EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology, 2025, 26(7), 196-204
https://doi.org/10.12912/27197050/205210
ISSN 2719-7050, License CC-BY 4.0

Received: 2025.04.23
Accepted: 2025.05.31
Published: 2025.06.15

The use of biologization elements in the cultivation of spring
barley in the conditions of the Southern Steppe of Ukraine

Valentina Gamayunova''®, Vasyl Lopushniak*®,
Lubov Khonenko'®, Tetiana Baklanova*®

! Mykolaiv National Agrarian University, Georgiya Gongadze Str., 9, Mykolaiv City, 54008, Ukraine

2 lvano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str., lvano-Frankivsk, 76019,
Ukraine

3 Kherson State Agrarian and Economic University, Streetenska Str., 23, Kherson City, 73006, Ukraine

* Corresponding author’s e-mail: gamajunova2301@gmail.com

ABSTRACT

The research aimed to assess the effectiveness of implementing biotechnological elements in the cultivation tech-
nology of modern varieties of spring barley. The study evaluated not only the potential for increasing grain yields
but also the improvement of key soil fertility characteristics with a reduction in the application rate of mineral
fertilizers. The use of stubble decomposers and modern biopreparations for fertilizing spring barley plants posi-
tively affected the grain yield of all studied varieties of this crop. This approach was comparable in terms of grain
productivity to the variants applying the recommended dose of mineral fertilizer. It is substantiated that the South-
ern Steppe zone of Ukraine must preserve and restore soil quality, as well as its water absorption and retention
capacity, by enriching it with organic matter. Improving key soil fertility characteristics, particularly by enrich-
ing them with fresh organic matter, contributes to the activation of microbiological processes. At the same time,
implementing optimization elements in nutrition ensures an increase in the grain productivity of spring barley. All
varieties studied showed significantly higher grain yields when combining the use of Eco-Stubble for decomposing
post-harvest root residues of the preceding crop, winter wheat, along with nutrition optimization. It was established
that with the application of the recommended dose of mineral fertilizer N, P, and N P K. for the zone, along with
foliar feeding using modern biopreparations (Organic Balance 0.5 1/ha + Azotofit 0.3 I/ha + Liposam 0.25 1/ha), the
grain yield of the studied spring barley varieties was formed at an equal level. The highest grain yield was recorded
for the spring barley variety Troyan, followed closely by the variety Myrny, while the lowest yield was observed
for the variety Aristey. On average, across all variants from 2022 to 2024, the grain yields for the respective variet-
ies were: 5.25; 4.88; and 3.63 t/ha.

Keywords: spring barley, varieties, stubble decomposers, biopreparations, soil fertility, biological methods in crop
production, grain yield.

INTRODUCTION

In recent decades, due to violations of cultiva-
tion technology elements, the practical absence of
justified crop rotation in crop systems, a reduc-
tion in the use of fertilizers, especially organic
ones, and other deviations from the requirements
of precision agriculture, the main indicators of
soil fertility have gradually deteriorated, and cli-
mate changes have occurred (Jones et al., 2021;
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Anderson and Lee, 2021; Williams & Green,
2020). We have also pointed out these negative
phenomena and highlighted them in publications
(Gamayunova et al., 2025; Gamayunova et al.,
2020). Moreover, military actions have impacted
the loss of key soil fertility indicators and their
degradation processes in Ukraine (Nasibov et
al., 2024). Harmful emissions, including heavy
metals and CO,, also further contaminate soils
and the environment, and lead to climate change
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(Shebanin et al., 2024). The mentioned issues re-
quire immediate resolution. Soil is the foundation
of the agricultural sector; the state of its fertility
affects not only the level of yields and the quality
of the produced goods but also the preservation of
the environment.

For the Southern Steppe region of Ukraine
and other arid regions, a key characteristic of fer-
tility indicators is the soil’s ability to accumulate
and retain moisture from precipitation, which
occurs extremely unevenly and in insufficient
quantities. Soils that have adequate organic mat-
ter content are distinguished by optimal water
absorption capacity. Conversely, in the absence
of organic matter, soils exhibit unsatisfactory wa-
ter-physical properties; they become compacted,
and microbiological processes are hindered and
slowed down.

A living and fertile soil must contain a suffi-
cient amount of organic matter, which serves as a
substrate for feeding, reproducing, and activating
soil microorganisms. The activity of these micro-
organisms, in turn, ensures the decomposition of
organic residues. In recent years, biodestructors
of stubble have been successfully used to accel-
erate the mineralization of fresh organic matter.
(Panfilova et al., 2019; Sydiakina, 2021).

The significance of the content and system-
atic replenishment of soils with organic matter is
extremely important for the biologicalization of
agriculture. The most appropriate and cost-free
measure in this regard is crop rotation. After all,
soil fertility is an indicator that quantitatively de-
termines its ability to perform essential functions:
to accumulate and retain water, to resist erosion
processes, to absorb carbon compounds, to con-
vert them into organic forms, to preserve and en-
sure the active functioning of soil microbiota, bio-
diversity, and to provide plants with all the neces-
sary nutrients. The main driving force behind the
nutrient cycle, the regulator of the dynamics of
soil organic matter, the factor influencing carbon
absorption capacity, greenhouse gas emissions,
changes in the water-physical properties of soil
structure, water regime, and so on, is precisely
the biological component — crop rotation (Boin-
chian and Dent, 2020; Pacheco et al., 2023; 2023;
Miller and Thompson, 2022. Justified alternation
of agricultural crops with different biological
characteristics, including root system depth and
placement, varying levels of moisture and nutri-
ent utilization, and the amount of organic biomass
left after harvesting, etc. (Wegner, 2022; Allam et

al., 2022). In modern farming, the ability to re-
store soil fertility characteristics effectively and at
no cost is primarily attributed to the root systems
of plants. Crops with a robust root system can
penetrate compacted layers of soil, thereby facili-
tating the access of water and air for plants. They
structure and loosen the soil, making it more aer-
ated. The stronger the root system, the more post-
harvest root residues remain in the soil, which in
turn leads to a greater accumulation of organic
matter. Additionally, the biomass of agricultural
plants, which is left in the soil and incorporated
after the main product — grain - is harvested, can
significantly enrich the soil (Ovcharuk, 2020a;
Ovcharuk, 2020b). Scientists have reported this
in recent years and is well-known and has been
implemented for quite some time.

However, previously there were practically
no significant amounts of biopreparations and
biodestructors for stubble. Straw and plant resi-
dues were primarily used for irrigation with the
addition of nitrogen. In dryland agriculture, such
organic fertilizers could decompose over a pe-
riod of 2-7 years, depending on the amount of
precipitation. Nowadays, even under arid condi-
tions, biodestructors significantly accelerate the
decomposition of fresh organic matter, including
that with a high cellulose content — such as straw
from cereal crops (Panfilova and Belov, 2022;
Kovalenko et al., 2020; Ivanov et al., 2022; Hryt-
senko, 2023; Petrenko and Kovalenko, 2023).
Researchers have determined the effectiveness
of biodestructors in irrigated rice crop rotation
through soybean cultivation (Dudchenko et al.,
2021). Many authors point out the importance
of using biodestructors from an economic per-
spective as well (Tsentilo and Sendetskyi, 2014;
Espolov et al., 2023). Researchers who studied
the significance of biodestructors in agriculture
identified their exclusively positive impact on
activating soil microbiological activity and their
ability to improve soil fertility (Smith et al.,
2020; Thompson et al., 2022; Garcia et al., 2021;
Miller and Thompson, 2022. The intensification
of microbial activity contributes to the effective
transformation of fresh organic substances into
new compounds, releasing macro- and microele-
ments from them, which allows for a reduction
in the costs of mineral fertilizers and pesticides.
Moreover, the presence of organic matter and
microbiota in the soil can reduce greenhouse gas
emissions, various other emissions, and prevent
climate change (Khanam et al., 2024).
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In turn, the improvement of key indicators of
soil fertility and the enrichment of accessible nu-
trients due to their release from organic substanc-
es contribute to increased productivity of agricul-
tural crops. This is particularly relevant for spring
barley, which responds very strongly to improved
nutritional backgrounds as well as to variety
selection (Panfilova et al., 2021; Hanhur et al.,
2021). Under the arid conditions of the Southern
Steppe of Ukraine, varietal characteristics of this
cereal crop and climate conditions have also been
identified as extremely important elements in the
technology of winter wheat cultivation (Korkhova
2023; Korkhova et al., 2022). Optimizing nutrition
through the application of biopreparations in fo-
liar feeding of several varieties of winter barley
significantly increases grain productivity, yield,
and grain qualityc-and the economic efficiency of
their use as an element of technology (Gamayu-
nova and Kuvshinova, 2023).

Research has shown that by combining the
use of biodestructors in the stubble cultivation
technology (after incorporating the predeces-
sor residues) and conducting foliar feeding with
biopreparations for the main crop, plants utilize
moisture much more efficiently. This is evidenced
by a significant reduction in the water consump-
tion coefficient, especially during the most unfa-
vorable years for moisture conditions.

RESEARCH METHODOLOGY

The experiments with three varieties of spring
barley were conducted from 2022 to 2024 in the
fields of the Educational and Scientific Practical
Center of Mykolaiv National Agrarian Universi-
ty. The soil type of the experimental farm is repre-
sented by southern chernozem. The availability of
nutrients in the soil (0—30 cm layer) is as follows:
the content of available forms of nitrogen is aver-
age, while mobile phosphorus and exchangeable
potassium are at an elevated level.

The soil-absorbing complex is predominantly
saturated with calcium and magnesium. The reac-
tion of the soil solution is close to neutral, with a
pH of 6.8-7.2. According to the provided charac-
teristics, the soil of the experimental plots is typi-
cal for southern chernozem and is fully suitable
for growing most agricultural crops.

The experimental design for studying the
grain productivity of spring barley varieties in-
cluded the following factors and variants:
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1) Factor A (variety):

— Myrnyi,
— Aristey,
— Troyan.

2) Factor B (treatment with a biodestructor of
post-harvest root residues of the preceding
crop — winter wheat):

— without destructor — treated with water,
control,
— application of Ekostern Classic at 2.0 I/ha.

3) Factor C (plant nutrition system):

— without fertilizers, control;
— recommended dose for the zone N, P, ;

307 307

— optimized nutrition system — N P K +

foliar feeding with biopreparations.

The total area of the plot is 80 m?, the ac-
counting area is 36 m?, and the experiment was
repeated four times.

The agrotechniques for growing spring bar-
ley in the experiment were generally accepted for
the Southern Steppe zone of Ukraine. The pre-
ceding crop for spring barley in the experiment
was winter wheat, and the straw and post-harvest
plant residues (averaging 5.3 t/ha over 3 years of
research) were chopped and incorporated into the
soil to a depth of 5-6 cm.

After the temperature decreased at the end
of September, according to the experimental
scheme, the stubble destructor Ekostern Clas-
sic at 2.0 I/ha was applied along with 30 kg/ha
of active substance of ammonium nitrate (with a
working solution consumption of 200 1/ha), and
plowing was carried out at a depth of 20-25 cm
for quality distribution of post-harvest residues
throughout the soil profile. In the control, N30
(ammonium nitrate) was also applied with an
equivalent amount of aqueous solution without
the biodestructor.

In early spring of the following year (during
the first decade of March), pre-sowing cultiva-
tion was carried out to a depth of 5—7 cm, during
which mineral fertilizers were applied according
to the treatment scheme, followed by the sowing
of the studied varieties of spring barley. During
the sowing period and at the time of harvesting
spring barley, soil samples (0-30 cm layer) were
taken to determine the decomposition percentage
of straw and the content of organic matter. Dur-
ing the vegetation period (at the heading phase),
samples were taken to assess the quantity of soil
microbiota. Crop care was performed according
to regional methodological recommendations
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(Ushkarenko et al., 2014). Specifically, at the
end of the tillering phase, the herbicide Granstar
was applied at a rate of 25 g/ha along with fo-
liar feeding of spring barley plants using a mix-
ture of biopreparations: Organic Balance at 0.5
I/ha + Azotophyt at 0.3 I/ha + Liposam at 0.25
I/ha. Harvesting was carried out at the phase of
full grain ripeness using a Sampo 130 combine
harvester over the accounting area of all plots.
Soil quality was determined according to DSTU
1S0O-4289: 2004, which outlines the method for
determining organic matter in soil. The analysis
of the microbiota in soil samples was conducted
according to DSTU 7847:2015 “Determination
of the number of microorganisms in soil by the
method of inoculation on solid (agarized) nutri-
ent medium” (2016).

RESEARCH RESULTS

We determined the grain yield of the studied
varieties of spring barley (Table 1). As a result of
field studies conducted in 2022-2024, we estab-
lished a significant impact of varietal characteris-
tics, nutrient systems, and methods of post-har-
vest residue management on the grain yield levels
of spring barley. The research covered three vari-
eties — Myrnyi, Aristey, and Troyan — under dif-
ferent combinations of agrotechnical measures.

The most pronounced influence on yield lev-
els was attributed to the barley variety. In particu-
lar, the Troyan variety consistently provided the
highest grain yield levels regardless of the year
of cultivation and technology elements. This in-
dicates its high genetic potential for productiv-
ity and stable adaptive capacity to agro-climatic

Table 1. Grain yield of spring barley varieties under the influence of technology elements, t/ha

Feeding system Residue treatment with Years of research
(factor C) biodestructor (factor B) 2022 2023 2024 2022-2024
Myrnyi variety (factor A)
Water treatment 5.21 4.84 3.69 4.58
Without fertilizers (control)
Ecostern classic 5.32 4.97 3.78 4.69
Water treatment 5.78 512 3.93 4.94
Recommended - N, P, -
Ecostern classic 5.94 5.31 4.09 511
Optimized N,,P,K. + fertilization with Water treatment 5.72 5.08 3.91 4.90
biopreparations Ecostern classic 5.91 5.27 4.07 5.08
Aristey variety (factor A)
Water treatment 3.97 3.08 2.97 3.34
Without fertilizers (control) -
Ecostern classic 4.16 3.17 3.10 3.48
Water treatment 4.38 3.49 3.17 3.68
Recommended - N, P,
Ecostern classic 4.46 3.62 3.38 3.82
Optimized N,,P..K . + fertilization with Water treatment 4.27 3.47 3.17 3.64
biopreparations Ecostern classic 4.40 3.60 3.40 3.80
Troyan variety (factor A)
) » Water treatment 5.48 5.12 3.93 4.84
Without fertilizers (control) -
Ecostern classic 5.61 5.24 4.07 4.97
Water treatment 6.04 5.76 4.32 5.37
Recommended — N, P,/ -
Ecostern classic 6.15 5.93 444 5.51
Optimized N,,P..K, + fertilization with Water treatment 6.03 5.72 4.30 5.35
biopreparations Ecostern classic 6.12 5.90 4.43 5.48
by factor A 0.12 0.13 0.10
by factor B 0.04 0.04 0.03
by factor C 0.10 0.11 0.08
HIP by factor AB 0.13 0.12 0.09
by factor AC 0.11 0.11 0.09
by factor BC 0.09 0.08 0.06
by factor ABC 0.14 0.13 0.10

199



Ecological Engineering & Environmental Technology 2025, 26(7), 196-204

changes. The Myrnyi variety of spring barley
achieved an average yield level, while Aristey,
on the contrary, yielded the lowest. At the same
time, even the least productive variety, Aristey,
responded positively to the application of mineral
fertilizers, a bio-destructor, and foliar feeding
with biopreparations, indicating the potential for
increasing its productivity through improvements
in cultivation technology elements.

The method of post-harvest residue manage-
ment also demonstrated a statistically significant
impact on yield levels. Treatment with the bio-
destructor Ekostern Classic resulted in slightly
higher yield levels compared to the control (water
treatment). The positive effect of the bio-destruc-
tor was most clearly observed in the Myrmyi and
Troyan varieties, especially when combined with
recommended or reduced (optimized) fertilizer
doses. This underscores the appropriateness of
using biological preparations in sustainable or-
ganic farming systems, as established in cultivat-
ing spring barley varieties.

The nutrition system significantly influenced
grain yield. All varieties showed the lowest yield in
the control group (without fertilizers), confirming
mineral nutrition’s importance for forming high
grain productivity in barley. The recommended
fertilizer dose (N, P, ) increased yield by an aver-
age of 0.36-0.79 t/ha, which is economically and
agronomically justified. The optimized fertiliza-
tion option (NP K, + biopreparations) mainly
provided equivalent or close to the recommended
fertilizer dose levels of yield. This indicates the
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promise of using resource-saving approaches to
plant nutrition with the involvement of biological
components when growing spring barley, allowing
for a reduction in the amount of mineral fertilizers
without a significant difference in yield levels.

Differences were observed between the years
of growing spring barley varieties due to weather
conditions. The year 2022 had the highest yield,
2023 had a moderate yield, and 2024 had the low-
est. Such fluctuations in grain yield levels confirm
the significant impact of weather factors and indi-
cate the need to adapt cultivation technologies to
climate change.

The analysis of the reliability of the experi-
mental results established that all studied factors
and their interactions had a statistically signifi-
cant impact on the yield levels of the varieties.
The greatest variability in yield was determined
by the interaction of all three factors (ABC), indi-
cating a positive response of the crop to the com-
bination of varietal characteristics, nutritional
conditions, and measures regarding post-harvest
residue management.

The results obtained from three years of
field studies have practical value for improv-
ing the cultivation technology of spring barley
in Southern Ukraine’s conditions, especially re-
garding agro-ecological adaptation and the pos-
sibility of implementing resource-saving farm-
ing practices. This is particularly important for
sustainable grain production under the limited
economic capacity of farms. Throughout three
years of research, a clear varietal differentiation

6 5.65 5.61
5.05
5 4.69
4.27 4.25
. 391 3.79
3.41 320
3
2
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0 N | SN = =81
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®Myrnyi 4 Aristey M Troyan Maverage by varieties

Figure 1. Average weighted grain yield of the studied spring barley varieties by years of cultivation
(across all experimental variants), t/ha
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was observed regarding the average weighted
grain yield of spring barley (Figure 1). The
Troyan variety consistently produced the high-
est grain yield regardless of the year of cultiva-
tion, indicating its high productivity potential
and fairly stable adaptive capacity to changing
growing conditions. In 2022, the grain yield of
this variety was 5.91 t/ha, in 2023 it was 5.61 t/
ha, and in 2024 it was 4.25 t/ha.

The Myrnyi variety consistently formed av-
erage yield indicators that were lower compared
to the Troyan variety. Over the three-year peri-
od, the grain yield of this variety decreased from
5.65 t/ha in 2022 to 3.91 t/ha in 2024, which we
believe is related to abiotic stresses, particularly
insufficient rainfall during critical periods of
crop development. The Aristey variety exhib-
ited the lowest grain yield throughout all years
of the study: from 4.27 t/ha in 2022 to 3.20 t/ha
in 2024. Nevertheless, despite this, the decrease
in yield for this variety was less pronounced
(sharp) compared to the other two varieties,
which clearly indicates its drought resistance
or some ability to compensate for productivity
through other morpho-physiological traits.

The overall dynamics of the average weight-
ed grain yield levels of all studied varieties in-
dicate a decline in spring barley productivity
over the years of cultivation: from 5.78 t/ha in
2022 to 3.79 t/ha in 2024. This is likely due to
the complication of agro-climatic conditions,
specifically, the increase in temperature and the

494 >
5458

3.34

Myrnyi
® Control

decrease in atmospheric precipitation during the
growing season.

The results we obtained also highlight the
importance of selecting varieties with high eco-
logical plasticity and stress resistance, as well as
the necessity to adapt cultivation technology ele-
ments to systematically changing conditions.

Figure 2 illustrates the grain yield of spring
barley across the varieties Myrnyi, Aristey, and
Troyan, averaged over the years 2022-2024, de-
pending on the nutrition variants. The data clearly
shows a comparison of controls (without fertiliz-
ers), average grain yield levels across all variants,
as well as the highest values achieved within the
experiment.

Analysis of the presented data indicates a
positive reaction of all varieties to the application
of a biodestructor and the optimization of nutrient
elements. The greatest yield increase was provid-
ed by the cultivation of the Troyan variety, which
reached a maximum yield level of 5.51 t/ha, ex-
ceeding the control by 0.67 t/ha. The Myrnyi va-
riety also demonstrated a steady increase in yield
— from 4.58 t/ha in the control to 5.11 t/ha in the
most optimal variant. The Aristey variety pro-
duced the lowest, yet significant increase, from
3.34 to 3.82 t/ha.

Overall, the Troyan variety was identified as
the most productive in both average and maxi-
mum levels, indicating its high potential response
to improvements in technology elements, particu-
larly in enhancing nutritional conditions.

s3g OOl
4.84

Aristey

Troyan

4 Average grain yield for all options for using biodestructors, fertilizers and top dressing

4 Highest grain yield

Figure 2. The reaction of the studied varieties of spring barley to the optimization of nutrition
(average grain yield for 2022-2024)
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Table 2. Decomposition of post-harvest root residues of winter wheat and organic matter content in the soil under
spring barley crops under the influence of a biodestructor (average for 2022-2024), %

Decomposition of straw and post-
harvest root residues

Content of organic matter

Variant
1 2 1 2
Control (without biodestructor) water treatment 37.8 51.4 417 4.48
Ecostern Classic, 2 I/ha 42.3 60.7 4.44 4.82

Note: 1 — sowing period of barley (1st decade of March), 2 — full maturity of grain (1st decade of July).

The data from the figure illustrate the high
effectiveness of the optimized nutrition system,
which is based on a combination of biological
and resource-saving elements, and confirm the
appropriateness of selecting a variety and adapt-
ing it to agricultural technologies. Considering
the reaction of spring barley plants to optimized
nutritional backgrounds, as well as the inclusion
of predecessor residues and biodestructor usage
in the experimental scheme, we investigated the
effectiveness of applying a biodestructor on the
process of mineralization of post-harvest root res-
idues of winter wheat and changes in organic mat-
ter content in the soil under spring barley crops.
The obtained results indicate a positive effect of
the biodestructor on accelerating the decomposi-
tion rates of straw and its root residues, as well as
changes in soil organic matter content (Table 2).

In the variants without the use of a biodestruc-
tor (control), the decomposition of straw and its
residues at the time of barley sowing was 37.8%,
and by the end of the growing season, it reached
51.4%. With the application of Ecostern Classic at
a rate of 2 I/ha, the degree of residue decomposi-
tion was higher, reaching 42.3 and 60.7%, which
exceeded the control by 4.5 and 9.3%, respective-
ly. This indicates an enhancement in the activation
of soil microbiological activity and an accelera-
tion in the transformation of organic residues.

The content of organic matter in the soil also
varied depending on the experimental variant. In
the control variant, this indicator was 4.17% at the
beginning of the barley growing season and in-
creased to 4.48% at its completion (harvest). The
use of the biodestructor contributed to an increase
in organic matter content to 4.44 and 4.82%, re-
spectively. Thus, the biodestructor not only ac-
celerates the decomposition of crop residues but
also improves the humus state of the soil, which
is an important prerequisite for both enhancing its
fertility and the sustainability of agroecosystems.
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CONCLUSIONS

As a result of field experiments conducted
from 2022 to 2024, it was established that one of
the main factors determining grain yield levels
is the variety of spring barley. The highest grain
productivity was formed by the Troyan variety,
which significantly surpassed the Myrnyi and
Aristey varieties regardless of the year of cultiva-
tion and the studied technological elements. The
application of the biodestructor Ecostern Classic
positively influenced the decomposition of post-
harvest residues of winter wheat (the predeces-
sor), increased organic matter content in the soil,
and improved grain yield levels of spring barley.
The highest effectiveness of the preparation was
determined when combined with recommended
or optimized doses of mineral fertilizers, espe-
cially for the Troyan and Myrnyi varieties. The
resource-saving system of mineral nutrition sig-
nificantly affected the productivity of spring bar-
ley. The recommended fertilization (N, P, ) pro-
vided somewhat higher yield levels; however, the
optimized system (N P K S + biopreparations)
achieved similar results, indicating its effective-
ness as a resource-saving alternative.

Analysis of grain yields over the years of re-
search revealed a significant decrease in produc-
tivity for all varieties of spring barley cultivated
due to unfavorable agro-climatic conditions,
primarily water scarcity. This underscores the
need to adapt technologies to changing climatic
conditions. All studied factors (variety, nutrition
system, post-harvest residue treatment) and their
interactions statistically significantly influenced
grain yield levels. The greatest variability in yield
was observed with the interaction of three fac-
tors (ABC), highlighting the importance and rel-
evance of a comprehensive approach to elements
of spring barley cultivation technology.

The findings of this study have important
practical significance for grain producers in south-
ern Ukraine, particularly in terms of resource
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conservation, biological practices, improving
fertilizer efficiency, optimizing nutrition, and se-
lecting varieties with high adaptive potential to
environmental stress factors that have manifested
in recent decades.
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