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Optimisation of the density of chufa (Cyperus esculentus L.)
plants in the Kyiv region

Abstract. To achieve the optimal compromise between yield and soil fertility that will help balance
two important aspects of agricultural production - high crop yields and long-term soil fertility - it is
necessary to understand the impact of changing row spacing on vegetable crop growth and the soil
environment. The research aims to determine the adaptive properties of the “Pharaoh” variety by
studying the feeding area and plant density to obtain high-quality chufa nodules in the Kyiv region.
The main research methods were field studies and analysis of the variance of morphological traits
and economically valuable indicators of chufa. It was found that different plant densities had an
impact on the development of vegetative organs of chufa due to competition for resources during the
growing season. The variety “Pharaoh” showed a high intensity of aboveground mass formation in
sparse crops with a plant density in the range of 28-33 thousand plants per hectare, with the number
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of leaf bundles reaching 145.2-1474 pieces, and their average height is 50.4-52.3 centimetres. At the
same time, the size of the nodules increased with a lower plant density, since with a larger feeding
area, plants formed more powerful ones with thicker leaf bundles. Plants arranged in a 60x60 cm
spacing (28 thousand plants/ha) formed larger nodules with the largest dimensions: 3.1 cm in length,
1.0 cm in width, and 1.2 cm in thickness. It has been substantiated that chufa of the “Pharaoh” variety
was characterised by higher economic and valuable indicators under the schemes of planting 60x50
and 60x60 cm nodules. The high marketable yield of freshly harvested nodules was formed at a
plant density of 28-33 thousand units/ha and amounted to 4.2-4.6 t/ha. The highest average yield of
nodules after drying was obtained under the plant spacing of 60x60 and 60x50 cm, which was 3.35
and 2.99 t/ha, which was 20.9 and 7.8% higher than the control, respectively. Chufa is a promising crop
in terms of food security and income generation, and precise management of plant placement will

help to balance yield and soil fertility

Keywords: nodules; arrangement; bush, leaf bundles; rhizome; productivity, yield

INTRODUCTION

Chufa or earth almonds (Cyperus esculentus L.)
are one of the less common crops that are val-
ued for their high dietary and medicinal proper-
ties. The sweetish and nutty-flavoured nodules
are used raw, boiled, and fried. They can replace
peanuts, almonds, and soybeans in the confec-
tionery industry. Flour made from chufa is used
to make cakes, biscuits, and pastries. In cooking,
itis used to make high-quality halva and sweets.
In the processing industry, chufa is used to pro-
duce sugar, starch, and oil, which is as good as
olive oil in terms of quality. Chufa products are
a source of important physiologically active
substances that are not available in other foods.
Chufa oil is also valued in cosmetics and per-
fumery (Guo et al,, 2021; Oyedara et al., 2022).
Chufa first became known in Ukraine in
the 1930s. At that time, more than 100 hectares
of chufa were grown in the Kherson region for
the Odesa Confectionery Factory (Zavadska
et al., 2021). The crop remains promising for the
southern regions of Ukraine. C. esculentus is the
only species of the cultivated genus Cyperus. No
wild forms of the species have been recorded in
Ukraine. The National Botanical Garden named
after M. Hryshko of the National Academy of
Sciences of Ukraine has been introducing chufa
since its foundation in 1945-1946. The first to
start researching the culture in the scientific
institution was a prominent Ukrainian breeder,
Professor D. Lykhvar. The research results
showed that growing the crop was also prom-
ising in the Forest-Steppe region of Ukraine.

D

The selection of chufa was started, the varie-
ties of which were included in the State Variety
Testing and planting material was propagated
(Marchyshyn et al., 2021).

M. Druzhynina in the 1950s and V. Hryn in
the 1970s studied the elements of the technology
of growing and using chufa. On the fields of the
Glevakha research farm, the National Academy
of Sciences, together with scientists from the In-
stitute of Mechanisation and Electrification of
Agriculture of the National Academy of Agrarian
Sciences, researched the technological processes
of mechanised cultivation and harvesting of chufa.
To date, the varieties “Pharaoh” and “Novinka” are
known for the Forest-Steppe and “Ingulskyi” and
“Snihurivskyi” for the Steppe of Ukraine (Ivasiuk
et al., 2019; Marchyshyn et al., 2020).

Before the war with Russia, chufa produc-
tion in Ukraine was gradually reviving. Increas-
ing the yield of the crop is possible by improv-
ing its cultivation technology. One of the most
important technological elements that result in
higher yields of high-quality nodules is the opti-
mal density of chufa plants. Different plant den-
sities create different conditions for the growth
and development of tuberous crops, including
chufa. Previous studies have shown that with
an increase in plant density, the productivity of
each plant decreases (Bobos et al., 2019).

The increase in the number of plants in a row
contributed to a smaller growth of the chufa plant
bush, which is reflected in the change in this in-
dicator. Plant height is an important indicator

Plant and Soil Science, (14)3
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that reflects the characteristics of crop growth
and development and can change under the in-
fluence of environmental factors and elements of
cultivation technology (Asare et al., 2020).

The plasticity and stability of chufa influ-
ence its high economic value, along with the
diverse use of fresh and processed nodules and
deserves to be introduced in Ukraine. The soil
and climatic conditions of the Forest-Steppe of
Ukraine are favourable for growing high-quality
chufa products. However, irrigation is required
to ensure high yields. Moisture deficit is a lim-
iting factor in obtaining a high and high-quality
nodule yield (Abano et al, 2021; Pascual-Seva
§ Pascual, 2021). Under unfavourable growing
conditions, the right variety and density of chufa
plants are important. These facts prompted us to
conduct a study on the selection of the optimal
feeding area for chufa plants for the conditions
of the Kyiv region for cultivation in non-irrigated
conditions.

The research aims to determine the adap-
tive properties of plants of the “Pharaoh” variety
based on the study of the feeding area and plant
density to obtain high-quality chufa nodules in
the Kyiv region. The study of economically val-
uable traits of the crop will improve the tech-
nology of chufa cultivation, which will make it
possible to provide the population with valuable
and high-quality nodules for fresh consumption
and the processing industry.

MATERIALS AND METHODS

The study was conducted in the educational lab-
oratory (EL) “Fruit and Vegetable Garden” of the
National University of Life and Environmental
Sciences of Ukraine for three years - from 2019
to 2021. The training laboratory is located in the
northern part of the Forest-Steppe and has sod-
dy-medium podzolic soils (Zavadska et al., 2021).

The research object was the chufa of the
“Pharaoh” variety, which was created in the
M.M. Gryshko National Botanical Garden (2009).
Different schemes of nodule placement on the
vegetable field of the Department of Vegetable
Growing and Indoor Ground were studied. These
schemes were as follows: 60x30, 60x40 (control),
60x50, 60x60 cm. The plant density, depending
on the arrangement scheme, ranged from 28 to
56 thousand plants/ha.

Plant and Soil Science, (14)3

The area of the experimental plot was 5 m?.
In all variants, row spacing was the same (60 cm).
The feeding area in the experiment was regu-
lated by the number of plants in a row. During
the experiment, the phenological phases of plant
growth were determined, the yield was recorded
and the resistance of plants to diseases and pests
was studied according to the methodology devel-
oped by G.L. Bondarenko & K.I. Yakovenko (2001).

During the growing season, which lasted
from 05 June to 05 August 2019-2021, biometric
measurements of plants were carried out. In par-
ticular, the height of the shoots was determined
by measuring the length of the largest leaf us-
ing a ruler. The number of leaves on each plant
was also counted. The surveys were carried out
three times during the growing season - every
month during the growth of vegetative mass. The
dynamics of vegetative mass growth of plants of
different chufa variants were determined. During
the growing season, no diseases or pests were
found on the chufa crops. The technology of chufa
cultivation was used, which is generally accepted
in production conditions without irrigation.
Bulbs were planted to a depth of 5-6 cm on 10 May
2019-2021. 3 bulbs were sown in each hole.

After harvesting, which was carried out on
28-30 September after the leaves had turned
yellow, the plants were dug up and the nodules
were shaken off. They were then separated from
the rhizomes and the remaining soil was sieved
through a sieve and washed in running wa-
ter. Then the nodules were cleaned, dried, and
weighed to determine their average weight and
weight of 1000 pcs. The size of the nodules was
also analysed by measuring their length, width,
and thickness. To analyse the data, we performed
an analysis of variance using the XLSTAT add-in
in MS Excel. The study was conducted following
the requirements of the Convention on Biological
Diversity (1992). The technology of chufa culti-
vation was used, which is generally accepted in
production conditions and was carried out with-
out irrigation. The bulbs were planted on 10 May
during 2019-2021 to a depth of 5-6 cm, with 3
bulbs sown in each hole.

RESULTS AND DISCUSSION

It was found that the density of plants in chufa
influenced the formation of aboveground mass.

@
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During the entire growing season, the plants
were characterised by different intensities of
vegetative mass formation. The results of the
research show that the lowest bush height was
at a plant density of 56 thousand plants/ha, and
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with a decrease in density it increased. Chufa
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feeding area. The thickened crops of chufa of the
“Pharaoh” variety were characterised by lower
dynamics of vegetative mass formation (Fig. 1, 2).
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After analysing the biometric parame-
ters of chufa plants under different sowing
schemes, it is possible to note that plants with
the lowest plant density (28 thousand units/ha)
had a more developed vegetative mass. This ten-
dency was observed for all the dates of account-
ing, which were conducted in the research.

The chufa variety “Pharaoh” was character-
ised by a lower bush height at the highest den-
sity of 56 thousand plants/ha. At the same time,
the density of plants also affected the number
of stems, which was higher in plants with a
lower density of 28 thousand units/ha, where
thicker leaf bunches were formed. In thickened
crops, shorter leaves of the bush were formed
with a length of 477 cm, which is 1.1 cm more
than in the control. However, the height of the
bush and the number of leaves in sparse sow-
ings (60x60 cm) increased to 52.3 and 1474 pcs,
respectively, which is 4.6 cm and 53.2 pcs less
than in the control.

Thus, the study results indicate that dif-
ferent plant densities had an impact on the
development of chufa vegetative organs. This
is explained by the fact that during the grow-
ing season, plants competed with each other

35

3.0

Bulb size, cm

length
M 28 thsnd pcs./ha
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for access to light, moisture, and nutrients. A
greater accumulation of leaf mass was found
in chufa in sparse crops with a plant density of
28-33 thousand plants/ha, where the number
of leaf bundles was 145.2-147.4 pcs. with a bush
height of 50.4-52.3 cm.

Valuable economic indicators of chufa are
the result of complex physiological transfor-
mations of organic and mineral substances in
plants through their photosynthetic activity.
The main factors that determine the intensi-
ty of photosynthesis and crop productivity are
the degree of plant density in the area. It is the
combination of plant density and placement in
the cultivation technology that creates favour-
able optimal growing conditions and ensures
that plants have uniform access to light, water,
nutrients, and carbon dioxide in the topsoil.

The economic organ of chufa is the forma-
tion of nodules on the rhizome. The plant devel-
ops 150-200 nodules (up to 1000 pcs.) under one
plant. The size of the nodules ultimately deter-
mines the productivity and yield of the plants.

The size of chufa nodules was found to be
influenced by the placement of plants in the
area (Fig. 3).

25
2.0
15
1.0
I| liia
0.0

width thickness

M 33 thsnd pcs./ha

M 56 thsnd pcs./ha

Figure 3. Effect of plant density on chufa nodule size (average for 2019-2021)

Source: compiled by the authors
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The size of the nodules affected the produc-
tivity of the chufa and depended on their width,
length and thickness. On average, over three
years, the length of the nodules was 17-31 cm.
Moreover, on crops with a lower plant density
(28 thousand plants/ha), the length increased
to 3.1 cm. This trend was also observed for other
biometric parameters, namely the width of the
nodules was 0.6-1.0 cm. At the same time, a
larger width (1.0 cm) was found in the 60x60 cm
planting scheme, which is 0.3 cm higher than
the control.

With a decrease in the density of chufa
plants, an increase in the size of their nod-
ules was observed. This is due to the larger
feeding area of the plants, which formed a

better-developed rosette of leaves consisting of
thicker leaf bundles (Fig. 4).

The thickness of the chufa nodules also de-
pended on the plant density and ranged from
0.5-1.2 cm. At the same time, the lowest value of
0.5 cm was found on crops with a plant density
of 56 thousand plants/ha under the 60x30 cm
spacing scheme. A greater nodule thickness of
1.2 cm was observed on sparse crops (60x60 cm),
which is 0.4 cm higher than the control.

Thus, reducing the density of chufa plants
increased the size of the nodules. The largest
size of nodules developed on the plant in the
60x60 cm spacing (28 thousand units/ha) with
the largest length (3.1 cm), width (1.0 cm) and
thickness (1.2 cm).

Figure 4. Formation of the vegetative mass and root system of chufa
depending on the area of plant placement
Note: 1 - 60x30 cm;2 - 60x40 cm; 3 - 60x50 cm; 4 - 6060 cm

Following the research results, the density
of chufa plants influenced the yield of nodules,
which depended on their average number and
plant productivity (Table 1). Significantly higher
average plant productivity was also found at a

1)

plant density of 33 thousand plants/ha, which
was 127 g, which is 32 g more than the control.
The lower productivity of 72 g is characterised
by plants with a spacing of 60x30 cm and a plant
density of 56 thousand plants/ha.
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Table 1. Influence of the timing and depth of planting of nodules on the economically valuable

indicators of chu

fa (2019-2021)

Average number of Average productivity | Weight of 1000 pieces of
; nodules, pcs. perbush, g raw bulbs, g
Plant Pl?ﬁlggse;}féty' years o years o years o
layout, cm lants/h « « I
plants/na oy o — < o o — < oy o — S
s 8 8 £ 8/ 88 £/ 8 &8 §8 ¢
N & N < N | N N < N N N <
60x30 56 168 | 170 | 175 | 171 | 70 | 71 | 74 | 72 | 415 | 420 425 | 420
60x40 (c)* 42 180 | 185 | 187 | 184 | 92 | 97 | 97 | 95 | 510 | 525|520 | 518
60x50 33 211 | 215 | 218 | 215 |123| 128 | 129 | 127 | 584 | 595 | 590 | 590
60%60 28 262 | 280 | 278 273 | 157 | 172 | 170 | 166 | 598 | 614 | 610 | 607
HIP 9.86 8.02 1144

Note: (c)* - control
Source: compiled by the authors

The variety “Pharaoh” is characterised by
a large mass of 1000 pcs. 420-607 g of nodules
under all plant placement schemes. However,
at a plant density of 28-33 thousand units/ha,
bulbs were formed of a larger size with a weight
of 1000 units 590-607 g, which is 72-89 g more
than the control. A higher mass of nodules in-
fluenced higher plant productivity and yield. A
greater weight of 1000 bulbs of 607 g were char-
acterised by plants with a 60x60 cm arrange-
ment, which influenced their high yield. Lower
economically valuable indicators were found in
thickened crops. The bulbs under the 60x30 and
60x40 cm arrangement schemes were formed

of smaller sizes with the lowest weight of 1000
seeds, which was 420-518 g.

The productivity of nodules from one bush
and their number and size influenced the mar-
ketable yield of chufa. At a higher density of 42-
56 thousand units/ha, chufa of the “Pharaoh” va-
riety had the lowest marketable yield of freshly
harvested nodules of 4.0 t/ha (Fig. 5). At the same
time, the highest yield increase was obtained in
the variety with a lower plant density of 28 thou-
sand plants/ha, where the marketable yield was
4.6 t/ha, which is 0.6 t/ha more than in the con-
trol. This is due to the formation of a larger bush,
where a larger number of bulbs were found.
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Figure 5. The yield of freshly harvested bulbs (2019-2021) (HIP,, 0.15), t/ha

Source: compiled by the authors
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Thus, chufa of the “Pharaoh” variety is char-
acterized by high economic and valuable indica-
tors under the schemes of 60x50 and 60x60 cm
with a plant density of 28-33 thousand units/ha,
where the highest marketable yield of freshly
harvested bulbs was formed at 4.2-4.6 t/ha with
aweight of 1000 units of 590-607 g.

X. Yang et al. (2022) and Y. Yu et al. (2022), the
moisture content of freshly harvested chufa nod-
ules reached about 435-474%. Due to the high
moisture content, chufa is susceptible to rancidity
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g 35
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28 thsnd pcs./ha 33 thsnd pcs./ha 42 thsnd pes./ha

and mould growth in the presence of enzymes and
fungi, which, accordingly, reduced its quality and
commercial value. Therefore, after harvesting, the
tubers were dried to a moisture content of 15%.

During 2019-2021, the highest average yield
of nodules after drying was obtained in vari-
ants with a plant density of 28 and 33 thousand
units/ha with a spacing of 60x60 and 60x50 cm
and was 3.35 and 2.99 t/ha, which was 0.58 and
0.22 t/ha or 209 and 7.8% significantly higher
than the control, respectively (Fig. 6).

2.83 I

2.99

2,61

275

298 I

56 thsnd pcs./ha
(control)

Plant density

W 2019w 2020

2021 = Avarage

Figure 6. Yield of tubers dried to 15% moisture content (2019-2021) (HIP,, 0.18), t/ha

Source: compiled by the authors

Understanding the impact of changing row
spacing on crop growth and the soil environment
is essential to balancing yields and soil sustain-
ability. It will also provide a basis for future soil
moisture and fertiliser management (Schmidt
etal.,, 2021). Chufa can return more organic mat-
ter to the soil earlier and faster than traditional
crops such as maize in R. Yang et al. (2020). Tests
show that the heterogeneous distribution of
nutrients in the soil has a significant impact on
the underground organs of plants. In the case
of chufa, this heterogeneity can have an impor-
tant impact on planting in the following year
by promoting root growth (Zhang et al.,, 2020).
A row spacing of 30 cm resulted in the highest
yield of chufa nodules, but the highest spatial
heterogeneity of soil nutrients. The row spacing

1)

of 50 cm had the lowest spatial heterogeneity of
nutrients in the soil. At the same time, the 40 cm
row spacing had no obvious advantages and was
not a suitable choice for planting. Therefore, to
achieve the same yield and reduce the spatial
heterogeneity of soil nutrients, it is better to use
arow spacing of 50 cm (Tan et al., 2020). In addi-
tion, the results showed that the highest yield of
chufa nodules was with 60 cm row spacing and
50 and 60 cm plant spacing in the row. This may
be because more intense interspecific competi-
tion contributes to lower plant yields when the
plant feeding area is reduced.

High temperatures, infertile soils, and se-
vere wind erosion limit the development of
crops in extremely arid regions. T. Wube et al.
(2020) and J. Zhang et al. (2021), suggested that
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row spacing can play an important role in in-
creasing crop yields by changing microclimatic
conditions and improving soil quality. In ad-
dition, narrow row spacing can reduce wind
speeds and improve soil surface roughness,
enhancing plant growth (Pan et al,, 2021). Plant
height, plant density and number of bushes, and
leaf carbon concentration were highest at 30 cm
row spacing, indicating that narrow row spacing
favoured chufa growth and development. There
was also arelationship between plant height and
wind erosion, which supports the previous view
that plant height is one of the main reasons that
can reduce wind erosion (Liu et al., 2022). How-
ever, while narrow row spacing can have a posi-
tive impact on plant yields in arid regions, plant
densification can lead to soil moisture deficits.
Sparse crops also cause drought by increasing
soil evaporation, so a balance between plant
cover and soil evaporationisimportant toreduce
wind erosion and improve soil quality. However,
in the years of these studies, the weather con-
ditions were unstable in terms of moisture and
were characterised by high air temperatures
during the growing season, and we observed a
greater accumulation of chufa leaf mass with a
plant density of 28-33 thousand units/ha.

Chufu is mainly grown by ridge planting
or conventional flat planting (Zhao et al., 2019).
For planting the nodules, ridges 20 cm high and
60 cm apart were used, with an interval of 10 cm
within the ridge (corresponding to 120 kg/ha of
nodules), three nodules per hole (equally spaced
10 cm apart) (Pascual-Seva § Pascual, 2021).
Ridges can also be formed as follows: the width
of the bottom is 60 cm, the distance between
ridges is 60 cm, the distance between rows on
the ridges is 20 cm, the distance between hills is
15 cm and the height of ridges is 13 cm. Two rows
are placed on each ridge and three bulbs are
planted in one hole. The depth at which the chufa
nodules grow is between 8 and 12 cm. Therefore,
the outer dimensions of the crawler belts on
both sides and the width of the digging devices
of the chufa harvester should be 18 cm, and the
digging depth of the digger blades should be
adjusted between 0 and 20 cm (Qu et al.,, 2023).
Existing chufa harvesters require a lot of la-
bour and assistance during harvesting, result-
ing in low harvesting efficiency. In addition,

Plant and Soil Science, (14)3

the harvested nodules need to be re-sieved as
they do not meet current market requirements
(Wang et al,, 2022). Therefore, the development
of chufa harvesters should combine the digging,
lifting, harvesting, screening and sorting of the
nodules. Further research should investigate the
applicability of the basic mechanisms in different
soil zones and consider the suitability and relia-
bility of the machinery in different working con-
ditions to meet market demands to improve the
overall usability and versatility of the harvesters.
In a study of the effect of row spacing (30 cm,
60 cm, 90 cm, 120 cm) on chufa growth and soil
quality in an extremely arid area in the South
Tarim Basin of Xinjiang, it was found that the
yield of vegetative mass and nodules initially de-
creased and then increased with increasing row
spacing (Guo et al, 2021). The highest values of
plant height, leaf, nodule, and root biomass yields
were observed at 30 cm row spacing, the lowest
at 90 cm row spacing, and there were no obvious
differences between 60 cm and 120 cm row spac-
ing. At 30 cm row spacing, the amount of N, P and
K absorbed was significantly higher than in the
other treatments, but the availability of N, P and
K in the soil in the 0-20 cm layer was lower than
in the other treatments. The chufa plantation re-
duced soil salinity at a depth of 20-40 cm. In the
0-20 cm row spacing, soil salinity increased to
moderate salinity in the 90 cm and 120 cm row
spacings, while there were no significant changes
in the 30 cm and 60 cm row spacings. The re-
sults showed that a row spacing of 30 cm could
improve the yield of chufa leaves and nodules
as well as soil salinity, and therefore, Y. Liu et al
(2021) recommended using it for chufa planting.
In general, the study showed that to obtain a con-
sistently high yield of chufa in the northern part
of the Forest-Steppe on soddy-medium podzolic
soil, it is recommended to adhere to the planting
scheme of 60x50 and 60x60 cm. The 60x30 cm
plant spacing demonstrates the highest values
of plant height, leaf and nodule yields and root
biomass. The trial highlights the importance of
proper chufa plant placement to achieve optimal
yield results and ensure soil quality in this region.

CONCLUSIONS

Different density of chufa plants affects the for-
mation of their vegetative organs since during
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the growing season there is competition for light,
moisture, and nutrients between plants. In the
variety “Pharaoh’, it was found that the intensity
of aboveground mass formation was higher in
sparse crops with a plant density of 28-33 thou-
sand plants/ha, where the number of leaf bun-
dles was 145.2-1474 with a height of 50.4-52.3 cm.
A decrease in plant density led to an increase in
the size of the nodules. The largest nodules de-
veloped on plants with a spacing of 60x60 cm (28
thousand pcs./ha) with the largest length (3.1 cm),
width (1.0 cm) and thickness (1.2 cm).

The chufa plants of the “Pharaoh” variety are
characterised by a high weight of 1000 pieces of
nodules 420-607 g under all schemes of place-
ment. At the same time, a larger size of nodules
was found in the variety with a plant density of
28-33 thousand units/ha 590-607 g, which is
72-89 g more than the control. On crops with
the indicated density, a higher mass of nodules
influenced their higher productivity and yield.
A significantly higher weight of 1000 nodules
(607 g) were obtained in the 60x60 cm plant
spacing, which influenced their higher yield.
Lower economically valuable indicators were
found in chufa on thickened crops. Under the
60x30 and 60x40 cm planting schemes with

a plant density of 42-56 thousand plants/ha,
smaller nodules were formed with a weight of
1000 seeds of 420-518 g.

The variety of chufa “Pharaoh” was distin-
guished by high economic and valuable indi-
cators under the schemes of plant placement
60x50 and 60x60 cm with a density of 28-33
thousand pcs./ha, which resulted in the highest
marketable yield of freshly harvested bulbs of
4.2-4.6 t/ha with an average weight of 1000 pcs.
590-607 g and dried bulbs of 3.35 and 2.99 t/ha,
which was 0.58 and 0.22 t/ha or 20.9 and 7.8%
higher than the control, respectively. Promising
areas for research are molecular genetic studies
aimed at obtaining the maximum size of chufa
nodules to optimise processing technology and
medical studies of the impact of chufa products
on the human body to improve the nutritional
structure of the population and increase the
share of natural and environmentally friendly
products in the daily diet.
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OonTuMisauia ryctotm pocnuH uyodwm (Cyperus esculentus L.)
B KuiBcbKi obnacri

AHoTauig. 1714 Toro, 106 AOCATTH OITUMAaIBHOTO KOMITPOMICY Mi3K BPOKAMHICTIO Ta POAIOUiCTIO
TPYHTY, SKUM [OTIOMOXKe 36aylaHCcyBaTyd [Bi BaskKJIMBI acleKTH CiTbCbKOTOCIIOZAPChKOTO
BUPOOHUIITBA — BUCOKUM BpOyKal KyJIBTYP i 36epeskeHHs POJIIoU0CTi I'PyHTY Ha TPUBAJIUM Mepiof,
HeOob6XiIHO PO3YMITH BIUIMB 3MiHU IIUPUHU MDKPSAAb HA PiCT OBOYEBUX KYJIBTYp Ta TPYHTOBE
cepeoBuile. MeTO AOCiIKeHb 6Y/I0 BCTAHOBIEHHS afalITUBHUX BIaCTUBOCTEM POCIIUH COPTY
«®apaoH» WUIIAXOM BUBYEHHS IUIONII JKWBJIEHHS M TYCTOTU POCIMH IJII OTPHMMAaHHS SKICHUX
6ynpbouoK uydu B KuiBChbKiM o6acTi. TIpOBifHI MeTomy MOCIimsKeHb — ITOJbOBI AOCIiIKeHHS
Ta AWCIIEpCIMHUN aHaji3 MOpQOJIOTiYHMX O3HAK Ta TOCIIOAAPCHKO-I[IHHUX ITOKA3HUKIB 4yQu.
BcTaHOBIIEHO, IO pi3HA I'yCTOTa POCIVH Majia BIUIMB Ha PO3BUTOK BereTaTUBHUX OpPraHiB uydu
yepe3 KOHKYPEHLIiI0 3a pecypcu IIif] Yac BereTaliniHoro nepiony. Copt «®apaoH» II0Ka3aB BUCOKY
iHTeHCHBHiCTb POpPMYyBaHHA HaA3eMHOI MacU B PO3PiIKeHUX II0CiBax 3 TyCTOTOI0 POCIWH B
Jiarnas3oHi 28-33 TucAdl WITYK Ha reKTap, IPU YOMY KiJIbKICTb JIMCTKOBUX IIYUYKIB gocsarae 145,2-
1474 wTyK, a ixHil cepepHin 3picT criagae 50,4-52,3 caHTUMeTpU. BogHovac, po3Mip 6yIp6040K
36iIBIIlyBABCS 3 MEHIIOI0 I'YCTOTOK POCIJIMH, OCKIIBKY 3a Gi/bIol IO JKUBJIEHHS POCIUHU
dopmyBanmcs 6Bl TOTYKHIIII 3 JIMCTKOBUX IIyYKIiB TOBCTIIIOTO po3Mipy. Ha pocnuHax,
posMinieHux 3a cxeMoo 60x60 cM (28 TuC. IUT/ra), yTBOpIOBaIMCA GibiIl 6y/IB60YKY, SKi Manu
HaubinbuI po3Mipu: JOBKUHY — 3,1 cM, KPUHY — 1,0 CM Ta TOBUMHY — 1,2 cM. O6IPyHTOBAHO, III0
BUIIVIMU TOCIIOAAPCHKO-IIIHHUMU ITOKa3HUKAaMU XapaKTepusyBajsach uyda copty «dapaoH» 3a
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CXeM BUCAIKyBaHHA 6yp6040K 60x50 i 60x60 cM. BrcOKa TOBapHa BPOKAMHICT CBiXKO316paHx
6y1p6040K GopMyBasIach 3a I'YCTOTH POCIIUH 28-33 TUC. IUT./Ta Ta CTaHOBWIA 4,2-4,6 T/Ta. 3a cxeMu
po3MireHHs pocauH 60x60 Ta 60x50 CM OTPUMaHO ¥ HaMBUIIY CEPeIHI0 YPOSKaUHICTh 6y7Ib60U0K
ImiciA BUCYLIyBaHHSA, KA CTaHOBWiA 3,35 Ta 2,99 T/ra, mio BigmosimHo Ha 20,9 i 7,8 % icToTHO
[IepEeBUILYBaJIO KOHTPOJIB. Uyda € MepPCIIeKTUBHOIO KYJIBTYPOIO 3 TOUKU 30pY IIPOIOBOJIEYO] 6€3eRU
Ta CTBOPEHHS JOXOJy, @ TOUHWN MeHeIKMEeHT PO3MIllleHHS POCIUH IOIOMOKe 36aaHCyBaTH
BPOXKAMHICTD i pOAIOUiCTb I'PYHTY

KniouoBi cnoBa: 6ynb604YKY; cxeMa pO3MIIEHHS; KL, JIMCTKOBI IIyYKY; KODEHEBUIIE;
IIPOYKTHBHICTD; yPOSKANHICTD
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Influence of drugs produced by electropulse ablation
methods on the development of soybean
phytopathogenic bacteria

Abstract. The causative agents of soybean blotch (Pseudomonas savastanoi pv. glycinea) and
soybean pustular bacteriosis (Xanthomonas axonopodis pv. glycines) are common phytopathogenic
bacteria. However, the lack of officially registered drugs against them stimulates the search for
new solutions. The research aims to determine the effect of these micronutrient preparations
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obtained by electropulse ablation on bacteria during artificial infection of soybean with museum
strains of pustular bacteriosis and angular spot pathogens. The antibacterial activity of the studied
preparations was compared with the untreated variants and the effect of traditional chemical
pesticides based on Fludioxonil and Metalaxyl-M. The spread and development of the disease were
assessed by the number of affected plants using a scale from 0 to 4 points. It was found that varietal
characteristics of soybeans affect the degree of infection by phytopathogenic bacteria. It was found
that weather conditions, in particular air temperature, are a significant factor in the development
of disease manifestations. It was proved that seed treatment with a chemical pesticide based on
Fludioxonil and Metalaxyl-M in the absence of additional foliar treatment does not reduce the
manifestations and degree of damage compared to the control (without treatment). Dressing and
foliar treatment with a chemical pesticide based on Fludioxonil and Metalaxyl-M only partially
reduce the manifestations of bacteriosis compared to the control variants (by about 15%). At the
same time, the use of preparations obtained by electropulse ablation methods is promising against
phytopathogenicbacteriainthe system of soybean cultivation technology — namely, itwas determined
that under the condition of soybean plants treatment with experimental preparations according to
the Comfort scheme (consumption - 150 ml/t of seeds) + Dobrodiy fertilizer (consumption - 2, 4 1/t
of seeds) + microelement preparation “Micro Protect” (consumption of 500 ml/t of seeds) + two foliar
treatments with the specified mixture of microelement preparations, the delay in the manifestation
of plant damage until the time of harvesting is increased, which in turn is likely to lead to an increase
in yields. The practical significance of the work is to determine effective methods of controlling
phytopathogenic bacteria that harm soybeans

Keywords:bacterial plant pathogens; legumes; angular spot; pustular bacteriosis; nanoaquahelaths;
ablation technologies

INTRODUCTION

Phytopathogenic bacteria that cause economic
losses to agriculture usually exhibit significant
resistance to chemical and often biological
agents, which hinders plant protection against
bacteriosis (Kolomiiets et al., 2019). Plant path-
ogens, disrupting the normal course of physi-
ological processes of the plant organism, lead
to its partial or complete death. This worsens
product quality and significantly reduces yields.
Therefore, the issue of effectively limiting their
spread, minimising or even preventing signif-
icant economic losses, remains relevant and
worthy of attention (Martins et al., 2018).

Among the legume plants, soybeans are the
most widely used in agriculture and are econom-
ically and environmentally beneficial. According
to TT. Hnatiuk et al. (2019), the most common bac-
terial phytopathogens that can cause legume epi-
phytoties in Ukraine are Pseudomonas savastonoi
pV. glycinea (the causative agent of soybean angu-
lar spot) and Xanthomonas axonopodis pv. gly-
cinea (the causative agent of desert bacteriosis),
and the most common ones are Curtobacterium

Plant and Soil Science, (14)3

flaccumfaciens pv. flaccumfaciens (rusty brown
spot or wilt of soybean), Xanthomonas fuscans
subsp.fuscans (small brown spot of soybean),
Pantoea agglomerans (stem stripe).
Phytopathogenic = Pseudomonas  bacte-
ria have a high adaptive potential in different
agroecological conditions and cause significant
damage to the host plant organism but are also
resistant to the toxic effects of chemical and
biological agents (Yin et al, 2022). The causa-
tive agents of bacterial diseases of leguminous
plants of the Pseudomonas family are both highly
specialised groups of bacteria (P savastanoi pv.
phaseolicola, P. savastanoi pv. glycinea) and pol-
yphages (P. syringae pv. syringae, P. syringae pv.
tabaci) (Hnatiuk et al., 2019), which do not always
show the same sensitivity to certain pesticides.
According to K.A. Abo-Elyousr et al. (2022),
the pathogens of soybean pustular bacterio-
sis (Xanthomonas axonopodis. pv. glycines) and
brown bean bacteriosis (Xanthomonas axonopo-
dis. pv. phaseoli) are highly active and widespread
among yellow-pigmented pathogens of legume

@
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bacterioses, affecting the aerial parts of plants
and seeds. When using pesticides of both chem-
ical and biological origin, these phytopathogens
show sensitivity or resistance to them in a wide
range of population heterogeneity, which leads
to the continuing search for fundamentally
new approaches to crop protection technolo-
gies (Varympopi et al., 2022; Oliveira et al., 2023;
Halfeld-Vieira et al., 2023). As of 2023, there are
no officially registered drugs against phytopath-
ogenic bacteria in Ukraine and the world, which
increases the urgency of finding such drugs
(Atiq et al., 2022, Taheri et al.,, 2023).

With the development of integrated plant
protection ideas, the use of preparations ob-
tained by electropulse ablation (preparations
based on metal nanoaccumulates) is becom-
ing increasingly popular. In particular, they are
characterised by antimicrobial properties, con-
tribute to increasing plant resistance to adverse
abiotic and biotic factors, and complement and
enhance the effect of traditional plant protection
products (Pruntseva, 2018; Huliaieva et al., 2018).
M. Alavi et al. (2022) also noted that bacteria can-
not develop resistance to several metals.

Thus, given the aforesaid properties, nano-
accitrates are promising agents capable of re-
straining and counteracting the development of
large-scale epiphytoties caused by bacteria and
microsporidia. The research relevance is de-
termined as large-scale epiphytoties caused by
bacteria and micromycetes pose a serious threat
to soybean cultivation and can lead to significant
yield losses. Given the absence of officially reg-
istered drugs against phytopathogenic bacteria
in agriculture, the search for new effective solu-
tions becomes extremely important. Thus, the
research aims to determine the effect of prepa-
rations obtained by electropulse ablation on the
main phytopathogenic bacteria of soybean un-
der artificial infection in vivo.

MATERIALS AND METHODS

The study was conducted in temporary field ex-
periments based on the Mohyliv-Podilskyi ter-
ritorial community in 2021 and 2022. The soil
is dark grey podzolic, coarse-dusted, and light
loamy. The soybean predecessor in 2021 is black
fallow, and in 2022 - soybeans. Agricultural
practices for soybean cultivation are common.

The sowing rate is 450 thousand germinating
seeds per 1 ha, the sowing method is wide row,
with a row spacing of 45 cm. The soybean varie-
ties to be released in 2021 are Strike and Drayton
and in 2022 Kyoto.

During the research in July 2021, the average
ten-day temperature in the research area was
11°C above normal, and significant daily tem-
perature fluctuations were recorded. Despite
the above favourable temperature conditions
for bean formation, in July 2021, in Mohyliv-Po-
dilskyi district, an excess of the average monthly
rainfall was recorded (250-300% of the norm),
which in turn contributed to the development of
soybean phytopathogens.

During the experiment in 2022, the average
daily temperature in the Mohyliv-Podilskyi dis-
trict was close to normal, but during the exper-
iment, the highest seasonal temperatures of 31-
33°C were recorded for 5 days, and the amount
of precipitation was 150% of the annual average.

The pathogens of angular spot (Pseu-
domonas savastanoi pv. glycinea UCM B-9190)
and pustular bacteriosis (Xanthomonas axo-
nopodis pv. glycineaes UCM B-9192) of com-
mon soybean, which is stored in the Ukrainian
Collection of Microorganisms (UCM) of the
Zabolotny Institute of Microbiology and Vi-
rology of the National Academy of Sciences
of Ukraine, Department of Phytopathogenic
Bacteria. For inoculation of common soybean
plants, a suspension of one- to two-day-old
bacterial cultures with a density of 1x10° CFU
(Number of Optical Units) per ml of purified tap
water was used, which was applied to the leaf
surface followed by a triple needle wound or
injected into the stems and beans of plants by
syringe injection (Klement et al., 1990).

The experiments were repeated five times,
and the recordings were made on days 7, 15 and
30. Purified tap water was used as a control.

The effect of drugs obtained by electropulse
ablation was studied, namely:

1) Microelement preparation “Comfort Uni-
versal” (Ukraine) based on nanoaccitrates of S,
Se, Cu, I, Al, V,Ni, Co.

2) Organo-mineral fertiliser “Dobrodiy”
(Ukraine). Component characteristics (g/kg): (N)
nitrogen - Nitrogen-containing compounds in
terms of nitrogen - 330, K - in terms of K,0 - 60,
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Trace elements chelated with carboxylic acids:
B - 0.36, Mo - 0013, Fe - 144, Mn - 144, S - 96,
Cu-24,Zn-12, Mg - 33, Co - 0.037 Humic and
fulvic acids 30 g/kg.

3) Micronutrient preparation “Protect Micro”
(Ukraine). The drug is produced using an original

technology by chelation of active elements with
natural di- and tricarboxylic organic acids (in-
cluding succinic, tartaric, and malic acids): Cu -
15,Zn-16,Mn-72,Mo-2,Co-15,Fe-8.

A comparison of the two field trials in 2021
and 2022 is shown in Table 1.

Table 1. Field experiments in 2021-2022

For the first field trial (in 2021),
a variant scheme was used:

For the second field experiment (in 2022), a modified scheme was used.
Soybean seeds of the Kyoto variety were treated according to the variants:

Plants treated with
Comfort (consumption -
250 ml/tonne of seeds) +

A chemical disinfectant based on Fludioxonil and Metalaxyl-M

treatment.

L Dobrodiy organic-mineral L (recommended consumption - 11/t).
fertiliser (consumption -
2.4 litres/tonne of seeds).
Plants without prelimina Treatment with Comfort (consumption - 150 ml/t of seeds) + Organo-mineral
2. P A3 fertiliser “Dobrodiy” (consumption - 2.4 litres/t of seeds) + microelement

preparation “Micro Protect” (consumption — 500 ml/t of seeds)

A chemical disinfectant based on Fludioxonil and Metalaxyl-M
(recommended dose of 11/t) + two foliar treatments with the same drug.

Treatment with Comfort (consumption - 150 ml/t of seeds) + Organo-
mineral fertiliser “Dobrodiy” (consumption - 2.4 litres/t of seeds) +
4. microelement preparation “Micro Protect” (consumption - 500 ml/t

of seeds) + two foliar treatments with the specified mixture of

micronutrient drugs.

Control (without preliminary treatment).

Source: compiled by the authors

Two foliar treatments were carried out as
follows: the first foliar treatment was carried out
(with appropriate concentrations of drugs) before
artificial infection of plants, and the second - 14
days after inoculation with bacterial phytopatho-
gens. Artificialinfection occurred atthe beginning

of bean formation. Under conditions of natural
infection, the spread of the disease by the num-
ber of affected plants and the development of
the disease on a 5-point scale (from 0 to 4 points)
were considered. The symptoms of plants in the
corresponding points are presented in Table 2.

Table 2. Gradations (by points) of the degree of development of artificial injury

Score Symptoms
0 No lesions, no injection marks
1 The onset of lesions, small necrotic spots/strips
2 Development of lesions and necrotic spots increase
3 A fairly high degree of damage
4 The high degree of lesion development: increase in the size and spread of necrotic
spots/strips, possible complete death of the affected parts

Source: compiled by the authors

The software packages used for calculations
were Statistica and Microsoft Excel-365. The
study was conducted following the requirements
of the Convention on Biological Diversity (1992).

Plant and Soil Science, (14)3

RESULTS AND DISCUSSION

The preliminary results of the in vitro study in-
dicate that phytopathogenic bacteria show a
fairly high sensitivity to the studied micronu-
trient preparations, unlike chemical pesticides,
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regardless of the genus and species of patho-
gens at a significant dilution, without causing
toxic effects on the inoculant bacteria of the
genus Bradyrhizobium and Rhizobium. This in-
dicates the potential for positive use of such
preparations in the field. The need for research
is caused by the fact that under natural condi-
tions, the activity of the applied preparations is

influenced by a significant number of biotic and
abiotic factors, which can level the effect of the
preparations.

Thus, after these results were obtained in lab-
oratory studies, it became necessary to conduct
in vivo experiments. The results of field studies on
artificial infection with soybean phytopathogenic
bacteria in 2021 are presented in Table 3.

Table 3. The results of artificial damage by bacterial pathogens of soybeans with pre-treatment with
a mixture of the studied preparations in comparison with the control

P savastanoi pv. glycinea X. axonopodis pv.glycines
cs. 9190 cs. 9192
Plant ® ) ® )
treatment Leaves ‘ Stems/beans Leaves ‘ Stems/beans
options and
varieties Day
7 ‘ 14 ‘ 30 ‘ 7 ‘ 14 ‘ 30 ‘ 7 ‘ 14 ‘ 30 ‘ 7 ‘ 14 ‘ 30
Seeds pre-treated with a mixture of test products
“Drayton” 16 22 22 - 1.8/22 | 24/26 | 06 | 04 18 - | 22/22 | 2.8/26
“Strive” 0 18 20 - 10 24 0 0 0 - 0 22
No treatment
“Drayton” 16 | 28 | 34 0 | 3218 | 4/36 | 10 | 14 | 24 | 0 | 24/24 | 2.2/22
“Strive” 10 18 3.2 - 26 2.8 0 0.6 0.8 - 18 20

Note: “digital mark” - level of plant infection (arithmetic mean of all plots), “0” - no infection, injection mark,
“n/y” - n - assessment of stem damage, and y - assessment of bean damage, “-” - no data available

Source: compiled by the authors

Theresults of field studies on artificial infec-
tion of soybean with phytopathogenic bacteria
in 2021 (Table 2) indicate, first of all, the positive
effects of the use of experimental micronutrient
compositions. As can be seen from the results
obtained, traditional seed treatment with exper-
imental preparations shows a positive trend to-
wards plant resistance to the main pathogens of
soybean bacterial diseases (the causative agent
of angular spot and the causative agent of pus-
tular bacteriosis) and also allowed for compar-
ative resistance of the soybean varieties used in
the experiments to phytopathogens.

It is necessary to note the differences in the
development of the pathological process de-
pending on the varietal characteristics of plants.
As a result, it was found that common soybean
plants of the Drayton variety showed lower re-
sistance to the disease in terms of the level and

speed of its manifestation compared to the Strive
variety. Despite the identified varietal character-
istics, the results obtained demonstrate a gener-
al trend in the reactions of the plant organism
to infection, in particular, in the variant with the
treatment with the studied preparations, the
lesions develop more slowly, partially having a
lower intensity, compared to the variant without
treatment. Moreover, on the variety “Strive” with
the treatment for Xanthomonas axonopodis pv.
glycine infection, no infection was observed on
the leaves at all.

Regarding the phytopathogenic activity of
the studied microorganisms, its manifestation
in the bacteria Xanthomonas axonopodis pv.
glycines (9192 pcs.) was noted to be weaker com-
pared to P. savastanoi pv. glycinea (9190 pcs.),
which is consistent with the literature data
(Baltrus et al.,2016). At the same time, a decrease
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in the intensity of infection with Xanthomonas
axonopodis pv. glycines were observed after
treatment with the studied preparations. This
can be explained by the fact that both microor-
ganisms differ in virulence factors. After all, the
main factor of aggressiveness of Xanthomonas
axonopodis pv. glycines are indirectly caused
by extracellular polysaccharides, which from
the very first steps of plant development begin
to move through the vessels and gradually clog
them. At the same time, obligate phytopatho-
genic pathogens of the genus Pseudomonas
gradually accumulate in the plant and produce
a significant amount of toxins that either grad-
ually or instantly poison or Kkill the plant organ-
ism, which can lead to significant crop losses
(Hnatiuk, 2019; Sanchez-Hernandez et al., 2023).

The obtained results confirmed the conclu-
sions of previous laboratory tests of the inves-
tigational drugs regarding the effectiveness of
delaying the growth of bacterial colonies by the
investigational drugs and their complexes.

In the variant with seed treatment, regard-
less of varietal characteristics, a delay in the
appearance of pronounced symptoms of the
disease was observed for up to 15 days. Com-
pared to the control, the level of plant infection
was significantly lower (on average by one posi-
tion), but after 15 days of observation in the ex-
perimental variant and control, the infection of
plants increased significantly. We assume that
weather conditions also had a minor impact
on the duration of infection symptoms in the
experimental plants. It is noted in the sources
(Muluneh, 2021) that even an increase in the
average monthly temperature by 0.798°C with
significant waterlogging affects the number of
pathogens and their activity, and also reduces
the ability of plant organisms to resist the devel-
opment of bacterial diseases, which in turn leads
to a decrease in yield by more than 30%.

Taking into account the results of the pre-
vious experiment (in all the results of the 2021
experiment, there is a pattern that the manifes-
tation of disease symptoms increases on days
14-15, i.e. the intensity of inhibition of the patho-
gen decreases), it became necessary to compare
the effect of the studied drugs with traditional
chemical pesticides and repeated treatments.
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Therefore, the second stage of the study was
conducted in 2022 on the same field, but with
two additional foliar treatments in terms of var-
iants (one treatment was carried out before arti-
ficialinfection, the second - on the 14th day after
infection) and compared with the variant where
plants were treated with a traditional chemical
pesticide.

According to G. Otélora et al. (2018), foliar
feeding strategies can achieve greater nutrient
use efficiency, reduce negative environmen-
tal impacts, and potentially increase consumer
health benefits.

The use of foliar treatments was also since,
according to N. Novytska et al (2020), foliar
feeding of soybeans increases the intensity of
chlorophyll synthesis in leaves, promotes pho-
tosynthetic activity and stimulates the growth
of the number of microorganisms that ensure
the synthesis of auxins and other root stimulat-
ing substances. Thus, foliar nutrition triggers
the so-called “pumping system” of the plant,
increasing the volume of nutrient absorption
from the soil.

The need for additional foliar treatments
was since, based on the work of WFEA. Mosa
et al. (2021), seed treatment followed by foliar
treatment with metal nanoparticles was highly
effective not only against pathogens of the root
system and root zone of plants, but also had a
significant antibacterial effect on phytopatho-
gens that affect leaves, stems, and fruits during
the growing season.

The need for foliar treatment was based on
the fact that at high temperatures (the period
when artificial infection took place), some of
the most important macro- and microelements
for soybean development, namely potassium,
calcium, copper, boron, etc., are poorly absorbed,
so additional foliar treatments can be seen as a
promising solution to this problem. Another im-
portant component of soybean protection tech-
nologies is their permeability and ability to stay
on the leaves. Foliar application of the chelated
form of the products ensures better absorption
and biological activity of trace elements, their
better compatibility with other chemicals and
low toxicity (Niu et al., 2021). The results of the
study conducted in 2022 are shown in Figure 1.

@



Influence of drugs produced by electropulse ablation methods...

= 35
o 3
I 25
Ea o I
< g
w S 15
(O] & 1 == E=
& 05
%O .
A 0
14th day 30th day 37th day
m Control
m Chemical pesticide
Studied drug
a)
35
k= 3
(9]
?E“D 2.5
2 2 I
< &
5 8 15
§ 1 = 5e
& 05
A
0
14th day 30th day 37th day
m Control
m Chemical pesticide
Studied drug
c)

= 35
o 3
© 25
Eo 2
TS 15
w0 .
© A
o 1 = = =
& 05 I
%D g
[a) 0
14th day 30th day 37th day
m Control
m Chemical pesticide
Studied drug
b)
35
= 3
Q
EéP 25
%]
= E 2 I I
©8 15
Q
g 1 =
&
0
14th day 30th day 37th day
m Control
m Chemical pesticide
Studied drug
d)

Figure 1. Degrees of plant damage under artificial inoculation with P. savastanoi pv. glycinea
Note: a - the degree of damage on the leaves (in variants without re-treatment); b - the degree of damage on the
leaves (in variants with re-treatment); ¢ - the degree of damage on the stems (in variants without re-treatment);
d - the degree of damage on the stems (in variants with re-treatment)

Source: compiled by the authors

The dynamics of the indicators indicate the
advantage of seed treatment with a mixture of
preparations obtained by electropulse ablation
compared to a chemical pesticide and control.
In addition, it was found that after 14 days, the
results of plant damage under the condition
of chemical pesticide treatment and control
values mostly coincide. Meanwhile, the mix-
ture of the studied substances demonstrates
a stable effect on the inhibition of the develop-
ment of P. savastanoi pv. glycinea colonies, and,
if re-treated on the 14th day, can restrain their
further development, prolonging the period of
resistance of common soybean plants. As can
be seen from Figure 1, when applying the dress-
ing with additional foliar treatments for artifi-
cial infection of plant parts, the level of disease

)

manifestation by day 37 (harvesting period) did
not exceed 1 point, i.e., only single necrotic spots
were observed in the places of inoculation. At
the same time, in plants without treatment and
with treatment and treatment with a pesticide
based on Fludioxonil and Metalaxyl-M, a sig-
nificant increase in the size and spread of ne-
crotic spots was recorded, and in some places
complete drying and falling of the artificially
affected leaf or bean. As for the degree of dam-
age on the stems, up to 30 days in all variants the
degree of damage was estimated at 2 points, but
after that, a rapid spread of necrotic spots was
observed in the control. At the same time, in the
variant with repeated foliar treatment, this ef-
fect was not observed, which indicates the cor-
rect strategy for foliar feeding. Probably, during
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repeated treatment, there is also a direct contact
effect with the components of the experimental
preparations, which exhibit antimicrobial activ-
ity against bacterial pathogens.

Although beans and leaves are the most
sensitive plant organs, in the case of the 2022
soybean trials, the stems were the most intense.
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This may be due to varietal characteristics or
unfavourable abiotic factors. A similar series of
experiments was conducted to determine the
effect of primary and secondary seed treatment
under artificial infection of soybean with phy-
topathogenic bacteria X. axonopodis pv. glycines
9192 pcs. The results are shown in Figure 2.
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Figure 2. Degrees of plant damage under artificial inoculation
with X. axonopodis pv. glycines pcs. 9192
Note: a - the degree of damage on the leaves (in variants without re-treatment); b - the degree of damage on the
leaves (in variants with re-treatment); ¢ - the degree of damage on the stems (in variants without re-treatment);
d - the degree of damage on the stems (in variants with re-treatment)

Source: compiled by the authors

As can be seen from Figure 2, the results of
artificial inoculation with xanthomonads and
pseudomonads are similar - it is the compo-
sition of the studied preparations that showed
the greatest efficiency in all variants. The low
efficiency of the treatment (without additional
treatments) with a pesticide based on Fludiox-
onil and Metalaxyl-M in restraining the devel-
opment of pustular bacteriosis was shown since
the indicators of damage did not differ from the

Plant and Soil Science, (14)3

control values (Table 2, Figs. 1-2). With additional
treatment, the degree of damage was reduced by
about 15% compared to the control. At the same
time, it should be noted that there was signifi-
cant suppression of the development of soybean
plant infection under artificial infection with
phytopathogenic bacteria when their leaves
and stems were treated with a mixture of trace
element preparations. The degree of damage
on the leaves did not exceed 2 points, and only
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single necrotic spots were observed on the stems.
In addition, in contrast to the experiments with
pseudomonads, only dressing without additional
treatments was sufficient to restrain the devel-
opment of X. axonopodis pv. glycines.

It should be noted that the chemical pes-
ticide showed higher efficiency on the leaves
during the first 14 days of the experiment and
restrained the development of the disease, how-
ever, its efficiency by day 37 of the experiment
was significantly reduced compared to the stud-
ied preparations. Thus, this confirms the prob-
able heterogeneous effectiveness of the drugs
obtained by ablation technology.

Usually, representatives of phytopathogenic
bacteria of the genus Pseudomonas are more re-
sistant to the effects of drugs of different origins
compared to representatives of the genus Xan-
thomonas, which was consistent with laboratory
controls (Kravchenko et al, 2021) and field stud-
ies conducted in 2021. At the same time, in 2022,
angular spot lesions developed more slowly and
less intensively compared to the development of
pustular bacteriosis. This may be due to abiotic
factors, in particular, increased air temperature
during the field experiment. According to the lit-
erature search, it can be argued that this feature
of the effect is because representatives of the ge-
nus Pseudomonas develop better at 21-27°C under
conditions of high humidity, and Xanthomonas
spread faster and affect the plant to a greater ex-
tent at high temperatures of 30-33°C (Velasquez
etal,2018; Burdon & Zhan, 2020), which is consist-
ent with the climatic conditions recorded at the
time of the experiment in August 2022.

At the same time, the development of dis-
ease symptoms on the stem under artificial
infection with X. axonopodis pv. glycines, both
without and with repeated treatment with mi-
cronutrient preparations, do not exceed 1 point
(unlike variants with artificial infection with
P savastanoi pv. glycinea, where the manifes-
tation of the lesion was from 1 to 2 points over
time). This may mean that the pathogen will not
circulate through the plant and infect new or-
gans, and in particular the beans, which are the
most important indicator for yield.

Thus, studies have shown that preparations
obtained by electropulse ablation are promising
tools in the soybean protection system. Their

undoubted advantage is a pronounced antipa-
thogenic effect and the simultaneous absence
of toxic effects on symbiotic microorganisms of
common soybean.

CONCLUSIONS

Soybean varietal characteristics have been
found to affect the degree of infection with
phytopathogenic bacteria. According to the re-
sults of the 2021 experiments, it was found that
common soybean plants of the Drayton variety
showed lower resistance to the disease in terms
of the level and speed of its manifestation com-
pared to the Strike variety. It was also found that
the features of the Kyoto variety affect the dam-
age to various plant organs.

A significant factor in the development of
disease manifestations is weather conditions,
in particular, exceeding the average ten-day air
temperature, significant temperature fluctua-
tions during the day and humidity at the level of
150-200% of the average annual norm.

It was determined that seed treatment with
a chemical pesticide without additional treat-
ments does not reduce the manifestations of
pustular bacteriosis and angular spot of soybean
compared to the control (no treatment) variant.
The treatment and foliar treatment with achem-
ical pesticide based on Fludioxonil and Metalax-
yl-M only partially reduce the manifestations of
bacteriosis compared to the control variants (by
about 15%), and the chemical pesticide show the
greatest effectiveness only in the first 14 days,
while its effectiveness significantly decreases in
the period of 14-30 days after artificial infection.

Micronutrient drugs based on metal
aqua-chelates were found to significantly slow
down the development and reduce the intensity
of soybean damage by the main bacterial dis-
eases - angular spot (pathogen Pseudomonas
savastanoi pv. glycinea) and pustular bacterio-
sis (pathogen Xanthomonas axonopodis pv. gly-
cines) when treating seeds.

Treatment of soybean plants with experi-
mental preparations according to the Comfort
scheme (at consumption of 150 ml/t of seeds),
fertiliser “Dobrodiy” (at consumption of 2.4 1/t
of seeds) and microelement preparation “Mi-
cro Protect” (at a consumption of 500 ml/t of
seeds), as well as two foliar treatments with
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the specified mixture of microelement prepa-
rations, delays the manifestation of plant dam-
age until the time of harvest, which is likely to
increase yields. The probability of coordination
of foliar treatment of plants with the peculiari-
ties of the functioning of pathogens of different
systematic groups of bacterial pathogens of soy-
bean diseases was noted.

The results obtained pointed to several
promising tasks for further research. Firstly,
the results of 2022 indicate a pronounced ef-
fectiveness of additional foliar treatments dur-
ing the growing season along with traditional
seed treatment, however, the question of their
number remains open. Secondly, comparing
the results of 2021 and 2022, the effectiveness
of further combining the products was noted.
However, the creation of composite prepara-
tions is impossible without thorough laboratory

research to determine effective doses and con-
centrations. Thirdly, since Comfort has already
received the Organic Standard certificate, the
next step may be to enter the European and
global markets for innovative medicines. At the
same time, this requires further research on
their bio- and eco-safety, as well as clarification
of the mechanism of action of these composi-
tions. Finally, there is the issue of checking the
effectiveness of such micronutrient prepara-
tions obtained utilizing electropulse ablation for
seeds and adult plants already affected by bacte-
rial pathogens.
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Bnnue npenaparTiB, OTPMMaHMNX MeToAaMM
eleKTpoiMnyJibCHOI abnsauii, Ha po3BUTOK diToNnaToreHHMUX
6akTepin coi

AHoTauif. 36yIHUKU TUIAMUCTOCTI coi (Pseudomonas savastanoi pv. glycinea) Ta IyCTYJIBHOTO
6arTepiosy coi (Xanthomonas axonopodis pv. glycines) € momupeHUMH GITOTATOreHHUMU
6akTepiaMu. [TpoTe BifcyTHiCTh OGIllifIHO 3apeecTpoOBaHUX IMIperapaTiB MPOTU HUX CTUMYITIOE
TIOIIYK HOBUX PillleHb. MeTOI0 HOCTiIKeHH 6y/10 BU3HaYeHH BIUIMBY BKa3aHUX MiKpOeJIleMeHTHUX
TMperiapaTiB, OTPUMAHUX eJIeKTPOIMITy/IbCHOIO abjislieio, Ha 6akTepil 3a IUTYYHOTO 3apasKeHHS
coi My3eMHWMH INTaMaMM 36YOHUKIB IYCTYIBHOTO 6aKTepio3y Ta KyTacToi IIIMUCTOCTI.
AnTH6aKTEpiaIbHY aKTUBHICTD ZOCTIiIREHUX ITPeIapariB TOpiBHIOBAIY 3 BapiaHTaMu 6e3 06p06Ku
¥ Ji€el0 TpaZUI[iMHOTO XiMIYHOrOo NeCTULMIy Ha OCHOBI ®PnyAunoKCOHiNy Ta MeTanarciiy-M.
[TomupeHHA i PO3BUTOK XBOPOOU OIIiHIOBAJIYU 3a KUIBKICTIO ypajkeHUX POCIIMH, BUKOPUCTOBYIOUN
IIKay Biz O 0 4 6aiiB. 3'9COBAHO, 10 COPTOBI 0COGIMBOCTI COi BIUTMBAIOTD Ha CTYITiHb YPaykeHOCTi
diTomaToreHHUMU 6aKTepiiMu. BUABIEHO, IO 3HAYUMUM GAKTOPOM Y DO3BUTKY IIPOSBIB
XBOPO6U € TIOrOJHI YMOBU, 30KpeMa TeMIlepaTypa MOBIiTps. [J0BeLEHO, 0 TPOTPYEHHS HACIHHS
XIMIYHMM ITeCTULINAOM Ha OCHOBI ®nyAMoKCOHINy Ta MeTanakcuily-M 3a BiZICYTHOCTI AOIaTKOBOI
03aKOPEHEBOi 06PO6KY He 3MEHINYE MTPOSIBY Ta CTYIIIHb YPaykKeHHS, TOPIBHAHO i3 KOHTpoJeM (6e3
MIpOTpyIOBaHHsA). [IpOTPyIOBaHHSA Ta IO3aKOpeHeBa 06po6Ka XiMIYHMM IECTULMIOM Ha OCHOBI
dIIyIMOKCOHINY Ta MeTanakcUiTy-M JIUIlle YaCTKOBO 3MEHIIYIOTh [TPOSIBU 6aKTepiosiB, MOpiBHAHO
3 KOHTPOJIBHUMU BapiantaMu (rpubnusHo Ha 15%). B TOM e yac, 3aCTOCYBaHHS MPEIaparis,
OTPUMaHUX METOJAaMU eJIeKTPOIMITY/IbCHOI abJAllii, € mepCreKTUBHUM IIPOTH iTormaToreHHUX
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6aKTepiit B CHCTeMI TEXHOJIOTii BUPOIIyBaHHS COi — a cCaMe BU3HAYEHO, III0 338 YMOBU ITPOTPYIOBaHHSA
POCIIMH COi IOCTITHUMM IIperaparaM 3a cxeMoio KomdopT (BuTpara - 150 MuI/T HaciHHA) +
Io6puBo «Jlo6pomiv» (BuTpara — 2,4 J1/T HaCiHHSA) + MiKpOeJIeMeHTHUI perapar «MiKpo IPOTeKT»
(BuTpara 500 MJI/T HaCiHHSA) + ABi M03aKOpeHeBi 06pPO6KYU BKA3aHOI0 CYMIIIIIII0 MiKpOEIEMEHTHNX
IIpernapariB TOCUITIOETHCS 3aTPUMKA IIPOSBY YPayKEHOCTI POCIIMH JI0 Yacy 360y BPOsKaro, III0 B CBOIO
4Jepry HaliMOBipHillle Tpu3Bee N0 MiABUIeHHS ITI0Ka3HUKIB YPOXKaUHOCTI. [IpaKTUYHe 3HAaYeHHS
pob0TH MoJATaE y BU3HaUeHHi eeRTUBHUX METOZIB 60pOTHOU 3 GiTOTIaTOreHHUMU 6aKTEPIIMHU, IO
IIKOJIAATD COL

KniouoBi cnoBa: 6arTepiajibHi MaTOreHW POCIWH; 6060Bi; KyTacTa MUIAMUCTICTD; IYCTYIBHUN
6aKrTepios; HaHOAKBaXeIaTH; abJIAIiNHI TEXHOJIOTI]
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Peculiarities of Bacillus Subtilis strains influence on the
development of Triticum Aestivum L. in inoculative cultures

Abstract. The research relevance is predetermined by the need to study strains of Bacillus subtilis
bacteriathathave a positive effect on plant growth and development and exhibit a stimulating effect at
optimal bacterial loads. The research is of great importance for agriculture, ecology, and sustainable
development. The research aims to determine the effect of new strains of B. subtilis (H3, H10, H13,
H36, H38, H40, H43, H45) on the development of winter wheat (Triticum aestivum L.) seedlings when
inoculated with inoculated crops. Laboratory, vegetation, and mathematical and statistical methods
were used in the study: deep cultivation of strains, roll method of germination of test plant seeds, and
data processing using Statistica 8.0 and MS Excel. The results of the model experiment on the effect
of culture liquids of B. subtilis strains under different technological forms and dilutions on the growth
and development of wheat test plants are summarised. It has been established that at dilutions of
1:10, 1:50, 1100, and 1:500, the stimulating effect of bioagents is observed, and the maximum effect
is achieved at a dilution of 1:100. It has been shown that the greatest positive effect on wheat seed
germination was observed for B. subtilis inoculants applied to seeds in mature technological forms
(spore culture, 2.0x107 cells per seed). The germination energy of Triticum aestivum L. seeds increased
by 96.5% when interacting with B. subtilis inoculants, and the raw weight of seedlings increased by
84.0-109.6% depending on the experiment variant compared to the control, which indicates the
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growth-stimulating properties of the new strains. It was proved that the use of mature cultures of
B. subtilis H38, H40 and H45 resulted in an increase in root weight by 4.8-11.3% compared to the
control without bacterisation. When treated with culture fluids of B. subtilis H3, H10, H13, H36, and
HA43 in the form of vegetative cells, the root mass decreased by 11.8-44.0% compared to the control.
The use of the studied strains of B. subtilis effectively affects the development of winter wheat and
is a promising inoculant with a growth-stimulating effect. The practical significance of the study
is to understand and determine the potential benefits of using Bacillus subtilis bacterial strains to
enhance the growth and development of plants, in particular winter wheat (Triticum aestivum L.)

Keywords: bacterial inoculant; plants; seeds; winter wheat; growth; stimulating properties

INTRODUCTION

Sustainable development of crop production
and increased crop yields in the face of climate
change are possible through the use of highly
effective biological products based on active
strains of microorganisms. The action of the
products promotes the synthesis of natural anti-
depressants and anti-stress factors of resistance
to drought, waterlogging and other adverse en-
vironmental conditions in the soil and directly
in the plant itself (Verma et al., 2018; Vorobei &
Logosha, 2021). Biological products inhibit path-
ogenic microbiota and form an “induced resist-
ance system” in plants, which prevents the de-
velopment of diseases from phytopathogenic
organisms (Gadzalo et al., 2019).

The creation of inoculants consisting of
associations of bacteria with additive and syn-
ergistic effects on plants and increasing the
resistance of the plant-bacterial system is very
promising. In addition, when using different in-
oculants, it is necessary to calculate the bacte-
rial load on the seed, as well as the technological
parameters of the formulations selected for use
(Borko et al., 2022).

S.F. Kozar (2021) showed a positive synergis-
tic effect of the introduction of mixed cultures of
soil microorganisms into various agrocenoses,
which is promising both for physiological indi-
cators of plant growth, activation of the biolog-
ical system “soil-plant-microbiome”, and for the
possibility of soil improvement, reducing the
pesticide burden on the environment (Borko
et al, 2022). Due to targeted selection and op-
timisation of production technologies for the
manufacture of modern microbial preparations,
beneficial soil microorganisms - the basis of
biological products - acquire higher activity,

reproduction rate, resistance to temperature
fluctuations, light intensity, etc. A promising
scientific and practical area of agricultural mi-
crobiology is the formation of multifunctional
associations of microorganisms that, when
introduced into the metagenome of native
soil communities, would return non-commod-
ity crop products to biological cycles, and im-
prove soil properties, increasing their fertility
(Kopylov et al. 2020). The analysis of competi-
tiveness to anthropogenic stress factors cre-
ates opportunities for the creation of innova-
tive knowledge-intensive developments for the
management of biological processes in agro-
cenoses. Thus, the selective formation of the
diversity of the soil and rhizosphere microbial
complex is important for increasing competi-
tiveness and research of complex complexes of
plant physiological characteristics.

To ensure the effective introduction of soil
microorganisms into crop agrocenoses in the
form of various preparative forms, it is neces-
sary to consider several aspects related to the
characteristics of the producer strain, the pe-
culiarities of its interaction, the preservation of
stability and viability for a long period, as well as
the peculiarities and technology of growing a par-
ticular crop into the root zone of which beneficial
microorganisms are introduced. The methods of
seed inoculation used for research purposes are
often impossible to use on an industrial scale,
and there are significant technical problems
with maintaining viable microbial inocula on
seeds during seed processing and storage, as
noted in several studies by LK. Kurdish (2018).
Other studies show the positive effects of seed
inoculation with Bacillus bacteria, such as
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AF. Santos et al. (2021), where scientists con-
cluded that an inoculant based on a composition
of Bacillus subtilis and B. megaterium is effective
for grain yields, as well as for increasing protein
content and improving plant fibre digestibility.
In other studies, VF Guimaraes et al. (2021)
showed that by using similar inoculants, high
efficiency can be achieved in the cultivation of
legumes, resulting in productivity statistically
higher than the control without inoculation.

Most bacteria (including spore-forming
bacteria of the genus Bacillus sp.) released from
rhizosphere soil form stable associations, which
allows microorganisms to gain several compet-
itive advantages when introduced into the root
zone of plants (Mawarda et al., 2020). As a result
of the introduction, biological agents are ex-
posed to abiotic and biotic factors that can have
both positive and negative effects on bacterial
activity. Given the current research on under-
standing the relationship between rhizobacte-
ria and plants, J. Poveda & F. Gonzalez-Andrés
(2021) and T. Tsotetsi et al. (2022) summarise the
current knowledge base on the key metabolites
released by both bacteria and plants, their role
in the interaction between organisms and re-
sponses to various environmental stresses.

According to scientists, bacteria from the
Bacillus genus produce secondary metabolites
and can be used as natural insecticides for the
biocontrol of pathogens through the production
of compounds with aseptic activity, synthesis
of enzymes that lysate fungal cell walls, and in-
duction of systemic reactions in host plants, and
have a positive impact on the soil ecosystem
(Saxena et al, 2020), enhance plant growth and
development through the production of phyto-
hormones, increase the availability of essential
nutrients (nitrogen, phosphorus, iron), and in-
crease ethylene levels through ACC deaminase
(Olenska et al., 2020).

Studies by H. Li et al. (2021) show that bi-
ostimulation of maize crops with Bacillus sp.
MGW?9 strain improves seed germination on
saline soils and increases the length of the main
root by 7% due to better water uptake, higher
chlorophyll, proline, soluble sugar, superoxide
dismutase, catalase, peroxidase and ascorbate
peroxidase activity, while reducing malondial-
dehyde content.

Plant and Soil Science, (14)3

In this regard, the search for highly active
and new strains of soil microorganisms is rele-
vant for microbiology, biotechnology, soil indi-
cation and diagnostics, as well as for screening
producers of physiologically active substances.

The research aims to determine the peculi-
arities of the influence of new strains of B. sub-
tilis on the development of test plants (winter
wheat seedlings Triticum aestivum L.) in the case
of using inoculated bacterial cultures.

LITERATURE REVIEW

The gram-positive bacterium Bacillus subtilis
has a powerful extracellular protein secretion
system and does not release any toxic metabolic
by-products into the environment. A variety of
metabolic processes, and genetic and biochem-
ical variability have led to the widespread use of
B. subtilis bacteria in various fields of agricul-
ture, medicine, industry (GRAS status - gener-
ally regarded as safe), and in the production of
probiotics, immunoreactive factors, enzymes,
amino acids, vitamins, etc. It has been proven
to increase the decomposition of plant residues
(Avdeeva et al., 2016) and the resistance of bar-
ley crops to disease development (Kriuchkova &
Patyka, 2020).

Significant efforts of scientists are aimed at
both studying and developing ways to control
and change the metabolism, gene expression
and protein activity of this bacterium (Cui et al,
2018; Chuiko et al., 2021).

Spore-forming bacteria B. subtilis (as well
as other representatives of the Bacillus genus -
B. megaterium, B. atrophaeus, B. licheniformis,
B. amiloliquefaciens, B. pumilus, B. mojavensis, etc.)
are among the most sensitive and dynamic com-
ponents of soil microbial communities, espe-
cially under anthropogenicload. Today, research
is relevant to study the most active producers
of metabolites that have a positive effect on
plants - bacteria B. subtilis, B. pumilus, B. brevis,
B. megaterium, etc., which promote plant growth
through the production of phytohormones, dis-
solution of inorganic phosphates, synthesis of
organic acids, antagonism to phytopathogenic
micromycetes, etc. For example, under the in-
fluence of phytohormone-producing bacteria,
changes in the endogenous hormonal balance
of plants can occur (Patyka et al., 2019).

@
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A. Shrestha et al. (2014) showed that the ad-
hesion and formation of biofilms by soil bacteria
on plant surfaces has a phytopathogenic effect
and helps to improve root-soil contact. Thus, the
ability of bacteria to form biofilms on plants may
be a promising area in agriculture to increase
plant productivity.

Bacterisation with soil microorganisms has
a positive effect on plant biometrics (height,
plant length, root system formation) and dry
biomass (Kots et al.,, 2016). The decrease in in-
oculation efficiency due to the early application
of soil microorganisms can be compensated
by using a complex of organic substances (e.g.,
polysaccharide-protein complex as a stability
matrix), which increases the viability of micro-
organism cells in a resting state. Scientists con-
tinue to deepen their knowledge of the regu-
larities of the spatial, taxonomic and functional
structure of plant-microbial communities in the
root zone of plants and the processes underly-
ing plant-microbial interactions (Krutylo et al.,
2017), as well as collect modern monitoring data
on the soil microbial biome and carry out com-
prehensive work on analytical selection of soil
microbial strains.

Using metabolomic profiling, they detected
and identified molecules produced in roots and
root hairs during their infection with rhizobia.
Their analysis of soybean root hairs suggested
that root hairs synthesise flavonoids, amino ac-
ids, fatty acids, carboxylic acids, and various car-
bohydrates in response to inoculation with the
above bacteria, with a high content of trehalose
(known as an osmoprotective sugar). To date,
several compounds have been identified that are
involved in various plant-microbe interactions.
For example, g-amino butyric acid, hexahy-
drohexaoxybenzene-O-methyl, glutamine, and
lauric acid, help bacteria overcome the plant’s
defences during infection. These isoflavonoids
and fatty acids appear in free form mainly due to
their signalling role in symbiosis, which requires
the enhancement of cellular biosynthesis to cre-
ate structural components necessary to support
the development of symbiosis.

Fortherationaluse of the potential of regula-
tory (signalling) plant-microbe interactions, it is
necessary to pay attention not only to the effec-
tiveness of new strains and their compatibility

but also to know under what conditions inocu-
lant strains can successfully compete with repre-
sentatives of soil populations of specific bacteria
and colonise the root system of plants.

MATERIALS AND METHODS

The research was conducted at the National
University of Life and Environmental Sciences
of Ukraine, Department of Soil Science and Soil
Protection named after Professor M.K. Shykula.
In a model laboratory experiment, the effect of
bacterization of Triticum aestivum L. plants with
strains H3, H10, H13, H36, H38, H40, H43, and
H45, which in previous studies were isolated
from the phylloplane and rhizosphere of the root
system of winter wheat and typical black soil,
identified and assigned to the genus Bacillus sp.
B. subtilis (Honchar et al., 2021).

Determination of the optimal load of B. sub-
tilis bacteria on wheat seeds was carried out in
a laboratory experiment. Bacterial inoculants
in the form of a suspension of B. subtilis cul-
tures were used both in the form of vegetative
cells - the beginning of spore formation and
complete sporulation (mature culture). B. sub-
tilis strains were cultured on Luria-Bertani (LB)
liquid nutrient medium for 72 hours in an orbital
shaker incubator at a temperature of at least 28-
30°C according to generally accepted methods
in microbiology (Tepper et al., 1979; Goldman &
Green, 2021). There are treatment options with
the following bacterial load: 1) 2.0x108 cells/1
seed; 2) 2.0x107 cells/1 seed; 3) 2.0x106 cells/1 seed;
4) control. Replication was performed four times.

The effectiveness of bacterial inoculants
B. subtilis on the growth and development of
Triticum aestivum L. was studied in a model ex-
periment. The scheme of the experiment includ-
ed: 1- control (without bacterisation); 2-9 (treat-
ment with the appropriate strain of spore-form-
ing bacteria B. subtilis in the form of vegetative
cells); 10-17 (treatment with the appropriate
strain of B. subtilis bacteria in the form of tech-
nological maturity of the crop with complete
spore release). In the experiment, the seeds of
Triticum aestivum L. were germinated by the roll
method. Two layers of moistened filter paper in
the form of ribbons measuring 10x55 cm were
used, on which seeds were laid out with the em-
bryos down in one line at an interval of 1 cm and
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at a distance of 2.0 cm from the side edges and
surface of the ribbons (70 pieces in one row). The
seeds laid out on the paper were covered with
moistened filter paper and polyethene tapes of
the same size and rolled loosely. The wrapped
rolls were placed vertically in beakers with
B. subtilis culture fluid and placed in a thermo-
stat at 23-250°C (DSTU 4138-2002..., 2004). The
water level in the beakers was monitored to pre-
vent drying out, and distilled water was added
to the beakers with the rolls if necessary (water
change every 3-5 days). The germination rate of
the test culture (length of roots and seedlings)
on day 10 was determined using a conventional
centimetre scale. Statistical analysis was per-
formed using Statistica 8.0 software, data were
calculated using MS Excel.

Experimental studies of plants (both culti-
vated and wild), including the collection of plant
material, were carried out following the require-
ments of the Convention on Biological Diversity
(1992).

RESULTS AND DISCUSSION

The main principle in the treatment of agricul-
tural plants with microbial preparations with
growth-stimulating activity is the need for a
detailed study and establishment of the physi-
ologically appropriate time for plant treatment
(developmental stage) and determination of the
rational inoculation load when applying them.

As aresult of biotesting and studying the ef-
fect of the culture fluid of new B. subtilis strains
on the growth and development of wheat plants,
it was found that at dilutions of 1:10, 1:50, 1:100,
and 1:500, the stimulating effect of bioagents
was observed (Fig. 1). Thus, the lowest stimula-
tory effect of B. subtilis strains H3, H10, H13, and
H36 was observed at a dilution of the culture
fluid of 1:500, and the maximum stimulatory
effect was observed at a dilution of 1:100. This
confirms that the biological efficacy of B. subtilis
bacteria is largely due to the production of auxin,
cytokinin and gibberellin hormones, and hor-
monal substances synthesised by microorgan-
isms are extracellular and are present directly in
the culture fluid of the strains.

Thus, the study is confirmed by C. Accinelli
et al. (2018), where the treatment with benefi-
cial microorganisms B. subtilis increased shoot
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length (+7%) and root length (+10%) in maize for
grain. The method used to achieve the positive
effect was the incorporation of the bacteria into
a bioplastic-based composition, rather than the
use of biofilms or dilutions.

G.M. Teixeira et al. (2021) revealed a posi-
tive effect of the use of bacterial biostimulation
of soybean seeds, which increased germination
rate by 15%, root length by 33% and root mass by
27% compared to the control.

The results are generally positive but varia-
ble, so more scientific information is needed for
different crops and cultivation technologies, con-
sidering different beneficial microbes (species
and strains) and variable climatic conditions, to
understand the impact of seed treatment.

Reports on studies of metabolites of soil mi-
croorganisms or physiologically active substanc-
es of microbial origin, which are more appropri-
ate for regulating plant growth and development,
can be found in studies (Kots' et al., 2016).

The native culture fluid of B. subtilis strains
H10, H13, H40, H43 and H45 was found to inhib-
it the growth of coleoptiles, the rate was lower
than the absolute control by 170-35.0%. The
results obtained indicate the high activity of
strains producing auxin-like compounds in the
culture fluid and the feasibility of using a diag-
nostic test for the auxin activity of B. subtilis exo-
metabolites in studies.

In general, the dilution of the culture fluid
had a positive effect on the growth of wheat
coleoptiles (Fig. 1), which indicates the produc-
tion of physiologically active compounds in
different concentrations by B. subtilis strains (a
manifestation of the stimulatory effect). The ex-
ogenous supply of active metabolites to plants
under the introduction of B. subtilis can also con-
tribute to the optimisation of organogenesis pro-
cesses and, as a result, increase crop productivity.

It is worth noting that liquid forms of mi-
crobial preparations make it possible to apply
them with the help of special sprayers during
the vegetation of plants in certain phases with-
out additional manipulations. The optimal com-
bination of pasteurisation and treatment of veg-
etative plants, considering the appropriate rates
of preparation and the timing of treatments,
is considered extremely important for the de-
velopment of an effective method of applying
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microbial preparation. Following scientific, the-
oretical and practical studies, it has been proven
that the signalling interaction between plants
and microorganisms is associated with the reg-
ulatory functions of plants (especially concern-
ing the rate of reproduction and the number of
bacterial cells). Such regulation is very impor-
tant because the potential rate of reproduction
and metabolic activity of bacterial cells is much
higher than that of plant cells. Therefore, the
interaction of plants and microorganisms is a
complex process that is implemented through
molecular mechanisms and metabolic integra-
tions (Patyka et al., 2019).

It is known that the morphometric parame-
ters of the growth and development of cultivated
plants do not change significantly depending
on the method of using microbial prepara-
tions, both when treated with the culture fluid
of the producer strain and the supernatant of
the bacterial culture fluid (O'Callaghan, 2016;
Gadzalo et al., 2019). Scientists from around the
world have shown that such treatments equally
contribute to the improvement of biometric
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parameters of the culture. In addition, the forma-
tion of growth parameters of agricultural plants
depends on the rate of application of the microbial
preparation. Microbiological regulation of growth
processes is an effective means of increasing the
resistance of cultivated plants to adverse environ-
mental factors and increasing crop productivity
(Pandey et al,, 2018) by mobilising the potential
capabilities of the plant organism.

The study of O. Lastochkina et al. (2020) con-
firms the results (Fig. 1) and proves the protective
effect of Bacillus subtilis (strain 10-4) against
drought stress. The bacterium was applied by
biopriming to wheat seeds that were either sen-
sitive (T. aestivum cv. Salavat Yulaev) or tolerant
(cv. Ekada 70) to drought conditions during the
germination phase. B. subtilis promoted germi-
nation and plant growth of 6-day-old seedlings
(both length and fresh/dry weight of roots and
shoots) under normal growth conditions and
rapidly activated specific metabolic adaptations
to drought stress conditions by reducing lipid
peroxidation, proline content and electrolyte
leakage in 21-day-old seedlings.
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Figure 1. The activity of physiologically active metabolites of B. subtilis strains
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As a result of the studies, the complex pa-
rameters of stimulation of B. subtilis bacteria
were determined by analysing the germination
parameters of the test crop Triticum aestivum L.,
namely: energy, germination, speed, and friend-
liness of germination, as well as seedling weight

and root weight (based on the cell load per seed).
The most positive effect on wheat seed germi-
nation was observed for B. subtilis inoculants
applied to seeds in mature technological forms
(spore culture) and at the rate of 2.0x107 cells per
seed (Table 1).

Table 1. Biometric indices of germination of the test culture Triticum aestivum L. under the
influence of inoculation cultures of spore-forming bacteria B. subtilis, model experiment

Experiment variants Germinatci)on Root system % to control Length o g
energy, % length, cm seedlings, cm control
for the use of vegetative cells
Control (water treatment) 89.0+14 127419 - 9.8+2.6 -
B. subtilis H3 90.2+2.8 13.6+1.9 107.0 9.0+2.0 91.8
B. subtilis H10 90.6+24 12.0+19 94.5 8.6+21 87.8
B. subtilis H13 90.0+2.8 12.2+17 96.1 8.3+2.0 847
B. subtilis H36 90.0+2.8 14.3+1.6 112.6 104+16 106.1
B. subtilis H38 89.3+14 14.0+1.6 110.2 85+20 86.7
B. subtilis H40 89.7+14 12.8+19 100.8 9.6+2.0 98.0
B. subtilis H43 90.5+2.8 13.0+17 1024 11.5+3.5 1173
B. subtilis H45 91.0+24 14.0+16 110.2 11.2+3.5 1143
for using a mature spore culture

B. subtilis H3 90.7+2.8 14.3+16 112.6 11.8+19 1204
B. subtilis H10 96.0+1.5 14.8+17 116.5 11.5+16 1173
B. subtilis H13 96.4+15 137+#19 107.9 116416 1184
B. subtilis H36 96.5+1.5 141+11 111.0 12.0+1.8 1224
B. subtilis H38 96.2+1.5 13.8+19 1087 12.3+2.0 125.5
B. subtilis H40 90.7+2.8 13.5+2.3 106.3 10.3+16 1051
B. subtilis H43 93.5+3.8 14.3+16 112.6 12.0+1.8 1224
B. subtilis H45 917+2.4 14.5+16 114.2 12.2+35 124.5

Source: compiled by the authors

The positive effect of microbial prepara-
tions based on Bacillus subtilis sp. on the biom-
etric parameters of winter wheat plants was
also noted in the works of other authors (Liu
et al., 2017). Several scientists have described the
positive effect of both synthetic growth stimu-
lants (Calvo et al, 2014) and microbial prepara-
tions with growth-stimulating effects (Yadav &
Chandra, 2014) on plant growth and development.
However, microbial preparations are usually
used classically, namely for seed bacterisation.

The laboratory germination rate of winter
wheat seeds was more than 92.5% and tended to
actively form future seedlings and roots. In gen-
eral, the germination rate of the test crop met

Plant and Soil Science, (14)3

the requirements for the seed. A slight decrease
in seed germination under the roll method is
compensated by its rapid germination, higher
seedling formation index and relatively better
growth and development rate.

The germination energy of winterwheat (Trit-
icum aestivum L.) seeds increased by 96.5% when
using B. subtilis inoculant bacteria. It should be
noted that the use of spore-forming bacteria acti-
vates the growth of primary roots of winter wheat
plants and, in general, increases the length of the
root system (by 6.3-16.5%, respectively, compared
to the variant without treatment with the strains).

The treatment of the biotest with inoculated
cultures of B. subtilis led to an increase in the raw
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weight of seedlings by 84.0-109.6%, depending
on the experiment variant, compared to the con-
trol (Table 2), which indicates the growth-stimu-
lating properties of the new strains.

The data obtained indicate the biological
characteristics of the experimental strains of
B. subtilis, which are associated with the for-
mation of effective plant-microbe interactions
through the exchange of exometabolites. The
mechanisms of interaction between bacteria and
plants are controlled by both partners and provide
them with mutual benefit. This interaction results
in the stimulation of plant growth and develop-
ment and stabilisation of its production process.

It is known that the inoculation of plants
with cytokinin-synthesising bacteria stim-
ulates the accumulation of biomass of both

shoots and roots (Liu et al., 2017). According to
the studies, it was found that the mass of roots
using B. subtilis cultures in the form of vegeta-
tive cells (B. subtilis strains H3, H10, H13, H36,
H43) was 11.8-44.0% lower than in the control.
The use of mature spore culture of B. subtilis
(B. subtilis H38, H40 and H45) resulted in an in-
crease in root weight by 4.8-11.3% compared to
the control variant without bacterisation. Thus,
the effect of the studied inoculant strains on
the weight of the primary roots of test plants
was unequal, and bacterisation of Triticum aes-
tivum L., in general, promotes better develop-
ment of the root zone of test plants (which may
further affect the activation of the adsorption
capacity of roots to absorb nutrients from the
substrate medium, soil) (Table 2).

Table 2. Influence of B. subtilis inoculation cultures on the wet weight of seedlings
and roots of Triticum aestivum L.

Experiment variants ‘ Raw weight of roots, mg ‘ % to control | Raw weight of seedlings, mg | % to control
for the use of vegetative cells
Control (water treatment) 85.0+3.6 - 103.5+6.3 -
B. subtilis H3 75.0+104 88.2 110.0+4.1 106.3
B. subtilis H10 55.5+4.5 65.3 89.0+18.0 86.0
B. subtilis H13 56.0+4.5 65.9 8734184 84.0
B. subtilis H36 76.0+74 894 104.8+6.0 100.5
B. subtilis H38 89.0+34 1047 102.7+5.8 99.2
B. subtilis H40 87.5+14.4 102.9 102.5+5.5 99.0
B. subtilis H43 76.4+70 899 1085451 104.8
B. subtilis H45 94.0+9.8 1106 107.848.6 104.2
for using a mature spore culture

B. subtilis H3 76.3+70 89.8 110.2+4.0 106.5
B. subtilis H10 75.8+111 89.2 105.3+6.6 1017
B. subtilis H13 79.0+5.7 929 105.5+6.6 1019
B. subtilis H36 83.2+3.6 979 113.0+41 109.2
B. subtilis H38 90.0+9.6 105.9 1134+41 109.6
B. subtilis H40 891+34 104.8 106.0+51 1024
B. subtilis H43 80.3+37 94.5 110.5+4.0 106.8
B. subtilis H45 94.6+59 1113 110.0+4.1 106.3

Source: compiled by the authors

Summarising the results of the research, it
can be noted that new strains of B. subtilis in the
form of inoculated cultures had a positive effect
on the development of winter wheat Triticum
aestivum L., which indicates the production of
extracellular hormonal substances by bioagents

in different concentrations, the so-called stim-
ulatory effect. The mature technological forms
of B. subtilis inoculants accelerated the germi-
nation of wheat seeds and activated the growth
of primary plant roots and the formation of their
root system. The growth-stimulating properties
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of the new B. subtilis strains were also confirmed
by the increase in the biomass of both seedlings
and plant roots.

CONCLUSIONS

The signalling response of plants to bacterial in-
oculants in vivo depends on several environmen-
tal factors, including plant genotype, which can
significantly reduce the efficiency of their prac-
tical use. However, pre-sowing seed treatment
remains the most affordable and effective agri-
cultural measure today. Since plant-microbial in-
teraction (colonisation of the rhizosphere, plant
phylloplane; production of antimicrobial me-
tabolites, physiologically active, phytohormonal
substances of auxin, gibberellin, cytokinin nature
and vitamins; induction of systemic resistance in
the plant, etc.)is considered an important mecha-
nism of biological control of agricultural systems.

Following research results, it is shown that
the data obtained at the level of model testing of
B. subtilis bioagents on winter wheat (Triticum
aestivum L.) plants allow us to identify the posi-
tive effect of inoculants associated with the main
indicators of plant growth and development and
to trace the stimulating effect when using opti-
mal dilutions of the culture fluid. The exogenous
supply of active metabolites to plants upon in-
troduction of B. subtilis strains makes it possi-
ble to optimise the processes of organogenesis.
It was found that at dilutions of 1:10, 1:50, 1:100,

B. subtilis strains is largely due to the production
of exometabolites that are concentrated in the
culture medium. At the same time, the native
culture fluid of B. subtilis strains H10, H13, H40,
H43 and H45 inhibits growth processes, which
indicates the activation of auxin-like compounds
producers in the culture fluid. In the analysis of
the effectiveness of plant-microbial interaction
in the case of inoculation with different techno-
logical cultures of B. subtilis, the expediency of
using mature spore cultures of B. subtilis spore
cultures (2.0x107 cells per seed), which makes
it possible to manifest the growth-stimulating
properties of new strains, in particular, according
to the parameters of the raw weight of seedlings
and roots of Triticum aestivum L. Thus, the knowl-
edge about the peculiarities of the influence of
new strains of B. subtilis on the development of
winter wheat as promising inoculants with the
effect of growth stimulation has been expanded.

The search for new producer strains with a
protective and stimulating effect and the study
of their peculiarities of influence on the plant
organism is a promising scientific direction.
This will reveal new patterns of spore-forming
bacteria and their role in the nutrition of culti-
vated plants and is also necessary for improving
microbial inoculants to increase their manufac-
turability and efficiency when used in modern
crop cultivation technologies.

1:500, the stimulating effect of bioagents was ob- ACKNOWLEDGMENTS
served: from minimal (B. subtilis strains H3, H10, None.
H13, H36 in the case of dilution of the culture
fluid 1:500, to the maximum stimulating effect CONFLICT OF INTEREST
at dilution 1:100). Thus, the biological efficacy of ~ None.
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Oco6nuBocTi Bnnusy wtaMmiB Bacillus Subtilis Ha po3BUTOK
Triticum Aestivum L. y pa3i 3acTocyBaHHS
iHOKYNALIMHUX KY/IbTYP

AHOTaUif. AKTyaIbHICTb JOCTIIKEHHS [IOJIATaE Y HeO6XiAHOCTI BUBUEHHA IITaMiB 6arTepini Bacillus
subtilis, AKi TTO3UTUBHO BIUIMBAIOTE Ha PICT i PO3BUTOK POCJIUH Ta MPOSBISIOTE CTUMY/IIOBAIBHUM
ebeKT 3a ONMTUMaNbHUX 6aKTepiaJIbHUX HaBaHTAKEHHAX. [IOCIIIKEHHS Mae BeJIMKe 3HAYEHHS
IJIS CiJIBCBKOTO TOCIIOApCTBa, €KOJIOTil Ta CTajioro PO3BUTKY. MeTa IOCIHIJ)KeHHS IIONATaE y
BU3HAYEHHI BIUIMBY HOBUX IITaMiB B. subtilis (H3, H10, H13, H36, H38, H40, H43, H45) Ha pO3BUTOK
[IPOPOCTKIB IMIIeHUIT 03uMoi (Triticum aestivum L.) y pasi 3acToCyBaHHSA IHOKY/IAI[IMHUX KyJIBTYp. B
Po60Ti BUKOPUCTAHO JTab0paTOpHi, BereTallifiHi Ta MaTeMaTUYHO-CTaTUCTUYHI MEeTOIM: TTNOUHHE
KyJIBTUBYBAHHA IITaMiB, PYJIOHHUM METOZ, ITPOPOLIYBAHHSA HACIHHSA TeCT-POCINH, 06p0o6Ka JaHUX
3a mporpaMamu Statistica 8.0, MS Excel. V3arajpHeHO pe3ysbTaTu MOZEIBHOTO AOCIIiLy CTOCOBHO
BIUIMBY KYJIBTYpaJIbHUX piAuH IITaMiB B. subtilis 3a pisHMX TexHoNMOTiuHMX $OpPM i pO3BeneHb
Ha PiCT i pO3BUTOK TECT-POCJIUH IIIIeHHLi. BCTaHOBNEHO, 110 IIpU po3BedeHHax 1:10, 1:50, 1100,
1:500 criocTepiraeTbcsi CTUMYyJIIOBaJIbHA i 6i0areHTiB, a MaKCUMAaJbHUN epeKT OCATAEThCA
pu po3BezeHHi 1:100. TIoka3aHo, 110 HANWOIBIINY TO3UTUBHUY BIUIMB Ha ITPOPOCTAHHSA HACIHHA
MIIIEeHUITi MaJy iIHOKYNISHTU B. subtilis, IKi HAHOCWIM Ha HACiHHA y 3piUInxX TeXHOIoTivHuX dopMax
(criopoBa KyneTypa, 2,0x107 KITITYH Ha HaciHuHY). EHepria mpopocTtaHHsa Haciuuda Triticum aestivum L.
MMIBUIIYETHCA TIPY B3a€MOI] 3 iHOKy/maHTaMu B. subtilis o 96,5 %, a TaKOXK 361IBIIYETHCSA CUpa
Maca IPOPOCTKiB Ha 84,0-109,6 % 3ajieskHO Bif, BapiaHTy AOCIiAy MOPIBHAHO 3 KOHTPOJEM, 110
CBiJYUTD IIPO PICTCTUMYIIOBaIbHI BJIACTUBOCTI HOBUX IITaMiB. JloBeZieHO, 10 38 BUKOPHUCTAHHS
3pinux KyneTyp B. subtilis H38, H40 i H45 BimbyBaeTbca 3pocTaHHA Macu KopeHiB Ha 4,8-11,3 %
TTOPIiBHAHO 3 KOHTpoOJIeM 6e3 6arTepwusaliii. IIpy 06po6Ili KyabTypaabHUMU piguHaMu B. subtilis
H3, H10, H13, H36, H43 y dopmi BeretaTBHUX KJIITUH Maca KOpeHiB 3MeHIyeTbca Ha 11,8-44,0 %
TIOPiBHSHO 3 KOHTPOJIEM. BUKOPUCTaHHS IOCIiKeHUX MTaMiB B. subtilis epeKTUBHO BIUIMBaE
Ha PO3BUTOK IIIIEHUI]I 03UMOI i € IEepPCIeKTUBHUM IHOKYJISAHTOM 3 ePeKTOM piCTCTUMYJIALIi.
[TpaKkTUYHe 3HaUEeHHS JOCIiIKeHHS [I0JIAra€e ¥ PO3yMiHHI Ta BU3HAYeHH] ITOTeHLITHUX KOPUCTEeN
Biz 3acTocyBaHHSA mwTaMiB 6akTepint Bacillus subtilis njis MigBUIIEHHS POCTY i PO3BUTKY POCIIMH,
30KpeMa 03uMoi minenuti (Triticum aestivum L.)

KniouoBi cnoBa: 6akTepiaIbHUY iHOKYITHT; pOCIMHY; HACIHHS; TIIIEHUIII 03UMa; PiCT; CTUMYJTIO-
BaJIbHi BJIACTHUBOCTI
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Development of biologically engineered corn
growing technologies

Abstract. Agricultural producers use large quantities of mineral fertilisers and plant protection
products, which leads to soil, seed and environmental pollution and reduces the profitability
of production. Modern agriculture starts to shift its focus to biologisation, which includes the
development and implementation of environmentally friendly alternative systems, the reduction
of chemicals, the introduction of energy and resource-saving technologies, use of biological plant
protection products and bio-organic fertilisers. The research aims to investigate the effectiveness of
biological technologies for growing maize in an environmentally friendly way using various organic
fertilisers. The following methods were used to study the new corn growing technology: analysis,
synthesis, analogy, comparison, and generalisation; field and laboratory, calculation - assessment
of economic and bioenergy efficiency. To study the effect of organic fertilisers of different biological
origins on the assessment of the humus state of typical chernozems, field experiments were
conducted to assess the impact on corn grain yield in the Ukrainian Steppe. After the application of
organic fertiliser, the limits of organic carbon content in humus were 3.2-3.5%, humic acid 1.9-2.2%,
and fulvic acid 0.7-1.0%. In the experimental samples of maize grain, the content of crude protein
ranged from 13.5t0 14.0%, crude fat from 2.4 to 2.7%, crude fibre from 2.1to 2.4%, crude ash from 1.3 to
17%, and nitrogen-free extractives from 64.7 to 67.4%, moisture from 12.0 to 14.9%. The grain yield in
the control variant was 9.7 t/ha, and in the experimental plots, it was 11.5-13.4 t/ha. The data obtained
can help in the development of biologically based maize cultivation technology following the
ecological gradient of cultivation and yield with optimisation of the studied agrotechnical methods
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Development of biologically engineered corn growing technologies

INTRODUCTION

Climatic conditions have been changing rap-
idly in recent years, but to continue sustaina-
ble harvesting, it is necessary to improve crop
production technologies. Modern grain growing
technologies harm the technical, biochemical,
and hygienic quality of the grain, and they also
pollute the soil and the environment with toxic
substances that reduce its biological activity and
contribute to the accumulation of hazardous
chemicals in groundwater. The dependence on
chemicals and their indiscriminate use in mod-
ern agriculture can cause serious environmen-
tal problems: water eutrophication, soil acidifi-
cation and air pollution.

Maintaining soil fertility with sufficient or-
ganic matter of animal origin and growing envi-
ronmentally friendly products is one of the ways
to develop cost-effective crop production. The use
of biobased technologies to produce high-qual-
ity crops requires improving fertiliser systems
and addressing the issue of plant protection
against pests and diseases, so the development
of new elements of environmentally friendly
grain-growing technology and the improvement
of existing ones is of great importance.

Demand for organic crop production and
certified organic food is growing rapidly in eco-
nomically developed countries, and according to
the Organic Trade Association (2023), corn pro-
duction is growing steadily every year. Ukraine
needs to develop a strong production and sci-
entific potential in the field of crop production
with large-scale application of biological farm-
ing methods and production of environmentally
friendly agricultural products, and a developed
organic agriculture sector.

Corn is the main grain and fodder crop in
Ukraine and is of strategic importance in agri-
cultural production, as its grain is used in large
volumes in the food, industrial, livestock and
medical sectors. O. Garazha (2021) considers that
anincreaseinthe gross harvest of corn should be
achievedexclusivelybyincreasingcropyieldsand
by introducing the latest innovative cultivation
technologiesthatensuretheefficientuseofagro-
climatic, material and technological resources.

Where agronomic and biological weed con-
trol measures are ineffective, one of the most ac-
ceptable methods of control in maize crops is the

&)

use of chemical protection products. O.H. Milenko
et al. (2020) report that intensive cultivation of
modern high-yielding maize hybrids involves
the application of effective herbicides for weed
control - Tornado, Zenkor, Prima, Roundup, Stel-
lar, Harness, Master Power, Primexra Gold, but
their main difference from other plant protection
products is their high toxicity, in addition, they
contain toxic organic and inorganic compounds
that quickly penetrate weed tissues through the
leaf apparatus and roots, inhibiting the synthesis
of amino acids and stopping the vegetative pro-
cesses of plants. According to B. Fuchs et al. (2022),
the scope of application of biochemical herbi-
cides is increasingly being improved, which are
conventionally divided into four groups: micro-
bial preparations of toxic action; crude extracts
of plant or microbial origin; individual natural
compounds and their mixtures with varying de-
grees of purification; synthetic analogues of nat-
ural compounds. Practical trials by O.P. Stetsiuk
et al. (2022) reported that it is better to use ef-
fective herbicides but to mitigate the negative
impact on the culture, it is recommended to use
them in tank mixtures with Biocomplex AT, which
is a culture liquid of living soil microorganisms
Azotobacter chroococcum, Bacillus subtilis, Bacil-
lus megaterium and organic elements in the form
of chelated organic compounds.

Following T.Yu. Marchenko et al. (2021), bi-
ological products are used in the cultivation of
corn for grain by treating seeds with Ecolist-
grain at a dose of 4 1/t, Rostok-grain - 4 l/t, Na-
nomix-corn-seed treatment - 4 1/t, Reakom-SR-
grain - 4 1/t, Quantum-grain - 4 l/t. According
to K. Bhatt et al. (2022), organic production uses
plant protection products against diseases and
pests based on microbial biological products of
endophytic bacteria Azotobacter; Bacillus subti-
lis; Bacillus polymyxa; Latobacillus; Enterococcus
at the recommended dose for seed treatment
before sowing - 2.0 l/t, during the growing sea-
son - 0.8 1/ha. The biopolymer and effective ad-
hesive Liposam are applied at doses of 0.31/t and
04 1/ha. To ensure control of pests such as corn
and meadow butterflies, Lepidocid is used - a
biopesticide of spore protein crystals of bacte-
ria Bacillus thuringiensis var. Kurstaki, which is
sprayed on crops during the growing season at a
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dose of 3.0 I/ha. Z. Zhang et al. (2022) found that
to promote the degradation of cellulose residues
and to reduce soil phytotoxicity, it is necessary to
use complex biodegraders of stubble-contain-
ing enzyme complexes of cellulosolytic action.

Given the analysed studies, the question of
the effective use of available organic fertilisers
of animal and plant origin arises, with a com-
parison of the main chemical parameters of soil
composition and the impact on the yield of vari-
ous crops. The research aims to study the effec-
tiveness of biological technologies using organic
fertilisers in growing corn for grain in an envi-
ronmentally friendly way.

LITERATURE REVIEW

Global yields and productivity of corn (Zea
mays L) have doubled since the early 90s of
the last centuries, and the significant increase
in yields is mainly due to chemical fertilisers,
breeding and crop care. According to the Agrar-
ian Information Agency (Korol, 2022), a record
corn harvest of 12.1 million tonnes was harvested
in 2021-2022, which is 74% more than in pre-
vious seasons. About 32% of the world’s corn is
used for food, while the remaining 60% is used
to produce livestock and poultry feed.

Maize is a plant with independent inflores-
cences, the structure of which differs from that
of other cereals. The male inflorescence (anthers)
is a pinnate inflorescence, and the female inflo-
rescence (pistil) is a pointed inflorescence with
three or four ears per plant, of different sizes and
shapes. According to L. Wang et al. (2022), the
characteristics of maize hybrids are given, they
are represented by cobs of cylindrical and slightly
conical shape, but the number of rows of grains
in one ear varies from 8 to 20, but sometimes up
to 30. Maize kernels are single-seeded fruits con-
sisting of an endosperm embryo and an outer
fruit coat. The colour of the seeds can be white,
cream, yellow, orange, red, or even black. De-
pending on the maize hybrid, the weight of 1000
seeds ranges from 100-150 g to 300-400 g.

The commonly used system in Ukraine is
the Food and Agricultural Organisation (2016)
(FAO) maize hybrid classification, where the va-
riety of varieties is divided into 900 units from
100 to 999. There are five maturity groups of
corn hybrids: FAO 100-200, early maturity -
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90-100 days; FAO 201-300 medium early matu-
rity — 105-115 days; medium late maturity FAO
301-400 - 115-200 days; medium late maturity
FAO 401-500 - 120-130 days; late maturity FAO
501-600 - 135-140 days.

Haphazard implementation of these meas-
ures and failure to consider predecessors and
crops sown in subsequent years leads to low ef-
ficiency and field abandonment. According to
S. Maitra et al. (2022), proper crop rotation is of
great importance in biobased crop production
technology, which provides favourable condi-
tions for soil fertility and crop yields. Crop rota-
tion is used for fertilisation systems, mechanical
tillage or crop protection against weeds, pests,
and pathogens. Since corn has a high nitrogen
requirement, the main precursors should be
legumes (peas, soya beans, fodder beans, chick-
peas, and lupins), one- to two-year artificial
grasses, green manure, and compost.

According to the study of J. Wagemans
et al. (2022), biological plant protection products
are selective, rapidly biodegradable chemicals
for plant protection that are safe for the environ-
ment due to their properties. Biological plant pro-
tection products can be divided into the following
groups: based on crude extracts of natural origin:
alcohol extracts, aqueous extracts, essential oils,
etc,; purified or individual natural compounds;
the effect on pests is caused by toxins produced
by microorganisms; synthetic derivatives or ana-
logues of substances of natural origin.

Biological plant protection products can act
as immune inducers, growth regulators, and
detergents to help plants avoid serious damage
from pestinfestations. According to M.H. Saleem
et al. (2022), minerals play an important role in
the life of maize plants, as maize growth in the
early stages before the formation of the first
aboveground node is very slow, and the root
system is poor and cannot intensively absorb
nutrients from the soil. According to research
by O. Voloshchuk et al. (2021), when developing
fertiliser systems, it is necessary to consider that
developing maize plants need zinc, boron, mo-
lybdenum, cobalt, manganese, and copper. The
critical period of maize growth is the formation
of seven to eight leaves, but mineral nutrition at
this stage improves grain quality by increasing
the grain size of the cobs.
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W. Shi et al. (2020) noted that the use of dif-
ferent doses of mineral fertilisers on podzolic
chernozems in field crop rotations can increase
corn yields by up to 77%, with the highest figure
reaching 13 t/ha and achieved when applying
N, P..K,, mineral fertilisers per 1 ha of crop ro-
tation area, but the removal of the nitrogen com-
ponent reduces corn yields by 47%, phosphorus
by 25% and potassium by 19%.

Humus, peat, ash, compost, and poultry
manure are common types of organic fertilisers,
and sapropel, an organic silt, is relatively new.
According to a study by C. Andorf et al. (2019), the
use of organic fertilisers is an effective way to
enrich the soil with organic matter, which turns
into humus and significantly increases fertil-
ity, especially since 1 tonne of organic fertiliser
produces 35-50 kg of humus. Organic fertilisers
produce fulvic and humic acids in the soil, which
directly affect plant productivity and resistance
to stressful growing conditions.

MATERIALS AND METHODS

Theoretical methods were used in the study of
biologically enhanced maize cultivation tech-
nologies: analysis and synthesis, comparison -
to assess the economic and bioenergy efficiency
of maize hybrids; statistical - to establish the
reliability of the research results and their de-
pendence on the influence of anthropogenic
factors. Empirical methods: field - analysis of
the interaction between the object and the nat-
ural environment in combination with yield
measurement and biometric data; laboratory -
measurement of soil and grain moisture, key
grain quality indicators.

The meteorological conditions during the
years of research fully reflected the climate of the
Mykolaiv region. The climate is arid continental,
hot, and windy, with frequent dry winds; the max-
imum direct solar radiation occurred in July with
an average temperature ranging from 25 to 39°C.

The study was carried out at the Oasis
farm in Ivanivka village, Pervomaiskyi district,
Mykolaiv region, in 2021. The object of the study
was a high-yielding medium-early hybrid of
corn DN Slavytsia FAO 270, with an average yield
of 10-12 t/ha. The recommended density for the
harvesting period for the Southern Steppe re-
gion was 40-50 thousand plants/ha. According

to the recommendations made by M.I. Bakhmat
et al. (2022), the seeding rate of maize in organic
farming should be 10-11 seeds/m? The experi-
mental variants were arranged in a split-plot
designin three replications. The total experimen-
tal area was 2.44 hectares. During the research,
we used the corn cultivation techniques recom-
mended for the conditions of the region. During
the experiment, a weed control strategy was de-
veloped: after sowing, blind harrowing was per-
formed, and when the first, third and sixth leaves
appeared, scheduled cultivation was carried out.
To stimulate growth and avoid the harmful ef-
fects of the herbicide on maize seeds, they were
treated with a culture liquid containing a com-
position of live soil microorganisms and organic
elements Azotobacter chroococcum, Bacillus sub-
tilis, Bacillus megaterium at a dosage of 1.5 1/t.

The maize parameters were determined
by methods established by quality standards
following the current regulatory documenta-
tion DSTU-4525:2006 (2007). During the labo-
ratory test, special methods were used follow-
ing generally recognised standards in biology
and complex biochemical research edited by
V.V. Vlizlo (2012): total Nitrogen content con-
verted to crude protein by the Kjeldahl method;
crude fat by the method of extraction with or-
ganic solvents, crude fibre, or dietary fibre;
crude ash, nitrogen-free extractives (NFE).

The soil of the experimental site is a
podzolised heavy loamy chernozem, charac-
terised by a groundwater depth of 20-22 m, a
humus percentage of 31-3.2%, acidity by pH
5.7-6.8, hydrolytic acidity 4.4-4.8 mg/equivalent,
absorption capacity - 25.1-28.9 mg/equivalent,
base saturation - 84-87%, alkaline-hydrolysed
nitrogen compounds, mobile phosphorus, and
potassium compounds - 8-11 mg, 9-12 mg, 12-
16 mg per 100 g of soil, respectively.

Low natural soil fertility in the study area
is one of the factors contributing to low maize
yields, but increasing crop productivity can be
achieved by using a balanced plant nutrition sys-
tem (organic fertilisers and micronutrient fer-
tilisers) that considers the hybrid’s response to
the proposed rates and adjustments at different
stages of crop development. To improve the yield
of maize hybrids in the arid zones of the Steppe,
seven variants of control and experimental plots
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were laid out in three replications with the appli-
cation of high-quality organic fertiliser:

> 10 t/ha of semi-rotted cattle manure;

» 15 t/ha of semi-rotted cattle manure;

» 7 t/ha of semi-rotted sheep manure;

> 14 t/ha of semi-rotted sheep manure;

» grain straw in doses of 8 t/ha and 16 t/ha.

The experiment used a simply improved
corn hybrid DN Slavytsia for grain, devel-
oped by the Institute of Grain Farming of the
National Academy of Agrarian Sciences of
Ukraine, which is characterised by high yield,
and drought resistance and is recommended for
cultivation in the Ukrainian Steppe. The corn
hybrid DN Slavitsa is characterised by a pow-
erful root system that effectively uses the nat-
ural fertility of soils; it is resistant to root and

stems rot, callus, helminths, rust, and lodging;
it is suitable for cultivation with minimal or
no tillage; it forms a flinty-toothed grain type
suitable for cultivation technology in areas of
insufficient moisture; it quickly releases mois-
ture when fully ripe.

Semi-rotted manure was used as organic
fertiliser, which is formed 3-4 months after ma-
nure collection and storage, resulting in a ho-
mogeneous mass with losses of nitrogen and
organic matter of up to 50%. Humus is a source
of energy for all biological processes and an ad-
sorbent for pesticides and heavy metals in the
soil. Organic fertilisers applied: semi-rotted
cattle manure, semi-rotted sheep manure, and
grain straw. Table 1 shows the quality of typical
chernozem in the 0-20 soil layer.

Table 1. Humus fractional composition

Experiment variant Toontent % | of camonfootpring % | content % | content,%
Control 5.28 3.07 1.81 0.81
Semi-rotted cattle manure 10 t/ha 541 3.54 187 092
Semi-rotted cattle manure 15 t/ha 528 348 198 097
Semi-rotted sheep manure 7 t/ha 5.67 349 210 0.84
Semi-rotted sheep manure 14 t/ha 5.80 345 2.21 0.89
Cereal straw 8 t/ha 5.82 3.38 200 0.75
Cereal straw 16 t/ha 548 318 205 0.80

Source: compiled by the authors
RESULTS

Soil quality was determined according
to DSTU 7855:2015 (2016), based on the group
composition of humus by the Turin method as
modified by Kononova and Belchikova. Harvest-
ing and accounting of the crop were carried out
manually from each experimental plot using the
gravimetric method at the stage of whole grain
ripening. Grain moisture was measured from
samples of 30 cobs taken during harvesting. The
sowing qualities of maize hybrid seeds were de-
termined according to DSTU 2240-93 (1994) and
DSTU 4138-2002 (2004). The results of the study
were processed using a computer and infor-
mation systems software, using the methods of
analysis of variance, correlation, and statistical
analysis. The study was conducted in compli-
ance with the requirements of the Convention
on Biological Diversity (1992).

Plant and Soil Science, (14)3

Technical process planning should consider the
realisation of weather and economic conditions,
clearly define the potential of the growing area
of specific fields and reduce the impact of stress
factors. Since improper selection and inappro-
priate use of hybrids are one of the reasons for
low yields, it is necessary to study ways to op-
timise growing conditions for different plant
biotypes, as well as the adaptive function and
agronomic stability of hybrids. The situation at
each experimental site requires careful devel-
opment of weed control technology, and one
of the most commonly used methods in maize
crops is currently the use of chemical protection
products. At the beginning of the growing sea-
son, maize plants develop very slowly and are
unable to compete with weed species adapted to
cool spring days. In biobased organic production
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technology, the main soil cultivation is carried out
by ploughing, harrowing, and then planning the
sowing, allowing weed seeds to move to deeper
layers that cannot germinate from a depth of
1cm - by 30%, from a depth of 4 cm - by 95%.

The agro-climatic conditions and the length
of the growing season of maize hybrids allow for
the cultivation of different maturity groups of
maize hybrids. Corn hybrids should be selected
based on their adaptability to the conditions of a
particular soil and climatic zone, high and stable
yields, and low pre-harvest moisture content. In
the Southern Steppe zone, 30-35% of corn grain
is recommended for early and mid-season
groups and 50-70% for medium-late groups.
Medium and late-ripening corn varieties dif-
fer in the total temperature required to achieve
biological ripeness from the panicle ejection
phase to the onset of biological ripeness of the
grain. In 2021, the sum of the active tempera-
tures from sowing to harvesting of corn varied
from 2644°C to 2758°C.

The influence of organic fertilisers on the
qualitative composition of humus showed that
the content of humic acid fractions changed in
all studied varieties compared to the control.
All maize hybrids did not show a tendency to
decrease the total content of humic substances
in the soil compared to the control. However, it

should be noted that the limits of organic carbon
content were 3.2-3.5%, compared to the control
of 31%; humic acids - 1.9-2.2% compared to the
control of 1.8%; fulvic acids — 0.7-1.0% compared
to the control of 0.8%.

Phenological observations indicate that hy-
drothermal conditions during the growing sea-
son of 2021 influenced the timing of the main
phases of maize hybrids’ development. As a result
of the research, the timing of the interphase peri-
od of maize hybrid development was established:
when the hybrid was sown on 22 April, the sow-
ing-germination period was maximum and equal
to 12 days; from germination to panicle flowering,
it was noted as long - 59 days; from panicle flow-
ering to milk ripeness of grain - 14 days; from
milk ripeness to full grain ripeness - 27 days.

Organic fertilisers are one of the most im-
portant elements of modern crop cultivation
technologies, allowing not only to significantly
increase yields but also to improve their quality.
For maize, as a crop with high individual produc-
tivity and low ability to compensate for nutrient
deficiencies, it is important to evaluate the fol-
lowing parameters: cob length, cob diameter,
number of rows of seeds, number of seeds per
row, weight of 1000 seeds of the structure is the
average number of seeds per cob, the data of the
experiment are shown in detail in Table 2.

Table 2. Elements of maize yield structure under organic fertiliser application

. . Cob Cob diameter, Number Number of Mass of 1000
Experiment variant ] of rows of seeds per
ength, cm cm seeds, g
seeds, pcs. oW, PCS.
Control 15.2 37 135 304 223
Semi-rotted cattle manure 10 t/ha 16.2 3.8 137 341 263
Semi-rotted cattle manure 15 t/ha 16.6 3.9 139 34.6 267
Semi-rotted sheep manure 7 t/ha 161 30 13.8 339 263
Semi-rotted sheep manure 14 t/ha 16.8 40 130 330 270
Cereal straw 8 /ha 154 37 133 301 238
Cereal straw 16 /ha 15.6 3.8 13.5 309 244

Source: compiled by the authors

The number of rows of seeds in a cob is a ge-
netically determined always paired trait, in dif-
ferent hybrids it is more often from 12 to 14 pcs.,
but to a lesser extent depends on the growing
conditions. In the experiment, the number of
seeds in a row ranged from 304 to 34.6 pcs.

Analysis of the number of rows of seeds (13.0-
13.9 pcs.) significantly affects the supply of plants
with moisture and temperature, but also affects
the efficiency of the use of applied nutrients.

An important structural indicator character-
ising productivity was the weight of 1000 seeds,
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which depended on the morphological charac-
teristics of the hybrid itself and fertiliser options.
The control sample without fertilisers and irriga-
tion had the lowest weight of 1000 maize seeds -
223 g, but with the introduction of 15 t/ha of
semi-rotted cattle manure, the figure was 267 g,
which is 44 g more than in the control. When
analysing the weight of 1000 seeds by years of

research, it should be noted that weather condi-
tions during the growing season of 2021 affected
the efficiency of nutrient use from the soil.

Grain yield is an important final indicator of
the efficiency of maize cultivation technology,
which informs how efficiently the plant absorbed
solar energy and used energy resources at the
end of the growing season, as shown in Table 3.

Table 3. The yield of corn grown for grain in 2021, t/ha

Experiment variant Repetition Average
1 2 3

Corn grain, control 945 1013 9.53 970+0.37
Corn grain, semi-rotted cattle manure 10 t/ha 1219 13.37 12.01 12.52+0.74
Corn grain, semi-rotted cattle manure 15 t/ha 12.90 14.28 1315 13.44+074
Corn grain, semi-rotted sheep manure 7 t/ha 1115 12.56 11.82 11.84+0.71
Corn grain, semi-rotted sheep manure 14 t/ha 12.00 13.88 12.67 12.85+0.95
Corn grain, grain straw 8 t/ha 1115 12.46 10.86 11.49+0.85
Corn grain, grain straw 16 t/ha 11.34 1216 1144 11.64+045

Source: compiled by the authors

The data in Table 3 show that the grain yield
of maize hybrid DN Slavytsia in three replica-
tions, which in the control variant was 97 t/ha,
in the experimental variant - 11.9 t/ha. The use
of bioorganic fertilisers in the form of semi-rot-
ted cattle manure, semi-rotted sheep manure

and grain straw increased the yield by 14-2.8 t/ha
compared to the control. A common analysis
in agriculture is the determination of the main
nutrients listed in Table 4: protein, fat, ash, fibre,
and NFE. Nutrient components are called crude
because they are not pure and contain impurities.

Table 4. Chemical composition of corn kernels in terms of natural substance, %

Experiment variant Humidity | Protein | Fat | Fibre | Ash Niet)f; %ig;g:e
Corn grain, control 1318 1319 263 | 240 | 160 6700
Corn grain, semi-rotted cattle manure 10 t/ha 12.88 13.50 274 | 233 | 165 66.90
Corn grain, semi-rotted cattle manure 15 t/ha 14.87 13.88 | 268 | 220 | 166 64.71
Corn grain, semi-rotted sheep manure 7 t/ha 13.66 1350 | 257 | 223 | 174 66.30
Corn grain, semi-rotted sheep manure 14 t/ha 13.88 1400 | 249 | 212 | 134 66.17
Corn grain, grain straw 8 t/ha 12.96 13.56 275 | 224 | 157 66.92
Corn grain, grain straw 16 t/ha 12.03 13.94 274 | 215 | 169 6746

Source: compiled by the authors

T.P. Shepilova et al. (2021) found that fertilis-
ation increases grain moisture and may require
additional drying costs. During the harvesting
period, the moisture content of corn hybrids
can reach more than 40%, and drying 1 tonne of
corn grain to a conditional moisture content of
14% requires a large amount of energy, i.e. fuel
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consumption is 60-70% of the total demand for
corn growing, so when growing corn, it is nec-
essary to rely on externally controlled factors to
create optimal conditions for the growth, devel-
opment and maturation of corn. In the control,
the moisture content was 13.2%, and in the ex-
perimental corn grain, it ranged from 12.0% to

€



Development of biologically engineered corn growing technologies

14.9%, while the use of organic fertilisers pro-
vided an increase in moisture content in the ex-
periments with the addition of semi-rotted cat-
tle and sheep manure compared to the control.

The actual content of nutrients provides reli-
able information about the amount but does not
guarantee a more complete absorption by the
animal. In terms of natural substances, the crude
protein content of corn grain in the experimen-
tal samples ranged from 13.5 to 14.0%, especially
in the control, where it was 13.2%, indicating a
progressive accumulation of nitrogen-contain-
ing substances. The crude fat content was in the
range of 24-27%, crude fibre - 21-24%, crude
ash - 1.3-17% and NFE - 64.7-674%.

According to the results of the research, it
was found that the early maturing hybrid DN
Slavytsia, with the addition of semi-rotted cattle
manure to the soil, obtained the highest yield of
134 t/ha, which is 27.6% higher than the control.
The prospect of further research is the study of
biologically based technologies for growing hy-
brids in different maturity groups in the South-
ern Steppe of Ukraine, with the improvement of
plant protection methods and soil cultivation
from weeds.

DISCUSSION

The high popularity of corn is the result of the
interaction of genetic, environmental, and agro-
nomic factors. The growth in overall corn yields
in Ukrainian agriculture is driven by an increase
in sown areas and the rational use of hybrid vari-
eties with different growing season lengths. The
focus on improving cultivation technology with
an emphasis on preserving soil fertility and im-
proving the ecological state of the environment
is currently a relevant direction outlined in ex-
perimental studies. According to R. Ostapenko
et al. (2020), in Ukraine, farmers who choose or-
ganic production earn higher profits than con-
ventional production. For example, the price of
organic corn is 29% higher than that of conven-
tional corn, as well as winter wheat by 26%, pork
by 45%, and milk by 7%. However, as the differ-
ences in profitability show, the price difference
is not yet high enough to support the develop-
ment of organic agriculture. S. Zhang et al. (2019)
also confirmed the need to address the complex
set of interrelated issues related to increasing

yields on organic farms while reducing prices
and preserving the environmental benefits of
organic farming.

According to the established technology, re-
gardless of the previous crop, semi-rotted ma-
nure and straw were applied in recommended
doses of 7 to 25 t/ha during tillage. It should be
noted that organic fertilisers applied in autumn
can mineralise after harvest, contributing to
the risk of nitrate nitrogen leaching in winter.
Therefore, it is usually recommended to apply
pre-sowing treatments in spring to promote
better growth efficiency. When growing maize,
the elements of nitrogen, phosphorus and po-
tassium introduced into the soil are of great
importance, so organic fertilisers were added
to the experimental plots according to the es-
tablished norms: semi-rotted cattle manure at
doses of 10 t/ha and 15 t/ha; semi-rotted sheep
manure at 7 t/ha and 14 t/ha; grain straw at 8 t/ha
and 16 t/ha.

In addition, it was established that all
by-products from crop cultivation should re-
main on the field, namely straw, stalks, tops, etc.
Y. Hamid et al. (2020) report on an effective or-
ganic soil amendment containing: 40% manure,
10% plant residues, 20% residues from agricul-
tural processing, 25% silt from clean water bod-
ies, and 5% poultry manure. At the same time,
the height of the corn plant at the time of har-
vesting in the control variant without fertilisers
was 228.6 cm, the average weight of the cobs was
102 g, and the weight of 1000 seeds was 229 g.

Maize hybrids fertilised with more nitrogen
had lower relative stem yields and significantly
increased the specific size of cobs and kernels
per plant. According to D.M. Zeffa et al (2019),
corn should be fertilised with organic fertilisers,
as soil enrichment with nutrients contains the el-
ements necessary for plant nutrition: total nitro-
gen - 3.2%, phosphorus - 2.6%, potassium - 2.0%.

R.P. Lollato et al. (2019) argue that at least
40 t/ha of organic fertiliser should be applied to
the soil, if possible, with 1t of fertiliser, the soil
receives 5 kg of nitrogen, 2.5-3 kg of phospho-
rus, 5-6 kg of potassium and a certain amount
of macro- and microelements. As noted by
C.B. Lobo et al. (2019), corn is quite demand-
ing for increased mineral nutrition, as it is a
slow-forming crop, i.e., to grow 1 tonne of corn
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grain, on average, 25-28 kg of nitrogen, 11-13 kg
of phosphorus and 26-29 kg of potassium are
required. Thus, to produce 10-12 t/ha of corn, an
average of 145-185 kg of nitrogen, 65-85 kg of
phosphorus and about 140-185 kg of potassium
are removed from the soil.

When growing maize, additional labour
costs must be considered, mainly related to
mechanical weed control. In maize, the period
from germination to the emergence of three or
four leaves is the most critical for high yields
and stress resistance, as the root system is ac-
tively developing during this period, planning its
potential yield level. If weeds are not controlled
at this time, there is a risk of at least 10% yield
loss, gradually increasing to 50%. Y. Shang et al.
(2019) note that the transpiration coefficient of
corn is 320, but that of weeds: couch grass - 470,
wheatgrass - 560, thistle - 666, quinoa - 805,
mustard - 865.

According to P. Yu et al (2021), it is added
that during biobased maize cultivation, rotary
harrows or cultivators should be used as a rela-
tively inexpensive but effective solution. Rotary
harrows are used before and after emergence.
The needle-shaped working part gently combs
out the first wave of weeds and dead wood, pro-
viding good conditions for the growth of corn
seedlings. Ridge harrows, on the other hand, not
only loosen the soil between the rows to opti-
mise the conditions for corn seedlings to grow
but also physically destroy most weeds and lit-
ter. According to C.F. Chukwuneme et al. (2020),
the use of herbicides against dicotyledonous
weeds is allowed to a certain extent, depending
on the stage of crop development and the type
of harmful plant, in tank mixtures with systemic
herbicides: Prima 911 Special Edition (SE) with an
application rate of 0.4-0.6 1/ha; Esteron 600 ES -
07-0.8 1/ha; Pik 75 WG 0.7-0.8 1/ha; Lancelot 450
WG 0.4-0.51/ha; Callisto 480 SC - 0.4-0.6 1/ha.

It should be noted that it is possible to dis-
cover herbicides that can be used in organic
agriculture in the future. During the experi-
mental study of seeds and stimulation of crop
growth, the treatment with a culture liquid in
the composition of live soil microorganisms and
organ elements Azotobacter chroococcum, Bacil-
lus subtilis, Bacillus megaterium at a dosage of
1.5 1/t was carried out. In B. Kumari et al. (2019)
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reported that a rather complex multicomponent
symbiotic preparation, including 86 regener-
ative microorganisms, was created to activate
maize growth. The preparation, when applied
to the soil, gives a healthy direction to the rest
of the microbiota, contributing to the fertility of
any soil, and even the poorest soil can be revived
in4-5years.

It should also be noted that climate experts
emphasise that climate change in Ukraine will
develop in the direction of continental and even
sharp continental, and therefore moisture defi-
cit will increase, especially in southern Ukraine.
The experiment was quite successful in using
a simple modified corn hybrid developed by
the Grain Institute of the National Academy of
Agrarian Sciences - DN Slavytsia, which was
noted for its high productivity in arid regions.
One of the ways to increase drought tolerance in
maize is to widely use early maturing genotypes
that correspond to the FAO 200-290 mid-early
hybrid group (2016).

L. Muntean et al. (2022) report that to date,
breeders have created new maize hybrids with
FAO scores ranging from 200 to 500, which are
capable of yielding more than 12.0-14.0 t/ha. At
the same time, the grain moisture content of
the new corn hydrides averages 12-14%, provid-
ing opportunities for energy-saving harvesting
with minimal drying costs. Given the biological
characteristics of corn, it is necessary to im-
plement modern cultivation methods without
harming the environment, but the production
of the latest breeding hybrids will help to signif-
icantly increase grain yields, adjust the length
of the growing season, and resist adverse envi-
ronmental conditions. However, corn productiv-
ity can also decline by 20-50% after prolonged
stress caused by a lack of nutrients and water in
the climatic conditions of the Southern Steppe
of Ukraine.

CONCLUSIONS

The biologisation of crop production and
farming involves the introduction of environ-
mentally friendly alternative systems and re-
source-saving technologies with a reduction
in the use of mineral fertilisers, herbicides, in-
secticides, and fungicides. As a result of the re-
search, corn-growing technology elements were

(5



Development of biologically engineered corn growing technologies

optimised, with organic fertiliser added to the
experimental soils.

As a result of the proposed technology, the
regularities of crop productivity formation were
revealed, and the relevant conclusions were
drawn. The maize cultivation process was based
on weed control by blind harrowing, with 1, 3,
and 6 leaves by planned cultivation. Organic fer-
tilisers of semi-rotted cattle and sheep manure
and grain straw were applied to the soil, and the
seed was saturated with live soil microorgan-
isms. Soil testing revealed that the organic car-
bon content ranged from 3.2-3.5%, humic acids
from 1.9-2.2%, and fulvic acids from 07-1.0%. In
the corn grain samples, the crude protein con-
tent ranged from 13.5 to 14.0%, crude fat from
24 to 27%, crude fibre from 2 to 2.4%, crude
ash from 1 to 1.7%, NFE from 64.0 to 674%, and
moisture from 12.0 to 14.9%. Corn grain yield was
97 t/ha in the control and 11.5-134 t/ha in the
experimental plots. The elements of the maize
yield structure under the application of organic
fertilisers were evaluated by the following in-
dicators: cob length, cob diameter, number of
rows of seeds, number of seeds per row, weight
of 1000 seeds, which increased by 6.2%, 2.6%,

1.5%, 10.9%, 15.2%, respectively, compared to the
control.

The information on the use of biological
corn-growing technology is of practical impor-
tance and indicates the need for further research
on the productivity of corn for grain. The use of
microbiological preparations due to the activity
of compositions of microorganisms Azotobacter
chroococcum, Bacillus subtilis, and Bacillus mega-
terium increase the amount of nutrients available
to maize plants, promoting the activation of cell
division and enhancing photosynthetic activity
with the growth of the leaf surface of crops.

The data obtained can be used to optimise
agronomic practices that are currently relevant.
Therefore, one of the promising areas for future
research is a detailed study of new drugs to de-
velop biologically based technologies for grow-
ing maize according to the ecological gradient of
cultivation and maintaining high yields.
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Po3po6neHHAa 6ionorizoBaHUX TeXHONOrIN
BUPOLLYBaHHA KYKypyA3u

AHoTauig. CiTbCbROTOCITONAPCHKI BUPOOGHUKY BUKOPUCTOBYIOTh 6araTo MiHepaJlbHUX JO6PUB Ta
3aCc06iB 3aXUCTy POCJIMH, IO TTPU3BOAUTH A0 3a6PyOHEHHS PYHTY, HACIHHSA Ta HaBKOJIHUIIHBOTO
CepeloBUILA Ta 3HMKYE PEeHTAbOEIbHICTh BUPOOHULITBA. CydacHe CiTbChbKe rOCIIOAAPCTBO MTOYMHAE
3BEpTaTH yBary Ha 6iosyorisaliito, 110 BRIIOYAE PO3POOKY Ta BIIPOBAIKEHHS €KOJIOTUHO YUCTHX
anbTepHAaTUBHUX CHUCTeM, 3MEHIIeHHS BUKOPDUCTAaHHS XiMIKaTiB, BIIPOBAJKEHHS €Hepro- Ta
pecypco3bepiralounx TEXHOJIOTIM, BUKOPUCTAHHSA 6i0JIOTIYHUX TIpertapaTiB AJif 3aXUCTy POCIIUH
Ta 6ioopraniunmx 06pUB. MeTO0 I[OT0 AOCIIIKEHHS € BUBYEHHS epeKTUBHOCTI 6i010ri30BaHmX
TEXHOJIOTIM [JI1 BUPOLIYBAaHHA KyKYypyI3W B €KOJIOTIYHO YUCTUN CITOCi6 3a IOMOMOTroIo
pisHOMaHITHMX OpraHiuHmx mobpus. Ilig 4Yac HOCTIIKeHHS HOBOI TEXHOJOTii BHUpPOIIyBaHHS
KYKYDPYZ3U BUKOPHCTOBYBAJI METOAM: aHaJi3y, CUHTE3y, aHaJIOr], TIOPIBHAHHSA Ta y3araJlbHeHHS;
TT0JIbOBI Ta TabopaTOPHIi; PO3PaxXyHKY — OLIIHKIT EKOHOMIYHOi Ta 6ioeHepreTUYHOi epeKTUBHOCTI. JIJist
BUBYEHHS Zii pi3HOr0 6i0I0TiYHOrO MOXOIKEHHSI OpraHiYHUX JO6PUB Ha OL[iHKY I'yMYCHOTO CTAHY
TUTIOBUX YOPHO3€eMiB 6yJI0 IPOBEEHO TTOJIbOBI IOCIIIN BIUTUBY Ha BPOXKAMHICTb 3epHa KYKYPYZA3U
B yMOBax yKpaiHcpKroro Crery. [Tic/ig BHECEHHS OpraHiyHOro Zo6puBa Meski BMICTy OpraHiquHOTo
BYIJIELII0 y TYMyCi CTaHOBUIU 3,2-3,5 %, r'yMiHOBOI KucnoTu 1,9-2,2 %, dynbBokucioTtu 0,7-1,0 %. B
eKCIIepUMEeHTaIPHUX 3pa3Kax 3epHa KyKypyZ3U BMICT CUPOro IIpPOTelHy KOJIuBaBcs Bif 13.5 1o
14.0 %, cuporo 5Rupy Bif, 2,4 1o 2,7 %, CUpoI KIIiITKOBUHU Bif 2,1 10 2,4 %, cupoi 30114 Bif 1,3 10 1,7 % Ta
6e3a30TUCTi eKCTPaKTUBHI PeYOBUHY Bifl 64,7 10 67,4 %, BosiorocTi Biz 12,0 1o 14,9 %. YpoKanHiCTh
3epHa y KOHTPOJIbHOMY BapiaHTi cTaHoBwWIA — 9,7 T/Ta, AOCIIAHMX OiUISHKaX B Mekax — 11,5-13,4 T/ra.
OTpuMaHi gaHi MOKYTh JOTIOMOTTH B po3p0611i 610J10Ti30BaHOI TEXHOJIOTI BUPOIILYyBaHHA KYKYPYA3U
BiZITIOBiZIHO /10 €KOJIOTIYHOTO IpafiieHTa 06pO6ITKY Ta BpOsKAMHOCTI 3 OITTUMI3AIli€l0 JOCIiIKyBaHIX
arpOTEXHIUHUX ITPUIOMIB

KniouoBi cnoBa: ypoykarHiCTh; TyMyc; OpraHiuHe JO6pUBO; eKOJIOTIYHO YKMCTa MPOAYKLIf; AKICTh
3epHa
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Pumpkin fruit selection of different types and varieties
for the production of functional food products

Abstract. Consumers in Ukraine and around the world are increasingly interested in healthy
lifestyles and functional foods with high biological value. For the production of such foods, it is
important to select raw materials that meet a range of quality requirements. Pumpkin fruits have
a high content of nutrients, vitamins, essential amino acids, and minerals that largely meet these
requirements. The research aims to comprehensively evaluate pumpkin fruits of eight varieties of
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different types: large-fruited (Cucurbita maxima Duch) and butternut (Cucurbita moschata Duchex
Poir), grown in the forest-steppe of Ukraine, to identify the most suitable for drying and production
of functional foods. The experimental method was used following the research plan, the laboratory
method was used to determine biochemical, biometric, and organoleptic quality indicators, and
the statistical method was used to conduct dispersion and correlation analyses of the studied
indicators. It has been established that when large-fruited pumpkin varieties are used for convective
drying, 16.1-20.3% of dry products with a sugar content of 48.6-51.6% and 11-14 and 34.5-40.2% of
nutmeg varieties, respectively, can be obtained. For the production of functional food products
with a B-carotene content of 40-41 mg/100 g (in terms of dry matter), it is advisable to use the fruits
of nutmeg varieties Gilea and Divo, and vitamin C at the level of 28 mg% - large-fruited varieties
Slavuta and Polyovychka. The study revealed that with the increase in fruit weight, the content of dry
matter (r=-0.68), sugars (r=-0.67) and the yield of finished products (r=-0.74) significantly decreases.
A significant direct relationship between the content of dry matter and sugars (r=0.98), as well as
the content of dry matter and the yield of finished products (r=0.94), was established. The materials
of the article are of practical value for breeders, vegetable growers, and specialists of processing

enterprises when choosing a type and variety of pumpkin for the production of functional foods

Keywords: quality; vitamin C; carotene; processing; drying; raw materials

INTRODUCTION

The research relevance of pumpkin fruit is de-
termined by the growing interest in functional
foods, especially in the context of the growing
attention to a healthy lifestyle. The study of their
medicinal and antioxidant properties can con-
tribute to the development of new products to
maintain health and prevent diseases, which is
especially important in the context of the impact
of various negative factors on the health of mod-
ern Ukrainians, such as stressful situations, the
COVID-19 pandemic, fast pace of life and climate
change. Such research is essential for providing
quality and healthy food products to consum-
ers and maintaining their health in the modern
world (Kaur et al., 2020).

In ancient times, Hippocrates expressed the
well-known idea that food should be medicine
and medicine should be food. This is the prin-
ciple that guides manufacturers of functional
foods. Today, many countries around the world
have government programmes to create them.
Functional foods are foods for systematic con-
sumption that, in addition to nutrients, contain
ingredients that, when consumed regularly, have
a positive effect on the body, help to adapt to ad-
verse environmental conditions and strengthen
the immune system (Hussain et al., 2022). They
have a wide range of health effects, including
cardioprotective, hypoglycaemic, antioxidant,

Plant and Soil Science, (14)3

anticancer, antibacterial, immunomodulatory,
neuroprotective, and anti-inflammatory effects,
and prevent the development of cardiovascular
and oncological diseases (Djiogue et al., 2018;
Villamil et al.,2023). The properties of such prod-
ucts are determined primarily by the biological
and biochemical compounds that make up their
composition. V. Khareba et al. (2019) noted that
the development and production of functional
foods is “the only way to solve the global problem
of optimising nutrition, maintaining health and
prolonging human life”.

Pumpkin fruit is an important food product
with high nutritional and biological value, anti-
oxidant and medicinal properties, and raw ma-
terials suitable for the production of products
with functional properties (Sharma et al,, 2020,
Koprualan et al., 2021). The medicinal proper-
ties of pumpkin have been known since an-
cient times. The ancient Greek physician Dio-
genes mentioned them in the first century AD,
and Ibn Sina, better known as Avicenna, de-
scribed them in detail in his medical treatises.
P. Ramachandran et al (2022) used pumpkin
pulp, seeds, and oil in their research to make
medicines. The use of pumpkin pulp as a natural
pigment in powder form added to confectionery,
bakery, pasta, and dairy products is a fairly new
area of processing. These inexpensive powders
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from pumpkin fruit can be used as a potential
source for the production of functional foods
and nutraceuticals in the food and healthcare
industry (izli et al., 2022).

The research aims to comprehensively eval-
uate pumpkin fruits of different varieties and
species (Cucurbita maxima Duch and Cucurbita
moschata Duchex Poir) grown in the forest
steppe of Ukraine to identify the most suitable
for drying and production of functional foods.

LITERATURE REVIEW

A growing interest in pumpkin cultivation in
Ukraine, especially for the production of seeds
and oil using Styrian hybrids (Cucurbita peposty-
riaca) can be noted. However, pumpkin fruit is
also used to create a wide range of healthy, nutri-
tious, and functional food products, which include
juices, soups, cereals, chips, cookies, bread, cakes,
bars and noodles (Rézyto et al, 2014). The flesh
is used for various types of processing: stewed,
boiled, baked, dried, pickled, frozen, mashed,
chips, caviar, porridge, soups, jams, jams, candied
fruits, juices, smoothies, etc. (Hussain et al., 2022).
The fruits of table pumpkins, which include
large-fruited (Cucurbita maxima Duch) and but-
ternut (Cucurbita moschata Duchex Poir) species,
are mostly used for food processing. These are
the types of pumpkins used in the research.

The biologically valuable and medicinal
properties of pumpkin fruits are determined by
the rich chemical composition of the pulp and
seeds. Pumpkin mesocarp contains 78-92% wa-
ter, and 4-12% sugars, starch is almost absent
in some varieties, and in others, it reaches 5%;
the content of pectin substances is 2.6-3.9%; fi-
bre is 0.5-1.3%, 0.2-10%, about 1% proteins, 0.1%
organic acids. The pulp also contains a signifi-
cant number of vitamins, mg/100 g: B, - 0.3-04,
B, - 010-012, B, - 14.0-14.2, E - 0.3-0.5, PP - 0.5-
0.7, vitamin C - 8-25 and B-carotene 6-35, mi-
cro- and trace elements (Hussain et al, 2022).
B. Kulczynski § A. Gramza-Michatowska (2019)
note that the most common minerals in pump-
kin pulp were potassium, calcium, and sodium.
The fruit is characterised by low-calorie content
(21-30 kcal/100 g) and is widely used in various
diets. Pumpkins with orange flesh are especially
valuable because they are high in carotenoids,
especially B-carotene and lutein.

Pumpkin seeds contain about 20% of oil,
which is used as an effective anthelmintic and
diuretic for heart disease, kidney disease, hyper-
tension, and cholecystitis (Ahmed et al., 2022).
Pumpkin seeds contain 92% of dry matter, %:
dry protein - 41.85; crude lipids - 45.35; crude
fibre — 1.95; ash - 4.7 extractives - 6.15; calcium —
0.55; phosphorus - 112 (Hussain et al, 2022).
Pumpkin seed oil is valued for its high content
of fatty polyunsaturated acids, %: myristic -
12.0; palmitic - 15.9; stearic — 87, oleic — 41.0; li-
noleic - 34.3; linolenic - traces. Such a complex
of acids has antioxidant properties, stimulates
fat metabolism in the human body, binds cho-
lesterol into a form easily absorbed in the body,
and prevents it from settling on the walls of
blood vessels, thereby preventing the develop-
ment of cardiovascular diseases (Kulczynski &
Gramza-Michatowska, 2019; Ahmed et al., 2022).
M.A. Gedi (2022) found that phenolic com-
pounds, fatty acids, tocopherols, minerals, and
carotenoids contained in pumpkin oil are in-
volved in lowering cholesterol levels, and have
anticarcinogenic, anti-inflammatory, anti-dia-
betic, and antimicrobial effects. Thanks to their
excellent oxidative stability, pumpkin seed cake-
based films prevent lipid oxidation in food prod-
ucts and can be successfully used for their pack-
aging (Hromis et al., 2022).

Drying is a promising method of processing
pumpkin pulp, as it preserves biological valua-
ble elements contained in fresh raw materials
(Seifu et al,, 2018). Dried pumpkin is produced in
the form of pieces, cubes, strips, granules, and
powder. Dry pumpkin powder, as a concentrate
of fibre, minerals, and vitamins, is used as a nat-
ural dietary supplement to improve organoleptic
characteristics, increase their biological value
and antioxidant properties (Indrianti et al., 2021).
The main effect of adding pumpkin dry powder
on the physicochemical properties of bakery
products, dairy products, beverages, and snacks
is to increase the energy, protein, iron, calcium,
and carotene content and improve textural prop-
erties (hardness, chewiness, tensile strength, and
viscosity) (Villamil et al., 2023).

Air-solar, convective, microwave, infrared,
freeze-drying, or a combination of these are
used to dry pumpkin fruit. To maximise the pres-
ervation of biologically active components in
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pumpkin chips, it is most advisable to use a com-
bination of freeze-drying and microwave drying
(Koprualan et al., 2021). E. Chao et al. (2022) note
that drying pumpkin pulp with infrared radia-
tion allows for preserving the highest polyphe-
nol content and the ability to scavenge free rad-
icals. Blanching the raw materials before drying
and using the freeze-drying method minimises
the loss of carotenoids, consistency, taste, and
colour of the finished product (Kaur et al., 2020).

Convective drying with heated air remains
one of the most common methods of drying
vegetables, including pumpkins. According to
S. Chikpah et al. (2022), the quality of dry pump-
kin products during air convection drying de-
pends on the thickness of the particles and air
temperature. The content of B-carotene and
ascorbic acid was higher in pumpkin dried at
60°C than at 50°C and 70°C. To increase the bi-
ological value and organoleptic characteristics
of dried pumpkin products G. izli et al. (2022)
recommend combining convective drying with
microwave drying.

MATERIALS AND METHODS

The research was conducted in 2014-2015 at the
National University of Life and Environmental
Sciences of Ukraine. The experimental crops
were grown on the plots of the Agronomic Ex-
perimental Station of the National University of
Life and Environmental Sciences of Ukraine, a
separate subdivision of the National University
of Life and Environmental Sciences of Ukraine,
using the technology generally accepted in pro-
duction. The farm is located in the right-bank
forest-steppe zone of Ukraine. The soil of the
site is typical low-humus black soil. The cli-
mate of the zone is moderately continental with
moderately cold winters and rather warm sum-
mers. According to long-term data, the annual
air temperature is 71°C. The average long-term
temperature of the coldest month (January) is
-6.8°C, and the warmest month (July) is +19.9°C.
The sum of active temperatures above 10°C is in
the range of 2500-2800°C.

Precipitation in this zone is high, with an
annual rate of 550-600 mm. Most of the pre-
cipitation falls in summer in the form of rain. In
the years of the study, the amount of precipita-
tion during the growing season was 120-154 mm
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higher than the average long-term data. In gen-
eral, the soil and climatic conditions of the zone
are favourable for growing pumpkins and ob-
taining a quality harvest.

Eight varieties of Ukrainian production
were selected for the experiment, in particular:
four varieties of large-fruited pumpkin (Zhdana,
Slavuta, Yubilee of the Dnipro Experimental Sta-
tion and Polevychka of the Southern Institute of
Vegetable and Melon Production), and four vari-
eties of butternut pumpkin (Gilea, Divo, Yanina
of the Southern Institute of Vegetable and Melon
Production and Dolya of the Dnipro Experimen-
tal Station). The large-fruited pumpkin variety
Polevychka and the butternut pumpkin variety
Gilea, which are listed in the Register of Plant
Varieties and are common in production, were
used as controls (n.d.).

Biometric, organoleptic, and biochemical
parameters were determined in the educational
and scientific laboratory of the Lesyk Depart-
ment of Technology of Storage, Processing and
Standardisation of Plant Production accord-
ing to generally accepted methods (Skaletska
etal.,2014). To determine the biometric parame-
ters of the ratio of bark, seeds, and pulp, five typ-
ical fruits of each variant were selected in trip-
licate. The dry matter content was determined
according to the requirements of DSTU ISO
751:2004 (2005); thermogravimetric analysis by
drying in an oven at a temperature of 100-105°C
to a constant weight; dry soluble matter - using
a refractometer by the requirements of DSTU
ISO 2173: 2007 (2009); sugar content (total) - by
Bertrand according to DSTU 4954:2008 (2009);
B-carotene - by photometric method according
to DSTU 4305:2004 (2005); vitamin C - using a
solution of 2,6 dichlorophenolindophenol. The
organoleptic evaluation was carried out by tast-
ing baked pieces, dry and reconstituted pump-
kin products on a 9-point scale.

For drying, 3 kg of fresh pumpkin fruit
was selected in 3 replicates, cut into segments,
weighed, washed, and peeled from the bark,
seeds, and fibrous part; the difference between
before and after cleaning was used to determine
the amount of waste. The prepared raw materi-
als were cut into strips of the following sizes us-
ing a mechanical chopper SIRMAN (Italy): length
5-6 mm, width 2-3 mm, thickness 2-3 mm. The



Pumpkin fruit selection of different types and varieties...

resulting strips were evenly placed on dryer
pallets at a rate of 3 kg/m? and loaded into a pre-
heated chamber. For drying, a convective batch-
type dryer “Sadochok 2M” (Ukraine) was used.
The products were dried at a temperature of
60°C until they were completely dry. This drying
temperature ensures maximum preservation
of organoleptic characteristics and biologically
valuable substances (Chikpah et al., 2022). The
yield of the finished product was converted to a
standard moisture content of 10%.

The research results were processed math-
ematically, confidence intervals, the smallest
significant difference, and correlations between
the studied indicators were determined using
generally accepted methods. The strength of
the relationship was assessed according to the

following gradation: if r (correlation coefficient)
was equal to 1, the calculated relationship be-
tween the attributes was complete; if r was 0.66-
0.99, the relationship was strong (significant); if
r was in the range of 0.33-0.65, the relationship
was medium; if r was less than 0.33, the rela-
tionship was weak, insignificant. The study was
conducted following the requirements of the
Convention on Biological Diversity (1992) and
the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (1973).

RESULTS AND DISCUSSION

The research results indicate that the ratio of
morphological components of pumpkin fruit is
genetically determined, depending on both the
botanical variety and the species (Fig. 1).

100 - 75
90 -7
80
70 - 65

73.6
60 - 6
50
40 s
30 L5
20 5 104 126 0
° w2 e e
0 L4
Polovychka (c*) Zhdana Slavuta Yuvilei
A [ Pulp, % Seeds + placenta, % Ml Flesh —e— Fruit mass, kg

100 7.6
90 7.4
80 7.2
70 7
60 6.8
50 6.6
40 6.4
30 6.2

12.3 12.2
20 12.2 10 6
F
0 - e
Hileia (k*) Dolia Dyvo Yanina
B [ Pulp, % Seeds + placenta, % WM Flesh —e— Fruit mass, kg

Figure 1. Average fruit weight and ratio of morphological parts of pumpkin fruit
(average for 2013-2014)
Note: A - varieties of large-fruited pumpkin; B - varieties of butternut pumpkin; *control

Source: compiled by the authors

Plant and Soil Science, (14)3



Zavadska et al.

Fruit weight is a variable indicator that sig-
nificantly depends not only on varietal charac-
teristics but also on soil and climatic conditions
and cultivation technology. The fruit weight
of large-fruited pumpkins can vary from 1 to
60 kg or more (Khareba & Kokoiko, 2022). It was
found that plants of butternut pumpkin varie-
ties formed heavier fruits in weight compared
to large-fruited ones. Thus, the average fruit
weight of large-fruited pumpkins ranged from
4.6-72 kg (the average for the group was 5.5 kg),
and that of nutmeg pumpkins - 6.2-74 kg (the av-
erage was 6.7 kg). Among the large-fruited vari-
eties, the largest fruits were in plants of Zhdana
variety — 7.2 kg, which is 2.6 kg more than in the
control (significant difference), and among the
nutmeg varieties - in Divo variety 7.4 kg, which
is significantly more than in the control variety.
In general, the weight of 1000 seeds were higher
in the fruits of large-fruited varieties (average
value 284.8 g), and significantly lower in nutmeg
varieties - an average of 136.8 g.

Nutmeg pumpkin fruits varieties (Cucur-
bita moschata Duch) had a higher pulp content
(71.2-78.0%), and lower bark content (12.0-16.5%)
compared to large-fruited varieties (Cucurbita
maxima Duch). The content of the soft part in the
fruits of large-fruited varieties ranged from 67.8-
73.6%, the share of bark - 16.4-184%, and seeds

with placenta — 10-13.8%. The Zhdana and Yubilei
varieties stood out among large-fruited pump-
kins in terms of pulp content - 71.4 and 73.6%, re-
spectively, and among butternut squash - Yanina
and Gilea (control) - 78 and 74.1%, respectively.
The fruits of large-fruited pumpkin varieties
Polevychka (67.8%) and Slavuta (69.8%) contained
the least amount of pulp.

Thus, the formation of morphological fea-
tures of pumpkin fruit, which determine its
quality, physical characteristics, anatomy and
cell structure, content and ratio of morpholog-
ical parts depends on the type and varietal char-
acteristics. The Zhdana and Yubilee varieties
stood out among the large-fruited species in
terms of indicators that characterise market-
ability and suitability for processing, and the
Janina and Gilea varieties (control) among the
nutmeg varieties. The pulp content in the fruits
of these varieties exceeded 70%.

Evaluation of pumpkin fruit quality by bio-
chemical parameters is relevant, as its chemical
composition and flavour properties significantly
affect its suitability for processing and the qual-
ity of finished products. In addition, the content
of carotene and vitamin C determines their bi-
ological value and the possibility of using them
for the production of functional foods. The re-
sults of the study are shown in Table 1.

Table 1. The content of the main elements of the biochemical composition of fresh pumpkin pulp
and tasting score, depending on the type and variety, average for 2014-2015

Flesh contents
Variety ofdrysoluble | sugars | p-Carotene, | vitaminC | Tastetest mark**
el e 52 matter, % (sum), % mg/100 g mg %
Large-fruited (Cucurbita maxima Duch)
P?IOVYChka 143+05* 12.2+0.2 79403 72412 15208 81+03
control)
Zhdana 134+04 11.3+0.2 74+0.3 94+11 14.8+2.1 74+0.2
Slavuta 14.5+0.6 12.3+01 8.0+04 7.6+0.8 174+1.2 7.8+0.3
Yuvilei 13.6:04 11.6+0.1 7.6+0.2 8.8£0.6 12.5+14 7.5+0.2
Nutmeg (Cucurbita moschata Duch)

Hileia (control) 104+0.5 9.0+0.2 6.3+0.2 15.8+1.2 6.7+0.5 84+0.2
Dolia 10.2+x04 8.8+0.1 6.1x01 12.4+15 7.5+0.8 8.5+0.2
Dyvo 9.3+0.6 8.2+01 55+01 14.2+04 9.8+10 7.8+0.3

Yanina 9.8+0.6 84+0.2 5.6+0.2 13.5+0.5 8004 76%0.2

Note: *biochemical parameters are mean values * standard deviation (n=3); **on a 9-point scale

Source: compiled by the authors
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During the vegetation period, the fruits of
large-fruited pumpkin (Cucurbita maxima Duch)
accumulated 13.4-14.5% of dry matter (the aver-
age value in the group was 14.2%). Most of them
were contained in pumpkins of the Slavuta va-
riety - 14.5+0.6%, and significantly less, com-
pared to the control, in the fruits of the Zhdana
variety - 134+0.4%. There was no significant
difference in dry matter content between the
Slavuta and Polyovychka (control) varieties. The
dry matter content of butternut squash (Cucur-
bita moschata Duch) was significantly lower in
them compared to large-fruited varieties and
ranged from 9.3-104% (average in the group
9.9%). The fruits of the Gilea (control) and Dolya
varieties contained the highest amount of dry
matter — 104+0.5 and 10.2+0.4%, respectively.
The dry soluble matter was also higher in the
fruits of large-fruited pumpkins - 11.3-12.3%.
Among the nutmeg pumpkin varieties, the fruits
of Gilea (control) and Dola varieties contained
the highest amount of dry soluble matter -
9.0£0.2 and 8.8+0.1%, respectively.

The total sugar content ranged from 5.5+0.1
in the fruits of nutmeg varieties to 8.0+0.4%
in large-fruited varieties. Their higher con-
tent, as well as dry matter, was in the fruits of
large-fruited pumpkin varieties - from 7.4+0.3
to 8.0£0.4%. The fruits of the Slavuta variety ac-
cumulated the most sugars among the studied
varieties during the growing season - 8.0+0.4%.
At the same time, monosaccharides prevailed
in the composition of sugars in the fruits of
large-fruited pumpkins. Muscat pumpkin varie-
ties accumulated 5.5-6.3% of sugars (total). They
did not show a predominance of monosaccha-
rides, and sucrose prevailed in the fruits of the
Divo and Yanina varieties. Among the butternut
pumpkin varieties, the Gilea (control) and Dolya
varieties stood out in terms of sugar content,
with 6.3+0.2 and 6.1+0.1, respectively.

B. Kulczynski & A. Gramza-Michalowska
(2019) noted that the content of carotenoids,
which are the main biologically valuable com-
ponents in fresh pumpkin fruits, depends on
the variety and degree of ripeness. Our research
confirmed their data and showed that the content
of B-carotene depends on both the variety and
the botanical type of pumpkin. Thus, in terms
of B-carotene content, the fruits of the nutmeg

varieties Gilea and Divo prevailed - 15.8+1.2 and
14.2+04 mg/100 g, respectively. The fruits of
large-fruited varieties contained much less of
this element - 7.2-9.4 mg/100 g.

As noted by M. Ouyang et al. (2022), the bio-
logical value of fruit and vegetable products also
depends on the vitamin C content. It plays a pos-
itive role as an antioxidant, can protect the body
from viral infections and strengthen the im-
mune system. The above-mentioned researchers
claim that the content of ascorbic acid in fruit and
vegetables significantly depends onvarietal char-
acteristics. Similar data were obtained in their
research with onion bulbs (Zavadska et al.,, 2021).
Studies with pumpkin fruits have shown that,
in addition to varietal characteristics, the con-
tent of vitamin C, like B-carotene, also depends
on the botanical species. However, while B-car-
otene was higher in pumpkin fruits of nutmeg
varieties, vitamin C, on the contrary, was higher
in large-fruited pumpkins. Thus, the content of
this element in the fruits of pumpkin varieties
of nutmeg was in the range of 6.7-9.8 mg%, and
large-fruited - 12.5-174 mg%. Fresh fruits of
large-fruited pumpkin of Slavuta and Polyovy-
chka varieties (control) contained the most vita-
min C - 174+12 and 15.2+0.8 mg%, respectively.

The nitrate content in the fruits of the stud-
ied varieties did not exceed the maximum per-
missible level (200 mg/kg). A greater amount of
nitrates was accumulated in the fruits of nut-
meg varieties, in particular, the highest amount
was found in the fruits of the Dolya variety
(123 mg/kg). In the fruits of large-fruited varie-
ties, nitrates accumulated on average from 66.5
to 82 mg/kg. The lowest amount was in the fruits
of the Zhdana variety (66.5 mg/kg).

Thus, the content of the main biochemical
parameters in pumpkin fruits of the studied va-
rieties differed significantly and depended more
on the species than on the variety. The fruits of
large-fruited varieties accumulated a greater
amount of dry matter (13.4-14.5%), dry soluble
matter (11.3-12.3%), sugars (74-8.0%) and vita-
min C (12.5-174 mg%). Large-fruited varieties
prevailed in terms of B-carotene content, with
the amount ranging from 12.4-15.8 mg/100 g.

Studies on the suitability of pumpkin fruit
for drying are relevant, as this processing
method allows for the production of biologically
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valuable products. Previous studies have shown
that the quality, amount of waste, and yield of
dry carrot and onion products are significantly
affected by varietal characteristics (Zavadska
et al,, 2020; 2021). Similar data were obtained

35
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Polovychka
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Slavuta Yuvilei

I Waste, %

when studying the suitability of pumpkin fruit
for this processing method. In addition to vari-
etal characteristics, the yield and quality of fin-
ished pumpkin products were also influenced
by their type (Fig. 2).
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Weight of untreated raw materials to obtain 1 kg of dry weight, kg

I Weight of treated raw materials to obtain 1 kg of dry weight, kg
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Figure 2. Amount of waste, the yield of dry products and the required weight of fresh raw materials
to produce 1kg of dry pumpkin fruit of different types and varieties, average for 2014-2015

Note: “control
Source: compiled by the authors

The total amount of waste in the process of
preparing raw materials for drying varied sig-
nificantly and ranged from 181-33.6%. Waste
included bark, placenta, and seeds, which were
removed during cleaning. The largest amount of
them was in large-fruited pumpkin varieties -
27.6-33.6%, which is due to the ratio of morpho-
logical components of the fruit. In the fruits of
large-fruited varieties, the bark, placenta, and
seeds occupy a larger part compared to nutmeg
(see Fig. 1). Among large-fruited varieties, the
lowest amount of waste was in the Yubilee vari-
ety - 27.6%, and among nutmeg varieties - in the
Yanina variety - 18.1%, which is 7.8% less than in
the control (significant difference).

The yield of dried products was calculated
at a standard 10% moisture content. More dry
products could be obtained from large-fruited
pumpkin varieties - 161-20.3%. Among the
studied varieties, pumpkin fruits of the Slavuta

Plant and Soil Science, (14)3

variety stood out by this indicator - the yield of
dry products was 20.3%, which is 2.5% more than
in the control. From pumpkin fruits of nutmeg
varieties, it was possible to obtain 11-14% of dry
products, the highest yield was obtained using
the Gilea variety (control). No significant differ-
ence was found between the varieties Dolya and
Divo in terms of finished product yield.

Based onthe aforementioned data, 6.5-11.8 kg
of fresh unpeeled fruit or 4.9-91 kg of peeled
fruit was required to produce 1 kg of dried prod-
uct. Less raw materials were consumed when
large-fruited pumpkin varieties were used for
drying. The Slavuta variety stood out by this indi-
cator. If the fruit of this variety is used for drying,
6.5 kg of unpeeled fruit or 4.9 kg of peeled fruit is
required to produce 1kg of dry product.

For consumers of dried and reconstituted
pumpkin products, the content of biochemical
parameters in them is of great importance (Fig. 3).
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Figure 3. The content of the main biochemical parameters (in terms of dry matter) and tasting
evaluation of dried pumpkin products of different types and varieties, average for 2014-2015

Note: *control **on a 9-point scale
Source: compiled by the authors

According to the results of the research, dried
pumpkin products are a concentrate of dry mat-
ter, as they contain 874 to 91% of it, which is on av-
erage 6.3-84 times higher than the content in the
raw material. The samples of dry products made
from large-fruited pumpkin varieties had more
dry matter - 11.6-12.8%. This is due to the higher
content of sugars that bind moisture in dried
products. During the research on the suitability
of onion varieties for drying, it was found that the
sugar content in dried products in some variants
even increased compared to fresh raw materials
(by1.2%). This indicates that during the drying pro-
cess, poly sugars can be converted to mono- and
disaccharides (Zavadska et al, 2021). Regarding
dry pumpkin products, more sugars (total) were
found in samples of large-fruited varieties (48.6-
51.6%) compared to nutmeg varieties (34.5-40.2%).
The highest number of sugars (total) was found in
the dry products of large-fruited varieties Polyo-
vychka (control) and Zhdana - more than 50%.

Based on the literature, dried pumpkin
products contain a fairly significant amount of

)

B-carotene and vitamin C, substances that de-
termine the biological value and suitability of
raw materials for the production of functional
foods (Sharma et al, 2020; Ouyang et al., 2022).
According to A. Hussain et al. (2022), due to the
presence of significant amounts of functional in-
gredients, the use of dried pumpkin products has
a wide range of applications. Our research has
confirmed the presence of a significant amount
of B-carotene (202-41.4 mg/100 g) and vitamin C
(10.8-28.6 mg%) in dry pumpkin products, which
gives grounds to recommend them as raw mate-
rials for the production of functional foods.

S. Chikpah et al. (2022) found that the con-
tent of B-carotene and ascorbic acid in dry
pumpkin products also depends on the drying
temperature and the thickness of the slices.
Thus, the amount of B-carotene in dry samples
intheir studies ranged from 43.8-58.15mg/100 g,
and vitamin C - from 37.62-50.13 mg/100 g. More
of these biologically active components were
found in products dried at 60°C with a slice
thickness of 3 mm than at 50°C and 70°C with
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a slice thickness of 5 mm - 58.15+175 mg/100 g
of B-carotene and 50.13+2.03 mg/100 g of vita-
min C. Anincrease in the thickness of the pump-
kin slice prolonged the drying time and caused
a more significant loss of bioactive compounds
and antioxidant activity of dry products. The
lower values of B-carotene in pumpkins dried at
air temperatures below and above 60°C may be
due to longer drying time at lower drying tem-
peratures and thermal degradation at higher

temperatures (Chikpah et al.,, 2022).

During the convective drying of pumpkin
strips 5-6 mm long and 2-3 mm thick at a tem-
perature of +60°C, the content of B-carotene
ranged from 20.2-41.4 mg/100 g, and vitamin C -
10.8-28.6 mg% and significantly depended on
the type of pumpkin. In terms of -carotene con-
tent, dry samples of butternut pumpkin varieties
significantly exceeded large-fruited varieties
and contained 34.5-41.4 mg/100 g (large-fruited
varieties - 20.2-25.6 mg/100 g). By the content
of this biologically valuable component, the va-
rieties of butternut squash Divo and Gilea stood
out - more than 40 mg/100 g. However, in the
dry products of large-fruited pumpkins, a sig-
nificantly higher content of vitamin C was found
compared to nutmeg pumpkins - 21.4-28.6 mg%
(in nutmeg pumpkins - 10.8-14.7 mg%).

During the convective drying of pumpkin at
a temperature of +60°C, it was found that there
was a significant loss of biologically valuable
substances compared to fresh raw materials,
which confirms the data of other researchers
and our previous studies. The recalculations re-
vealed that the loss of vitamin C during drying
was more significant than that of p-carotene
and amounted to 56-70% depending on the va-
riety, while that of B-carotene was 36-40%. Ac-
cording to S. Chikpah et al. (2022), the decrease

in the content of B-carotene and vitamin C dur-
ing drying can be attributed to oxidative and
thermal degradation, as well as their isomeri-
sation due to exposure to oxygen, heat and light
during drying. Similar losses of vitamin C and
B-carotene were observed in our studies on the
suitability of carrot and onion roots for drying
(zavadska et al., 2020; Zavadska et al., 2021). Ac-
cording to A. B. Armand et al. (2018), the loss of
vitamin C during the convective drying of onions
was 72.5-781%. In these studies, on the suitabil-
ity of onions for drying, the loss of this biologi-
cally valuable element depended on the variety
and ranged from 48-60% (Zavadska et al., 2021).

The experimental samples of all varieties
received high scores during the tasting - 8.2-
9.0 points on a 9-point scale. They had a crispy
texture, intense uniform colour, and a pleasant
taste.Inthe samples of dried products of nutmeg
varieties Dolya and Yanina, the taste was less
intense, which is why the scores were slightly
lower - 8.2-84 points. A direct significant corre-
lation was found between the sugar content and
the tasting score of dried products (r=0.69).

Thus, dried pumpkin products are a bio-
logically valuable substance suitable for the
production of functional foods, as they contain
from 20.2 to 414 mg/100 g of B-carotene and
10.8-28.6 mg/100 g of vitamin C. To do this, we
recommend using the fruits of the nutmeg va-
rieties Divo and Gilea, whose dry products con-
tain more than 40 mg/100 g of B-carotene, and
the large-fruited Slavuta and Polevichka, whose
vitamin C content is 28.6 and 27.5 mg/100 g, re-
spectively.

Correlation relationships were calculated
between the studied quality indicators of fresh
fruits and dry pumpkin products, the results of
which are presented in Table 2.

Table 2. Matrix of correlation relationships between the studied indicators of pumpkin
(calculated using average values)

Indicator

Fruit
mass, kg

Flesh
contents,
%

>
[
()]

matter, %

@ Q,;00 | O ;o0 X S v
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Fruit mass, kg

Flesh contents, %

045

Dry matter, %

-0.68*

-0.66
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Table 2. Continued

on o X w Q,;00 | O ;o0 S
g | o E | BE £§ES | 559 =R
Indicator Sg | $Sx| B8 HEx 288 | Eg88 Bg g ‘:‘,‘E%E
wg mE | 9% 38 | 55D | §5@| "5 B§vRR
E o g o OOE | 80§ g P e &
Sugar contents, % -067* | -071* | 098" 1
Carotene content, mg/100g | 0.65 0.58 -073* | -0.87* 1
Vitamin C content, mg/100g | -041 | -072* | 0.84* | 0.85* -0.58 1
Dry matter, % -0.74* -0.51 0.94* 0.92* -0.54 0.62 1
Tasting evaluationofdry | 19 | 76+ | 052 | 069* | -054 | 064 | 042 1
products, points

Note: “a strong correlation exists between the attributes
Source: based on own research

The calculations of correlation dependence
revealed an inverse significant relationship
between fruit weight and dry matter content
(r=-0.68), sugar content (r=-0.67) and dry prod-
uct yield (r=-074). The obtained results confirm
the data of other researchers, namely: with an
increase in fruit weight, the content of dry mat-
ter, sugars and dry product yield significantly
decreases; smaller fruits contain more dry mat-
ter and sugars. Fruit weight did not significantly
affect the content of carotene and vitamin C, as
well as the tasting evaluation of dry products.
A similar pattern was found between the pulp
content and biochemical parameters: with an
increase in the amount of pulp in the fruit, the
content of dry matter (r=-0.66), sugars (r=-0.71)
and vitamin C (r=-072) significantly decreased,
and the tasting score of dry products worsened
(r=-076). A significant direct relationship be-
tween the dry matter content and the yield of
finished products was established (r=0.94).

Significant correlations were found between
the biochemical parameters contained in pump-
kin fruits, namely: an increase in dry matter con-
tent leads to a significant increase in the content
of sugars (r=0.98), vitamin C (r=0.84) and a de-
crease in B-carotene (r=-073). The tasting score
of dry products significantly increased with the
increase in the content of sugars (r=0.69) and vi-
tamin C (r=078) and decreased with the increase
in the proportion of pulp in the fruit (r=-076).

The identified positive and negative corre-
lations between them may be the result of their
antioxidant and prooxidant effects. According to
B. Kulczynski § A. Gramza-Michatowska (2019),
a strong correlation was observed between the
content of carotenoids and flavonols (r=0.91,

p<0.001). That is, with an increase in carote-
noid content, the flavonol content increases
significantly, which can be used to predict the
flavonol content in these studies. The studies of
S. Chikpah et al. (2022) found that antioxidant
activity has a direct positive correlation with
B-carotene (r=0.752), total phenols (r=0.903),
flavonoids (r=0.917), and ascorbic acid (r=0.441).
Using the results of our correlation calculations
and the data of other researchers, it can be ar-
gued that dried pumpkin products containing a
high amount of carotenes and ascorbic acid will
be characterised by high antioxidant properties
and can be recommended as raw materials for
the production of functional foods.

CONCLUSIONS

Pumpkin fruits of nutmeg varieties formed heav-
ier fruits (6.2-7.4 kg), containing less bark (12.0-
16.5%) and more pulp (71.2-78.0%), compared to
large-fruited ones. The content of pulp used di-
rectly for drying among large-fruited pumpkins
was 714 and 73.6%, respectively, and among nut-
meg pumpkins - 78 and 74.1%, respectively, and
muscovy pumpkins - Yanina and Gilea (control).
The content of the main biochemical pa-
rameters in fresh pumpkin fruits differed signif-
icantly and depended more on the species than
on the variety. The fruits of large-fruited varie-
ties accumulated a greater amount of dry matter
(13.4-14.5%), dry soluble matter (11.3-12.3%), sug-
ars (74-8.0%) and vitamin C (12.5-174 mg%). Ac-
cording to the content of B-carotene, which is the
main biologically valuable component in fresh
fruits and dried pumpkin products, large-fruited
varieties prevailed over large-fruited ones and
accumulated it in the range of 12.4-15.8 mg/100 g.
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The fruits of the Gilea and Divo varieties con-
tained the highest amount of this element -
15.8+1.2 and 14.2+0.4 mg/100 g, respectively.

To obtain 1 kg of dried products, 6.5-11.8 kg of
fresh,unpeeled fruit or4.9-9.1% of peeled fruit was
required. More dried products could be obtained
fromlarge-fruited pumpkin varieties - 16.1-20.3%.
According to the technological indicators that de-
termine the profitability of drying, the large-fruit-
ed pumpkin variety Slavuta stood out: the yield of
finished products was 20.3%, which is 2.5% more
than in the control, and for the production of 1 kg
of dried products, 6.5 kg of unpeeled fruits of this
variety or 4.9 kg of peeled fruits were required.

Dried pumpkin products are a concentrate of

of the nutmeg varieties Divo and Gilea, whose
dry products contain 414 and 40.8 mg/100 g of
B-carotene, respectively, and the large-fruited
Slavuta and Polevichka, whose vitamin C con-
tent is 28.6 and 27.5 mg%.

Promising areas for further research could
be the creation of food products (bakery, confec-
tionery, pasta, etc.) with increased biological val-
ue with the addition of dried pumpkin products
in various doses to the recipe. The study may
also include the suitability of fresh pumpkin
fruit for fermentation (pickling), as this method
of processing will ensure maximum preserva-
tion of nutrients.

dry matter, a biologically valuable food product, ACKNOWLEDGEMENTS
as it contains 874 to 91% dry matter, 34.5-50.3%  None.
sugars (total), 20.2-41.4 mg/100 B-carotene and
10.8-28.6 mg% vitamin C. For the production of CONFLICT OF INTEREST
functional foods, the most suitable are the fruits = None.
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Nin6ip nnoaiB rapbysa pi3HMUX BUAIB Ta copTiB Anga
BUPO6GHULTBA QYHKLIOHAaNTbHMUX Xap4YOBUX NPOAYKTIB

AHoTaUiqa. 3 KOKHUM JHeM B YKpaiHi Ta CBiTi 3pocTae 3a1ikaBiIeHIiCTh CIIOKUBAYIB 0 340POBOIO
crocoby JRUTTA Ta GYHKLIOHAIBHUX Xap4OBUX MIPOAYKTIB 3 MiABUILIEHOI0 6i0I0TIYHOI0 LiHHICTIO.
[J1s BUpOGHUIITBA TaKUX MPOAYKTIB XapuyBaHHS BaYKIMBO Mimi6paTy CHpOBUHY, IIO BiAoBimae
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KOMILIEKCY BUMOT OO SKOCTL. [nofy rap6y3a MaioTh BUCOKHE BMICT IIOKUBHUX €JIEMEHTIB,
BiTaMiHiB, He3aMiHHMX aMiHOKUCIJIOT Ta MiHepaJiB, L0 3HA4YHOKIO MIpOI0 BIAIOBiAAIOTh LIUM
BUMOTaM. MeToI0 JOCTiKeHb 6y1a KOMIUIEKCHA OIL[HKA IUIOJIB rap6y3a BOCBMU COPTIB pisHUX
BUZIIB: BEJIMKOIUTIAHUX (Cucurbita maxima Duch) Ta mycratuux (Cucurbita moschata Duchex
Poir), BUPOIIEHUX B YMOBaXx JicOCTerny YRpaiHu, i BUAUIEHHS HAUMPUOATHININX AJIS CYIIiHHA
Ta BUPOOHULTBA (YHKIIOHAJBPHUX MPOAYKTIB xapuyBaHHA. [lif Yac ITpOBEIEHHS LOCIiIKEeHb
BHUKOPUCTAHO METOJ eKCIIEPUMEHTY, BiIITIOBIIHO IO CXeMU IOCTiIKeHb, Tab0paTOPHUM METOZ, —
VIS BU3HAUYeHHs 6ioxiMiuyHUX, 6iOMETPUYHUX Ta OPraHOJENTUYHUX ITOKa3HUKIB SKOCT],
CTaTUCTUCTUYHUM — [JIs IPOBeIeHHS AVCIIEPCIMHOTO Ta KOPeALiHOIo aHali3iB AOCTiIKyBaHUX
[TOKA3HUKIB. BCTAHOBJIEHO, 10 TPV BUKOPUCTAHH] AJI1 KOHBEKTUBHOIO CYLIiHHS IUIOAIB rap6ysa
BEJIMKOIUTIIHYX COPTIiB MOKHA OTpuMartH 16,1-20,3 % cyxoI IpoIyKIiii 3 BMiCTOM IIyKpiB 48,6-51,6 %,
a MyckaTHUX — 11-14 Ta 34,5-40,2 % BipmoBigHo. [ BUPO6HULITBA QYHKILIOHATIBHUX XapYOBUX
MIPOIYKTIB 3 BMicTOM B-KapoTtuHy 40-41 Mr/100 r (y rmepepaxyHKy Ha CyXy PEeYOBUHY) HOLIBHO
BUKODPUCTOBYBATH IJIOAY MYCKaTHUX COPTIB «['ines» Ta «JuBO», a BiTamMiHy C Ha piBHi 28 Mr % -
BEJIMKOIUIIHUX COPTiB «CiaByTa» i «ITI0JIbOBUYKA». BUSBIIEHO, 1[0 3i 36i/bIIEHHAM MacH IUJIOAIB
CYTTEBO 3MEHINYEThCA BMICT Y HUX CyXol pedoBuHHM (r=-0,68), yrpis (r=-0,67) Ta BUXiZ TOTOBOI
nipoxyKuii (r=-0,74). BCTAHOBJIEHO CYTTEBUIA ITPSMUI 3B'I30K MiDK BMiCTOM CyX0l pEYOBUHHU 1 LIYKPIiB
(r=0,98), a TaKOXX BMIiCTOM CyX0i pEYOBUHMU 1 BUXO[OM rOTOBOI IIpozyKuii (r=0,94). MaTepianu cTaTTi
CTaHOBJIATh IPAKTUYHY LIHHICTh IJIS CEJIEKI[iOHepiB, OBOYIBHUKIB, CITELIAJICTIB ITepepobHMX
MAIIPUEMCTB IIpU BUOOPi BUAY Ta cOpTy rapbysa Ajs BUPOOHUIITBA GYHKIIIOHAIBHUX IPOAYKTIB
Xap4yBaHHA

KniouoBi cnoBa: sKicTh; BiTaMiH C; KAPOTHH; Tepepo6Ka; CYIUiHHS; CHPOBHUHA
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Assessment of the tillage impact on soybean productivity

Abstract. Modern crop production technologies depend on the intensity of soil cultivation. Traditional
cultivation methods increase production costs and harm the environment. The research relevance is
determined by the need to find effective and environmentally friendly alternative tillage technologies
that will reduce the cost of agricultural production and have a positive impact on the environment. The
research aims to determine the influence of the soil tillage system on the formation of soybean plant
productivity. Research methods: long-term stationary experiment, laboratory determination of soil
agrophysical properties, statistical data processing. The field research was carried out at the Agronomic
Research Station, a separate subdivision of the National University of Life and Environmental Sciences
of Ukraine, in a stationary experiment of the Department of Agriculture and Herbology. Soybean yields
under the No-till system were found to be 22.7% higher than under the conventional system, which
in absolute terms was 2.81 t/ha under the No-till system and 2.29 t/ha under the conventional system.
No-till provided higher soil moisture content and the share of agronomically valuable aggregates at a
higher soil density than the traditional system. In general, the efficiency of moisture use by soybean
plants under the shelf tillage system was 16.0% lower compared to the no-till system. The use of the
conventional tillage system on average in 2020-2022 led to a decrease in the structural structure of the
0-30 cm soil layer studied by 8-33%. The amount of agronomically valuable aggregates (0.25-10 mm)
depended on the tillage system. The No-till system increased the agronomically valuable structure in
the 0-10 cm soil layer by 15.5%, the 10-20 cm layer by 10.3% and the 20-30 cm layer by 91% compared
to the conventional tillage system at the beginning of the growing season and by 4.2%, 7.3% and 4.7%,
respectively, at the end of the growing season. The practical significance of the obtained research
results is to determine the optimal soil cultivation system for the realisation of the genetic potential of
soybean to form its stable productivity
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INTRODUCTION

Soybeans are a unique protein and oilseed crop
that is in high demand. Ukraine has significant
potential to increase its soybean production
and generate higher profits from its sales. Cur-
rent technologies do not fully realise their yield
potential due to the parity of fuel prices, crop
protection products and fertilisers, which in-
creases technological costs and prompts the
search for new soybean growing technologies.
Soil cultivation is a fundamental factor in terms
of its impact on soil quality and, consequently,
on sustainable crop productivity (Vozhehova
et al, 2021). Among the measures to increase
soybean productivity is the effective use of the
basic tillage system. Therefore, it is important to
improve existing and develop new tillage meas-
ures and systems, considering the soil and cli-
matic conditions of the region.

Variability in climatic conditions, espe-
cially temperature and precipitation during
the growing season, are factors that limit soy-
bean productivity (Nendel et al., 2023; Elmerich
et al, 2023). Adapting crop production tech-
nologies to climate change is particularly im-
portant for pulses, which are characterised by
low productivity stability (Reckling et al., 2018;
Zong-Sheng et al., 2023). When there is insuffi-
cient moisture, it isimportant to prepare the soil
in such a way as to ensure that the maximum
possible amount of precipitation is retained. In
particular, the study by V. Kyryliuk et al. (2020)
shows that no-till works best in dry conditions,
with yields often equal to or higher than those
obtained with conventional tillage.

The priority task of modern agricultural
production is not only to produce high-quality
products but also to increase the level of soil
fertility (Litvinova et al., 2019). Conservation till-
age technologies are considered to be one of the
most effective methods of managing soil fertil-
ity, as well as reducing the energy and economic
costs of tillage (Mondal et al., 2020; Achankeng &
Cornelis, 2023). However, it is necessary to point
out the problematic issues of obtaining stable
crop productivity and soil fertility indicators
when using conservation tillage in crop pro-
duction technology. F. Tshuma et al. (2021) noted
that No-till leads to a layered placement of nu-
trients in the soil, with a predominant amount

in the upper horizon. This can hurt the supply
of nutrients to crops, especially in the dry sea-
son. Y. Shen et al. (2021) reported that No-till im-
proved soil structure compared to conventional
tillage, with the content of macro-aggregates
increasing by 4.8%, the AOS (cultivating sowing
unit) by 8.3%, and the AMWS (minimum mois-
ture sowing unit) by 18.3%, but conventional
tillage provided higher crop yields compared to
No-till. J.C. Calonego et al. (2017) indicate that
the No-till system has a favourable effect on soil
quality, improving its structure and increasing
biological activity, water retention capacity and
water use efficiency.

The research relevance is determined by the
need to reduce the negative impact of agricul-
tural activities on the environment and optimise
production costs. The introduction of the No-
till system can help preserve soil cover, reduce
erosion and pollution, and reduce energy and
labour consumption, which will help increase
agricultural production efficiency (Page et al.,
2020; Bulygin et al, 2021). The research aims
to determine changes in the agrophysical pa-
rameters of typical chernozem, the efficiency
of moisture used by plants and their impact on
soybean yields depending on the tillage system.

MATERIALS AND METHODS

The determination of soil tillage efficiency for
high soybean yields and improvement of soil
agrophysical properties was carried out over
three years, from 2020 to 2022. To evaluate the
effectiveness of different tillage systems, ag-
ricultural and physical soil parameters, crop
water consumption, and yield formation were
studied. An integral indicator of the efficiency of
a tillage system is the level of crop productivity.
The field research was carried out at the sta-
tionary experimental plot of the Department of
Agriculture and Herbology, which is located at
the Separate Subdivision “Agricultural Research
Station” of the National University of Life and
Environmental Sciences of Ukraine. The exper-
imental plot was in crop rotation and included
the following crop rotations:

1. Soy;

2. Spring barley;,

3. Grain corn.
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Two tillage systems were chosen for the
study: No-till - a no-tillage system in which no
plough or disc is applied after harvesting the
previous crops, and the remains of plant mass
are retained on the soil surface; traditional sys-
tem - involving disking at a depth of 8-10 cm af-
ter harvesting the previous crop (corn for grain),
ploughing to a depth of 23-25 cm, early spring
moisture closure, and pre-sowing cultivation to
a depth of 6-8 cm. The area of the town plot was
52 m?, and the accounting plot was 22 m?.

The studied soil was a typical low-humus
chernozem and had the following characteris-
tics: granulometric composition: coarse-dust
light loam and contained 37% physical clay
and 63% sand; equilibrium bulk density of the
soil was 1.16-1.30 g/cm?; stable wilting mois-
ture (SWM) was 10.8%. The thermostat-weight
method was used to determine the total re-
serves and available moisture in the soil to a
depth of 1 m. The average sample was dried in
a thermostat at 105°C by DSTU ISO 16586:2005
(2008). Soil samples were taken with a drill from
layers 0-10, 10-20, 20-30, 30-50, 50-70, and
70-100 cm. In each variant, the total moisture
reserve and the moisture reserves available
to plants were calculated. The structural-ag-
gregate state of the soil was determined by the
Savvinov method according to DSTU 4744:2007
(2008), and the density of soil composition was
determined by the cutting ring method accord-
ing to DSTU IS0 11272-2001 (2003).

To account for the soybean harvest, the
researchers used the method of continuous
threshing, which involved threshing the entire

35
3 2,81

Yield, t/ha
o = N
[0,] (==Y [9,] N (0]

area of the accounting plot without dividing it
into separate parts. After harvesting all replica-
tions of each variant, the harvested plants were
threshed to separate the seeds from the rest of
the plant mass. To obtain accurate results, the
researchers brought the harvest to 100% pu-
rity, i.e.,, eliminated all impurities and unnec-
essary elements from the harvested material.
They also standardised the moisture content of
the harvested crop for each variant to eliminate
the effect of moisture on seed weight. Soybean
harvesting was carried out at the stage of full
plant maturity, which means that the plants had
reached the maximum level of development and
were ready for seed harvesting. This allowed to
obtain the most accurate data on the crop yield.
The researchers also considered the re-
quirements of the Convention on Biological Di-
versity (1992) when conducting their research.
This convention aims to conserve biological
diversity and sustainable use of nature’'s com-
ponents. These requirements helped to ensure
the ecological adaptation of the studied tillage
systems and allowed the research to be carried
out with due regard for environmental aspects.

RESULTS AND DISCUSSION

According to the results of the research for the
period from 2020 to 2022, the highest average
yield of soybean plants, which amounted to 2.81
tonnes per hectare, was obtained using the no-
till tillage system. On the other hand, the tradi-
tional tillage system, which involved ploughing
to a depth of 23-25 cm, yielded 2.29 tonnes per
hectare (Fig. 1).

No-till

Traditional
Soil cultivation system

Figure 1. Soybean productivity under different tillage systems, average for 2020-2022

Source: compiled by the authors
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However, D. Gaweda et al. (2020) found that
soybeans produced higher yields (by 10.3%) un-
der conventional tillage (ploughing), although
soybean grain grown under No-till had a higher
protein content (by 1.4%). J. Singh et al. (2021)
indicated that long-term use of No-till reduced
corn yields, but increased soybean yields under
a two-year rotation compared to the traditional
tillage system. S. Adami¢ & R. Leskoviek (2021),
despite significant differences in plant condition
and individual plant productivity, no significant
differences in grain yield were observed between
conventional and no-till cultivation systems.
Yields for conventional and No-till systems were
4.54 and 4.48 t ha, respectively, with only a slight
decrease in yield for the no-till system.

The results of the effective soil fertility study
suggested that the use of different tillage sys-
tems causes changes in potential soil fertility,
which determine the level of soybean yields. To
substantiate the yield data in detail, the impact
of different tillage systems on agrophysical pa-
rameters and crop moisture consumption was
analysed. An important and urgent issue not
only in the context of modern agricultural de-
velopment, but also in the context of climate
change is to study and determine the impact of
various agrotechnical measures on the accumu-
lation of available moisture in the soil and, as a
result, obtaining stable crop yields. Considering
the climatic conditions of the region, biological
characteristics of crops in terms of water con-
sumption and, accordingly, the water regime
of the soil under crops, it is possible to identify
ways to rationally use soil moisture and precip-
itation by crops in the process of growing them.
An important measure to manage the use of wa-
ter by plants is to optimise tillage. The processes

3191 3399

470 583
S

of dry matter accumulation in the vegetative
mass of agricultural plants are most active when
there are sufficient reserves of available mois-
ture in the soil.

According to the results of the research con-
ducted in 2020-2022, on average, during the
years of research, during the period of soybean
sowing, the reserves of available moisture in the
0-100 cm soil layer under the No-till system
were 160.4 mm, while under the traditional sys-
tem - 134.3 mm. During the growing season,
soil moisture was mostly used for the forma-
tion of soybean crops and partially for physical
evaporation from the soil surface. At the time of
soybean harvesting, the soil moisture reserves
in the No-till system were 66.1 mm, and in the
conventional system - 53.8 mm. This indicates
a more efficient use of moisture by plants when
implementing the No-till system, which affects
the increase in soybean yields.

Studies of the efficiency of moisture con-
sumption by soybean plants depending on soil
tillage showed that the total moisture consump-
tion from the soil during the growing season of
soybean plants, depending on the tillage system,
ranged from 3191 to 332.9 mm, with higher values
obtained with the No-till technology (Fig. 2). This
means that the No-till system provides more effi-
cient use of moisture by soybean plants compared
to conventional tillage. The increase in moisture
consumption in the No-till system may be due to
the preservation of soil cover and its structure,
which contributes to the preservation of moisture
and its efficient use by plants. The No-till system
allows to achieve optimal use of moisture from the
soil under soybean plants, which in turn can have
apositive impact on crop yields and lead to higher
performance in growing this crop.

679

571

®23-25 cm till (control)
® No-till

Over water usage, mm  Total yield of dry matter Water per dry matter unit

(primary and secondary
product), t/ha

usage, m3/t

Figure 2. Total soybean water consumption depending on tillage, average for 2020-2022

Source: compiled by the authors
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The calculations of the total moisture con-
sumption for the formation of a unit of dry
matter of the crop showed that in the variant
with the traditional tillage system (plough-
ing at 23-25 cm), higher rates of total mois-
ture consumption for the creation of a unit of
dry matter of the crop were obtained, which
amounted to 679 m?3/t, while in the No-till
tillage system, they were 571 m?3/t. The oppo-
site results were obtained in the studies of
V.V. Sinchenko et al. (2019), who found that on
typical black soil, the total moisture consump-
tion for the formation of a unit of dry matter of
soybean crop when placed after corn for grain

was 475 m?3/t in the variant with ploughing and
623 m?/t under No-till.

It is known that the most favourable con-
ditions for growing soybeans are created when
the soil density is in the range of 11-1.3 g/cm?.
M.T. Moraes et al. (2020) point out that soil den-
sity has always been a problem for agricultural
productivity, mainly with minimum tillage tech-
nologies, in particular No-till. The determination
of this indicator shows that in the No-till system,
it was higher compared to conventional tillage
(ploughing at 23-25 cm), where the soil density
was 121-1.32 g/cm?, while in the traditional till-
age,itwasintherange of 0.95-1.23 gcm?(Table 1).

Table 1. The density of soil layer 0-30 cm in soybean crops under different tillage systems
(average for 2020-2022), g/cm?

. vegetation beginning vegetation ending
Soil layer, cm - - - -
ploughing by 23-25 cm (control) | No-till | ploughing by 23-25 cm (control) | No-till
0-10 0.95 121 1.22 141
10-20 117 130 135 144
20-30 123 132 137 135
HiP . 004 002 004 003

Source: compiled by the authors

During the growing season, soil compaction
is observed in all variants of the experiment. It
is natural that in the variant with deep shelf till-
age, the density of soil compaction increased to
1.35 g/cm?, or 28.4%, while in the No-till technol-
ogy, it increased by 16.5%. It should also be noted
that both in the top (0-10 cm) and in the 10-20
and 20-30 cm horizons, the soil texture density
indicators had critical limits and significantly
exceeded the optimal parameters for soybeans.
Similar results were obtained by R.A. Vozhehova
et al. (2021), who found that the lowest level of
soil density (1.23 g/cm?) was formed under chisel
tillage to a depth of 28-30 cm of soil, which is
1.6% lower than the control (ploughing at 28-
30 cm), and the highest (1.29 g/cm?) was obtained
under the No-till system, which is 3.2% higher

than the control. However, S.R. Silva et al. (2023)
found that the No-till system had a better effect
on soybean productivity and was less harmful to
soil physical quality.

Soil structure is crucial for the formation of
air, water, nutrient and other regimes, and ulti-
mately for obtaining high and sustainable crop
yields. Structural and aggregate composition, as
a complex factor in the formation of crop pro-
ductivity, can be regulated within certain limits
by basic tillage measures and generally contrib-
utestobetter preservation of the structure of the
cultivated layer. The study of seasonal changes
in the structural state of typical chernozem in
soybean crops depending on the tillage system
was carried out at the beginning and end of the
growing season (Table 2).

Table 2. Influence of primary tillage on the distribution of structural features in the 0-30 cm soil
layer (average for 2020-2022)

Soil Ploughing by 23-25 cm (control) No-till
layer, number of units, % structure number of units, % structure
m | >10 mm ‘ 10-0.25 mm ‘ <025mm | coefficient | >10 mm ‘ 10-0.25 mm ‘ <025mm | coefficient
Vegetation beginning
010 | 223 | 638 | 143 286 | 196 | 793 | 69 | 299
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Table 2. Continued

Soil Ploughing by 23-25 cm (control) No-till

layer, number of units, % structure number of units, % structure

M | >0 mm | 10-025mm | <0.25mm | coefficient | 10 mm | 10-0.25mm | <0.25mm | coefficient
10-20 23.6 70.2 7.8 297 20.8 80.5 45 318
20-30 23.8 69.6 7.3 292 187 787 47 3.36
HiP o5 0.04 0.10 018 0.05 01 0.21

Vegetation ending

0-10 19.2 713 9.5 248 181 75.5 64 3.08
10-20 214 72.0 6.6 2.57 16.5 79.3 4.2 3.83
20-30 20.5 727 6.8 2.66 18.2 774 44 342
HiP 0.03 0.15 0.20 01 017 0.21

Source: compiled by the authors

It was established that the highest content of
agronomically valuable aggregates (10-0.25 mm
in size) was formed in soybean crops under No-
till technology. At the beginning of the growing
season, the content of aggregates in the 0-10 cm
layer was 79.3% in the 0-10 cm soil layer under
this technology. In the soil layer 10-20 cm and 20-
30 cm, respectively, it was 80.5 and 78.7%. Under
shelf cultivation (ploughing at 23-25 cm), their
share was 63.8%, 70.2% and 69.9%, respectively,
64.54-66.70%. The results obtained are confirmed
by L. Gao et al. (2019), found that in the soil layers
of 0-10 cm and 10-20 cm, the No-till system and
deep soil loosening showed a significantly higher
proportion of aggregates >250 um (macroaggre-
gates) compared to the traditional tillage system,
and the proportion of aggregates <53 um (micro-
aggregates) was significantly higher in the tradi-
tional system compared to No-till and deep soil
loosening. The opposite results were obtained by
V. Kyryliuk et al. (2020), who found that minimis-
ing tillage, namely surface mouldboard tillage,
worsened the soil structure compared to plough-
ing, especially in the 0-20 cm soil layer.

The highest coefficient of topsoil structure
(0-10 cm) at the beginning of soybean vegeta-
tion was recorded in the No-till variant - 2.99,
while in the ploughing variant, it was 2.86. In the
horizons 10-20 and 20-30, the structural coeffi-
cient prevailed in No-till compared to plough-
ing, respectively, 318 vs. 2.97 and 3.36 vs. 2.92. It
was determined that during the growing season
of the crop, there was an increase in the share
of agronomically valuable fractions due to a de-
crease in the dusty and cloddy fractions. When
ploughing at 23-25 cm, the share of soil fraction

9

(10-0.25 mm) was 71.3-72.7%, No-till - 75.5-79.3%.
At the time of harvesting the crop, the structural
coefficient increased in all variants regardless of
the factors studied. Thus, optimisation of the soil
tillage system has a significant impact on soil
fertility and soybean yields on typical black soil.

CONCLUSIONS

Studies conducted on typical chernozem of the
Right-Bank Forest-Steppe of Ukraine have estab-
lished the positive impact of the No-till system on
the management of soil agrophysical parameters
and the formation of soybean plant productivity.
It was found that the use of the No-till system
ensures efficient (by 15.9%) use of moisture by
soybean plants during the growing season, com-
pared to the traditional tillage system.

Using No-till, an increase in the density of
soil composition of 0-20 cm of the soil layer was
observed compared to the traditional tillage sys-
tem. At the beginning of the growing season, the
density of the 0-20 cm soil layer under No-till
exceeded the control variant (conventional till-
age system) by 19.2%, and at the end of the soy-
bean growing season by 11.1%.

It was found that the use of the traditional
tillage system led to a decrease in the structure
of the cultivated soil layer by 8.9-33.0% com-
pared to the No-till system. At the beginning of
the soybean growing season, the highest con-
tent of agronomically valuable aggregates in
the 0-10 cm soil layer was formed in the No-till
system (79.3%), while in the traditional system,
the share of agronomically valuable aggregates
decreased to 63.8%. During the growing season
of soybean plants, an increase in the share of the

Plant and Soil Science, (14)3
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agronomically valuable fraction was observed
due to a decrease in the dusty and clumpy frac-
tion. It was determined that due to the compac-
tion of the cultivated soil layer and as a result
of stronger contact of individual particles, the
highest coefficient of the structural structure of
the upper (0-10 cm) soil layer at the beginning
of the soybean growing season was noted in the
variant of the No-till system - 2.99, in the lower
soil layers (10-20 and 20-30 cm) the coefficient
was 3.18 and 3.36, respectively.

The tillage system influenced the density
of the soil, the structural aggregate composi-
tion of the soil, and the moisture consumption

of the crop, providing different conditions for
the formation of soybean productivity. The use
of the No-till system provided an increase in
soybean yield by 22.7%, which in absolute terms
was 0.52 t/ha compared to the traditional tillage
system. A promising area for further research is
the indicators of soil nutrition and the cycle of
organic matter and nutrients.
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AmuTpo Biktoposuu JlitBiHOB
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OuiHKa BNIUBY 06p06iTKY FPYHTY Ha NPOAYKTUBHICTb COi

AHoTauiga. CydacHi TexHONOrii BUPOIIYBAaHHS CiTbCBKOTOCIIONAPCHKUX KYJIBTYp 3aJIeXKaTh Bif
iHTeHCHBHOCTI 06pObITKY IpyHTy. TpafguuiiiHi MeTomu 06pobiTKy 36inblIyI0TH CO6iBapTiCThH
BUPOGHUIITBA Ta HETATUBHO BIUIUBAIOTH HA HABKOJIMIITHE CEPEIOBUIIE. AKTYAIBHICTD IOCTiIKEHHS
IoJIira€ B HEO6XiTHOCTI 3HAXOMKEHHSA eDEeKTMBHUX Ta EKOJIOTIYHO YUCTUX AJIBTePHATUBHUX
TEXHOJIOTiY 06pObITKY I'PYHTY, SIKi 3MEHIIAaTh CO6iBaPTiCTh CITBCHKOTOCIIONAPCHKOTO BUPOOHULITBA
i MalTh MO3UTHMBHUN BIUIMB Ha CTaH HABKOJUIIHLOTO CEpElOBUIA. MeTOI IOCIiIKEHDb 6YII0
BCTQHOBJIEHHsI BIUINBY CHUCTeMU OOpOGITKY I'PYHTYy Ha GOpPMYBAHHS IMPOAYKTUBHOCTI POCIIMH
col. MeTomu IOCIiIKeHB: JOBrOTPUBAJIUN CTalliOHApHUU [OCIif, j1abopaTopHe BU3HAYEHHS
arpodisMyHUX BJIACTUBOCTEN TPYHTY, CTAaTUCTUYHA O06po6Ka maHuX. IIONBOBI IOCIiIKEHHS
BUKOHAaHO y BimokpemyeHMM migposzin HauioHasbHOTO yHiBepcuteTy 6iopecypciB i
TIPUPOJOKOPUCTYBaHHA YKpaiHU «ArpoHOMIUHa AOCIiAHA CTaHLiA» y CTallioHapHOMY IOCIiAi
Kadenpu 3eMsiepobCTBa Ta repboIIoTii. BCTAHOBJIEHO, 110 YPOXKAMHICTD CO1 32 cucTeMU 06pObBITKY
No-till 6yma Bumoo Ha 22,7 % OPiBHAHO 3 TPAZULIIMHO CUCTEMOIO, ITI0 ¥ a6COMIOTHOMY 3HAUYeHH
cTaHOBUIIO (2,81 T/ra) 3a cucteMu 06pobiTKy No-till, i 2,29 T/ra 3a TpamuIIifiHOI ccTeMU 06POBITKY.
No-till 3a6e3meuyBaB 6iblI BUCOKUM YMICT BOJIOTHM B IPYHTI, Ta YacCTKy arpOHOMIUHO I[IHHUX
arperariB 3a BUIIOTO [TOKa3HUKA HIUTBHOCTI CKJIaZeHHS I'PYHTY BiTHOCHO TPaAULIiMHOI cucTeMU. Y
11i7oMy epeRTUBHICTh BUKOPUCTaHHS BOJIOTH POCIMHAMU COI 32 CHCTeMHU IIOJIULIEBOTO 06POGITKY
IpyHTy 6yna HIK4YOH Ha 16,0 % mopiBHAHO 3 cucTeMoio No-till. 3acTocyBaHHA TpaAuLifHOI
CUCTeMHU 06POBITKY I'PYHTY Y cepeHboMY 3a 2020-2022 pp. IIpU3BEJIO L0 3HWKEHHS CTPYKTYPHOCTI
mocimryBaHoro 0-30 cM miapy rpyHTY Ha 8-33 %. KiIbKiCTh arpoHOMIYHO LiHHMX arperartis (0,25-
10 MM) 3a1ekasta Bif crcTeMu 06po6iTRy IpyHTY. 3a cricTeMu No-till 36ibl1yBasach arpoOHOMIYHO
LIiHHA CTPyKTypa y wapi rpyHTy 0-10 cM Ha 15,5 %, 10-20 cM miapi - Ha 10,3 % 120-30 cM - Ha 9,1 %
TTOPiBHAHO 3 TPAAMIIIMHOI CUCTEMOIO 06pO6ITKY Ha ITOYaTKy BereTallii i BigmosigHo Ha 4,2 %, 7,3 %
147 % y KiHLi Beretalil. [IpakTUYHe 3HAYEHHS OAEP)KaHUX pe3yJIbTaTiB NOCIIIKEeHb IIOJIATAE Y
BU3HAYEHHS ONITUMAJIBHOI CCTEMU 06PO6ITKY I'PYHTY IS peai3aliii reHeTUYHOTIO ITOTeHIiany coi
3 MeTo10 GOpMyBaHHS CTAabI/IBHOI i1 TPOAYKTUBHOCTI

KniouoBi cnoBa: IIibHICTh CKIQJIEHHS; CTPYKTYpa [PYHTY, BOZOCIIOXKUBAHHS; BUPOIIYBAHHS;
CiTBCHROTOCITOaPChKA KY/IBTYPa; POCTHHA
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conditions is an urgent task in the modern selection of crops. The research aims to evaluate the level
of drought tolerance wheat varieties different methods and to identify sources for involvement in
crossbreeding during the selection of drought tolerance. Laboratory and field methods were used
to study the researched varieties in response to drought: germination of seeds in a sucrose solution
and determination of drought resistance indices by yield level. Varieties of spring wheat of different
ecological and geographical origins have an increased productive potential in the conditions of the
central part of the Forest Steppe of Ukraine. A wide range of variability in the degree of drought
sensitivity of spring wheat was established. Varieties that have increased resistance to drought
and can form a sufficient level of productivity under stress factors have been identified: Leguan
(Czech Republic) and Koksa (Poland). The obtained results prove the possibility of combining in one
variety an increased level of drought resistance and yield by classical breeding methods. According
to the correlation coefficient between the productivity index and other studied indices of drought
resistance, the effectiveness of using the Geometric Mean (proportional average) Productivity (GMP),
Stress Tolerance Index (STI) and Yield Stability Index (YSI) indices in further breeding practice was
noted. The practical research significance is determined by the combination of different methods for
determining drought tolerance in crop breeding allowing for an objective assessment of resistance
to stress factors and determination of viability at the initial stage of plant growth and development

under the influence of the limiting factor - moisture

Keywords: Triticum aestivum L.; productivity; crops; productivity index; dryness

INTRODUCTION

Wheat holds significant importance in agricul-
ture as a staple crop and a fundamental com-
ponent of human nutrition and food stability.
Among the complex factor groups that determine
all life processes of plants, climatic factors occu-
py a special place, since they directly determine
the conditions and limits of the life of organisms,
their distribution, and reproduction. The influ-
ence of agroclimatic conditions on the yield level
reaches 60-70% (Hladii & Luzan, 2020; Butenko
et al,, 2020). V.V. Hamayunova et al. (2018) noted
that the impact of climate change on agricultural
production will only increase in the future. Due to
the arid conditions that occur during the growth
season of wheat, there is a need to determine the
level of drought tolerance of varieties at different
stages of their growth and development. Dry con-
ditions during seed germination led to thinning
of crops, and their insufficient amount during the
growing seasons reduces productivity.

Air temperature will continue to rise, and
dry periods will alternate with periods of nor-
mal moisture. The basis for the formation of the
appropriate level of productivity is favourable
weather conditions during the growing season
(Sobko & Vozniuk., 2018). An important role in
the life of all living things is played by water, an

Plant and Soil Science, (14)3

insufficient amount of which causes water stress,
which leads to a violation of the life processes of
the plant organism. M. Hou et al. (2022) considered
water scarcity a serious challenge for wheat pro-
ductivity in changing climates, especially in arid
and semi-arid regions. Plants develop best with
optimal provision of the necessary life factors
and high-quality performance of all agrotech-
nical measures (Yurchenko et al., 2020). Different
approaches are used to overcome the problem
of wheat drought resistance: agronomic, physio-
logical, and molecular. It is noted that one of the
most effective options for solving the problem of
drought resistance is the creation of new varie-
ties of wheat adapted to drought (Itam et al., 2020;
Chowdhury et al,, 2021; Ahmad et al,, 2022). Con-
sidering climate changes (Blyzniuk et al, 2019),
breeding for increased resistance to drought and
heat is a promising direction for further increas-
ing wheat productivity (Collins § Chenu, 2021).

Considering the aforementioned, the deter-
mination of the features of modern spring wheat
genotypes by the level of drought resistance is an
important and urgent task in breeding for adapt-
ability. In H.U. Rehman et al. (2021) characteriza-
tion of genotypes for adaptive traits can increase
their selection for higher yield under drought

(5
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conditions, and phenotypic and genetic study of
drought-related traits will aid future gene dis-
covery efforts and provide the basis for breeding
drought-resistant wheat varieties (Lin et al., 2019).

The study and research of the economic
characteristics of the modern assortment of soft
spring wheat allows to identify sources of val-
uable characteristics for their further involve-
ment in breeding programs as valuable start-
ing material (Lozinska et al.,, 2018; Langridge &
Reynolds, 2021). The research aims to evaluate
the level of drought tolerance wheat varieties
different methods and to identify sources for in-
volvement in crossbreeding during the selection
of drought tolerance.

MATERIALS AND METHODS

The research was conducted in 2016-2018 at the
VM. Remesla Myroniv Wheat Institute of the
National Academy of Sciences. Fourteen vari-
eties of soft spring wheat of different ecolog-
ical and geographical origins were used: Elegia
Myronivska, Struna Myronivska, Kharkivska 26,
MIP Zlata, Panyanka, SimkodaMyronivska, Etud,

Suite, Heroinya (Ukraine), Koksa, Yasna (Poland),
Granny (Austria), Leguan (Czech Republic), Ven-
era (Syria). Sowing was carried out on the exper-
imental field with a CH-10C seeder in four rep-
etitions. The registered area of the site is 10 m?.
The variety Elehiia Myronivskawas used as
a control sample. Laboratory and field methods
were used to study the researched varieties in re-
sponse to drought: germination of seeds in a su-
crose solution and determination of drought re-
sistance indices by yield level. Seed germination
onasucrose solution was carried out using a solu-
tion with a molar concentration corresponding to
14 atm of osmotic pressure (Dorofeyev et al., 1974).
The seeds were disinfected with sodium hy-
pochlorite (NaClO) solution. Seed germination
was carried out on filter paper in Petri dishes for
7 days at a temperature of +20..21°C (Fig. 1a). The
control sample seeds germinated under similar
conditions in distilled water (Fig. 1b). Seed germi-
nation was determined as the percentage of ger-
minated seeds compared tothe control. The num-
ber of germinal roots was determined on the 7th
day of germination in the control sample group.

Figure 1. Determination of drought resistance by seed germination on sucrose solution
Note: a) seed germination in a thermostat; b) wheat seeds for germination on distilled water (with sprouts) and in

sucrose solution (without sprouts)

Indices of drought resistance are calculated
according to the formulas:

> the yield index (Y1) characterizes the per-
centage of the yield of a specific sample in dry con-
ditions to the average yield of the studied varieties
during the drought period (Gavuzzi et al., 1997):

Yl = ;— x 100, )

where Ys is the yield in drought conditions, ¥s
is the average yield of all studied samples in
drought conditions;

> the average yield index (MP) character-
izes the yield of the variety in dry and optimal
years. (Ribaut & Poland, 1999):

MP = —Y";Ys ; )

Plant and Soil Science, (14)3
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» the geometric mean (proportional mean)
of yield (Griffing, 1950):

GMP = /Y, X Y, ; (3)

> the yield stability index (YSI) characterizes

the ratio of yield under stress to yield under op-
timal conditions (Bouslama & Schapaugh, 1984):

YSI =3, (4)

Y

> the drought susceptibility index (DSI)
characterizes how sensitive the variety is to the
effects of drought, therefore, the lower its index,
the greater the level of drought resistance of the
sample (Fischer & Maurer, 1978):

DSI =27, (5)
Y, XD

where: D (intensity of the stress factor) =
1-(HYs/Yp); Ys - yield of a variety in drought con-
ditions, Yp - yield of a variety in favourable con-
ditions, HYs - average yield level for all varieties
in drought conditions, Yp - average yield level
for all varieties in favourable conditions;

> the stress tolerance index (STI) characteriz-
es the ability of a sample to maintain a stable yield
level regardless of stress factors (Fernandez, 1992):

STI = 2%, 6)
. (%)

where Ypis the average yield under optimal con-
ditions;

> the drought tolerance index (TOL) deter-
mines the yield reduction under the influence of
drought in absolute units. The optimal yield level
of varieties with low indicators of this index was
noted. (Hossain et al., 1990):

where Yp is yield in optimal conditions, Ys is
yield in drought conditions;

> to characterize the hydrothermal condi-
tions, the hydrothermal coefficient of Selyani-
nov (HCS) (Selyaninov, 1937) was calculated:

D 8)

HCS = 0,1xY t°C”’

where yris the sum of precipitation (in mm) for
the period with an average daily air temperature
above 10°C; ¥'t is the sum of active temperatures
for the same period; 0.1 - constant coefficient.

Statistical analysis was performed using the
Statistica 12.0 program (StatSoft, TIBCO, USA).
The research was conducted following the re-
quirements of the International Convention on
Biological Diversity (1992).

RESULTS AND DISCUSSION

The sum of temperatures during the growing
season of 2016-2018 was 1666.7-1771.6°C, while
the long-term indicator was 1550.7°C. The hydro-
thermal coefficient in 2016 (Fig. 2) was generally
optimal (HCS=13), but in the interphase period
“exiting the tube-earing” there was overwetting
of the territory (HCS=2.2), and the period “ear-
ing-full ripeness’, during which 70.60 mm of
precipitation fell, was marked as dry (HCS=0.8).
The total HCS for 2017 was 0.7 with a critical value
(HCS=0.5) in the period “exit to the tube-earing’,
during which 14.74 mm of precipitation fell, and
the average daily temperature was higher by
1.3°C.In 2018, the total value of HCS was noted at
the level of 11, its decrease occurred in the inter-

TOL =Y, —Y,, (7)  phaseperiod ‘stairs - exitinto the tube” (HCS=0.9).
-
‘E 3.0
9 25 N
IR —
a P N ~ — —
g 10 —_—
g ———
B 0.5
5 00
k) ’ sowing - seedling | stairs - exit to the output to the ears of corn - during the
E\ tube earing tube full ripeness growing season
2016 0.9 11 22 0.8 13
2017 0.8 0.9 0.5 0.7 0.7
2018 1 0.9 1 15 11
average multi-year indicator 2.6 0.7 19 11 15

Figure 2. Hydrothermal conditions of soft spring wheat vegetation in the Forest-Steppe Zone of
Ukraine (MIP, 2016-2018)

Source: compiled by the authors
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Considering climate changes, breeders are
constantly increasing the level of drought resist-
ance of crop genotypesbyboth traditional breed-
ing methods and genetic engineering (Chebotar
et al, 2020; Motsnyi et al,, 2022). As scientists
note, the use oflaboratory methods for assessing
drought resistance requires testing genotypes
under natural growth conditions (Yurchenko
et al, 2020). The variation of the average yield
level of the varieties over the years of research
was noted from 2.94 to 4.00 t/ha (Table 1). The

highest level of spring wheat yield was recorded
in 2016, and the lowest in 2017, which proves op-
timal and unsatisfactory climatic conditions dur-
ing the growing season. In selection for drought
resistance, varieties that can form a sufficiently
high level of productivity in unfavourable grow-
ing conditions should be prioritised. Thus, under
dry vegetation conditions, the highest level of
productivity was noted in wheat varieties: Suita
(316 t/ha), Leguan (3.06 t/ha), Koksa (2.99 t/ha)
and MIP Zlata (2.95 t/ha).

Table 1. Yield parameters of soft spring wheat varieties (+ SE) for (2016-2018)

Variety, standard COggtgrii/l of Productivity, t/ha
2016 2017 2018
Elehiia myronivska- St UKR 4.60+0.08 274+017 311+0.08 348+0.98
MIP Zlata UKR 545+013 2.95+0.06 3.61+0.11 4.00£1.30
Struna myronivska UKR 4.89+0.18 2.59+014 4.22+0.05 390£118
Koksa POL 4.64+0.07 2.99+0.14 3.69+011 3.77+0.83
Leguan CZE 4.60+0.08 3.06+0.14 3.64+0.15 377+078
Simkoda myronivska UKR 5.01x016 2.61+x0.09 3.64+0.15 375120
Yasna POL 4.01+0.13 2.59+0.07 4.53+0.09 3.71£1.00
Paniyanka UKR 500014 2.62+0.05 3.53+0.11 3.72+1.20
Kharkivska 26 UKR 474+0.08 2.74+0.09 3.39+£0.10 3.62+1.02
Granny AUT 4.31+0.07 2.66+0.09 2.99+0.17 3.32+0.87
Heroinia UKR 4.20+0.14 247+0.14 2.80+0.09 318+0.91
Venera SYR 4.34+0.12 2.86x0.11 211+015 3104113
Siuita UKR 3.86+0.30 316+0.06 214+011 3.05+£0.87
Etiud UKR 349+019 2.79+015 2.53+0.09 2.94+0.50

Note: St - standard, - three-year average

Source: developed by the authors based on their research (2016-2018)

Following the research methodology, to
calculate the corresponding indices of drought
resistance, the yield formed by varieties in two
years with contrasting weather conditions was
chosen. These were 2017 and 2016 when the
minimum and maximum yield levels were ob-
tained, respectively. The fluctuation range of

9

the productivity index (YI) was 85-109 (Table 2).
A high value of the productivity index was noted
in the varieties Suita (YI=109), Leguan (YI=105),
Koksa (YI=103), MIP Zlata (YI=101), Venera
(Y1=98), Etyud (YI=96). The obtained data testify
to ahigherlevel of yield in the indicated varieties
in drought conditions.

Plant and Soil Science, (14)3
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Table 2. Characteristics of soft spring wheat varieties according to drought resistance indices

Variety, standard YI MP GMP YSI SSI STI TOL
Elehiiamyronivska- St 94 360 349 0.60 100 0.60 171
MIP Zlata 101 420 401 0.54 119 079 2.50
Strunamyronivska 89 374 3.56 0.53 123 0.63 2.30
Koksa 103 3.82 372 0.64 093 0.69 165
Leguan 105 3.83 375 0.67 0.87 0.69 154
Simkodamyronivska 90 3.81 362 0.52 1.25 0.65 240
Yasna 89 3.30 322 0.65 093 0.51 142
Paniyanka 90 3.81 3.62 0.52 124 0.65 2.38
Kharkivska 26 94 374 3.60 0.58 110 0.65 200
Granny 91 349 3.39 0.62 0.99 0.57 165
Heroinia 85 334 3.22 0.59 107 0.51 173
Venera 98 3.60 3.52 0.66 0.89 0.61 148

Siuita 109 351 349 0.82 047 0.6 070

Etiud 926 314 312 0.80 0.52 048 070

Note: YI - productivity index, MP - average productivity index, GMP - geometric mean (proportional average)
productivity, YSI - yield stability index, DSI - susceptibility index, STI - stress tolerance index, TOL - tolerance

index. For TOL and DSI, lower values are desirable; For YI, MP, GMP, YSI and STI, higher values are desirable

Source: compiled by the authors

The MP index varied from 3.14 to 4.20. Ac-
cording to this indicator, the varieties MIP Zlata,
Panyanka, Kharkivska 26 (UKR), Leguan (CZE),
and Koksa (POL) were selected, which are ca-
pable of forming high yields under different
weather conditions. Variations in the values of
the yield stability index (YSI) were noted in the
range of 0.52-0.82. Among the studied varieties,
the lowest level of susceptibility to drought was
found in the following varieties: Suite (DS1=0.47),
Etude (DSI=0.52), Leguan (DSI=0.87), Venera
(DS1=0.89). The range of variation according to
the stress tolerance index (STI) was 0.48-079. A
consistently high level of productivity was found
in the following varieties: Simkoda Myronivska,
Panyanka, MIP Zlata (UKR), Koksa (POL), and Le-
guan (CZE). The index of tolerance to stress in
the specified varieties was from 0.65 to 0.79. The
stress tolerance index (TOL) variation ranged
from 0.70 to 2.50. As a result of the analysis,
the optimal yield level under conditions of wa-
ter deficit was found in the following varieties:
Suite (TOL=0.70), Etude (TOL=070) and Yasna
(TOL=1.42). According to most indices of drought

resistance, the following varieties were selected:
Koksa, Leguan, MIP Zlata and Etyud.

One of the determining factors of spring
wheat yield level is moisture supply during the
interphase periods of growth and development.
In the studied years, dry conditions were ob-
served during the germination period (Fig. 2).
One of the methods that allow you to identify
genotypes that can avoid the effect of drought in
the early stages of development is the diagnosis
of wheat varieties based on the indicator of seed
germination on sucrose solution and the num-
ber of roots (Pour-Aboughadareh et al, 2019;
Khomenko, 2020).

During seed germination in a sucrose solu-
tion corresponding to 14 atm of osmotic pres-
sure, differentiation of the investigated varieties
was revealed by the percentage of germinated
seeds (Fig. 3). Drought resistance at the level
of the standard variety Elehiia Myronivska
(according to Fisher's criterion) was noted in
the following varieties: Koksa (91£2.9), Venera
(91£2.9), Leguan (80+4.0), Simkoda Myronivska
(75+4.3), Yasna (87+3.4) and Granny (87+3.4).

Plant and Soil Science, (14)3 @;
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Figure 3. Distribution of spring wheat varieties by the percentage of germinated seeds
on al4 atm sucrose solution, 2016-2018
Note: G1 - Elehiia Myronivska, G2 — MIP Zlata, G3 - Struna Myronivska, G4 - Koksa, G5 - Leguan, G6 - Simkoda
Myronivska, G7 - Paniyanka, G8 - Yasna, G9 - Kharkivska 26, G10 - Granny, G11 - Heroinia, G12 - Venera, G13 -

Siuita, G14 - Etiud

Source: compiled by the authors based on their research (2016-2018)

The root plays an important role in provid-
ing water for the viability of plants at the ger-
mination stage (Khakwani et al, 2011; Wasaya
et al, 2018; Terletskaya et al., 2020), namely the
number of germinating roots during seed ger-
mination since it is the root system that is re-
sponsible for providing plants with nutrients
for their growth and development. Counting
the number of germinal roots in spring wheat
varieties showed a significant variation of this
indicator depending on the genotype (Fig. 4).
Within the studied set of varieties, from one to

100%
80%
60%
40%

20% |

Number of live plants, %

0%
G6

six germinal roots were noted, as well as a small
percentage of seeds in the ringing phase.

In varieties (Koksa (91+2.9), Venera (91+2.9),
Yasna (87+34), Granny (87+34), Leguan (80+4.0),
Simkoda Myronivska (75+4.3), in which a high per-
centage of germinated seeds on sucrose solution
was noted, the highest number of germinal roots
was determined. The obtained data are consistent
with the results of studies where it is noted that
genotypes with a greater root biomass, and ac-
cordingly a greater number of roots, have a higher
level of drought resistance (Mia et al., 2020).

Glo G1

G7
Genotype
o3

Gl2 G13 Gl4

4 5 6

Figure 4. Distribution of spring wheat varieties by the number of germinal roots
Notes: G1 - Elehiia Myronivska, G2 - MIP Zlata, G3 - Strunam Myronivska, G4 - Koksa, G5 - Leguan, G6 - Simkoda
Myronivska, G7 - Paniyanka, G8 - Yasna, G9 - Kharkivska 26, G10 — Granny, G11 - Heroinia, G12 - Venera, G13 -

Siuita, G14 - Etiud

Source: developed by the authors based on their research (2016-2018)
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The spring wheat varieties used in the study
demonstrate a relatively wide range of drought
resistance using the index approach and the
laboratory method, which is also noted by other
scientists (Grzesiak et al, 2019). The obtained
results prove the difficulty of combining high
productivity and drought resistance in one gen-
otype (Moskalets § Rybalchenko, 2015).

The correlation coefficient between pro-
ductivity in optimal and drought conditions and
drought resistance indices was determined.
Variability of the strength and direction of the

relationship between the indices of drought re-
sistance and productivity in contrasting years
in terms of vegetation conditions was revealed
(Table 3). A strong relationship was established
between the productivity of spring wheat vari-
eties in the optimal growing season (2016) and
drought resistance indices - MP (0.92+0.11). GMP
(0.84+0.16), DSI (0.84+0.15), STI (0.85+0.15), TOL
(0.93+0.10). A significant relationship between
wheat yield in a dry year and drought resistance
indices was noted only in the calculations: YI
(1.00+0.00), YSI(0.58+0.24).

Table 3. Correlation coefficients of productivity with stability and drought resistance indices

pall"r:;l::%er ¥I MP GMP ¥SI SSI STI TOL
Y, -007+0.29 | 092+011** | 0.84+016** | -0.85:015** | 0.84+015** | 0.85:015** | 0.93+010**
Y, 100£000 | 031+010 | 048+025 | 058+024* | -0.58+024* | 047026 | -042+026
Y1 - 030:027 | 050+025 | 0.60+0.24** | -0.60+024** | 0.50+0.26 | -040+0.26

Notes: Y, - optimal conditions; Ys - arid conditions; * - marked correlations are probable at p<0.05; ** - marked

correlations are probable at p<0.01
Source: compiled by the authors

Correlations were also established between
the yield index (YI) and the rest of the drought
resistance indices: MP (r=0.30+0.27); with in-
dices: GMP (r=0.50+0.25), YSI (r=0.60+0.24),
SSI (r=-0.60+0.24), STI (r=0.50+0.26) and TOL
(r=-040+0.26). Statistically significant correla-
tions were determined between the yield index
(Y1) and the yield stability index (YSI) and the
drought susceptibility index (DSI). When deter-
mining the correlations between the yield index
(Y1) and other calculated indices of drought re-
sistance, a positive correlation (r=0.50+0.26) was
noted between the yield index and the stress
tolerance index (STI) and a negative correlation
(r=-0.6+0.24) with the index of susceptibility to
drought (DSI).

The obtained results of the correlation
analysis coincide with the results of the research
of other scientists, who also found a positive
correlation between the yield and the stress tol-
erance index and a negative correlation between
the yield and the drought susceptibility index
(Pireivatlou et al.,, 2010). Considering the research
results, it should be noted that in selection for
drought resistance, it is worth paying attention to
the correlation between the yield index (YI) and
the indexes of GMP, STI, and YSI, since there is a
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moderate and medium correlation, which may
indicate the effectiveness of their use in further
selection practice. S. Grzesiak et al. (2019) also
note the effectiveness of using the stress toler-
ance index to determine resistant genotypes. At
that time, other scientists note that the index ap-
proach characterizes genotypes by yield level and
is considered an important addition to the clas-
sical methods of selection of agricultural plants
(Pefia-Gallardo et al., 2019; Pykalo et al., 2020).
Therefore, to determine the level of drought
resistance of wheat varieties, it is advisable to
use different methods of evaluating the specified
trait, which provides a comprehensive approach
and makes it possible to identify genotypes re-
sistant to the influence of the limiting factor in
different phases of growth and development.

CONCLUSIONS

The study showed that soft spring wheat varie-
ties with different ecological and geographical
origins demonstrate increased productivity po-
tential in the central part of the Forest-Steppe of
Ukraine. Among these varieties are those with
increased resistance to drought and the ability
to form a sufficient level of productivity un-
der stress factors: Leguan (Czech Republic) and

@
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Koksa (Poland). In varieties Koksa (91+2.9), Ven-
era (91+2.9), Yasna (87+3.4), Granny (87+3.4), Le-
guan (80+4.0), Simkoda Myronivska (75+4.3) in
which a high percentage of germinated seeds on
sucrose solution was noted, the highest number
of germinal roots was determined. The assess-
ment of germination rates on sucrose solution
and the number of germinal roots further sup-
ported this finding for varieties Koksa, Venera,
Yasna, Granny, Leguan, and Simkoda Myronivska.

The results also show that it is possible to
combine increased drought tolerance and fa-
vourable yields in one variety using tradition-
al breeding methods. The correlation coeffi-
cients between the productivity index and the
other drought tolerance indices studied (GMP,
STI and YSI) underline the effectiveness of in-
corporating these indices into future breeding
practices. The combination of different meth-
ods for assessing drought tolerance in crop
breeding allows for an objective assessment
of stress tolerance and viability at the initial
stages of plant growth and development, espe-
cially under conditions of limiting factors such
as moisture availability.

Determining the level of drought resistance
of spring wheat makes it possible to identify the
sources of this trait, which makes it possible to
involve highly drought-resistant genotypes in
the selection process and create drought-re-
sistant varieties A promising direction of the re-
searchisthe involvement of varieties of different
ecological and geographical origin, in particular,
Koksa, Venera, Yasna, Granny, Leguan and Sim-
koda Myronivska in crossbreeding, which will
increase the level of drought resistance of new
varieties of spring wheat and expand the range
of their cultivation.
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MocyxoCTiNKiCcTb cCOpTiB M'AKOI ApOi NWeHULUi pi3Horo
ekonoro-reorpadgiyHoro noxomkeHHs B Jlicocteny YKpaiHu

AHoTauiqa. [TeHUId € OfHIE0 3 HAaWBasKJIUBIIINX CUIBCHPKOTOCIIONAPCHKUX KYJIBTYP i OCHOBOIO
TIPOZIOBOJIBCTBA Ta IIPOIOBOJIBYOI HEe3ITEeKU JIF0JCTBA. B OCTaHHI POKY BiIMiualoThCs 3HAUHI 3MiHU
KJIIMaTUYHUX YMOB, fKi 6e3MocepemHbO BIUIMBAIOTh HAa (GOPMyBaHHSA PiBHA MPOAYKTHBHOCTI
nuieHuI;i. ToMy CTBOpeHHS COPTIB 3 IiIBUINEHOO CTIMKICTIO 0 ITOCYX{ Ha IIOYATKOBUX eTarax
OpraHoreHe3y, a TaKOXK 3IAaTHICTI0O GOpMyBaTU BUCOKUUN piBeHb IIPOAYKTUBHOCTI B MOCYIIIUBUX
yMOBaxX € aKTyaJbHUM 3aBIAaHHAM Cy4dacHOI CeJIeKIlil CUIbCBKOTOCIIONApPChKUX KYJIBTYyp. MeToio
poboTu 6ysI0 OLHUTKU PiBEHDb ITOCYXOCTIMKOCTI COPTIB IIIEHUINl M'AKOI Pi3HUMU METOAaMU Ta
BUSBUTH J3RepeJia [Jid 3aIyYeHHS B CXpeLlyBaHHSA [IPU CeJIeKLIil Ha IIOCYXOCTINKICTb. [IJ1 BUBUEHHS
peaktii JocimKyBaHMX COPTIB HAa TOCYXy BUKOPUCTOBYBAJIM JIAGOPATOPHI Ta ITOJIbOBI METOMM:
IIPOPOLIYBAaHHS HACIHHS B PO3YMHI caxapo3u Ta BU3HAYEHHs iHIEKCIB ITIOCYXOCTIMKOCTI 3a piBHEM
YPO’KarHOCTi. BCTAHOBJIEHO, IO COPTH IIIEHUINl M'AKOI Apoi pi3HOro ekojoro-reorpadiyHoro
TIOXOMIKEHHS MalOTh ITiIBUIIEHUN IIPONYKTUBHUM IIOTEHIaJl B YMOBAax LeHTPaJIbHOI YaCTUHU
JlicocTemny VKpalHU. BCTaHOBIEHO LIMPOKUH Aiarla3oH MiHIMBOCTI 3a CTYIIEHeM I10CYyXOCTiMKOCTI
MIIeHUIi M'IKo0I gpoi. BUineHo COpPTH, AKi MaloTh MiIBUIEHY CTIMKICTh IO IIOCYXU Ta 3LATHICTh
dopMyBaTu [OCTaTHIM piBeHb IIPOAYKTUBHOCTI B yMoOBax [l cTpecoBux dakTopi: Jleryax
(Yexis) Ta Korca (TTosnbia). OTpUMaHi pe3y/IbTaTi JOBOAATh MOKIIMBICT MTOEAHAHHA B OIHOMY

Plant and Soil Science, (14)3 @ \


https://orcid.org/0000-0002-5715-2908
https://orcid.org/0000-0002-8645-2539
https://orcid.org/0000-0003-2312-9774
https://orcid.org/0000-0003-0164-4003
https://orcid.org/0000-0002-2715-7679

Drought resistance of soft spring wheat varieties...

COPTi MiJBUIIEHOrO PiBHS ITOCYXOCTiMKOCTI Ta BPOKAMHOCTI KJIACUYHUMU METOLAMM CeJIEKIIil.
3a KoedilieHTOM KOpendlil MDK IHZEKCOM IIPONYKTUBHOCTI Ta IHIIMMU OOCIiIXKYBaHUMU
ITOKa3HUKaMU [TI0CYXOCTiMKOCTi BiZI3HaUeHO epeKTHBHICTh BUKOPHCTaHH iHJIeKCiB Geometric Mean
(proportional average) Productivity (GMP), Stress Tolerance Index (STI) Ta Yield Stability Index (YSI)
y TTOasTbIIil CeJTeKIIMHIN mpakTulli. [[pakTUYHe 3HaYeHHS po6OTH IT0JIAras B TOMY, 10 TIOEAHAHHS
Pi3HUX MEeTOZiB BU3HAUYEHHS [I0CYXOCTIMKOCTI B CeJIEKIIiI CI/TBCBKOTOCIIONaPChbKUX KY/IBTYP AO3BOJISIE
TTPOBOAUTY 06 EKTUBHY OLIIHKY CTIMKOCTI 10 CTpeCOBUX $GaKTOPIiB Ta BU3HAYATH JKUTTE3MATHICTD Ha
I104aTKOBOMY eTalli pOCTY i pO3BUTKY POCJIMH B yMOBax Aii IiMiTyioduoro akTopa — BOJIOTU

KniouwoBi cnosa: Triticum aestivum L.; IPOAYKTHUBHICTD; CLIbCBKOTOCIIOAAPCHKI KYIBTYpH; iHAEKC
TIPOAYKTHUBHOCTI; CyXiCThb

: @ Plant and Soil Science, (14)3



N Journal homepage: https://agriculturalscience.com.ua/en

pla ntan d SOl I Plant and Soil Science, 14(3), 97-110
__Science Received: 31.03.2023 Revised: 04.07.2023 Accepted: 11.08.2023

UDC 635.657:[581.522.4+581.95]061.62 DOI: 10.31548/plant3.2023.97

Dzhamal Rakhmetov”

Doctor of Agricultural Science, Associate Professor

M.M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine
01014, 1 Sadovo-Botanichna Str., Kyiv, Ukraine

https://orcid.org/0000-0001-7260-3263

Oleksandr Bondarchuk

PhD in Biological Sciences

M.M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine
01014, 1 Sadovo-Botanichna Str., Kyiv, Ukraine

https://orcid.org/0000-0001-6367-9063

Svitlana Rakhmetova

Junior Research Fellow

M.M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine
01014, 1 Sadovo-Botanichna Str., Kyiv, Ukraine

https://orcid.org/0000-0002-0357-2106

Namik Rashydov

Doctor of Biological Science, Associate Professor

Institute of Cell Biology and Genetic Engineering of the National Academy of Sciences of Ukraine
03143, 148 Academician Zabolotny Str., Kyiv, Ukraine
https://orcid.org/0000-0001-5387-4877

Nataliia Kutsokon

PhD in Biological Sciences

Institute of Cell Biology and Genetic Engineering of the National Academy of Sciences of Ukraine
03143, 148 Academician Zabolotny Str., Kyiv, Ukraine
https://orcid.org/0000-0002-2339-0633

Biological, morphological and biochemical features
of seeds of introduced genotypes of Cicer arietinum L.

Abstract.Theresearchrelevanceisdeterminedbytheneedtodevelopmodernscientificand practical
principles of involving little-known, rare, and newly created plant genotypes in the introduction
process. This will help to warn of a possible phytoproduct crisis caused by climate change and rapid
population growth on the planet. The research aims to determine the morphological characteristics
and biochemical features of Cicer arietinum seeds for improving the germplasm of legumes and

Suggested Citation:

Rakhmetov, D., Bondarchuk, O., Rakhmetova, S., Rashydov, N., & Kutsokon, N. (2023). Biological, morphological and
biochemical features of seeds of introduced genotypes of Cicer arietinum L. Plant and Soil Science, 14(3), 97-110.
doi: 10.31548/plant3.2023.97.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0001-7260-3263
https://orcid.org/0000-0001-6367-9063
https://orcid.org/0000-0002-0357-2106
https://orcid.org/0000-0001-5387-4877
https://orcid.org/0000-0002-2339-0633

Biological, morphological and biochemical features...

conducting further breeding and biotechnological research. The comparative morphological method
was used for seeds of introduced plant genotypes from different regions of origin. The material for
the study was 9 genotypes of Cicer arietinum originating from Australia, Afghanistan, Azerbaijan, and
Ukraine, which were grown in experimental plots of the M.M. Gryshko National Botanical Garden.
Morphometric parameters and some biochemical properties of plant seeds were studied depending
on genotypic characteristics. Field, laboratory, and methods of analysis of variance and statistical
evaluation of average data were used using Microsoft Excel (2010). In the course of the research, it was
found that all introduced genotypes are characterised by high quantitative and qualitative indicators of
seeds. Interms of linear seed dimensions (length to width ratio), the sample CAAFGK-1was particularly
distinguished - 1712x14.38 mm, and in terms of weight of 1000 seeds CATADJK-1 - 584.5 g. Biochemical
studies have shown that the highest amount of absolute dry matter was accumulated in the seeds of
C. arietinum samples - CAAFGD-2, CAAFGK-1, CATAD]D-2 and CATADJK-1 (from 89.04 to 89.68%). The
level of total sugars was dominated by the samples of C. arietinum genotypes CATADJK-1-9.37%, and the
accumulation of phosphorus was dominated by CAAZEUR-2 - 1.43%. The biochemical composition of
plants makes it possible not only to characterise their value in terms of food crops but also to determine
the most plastic genotypes to environmental factors. Thus, the results obtained indicate the prospects
of using certain genotypes of C. arietinum as a starting material for breeding and biotechnological
research and the creation of new plant forms, which will help to expand the range of highly productive

chickpea genotypes in the northern regions of Ukraine

Keywords: climate; chickpea; germplasm; morphological characteristics; seed composition

INTRODUCTION

The Fabaceae (Leguminosae) family is one of
the largest in the plant kingdom and includes
more than 500 genera and about 17,100 species
distributed almost all over the world. A large
number of representatives are a valuable source
of raw materials to meet the needs of the pop-
ulation, as well as an integral component in the
proper functioning of natural ecosystems. In
this regard, mankind has naturalised and culti-
vated several well-known species for thousands
of years (including beans, beans, peas, soybeans,
etc.), among which the representatives of the ge-
nus Cicer deserve special attention.

Chickpea, along with other pulses, is an ex-
tremely valuable and promising crop worldwide,
with an areaunder cultivation of over 17.8 million
hectares and a production of 17.2 million tonnes
of seeds (Amina et al.,, 2020; Durdane, 2022). In
Ukraine, 70 thousand hectares are allocated for
chickpea cultivation (Shcatula & Votyk, 2020).
For example, global soybean acreage is 120 mil-
lion hectares with a harvest of more than 300
million tonnes (FAOSTAT, 2021), while accord-
ing to the Ministry of Agrarian Policy and Food
of Ukraine (2022), soybean acreage in Ukraine is
about 1,213 thousand hectares.

E Boukid (2021) and S.E. Mathew et al. (2022)
indicate that the protein content of chickpea seeds
ranges from 17-30% of the absolute dry weight. In
addition, they noted a high content of carbohy-
drates, vitamins, and minerals. Chickpea plays an
importantrolein agriculture by increasing soil fer-
tility through biological nitrogen fixation (Gediya
et al, 2019; Alok et al, 2020). A global collection
of approximately 100,000 accessions of C. ari-
etinum is held in 120 national and international
genebanks in 64 countries. In general, varietal
resources include about 400 taxa (Piergiovanni,
2022), of which 38 varieties of Ukrainian selection
are listed in the State register of varieties suitable
for distribution in Ukraine (2022).

Ukraine is one of the largest agricultural
countries supplying the world market with a
significant number of agricultural products,
including pulses. Its physical and geographical
location allows for a further increase in pulses
production through the introduction of plant
genotypes that are not common in this area,
such as C. arietinum. Therefore, enrichment of
the gene pool and comprehensive introduction
and breeding research is important in solving
the problem of increasing the productivity and
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production of this crop, as well as providing the
food market with the necessary raw materials.
Depending on the habitat, the morpholog-
ical traits of any plant species vary. The ability
of plants to form differentiated phenotypes that
depend on environmental conditions is called
phenotype modification or phenotypic plasticity
(Khanna et al,, 2022). Seeds are the initial stage
of plant ontogenetic development, so at this
stage, it is possible to study the ability of a plant
organism to form several different, relatively
appropriate phenotypes in many environments
(La et al, 2022). In general, phenotypic plasticity,
as a response to environmental factors, can be
reflected both in the number of seeds produced
and in their size among different populations
of the same species due to differences in habi-
tat (Zerfu et al, 2021; Mehmetoglu et al., 2022).
In this case, the seeds of C. arietinum plants are
also characterised by wide polymorphism. There
are three groups of chickpeas in the world: Kab-
uli, Desi, and Bombay. Kabuli types have scoop-
shaped, large, cream-coloured seeds, Desi types
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are angular, small, and dark in colour, Bombay is
also dark in colour but larger than the Desi va-
riety (Nisa et al, 2020). Mobilising plants from
different centres of origin and focusing on in-
traspecific seed variation is important for pre-
serving germplasm of valuable genotypes in col-
lection funds and creating varieties and forms
with specified parameters (Mohanty et al., 2022).

In this regard, the study aimed to determine
the biological and morphological features and
some structural, functional, and biochemical
compounds in the seeds of different chickpea
(Cicer arietinum L.) genotypes introduced in the
M.M. Gryshko National Botanical Garden of the
National Academy of Sciences (NAS) of Ukraine.

MATERIALS AND METHODS

The study was carried outin 2020-2021 at the ex-
perimental plots of the Department of Cultural
Flora of the M.M. Gryshko National Botanical
Garden of the National Academy of Sciences
of Ukraine, located at 50°24'45"N, 30°33'44"E,
with an area of about 129 ha (Fig. 1).

Figure 1. Map of the location of the M.M. Gryshko National Botanical Garden of the National
Academy of Sciences of Ukraine

The territory of the introduction plots is rep-
resented by grey forest podzolic soils. The depth
of the arable layer is 20-22 cm. The humus con-
tent of the soil is 3.26%, pH is 6.7, nitrogen con-
tent is 98 mg/kg, phosphorus is 373 mg/kg, and
potassium is 66 mg/kg.

This study was carried out within the frame-
work of the National Research Foundation of
Ukraine project “Influence of stress factors on

Plant and Soil Science, (14)3

the synthesis of proteins with prion properties in
plants”. Different genotypes of C. arietinum plants
collected in the collection fund of the Department
of Cultivated Flora of the M.M. Gryshko National
Library of the National Academy of Sciences of
Ukraine were used. Plants were grown in the open
field in small plots (6 replications). At the end of
the vegetation phase, the aerial part was cut off
and threshed on a grain thresher. The resulting
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seeds were dried and randomly selected for fur-
ther analysis. The most typical samples for each
of the involved genotypes were selected for pho-
tographic recording.

The morphological description of the seed
surface microsculpture of C. arietinum and
G. max plants was performed according to the
Ilustrated guide to the morphology of flower-
ing plants (Zyman et al, 2012). The biometric
and comparative methods of determining their
external and internal features were also used,
along with photographic recordings in length,
width and cross-section using a SIGETA Ex-
pert 10-300x 5.0Mpx electric USB microscope
(China) and a Canon 400 D digital camera (Ja-
pan). Linear dimensions were recorded using a
Generic electronic digital calliper (China) and
a Xiaomi Duka SD measuring tape (China). The
weight of 1000 seeds were estimated on an AXIS
ANG 200C electronic analytical balance (Poland)
in ten replicates according to the international
rules for seed testing (1999).
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Based on the data obtained from the ar-
chives of weather monitoring of the Central
Geophysical Observatory (2023), a comparative
assessment of the weather and climatic condi-
tions of the study area was made with the av-
erage long-term indicators (Fig. 2). During the
growing season of 2020-2021, it was shown that
the average monthly air temperature, starting in
June, had a significant deviation from the norm
in the direction of a significant increase.

Precipitation is essential for plant growth,
development, and productivity. In 2020 and
2021, total precipitation was significantly above
normal only in May and October, and in 2021 -
only in May. For all other months of the growing
season, the amount of precipitation was signif-
icantly below normal. The studied C. arietinum
plants experienced a significant moisture deficit
and high temperatures during a significant part
of the growing season. Under these conditions,
the plants successfully vegetated and provided
high growth and productive performance.
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Figure 2. Dynamics of average monthly temperatures and precipitation (2020-2021)
compared to long-term averages

Statistical data processing was carried out
using Microsoft Excel 2010 (Data Analysis pack-
age). The minimum, maximum, mean, standard
deviation and coefficient of variation were used
to express the data obtained. The study was con-
ducted following the requirements of the Con-
vention on Biological Diversity (1992).

RESULTS AND DISCUSSION

The effectiveness of breeders’ creation of new
competitive varieties with high levels of pro-
ductivity, manufacturability, product quality,

and adaptability are based on the correct selec-
tion of source material, which should be based
on genetic resources that have been compre-
hensively studied and structured into appro-
priate collections.

The value of the selected genotypes is that
they have different origins: Australia - C. arienti-
num (‘Tyson); Afghanistan - C. arietinum (CAAF-
GK-1 and CAAFGD-2); Azerbaijan - C. arietinum
(CAAZEMR-1and CAAZEUR-2); Tajikistan - C. ar-
ietinum (CATADJK-1 and CATAD]D-2); Ukraine -
C. arietinum (CAUKR and CAOCHL). (Fig. 3).

Plant and Soil Science, (14)3



Rakhmetov et al.

Figure 3. Seeds of the studied genotypes Cicer arietinum mobilised to the M.M. Gryshko National
Botanical Garden of the National Academy of Sciences of Ukraine
Note: 1 - CAAFGK-1, 2 - CAAFGD-2, 3 - CAAZEMR-1, 4 - ‘Tyson, ’5 - CAOCHL, 6 - CAUKR, 7 - CAAZEUR-2, 8 -
CATADJK-1,9 - CATAD]D-2, 10 - Glycine max, ‘Soniachna’ (for comparison)

The seed size of any legume crop is im-
portant in determining its market value and is
also an important parameter for breeders who
also rely on these parameters (Upadhyaya et al.,
2006; Houasli et al, 2021). Therefore, we eval-
uated seeds by length, which is rarely found in
the literature. The analysis of seeds by length
allowed us to identify several differences be-
tween the involved genotypes and, based on the
data obtained, to divide them into length groups.
Thus, CAAFGK-1 has the largest seed length of
1712 mm. The genotypes CAUKR, CATAD]D-2,

and CAAZEMR-1 were characterised by slightly
smaller sizes (from 15.26 to 15.91 mm). ‘Tyson,
CAAZEUR-2, CAAFGD-2, CAOCHL, and CATAD-
JK-1 were characterised by the shortest length
(12.51t014.97 mm) (Fig. 4). Ina study by O. Legesse
etal (2022) the linear dimensions of C. arietinum
seeds (including length) on average range from
8.89 to 9.82 mm, which is significantly smaller
than those of the introduced genotypes in the
National Botanical Garden. This may indicate
that the growing conditions are favourable for
large seed sizes.

20 17.12
15.82 15.91
1377 14.97 1526 1391
15 12.51 12.36
g
g 10
5
0
'Tyson' CAAZEUR-2 CAAFGD-2 CAUKR  CAAFGK-1 CATADJD-2 CAOCHL CAAZEMR-1 CATADJK-1
Cicer arietinum
plant genotype

Figure 4. Seed length of Cicer arietinum depending on the genotypic characteristics
of the source material

Source: compiled by the authors
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The price of chickpeas depends on the qual-
ity of the product. The main criterion for chick-
peas is grain size. Chickpeas with a grain diam-
eter of 8 mm or more are valued (Kivrak et al,
2020). Today, little attention is paid to the linear
dimensions of the seeds, and only their weight
is studied. In their research, M. Kaya et al. (2008)
reported that the maximum size of the studied
genotypes ranged from 7 to 9 mm. Evaluation
of seeds by width also revealed that CAAFGK-1

20
15 1047 12.02 13.5 13.47
HERER

5

0
‘Tyson' CAAZEUR-2 CAAFGD-2  CAUKR

(14.38 mm) had the highest value among other
introduced genotypes. CAAFGD-2, CAUKR, CAT-
ADJD-2, and CAAZEMR-1 were characterised by
smaller seed width (from 13.47 to 13.83 mm). The
smallest seed width was in genotypes CATAD-
JK-1, ‘Tyson’, CAAZEUR-2, CAOCHL (from 10.47 to
12.02 mm) (Fig. 5). Given the rather high perfor-
mance, all introduced genotypes are promising
for further breeding research and widespread

use in agriculture.
13.83
I 9.16

14.38

1172

13.72

CAAFGK-1 CATAD]JD-2 CAOCHL CAAZEMR-1 CATADJK-1
Cicer arietinum

plant genotype

Figure 5. Seed width of Cicer arietinum depending on the genotypic characteristics
of the source material

Source: compiled by the authors

The weight 0f 1000 seeds as one of the main
elements of the yield structure varies depending
on genotypic characteristics and growing con-
ditions. As indicated by O. Legesse et al. (2022)
and A.A. Igolkina et al. (2023), the weight of 1000
seeds ranges from 284.7 to 5001 g for C. arieti-
num genotypes. In these studies, the highest
values were recorded for C. arietinum seeds of
CATADJK-1 - 584.5 g of Tajik origin and CAAF-
GK-1-566.0 g of Afghan origin. The average val-
ues were provided by the genotypes CAAFGD-2,

800
600
4185 3995
= 400 263 295.5
0
'Tyson' CAAZEUR-2 CAAFGD-2  CAUKR

CAUKR, CATAD]JD-2,and CAAZEMR-1(from 399.5
t0485.0). CAOCHL seeds had the lowest weight of
200.5 g. Thus, considering the whole complex of
evaluated morpho-physical parameters of seeds
and comparative analysis with available litera-
ture data, we can make a preliminary conclusion
about significant prospects of their introduction
into breeding practice for the creation of new
varieties and hybrids and introduction of Cicer
arietinum genotypes into agricultural produc-
tion in Ukraine (Fig. 6).

566
‘ 485

584.5

464
2005 I

CAAFGK-1 CATADJD-2 CAOCHL CAAZEMR-1 CATADJK-1
Cicer arietinum

plant genotype

Figure 6. Mass of 1000 Cicer arietinum seeds depending on the genotypic characteristics
of the source material

Source: compiled by the authors

Plant and Soil Science, (14)3



Rakhmetov et al.

The vast majority of morphological studies
are aimed at dividing chickpea genotypes into
three groups according to well-defined exter-
nal features (Kabuli, Desi, Bombay) (Milan-Noris
et al, 2018; Mazur et al, 2021). Given this, among
the introduced genotypes in the NBS, there are
clearly defined Kabuli and Desi groups. In this
regard, it was necessary to trace the heteroge-
neity of morphological traits within each group,
since this issue is not paid attention to in the
literature, but these results can be successfully
used in the selection of genotypes. Therefore, we
conducted micromorphological studies of the
seed characteristics of these representatives. It
was found that the introduced genotypes have
several differences: in the shape and surface of
the seed; the colour of the seed coat and scar;
colour and structure of the endosperm. Thus,
the analysis resulted in the following groups
of genotypes based on seed shape: elliptical -
CAAFGK-1; round - CAAFGD-2, CAAZEUR-2,
CATAD]D-2; heart-shaped - CAAZEMR-1, ‘Ty-
son’, CAOCHL, CAUKR, CATADJK-1. According to
the colour of the seed coat, the following were
distinguished: white - CAAFGK-1, CAAFGD-2,
CAAZEMR-1, CAUKR, CAAZEUR-2, CATADJK-],
CATAD]D-2; black - ‘Tyson, CAOCHL. In the sam-
ples of plants CAAFGK-1, CAAZEMR-1, CAUKR,

and CATADJK-1, the seed surface is tuberous,
angular - in genotypes ‘Tyson, CAOCHL, in sam-
ples CAAFGD-2, CAAZEUR-2 - wrinkled. Re-
garding the features of the seed scar, it should
be noted that in all the studied representatives
itislocated on the seed surface (slightly convex),
in CAAFGK-1, CAAFGD-2, CAAZEMR-1, CAUKR,
CAAZEUR-2, CATADJK-1, CATAD]D-2 plantsit has
a light brown and sometimes yellowish colour,
and in ‘Tyson’ and CAOCHL representatives it is
black with an anthracite sheen.

As for the colour and structure of the en-
dosperm, the cross-section of seeds revealed
several differences. In the genotypes CAAFGK-1,
CAAFGD-2, CAAZEMR-], ‘Tyson’, CAOCHL, and
CATAD]D-2, the endosperm is hard, dense, and
does not split into halves along the seed su-
ture when split. In the other representatives of
CAUKR, CAAZEUR-2, and CATADJK-1, the seed
easily splits into two halves, characteristic of tra-
ditional legumes, along the seed suture. Accord-
ing to the colour of the endosperm, the seeds of
the introduced genotypes are divided into the
following groups: whitish yellow with a yellow
surrounding near the seed coat - CAAFGK-],
CAUKR, CATADJK-1; yellow - CAAZEMR-1, ‘Ty-
son’, CAOCHL, CAAZEUR-2, CATAD]D-2; whitish
or pale - CAAFGD-2 (Fig. 7).

Figure 7. Seeds of the introduced genotypes Cicer arietinum mobilised to the M.M. Gryshko National
Botanical Garden of the National Academy of Sciences of Ukraine

Note: 1 - CAAFGK-1, 2 - CAAFGD-2, 3 - CAAZEMR-1, 4 - ‘Tyson’5 - CAOCHL, 6 - CAUKR, 7 - CAAZEUR-2, 8 -

CATADJK-1,9 - CATADJD-2, 10 - G. max, ‘Soniachna’ (for comparison)
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Assessment of the biochemical composition
of plants is of great scientific and practical im-
portance not only for determining their econom-
ic value but also for determining the level of BAC
(biologically active compounds) deposited in plant
seeds, which allows to establish the manifestation
of theiradaptive capacitytobiotic and abiotic envi-
ronmental factors (Rakhmetov et al., 2017). There-
fore, along with the biological and morphological
characteristics of plants, a comprehensive study
of the phytochemical characteristics of intro-
duced Cicer arietinum genotypes is an urgent task.

S. Soysal § M. Erman (2020) note that C. ar-
ietinum genotypes in Syria can accumulate a
significant proportion of absolute dry matter
in seeds in the range of 93.98-95.97%, which
is achieved by treating crops with Mesorhizo-
bium ciceri during the period of juvenile plant
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CAAFGK-1 CATADJD-2 CAOCHL CAAZEMR-1CATADJK-1 'Soniachna’

development. Under NBS conditions, all geno-
types were not treated with any stimulant to ob-
jectively assess the biological potential of each
of them. The seeds of the introduced plant gen-
otypes were analysed for the content of certain
structural and functional (absolute dry matter),
biologically active compounds (total sugar) and
macronutrients (phosphorus), which potentially
reflect the level of adaptation ability of a par-
ticular genotype to environmental conditions at
the initial stages of its ontogeny. A high level of
absolutely dry matter indicates the deposition
of plastic substances for the mobilisation of all
vital processes in seeds. It was found that Cicer
arietinum plants of CAAFGD-2, CAAFGK-1, CAT-
ADJD-2 and CATADJK-1 accumulated the high-
est level of absolutely dry matter (from 89.04 to
89.68%), and CAAZEMR-1 - 88.28% (Fig. 8).

91,48

Glycine

max

plant genotype

Figure 8. Absolute dry matter content in Cicer arietinum seeds depending on the genotypic
characteristics of the source material

Source: compiled by the authors

The accumulation of sugars is of particu-
lar importance for the frost and drought toler-
ance of plants, which is important when sowing
plantsin early spring, as crops can be stressed by
the climatic rhythms of the growing area (in par-
ticular, frost or drought). High levels of sugar in
cells lead to an increase in the concentration of
cell sap and a decrease in water potential, which
results in a lower freezing point. At the same
time, sugar ensures the preservation of proteins
concentrated in the cell walls, which during
drought significantly slow down the evaporation
of water through the cell membrane. In this way,
it plays a protective role in the initial stages of
plant ontogeny and ensures the stable operation

of vital processes in cells (Toker et al., 2021). It
was found that the highest level of total sugars
was characterised by samples of C. arietinum
genotypes CATADJK-1 - 9.37%, with the aver-
age content of ‘Tyson’, CAAZEUR-2, CAAFGD-2,
CAUKR, CAAZEMR-1 (from 5.37 to 7.67%). The
lowest content of total sugars was recorded in
the samples CAAFGK-1, CATAD]JD-2 and CAOC-
HL (from 3.72 to 4.01%) (Fig. 9). It is worth noting
that in comparison with the results of T. Kumar
et al. (2023), which indicate that among the 20
analysed genotypes of C. arietinum in India, the
content of total sugars in seeds ranges from 2.84
to 4.73%, which in some cases is two times less
than in the data obtained under NBS conditions.

Plant and Soil Science, (14)3
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Figure 9. The total sugar content in Cicer arietinum seeds depending on the genotypic
characteristics of the source material

Source: compiled by the authors

Phosphorus enhances the ability of cells to
retain water and increases plant resistance to
frost and drought. Also, a significant phospho-
rus content in seeds at the initial stages of their
individual growth and development contributes
to the active development of the root system,
namely the rapid growth of the main root and the
density of root hair formation (Dida & Urga, 2018;
Zaimenko et al.,, 2022). Of the analysed genotypes,

2

15

the highest amount of phosphorus was accu-
mulated in C. arietinum seeds in the CAAZEUR-2
sample - 143%, followed by genotypes with an
average level of accumulation ‘Tyson, CAUKR,
CATAD]JD-2, CAOCHL and CAAZEMR-1. CAAF-
GD-2, CAAFGK-1and CATAD]JK-1accumulated the
least phosphorus (from 0.89 to 0.99%) (Fig. 10).
The data obtained are comparable to the results
of M. Tomar et al. (2022).
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'Tyson' CAAZEUR-2 CAAFGD-2 CAUKR CAAFGK-1 CATADJD-2 CAOCHL CAAZEMR-1 CATADJK-1 'Soniachna'
Cicer arientinum Glycine
max

plant genotype

Figure 10. Phosphorus content in Cicer arietinum seeds depending
on the genotypic characteristics of the source material

Source: compiled by the authors

Considering the obtained research results
and comparing them with the literature of other
authors, it should be noted that the introduced
genotypes of C. arietinum plants have high bi-
ological potential, and several important mor-
phophysical and biochemical features, which
makes them promise for use in breeding as a
valuable crop for enriching the range of legumes
of domestic production.

Plant and Soil Science, (14)3

CONCLUSIONS

Thus, the analysis of the seed material of
Cicer arietinum genotypes mobilised in the
M.M. Gryshko National Botanical Garden of
the National Academy of Sciences of Ukraine
showed a significant difference between them.
A significant difference in the shape and mor-
phosculpture of the seed surface of the studied
sampleswas found and it was revealed that these
representatives belong to two morphogroups:
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Kabuli (CAAFGK-1, CAAFGD-2, CAAZEMR-1,
CAUKR, CAAZEUR-2, CATADJK-1, CATADJD-2)
and Desi: ‘Tyson, CAOCHL.

Each of the evaluated chickpea genotypes
differs in size and weight of 1000 seeds de-
pending on the region of origin. All the studied
chickpea genotypes provided high parameters
for biometric parameters. CAAFGK-1 prevailed
in terms of linear seed size - 1712 mm long and
14.38 mm wide. The highest weight of 1000
seeds were characterised by the genotypes of
C. arietinum sample CATADJK-1 - 584.5 g of Tajik
origin and CAAFGK-1 - 566.0 g of Afghan origin.

Among the C. arietinum genotypes, the CAT-
ADJK-1 sample was found to have the highest
content of absolute dry matter (89.68%) and to-
tal sugars (9.37%), and the CAAZEUR-2 sample
was distinguished by a high phosphorus content
(143%). Considering these biochemical parame-
ters may be important for the use of individual

Thus, considering the results of research
on biological, morphological, and biochemical
characteristics of seeds of introduced Cicer gen-
otypes, the most promising for use in breeding
and biotechnological practice are samples of the
Kabuli morpho-group, which provide high qual-
itative and quantitative indicators in Ukraine.
Representatives of the Desi group are also in-
terested as source material for creating varie-
ties with high environmental plasticity, which in
turn will allow growing plants at earlier sowing
dates or completing the growing season before
full maturity after autumn frosts. Therefore,
further in-depth research (breeding, genetic,
biotechnological, etc.) and the development of
strategies for introducing new Cicer arietinum
genotypes into production will expand the range
of high-yielding legumes and improve Ukraine’s
food security.

plant samples in the breeding and biotechno- ACKNOWLEDGEMENTS
logical process to create highly adaptive plant None.
forms that can successfully grow in the northern
regions, which will expand the cultivated area of CONFLICT OF INTEREST
chickpeas in Ukraine. None.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]
(o]

Alok, D., Annapragada, H., Singh, S., Murugesan, S., § Singh, N.P. (2020). Symbiotic nitrogen
fixation and endophytic bacterial community structure in Bt-transgenic chickpea (Cicer
arietinum L). Scientific Reports, 10, article number 5453. doi: 10.1038/s41598-020-62199-1.
Amina, B, Rida, M.M., Abdelkader, A.A., Sripada, U., § Semir, G.S.B. (2020). Genetic diversity
analysis in chickpea (Cicer arietinum L) genotypes grown in north western Algeria using
microsatellite markers (SSR). Indian Journal of Agricultural Research, 54(2),129-138. doi: 10.18805/
IJARe.A-487.

Boukid, F. (2021). Chickpea (Cicer arietinum L.) protein as a prospective plant-based ingredient:
A review. International Journal of Food Science § Technology, 56(11), 5435-5444. doi: 101111/
ijfs.15046.

Central Geophysical Observatory. (2023). Retrieved from http://cgo-sreznevskyi.kyiv.ua/uk/.
Convention on Biological Diversity. (1992). Retrieved from https:/zakon.rada.gov.ua/laws/
show/995_030#Text.

Dida, D., § Urga, K. (2018). Study on the effect of traditional processing methods on nutritional
composition and anti-nutritional factors in chickpea (Cicerarietinum). Cogent Food § Agriculture,
4(1), article number 1422370. doi: 10.1080/23311932.2017.1422370.

Durdane, M.A.RT. (2022). Characterization of Turkey local winter sown chickpea (Cicer
arietinum L.) populations using principle component analysis. ISPEC Journal of Agricultural
Sciences, 6(2), 407-418. doi: 10.46291/ISPECJASv016iss2id316.

FAOSTAT. (2021). Retrieved from http:/www.fac.org/faostat/.

Gediya, L.N., Patel, D.A., Kumar, S.,, Kumar, D., Parmar, D.J., & Patel, S.S. (2019). Phenotypic
variability, path analysis and molecular diversity analysis in chickpea (Cicer arietinum L.).
Vegetos, 32(2), 167-180. doi: 10.1007/s42535-019-00020-9.

Plant and Soil Science, (14)3


https://www.nature.com/articles/s41598-020-62199-1
https://www.nature.com/articles/s41598-020-62199-1
https://www.arccjournals.com/journal/indian-journal-of-agricultural-research/A-487
https://www.arccjournals.com/journal/indian-journal-of-agricultural-research/A-487
https://www.arccjournals.com/journal/indian-journal-of-agricultural-research/A-487
https://doi.org/10.1111/ijfs.15046
https://doi.org/10.1111/ijfs.15046
https://doi.org/10.1111/ijfs.15046
http://cgo-sreznevskyi.kyiv.ua/uk/
https://www.tandfonline.com/doi/full/10.1080/23311932.2017.1422370
https://doi.org/10.46291/ISPECJASvol6iss2id316
https://doi.org/10.46291/ISPECJASvol6iss2id316
http://www.fao.org/faostat/
https://link.springer.com/article/10.1007/s42535-019-00020-9
https://link.springer.com/article/10.1007/s42535-019-00020-9

Rakhmetov et al.

[10] Houasli, C., Sahri, A., Nsarellah, N., § Idrissi, O. (2021). Chickpea (Cicer arietinum L.) breeding in
Morocco: Genetic gain and stability of grain yield and seed size under winter planting conditions.
Euphytica, 217, article number 159. doi: 10.1007/s10681-021-02885-x.

[11] Igolkina, A.A., Noujdina, N.V, Vishnyakova, M., Longcore, T,, von Wettberg, E., Nuzhdin, S.V, &
Samsonova, M.G. (2023). Historical routes for diversification of domesticated chickpea inferred
from landrace genomics. Molecular Biology and Evolution, 40(6), article number msad110.
doi: 101093/molbev/msad110.

[12] Internacional rules for seed testing. (1999). Retrieved from https:/www.seedtest.org/en/
publications/international-rules-seed-testing.html.

[13] Kaya, M., Kaya, G., Kaya, M.D,, Atak, M., Saglam, S., Khawar, K.M., & Ciftci, C.Y. (2008). Interaction
between seed size and NaCl on germination and early seedling growth of some Turkish cultivars
of chickpea (Cicer arietinum L.). Journal of Zhejiang University Science B, 9, 371-377. doi: 10.1631/
jzus.B0720268.

[14] Khanna, A, Raj, K., § Kumar, P.(2022). Effect of weather parameters, host resistance and sowing
date on disease severity and temporal dynamics of Fusarium wilt in chickpea (Cicer arietinum L.).
Journal of Agrometeorology, 24(1), 60-65. doi: 10.54386/jam.v24i1.1028.

[15] Kivrak, K.G., Eker, T, Sari, H., Sari, D., Akan, K., Aydinoglu, B, Catal, M., § Toker, C. (2020).
Integration of extra-large-seeded and double-podded traits in chickpea (Cicer arietinum L.).
Agronomy, 10(6), article number 901. doi: 10.3390/agronomy10060901.

[16] Kumar, T, Timbadiya, PN., Kandoliya, U.K,, Parakhia, M.V, § Gajera, H.P. (2023). Assessing the
nutritional and antinutritional components of promising kabuli chickpea (Cicer arietinum L.)
genotypes. International Journal of Economic Plants, 10(2), 122-126. doi: 10.23910/2/2023.0517.

[17] La, H.V, et al (2022). Insights into the gene and protein structures of the CaSWEET family
members in chickpea (Cicer arietinum), and their gene expression patterns in different organs
undervarious stress and abscisic acid treatments. Gene, 819, article number 146210. doi: 10.1016/].
gene.2022.146210.

[18] Legesse, O, Yegrem, L, Derbie, M, Worklneh A8 Glrma N. (2022) ths1ca1 DroDertles and

h

Journal of Agricultural Research, 10(4), 39-52.

[19] Mathew, S.E., Shakappa, D., § Rengel, Z. (2022). A review of the nutritional and antinutritional
constituents of chickpea (Cicer arietinum) and its health benefits. Crop and Pasture Science, 73(4),
401-414. doi: 10.1071/CP21030.

[20] Mazur, VA, Tkachuk, O.P, Didur, .M., § Pantsyreva (2021). Peculiarities of technology of cultivation
of rare leguminous crops. Vinnytsia: Tvory.

[21] Mehmetoglu, E., Kaymaz, Y, Ates, D., Kahraman, A., § Tanyolac, M.B. (2022). The complete
chloroplast genome sequence of Cicer echinospermum, genome organization and comparison
with related species. Scientia Horticulturae, 296, article number 110912. doi: 10.1016/].
scienta.2022.110912.

[22] Milan-Noris, A.K.,, Gutiérrez-Uribe, J.A., Santacruz, A. Serna-Saldivar, S.O., § Martinez-
Villaluenga, C. (2018). Peptides and isoflavones in gastrointestinal digests contribute to the anti-
inflammatory potential of cooked or germinated desi and kabuli chickpea (Cicer arietinum L.).
Food Chemistry, 268, 66-76. doi: 10.1016/j.foodchem.2018.06.068.

[23] Ministry of Agrarian Policy and Food of Ukraine. (2022). Retrieved from https://minagro.gov.ua/.

[24] Mohanty, J.K, Jha, U.C, Dixit, G.P, § Parida, S.K. (2022). Harnessing the hidden allelic diversity
of wild Cicer to accelerate genomics-assisted chickpea crop improvement. Molecular Biology
Reports, 49, 4697-5715. doi: 10.1007/s11033-022-07613-9.

[25] Nisa, Z.U., Arif, A., Waheed, M.Q,, Shah, T.M,, Igbal, A., Siddiqui, A.]., Choudhary, M.L,, El-Seedi, HR,,
§ Musharraf, S. G. (2020). A comparative metabolomic study on desi and kabuli chickpea (Cicer
arietinum L.) genotypes under rainfed and irrigated field conditions. Scientific Reports, 10, article
number 13919. doi: 10.1038/s41598-020-70963-6.

Plant and Soil Science, (14)3 @ \


https://link.springer.com/article/10.1007/s10681-021-02885-x
https://link.springer.com/article/10.1007/s10681-021-02885-x
https://academic.oup.com/mbe/article/40/6/msad110/7158554
https://academic.oup.com/mbe/article/40/6/msad110/7158554
https://www.seedtest.org/en/publications/international-rules-seed-testing.html
https://www.seedtest.org/en/publications/international-rules-seed-testing.html
https://link.springer.com/article/10.1631/jzus.B0720268
https://link.springer.com/article/10.1631/jzus.B0720268
https://link.springer.com/article/10.1631/jzus.B0720268
https://journal.agrimetassociation.org/index.php/jam/article/view/1028
https://journal.agrimetassociation.org/index.php/jam/article/view/1028
https://www.mdpi.com/2073-4395/10/6/901
https://www.mdpi.com/2073-4395/10/6/901
https://doi.org/10.23910/2/2023.0517
https://doi.org/10.23910/2/2023.0517
https://www.sciencedirect.com/science/article/abs/pii/S0378111922000294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378111922000294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378111922000294?via%3Dihub
https://www.researchgate.net/publication/368832151_Physical_Properties_and_Geometric_Characteristics_of_Promising_Ethiopian_Chickpea_Cicer_arietinum_L_Varieties
https://www.researchgate.net/publication/368832151_Physical_Properties_and_Geometric_Characteristics_of_Promising_Ethiopian_Chickpea_Cicer_arietinum_L_Varieties
https://doi.org/10.1071/CP21030
https://doi.org/10.1071/CP21030
https://doi.org/10.1016/j.scienta.2022.110912
https://doi.org/10.1016/j.scienta.2022.110912
https://doi.org/10.1016/j.scienta.2022.110912
https://doi.org/10.1016/j.foodchem.2018.06.068
https://doi.org/10.1016/j.foodchem.2018.06.068
https://minagro.gov.ua/
https://doi.org/10.1007/s11033-022-07613-9
https://doi.org/10.1007/s11033-022-07613-9
https://doi.org/10.1038/s41598-020-70963-6
https://doi.org/10.1038/s41598-020-70963-6

Biological, morphological and biochemical features...

[26] Piergiovanni, A.R. (2022). Ex situ conservation of plant genetic resources: An overview of
chickpea (Cicer arietinum L.) and lentil (Lens culinaris medik.) Worldwide collections. Diversity,
14(11), article number 941. doi: 10.3390/d14110941.

[27] Plants of the World Online. (2022). Retrived from https://powo.science kew.org/.

[28] Rakhmetov, D.B. et al. (2017). Adaptation of introduced plants in Ukraine. Kyiv: Fitosotsiotsentr.

[29] Shcatula, Y, & Votyk, V. (2020). Ways to increase yield of chickpeas. Agriculture and Forestry, 17,
195-208. doi: 10.37128/2707-5826-2020-2-18.

[30] Soysal, S., § Erman, M. (2020). The effects of microbiological and inorganic fertilizers on the
quality characteristics of chickpea (Cicer Arietinum L.) in the ecological conditions of siirt. ISPEC
Journal of Agricultural Sciences, 4(4), 923-939. doi: 10.46291/ISPECJASvol4iss4pp921-937.

[31] State reglster of plant var1et1es suitable for dlstrlbutlon in Ukraine. (2023). Retrieved from

[32] Toker c., Berger ], Eker, T, Sari, D., Sari, H,, Gokturk RS, Kahraman, A., Aydin, B, § von
Wettberg, E.J. (2021). Cicer turcicum: A new Cicer species and its potential to improve chickpea.
Frontiers in Plant Science, 12, article number 662891. doi: 10.3389/fpls.2021.662891.

[33] Tomar, M., Chaplot, PC., Choudhary, J., Meena, R.H., Patidar, R., § Samota, A.K. (2022). Effect of
salicylic acid and biochar on nutrient content and uptake of chickpea (Cicer arietinum L.) under
rainfed condition. Biological Forum-An International Journal, 14(3), 613-616.

[34] Upadhyaya, H.D., Kumar, S., Gowda, C.L.L,, & Singh, S. (2006). Two major genes for seed size in
chickpea (Cicer arietinum L.). Euphytica, 147, 311-315. doi: 10.1007/s10681-005-9013-3.

[35] Zaimenko,N.V, etal.(2022). Fundamental and applied aspects of theintroduction and presernation
of plants in the M.M. Gryshko National Botanical Garden of the NAS of Ukraine. Kyiv: Lira-K.

[36] Zerfu, A., Hailu, F, & Adal, M. (2021). Phenotypic variability and association (among vield
components) and yield related trait in Desi type chickpea (Cicer arietinum L.) in Raya Kobo
district, Northern Ethiopia. Journal of Agricultural Science and Agrotechnology, 10(1), article
number 203.

[37] Zyman, S.M., Mosyakin, S.L., § Hrodzynskyy, D.M. (2012). [llustrated guide to the morphology of

flowering plants. Kyiv: Fitosotsiotsentr.

' @ Plant and Soil Science, (14)3


https://doi.org/10.3390/d14110941
https://doi.org/10.3390/d14110941
https://powo.science.kew.org/
https://www.nas.gov.ua/UA/Book/Pages/default.aspx?BookID=0000011020
http://repository.vsau.org/getfile.php/27311.pdf
http://repository.vsau.org/getfile.php/27311.pdf
https://doi.org/10.46291/ISPECJASvol4iss4pp921-937
https://doi.org/10.46291/ISPECJASvol4iss4pp921-937
https://minagro.gov.ua/file-storage/reyestr-sortiv-roslin
https://doi.org/10.3389/fpls.2021.662891
https://doi.org/10.3389/fpls.2021.662891
https://www.researchtrend.net/bfij/pdf/103%20Effect%20of%20Salicylic%20Acid%20and%20Biochar%20on%20Nutrient%20content%20and%20Uptake%20of%20chickpea%20(Cicer%20arietinum%20L.)%20under%20Rainfed%20condition%20Manish%20Tomar.pdf
https://www.researchtrend.net/bfij/pdf/103%20Effect%20of%20Salicylic%20Acid%20and%20Biochar%20on%20Nutrient%20content%20and%20Uptake%20of%20chickpea%20(Cicer%20arietinum%20L.)%20under%20Rainfed%20condition%20Manish%20Tomar.pdf
https://www.researchtrend.net/bfij/pdf/103%20Effect%20of%20Salicylic%20Acid%20and%20Biochar%20on%20Nutrient%20content%20and%20Uptake%20of%20chickpea%20(Cicer%20arietinum%20L.)%20under%20Rainfed%20condition%20Manish%20Tomar.pdf
https://doi.org/10.1007/s10681-005-9013-3
https://doi.org/10.1007/s10681-005-9013-3
https://www.nas.gov.ua/EN/Messages/Pages/View.aspx?MessageID=9781
https://www.nas.gov.ua/EN/Messages/Pages/View.aspx?MessageID=9781
https://www.nas.gov.ua/EN/Messages/Pages/View.aspx?MessageID=9781
https://www.walshmedicalmedia.com/open-access/phenotypic-variability-and-association-among-yield-components-and-yield-related-trait-in-desi-type-chickpea-cicer-arieti.pdf
https://www.walshmedicalmedia.com/open-access/phenotypic-variability-and-association-among-yield-components-and-yield-related-trait-in-desi-type-chickpea-cicer-arieti.pdf
https://www.walshmedicalmedia.com/open-access/phenotypic-variability-and-association-among-yield-components-and-yield-related-trait-in-desi-type-chickpea-cicer-arieti.pdf
https://scholar.google.com/citations?view_op=view_citation&hl=ja&user=2uCxW54AAAAJ&citation_for_view=2uCxW54AAAAJ:M3NEmzRMIkIC
https://scholar.google.com/citations?view_op=view_citation&hl=ja&user=2uCxW54AAAAJ&citation_for_view=2uCxW54AAAAJ:M3NEmzRMIkIC

Rakhmetov et al.

Oxxaman baxnynosuy PaxmeTtoB

[JOKTOp CilbCbKOTOCNOAaPChKMX HayK, Npodecop

HauioHanbHMin 6oTaHiYHMI cag imeHi M.M. puwKa HauioHanbHOT akagemii Hayk YkpaiHm
01014, syn. CapgoBo-boTaHivHa, 1, m. KniB, YKkpaiHa
https://orcid.org/0000-0001-7260-3263

OnekcaHpgp MeTposuy boHpapuykK

KaHamaaT 6ionoriyHnx Hayk

HauioHanbHMIM 6oTaHiYHWIK can imeHi M.M. TpuiiKka HauioHanbHOi akaaemii Hayk YKkpaiHu
01014, syn. Caposo-boTaHivHa, 1, m. Knis, YKpaiHa
https://orcid.org/0000-0001-6367-9063

CsitnaHa OnekcaHapiBHa PaxmeToBa

MosioAWwnii HayKoBMiA CiBPOBITHMK

HauioHanbHMin 6oTaHiYHMI cag imeHi M.M. puwKa HauioHanbHOT akagemii Hayk YkpaiHm
01014, syn. CapgoBo-boTaHivHa, 1, M. Knis, YKkpaiHa
https://orcid.org/0000-0002-0357-2106

Hamik Mamegorau Pawngos

JokTop 6ionoriyHnx Hayk, npodecop

[HCTUTYT KNITMHHOI Bionorii Ta reHeTUYHOI iHXeHepii HauioHanbHOT akaaemii Hayk YKpaitum
03143, Byn. Akagemika 3abonotHoro, 148, m. Kuis, YkpaiHa
https://orcid.org/0000-0001-5387-4877

Hartanisa KoctaHTHMHIBHA KyL,OKOHb

KaHamaaT 6ionoriyHnx Hayk

[HCTUTYT KNiITUHHOT Bionorii Ta reHeTUYHOI iHKeHepii HauioHanbHOi akagemii HayK YKpaiHu
03143, Byn. Akagemika 3abonotHoro, 148, m. Kuis, YkpaiHa
https://orcid.org/0000-0002-2339-0633

Bionoro-mopdonoriyHi Ta 6ioxiMiuHi oco6nmBocCTi HaciHHA
iHTpoayKoBaHUX reHoTUNiB pocnuH Cicer arietinum L.

AHoOTaUif. AKTYaIbHICTb ZOCTIIKeHH 06yMOBIeHa HEObXiJHICTIO pO3POOKHU CyJaCHUX HAyKOBO-
MIPaKTUYHUX 3acaf, 3aJIydyeHHS 10 iHTPOIYKIIMHOTO IIPOLeCy MaJIOBiOMUIX, MaJIONOMINPEHUX,
a TaKOXX HOBOCTBOPEHHX TeHOTUIIIB pOCIUH. lle [O3BOJUTH IIONEepefUuTU IIpO0 MOXKIIKBY
biTOCUPOBUHHY KpU3y BUKJIMKAHY KIIMaTUYHUMY 3MiHaMU Ta CTPIMKUM 3POCTaHHAM HaceJleHHS
Ha IUlaHeTi. Y 3B'A3Ky 3 LIUM MeTa JIOCJIiZPKeHb IoJIfAraja y BU3HaYeHHI MOpQOIOoriyHUX 03HAK
Ta 6ioxiMiuHMX ocobnuBOCTEM HaciHHA pofy Cicer arietinum IJis TIOKpaLleHHS TepMOITIa3MU
3epHO6060BUX KY/IBTYp Ta IIPOBEIEHHS ITOJAJIBIINX CEEKIIMHUX i 610TEXHOIOTIYHIX JOCTiIKEeHb.
BUKOPUCTAaHO MOPIBHANBHUN MOPQOJIOTIYHUIN MeTOZ, AJjI HaCiHHS IHTpOAYKOBaHWX I'eHOTUIIIB
POC/IMH 3 pi3HUX palOHIB IOXOM)KeHHS. MarepiasoM Iy OOCTiIKeHb CIyryBald 9 reHOTUIIB
Cicer arietinum, sKi moxomaTh 3 ABcTpastii, AbraHicTady, AsepbarimkaHy, VKpaiHu, 10 6yau
BUpOILIEH] Ha eKCITEpUMEHTAIbHUX OUISHKax HalioHaapHUM 60TaHiuHUM caf iMeHi M.M. I'puuIka.
BuBuanu MOpbOMETPUYHI TOKA3HUKY Ta OKpeMi 610xiMiuHi BTaCTUBOCTI HACIHHS POCJIVH 3aJI€3KHO
BiZ TEHOTUIIOBUX OCOGIUBOCTEM. BHMKOPUCTOBYBaIM ITOJIBOBI, J1a6OpaTOpHi a TAaKOK METOOU
IVICIIepCiMHOrO aHaJli3y i CTaTMCTHUYHOI OLIiHKM CepelHiX IaHWX 3i 3aCTOCYyBaHHSIM IIporpaMu
Microsoft Excel (2010). V xofmi MpoBemeHUX OOCIi[’KEHb BCTAHOBJEHO, IO YCi IHTPOAYKOBaHI
TeHOTUIIM XapaKTepU3YIOTbCA BUCOKMMU KiJIBKICHUMU Ta SKICHUMM ITOKa3HMKaMM HaciHHA. 3a
JMHIAHUMU po3MipaMul HaciHWH (CTIBBIIHOIIEHHS NOBKUHU [0 IUPUHY) OCO6JIMBO BUPI3HABCA
3pa3oK CAAFGK-1 - 1712x14,38 MM, a 3a Macow 1000 wT. HaciHuH CATADJK-1 - 584,5 r. BioxiMiuHi
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IOCTIiIKeHHS TTOKAa3aIH, 10 HaMbibile abCOMIOTHO CyX0l PEYOBUHY HAKOIIMYYBaIOCh Y HACIHHI
3paskiB pociuH C. arietinum - CAAFGD-2, CAAFGK-1, CATAD]D-2 Tta CATADJK-1 (Bim 89,04 mo
89,68 %). 3a piBHEM 3araJIbHUX LyKpiB [TepeBaykayin 3pasku reHOTUMB C. arietinum CATADJK-1 -
9,37 %, a 32 Haronu4eHHAM pochopy mominyBaB CAAZEUR-2 - 1,43 %. BioxiMiyHUI CKIaf, POCIUH
Jla€ MOKJIUBICTb He TiJIBKU XapaKTepU3yBaTU IX LiHHICTb 3 TOYKU 30Dy NPOJOBOJIBYOL KYJIBTYPH,
ajie M BUSHAUUTY HAWOIBII IIACTUYHI FeHOTUIIM [0 €KOJIOTIYHMX YMHHUKIB JOBKUIIAL. TaKUM
YWHOM, OTPUMaHi pe3y/bTaTu CBiA4aTh IIPO NTepCeKTHUBHICTh BUKOPUCTAHHS OKpPEeMUX I'eHOTUIIIB
C. arietinum K BUXiZJHOTO MaTepiaIy s CeJIEKIIINHUX i 610TeXHONIOTIYHMX JOCITIIKEHb | CTBOpEeHHS
HOBUX GOPM POCIIVH, III0 CIIPUATHME PO3UINPEHHIO aCOPTUMEHTY BUCOKOIIPOAYKTUBHUX e HOTHUIIIB
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