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 Ensuring the health and safety of crops through the mitigation of harmful microorganisms 

is essential for maintaining agricultural productivity and food security. The yield of grain 

crops constitutes a critical metric for optimizing agricultural planning. The primary 

objective of this research is to investigate the efficacy of integrating common 

programming principles with the employment of mineral fertilizers and enhanced plant 

protection to augment the yield of grain crops under the prevailing natural conditions of 

the Zhetysu region in the Republic of Kazakhstan. The methodological framework of this 

study is grounded in the application of practical, applied research methods to assess the 

potential of yield programming for wheat and barley. This assessment is contingent upon 

the utilization of fertilizers and plant protection products within the specific agro-climatic 

context of southeastern Kazakhstan. It was observed that the treatment of seeds with 

protective-stimulating agents significantly improves the health and viability of cereal 

crops. These benefits are evidenced by the suppression of infections and enhancements 

in germination rates and pest resistance. Field experiments conducted within the Zhetysu 

region indicate that the sowing of pre-treated seeds in late April is conducive to optimal 

plant development and yield. The findings suggest that further research should 

concentrate on refining the application of fertilizers and protective agents to enhance 

predictive models and yield outcomes at a national scale.  
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1. INTRODUCTION 

 

This study addresses the challenge of augmenting future 

grain crop yields by implementing a strategy to mitigate the 

deleterious effects of agricultural pests. The focus is on 

refining the programming methods for cultivating crops, 

incorporating preventative measures against harmful 

organisms. These methods include the strategic use of 

protective and stimulating compounds for seed treatment prior 

to sowing. This approach has been shown to significantly 

enhance crop health and reduce the accumulation of harmful 

substances [1-6]. 

In the northern regions of Kazakhstan, field and production 

experiments with grain crops have demonstrated that the 

optimal structuring of crops can lead to yield increases of 

approximately 40-50%, with outcomes contingent upon the 

biological and morphological characteristics of the crops and 

the moisture conditions [7, 8]. Under natural moisture 

conditions, grain crops have been found to develop leaf 

surface areas ranging from 13 to 40 thousand m2/ha, with dry 

matter yields reaching 20-35 centners/ha, or 10-18 centners/ha 

of grain [9-14]. The urgency of this research is underscored by 

the necessity to apply these findings to enhance wheat and 

barley yields in specific regions of Kazakhstan. 

The southeast of Kazakhstan, a critical region for the 

nation's grain production, has been selected as the study area 

due to its unique pest profile and environmental sensitivities. 

The economic dependence of local communities on grain 

crops, coupled with the potential ecological impact of 

pesticide use, mandates the development of tailored pest 

management strategies. These strategies aim to boost yields 

while preserving both the economic and environmental well-

being of the region. Collaboration with local experts, who 

possess in-depth knowledge of the agricultural landscape and 

pest dynamics, is integral to the study's success. 

Dukhovny et al. [15] considered various aspects of yield 

programming within a systems approach to reclamation, 

highlighting the necessity for a complex of interrelated 

reclamation and agrotechnical measures to achieve pre-

calculated crop volumes. Additionally, Kazakhstan's rank as 

the third-largest wheat producer among CIS member states 

and emphasized the natural and climatic potential of southeast 

Kazakhstan for wheat and barley cultivation [16-18]. 

Further, Esimbekova et al. [19] conducted research on the 
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properties of soft wheat in the international breeding 

classification, emphasizing the importance of considering 

fertilizer quality and composition in yield programming. Chen 

et al. [20] explored the effects of organic fertilizers on clay 

mineral transformation and phosphorus retention, finding that 

organic fertilizers enhance the bioavailability of phosphorus, a 

key element in yield programming [21, 22]. Song et al. [23] 

studied the increase in grain crop yields through leaf nitrogen 

and phosphorus resorption, concluding that this process, in 

conjunction with improved fertilizer quality, significantly 

boosts soil nutrient restoration and productivity. This allows a 

significant increase in grain production even in semi-arid 

geographic regions [24-26]. 

The prevalence of agricultural pests in southeast 

Kazakhstan, including aphids, grasshoppers, and fungal 

pathogens, causes substantial yield losses and economic 

damage [27, 28]. The reliance on chemical pesticides poses 

environmental concerns, compounded by climatic variability 

that complicates pest management. Addressing these issues is 

vital for sustaining agricultural productivity and 

environmental health in the region, making the investigation 

of pest management strategies a critical endeavor [29-31]. 

The primary aim of this research is to examine the 

fundamental principles of programming wheat and barley 

yield growth, focusing on the use of mineral fertilizers and 

plant protection products within the context of the foothill-

steppe zone of southeast Kazakhstan. 

 

 

2. MATERIALS AND METHODS 

 

The research methodology employed in this study consists 

of practical experiments and theoretical foundations to 

investigate the principles of programming wheat and barley 

yields in the specific conditions of south-eastern Kazakhstan. 

Practical experiments were conducted to explore the impact of 

various factors, including sowing dates, seeding rates, and 

fertilizer application, on grain crop yields. Phenological 

observations were made to monitor key developmental phases 

of wheat and barley. The study involved three sowing terms 

and two fertilizer backgrounds, with temperature, day length, 

and other parameters taken into account. The field experiments 

were conducted in 2022, with detailed data collected on crop 

growth and yield. Statistical analysis was applied to the 

collected data to assess the effectiveness of protective and 

stimulating compounds and fertilizer use. 

An applied study of improving the principles of 

programming grain crops (spring wheat, spring barley) in the 

conditions of the Zhetysu region involved practical, field 

experiments to study the effect of sowing dates, seeding rates, 

calculated doses of fertilizer and protective measures on the 

yield of grain crops. In this scientific study, phenological 

observations were made on the main trends in the growth and 

development of grain crops of wheat and barley, which were 

used in field experiments. This made it possible to determine 

the key phases of development, such as the emergence of 

seedlings, the period of maturation, as well as the duration of 

the vegetative period. 

In the field experiment, spring wheat and spring barley were 

sown in three terms with three seeding rates and two 

backgrounds: without the use of mineral fertilizers (control) 

and with the use of fertilizers in active ingredients (P20 in rows 

and N30 in top dressing). For each plant species, their own 

minimums and maximums of temperature, day length, and 

other parameters were noted. The study was carried out in 

2022. For spring wheat of the first sowing period, the tillering 

phase began on May 11, the beginning of the tube growth was 

noted on May 25, earing-on June 12, the culture began to 

bloom-on July 01-03, the ripening phase began by August 12. 

On a fertilized background, the plants matured later than in the 

variants without the use of fertilizers by 2-3 days. 

Consequently, the length of the growing season of spring 

wheat of the first period was 105-108 days. The second term 

for sowing spring wheat of the Kazakhstanskaya-4 variety was 

made on May 07. Seedlings appeared on May 14-15, after 7-8 

days, ripening occurred on August 18-20, the duration of the 

growing season was 101-103 days. The third term was sown 

on May 16, with soil temperature at a depth of 0-10cm, at 10-

12℃, it should be noted that the spring period was rainy and 

cool. Seedlings appeared in 5-6 days, and the full ripeness of 

the wheat grain came at the end of August. The duration of the 

growing season was 97-99 days, which is 8-10 days shorter 

than in the first period. 

Based on the results of the field experiments, statistical 

processing of the obtained data was carried out, reflecting the 

experimental indicators of wheat and barley yields. This made 

it possible to determine in the field the practical effectiveness 

of protective and stimulating compounds, the fertilizers used, 

and also to assess the real prospects for programming the yield 

of these grain crops, which is of fundamental importance from 

the point of view of the prospects for predicting the yield of 

wheat and barley in the conditions of the southeast of 

Kazakhstan. 

 

 

3. RESULTS 

 

The study on spring wheat and barley utilized varying 

sowing dates, seeding rates, and fertilizer treatments to 

understand the nuanced impacts of these variables on crop 

growth and yield. Different sowing dates capture the effects of 

diverse environmental conditions on plant development, 

providing insights into optimal planting times. Varying 

seeding rates assess intra-crop competition and determine the 

ideal plant density for maximal yield. The comparison 

between fertilized and non-fertilized plots offers a direct 

analysis of nutrient impact on growth, showcasing the 

potential benefits and economic viability of fertilizer 

application, especially in a season characterized by cool and 

rainy conditions. 

One of the principles for determining the size of a possible 

harvest is the development of effective pest control measures. 

In this regard, in order to improve the methods of 

programming crops in various systems of measures to protect 

against damage by pests, experiments were laid out with the 

use of protective and stimulating compounds for the planned 

treatment of spring wheat and barley seeds before sowing and 

in field and experimental conditions in order to improve their 

health and reduce the accumulation of infection in the soil. The 

biological effectiveness of the developed protective and 

stimulating compositions against root rot of spring wheat in 

the field during the tillering phase varied according to the 

variants within 59.4-85.5%, in the phase of full ripeness 58.1-

82.9%, respectively, the highest efficiency was noted in the 

variants in combination Celeste top 312.5, k.s. 1.0 l/t + 

Extrasol, F, 1.0 l/t and TMTD (Tetramethylthiuram disulfide, 

Thiuram), v.s.k. 3.0 l/t + Celeste top 312.5, k.s. 1.0 l/t + 

Extrasol, F, 1.0 l/t, both in the tillering phase and in the full 
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ripeness of the grain 84%; 77.5%; 85.5% and 82.9% 

respectively (Table 1). 

Similar data were also obtained on spring barley, here a 

rather high biological efficiency against root rot was also noted 

in the tillering phase and full ripeness of the grain. In the 

tillering phase, these indicators amounted to 66.6-77.7%, in 

the phase of full ripeness of the grain 60.2%-76.1%, 

respectively (Table 2). 

 
Table 1. Biological effectiveness of protective and stimulating compositions against root rot of spring wheat,  

Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Option, Consumption Rate l/t, kg/t 

Plants Afflicted with Root 

Rot, % 

Biological Efficiency Against Root 

Rot, % 

in the tillering 

phase 

before 

harvesting 

in the tillering 

phase 

before 

harvesting 

Celeste top 312.5, k.s. 1.0 l/t+extrasol, zh 1.0 l/t 1.1 2.7 84 77.5 

Pilgrim, k.s. 0.4 l/t+humat K, zh 1.0 l/t 2.4 5.5 65.2 60.9 

Yunta, k.s. 1.5 l/t+humat K, zh 1.0 l/t 2.8 5.9 59.4 58.1 

Yunta, k.s. 1.5 l/t+scarlet, m.e. 0.3 l/t+humat K, l. 1.0 l/t 1.3 3.8 81.1 73 

Agrostimulin, 2.6% v.s.r. 10.0 ml/t+inshur perform, 12% 

k.s. 0.3 l/t+taboo, v.s.k. 0.5 l/t 
1.5 3.3 78.2 76.5 

Yunta, k.s. 1.5 l/t+biosil, 10% v.e. 0.05 l/t 1.8 4 73.9 71.6 

Vial trio v.s.k. 0.8 l/t+yunta, k.s. 1.5 l/t+extrasol, zh, 1.0 l/t 2 4.2 71 70.2 

Tetramethylthiuram disulfide, thiuram 3.0 l/t+celeste top 

312.5, 1.0 l/t+extrasol, zh, 1.0 l/t 
1 2.4 85.5 82.9 

Control 6.9 14.1 - - 
Source: compiled by the authors. 

 
Table 2. Biological effectiveness of protective and stimulating compositions against root rot of spring barley,  

Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Option, Consumption Rate l/t, kg/t 

Plants Afflicted with Root 

Rot, % 

Biological Efficiency Against 

Root Rot, % 

in the tillering 

phase 

before 

harvesting 

in the tillering 

phase 

before 

harvesting 

Celeste top 312.5, k.s. 1.0 l/t+extrasol, zh, 1.0 l/t 1.8 3.9 75 70.4 

Pilgrim, k.s. 0.4 l/t+humat k, zh 1.0 l/t 2.4 5.2 66.6 65.5 

Yunta, k.s. 1.5 l/t+humat k, zh 1.0 l/t 2 4.9 72.2 67.5 

Yunta, k.s. 1.5 l/t+scarlet, m.e. 0.3 l/t+humat k, l. 1.0 l/t 1.9 5.4 73.6 64.2 

Agrostimulin, 2.6% v.s.r. 10.0 ml/t+inshur perform, 12% k.s. 

0.3 l/t+taboo, v.s.k. 0.5 l/t 
2 4.9 72.2 67.5 

Yunta, k.s. 1.5 l/t+biosil, 10% v.e. 0.05 l/t 2.2 5.9 69.4 60.9 

Vial trio v.s.k. 0.8 l/t+yunta, k.s. 1.5 l/t+extrasol, zh, 1.0 l/t 2.1 6 70.8 60.2 

Tetramethylthiuram disulfide, thiuram 3.0 l/t+celeste top 

312.5, 1.0 l/t+extrasol, zh, 1.0 l/t 
1.6 3.6 77.7 76.1 

Control 7.2 15.1 - - 
Source: compiled by the authors. 

 
Table 3. Influence of protective and stimulating compounds on the crop structure and yield of spring wheat,  

Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Option 
Bushiness, 

pcs. 

Plant 

Height, cm. 

Spikelet 

Length, cm. 

Number of 

Spikelets, pcs. 

Weight 1000 

Seeds, g 

Yield, 

Centner/ha 

Celeste top 312.5, k.s. 1.0 l/t+extrasol, zh, 1.0 l/t 2.4 93.3 6.2 21.6 44.7 19.9 

Pilgrim, k.s. 0.4 l/t+humat k, zh 1.0 l/t 2 91.1 5.8 20.9 43.5 17.1 

Yunta, k.s. 1.5 l/t+humat k, zh 1.0 l/t 2.1 86.2 5.7 19.7 41.3 17.9 

Yunta, k.s. 1.5 l/t+scarlet, m.e. 0.3 l/t+humat k, l. 

1.0 l/t 
2.2 86.4 6 21.1 44 19.4 

Agrostimulin, 2.6% v.s.r. 10.0 ml/t+inshur 

perform, 12% k.s. 0.3 l/t+taboo, v.s.k. 0.5 l/t 
2.4 87.9 5.9 21 43.6 19.8 

Yunta, k.s. 1.5 l/t+biosil, 10% v.e. 0.05 l/t 2.1 86.1 6 19.8 40 17.7 

Vial trio v.s.k. 0.8 l/t+yunta, k.s. 1.5 l/t+extrasol, 

zh, 1.0 l/t 
2.2 86.7 6 21.1 43.8 19.7 

Tetramethylthiuram disulfide, Thiuram 3.0 

l/t+celeste top 312.5, 1.0 l/t+extrasol, zh, 1.0 l/t 
2.2 87.1 5.8 20.7 43.1 19.3 

Control 1.9 79.6 5.4 19.6 38.4 16.6 

P value at 95% confidence interval <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Source: compiled by the authors. 
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Table 4. The influence of protective and stimulating compounds on the biometric indicators of spring barley,  

Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Option 
Bushiness, 

pcs. 

Plant 

Height, cm. 

Spikelet 

Length, cm. 

Number of 

Spikelets, pcs. 

Weight 1000 

Seeds, g 

Yield, 

Centner/ha 

Celeste top 312.5, k.s. 1.0 l/t+extrasol, zh, 1.0 l/t 2.3 61.6 6.4 20.3 43.8 18.3 

Pilgrim, k.s. 0.4 l/t+humat k, zh 1.0 l/t 2.6 64.5 6.5 20.6 40.2 17.9 

Yunta, k.s. 1.5 l/t+humat k, zh 1.0 l/t 2.5 60.8 6.3 19.7 39.9 15.3 

Yunta, k.s. 1.5 l/t+scarlet, m.e. 0.3 l/t+humat k, l. 

1.0 l/t 
2 58.9 6 19.2 40.8 15.8 

Agrostimulin, 2.6% v.s.r. 10.0 ml/t+inshur 

perform, 12% k.s. 0.3 l/t+taboo, v.s.k. 0.5 l/t 
2.1 58 5.9 18.7 40.5 15.9 

Yunta, k.s. 1.5 l/t+biosil, 10% v.e. 0.05 l/t 1.9 60.3 6.7 21 41.1 16.4 

Vial trio v.s.k. 0.8 l/t+yunta, k.s. 1.5 l/t+extrasol, f, 

1.0 l/t 
1.9 58.4 5.9 19.7 41.9 16.9 

Tetramethylthiuram disulfide, thiuram 3.0 

l/t+celeste top 312.5, 1.0 l/t+extrasol, zh, 1.0 l/t 
2.3 62.9 6.3 21.4 42.8 17.9 

Control 1.5 55.9 5.2 16.7 38.3 14.1 

P value at 95% confidence interval <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Source: compiled by the authors. 

 

Table 5. Influence of sowing time, seeding rate on field germination, standing density in the germination phase and  

plant safety before harvesting spring wheat, Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Sowing 

Dates 

Seeding 

Rates, mln 

pcs/ha 

Background 

Field 

Germination of 

Seeds, % 

Number of 

Seedlings, 

1m2/pc. 

Plant Density 

During 

Germination, pcs/ha 

Preservation 

Plants, % 

Plant Density During 

the Harvesting Period, 

thousand units/ha 

1 term-3rd 

decade of 

April 

3 

without 

fertilizers (k) 
84.2 252.6 2526 92.5 2336.5 

with fertilizer 84.5 253.5 2535 93.3 2365.1 

1 term-3rd 

decade of 

April 

3.5 

without 

fertilizers (k) 
83.8 293.3 2933 92.2 2704.2 

with fertilizer 84.1 294.4 2943.5 93.1 2740.4 

1 term-3rd 

decade of 

April 

4 

without 

fertilizers (k) 
83.4 333.6 3336 90.6 3022.4 

with fertilizer 83.7 334.8 3348 91.7 3070.1 

2nd term-1st 

decade of 

May 

3 

without 

fertilizers (k) 
87.3 261.9 2619 92.8 2430.4 

with fertilizer 88.1 264.3 2643 93.9 2481.8 

2nd term-1st 

decade of 

May 

3.5 

without 

fertilizers (k) 
86.9 304.1 3041.5 92.5 2813.4 

with fertilizer 87.7 306.9 3069.5 93.4 2866.9 

2nd term-1st 

decade of 

May 

4 

without 

fertilizers (k) 
86.2 344.8 3448 92.3 3182.5 

with fertilizer 87.4 349.6 3496 93.1 3254.7 

3 term-2nd 

decade of 

May 

3 

without 

fertilizers (k) 
89.5 268.5 2685 93.2 2502.4 

with fertilizer 90.1 270.3 2703 93.6 2530 

3 term-2nd 

decade of 

May 

3.5 

without 

fertilizers (k) 
89.3 312.6 3125.5 92.7 2897.3 

with fertilizer 89.8 314.3 3143 93.1 2926.1 

3 term-2nd 

decade of 

May 

4 

without 

fertilizers (k) 
88.9 355.6 3556 92 3271.5 

with fertilizer 89.7 358.8 3588 92.9 3333.2 

P value Factor 
Background <0.05 <0.05 <0.05 <0.05 <0.05 

Sowing term <0.05 <0.05 <0.05 <0.05 <0.05 
Source: compiled by the authors. 

 

Thus, the developed protective-stimulating compositions 

showed their effectiveness in the field, all options suppressed 

the development and spread of root rot. Data on biometric 

indicators also showed a fairly high efficiency of the 

developed protective and stimulating compositions in the field 

on spring wheat and barley crops, an increase in business, 

plant height, spike length and the number of spikelets per 1 

plant in the treated variants was noted. The height of spring 

wheat plants exceeded the control from 8.1% to 17.2%, on 

spring barley these figures were 3.7-15.3%, respectively 

(Tables 3 and 4). 

The performed study of the parameters of biometric 

measurements and the constituent elements of the crop 

revealed that in the case of seed treatment of spring wheat and 

barley, protective-stimulating compounds increase tillering, 

vegetative growth, the number of spikelets, yield, and weight 

of 1000 seeds. As a result, during the treatment of seeds of 

spring wheat and barley, due to the protective and stimulating 

effects of pre-prepared compositions, the harvested crop by 

elements varied on spring wheat in the range of 0.5-3.3c/ha, 

on spring barley 1.2-4.2c/ha, the yield in control variants on 

spring wheat, 16.6c/ha; on spring barley, 14.1c/ha, 
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respectively. Table 5 shows the effect of sowing time and 

seeding rate on field germination and survival of spring wheat 

plants. 

The optimal ratio of these factors contributes to obtaining 

maximum seedlings per unit area. In the experiment, with an 

early sowing period, the field germination of seeds averaged 

84%, and on a fertilized background, seedlings were more than 

on an unfertilized background by 0.3%. According to the sown 

seeds and field germination per 1m2 sprouted from 252.6 to 

334.8 seedlings of spring wheat. The safety of plants during 

the harvesting period was 90.6-93.3% of the emerging 

seedlings. It should be noted that in the fertilized variants, the 

safety of plants was higher by 0.8-1.1% than in the 

experimental plots where fertilizers were not used. 

Similar results were obtained in the second sowing period, 

where on the fertilized variants the field germination and 

safety of plants were higher than in the variants without the 

use of mineral fertilizers. It should also be noted that the field 

germination of spring wheat seeds was higher in the second 

term than in the first by 3.1-3.4%. This can be explained by 

the optimal ratio of temperature and humidity environmental 

factors. During the growing season, the safety of plants 

fluctuated in the range of 92.3-93.9%, this figure was higher 

than in the early period by 0.6%. In general, it should be taken 

into account that the studied agricultural year turned out to be 

wet, due to frequent rain, i.e., was favourable for the growth 

and development of crops. Before harvesting, there were from 

2.4 to 2.9 million plants with productive stems per hectare. 

Spring wheat for the third term was sown on May 17, where 

seedlings appeared 5-6 days after sowing. The completeness 

of seedlings was in the range of 88.9-90.1%, and the safety of 

plants for harvesting ranged from 92.0-93.6%. During the 

harvesting period, depending on the standard value of sowing, 

from 2.5 to 3.3 million plants per hectare were preserved. 

Similar results were obtained on crops of spring barley (Table 

6). 

The culture was also sown in three terms, with three norms 

and two backgrounds. Depending on the biological 

characteristics of plants and adaptation to environmental 

conditions, the following data were obtained: in the 1st period, 

the field germination of seeds was in the range of 83.4-84.5% 

with some fluctuations within the sowing rate. Plant safety was 

also quite high 91.7-93.3%. On the fertilized variants, these 

indicators were higher than without fertilization; in the end, 

before harvesting, the plant density was in the range of 2.3-3.1 

million units/ha, depending on the seeding rate of spring 

barley.

 

Table 6. Influence of sowing dates, seeding rate on field germination, standing density and safety of  

plants before harvesting spring barley, Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Sowing Dates 

Seeding 

Rates, mln 

pcs/ha 

Background 

Field 

Germination 

of Seeds, % 

Number of 

Sprouts, 

1m2/pcs. 

Plant Density During 

Germination, pcs/ha 

Preservation 

Plants, % 

Plant Density During 

the Harvesting 

Period, thousand 

units/ha 

1 2 3 4 5 6 7 8 

1 term-3rd 

decade of 

April 

3 

without fertilizers (k) 85.1 255.3 2553 93.1 2376.9 

with fertilizer 85.8 257.4 2574 93.6 2409.2 

1 term-3rd 

decade of 

April 

3.5 

without fertilizers (k) 84.7 296.5 2964.5 92.8 2751 

with fertilizer 85.3 298.6 3380 93.3 2785.5 

1 term-3rd 

decade of 

April 

4 

without fertilizers (k) 84.5 338 3404 92.2 3116.3 

with fertilizer 85.1 340.4 2658 92.9 3162.3 

2nd term-1st 

decade of May 
3 

without fertilizers (k) 88.6 265.8 2676 92.7 2463.9 

with fertilizer 89.2 267.6 3090.5 93.2 2494 

2nd term-1st 

decade of May 
3.5 

without fertilizers (k) 88.3 309.1 3108 92.4 2855.6 

with fertilizer 88.8 310.8 3516 93 2890.4 

2nd term-1st 

decade of May 
4 

without fertilizers (k) 87.9 351.6 3536 92.1 3238.2 

with fertilizer 88.4 353.6 2685 92.6 3274.3 

3 term-2nd 

decade of May 
3 

without fertilizers (k) 89.5 268.5 2721 93.1 2499.7 

with fertilizer 90.7 272.1 3122 93.8 2552.3 

3 term-2nd 

decade of May 
3.5 

without fertilizers (k) 89.2 312.2 3160.5 92.7 2894 

with fertilizer 90.3 316.1 3556 93.6 2958.2 

3 term-2nd 

decade of May 
4 

without fertilizers (k) 88.9 355.6 3556 92.2 3278.6 

with fertilizer 89.8 359.2 3592 92.9 3336.9 

P value 
Factor Background <0.05 <0.05 <0.05 <0.05 <0.05 

 Sowing term <0.05 <0.05 <0.05 <0.05 <0.05 
Source: compiled by the authors. 

 
Table 7. Yields of spring wheat and spring barley in experiments with sowing dates, seeding rate and fertilizers,  

Zhetysu region, LLP “zholbarys agro”, 2021-2022 

 

Sowing Dates 
Seeding Rate, mln 

pcs/ha 
Background 

Yield of Spring 

Wheat, c/ha 

Yield of Spring Barley 

c/ha 

1 term-3rd decade of April 3 
without fertilizers (k) 27.5 19.1 

with fertilizer 30.2 21.2 

1 term-3rd decade of April 3.5 
without fertilizers (k) 38.1 23 

with fertilizer 41.3 29.2 
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1 term-3rd decade of April 4 
without fertilizers (k) 37.5 20.9 

with fertilizer 39.2 24 

NSR0.05 2 1.7 

2nd term-1st decade of May 3 
without fertilizers (k) 26.9 15 

with fertilizer 29.3 19 

2nd term-1st decade of May 3.5 
without fertilizers (k) 35.4 16.9 

with fertilizer 39.3 21.4 

2nd term-1st decade of May 4 
without fertilizers (k) 34.5 17.7 

with fertilizer 37.1 20.3 

NSR0.05 2.2 1.5 

3 term-2nd decade of May 3 
without fertilizers (k) 25.8 20 

with fertilizer 27.5 22.5 

3 term-2nd decade of May 3.5 
without fertilizers (k) 32.1 21.4 

with fertilizer 36.6 25.2 

3 term-2nd decade of May 4 
without fertilizers (k) 33.2 19.3 

with fertilizer 35.8 23.1 

NSR0.05 2 1.5 
*Note: NSR0.05-non-significant difference at the 0.05 significance level. 

Source: compiled by the author. 

 
In subsequent sowing periods, one can observe an increase 

in the field germination of seeds on average from 3.1 to 5.2%, 

from the early sowing period, as well as stabilization of the 

plant safety index from germination to ripeness of barley grain 

within 92-93%. The results obtained give hope for obtaining 

the maximum yield with high baking qualities. Plant height 

growth is characterized by an increase in the height and mass 

of plants. Indicators of the intensity of plant growth after 

germination are of great importance, since more powerful 

plants tolerate weather fluctuations better and are resistant to 

harmful organisms. The sowing time had a significant impact 

on the formation of the crop structure and grain yield of spring 

wheat (Table 7). 

At the first sowing term with a rate of 3.5 million 

germinating seeds, 38.1 were obtained per hectare in the 

variant without fertilizers; and 41.3c/ha of grain yield, 

depending on the use of mineral fertilizers, in the second 

period with the same norm, the yield was in the range of 35.4-

39.3c/ha, with a yield difference of 2.0-2.7c/ha in favour of the 

first period, and in the third period (the second decade of May), 

this indicator decreased to 4.6-6c/ha compared with the early 

period. The same pattern can be seen in other sowing dates 

with other seeding rates. It should be noted that the earlier 

sowing time contributed to obtaining the largest grain yield, 

compared with other sowing dates. 

The study of various seeding rates showed that the largest 

grain yield in all sowing periods was obtained at a rate of 3.5 

million viable seeds per hectare. Both a decrease in this 

indicator to 3.0 million pieces/ha and a consistent increase to 

4.0 million pieces/ha reduce the yield of spring wheat grain. 

The yield of field crops is formed in the process of the 

photosynthetic activity of crops. This means that in order to 

increase the yield, it is necessary to strive to increase the 

utilization factor of photosynthetically active radiation (PAR), 

creating crops of optimal structure with the appropriate 

photosynthetic surface area. The area of the leaf 

(photosynthetic) surface of most crops depends on the number 

of plants and the size of the leaf surface of them and in total 

per unit area (m2/ha), biological and morphological 

characteristics of the crop, variety, meteorological conditions 

and the level of agricultural technology. 

This research is an important contribution to agricultural 

research today, particularly in the areas of pest management 

and crop yield optimisation. The research shows the 

effectiveness of using protective and stimulating components 

in seed treatments to prevent the spread of root rot in both 

spring wheat and barley. These findings are important because 

root rot can seriously reduce agricultural output. In addition, 

biometric measures showing increased plant growth, spikelet 

counts and crop production support the efficacy of these 

protective and stimulating compounds. In particular, the study 

shows that these treatments can increase spring wheat yield by 

0.5-3.3c/ha and spring barley yield by 1.2-4.2c/ha, providing 

growers with real economic benefits. The results on seeding 

rates and sowing periods further highlight their significant 

impact on germination, plant survival, and ultimate output. 

The findings, particularly those concerning the ideal balance 

of temperature and humidity environmental parameters, can 

help farmers choose the most effective sowing techniques. 

The study provides insightful information for crop 

protection and yield optimisation, but there are a number of 

issues and limitations that need to be addressed. As the study 

was conducted in a particularly wet year, the results may not 

apply in drier seasons due to environmental variability. 

Although the short-term benefits of the treatments are 

emphasised, their long-term effects on soil health, potential 

accumulation of chemical residues and future yields are not 

investigated. The cost implications of these treatments are not 

considered in the economic analysis, which appears to be 

lacking. The focus on specific wheat and barley varieties raises 

concerns about the generalisability of the results to other 

varieties or crops. Results could be biased if other agronomic 

practices, such as crop rotation or irrigation, are not taken into 

account. Potential pest resistance development to the applied 

treatments remains unexplored, which could be a critical factor 

for long-term agricultural sustainability. 

 

 

4. DISCUSSION 

 

The research team of Gupta et al. [32] considered a number 

of problematic aspects of wheat and barley grain 

biofortification. Scientists note that the successful solution of 

the issues of biological enrichment of wheat and barley allows 

over time to achieve the elimination of the problem of 

malnutrition in many parts of the world. Researchers draw 

attention to the fact that the interaction of cultivated plants 

with harmful microorganisms negatively affects the supply of 

nutrients to wheat and barley, which makes it necessary to 

increase yields through the use of fertilizers. According to the 

authors, this will facilitate the biological enrichment of 

microelements and will improve the conditions for the growth 
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of wheat and barley. The conclusions of scientists correlate 

with the results obtained in this scientific work, while the 

selection of fertilizers to ensure yields in the planned volumes 

require additional study. 

In turn, the group of authors He et al. [33] in a study on the 

sensitivity and uncertainty of the winter wheat crop rotation 

ecosystem model, draws attention to the fact that the accuracy 

of modeling soil nitrogen cycles is critical in terms of 

assessing food security and agricultural resource use 

efficiency. According to scientists, the accuracy of the yield 

forecast model largely depends on its parameterization, which 

determines the efficiency of programming the yield of wheat 

varieties, depending on the fertilizers used. The conclusions of 

the researchers are indirectly confirmed by the results of this 

scientific work, while the issues of modeling nitrogen cycles 

in the soil require additional study. 

Guo et al. [34] considered various aspects of the effect of 

nitrogen fertilizers on the condition of agricultural soils. 

Scientists note that numerous studies confirm the likelihood of 

soil degradation from the use of nitrogen fertilizers, while the 

nature of what is happening remains completely unclear. The 

researchers believe that the correct determination of the actual 

degree of influence of these fertilizers on soil aggregation will 

improve the structure of the soil layer and ensure the 

maintenance of high yields over an extended period. The 

opinion of the researchers correlates with the results obtained 

in this scientific work, while the question remains regarding 

the methodology for calculating the dosage of nitrogen 

fertilizers, which would avoid harming the soil. 

The research group consisting of Foloni et al. [35] 

considered several problematic aspects of forecasting the yield 

of wheat and other grain crops due to the qualitative alignment 

of the processes of chemical tillage. According to a group of 

scientists, the increased acidity of the soil surface, combined 

with a lack of nitrogen, inevitably turns into problems for 

crops like wheat and barley, as well as other crops. A way out 

can be found in the use of fertilizers that reduce the acidity of 

agricultural soils, which allows later planning the yield. The 

results obtained by the researchers do not fundamentally 

contradict the results of this scientific work. 

Research team consisting of Celestina et al. [36] conducted 

a scientific study on the classification schemes of wheat and 

barley. Scientists have found that the correct classification of 

grain crops at the stage of yield planning significantly affects 

the final quality of the crop and its volume. In addition, it is 

noted that the timely processing of emerging crops reduces the 

likelihood of the development of harmful microorganisms on 

the leaves, which is of fundamental importance from the point 

of view of the prospects for increasing yields. According to the 

researchers, new varieties of grain crops entering the market 

can be ranked by their comparative thermal time to flowering 

and assigned to specific classes, which makes it possible to 

more effectively plan yields based on these indicators in the 

future. The conclusions of the researchers do not contradict the 

results of this scientific work, while the issues of ranking grain 

crop varieties according to the thermal regime seem to be quite 

controversial and require additional practical verification. 

In turn, the research group consisting of Lü et al. [37], in 

their joint work, considered the presence of a common gene in 

wheat and barley that can effectively control the vegetative 

period. Scientists note the importance of the vegetative period 

as one of the fundamental in determining the resistance of 

cereals to changes and adaptation to environmental conditions, 

subject to the proper use of fertilizers. In their opinion, the 

presence of a common BVP gene in wheat and barley makes 

it possible to control the early flowering of these crops, which 

opens up wide opportunities in programming yields for short 

and long-term periods. The opinions of researchers are 

correlated with the results of this scientific work, while the 

importance of the growing season in determining the 

resistance of crops to adaptation deserves special attention. 

At the same time, the team of scientists Chu et al. [38] 

conducted a joint scientific study on the degree of influence of 

delayed sowing on grain quality, its weight, quantity, as well 

as protein concentration at individual points of the ears. It is 

noted that delays in sowing extremely negatively affect the 

yield of grain crops, yield components, as well as protein 

concentration in ears [39]. Scientists came to the conclusion 

that when planning the yield of grain crops, one should take 

into account the dependence of changes in yield volumes on 

varying sowing time and the characteristics of the fertilizers 

used, which will allow regulating the quality of the crop and 

its volume. The conclusions of the scientists are fundamentally 

consistent with the results of this scientific work, in the context 

of assessing the significance of the variation in sowing time 

for the final yield of grain crops. 

Pozza and Field [40] in a scientific study aimed at studying 

a number of problematic aspects of food and soil security, note 

that the issues of competent use of fertile land are directly 

related to a number of aspects of crop planning. Soil security, 

through good crop planning and fertilizer use, helps create the 

conditions for sustainable food, fiber, and water quality 

improvements through improved soil care and innovative land 

management practices, scientists say. The results of the 

scientists are fundamentally consistent with the results of this 

scientific study in the context of assessing the provision of soil 

security through planning grain yields. 

Thus, the discussion of the results obtained in this research 

work, in the context of their analytical comparison with the 

results of a number of scientific studies of related topics, 

clearly illustrates their fundamental correspondence in a 

number of key aspects. This is evidence of the scientific 

reliability of these results and the expediency of their practical 

application in order to program the yield of wheat and barley. 

 

 

5. CONCLUSIONS 

 

The experimental design was focused on enhancing seed 

quality and resistance against fungal and bacterial infections 

through the utilization of protective-stimulating compounds. 

Laboratory evaluations confirmed the efficacy of these 

treatments in suppressing seed infections and augmenting their 

sowing attributes. More specifically, the pre-sowing treatment 

of spring wheat seeds incorporated a mix of fungicides, 

insecticides, and growth stimulants. This combination not only 

deterred infections of various origins but also amplified the 

seeds' vital potential. This boost in potential translated to 

enhanced germination rates, robust root system development, 

and heightened resistance to pests and diseases, which are 

pivotal aspects in crop planning. 

Moreover, statistical analysis underscored a significant 

correlation between field germination and grain yield, 

reinforcing the effectiveness of the protective treatments. The 

study revealed that in the Zhetysu region of Kazakhstan, 

spring crops like wheat and barley, under semi-provided 

rainfed conditions, should be conventionally sown in late April. 

The recommended seeding rate is 3.5-4 million germinating 
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seeds per hectare. These seeds should be pre-treated with the 

studied protective and stimulating compounds and planted 

following a structured crop rotation system, supplemented 

with a calculated dose of mineral fertilizers for the anticipated 

grain harvest. The overarching objective of this research was 

to pinpoint an optimal blend of fertilizers and plant protection 

treatments to forecast wheat and barley yields, pivotal for 

agricultural productivity in southeast Kazakhstan and the 

country at large. 

The observed enhancements in seed quality and growth 

characteristics play a foundational role in augmenting grain 

yield. Enhanced seed quality, characterized by improved 

germination rates and resistance against infections, ensures a 

higher number of viable seedlings per sown seed. This 

increased germination rate ensures a denser and more uniform 

crop stand, optimizing the utilization of available resources 

like sunlight, water, and nutrients. Furthermore, the robust 

growth characteristics, especially the development of a 

stronger root system, enable plants to efficiently extract water 

and nutrients from the soil, supporting vigorous vegetative 

growth and greater grain filling. 

A healthy root system also enhances the plant's resilience 

against stress conditions like drought, which otherwise could 

hinder grain development. Additionally, improved resistance 

to pests and diseases means fewer losses during the growth 

phase, ensuring that a larger proportion of plants reach 

maturity and contribute to the final grain yield. In essence, by 

fortifying the initial stages of plant growth through superior 

seed quality and growth attributes, the plants are better 

positioned to thrive throughout their lifecycle, culminating in 

an increased grain yield. 

Based on the study's findings, several practical 

recommendations emerge for farmers and agricultural 

practitioners to optimize crop yield. Firstly, pre-treating seeds 

with protective-stimulating compounds is paramount, as these 

treatments not only fend off fungal and bacterial infections but 

also enhance seed germination and overall vitality. The 

integration of fungicides, insecticides, and growth stimulants 

during pre-sowing treatment is especially advised for spring 

wheat and barley. For optimal germination and growth, 

sowing in the third decade of April is recommended, 

especially in semi-rainfed conditions like those observed in the 

Zhetysu region of Kazakhstan. 

A seeding rate of 3.5-4 million germinating seeds per 

hectare should be targeted, ensuring a dense and uniform crop 

stand. Alongside seed treatment, a structured crop rotation 

system is advocated to benefit soil health, mitigate pest and 

disease build-up, and increase soil fertility. Lastly, the 

application of mineral fertilizers should be done in calculated 

doses aligned with the anticipated grain harvest. By following 

these guidelines, farmers can enhance the likelihood of 

obtaining maximum grain yields with high quality, ensuring 

both ecological sustainability and economic profitability in 

their agricultural endeavours. 

While protective and stimulating compounds offer 

undeniable benefits to crop health and yields, their usage also 

brings forth potential challenges and constraints. 

Environmentally, there's the looming concern of these 

compounds seeping into the soil and waterways, possibly 

disrupting ecosystems and harming non-target organisms. The 

bioaccumulation of these chemicals might pose long-term 

environmental threats, affecting both flora and fauna. From an 

economic standpoint, the consistent application of these 

treatments might not always be cost-effective, especially for 

small-scale farmers. 

The initial outlay for these compounds, combined with any 

specialized equipment or training required, could outweigh the 

potential increase in yield, making it a less viable solution for 

some. Additionally, there's the perpetual concern of pests or 

diseases developing resistance over time. As with antibiotics 

in medicine, the recurrent exposure of pests to these 

compounds can lead to the evolution of strains that are harder 

to control, necessitating even more potent chemicals or 

entirely new treatment methodologies in the future. Such a 

scenario not only undermines the efficacy of existing 

protective measures but could also escalate costs and 

environmental impacts. While these compounds present 

promising avenues for enhancing agricultural output, their 

long-term implications, both ecological and economic, 

necessitate careful consideration and continuous monitoring. 
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