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ABSTRACT
This study evaluated optimal sowing methods for new perennial grass varieties in the dry-steppe zone of Western Kazakhstan, where improved technologies are needed to realize the production potential of crested wheatgrass and alfalfa for seed and forage production.  Field experiments were conducted with new crested wheatgrass varieties Batys and Batys 4 and alfalfa varieties Aspan kok and Severo-Zapadnaya. Three sowing methods were compared: uncovered sowing, sowing under barley cover, and sowing under safflower cover. The experiments used four replications on 60 m² plots. Phenological development, plant preservation, overwintering, plant height, weed infestation, cover-crop productivity, and seed yield were recorded. Data were analyzed using analysis of variance and nonparametric statistical procedures in R. Undersowing improved crop establishment, reduced weed infestation, and increased seed productivity compared with uncovered sowing. For crested wheatgrass, safflower was the most effective cover crop. It produced 0.99 t/ha of oilseeds with 29.71% oil content in the sowing year and supported high overwintering of Batys and Batys 4 varieties (97.83–98.40%), low weed infestation (2.9–4.9 plants/m²), and seed yields of 0.063–0.067 t/ha. For alfalfa, barley was the most favorable cover crop, producing 0.83 t/ha of grain, 0.42 t/ha of feed units, and 5.69 GJ/ha of metabolizable energy. In the second year, alfalfa after barley showed 97.20–97.22% overwintering and seed yields of 0.13–0.19 t/ha. Under the dry-steppe conditions of Western Kazakhstan, undersowing is recommended for new perennial grasses. Safflower is preferable for crested wheatgrass, while barley is preferable for alfalfa, increasing stand stability, seed productivity, and the sustainability of forage production.
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1. INTRODUCTION
By 2050, the world population will reach 9.1 billion people, and one of the levers for meeting the population’s food needs will be the development of the feed production and livestock sectors (Den Hartog and Sijtsma 2013; Food and Agriculture Organization (FAO) 2009; Nasiyev et al., 2021; Rosegrant et al. 2009). Kazakhstan occupies a worthy place in the world food production market (Alshanov 2010), where animal husbandry is one of the main sectors, with a specific share of 42.1% of gross agricultural production (Nasiyev et al., 2019; Official Information Source of the Prime minister of the Republic of Kazakhstan 2022). To increase livestock production and improve its efficiency, it is necessary to have a strong feed base, namely a sufficient volume and structure of feed procurement, and uninterrupted sources of supply. According to the results of 2024, Kazakhstan produced 430.0 thousand tons of cattle meat in slaughter weight, which is 7.5% more compared with 2023 (DairyNews.today 2025, January 27); milk production in all categories of farms in the country reached 3.57 million tons, which is 4.4% higher than the indicators of 2023 (DairyNews.today 2025, February 4). Kazakhstan began exporting meat to China, and agreements have been concluded for the supply of agricultural products to the EU and world markets (WEproject 2021). At the beginning of 2025, almost 25 million heads of agricultural animals were registered in Kazakhstan (24.kz 2024); feed resources and reserves of natural fodder in the country make it possible in the future to increase the number of animals to 30 million heads (Republican Information and Analytical Journal "Modern Education" n.d.), and agricultural producers face the task of ensuring complete feeding of the public livestock population of agricultural animals. The productivity of farm animals largely depends on the level of feeding. To ensure the vital activity of the animal organism, at different levels of productivity, the expenditure of feed nutrients is approximately the same; maintenance feed amounts to 1 feed unit per 100 kg of live weight per day. Productive feed is considered to be feed that goes beyond maintenance, since it is already used to increase productivity. Therefore, the more feed is given to an animal above maintenance, the higher the level of its productivity (Kosolapov et al. 2022; Kutuzova et al. 2021b; Shamsutdinov et al. 2014; Shpakov et al. 2020). To provide agricultural animals in 2025, Kazakhstan procured 35.2 million tons of hay, 2 million tons of haylage, 5.1 million tons of straw, 2.3 million tons of silage, as well as 5.8 million tons of concentrated feeds (Ministry of Agriculture of the Republic of Kazakhstan 2024). The main task of feed production is to provide high-quality bulky feeds, which should contain at least 10.5-11.0 MJ of metabolizable energy and 15-23% crude protein in dry matter (Kosolapov et al. 2012). Currently, feeds contain 90-92 g of digestible protein per feed unit, instead of 105-110 g according to the zootechnical norm. Therefore, it is important to organize balanced animal feeding, taking into account their need for nutrients. As V.G. Vasin et al. (2015) states, the level of livestock production is determined by the sufficiency and completeness of feeding by 65-70%. Only in this case is the full realization of the biological potential of growth, development, productivity, longevity, and support of the reproductive process of animals possible. At the global level, due to unbalanced nutrition, animal productivity is on average 30-40% lower than their genetic potential (Capucille et al. 2004; Capstaff and Miller 2018; Gatlin et al. 2003; Karynbayev et al. 2023; McKersie et al. 2000; Miller et al. 2001; Nasiyev et al. 2023; Nocek and Russell 1988; Zaghini et al. 2005). The assimilation of nitrogen and phosphorus in fattening animals averages about 37 and 44%, while other nutrients are assimilated at even lower levels, i.e. Cu and Zn between 2-7%; K, Na, Mg and Cl from 10-15%, and Ca 57% (Den Hartog and Sijtsma 2013; Rosegrant et al. 2009; Shamsutdinov et al. 2013). The main condition for stabilizing and improving the quality of feed production products is the expansion of the species and varietal range of forage crops in crop rotations. When biological diversity of crops is used in the field feed production system, the stability of feed production increases regardless of weather conditions (Karynbayev et al. 2023; Nasiyev et al. 2023). The cultivation of highly productive phytocenoses has a positive effect on obtaining highly nutritious and energetically balanced feeds. The development of technological parameters of agrophytocenoses adapted to local soil and climatic conditions is the scientific basis for solving this problem. Through the introduction into production of varietal sowings under optimal cultivation technology, which makes it possible to reveal the potential capabilities of each variety under specific soil and climatic conditions, it is possible to increase the yield of fodder mass by 25 – 30 % or more, and seed yield by 2 – 3 times (Sysuev and Figurine 2016; Zolotarev and Perepravo 2017). Perennial grasses are of great importance in solving the feed problem. Many researchers confirm that in feed prepared from perennial leguminous grasses and legume-bluegrass grass mixtures, the concentration of crude protein and metabolizable energy is high (Figurin et al. 2010; Lepkovich and Spiridonov 2017). In the vegetative organs of forage grasses, protein contains all essential amino acids, the composition of which is well balanced. In the protein of leguminous grasses, easily digestible fractions account for 80-90% (Voloshin 2012). The economic and practical significance of perennial grasses is associated with the fact that the energy obtained from the grass yield exceeds the energy spent on their cultivation several times (Kutuzova et al. 2021b; Shpakov et al. 2020). Energy costs in growing leguminous grasses and legume-cereal grass mixtures are 1-2 times lower than in grain production, and 3 or more times lower compared with the energy costs of cultivating row forage crops. This is associated with lower costs for soil cultivation, mineral fertilizers, and chemical plant protection agents when obtaining a perennial grass yield, as well as the long period of grass stand use (Kutuzova et al. 2021a; Nasiyev et al. 2015). Perennial grasses, especially legumes, fix nitrogen from the air, enriching the soil with it. This reduces the need for mineral fertilizers, and their root residues increase the content of organic matter. A dense perennial grass stand protects the soil from wind and water erosion, preserving its structure. Leguminous perennial grasses are a valuable source of crude protein for agricultural animals. Diverse grass mixtures selected with regard to maturation phases make it possible to provide animals with feed over a long period. The use of perennial grasses in crop rotations is a key factor in increasing the environmental friendliness and sustainability of agricultural production. These crops help solve the problem of energy saving, since they reduce the costs of producing feeds and fertilizers. Perennial grass sowings in Kazakhstan in 2025 amounted to 1,013,570.7 ha, of which 75,226.2 ha were leguminous grasses. New phytocenoses of perennial grasses sown under cover crops amounted to 22,148.6 ha (Bureau of National Statistics n.d.; Shayakhmetova et al. 2023). And in increasing the productivity of agrophytocenoses, the use of new modern highly productive varieties of perennial grasses plays a decisive role. New varieties of perennial grasses play an important role in agriculture, improving soil fertility, providing high-quality feed for livestock, and reducing fertilizer costs through natural nitrogen fixation. They contribute to the biologization of agriculture, increase yields, and promote the restoration of degraded lands, as well as make it possible to create stable pastures and hayfields thanks to improved characteristics such as high nutritional value and frost resistance. New varieties provide high yields, which makes it possible to obtain more feed units and crude protein from one hectare (Kosolapov et al. 2022; Kutuzova et al. 2021b; Shpakov et al. 2020). The development of perennial grasses in the year of sowing plays an important role in the formation of their yield in the first and subsequent years of use. Sowing perennial grasses under cover has, first of all, an economic and practical advantage, since the farmer obtains a yield of the cover crop in the first year of grass life. Cover plants also protect perennial grasses during the initial period of their development from overheating, as they increase air humidity in the near-ground layer, from the development of weeds, diseases and pests, and in the winter period, thanks to the stubble remaining in the field, they contribute to better overwintering (Gushchina 2021). The necessity of undersowing perennial grasses under the cover of spring grain crops is due to the fact that in the year of sowing, the cover crop is harvested. The experience of many researchers shows the advantages of undersowing (Fairey and Lefkovitch 1991; Gipiskiene 1996). Grasses are least suppressed when cover crops are harvested early. Studies confirm that the best cover crop for perennial grasses is spring wheat, which shades grass seedlings less due to its lower leafiness, and because of its relatively early harvesting for grain (Kasatkina and Fatyhov 2008). In the experiments of the Research Institute of Agriculture of the North-East, when sown under the cover of the early-maturing (66-70 days) and lodging-resistant barley variety Dina, 75-85 % of well-developed clover plants were preserved (Starikov 1991). V.A. Petruk (2014) recommended using a five-component legume-cereal mixture of wheat, barley, oats, peas, and fodder beans as a cover crop for goat’s rue, clover, and alfalfa, which should be harvested for grain haylage. In the Republic of Mari El, the productivity of eastern goat’s rue in terms of dry matter yield under a cover crop was 14-19 % lower than without cover. The yield of goat’s rue-cereal mixtures without cover was 2.07-2.54 times higher than under cover; the yield of crude protein was 2.0-4.79 times higher, and feed units 2.03-2.59 times higher (Mikhailova 2008). To create better conditions for perennial grasses and prevent lodging of grain crops, many authors recommend reducing the seeding rate of the cover crop by 20-50% (Figurin 2003; Nasiyev 2014; Proskura et al. 1988). In recent years, a new crop, safflower, has become widely popular among farmers in Kazakhstan’s agriculture. Safflower can be used as a cover crop for perennial grasses, since it is drought-resistant, adapts well to different soils, and has a deep root system capable of improving soil structure. This also helps reduce the spread of pests and weeds, such as broomrape, in subsequent years. The deep taproot system of safflower loosens compacted soil layers, improves air and water permeability, and promotes the accumulation of nutrients. Safflower is less demanding of moisture compared with other oilseed crops and tolerates an arid climate well. Planting safflower in crop rotation helps reduce the prevalence of broomrape, which is a dangerous parasite of sunflower. Safflower can grow on various types of soils, including saline soils, and has a wide range of climatic zones for cultivation. However, under the conditions of the zone of interest, there are no scientific data on the use of safflower as a cover crop for perennial grasses. In this regard, this issue was included in the research algorithm. Thus, the choice of a cover crop for perennial grasses is of the utmost importance for the formation of their yield in subsequent years, as well as from an economic point of view. The opinions of scientists from different regions on this issue differ. With the introduction into production of new barley varieties, with a shortened growing season, short-stemmed and resistant to lodging, their assessment as cover crops for perennial grasses is necessary. Under the conditions of Western Kazakhstan, the study of cover crops for such light-loving crops as crested wheatgrass and alfalfa is especially relevant.

2. MATERIALS AND METHODS
2.1. Description of the Study Sites
Research on the varietal technology of new varieties of crested wheatgrass and alfalfa is being conducted at LLP “Uralsk Agricultural Experimental Station” in the dry-steppe zone, while studies on the use of crested wheatgrass for forage purposes are being carried out at the Miras peasant farm in the Bokeyorda district, in the semi-desert zone of West Kazakhstan Region.

2.2. Research Methodology
Research on the study of sowing methods for new varieties of crested wheatgrass and alfalfa is being conducted within the PhD dissertation topic “Study of adapted varietal technology for cultivating new varieties of perennial grasses in the conditions of the West Kazakhstan region” according to the scheme presented in Table 1.
The plot area is 60 m², with four replications.
In the experiments, phenological observations are carried out to record the onset of the main phases of plant growth and development. The beginning of a phase is recorded when it is observed in 10-15% of plants, and full onset is recorded when it is observed in 75% of plants. Phenological observations are carried out visually in two non-adjacent replications of the experiment for each crop during the main development phases: emergence, stem elongation, heading/panicle emergence, and wax ripeness (Fedin 1985).
Field germination and plant stand density are recorded on specially fixed plots measuring 0.5 m² in four replications on each experimental plot. From these same plots, sheaves are collected before harvesting to determine the yield structure (Fedin 1985).
Weed infestation of crops in the experiments is determined before harvesting using the quantitative-weight method on 0.5 m² plots in four replications for each variant (Dospekhov et al. 1977).
Harvesting in the experiments is carried out plot by plot using a small-sized Plotseed TC combine or a Vector combine. Yield data are adjusted to standard moisture content and 100% purity.
In the experiment, soil tillage was carried out according to the technologies recommended for the dry-steppe zone of Western Kazakhstan.
The seeding rate of the new varieties of crested wheatgrass and alfalfa is 2 million viable seeds per 1 ha.
For cover crops, a seeding rate reduced by 20-25% from the full seeding rate was used: barley — 2 million viable seeds per 1 ha; safflower — 400 thousand viable seeds per 1 ha.
In the experiments, the Brigadir barley variety and the Center 70 safflower variety were studied.

2.3. Data Analysis
Statistical processing of the data to identify patterns was carried out using analysis of variance (Dospekhov 2012), as well as the R software environment version 4.4.3. The dplyr, ggplot2, ggpubr, rstatix, GGally, flextable, and officer packages were used for the analysis. Quantitative variables were assessed for distribution and described using the median and interquartile range (Q1–Q3). The data are presented in the format Me (Q1–Q3). To compare quantitative indicators between groups formed according to the “sowing methods” factor, the nonparametric Kruskal–Wallis test was used. When statistically significant differences were identified, post-hoc analysis was performed using Dunn’s test with adjustment for multiple comparisons by the Benjamini–Hochberg method. Spearman’s rank correlation coefficient (ρ) was used to assess relationships between quantitative indicators. Correlation coefficient values and corresponding p-values were calculated both for the overall sample and for predefined pairs of indicators. Correlation relationships were visualized using scatter plots, with the points on the graphs colored according to their membership in sowing-method groups. The statistical significance of differences and correlations was assessed at p < 0.05.

3. RESULTS AND ANALYSIS
3.1. Growth, Development, Productivity and Quality of the Cover-Crop Yield
Under the conditions of the dry-steppe zone, cover crops formed an agrophytocenosis due to their morphological and biological characteristics. Under the research conditions, barley, with an emergence density of 194 pcs/m², ensured crop preservation by harvest at the level of 157 pcs/m², or 80.93%. At the time of harvesting, on average for 2024-2025, barley formed an agrophytocenosis with a height of 62.40 cm. The type of agricultural crop affects crop weed infestation in different ways: some crops are more resistant to competition with weeds, while others are more vulnerable due to the characteristics of their growth and development, such as slow initial growth or a tendency to lodge. Proper crop selection and adherence to agrotechnical practices make it possible to reduce weed infestation and optimize weed control. In the studies, under barley crops by the time of harvesting, 2.5 pcs/m² of weed plants were recorded, with a physical dry-mass weight of 34.90 g/m² (Table 2).
Safflower, as a cover crop for perennial grasses, at a seeding rate of 400 viable seeds per 1 ha, provided seedlings in the amount of 370 pcs/m². By harvest, safflower formed an agrophytocenosis with a height of 61.10 cm and a crop density of 311 pcs/m². On average for 2024-2025, the preservation of safflower crops sown as a cover crop for perennial grasses was 84.05%. By its biology, safflower belongs to low-growing and slow-growing crops, which are more sensitive to weed competition (Nasiyev 2014). In the studies, by the time of safflower harvesting, 3.55 pcs/m² of weed plants were recorded in the crops, with a total dry-mass weight of 59.85 g/m². The statistical processing data showed significant differences between the studied variants of the barley and safflower cover crops in terms of biometric indicators of growth and development at the 95% significance level.
Barley and safflower, being crops with different biology and different directions of economic use, provided product yields in the years of research depending on the weather conditions of the growing season (Shpakov et al. 2020).
Barley and safflower are different crops with different requirements, so their yields in different years vary depending on the weather conditions during the growing season. Barley yield depends on the availability of moisture and temperature, while safflower yield, as a rule, is better under arid conditions, which makes it more resistant to moisture deficiency. Barley is a crop sensitive to humidity and temperature, so its yield can fluctuate greatly depending on the weather Safflower is an oilseed crop that is more resistant to drought, so in dry years its yield may be higher than that of barley. Thus, yield fluctuations in both crops are directly related to weather conditions, but to different degrees and with different dynamics (Kosolapov et al. 2012; Nasiyev et al., 2019). Among the studied years, 2025 was the most favorable for barley, when the grain yield was 1.01 t/ha; in contrast, in 2024, the barley grain yield remained at the level of 0.65 t/ha. On average over the years of research, barley grain yield amounted to 0.83 t/ha. The feed value of barley is determined by its high nutritional value: it is rich in carbohydrates, proteins with a full set of amino acids, B vitamins, and also contains fiber, fats, phosphorus, potassium, and other minerals. This makes it a valuable concentrated feed for many types of agricultural animals, including pigs, poultry, and cattle, improving their productivity and health (Nasiyev et al. 2023; Vasin et al. 2015). In studies conducted in the dry-steppe zone of Western Kazakhstan, barley grain contained 9.02% crude fiber, 9.25% crude fat, 2.15% crude ash, and 12.05% crude protein (Table 3).
Barley, studied as a cover crop for perennial grasses at a reduced seeding rate under the conditions of the research years (2024-2025), provided a grain yield of 0.83 t/ha with an output of metabolizable energy of 5.69 GJ/ha. At the same time, the nutritional value of barley grain, expressed as the yield of feed units, reached 0.42 t/ha, and the level of digestible protein yield was 0.047 t/ha. An important advantage of safflower is its very deep root system, which is capable of extracting moisture from deep soil layers (Nasiyev et al. 2015). And thanks to the structure of its vegetative mass, similar to desert plants, it uses the obtained moisture economically. It requires significantly less moisture for development than other field crops (Shayakhmetova et al. 2023). When accounting for the biological yield of safflower oilseeds, important elements of the yield structure were taken into account, such as crop density, the number of heads per plant, the number of seeds per head, and the weight of 1000 seeds. These indicators make it possible to comprehensively assess how effectively the plant uses environmental conditions to form the yield, and serve as the basis for calculating potential yield (Table 4).
On average for 2024-2025, in the dry-steppe zone, safflower, as a cover crop for grasses at a reduced seeding rate, formed a biological oilseed yield at the level of 9.84 t/ha, with a deviation of 0.82 t/ha under the conditions of 2025 and 1.17 t/ha in 2024.
In the dry-steppe zone during 2024-2025, one safflower plant formed 24.5 heads, each of which contained an average of 25.50 seeds. The total yield per square meter was calculated based on a density of 35.05 plants/m², and the weight of 1000 seeds was 45.03 g.
According to laboratory analysis data, the oil content of safflower oilseeds on average for 2024-2025 was 29.71%, and this level of oil content at a yield of 0.99 t/ha ensured an oil yield of 0.29 t/ha.

3.2. Influence of Cover Crops on Biometric and Production Indicators of Perennial Grasses
Preservation of perennial grasses under field-crop covers in the year of sowing.
With undersowing, plant preservation directly depends on the choice of the cover, or main, crop, which must be well adapted to soil and climatic conditions and resistant to lodging (Kosolapov et al. 2012; Zaghini et al. 2005). The cover crop should not strongly shade the undersown crop; this is achieved either by the low leafiness of the crop, by its slow development in the initial growth phases, or by early harvesting dates (Capstaff and Miller 2018; Karynbayev et al. 2023). In the conducted studies, the preservation of perennial grasses, namely crested wheatgrass and alfalfa, depended on the sowing method. The highest preservation of crops of the new crested wheatgrass varieties Batys and Batys 4 in the year of sowing was established under barley cover (96.41-96.89%) and when sown under safflower cover (95.34-96.89%). In terms of the preservation of crested wheatgrass varieties in the year of sowing, the uncovered sowing variant was inferior. In this variant, the preservation of crested wheatgrass was 94.30-94.79%, which is lower compared with the undersowing method by 0.55-2.1% (Table 5).
The decrease in preservation of plants of the new crested wheatgrass varieties is associated with high weed infestation of crops under uncovered sowing. Uncovered sowing implies that the crop has no cover crop and may be subject to competition from weeds; the absence of a cover crop makes the crops more vulnerable to weeds (Alshanov 2010; Shamsutdinov et al. 2013).
The assessment of overwintering of crested wheatgrass crops was carried out two weeks after the resumption of vegetation. One of the factors of good overwintering of perennial grasses is a properly selected cover crop, which ensures prior hardening of plants and protection from stress factors such as damping-off and freezing caused by sharp temperature fluctuations, which can lead to plant death. In the studies, the lowest preservation of the Batys and Batys 4 crested wheatgrass varieties in the dry-steppe zone, within the range of 92.85-93.96%, was established under the uncovered sowing method. Depending on the studied types of cover crops, overwintering of crested wheatgrass plants by experimental variants also showed a certain difference. If, under barley cover, plant preservation after overwintering amounted to 94.65-96.81%, then in the variant using safflower as a cover crop it was 97.83-98.40%.
Among the studied crested wheatgrass varieties, the Batys 4 variety was distinguished by the highest degree of preservation after overwintering; at the beginning of the resumption of spring vegetation, 180-184 crested wheatgrass plants per 1 m² were preserved, with preservation of 96.81-98.40%. As the counting data showed, the preservation of alfalfa plants in the year of sowing and during the overwintering period depended on the sowing method and the crop variety. Thus, in the year of sowing, higher seedling preservation was established when alfalfa was sown under barley cover — 96.55%; in the Severo-Zapadnaya variety, 96.55% (252 out of 261 pcs/m²), and in the Aspan kok variety, 98.04% (250 out of 255 pcs/m²). The indicator of seedling preservation during the undersowing period was slightly lower in the variant using safflower — 94.64% in the Severo-Zapadnaya variety (247 out of 261 pcs/m²) and 96.47% in the Aspan kok variety (246 out of 255 pcs/m²). During this period, the lowest preservation of alfalfa was established under uncovered sowing: 90.58% in the Aspan kok variety and 93.49% in the Severo-Zapadnaya variety, which is associated with high competition from weed plants.
The results of statistical processing showed significant differences between the studied sowing-method variants in terms of biometric indicators of the new crested wheatgrass varieties at the 95% significance level.
This trend in the preservation of alfalfa varieties was also observed in the period after grass overwintering. During the count in the spring period of 2025, the highest degree of stable overwintering in alfalfa crops was established in the variant using cover sowing with barley in the year of sowing. In this variant, in the Aspan kok variety, out of 250 plants, 243 plants per m² successfully overwintered, or 97.20%; and in the Severo-Zapadnaya variety, preservation after overwintering was at the level of 97.22%, or 245 plants out of 252 pcs/m² (Table 6).
As with crested wheatgrass, in the studies on the crops of the new alfalfa varieties Aspan kok and Severo-Zapadnaya, the lowest preservation after overwintering was established when the uncovered sowing method was used in the year of sowing. Thus, as shown by the spring counts, in the Severo-Zapadnaya variety, plant preservation after overwintering was at the level of 92.21%, i.e. 225 out of 244 pcs/m², and in the Aspan kok variety, 93.07%, or 215 out of 231 pcs/m².
Among the studied variants, in terms of plant preservation after overwintering, the variant using safflower as a cover crop occupied an intermediate position. When sown in the 1st year of life under safflower cover, by spring the preservation of plants in the Aspan kok variety amounted to 94.72%, or 233 out of 246 pcs/m². This indicator in the Severo-Zapadnaya variety was slightly higher and was at the level of 95.14%, or 235 out of 247 pcs/m².
Statistical processing of the experimental data showed significant differences between the studied sowing-method variants in terms of biometric indicators of the new alfalfa varieties at the 95% significance level.
Dynamics of the height of new varieties of perennial grasses depending on the sowing method.
Cover crops can affect the height dynamics of perennial grasses through competition for light, water, and nutrients, which may lead to reduced yield. However, properly selected cover crops can contribute to improving soil structure, suppressing weeds, and enriching the soil with nutrients, thereby positively influencing the subsequent growth of crested wheatgrass. Height dynamics will depend on the type of cover crop, its density, and subsequent crop management (Kutuzova et al. 2021b; Shpakov et al. 2020). As shown by the biometric accounting data, among the studied crested wheatgrass varieties, the Batys 4 variety was distinguished by the tallest plants. Thus, in the heading phase, the Batys 4 crested wheatgrass variety, depending on the sowing method in the 1st year of life, had a plant height of 53-58 cm; in the flowering phase, 62-65 cm; and in the ripening period, respectively, 64-69 cm. In the Batys variety, crested wheatgrass plants were inferior to the Batys 4 variety in plant height in all phases of growth and development by 2 cm (Fig. 1).
In the studies, the most significant difference in plant height was established between the sowing methods of crested wheatgrass in the 1st year of life. The tallest plants of the Batys and Batys 4 varieties were formed in the variant using safflower as a cover crop in the 1st year of life. In this variant, crested wheatgrass plants were 2-3 cm taller compared with the variant using barley as a cover crop.
The plant height of the Batys and Batys 4 crested wheatgrass varieties under uncovered sowing in the 1st year of life was 2-5 cm lower compared with the plants emerging from under barley and safflower cover.
The plant height of the new alfalfa varieties in the 1st year of use also depended on the sowing method of the crop in the 1st year of life. Among the studied varieties, the Severo-Zapadnaya variety was distinguished by the tallest vegetation. In the development phases of this variety — heading, flowering, and before harvest — the plant height of this variety was 2-4 cm higher compared with the Aspan kok variety (Fig. 2).

3.3. Seed Yield of New Varieties of Perennial Grasses Depending on the Sowing Method
The yield of perennial grasses largely depends on the type and yield height of the cover crop, which affects the conditions for the growth of the main grass stand. Cover crops protect the soil, help control weeds, and improve its structure, but their selection and use require consideration of their influence on the main yield (Kosolapov et al. 2012; Miller et al. 2001).
The records showed that the uncovered sowing method of perennial grasses is inferior to undersowing in terms of seed yield. This is due to the fact that the cover crop creates favorable conditions for perennial grasses, protecting them from weeds and external factors, and also affects yield as a whole. The best results in seed yield are achieved through the correct selection of a cover crop that harmonizes with perennial grasses, for example, by creating asynchronous growth rhythms. Under the conditions of the dry-steppe zone of Western Kazakhstan, the Batys and Batys 4 crested wheatgrass varieties showed similar productivity in terms of seed yield, with minor differences that were within the experimental error. The seed yield of the Batys variety ranged from 0.038 to 0.063 t/ha depending on the sowing method, whereas in the Batys 4 variety this indicator ranged from 0.041 to 0.067 t/ha (Fig. 3).
The influence of the sowing method on the seed productivity of crested wheatgrass confirms the importance of agrotechnical practices, which are one of the key factors determining yield. Other factors affecting yield include natural conditions (soil fertility, climate), biological factors (seed quality, fertilizer use), and organizational and economic aspects (Sysuev and Figurine 2016; Vasin et al. 2015). As the yield-recording data showed, the selected sowing method primarily influenced the seed productivity of crested wheatgrass varieties. Among the studied crested wheatgrass varieties, the lowest seed yield was obtained with the uncovered sowing method in the 1st year of life: 0.038 t/ha for the Batys variety and 0.041 t/ha for the Batys 4 variety.
Among the undersowing variants for both crested wheatgrass varieties, the variant using safflower as a cover crop for grasses occupied a more favorable position. In this variant, compared with the uncovered sowing method, safflower provided a yield increase of 65.79% for the Batys variety and 63.41% for the Batys 4 variety. The more favorable position of this variant can be explained by the fact that safflower grows quickly and produces a yield, which makes it possible to obtain early income and reduce competition with crested wheatgrass at the initial stage, while crested wheatgrass in the year of sowing has time to root well before the onset of winter. In addition, in the second year after sowing, low weed infestation is observed in the new crested wheatgrass varieties, which is a positive result associated with the beneficial effect of safflower used as a cover crop. This effect is probably related to the fact that safflower, by suppressing weed growth, improves the condition of the soil and reduces competition for resources, which has a positive effect on the subsequent crop (Fairey and Lefkovitch 1991; Nasiyev et al. 2015).
For the zone of interest, barley, when used as a cover crop for crested wheatgrass in the 1st year of life, was inferior in terms of seed productivity of crested wheatgrass varieties in the 1st year of use, which may be due to the fact that barley competes with crested wheatgrass for resources, reducing its seed productivity in subsequent years. In this variant, compared with the control, the increase in seed yield for the Batys variety was 55.26%, and for the Batys 4 variety, 53.66%.
In general, when comparing the cover crops, barley proved to be less productive in terms of seed yield of the new crested wheatgrass varieties than safflower. This means that in the zone where the studies were conducted, safflower, as a new crop, showed better results in terms of aftereffect on the seed productivity of crested wheatgrass than barley used as a cover crop. If the studied field cover crops are compared, then for the Batys variety, the seed yield in the variant using barley as the cover crop was 6.78% lower compared with the variant using safflower, amounting to 0.059 t/ha, while for the Batys 4 variety, the difference in seed productivity was 6.35%. The results of statistical processing showed statistically significant differences (p<0.05) in the yield of crested wheatgrass varieties depending on the sowing method.
The results of seed-yield recording also showed the prospects and advantages of using undersowing for new alfalfa varieties. When uncovered sowing was used, the seed yield of the Aspan kok alfalfa variety was 42.83-85.71% lower compared with undersowing under barley and safflower. For the Severo-Zapadnaya variety, this difference was at the level of 25.00-58.33%.
Sowing under barley cover had a positive aftereffect on the seed productivity of alfalfa in the second year of life, which means that this method contributes to better alfalfa seed yield in the following year. This may be due to the fact that barley, as a cover crop, protects alfalfa in the early stages of development, while not having a negative effect on its seed productivity in the future. When cultivating the Aspan kok variety in the 2nd year of life, barley as a cover crop in the year of sowing provided an increase in seed yield of 85.71%, while for the Severo-Zapadnaya variety, the increase in seed yield compared with uncovered sowing was 58.33% (Fig. 4).
Increased weed infestation of alfalfa in the second year of life, caused by the use of safflower as a cover crop, leads to a decrease in seed yield compared with barley, since safflower in the year of sowing competes more strongly with alfalfa for resources, which negatively affects its development and productivity in the subsequent period (Gipiskiene 1996; Nasiyev 2014). The difference in seed productivity of the Aspan kok alfalfa variety in the 2nd year of life between the barley and safflower cover-crop variants was 0.03 t/ha, or 30%, and for the Severo-Zapadnaya variety, 0.04 t/ha, or 26.67%.
The Severo-Zapadnaya alfalfa variety showed higher seed productivity than the Aspan kok variety, which is confirmed by the results of the comparative assessment. This makes it promising for cultivation in the dry-steppe zone of Western Kazakhstan, especially considering that alfalfa is a valuable forage crop, and some varieties have increased resistance to diseases and pests, for example, nematodes and anthracnose. If the seed productivity of the Severo-Zapadnaya variety across the experimental variants ranged from 0.012 t/ha to 0.019 t/ha, then this indicator in the Aspan kok alfalfa variety was at the level of 0.07 to 0.013 t/ha, or lower by 0.05-0.06 t/ha, or by 46.15-71.43%.
The results of statistical processing showed statistically significant differences (p<0.05) in the yield of alfalfa varieties depending on the sowing method.

4. DISCUSSION
Perennial grasses play a key role in increasing soil biodiversity, mitigating the effects of climate change, and controlling weeds. Their deep root systems stabilize the soil, support the diversity of soil faunal communities, and improve water retention. In addition, they play an important role in carbon sequestration, reducing greenhouse gas emissions, suppressing weed plants, and supporting the restoration of native plant communities (Starikov 1991; Sysuev and Figurine 2016). The introduction of new varieties of perennial grasses, such as crested wheatgrass and alfalfa, has been achieved through breeding; however, their varietal technology, including optimal sowing methods, remains insufficiently studied. This is a problem, since the choice of sowing method directly affects the productivity of the grass stand in subsequent years (Kosolapov et al. 2012; Petruk 2014).
As a result of the conducted studies, the effectiveness of undersowing new varieties of crested wheatgrass and alfalfa in the zone of interest was established.
The positive aftereffect of cover crops on future grass sowings is a key requirement for ensuring sustainable productivity. Cover crops improve soil fertility by enriching it with nutrients, improve its structure, combat erosion, suppress weeds, and can control pests and diseases. Thus, they create more favorable conditions for the subsequent growth and development of the main grasses. At the same time, an important indicator of their favorable aftereffect, in addition to yield, is the reduction of weed infestation in perennial grass crops, since weeds compete with perennial grasses for nutrients, water, and light, which reduces yield and feed quality. Effective weed control increases soil fertility and the overall productivity of agricultural land (Lepkovich and Spiridonov 2017; Vasin et al. 2015; Zaghini et al. 2005).
In the studies, the best sowing method for crested wheatgrass varieties was sowing them in the 1st year of life under safflower cover. In the second year of life, safflower ensured the cleanest crops of crested wheatgrass varieties compared with barley and the uncovered method. After safflower, in the crops of the Batys crested wheatgrass variety, 2.9 pcs/m² of weed plants with an air-dry mass of 66.7 g/m² were recorded; in the crops of the Batys 4 variety, the corresponding values were 4.9 pcs/m² and 112.7 g/m² (Table 7).
In the crops of crested wheatgrass varieties after barley, compared with safflower, there were 1.4-2.2 pcs/m² more weed plants, with a dry mass higher by 32.2-50.6 g/m².
In the crops of crested wheatgrass varieties, the highest weed infestation was established under uncovered sowing: 9.2-9.4 pcs/m², with an air-dry mass of 211.6-216.2 g/m².
In terms of aftereffect in the 2nd year of life, undersowing was also effective in the crops of new alfalfa varieties. For alfalfa, the most favorable variant in terms of reducing crop weed infestation was the sowing of new alfalfa varieties in the 1st year of life under the cover of barley, where 1.5-4.8 pcs of weed plants per 1 m² were recorded, with an air-dry mass of 34.5-110.4 g/m² (Table 8).
When safflower was used as a cover crop in the year of sowing, a certain increase in weed infestation of alfalfa varieties was observed in the second year of life. Thus, in this variant, compared with the variant of undersowing under barley, the number of weed plants in the crops increased from 1.5 to 2.3 pcs/m² in the Severo-Zapadnaya variety and from 4.8 to 5.8 pcs/m² in the Aspan kok variety.
When cultivating new alfalfa varieties in the second year of life, the highest crop weed infestation was established under uncovered sowing in the year of sowing. In this variant, for the Aspan kok variety, the number of weed plants increased by 2.5-3.5 pcs/m² compared with the undersown crops, and their air-dry mass increased by 57.5-80.5 g/m². For the Severo-Zapadnaya alfalfa variety in the second year of life, the most weed-infested crops were also recorded after the uncovered sowing method in the year of sowing. In this variant, weed infestation increased by 7.0-7.8 pcs/m², and the mass of weed vegetation per 4 m² increased by 161.0-179.4 g.
There is a direct relationship between crested wheatgrass seed yield and crop weed infestation: the higher the weed infestation, the lower the yield, since weeds compete with cultivated plants for light, water and nutrients (Kutuzova et al. 2021a; Zolotarev and Perepravo 2017), which was confirmed by the results of our studies. Thus, for the Batys crested wheatgrass variety, an increase in crop weed infestation from 2.9 pcs/m² in the safflower variant to 9.4 pcs/m² in the uncovered sowing variant reduced seed yield from 0.063 to 0.038 t/ha, or by 65.79%. For the Batys 4 crested wheatgrass variety, an increase in weed infestation under uncovered sowing to 9.2 pcs/m² contributed to obtaining the minimum seed yield in this variant, at the level of 0.041 t/ha. Conversely, when the number of weed plants decreased to 4.9 pcs/m², with an air-dry mass of 112.7 g/m², an increase in the seed productivity of the Batys 4 crested wheatgrass variety to 0.067 t/ha was noted, or by 63.41% compared with the uncovered method. According to the results of statistical processing, statistically significant correlations between weed infestation and yield were found for the Batys and Batys 4 varieties (Fig. 5).
Identical results regarding the influence of crop weed infestation on seed yield were also established in the crops of new alfalfa varieties. Here, as with crested wheatgrass, cleaner crops and higher seed yield of alfalfa varieties were also recorded when they were sown in the first year of life under the cover of barley and safflower. Thus, under uncovered sowing, weed infestation with annual and perennial weed plants increased to 8.3 pcs/m² in the Aspan kok variety and 9.3 pcs/m² in the Severo-Zapadnaya variety, respectively, with an air-dry mass of 190.9-213.9 g/m². Due to high crop weed infestation under uncovered sowing, the minimum alfalfa seed yield was established: 0.07 t/ha for the Aspan kok variety and 0.12 t/ha for the Severo-Zapadnaya variety. Compared with the variants using undersowing under barley and safflower, these varieties under uncovered sowing produced a lower yield, while the undersown crops were weed-infested to a lower degree (Kosolapov et al. 2012, 2022). Thus, for the Aspan kok variety in the barley cover-crop variant, with weed infestation of 4.8 pcs/m², a yield increase of 85.71% was obtained compared with the uncovered method, and in the safflower cover-crop variant, the yield increase was 42.86%. For the Severo-Zapadnaya variety, the difference in seed yield in the barley-as-cover-crop variant compared with the uncovered sowing variant was 58.33%, while in the variant using safflower as a cover crop, the difference in seed productivity was 25.0%. According to the results of statistical processing, statistically significant correlations between weed infestation and yield were found for the Aspan kok and Severo-Zapadnaya varieties (Fig. 6).
In addition to seed production, these new varieties of perennial grasses can be used to obtain a large volume of forage mass, ensuring sustainable and complete animal feeding (Karynbayev et al. 2023; Shayakhmetova et al. 2023). In studies conducted in the semi-desert zone of Western Kazakhstan at the Miras peasant farm, crested wheatgrass varieties Batys and Batys 4 showed results confirming their reliable use for creating a feed base in animal husbandry. The Batys 4 variety exceeded the Batys variety in forage productivity, nutritional value and energy-protein value. If, in the Batys variety, forage mass yield amounted to 0.95 t/ha, with a yield of feed units of 0.61 t/ha and digestible protein of 0.042 t/ha, then the Batys 4 variety exceeded the Batys variety in the specified feed-quality indicators by 0.30 t/ha, 0.19 t/ha and 0.017 t/ha, respectively, or by 31.58, 31.15 and 40.48% (Table 9).
The yield, nutritional value and energy-protein value of the new crested wheatgrass varieties were confirmed as reliable at the 95% significance level by the result of statistical analysis of the experimental data on their use for forage purposes.
The data from recording and assessing the quality of the forage mass yield indicate the prospects of using new crested wheatgrass varieties not only for seed production, but also for providing agricultural animals with complete and sustainable feeds (Figurin 2003; Nasiyev et al. 2023).

5. CONCLUSIONS
Breeding science has successfully developed and introduced new varieties of perennial grasses. Despite the emergence of new varieties, their cultivation technology, especially sowing methods, has not been sufficiently studied. The study showed that under the conditions of the dry-steppe zone of Western Kazakhstan, it is advantageous to use the undersowing method for new varieties of crested wheatgrass and alfalfa. Barley and safflower are proposed for use as cover crops at reduced seeding rates.
Advantages of this approach: Economic benefit: the method is recognized as advantageous for cultivating the specified crops. Increase in seed productivity: the use of this method leads to an increase in the seed yield of perennial grasses. Provision of farms: ultimately, this should help provide local farms with high-quality seeds of crested wheatgrass and alfalfa.
Seed-yield accounting showed that undersowing new varieties of crested wheatgrass and alfalfa is promising and advantageous. This means that the use of undersowing, that is, sowing grasses under another cover crop, with new varieties gives good seed results at the level of 0.059-0.19 t/ha in the 1st year of grass-stand use, making this technology economically justified.
The data from recording and assessing the quality of forage mass yield show that new crested wheatgrass varieties are promising both for seed production and for providing agricultural animals with complete feeds. The green-mass yield of the new varieties, amounting to 0.95-1.25 t/ha, may exceed standards by 18-22%, which makes them a valuable source of a high-quality feed base for livestock production.
The developed sowing method is recommended for stakeholders, farmers, conservationists, environmentalists and land managers for use in perennial grass cultivation systems, in crop rotations and on pastures to restore and improve soil condition and increase soil sustainability. They are also recommended to use perennial grasses to combat erosion and improve soil structure and fertility. Policy developers could develop and support policies that stimulate the use of perennial grasses in agricultural and restoration projects. Thus, by integrating new varieties of perennial grasses into environmental protection strategies, it is possible to ensure a thriving, balanced ecosystem capable of withstanding the consequences of climate change.
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Table 1: Study of sowing methods for new varieties of perennial grasses under the conditions of the dry-steppe zone of Western Kazakhstan
	Perennial grasses
	New varieties
	Sowing methods

	Crested wheatgrass
	Batys
	Uncovered sowing
Sowing under the cover of barley
Sowing under the cover of safflower

	
	Batys 4
	

	Alfalfa
	Aspan kok
	

	
	Severo-Zapadnaya
	



Table 2: Biometric indicators of growth and development of field crops used as cover for perennial grasses, on average for 2024-2025
	Cover crops
	Number of seedlings, pcs/m²
	Number of plants by harvest, pcs/m²
	Crop preservation, %
	Plant height before harvest, cm
	Weed infestation of crops,


	
	
	
	
	
	pcs/m²
	g/m²

	Barley
	194
	157
	80,93
	62,40
	2,5
	34,90

	Safflower
	370
	311
	84,05
	61,10
	3,55
	59,85

	LSD05*
	9,27
	8,11
	2,26
	0,91
	0,80
	0,31


* LSD05 is the least significant difference for 5% significance level

Table 3: Productivity, nutritional value and energy-protein value of barley in the dry-steppe zone of Western Kazakhstan	
	Grain yield, t/ha
	Yield of feed units, t/ha
	Yield of digestible protein, t/ha
	Output of metabolizable energy, GJ/ha
	Crude fiber, %
	Crude fat, %
	Crude ash, %
	Crude protein, %

	0.83
	0.42
	0.047
	5.69
	9.02
	9.25
	2.15
	12.05



Table 4: Elements of yield structure and biological yield of safflower under the conditions of the dry-steppe zone of Western Kazakhstan
	Crop density, pcs/m²
	Number of heads per 1 plant, pcs
	Number of seeds per 1 head, pcs
	Weight of 1000 seeds, g
	Biological yield of oilseeds, t/ha
	Oil content, %
	Oil yield, t/ha

	35.05
	24.5
	25.50
	45.03
	0.99
	29.71
	0.29



Table 5: Preservation of crested wheatgrass varieties in the year of sowing depending on the sowing method
	Name of varieties Factor A
	Sowing methods 
Factor B
	Number of seedlings, pcs/m²
	Number of plants by harvest, pcs/m²
	Crop preservation, %
	Number of plants after overwintering, pcs/m²
	Crop preservation after overwintering, %

	Batys
	Uncovered sowing
	192
	182
	94,79
	169
	92,85

	
	Sowing under the cover of barley
	193
	187
	96,89
	177
	94,65

	
	Sowing under the cover of safflower
	193
	184
	95,34
	180
	97,83

	Batys 4
	Uncovered sowing
	193
	182
	94,30
	171
	93,96

	
	Sowing under the cover of barley
	193
	188
	96,41
	182
	96,81

	
	Sowing under the cover of safflower
	193
	187
	96,89
	184
	98,40


LSD05*		А			2,33		3,15	1,68		2,84		0,42
		В			2,18		3,34	0,55		2,15		0,53
* LSD05 is the least significant difference for 5% significance level

Table 6: Preservation of alfalfa varieties in the year of sowing depending on the sowing method.
	Name of varieties Factor A
	Sowing methods 
Factor B
	Number of seedlings, pcs/m²
	Number of plants by harvest, pcs/m²
	Crop preservation, %
	Number of plants after overwintering, pcs/m²
	Crop preservation after overwintering, %

	Aspan kok
	Uncovered sowing
	255
	231
	90,58
	215
	93,07

	
	Sowing under the cover of barley
	255
	250
	98,04
	243
	97,20

	
	Sowing under the cover of safflower
	255
	246
	96,47
	233
	94,72

	Severo-Zapadnaya
	Uncovered sowing
	261
	244
	93,49
	225
	92,21

	
	Sowing under the cover of barley
	261
	252
	96,55
	245
	97,22

	
	Sowing under the cover of safflower
	261
	247
	94,64
	235
	95,14

	LSD05*

	А
В
	1,56
1,89
	2,90
1,18
	1,28
0,46
	0,75
1,56
	0,58
0,53


* LSD05 is the least significant difference for 5% significance level

Table 7: Aftereffect of the sowing method on weed infestation of crops of new crested wheatgrass varieties in the 2nd year of life
	Name of varieties Factor A
	Sowing methods 
Factor B
	Number of weed plants, pcs/m²
	Air-dry mass of weed plants, g/m²

	Batys
	Uncovered sowing
	9,4
	216,2

	
	Sowing under the cover of barley
	5,1
	117,3

	
	Sowing under the cover of safflower
	2,9
	66,7

	Batys 4
	Uncovered sowing
	9,2
	211,6

	
	Sowing under the cover of barley
	6,3
	144,9

	
	Sowing under the cover of safflower
	4,9
	112,7

	LSD05*
	А
	0,26
	0,55

	
	В
	0,41
	0,68


* LSD05 is the least significant difference for 5% significance level

Table 8: Aftereffect of the sowing method on weed infestation of crops of new alfalfa varieties in the 2nd year of life
	Name of varieties Factor A
	Sowing methods 
Factor B
	Number of weed plants, pcs/m²
	Air-dry mass of weed plants, g/m²

	Aspan kok
	Uncovered sowing
	8,3
	190,9

	
	Sowing under the cover of barley
	4,8
	110,4

	
	Sowing under the cover of safflower
	5,8
	133,4

	Severo-Zapadnaya
	Uncovered sowing
	9,3
	213,9

	
	Sowing under the cover of barley
	1,5
	34,5

	
	Sowing under the cover of safflower
	2,3
	52,9

	LSD05*
	А
	0,48
	0,64

	
	В
	0,61
	0,61


* LSD05 is the least significant difference for 5% significance level

Table 9: Forage productivity, nutritional value and energy-protein value of new crested wheatgrass varieties
	Varieties
	Yield, t/ha
	Yield of feed units, t/ha
	Yield of digestible protein, t/ha
	Output of metabolizable energy, GJ/ha

	Batys
	0,95
	0,61
	0,042
	7,87

	Batys 4
	1,25
	0,80
	0,059
	10,35

	LSD05*
	0,20
	0,01
	0,001
	0,14


* LSD05 is the least significant difference for 5% significance level


Fig. 1: Dynamics of plant height of new crested wheatgrass varieties depending on the sowing method


Fig. 2: Dynamics of plant height of new alfalfa varieties depending on the sowing method
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Fig. 3: Seed yield of new crested wheatgrass varieties depending on the sowing method:
a) Batys variety; b) Batys 4 variety; Sowing methods: 1 - uncovered sowing; 2 - sowing under the cover of barley; 3 - sowing under the cover of safflower
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Fig. 4: Seed yield of new alfalfa varieties depending on the sowing method:
a) Aspan kok variety; b) Severo-Zapadnaya variety; Sowing methods: 1 - uncovered sowing; 2 - sowing under the cover of barley; 3 - sowing under the cover of safflower
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Fig. 5: Dependence of the yield of new crested wheatgrass varieties on crop weed infestation: a) Batys variety; b) Batys 4 variety
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Fig. 6: Dependence of the yield of new alfalfa varieties on crop weed infestation:
a) Aspan Kok variety; b) Severo-Zapadnaya variety
Earing	
Coverless	Cover sowing for barley 	Cover sowing for safflower 	Coverless	Cover sowing for barley 	Cover sowing for safflower 	Batys 	Batys 4 	51	52	53	53	55	58	Blossom	
Coverless	Cover sowing for barley 	Cover sowing for safflower 	Coverless	Cover sowing for barley 	Cover sowing for safflower 	Batys 	Batys 4 	60	62	64	63	62	65	Maturation	
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