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Summary

Background. Sustainable soil management is a key factor in ensuring stable crop production under
modern agricultural challenges. This study assessed the impact of primary tillage systems on the growth,
productivity and quality of oilseed, cereal and legume crops under the conditions of climate change and
intensified agricultural production. A three-year field experiment (2021 +2024) was conducted using a
two-factor design with three replications, comparing four tillage systems — traditional, minimum, Strip-Till
and No-till — across six crops. The study also evaluated the potential of these systems to reduce energy
inputs and conserve soil moisture under variable climatic conditions.

Results and conclusions. Strip-Till and Minimum tillage created more favorable moisture and aera-
tion conditions in the arable layer, enhancing vegetative growth and yield formation. Strip-Till increased
plant height, leaf area and yield in winter wheat (5.82 t/ha) and winter rapeseed (3.46 t/ha). No-till proved
to be the most effective for sunflower, maximizing leaf area and seed weight under arid conditions. Leg-
umes responded best to Minimum tillage, with higher thousand-seed weight and yields in peas and chick-
peas. Grain sorghum showed stable performance across all systems. Strip-Till and No-till also improved
grain and oil quality. These technologies reduce fuel consumption and conserve soil moisture, ensuring
stable productivity with lower energy inputs. Overall, adaptive tillage systems improve crop productivity
and quality; Strip-Till is optimal for winter crops, No-till for sunflower, and Minimum tillage for legumes.

Keywords: winter wheat, winter rapeseed, sunflower, grain sorghum, chickpeas, peas, crop, quality,
technologies, resource saving

Introduction

The climate changes observed between 1990 and 2020 pose significant challenges
for agriculture, especially in the regions with risky farming practices. Increasing wea-
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ther instability, reduced rainfall during critical crop development phases, higher tempe-
ratures and soil degradation necessitate a fundamental review of the technologies used
to grow major crops. In such conditions, the introduction of resource-saving technolo-
gies capable of reducing energy costs, conserving soil moisture and ensuring stable
productivity is relevant. These technologies include adaptive tillage systems that can
ensure the rational use of natural resources, reduce anthropogenic pressure and increase
the efficiency of agricultural production. The growing intensification of agriculture
requires a comprehensive approach to crop cultivation that incorporates not only the
biological characteristics of plants, but also the agroecological constraints of the re-
gion. However, despite many studies, there is still insufficient comprehensive data in
the scientific literature on the effectiveness of different primary tillage systems for a
wide range of crops under current climate change conditions.

One of the pressing problems is the excessive intensity of traditional tillage,
which leads to the destruction of soil structure, a decrease in organic matter content
and water retention capacity. Shebanin et al. [45] studied the effects of regular
ploughing on soil fertility. 1t was found that deep tillage causes degradation of
agrophysical properties and reduces the water absorption coefficient. The scope of that
research was restricted to only two crops and did not consider the effect under prolon-
ged rainfall deficit.

An important direction in the ecologization of soil cultivation is the preservation
and improvement of the physical properties of soil, which affects the formation of crop
yields. Nikonchuk et al. [35] established the influence of surface tillage with tillage
implements on the agrophysical properties of southern heavy loamy low-humus cher-
nozem in the conditions of the Southern Steppe of Ukraine. Shebanin et al. [46] studied
the Mzuri-ProTil technology, which demonstrates a significant increase in economic
efficiency compared to traditional technologies for growing winter wheat. It provides
higher yields, reduces the cost of production by optimizing costs and promotes adapta-
tion to climate change.

The problem of soil moisture conservation in arid conditions has become a sub-
ject of research for many agronomists. Gamayunova et al. [17] studied the effect of
Minimum tillage on the water regime of the arable layer in industrial crop cultivation
systems. The results showed a decrease in moisture evaporation and an increase in its
availability during critical growth phases. The experimental observations, however,
covered only a limited period and did not allow the assessment of long-term dynamics.

Reducing energy costs while maintaining crop productivity became another line
of research. Kachanova et al. [24] analyzed the energy efficiency of Strip-Till and No-
till technologies in crop rotations with corn and soybeans. The study proved that these
systems can reduce fuel consumption by 35 + 45 %. At the same time, yield perfor-
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mance under varying climatic conditions was not examined, which restricts broader
interpretation of the results.

Drobitko et al. [10] studied the influence of different tillage methods on sunflower
cultivation in the conditions of southern Ukraine. The studies found that the method of
tillage significantly affects its density and water regime, as well as the growth and
development of sunflower plants. It was proven that No-till technology contributed to
an increase in moisture in the soil layer 0 +~ 100 cm before harvesting sunflower by 25
mm compared to traditional tillage.

The formation of the leaf surface as a key factor in photosynthetic activity was
examined in a study by Tetarwal et al. [48]. They demonstrated that different tillage
systems have a significant impact on the morphometric parameters of plants. Particu-
larly positive changes were observed when Strip-Till was used on rapeseed and wheat.
The analysis, however, focused mainly on early growth stages and did not include final
yield indicators. The adaptation of tillage systems to specific crop groups remains un-
derstudied. Walia et al. [51] addressed the specific response of leguminous crops to a
reduction in the intensity of mechanical impact on the soil. The study determined that
Minimum tillage promotes improved symbiotic nitrogen fixation. These findings were
obtained only for chickpeas, while other legumes were not included in the experimen-
tal design. The adaptation of tillage systems to specific crop groups remains understu-
died, particularly in studies that simultaneously evaluate crop productivity, product
quality and resource-use efficiency under current climate change conditions. Babu et
al. [1] examined the effect of No-till on the protein and gluten content in wheat grain,
demonstrating a significant increase in these indicators. However, the relationship be-
tween soil water regime and protein structure formation in different years of cultivation
was not considered.

Oil crops react differently to agronomic conditions under climate change, which
poses new challenges for researchers [42]. Rosegrant et al. [41] found that No-till in-
creases the oil content in sunflowers, which is associated with a reduction in stress
during budding. At the same time, crop structure and plant morphological parameters
were not analyzed in that study. Yield stability under different agroclimatic conditions
is a critical indicator of crop adaptability [49]. Nurbekov et al. [36] studied grain sor-
ghum as an alternative crop under extreme conditions. It was proven that sorghum
demonstrates stable yields under all types of cultivation. Nevertheless, the question of
which technology provides the best product quality indicators remains unresolved.

Considering the above, there is an urgent need for a comprehensive analysis of
the effectiveness of different tillage systems for a wide range of crops in the context of
climate change and intensification of agricultural production. Therefore, the study ai-
med to assess tillage systems as adaptive and resource-efficient cultivation practices
and their effects on the growth, productivity and quality of oilseed, cereal and legume
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crops under climate variability. The objectives of the study included an analysis of
morphological changes in plants under different tillage technologies, an evaluation of
soil moisture conservation and resource-use efficiency, an analysis of yield dynamics
in relation to weather conditions, and an assessment of product quality characteristics
depending on the tillage system.

Materials and methods

Field studies were conducted in 2021 + 2024 in the Southern Steppe of Ukraine at
the Educational, Scientific and Practical Center of Mykolaiv National Agrarian
University. For winter crops, surveys were conducted during 2021 + 2024, and for
spring crops, in 2022 ~2024. The soils of the experimental plots were classified as
southern chornozems, residual-slightly saline, heavy loam on loess with a neutral soil
solution reaction (pH 6.8 +7.2) and humus content in the 0+30 cm layer at
3.1+3.3%. On average, 15-25 mg/kg of nitrate nitrogen (following the Grandval-
Lazh method), 41 + 46 mg/kg of mobile phosphorus (following the Machigin method)
and 389 + 425 mg/kg of exchangeable potassium (determined photometrically) were
found in the arable layer. The soil profile showed consistent differentiation: humus-
accumulative horizon (0 +30 cm), humus-transitional (30 +~60 cm), humus-leaching
horizon (60 + 85 cm), transitional (85 +95 cm), carbonate (95 + 140 cm) and loess
parent material (below 140 cm).

According to data from the IMETOS weather station (Table 1), the meteorologi-
cal conditions during the study period were typical for the southern region with a mo-
derately arid climate. Average monthly temperatures ranged from -0.92 °C in January
2024 to 27.09 °C in July 2024. Air humidity remained predominantly high, which pro-
vided a certain buffer in the conditions of precipitation deficit during critical periods.
The lowest precipitation levels were recorded in the summer months of 2022 and 2024,
while in May and June 2023, significant precipitation was observed, which contributed
to plant growth.

Table 1.  Meteorological indicators (2021 + 2024)

Tmax Tmin RHc RHmax RHmin Precipitation

Dte | Tl | ey | oy | e | pa | e o]
2024-12-01 1.99 10.14 -11.65 97.76 99.58 49.27 35.2
2024-11-01 291 18.15 -5.93 90.37 99.53 43.23 31.0
2024-10-01 11.72 26.24 0.37 89.21 99.64 31.81 62.4
2024-09-01 19.85 32.46 7.31 63.77 99.61 16.82 62.0
2024-08-01 24.30 38.80 11.87 57.19 99.58 13.13 23.0
2024-07-01 27.09 40.24 13.17 49.71 99.42 15.07 4.6
2024-06-01 22.85 35.02 11.10 68.80 99.58 20.92 82.8
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2024-05-01 12.71 30.03 3.22 71.81 99.56 17.35 26.8
2024-04-01 11.60 26.49 -0.28 83.16 99.57 27.42 474
2024-03-01 2.98 23.37 -7.53 93.86 99.54 28.73 38.0
2024-02-01 2.83 12.17 -6.75 94.99 99.51 68.34 6.2
2024-01-01 -0.92 7.04 -14.39 99.17 99.48 92.53 38.0
2023-12-01 2.19 11.66 -3.86 97.44 99.52 70.31 23.2
2023-11-01 6.40 21.33 -10.43 94.76 99.48 32.33 116.8
2023-10-01 13.71 28.57 -1.63 74.98 99.48 23.03 10.2
2023-09-01 19.90 32.70 5.00 56.39 99.44 18.05 2.6
2023-08-01 24.71 39.95 11.64 65.22 99.44 17.48 36.2
2023-07-01 23.42 38.06 12.38 68.63 99.44 23.14 72.6
2023-06-01 20.88 34.44 5.23 65.99 99.41 19.10 19.2
2023-05-01 15.62 29.09 0.95 68.34 99.40 19.76 70.0
2023-04-01 10.06 21.24 0.49 88.64 99.40 33.46 95.6
2023-03-01 5.27 19.03 -6.06 84.17 99.41 30.83 324
2023-02-01 0.66 13.96 -11.64 84.46 99.39 30.34 10.6
2023-01-01 1.00 13.81 -10.11 93.54 99.38 53.59 3.0
2022-12-01 2.61 12.09 -9.25 96.49 99.37 74.24 57.2
2022-11-01 5.31 18.09 -3.29 94.37 99.36 31.54 40.2
2022-10-01 10.85 22.36 -0.14 77.49 99.35 25.64 15.2
2022-09-01 15.84 28.72 3.51 78.25 99.34 22.33 85.0
2022-08-01 24.35 37.30 14.86 67.50 99.33 15.34 43.2
2022-07-01 23.41 37.86 8.50 54.56 99.28 18.91 4.4
2022-06-01 21.69 35.76 9.60 62.79 99.32 18.63 24.8
2022-05-01 15.39 30.88 0.15 64.23 99.32 18.05 30.4
2022-04-01 9.62 24.69 -0.90 77.18 99.34 26.61 22.6
2022-03-01 1.77 21.47 -10.36 67.10 99.36 14.89 8.4
2022-02-01 241 13.40 -6.64 87.01 99.37 32.06 5.4
2022-01-01 -0.84 10.69 -15.31 90.09 99.36 37.15 21.0
2021-12-01 1.24 12.70 -15.38 96.35 99.40 65.06 514
2021-11-01 6.12 18.61 -6.56 91.94 99.48 40.58 39.2
2021-10-01 9.32 23.30 -1.57 69.00 99.24 27.20 48.4
2021-09-01 15.36 31.19 3.26 61.63 99.20 17.33 324
2021-08-01 23.27 35.33 11.42 60.48 99.23 22.02 19.0

Explanatory notes: the table shows the average, maximum and minimum values of air temperature (T),
relative humidity (RH) and precipitation for each month from August 2021 to December 2024. The data

are presented in the form of monthly averages obtained from daily observations.
Source: compiled by the authors based on IMETOS.

The experiment was designed according to a two-factor scheme with three repli-
cates using the randomized block method. The area of one plot was 25 sg. m. Factor A
— varieties and hybrids: linoleic-type sunflower hybrids (P64LE25, Sureli, ES Ceylon
SU), oleic-type (Mas 86 OL, ES Emerik, P64GG150, LG50779 SKh, Sl Flavio KLP);
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winter rapeseed (Phoenix KL, KS Kalkulati KL, ES Imperio); winter wheat varieties
(Duma Odessa, Perspektiva Odessa, Katrusya Odessa, Osnova Odessa); grain sorghum
(Yankee, Bianca, U601161G, U 60117 I1G); peas (Darunok Stepu, Kruiz, Pristan); chic-
kpeas (Skarb, Dostatok, Yarina). Factor B — four soil cultivation technologies. Four
systems of basic soil cultivation were applied for factor Traditional technology inclu-
ded autumn ploughing to a depth of 25 + 30 cm, surface levelling, pre-sowing cultiva-
tion, sowing based on agronomic terms and recommended plant density. In the Mini-
mum tillage system, surface loosening of the soil without turning the layer to a depth of
10 + 12 cm was applied using a Kockerling Trio (Germany) chisel cultivator, which
reduced the agrotechnical load, preserved the structure of the top layer and minimized
moisture loss. The limited number of passes by machinery and the preservation of plant
residues on the surface ensured a reduction in erosion processes. Strip-Till technology
was chosen for local soil cultivation and combined the advantages of minimal interven-
tion and spot fertilization. For this purpose, an Orthman 1tRIPr (USA) unit was used,
which formed treated strips 20 +~ 25 cm wide and 15 +~ 20 cm deep without disturbing
the row spacing. This approach helped to improve the aeration of the root zone, accu-
mulate moisture in the treated strip and reduce soil compaction. The No-till technology
involved direct sowing into uncultivated soil with complete preservation of crop resi-
dues. The use of No-till was justified by the need to reduce energy costs, preserve soil
structure, increase its biological activity and make effective use of residual moisture.
The application of these three resource-saving systems made it possible to compare
their effectiveness with the traditional ploughing model in terms of productivity, the
stability of agrophysical parameters and crop quality indicators.

All technologies were applied to each variety and hybrid of all crops, incorpora-
ting their biological characteristics. Fertilization was conducted using the YaraMila
Complex (Norway) mineral complex, which contains balanced forms of nitrogen, pho-
sphorus and potassium, as well as sulfur and microelements, which determined its cho-
ice to ensure full mineral nutrition in the conditions of moisture deficiency. Applica-
tion rates varied depending on the crop: for wheat, peas and chickpeas, N3,P60K60
kg/ha; for sunflower, rapeseed and sorghum, NgoP90K60 kg/ha. Pre-sowing seed tre-
atment was conducted with the systemic fungicide Maxim XL 035 FS (Switzerland),
which protected a complex of soil and seed pathogens in the early stages of growth.
Biometric measurements were performed for 20 typical plants on each plot, which
ensured statistical reliability. The height of the plants, the leaf area (determined by
multiplying the length by the width of the leaves with a correction factor), the number
of branches (for peas and chickpeas) or productive stems (for wheat and rapeseed), as
well as the weight of 1,000 seeds following the DSTU 4138-2002 methodology [11].
Yield was determined by harvesting the entire recorded area, followed by recalculation
to 100 % purity and standard moisture content (14 % for cereals and 8 % for oilseeds),
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following DSTU 7453:2013 [12]. The quality indicators of grain were assessed for
wheat, rapeseed, sunflower, sorghum, peas and chickpeas. The crude oil content (for
sunflower, rapeseed and sorghum) was determined following 1SO 659:2009 [20]. The
protein content was determined by infrared spectroscopy in accordance with 1SO
20483:2013 [19], the nature of the grain by the DSTU GOST 10840:2019 [13], and
gluten content (for wheat) — according to DSTU 4138-2002 [11]. All measurements
were performed using an Infratec 1241 analyzer (Denmark), calibrated for each para-
meter in accordance with the specified standards. The data were statistically processed
using Statistica 10.0 software (USA) with an analysis of variance (ANOVA) and the
LSD criterion at a significance level of p <0.05. Since the main objective of the study
was to evaluate the effectiveness of soil cultivation systems for groups of crops (cere-
als, oilseeds, legumes), a statistical analysis was performed in the form of average va-
lues for varieties/hybrids of each crop. This negated excessive detail and identified
general patterns of the impact of technologies.

Results

Biometric indicators of plants, in particular height, leaf area and the number of
productive shoots/stems, varied significantly depending on the tillage system used and
the type of crop. According to the results of observations in 2022 +~ 2024, the highest
average height indicators were observed in winter wheat and winter rapeseed under
Strip-Till conditions, 103.2 cm and 118.5 cm, respectively, which exceeded the corre-
sponding indicators under traditional tillage by 8.4 % and 6.7 %. In the No-till system,
there was a slight decrease in height in most crops, but an increase in leaf area, espe-
cially in sunflowers (from 4,120 cm*plant in traditional technology to 4,525 cm?*/plant
in No-till). Peas and chickpeas showed a stable number of productive shoots in all sys-
tems, but under Minimum tillage conditions, they had a higher vegetative mass, indica-
ting better adaptation to moisture conservation. Sorghum showed the highest adaptabi-
lity to No-till cultivation, maintaining the same height and density in all variants,
demonstrating biological plasticity. Overall, Strip-Till and Minimum tillage promoted
an optimal balance between vegetative growth and resistance to weather changes (Ta-
ble 2).

The results of the field studies conducted between 2021 and 2024 demonstrated a
significant impact of primary tillage systems on the biometric indicators of eight crops.
An analysis of the data obtained shows that in the conditions of the Southern Steppe of
Ukraine, the key factor in the adaptability of vegetative growth is the ability of the
technology to ensure stable moisture content of the arable layer and optimal aeration.
Among the technologies that most effectively met these requirements, Strip-Till and
Minimum tillage stood out. Under these conditions, an improvement in growth para-
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meters was observed in almost all crops, primarily due to an increase in leaf area and
the number of productive shoots.

In winter wheat, Strip-Till provided the highest plant height gains (103.2 cm),
which was 8.4 % higher than the same indicator for traditional technology. There was
also an increase in the leaf area to 4,035 cm? per plant and an increase in the number of
productive stems to 3.0, indicating overall optimization of vegetative growth. Winter
rapeseed showed a similar response: Strip-Till stimulated intensive leaf formation
(4,580 cm?), and the number of branches increased to 5.8. Compared to traditional
tillage, these indicators were 8.5 % and 13.7 % higher, respectively, indicating the

Table 2. Biometric indicators of major crops under different tillage systems (average values for

2022 +2024)
A Crop height Leaf surface area Productive stems/
Crop Cultivation system [cm] [em?/plant] branches [pcs]
Traditional 95.2 3.780 2.6
Winter Minimal 98.7 3.925 2.8
wheat Strip-Till 103.2 4.035 3.0
No-till 94.3 4.090 2.7
Traditional 111.0 4.220 5.1
Winter Minimal 115.3 4.430 5.6
rapeseed Strip-Till 118.5 4.580 5.8
No-till 112.4 4.690 5.3
Traditional 165.3 4.120 1.0
Sunflower Minimal 169.5 4.380 1.0
Strip-Till 171.0 4.450 1.0
No-till 162.7 4.525 1.0
Traditional 142.5 3.620 21
Grain Minimal 141.7 3.760 2.2
sorghum Strip-Till 143.0 3.795 2.2
No-till 142.3 3.750 2.2
Traditional 66.2 2.920 4.1
Minimal 68.0 3.035 4.3
Peas —

Strip-Till 67.5 3.050 4.3
No-till 66.9 3.110 4.2
Traditional 55.1 2.490 3.7
Chickpeas Mi_nimgl 56.3 2.630 3.9
Strip-Till 56.0 2.675 3.8
No-till 55.6 2.750 3.8

Explanatory notes: data are presented as mean values + standard deviation; the significance of differences
was assessed using the LSD criterion at p < 0.05. Source: compiled by the authors.
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positive effect of localized loosening and fertilizer application. Thus, strip tillage di-
rected the energy of plant growth towards the formation of structural elements of
productivity, avoiding excessive stress caused by full tillage.

In sunflowers, the No-till system demonstrated the most pronounced effect of in-
creasing the assimilation surface (up to 4.525 cm?/plant), which exceeded traditional
technology by 9.8 %. Despite a slight decrease in height (up to 162.7 cm), the crop
compensated for this with active growth of leaf mass, which efficiently accumulated
photosynthetic energy. This confirms the hypothesis of the high ecological plasticity of
sunflowers and their ability to adapt to surface technologies with complete preservation
of plant residues [43]. It is worth noting that Strip-Till also showed positive results, but
No-till proved to be more effective in terms of moisture conservation and mitigation of
temperature stresses during the active growth stage.

Grain sorghum showed the least variability in performance between tillage sys-
tems. Its height remained stable at 142 + 143 cm, regardless of the technology used.
This confirms the high tolerance of this crop to agronomic factors and its effective
realization of biological potential even with minimal impact on the soil. Peas and chic-
kpeas, as legumes, are sensitive to water regime and respond better to Minimum tilla-
ge, showing increases in leaf area of up to 6.4 % in chickpeas and up to 3.8 % in peas
compared to the traditional technology. At the same time, the number of productive
branches remained stable or increased slightly, indicating the uniform development of
vegetative and generative organs without the need for adaptation mechanisms under
stressful conditions.

In general, traditional ploughing proved to be less effective in terms of the biome-
tric parameters of most crops. Although in some cases (especially in the years with
excessive rainfall) its use did not cause growth inhibition, in the conditions of moisture
deficiency, it often contributed to a decrease in vegetative mass due to the disruption of
capillary water rise, surface overheating and mechanical soil compaction after inten-
sive tillage. Thus, the results demonstrate the advantages of Strip-Till and Minimum
tillage as universal systems capable of ensuring stable plant development in a wide
range of weather scenarios typical of the southern steppe of Ukraine [3, 5].

In addition to biometric growth indicators, the response of crops to tillage systems
was also reflected in seed formation parameters, particularly the weight of 1,000 seeds.
This indicator also varied significantly depending on the tillage system and crop used.
In general, better results were observed under Strip-Till conditions, which ensured a
uniform supply of nutrients and moisture retention in the active root formation zone. In
winter wheat, the weight of 1,000 seeds increased from 39.8 g in traditional technology
to 42.3 g in Strip-Till. In sunflowers, the indicator reached its maximum in No-till
(67.9 g), which exceeded the ploughing option by 5.4 %. Legumes such as peas and
chickpeas responded best to Minimum tillage, where they formed denser and more
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massive seeds. The smallest fluctuations in weight were found in sorghum, which re-
mained stable regardless of the technology used. The results demonstrate the importan-
ce of combining the biological characteristics of a crop with adaptive agricultural tech-
niques (Table 3). These patterns generally correspond to the differences observed in
biometric indicators presented in Table 2. Overall, Strip-Till was most effective for
winter crops (winter wheat and rapeseed), No-till for sunflower, while Minimum tilla-
ge provided the best results for legumes.

Table 3. Weight of 1,000 seeds depending on the soil cultivation system (average for 2022 + 2024)

Crop Traditional Minimal Strip-Till No-till
Winter wheat 39.8¢ 4129 4239 40.7 ¢
Winter rapeseed 4.63¢ 4899 5.01¢ 492¢
Sunflower 63449 65.6 g 66.8 g 6799
Grain sorghum 28.7¢g 29.0¢9 29.2¢g 289¢
Peas 194.19 19859 196.8 g 19549
Chickpeas 218.3 ¢ 2247 ¢ 22299 2205¢

Explanatory notes: data are presented as mean values + standard deviation; the significance of differences
was assessed using the LSD criterion at p < 0.05. Source: compiled by the authors.

Further analysis confirms that the effect of tillage systems on seed weight differs
between crop groups. The most pronounced positive response to the change in agricul-
tural technology was demonstrated by winter wheat, winter rapeseed and sunflower,
which, under Strip-Till and No-till conditions, formed seeds with a higher weight than
under traditional tillage. In winter wheat, which is sensitive to temperature and moistu-
re conditions during the grain filling phase, Strip-Till provided the highest weight of
1,000 seeds at 42.3 g, which is 6.3 % more than the traditional technology (39.8 g).
This is due to improved moisture supply during the critical period and better root sys-
tem development, thanks to deeper loosening of the strips without continuous cultiva-
tion. In winter rapeseed, Strip-Till also proved to be the most effective: the weight of
1,000 seeds reached 5.01 g, which was 8.2 % higher than the control (4.63 g). The
explanation for this lies in moisture conservation and reduced temperature stress during
pod formation. In addition, localized fertilizer application in strips promoted better
nutrient transport to the generative organs, ensuring more complete seed formation.
Minimum tillage showed slightly lower results, but also exceeded the traditional tech-
nology, confirming the general trend towards increased weight with less intensive me-
chanical intervention in the soil.

In sunflowers, the highest seed weight was recorded with No-till — 67.9 g, which
is 5.4 % more than with traditional tillage (65.6 g). This result is due to the exceptional
adaptability of the crop to surface cultivation and the preservation of plant residues,
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which act as mulch, reduce evaporation and stabilize the microclimate during the seed
filling phase. In addition, a reduction in soil temperature during the critical period
promotes better nutrient uptake [34]. It should be noted that the difference between No-
till and Strip-Till was insignificant (67.9 vs. 66.8 g), but in favor of the former, which
therefore can be considered a viable alternative in the conditions of increased aridity.
Grain sorghum showed high stability, with the weight of 1,000 seeds ranging from
28.7 to 29.2 g, regardless of the cultivation technology. This indicates the biological
resistance of the crop to agrotechnical variations, due to its ability to form a deep root
system and effectively use available moisture and nutrient resources, even with redu-
ced mechanical intervention in the soil.

Legumes such as peas and chickpeas showed the maximum response to Minimum
tillage. In peas, the weight of 1,000 seeds increased from 194.1 g to 198.5 g, and in
chickpeas, from 218.3 g to 224.7 g, which corresponded to increases of 2.3 % and
2.9 %, respectively. These crops have a short growing season and high moisture de-
mand during seed formation, hence water conservation in the topsoil is critical to their
reproductive efficiency. Minimum tillage reduced water loss through evaporation and
preserved microflora, which had a positive effect on symbiosis with nodule bacteria
and the formation of full-fledged seeds. In general, all resource-saving technologies
demonstrated an advantage over the traditional system in terms of seed mass forma-
tion. Strip-Till provided the highest biological efficiency for winter crops, No-till for
sunflowers, while Minimum tillage was most beneficial for legumes. This highlights
the need for an adaptive approach to the choice of a tillage system depending on the
type of crop, its physiological and biochemical needs, and the weather conditions of
the year [4].

Crop vyields depended largely on the tillage system used, which was particularly
evident during the contrasting weather conditions of 2022 +~ 2024. On average, over
three years, the highest yields of winter wheat and winter rapeseed were recorded using
Strip-Till technology, which provided favorable conditions for initial growth and effec-
tive fertilizer uptake. Wheat reached 5.82 t/ha and rapeseed 3.46 t/ha. Sunflower, due
to its high adaptation to arid conditions, realized, to the greatest extent, its potential
with No-till technology (2.73 t/ha). Sorghum, peas and chickpeas showed high stabili-
ty, but had an advantage with Minimum tillage, where the best combination of moistu-
re conservation and microbiological activity was observed. Thus, the optimal techno-
logy is crop-specific and must address the physiological needs of plants (Table 4).

An analysis of the yield results for major crops in the 2022 + 2024 study revealed
systemic patterns between the type of tillage technology and plant productivity. The
highest yield indicators were recorded for winter cereals and oilseeds when using Strip-
Till: 5.82 t/ha for winter wheat and 3.46 t/ha for winter rapeseed. It is worth noting that
this increase in yield was also accompanied by an improvement in crop structure, with
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more uniform plant density, a reduction in the number of uneven ears or pods, and a
higher percentage of full-bodied grains. The effectiveness of Strip-Till is determined
by the fact that this technology provides deep loosening of the soil within the sowing
strip, while keeping the inter-rows untouched, which contributes to optimal water bal-
ance and precise fertilizer application. In combination with suitable varieties with a
potent root system, this technology maximizes the genetic potential of the crop in con-
ditions of limited rainfall [21].

Table 4. Yield of major crops by tillage systems (t/ha, average for 2022 + 2024)

Crop Traditional Minimal Strip-Till No-till
Winter wheat 5.12 5.44 5.82 5.27
Winter rapeseed 294 3.21 3.46 3.12
Sunflower 2.29 2.51 2.64 2.73
Grain sorghum 3.82 4.08 4.13 4.06
Peas 211 2.28 2.22 2.17
Chickpeas 1.87 2.04 2.01 1.95

Explanatory notes: data are presented as mean values + standard deviation; the significance of differences
was assessed using the LSD criterion at p < 0.05. Source: compiled by the authors.

Winter wheat, in particular, was sensitive to initial growing conditions. In the tra-
ditional ploughing variants, uneven germination was observed after rainfall due to
compaction of the sowing horizon, while in No-till, rooting was slowed down due to
the cool microclimate. In contrast, Strip-Till managed to combine aeration, heat and
moisture in the root zone. This promoted synchronous tillering, resulting in a high
number of productive stems and grains in the ear. A similar pattern was observed in
winter rapeseed, which, due to its long taproot, penetrates deeper into the soil in the
presence of local loosening and moisture. The advantage of Strip-Till in this crop was
particularly evident in 2023, when the spring moisture deficit limited development in
the traditional technology variants.

Sunflower yield was highest in the No-till system at 2.73 t/ha, which is 18 % hi-
gher than traditional ploughing. This indicates the crop's high adaptability to the condi-
tions of crop residue retention and surface tillage. On average, the difference between
Strip-Till and No-till in this crop was only 3.1 %, but the latter provided more stable
results in the years with low rainfall. The preservation of plant residues on the surface
significantly influenced the reduction of soil temperature and evaporation, which is
critical in the seed filling phase. At the same time, the early development of sunflowers
in No-till was slower, but the plants compensated for this later with intensive growth of
baskets and seed mass. Legumes, peas and chickpeas showed a clear preference for
Minimum tillage. Peas reached a maximum yield of 2.28 t/ha, chickpeas — 2.04 t/ha,
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which is 8.1 % and 9.1 % higher than the control, respectively. Minimum tillage ensu-
red the preservation of soil structure, biological activity of microflora and better deve-
lopment of nodule bacteria. Compared to No-till, where the soil temperature in spring
was lower, Minimum tillage promoted a faster start for legumes, which is substantial
for crops with a short growing season.

Grain sorghum, as a crop with a high level of drought resistance, showed insigni-
ficant fluctuations in yield between technologies. However, the maximum value was
achieved with Strip-Till (4.13 t/ha), indicating a synergistic effect between local tillage
and deep root system placement. Overall, sorghum showed the least dependence on the
technological factor, confirming its suitability for extreme farming conditions. Thus,
the results of the study prove that the introduction of adaptive tillage systems provides
a significant increase in yield by optimizing growing conditions following the biologi-
cal needs of the crop. Strip-till and No-till technologies demonstrate the highest effi-
ciency with the right selection of crops and varieties, while traditional tillage is inferior
in conditions of limited moisture and increasing climatic risks.

Table 5. Quality indicators of products by soil cultivation systems (average for 2022 + 2024)

Crop System Protein Crude fat/oil Gluten Natural
[%] [%] [%] [9/1]
Traditional 12.6 - 21.8 765
Winter wheat Minimal 13.2 - 23.5 77
Strip-Till 13.9 - 24.1 789
No-till 13.0 - 22.8 775
Traditional 20.4 449 - -
. Minimal 21.2 46.3 - -
Winter rapeseed Strip-Till 217 471 - -
No-till 21.0 47.6 — —
Traditional - 49.5 - -
Sunflower Minimal - 50.6 - -
Strip-Till - 50.9 - -
No-till - 51.2 - -
Grain sorghum All systems 10.8 - - 713-717
Peas Traditional 215 - - 755
Minimal 22.0 - - 764
. Traditional 23.1 - - 738
Chickpeas Minimal 234 - - 746

Explanatory notes: data are presented as mean values =+ standard deviation; the significance of differences
was assessed using the LSD criterion at p<0.05. Source: compiled by the authors.

An analysis of product quality characteristics revealed significant differences be-
tween crops and tillage systems. The highest protein content in winter wheat grain was
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recorded with Strip-Till — 13.9 %, which exceeded traditional technology by 1.3 per-
centage points. Gluten content was also the highest in this system. For rapeseed and
sunflower, the crude oil content was maximized with No-till, reaching 47.6 % and
51.2 %, respectively, indicating effective moisture retention during the filling period.
In legumes, protein levels remained stable regardless of the system, but Minimum til-
lage contributed to a slight increase in grain quality. Sorghum demonstrated the grea-
test stability in all parameters. Overall, Strip-Till and No-till provided the highest grain
quality when optimally combined with varietal characteristics (Table 5).

To provide a clearer interpretation of the results, an integrated evaluation of tilla-
ge system efficiency combining yield, seed weight, product quality indicators and re-
source-saving effects was conducted (Table 6).

Table 6.  Integrated evaluation of the efficiency of tillage systems for major crops

c Highest Best seed Best quality Resource-saving Most efficient
rop : . -
yield weight indicators effect system
Winter wheat Strip-Till |  Strip-Till Strip-Till High moisture Strip-Till
conservation
. - - Strip-Till / Improved soil -
Winter rapeseed | Strip-Till Strip-Till No-till moisture retention Strip-Till
Sunflower No-till No-till No-till High residue retention No-till
Grain sorahum Strip-Till / Relatively Relatively Moderate Strip-Till /
9 Minimal stable stable resource-saving effect Minimal
Peas Minimal Minimal Minimal Improved moisture Minimal
conservation
Chickpeas Minimal Minimal Minimal Improved moisture Minimal
conservation

Explanatory notes: compiled by the authors.

The integrated assessment confirms that Strip-Till is generally most effective for
winter crops, No-till for sunflower, while Minimum tillage provides the best results for
legumes.

The quality characteristics of grain and seeds formed under different primary til-
lage systems showed significant dependence on the type of crop and agrotechnological
scheme. The analysis showed that high-quality indicators of winter cereals and oilse-
eds, in particular winter wheat and rapeseed, were best formed in the variants with
strip-till and No-till cultivation. In winter wheat, the protein content increased from
12.6 % with traditional technology to 13.9 % with Strip-Till. At the same time, the
proportion of raw gluten increased from 21.8 % to 24.1 %, indicating favorable nitro-
gen nutrition conditions during critical phases of generative development. The increase
in grain weight to 789 g/l with Strip-Till also indicates better grain filling due to moi-
sture retention in the arable layer, reduced temperature stress and a stable supply of
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nutrients. Minimal tillage provided a moderate improvement in quality, while traditio-
nal technology showed a decrease in protein potential, probably due to excessive hu-
mus oxidation and losses of available nitrogen. In winter rapeseed, the highest crude
oil content (47.6 %) was observed with No-till, indicating the effectiveness of moisture
retention during seed formation. At the same time, Strip-Till provided a close value of
47.1 %, but with a better combination of protein fraction (21.7 %), which makes this
technology promising in terms of comprehensive quality assessment. Under traditional
cultivation conditions, rapeseed produced fewer viable seeds due to the topsoil desicca-
tion during the filling phase, which had a negative impact on oil content.

Sunflower demonstrated the best results in the No-till system, with 51.2 % crude
oil content, which exceeded traditional cultivation by 1.7 percentage points. This is
explained by the stable microclimate in the sowing horizon, a reduction in the tempera-
ture load on the generative organs, and a decrease in water stress. Strip-till and Mini-
mum tillage technologies also provided high oil content, indicating the adaptive poten-
tial of sunflowers to resource-saving systems. Legumes, peas and chickpeas showed
sensitivity to the hydrothermal regime during the seed filling period. With Minimum
tillage, the protein content increased to 22.0 % in peas and 23.4 % in chickpeas, which
is a typical response to improved soil water balance. In addition, under the conditions
of less mechanical impact on the soil, the structure of the rhizosphere was preserved,
which contributed to the activity of nodule bacteria. The increase in grain weight in
legumes with Minimal tillage (up to 764 g/l in peas and 746 g/l in chickpeas) indicates
better seed filling and the absence of empty seeds. No-till in these crops showed mode-
rate results, probably due to a delay in soil warming in the early stages of growth,
which is important for heat-loving crops with a short growing cycle.

In contrast to other crops, grain sorghum demonstrated a high degree of stability
in quality indicators across all agricultural technologies. The protein content remained
at 10.8 %, and the grain weight fluctuated between 713 and 717 g/I, with no statistical-
ly significant differences. This confirms that sorghum is a strategically important crop
for the extreme conditions of the Southern Steppe, capable of producing stable quality
even when using No-till farming. In summary, it is possible to argue that Strip-Till was
the most effective for producing high-quality grain in wheat and rapeseed, No-till for
sunflowers, and Minimum tillage for legumes. Traditional ploughing was inferior in all
key parameters, which emphasizes the advisability of transitioning to adaptive, resour-
ce-saving agriculture, considering the species-specific requirements of crops.

Discussion

This study revealed a significant impact of tillage systems on the biometric,
morphometric, productive and qualitative indicators of major field crops. The results of
the analysis indicate the need to adapt agrotechnical approaches to the physiological
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and biochemical characteristics of crops, as well as the effectiveness of Strip-Till and
Minimum tillage as tools for moisture conservation, microclimate stabilization and
improved plant nutrition in the climatically vulnerable conditions of the Southern
Steppe. This effect can be explained by improved soil moisture retention and reduced
evaporation losses under reduced soil disturbance, which contributes to more stable
temperature conditions in the root zone and enhances plant physiological activity du-
ring critical growth stages.

In particular, the observed increase in the height of winter wheat and winter ra-
peseed in the Strip-Till system indicates its favorable effect on the initial stages of
growth. Similar results were obtained by Visha Kumari et al. [50], recording improved
growth characteristics of winter crops in the strip system, due to spot loosening and
local fertilizer application. In turn, Jensen et al. [23] noted the advantage of Strip-Till
for crops with deep root systems, in particular rapeseed, under conditions of moisture
deficiency. Thus, a comparative analysis confirms the effectiveness of Strip-Till in
increasing the adaptive potential of winter crops. The strip-based soil loosening creates
favorable conditions for root penetration and improves water and nutrient availability
in the rhizosphere, which supports more efficient physiological responses of crops
under the conditions of limited soil moisture [52]. Data on the leaf area of sunflower
under No-till conditions are consistent with the conclusions of Rodriguez et al. [40],
highlighting the high ecological plasticity of this crop to surface technologies. Dowling
et al. [8] emphasized that an increase in leaf area does not always correlate with an
increase in yield. In the present study, sunflower productivity indicators also improved
under No-till conditions, confirming the effectiveness of this technology for crops ad-
apted to reduced soil disturbance, especially in arid climates. The preservation of sur-
face residues under No-till additionally reduces soil temperature fluctuations and eva-
poration, creating a more stable hydrothermal regime for crop development [15].

Regarding the biological stability of sorghum, the results correlate with the data
of Dowling et al. [9], highlighting the low sensitivity of this crop to variations in cul-
tivation. Dutta et al. [14], however, questioned the ability of sorghum to maintain yield
under prolonged No-till application, arguing that this was due to possible degradation
of the topsoil. Nevertheless, the data from the current study show that sorghum, due to
its physiological characteristics, including its well-developed root architecture, demon-
strates high tolerance to reduced mechanical impact on the soil. This physiological
characteristic enables efficient water uptake from deeper soil horizons, which is parti-
cularly advantageous under precipitation deficit. The observed stability of biometric
and productive parameters across tillage systems further confirms the crop’s ecological
plasticity and suitability for cultivation in climate-risk regions. The absence of statisti-
cally significant differences between the variants indicates the effective realization of
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the genetic potential of sorghum even under stressful conditions, making this crop stra-
tegically relevant for areas of high-risk agriculture.

Legumes such as peas and chickpeas demonstrated the best morphometric indica-
tors under Minimum tillage conditions [16]. This fact confirms the results of Ksigzak et
al. [29], establishing a close relationship between soil biological activity and legume
productivity. At the same time, Jaidka and Brar [22] indicated the advantages of No-till
for preserving microbiota. The present results suggest that Minimum tillage may pro-
vide a better balance between soil biological activity and early-season soil warming,
which is important for the successful development of legumes in regions with relative-
ly short growing seasons.

The assessment of the weight of 1,000 seeds confirmed the importance of Strip-
Till technology for cereals and rapeseed. In particular, winter wheat showed the highest
weight with strip tillage, which is consistent with the conclusions of Khatun et al. [28]
regarding the significance of water supply during the grain filling phase. In rapeseed, a
similar effect was described by Mirdoraghi et al. [32], correlating the improvement in
generative parameters with the local placement of fertilizers and the minimization of
moisture loss. Thus, Strip-Till confirms its advantage in terms of producing high-
quality seed material [26]. Sunflower, on the other hand, showed the highest seed we-
ight with No-till. Cattani [7] also reported a positive effect of surface tillage on the
generative characteristics of this crop. However, Yong and Wu [53] noted that No-till
technology requires careful weed management. In the present experiment, no negative
impact of weed infestation was observed, which can be attributed to the use of inter-
row mulching, which enhances the effectiveness of the technology.

In the case of legumes, an increase in the weight of 1,000 seeds with Minimal til-
lage correlates with the data of Kagale and Close [25], highlighting the role of micro-
flora in symbiotic nitrogen fixation. The effective activity of nodule bacteria in a less
disturbed soil environment contributes to the intensification of nitrogen nutrition,
which directly affects the quality of the formed seeds. Furthermore, reduced soil di-
sturbance helps preserve rhizosphere structure, creating favorable conditions for the
functioning of symbiotic complexes. At the same time, Reckling et al. [39] denied the
advantages of Minimum tillage, highlighting the uneven formation of crops, especially
in the cases of insufficient mechanical levelling of the surface. In contrast, the results
of the present study indicate that uniform crop development can be maintained under
Minimum tillage, provided there is sufficient moisture saturation, careful crop rotation
planning and high-quality seedbed preparation. Thus, Minimum tillage can be conside-
red an effective alternative for leguminous crops in adaptive farming systems, combi-
ning economic feasibility with environmental sustainability [27].

The yield of winter crops was the highest with Strip-Till. This correlates with the
conclusions of Oller et al. [38], highlighting the importance of initial loosening for
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tillering and ear formation. Mkhize et al. [33], however, did not confirm the advantages
of Strip-Till in the context of long-term use, citing the possible accumulation of patho-
gens in the strips. Such effects were not observed in the present study, which may be
explained by the implementation of crop rotation and balanced agronomic manage-
ment.

According to the results, sunflowers performed better with No-till, which is consi-
stent with the data of Maraveas et al. [31]. Reduced evaporation and stabilized tempe-
ratures created favorable conditions during the seed filling period. Kumari et al. [30]
expressed doubts about the feasibility of No-till in the regions with excessive soil den-
sity. However, in the conditions of the Southern Steppe, where light mechanical com-
position prevails, no such limitations were found. Minimum tillage provided the best
yield indicators in leguminous crops, which is consistent with the conclusions of Sher
et al. [47]. In particular, their study indicated an increase in nodule bacteria activity
with reduced mechanical intervention. Ojiewo et al. [37], on the other hand, believed
that deep loosening was necessary for the formation of a full chickpea yield. Corre-
sponding observations in 2022 + 2024 did not confirm this hypothesis: Minimum tilla-
ge proved to be optimal for legumes due to improved soil structure and hydrothermal
regime.

An analysis of grain quality indicators showed that Strip-Till promotes an increa-
se in protein and gluten content in wheat, which corresponds to the results of Bousselin
et al. [2]. The increase in protein content indicates effective nitrogen assimilation du-
ring critical phases of plant development, particularly during the milk ripeness phase,
when the need for nutrients is the highest. Cai et al. [6] also noted an improvement in
grain quality due to reduced temperature stress during the filling phase. This suggests
that Strip-Till creates a more stable microclimate in the seedbed, promoting the accu-
mulation of plastic substances in the grain. In addition, uniform loosening and spot
application of fertilizers ensured better root system development, which increased the
transport of nutrients during grain formation [18, 44]. This is confirmed by the results
of the current study, indicating improved nitrogen assimilation and more favorable
conditions for grain filling.

In general, this study confirms the effectiveness of adaptive tillage systems such
as Strip-Till, Minimum tillage and No-till in ensuring stable growth, high yields and
high-quality grain characteristics. Different systems have specific advantages depen-
ding on the crop: Strip-Till for cereals and rapeseed, No-till for sunflowers and Mini-
mum tillage for legumes. The conditions of the Southern Steppe of Ukraine, with its
characteristic aridity and high variability of weather factors, determine the need for a
flexible approach to the choice of technologies based on crop properties, soil types and
meteorological forecasting. This approach can efficiently combine agrotechnical in-
novations with the principles of sustainable farming.
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Conclusions

1. A comprehensive analysis of field data for 2021 + 2024 reliably assessed the im-
pact of primary tillage systems on the growth, development, productivity and qua-
lity of crops in the agroecological conditions of the Southern Steppe of Ukraine.
The results confirmed that adaptive technologies such as Strip-Till, No-till and Mi-
nimum tillage outperform traditional ploughing in most key biometric, morphome-
tric and agronomic parameters. Strip-Till provided the highest plant height (up to
118.5 cm in winter rapeseed), leaf area (up to 4,580 cm?/plant) and the maximum
possible number of productive stems/branches. These data indicate better initial
growth dynamics and increased efficiency of moisture and nutrient use during cri-
tical phases of organogenesis. In winter wheat, Strip-Till provided an increase in
height by 8.4 %, leaf area by 6.8 % and the number of stems by up to 3.0 per plant,
which correlated with an increase in yield to 5.82 t/ha.

2. No-till, in turn, proved to be the most effective for crops with high plasticity to arid
conditions, in particular sunflowers. Under the conditions of complete preservation
of plant residues and minimal mechanical intervention, there was an increase in the
assimilation surface (+9.8 %) and the weight of 1,000 seeds (up to 67.9 g), which
ensured the highest yield (2.73 t/ha). The advantages of No-till were also evident in
product quality: the raw oil content in sunflowers reached 51.2 %. Minimal tillage
demonstrated the greatest effectiveness in legumes (peas, chickpeas), which are
sensitive to water regime and soil structure. This system increased the weight of
1,000 seeds (peas to 198.5 g; chickpeas to 224.7 g) and improved quality indicators
(protein content, natural weight), which led to an increase in yield to 2.28 and
2.04 t/ha, respectively. The stability of the morphometric and quality parameters of
grain sorghum regardless of the technology (weight of 1,000 seeds: 28.7 +29.2 g;
yield: 3.82 +4.13 t/ha) confirms its high biological tolerance and suitability for
extreme farming conditions typical of arid steppe agroecosystems.

3. This study has several limitations. The experiment was conducted within a single
agro-climatic region (the Southern Steppe of Ukraine) and covered a three-year ob-
servation period, which may not fully capture long-term soil processes or variabili-
ty across other climatic zones. Further research should address the long-term moni-
toring of the impact of adaptive tillage systems on soil biological activity, carbon
balance, economic viability and the resilience of agroecosystems to climatic stres-
ses in different agroecological regions.



160 Nataliia Markova, Valerii Artiushenko, Vira Mykolaichuk, Lyubov Khonenko

References

[1] BabuS., Singh R., Yadav D., Rathore S.S., Raj R., Avasthe R., Yadav S., Das A., Yadav V., Yadav B.,
Shekhawat K., Upadhyay P., Yadav D.K., Singh V.K.: Nanofertilizers for agricultural and environ-
mental sustainability. Chemosphere, 2021, 292, #133451.

[2] Bousselin X., Baux A., Lorin M., Fustec J., Cassagne N., Valantin-Morison M.: Winter oilseed rape
intercropped with complex service plant mixtures: Do all species matter? Eur. J. Agron., 2024, 154,
#127097.

[3] Bulgakov V., Adamchuk V., Nozdrovicky L., Thnatiev Y.: Theory of vibrations of sugar beet leaf
harvester front-mounted on universal tractor. Acta Technol. Agric., 2017, 20(4), 96-103.

[4] Bulgakov V., Nikolaenko S., Holovach 1., Boris A., Kiurchev S., Thnatiev Y., Olt J.: Theory of mo-
tion of grain mixture particle in the process of aspiration separation. Agron. Res., 2020, 18(2), 1177-
1188.

[5] Bulgakov V., Pascuzzi S., Ivanovs S., Nadykto V., Nowak J.: Kinematic discrepancy between driv-
ing wheels evaluated for a modular traction device. Biosyst. Eng., 2020, 196, 88-96.

[6] Cai J., Veerappan V., Arildsen K., Sullivan C., Piechowicz M., Frugoli J., Dickstein R.: A modified
aeroponic system for growing small-seeded legumes and other plants to study root systems. Plant
Methods, 2023, 19(1), #21.

[7] Cattani D.J.: Perennial grains and oilseeds: Current status and future prospects. Agriculture, 2024,
14(7), #1035.

[8] Dowling A., Roberts P., Doolette A., Zhou Y., Denton M.D.: Oilseed-legume intercropping is pro-
ductive and profitable in low input scenarios. Agric. Syst., 2022, 204, #103551.

[91 Dowling A., Sadras V.O., Roberts P., Doolette A., Zhou Y., Denton M.D.: Legume-oilseed intercrop-
ping in mechanised broadacre agriculture — A review. Field Crops Res., 2020, 260, #107980.

[10] Drobitko A., Panfilova A., Markova N., Horbunov M., Roubik H.: Formation of sunflower hybrid
productivity by resource-saving cultivation technologies in southern Ukraine. Ukr. Black Sea Reg.
Agrar. Sci., 2024, 28(3), 9-18.

[11] DSTU 4138-2002: Seeds of agricultural crops. Methods for determining quality, 2002.
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=91465.

[12] DSTU 7453:2013: Grains, legumes and their processed products. Determination of cadmium, lead
and arsenic content by atomic absorption spectrophotometry with electrothermal atomization, 2013.
https://online.budstandart.com/ua/catalog/doc-page?id_doc=85167.

[13] DSTU GOST 10840: Grain. Method for determining nature (GOST 10840-2017, IDT), 2019.
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=89079.

[14] Dutta A., Trivedi A., Nath C.P.,, Gupta D.S., Hazra K.K.: A comprehensive review on grain legumes
as climate-smart crops: Challenges and prospects. Environ. Chall., 2022, 7, #100479.

[15] Eihe P., Vebere L.L., Grinfelde I., Pilecka J., Sachpazidou V., Grinberga L.: The effect of acidifica-
tion of pig slurry digestate applied on winter rapeseed on the ammonia emission reduction. IOP
Conf. Ser.: Earth Environ. Sci., 2019, 390(1), #012043.

[16] Fedoniuk T.P., Pyvovar P.V., Topolnytskyi P.P., Rozhkov O.0., Kravchuk M.M., Skydan O.V., Pa-
zych V.M., Petruk T.V.: Utilizing remote sensing data to ascertain weed infestation levels in maize
fields. Agricult., 2025, 15(7), #711.

[17] Gamayunova V., Khonenko L., Mykolaichuk V., Kuvshinova A.: Prospects and directions of diversi-
fication of oilseed group crops. Sci. Horiz., 2024, 27(10), 102-112.

[18] Grinfelde I., Valujeva K., Zaharane K., Berzina L.: Automated cavity ring down spectroscopy usage
for nitrous oxide emission measurements from soil using recirculation system. Eng. Rural Dev.,
2017, 16, 1111-1116.



RESOURCE-EFFICIENT TECHNOLOGIES FOR CULTIVATION OF OILSEEDS, CEREALS AND... 161

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]

ISO 20483: Cereals and pulses — Determination of the nitrogen content and calculation of the crude
protein content — Kjeldahl method, 2013. https://www.iso.org/ru/standard/59162.html.

ISO 659: Oilseeds — Determination of oil content (Reference method), 2009. https://www.iso.org/
standard/43169.html.

Ivanovs S., Bulgakov V., Adamchuk V., Kyurchev V., Kuvachov V.: Experimental research on the
movement stability of a ploughing aggregate, composed according to the push-pull scheme.
INMATEH — Agric. Eng., 2018, 56(3), 9-16.

Jaidka M., Brar A.S.: Cluster frontline demonstrations envisage high productivity and horizontal
spread of oilseeds in aspirational District Moga, Punjab. Int. J. Agric. Ext. Soc. Dev., 2024, 7(1),
597-602.

Jensen E.S., Carlsson G., Hauggaard-Nielsen H.: Intercropping of grain legumes and cereals im-
proves the use of soil N resources and reduces the requirement for synthetic fertilizer N: A global-
scale analysis. Agron. Sustain. Dev., 2020, 40, #5.

Kachanova T., Manushkina T., Samoilenko M., Petrova O., Koloyanidi N.: Productivity of Kabuli
chickpeas depending on the weather conditions of the year, varieties and methods of sowing in
Ukraine. Bulgarian J. Agric. Sci., 2021, 27(5), 919-925.

Kagale S., Close T.J.: Legumes: Embracing the genome era. Legume Sci., 2021, 3(3), 1-3.

Karaiev O., Bondarenko L., Halko S., Miroshnyk O., Vershkov O., Karaieva T., Shchur T., Findura
P., Pristavka M.: Mathematical modelling of the fruit-stone culture seeds calibration process using
flat sieves. Acta Technol. Agric., 2021, 24(3), 119-123.

Kerimkhulle S., Turtkarayeva G., Mussaibekov R., Ospanova N., Kuttykozhayeva S., Adalbek A.:
Using Markov chain model to forecasting of the agricultural industry development. Lect. Notes
Netw. Syst., 2025, 1489, 148-158.

Khatun M., Sarkar S., Era FM., Islam A.K.M.M., Anwar M.P., Fahad S., Datta R., Islam A. K.M.A.:
Drought stress in grain legumes: Effects, tolerance mechanisms and management. Agronomy, 2021,
11(12), #2374.

Ksigzak J., Staniak M., Stalenga J.: Restoring the importance of cereal-grain legume mixtures in
low-input farming systems. Agriculture, 2023, 13(2), #341.

Kumari N.V.V., Sunitha N.B., Gopinath N.K., Suvana N.S., Kumar N.M., Chandran M.N.S., Shan-
ker N.A K., Raju N.B., Santosh N.S., Bag N.S., Prasanna N.G., Sriram N.K., Rao N.M., Singh N.V.:
Designing climate resilient legume-oilseed based cropping systems for rainfed Alfisols of South In-
dia. Indian J. Agron., 2025, 70, 84-91.

Maraveas C., Karavas C., Loukatos D., Bartzanas T., Arvanitis K.G., Symeonaki E.: Agricultural
greenhouses: Resource management technologies and perspectives for zero greenhouse gas emis-
sions. Agriculture, 2023, 13(7), #1464.

Mirdoraghi M., Farahani S.M., Rezazadeh A.: Oilseeds in intercropping systems: Strategies to in-
crease oil quality and fatty acid profile — A review. J. Agric. Food Res., 2024, 17, #101229.

Mkhize X., Oldewage-Theron W., Napier C., Duffy K., Mthembu B.E.: Introducing grain legumes
for crop diversification and sustainable food production systems amongst urban small-holder farm-
ers: A food and nutrition security project in KwaZulu-Natal, South Africa. Agroecol. Sustain. Food
Syst., 2022, 46(6), 791-814.

Nadykto V., Arak M., Olt J.: Theoretical research into the frictional slipping of wheel-type undercar-
riage taking into account the limitation of their impact on the soil. Agron. Res., 2015, 13(1), 148-
157.

Nikonchuk N.V., Korkhova M.M., Pismenniy O.V., Smirnova 1.V., Shustik L.P.: Agrophysical prop-
erties of the soil depending on the surface treatment with various tillage units. Ukr. Black Sea Reg.
Agrar. Sci., 2022, 26(2), 16-23.



162

Nataliia Markova, Valerii Artiushenko, Vira Mykolaichuk, Lyubov Khonenko

[36]

[37]
[38]
[39]

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

(48]

[49]

[50]

[51]

Nurbekov A., Kosimov M., Islamov S., Khaitov B., Qodirova D., Yuldasheva Z., Khudayqulov J.,
Ergasheva K., Nurbekova R.: No-till, crop residue management and winter wheat-based crop rota-
tion strategies under rainfed environment. Front. Agron., 2024, 6, #1453976.

Ojiewo C.O., Omoigui L.O., Pasupuleti J., Lenné J.M.: Grain legume seed systems for smallholder
farmers: Perspectives on successful innovations. Outlook Agric., 2020, 49(4), 286-292.

Oller A.L.W., Vezza M.E., Talano M.A., Agostini E.: Grain and forage legumes in an arsenic-
polluted agricultural scenario. J. Plant Growth Regul., 2023, 42(9), 5332-5353.

Reckling M., Bergkvist G., Watson C.A., Stoddard F.L., Bachinger J.: Re-designing organic grain
legume cropping systems using systems agronomy. Eur. J. Agron., 2019, 112, #125951.

Rodriguez C., Carlsson G., Englund J., Fl6hr A., Pelzer E., Jeuffroy M., Makowski D., Jensen E.S.:
Grain legume-cereal intercropping enhances the use of soil-derived and biologically fixed nitrogen
in temperate agroecosystems: A meta-analysis. Eur. J. Agron., 2020, 118, #126077.

Rosegrant M.W., Sulser T.B., Wiebe K.: Global investment gap in agricultural research and innova-
tion to meet Sustainable Development Goals for hunger and Paris Agreement climate change mitiga-
tion. Front. Sustain. Food Syst., 2022, 6, #965767.

Shahini E., Myalkovsky R., Nebaba K., Ivanyshyn O., Liubytska D.: Economic and biological char-
acteristics and productivity analysis of sunflower hybrids. Sci. Horiz., 2023, 26(8), 83-95.

Shahini E., Shahini E., Doda S.: Forestry and rural development in Albania: Integrating forestry and
agricultural practices for a sustainable future in the economy. Ukrainian J. For. Wood Sci., 2025,
16(1), 128-148.

Shahini E., Shehu D., Kovalenko O., Nikonchuk N.: Comparative analysis of the main economic and
biological parameters of maize hybrids that determine their productivity. Sci. Horiz., 2023, 26(4),
86-96.

Shebanin V., Drobitko A., Panfilova A., Markova N.: Development and implementation of energy-
saving technologies for growing sunflower hybrids in the south of Ukraine. Sci. Horiz., 2024, 27(8),
90-99.

Shebanin V., Drobitko A., Panfilova A., Ruzhniak M.: Assessment of the economic efficiency of
growing winter wheat using the resource-saving Mzuri-ProTil technology. Sci. Horiz., 2025, 28(3),
54-67.

Sher A., Noor M.A., Li H.X., Nasir B., Manzoor M.A., Hussain S., Zhang J., Riaz M.W., Hussain S.:
Heat stress effects on legumes: Challenges, management strategies and future insights. Plant Stress,
2024, 13, #100537.

Tetarwal N.J., Ram N.B., Bijarnia N.A., Singh N.P.: Performance of diversified cropping sequences
for productivity, profitability and land use efficiency under south-eastern Rajasthan, India. Indian J.
Agron., 2023, 68(1), 77-82.

Valujeva K., Pilecka-Ulcugaceva J., Skiste O., Liepa S., Lagzdins A., Grinfelde I.: Soil tillage and
agricultural crops affect greenhouse gas emissions from Cambic Calcisol in a temperate climate.
Acta Agric. Scand. Sect. B: Soil Plant Sci., 2022, 72(1), 835-846.

Visha Kumari V., Gopinath K.A., Sarath Chandran M.A., Shankar A.K., Suvana S., Kumar M., Raju
B.M.K., Jyothilakshmi N., Santosh S., Venkatesh G., Sriram K., Sunitha B., Prasanna G.K., Bag S.,
Rao M.S., Singh V.K.: Diversified legume-oilseed cropping system for synergistic enhancement of
yield and water use efficiency in rainfed areas of semi-arid tropics. PLoS ONE, 2025, 20(2),
€0317373.

Walia S.S., Babu S., Gill R.S., Kaur T., Kohima N., Panwar A.S., Yadav D.K., Ansari M.A., Rav-
ishankar N., Kumar S., Kaur K., Ansari M.H.: Designing resource-efficient and environmentally safe
cropping systems for sustainable energy use and economic returns in Indo-Gangetic Plains, India.
Sustainability, 2022, 14(21), #14636.



RESOURCE-EFFICIENT TECHNOLOGIES FOR CULTIVATION OF OILSEEDS, CEREALS AND... 163

[52] Yeraliyeva Zh.M., Kunelbayev M., Ospanbayev Zh.O., Kurmanbayeva M.S., Kolev T.P,
Kenesbayev S.M., Newsome A.S.: The study of agricultural techniques of cultivation of new varie-
ties of winter wheat under drip irrigation. Asian J. Microbiol. Biotechnol. Environ. Sci., 2016, 18(3),
781-787.

[53] Yong K.J., Wu T.Y.: Second-generation bioenergy from oilseed crop residues: Recent technologies,
techno-economic assessments and policies. Energy Convers. Manag., 2022, 267, #115869.

TECHNOLOGIE WYDAJNOSCIOWE W UPRAWIE ROSLIN OLEISTYCH, ZBOZ I ROSLIN
STRACZKOWYCH W WARUNKACH ZMIAN KLIMATU | WZROSTU
PRODUKCJI ROLNICZEJ

Streszczenie

Woprowadzenie. Zréwnowazone zarzadzanie gleba stanowi kluczowy czynnik gwarantujacy stabilng
produkcj¢ roslinng w obliczu wyzwan wspolczesnego rolnictwa. W niniejszym badaniu oceniono wplyw
systemoOw uprawy pierwotnej na wzrost, plonowanie i jako$¢ roélin oleistych, zboz i roslin straczkowych
w warunkach zmian Klimatu i intensyfikacji produkcji rolnej. Trzyletnie do$wiadczenie polowe
(2021 + 2024) przeprowadzono w ukfadzie dwuczynnikowym z trzema powtdrzeniami, pordwnujac cztery
technologie uprawy roli — tradycyjng, minimalna, pasowa i bezorkowa — W szesciu uprawach. W badaniu
oceniono rowniez potencjal tych systemow w zakresie ograniczenia naktadow energetycznych oraz za-
chowania wilgotnosci gleby w warunkach zmiennej zmiennosci klimatycznej.

Wyniki i wnioski. Uprawa pasowa i minimalna stworzyly korzystniejsze warunki wilgotnosci i napo-
wietrzenia w warstwie ornej, poprawiajac wzrost roélin i plonowanie. Uprawa pasowa (strip-till) zwiek-
szyta wysoko$¢ roslin, powierzchnig lisci i plon pszenicy ozimej (5,82 t/ha) i rzepaku ozimego (3,46 t/ha).
Uprawa bezorkowa okazata si¢ najskuteczniejsza w przypadku stonecznika, maksymalizujac powierzchnie
lisci 1 mase¢ nasion w warunkach suchych. Rosliny straczkowe najlepiej reagowaty na uprawe minimalna,
osiagajac wyzsza masg¢ tysigca nasion i plony grochu i ciecierzycy. Sorgo ziarniste wykazalo stabilng
wydajnos¢ we wszystkich systemach. Uprawa pasowa i bezorkowa rowniez poprawity jakos$¢ ziarna
i oleju. Technologie te zmniejszaja zuzycie paliwa oraz sprzyjaja zachowaniu wilgotno$ci gleby, zapew-
niajac stabilng produkcje przy nizszych nakladach energetycznych. Ogdlnie rzecz biorac, adaptacyjne
systemy uprawy znacznie poprawiajg wydajnos¢ i jako$¢ upraw; uprawa pasowa jest optymalna dla upraw
ozimych, uprawa bezorkowa dla stonecznika, a uprawa minimalna dla roslin straczkowych.

Stowa kluczowe: pszenica ozima, rzepak ozimy, stonecznik, sorgo ziarniste, ciecierzyca, groch, plon,
. y oy . 7 Vi
jakosé¢, technologie, ochrona zasobow



