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Rational land use and sustainable agriculture are crucial due to population growth and 

climate change. Crop rotation, with scientific approaches, maintains soil productivity and 

crop sustainability. The purpose of the study is to compare the production potential of 

different wheat cropping systems, including continuous spring wheat cropping and grain-

fallow crop rotations. The research included a control variant with spring wheat sown 

without changing the predecessor and variants of grain and steam crop rotations with 

different numbers of fields. Plant productivity indicators were evaluated - the number of 

productive stems per 1 m2, weight of 1000 grains, and yield. All experiments were 

repeated 3 times for each variant. In the process, field experiments were conducted from 

2014 to 2022 at the territory of LLP “North Kazakhstan Agricultural Experimental 

Station” in the steppe zone of the North Kazakhstan Region, Akkayin district. It was 

found that spring soft wheat monoculture has a grain yield per 1 ha higher by 4 metric 

centners compared to two-field crop rotation. However, three-field and four-field crop 

rotations showed even higher grain yield, exceeding monoculture by 5.6 metric centners 

and 4 metric centners, respectively. The profitability of monoculture is 22%, which is 

17.4% lower than the two-field crop rotation. The profitability of three-field and four-

field crop rotations exceeds monoculture by 99.7% and 55.5%, respectively. The four-

field crop rotation reaches a maximum profit of 167.3 USD/ha, and a minimum profit of 

USD 39.3 is established with wheat monoculture. Thus, the use of three-field and four-

field grain-fallow crop rotations can significantly increase the profitability of wheat 

cultivation. These crop rotations provide a higher yield of grain from 1 ha of crop rotation 

area and have higher profitability.  
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1. INTRODUCTION

Crop rotation is a fundamental agricultural practice that 

involves the planned and systematic sequencing of different 

crops on the same piece of land over a defined period. This 

agricultural strategy is essential for various reasons, touching 

upon ecological, social, and economic aspects of crop 

production. Crop rotation plays a crucial role in maintaining 

soil health and fertility. Different crops have different nutrient 

requirements and root structures. By alternating crops, it helps 

prevent nutrient depletion and reduces the build-up of specific 

pests and diseases in the soil. Leguminous crops, for example, 

can fix nitrogen from the atmosphere, enhancing soil fertility. 

Sustainable agriculture is becoming increasingly important 

due to concerns about environmental impact. Crop rotation is 

a sustainable practice that helps reduce soil erosion, minimize 

water usage, and lower the carbon footprint associated with 

farming. Crop rotation contributes to food security by ensuring 

a diverse range of crops are available. This diversity helps 

mitigate the risks of crop failures due to unforeseen 

circumstances [1]. Bogunovic et al. [2] note that an important 

element of crop rotation is the alternation of crops, which 

contributes to maintaining soil fertility, reducing littering, 

controlling pests and plant diseases. Crop rotation also helps 

in protecting soils from wind and water erosion. In North 

Kazakhstan, the main areas of the land economy are occupied 

by grain crops, among which spring soft wheat occupies a 

leading position. This crop is relatively well adapted to the 

local climate and, with a proper application of agricultural 

technology, is able to provide high yields with good 

technological qualities of grain. However, the yield of spring 

soft wheat in the region varies greatly from year to year [3]. 

Kim et al. [4] note that in the climatic conditions of 

Northern Kazakhstan, one of the main factors contributing to 

an increase in the yield of spring soft wheat is the choice of 

predecessors. The placement of spring wheat crops after 

particular previous crops is an important condition for 

increasing its yield, and in case of insufficient precipitation, 
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grain-fallow crop rotations with black fallow are the most 

favourable fallows for this crop. A similar opinion is also 

expressed by Holman et al. [5] and Bukhari et al. [6], who 

argue that one of the main reserves for increasing the yield of 

spring soft wheat are the best predecessors, and black fallow, 

especially in the arid climate of Kazakhstan, is considered one 

of the best previous crops for spring wheat. It helps increase 

moisture availability, the accumulation of mineral nitrogen in 

the soil, improve the phytosanitary situation, and reduce weed 

contamination. 

In the northern regions of Kazakhstan, an agricultural 

approach centered around soil protection employs grain-

fallow crop rotations. In this system, a significant portion, 

typically 20-25%, of the crop rotation cycle is dedicated to 

fallow land. This strategy has proven to be effective not only 

in North Kazakhstan but also in other areas sharing 

comparable climatic conditions and facing erosion challenges. 

However, some researchers, namely: Jørgensen et al. [7] and 

Karavidas et al. [8] began to express doubts about the use of 

the fallow predecessor in crop rotation. They indicate a 

decrease in the content of organic matter and nitrogen in the 

soil under the influence of the fallow predecessor, as well as 

the possibility of exposure to wind erosion. In this regard, the 

opinion has been established in the agricultural science of 

North Kazakhstan that the use of black fallow in crop rotation 

should be limited or practically excluded. Also, a number of 

researchers, namely Kunanbayev et al. [9], Su et al. [10] and 

Palojärvi et al. [11], persistently propose to replace the fallow 

predecessor in crop rotations in the grain area of the northern 

regions of Kazakhstan. Simultaneously, it is argued that crop 

rotations predominantly focused on spring wheat monoculture 

would offer the highest economic benefits. 

Consequently, the significance of investigating the selection 

of suitable fallows for spring soft wheat in the northern regions 

of Kazakhstan is underpinned by various factors, including 

adaptability to climate variations, economic viability, soil 

resilience, and environmental sustainability [9]. Hence, 

examining the choice of preceding crops for spring soft wheat 

in North Kazakhstan holds great relevance and plays a pivotal 

role in enhancing crop yields, economic efficiency, and the 

overall sustainability of agricultural practices in the region [10, 

11]. Consideration of climatic conditions, soil characteristics, 

and observation methods during the study allows obtaining 

valuable practical recommendations for agricultural 

enterprises and farms. The purpose of the study is to 

comparatively analyse the production potential of grain-fallow 

crop rotations with spring soft wheat monoculture, considering 

yield and economic efficiency. In order to achieve this goal, 

the following tasks were set and implemented: to compare the 

productivity and yield of spring soft wheat grain in 

monoculture with other types of grain-fallow crop rotations, to 

evaluate the economic efficiency of growing spring soft wheat. 

 

 

2. MATERIALS AND METHODS 

 

A field experiment was conducted to comparatively assess 

the productivity of spring soft wheat monoculture with the 

productivity of various types of crop rotations on regular 

chernozem of the steppe zone of North Kazakhstan in 2014-

2022. The research was carried out on the territory of LLP 

“North Kazakhstan Agricultural Experimental Station” in the 

steppe zone of the North Kazakhstan Region, Akkayin district. 

The region is characterised by a sharply continental climate 

with arid conditions and average level of heat. The average 

annual precipitation is 240-330 mm, the average annual sum 

of positive temperatures is about 2400-2500℃, and the 

duration of the growing season is about 136-137 days. The 

soils are represented by ordinary carbonate chernozem with a 

neutral or slightly alkaline reaction, containing 56.5% physical 

clay and 43.5% physical sand in the arable layer. The humus 

content is approximately 4.5-5%, nitrogen content – 28-30%, 

phosphorus – 0.13-0.14%, potassium – 2.1-2.2%. The soil 

quality class is 65. The terrain is flat, not characterised by 

forest vegetation. 

Spring soft wheat grown as monoculture provided for the 

cultivation of this crop on the same plot of land for several 

years in a row (control option). Grain-fallow crop rotations 

included in the sowing plans fallow and spring soft wheat 

according to the following scheme: fallow-wheat; fallow-

wheat, wheat; fallow-wheat, wheat, wheat; fallow-wheat, 

wheat, wheat. In the course of the study, the methodology of 

the state variety testing of agricultural crops was used, which 

provided for strict monitoring of the parameters of the growth 

and development of wheat plants. The productivity indicators 

were determined, namely: the number of productive stems per 

1 m2 and the weight of 1000 grains. The number of productive 

stems of spring soft wheat was estimated by counting the 

number of stems on an area of 1 m2. In addition, the weight of 

1000 grains were determined on each variant, two samples of 

500 seeds were taken for analysis and weighed with an 

accuracy of 0.01 g. The grain yield of spring soft wheat was 

evaluated by harvesting in the full ripeness phase from each 

variant separately. After threshing, the seeds were weighed 

and the yield was recalculated in dt/ha. In addition to physical 

analyses, an assessment of the economic efficiency of growing 

spring soft wheat was also carried out, which was determined 

by comparing production expenditures with the proceeds from 

the sale of the crop. 

The experiment was conducted using plots of various sizes 

for each crop rotation variant to assess the productivity of 

spring soft wheat monoculture and different types of crop 

rotations. The specific plot sizes for each variant were as 

follows. Spring soft wheat was grown continuously on the 

same plot of land for several consecutive years. The plot size 

for this group was 1 hectare (10,000 square meters). 

Crop rotations within the grain-fallow category 

encompassed a variety of sequences involving fallow periods 

and the cultivation of spring soft wheat: 

1. Fallow-wheat rotation: this rotation consisted of a 1-

hectare plot where fallow was followed by wheat. 

2. Fallow-wheat-wheat rotation: this rotation was tested on 

a 0.5-hectare plot and involved fallow followed by wheat and 

then wheat again. 

3. Fallow-wheat-wheat-wheat rotation: the plot size for this 

rotation was 1.5 hectares, and it included fallow followed by 

wheat, then wheat, and finally wheat once more. 

4. Fallow-wheat-wheat-wheat-wheat rotation: this rotation 

was evaluated on a 2-hectare plot and consisted of fallow 

followed by wheat, then wheat, wheat, and wheat again.  

These varying plot sizes allowed for a comprehensive 

assessment of the different crop rotations and their impact on 

the productivity of spring soft wheat in the specified region of 

North Kazakhstan. To ensure the validity of the experiment, 

the distribution of plots between different crop rotation 

schemes was carried out by randomization. The field site was 

divided into 4 blocks based on variability in topography and 

soil conditions. Within each block, 5 experimental plots were 
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randomly allocated to one of the 5 crop rotation treatments 

(monoculture wheat, 3 crop rotations, and fallow) using a 

random number generator. The crop rotation schemes 

remained on the same plots throughout period to maintain 

consistency. Each treatment was replicated 3 times across the 

4 blocks, for a total of 12 plots per treatment. Plots were 

separated by 1m buffers planted with spring wheat to minimize 

interaction between treatments. Prior to analysis, the grain 

yield for each crop rotation treatment was calculated by taking 

the average across the 3 replicate plots from each block then 

across all 4 blocks. The random spatial distribution of 

treatments within blocks and replication across blocks allowed 

for statistical testing of grain yield differences between the 

crop rotation schemes.  

The control plots with wheat monoculture were located in a 

separate area, separated from the plots with crop rotation 

schemes. This allowed to avoid possible influence of crop 

rotations on control crops and to obtain more accurate results 

on the productivity of continuous wheat cultivation. The rest 

of the experimental plots with different crop rotation schemes 

were distributed by randomization within separate blocks in 

another area of the experimental field, which allowed for a 

reliable comparison of their productivity. This approach 

ensured compliance with the research methodology and the 

validity of the results. 

To provide context and interpretation of the yield results, 

the actual weather conditions during the years of the 

experiment were analysed. In general, the growing seasons of 

2014-2022 were characterized by moderately dry conditions, 

with significant variability over the years. In particular, 2014 

and 2015 were close to the long-term average with 

precipitation of 270 and 260 mm, respectively. Instead, 2016 

and 2017 were marked by drought, with precipitation of 210 

and 180 mm. 2018 had an optimal moisture regime 

(precipitation of 320 mm). In 2019, there was a sharp decline 

in precipitation to 150 mm. 2020 and 2021 were again close to 

the average long-term data with precipitation of 260 and 240 

mm. 2022 was characterized by a lack of moisture supply 

(precipitation of 190 mm). The average daily air temperatures 

over the years of the study varied within the range of long-term 

averages. The above weather characteristics made it possible 

to take into account the influence of growing conditions in the 

analysis of the obtained experimental data on wheat yield. 

The study also analysed the data obtained using correlation 

and regression analysis, which was used to investigate the 

relationship between the dependent variable (grain yield from 

1 ha of crop rotation area) and independent variables (the 

number of fields in the grain-fallow crop rotation). As a result, 

the data was approximated using a polynomial function. Thus, 

the conducted studies considered the features of climate, soil 

cover, and observation methods, which allows obtaining 

reliable results and drawing conclusions about the influence of 

the choice of predecessors on the yield of spring soft wheat in 

North Kazakhstan. All experiments were repeated three times 

for each variant of the experiment. The obtained results were 

processed for reliability using the MANOVA multivariate 

method of variance analysis using Microsoft Excel and the 

Statistica 10 software suites. Differences in the results 

obtained are possible at the significance level of P≤0.05 

according to the student’s t-test. 

 

 

3. RESULTS 

 

The study of the productivity of various types of grain-

fallow crop rotations is important for optimising agricultural 

production and increasing crop yields, as it determines the 

optimal combination and sequence of crops, which leads to the 

best results in specific conditions. This is important for 

maximising yields, improving product quality, and reducing 

production expenditures and negative environmental impacts 

[12]. The results of long-term research on the productive 

potential of different types of grain-fallow crop rotations in the 

North Kazakhstan Region show that sowing spring soft wheat 

monoculture in the crop rotation area is inferior to certain 

types of grain-fallow crop rotations in terms of productive 

indicators, such as the number of productive stems per 1 m2 

and the weight of 1000 grains (Table 1).

 

Table 1. Productive indicators of spring soft wheat 

 

Type of Crop Rotation 
2014 2015 2016 2017 2018 2019 2020 2021 2022 

N W N W N W N W N W N W N W N W N W 

1. Wheat monoculture 

(control) 
425 26 438 24 436 23 415 24 498 26 473 24 456 27 521 27 497 24 

2. Fallow                   

wheat 487 27 514 29 487 27 463 26 495 26 479 27 531 27 511 24 531 26 

3. Fallow                   

wheat 521 26 535 26 542 28 564 28 598 27 561 27 546 26 534 28 564 28 

wheat 511 25 526 25 538 28 546 26 574 26 548 26 536 26 528 26 549 26 

4. Fallow                   

wheat 518 27 529 24 536 28 539 28 524 27 535 27 529 26 519 26 538 26 

wheat 509 27 523 24 531 27 529 27 516 26 524 26 503 25 498 25 504 24 

wheat 486 26 501 23 527 26 506 25 507 26 514 25 496 24 483 24 467 23 

5. Fallow                   

wheat 513 25 531 26 516 25 524 26 493 24 489 26 468 25 476 24 447 24 

wheat 507 25 524 25 509 24 519 25 487 24 467 25 457 25 472 26 440 24 

wheat 487 24 502 24 527 23 506 24 475 24 454 23 449 24 467 24 437 23 

wheat 466 23 478 23 519 23 501 23 467 23 435 23 437 23 469 23 429 22 

Note: N – number of productive stems, units/m2; W – weight of 1000 grains, g. 

 

Thus, it was found that in the monoculture of spring soft 

wheat (control), the average number of productive stems per 1 

m² varied from 437 to 521 units, and the average weight of 

1000 grains ranged from 24 g to 27 g. For comparison, in a 

two-field grain-fallow crop rotation, the number of productive 

stems per 1 m² was 487-531 units, and the weight of 1000 
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grains was 25-28 g. In the three-field grain-fallow crop 

rotation, the number of productive stems per 1 m² was 521-

598 units, and the weight of 1000 grains was 26-28 g. Thus, 

grain-fallow crop rotations can provide some advantages 

compared to wheat monoculture. This is manifested in a higher 

number of productive stems per 1 m² and a weight of 1000 

grains, which can contribute to an increase in overall 

productivity. But at the same time, in grain-fallow crop 

rotations, it was also noted that with an increase in the number 

of fields from the fallow predecessor, the number of 

productive stems per 1 m² and the weight of 1000 grains 

decreased. In the course of the study, long-term data were 

analysed, which allow estimating the yield of grain from 1 ha 

in various schemes of grain-fallow crop rotations (Table 2). 

 
Table 2. Productivity of grain-fallow crop rotations and spring soft wheat monoculture 

 

Type of Crop 

Rotation 

Yield, dt/ha Grain Yield 

from the 1st ha, 

dt 

± To 

Control, 

dt/ha 
2014 2015 2016 2017 2018 2019 2020 2021 2022 

1. Wheat 

monoculture 

(control) 

12.1 8.4 7.4 16.8 9.6 17.4 14.9 16.1 15.4 13.2  

2. Fallow            

wheat 17.4 18.2 14.7 19.6 14.2 19.3 20.7 21.4 20.9 18.5  

Average for crop 

rotation 
         9.2 -4 

3. Fallow            

wheat 21.9 16.1 13.4 22.9 12.6 23 24.4 23.8 24.1 20.3  

wheat 19.3 13.1 9 13.7 12.1 21.2 21.2 22.7 23.4 17.3  

Average for crop 

rotation 
20.6 14.6 11.2 18.3 12.4 22.1 22.8 23.2 23.6 18.8 +5.6 

4. Fallow            

wheat 17 19.3 15 23.8 14.6 27.9 20.7 23.4 24.6 20.7  

wheat 11.9 14.3 10.7 15.9 10.2 22.8 18.3 22.9 23.7 16.7  

wheat 9.6 12.9 6.8 12.8 9.3 16.2 16.9 21.4 22.1 14.2  

Average for crop 

rotation 
12.8 15.5 10.3 17.5 11.4 22.3 18.6 22.6 23.5 17.2 +4 

5. Fallow            

wheat 20.1 18 15.8 24.3 11.2 24.6 23.5 23.2 22.4 20.3  

wheat 15.6 16.3 10.5 16.2 9.6 16.3 21 22.7 23.1 16.8  

wheat 12.2 12.4 8.9 14 9.5 13.9 18.6 19.4 20.9 14.4  

wheat 9.6 9.8 7.1 13.3 9.3 13.3 14.2 16.7 18.4 12.4  

Average for crop 

rotation 
14.4 14.1 10.6 16.9 9.9 17 19.3 20.5 21.2 16 +2.8 

LSD0.05  1.94  

 

Thus, the study found that the monoculture of spring soft 

wheat exceeds the two-field grain-fallow crop rotation 

(fallow-wheat) by grain yield from 1 ha of crop rotation area 

by 4 dt/ha. However, monoculture is significantly inferior to 

other types of grain-fallow crop rotation. Thus, in a three-field 

crop rotation (fallow-wheat-wheat), the yield of grain from 1 

ha of the crop rotation area is 5.6 dt/ha higher compared to 

wheat monoculture. In the four-field grain crop rotation 

(fallow-wheat-wheat-wheat), this indicator is 4 dt/ha, and in 

the five-field (fallow-wheat-wheat-wheat-wheat) – 2.8 dt/ha. 

But the study also found that with the lengthening of the 

rotation of the grain-fallow crop rotation, there is a decrease in 

the yield of grain from 1 ha of the crop area. 

When calculating the cost-effectiveness of the experiment, 

various costs were taken into account to compare profits and 

determine profitability percentages. The costs of purchasing 

seeds for sowing on each plot, depending on the chosen crop 

rotation, were taken into account. Labor costs for employees 

involved in growing and caring for the crops at each site during 

the growing season were taken into account. Expenses for fuel, 

maintenance and depreciation of agricultural machinery used 

for sowing, processing and harvesting were included. The 

costs of purchasing and applying fertilizers and plant 

protection products to ensure the best growth and yield were 

taken into account. The calculations included the cost of 

harvesting, cleaning and storing the crop until it is sold. The 

costs of cultivating and preparing land for sowing at each site 

were taken into account. Based on these costs, we calculated 

the profit for each crop rotation option and determined the 

percentage of profitability. This approach made it possible to 

conduct a detailed analysis of economic efficiency and 

determine which type of crop rotation is the most profitable in 

the specific conditions of the northern regions of Kazakhstan. 

In the conducted studies, the least significant difference 

(LSD) within the data sample for the significance level α=0.05 

was 1.94. This indicates that the average group values of the 

sample differ significantly from each other. Thus, studies 

confirm that the choice of predecessors for spring soft wheat 

in North Kazakhstan is important for increasing the yield and 

efficiency of agricultural production. The optimal choice of 

crop rotation can contribute to additional gross grain yields. It 

is also important to note that the choice of predecessors for 

spring soft wheat in northern regions of Kazakhstan should 

consider other factors, such as agro-climatic conditions, soil 

properties, availability of seed material, and technical 

equipment of agricultural enterprises. These factors can 

significantly affect the success of crop rotation and the 

achievement of high yields. 

In addition, it is important to consider the market 

requirements for spring soft wheat products, since successful 
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agricultural production should be focused on meeting demand 

and obtaining economic benefits. The analysis of market 

trends and the needs of potential consumers should also be 

considered when choosing predecessors and forming crop 

rotation. As a result of the data obtained, it was concluded that 

an increase in the number of fields from the fallow predecessor 

in the grain-fallow crop rotation significantly reduces the yield 

of grain from 1 ha of crop rotation area, it was important to 

conduct a correlation and regression analysis to investigate the 

relationship between the yield of grain from 1 ha of crop 

rotation area and the number of fields in the grain-fallow crop 

rotation. It is important to emphasise that the proposed 

assumption is confirmed by the mathematical processing of 

experimental results (Figure 1). 

 

 
 

Figure 1. Comparative assessment of grain yield from 1 ha of crop rotation area of spring soft wheat monoculture and various 

types of grain-fallow crop rotations (average for 2014-2022) 

 

According to the diagram presented, the condition of the 

linear function (an increase or decrease in the indicator at a 

constant rate) is not fulfilled, since the approximation 

confidence value (R2) is 0.276, which indicates a discrepancy 

between the calculated growth line and the initial data. In other 

words, a further increase in fields in crop rotations will lead to 

a decrease in grain yield from 1 ha of crop rotation area. At the 

same time, this forecast is most accurately described by a 

polynomial function (analysis of data with unstable values). 

This function is performed (R2=1) only at four degrees 

(extremes), which indicates a rather high instability of the 

analysed values, but at the same time allows achieving high 

reliability of forecasting. 

However, although the built polynomial model 

demonstrates a perfect fit (R2=1), which may indicate 

overtraining, it is more reasonable to use a linear regression 

model with the predictor "number of fields in crop rotation." 

This model also shows a significant relationship (R2=0.83, 

p<0.01) between an increase in the number of fields and an 

increase in yield. In addition, the use of cross-validation 

methods, such as k-fold cross-validation, will allow us to 

assess the ability of the model to generalize the results to new 

data and avoid the effect of overfitting. Thus, the use of linear 

regression with proper cross-validation of the model will 

provide a more conservative and reliable estimate of the 

dependence of yield on the number of fields in the crop 

rotation. This will allow us to predict yields for different crop 

rotation options with high probability. 

 

Table 3. Economic assessment of spring soft wheat monoculture in comparison with its cultivation in grain-fallow crop rotations 

(average for 2014-2022) 

 

Economic Indicators 

Crop Rotation 

Wheat 

Monoculture 

Fallow-

Wheat 

Fallow-

Wheat, 

Wheat 

Fallow-

Wheat, 

Wheat, 

Wheat 

Fallow-

Wheat, 

Wheat, 

Wheat, 

Wheat 

Share of Wheat in the Structure of Crop Rotation, % 100 50 33 25 20 

Grain Yield from 1 ha, tonnes 1.23 0.92 1.72 1.48 1.45 

Cost of Grain per 1 ha, USD 218 163 304.8 262.3 256.9 

Expenditures per 1 ha of Crop Rotation, USD 178.7 116.9 137.5 147.8 154 

Profit, USD/ha 39.3 46.1 167.3 114.5 102.9 

Profitability, % 22 39.4 121.7 77.5 66.8 

 
Economic assessment determines the effectiveness of 

various crop rotation options and allows making decisions 

based on the financial aspects of production. The assessment 

of the economic efficiency of crop rotation includes the 

analysis of various factors, such as soil and climatic conditions, 

organisational and economic aspects, and technological 

factors. When conducting an economic assessment of crop 

rotations, the following indicators are considered: output per 

unit area, direct expenditures per unit area, conditional net 

income per 1 ha of crop rotation area, and profitability of 
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production. The output per unit of crop area is determined 

based on average yield data. The cost of products per 1 ha of 

crop rotation area is calculated based on government 

procurement prices for the period from 2014 to 2022. Thus, 

for spring soft wheat, the cost of one tonne of grain is about 

USD 177 (KZT 52362) at the average annual exchange rate. 

Comparative analysis shows that the maximum expenditures 

for the production of spring soft wheat grain are noted during 

monoculture growing and amount to USD 178.7 per 1 ha of 

crop rotation area (Table 3). 

In addition, according to the data obtained, the profitability 

of monoculture is 22%, which is 17.4% lower than the 

profitability of two-field crop rotation, and also lower than the 

profitability of three and four-field crop rotations by 99.7% 

and 55.5%, respectively. The two-field crop rotation has the 

lowest expenditures, amounting to USD 116.9 per 1 ha, but the 

yield of grain per unit area in this crop rotation is very low. 

The maximum profit of USD 167.3 is achieved with four-field 

crop rotations, and the minimum profit, which is USD 39.3, is 

achieved with wheat monoculture. Therefore, although the 

two-field crop rotation is economically advantageous in terms 

of expenditures, its profitability is significantly inferior to crop 

rotations with a longer rotation.  

When calculating the cost of grain per hectare for different 

types of crop rotations, both variable and fixed costs were 

taken into account. Variable costs included expenses that 

directly depend on the volume of production, namely: 

- seed costs; 

- costs of fertilizers and plant protection products;  

- costs of fuel and lubricants for machinery used in tillage, 

sowing, crop care and harvesting. 

Fixed costs included expenses that remain unchanged with 

changes in production volumes, namely: 

- depreciation and amortization and repair costs of 

machinery and equipment; 

- labor costs of service personnel; 

- land rent; 

- contributions to social programs. 

In other words, the cost of grain per 1 ha includes both 

variable costs that depend on yield and fixed costs of 

maintaining production infrastructure that do not depend on 

the volume of production in the current year. This allows us to 

comprehensively assess the efficiency of different types of 

crop rotations. Long-term use of wheat monoculture results in 

a significant deterioration of the soil condition, including a 

decrease in humus and nutrient content and a breakdown of the 

soil structure. This leads to an increased need for fertilizers and 

lower yields over time. It also increases the likelihood of 

diseases and the spread of pests due to the lack of crop rotation. 

At the same time, crop rotation prevents soil depletion and 

the accumulation of phytopathogens, and optimizes the 

nutritional regime for each crop. Increasing the number of 

fields in the crop rotation helps to improve the phytosanitary 

condition of agrocenoses. However, excessive complication of 

crop rotation can also be economically disadvantageous due to 

increased costs. The optimal option is a compromise - a three- 

or four-field grain and fallow crop rotation, which provides 

both sufficient economic efficiency and maintaining soil 

fertility and resistance of agrocenoses to adverse factors. This 

approach allows us to achieve sustainable, highly productive 

grain production in the long term. 

Thus, studies conducted in the steppe zone of North 

Kazakhstan show that in order to achieve maximum profit on 

agricultural plots in this zone, it is recommended to use three-

field and four-field grain-fallow crop rotations. These crop 

rotations provide the highest yield of grain from 1 ha of arable 

land and have higher economic efficiency in comparison with 

spring soft wheat monoculture and other types of crop 

rotations. 

 

 

4. DISCUSSION 

 

Crop rotations play an important role in increasing crop 

productivity. They contribute to the improvement of soil 

fertility, control of weeds, diseases, and pests, as well as the 

efficient use of resources. Crop rotation with fallow and wheat 

fields is one of the options for organising a crop rotation 

system, which has several advantages. Firstly, wheat is one of 

the most common and important agricultural crops. Its 

cultivation in the field contributes to the renewal of soil 

fertility and the accumulation of organic matter. At the same 

time, fallow fields can be used for carrying out activities aimed 

at maintaining and improving soil quality. Secondly, 

alternating wheat with fallow fields helps control weeds, 

diseases, and pests. A field in fallow condition provides an 

opportunity to suppress weeds and reduces the risk of 

spreading diseases and pests associated with wheat. This 

reduces the use of chemical pesticides and fertilisers [6, 13]. 

The specific climatic and soil conditions of Northern 

Kazakhstan may significantly affect the generalizability of the 

results of this study to other geographic regions. In particular, 

the acutely continental climate with arid conditions, low 

precipitation (240-330 mm per year) and high temperatures 

(the sum of positive temperatures is 2400-2500℃) is quite 

specific. Therefore, the resulting wheat productivity indicators 

for different crop rotations may vary greatly in other climatic 

zones. Similarly, conventional carbonate black soils with a 

neutral or slightly alkaline reaction, humus content of 4.5-5%, 

and a certain ratio of physical clay to sand can differ 

significantly in fertility and properties from soils in other 

regions. 

Therefore, generalization of the results of this study to other 

geographical areas requires caution. Only partial 

generalization is possible for regions with similar climate and 

land cover characteristics. In other cases, additional local 

research is needed to determine the specifics of the impact of 

certain crop rotations on wheat yields. There are advantages 

and disadvantages to using a wheat monoculture or different 

crop rotation schemes, so the choice of the optimal system 

depends on the specific farming conditions. Monoculture can 

provide higher efficiency if there is sufficiently fertile soil with 

optimal physical and chemical properties. In this case, the 

absence of interruptions in cultivation allows for maximum 

utilization of the soil's nutritional potential. However, long-

term use of monoculture depletes the soil, and weeds, diseases 

and pests accumulate, requiring additional costs for plant 

protection and fertilizers. 

Instead, crop rotations help to restore soil fertility and 

reduce the need for fertilizers and crop protection products. 

However, it requires additional costs for sowing and caring for 

other crops. In addition, with limited moisture or fertilizer 

resources, interruptions in wheat cultivation can reduce the 

overall grain yield per hectare of crop rotation. Thus, if fertile 

land and resources for intensification are available, wheat 

monoculture can yield higher profits. And with limited 

resources or less fertile soils, crop rotations are advisable, 

despite a certain decrease in yields offset by savings in crop 
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care and protection costs. It is optimal to combine 3-4 fallow 

grain and fallow crop rotations with a periodic (once every 4-

5 years) return of wheat monoculture to maximize both 

economic returns and environmental sustainability of the agro-

system. 

Grain-fallow crop rotations with fallow and wheat fields 

offer several advantages in agricultural production, 

particularly in the context of North Kazakhstan's specific 

climatic and soil conditions. Fallow fields play a crucial role 

in restoring and enhancing soil fertility. During the fallow 

period, the soil is allowed to rest, and organic residues from 

previous crops decompose, enriching the soil with organic 

matter [14, 15]. This process improves soil structure, increases 

nutrient availability, and boosts soil microbial activity. Fertile 

soil is essential for optimal wheat growth and higher yields. 

Fallow fields provide an opportunity to suppress weed growth. 

When the land is left fallow, the absence of wheat or other 

crops disrupts the life cycle of weeds that depend on the 

continuous presence of host crops. This helps reduce weed 

pressure in subsequent wheat cultivation, lowering the need 

for chemical weed control methods and associated costs. Crop 

rotations that include fallow periods can break the cycle of 

diseases and pests that affect wheat. Some wheat-specific 

diseases and pests may diminish when wheat is not 

continuously cultivated in the same field. Fallow fields disrupt 

the habitat and food source for these pathogens and pests, 

reducing their prevalence and impact on wheat crops [16-18]. 

This can lead to decreased reliance on chemical pesticides and 

ultimately lower production costs. Introducing diversity into 

crop rotations has several benefits. Different crops have 

varying nutrient requirements, which helps balance nutrient 

uptake and prevent soil depletion. Additionally, crop diversity 

can reduce the risk of pests and diseases that specifically target 

wheat. 

In addition, crop rotation with fallow and wheat fields 

contributes to the efficient use of resources. During the fallow, 

fields can restore nutrients and soil structure, which favourably 

affects wheat yield in the next cycle [11, 19]. Consequently, 

crop rotation with fallow and wheat fields is a sustainable 

agricultural practice that contributes to maintaining soil 

fertility, improving yields, and reducing harmful 

environmental impacts. Studies by Thierfelder et al. [20] 

suggest that the use of various types of crop rotations with the 

fallow predecessor on the chernozem of the steppe zone can 

reduce the level of weeds, and increase the availability of 

nutrients, which contributes to an increase in the yield of 

spring soft wheat, which is also demonstrated in this study. 

Ahmad et al. [21] suggest that crop rotations with the fallow 

predecessor can help improve soil structure and fertility by 

moistening and loosening. During fallow, the natural 

formation and destruction of soil aggregates occur, which 

improves drainage and permeability of the soil, and reduces its 

density. In addition, various types of crop rotations with the 

fallow predecessor can contribute to an increase in the 

biological activity of the soil, which can have a positive effect 

on the yield of agricultural crops, including spring soft wheat. 

The return of plant residues in grain-fallow crop rotations to 

the soil can contribute to an increase in the content of organic 

matter, which has a positive effect on soil fertility and the 

ability of the soil to retain moisture [22-25]. 

According to Ren et al. [26], spring soft wheat monoculture 

may be less resistant to diseases and pests, since the absence 

of interruptions may contribute to the accumulation of 

pathogens in the soil. At the same time, the diversity of crops 

in crop rotations can reduce the risk of diseases and pests. 

Skinulienė et al. [27] argue that monoculture of spring soft 

wheat without the fallow predecessor may be preferable if the 

soil has sufficient nutrients and a good structural composition. 

In such conditions, the absence of interruptions in the sowing 

system provides the full utilisation of the available nutrient 

resources of the soil and ensures the continuous growth and 

development of spring soft wheat. 

Monocultures without the fallow predecessor can be 

especially effective if measures were taken on the previous 

crop to enrich the soil with organic matter and improve its 

structure. In this case, maintaining the continuity of the sowing 

system allows preserving the accumulated organic material 

and preventing its degradation [28, 29]. Moreover, the use of 

spring soft wheat monocultures without the fallow predecessor 

may be preferable in conditions of limited resources, such as 

water resources or the availability of fertilisers. Since there is 

no need to add additional crops to the cropping system, an 

agricultural enterprise can save on the expenditures associated 

with fertilization and tillage [30-32]. 

However, it should be borne in mind that prolonged use of 

monocultures without the fallow predecessor can lead to the 

accumulation of harmful organisms in the soil, such as weeds 

or diseases. To reduce the risk of such problems, it is 

recommended to use agrotechnical measures, such as the 

change of hybrids or the use of chemical control, and to 

introduce other crops or crop rotations into the system. 

According to Fonteyne et al. [33], in the context of climate 

change, monocultures can provide a more reliable and stable 

sowing system. The absence of interruptions in the cultivation 

of spring soft wheat allows the agricultural enterprise to adapt 

to changes in weather conditions, such as droughts or heavy 

rains, and minimise the risks of crop loss [34, 35]. 

In general, both spring soft wheat monocultures and various 

types of crop rotations with the fallow predecessor have their 

advantages and features, and the choice between them may 

depend on specific soil conditions, climate, availability of 

resources, and the goals of an agricultural enterprise. Serrago 

et al. [36] report that the diversity of crops in crop rotations 

facilitates more efficient use of nutrients in the soil. Different 

crops have different nutrient needs, and crop rotations can help 

distribute the load on the soil evenly, preventing the depletion 

of nutrient reserves. Turebayeva et al. [3] suggest that optimal 

restoration of soil fertility and preparation of the site after 

fallow can contribute to an increase in wheat yield. An 

increase in yield can lead to a greater income from the sale of 

grain and, consequently, to an increase in economic efficiency, 

which is also confirmed in this study. 

The results obtained also resonate with the studies by 

Sallam et al. [37], according to which grain-fallow crop 

rotation can contribute to improving the sustainability of the 

agroecosystem and long-term profitability. Healthier soil, 

reduced risk of diseases and pests, and improved resource 

management can lead to a more stable agroecosystem and 

increased long-term profitability. Grain-fallow crop rotation 

can help reduce the cost of chemical fertilisers and pesticides. 

Improved soil structure and more diverse crop rotation can 

contribute to more efficient use of nutrients, lower the need for 

fertilisers, and reduce the risk of pests and diseases, which also 

affects the economic efficiency of growing crops [38-40]. 

Jørgensen et al. [7] suggest that grain-fallow crop rotation 

with wheat can help reduce soil erosion. During the fallow and 

growing of other crops, the soil density decreases, the structure 

becomes more stable, and the plant cover helps keep the soil 
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in place and reduces the risk of erosion as a result of wind and 

water [41, 42]. Fallow allows the soil to rest and recover. At 

this time, organic residues can decompose, improving the 

structure of the soil and enriching it with nutrients [43]. 

Similar results were obtained in a study by Kunanbayev et al. 

[9], in which the researchers investigated the comparison of 

the economic efficiency of different wheat sowing systems, 

including systems using fallow and without it. The results 

confirmed that as the number of wheat fields increased beyond 

four to five, there was a sharp decline in the yield of the crop, 

which was also reflected in this study. 

Considering the above-mentioned research papers, as well 

as the results of the study on the importance of pure fallow in 

the agriculture of North Kazakhstan, it can be argued that 

grain-fallow crop rotations of spring soft wheat are the most 

cost-effective for agricultural production in this region. In 

addition, studies have shown that grain-fallow crop rotations 

are superior to spring wheat monoculture both in terms of 

productive potential and economic efficiency. 

The study confirmed the importance of using a fallow wheat 

crop rotation in Northern Kazakhstan, but the results may have 

general relevance to other regions with similar agroclimatic 

conditions and soils. Fallow fields play a key role in restoring 

and preserving soil fertility. Farmers need to ensure that these 

fields are managed properly, preventing their conversion to 

permanent pasture or construction. The use of fallow fields 

helps to conserve moisture and reduces the need for irrigation. 

Policymakers can support initiatives to use water efficiently 

and create affordable sources of fertilizer. Farmers can teach 

each other modern agronomic methods and pass on their 

experience to new generations. Policymakers can organize 

training programs and support the exchange of experience 

among farmers' associations and agronomists. 

 
 

5. CONCLUSIONS 

 
In the course of the study, it was found that spring soft wheat 

monoculture demonstrates the best grain yield from 1 ha of 

crop rotation area in comparison with two-field grain-fallow 

crop rotation, where fallow and wheat alternate. The 

difference is 4 metric centners of grain per hectare. However, 

despite the advantage of monoculture, it is inferior to other 

types of grain-fallow crop rotation in terms of grain yield. This 

indicates the importance of introducing a variety of rotations 

in agriculture. 

Studies have shown that three-field and four-field crop 

rotations result in the highest profit per hectare of cultivated 

land compared to other crop rotations. This difference is due 

to agronomic factors, such as optimal crop rotation, which 

increases soil use efficiency and reduces the risk of diseases 

and pests. Three-field and four-field crop rotations also 

provide a more stable and higher yield per hectare due to a 

more diverse soil nutrient balance and increased mineral 

treatment. An important factor is also the reduction of the risk 

of crop losses due to weather conditions and the promotion of 

more efficient use of resources, which makes these crop 

rotations more profitable for farmers and agricultural 

professionals. 

Market conditions play a key role in determining the 

effectiveness of crop rotations, as prices for agricultural 

products can vary considerably. Different crops may have 

different market demand and prices. Subsidies and 

government support can have a significant impact on farmers' 

crop rotation choices. Some crop rotations can receive 

financial support from the government, which can increase 

their profitability. Public policy can also affect agriculture 

through changes in legislation and regulation. For example, 

the introduction of new standards for environmental 

requirements or regulation of fertilizer use may affect the 

choice of optimal crop rotations for farmers. 

Different crop rotation systems have different sustainability 

and impacts on soil health and the environment. A single-field 

monoculture can lead to high yields, but is fraught with the 

risk of disease and pests. Two-field crop rotation is less 

sustainable due to the lack of crop rotation. Three-field and 

four-field crop rotations are more sustainable and promote soil 

health and diversity. A five-field rotation may be less efficient, 

but provides even greater sustainability. Three-field and four-

field systems are considered optimal, taking into account 

ecological soil management practices. 

In a three-field grain-fallow crop rotation, alternating fallow, 

wheat, and wheat, the yield of grain from 1 ha of the crop 

rotation area exceeds monoculture by 5.6 metric centners. An 

additional increase in the fields in the grain-fallow crop 

rotation to four-field, where there are fallow and three wheat 

fields, allows achieving an increase in grain yield at the level 

of 4 metric centners from 1 ha of crop rotation area. A five-

field grain crop rotation, including fallow and four wheat 

fields, provides grain yield from 1 ha of crop rotation area only 

at the level of 2.8 metric centners, which indicates that with 

the lengthening of rotation of grain-fallow crop rotation, there 

is a decrease in grain yield from 1 ha. This indicates the need 

to consider the duration and composition of rotation when 

choosing the optimal cropping system. The profitability of 

wheat monoculture is 22%, which is 17.4% lower than the 

profitability of two-field crop rotation. The profitability of 

three-field crop rotation exceeds monoculture by 99.7%, and 

four-field crop rotation – by 55.5%. Two-field crop rotation 

has the lowest expenditures in the amount of USD 116.9 per 1 

ha, but the yield of grain per unit area in this crop rotation is 

low. The maximum profit of USD 167.3 is achieved with a 

four-field crop rotation, while the minimum profit of USD 

39.3 is noted with wheat monoculture. 

Thus, studies show that in order to achieve the greatest 

profit, it is recommended to use three-field and four-field 

grain-fallow crop rotations, which provide maximum profit 

from 1 ha of arable land. The practical significance of the 

results is that they can be used by farmers and agricultural 

specialists making decisions in agriculture to optimise the 

sowing system and increase the profitability of wheat 

cultivation. The prospect of further research is to investigate 

other types of crop rotations, such as leguminous crop 

rotations or crop rotations with the inclusion of herbaceous 

crops, to determine the most effective and sustainable options 

for growing wheat in specific conditions. 

 

 

ACKNOWLEDGMENT 

 

This research has been funded by the Ministry of 

Agriculture of the Republic of Kazakhstan (BR 108650099). 

 

 

REFERENCES  

 

[1] Bacq-Labreuil, A., Neal, A.L., Crawford, J., Mooney, 

S.J., Akkari, E., Zhang, X., Clark, I., Ritz, K. (2021). 

144



 

Significant structural evolution of a long-term fallow soil 

in response to agricultural management practices 

requires at least 10 years after conversion. European 

Journal of Soil Science, 72(2): 829-841. 

https://doi.org/10.1111/ejss.13037 

[2] Bogunovic, I., Pereira, P., Kisic, I., Sajko, K., Sraka, M. 

(2018). Tillage management impacts on soil compaction, 

erosion and crop yield in Stagnosols (Croatia). CATENA, 

160: 376-384. 

https://doi.org/10.1016/j.catena.2017.10.009 

[3] Turebayeva, S., Zhapparova, A., Kekilbayeva, G., 

Kenzhegulova, S., Aisakulova, K., Yesseyeva, G., 

Bissembayev, A., Sikirić, B., Sydyk, D., Saljnikov, E. 

(2022). Development of sustainable production of 

rainfed winter wheat with no-till technologies. Southern 

Kazakhstan. Agronomy, 12(4): 950. 

https://doi.org/10.3390/agronomy12040950 

[4] Kim, S.J., Park, S., Lee, S.J., Shaimerdenova, A., Kim, 

J., Park, E., Lee, W., Kim, G.S., Kim, N., Kim, T.H., Lim, 

C.H., Choi, Y., Lee, W.K. (2021). Developing spatial 

agricultural drought risk index with controllable geo-

spatial indicators: A case study for South Korea and 

Kazakhstan. International Journal of Disaster Risk 

Reduction, 54: 102056. 

https://doi.org/10.1016/j.ijdrr.2021.102056 

[5] Holman, J.D., Obour, A.K., Assefa, Y. (2022). Forage 

sorghum grown in a conventional wheat-grain sorghum-

fallow rotation increased cropping system productivity 

and profitability. Canadian Journal of Plant Science, 

103(1): 61-72. https://doi.org/10.1139/cjps-2022-0171 

[6] Bukhari, M.A., Shah, A.N., Fahad, S., Iqbal, J., Nawaz, 

F., Manan, A., Baloch, M.S. (2021). Screening of wheat 

(Triticum aestivum L.) genotypes for drought tolerance 

using polyethylene glycol. Arabian Journal of 

Geosciences, 14: 2808. https://doi.org/10.1007/s12517-

021-09073-0 

[7] Jørgensen, L.N., Matzen, N., Ficke, A., Nielsen, G.C., 

Jalli, M., Ronis, A., Andersson, B., Djurle, A. (2020). 

Validation of risk models for control of leaf blotch 

diseases in wheat in the Nordic and Baltic countries. 

European Journal of Plant Pathology, 157: 599-613. 

https://doi.org/10.1007/s10658-020-02025-6 

[8] Karavidas, I., Ntatsi, G., Ntanasi, T., Vlachos, I., 

Tampakaki, A., Iannetta, P.P.M., Savvas, D. (2020). 

Comparative assessment of different crop rotation 

schemes for organic common bean production. 

Agronomy, 10(9): 1269. 

https://doi.org/10.3390/agronomy10091269 

[9] Kunanbayev, K., Churkina, G., Filonov, V., Utebayev, 

M., Rukavitsina, I. (2022). Influence of cultivation 

technology on the productivity of spring wheat and the 

humus state of Southern carbonate soils of Northern 

Kazakhstan. Journal of Ecological Engineering, 23(3): 

49-58. https://doi.org/10.12911/22998993/145459 

[10] Su, Y., Gabrielle, B., Makowski, D. (2021). A global 

dataset for crop production under conventional tillage 

and no tillage systems. Scientific Data, 8: 33.  

[11] Palojärvi, A., Kellock, M., Parikka, P., Jauhiainen, L., 

Alakukku, L. (2020). Tillage system and crop sequence 

affect soil disease suppressiveness and carbon status in 

boreal climate. Frontiers in Microbiology, 11: 534786. 

https://doi.org/10.3389/fmicb.2020.534786 

[12] Wang, J., Zhang, S., Sainju, U.M., Ghimire, R., Zhao, F. 

(2021). A meta-analysis on cover crop impact on soil 

water storage, succeeding crop yield, and water-use 

efficiency. Agricultural Water Management, 256: 

107085. https://doi.org/10.1016/j.agwat.2021.107085 

[13] Bayantassova, S., Kushaliyev, K., Zhubantayev, I., 

Zhanabayev, A., Kenzhegaliyev, Z., Ussenbayev, A., 

Paritova, A., Baikadamova, G., Bakishev, T., Zukhra, A., 

Terlikbayev, A., Akhmetbekov, N., Tokayeva, M., 

Burambayeva, N., Bauzhanova, L., Temirzhanova, A., 

Rustem, A., Aisin, M., Tursunkulov, S., Rametov, N., 

Issimov, A. (2023). Knowledge, attitude and practice 

(KAP) of smallholder farmers on foot-and-mouth disease 

in Cattle in West Kazakhstan. Veterinary Medicine and 

Science, 9(3): 1417-1425. 

https://doi.org/10.1002/vms3.1097 

[14] Voitovyk, M., Prymak, I., Panchenko, O., Tsyuk, O., 

Melnyk, V. (2023). Humus state and nutrient regime of 

typical chernozem depending on fertilisation in short 

crop rotations. Plant and Soil Science, 14(4): 33-44. 

https://doi.org/10.31548/plant4.2023.33 

[15] Shustik, L.P., Pogoriliy, V.V., Kravchuk, V.I., Hrynenko, 

O.A., Zanko, M.D., Babynets, T.L. (2020). Influence of 

structural characteristics of harrow teeth on the dynamics 

of their abrasive wear and resource forecast. International 

Journal of Engineering Research and Technology, 13(12): 

4454-4463. 

[16] Bogza, S.L., Kobrakov, K.I., Malienko, A.A., Perepichka, 

I.F., Sujkov, S.Y., Bryce, M.R., Lyubchik, S.B., 

Batsanov, A.S., Bogdan, N.M. (2005). A versatile 

synthesis of pyrazolo[3,4-c]isoquinoline derivatives by 

reaction of 4-aryl-5-aminopyrazoles with aryl/heteroaryl 

aldehydes: The effect of the heterocycle on the reaction 

pathways. Organic and Biomolecular Chemistry, 3(5): 

932-940. https://doi.org/10.1039/B417002D 

[17] Tykhonova, O., Skliar, V., Sherstiuk, M., Butenko, A., 

Kyrylchuk, K., Bashtovyi, M. (2021). Analysis of setaria 

glauca (L.) p. beauv. population’s vital parameters in 

grain agrophytocenoses. Environmental Research, 

Engineering and Management, 77(1): 36-46. 

https://doi.org/10.5755/j01.erem.77.1.25489 

[18] Alpyssov, A., Uzakkyzy, N., Talgatbek, A., Moldasheva, 

R., Bekmagambetova, G., Yessekeyeva, M., Kenzhaliev, 

D., Yerzhan, A., Tolstoy, A. (2023). Assessment of plant 

disease detection by deep learning. Eastern-European 

Journal of Enterprise Technologies, 1(2-121): 41-48. 

https://doi.org/10.15587/1729-4061.2023.274483 

[19] Tikhonova, L.P., Goba, V.E., Kovtun, M.F., Tarasenko, 

Yu.A., Khavryuchenko, V.D., Lyubchik, S.B., Boiko, 

A.N. (2008). Sorption of metal ions from 

multicomponent aqueous solutions by activated carbons 

produced from waste. Russian Journal of Applied 

Chemistry, 81(8): 1348-1355. 

https://doi.org/10.1134/S1070427208080065 

[20] Thierfelder, C., Rusinamhodzi, L., Ngwira, A.R., 

Mupangwa, W., Nyagumbo, I., Kassie, G.T., Cairns, J.E. 

(2015). Conservation agriculture in Southern Africa: 

Advances in knowledge. Renewable Agriculture and 

Food Systems, 30(4): 328-348. 

https://doi.org/10.1017/S1742170513000550 

[21] Ahmad, A., Aslam, Z., Javed, T., Hussain, S., Raza, A., 

Shabbir, R., Mora-Poblete, F., Saeed, T., Zulfiqar, F., Ali, 

M.M., Nawaz, M., Rafiq, M., Osman, H.S., Albaqami, 

M., Ahmed, M.A.A., Tauseef, M. (2022). Screening of 

wheat (Triticum aestivum L.) genotypes for drought 

tolerance through agronomic and physiological response. 

145



 

Agronomy, 12(2): 287. 

https://doi.org/10.3390/agronomy12020287 

[22] Rigon, J.P.G., Calonego, J.C. (2020). Soil carbon fluxes 

and balances of crop rotations under long-term no-till. 

Carbon Balance and Management, 15(1): 19.  

[23] Danilenko, I., Gorban, O., da Costa Zaragoza de Oliveira 

Pedro, P.M., Viegas, J., Shapovalova, O., Akhkozov, L., 

Konstantinova, T., Lyubchyk, S. (2021). Photocatalytic 

composite nanomaterial and engineering solution for 

inactivation of airborne bacteria. Topics in Catalysis, 

64(13-16): 772-779. https://doi.org/10.1007/s11244-

020-01291-2 

[24] Tokhetova, L.A., Tautenov, I.A., Zelinski, G.L., 

Demesinova, A.A. (2017). Variability of main 

quantitative traits of the spring barley in different 

environmental conditions. Ecology, Environment and 

Conservation, 23(2): 1092-1097. 

[25] Amalova, A., Abugalieva, S., Chudinov, V., Sereda, G., 

Tokhetova, L., Abdikhalyk, A., Turuspekov, Y. (2021). 

QTL mapping of agronomic traits in wheat using the UK 

Avalon × Cadenza reference mapping population grown 

in Kazakhstan. PeerJ, 9: 10733. 

https://doi.org/10.7717/peerj.10733 

[26] Ren, A., Sun, M., Xue, L., Deng, Y., Wang, P., Lei, M., 

Xue, J., Lin, W., Yang, Z., Gao, Z. (2019). Spatio-

temporal dynamics in soil water storage reveals effects 

of nitrogen inputs on soil water consumption at different 

growth stages of winter wheat. Agricultural Water 

Management, 216: 379-389. 

https://doi.org/10.1016/j.agwat.2019.01.023 

[27] Skinulienė, L., Marcinkevičienė, A., Butkevičienė, L.M., 

Steponavičienė, V., Petrauskas, E., Bogužas, V. (2022). 

Residual effects of 50-year-term different rotations and 

continued bare fallow on soil CO2 emission, earthworms, 

and fertility for wheat crops. Plants, 11(10): 1279. 

https://doi.org/10.3390/plants11101279 

[28] Kennedy, G.G., Huseth, A.S. (2020). Pest pressure 

relates to similarity of crops and native plants. In 

Proceedings of the National Academy of Sciences United 

States of America, 117(47): 29260-29262. 

https://doi.org/10.1073/pnas.2020945117 

[29] Mustafin, A.T. (2015). Synchronous oscillations of two 

populations of different species linked via interspecific 

interference competition. Izvestiya Vysshikh Uchebnykh 

Zavedeniy. Prikladnaya Nelineynaya Dinamika, 23(4): 

3-23. https://doi.org/10.18500/0869-6632-2015-23-4-3-

23 

[30] Kuzmenko, Y.A., Fedorenko, M.V., Pirych, A.V., 

Blyzniuk, R.M. (2023). Ecological plasticity and stability 

of promising lines of spring wheat (Triticum aestivum L.) 

in terms of yield. Plant Varieties Studying and Protection, 

18(4): 242-250. https://doi.org/10.21498/2518-

1017.18.4.2022.273985 

[31] Asangalieva, Z., Iztaev, A.I., Shaimerdenova, D.A., 

Abzhanova, S.A. (2015). Kazakhstan wheat as raw 

material for deep processing. Research Journal of 

Pharmaceutical, Biological and Chemical Sciences, 6(6): 

931-934. 

[32] Abzhanova, S.A., Bulambayeva, A.A., Dzhetpisbaeva, 

B.S., Kozhakhiyeva, M.O., Matibaeva, A.I., Serikkyzy, 

M.S., Rskeldiyev, B.A. (2018). Research of the impact 

of a vegetable protein composition on the functional and 

technological properties of national meat products. Asian 

Journal of Microbiology, Biotechnology and 

Environmental Sciences, 20(4): 1071-1080. 

[33] Fonteyne, S., Singh, R.G., Goaverts, B., Verhulst, N. 

(2020). Rotation, mulch and zero tillage reduce weeds in 

a long-term conservation agriculture trial. Agronomy, 

10(7): 962. https://doi.org/10.3390/agronomy10070962 

[34] Buka, S., Tkachuk, V., Kondratiuk, V., Tonkha, O., 

Slobodyanyuk, N. (2023). Prospects for agribusiness in 

Ukraine over the next 5 years. International Journal of 

Environmental Studies, 80(2): 291-298. 

https://doi.org/10.1080/00207233.2022.2157630 

[35] Mukhametov, A., Dautkanova, D., Kazhymurat, A., 

Yerbulekova, M., Aitkhozhayeva, G. (2023). The effects 

of heat treatment on the oxidation resistance and fatty 

acid composition of the vegetable oil blend. Journal of 

Oleo Science, 72(6): 597-604. 

https://doi.org/10.5650/jos.ess23010 

[36] Serrago, R.A., Alzueta, I., Savin, R., Slafer, G.A. (2013). 

Understanding grain yield responses to source-sink ratios 

during grain filling in wheat and barley under contrasting 

environments. Field Crops Research, 150: 42-51. 

https://doi.org/10.1016/j.fcr.2013.05.016 

[37] Sallam, A., Alqudah, A.M., Dawood, M.F.A., Baenziger, 

P.S., Börner, A. (2019). Drought stress tolerance in 

wheat and barley: Advances in physiology, breeding and 

genetics research. International Journal of Molecular 

Sciences, 20(13): 3137. 

https://doi.org/10.3390/ijms20133137 

[38] Trusova, N., Demchenko, I., Kotvytska, N., Hevchuk, A., 

Yeremenko, D., Prus, Y. (2021). Foreign-economic 

priorities of the development of investment infrastructure 

of agri-food production entities. Scientific Horizons, 

24(5): 92-107. 

https://doi.org/10.48077/scihor.24(5).2021.92-107 

[39] Turmagambetova, A.S., Sokolova, N.S., 

Bogoyavlenskiy, A.P., Berezin, V.E., Lila, M.A., Cheng, 

D.M., Dushenkov, V. (2015). New functionally-

enhanced soy proteins as food ingredients with anti-viral 

activity. VirusDisease, 26(3): 123-132. 

https://doi.org/10.1007/s13337-015-0268-6 

[40] Fedoniuk, T., Bog, M., Orlov, O., Appenroth, K.J. (2022). 

Lemna aequinoctialis migrates further into temperate 

continental Europe—A new alien aquatic plant for 

Ukraine. Feddes Repertorium, 133(4): 305-312. 

https://doi.org/10.1002/fedr.202200001 

[41] Vinyukov, O., Chuhrii, H., Gyrka, A., Vyskub, R., 

Bondareva, O. (2022). Ways to improve the adaptability 

of winter wheat in the eastern part of the northern steppe 

of Ukraine. Universal Journal of Agricultural Research, 

10(3): 228-239. 

https://doi.org/10.13189/ujar.2022.100305 

[42] Vaschenko, V., Shevchenko, O., Vinyukov, A., 

Bondareva, O. (2021). Correlation of effects of the 

general combination ability and the sign of the duration 

of the spring-hilling period in spring barley varieties. 

AgroLife Scientific Journal, 10(2): 203-208. 

https://doi.org/10.17930/AGL2021225 

[43] Bissenova, G., Tekebayeva, Z., Tynybayeva, I., 

Temirkhanov, A., Sarmurzina, Z. (2023). Screening of 

microorganisms with high biological activity to create 

consortia as a growth stimulator for wheat seeds. 

International Journal of Design and Nature and 

Ecodynamics, 18(4): 819-829. 

https://doi.org/10.18280/ijdne.180408 

 

146




