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Economic and Energy Efficiency of Technologies
for Growing Maize Hybrids Depending
on the Type and Methods of Applying Fertilisers

Abstract. The urgency of solving the problem of the growth of maize grain production is unconditional, considering the
needs of humanity, the economic, and energy efficiency of cultivation technologies, which substantially depends on the
types of fertilisers and the frequency of their application. The purpose of this study was to prove the efficiency of maize
grain production by perfecting the fertilisation system. Field research was conducted at the “Bohatyrivske” farm in the
Romendistrict of the Sumy Oblast during2019-2021on dark grey podsolised soil. Mathematical and statistical processing
was performed using the software package SAS 94 and “Agrostat 6”. The economic and energy evaluation of technologies
was performed using the calculation method. Hybrids are flexible to growing conditions, respond positively to nutrition
optimisation - yield varies from 6.07-6.16 in the control to 8.26-8.50 t/ha with carbomidoammonium nitrate 32 on the
background of N, ,P_K_. With the background application of N, ,P_K_, the yield increased by 16.4%. Nitrogen fertilisers
over the background provided an added increase in yield by 7.95-18.6%. With the introduction of carbomidoammonium
nitrate 32, the yield increase was 2.19 t/ha and 2.44 t/ha or 36.1% and 38.0%, respectively, of the Concord and Asteroid
hybrids. The reaction of hybrids to ammonia water and urea is lower compared to carbomidoammonium nitrate.
Production costs for growing maize amounted to UAH 20.3-32.3 thous./ha. The introduction of carbomidoammonium
nitrate against the background of N,,P_K_ provided a high conditionally net profit - UAH 19.2-19.9 thous./ha. The
profitability of maize grain production is quite high — 44-80%. With the addition of Humilin Stimul, the yield increases
by 0.23-171 t/ha, depending on the combination of fertilisers. With all types of fertilisers, the highest efficiency was
obtained with one-time feeding on BBCH 15-17. The coefficient of energy efficiency for the application of fertilisers
decreases. The results of this study are important for production and further areas of research, namely the biodiversity
of soil microflora

Keywords: grain market, yield, production costs, conditional net profit, profitability

INTRODUCTION
The global political crisis sets back the global grain mar-
ket [1]. Soaring prices for energy resources lead to higher
prices for fuel, electricity, fertilisers, plant protection
products, and other material and technical resources. This
increases the cost of production of agricultural products
and may reduce the volume of its production in 2022.
According to the forecast of the Food and Agriculture
Organisation of the United Nations (FAO) [2] the world

grain production in the 2021/2022 marketing year will
amount to almost 2791.3 million tonnes, which will ex-
ceed the estimated data for the previous marketing year
by 19.3 million tonnes (0.7%) [1; 3].

World grain production in 2020/21 was 2,772 million
tonnes, production forecast for 2021/22 is 2,791.3 million
tonnes, and consumption is 2,809.6 million tonnes. That is,
consumption exceeds forecasted production. According
to preliminary FAO forecasts [2; 4], it was assumed that

Suggested Citation:
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in Ukraine in 2021/22 marketing year, grain production
was to increase by 26.6% to 81.8 million tonnes due to
a fairly significant increase in the production of maize,
wheat, and barley [1; 4].

Maize, in terms of production and consumption,
ranked firstin the world among grain crops. Itis predicted
that in 2021/2022, the world maize production will be
about 1.2 billion tonnes [5]. In 2020/21, the largest producer
of maize in the world was the United States with almost
384 million tonnes, or a third of nominal world maize
production. The largest maize producers in the world in
2019/20 were as follows: USA (31.1%); China (23.4%); Brazil
(9.07%); EU (6%); Argentina (4.5%); Ukraine (3.2%); India
(2.6%); Mexico (2.25%); South Africa (146%) and 16.5% -
other countries [6; 7].

In 2020/2021, the United States exported over
61.5 million tonnes of maize, a third of total global maize
exports. The largest consumers of maize in the world in
2020/21 were the following countries: USA - 12.0 billion
bushels; China - 11.3; EU-27 - 3.13; Brazil - 2.77; Mexico -
173; India - 1.11; Egypt - 0.67, Japan - 0.63; Vietnam - 0.61;
Argentina - 0.59 billion bushels. The total consumption
in the world was 45.4 billion bushels [8].

The 2014-2020 global average maize grain price
ranged from $193 per tonne in 2014 to $155 per tonne in
2017 However, in 2021, the price rose to $250 per tonne
and the tendency for the price to rise or stay at this level
persists [9].

The effectiveness of agricultural crop cultivation
technology is dictated both by the absolute productivity
and the economic efficiency of the cultivation technol-
ogy, and by the implementation of certain technological
innovations [10; 11].

Maize is an intensive crop, which, to form a high
yield, requires considerable production costs, by which it
often exceeds other grain crops [12]. Under changing cli-
matic conditions and growing technologies, the adapt-
ability of maize hybrids plays a critical role [13-15]. Maize
effectively responds to the optimisation of plant nutrition
due to increased yield [16; 17].

The economic basis of modern crop production is
the balanced production with the best ratio of material
and energy costs and the assessment of the gross output of
products. The main indicators of economic efficiency in-
clude gross production costs, evaluation of the received

gross products, profit, production prime cost, production
profitability, general structure of costs [18]. Furthermore,
modern cultivation technologies must be competitive in
the technology market [19].

At the current stage, a feature of the agricul-
ture development is that a 2-3-fold increase in yield is
accompanied by a several-fold increase in the cost of
non-renewable energy per unit of production. This gives
reason to consider the production of plant products as
an energy problem [20; 21].

Each technology involves different energy costs.
To assess the practicality of a technological process or
its individual methods from an energy perspective, it is
necessary to assess their bioenergy efficiency quanti-
tatively [22]. The final indicators of the bioenergetic as-
sessment of maize cultivation technology include the
gross energy costs, the energy intensity of the crop, and
the energy efficiency coefficient.

The purpose of this study was to prove the economic
and energy efficiency of maize cultivation technologies
using diverse types of fertilisers and the frequency of
fertiliser application.

MATERIALS AND METHODS

The study was performed by setting up and conducting
field and laboratory experiments, followed by calcula-
tions of the economic and energy efficiency of cultiva-
tion technologies. The latter differed in terms of types,
doses, and methods of applying fertilisers. Field research
was conducted in 2019-2021 at the “Bohatyrivske” farm
of Romen district of Sumy Oblast, in the northern part
of the Left Bank Forest Steppe. The study was designed
per the requirements of the methodology of the research
case [23; 24] according to the method of split sections on
dark grey podzolised soil. The degree of providing the soil
with mobile forms of phosphorus, potassium, and nitro-
gen was as follows: phosphorus - 50-100 mg/kg; potas-
sium - 40-80 mg/kg according to Chirikov, and nitrogen -
40-50 mg/kg according to Tiurin-Kononova [23].

To develop the elements of maize cultivation tech-
nology, namely the optimisation of maize fertilisation, in
Experiment 1, the effectiveness of diverse types of fer-
tilisers was investigated at the same rate of nitrogen ap-
plication according to the active substance (N,,.) on the

background of N, P_K_ per the developed scheme (Table 1).

Table 1. Scheme of the Experiment 1

Factor A Factor B
Hybrid Fertilisers
Variant Hybrid Variant Norm, Fertiliser
designation designation kg/ha a.s.
Al ES Concord B1 Control (without fertilisers)
A2 ES Asteroid B2 N,,P.K,, —background (B) DAP
B3 B+N,,, Ammonium water
B4 B+N,,, UAM
B5 B+N,,, Urea
@ Plant and Soil Science. Vol. 13, No. 1
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The Experiment 2 was set up to establish the ef-
ficiency of maize cultivation with the combined use of
nitrogen fertiliser types (ammonia water, UAM 32 fer-
tiliser, and urea) and, against their background, of the

Humilin Stimul preparation in foliar feeding (Table 2).
Humilin Stimul was fed once and twice in microstages
BBCH 15-17 and BBCH 17-19. The preparation consumption
rate was 3 l/ha.

Table 2. Scheme of the Experiment 2

Factor A Factor B
Type of background fertiliser’ Humilin Stimul nutrition
Variant designation Fertiliser de‘sliagrrllae::iton rég;sstzgﬁ;
A1 N,,P. K., —background (B) B1 -
A2 B+Ammonium water B2 1517
B3 17-19
B4 15-17 and 17-19
A3 B+UAM B5 1517
B6 17-19
B7 15-17 and 17-19
A4 B+Urea B8 1517
B9 17-19
B10 15-17 and 17-19

The water-soluble complex fertiliser Humilin
Stimul contains potassium humate (in terms of humic
acids) - at least 40 g/l, succinic acid - 3 g/l, trace ele-
ments, other biologically active elements (gibberellins,
auxins, cytokinins). The study was conducted with two
hybrids (factor C) - ES Concord and ES Asteroid. The
area of the accounting plot in the field experiment was
50 m? repetition was fourfold. Field studies were con-
ducted with mid-ripening hybrids ES Concord (FAO 250)
and ES Asteroid (FAO 290). Maize was sown when the soil
was warmed up to 8°C: in 2019 - on April 15; in 2020 - on
April 19;in 2021 - on April 23. Harvesting was performed
in sections by continuous threshing. Before harvesting,
plants were sampled to determine the biological produc-
tivity and structure of the crop.

The SAS 94 software package and the “Agrostat 6”
computer program were used for mathematical and
statistical processing of data from field experiments,
namely on the yield. Indicators of economic efficiency

were calculated at the prices of 2021 [6; 7]. The main cri-
terion for the energy evaluation of maize cultivation was
the energy efficiency coefficient (C_). This is the ratio of
the gross energy obtained with the crop to the gross en-
ergy of all technological operations and raw materials
spent.

RESULTS AND DISCUSSION
According to the results of field research, it was found
that the maize hybrids under study are quite flexible to
the growing conditions, respond positively to the optimi-
sation of the provision of nutrients and form yield, which
differed little between hybrids, and the tendency of the
reaction of hybrids to types of fertilisers was similar.
The range of yield changes on average for 2019-2021 for
the ES Concord hybrid was from 6.07 t/ha in the control
version to 826 t/ha with the use of UAM 32 fertiliser at
N,,, kg/ha a.s. against the NP, K background - DAP, ES
Asteroid - from 6.16 t/ha to 8.50 t/ha, respectively (Table 3).

Table 3. Economic efficiency of growing ES Concord and ES Asteroid maize hybrids depending on the types of
fertilisers, average for 2019-2021 (Experiment 1)

Y2 Yield increase Cost of gross Production Conditionally net Profitability
Variant' to control to background products HEED profit
Hhe t/ha % t/ha % UAH thous./ha %
ES Concord (A1)
B1 6.07° - - - - 36.4 20.3 16.1 80
B2 7.06° 0.99 16.3 - - 42.4 25.1 17.3 69
B3 7.67° 1.60 26.4 0.61 8.64 46.0 31.8 14.3 45
B4 8.26¢ 2.19 36.1 1.20 17.0 49.6 30.4 19.2 63
BS 7.74° 1.67 27.5 0.68 9.63 46.4 29.2 17.3 59

Plant and Soil Science. Vol. 13, No. 1
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Table 2, Continued

Y2 Yield increase Cosrtozfu%::ss Pr(:il;t:’;ion Conditi:)onﬁatlly net | o o6 tability
Variant' that to control to background P P
t/ha % t/ha % UAH thous./ha %
ES Asteroid (A2)

B1 6.162 - - - - 36.9 20.8 16.1 78
B2 7.17° 1.01 16.4 - - 43.0 25.7 17.4 68
B3 7.74° 1.58 25.7 0.57 7.95 46.4 32.3 14.2 44
B4 8.50¢ 2.44 38.0 1.33 18.6 51.0 31.1 19.9 64
BS 7.96¢ 1.80 29.2 0.79 11.0 47.8 29.9 17.8 59
LSD 0.44

Note: ' the content of the variant in Table 1; ?Y - yield; 3 substantial differences between values if indicated by different

letters, SAS 9.4

The calculations of the economic efficiency of
technologies show that the gross technological costs for
the cultivation of maize hybrids differed substantially and
ranged from 20.3 thousand UAH/ha in the control version to
32.3 thousand UAH/ha upon the introduction of UAM 32.

Calculations of the economic and energy efficiency
of carrying out added fertilisation of crops with Humilin
Stimul fertiliser allowed finding effective combinations
of fertilisers and Humilin Stimul feeding. The scheme

of the experiment made provision for the establishment
of the effectiveness of the joint application of a nitrogen
fertiliser and Humilin Stimul feeding against the gen-
eral background (N,,P_K, ). Upon feeding with Humilin
Stimul, the yield increased by 0.23-171 t/ha, depending
on the combination of fertilisers (Table 4). It was proved
that with all fertilisers under study, the highest effect
was obtained with a one-time feeding in the BBCH 15-17
microstage (A2B2; A3B6; A4B9).

Table 4. Economic efficiency of growing maize hybrids using different nitrogen fertilisers and Humilin Stimul
feeding, average for 2019-2021 (Experiment 2)

. A1 Lt Production | Conditionally net -
\{ariaqt Yield? Yield increase gross costs profit Profitability
designation’ products
t/ha t/ha ‘ % UAH thous./ha %
ES Asteroid
A1B1 7.16° - - 42.9 25.3 17.6 70
A2B2 7.99¢ 0.83 11.6 47.9 29.9 18.0 60
A2B3 7.46° 0.30 4.19 44.8 29.1 15.7 54
A2B4 7.81¢ 0.65 9.08 46.9 29.9 16.9 56
A3B5 8.87¢ 1.71 23.9 53.2 28.9 24.2 84
A3B6 7.99¢ 0.83 11.6 47.9 27.6 20.3 73
A3B7 8.32d 1.16 16.2 49.9 28.5 21.5 75
A4B8 8.374 1.21 16.9 50.2 27.9 22.4 80
A4B9 7.94¢ 0.78 109 47.6 27.2 20.4 75
A4B10 8.14¢cd 0.98 13.7 48.8 27.8 21.0 75
ES Concord
A1B1 7.062 - - 42.4 251 17.3 69
A2B2 7.77° 0.71 10.1 46.6 29.2 17.4 60
A2B3 7.292 0.23 3.26 43.7 28.5 15.3 54
A2B4 7.58° 0.52 7.37 45.5 29.2 16.3 56
A3B5 8.569 1.50 21.3 51.4 28.1 23.6 83
A3B6 8.03¢° 0.97 13.7 48.2 27.3 20.9 77
A3B7 8.26¢ 1.20 17.0 49.6 27.9 21.6 77
A4B8 8.33¢ 1.27 18.0 50.0 27.4 22.6 82
A4B9 7.72° 0.66 9.35 46.3 26.5 19.8 75
A4B10 7.97¢ 0.91 129 47.8 27.2 20.6 76
LSD s 0.41

Note: 'Designation of variants in Table 2. ?The difference is substantial for values indicated with different letters, SAS 9.4
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When evaluating the effectiveness of technologies
for growing agricultural crops in modern conditions, it
is advisable to consider not the absolute yield, but a bal-
anced ratio of the cost of the technology and the cost of
the obtained products. Record harvests are rarely eco-
nomically justified [10; 20]. Considering the strong pos-
itive response of maize to fertilisers, it is necessary to
economically justify the effectiveness of fertilisers and
establish the feasibility threshold [19]. This means not
only the determination of the break-even point, but the
economic expediency itself [18].

The use of new-generation fertilisers with macro-
and microelement composition, nanofertilisers, and
long-acting fertilisers ensures targeted use of nutrients
by plants [25-27]. The increase in maize yield is closely
correlated with the rate of nitrogen fertilisers, and their
effectiveness increases with the joint use of nitrogen
fertilisers and urease inhibitors, biological preparations
that reduce the direct dependence on nitrogen fertiliser
rates [28]. Fertilisers of biological origin and those ob-
tained via secondary processing are widely used in pro-
duction and require scientific justification of their effec-
tiveness [29]. Fertiliser with the proposed mechanism
of action can be successfully used to feed maize plants
grown in areas with cyclic moisture deficit. Optimisation
of plant nutrition is closely related to the preservation of
soil fertility, microbiological biodiversity, and environ-
mental safety [30; 31].

The potential fertility of the soils on which the
study was conducted is quite high. The yield in the con-
trol variants in Experiment 1 - without fertilisers, in
Experiment 2 on the background of N_,P_K_ - without
fertilising crops, where fertilisers were not applied, was
formed at a relatively high level - 6.07 t/ha and 6.16 t/ha,
respectively, for the ES Concord and ES Asteroid hy-
brids. Application of N,,P_K_ in the form of DAP, based
on the active substance, ensured an increase in yield by
0.99-1.01t/ha or16.4%. Added application of nitrogen fer-
tilisers against the background of application of DAP pro-
vided an added increase in yield from 0.57% to 1.33%, or
by 7.95-18.6%. With the introduction of UAM 32, the yield
increase of the ES Concord hybrid was 2.19 t/ha or 36.1%;
ES Asteroid hybrid - 2.44 t/ha or 38.0%, compared to the
control variant. The reaction of hybrids to the introduc-
tion of ammonia water and urea, which was determined
by the increase in productivity, was lower compared to
the introduction of UAM 32 (Table 3).

The economic efficiency of cultivation technologies
is dictated by the ratio of gross technological costs to the
cost of gross products. The calculation of the economic effi-
ciency confirmed that the fertilisation system is one of the
most expensive items in the growing technology - costs
ranged from 20.3 to 32.3 thous. UAH/ha depending on

Plant and Soil Science. Vol. 13, No. 1

the types of fertilisers. The introduction of UAM 32 on
the background of N_,P_K_ (A1B4; A2B4) contributed to
a high yield of hybrids, which ensured a high conditional
net profit — 19.9 and 19.2 thous. UAH/ha, respectively, for
the ES Asteroid and ES Concord hybrids. Added costs
associated with the application of nitrogen fertilisers
were paid off by a surplus harvest. The yield of maize
grain production under study was extremely high -
44-80%. The economic efficiency of maize cultivation
technologies, depending on the intensity of cultivation
technologies in the conditions of the northern part of
the Forest Steppe of Ukraine, was assessed by V.F. Kamin-
skyi and N.M. Asanishvili [19] and it was proved that the
fertilisation system is costly, but the increase in yield
covers all added costs.

Studies on the effectiveness of added fertilisation
of crops with Humilin Stimul fertiliser allowed establish-
ingthatthistechnological solution s effective with various
forms of fertilisers and Humilin Stimul feeding against
the general background (N,,P_K.). Yu.O. Lavrynenko,
0.A. Hozh, R.A. Vozhegova also indicate the high efficien-
cy of microfertilisers with growth stimulants for grow-
ing maize under irrigation [13]. With all the fertilisers
under study, the highest effect was obtained with a one-
time feeding in the BBCH 15-17 microstage (A2B2; A3B6;
A4B9) (Table 4). The yield increased by 0.23-171 t/ha, de-
pending on the combination of fertilisers. Fertilisation of
maize in the BBCH 17-19 microstage (A2B3; A3B6; A4B9)
had a lower effect with earlier fertilisation. Carrying out
two feedings, both in terms of productivity and economic
efficiency, was inferior to the technology with one-time
feeding. Production costs differed more depending on the
types of fertilisers, with which Humilin Stimul fertilisa-
tion was carried out, and varied within 27.2-29.9 thous./ha
against 25.3 thousand UAH/ha in the control background
variant. In case of cultivation of the ES Asteroid hybrid,
high efficiency was obtained upon one-time feeding with
Humilin Stimul (BBCH 15-17) on the background of UAM 32:
(A3B5) production costs amounted to UAH 289 thous./ha;
conditionally net profit - UAH 24.2 thous./ha; profitability -
84%. A similar pattern was established for the ES Concord
hybrid.

An important indicator for the assessment of
technological measures in the cultivation of agricultural
crops is energy costs, namely the comparison of the en-
ergy accumulated in the crop to the total energy spent on
cultivation and harvesting [10; 18; 22].

The calculation shows that the lowest energy con-
sumption for growing maize was in the control variant and
varied from 16,919 in the ES Concord hybrid to 17169 MJ/ha
in the ES Asteroid hybrid (Fig. 1). Energy costs increased,
both due to the added fertilisers applied and due to the
costs of harvesting a surplus yield (Fig. 2).
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Figure 1. Energy costs for growing maize depending on the fertilisers, M]/ha, average for 2019-2021, (Experiment 1)
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Figure 2. Gross energy yield of maize hybrids depending on the nitrogen fertilisers, MJ/ha,
average for 2019-2021, (Experiment 1)

The energy efficiency coefficient has an inverse version is 6.31, with the lowest energy costs for cultiva-
correlation with gross energy costs - it decreases withthe  tion (Fig. 3). The coefficient of energy efficiency for the
growth of energy investments. Even an increase in pro-  application of fertilisers decreases and is 4.81-5.49, de-
ductivity cannot balance energy costs and gross energy  pending on fertilisers applied for the cultivation of ES
output. The energy efficiency coefficient in the control = Concord and ES Asteroid hybrids.
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Figure 3. The coefficient of energy efficiency of maize cultivation depending on nitrogen fertilisers,
average for 2019-2021 (Experiment 1)
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Calculations of the economic and energy efficiency
of added feeding of crops with Humilin Stimul fertiliser al-
lowed proving the effective combinations of fertiliser and
Humilin Stimul feeding. In case of the ES Asteroid hybrid
cultivation, prominent efficiency was obtained from a one-
time feeding with Humilin Stimul (BBCH 15-17) against
the background of UAM 32: production costs amounted to
UAH 28,979/ha; conditionally net profit - UAH 24,241/ha;

35000
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20000

MJ/ha

15000
10000
5000

0
A1B1

M ES Concord 22000
M ES Asteroid 22900

A2B2
31896

32456

A2B3
30752

31193

A2B4
31523

32107

profitability - 84% (Table 4). A similar pattern was found
for the ES Concord hybrid.

When feeding maize crops with Humilin Stimul,
gross energy consumption ranged from 30,752 MJ/ha
to 33,361 MJ/ha (Fig. 4). The lowest technological energy
costs per hectare were in the control background version —
22,000 MJ/ha and 22,900 MJ/ha, respectively, for the ES
Concord and ES Asteroid hybrids.

A3B5
33779

34553

A3B6 A3B7 A4B8 A4B9  A4B10
32516 33144 33231 31777 32453
32456 33322 33361 32337 32893

Figure 4. Energy costs for growing maize with the combined use of nitrogen fertilisers
and the Humilin Stimul preparation, average for 2019-2021, thous. MJ/ha

Higher total technological energy costs were upon
one-time feeding of crops with Humilin Stimul fertiliser
in the phenological phase of 5-7 leaves on the background
of nitrogen fertiliser UAM 32 (N120 kg/ha a.s.) - 34,553 MJ/ha
and 33,779 MJ/ha, respectively, for the hybrid ES Asteroid
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and ES Concord, which is associated with higher costs for
harvesting an added yield.

Technologies for growing maize are charac-
terised by elevated energy costs with a yield of 14,256-
156,112 MJ/ha (Fig. 5).

A3B5
150656

156112

A3B6 A3B7 A4B8 A4B9 A4B10
141328 145376 146608 135872 140272
140624 146432 147312 139744 143264

Figure 5. Gross yield energy of maize hybrids, depending on fertilisers and feeding
with the Humilin Stimul preparation (Experiment 2)

Note: 'Designation of variants in Table 2

Upon the joint application of several nitrogen fer-
tilisers and feeding with the Humilin Stimul preparation,

against the background of types of fertilisers, the energy

Plant and Soil Science. Vol. 13, No. 1

efficiency coefficient varied from 4.17 to 4.52, in the con-
trol version it was 5.48 (Fig. 6).
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Figure 6. The energy efficiency coefficient of maize cultivation depending on the nitrogen fertilisers and feeding
with the Humilin Stimul preparation, average for 2019-2021, (Experiment 2)

The decrease in the energy efficiency factor, even
with increasing yield upon applying fertilisers and foliar
feeding, is conditioned upon the rather elevated energy
intensity of industrial chemical fertilisers.

The results of this study are original for the northern
part of the Left Bank Forest Steppe of Ukraine since the
effectiveness of various nitrogen-containing fertilisers
for growing maize was investigated for the first time. A
substantial difference in the type of fertilisers, produc-
tivity, and economic efficiency was proved.

CONCLUSIONS
Optimising the nutrition of maize hybrids using diverse
types of fertilisers, application methods, and evaluating
the economic and energy efficiency of growing technol-
ogies allowed proving their high economic and practical
feasibility.

Maize hybrids are quite flexible to the growing con-
ditions, respond positively to the optimisation of nutri-
tion and form a yield that varies within 6.07 to 8.50 t/ha,
and conditional net profit - UAH 157-24.2 thous./ha (ES
Asteroid) and UAH 15.3-23.6 thous./ha (ES Concord). Ap-
plication of N,,P_K_ in the form of DAP provides a yield
increase by 0.99-1.01 t/ha, or 16.4%. Added application of
nitrogen fertilisers against the background of DAP pro-
vides a yield increase from 0.57 t/ha to 1.33 t/ha, or by

7.95-18.6%. With the introduction of UAM 32, the yield
increase of ES Concord amounted to 219 t/ha, or 36.1%;
ES Asteroid - 2.44 t/ha, or 38.0%. Calculations of the eco-
nomic and energy efficiency of added fertilisation with
Humilin Stimul allowed proving effective combinations
of fertilisers and feeding with Humilin Stimul. With the
addition of Humilin Stimul, the yield increased by 0.23-
171t/ha, depending on the fertiliser. High efficiency was
obtained with a one-time feeding of Humilin Stimul
(BBCH 15-17) on the background of UAM 32 for the ES As-
teroid hybrid: production costs were UAH 28,979/ha; con-
ditionally net profit - UAH 24,241/ha; profitability - 84%.
Technologies for growing maize are characterised by a
high output of energy with a yield of 14,256-156,112 MJ/ha.
The energy efficiency coefficient for the joint use of ni-
trogen fertilisers and maize fertilisation with Humil-
in Stimul on the background of the types of fertilisers
changes from 4.17 to 4.52, in the control variant — 5.48.
The obtained results are important for the opti-
misation of maize nutrition and the introduction of the
proposed forms of fertilisers and their combinations into
production. At the same time, issues regarding the influ-
ence of different forms of fertilisers on soil biodiversity,
preservation, and distribution of individual microbiolog-
ical groups remain understudied. These areas of research
are extremely relevant and require further investigation.
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Economic and Energy Efficiency of Technologies for Growing Maize Hybrids...

CeiTnaHa MuxannisHa KaneHcbka', OneHa lpuropieHa KawtaHoBa?,
BikTop MetpoBuny KaneHcbkuit', PomaH Bonogummpoeuy NoBeHbKO',
TetaHa BonogumupisHa AHTan’

"HauioHanbHWI yHiBepcUTET 6iopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois 060poHM, 15, M. KuiB, YkpaiHa

2YHiBepCcUTET NpUKNagHUX HayK AHXanbT
06366, Byn. bepHbyprep, 55, M. KeTeH, HimeyunHa

EKOHOMIYHa Ta eHepreTuiHa epeKTUBHICTb TEXHOJOri BUPOLLYBaHHA
ri6puaiBs KyKypyasu 3a/1e)XHo Bif BuAy Ta cnocobiB BHeCeHHA no6pus

AHoTauisl. AKTYaJIbHICTh BUPIIIeHHS ITPpO6IeMU 3pOCTaHHA BUPOGHULITBA 3€pHA KYKYPYZI3U € 6€3yMOBHOIO 3 BpaXyBaHHAM
OTpe6 JIIOACTBA, EKOHOMIUHOI Ta eHepreTUYHOI eeKTUBHOCTI TEXHOJIOTIM BUPOIIYBAaHHS, IKA CyTTEBO 3aJIEKUTH Bi
BUZYy DOGPUB Ta KPaTHOCTI iX BHECEHHS. MeTOI0 IOCIIiI;KeHHs € BCTAHOBJIEHHA ebeKTUBHOCTI BUPOGHUIITBA 3epHa
KYKYPYZ3H 3a OITTUMi3alil cucteMu yao6peHHs. [10Ib0Bi JOCTIIKEHHS IIPOBOAWIN B GepMepChKOMY IOCITOLAPCTBI
«BoraTupiBceke» POMEHCBKOTO patioHy CyMCBKOI 0671acTi BITpoZoBK 2019-2021 pp. Ha TEMHO-CipOMy OITiI30/IeHOMY
TPYHTI. MaTeMaTUYHY Ta CTaTUCTUYHY 06pO6KY TPOBEIEHO 3 BUKOPUCTAHHAM ITPOrPaMHOTI0 ITakeTy SAS 94 Ta «ArpocTar
6». EKOHOMIUHY Ta eHepreTUYHY OL[IHKY TEXHOJIOTIM TPOBOAMIIN 3 BUKOPUCTAHHAM PO3PaxyHKOBOTO MeToAy. [i6puay e
IUIACTUYHYMU JI0 YMOB BUPOILYBaHHS, TIO3UTHUBHO pPearyroTb Ha ONTHMi3allilo JKUBJIEHHS — YPOsKaKHICTb Bapiloe Bif,
6,07-6,16 B KOHTpOJI /10 8,26-8,50 T/ra 3a 3acTocyBaHHa KapboMimoamiauHoi ceniTpu 32 Ha doHi N, P K_.3a ¢doHOBOTrO
BHeceHHA N, P_K_ yposkaiHiCTb 3pocTaiia Ha 164 %. A3oTHi mo6puBa 1o GpoHy 3abesrnedyBasy JOIATKOBE 3POCTAHHA
yposKarHOCTi Ha 7,95-18,6 %. 3a BHeceHHs KapboMizoaMiauHoi ceiTpy 32 IpUpicT BPOXKAMHOCTI CKiIaB 2,19 Ta 2,44 T/ra
ab6o 36,1 % i 38,0 % simmosiaHo ribpray KoHkopy, i AcTepoin. Peakiiis ri6puis Ha aMmiadHy BoAy Ta KapbaMim HUK4Ya
TIOPiBHAHO 3 Kap6OMiZIoaMiauHOIO CeNiTporo. BUpo6HMYI BUTPaTH Ha BUPOILYBaHHA KYKypyZL3u ckitamu 20,3-32,3 Tuc.
rpH/ra. BHeceHHA KapboMiioamiauHoi ceniTpu Ha ¢poHi N,,P,_ K 3a6e3redyBao OTpUMaHHA BUCOKOIO YMOBHO YHCTOTO
npubyTKy — 19,2-19,9 TuC. IpH/ra. PeHTabeNbHICTh BUPOGHUIITBA 3epHA KYKYPY3U € LOCHUTh BUCOKOI0 — 44-80 %. 3a
TTiIRUBIeHHa TyMiTiH CTUMYIT YposkariHicTh 3pocTae Ha 0,23-1,71 T/ra 3aJIeKHO Biji KoMbiHartii Jo6puB. B koMbiHatrii 3
yciMa BumaMy J06pHB HarBUIY edeKTUBHICTb OTPUMAHO 33 OHOPA30BOTO MifyKUBIeHHS Ha BBCH 15-17. KoedittieHT
€HEepPreTUYHOI eGeKTUBHOCTI 38 BHECEHHS JO6PUB 3HIDKYETHCS. Pe3yIBTaTH JOCIKEHH MAlOTh BAJKJIMBE 3HAUEHHS
IU1 BUPOGHUIITBA i [IOJIAJIBLINX HATIPSMIB IOCITIREHHS, 30KpeMa 6i0pi3HOMAaHITTS I'PyHTOBOI Mikpodopu

KntouoBi cnoea: prHOK 3epHa, YPOyKaHiCcTh, BUPO6HMYI BUTPATH, yMOBHO YUCTHH IIPUGYTOK, pEHTabeIbHICTD
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Adaptive Potential of Fenugreek Species at Different Sowing Times

Abstract. Among the unexplored technological elements of growing fenugreek in the conditions of Ukraine is the
creation of conveyor cultivation of the culture. Therefore, the problem of the influence of sowing dates on the growth
and development of plants, the parameters of the harvest and the qualitative composition of marketable products
is acute. The purpose of this study was to substantiate the optimal sowing dates of fenugreek species to increase
the yield of dried products in the conditions of Polissia on sod-podzolic soils. The leading methods employed
to investigate this issue were the field method - to find the interaction of the object of research with biotic and
abiotic factors, statistical method - to evaluate the research results to find the parameters of fenugreek’s adaptive
capacity. During 2012-2014, for different sowing periods, the average yield of dry mass in blue fenugreek varied from
0.5 to 1.3 t/ha, and in hay fenugreek - from 0.6 to 1.5 t/ha. The early spring period and the late spring period of the
1%t sowing period were characterized by the highest overall adaptive capacity. The highest value of the specific adaptive
capacity was established during the late spring 2" sowing period. The relative stability index ranged from 2.6 to 11.4.
Blue fenugreek during the late spring 1* and 2" sowing periods responds well to improved growing conditions (b, >1),
and fenugreek hay during the late spring 2" and summer sowing periods. Early spring and late spring 1%t sowing
period samples are characterized by high breeding value. An increase in the sum of effective temperatures by 1°C
contributed to the fluctuation of green mass yield from 4.82 to 128 kg/ha, and dry mass yield from 0401 to 6.63 kg/ha.
At the same time, an increase in precipitation by 1 mm affected the fluctuation of the yield of green mass from 15.0
to 146 kg/ha, and of dry mass from 0.145 to 25.9 kg/ha. Commercial production of fenugreek species was formed
within the range of the sum of air temperatures (>10°C) 383.9-487.1°C, the amount of precipitation 70.7-144.3 mm,
and the growing season ranged from 35 to 55 days. The highest productivity of fenugreek species was found during
sowing from the second decade of April to the first decade of May. The materials of this paper are of practical value for
expanding the species diversity of vegetables and increasing the supply of the population with valuable food products
and during the application of new and improved elements of technologies for growing valuable rare crops to achieve
the maximum effect of fulfilling the genetic potential of plants

Keywords: blue fenugreek, hay fenugreek, sowing time, selection value of the genotype

INTRODUCTION

Since ancient times, fenugreek has been used as a spice,
food, and medicinal crop, and more recently as a func-
tional food (food that provides health and wellness bene-
fits in addition to nutrients) [1]. Fenugreek seeds contain a
considerable amount of fibre, phospholipids, glycolipids,
oleic acid, linolenic acid, linoleic acid, choline, vitamin A,
B1, B2, C, nicotinic acid, niacin, and many other functional
elements [2; 3]. It is necessary to focus on the develop-
ment of new cultivated varieties, to completely fulfil their
potential as edible plants along with medicinal value [4].

Fenugreek is grown on different continents, in
different soil and climatic conditions [5]. However, the
development of plants is influenced not only by soil and
climatic conditions, but also by technological interven-
tions [6]. Sowing time and row width are important agro-
nomic factors directly affect the yield level [7 8]. The op-
timal timing of sowing opens the way to more efficient
use of light, temperature, precipitation, and other envi-
ronmental factors [9]. In general, early sowing times are
better because of the expected beneficial effect on seed

Suggested Citation:

Komar, 0., Bobos, I., & Fedosiy, I. (2022). Adaptive potential of fenugreek species at different sowing times. Plant and Soil

Science, 13(1), 17-26.

*Corresponding author

Plant and Soil Science. Vol. 13, No. 1

(17



Adaptive Potential of Fenugreek Species at Different Sowing Times

germination, plant growth and development, duration of
the growing season, and yield [10].

Numerous studies have shown that climate change
has adverse effects on food production and food security,
and, according to forecasts, adverse effects will increase
in the future [11-13]. Climate variability, such as being too
wet or too dry, also affects yield [14; 15]. High average air
temperatures affect crops through several mechanisms,
including acceleration of plant growth and total evapo-
transpiration, and thus yields will decrease in response
to increased temperatures [16]. Crops are especially
sensitive to strong heat during the reproductive period,
when it can substantially reduce the amount of grain and
the final yield, and in the most negative cases lead to a
complete loss of the harvest [17].

The changes in temperature and precipitation
predicted by global climate models for the 2050s will
lead to a global decrease in crop yields if planting and
harvesting dates stay unchanged. However, adaptation
of sowing dates and variety selection increases yield in
temperate regions and allows avoiding 7-18% losses [18].

Technologies aimed at maximizing the protective
reactions of the plant organism to adverse environmen-
tal conditions are of particular importance in vegetable
production. Such technologies have a prominent degree
of flexibility, considering environmental conditions in
connection with a change in the set of technological op-
erations, which are most suitable in particular conditions
of the growing season [19]. The defining element in such
technologies is the variety due to its biological, morpho-
logical, and genetic features, the constructed strategy for
the selection of the predecessor, tillage, fertilizers, sowing,
crop care, and harvesting.

A variety, as a biological system, should be consid-
ered in terms of the fulfilment of genetic potential in a
particular ecological region [20]. The value of varieties is
determined by their plasticity and stability, or the ability
to form a certain level of yield in different environmental
conditions [21]. The genotype x environment interaction
must be considered when developing selection programs
focused on nutrition quality parameters, since selection
in particular soil conditions can provide further optimi-
zation of nutrition quality [22; 23].

The purpose of this study was to find the best date
of sowing to obtain the highest yield of dry mass of fenu-
greek species on sod-podzolic soils of Polissia.

MATERIALS AND METHODS
The research was conducted during 2012-2014 at the
National University of Life and Environmental Sciences
of Ukraine at the collection site of the Fruit Orchard, in
the Kyiv Oblast. Two local samples of fenugreek were inves-
tigated: blue fenugreek (Trigonella coerulea (Desr.) Ser.)
and hay fenugreek (Trigonella foenum graecum L.). Spe-
cies were sown simultaneously in four terms: early spring -
II-11I decade of April (April 10 - 2012, April 24 - 2013,
April 10 - 2014); late spring of the 1* term - 3" decade
of April - 15t decade of May (04/25 - 2012, 05/08 - 2013,

%)

04/29 - 2014); late spring of the 2" term - the 2" decade
of May (May 15, 2012, May 17, 2013, May 14, 2014); summer —
1st decade of June (06/10 — 2012, 06/04. — 2013, 06/05 —
2014). Moreover, the seeds for the early spring and the
first late spring terms in 2013 had to be sown later due to
the prolonged cold spring. Control - early spring sowing
period (II-111 decade of April). Repetition - three times with
randomization. The registered area of the site was 5 m2
Calculations were carried out on 30 plants — 10 from each
repetition. The seeding scheme for fenugreek was 45x15 cm.
The depth of wrapping the seeds of blue fenugreek was
10-1.5 cm, hay fenugreek - 2-3 cm.

The field research method was used to determine
the quantitative assessment of the effect of the researched
factors on growth, development, plant productivity, and
crop quality. The reliability of the obtained results was
determined using a statistical method.

Analysis of variance (ANOVA) and correlation
analysis were performed using the XLSTAT add-on in MS
Excel. It was considered that the differences are signifi-
cant when a=0.95 [24].

The indicator of general adaptive capacity (GAC)
was defined as the average value of the trait in various
environmental conditions, and specific adaptive capac-
ity (SAC) as a deviation from the general adaptive capacity
in a certain environment [25]. The method of evaluating
the GAC and SAC is based on testing a population of n
genotypes in m environments. The number of repetitions
is equal to c. Then (1):

Xy = U+ Vi+d, + (Vd)ik+ €ir (1)

where x,_is the phenotypic value of (i) genotype grown in
(k) environment in (r) replication; U is the overall average
of the entire population of phenotypes; V is the effect of (i)
genotype; d, is the effect (k) of environment; (Vd), is the
effect of interaction of (i) genotype with (k) environment;
e, is an effect due to random causes and attributed to the
(ekr) phenotype.

The following restrictions were imposed on the
elements of the model (2):

2ivi = 2pde = LDy = L)y =X ey =0 (2)

GAC effects (3):
GACL = Vi = Xi -Uu (3)

The parameters of the adaptive capacity of fenu-
greek species were as follows (4; 5):
1

Yaldg + Vdip)? - 225 62 (4)

*
m-1 m
0 SAC; = /0% SAC; (5)

To compare the variability of various features
upon investigating fenugreek species and habitats, the
relative stability of the species according to the following
S, feature was used (6):

o2 SAC; =
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OSAC;
Sy = ——=L% 1009
9L U+GAc %

(6)

The reaction of fenugreek species to the improve-
ment of environmental conditions was determined by
the value of the regression coefficient b, (7):

b = L Xig *dg
i = Ty a2
rRAR

)

To select fenugreek species that combine produc-
tivity and stability, the selection value of the genotype was
used (8):

SVGL =U+ GACl -p O-SACi (8)

To figure out when a certain stage of plant devel-
opment will occur (“sowing-seedlings”, “seedlings-be-
ginning of budding”, “beginning of budding-beginning
of flowering”, “beginning of flowering-beginning of
ripening of beans’, “seedlings-beginning of ripening
of beans”) the Growing Degree Days method was used,
which is based on the real temperature [26]. The sum of
effective air temperatures for the interphase period was

calculated using the formula (9):

Ztef = (tavg _B)*n
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where Xt is the sum of the effective air temperatures for
the period; °C, t,,, is the average active air temperature for
the period, °C; B is the biological minimum, which in this
study was taken as 10°C; n is the number of days in the
period.

RESULTS AND DISCUSSION
The duration of the phenological phases of development
of blue fenugreek from the 2°¢ decade of April to the
1stdecade of Junewas established as follows: “sowing-seed-
ling” ranged from 6 to 12 days and took place at total air
temperatures (>10°C) of 21.3-70.5°C and total precipitation
0f10.3-45.3 mm; “seedling-beginning of budding” - from
28 to 39 days, for total air temperatures (>10°C) of 310.0-
316.2°C and total precipitation of 477-123.3 mm; “the be-
ginning of budding-the beginning of flowering” - from
4 to 7 days, for the total air temperatures (>10°C) of 48.2-
78.9°C and the total precipitation of 2.3-24.1 mm; “the be-
ginning of flowering-the beginning of ripening of beans” -
from 3 to 6 days, for the total air temperatures (>10°C)
of 35.4-617°C and the total precipitation of 3.6-237 mm;
“seedlings—-the beginning of ripening of beans” - from 36
to 52 days, for the total air temperatures (>10°C) of 398.9-
450.6°C and the total precipitation of 70.7-133.3 mm (Fig. 1).
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Figure 1. The sum of air temperatures above 10°C with a cumulative total and the total precipitation necessary
to complete the phenological phases of the development of blue fenugreek at different sowing times
(average for 2012-2014)
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Depending on the timing of hay fenugreek sowing, the
ranges of phenological phases of development were es-
tablished as follows: “sowing-seedling” ranged from 7 to
12 days and took place during the total air temperatures
(>10°C) of 24.6-82.1°C and the total precipitation of 12.0-
207 mm; “seedling-beginning of budding” - from 26 to
37 days, for total air temperatures (>10°C) of 2877-325.1°C
and total precipitation of 40.7-122.0 mm; “the beginning
of budding-the beginning of flowering” - from 5 to 6 days,
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for the total air temperatures (>10°C) 48.0-63.0°C and the
total precipitation 3.0-287 mm, “the beginning of flower-
ing - the beginning of ripening beans” - from 3 to 12 days,
for total air temperatures (>10°C) of 30.3-135.6°C and to-
tal precipitation of 21.3-35.7 mm; “seedlings-the begin-
ning of ripening of beans” - from 35 to 55 days, for the
total air temperatures (>10°C) 383.9-4871°C and the total
precipitation 71.3-144.3 mm (Fig. 2).
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Figure 2. The sum of air temperatures above 10°C with a cumulative total and the sum of precipitation necessary
to complete the phenological phases of hay fenugreek development during different sowing periods
(average for 2012-2014)

C.Karma et al. (2017) found that different sowing
dates in West Bengal differed significantly in number of
days to germination, sowing on 30 December showed the
maximum number of days (14.13 days) and the minimum
number of days was achieved by fenugreek plants sown
on 30 October (9.38 days) [27]. R. Sheoran et al. (2000)
found that during a 14-day delay in sowing, the analysed
fenugreek varieties formed inflorescences earlier and
ripened faster. Furthermore, late sowing reduced plant
requirements for warm temperatures, which is critical
when plants requiring higher temperatures must be
adapted to grow in more severe climates [28]. Ionescu and
Roman (2013) note that fenugreek ripened in the third
decade of July, after 95 days of vegetative growth, and the
number of accumulated heat units was 922.2 (>10°C) [29].

In general, culture needs a cool climate during
vegetative growth, and a dry climate during seed matu-
ration [30]. Plants sown at the optimal time have more
chances to achieve the correct phenological development.
A delay in sowing, on the contrary, shortens the duration
of the vegetation period of plants and successive phases
in growth and development [31].

Based on the conducted analysis of variance,
it was established that the yield of fenugreek species
considerably depended on the genotype, environment,
repetitions, and interaction of factors with the share of
their influence being 18%, 36%, 24%, and 18%, respec-
tively, with the predominance of the influence of the
environment (Fig. 3)
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m Share of influence of fenugreek species (factor A)

@ Share of influence of sowing dates (factor B)

@ Share of the interaction of fenugreek species and sowing dates
O Share of the influence of repetitions

B Share of the impact of the error

Figure 3. The share of influence of individual elements of the experiment on fenugreek productivity, %
(average for 2012-2014)

Among the features of fenugreek species under
study, yield is of particular importance as a holistic in-
dicator of genetic potential. The range of yield variation
shows the difference between the minimum and maxi-
mum value and characterizes the stability of a certain
genotype. Varieties with a smaller range of variation
have better adaptability. During the research period, the
best value in terms of variation stability can be iden-
tified for fenugreek in the early spring period (0.2 t/ha)
and late spring of the 15t sowing period (0.3 t/ha), and for
blue fenugreek in the early spring period (0.3 t/ha), which
were characterized by a high yield of dry mass within 1.1-
14 t/ha (Table 1). The widest range of yield fluctuations
(0.5 t/ha) was noted during the late spring 2" period of
fenugreek sowing. The time of sowing is crucial for the

growth and development of plants and obtaining the
highest possible yield. Sowing too early or too late can
hinder growth, reduce yield, and worsen the quality of
the crop [32]. Radojka and Jevdjovic (2007) found that
sowing in the first two weeks of April resulted in con-
siderably higher yields compared to sowing at the end
of April and during May [33]. In Kansas, A. Obour et al.
(2015) reported no effect of sowing between April 1 and
May 22 on dry matter yield [34]. In Poland, T. Bienkowski
et al. (2016) found that sowing seeds as early as possible
or with a delay of 10 days did not cause a significant de-
crease in seed yield, although delaying the sowing date
by 20 days could reduce seed yield by 3-13%. Early sowing
of fenugreek in West Bengal (October 30) is recommended
for fast growth and high yield [35].

Table 1. Parameters of adaptive capacity by dry mass yield (average for 2012-2014)

Type (factor A) Blue fenugreek Hay fenugreek
=) =)
E= —_ —~ = E= = P =
Egv ol < mger S« Egv ol < mgw S«
©55 | £35  £85 g5 | =285  £3% £85 | €8
Sowing terms £o9q 5Sq aSq E] £oq acq eSS ES
(factor B) g8 | @EY | oE8 | 298 | B3y | gEY «Eg | 29
58 | 52R 53R BR 23R SB2R EER BB
ne - N £ ne - N £
= =
a (77
e Min 1.0 0.9 0.8 0.5 1.3 1.1 0.9 0.6
S~
%f Max 1.3 1.3 1.2 0.7 1.5 1.4 1.4 1.0
=
§ Average 1.2 1.1 1.0 0.6 1.4 1.3 1.1 0.8
1S
g‘ Range of variation 0.3 0.4 0.4 0.2 0.2 0.3 0.5 0.4
Coefficient of variation (V), % 131 18.2 21.5 16.7 7.1 121 27.1 27.2
GAC, 125 58 -75 -442 358 225 25 -275
SAC, 61.4 82.4 86.0 36.6 36.6 61.4 121.1 86.0
Relative stability (Sgi) 5.3 7.5 8.9 6.1 2.6 4.8 11.4 11.2
Plasticity (bi) 0.84 1.16 1.21 0.58 0.58 0.84 1.57 1.21
Selection value (SVG) 742 529 371 347 1147 842 228 171
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On average, the coefficient of yield variation for
blue fenugreek was 17%, depending on individual sow-
ing dates - from 13% to 22%; for hay fenugreek - 18%,
depending on individual sowing dates - from 7% to 27%.
In the case of blue fenugreek, a slight variation of the
trait was found during the early spring sowing period,
medium - late spring1®*seasonand summer, significant -
late spring 2" period. For hay fenugreek, a slight variation
was found for the early spring sowing period, medium -
for the late spring 1t sowing period, significant - for the
late spring 2" sowing period and summer.

Plasticity and stability allow predicting the be-
haviour of varieties in production conditions. Varieties
where the regression coefficient is significantly lower
than 1 belong to the neutral type. They do not respond
well to changes in the environment. Under conditions of
intensive farming, they do not reach high indicators, but
under poor conditions, their indicators decrease to aless-
er extent compared to varieties of the intensive type [36].

Varieties with a regression coefficient above 1belong
to the intensive type. In years with unfavourable weather
conditions, including when there is a low agricultural
background, they sharply reduce productivity. A close to
zero or zero value of the regression coefficient reflects
a variety that does not respond to environmental changes.
With a smaller square deviation of the real indicators
compared to the theoretically expected ones, the variety
is more stable [37].

The coefficient of regression of dry weight yield of
fenugreek species was different. During the late spring
1st and 2™ sowing periods, blue fenugreek responds well
to improved growing conditions (b, >1): with an increase
in average yield by 1 kg/ha, the increase in dry weight
was 116 and 121 kg/ha, respectively. The lowest sensi-
tivity to changes in environmental conditions for blue
fenugreek was established during the early spring and
summer sowing period: with an increase in average
yield by 1 kg/ha, the increase in dry weight was 0.84 and
0.58 kg/ha, respectively.

Hay fenugreek is characterized by high sensi-
tivity (b>1) to the improvement of growing conditions
during the late spring 2" and summer sowing periods:
with an increase in the average level of yield by 1 kg/ha,

the increase in dry weight was 1.57 and 121 kg/ha,
respectively. Hay fenugreek reacted the least to the im-
provement of growing conditions during the early spring
and late spring 1%t sowing period: with an increase in the
average level of yield by 1 kg/ha, the increase in dry mass
was 0.58 and 0.84 kg/ha, respectively.

GAC characterizes the ability of a cultivated plant
to obtain a consistently prominent yield under any con-
ditions, and SAC indicates the plasticity of a cultivated
plant, i.e,, the ability to adapt to specific conditions (low
temperature, drought, pests, etc.) [38].

At different sowing dates, the samples of fenu-
greek species under study ranged widely - from -442 to
358 according to the GAC parameter. The maximum GAC
value was noted in hay fenugreek during the early spring
and late spring 1%t sowing period, with indicators of 358
and 225, respectively. For blue fenugreek, the maximum
value was also established for the early spring and late
spring 1t sowing period with indicators of 125 and 58, re-
spectively. Summer sowing is characterized by the lowest
GAC value.

The highest SAC value (86.0) for blue fenugreek
was established in the late spring 2" sowing period, and
the lowest (36.6) - in the summer. For hay fenugreek,
the highest SAC value (121.1) was established for the late
spring 2" sowing period, and the lowest (36.6) - for the
late spring 15t sowing period.

The best variety for the test zone is the one that had
the maximum GAC value, forms the highest yield under
favourable growing conditions (weather and climatic
conditions of the area, appropriate agricultural technology)
and ensures prominent yield stability [39].

A variety with a high but unstable yield cannot
guarantee maximum productivity in production condi-
tions with insufficient care and adverse weather conditions.
An integrated indicator that characterizes the combination
of high productivity and stable yield in a variety is the se-
lection value of the genotype (SVG) [40]. Early spring and
late spring 1t sowing period samples are characterized
by high breeding value.

Using correlation dependence calculations, the re-
lationship between the parameters that evaluate the adap-
tive properties of genotypes was established (Table 2).

Table 2. Matrix of correlations between parameters of the adaptive capacity of fenugreek species
(average for 2012-2014)
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GAC, 0.99 -0.08 0.60 1
SAC, -0.07 0.99 0.82 -0.07 1
Relative stability (Sgi) -0.54 0.86 0.99 -0.54 0.86 1
Plasticity (b) -0.11 0.99 0.85 -0.11 0.99 0.88 1
Selection value (SVG) 0.81 -0.64 -0.94 0.81 -0.64 -0.92 -0.66 1

The calculation of the correlation coefficient showed
that the average yield has a direct strong relationship with
the GAC index (r=0.99) and selection value (r=0.81) and an
average inverse relationship with the coefficient of varia-
tion (r=0, 60) and relative stability (r=0.54).

GAC has a strong direct relationship with the in-
dex of average yield (r=0.99) and selection value (r=0.81)
and an inverse average relationship with the coefficient
of variation (r= -0.60).

The SACindex has a strong direct relationship with
the range of variation (r=0.99), plasticity (r=0.99), relative
stability (r=0.86), and coefficient of variation (r=0.82).

Adirect strong relationship was established between
relative stability and the coefficient of variation (r=0.99),
plasticity (r=0.88), range of variation (r=0.86), SAC (r=0.86)
and inverse average relationship with GAC (r= -0.54).

The plasticity indicator has a direct strong rela-
tionship with the SAC index (r=0.99), the range of varia-
tion (r=0.99), relative stability (r=0.88) and the coefficient
of variation (r=0.85) and an inverse average relationship
with selection value (r= -0.66).

Selection value has a direct strong relationship with
average yield (r=0.81), and an inverse average relationship
with GAC (r=0.81). An inverse relationship was found be-
tween the selection value and the coefficient of variation
(r=-0.94), relative stability (r= -0.66), SAC (r= -0.64), and
range of variation (r= -0.64).

A direct strong relationship was found between
dry mass yield at different sowing dates and the total
effective temperatures (r=from 0.66 to 0.99). An inverse
medium and strong relationship (r=from -0.48 to -0.99)
was found between the yield of dry mass at different
sowing times and the amount of precipitation.

According to the results of the regression equa-
tions, it was found that an increase in the total effective
temperatures by 1°C contributed to the fluctuation of the
yield of the blue fenugreek: in the early spring period
(control) - by 128 kg/ha (green mass) or by 6.06 kg/ha (dry
mass); in the late spring 1% period - by 53.0 kg/ha (green
mass) or by 3.98 kg/ha (dry mass); in the late spring
27 period - by -11.1 kg/ha (green mass) or by -1.81 kg/ha
(dry mass); in the summer period - by -4.82 kg/ha (green
mass) or by -0.401 kg/ha (dry mass). An increase in the
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amount of precipitation by 1 mm affected the yield: in the
early spring period (control) - by 146 kg/ha (green mass)
or by 5.38 kg/ha (dry mass); in the late spring 1% period -
by 28.3 kg/ha (green mass) or by 0.145 kg/ha (dry mass);
in the late spring 2 period - by -96.7 kg/ha (green mass)
or by -22.7 kg/ha (dry mass); in the summer period - by
-16.1kg/ha (green mass) or by -3.42 kg/ha (dry mass).

An increase in the total effective temperatures by
1°C contributed to the fluctuation of hay fenugreek yield:
in the early spring period (control) - by 14.1 kg/ha (green
mass) or by 1.58 kg/ha (dry mass); in the late spring 1%
period - by 33.9 kg/ha (green mass) or by 2.21 kg/ha (dry
mass); in the late spring 2" period - by 21.2 kg/ha (green
mass) or by 6.63 kg/ha (dry mass); in the summer period -
by 10.25 kg/ha (green mass) or by 4.33 kg/ha (dry mass).
An increase in the amount of precipitation by 1 mm
affected the yield: in the early spring period (control) -
by 15.0 kg/ha (green mass) or by 1.07 kg/ha (dry mass);
late spring 1% period - by 22.7 kg/ha (green mass) or by
-0.693 kg/ha (dry mass); in the late spring 2" period - by
-77.3 kg/ha (green mass) or by 25.9 kg/ha (dry mass); in
the summer period - by 184 kg/ha (green mass) or by
6.80 kg/ha (dry mass).

CONCLUSIONS

The obtained results suggest that the air temperature
at different times of sowing had a great influence on the
growth and development of plants, namely, the “sow-
ing-seedling” period of fenugreek species varied from
6 to 12 days and passed for the total air temperatures
(>10°C) 21.3-82.1°C and the total precipitation 0f 10.3-45.3 mm,
“seedling-start of budding” - 26-39 days, 287.7-325.1°C,
407-1233 mm; “beginning of budding-beginning of
flowering” - 4-7 days, 48.0-78.9°C, 2.3-28.7 mm; “the be-
ginning of flowering, the beginning of ripening of beans” -
3-12 days, 30.3-135.6°C, 3.6-35.7 mm; “seedling - the be-
ginning of ripening of beans” - 35-55 days, 383.9-487.1°C,
70.7-144.3 mm.

Blue and hay fenugreek have the highest breeding
value of the genotype (SVGi =742 and 1,147, respectively)
in terms of yield, high ecological stability (S, =53 and 2.6,
respectively) and plasticity (b, =0.84 and 0.58%, respec-
tively) received during the early spring (II-III decade of
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April) sowing period. To obtain a high yield of dry mass
of plants, fenugreek should be grown during the early
spring (II-11I decade of April) and 1% late spring (III de-
cade of April-I decade of May) sowing period, during
which a more developed vegetative mass was formed
and a higher yield of dry mass was established 1.3-
14 t/ha - hay fenugreek and 1.1-1.2 t/ha blue fenugreek.
The practical significance of the obtained results lies in
the scientific substantiation of the best sowing dates of

fenugreek for correcting the cultivation technology on
the sod-podzolic soils of Polissia.

Elucidating the use and potential of particular
fenugreek species is a promising area for research, as
the complex relationships between nutritional value,
water availability, and soil quality remain understudied,
as well as their consumer appeal and opportunities for
inclusion in value-added chains.
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OnekcaHap OnekcaHppoBudy Komap, IpuHa MakapieHa bo6ocb, IBaH Onekciioeuy degocii
HauioHanbHW yHiBepcuTeT 6iopecypciB i NpUpOAOKOpUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHMu, 15, M. KuiB, YkpaiHa

ApanTMBHUM NOTeHUian BUAIB NAaXXMTHUKA 3a Pi3HUX CTPOKIB ciB6M

AHortauin. Cepell HEBUBUEHUX TEXHOJIOITYHUX €JIEMEHTIB BUPOIIYBaHHSA IT’KUTHHKA B YMOBaxX YKpalHU 3a/IMIIA€ThCS
CTBOPEHHS KOHBEEPHOTO BHPOIIYBAaHHSA KyJIETYPU, TOMY FOCTPO CTOITh mpo6jieMa BIUIMBY TEPMiHiB ciB61 Ha picT
i pO3BUTOK pOCIMH, ITapaMeTpy BPO’KAIO Ta SKICHWUM CKJIaZ, TOBApHOI ITPOAyKii. MeTa AOCHiIyKeHb IIOoNdraia B
O6I'PYHTYBaHHI ONTUMAaJIBHUX CTPOKIB CiB6Y BUIB MAKUTHYKA AJIS MiJBUIIEHHS BPOKAMHOCTI CyIlIeHOI IIPOIyKIIil B
yMoBax ITostices Ha IepHOBO-ITI30/IMCTIX IPYHTaX. [TPOBITHMUMI METOAAMU JOCIIREHHS 1Tl Tpo6JIeMY € TIOJIbOBU — IJIs
BU3HAYEHHS B3a€MOZIii 06 €KTa IOCiIKeHb i3 60 THYHMMU Ta ab6i0TUUHUMU paKTOpaMU, CTATUCTUYHU — TPOBEJeHHS
OLIiHIOBaHHS pe3yJ/IbTaTiB AOCIiIKeHb [J1 BU3HAUeHHS ITapaMeTpiB aaliTUBHOI 34aTHOCTI IasKUTHUKA. YIIPOIOBK
2012-2014 pp. 3a pi3HOTO CTPOKY CiB6M CepemHsa BPOXKAMHICTh Cyxol Macy B MayKUTHUKA TOIy60ro 3MiHioBasacs B
Meskax Bif 0,5 o 1,3 T/ra, a B MayKUTHMKA ciHHOro Bix 0,6 Ao 1,5 T/ra. HalBUILOIO 3araIbHOI0 aJalTHBHOIO 3JaTHICTIO
XapaKTepU3yBaBCA PAaHHBOBECHIHUM CTPOK Ta [Ti3HOBECHIHMI 1-T'0 CTPOKY CciB6u. Haribiblie sSHaUeHHA crieludivHoi
aZanTUBHOI 3[aTHOCTI BCTAHOBJIEHO 3a ITiSHHOBECHSHOIO 2-TO CTPOKY CiB6M. ITOKAsHMK BiJHOCHOI CTabinbHOCTI
KONUBABCA Bif 2,6 M0 11,4. [TaXKUTHUK TOJIyO6UH 3a IMi3HbOBECHSHOr0 1-T0 Ta 2-T0 CTPOKY ciB6u mobpe pearye Ha
TIOKpallleHHs YMOB BHUPOIIyBaHHSA (bi>1), a MaKUTHUK CIHHUK 3a ITiSHbOBECHSAHOIO 2-TO Ta JITHBOTO CTPOKY CiBOM.
BHICOKOIO CEJIEKLIIMHO0 1iHHICTIO XapaKTepPU3YIOThCSA 3pa3Ky 38 paHHBOBECHSIHOTO U ITi3HBOBECHSIHOIO 1-T'O CTPOKY
ciB6u. 361IbLIEHHS CyMU ePEeRTUBHIX TeMITEpaTyp Ha 1 °C CIIpUsIIO KOJIMBAHHIO BPOXKAMHOCTI 3e1eHol MacH Bif 4,82
110 128 kr/ra, a cyxoi Macu Bix 0,401 10 6,63 Kr/ra. BogHO4Yac 361/IbIIIEHHS CYMU OITaiB Ha 1 MM BIUIMHYJTO Ha KOJIMBAHHS
ypOXKaMHicTh 3eyieHo0i Macu Bix 15,0 mo 146 Kkr/ra, a cyxoi Macu Bif 0,145 mo 25,9 kr/ra. ToBapHa IIPOAYKIIif BUIIB
MAKUTHUKA GOpMyBasIaca B MeXKax CyMU TEMIIepaTyp mosiTps (>10°C) 383,9-487,1°C, KinbrocTi onazis 70,7-144,3 MM, a
BereTalliiHUM repiof KoauBaBcs Bif 35 1o 55 AHiB. HaMbinbliy IpoayKTUBHICTb BUAIB TasKUTHHUKA BUSBIIEHO ITiJ] Yac
ciB6bu Big II meKaay KBiTHA 110 | IeKay TpaBHA. MaTepiay CTaTTi CTAHOBJIATD IPAKTUYHY LiHHICT 1A pO3ILINPEHHS
BUJIOBOTO Pi3HOMAHITT OBOYIB i mimBUINEHHS 3a6e3eYeHHs HaCeIeHH IIHHUMU ITPOAYKTaMU XapuyBaHHS Ta i
Yac 3aCTOCYBaHHS HOBUX Ta YOOCKOHJIEHUX eJIEMEHTIB TEXHOJIOTIN BUPOIIYBAaHHSA IIIHHMX MaJIOIIONIMPEHUX KYJIETYP
ILJIL DOCATHEHHS MaKCUMAaJIbHOTO eQeKTY pearti3allii FeHeTUYHOT'O ITOTEHITiaTy POCIVH
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Effectiveness of Soybean Inoculation with Nodule Bacteria
and Mycorrhizal Fungi in the Conditions of the Right Bank
Forest Steppe of Ukraine

Abstract. The relevance of this study is determined by a complex of factors that shape soybean grain productivity - the
effectiveness of symbiotic systems formed with nodule bacteria and mycorrhizal fungi, the activity of growth processes
and the formation of vegetative organs by soybean plants, as well as their adaptive plasticity under the influence of
various external factors. The purpose of this study was to investigate the morphobiometric characteristics of soybean
plants, the productivity of the crop after pre-sowing treatment with biological preparations Rhizoline, Mycofriend,
and Rhizosave. This paper presents the results of research on the use of soybean seed treatment with biological
preparations to improve the growth and development of soybean plants and increase crop productivity. Field, laboratory,
mathematical-statistical, and calculation methods were employed for this study. It was found that seed inoculation
positively affects the leaf surface area in the budding phase, it increased from 5,313 cm? in the control to 6,426 cm? with
the Rhizoline + Rhizosave + Mycofriend option, and in the phase of pod formation, respectively, from 8704 cm?t0 1,113 cm?
The joint use of Rhizoline + Mycofriend + Rhizosave preparations most contributed to the increase in the mass of the
root with nodules (+0.95 g), the number of nodules on the plant (+32 pcs), and the mass of nodules from the plant (+0.3 g).
It was found that a comparable situation occurred during the phase of bean formation. The regularity of yield growth
during the years under study showed that the average increase in yield varied from 0.41 t/ha with Rhizoline + Rhizosave
inoculation to 0.6 t/ha with the combined use of Rhizoline + Rhizosave and the mycorrhizal preparation Mycofriend.
It was substantiated that under appropriate conditions, the intensity of symbiotic nitrogen fixation increases thanks
to nodule bacteria, as well as the absorption of water and nutrients by the root system of plants due to the activity
of mycorrhizal fungi, the entry of amino acids, phytohormones, and vitamins into the plant, which positively affects
the growth and development of soybean plants. The materials of this paper are of practical value for farmers in the
development of new plant nutrition strategies involving biological preparations in the cultivation technology

Keywords: soybean seeds, biometric indicators, symbiotic productivity, number of nodules, biological preparation,
productivity

INTRODUCTION

Increasing the production of high-quality products and
increasing the level of soil fertility is one of the priority
tasks of modern agricultural production [1]. Soybeanis a
unique protein and oil crop thatis in great demand on the
world and Ukrainian markets. Ukraine has great oppor-
tunities to increase the production of soybean seeds and
obtain greater profits from its sale. Modern technologies

do not fully provide an opportunity to fulfil their pro-
ductive potential in connection with the parity of prices
for fuel, protection products, fertilizers - this increases
technological costs and encourages the search for new
technologies for growing soybeans [2]. The main mea-
sure aimed at the implementation of these tasks is the
use of microbial preparations to restore microbiological
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processes in the soil [3-5]. Microorganisms are one of the
important components of the soil formation and a link
that ensures the ecological balance of the soil ecosys-
tem [6; 7]. The productivity of this culture depends on the
performance of many technological operations, namely
inoculation. Nodule bacteria fix molecular nitrogen for
plants and convert it into a form available for plants.
Nodule bacteria synthesize amino acids and vitamins of
group B and other biologically active substances. There-
fore, optimization of the elements of soybean cultivation
technology will help increase the yield of the crop and
increase the efficiency of its cultivation.

Pre-sowing treatment of seeds with inoculants is
one of the main measures for fulfilling the genetic po-
tential of new soybean varieties. Thanks to the biological
fixation of atmospheric molecular nitrogen, plants are
supplied with nitrogen. A considerable role is played by
nodule bacteria, which contribute to the formation of ni-
trogen-fixing nodules on the roots of leguminous plants,
which also plays a significant role in restoring soil fertil-
ity [8; 9]. The use of biological preparations in the fertil-
ization system for growing agricultural crops allows op-
timising the level of mineral nitrogen from fertilizers to
nitrogen biologically fixed by microorganisms from the
air [10-12]. Using inoculation with nodule bacteria and
treatment with fungicides, seed germination increases
by 20%, plant resistance to diseases increases, and the
formation of the symbiotic apparatus is stimulated by
28%, the structure of the crop (number of beans, weight
0f 1000 seeds) improves by up to 10%. [13; 14]. As a result
of the activity of soil microorganisms, not only humus
and nitrogen accumulate in the soil and the biological
activity of the soil improves, but also mobile forms of nu-
trients, such as phosphorus and potassium [15-17].

A vital role in this process is played by mycor-
rhizal fungi, together with rhizospheric bacteria, which
improve the supply of phosphorus and potassium to
plants, improve water consumption, produce antibiotic
substances and phytohormones, which positively affect
their growth and development [18-20]. Research proved
that under the action of biological preparations, the
growth and development of soybean plants is activated,
the area of its leaf surface increases, which contributes
to anincrease in the yield of the crop by 0.21t/ha [21]. The
use of biological preparations also positively increases bi-
ological activity, reducing the content of nitrates, heavy
metal ions and radionuclides, intensifying the develop-
ment of nitrogen-fixing and phosphate-mobilizing bac-
teria, therefore the ability to fix molecular nitrogen by
plants is considered a valuable genetic resource of soy-
beans in the technology of its cultivation [22-24].

The use of biological preparations contributes to
the supply of biological nitrogen, stimulates the growth
and protection of plants from diseases, which allows ob-
taining high yields of soybean seeds without synthetic
fertilizers and negative anthropogenic impact on the
environment [25-27]. Some researchers experimentally

prove and theoretically substantiate that the maximum
fulfilment of the potential of plant-microbial interac-
tions is possible only with the correct selection of com-
plementary pairs of plant varieties - strains of microor-
ganisms [28-30]. However, many aspects of the complex
application of biological preparations of different func-
tionality remain understudied. Therefore, research aimed
at improving the elements of crop cultivation technolo-
gies stays relevant.

The purpose of this study was to find the effect of
the joint action of nodule bacteria and mycorrhizal fungi
on the growth and development of plants, as well as the
symbiotic and grain productivity of soybeans.

MATERIALS AND METHODS
Field work was carried out in 2017-2019 at the
Khmelnytskyi State Agricultural Research Station Insti-
tute of Fodder and Agriculture of the Podillia National
Academy of Sciences (north-western part of the Right
Bank Forest Steppe of Ukraine).

In the experiment, soybeans of the Siverka variety
were sown at 900,000 pieces/ha, selected by the NSC “In-
stitute of Agriculture of the National Academy of Sciences”.
This is a precocious variety that ripens in 92-97 days. The
predecessor was oats. The area of the accounting plot
was 30 m?, the sowing area was 42 m?, the repetition was
four times. Agricultural machinery generally accepted
for the zone: the main cultivation is ploughing, mineral
fertilizers are applied at kg/hainas. - N, P, K,, (ammo-
nium nitrate, superphosphate, potassium chloride). Pro-
tection of crops from weeds was carried out - herbicides
Basagran (2 1/ha), Harmony (8 g/ha) + surfactant, Trend
90 (0.21/ha), Cannoneer Duo insecticide (010 1/ha), Acanto
Plus fungicide (0.7 1/ha).

Variants of treatment of soybean seeds with the
following biological preparations were investigated:

1. Without inoculation (control).

2. Rhizoline 2 1/t + Rhizosave 2 l/t.

3. Mycofriend 1.51/t.

4. Rhizoline 2 1/t + Rhizosave 2 1/t + Mycofriend 1.5 I/t.

Biopreparations manufacturer “BTU-Tsentr”.

Seeds were processed on the day of sowing. The
proposed preparations differed in composition and prop-
erties. The Rhizoline biopreparation is a bioinoculant in-
tended for pre-sowing inoculation of soybean, pea, and
other legume seeds. Designed for rapid colonization of
the legume root system with nodule bacteria and the
formation of nodules on the roots, which enables plants
to absorb molecular nitrogen from the atmosphere. The
preparation is a concentrate of viable cells of nodule
bacteria: Bradyrhizobium japonicum - symbiotic to soy-
beans, Rhizobium leguminosarum - symbiotic to peas
and other strains of nodule bacteria, symbiotic to certain
legumes. The bacterial titre is from 2.0x109 CFU/cm?. The
preparation also includes macro- and microelements,
biologically active products of bacterial life (vitamins,
heteroauxins, gibberellins, etc.).
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The Mycofriend biopreparation is a mycorrhizal
preparation intended for seed treatment, seedlings, in-
row application, and fertigation. Created for rapid col-
onization of the root system of plants with mycorrhizal
fungi and microorganisms of the rhizosphere of plants.
Increases absorption of water and nutrients by the root
system of plants, protects roots from diseases, provides
plants with vitamins, phytohormones, and amino acids.
The composition of the preparation includes micro-
organisms that support the formation of mycorrhizae
and the rhizosphere of plants: Streptomyces sp., Pseu-
domonas fluorescens; as well as phosphate-mobilizing
bacteria: Bacillius megaterium var. phosphaticum, Ba-
cillus subtilis, Bacillus muciloginosus, Enterobacter sp.,
mycorrhizal fungi: Glomus VS, Trichoderma harzianum;
The total number of viable cells is (1.0-1.5)x108 CFU/cm?.
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The preparation includes biologically active substances:
amino acids, phytohormones, vitamins.

The soil of the experimental site is medium-loamy
chernozem with slightly podzol. Agrochemical charac-
teristics of the soil: humus - 3.05-3.5%, pH - 5.75-6.2; hy-
drolytic acidity 1.9-2.35 mg/eq. per 100 g; hydrolysed ni-
trogen 170-136 mg/kg, mobile forms of phosphorus and
potassium (according to Chirikov) (DSTU 4115:22002) [31] -
208-243 and 80-136 mg/kg, respectively.

According to the data of the Ukrainian Agrome-
teorological Centre [32], the weather conditions during
the years of research differed from the average multi-
year data. During the growing season of soybeans, the air
temperature exceeded the average long-term indicators.
On average, over the years of research, the increase was
2.29°Cin2017,4.03°Cin 2018, and 4.19°C in 2019 (Fig. 1; 2).

August September October

Average multi-year

Figure 1. Dynamics of the average daily air temperature during the growing season of soybeans for 2017-2019
compared to the average multi-year data
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Figure 2. Precipitation dynamics for 2017-2019 compared to average long-term data
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During the reporting period, precipitation exceeded
the average multi-year data, the excess amounted to
131.8 mm in 2017, 40.9 mm in 2018, and 187.3 mm in 2019,
while the unevenness of their precipitation was observed.
Thus, a lack of precipitation was observed in April, May
2017-2018, July 2017, and August 2018-2019.

RESULTS AND DISCUSSION
The results of studies on the growth dynamics of soybean
plants showed that seed treatment with nodule bacteria
and mycorrhizal fungi in the budding phase promotes
plant growth, the height increased from 64.95 cm in the
control to 70.8 cm in the Rhizoline + Rhizosave + My-
cofriend seed treatment. An analogous situation was
observed in the phase of bean formation. In the control
group, the weight of the plant and the weight of the leaves
in the budding phase increased proportionately to the
height of the plants and were 20.85 g and 3.9 g, respec-
tively. Upon using the Rhizoline inoculant with the Rhi-
zosave bioprotector, these indicators increased to 241 g

and 4.15 g, respectively. Some authors note that seed in-
oculation is a profitable technique in soybean cultivation,
which improves the conditions of plant growth and de-
velopment, the formation of a larger area of leaves, plant
height, the number of branches, nodes, beans, seeds, and
the growth of productivity up to 2.04 t/ha [33; 34].

Treatment of seeds with the Mycofriend mycor-
rhizal preparation did not substantially affect the weight
of the plant and leaves, and the combined use of nodule
bacteria (Rhizoline) and mycorrhizal fungi (Mycofriend)
contributed to an increase in these indicators, respec-
tively, to 29.7 g and 5.2 g, respectively, by 8.85gand 1.3 g
more than in the control. The corresponding regularity
was also observed during the pod formation phase. Seed
inoculation had a positive effect on the leaf surface area
in the budding phase, it increased from 5,313 cm? in the
control to 6,426 cm? in the Rhizoline + Rhizosave + My-
cofriend variant, and in the phase of pod formation, re-
spectively, from 8704 cm? to 1,113 cm?, which is 17% and
13%, respectively (Table 1).

Table 1. Biometric indicators of plants after treatment of soybean seeds with nodule bacteria and mycorrhizal fungi
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Research variants < 5 2] 5 < = o 3

E g * a = k 2 s

o = (5] © 8 [ ] ]

~ A = 2 ~ = 2

Budding phase Bean formation phase
1. without inoculation 650 209 39 5,313 807 480 90 8704
(control)
2. Rhizoline + Rhizosave
@1/t+21/) 65.0 241 4.2 5,398 83.9 51.2 975 9,889
3. Mycofriend (1.51/t) 671 24.3 47 6,402 85.0 539 111 1,044
4. Rhizoline + Rhizosave
@1/t+21/t) +Mycofriend @51/t) 70.8 297 5.2 6,426 84.0 59.2 121 1,113
AveragetS, 67.2+1.3 247+1.8 45+03 5,884+306 | 834+09 | 53.0+24 | 10.5+9.8 10,044+514
V, % 3.8 14.8 129 104 2.2 891 13.2 10.3

It was established that modern biological prepa-
rations contribute to the formation of a developed root
system and an active nitrogen-fixing symbiosis, activate
the nitrogenase complex of bacteria and increase the re-
sistance of plants to adverse conditions, under the action
of biological preparations, plants formed a larger number
of beans, seeds, nodules on the root system, and the area
of the leaf surface increased [35]. In the experiment, the
use of nodule bacteria and mycorrhizal fungi influenced
the growth and development of roots and the formation of
nodules. The root length of the control variant in the bud-
ding phase was 7.75 cm, the mass of the root with nodules
was 2.1g, the number of nodules on the plant was 45.8 pcs,

9

and the mass of nodules per plant was 0.54 g. The use of
Rhizoline + Rhizosave increased the root length by 3.65 cm,
root mass with nodules by 0.45 g, number of nodules
per plant 12.7 pcs, and mass of nodules per plant 0.205 g.
Treatment of seeds with mycorrhizal fungi (Mycofriend)
compared to the use of Rhizoline + Rhizosave decreased
root mass with nodules and mass of nodules, but a ten-
dency to increase the number of nodules by inoculation
of soybeans with aboriginal strains of nodule bacteria by
14% in the budding phase and 6% in the phase of bean for-
mation was noted. The joint use of the preparations Rhi-
zoline + Mycofriend + Rhizosave most contributed to the
increase in the mass of the root with nodules (+0.95 g), the
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number of nodules on the plant (+32 pcs) and the mass of
nodules from the plant (+0.3 g). Thus, in the phase of bean
formation, the number of nodules on the plant with the

A. Datsko et al.

simultaneous application of preparations (Rhizoline +
Rhizosave + Mycofriend) increased by 1.8 times compared
to the control (without inoculation) - 56.1 pcs (Table 2).

Table 2. Symbiotic performance of soybean under seed treatment with nodule bacteria and mycorrhizal fungi
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Budding phase Bean formation phase
1. Without inoculation (control) 775 210 4538 0.54 104 5.00 56.1 101
2. Rhizoline + Rhizosave 114 255 58.5 0.745 131 515 849 176
(Ut+21/t)
3. Mycofriend (1.5 1/t) 10.8 235 67.8 0.66 1275 59 90 158
4. Rhizoline + Rhizosave 11.8 3.05 77.8 0.84 131 645 102.3 219
(21/t+21/t) + Mycofriend (1.5 1/t)
Average S, 1044+092 | 2.51+0.2 | 62.48+6.82 | 0.7£0.07 | 12.34+0.65 | 5.63+0.34 | 83.33+978 | 1.64+0.25
V, % 1761 16.03 21.81 18.31 10.55 12.02 2348 2991

Seed inoculation with highly effective and active
strains of nodule bacteria provides a prominent level of
nitrogen-fixing capacity of symbiotic systems, which causes
the intensification of soybean growth and development
and, as a result, increases its yield up to 12% in growing
technologies up to 38% [36-38]. According to the research
carried out in 2017, soybean productivity increased from
2.18 t/ha in the control and up to 2.63 t/ha when using the
Rhizoline biological preparation with the Rhizosave pro-
tector. The use of the mycorrhizal Mycofriend preparation
increased the yield of the crop to 2.73 t/ha. By combining
the Rhizoline biological preparation and the Rhizosave

protector with the mycorrhiza-forming Mycofriend prepa-
ration, the yield level increased to 2.76 t/ha, respectively,
the increase compared to the control (without inocula-
tion) was 0.58 t/ha. The analysis of research results in 2018
showed a comparable trend, the yield level fluctuated,
respectively, from 213 t/ha in control to 2.72 t/ha with the
joint use of biological preparations. The regularity of yield
growth due to the introduction of nodule bacteria and
mycorrhizal fungi, which was observed in 2017-2018, was
confirmed in 2019 as well. Productivity increased from
2.26 t/ha in the control to 2.88 t/ha for the combination of
biological preparations (Table 3).

Table 3. Soybean yield depending on seed inoculation with nodule bacteria and mycorrhizal fungi

) Productivity, t/ha Average for
Variant 2017-2018 b, v

2017 2018 2019
1. Without inoculation (control) 218 213 2.26 219 1.36 319
2. Rhizoline + Rhizosave (2 1/t+2 /t) 2.63 2.58 2.58 2.6 012 115
3. Mycofriend (1.51/t) 273 2.64 273 27 1.07 1.85

4. Rhizoline + Rhizosave

(21/t+2 1/t)+Mycofriend (1.51/t) 276 272 2.88 273 162 287

LSD,, t/ha 004 010 004
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On average, over three years, the yield increase
varied from 0.41 t/ha with Rhizoline + Rhizosave inocula-
tion to 0.6 t/ha with the joint use of Rhizoline + Rhizosave
with the Mycofriend mycorrhizal preparation with an ex-
cess of up to 22%. The analysis of the regression coeffi-
cient (bi), which characterizes the average reaction of the
research variant to the change in environmental condi-
tions and allows predicting the change in the character-
istic under study (yield), within the conditions available
in the experiment, showed how biological preparations
affect the reaction rate of the variety. Elevated productiv-
ity stability (b,=0.12) of the crop was observed upon using
the Rhizoline inoculant with the Rhizosave bioprotector,
i.e, regardless of the growing conditions, the yield was at
the level of previous years and consistently exceeded the
control. The medium ecological plasticity (b=1.07) was
characterized by the variant when treating seeds with
the Mycofriend mycorrhizal preparation (1.5 1/t), while
this variant consistently exceeded the control in terms of
productivity. Joint use of Rhizoline inoculant with Mycof-
riend mycorrhizal preparation and Rhizosave bioprotec-
tor increases the plasticity of the variety (b=1.62). That is,
when the conditions change towards improvement, the
intensity of symbiotic nitrogen fixation due to nodule
bacteria increases, as well as the absorption of water and
nutrients by the root system of plants due to the activity
of mycorrhizal fungi and the entry of vitamins, phyto-
hormones, and amino acids produced by microorganisms
into the plant. This leads to an increase in crop produc-
tivity by 0.6 t/ha compared to the control level of 2.19 t/ha.

CONCLUSIONS

The use of nodule bacteria and mycorrhizal fungi for the
processing of soybean seeds contributes to the growth
of symbiotic productivity, increasing the absorption of
water and nutrients by the root system of plants, which
ensures an increase in the leaf surface area and photo-
synthetic activity, which is reflected in the improvement
of economic and valuable indicators and an increase in
the yield of the crop. The best option for seed treatment
turned out to be the variant of the combined use of Rhi-
zoline (21/t) + Rhizosave (2 1/t) + Mycofriend (1.5 1/t), which
is characterized by high productivity (2.79 t/ha) and eco-
logical plasticity (b=162). It was proved that with the
joint use of biological preparations, the leaf surface area
increased by 13%, and the number of nodules per plant
increased by 1.8 times comparing to the control level, the
yield increased by 22% (2.19 t/ha in the control).

The obtained results are valuable from both a
practical and a theoretical standpoint for improving
ways of increasing the grain productivity of soybean
plants by increasing the activity of symbiotic nitro-
gen fixation, the absorption area of the plant root sys-
tem, and improving the availability of plant nutrients
through the use of nitrogen-fixing bacteria and mycor-
rhizal fungi for the pre-sowing treatment of seeds of
this strategic bean crop for Ukraine. The introduction of
biological preparations into soybean cultivation tech-
nologies opens wide opportunities for economical use
of resources and reducing the load of agrochemicals in
fertilization systems.

1]

(2]
(3]
(4]
(5]
(6]

(7]
(8]

(9]

[10]

REFERENCES
Butenko, A, Litvinov, D., Borys, N, Litvinova, O., Masyk, I, Onychko, V, Khomenko, L., Terokhina, N., & Kharchenko, S. (2020)
The typicality of hydrothermal conditions of the forest steppe and their influence on the productivity of crops.
Journal of Environmental Research, Engineering and Management, 76(3), 84-95. doi: 10.5755/j01.erem.76.3.25365.
Netis, VI. (2018). Formation of soybean productivity elements under different cultivation measures. Tavriya
Scientific Bulletin, 99, 100-107.
Symochko, L. (2020). Soil microbiome: Diversity, activity, functional and structural successions. International
Journal of Ecosystems and Ecology Sciences, 10(2), 277-284. doi: 10.31407/ijees10.206.
Symochko, L.Yu. (2008). Biological actvity of soil natural and anthropoecosystems in conditions of a low part
Transcarpathia. Scientific Bulletin of Uzhhorod University, 22,152-154.
Patyka, N.V. (2005). Approaches to the analysis of the complexity of bacterial communities in different types of
soils. Agroecological Journal, 1, 44-46.
Patyka, VP, Pasichnyk, L.A., Dankevych, L.A., Moroz, SM., Butsenko, L.M., Zhytkevych, N.V, Hnatiuk, TT,, Zakharova, O.M,,
Savenko, O.A., Shkatula, Yu.M., Kyrylenko, L.V, & Aleksieiev, 0.0. (2014). Diagnostics of phytopathogenic bacteria.
Methodical recommendations. Kyiv.
Zayets, S.0., & Netis, V1. (2016). Efficiency of planting biostimulants and their complexes with micronutrients on soy
crops in the minds of food. Irrigated agriculture. Kherson: Grin D.S.
Tanchyk, S., Litvinov, D., Butenko, A. Litvinova, O. Pavlov, O. Babenko, A. Shpyrka, N. Onychko, V. Masyk, I, &
Onychko, T. (2021). Fixed nitrogen in agriculture and its role in agrocenoses. Agronomy Research, 19(2), 601-611.
doi: 1015159/AR.21.086.
Litvinov, D.V, Butenko, A.O., Onychko, V1., Onychko, TO., Malynka, L.V, Masyk, LM., Bondarieva, L.M., & Ihnatieva, O.L.
(2019). Parameters of biological circulation of phytomass and nutritional elements in crop rotation. Ukrainian
Journal of Ecology, 9(3), 92-98. doi: 10.15421/2019_714.
Vyshnivskyi, PS., & Furman, O.V. (2020). Productivity of soybeans depending on the elements of cultivation
technology in the conditions of the Right-Bank Forest-Steppe of Ukraine. Horticulture and Soil Science, 11(1), 13-22.
doi: 10.31548/agr2020.01.013.

Plant and Soil Science. Vol. 13, No. 1



A. Datsko et al.

[11] Zahran, H.H.(2001). Rhizobia from wild legum: Diversity, taxonomy, ecology, nitrogen fixation and biotechnology.
Journal of Biotechnology, 91(2-3),143-153.

[12] Giles, E.D., & Downie, J.A. (2008). Coordinating nodule morphogenesis with rhizobial infection in legumes. Annual
Review of Plant Biology, 59, 519-546.

[13] Polishchuk, LS., Polishchuk, M.I, & Mazur, O.V. (2018). Field germination of soybean seeds depending on sowing
dates according to soil temperature. Agriculture and Forestry, 11, 36-43.

[14] Gypsy, VI.(2021). Optimization of the soybean fertilization system based on the use of preparations of biological
origin in the conditions of the Forest-Steppe of the Right Bank. Agriculture and Forestry, 21, 69-80.

[15] Litvinova, O, Litvinov, D., Romanova, S., & Kovalyova, S. (2019). Soil biological activity under the human-induced
impact in the farmed ecosystem. International Journal of Ecosystems and Ecology Science, 9(3), 529-536.
doi: 10.31407/ijees9316.

[16] Litvinova, O., Dehodiuk, S., Litvinov, D., Symochko, L., Zhukova, Ya., & Kyrylchuk, A. (2021). The impact of
agrochemical loading on nutritive regime of gray forest soil during field crop rotation. International Journal of
Ecosystems and Ecology Science, 11(4), 831-836. doi: 10.31407/ijees11.421.

[17]1 Boyko, P, Litvinov, D., Demidenko, O., Blashchuk, M., & Rasevich, V. (2019). Prediction humus level of black soils
of forest-steppe Ukraine depending on the application of crop rotation, fertilization and tillage. International
Journal of Ecosystems and Ecology Science, 9(1), 155-162. doi: 10.31407/ijees9118.

[18] Roy, A.A., Zaloilo, L.S, Chernova, 0.V, & Kurdysh, 1.K. (2005). Antagonistic activity of phosphate-mobilizing bacilli
to phytopathogenic fungi and bacteria. Agroecological Journal, 4, 50-55.

[19] Smirnov, V.V, Sorokulova, I.B., & Pinchuk, I.B. (2001). Bacteria of the genus Bacillus - A promising source of
biologically active substances. Microbiological Journal, 1, 72-79.

[20] Onufran, L.I, & Netis, VI. (2017). Absorption and use of solar energy by soybean crops under different growing
conditions. Bulletin of Agrarian Science of the Black Sea Coast, 2(94), 107-115.

[21] Gorodiska, I, Plaksyuk, L., Gorodiska, 1., & Chub, A. (2018). Award for biopreparations for the minds of organic
production of soy. Bulletin of Agrarian Science, 3, 73-78.

[22] Iutinskaya, G.A., Ponomarenko, S.P, & Andreyuk, E.I. (2022). Bioregulation of microbial and plant systems. Kyiv:
Nichlava.

[23] Kots, S.Ya., Morgun, V.V, & Patyka, V. (2011). Biological nitrogen fixation: Legume-rhizobium symbiosis. Kyiv: Logos.

[24] Demyanyuk, O., Symochko, L., Hosam, E.A., Hamuda, B., Symochko, V,, & Dmitrenko, O. (2019). Carbon pool and
biological activities of soils in different ecosystems. International Journal of Ecosystems and Ecology Sciences, 9(1),
183-188. doi: 10.31407/ijees9122.

[25] Moskalets, V.V, & Shinkarenko, VK. (2004). Application of microbial preparations and microelements on
productivity and quality of soybean grain. Agroecological Journal, 3,19-24.

[26] Patika, V.P.(1999). Prospects for the use of biological products in agriculture. Kyiv.

[27] Sherstoboeva, 0.V, Bilyavsky, Y.V, & Chabanyuk, Y.V. (2013). Influence of complex inoculation on lesions of different
soybean varieties by Fusarium wilt. Agroecological Journal, 2, 80-83.

[28] Kots, S.Ya., Morgun, V.V, Patyka, VF, Datsenko, VK., Krugova, E.D., Kirichenko, E.V, Melnikova, N.N., & Mikhalkiv, L.M.
(2010). Biological nitrogen fixation: Legume-rhizobium symbiosis. (Vol. 1). Kyiv: Logos.

[29] Kots, S.Y, Morgun, V.V, Patyka, VF, Malichenko, S.M., Mamenko, PN., Kirizy, D.A., Mikhalkiv, .M., Beregovenko, SK.,
& Melnikova, N.N. (2011). Biological nitrogen fixation: Legume-rhizobium symbiosis (Vol. 2). Kyiv: Logos.

[30] Volkogon, V.V, Zaryshnyak, A.S., & Hrynyk, 1.V. (2011). Methodology and practice of using microbial preparations in
technologies for growing crops. Kyiv: Agrarian Science.

[31] DSTU 4115-2002 “Soils. Determination of mobile compounds of phosphorus and potassium by the modified
Chirikov method”. (2002). Kyiv: State Commiittee of Ukraine for Technological Regulation and Consumer Policy.

[32] Ukrainian Hydrometeorological Center. (n.d.). Retrieved from https://meteo.gov.ua/ua/33429/services/.

[33] Volkogon, V.V, Shtanko, N.T., & Salnyk, V.P. (2005). Efficiency of the new biological preparation Rizogumin for
soya. Selection and Seed Production, 90, 254-260.

[34] Olifirovych, V.O. (2016). Influence of bio-preparations on the productivity of soybean plants in the conditions of
the southern part of the western Forest-Steppe. Forages and Fodder Production, 82,138-140.

[35] Derevyanskyi, VP, Kovalchuk, N.V, Payuk, N.O., & Rudyuk, T.D. (2013). Influence of organic fertilizers, inoculation
of seeds and spraying of crops on the productivity of soybean varieties. Forages and Fodder Production, 77,159-166.

[36] Kots, S.Ya., & Pukhtaievych, PP.(2019). Soybean seed inoculation: What, how and when. Biological preparations in
the protection of seeds and plants. Proposal, 2, 14-17.

[37] Petrichenko, VF, Kobak, S.Y,, & Chorna, V.M. (2017). Influence of inoculation and morphology of the regulator on
the peculiarities of soybean plant growth in the Forest-Steppe. Bulletin of Agricultural Science, 11, 29-34.

[38] Babych, A.0., & Rudyk, O.V. (2015). Influence of inoculation on the productivity of soybean varieties. Forages and
Fodder Production, 81, 3-7.

Plant and Soil Science. Vol. 13, No. 1 (3\3



Effectiveness of soybean inoculation with nodule bacteria and mycorrhizal fungi...

Angpin Ocunoeuy [laybko’, Jlapuca CemeHiBHa KBacHiLbKa?,
OneHa AHaToniiBHa JliTBiHOBa®

"THCTUTYT NpuKNagHoi 6ioTexHonoril
01021, Byn. Knoscbkuit y3Bi3, 13, M. Ku1iB, YKpaiHa

ZXMenbHMLUbKa Aep)XaBHa CilbCbKorocnogapcbka gocnigHa ctaHuis
IHCTUTYTY KOpMIB Ta CinbCbKoro rocrnogapctaa Moginna HAAH
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EdeKTUBHICTb iHOKynAaLUii coi 6ynb604KoBMMM 6aKTepiaMm
Ta Mikopu3HUMHU rpubamm B ymoBax MNpaBo6epeXxHoro
JlicocTteny YKpaiHu

AHoTaLif. AKTYaJIbHICTb JOCIIi/I>KeHb 3yMOBJIEHa KOMITJIEKCOM aKTOPiB, 1110 OPMYIOTh 3ePHOBY ITPOLYKTHUBHICTD
col - epeKTUBHICTIO YTBOPIOBAHUX i3 6YIbOOYKOBUMHU 6aKTepiAiMU i MIKOpPU3HUMM TIpubaMu CUM6iOTUYHUIX
CHCTeM, aKTUBHICTIO POCTOBUX IIPOLleCciB Ta pOpMyBaHHSAM BereTaTMBHUX OpraHiB pOCIMHAMU COI, a TaKOX
iXHBOIO aZaNTalilHO0 IUIACTUYHICTIO 32 Aii pi3HUX 30BHIIIHIX YMHHUKIB. MeTa HayKoBOi po60TH - HOCTiAUTH
Mopdo6ioMeTpUUHY XapaKTEPUCTUKY POCIAUH COi, MPOAYKTUBHICTH KYIBTypU 3a IepeArociBHOI 06pobKu
bionpemnaparamu Pi3onaiis, MikodpeH i PisoceliB. Y CTaTTi peCcTaBIeH] pe3yasTaT! JOCTiIKeHb BUKOPUCTaHHSI
06po6KrY HaciHHA coi GiompenapaTaMy Ij1st TOKPaLeHHS POCTY i PO3BUTKY POCIIMH COI Ta ITiBUIIEHHS IIPOAYKTUBHOCTI
KyJIBTypU. MeTo[u TI0JIbOBI, J1ab0paTopHi, MaTeMaTHUYHO-CTAaTUCTUYHI i po3paxyHKOBi. BU3HAUEHO, 1110 iHOKY/IALL
HaCiHHA TO3UTUBHO BIUIMHYJIA Ha IUIOILY JIMCTKOBOI ITOBEpXHi ¥ ¢pas3y 6yToHisarlii, BoHa 3pocTasna Bifm 5313 cM? Ha
KOHTpOJI 1o 6426 cM?, BapiaHT PizonaiH + PisoceliB + MikodpeH], a y ¢a3y yTBOpeHHS CTPYUKIB BiZITTOBiZHO Bif,
8704 cM? mo 1113 cM2 CyMicHe BUKOPUCTaHHS Mpernaparis Pizonatid + MikobpeHn + Pi3oceliB Halbiiblie CIIpUsIIO
TiIBUIIEHHIO Macu KopeHd 3 6ynp6ouramu (+0,95 1), KiBKOCTI 6y/1560490K Ha pOC/uHi (+32 1T.), Ta Macu 6yib6040K
3 pociuuu (+0,3 ). 3'4COBaHO, IO aHAJIOTIYHA CUTYALis CKIanach i y ¢pasy yreopenHsa 606iB. 3aKOHOMIpPHICTb
3POCTaHHA YPOXXKAMHOCTI NPOTATOM JOCIIJIKYBaHUX POKIB, ITOKa3zaja, 10 CepefHBOMY ITPUPICT YpOXKaWHOCTI
BapioBaB Bif 0,41 T/ra 3a iHoKyss1ii PisonariH + PizoceiiB 1o 0,6 T/ra 3a CyMiCHOTO BUROpUCTaHHs Pizosaii + PisoceliB
3 MIKOpU3HUM IIperaparoM MirodppeH . O6rpyHTOBAHO, 10 3a BiAMOBIAHMUX YMOB ITiABUINYETHCA iHTEHCUBHICTD
cuMbioTruHoi a3oTdikcarii 3aBAAKY 6YTb6E0YKOBUM 6aKTepisiM, 2 TAKOXK [TOTTIMHAHHS KOPEHEBOIO-CUCTEMOIO POCIH
BOJIY Ta eJIEMEHTIB JKUBJIEHHSA 3@ PAXYHOK [IisUIBHOCTI MiKOPU3HUX TpUbiB, HALXOIKEHHS B POCIMHY aMiHOKHUCIIOT,
diToropMoHiB, BiTaMiHiB, 1110 TO3UTHMBHO BIUIMBAE Ha PIiCT Ta PO3BUTOK POCIMH COi. MaTepiasiy CTaTTi CTAHOBJISATH
MIPaKTUYHY L[iHHICTH A7 arpapiiB y po3poblii HOBUX CTpaTerill JKUBJIEHHS POCIVH i3 3a/ly4eHHS Y TeXHOJOTi
BHPOILYBaHHS 6i0/IOTiYHMX ITperaparis

KniwouoBi cnoBa: HaciHHA coi, 6i0MeTpUYHi MOKA3HUKY, CUMOGIOTUYHA IIPOAYKTUBHICTD, KiIBKICTh 6yIH60YOK,
Hiompernapar, yposKaliHiCTh
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Creation of Highly Productive Forms of Winter Wheat with Complex
Resistance Against Diseases and Pests on Artificial Infectious
Backgrounds of Their Causative Agents

Abstract. Diseases of field crops substantially reduce the yield and quality of the obtained agricultural products.
Underselection of gross grain harvest due to diseases and pests can reach about 25-30% annually. This necessitates
the creation of resistant varieties for winter wheat selection. The purpose of this study was to create a new highly
productive selection material with complex resistance against the main most harmful diseases for further use in the
selection of winter wheat. In the phase of emergence of plants in the tube, winter wheat plants were infected with
spores of the causative agent of brown rust according to E.E. Heschele’s method. To create an artificial infectious
background of brown rust, a synthetic population of the pathogen (Institute of Plant Protection of the National
Academy of Agrarian Sciences) was used as a reservoir of infection - a susceptible variety of Myronivska 10. To
create an artificial infectious background of powdery mildew, a local population and an infectious reservoir of the
American variety Keprock were used. In the F, hybrid nursery against the provoking background of powdery mildew,
combinations highly resistant to the pathogen (up to 5%) were selected, created with sources of resistance: Zdar,
Fakon, Pi170911, Bongo - Svitanok Myronivskyi/Zdar, Kolos Myronivshchyny/Fakon, Berehynia Myronivska/Pi170911,
Dostatok/Bongo. Resistance against the pathogen (up to 10.0%) was observed in two crossing combinations (Gorlytsia
Myronivska/Gloria and Remeslivna/Wervok). Crossing combinations created with sources of resistance were selected
on the artificial infectious background of hybrids of the fourth generation for resistance to brown rust: Flex, V 1275,
Tobarzo, 203-238. It is worth noting the hybrids: Oberih Myronivskyi/Flex, Smuhlianka/V 1275, Monotyp/Tobarzo,
Kolos Myronivshchyna/203-238. The largest number of grains in an ear was obtained from the combination Svitanok
Myronivskyi/Zdar (61.5 pieces), and the largest weight of grain from an ear was obtained from the combinations
Horlytsia Myronivska/Gloria and Berehynia Myronivska/Pi170911 (2.38 g and 2.37 g, respectively). The Oberih
Myronivskyi/Flex combination stood out for its resistance to brown rust and performance elements. The samples
selected based on the results of the study are used as valuable raw material to create new winter wheat varieties
resistant to diseases in the Forest Steppe of Ukraine

Keywords: Triticum aestivum L., source material, sources of resistance, pathogens, powdery mildew, brown rust, variety

INTRODUCTION
One of the main food crops in the world is soft winter = damage to seedlings by diseases and damage by pests
wheat. Pathogenic microorganisms accompany it from lead to large total losses of the crop [1-3]. One of the key
the moment of sowing until harvesting. Even minimal factors that determine the phytosanitary status of grain
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crops is the variety, as its contribution to the future har-
vest, according to scientists’ calculations, can reach up to
70%. Presently, the most economically justified and most
effective measure of ecological protection in the context
of environmental protection is the creation of varieties
highly resistant to a complex of diseases and pests, ie.,
selection for resistance. Furthermore, the breeding of
new, pest-resistant varieties with high ecological plas-
ticity is one of the primary areas of increasing the yield
of agricultural crops. In the system of integrated protec-
tion of sowing field crops, emphasis on the cultivation
of highly resistant varieties with high productivity has al-
ways occupied a special place. It is such varieties that can
fulfil the potential possibilities of productivity and quality
and provide the greatest return from the agrotechnical
techniques used [4; 5].

All plants have natural mechanisms of resistance
against harmful organisms, which differ from plant to
plant. Breeding work on the creation of varieties of field
crops in general and winter wheat, which are resistant
to pathogens of major diseases and pests, involves the
use of both samples from the world collection and those
tested in the conditions of a certain region [6]. The most
dangerous and widespread diseases of winter wheat
are brown rust, powdery mildew, septoriosis, fusario-
sis, hard soot, and root rot [2]. Since 2015, an increase in
fusarium head blight has been noted in Ukraine, which
considerably decreases the quality of flour and bread
and leads to a substantial harvest shortage. As showed by
H. Buerstmayr et al. (2009), H. Kovalyshyna et al. (2020)
“..grain affected by some species of fusarium, due to its
toxicity, becomes unsuitable for human consumption
and animal feeding” [7, 8]. In wheat plants affected by
root rot, their premature death, a significant manifesta-
tion of the spikelet, the invasion of saprophytic fungi on
the spikelets, and a decrease in the sowing qualities of
the seeds are noted en masse [9]. Young, actively growing
wheat plants are more susceptible to damage by pow-
dery mildew, the harmfulness of which is manifested in
slowing down the growth and development of plants due
to a decrease in the assimilation surface of the leaves, a
delay in earing and a slowing down of grain filling, and
as aresult - a decrease in the content of raw gluten, pro-
tein, and starch. As indicated by K.P. Voss-Fels et al. (2019)
“.harvest failure due to powdery mildew in some cases
can reach 10-15%" [6]. Brown rust, causing the greatest
damage in the phase of milk ripeness [10], reduces the
assimilation surface by 30-40% in winter wheat plants,
violates their water balance, causes premature death of
leaves and grain brittleness due to increased transpira-
tion [11-13]. Rusty fungi can reduce the content of protein
and gluten in grains by up to 20% with severe damage to
plants [8; 14]. Harvest losses due to damage by rust up
to 40% amount to 30-40 kg/ha, and over 40% can reach
100 kg/ha and more [15-17].

Breeding work aimed at creating ecologically
plastic varieties resistant to diseases and pests is one of

)

the main levers of influence on increasing the yield of
field crops. Upon studying the immunological properties
of the world collection, resistance of individual samples
against 2-3 diseases with simultaneous susceptibility to
others was revealed [3; 18]. Cultivation of winter wheat
varieties with complex resistance against harmful
pathogens can guarantee a yield increase of 1.2-1.5 t/ha
without protection means. Therefore, the creation of
such varieties is the main task of selection [6; 19]. As a
result of cultivating varieties of field crops resistant to
harmful pathogens and pests, not only does the pesti-
cide load decrease, but also the danger of contaminating
the crop and the environment is reduced. [20; 21]. The
work on the selection of highly productive forms of win-
ter wheat with complex resistance to diseases and pests
on artificial infectious backgrounds and the creation of
resistant lines based on them is a complex, multifaceted,
creative, and long-term process that involves many years
of research with an enormous amount of material. To cre-
ate a new initial disease-resistant breeding material, it is
necessary to replenish and use new sources of resistance.

The tasks of this study were as follows: to inves-
tigate the F, hybrid material and selection of disease-re-
sistant genotypes of winter wheat on artificial infectious
backgrounds of their pathogens (2018); to select highly
productive forms of winter wheat with comprehensive
resistance to diseases and pests in the F_ hybrid nursery
on artificial infectious backgrounds of their pathogens
(2019); to investigate disease-resistant raw material of
winter wheat obtained (2020).

The purpose of this study was to find a new geneti-
cally diverse selection material resistant to powdery mil-
dew and brown rust.

MATERIALS AND METHODS

The research was conducted in 2017-2020 under ar-
tificial inoculation with pathogens in field infectious
nurseries of the plant protection department of the
V.M. Remeslo Myronivka Institute of Wheat of the
National Academy of Agrarian Sciences (Tsentralne vil-
lage, Obukhiv district, Kyiv Oblast) in the northern part
of the Left Bank Forest Steppe.

To fulfil the set purpose, about 200 F, hybrids were
sown for the 2017 harvest based on resistance against six
pathogens and their complex and pests. In 2018, records
were made of damage caused by pathogens of the main
diseases of leaves, ears of corn, root rots, and pest infes-
tation of F, hybrids. Forms resistant to certain diseases
were selected, which were inhabited to a lesser extent by
pests. For the 2019 harvest, 200 F, hybrids were sown on
separate infectious backgrounds to carry out selections
resistant to both individual diseases and their complex and
pestinfestation. Inthe F, winter wheat hybrid nursery, 108
hybrid populations were investigated for resistance to leaf
diseases and 96 - for resistance to ear and root rot diseases.

Inthe tube emergence phase, winter wheat plants
were infected with spores of the causative agent of brown
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rust according to the method of E.E. Geschele [4]. To
create an artificial infectious background, a synthetic
population of the pathogen obtained from the Institute
of Plant Protection of the National Academy of Agrarian
Sciences was used, and the susceptible variety My-
ronivska 10 was used as an infection reservoir. To create
an artificial infectious background of powdery mildew,
a provocative background of the pathogen was created
using a local population according to the generally ac-
cepted method [22]. The American variety Keprock was
used as an infection accumulator.

To investigate the dynamics of disease growth, the
assessment during the period of maximum development
of the disease was considered as the basis. For powdery
mildew, brown rust - the phase of milk ripeness [23; 24].
Using the method of mowing with an entomological
net, small mobile insects - leafhoppers, thrips, aphids,
adults of cereal flies and sawflies were detected on win-
ter wheat crops. In one field, depending on its size and
the number of detected insects, 50-100 sweeps of the net
were made in 5 or 10 places of the field. To calculate the
number of pests per unit area, two sweeps were conven-
tionally equated to an area of 1 m? [24; 25]. The pests that
feed on the surface of plants (bugs, bread bugs, leeches, etc.)
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were counted both directly on the plants and after shaking
them off the plants into an entomological net [24-26].

To figure out the influence of weather conditions
during the years of research, namely temperature and
precipitation, on the development and spread of dis-
eases, the calculation of the hydrothermal coefficient
(HTC) was used [27]. The autumn of 2015-2019 was char-
acterized by generally unfavourable weather conditions
for the development of diseases and pests on winter
wheat, as the lack of rain and high temperatures led to a
delay in germination. In turn, the absence of pathogens
and minimal infestation by pests was noted on the late
seedlings of winter wheat. In 2016, during the period of
recovery of spring vegetation - full maturity of winter
wheat (HTC 1.5) as a result of optimal moisture, the de-
velopment, and growth of pathogens and moderate pest
infestation were noted (Fig. 1). In 2017, in the same period
(HTC 0.8), drier weather conditions were noted, which
limited the development of the main pathogens, mod-
erate plant infestation by pests, and a complete absence
of damage to plants by septoriosis of leaves and brown
rust. In the same year, a considerable development of the
hard soot of the wheat ear was noted, which in some va-
rieties reached 50.0%.

2019 2020

Figure 1. Indicators of HTC during the years of research

In 2018, the weather conditions were also not very
conducive to the development of leaf diseases due to the
abnormally dry conditions of the winter wheat growing
season, as the temperature was unusually high almost
every month. Precipitation in the 3 decade of June re-
sumed the growth of leaf septoriosis and brown rust. In
2020, starting from the recovery of spring vegetation
and until the full maturity of winter wheat varieties, the
weather conditions contributed to the partial development
of foliar diseases. As a result of the cool and dry weather
in the first decade of June, the development of powdery
mildew stopped and damage to plants did not exceed
0-15.0%. The development of hard soot, root rot, and fusari-
um head blight was 50.0, 31.3 and 7.5%, respectively.

RESULTS AND DISCUSSION

In the F, hybrid nursery, on separate artificial infectious
backgrounds, records were made of plant damage by

Plant and Soil Science. Vol. 13, No. 1

powdery mildew, leaf septoria, fusarium wilt and hard
ear smut, brown rust, and infestation by pests. Disease-
resistant forms, less prone to colonisation by pests, were
selected. Against the provocative background of powdery
mildew (Fig. 2), 246 selections were selected and analy-
sed. Highly resistant against the pathogen (up to 5%) were
the combinations created with the following resistance
sources: Zdar, Fakon, Pi170911, Bongo - Svitanok My-
ronivskyi/Zdar, Kolos Myronivshchyny/Fakon, Berehynia
Myronivska/Pi170911, Dostatok/Bongo. Their population
with thrips larvae varied from 5.2 to 14.5 spec/ear (Eco-
nomic damage threshold or EDT 20.0-30.0 spec/m?), and
leeches - 5.0-18.0 spec/m? (EDT 150.0-200.0 spec/m?).
Resistance against the pathogen (up to 10.0%) was ob-
served in two crossing combinations (Horlytsia My-
ronivska/Gloria and Remeslivna/Wervok).
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Figure 2. Complex resistance of the best F,-F, hybrids of soft winter wheat against powdery mildew pathogens
and pests (2018-2020)

On the artificial infectious background of hybrids
of the third generation, 280 selections were selected and
analysed for resistance to brown rust (Fig. 3). The largest
number of resistant offspring was obtained in cross-
ing combinations created with the following resistance
sources: Flex, V 1275, Tobarzo, 203-238. It is worth noting
thehybrids: Oberih Myronivskyi/Flex, Smuhlianka/V 1275,
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Monotyp/Tobarzo, Kolos Myronivshchyna/203-238. Dam-
age to winter wheat plants by the causative agent of
brown rust was observed within 3.0-10.0%. These com-
binations were also distinguished by a small population
of pests (thrips larvae and leeches), and it was below the
harmfulness threshold.
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Figure 3. Complex resistance of the best F,-F, hybrids of soft winter wheat against brown rust pathogens
and pests (2018-2020)

In the hybrid nursery of the fourth generation,
96 hybrid populations were investigated for resistance to
leaf diseases and 126 - for resistance to ear and root rot
diseases. On separate artificial infectious backgrounds,
records were made of damage caused by pathogens of
the main diseases and the colonization of plants by pests.

Disease-resistant forms that were less colonized by pests
were selected. Against the provocative background of
powdery mildew, 200 selections were selected and an-
alysed. Highly resistant (up to 5%) against the pathogen
of powdery mildew were the combinations created with
the following resistance sources: Zdar, Fakon, Pi170911,
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Bongo - Svitanok Myronivskyi/Zdar, Kolos Myronivsh-
chyny/Fakon, Berehynia Myronivska/Pil170911, Dostatok/
Bongo (Fig. 2). Their population with thrips larvae varied
from 6.8 to 14.6 spec/ear (EDT 20.0-30.0 spec/ear), and
leeches - 3.0-9.5 copies/m? (EDT 150.0-200.0 spec/m?).

On the artificial infectious background of hybrids
of the fourth generation, 215 selections were selected
and analysed for resistance to brown rust. The largest
number of resistant offspring (see Fig. 3) was obtained
in crossing combinations created with the participation
of sources of resistance: Flex, V 1275, Tobarzo, 203-238.
It is worth noting the hybrids: Oberig Myronivskyi/Flex,
Smuglyanka/V 1275, Monotype/Tobarzo, Kolos Myronivsh-
chyna/203-238. Damage to winter wheat plants by the
causative agent of brown rust was not high. Only the first
manifestation of the disease was observed in up to 1.0%
(single pustules). These combinations were also distin-
guished by the small population of pests (thrips larvae
(9.0-16.4 spec/ear) and leeches (6.0-10.0 spec/m?) and it
was below the EDT - 20.0-30.0 spec/ear of thrips larvae
and 150.0-200.0 spec/m? of leech on winter wheat.

Plant height of F, hybrids did not differ substan-
tially from the parental forms, and spike length, number
of spikelets in a spike, and weight of grains from a spike

T. Mukha et al.

had a noticeable positive difference with the maternal
and parental forms. Exceeding ear parameters in hybrid
combinations of the third generation of winter and spring
wheat were observed in the studies of Ukrainian and
foreign scientists. According to research results [28; 29]
the inheritance of the soft winter wheat trait “the num-
ber of grains from an ear” in seven out of twelve hybrid
combinations was according to the type of positive over-
dominance, in one - according to the type of positive
dominance, in two - according to the type of intermediate
inheritance; one has negative overdominance.

The selection value of the hybrid combinations cre-
ated with the Berehynia Myronivska variety, which con-
tains the Lr 34(+) allele, involved in crossbreeding to create
the disease-resistant F, hybrid material. Valuable forms
were selected based on the combination of elements of
productivity (length of ear, number of grains in an ear, and
mass of grain from an ear) and resistance to powdery mil-
dew in comparison with parental forms (Table 1). The larg-
est number of grains in an ear was obtained in the com-
bination Svitanok Myronivskyi/Zdar (61.5 pcs), and the
largest weight of grain from an ear - in the combinations
Horlytsia Myronivska/Gloria and Berehynia Myronivska/
Pi170911 (2.38 g and 2.37 g, respectively).

Table 1. Elements of productivity of hybrids and parental forms of soft winter wheat resistant
to powdery mildew (2019-2020)

q q Amount of grainin | Mass of grains from

Parent forms, hybrid combinations FREaEn NG S ET gear, gcs. L eargof oS

F, F, F, F, F, F, F, F,

Keprock St (vulnerable variety) 95.0 105.5 6.9 7.6 367 487 16 172
Q Horlytsia Myronivska 90 90.0 77 77 412 412 182 182
Horlytsia Myronivska/Gloria 90 912 79 81 531 533 2.34 2.38
& Gloria 108 106.1 79 7.9 304 314 109 112

Q Svitanok Myronivskyi 80 74.3 8.5 9.8 434 505 146 197
Svitanok Myronivskyi/Zdar 84 73.5 9.8 11.2 495 61.5 179 208

4 Zdar 62 62.0 6.0 71 325 36.5 098 098

Q Remeslivha 85 81.1 8.0 9.5 407 407 136 148
Remeslivna/Werwok 70 82.5 100 11.6 484 59.2 2.06 2.23

& Werwok 90 86.0 87 8.9 401 414 162 168

Q Kolos Myronivshchyny 105 103 7.8 8.8 42.8 497 166 196
Kolos Myrnoivshchyny/Fakon 90 89.5 97 9.6 557 557 2.28 2.28
& Fakon 80 810 6.9 6.7 34.1 364 123 143

Q Berehynia Myronivska 95 96.0 7.3 83 305 325 127 136
Berehynia Myronivska/Pi170911 100 96.5 10.0 9.9 46.0 54.0 2.29 2.37
4 Pi170911 85 84.0 70 7.8 34.2 334 141 153

Q Dostatok 100 99.8 8.1 8.6 457 464 180 188
Dostatok/Bongo 108 104.2 8.8 9.8 511 551 194 2.06

4 Bongo 105 105.2 6.7 77 297 29.9 131 139

LSD 2.2 5.9 0.5 0.5 51 5.9 0.22 0.26
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Among the F, populations, 1,405 selections were
selected and analysed on the artificial infectious back-
grounds of brown rust, hard soot, fusarium head blight,
root rot, and the provoking background of powdery mil-
dew. A structural analysis was carried out on the ele-
ments of productivity of the selected selections, which
were distinguished by their resistance against the main

pathogens and pests. Valuable forms were selected based
on the combination of productivity elements (ear length,
number of grains in an ear, and weight of grain from an
ear) and resistance to brown rust in comparison with
parental forms, presented in Table 2. The combination
Oberih Myronivskyi/Flex stood out in terms of resistance
to brown rust and productivity elements.

Table 2. Performance elements of hybrids and parental forms of soft winter wheat resistant to brown rust
(2019-2020)

Pantheight, | Spikelengtn, | AmUofgrin  Massofgrain
Parent forms, hybrid combinations cm cm corn, g
F, F, F, F, F, F, F, F,

Myronivska 10 St (vulnerable variety) 115 984 75 8.6 338 433 142 166
Q Oberih Myronivskyi 95 95.9 6.6 7.8 26.2 392 119 146

Oberih Myronivskyi/Flex 95 80.0 84 101 415 572 202 2.36

J Flex 120 98.2 6.0 6.8 303 42.3 101 119

Q Kolos Myronivshchyny 105 70.5 78 78 42.8 43.6 166 168

Kolo Myronivshchyny/203-238 105 681 6.8 75 34.8 554 169 2.05
4203-238 100 675 64 6.9 395 405 164 169

@ Monotyp 92 926 8.0 81 48.8 483 169 178
Monotyp/Tobarzo 100 86.5 80 83 507 49.2 212 209

& Tobarzo 100 86.1 6.1 71 387 384 154 164

Q@ Smuhlianka 85 853 76 7.8 305 317 126 136
Smuhlianka/ V1275 85 84.5 91 10.2 388 56.1 167 216

4 vi275 85 84.2 64 72 305 315 104 100

LSD . 23 57 0.6 0.6 54 6.0 0.25 0.28

According to the indicator, the height of the F, hy-
brid plants, which stood out for their resistance to dis-
eases of the ear and root rot, did not differ substantially
from the parental forms, and the length of the ear, the
number of spikes in the ear, and the mass of grains from
the ear had a noticeable positive difference between the
maternal and parental forms. The combination of signs
of complex resistance against foliar and root diseases
with an increase in the height and productivity of the ear
inhybrid combinations of the fourth generation of winter
and spring wheat was noted in the studies of Ukrainian
and foreign scientists. It is worth noting the results of re-
search by Srinivasachary, N. Gosman et al. [30], who, using
the example of winter wheat, conducted a study of the re-
lationship between the genes of semi-dwarfism and sus-
ceptibility of the variety to fusarium head blight. The data
obtained by them indicate that the highest value for se-
lection for complex resistance to diseases has the forms
that were selected based on a set of traits in years with
a strong development of the disease. Furthermore, they

)

proved the possibility of combining disease resistance
with high productivity and grain quality in one variety.

The complete dominance and transmission of dis-
ease-resistant maternal traits in the majority (78-84%)
of the first-generation hybrids was noted in the studies
of S.V. Retman [31] upon crossbreeding short-growing
Western European wheats resistant to fungal diseases
with unstable varieties of domestic selection in different
years. In their studies of the development and distribu-
tion in the United States and Canada in 1991-1996 of the
epiphytotia of Fusarium head blight of wheat and barley,
M. McMullen et al. [32] established that during splitting
in the F,-F, generation, plants with different degrees
of damage were found - from 1-5% to 50-60%. For fur-
ther selection work, scientists selected only resistant
and medium-resistant promising forms of wheat and
barley, which in the F,-F, generations were involved in
crossbreeding with highly winter-resistant productive
varieties and lines of local selection to transfer genes for
resistance to fusarium wilt to them.
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According to the results of the study of constant
lines of winter wheat, 11 disease-resistant lines were
transferred from the selection nursery to the National
Centre of Plant Genetic Resources of Ukraine (V.Ya. Yuryev
Institute of Crop Production, Kharkiv) in 2018, and 9 in
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2019. The obtained initial selection material, which stood
out for its resistance to diseases and pests (Table 3), was
transferred to the winter wheat selection laboratory for
further use in the selection.

Table 3. Immunological characteristics of winter wheat lines in terms of resistance against pathogens of foliar
diseases submitted to the National Agricultural Research Service of Ukraine (2020)

Vulnerability, %
Line Pedigree With powdery Withleaf poigh
mildew septoria rust
Powdery mildew
Keprock Vulnerable variety 15.0 25.0 1.0
Lutescens E.g484/18 Pi. 170911/ Yuviliar Myronivskyi 5.0 100 0.5
Lutescens E.g.485/18 Snihurka/Selidon 3.0 10.0 01
Brown rust
Myronivska 10 Vulnerable variety 10.0 20.0 5.0
Erythrospermum Pr.141/18 (TAM-200 x Myrlena) x Myrlena 50 8.0 01
Erythrospermum Pr142/18 (Matyo x Kalynova) x Kalynova 10 10.0 0
Erythrospermum Pr144/18 TAM-200 x Myrlena 50 100 0
Lutescens Pr145/18 Kolos Myrnoivshchyny x Warwick 50 10.0 01
Erythrospermum Pr146/18 Ekonomka x Tsarivna 80 100 0
Lutescens Pr.147/18 Beres x Myronivska 65 3.0 3.0 01

In 2020, certificates were received for two sam-
ples under the winter wheat breeding program for re-
sistance to brown rust - Erythrospermum 141-18 and
Erythrospermum 146-18 lines, in which TAM 200 and
Ekonomka resistance sources were used as mother
forms. They were assigned National Catalogue numbers
UA0123473 and UA0123470, respectively, for a combina-
tion of high group resistance to powdery mildew, brown
leaf rust, snow mould (score 9), and leaf septoria.

CONCLUSIONS

The results of the conducted study indicate the possibility
of using resistant varieties of winter wheat as a means
of restraining the growth of infection by pathogens without
chemical protection agents. Highly resistant (up to 5%)
F, hybrids against powdery mildew were selected as fol-
lows: Svitanok Myronivskyi/Zdar, Kolos Myronivshchyny/
Fakon, Berehynia Myronivska/Pi170911, Dostatok/Bongo,
which were created with resistance sources Zdar, Fakon,
Pi170911, Bongo, and are characterized by complex re-
sistance to their settlement with thrips larvae, the num-
ber of which varied within 6.8-14.6 spec/ear (EDT 20.0-
30.0 spec/ear) and leeches - 3.0-9.5 spec/m? (EDT 150.0-
200.0 spec/m?). Based on the combination of elements of

Plant and Soil Science. Vol. 13, No. 1

productivity (length of ear, number of grains in an ear,
and weight of grain from an ear) and resistance to powdery
mildew, the combination Svitanok Myronivskyi/Zdar
with the largest number of grains in an ear (61.5 pcs.) was
selected.

Selected combinations of crossing F,, which are
characterized by resistance to brown rust and a small pop-
ulation of pests (thrips larvae 9.0-16.4 spec/ear with EDT
20.0-300 spec/ear and leech 6.0-100 spec/m? with EDT
150.0-200.0 spec/m?): Oberih Myronivskyi/Flex, Smuh-
lianka/V 1275, Monotyp/Tobarzo, Kolos Myronivshchy-
na/203-238. The Oberih Myronivskyi/Flex combination is
highlighted for its resistance to brown rust and perfor-
mance elements.

Selected sources of resistance are used to create
selection material with comprehensive resistance to foliar
diseases and valuable economic traits. 220 genotypes were
transferred to the winter wheat selection laboratory of
the VM. Remeslo Myronivka Institute of Wheat of NAAS of
Ukraine from the selection nursery. Apart from group re-
sistance to diseases, these genotypes are characterized by
high productivity and quality of the grown products, have
awide further use in the selection.
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TeTaHa IBaHiBHa Myxa', JlliogmMuna AHaTtoniiBHa Mypawuko', OnekcaHap Bacunbosuy NymeHiok!',
lOnia MukonaisHa CypaaeHko’, Hatanis BanepiiBHa HoBuubka?, Onekcii Mukonaosuy MapTuHos?

"MUPOHIBCbKWUIA IHCTUTYT NweHunli imeHi B.M. Pemecna HAAH
08853, Byn. LleHTpanbHa, 68, c. LleHTpanbHe, KniBcbka o6nacTtb, YKpaiHa

2HauioHanbHWM yHiBepcuTeT 6iopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHMu, 15, M. KuiB, YkpaiHa

3YKpaiHCbKUIM iIHCTUTYT EKCNepTMU3nN COPTiB POC/IVH

03041, Byn. leHepana PogumueBa, 15, M. KuiB, YkpaiHa

CTBOpPEHHSA BUCOKOMNPOAYKTUBHMUX GOPM MLUEHULI 03UMOI 3
KOMIMJIEKCHOIO CTiMKICTIO MPOTU XBOPO6 Ta WKIAHMKIB HA LUTYYHUX
iHpeKUiMHNX PpoHax ix 36yaHUKIB

AHoTaLif. XBOpo6bY MTOILOBUX KYJIBTYP CYTTEBO 3HIDKYIOTh BPOSKAHICTD Ta SIKICTh OTPHUMAaHOI CUTHCBKOTOCIIOAAPCHKOL
nipozyKuii. Hemo6ip BasoBoro 360py 3epHa 3a paXyHOK XBOPO6 Ta UIKIIHUKIB IOPiYHO MOYKEe AOCATaTH 6JIM3BKO 25-30 %
TOMY CTBOPEHHSI CTiIKUX COPTIB € aKTyaJIbHUM 3aBIaHHAM B CeJIeKIil MMIeHuI]i 03uMol. MeTa AOCHii;keHb ITojsIrana
y CTBOpPEHHI HOBOTO BHCOKOITPOAYKTHMBHOIO CEJIEKIIiIITHOrO Marepiany 3 KOMIUIEKCHOIO CTIMKICTIO ITPOTH OCHOBHUX
HAWOUTBII IIKIITMBYX XBOPO6 IS [TOJAJTBIIIOT0 BUKOPUCTAHHS B CEJIEKIIIFIHOMY ITpOLIeCi MIeHuIIi 03uMol. V ¢asi Buxomy
POCJIMH B Tpy6Ky IPOBOAMIHN iH}IKysaHHA POCIIMH MIIEHUI 03uMoi criopaMu 36yaHMKa 6ypoi ipyki 38 METOOUKO0
E.E. Temiesie. 3 METO0 CTBOPEHHS IITYYHOTO iHbeKuiitHOro GpoHy 6ypoi ipski BUKOPUCTOBYBAIN CUHTETHUYHY IIOIYIIALIIO
36ymHuKa (IHCTUTYT 3axucTy pociud HAAH), SR HAaROMUYYBad iHGEKIIil — CIPUMHATINBIM copT MupoHischka 10. [l
CTBOPEHHS IITYYHOTO iHQEKIINHOro GOHY HOPOLUIHICTOI POCH BUKOPUCTOBYIOUN MICIIEBY IIOIMYIIALI0 Ta HAKOIIUUYBAY
indexuii aMeprKaHCEKUI copT Kerpok. V ri6pumHOMy po3cafHUKy F, Ha IpoBOKyiodoMy ¢oHi 60poIIHMCTOl pocu
Bimi6paHo BUCOKOCTINKI ITpoTH 36ymHuMKa (110 5 %) KoMGiHalIil, CTBOpeHi 3a y4acTro IKepes cTitikocTi: Zdar, Fakon, Pi170911,
Bongo - CeiTaHOK MuponiBceruri/Zdar, Kosoc MupoHiBmuHy/Fakon, Beperuss MupoHiBcbka/Pil70911, locTaTok/Bongo.
CTIMKiCTB MpoTH maroreHa (mo 10,0 %) crocTepirany y ABOX KOM6iHaIlil cxpelyBanHsa (Topnuig MUPOHiBChKa/Gloria
Ta PemeciBua/Wervok). Ha mrryusoMy iHbeRLifHOMY GOHi ri6pyiB 4eTBEpTOro MOKOJIIHHA 33 CTIMKICTIO TIPOTH 6ypoi
ipi Bimi6paHo KoM6iHarIii cxpellyBaHHs, CTBOpeHi 3a y4acTi [kepel cTitikocTi: Flex, V 1275, Tobarzo, 203-238. Bapto
3a3HauUTHU ribpuay: O6epir Muponiscbkuti/Flex, CMymisHKa/V 1275, MoHoTuI/Tobarzo, Kosioc MupoHiBimyHu/203-238.
Har6iIbLIy KUTBKICTh 3€pEeH Y KOJIOCi OTpUMAHO y KoMb6iHatlii CBiTaHOK MupoHiBcbruit/Zdar (61,5 1it), a Harbibia Maca
3epHa 3 KoJI0ca y KoMbiHariir T'opiuig MupoHiBcbka/Gloria Ta Bepervita MUpoHiBCbKa/Pil70911 (2,38 rTa 2,37 T BifTIOBIqHO).
3a CTiKicTIo TpoTH 6Ypoi ipski Ta eJIeMeHTaMU ITPOAYKTUBHOCTI BUOKpeMIUIach KoMbiHatlis O6epir MupoHiBcekuii/Flex.
BugineHi 3a pesynbraTaMu IPOBeAEHUX JOCIIIPKeHb 3pa3sKU BUKOPUCTOBYIOTHCA B IKOCTI LITHHOT'O BUXIAHOrO MaTepiany
ISl CTBOPEHHS HOBUX COPTIB IIIIEHHUII 03UMOi CTIMIKIX 0 XBopob y JlicocTeny VKpaiHu

Kniouosi cnosa: Triticum aestivum L., BUXiZHUM MaTepial, IyKepeJia CTIMKOCTI, 36y THUKY XBOpo6, GOPOIITHICTA poca,
6ypa ip>ka, copT
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Identification of Mycobiota and Diagnosis of Soybean Seed Diseases

Abstract. Micromycetes that colonise soybean seeds reduce their sowing quality, causing loss of germination, rotting and
death of seedlings, and the appearance of diseases on young plants. Infection-free seed is one of the factors that ensure
crop growth. Therefore, the study of mycobiota of seeds is relevant for the implementation of preventive disease control
measures. The purpose of this study was to identify phytopathogenic fungi that colonise soybean seeds and to establish
their species composition. The seed samples were selected in the conditions of the Ukrainian Scientific Plant Quarantine
Research Station (Chernivtsi Oblast) of the Institute of Plant Protection of the National Academy of Agrarian Sciences
during 2019-2021. Mycological studies of soybean seeds were performed in the scientific laboratory of the Department
of Phytopathology of the National University of Life and Environmental Sciences of Ukraine using the biological method
from subsequent morphological and microscopic analysis of pathogens. It was established that the species composition
of mycobiota of soybean seeds is diverse and is represented by 17 species: Reronospora manshurica (Naum.) Syd. (downy
mildew pathogen), Sclerotinia sclerotiorum de Bary (white mold pathogen), Botryotinia fuckeliana Whetzel. (grey mold
pathogen), Diaporthe sp. (Phomopsis pathogen); pathogens of fusariosis are Fusarium okhusporum (Schl.), Snyd. et Hans.,
Fusarium graminearum Schwabe, Fusarium gibbosum App. et Wr., Fusarium solani (Mart.) Sacc.; Alternaria alternata (Fries:
Fries) Keissler (Alternaria pathogen), Cladosporium cladosporioides (Fresen.) G.A. de Vries (cladosporiosis pathogen),
Colletotrichum sp. (anthracnose pathogen); pathogens of various moulds - Asperygillus niger van Tiegh., Asperygillus flavus
Link, Trichothecium roseum Link ex Friet Fries, Mucor mucedo Fres. amend. Bref., Penicillium expansum Link and Rhizopus
nigricans Ehrenb. The dominant species were C. cladosporioides and A. alternata, their frequency of occurrence was in
the range of 285-47.8%. The obtained data on the symptoms of mycosis of soybean seeds, the species composition of
pathogens and their frequency of occurrence are of practical importance for the diagnosis of diseases, the identification of
pathogens and the implementation of preventive therapeutic control measures
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INTRODUCTION infected with more than 200 types of phytopathogenic

Healthy seeds are one of the factors that ensure the
growth of crop yields. At the same time, seed quality is
strongly influenced by microbial communities, which
consist of endophytes and epiphytes and take part in
germination, growth, and development of plants and
seed storage [1]. Seed-associated microbial populations
consist of 9,000 different synergistic, commensal, and
potential pathogenic microbial species [1; 2]. In gen-
eral, over 80% of plant diseases are caused by fungi or
fungi-like pathogens that threaten food safety [3].
Legume seeds are a favourable substrate for dam-
age by various pathogens [4]. Soybean (Glycine max L.) is

microorganisms, among which fungi are the most dan-
gerous [5]. At the same time, about 30 types of patho-
gens can cause considerable economic losses [6]. Phy-
topathogenic fungi that colonise soybean seeds reduce
its seeding quality, causing loss of germination, rotting
and death of seedlings, disease manifestations on young
plants [7 8]. Infected seeds contribute to the spread of
pathogens locally and over long distances [9]. Some fun-
gal pathogens that colonise soybean seeds can produce
mycotoxins [10; 11], dangerous for humans and animals.

In general, pathogens affecting soybean seeds, in
addition to reducing germination and yield, also cause

Suggested Citation:

Pikovskyi, M., & Solomiichuk, M. (2022). Identification of mycobiota and diagnosis of soybean seed diseases. Plant and Soil Science,

13(1), 44-50.

*Corresponding author

)

Plant and Soil Science. Vol. 13, No. 1



biochemical changes in the seed. Thus, the fungi Pho-
mopsis longicolla and Cercospora kikuchii affect the qual-
ity of soybean seeds, reducing the content of isoflavone,
protein, oil, and fatty acids, with malonligenistin show-
ing the greatest reduction [12]. Therefore, the study of the
phytopathological state of the seeds, the identification of
pathogens is relevant for the implementation of preven-
tive disease control measures. The latter require informa-
tion about the quality of the seed, its pathological condition
since the seed can be a carrier of plant diseases [13;14].

In various countries of the world, research is be-
ing conducted on the species composition of fungi that
affect soybean seeds and reduce their quality. Phyto-
pathogenic species of fungi of the Diaporthe/Phomopsis
complex, which cause seed rot, pod, and stem rot on soy-
beans, are harmful in European countries and are repre-
sented by the species D.longicolla, D. caulivora, D. eres,and
D. novem [15]. The analysis of the phytopathological state
of soybean seeds in the conditions of Serbia confirmed
its infection with the fungi Peronospora manshurica,
Macrophomina phaseolina, Botrytis cinerea, Cercospora
kikuchii, as well as species from the genera Alternaria,
Diaporthe, and Fusarium. The dominant species of fungi
were Alternaria and Peronospora manshurica [16]. The
identification of fungi affecting soybean seeds grown in
the Mediterranean region of Turkey confirmed its infec-
tion with four species, namely: Aspergillus spp., Penicil-
lium spp., Cladosporium spp., and Fusarium spp. [17].

The fungus Diaporthe spp. causes seed decay and
deterioration of its quality. In wet production areas of
the United States of America, up to 10 species have been
extracted from soybean seed. Based on analysis of their
morphology, associated species included D. aspalathi,
D. caulivora, D. kongii, D. longicolla, D. sojae, D. ueckerae,
D. unshiuensis, and three new fungi D. bacilloides, D. fla-
vescens, and D. insulistroma [18]. Seven species and six
genera were identified from 55 fungal isolates obtained
from soybean seeds (USA - southern Virginia, eastern
Virginia, and north-eastern North Carolina). Fungi of
the genera Alternaria, Diaphorte, and Fusarium were the
most common [19]. Soybean anthracnose (pathogen -
fungus Colletotrichum truncatum) is a dangerous disease
in Brazil [20-22]. Potential yield losses from the disease
can be up to 50% [22].

Fungi belonging to 13 genera were extracted from
soybean seeds grown in Southwest China, among which
Fusarium (E fujikuroi, E proliferatum, E verticillioides,
F asiaticum, and F incarnatum) accounted for 55.0%,
Colletotrichum spp. - 23.0% [23]. In the conditions of
Indonesia, the fungi Aspergillus flavus Link, Aspergillus
nigervan Tieghem, and Cladosporium oxysporum Berk &
M.A. Curtis, Colletotrichum dematium (Pers. et Fr.) Grove
f. sp. truncata (Schw.) Arx, Curvularia pallescens Boedijn,
Fusarium solani (Mart.) Sacc., Melanospora zamiae Corda
and Nigrospora sp. were extracted from the seeds of various
soybean varieties [24].
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Scientific literature has reports and experimental
confirmations about the possibility of spreading the fun-
gus Corynespora cassiicola (Berk. & Curt.) with soybean
seeds [25]. It was also established that with an increase in
the duration of soybean seed storage (from 0 to 8 months),
achange in fungal populations occurs, namely anincrease
in the incidence of Aspergillus spp. from 1.3% to 7.5% and
Penicillium spp. from 0% to 17.5%, while the infestation of
Phomopsis spp. decreases from 7.5% to 0-0.3% [26].

In the conditions of Ukraine, studies were previ-
ously conducted that confirm the infection of soybean
seeds by various microorganisms of fungal and bacterial
aetiology [27; 28]. At the same time, this information is
insufficient for a comprehensive understanding of the
entire spectrum of micromycetes that can be found in
infected seeds.

The purpose of this study was to detect and iden-
tify micromycetes that infect soybean seeds, to establish
the frequency of their occurrence and to investigate the
symptoms of pathologies.

MATERIALS AND METHODS

Field research was performed in the conditions of the
Ukrainian Research Station of Plant Quarantine, the
Institute of Plant Protection of the National Academy of
Agrarian Sciences during 2019-2021. For analysis, soy-
bean seeds of the Xenia variety were selected, and an
average sample was formed. For further research, the
seed material was stored in a paper bag in laboratory
conditions at 18-20°C.

Phytopathological analysis of soybean seeds was
performed in the scientific laboratory of the Department
of Phytopathology of the National University of Life and
Natural Sciences of Ukraine according to generally ac-
cepted methods [29]. At the bottom of a Petri dish with a
diameter of 90 m, three layers of filter paper were placed,
which were moistened with distilled water (excess water
was drained). Petri dishes, filter paper, and water were
sterile. Ten seeds were spread evenly (at 2 cm) on the sur-
face of thefilter paper. The total number of seeds under ex-
amination was 400 pieces. Next, the prepared seeds were
incubated at 25+2°C for 7 days with a 12-hour alternation
of light and darkness. After the end of the incubation pe-
riod, the seeds were examined using a stereomicroscope
(SIGETA MS-217 LED 20x-40x Bino Stereo) to identify the
morphological structures of the fungi. Furtherworklied in
making temporary microscopic preparations and using a
monochrome microscope (Sigeta MB-103 40x-1600x LED
Mono) to analyse mycelial morphology and sporulation.
Soybean seeds affected by downy mildew were detected
by macroscopic examination.

To detect internal infection, surface sterilisation of
soybean seeds [30] and its incubation under the conditions
given above were performed. To investigate the symptoms
of diseases, in the pre-harvest period, soybeans with signs
of pathologies were selected and diagnosed.
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Identification of mycobiota and diagnosis of soybean seed diseases

Micromycetes were also extracted from pure
cultures and cultivated on potato-glucose agar [30; 31]
in Petri dishes for 7 days at 22+2°C, which allowed eval-
uating the cultural and morphological characteristics
of mushrooms. To identify pathogens, special literature
was used [32; 33], where the species composition of soy-
bean diseases in different regions of the world is covered,
their symptoms on the vegetative and generative organs
of plants are described, and attention is paid to the bi-
ological and morphological features of pathogens. Fre-
quency of occurrence [30; 31] of micromycetes species
were calculated according to formula (1):

_ nx100
Foc === (1)
where Foc is the frequency of occurrence, %; n is the

number of seeds in which this species was found, pcs.
N is the total number of examined seeds, pcs.;

RESULTS AND DISCUSSION
Three-year studies of the structure of micromycetes that
colonise soybean seeds proved that their species compo-
sition is diverse and is represented by 17 species (Fig. 1):
Peronospora manshurica (Naum.) Syd. (downy mildew
pathogen), Sclerotinia sclerotiorum de Bary (white mold
pathogen), Botryotinia fuckeliana Whetzel. (grey mold
pathogen), Diaporthe sp. (Phomopsis pathogen); patho-
gens of fusariosis are Fusarium okhusporum (Schl), Snyd.
et Hans., Fusarium graminearum Schwabe, Fusarium gib-
bosum App. et Wr., Fusarium solani (Mart.) Sacc.; Alternaria
alternata (Fries: Fries) Keissler (Alternaria pathogen), Clad-
osporium cladosporioides (Fresen.) G.A. de Vries (cladospo-
riosis pathogen), Colletotrichum sp. (anthracnose patho-
gen); pathogens of various molds - Aspergillus niger van
Tiegh., Aspergillus flavus Link, Trichothecium roseum Link
ex Friet Fries, Mucor mucedo Fres. amend. Bref., Penicillium
expansum Link and Rhizopus nigricans Ehrenb.

Rhizopus nigricans
Penicillium expansum
Mucor mucedo
Trichotecium roseum
Aspergillus flavus
Aspergillus niger

Collectotrichum sp.
Cladosporium cladosporiodes

Alternaria alternata

Fusarium solani
Fusarium gibbosum

Types of micromycetes

Fusarium graminearum
Fusarium oxysporum
Diaporthe sp.
Botryotinia fuckeliana
Sclerotonia sclerotorium

Peronospora manshurica

OIIIlIlI-
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The incidence of micromycetes, %

Figure 1. Frequency of occurrence of micromycetes affecting soybean seeds (epiphytic and endophytic mycoflora)

The frequency of the identified representatives of
the mycobiota of soybean seeds was as follows: P mans-
hurica (4.2%), S. sclerotiorum (2.5%), B. fuckeliana (1.7%),
Diaporthe sp.(0.8%), F. oxysporum (2.5%), E. graminearum
(07%), E gibbosum (1.8%), F. solani (0.7%), A. alternata
(47.8%), C. cladosporioides (28.5%), Colletotrichum sp.
(0.5%), A. niger (0.9%), A. flavus (0.5%), T. roseum (0.8%),
M. mucedo (1.2%), P expansum (3.5%), R. nigricans (1.4%).

Analysis of the distribution of micromycetes shows
that the species C. cladosporioides and A. alternata were
dominant. The frequency of their occurrence was within
28.5-47.8%. Pathogens of fusarium wilt were found in
0.7-2.5% of seeds. At the same time, the most common
species was F. oxysporum. Among other phytopathogenic
fungi (Colletotrichum sp., Diaporthe sp., B. fuckeliana,
S. sclerotiorum, P. manshurica), which colonise seeds

)

during plant vegetation, their frequency of occurrence
was within 0.5-4.2%. Representatives of saprotrophic
mycoflora, which cause mould of seeds, had a prevalence
ranging from 0.5% to 3.5%. The micromycete P expansum
was detected most often.

According to the results of mycological examination,
the endophytic mycoflora of S. sclerotiorum and B. fuck-
eliana fungi was 95.3% and 92.5%, respectively (Fig. 2).
Seeds infected with these fungi lost germination or formed
sprouts that rotted (Fig. 3a, b). At the same time, the fungi
A. alternata and C. cladosporioides, which prevailed in the
general mycoflora of soybean seeds, were detected only in
4.5 and 2.7% during the analysis of internal infection (Fig. 2).
This indicates their localisation in the seed coat. Such seeds
created healthy seedlings (Fig. 3c). The internal infection of
soybean seeds by the micromycete P expansum was 0.5%.
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Figure 2. Frequency of occurrence of certain types of pathogens of soybean seeds (endophytic infection)

o)

Figure 3. Soybean seed infected with micromycetes during germination: a - S. sclerotiorum,
b - B. fuckeliana (healthy - left and affected - right), c - A. Alternata

As a result of visual diagnosis of affected soy-
beans with typical disease symptoms, macro- and mi-
croscopic analysis of the morphological structures of
pathogens, clear pathological changes in the affected
seed can be observed. For instance, seeds affected by the
fungus P manshurica are covered with a creamy shell of
oospores of the fungus, become matte, whitish, and lose
their lustre (Fig. 4a). In case of infection of soybeans with
S. sclerotiorum, the seeds in them become discoloured,
lose theirlustre, and become thin. In the interseed space,
sclerotia can form, which adhere to the seeds (Fig. 4b).
Mushrooms B. fuckeliana and Diaporthe sp. cause the
wrinkling of the seeds, the destruction of the skin,

f)

putrefaction, and fragility (Fig. 4c, d). Grain affected by
Fusarium spp. is thin, wrinkled. During germination, it is
covered with mycelium (Fig. 4e) and becomes mouldy. The
micromycetes A. alternata and C. cladosporioides cause the
darkening of the seed coat, and sometimes fragility. During
germination, heavily infected seeds become mouldy (4,
g). Seeds infected with Colletotrichum sp. are covered with
brown spots, thin and underdeveloped. These symptoms
of fungal seed diseases were observed in the case of a
strong degree of disease progression on soybeans. Infec-
tion of soybean seeds with fungi A. niger, A. flavus, T roseum,
M. mucedo Fres., P expansum (Fig. 4h), and R. nigricans
caused its mould and loss of germination.

g
Figure 4. General appearance of soybean seeds severely affected by micromycetes: a - Peronospora manshurica, b -
Sclerotinia sclerotiorum, c — Botryotinia fuckeliana, d - Diaporthe sp., e - Fusarium sp., f - Alternaria alternata,

g — Cladosporium cladosporioides, h - Penicillium expansum
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However, in all cases, for correct diagnosis of seed
pathologies and identification of pathogens, it is neces-
sary to use a biological method and microscopic analysis
of pathogens, since pathogens were in the seeds in a la-
tent state. The use of molecular biology methods is also
important for the reliable identification of many types of
pathogens [15; 34; 35].

Analysis of studies on the structure of popula-
tions of micromycetes affecting soybean seeds in dif-
ferent regions of the world show a wide variation in the
species composition of pathogens and their frequency
of occurrence. Thus, in the Poltava Oblast (Ukraine),
damage to seeds belonging to 8 genera was detected:
Alternaria, Aspegillus, Botrytis, Cladosporium, Fusarium,
Mucor, Penicillium, and Peronospora. The most wide-
spread were Alternaria sp. - 26-35% and Mucor sp. - 22-
47% [28]. In Serbia, the following pathogens of mycoses
dominated: Alternaria sp. - 28.9%, P. manshurica - 44%,
and Fusarium sp. - 10.3% [16]. In southwestern China,
the population of fungi that spread with soybean seeds
is represented by Fusarium sp., Colletotrichum sp., Al-
ternaria sp., Corynespora sp., Diaporthe/[Phomopsis sp.,
Stagonosporopsis sp., Chaetomium sp., Podospora sp.,
Botryosphaeria sp., Thielavia sp., Macrophomina sp.,
Harzianum sp., and Didymella sp. Isolates of the genus
Fusarium dominated, the frequency of which was 55%,
and Colletotrichum sp. - 22.3% [23]. In Brazilian condi-
tions, among the identified pathogens of soybean seeds,
6 types of fungi were common: Fusarium sp., Phomop-
sis sp., Cercospora sp., Colletotrichum sp., Rhizoctonia sp.,
and Penicillium sp. [37]. In Ethiopia, damage to soybean
seeds by fungi Fusarium sp., A. niger, A. flavus, Penicil-
lium sp., and Rhizopus sp. was detected. The species
A. flavus (2918%) and A. niger (23.81%) predominated [38].
A study of seed-associated mycoflora in soybean under
Indian conditions identified six fungal species, including
A.alternata, A. flavus, A. niger, F. verticillioides, Macropho-
mina phaseolina and Rhizopus stolonifer. The most fre-
quent specieswere F. verticillioides - 19.25%, M. phaseolina -
15.00% and A. alternata - 13.50% [39].

Research conducted in the conditions of Ukraine
(Chernivtsi Oblast) allowed detecting and identifying
17 types of fungi that attack soybean seeds. Therewith,

the dominant position was occupied by C. cladosporioi-
des and A. alternata. The last species also prevailed or
was among the main representatives of the mycoflora
of seeds in the studies of scientists from different coun-
tries [16; 28; 39]. The significant distribution of A. alter-
nata is confirmed by its cosmopolitanism [40]. Seed
damage by fungi S. sclerotiorum, Colletotrichum sp., and
Diaporthe sp. was also identified, which are distributed
in soybean cultivation regions [23; 37], but there is no in-
formation about them in Ukraine [28; 36].

CONCLUSIONS

Establishing the species composition of soybean seed
pathogens is important for understanding the epidemi-
ology of plant pathologies and developing effective mea-
sures to control them. As a result of the research, 17 types
of micromycetes that colonise soybean seeds were iden-
tified: Peronospora manshurica (Naum.) Syd., Sclerotinia
sclerotiorum de Bary, Botryotinia fuckeliana Whetzel., Di-
aporthe sp., Fusarium oxysporum (Schl), Snyd. et Hans,,
Fusarium graminearum Schwabe, Fusarium gibbosum
App. et Wr,, Fusarium solani (Mart.) Sacc., Alternaria al-
ternata (Fries: Fries) Keissler, Cladosporium cladosporioi-
des (Fresen.) G.A. de Vries, Colletotrichum sp., Aspergillus
niger van Tiegh., Aspergillus flavus Link, Trichothecium
roseum Link ex Friet Fries, Mucor mucedo Fres. amend.
Bref., Penicillium expansum Link, and Rhizopus nigricans
Ehrenb. The dominant species were C. cladosporioides
and A. alternata. At the same time, they were localised
in the seed coat. Endophytic micromycetes S. sclerotiorum,
and B. fuckeliana caused loss of seed germination or
seedling death.

Phytopathogenic fungi S. sclerotiorum, Colle-
totrichum sp., and Diaporthe sp. identified among the
mycobiota complex of soybean seeds indicate the need
for a more complex study of this issue in different soil
and ecological conditions of Ukraine because these
pathogens during the last decade have not been covered
in the studies of Ukrainian scientists. Further research
must establish the role of soybean varieties, growing
region and meteorological conditions on the structure
of the phytopathogenic complex of seed micromycetes.
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"HauioHanbHWi1 yHiBepcUTET GiopecypciB i NPUpoAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois O60poHM, 15, M. KuiB, YkpaiHa

2YKpaiHCbKa HayKOBO-AOCAiIAHA CTaHLisi KapaHTUHY POCUH IHCTUTYTY 3axucTy pocnnH HAAH
60321, Byn. HaykoBa, 1, c. bosiHu, YepHiBeLbka obnacTb, YkpaiHa

lpneHTUdIKaLUifa MiKo6ioTK Ta giarHOCTUKa XBOpPO6 HaCiHHA coi

AHoTauia. MikpoMmineTy, AKi KOJOHI3yIOTh HACiHHA COi, 3HUIKYIOTb MOT0 IIOCIBHI SIKOCTi, BUKJIMKAOUU BTPATy
CXOJKOCTi, 3aTHUBaHHA i 3arubenb IPOPOCTKIB, IPOSBJIEHHS XBOPOH Ha MOJIOAMX POCIIMHAX. BinbHe Bif iHbeKIit
HacCiHHA € OFHUM i3 YMHHUKIB, fKi 3a6e3Me4yioTh 3pOCTaHHA Bpo)kaio. TOMy BHBUEHHsS MIKO6iOTH HACiHHA €
aKTyaJIbHUM JJIS [IPOBEJIeHHS IIPEBEHTHUBHUX 3aX0/IiB KOHTPOJIIO XBOP0o6. MeTa po60TH — BUABUTU diTOMAaTOreHHI
rpubu, IKi KOJIOHI3YI0Th HACiHHS COi i BCTAHOBUTH IXHiV BUIOBUM CKIIAK, Bin6ip 3pa3kiB HaciHHSA ITPOBOAVIIN B yMOBaX
VRpalHCBKOI HAYKOBO-IOCIIMHOI CTAaHLil KapaHTHHY pocivH (YepHiBelbKa 0651acTh) [HCTUTYTY 3aXUCTy POCIMH
HarmioHansHoi akafieMil arpapHIX Hayk IpoTaroM 2019-2021 pp. MikonoriuHi AochifiskeHHS HaCiHHS Coi 3AiMCHIOBAIN
y HayKoBit taboparopii kadenpu ditomaronorii HarfioHansHOro yHiBEpcUTeTy 6i0pecypciB i IpUpOLOKOPUCTYBAHHS
VRpaiHu BUKOPUCTOBYIOUM 6ioJIOTIYHUN MeTOZ i3 HACTYIMHUM MOpPGOJIOTiYHUM i MiKpOCKOIUHUM aHali30M
TIaTOTeHiB. BCTAHOBJIEHO, 10 BUAOBUM CKJIaZ, MiKO6iOTH HACiHHSA COi € PiSHOMaHITHUM i MpeICcTaBIe Ui 17 BUIaAMU:
Peronospora manshurica (Naum.) Syd. (36ygHuk mepoHocrnopo3sy), Sclerotinia sclerotiorum de Bary (36. 6ioi rawti),
Botryotinia fuckeliana Whetzel. (36. cipoi rawti), Diaporthe sp. (36. doMoricucy); 36yaururaMu ysapiosy — Fusarium
oxysporum (Schl), Snyd. et Hans., Fusarium graminearum Schwabe, Fusarium gibbosum App. et Wr., Fusarium solani
(Mart.) Sacc.; Alternaria alternata (Fries: Fries) Keissler (36. ansreprapiosy), Cladosporium cladosporioides (Fresen.)
G.A. de Vries (36. kimagocnopiosy), Colletotrichum sp. (36. aHTpakHO3y); 36y IHUKaMU Pi3HUX IUTICHABIHG — Aspergillus
niger van Tiegh., Aspergillus flavus Link, Trichothecium roseum Link ex Friet Fries, Mucor mucedo Fres. emend. Bref,,
Penicillium expansum Link i Rhizopus nigricans Ehrenb. JlomiHyiode ctaHOBUIle Manu Bugu C. cladosporioides Ta
A. alternata., yacmoma ix mpannaHHa 6yna e dianasoHi 28,5-47,8 %. OpepsKaHi AaHi IPO CUMIITOMATHUKY MiKO3iB
HaCiHHA COl, BUJOBU CKJIAJ, IIATOreHiB i YaCTOTy Ix TpaIUIAHHSA, MalOTh IIpDAaKTUYHe 3HAYeHHS [Jif AiarHOCTUKU
xBOpO6, imeHTUdiKaIi] 36YAHUKIB i TpoBemeHHS MPobiTaKTUYHUX TePATIeBHUYHUX 3aX0LiB KOHTPOJIIO

KnwouyoBi cnoBa: Glycine max, MikpoMilleTy, eHnodiTHa iHdeKlis, MIiCHABIHHA, IPOPOCTAaHHSA HACIHHA, BUIU
IaToreHiB
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A Hybrid Technique for Measuring the Content of Xenobiotics
in Wild and Cultivated Blueberries

Abstract. Laboratory control requires testing of berry products for the content of residual amounts of mixtures of
various xenobiotics: pesticides, polycyclic aromatic hydrocarbons. In this regard, the purpose of this study was to
investigate the physicochemical conditions of extraction of xenobiotics from wild and cultivated blueberries and
further chromatographic analysis of the obtained extracts. The leading approach to the development of a hybrid
method of laboratory control of residual amounts of xenobiotics in berries is the construction of a theoretical model
of the method and empirical studies of the proposed conditions of the method. The first stage of the study was sample
preparation and extraction of xenobiotics. It was found that pesticides should be extracted from homogenized
plant material, and for the extraction of polycyclic aromatic hydrocarbons, berries with an intact skin should be
used. It was found that 1% acetonitrile solution of formic acid is a unified extractant of xenobiotics. The need for
sequential chromatographic analysis of the obtained extracts by using high-performance liquid chromatography
with a fluorescent detector, methods of high-performance liquid chromatography and gas chromatography with
mass-selective detectors was substantiated. Approbation measurements showed that the limit of quantitative
determination of residual quantities of pesticides is 0.01+0.001 mg/kg, and the limit of quantitative determination
of polycyclic aromatic hydrocarbons is much lower and is 0.5+0.05 pg/kg. The hybrid technique allows detecting and
measuring the content of xenobiotics in extracts of blueberry berries within 90 minutes. The working ranges for
controlling pesticide content are from 1.0 mg/kg to 0.01 mg/kg, for polycyclic aromatic hydrocarbons - from 20 pg/kg
to 0.5 pg/kg. The magnitude of the error of the quantitative analysis was estimated using the root-mean-square
deviation from the mean (s, %). The completeness of extraction of xenobiotics was established as a percentage (r, %)
using a series of studies of model samples artificially enriched with xenobiotics. It was found that the measurement
error of xenobiotic content does not exceed 20%, the value of analyte extraction is within 90-108%, the method is
suitable forlaboratory control. The developed hybrid method is of practical value for performing laboratory control of
chemical compounds dangerous to human health

Keywords: pesticides, polycyclic aromatic hydrocarbons, extraction, chromatography, safety of plant products

INTRODUCTION

During the last five years, many studies have been pub-
lished, which report on modern technologies of growing,
harvesting, post-harvest processing, storage, and pro-
cessing of plant products, namely products of fruit and
berry crops [1]. Therewith, the issues of laboratory con-
trol and determining the safety indicators of crop pro-
duction per the requirements of regulatory documents
of the countries of the European Union (EU) are still
open. Ukraine cooperates with the EU countries in the

development of the market for Ukrainian berries, imple-
ments advanced approaches to successful export of a wide
range of plant products, including wild berries [2] and needs
the development of laboratory control methodology.

Some varieties of strawberries and blueberries,
due to their taste properties and the ability to store and
transport, are among the most represented products
of the berry group in supermarkets of EU countries [3].
Notably, healthcare experts, namely nutritionists, single
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out blueberries as a valuable source of biologically active
substances (BAS), recommend their consumption and
useintherecipes of awide list of food products useful for
human health and pharmaceutical purpose [4]. There-
with, the consumption of fresh berries, or the consump-
tion of food products made on their basis, must be safe
for health and requires constant laboratory monitoring.
Presently, laboratory control should provide not only the
analysis of the content of useful BASs, but also the resid-
ual amounts of dangerous xenobiotics [4].

Food products must be safe and follow current
sanitary and hygienic standards [5], namely regarding
the content of xenobiotics, which are persistent pol-
lutants, capable of being stored for a long time in the
composition of food products, and when entering the
human body, immediately realise their dangerous bio-
logical properties. Furthermore, resistant xenobiotics
can migrate in the environment, contaminating water,
harming human health not only when they enter the di-
gestive tract, but also when in contact with the skin [6; 7.
When planning and carrying out laboratory control, sci-
entists pay special attention to measuring the content
of xenobiotics from the group of polycyclic aromatic
compounds (PAC) because the compounds of the PAC
group have carcinogenic, mutagenic, and teratogenic
properties [8]. The most dangerous representative of
compounds of the group of surfactants is the xenobiotic
benzo(a)pyrene (BaP). Trace amounts of B(a)P contami-
nate food products, environmental objects,accumulatein
the human body and cause the development of malignant
tumours [8].

To obtain safe plant products, it is necessary to
investigate and monitor chemical compounds of anthro-
pogenic origin in various objects of the ecosystem where
growing and harvesting take place. Some modern studies
highlight the regularities of the influence of natural and
anthropogenic factors of different geographical areas
on the chemical composition of berries and confirm the
need for the development of laboratory control, namely
the expansion of the list of controlled compounds [9; 10].
Based on the results of previous research studies [11] of
optimal laboratory control conditions and considering
the results of the analysis of xenobiotics of agricultural
products per standardized methods, namely: the European
standard EN 15662:2018, the State Standards of Ukraine
DSTU ISO 28540:2015 and DSTU 4689:2006 [12-14], it can
be argued that the most promising laboratory methods
are those that allow for a comprehensive study of prod-
ucts, promptly and with adequate quality to measure
indicators [15].

Among xenobiotics, as a rule, the content of re-
sidual quantities of active ingredients of plant protection
agents used in the technology of controlled culture cul-
tivation is analysed [16]. The study of the safety of wild
products growing in an environment not controlled by
the product manufacturer should consider the possible
anthropogenicload on the corresponding ecosystem and

the level of accumulation of anthropogenic compounds
in products, specifically in berries. Therewith, literature
sources do not cover the issue of laboratory control of car-
cinogenic compounds of the surfactant group in berries.

The purpose of this study was to develop a hybrid
technique for laboratory control of residual amounts of
xenobiotics (pesticides, polycyclic aromatic hydrocarbons)
in berries of wild and cultivated blueberries.

MATERIALS AND METHODS
For the development of the hybrid method covered in
this paper, the best conditions of modifications of the
methods [12-14] used for the analysis of vegetables and
fruits, including methods for monitoring environmental
objects capable of accumulating anthropogenic com-
pounds [17] were applied. The indicated modifications of
the methods were tested and validated in 2017-2021 at the
Ukrainian Laboratory of Quality and Safety of Products
of the Agro-Industrial Complex at the National University
of Life and Environmental Sciences of Ukraine (Kyiv-
Sviatoshynskyi district, urban-type settlement of Chabany).

Approbation studies were carried out using a se-
lection of samples totalling 125 pieces, which was formed
from an equal number (25 pieces each) of wild blueberry
samples, cultivated blueberries, model systems and sam-
ples of blueberries that were artificially enriched with
xenobiotics. The list of xenobiotics at each stage of re-
search contained anthropogenic chemical compounds
from the group of pesticides: Acetamiprid, Alpha-Cy-
permethrin, Benomyl, Desmedipham, Imidacloprid,
Chlorpyrifos-methyl, Chlorpyrifos; and groups of poly-
cyclic aromatic hydrocarbons: Benzo(a)pyrene, Benzo(a)
anthracene, Benzo(b)fluoranthene, Chrysene.

Solvents and reagents qualified for “chromatog-
raphy” and “pure for analysis” were used in the study:
acetonitrile, glycerine, deionized water, diethyl ether,
isopropanol, calcium chloride, magnesium sulphate,
methanol, formic acid, sodium hydroxide, sodium chlo-
ride, sodium citrate, acetic acid, sulphuric acid, trifluo-
roacetic acid, hydrochloric acid, chloroform. Organic sol-
vents were used both individually and in a mixture with
aqueous solutions of acids in various ratios of organic
and inorganic phases. The acid content varied depend-
ing on the analysis conditions and ranged from 0.1%
to 3.5%. Co-extractants, which are not target analytes,
were extracted using solid-phase extraction on sorbents:
Al O, and nSiO,, activated carbon, graphitized activated
carbon produced by Supelco™, solid-phase extraction
columns (SPE - ChromSpher Pi, Varian™), mixtures of
primary and secondary amines produced by Supelco™.

Sampling was performed following regulatory
documentation harmonized with international stan-
dards: “Sampling methods for determining the max-
imum permissible levels of certain pollutants in food
products for the purposes of state control” [18]. In the
laboratory, each sample was divided into three parallel
samples within the framework of one study.

Plant and Soil Science. Vol. 13, No. 1



The next stage of the study was the homogeniza-
tion of samples. To detect pesticides, homogenization
was performed by grinding the sample in a glass of an
LZM-1 laboratory mill-homogenizer, at different tem-
perature conditions within4-25°C.Toanalyse the content
of polycyclic aromatic hydrocarbons, homogenization of
berry samples was not used, since polycyclic aromatic
hydrocarbons (PAHs) contaminate environmental objects
as a result of the combustion of fuel materials and are
lipophilic compounds that contaminate the object in
contact and adsorption on its surface [19]. In the samples
under study, surfactants were concentrated in the skins
of the berries and the plant leaves.

The extraction of xenobiotics begins with buffer-
ing the homogenized (or non-homogenized) sample by
mixing it with “pure for analysis” chemical compounds,
namely: magnesium sulphate, sodium chloride, sodium
citrate, potassium citrate, calcium chloride, formic, and
acetic acid. These salts were mixed before the study. For
one sample, the weight of the salt mixture was 5.0 grams.
Magnesium sulphate was included in the mixture in the
amount of 1.5 g, sodium chloride - 1.5 g, sodium citrate -
10 g, potassium citrate — 0.5 g, calcium chloride - 0.5 g.

Extraction was performed according to the
method of maceration with intensive stirring (200 rpm).
Since matrix compounds affect the distribution of xe-
nobiotics in the sample extraction system, the homog-
enized sample was cooled to +4°C. Additions of water,
organic and mineral acids specified in the list of reagents
were used to regulate the completeness of extraction of
target xenobiotics by organic solvents. Additions of acids
allowed shifting the balance of the process of dissociation
ofionogenicanalytes towards the formation of molecules
and created conditions for the extraction of xenobiotic
molecules from the homogenized raw material with the
proper extractant.

To extract compounds of the PAH group from the
surface of the berries, isopropanol without impurities
of other chemicals was used. Phase separation of the ex-
traction system was performed using a Thermo Scientific
centrifuge for 10 minutes at constant rotation at a speed
of 4,000 to 7000 rpm, at temperatures in the centrifuge
chamber from 4°C to 20°C. The obtained plant extract
was isolated after centrifugation of the plant material
and purified from co-extractive substances by dispersion
solid phase extraction methods using organic solvents
and sorbents (mixtures of primary and secondary
amines, activated carbon, activated graphitized carbon).
The purified extract of xenobiotics was concentrated and
re-extracted using an IKA rotary evaporator, the result-
ing concentrate was dissolved in acetonitrile in a ratio
of1:20.

The obtained isopropanol PAH extract was concen-
trated, and the resulting thick residue was dissolved in ace-
tonitrile. Acetonitrile is suitable for sample introduction in
both high-performance liquid and gas chromatography.
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Extracts were tested for the content of xenobiotics,
pesticides, and PAHs by sequential chromatographic
analysis using high-performance liquid chromatogra-
phy with a fluorescence detector (HPLC/FLD), high-per-
formance liquid chromatography and gas chromatogra-
phy with mass-selective detectors (HPLC/MSD, GC/MSD).
Analytical signals were processed using the unique char-
acteristics of xenobiotics: retention time on a chromato-
graphic column, characteristic parameters of the mass
spectrum, mass spectral characteristics of xenobiotics
recorded in the NIST 0.5 library.

Quantitative analysis of the content of xenobiot-
ics in blueberry samples, model systems and samples
of blueberry artificially enriched with xenobiotics was
performed using calibration dependences, statistical
analysis of the results (calculation of the measured av-
erage concentration (X, ) and the root-mean-square de-
viation from the average (o, %) was performed using the
software package Microsoft Office Excel and calculation
formulas (1; 2):

Xavg = E;_X (1)
where X is the average concentration of xenobiotics
in the sample; X is the xenobiotic concentration deter-
mined in each of the samples under study, n is the num-
ber of samples under study.

P 7
o= 1/—21(an"’) -100% )

where ¢ is the root-mean-square deviation from the
mean value of xenobiotic content in the sample; X is
the xenobiotic concentration determined in each of the
samples under study; X, is the average concentration of
the xenobiotic in the sample; n is the number of samples
under study.

The study used algorithms for automatic integra-
tion of chromatographic peaks, which are components of
the Dionex Chromeleon 7 Chromatography Data System
software. Apart from quantitative analysis, after separation
of xenobiotics by gas chromatography, the method of mass
spectrometry allows working in the mode of screening
search for analytes and estimating the presence of about a
thousandxenobioticswithouttheirquantitative calculation.

The proposed hybrid method includes the follow-
ing stages: setting up the measuring equipment (120 min),
sample preparation (extraction 150 min, including the
time of action of the extractant on the homogenized sam-
ple from 5 to 25 minutes), synchronous chromatographic
studies of three aliquots of the extract according to the
methods of high-efficiency liquid and gas chromatogra-
phy (90 min), results processing, report drafting (60 min).

RESULTS AND DISCUSSION
The results of the chromatographic study of acetonitrile
solutions of xenobiotics, carried out by the HPLC/MSD
method, are presented in Figure 1.
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Figure 1. Chromatogram of an extract of a homogenized sample of wild blueberries enriched with xenobiotics.
Device: Dionex Summit MSD-3200Q Trap. Column ChromSpher C18 3 pm, 4.6x5 mm.
Mobile phase: 0.5% formic acid/methanol

The use of artificially enriched xenobiotics sam-
ples of blueberry crop production are the most conve-
nient objects of research, which allow searching for the
best physicochemical conditions of the method. The
result of such chromatographic analysis, as a rule, is
predictable, comprising chromatographic peaks of in-
dividual substances. This approach was used in the de-
velopment of a hybrid technique, as it proved itself well
during earlier studies of the content of residual amounts
of pesticides and PAHs in the composition of samples of
sunflower seeds, vegetable oil, and surface water [11; 17].
This approach allows detecting the analytical signal of
a chemical substance on the chromatogram among the
signals of matrix compounds and noise and simplifies
the further determination of the control value of the
minimum concentration of xenobiotics. Furthermore, it
allows confidently comparing the values of fixed param-
eters of sanitary and hygienic norms with determined
microquantities of xenobiotics and draw conclusions on
the feasibility of using the developed method for inves-
tigating the safety control of crop production products.
Similar stages of development of methods of laboratory
control of xenobiotics are used by other researchers and
have been covered in scientific publications for more
than fifteen years [19-21].

As Figure 1 shows, individual peaks of chemicals
with an analytical signal of up to 10 conventional units
have an asymmetric shape, and peaks of greater inten-
sity are symmetrical. In the methods of mass spectro-
metric detection, which is performed after the separa-
tion of xenobiotics by high-performance liquid or gas
chromatography, the limit of quantitative determina-
tion of xenobiotics is 0.01 mg/kg, while the intensity of
the analytical signal exceeded the noise by more than
6 times. The obtained results indicate an increase in the
efficiency of the chromatographic system in comparison
with earlier studies, where the target components were
analysed at a noise:signal ratio of 1:3 [11; 15]. The increase
in efficiency is associated with the improvement of the

extraction process of co-extractive substances at the
stage of sample preparation.

According to the results of the chromatographic
analysis, the list of target pesticides extracted by ex-
tractants based on acetonitrile and methanol had the
same composition and contained Acetamiprid, Alpha-
Cypermethrin, Benomyl, Desmedipham, Imidacloprid,
Chlorpyrifos-methyl, Chlorpyrifos. The content of each
of these pesticides was 0.05 mg/kg. Obtaining a satis-
factory result regarding the expected content of pes-
ticides, which was the amount artificially added to the
samples (0.05 mg/kg) and characterized by the absence
of xenobiotic losses at the stage of sample preparation,
allowed choosing the most unified and environmentally
friendly extractant — acetonitrile. Extractive removal of
residual amounts of xenobiotics using acetonitrile was
accompanied by acidification of the extraction system
and aimed at the accumulation of organic acids in the
composition of the extract of blueberries, the most com-
plete transition to the extraction of the mixture of xeno-
biotics. Acidification of the extract with formic acid pro-
vides a shiftin the balance of dissociation of organic acids
towards the formation of molecules, the appearance of
the extraction system changes. Although the researcher
also controls the sample preparation visually, the deci-
sion regarding the effectiveness of the application of the
acidified extractant is made based on the results of the
chromatographic analysis. The total amount of extracted
chemical compounds increases under the conditions of
using extractants with formic acid content from 0.1% to
3.5%. Chromatographic analysis of the obtained extracts
records the appearance of added peaks on the chro-
matograms, which are not the target components, while
the increase in the percentage of formic acid creates
conditions for the extraction of ballast substances of the
matrix. Chemical compounds of the blueberry matrix in
the extracts obtained by the extractants containing more
than 1.0% formic acid complicate the chromatogram
with non-target peaks, overload the chromatographic
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system, and do not affect the amount of extracted target
xenobiotics. The optimal content of added formic acid in
the composition of the extractant is 1.0%.

Investigating the influence of the amount of an-
alyte in the extract of the model system on the value of
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the analytical signal on the chromatogram, it was estab-
lished that the linear nature of the dependence for pes-
ticides is within 1.0-0.01 mg/kg, for PAH the linear mea-
surement range is within 20-0.5 pg/kg (Fig. 2).
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Figure 2. Grading dependences of the intensity of the analytical signal (a) and the peak area (b) of the imidacloprid
xenobiotic on its amount in the calibration solution.

Figure 2 shows that the value of the lower point
of the calibration dependence is 0.01 mg/kg (or 10 pg/kg)
and is the minimum concentration of measuring the
quantitative content (MQQ) of pesticides. This concen-
tration can be measured chromatographically in case of
the presence of xenobiotics of the pesticide group in the
composition of product samples. In addition, the analy-
sis of chromatograms showed that the noise:signal ratio
of the analyte is 1:6, which allows detecting the qualita-
tive characteristic of the method, namely the minimum
concentration of xenobiotic detection (CXD) at 2 pg/kg.
The specified quantitative and qualitative parameters
are sufficient for conducting tests, obtaining results and
deciding on the compliance of products with sanitary
and hygienic requirements [5; 16].

Comparing the obtained quantitative character-
istics of the method with the characteristics given in the
literature, the developers of the methods achieve the si-
multaneous measurement of several pesticides, while
the MQQ values can increase by two to nine times (0.02-
0.09 mg/kg) [19;20], or coincide with the level established
using the hybrid method (0.01 mg/kg) [21]. Therewith, the
techniques are aimed at measuring individual pesticides
using chromatographic methods, which allows detect-
ing and measuring much smaller amounts of xenobi-
otics. The authors of the study [22] achieved the MQQ of
acetamiprid in the composition of sweet cherry fruits
at 1.5 pg/kg, which is a lower level compared to the one
achieved using the hybrid method. The minimum detec-
tion concentration of Acetamiprid is 0.5 pg/kg [22], which
is four times lower than the similar value of the proposed
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hybrid method. Obtaining the ability to control lower levels
of xenobiotics content is interesting for the organization
of laboratory support for production and marketing of
organically produced products. To ensure the control of
the compliance of the safety indicators of crop produc-
tion with sanitary and hygienic standards, a level of MQQ
of 0.01 mg/kg (10 pg/kg) is sufficient [5; 16; 23].

A special attention of the researchers during the
detection of the above-mentioned parameters of MQQ,
CXD and creation of conditions for quantitative analysis
is aimed at evaluating the results of the regression an-
alysis of linear dependencies (Figure 2), namely the value
of the correlation coefficient (R?). The optimal conditions
of the technique for measuring the content of xenobiot-
ics in the fruits of tomatoes, cucumbers, and lettuce en-
sured the performance of a quantitative analysis using
linear dependencies, which are described by a correlation
coefficient of 0.999 [12; 23].

Examining similar parameters of the hybrid tech-
nique, it was found that the dependence of the intensity
of the analytical signal (I, c.u.) of xenobiotics on their
amount in the solution is linear, the calculated correla-
tion coefficients (R?) are within 0.957-0.991, indicating
a sufficient consistency between the xenobiotic content
in the sample and the intensity of its analytical signal.
The next step in the statistical analysis was the verifi-
cation and visualization of the dependence of the peak
area of the analytical signal (S, c.u.) of the xenobiotic on
its content in the analysed solution. The obtained re-
sults of the chromatographic analysis were used in the
regression analysis of the values. An inherent feature of
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the dependence of the peak area on the xenobiotic con-
tent is the range of correlation coefficients (R?) within
0.987-1.00. Since the correlation coefficient testifies to
the consistency and linear nature of the dependence of
the analytical signal on the content of the analyte, it was
the peak areas on the chromatogram that were used to
construct the calibration dependences for calculating
the content of xenobiotics in laboratory samples. Con-
vergence of the results of quantitative analysis of xe-
nobiotics in model samples increases if the calibration

dependence is constructed as a dependence of the plane
of the analytical signal on the concentration of the an-
alyte in the calibration solution. At the stage of GC/MSD
research, two samples with residual acetamiprid content
were found among ten wild blueberry samples. Further-
more, in all analysed samples, diethyltoluamide was identi-
fied according to the library of mass spectra (Table 1).In addi-
tion, one of the berry samples contained trace amounts
of benzo(a)pyrene (S, ,<0.05 pg/kg) and benzo(b)fluo-
ranthene in the amount of 0.75 pg/kg.

Table 1. Test results of wild blueberry berry extracts in GC/MSD screening mode

Norms
Names of indicators, units of Limit of .
’ DSanPiN q
measurement ekt e quantification “nnn. | Regulation (EC)
8.8.1.2.3.4-000
No 396/2005
2001
Acetamiprid, mg/kg 0.011+0.002 0.01 Not standardised 20
Diethyltoluamide quah;cgtelggggglysw, - Not standardised

As Table 1 shows, apart from the xenobiotic ac-
etamiprid, which is included in the group of pesticides
studied within the framework of the development of
the hybrid research methodology, diethyltoluamide was
detected on the chromatogram based on the results of
a qualitative analysis (screening of xenobiotics accord-
ing to the library). Qualitative identification of dieth-
yltoluamide on chromatograms obtained by gas mass
spectrometry became possible thanks to the presence
of characteristic ions of diethyltoluamide in the mass
spectrometer library. Since diethyltoluamide is the

active substance of several repellents used to protect
humans and farm animals from tick bites, mosquitoes,
midges [24; 25], the content of this xenobiotic in wild blue-
berries may be related to the human use of repellents
during the collection of berries, or during the storage and
sale of blueberries on the market.

Together with the results of the experimental ap-
probation of the technique, the calibration studies allowed
forming a database that provides quantitative characteris-
tics of the suitability of the hybrid technique for perform-
ing practical tasks. Table 2 lists the obtained parameters.

Table 2. Results of chromatographic analysis of samples of blueberries artificially enriched with xenobiotics.

Measured average concentration, —
Compound, units of measurement | Measurement range mg/kg lfVIean square de"‘at‘f,’“
(X, rom the average (s, %)
0.01 0.01 52
Acetamiprid, mg/kg 0.05 004 71
10 097 32
0.01 0.01 55
Alpha-Cypermethrin, mg/kg 0.05 0.05 29
10 0.96 45
0.01 0.01 5.8
Benomyl, mg/kg 005 004 79
10 0.95 41
0.01 0.01 55
Desmedipham, mg/kg 0.05 0.05 3.9
10 0.95 8.2
0.01 0.01 55
Imidacloprid, mg/kg 0.05 0.045 49
10 0.96 55
0.01 0.01 5.5
Chlorpyrifos-methyl, mg/kg 0.05 0.05 39
10 0.95 6.5
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Table 2, Continued

Measured average concentration, L.
Compound, units of measurement | Measurement range mg/kg lfVIean square de‘”""t‘f,’“
(X,,) rom the average (o, %)
0.01 0.01 53
Chlorpyrifos, mg/kg 0.05 0.05 39
10 0.97 47
0.5 0.55 43
Benzo(a)pyrene, ug/kg 25 2.65 19
10.2 10.5 17
0.5 0.5 54
Benzo(a)anthracene, pg/kg 3.0 29 23
14.5 14.8 27
0.5 0.6 53
Benzo(b)fluoranthene, pg/kg 50 5.2 26
200 19.8 10
0.5 0.5 39
Chrysene, ng/kg 5.0 51 2.5
150 15.2 18

Table 2 shows that the proposed method can be
used to figure out the residues of pesticides of various
chemical groups and PAHs. The established average val-
ues of expected values (X,,,) correspond to the levels of
xenobiotic content introduced into the samples, namely:
0.01 mg/kg, 0.05 mg/kg, and 01 mg/kg. The measure-
ment error does not exceed the set maximum level of
20% [22; 23]. To confirm the possibility of the method to

determine xenobiotics in fresh and dried berries, as well
as to determine the influence of chemical compounds of
the matrix, the corresponding plant extracts were ana-
lysed. Plant extracts were obtained from samples arti-
ficially enriched with pesticide markers in amounts of
0.01 mg/kg, 0.05 mg/kg, and 0.1 mg/kg; a marker of poly-
cyclic aromatic hydrocarbons (benzo(a)pyrene) - in the
amount of 1 pg/kg (Table 3).

Table 3. Content of xenobiotics in blueberry extracts (n=10, P=0.95)

Marker name Extractant Introduced, pg/kg Found, pg/kg Extraction, %
Acetamiprid 0.50+0.01 047+0.02 951
Imidacloprid o ) 0.50+0.01 048+0.01 96.5
1% acetonitrile solution of
Cypermethrin formic acid 0.50+0.01 045+0.02 90.0
Benzo(a)pyrene 1,001 1.08+0.2 1080

Table 3 shows that the extraction process of xe-
nobiotics is characterized by complete extraction from
90% to 108% of the introduced amount. Comparing the
percentage of extraction of pesticides (90-96.5%) and
PAH (108%), the extraction process from homogenized
material leads to insignificant losses of analytes of pes-
ticide groups. In its turn, PAH maceration is a process of
washing chemicals from the surface of berry skins, no
loss of analytes during extraction is observed.

CONCLUSIONS
Thus, this study investigated the specific features of
extraction of xenobiotics of various groups from blue-
berries. It was proved that the use of a 1% acetonitrile
solution of formic acid as an extractant allows extract-
ing xenobiotics of various groups of pesticides and PAHs
from plant material. The best conditions for the extraction
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of xenobiotics are the temperature regime from 4°C
to 25°C and the time of action of the extractant on the
homogenized sample for 5-25 minutes. The method of
gas chromatography with a mass-selective detector al-
lows performing quantitative analysis of xenobiotics in
plant extracts within 0.01-1.0 mg/kg. The measurement
error does not exceed the maximum level (20%) set by
the regulatory requirements for the quality of measure-
ments. The percentage of extraction of xenobiotics ranges
from 90% to 108%. Apart from the analytes involved in
the approbation quantitative studies, residual amounts
of the xenobiotic diethyltoluamide were detected using
the screening mode of the gas chromatography mass
spectrometer. Qualitative identification of diethyltolu-
amide on chromatograms obtained by gas mass spec-
trometry became possible due to the presence of char-
acteristic ions of diethyltoluamide in the NIST 0.5 library.

(57
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The proposed sequence of procedures and tests of the  promising, it requires an expansion of the list of indica-
hybrid method for the study of xenobiotics inthe compo-  tors of quantitative analysis, an expansion of approba-
sition of blueberries is based on standardized methods tion studies, it can be used in a comprehensive analysis
and validated methods of chromatographic control of re-  of the safety indicators of berry products obtained in
sidual amounts of xenobiotics. The proposed method is  controlled and uncontrolled ecosystems.
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HaTtanis lOpiiBHa Tepew,eHko', Jligia OnekcaHpapiBHa KoBLuyH?,
Onekcanpap lOpinoBuy bobyHoB?

"HauioHanbHuin MegmyHui yHiBepcuteT iMeHi 0.0. boromonbus
01601, 6-p Tapaca LleBuyeHkKa, 13, M. KuiB, YkpaiHa

’HauioHanbHW yHiBEpCUTET 6iopecypciB Ta NPUPOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. l'epois 060poHwu, 15, M. KuiB, YkpaiHa

FNi6pmnaHa MeToaMKa BUMIPIOBaHHS BMICTY KCEHOBGIOTUKIB AUKOPOCIUX
Ta KyNbTUBOBAHMUX Arig, YOpHULi

AxoTaujs. JlabopaTopHUiT KOHTPOJIB IIOTPe6Ye 3AiMICHEHHS BUITPO6yBaHb IIPOAYKIIi ATIAHUIITBA HA BMICT 3aJIUIIKOBUX
KIJIBKOCTEM CyMillled pi3sHHUX KCeHOOGIOTUKIB: MEeCTULUIB, MOMINKIIYHUX apOMaTUYHNX BYTJIEBOAHIB. Y 3B'A3KY
3 LM [laHa CTATTA CIpAMOBaHAa Ha BUBUYEHHS Gi3HKO-XIMIYHMX YMOB €KCTPAKIIIMHOTO BUIYYEHHS KCEHOOI0TUKIB
i3 AUROpOCINX Ta KyJIBTUBOBAHUX SATIZT YOPHULI Ta ITOAAJBIINY XpoMaTorpadiuHmi aHasi3 OTpUMaHUX BUTKOK.
[TpOBIAHUM MiIX00M /IS PO3PO6KU Ti6PUAHOI METOOUKY J1TA60PAaTOPHOTO KOHTPOJIO 3aJMINKOBUX KiIBKOCTEH
KCeHOBIOTHKIB y Arofiax € Mo6ymoBa TeOPeTUYHOI MOZesTi METOIUKY Ta eMITIpUYHI JOCITiIKeHHS 3aIIpOITOHOBaHNX
YMOB METOAMKU. [TepIiuit eTar AOCIiIKeHHs — IAroTOBKa Mpobu Ta eKCTpaKilig KCeHOBiOTHKIB. BCTaHOBIIEHO,
II0 BUJIYYEeHHS MeCTULUIIB MOTPi6HO MPOBOAUTY 3 TOMOTEHI30BaHOTO POCIMHHOTO MaTepiaty, a AJig eKCTpaKiiii
TIOIIIUKITIYHIX apOMaTUYHUX BYIJIEBOIHIB 3aCTOCOBYBATH STOAY 3 HEYIIKOIKEHOI0 MIKYPUHKOK. 3'COBAHO, 10
1 % alLeTOHITPUIBHUN PO3UMH MYPALINHOI KUCJIOTH € YHiGiKOBaHUM eKCTpareHTOM KCeHO6i0TUKIB. O6IpPyHTOBaHO
HeobxigHicTh MmocCmiZoBHOTO xpoMarorpadiuHoro aHajizy OTPUMaHUX BUTIKOK IIJIAXOM 3aCTOCYBaHHS
BHUCOKOedeKTUBHOI piiHHOI XpoMaTorpadii 3 ¢yopeclieHTHUM JIeTeKTOPOM, METOIiB BUCOKOePeKTUBHOI PiTMHHOI
xpomatorpadii Ta razoBoi xpomMarorpadil 3 Mac-CeleKTUBHUMU JIeTEKTOpaMU. ATIpo6arliiHi BUMIpIOBaHHS TIOKa3aIIH,
III0 MeXKa KiJIbKiCHOI0 BU3HAYEHHSA 3aJIMIIKOBUX KiJIBKOCTEHM MeCTUIMAIB cTaHoBUTH 0,01:0.001 MI/KT, a Meyka
KiJIBKiCHOTO BU3HAaYEHHS MOJIIUKIIYHUX apOMaTUYHUX BYIJIEBOAHIB 3HAYHO HIDKYA Ta ckiuagae 0,5+0.05 MKI/KT.
TibpumHa MeTOAWKa HO3BOJISE MPOTATOM 90 XBUIWH BUABUTHU Ta BUMIPATU BMICT KCEHOGIOTHKIB y BUTSKKAX
arig gopHwuil. Poboui miamasoHu AJig KOHTPOJIIO BMICTY MECTUIM/IIB CTAHOBIATD Bifm 1,0 Mr/kr mo 0,01 MI/KT, AJid
TTOJTIIUKITIYHUX apOMaTUYHUX BYIVIEBOIHIB — Bifl 20 MKI/KT 10 0,5 MKI/KT. BeTMUMHY ITOXUOKY KiJTbKICHOTO aHaJIi3y
OLIIHEHO 33 IOTIOMOT'OI0 CEPEIHBOTO KBaIPATHYHOTO BiIXMIEHHS Bifl CEpeNHEO0i (6, %). [TOBHOTY BUIyUYEHHS KCeHOBIOTHKIB
BCTAHOBJIEHO Y BimcoTrax (r, %) 3a IOMOMOrOI0 cepii JOCIiIKeHb MOENbHUX 3pasKiB, MITYYHO 36araueHux
KCEeHO6i0TMRaMU. 3'1COBAHO, 110 MTOXMOKa BUMIpIOBAaHHA BMICTy KCEHO6IOTHKIB He mepeBuliye 20 %, BeJIMYMHA
BIJIYYEHHS aHAJIITIB 3HAXOAUTHCA B Aiara3oni 90-108 %, MeTOAMKa € TPUIATHOIO IJIs BUKOHAHHS J1a60paTOPHOro
KOHTPOJII0. PO3po6ieHuM Ti6pUIHNIM METOH CTaHOBUTH IMPAKTUUYHY IIHHICTh [OJI1 BUKOHAaHHA J1ab0paTOpPHOTO
KOHTPOJIIO HEe6e3MeUHUX [JIs 3[M0POB'S TIOAUHHN XIMIYHUX CITONTYK

KniouoBi cnoea: mecTULXAY, TIOJHIIMKITIYH] apOMaTHYHi ByITIeBOIHI, EKCTpaKIIist, xpoMarorpadis, 6e3rmeyHiCcTs IIPOAYKTIB
POCJIMHHOT'O ITOXO/IPKeHHA
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The Influence of Biological Preparations on the Microbiological Activity
of Sod-Podzolic Soil for the Cultivation of Food Potatoes

Abstract. In the present-day world, the demand for organic products is growing, but there is an insufficient number
of studies on the impact of biological preparations on soil fertility parameters. Indicators of microbiological activity
are not the same for different soil types, which is why it is necessary to investigate them in detail in specific soil and
climatic conditions, especially on zonal soils, which are sod-podzolic soils in Polissia. Research on theimpact of various
biological preparations on soil fertility indicators for the cultivation of one of the most popular crops in Ukraine -
food potatoes - is relevant. The purpose of this study was to establish the effect of treatment of potato tuber seeds
with biological preparations and introduction of a biodestructor for better decomposition of siderate on the focus
of microbiological processes in the soil. The study was carried out in an experiment at the Volyn State Agricultural
Research Station of the Institute of Potato Growing of the National Academy of Agrarian Sciences of Ukraine. The soil
of the experimental site was sod-medium-podzolic sandy soil on water-glacial deposits. The stationary experiment
included variants with the addition of siderate to the soil without a destructor (Background 1) and with the addition of
the Ecostern destructor to the siderate (Background 2). The effectiveness of the following biological preparations was
also investigated: Mycohelp, Agat, Regoplant, Fitohelp, Stimpo. Soil analysis for microbiological indicators was carried
out in samples taken from the 0-20 cm layer. The focus of microbiological processes in the soil was found by the
corresponding coefficients. It was found that the oligotrophicity coefficient was less than one on the variants using
the Ecostern biodestructor during the growing season of potatoes, which indicates a good supply of easily digestible
organic substances to the soil microbiota, while on the variants without Ecostern during the ripening phase, the
oligotrophicity coefficients exceeded one. The coefficient of pedotrophicity changed more during the growing season
than according to the variants of the experiment. In the seedling and flowering phase of potatoes, mineralisation-
immobilisation coefficients were low in all variants of the experiment, which indicates the predominance of synthesis
of organic matter. The materials of this paper are of practical value for farmers and producers of organic crop production
in the issue of plant residue management for the use of biodestructors in the technology of growing food potatoes

Keywords: biodestructor, siderate, oligotrophic factor, pedotrophic factor, humification

INTRODUCTION

Ukraine is one of the five countries with the largest plant-
ing areas of this crop, but in terms of yield it is consider-
ably inferior to other countries [1]. This is because 90%
of the potato harvest comes from private households.
The low yield of potatoes is caused by low-quality seed
material, its damage by many pathogens [1] and insuffi-
cient nutrients [2-4]. 0.Sh. Iskakova [3] notes that potato
cultivation technologies should ensure both high yield
and the achievement of a prominent level of profitability.

That is why it is important to form a favourable culture
nutrition regime, as well as protection from stressful
phenomena.

In Ukraine, the market of biological preparations
is intensively developing. This is due to the growing
demand for environmentally friendly products [5].

However, literary sources hold conflicting infor-
mation regarding the positive or absent effect of bio-
logical preparations on indicators of biological activity
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of soils, which is why this issue is relevant and requires
detailed investigation.

Research conducted in the Ternopil region proved
the feasibility of treating potato tubers with Albit (100 ml
per 1 tonne of seeds) followed by spraying twice during
the growing season at 50 ml per 1 ha [6]. The yield of
potatoes and their need for nutrients were more influ-
enced by weather conditions, variety, and the content of
nutrients in the soil [7 8].

In poor sod-podzolic soils, nitrogen is in the first
minimum among nutrients. Nitrogen affects the growth
of plants, photosynthesis, metabolism, and as a result, the
productivity and indicators of the crop quality [9]. When
developing technologies for growing potatoes, it is import-
ant to find new alternatives to chemical fertilisers [10].

In Polissia, one of the most critical tasks in the
area where sod-podzolic crops are spread is to ensure
an increase in the content of organic matter in the soil,
including humus. In the conditions of a shortage of con-
ventional fertilisers, an effective alternative to humus is
the use of crop residues [11].

Biologisation, the use of biological preparations,
is a new trend in modern agar production [12]. According
to studies [13], the effectiveness of biostimulants was
manifested in the improvement of soil properties: the
structural composition of the soil, the nutrient regime,
the increase in biological activity in the deeper layers of the
soil, the better development of the rhizosphere and the
yield of winter wheat compared to the control.

According to researchers, biostimulants can be used
as bioactive products in agriculture to increase plant pro-
ductivity and resistance to stressful conditions [14].

The special role of microorganisms in the function-
ing of soils as elements of ecobiosystems: they take part
in the small biological cycle of substances and energy in
the soil, as well as in their influence on soil fertility indi-
cators, namely on the transformation of nutrients in the
soil, primarily nitrogen and carbon [15-17].

Inthe studies of R.A. Vozhehova et al. [18], the yield
of summer-planted potatoes did not depend on the vari-
ants for treatment of tubers with chemical and biological
preparations, and the average yield for three years was
20.86 t/ha, excluding the variant with additional treat-
ment of plants with a biological preparation of fungicidal
action Haupsin, where the yield increase was 0.33 t/ha.

The purpose of this study was to investigate the
focus of microbiological processes in sod-medium-
podzolic soil using a biodestructor for better decompo-
sition of siderate and treatment of potato tuber seeds
with biological preparations. The task of this study was to
prove changes in the coefficients of oligotrophy, pedotro-
phy and mineralisation-immobilisation with the use of
various biological preparations.

MATERIALS AND METHODS

The research was conducted under experimental con-
ditions based on the Volyn State Agricultural Research
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Station of the Institute of Potato Breeding of the National
Academy of Sciences of Ukraine in 2019-2021 on
sod-medium-podzolic sandy soil typical for the Polissia
zone of Ukraine.

Potatoes of the Partner variety were grown in the
experiment: a medium-early Ukrainian food potato variety.
The vegetation period was approximately 107 days.

A two-factor stationary experiment included the
following variants:

Factor A.

1. Control (without siderate biodestructor).

2. Biodestructor Ecostern in a dose of 1.2 /ha.

The siderate was white mustard (200 c/ha), which
was introduced into the soil.

Factor B. Treatment of potato tubers and 3-time spray-
ing during the growing season of potato plants with bio-
logical preparations.

1. Control (without biological preparation).

2. Background - (introduction of Mycohelp 2.0 1/ha into
the soil) + triple treatment during the growing season,
Agat 25 - 100 ml/ha

3. Background + triple treatment during the growing
season, Regoplant — 50 ml/ha.

4. Background + triple treatment during the growing
season, Phytohelp - 1.0 I/ha.

5. Background + triple treatment during the growing
season, Stimpo - 15 ml/ha.

6. Treatment of tubers with Mycohelp - 2.0 [/t + triple
treatment with Mycohelp - 1.0 l/ha during the growing
season.

7. Treatment of tubers with Regoplant 50 ml/t + triple
treatment with Regoplant 50 ml/ha during the growing
season.

8. Treatment of tubers with Fitohelp - 1.0 I/t + triple
treatment with Fitohelp — 1.0 l/ha during the growing
season.

9. Treatment of Stimpo tubers - 15 ml/t + triple treatment
of Stimpo 15 ml/ha during the growing season.

Soil analysis for microbiological indicators was
performed in samples taken from the 0-20 cm layer. In
the studies, the number of microorganisms of the main
ecological-trophic and taxonomic groups was found ac-
cording to the method of microbiological sowing of soil
suspension on different solid agarised nutrient media.
Organotrophic bacteria were determined by sowing on
meat-peptone agar, the number of microorganisms that
assimilate nitrogen from mineral compounds and acti-
nomycetes - on starch-ammonium agar, oligotrophic
microorganisms - were grown on starvation agar, fungi - on
Richter’s nutrient medium. The number of microorgan-
isms is given in colony-forming units (CFU) per one gram
of dry soil, having previously determined the relative hu-
midity of the soil sample using the thermostat-weight
method. Subsequently, the obtained number of colonies
was counted, considering the humidity coefficient, as
well as the dilution of the soil suspension. Experimental
studies were carried out in triplicate.
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Microbiological soil monitoring was evaluated
according to the methodical recommendations of VM. Patyka
and O.V. Sherstoboeva [19]. The focus of microbiological
processes in the soil was determined according to the
following coefficients.

The coefficient of oligotrophy (C_) was calculated
as the ratio of the number of microorganisms capable of
assimilating nutrients from very dilute solutions to the
total number of eutrophic microorganisms according to

the formula (1):
/N, +N

Col = N SAA (1)

Next, the coefficient of pedotrophicity (C,_,) was
determined according to the ratio of the number of mi-
croorganisms on soil agar (N,,) to the number of those
microorganisms that grew on meat-peptone agar (N, ) (2):

StA MPA)

MPA) (

N )]

MPA

C

ped

= NSA/

The coefficient of mineralisation-immobilisation
(C,, ) was determined as the ratio of the number of micro-
organisms that immobilise mineral forms of nitrogen to
the number of organotrophs according to the formula (3):

N

m-i

c /N @3)

SAA MPA’

where N, ,, N, is the number of microorganisms grown
onstarch-ammonium and meat peptone agarWhere N, is

the number of microorganisms grown on starvation agar.

RESULTS AND DISCUSSION

Based on the ratio of ecological and trophic groups of
microorganisms, namely nitrogen-fixing, oligotrophic,
and microorganisms involved in the mineralisation of
humic substances, it is possible to judge on the focus of
the mobilisation processes in the soil. In this regard, the
coefficients of oligotrophicity (StA/Zv), mineralisation
(SAA/Zv) and pedotrophicity (SA/Zv) were calculated. These
microbiological coefficients allow generalising the pro-
cesses occurring in the soil, as well as to establish their
focus. At elevated values of nitrogen mineralisation-im-
mobilisation coefficients, changes in transformation of
organic compounds occur, namely the dominance of or-
ganic matter decomposition over synthesis. On the other
hand, a decrease in the pedotrophic factor can be inter-
preted as a decrease in the intensity of decomposition of
soil organic matter. The results of the study of changes in
the coefficients of the intensity of soil-biological process-
es in agrophytogeocenoses of potatoes under different
systems of biological preparations are presented below.

The coefficient of oligotrophy (C_) for its growth
indicates the spread of microorganisms in the soil that
can exist in the absence or low concentrations of nu-
trients compared to other eutrophs. C | in the seedling
and flowering phase of potatoes in all soil samples under
study was low (<1) (Fig. 1), which indicates a good supply
of soil microorganisms with labile organic substances, as
well as the presence of sufficient sources of carbon and
nitrogen for the functioning of the soil microbial complex.

35

3

25

2

15

1

05

o |
11 12 13 14 15 16

17 18

B Seedling

19

21 22 23 24 25 26 27 28 29

Flowering ® Ripening

Figure 1. Microbiological coefficient of oligotrophy in sod-podzolic soil for growing potatoes

Inthe potato ripening phase, the situation changed
slightly, C increased (=1) on background 1, where Ecostern
biodestructor was not applied, which indicates a 10% de-
crease in the content of nutrients in the soil. The highest
values of this indicator ranged from 1.2 on variants 3 and
8 (Treatment of tubers with Fitohelp - 1.0 1/t + triple treat-
ment with Fitohelp - 1.0 1/ha during the growing season
and Treatment of tubers with Fitohelp - 1.0 I/t + triple

treatment with Fitohelp - 10 1/ha during the growing
season) to 2.9 in variant 2 (introduction of Mycohelp
2.0 l/ha to the soil + triple treatment during the growing
season with Agat 25 - 100 ml/ha).On the variants of the
background using Ecostern biodestructor at 1.2 1/ha, the
C,, on all variants of feeding potato plants was lower than 1
(C, ranged from 011to 0.895), which indicates an elevated
supply of soil nutrients, especially nitrogen.
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The positive effect of biological preparations on
improving the nutrient status of the soil, which is evi-
denced by the higher C  values compared to the control:
on background 1 without the introduction of a biode-
structor in the seedling phase, this indicator was 0.545,
and in the phase of maturation of potato tubers - 1.8.
Comparing different biopreparations in terms of their
influence on the C , it was established that the best
feeding conditions for food potatoes were with Rego-
plant preparation in variant 7 (C_=013), slightly higher
values were established in variant 3 with the introduc-
tion of Mycoplant and treatment with Regoplant during
vegetation (C_=0.185). On variants 4, 5, and 8, the C  values
in the seedling phase did not substantially differ from
each other.

T. Khomenko et al.

On the background 2 with the application of
Ecosterne, the best conditions of the nutritional regime
were on the variant 2 with the application of Mycohelp
and the treatment with Agat vegetation, where the C
values were the lowest - 0.01. The highest values were set
on variant 9 using Stimpo: on the background without
the destructor, they were 0.43-1.89, and with the destruc-
tor - 0.345-0.58. The opposite dynamics were noted by
0.Yu.Kolodiazhnyi and M.V. Patyka [20]: during the grow-
ing season of winter wheat, the coefficient of oligotrophy
on the research variants decreased (0.03-0.67).

The intensity of decomposition of soil organic matter
can be judged according to the coefficient of pedotrophicity.
Table 1shows changes in this coefficient due to the use of
biological preparations on food potatoes.

Table 1. Microbiological coefficient of pedotrophicity (Cpe ;) in sod-podzolic soil during the main phases
of potato plant development

Development phase
Factor A Factor B . . i .
Seedling | Flowering | Ripening |
1. Control (without biological preparation) 1795 0.055 0.305
2. Application of Mycohelp 2.0 I/ha + triple treatment
with Agat 25 - 100 ml/ha 0.835 0.035 012
3. Application of Mycohelp 2.0 I/ha + triple treatment
with Regoplant - 50 ml/ha 109 003 036
4. Application of Mycohelp 2.0 1/ha + triple treatment
with Fitohelp - 1.0 1/ha 0695 03 036
Backgorund 1. 5. Application of Mycohelp 2.0 1/ha + triple treatment
Without with Stimpo - 15 ml/ha 114 0005 0365
biodestructor frub h hel ¥ '
6. Treatment of tubers with Mycohelp - 2.0 1/t + triple treatment
with Mycohelp - 1.0 1/ha during the growing season 217 0415 0.465
7. Treatment of tubers with Regoplant - 50 ml/t + triple treatment
with Regoplant — 50 ml/ha during the growing season 0.595 0005 041
8. Treatment of tubers with Fitohelp - 1.0 1/t + triple treatment
with Fitohelp - 1.0 1/ha during the growing season 1155 0.395 0425
9. Treatment of tubers with Stimpo - 15 ml/t + triple treatment 1665 018 073
with Stimpo - 15 ml/ha during the growing season ) ' )
1. Control (without biological preparation) 172 042 0.155
2. Application of Mycohelp 2.0 I/ha (background) + triple treatment
with Agat 25 - 100 ml/ha 0.355 0095 0025
Background 2. - .
3. Application of Mycohelp 2.0 1/ha + triple treatment
Ecostern121/ha with Regoplant - 50 ml/ha 091 0.525 015
4. Application of Mycohelp 2.0 1/ha + triple treatment
with Fitohelp - 1.0 1/ha 163 0405 0.065
5. Application of Mycohelp 2.0 1/ha + triple treatment
with Stimpo - 15 ml/ha 0.95 0935 0125
6. Treatment of tubers with Mycohelp - 2.0 I/t + triple treatment 134 029 025
with Mycohelp - 1.0 I/ha during the growing season ' ' )
Background 2. 7. Treatment of tubers with Regoplant - 50 ml/t + triple treatment 134 035 035
Ecostern1.21/ha with Regoplant — 50 ml/ha during the growing season ’ ’ ’
8. Treatment of tubers with Fitohelp - 1.0 I/t + triple treatment 345 021 0195
with Fitohelp - 1.0 1/ha during the growing season ’ ) )
9. Treatment of tubers with Stimpo - 15 ml/t + triple treatment 118 007 04
with Stimpo - 15 ml/ha during the growing season ' ) )
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High values of C,, (>1) in the seedling phase of
potatoes on background 1 without a biodestructor were
observed on variants 1, 3, 5, 6, 8, 9, which indicates an in-
crease in the intensity of decomposition of soil organic
matter on these variants.

C,.q indicators proved the active decomposition by
microorganisms of the remains of sideral culture. This
indicator depended more on the period of soil sampling
than on variants with biological preparations. In the
seedling phase, variants 2, 4, 7 without a destructor were
characterised by low Cpe . values - 0.835; 0.695; and 0.595,
respectively, which indicates a decrease in the amount of
organic matter in the soil. In the phase of flowering and
ripening of potatoes, C , decreased in all variants of the
experiment and was within 0.03-0.75, which indicates a
decrease in the amount of organic matter (residues of
siderate) in the soil.

On background 2, with Ecostern 1.2 l/ha in the
seedling phase of the culture, an elevated intensity of or-
ganic matter decomposition was observed in variants 1,
4,6,7,8,9.Invariants 2, 3, 5, the intensity of organic matter

4
35
3
25
2

decomposition was insubstantial. During the flowering
and maturing phase of potatoes, the C ; did not exceed 1,
which indicates insufficient supply of “fresh” organic
matter to the soil and low intensity of its decomposition.
The lowest C_, values were found on variant 9 with the
use of Stimpo - 0.07 and on variant 2 with Mycohelp and
Agat treatment - 0.095. Onvariants 8, 6,7,4 and 1, the Cpea
value was 0.21; 0.29; 0.35; 0.405; and 042, respectively.
Upon applying Mycohelp to the soil and Stimpo vegetation
treatment, the value was 0.935.

The C,,, value was also influenced by various
agrotechnical measures. The studies of 0.B. Panchenko,
1.D. Prymak and L.A. Panchenko [21] established the influ-
ence of different tillage systems and found the lowest C_,
values for tillage, and the highest values for ploughing
with different depths. The C_, shows the predominance
of the decomposition processes of organic substances
over their synthesis. During the seedling phase of pota-
toes, the C_ , were low in all variants of the experiment,
which indicates the predominance of organic matter
synthesis processes (Fig. 2).
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Figure 2. Microbiological coefficient of mineralisation-immobilisation (C_ ) of nitrogen
in sod-podzolic soil for growing food potatoes

A similar trend was observed in the flowering phase.
The C_ , coefficients were within 0.25-1.25 on background
1without a destructor, and the highest values (1.25) were
found on the Stimpo tuber treatment and vegetation
treatment variants, and the smallest (0.25), which ensure
flow in the soil of synthesis of organic matter, - on the
variants with Mycohelp applied to the soil and vegetation
treatment with Stimpo, as well as on the variant with the
Mycohelp applied to the soil and vegetation treatment
with the Agat PE preparation. In the seedling phase, the
application of Ecostern stubble biodestructor did not
cause any substantial differences in the values of this
coefficient: C_, was 0.1-0.515 on background 1 without
biodestructor, 0.025-0.205 on background 2 with biode-
structor. Ecostern showed a more pronounced effect in
the flowering phase, where the values were 0.25-1.25 and
0.715-1.24, respectively, on background 1 and 2. Thus, the

)

positive effect of the biodestructor on decomposition of
white mustard and the supply of potato plants with nu-
trients during the flowering period of potatoes was es-
tablished, which is also confirmed by the C  values.

During the ripening phase of potatoes, microbi-
ological processes shifted even more towards the min-
eralisation of organic matter in all variants of the ex-
periment. The C_, in the flowering and ripening phase
approached the optimal indicators (C_, = approx. 1.0)
when using Ecostern biodestructor 1.2 I/ha for all biolog-
ical preparations, which indicated a balanced carbon-ni-
trogen cycle. On background 1 without a biodestructor,
C_; was the highest on the variant with Mycohelp and
Agat treatment (3.4), as well as on the variant with Stim-
po (1.25); on background 2 - on variant 4 with Mycohelp +
Phytohelp (2.16) and Mycohelp + Agat (2.12).

S.O. Hudz [22] established that the lowest C_,
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values were for the biological fertilisation system. He
also found an increase in C_, values under the industrial
fertilisation system, which indicates an increase in the in-
tensity of decomposition of soil organic matter. As for C ,
the optimal values were for ecological and biological fer-
tilisation systems - 0.69-0.96 and 0.81-0.93, respectively.

CONCLUSIONS
1. The use of Ecostern biodestructor at 1.2 1/ha on white
mustard as a siderate on sod-medium-podzolic soil con-
tributed to increasing the availability of nutrients during
the growing season of food potatoes, as evidenced by the
C,, values of less than 1 (0.01-0.895). On the background
without a stubble destructor, the lowest C  values were
established when using Mycohelp and Regoplant biological
preparations, and the highest values were set with the

T. Khomenko et al.

2. The C,,, depended more on the period of soil
sampling than on variants with biological preparations
and was 0.355-1.795 in the seedling phase, 0.005-0.935
in the flowering period, and 0.12-0.465 in the ripening
period.

3. According to the C_, the advantage was proved
in the variant with Mycohelp soil treatment 2.0 l/ha + tri-
ple vegetation treatment with Agat 25 — 100 ml/ha. The
positive effect of the biodestructor on the decomposi-
tion of organic matter of siderate was found. During the
ripening period, the C_, in the flowering and ripening
phase approached the optimal values (C_, = approx. 1.0)
when using Ecostern biodestructor 1.2 I/ha.

Studies on the impact of the destructor and bio-
logical preparations on improving the humus condition
of sod-podzolic soil are promising.

variant with Stimpo.
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TetaHa OnekciiBHa XomeHKo', OkcaHa JleoHigiBHa ToHxa',
Onena BonogumupieHa MNMikoBcbka', AHapii BopucoBuy Ayacos?

"HauioHanbHuWi1 yHiBepcuTeT BiopecypciB i NpMpOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. l'epois O60poHu, 15, M. Kuis, YkpaiHa

2XapKiBCbKWI HaLioHanbHUI yHiBepcuTeT iM. B.H. KapasiHa

61000, mariaaH Ceoboau, 4, M. XapkiB, YkpaiHa

BnnuvB 6ionpenapaTtiB Ha MiKpo6ionoriuHy aKTUBHICTb
OEePHOBO-MIA30/IMCTOro 'PYHTY 3a BUPOLLYBaHHS KapTonJli CTONOBOI

AHoTalifa. B yMOBax CbOTOAEHHA Y CBITI 3pOoCTa€ MOMUT Ha OpPraHiuYHy IPOAYKIIi0, TPOTe HeJOCTaTHA KiJIbKiCTh
IOCIi>KeHB i3 BUBUEHHS BIUIMBY 6iolperapariB Ha IIapaMeTpy POJIOYOCTi IPyHTIB. [ToKa3HUKY MiKpo6ionoriyHoi
AKTUBHOCTI HEOJHAKOBI 71 pi3SHUX I'PYHTOBUX BiIMiH, caMe ToMy HEO6XiIHO JeTaJbHO BUBYATU IX B KOHKPETHUX
TPYHTOBO-KJIIMaTUYHUX YMOBaX, OCOGIMBO Ha 30HAJBHUX IPyHTax, IKUMU B Ilomicci € mepHOBO-IiA30JIUCTI.
AXTyaJIBHUMU € JOCITREHH WIOJI0 BIUTUBY Pi3HX 6i0IpernapaTiB Ha TOKa3HUKY POJIOYOCTI I'PYHTY 32 BUPOLIyBaHHS
onuiel i3 HAaM6ibII TOMTYIAPHUX B YKpaiHi KYJIETYp — KAPTOILIi CTOJIOBOI. MeTa po60TH — BCTAHOBUTH BILIUB 06PO6KY
HaciHHa 6ynb6 KapToruti 6iompernapaTaMy Ta BHeceHHs 6iofecTpyKTopa AJi KpaIloro po3KIafy CUAepary Ha
CIIPSIMOBaHiCTh MiKpO610JIOTIYHIX ITPOIIECiB Y IPYHTI. [JOCTiAKeHHA IIPOBOLMIIN ¥ TOCIiZi Ha BOJIMHCHKIM IepsRaBHIM
CLTBCBKOTOCITOAAPCHKIM HOCTimHIM cTauuii IHCTUTYTY KapTomisapcTea HAAH Vrpainu. IpyHT DOCITIHOT DiITHRY —
IlepHOBO-CEPeIHBOITII30/INCTHIM CYITIIaHUM I'PYHT Ha BOLHO-JIBOJOBUKOBUX Bifkiuazax. CTallioHAapHUM LOCIHIT,
BKJIIOYAB BapiaHTH i3 3apo6KOI0 y IPYHT cuzepary 6e3 gectpykropa (doH 1) Ta i3 BHECEHHAM IeCcKpyKTopa EKoCcTepH
Ha cuzepar (doH 2). TaKOK BUBYAIU ebeKTHUBHICTb 6ionpenapaTiB: Miroxenmn, Arat, Peromnant, diToxenm, CTUMIIO.
AHaTi3 IpyHTY Ha MiKp0o6i0JI0TiuHi ITOKa3HUKY ITPOBOLVIIN ¥ 3pa3Kax, AKi BifibpaHi 3 mapy 0-20 cM. CIpIMOBaHICTb
MiKpob6ioIoTiuHMX ITpOLIeciB y I'PyHTI BUSHAYAIIH 33 BiAMOBIAHMMY KoedillieHTaMu. BCTaHOBJIEHO, I1I0 Ha BapiaHTax i3
3aCTOCYyBaHHAM biofecTpykTopa EKOCTEPH ITPOTATOM BETeTAl[iiHOTO ITepiofly KapTOIUli KoedillieHT omiroTpodHoCTi
CKJIaflaB MeHIlle OAMHUII, 0 CBIIUUTH IIpo Jo6py 3abe3rnedeHicTs IPyHTOBOI MiKpO6iOTU JIerK03acBOIOBaHUMU
OpraHiYHUMU peyOBHHAMU, TOZI K Ha BapiaHTax 6e3 3acTocyBaHHsS ERocTepHa y ¢a3y LOCTUTaHHA KoedillieHTH
OJTIroTpOdHOCTI MepeBUILyBaIK OOUHUIT0. KoedillieHT rmemoTpodHOCTi 6iTbilie 3MiHIOBABCSA ITPOTATOM BETeTalliMHOTO
nepiozy, HiXX 3a BapiaHTaMu focrniny. V dasu cxomis i uBiTiHHA KapToruii koebinieHT MiHepaisarii-iMmmo6binizanii
6yny HU3BKMMK Ha BCix BapiaHTax AOCIiAy, L0 CBiJYUTH MpPO IT€PEBa’KAHHSA TIPOLIECIB CUHTE3y OpraHiyHoi
PEYOBMHU. MaTepiay CTaTTi CTAHOBJIATD ITPAKTUYHY LIiHHICTH 4719 GepMepiB Ta BUPOOHUKIB OpraHiuyHoi IpoayKiiii
POCTMHHUIITBA y MIUTAHHI YIIpaBIiHHA POCIMHHUMU PEIITKaMU 3a 3aCTOCYBaHHA 6i0feCTPyKTYpiB y TexHOOril
BUPOIIYBaHHS KapTOILJIi CTOJIOBOI

Knioyoei cnoea: 6ioecTpyKTOp, cuzepar, KoedillieHT oirorpodHocTi, KoedillieHT megoTpodHoCTi, rymidirariisa
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Efficiency of Use of Macronutrients by Spring Rapeseed Plants

Abstract. The relevance of this study is determined by the need to optimize the production process of agrocenoses
of spring rapeseed and establish the regularities of the dynamics of macroelements in the soil under the influence of
different rates of mineral fertilisers. In this regard, the purpose of this paper was to cover the regularities of changes
in the content of macroelements in typical low-humus chernozems at different stages of spring rapeseed culture
development in the conditions of the Right Bank Forest Steppe of Ukraine. Field, laboratory, analytical, and statistical
research methods were used in the study. It was established that the highest content of macroelements in the soil
at all levels of mineral fertiliser is in the phase of leaf rosette formation by spring rapeseed plants (BBCH 15-18). As
plants grow through the phases, it decreases and reaches minimum values in the ripening phase (BBCH 85-88). The
highest content of nitrogen mineral compounds was noted in BBCH 15-18: 52.0-60.2 mg/kg of soil depending on the
fertiliser variant, the content in the variant without fertiliser application - 49.8 mg/kg of soil. It was found that the
maximum content of mobile phosphorus compounds in the soil was recorded in the first half of the growing season.
It was found that the content of mobile potassium in the soil is dictated by the amount of applied mineral fertilisers.
The highest content was noted at the beginning of the vegetation of spring rapeseed, with a gradual decrease until the
seed ripening phase (BBCH 85-88). A close correlation was established between the accumulation of dry matter in the
BBCH 55-58 period and the yield level (r=0.91). The materials of this paper are of practical value for the improvement
of processes related to the development of the productivity of spring rapeseed crops in the conditions of the Forest

Steppe of Ukraine, as well as the rational use of mineral fertilisers on typical low-humus chernozems

Keywords: Brassica napus L., mineral nutrition, application rates of mineral fertilisers, dry matter, productivity

INTRODUCTION

The high competitiveness of spring rapeseed in the in-
ternational market makes this crop promising due to
the growing demand for oils characterised by a high
content of oleic acid. Thanks to this argument, agrarians
will have the opportunity to receive added profits, as well
as for the cultivation of high-oleic sunflower, provided
that certain technological elements of crop cultivation
are optimised to use the soil and climatic conditions of
Ukraine more effectively [1].

In the coming years, the promising high-oleic seg-
ment will grow in Ukraine according to world trends and
ensuring demand in Europe [2]. In France, the area under
winter rapeseed makes up over 50% of the area under
winter rapeseed, while in Ukraine, this indicator is at 10-
15%. The increase in the area sown under rapeseed allows
stabilising the energy independence of Ukraine due to
the increase in the gross collection of seeds for process-
ing into biodiesel [3; 4]. Furthermore, the situation on the

world oil market can substantially affect the economic
attractiveness of spring rapeseed cultivation [5].

Regulation of crop productivity formation processes
encompasses the influence of many factors, both regulated
and unregulated. Particular attention is paid to certain abi-
otic factors and certain elements of cultivation technology.
Among abiotic factors, the main attention is paid to wa-
ter and temperature regimes. Of the technological pro-
cesses, the selection of the variety (hybrid), plant density,
and feeding conditions are of immense importance [6; 7.
The emergence of many promising hybrids with high-yield
potential on the market causes a problem related to their
adaptation to growing conditions. Just as the rapid growth
of the genetic potential of modern varieties and hybrids
cannot be ensured at the proper level by abiotic factors [8].
A wide range of changes in biotic and abiotic environmen-
tal factors and the ability to adapt to them determines the
degree of adaptability of modern hybrids [9].
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Efficiency of use of macronutrients by spring rapeseed plants

Rapeseed belongs to crops that react extremely
sensitively to changes in mineral nutrition conditions. That
is why due attention is paid to the regulation of the min-
eral nutrition regime for the cultivation of rapeseed [10].

Rapeseed cultivation technology, despite its pros-
pects and wide distribution, still raises many questions
aimed at individual technological processes, namely
mineral nutrition intended to increase productivity and
identify its impact on oil quality indicators.

Over the past decades, the issue of reproduction
of fertility and preservation of soil cover has become rel-
evant. One of the key factors in the fertility of soils is their
provision of mobile forms of the main nutrients, which is
carried out through the introduction of organic and min-
eral forms of fertilisers [11].

The increase in rapeseed yield, depending on the
dose of mineral fertilisers, is 46-60% [12]. On chernozem
soils of Ukraine, the greatest yield increase is obtained
from the application of nitrogen fertilisers (about 30-
40%) [1]. Phosphorous and potash fertilisers are less
effective. Thus, in the conditions of the north-eastern
part of Germany, full potassium nutrition increases the
yield of rapeseed by 0.2-0.3 t/ha [13]. Moreover, the ef-
fectiveness of nitrogen fertilisers increases after stub-
ble precursors, especially in wet years. Retail application
of nitrogen fertilisers in conditions of insufficient soil
moisture is ineffective, especially on soils with a heavy
granulometric composition [1].

The analysis of literary sources indicates an in-
crease in the yield of rapeseed under increased rates of
nitrogen fertilisation, with possible lodging of plants [11;13].
The use of nitrogen in the amount 0f 120-180 kg/ha caus-
es a decrease in added production per 1 kg of nitrogen.
Therewith, an increased accumulation of nitrates is noted
in the obtained crop.

On chernozem soils, with insufficient application
of nitrogen forms of fertilisers, the deficiency of the ele-
ment is partially eliminated due to the natural reserves
of the element in the soil. The analysis of earlier studies
shows a direct dependence between the content of avail-
able forms of nitrogen in the soil and the amount of fer-
tilisers applied [14].

Nitrogen, unlike phosphorus and potassium, is the
most mobile, and therefore it is vital to monitor the ni-
trogen nutrition of crops, adjust the nitrogen dose in a
timely manner and give plants the opportunity to form
the highest and full-quality crops [15].

Based on this, it is of great interest to investigate
the content and dynamics of typical ammonium and ni-
trate nitrogen in chernozemes, i.e., mobile forms of nitrogen
that are most available to plants.

Phosphorus is one of the main elements of plant
nutrition. To obtain high and stable crops of superior qual-
ity, balanced mineral nutrition of spring rapeseed plants
is necessary, where nitrogen and phosphorus play a sig-
nificant role [1]. The supply and use of nitrogen by plants
is related to the level of their phosphorus supply since

)

phosphorus metabolism in plants is closely related to
carbohydrate-protein and energy metabolism [13].

An essential indicator of soil fertility is its avail-
ability of phosphorus, which is an organic and mineral
soil compound. In plant nutrition, the main role belongs
to mineral compounds of phosphorus, which are rep-
resented by the remains of apatite, phosphorite, salts of
phosphoric acids. The content of phosphorus available to
plants depends on the characteristics of the soil, the meth-
ods, and terms of applying fertilisers and their forms [16].

The assimilation of phosphorus compounds by
the plant is characterised by two periods. The first pe-
riod is the time of seed germination. There is a close
connection between the growth processes of plants and
the presence of phosphorus compounds in the soil. This
is showed by the high concentration of the element in
tissues where growth occurs. The second period corre-
sponds to the seed ripening phase. In the seeds of plants,
phosphorus compounds are in a storage form, which is
phytin, the content of which can be 1-3%. In the vegeta-
tive organs of plants, phytin is absent or present in in-
significant amounts [11].

Potassium reserves in the soil are a determining
factor in the development of crop productivity under in-
tensive cultivation technologies. Together with phospho-
rus, it helps reduce the adverse effect of excessive con-
sumption of nitrogen by plants. An insufficient amount
of potassium causes a decrease in photosynthetic activity,
exposure to harmful organisms and disruption of the main
processes of the plant organism [1].

Potassium fertilisers, upon interacting with the
soil, are subjected to various transformations, which cause
the formation of compounds of different mobility and
availability for the plant organism. Potassium is one of
the indispensable elements of the plant organism, which
can enhance growth processes, respiration, and nitrogen
exchange. Its role in the water regime of plant tissues is
also important. Potassium deficiency manifests itself
as early as at the initial stages of plant development, re-
straining their growth [13].

The need of spring rapeseed plants for potassium
is observed most in the initial periods of its vegetation,
contributing to the growth of plant resistance to adverse
environmental factors and harmful organisms. With the
optimal supply of plants with all nutrients, excluding
potassium, the synthesis, and dissimilation of carbohy-
drates are inhibited, proteins are consumed for respira-
tion, and the activity of enzymes ceases [11]. The supply
of spring rapeseed plants with potassium at the proper
level helps increase nectar production and improve seed
quality indicators [17]. Under the conditions of optimal
provision of the element during the growing season,
friendly flowering of the crop, increased resistance to
lodging, improvement of water exchange processes and,
as a final result, increased productivity are observed.

Mobile potassium is the most available form for
plants, which ensures the processes of their nutrition.

Plant and Soil Science. Vol. 13, No. 1



Potassium, in other forms, can be used under the condition
of anumber of chemical and physical transformations in
the soil, such as mineralisation, destruction of minerals
and microorganisms, which lead to the transition of in-
soluble compounds in the solution [16].

The purpose of this study was to identify the influ-
ence of different nutritional conditions created by fertiliser
options on the development of the productivity of spring
rapeseed agrocenoses and the dynamics of the main el-
ements of mineral nutrition in the soil and plants in the
conditions of the Right Bank Forest Steppe of Ukraine.

MATERIALS AND METHODS

Field experiments were carried out in the production
unit of the NULES of Ukraine “Agronomic Research Sta-
tion” in the stationary crop rotation of the Department
of Plant Breeding during 2010-2013 and 2015-2017 on
typical low-humus chernozems (humus content - 4.38-
4.53%,pH_ . - 6.9-7.3). Laboratory analyses were carried
out in the laboratory of analytical research of the crop
production department.

The territory of the experimental station belongs
to the moderately warm, moderately humid agro-cli-
matic sub-district of the Kyiv Oblast. The total amount
of precipitation during the calendar year corresponds
to an average of 543 mm, while for the period with tem-
perature indicators above +5°C - 372 mm. Precipitation
is unevenly distributed during the growing season [18].

The conditions of 2010, 2011 and 2016 can be
characterised as conditions close to the average long-
term indicators and favourable for the development of
spring rapeseed.

The calculation of the coefficients of the substan-
tiality of deviations (Cs) of the amount of precipitation
and average temperatures indicates that the vast ma-
jority of months of crop vegetation belong to years with
conditions close to normal (the first group of gradation).

The vegetation period of 2016 was characterised
by the sum of effective temperatures exceeding the long-
term indicators. The sum of the effective temperatures in
April corresponded to 275°C, exceeding the long-term in-
dicators by 115.4°C. This was reflected in the formation of
shoots and the development of culture in the initial stages,
speeding up their progress. May indicators were typical
for this region. The summer months were characterised
by exceeding the long-term indicators by 43-62.8°C.

The weather conditions in 2012 were close to
the average long-term indicators. However, their dis-
tribution by months and decades at the initial stages of
crop development did not meet the requirements of oil
crops of the Brassicaceae family of the spring type of de-
velopment, which was reflected in the formed produc-
tivity of the crop. The year 2012 was characterised by a
lack of moisture during May and elevated temperature
indicators in April-June. The weather conditions of 2013
were unfavourable for the development of rapeseed,
which caused the lowest crop yield in the experiment.

Plant and Soil Science. Vol. 13, No. 1
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The indicators of the sum of effective tempera-
tures in 2015 exceeded the long-term average by 429.7°C
and amounted to 3,3027°C. In April and May, the sum
of effective temperatures exceeded 379°C and 40.5°C,
respectively. During the summer months, the sum of
effective temperatures was within 633-685.1°C, with less
precipitation compared to multiyear values. At the initial
stages of rapeseed development, its soil reserves com-
pensated the moisture deficit. June was characterised by
drought and elevated temperatures. Weather conditions
in 2017 were even more difficult and were characterised
by a moisture deficit during the rapeseed growing sea-
son and stressful conditions caused by frost in the third
decade of April. April's total effective temperatures were
499°C higher than the annual average. May turned out to
be typical for this region, which ensured the early onset of
the growing season. Excess of temperature indicators in
June and July corresponded to 58°C and 28°C, respectively.

The subject under study was the Yura spring rape-
seed hybrid. The technology used for the research was
generally accepted for the Forest Steppe zone. Individual
technological processes differed according to the scheme
of the experiment. The predecessor is spring barley.

Scheme of the experiment - fertilisation options:

1. Without fertilisers (control).
2.N. P, K

307 207 735°

3N P, K

60~ 407770

4.N,P._K

90~ 60” 105"

5' N120P8OK14O'

Fertiliser rates were determined according to
the balance method for the planned yield, considering
the content of the main nutrients in the soil. The area of
the accounting plot was 25 m?. Repetition - four times.
Placement of variants was sequential. Field, laboratory,
analytical, and statistical methods of scientific research
were used for this study [19-21].

The content of easily hydrolysed nitrogen com-
pounds was found according to the Tyurin-Kononova
method, ammonium nitrogen - colorimetrically, using
the Nessler reagent; mobile phosphorus and potassi-
um - according to the Chirikov method [22]. The content
of the main nutrients in dry plant samples was deter-
mined by first ashing them according to the method of
K. Ginzburg et al. [22]: nitrogen - according to the pho-
tocolorimetric method using Nessler’s reagent; phos-
phorus — photocolorimetrically according to the Denizhe
method in the A. Levytskyi's modification [22]; potassium -
using a flame photometer [19; 22].

RESULTS AND DISCUSSION
The obtained results indicate that the application of
mineral fertilisers increases the content of nitrogen,
phosphorus, and potassium in the soil: their content
increases with an increase in the rates of fertilisation.
The conducted studies established that the increase in
nitrogen fertilisation rates leads to an increase in the
concentration of mineral compounds in the soil.
@9
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The highest content of nitrogen compounds in the
soil is noted in the leaf rosette phase of spring rapeseed
(BBCH 15-18) and, depending on the fertiliser option, it
varies from 52.0 to 60.2 mg/kg of soil, while the content in
the control option without fertilisation is 49.8 mg/kg of
soil (Table 1). As the spring rapeseed plants grow and de-
velop, the nitrogen content in the soil decreases: during
the ripening period of the seeds (BBCH 85-88), it changes
from 26.0 to 301 mg/kg of soil, compared to 20.1 mg/kg in
the control version.

Analysis of the data in Table 1 shows that the high-
est content of mobile phosphorus compounds was noted
in the first half of the growing season of the crop, which
is associated with insignificant assimilation by plants in
this period. During the period of formation of the leaf ro-
sette (BBCH 15-18), the highest content of mobile phos-
phorus compounds in the arable layer of the soil was
noted for N_ P, K, and was 92.9 mg/kg of soil against

120~ 807 7140
61.1 mg/kg of soil in the control variant without fertiliser.

Table 1. Dynamics of the macronutrient content in the soil during the cultivation of spring rapeseed, mg/kg of soil
(average for 2010-2013)

Stages of Fertiliser options
growth and Nutrition Unit of .
sd:;t::;?;l)t:lslz :fl element | measurement f‘?a,::i}lli(:;l;tr N, P, K, N, P.K, N, P K, NP, K.,
plants (control)
N 4938 520 537 564 6022
BBCH15-18 P,0, 611 629 76 847 929
K,0 945 1075 1085 1195 1375
N ~ 382 419 438 453 485
BBCH 55-58 P,0, % 499 521 682 721 826
K,0 & 824 954 984 1024 134
N : 266 321 352 381 407
BBCH 65-68 P,0, ‘% 291 482 519 564 600
K,0 © 5838 671 763 796 887
N 201 260 272 2838 300
BBCH 85-88 P,0, 211 36.0 424 511 541
K,0 455 496 56.5 575 597
N 035
LSD,, P,0, 063
K,0 096

The rate of application of mineral fertilisers di-
rectly affects the content of mobile potassium in the
soil. Its highest content was noted at the beginning of
the vegetation of spring rapeseed. Until the phase of full
maturity (BBCH 85-88), it gradually decreased due to in-
tensive use by plants. The maximum content of mobile
potassium was noted in the rosette phase (BBCH 15-18)
with the application of N,, P, K,,, and was 1375 mg/kg
of soil, and in microstages BBCH 85-88, its content was
59.7 mg/kg of soil in this variant.

Thus, the application of mineral fertilisers pos-
itively affects the content of macronutrients in the soil.
It was established that their number depends on both
the application rate and the stage of development of
spring rapeseed. In all variants of the experiment, the

highest content was noted in microstage BBCH 15-18
(phase of leaf rosette formation). During plant growth
and development, the content decreases and the min-
imum value is observed in BBCH 85-88 (ripening phase
of spring rapeseed).

The assimilation of mineral nutrients is closely
related to the accumulation of dry matter. Deficiency in
nutrition leads to a decrease in yield, including due to a
decrease in stress resistance of the culture, which is also
confirmed by other researchers [23]. Under conditions of
intensive farming, the increase in the yield of agricultural
crops is accompanied by an increase in the removal of
mineral nutrients from the soil [24; 25].

It is known that 13 nutrients, primarily macronu-
trients, play a vital role in optimising plant nutrition [26].

Plant and Soil Science. Vol. 13, No. 1



Research results indicate that with an increase in the
amount of applied mineral fertilisers, the content of nu-
trientsin plantsincreasesatall stages of plant growth and
development. This trend can be observed in all variants of
fertiliser application. In the stemming phase (BBCH 35-
38), the highest content of potassium was found in the
plant material, the content of which varied depending

A. Yunyk & L. Harbar

on the rates of fertiliser application from 5.24% to 5.99%,
while the content in the variant without fertiliser ap-
plication was 4.93% (Table 2). Notably, as the phases of
growth and development of rapeseed plants changed
and, accordingly, the growth of vegetative mass and dry
matter increased, the content of the main nutrients in
plants gradually decreased.

Table 2. Dynamics of the content of mineral nutrients in spring rapeseed plants by growth phase, %
of dry matter (average for 2015-2017)

Stages of growth and development of spring rapeseed plants

Fertiliser options BBCH 35-38 BBCH5-58 BBCH 65-68 BBCH 80-83

N PO, | KO N P,0, | KO N P,0, | KO N PO, | KO
Without fertiliser

(control) 276 1.02 493 171 071 299 11 048 251 1.02 031 179
N,,P,oK,s 298 | 108 | 524 | 19 079 | 354 | 123 06 | 269 | 128 | 039 | 191
N,,P,.K, 326 | 113 | 555 | 20 | 085 | 39 | 151 | 065 | 277 | 136 05 197
N,oP, Koo 335 | 122 | 587 | 213 | 088 | 418 | 167 | 071 | 289 | 148 | 053 | 206
N,,,P. Koo 359 | 126 | 599 | 227 | 092 | 459 | 181 | 073 31 154 | 06 214
LSD 0.06 0.04 015 0.04 0.04 09 0.06 0.03 0.09 0.05 0.03 012

The content of nitrogen in plants is lower: it varied
from 2.98% to 3.59%, compared to 2.76% in the control
version. Phosphorus content in spring rapeseed plants
with fertilisers varied from 1.08% to 1.26%, while it was
1.02% in the case without fertilisers.

In the later stages of growth and development of
spring rapeseed, a decrease in the content of all nutri-
ents was observed, as evidenced by the research results.

The positive effect of increased rates of mineral fertiliser
application is confirmed by the results of research con-
ducted in the north-eastern part of the Forest Steppe of
Ukraine [27].

The conducted correlation-regression analysis of
research results indicates a close correlation between
the accumulation of dry matter in the BBCH 55-58 period
and the level of productivity (r=0.91) (Fig. 1).

44
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Dry matter mass, g/m?(BBCH - 55-58)

Figure 1. Correlation between yield (y) and dry matter mass (x) of spring rapeseed
in BBCH microstages BBCH 55-58 (average for 2010-2013)
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The resulting dependencies are described by the
equations: Yield, t/ha=0.80369+0.01050 x mass of dry
matter, g/m? (BBCH 55-58). Some scientists have ob-
tained similar research results indicating an increase in
accumulated dry matter by 7-32% under the influence of
fertiliser application rates [1; 10; 17]. Use of mineral fer-
tilisers in experiments by L. Harbar [1] positively affected
the accumulation of dry matter during the entire vegeta-
tion period of rapeseed, which improved its productivity.

CONCLUSIONS
Based on the analysis of the current state of research
in agronomic science on the cultivation of spring rape-
seed, it was established that the application of mineral
fertilisers in the maximum rates provides the best con-
ditions for the formation of its crop.

Research established that the highest content
of mineral nutrition elements in the soil is noted in the
phase of spring rapeseed leaf rosette formation (BBCH 15-18)
and gradually decreases towards the phase of full seed
maturity (BBCH 85-88) due to their intensive use by plants.

The maximum content of nitrogen compounds in the
soil in BBCH 15-18 and depending on the fertiliser variant
varies from 52.0 to 60.2 mg/kg of soil, mobile phosphorus
compounds - 92.9 mg/kg of soil (after N, P, K,, ), mobile
potassium - 1375 mg/kg of soil (for N,, P, K, ). It can be
argued that the content of macroelements in the soil is
dictated by the rate of application of mineral fertilisers:
increased application rates positively affect the accumu-
lation of basic nutrients in the soil. Crop productivity and
dry matter accumulation largely depend on the fertilisa-
tion system. A close correlation was established between
the accumulation of dry matter in the BBCH 55-58 period
and the yield level (r=0.91).

The issue of the content of mineral nutrition el-
ements in the post-harvest residues of spring rapeseed
requires further study, including in the root system and
investigating the effect of applied mineral fertilisers on
theyield of subsequent crops in crop rotation. The question
of obtaining ecologically safe products of crop produc-
tion at high rates of application of mineral fertilisers is
still unresolved.
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AHaToniin BacunboBuu IOHMK, Jleca AHaToniiBHa Map6ap
HauioHanbHWI yHiBepcuTeT 6iopecypciB i NPUPOAOKOPUCTYBaHHA YKpaiHu
03041, Byn. l'epois 060poHu, 15, M. Kui, YkpaiHa

EdeKTUBHICTb BUKOPUCTAHHA MaKpoOesieMEHTIB
pOCNIMHaMMU pinaKy aporo

AHOTaLifl. AKTYaJIbHICTD JOCITiI>KEHD 3yMOBJIeHa He0OXiJHICTIO ONTTMMI3alIi] TPOAYKIIMHOTO IIPOLIEeCy arpoLeHo3iB
pinaky sporo Ta BCTAHOBJIEHHS 3aKOHOMipHOCTe! AMHAMiKM MaKpOeJeMeHTIB y I'PYHTI 3a BIUIUBY Pi3HUX HOPM
BHECEeHHs MiHepaJbHUX HO6pUB. B 3B'I3Ky 3 IIUM JaHa CTaTTS CIIPSIMOBAHA Ha PO3KPUTTS 3aKOHOMipHOCTEM
3MiHM BMICTY MaKpoeJieMeHTIB B YOPHO3eMaxX TUIIOBUX MaJIOTYMYCHUX 3a PiSHUMHU CTafiIMU PO3BUTKY KyJIBTYPU
pimaky siporo B ymoBax IIpaBo6epeskHoro JlicocTerny VKpaiHu. V mpolieci HayKOBUX MIOLIYKIB 3a Iii€io mpo6ieMoio
3aCTOCOBYBAJIM IIOJIBOBUH, JIAOOPATOPHUM, aHAMITUYHUM Ta CTATUCTUYHUM METOIU LOCIiIKEHb. BCTAHOBJIEHO,
II0 HAVWBUIIUM BMICT MaKpOEJIEMEHTIB Y I'PYHTI 3a Bcix piBHIB MiHepasypHOro yIobpeHHs - y $asi popMyBaHHS
POCIIMHAMY PiMlaKy Iporo po3eTKy JIUCTKIB (BBCH 15-18). V Mipy nmpoxoykeHHs $pa3 poCTy POCJIVH BiH 3SMEHIIYEThCSA
11y dasi nospisanug (BBCH 85-88) mocsarae MiHiManbHUX 3HaYeHb. HalBULIMI BMICT MiHEPaIBHUX CIIONYK a30Ty
BimMiueHo y BBCH 15-18: 52,0-60,2 MI/KT I'pyHTY 3aJIeKHO Bifl BapiaHTy yIo6pEeHHs, BMICT y BapiaHTi 6e3 BHECEHHS
IO6pUB — 49,8 MI/KT I'PYHTY. 3'ICOBaHO, 10 MaKCUMAaJIBHUM YMICT pyXOMUX CIIONYK docdopy B IpyHTI 3adikcoBaHUN
y IeplIill ITOJIOBYHI BereTalliliHOTO IlepioAy. BcTaHOBIEHO, 0 BMICT PyXOMOIO KaJlilo B IPYHTI BU3HAaYaeThCA
KITBKICTIO BHECEHUX MiHepaJIbHUX JO6pUB. HalBUIIUI BMICT BiIMiueHUI Ha IOYATKy BereTallil piraky sSporo 3
MOCTYTIOBUM 3HIKEHHSAM 10 a3y go3piBaHHa HaciHHA (BBCH 85-88). BCTaHOBIIEHO TiCHUM KOPEIALIIHIH 3B'A30K
MDK HaKOITMYEHHSIM CyXOl pe4oBHHU y mepiog BBCH 55-58 Ta piBHeM yposkadHocTi (r=0,91). MaTepianu cTarTi
CTaHOBJIATD IIPaKTUYHY I[iHHICTb [JI1 BAOCKOHAJIEHHS IIPOLIECiB, MOB'A3aHUX 3 GOPMYBaHHAM IIPOAYKTHUBHOCTI
TociBiB pimaky sporo B yMoBax JlicocTerny YKpaiHy, a TAKOK pallioHaJIbHOMY BUKOPUCTaHHIO MiHEpaIbHUX JO6PUB
Ha YOpHO3€eMax TUIIOBUX MaJIOTYMYCHUX

KniouoBi cnoBa: Brassica napus L., MiHepasibHe KUBJIEHHS, HOpMU BHECEHHS MiHepaIbHUX T06PUB, CyXa PEUOBUHA,
BPOXXaUHICTh
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