
perature of 
10–12°С 
(1.05)

Control sample (without treatment) 1.76 –
Treatment of seeds with Quantum (3 l/t) 1.87 +0.11
Treatment of seeds and crops by Quantum (3 l/t + 3 l/ha) 1.93 +0.17

LSD0.05 by factor А 0.11
LSD0.05 by factor В 0.13
LSD0.05 by factor АВ 0.19
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The highest productivity was obtained during sowing on 
April 20 and the treatment of seeds and crop by Quantum 
micro-fertilizer. The yield was 2.22 t/ha, the increase in crop 
productivity was significant and amounted to 0.28 tons/hec-
tare (14.4%). The level of soybean productivity was higher 
during sowing on April 20, an average of 2.11 tons/hectare, 
and the shift of sowing to May 1 led to 12.3% decrease in 
productivity.
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