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ABSTRACT
The goal of this study was to evaluate the effectiveness of different nitrogen fertilization strategies on soil nutrient dynamics, productive soil moisture, and grain quality of winter wheat cultivated under dry-steppe conditions of the Cis-Ural region. Field experiments were conducted during 2021–2023 at the Ural Agricultural Experimental Station (West Kazakhstan). The winter wheat cultivar Zhemchuzhina Povolzhya was studied under five fertilization treatments: no fertilizer (control); spring root fertilization (N30); foliar fertilization at grain filling (N30); split application (N15 in spring + N15 at grain filling); and double split application (N30 in spring + N30 at grain filling). The experiment was arranged in four replications. Soil productive moisture was measured in 0–30 and 0–100 cm layers at key growth stages. Soil nitrate nitrogen and mobile phosphorus were analyzed during vegetation. Grain quality was assessed by raw gluten content, gluten quality index, and grain bulk density using standard analytical methods. Spring soil moisture availability ensured efficient water use by plants, while by harvest nearly all productive moisture was depleted. Nitrogen fertilization improved the nitrogen regime of the soil and slightly increased mobile phosphorus content. Grain quality was strongly influenced by fertilization timing and method. The highest raw gluten content (39.2%) was obtained under the double split application (N30 + N30), followed by foliar N30 at grain filling. Spring root application of N30 alone did not increase gluten content compared with the control. All treatments produced gluten of the first quality group. Grain bulk density slightly decreased under fertilized treatments. Late and split nitrogen applications were the most effective for improving grain quality of winter wheat in moisture-limited environments. The results provide plant breeders and geneticists with practical criteria for evaluating cultivar responsiveness to nitrogen timing and for selecting genotypes with stable grain quality under variable water and nutrient conditions.
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1. INTRODUCTION
Winter wheat is one of the most important cereal crops worldwide and plays a key role in ensuring food security due to its high yield potential and valuable technological properties of grain. Grain quality, particularly protein and gluten content, determines the suitability of wheat for food processing and baking and is therefore of critical importance for both agricultural production and breeding programs. In arid and semi-arid regions, including the Cis-Ural zone of West Kazakhstan, the formation of grain quality is strongly influenced by environmental factors, especially water availability and nutrient supply during the growing season (Kuznetsov and Povarnitsyna 2020).
Nitrogen nutrition is a major controllable factor affecting both yield formation and grain quality of winter wheat. The efficiency of nitrogen fertilization depends not only on the applied dose but also on the timing and method of application, which determine nitrogen availability during critical growth stages. Under dry-steppe conditions, moisture deficit can limit nitrogen uptake and reduce the effectiveness of early fertilization, while late or split nitrogen applications may better support protein and gluten accumulation in grain. However, data on the combined effects of nitrogen fertilization strategies and soil moisture dynamics on grain quality under the specific climatic conditions of the Cis-Ural region remain limited.
Therefore, the goal of this study was to evaluate the influence of different nitrogen fertilization methods and timings on soil productive moisture, nutrient availability, and grain quality parameters of winter wheat grown under dry-steppe conditions, in order to identify agronomically effective practices that improve raw gluten content and provide useful benchmarks for plant breeders and geneticists.

2. MATERIALS AND METHODS
2.1. Characteristics of the Experimental Site
The study was conducted as a long-term stationary field experiment on the experimental and production fields of the Ural Agricultural Experimental Station (LLP) located in the West Kazakhstan Region. The territory of the region is predominantly flat, with a gradual decrease in elevation from the northeast to the southwest. Geomorphologically, the area is divided into five major units: the western part of the Podural Plateau; the southern part of the Obshchiy Syrt Upland; the Pre-Syrt zone; the gully-dissected part of the Caspian Lowland; and the valley of the middle course of the Ural River.
The climate of the West Kazakhstan Region (Agroclimatic resources of the Ural Region 1973) is sharply continental, with continentality increasing from northwest to southeast. This is expressed in pronounced diurnal and seasonal temperature fluctuations, as well as rapid transitions from winter to summer. The region is characterized by unstable and insufficient precipitation, low snow cover, intense wind-driven snow removal from fields, high air and soil aridity, strong evaporative demand, and abundant direct solar radiation throughout the growing season. Winters are cold, predominantly cloudy, and relatively short, whereas summers are hot and fairly long. The dry-steppe zone is characterized by a comparatively favorable hydrothermal regime, allowing the cultivation of early spring crops (wheat and barley), late spring crops (millet and maize), winter crops (rye and wheat), and perennial grasses (Sudan grass and crested wheatgrass) under rainfed conditions. These conditions enable effective utilization of the biological potential of crops in accordance with the duration of vegetation and dormancy periods determined by the transition of mean daily air temperatures above +5 °C (Buyankin 1998; Kudrin 1960).

2.2.  Characteristics of the Winter Wheat Cultivar Zhemchuzhina Povolzhya
The winter wheat cultivar Zhemchuzhina Povolzhya was officially zoned in 2011. It was developed by crossing a local lutescens line 20-79 (Saratovskaya Yubileinaya / Bezostaya 1 // Saratovskaya Yubileinaya / Bezostaya 1 // Saratovskaya 5) with the cultivar Donskaya Bezostaya and belongs to the botanical variety lutescens. In terms of morphological traits, the cultivar occupies an intermediate position between the widely known cultivars Mironovskaya 808 and Saratovskaya 90. Compared with Mironovskaya 808, it is characterized by a shorter, thicker, lodging-resistant culm and a relatively large, dense spike. In contrast to Saratovskaya 90, Zhemchuzhina Povolzhya has a slightly taller culm and a larger, more uniformly dense spike along its entire length.
The duration of the growing season is close to that of Mironovskaya 808. On average, over the years of testing and competitive variety trials conducted by the originating institute between 1993 and 2004, Zhemchuzhina Povolzhya exceeded Mironovskaya 808 by 3.6 centners ha⁻¹ and Saratovskaya 90 by 2.5 centners ha⁻¹ in grain yield. In terms of winter hardiness, the cultivar belongs to the Saratovskaya 90 group, which is characterized by higher stability under conditions with a relatively stable temperature regime. Grain protein and gluten contents are at the level of standard cultivars, while rheological properties are markedly superior. Bread loaf volume is comparable to the standard. Zhemchuzhina Povolzhya is considered a good improver of weak wheat samples and surpasses Mironovskaya 808 in this respect.
The distinguishing feature and main advantage of the cultivar is the balanced combination of yield potential and grain quality traits. Long-term analyses of yield and grain quality stability indicate a high degree of consistency across years (Sukhanberdina et al. 2011).

2.3. Experimental Design
The experimental scheme for studying different nitrogen fertilization practices in winter wheat included five treatments (Table 1).
The experiment was arranged in four replications. The total plot area was 20 m², with a harvested area of 12 m² (3 × 4 m). Agronomic practices applied in the field trials followed standard recommendations for farming systems of the West Kazakhstan region. Chestnut soil zones are formed under sharply continental climatic conditions and are characterized by a shortened humus horizon (A + B) and relatively low humus content (Gumarova et al. 2025). Soil tillage practices varied depending on the preceding crop, weed infestation level, agrophysical soil properties, and prevailing weather conditions at the time of tillage.

3. RESULTS
3.1. Soil Productive Moisture Reserves
Germinating seeds and growing plants obtain water primarily from soil moisture reserves. Soil water differs in mobility and availability to plants. The most important fraction is active or productive moisture, which is retained between field capacity (FC) and the wilting point (WP). The potential capacity of arable soils to retain plant-available water within the FC–WP range varies widely, from 0.26 to 0.76, meaning that 26–76% of soil porosity can be filled with water available to plants. However, only a portion of this water (approximately 13–38%) is considered readily available, as it is retained between FC and capillary rupture moisture. Consequently, less than half of total soil moisture reserves are available to plants, and only about one-quarter constitutes readily available moisture.
Optimal normative values of productive moisture during the emergence period of winter crops in the forest-steppe zone amount to 30 mm in the 0–20 cm soil layer. When moisture reserves in the arable layer are below 5 mm, winter crop emergence does not occur; at 5–10 mm, seed germination is delayed and plant stands are sparse; at 10–20 mm, only slight deterioration of crop condition is observed; and moisture reserves of 30–50 mm ensure satisfactory crop development.
The average period from sowing to emergence of winter wheat is approximately 10 days, with a daily water consumption of about 2 mm. In the steppe zone, at least 20 mm of available moisture in the seedbed and within the 0–20 cm soil layer is required to ensure favorable conditions for seed germination. Typically, autumn soil moisture reserves of 30–40 mm in the arable layer provide sufficient water for crop establishment.
Drought conditions adversely affect seed germination, shorten the autumn vegetation period of winter cereals, and result in insufficient tillering. Therefore, moisture availability in the upper soil layer becomes particularly critical at this stage of plant development. During the growing season, winter wheat consumes substantial amounts of water, with a transpiration coefficient of 450–500 units.
Optimal soil moisture should not fall below 70–75% of field capacity. Seeds require 50–60% water relative to their dry weight for germination. Winter wheat utilizes autumn and winter precipitation more efficiently and consumes more water than spring wheat due to its longer growing season and higher dry matter production. Water uptake during vegetation is uneven and depends on plant age, growth intensity, stand density, temperature, root system development, and soil moisture availability.
For uniform and vigorous emergence, at least 10 mm of productive moisture is required in the 0–10 cm soil layer, while normal autumn tillering requires at least 30 mm in the 0–20 cm layer. Up to 70% of total water consumption during the growing season occurs from spring regrowth to heading, and about 20% from flowering to the wax ripeness stage. The most critical period with respect to water availability is stem elongation–heading. Prolonged excessive moisture during this period reduces growth rates.
For achieving high yields of winter wheat with good grain quality, the most favorable soil moisture in the 0–60 cm layer is below the capillary rupture moisture level. Studies on the interaction between fertilization and soil moisture showed that both factors significantly influence the amino acid composition of wheat grain. The application of inorganic fertilizers increased plant height (73.6 cm), biomass (17.3 g), number of grains per spike (29.3), grain yield per plant (6.29 g), and improved the harvest index by 37% (Kigha Nsafon et al. 2020).
The results demonstrate that the efficiency of nitrogen fertilizers and their impact on grain quality strongly depend on water availability. Water deficit may offset the positive effects of high nitrogen application rates. Thus, adequate soil moisture is the main prerequisite for effective fertilizer use in dry-steppe zones, determining the optimal timing, placement, rate, and method of fertilizer application.
Table 2 presents the content of productive soil moisture (mm) in the 0–30 and 0–100 cm soil layers under the conditions of the Ural Agricultural Experimental Station.
Prior to sowing, background soil moisture was determined across the experimental site. The arable soil layer contained 20.8 mm of productive moisture, which is considered satisfactory for dry-steppe conditions. In the 1 m soil layer, 80.6 mm of moisture was retained by the time of sowing of winter crops. Such soil moisture levels were sufficient to ensure normal development of winter wheat during the autumn vegetation period. By the end of autumn vegetation, productive moisture decreased by 8.0 mm in the arable layer and by 17.8 mm in the 1 m layer.
At the resumption of spring vegetation, productive moisture in the 0–30 cm soil layer reached 29.9 mm, which was 17.1 mm higher than at the end of autumn vegetation. In the 0–100 cm layer, spring moisture reserves amounted to 79.3 mm, showing trends similar to those observed in the arable layer. Adequate soil moisture in spring, combined with moderate air temperatures, ensured efficient utilization of soil water by winter wheat. Over the growing season, the crop almost completely depleted productive soil moisture; by harvest, only 0.5 mm remained in the 0–30 cm layer and 3.0 mm in the 0–100 cm layer.

3.2. Soil Nutrient Content
Nutrients are a key component of soil fertility and primarily determine crop productivity. Their concentration in soil influences fertilizer management systems, tillage intensity, crop rotation design, and other agronomic practices. It is essential to create conditions that enable plants to fully utilize nutrients present in plant-available forms. In the regional farming systems, soils are characterized by relatively low levels of mobile phosphorus and often limited availability of nitrogen, while potassium supply is generally sufficient and therefore not routinely monitored.
Nitrogen plays a crucial role in plant growth, affecting not only yield but also grain quality of winter wheat. Soil nitrogen originates from the mineralization of organic matter and biological fixation by symbiotic or free-living microorganisms. Improvement of the nitrogen regime is primarily achieved through the application of mineral fertilizers. Phosphorus is actively involved in plant metabolic processes, and replenishment of its reserves is possible only through mineral and organic fertilization.
Nitrogen uptake by winter wheat begins at early growth stages and continues until the end of grain filling. Approximately 20% of total nitrogen is absorbed during tillering, 50–55% during stem elongation–heading, and 5–10% from flowering to the onset of wax ripeness. Nitrogen deficiency at specific growth stages cannot be compensated by later applications; the greatest demand occurs from the beginning of stem elongation to heading.
The soil nutrient regime changes throughout plant development. At the beginning of vegetation, nitrate nitrogen content was low (13.0 mg kg⁻¹), mobile phosphorus was moderate (20.7–20.8 mg kg⁻¹), and exchangeable potassium was high (381.3–381.6 mg kg⁻¹). Before winter dormancy, nutrient levels declined to 11.6–11.8, 15.7–15.9, and 368.6–369.3 mg kg⁻¹, respectively. In spring, peak levels of nitrate nitrogen (15.4–15.5 mg kg⁻¹) and mobile phosphorus (24.8 mg kg⁻¹) were recorded, while exchangeable potassium remained high (398.0–399.2 mg kg⁻¹). By harvest, the contents of all nutrients decreased (Dong et al. 2022).
Optimization of seeding rates and nitrogen topdressing contributed to increased grain protein concentration and total nitrogen content through enhanced nitrogen uptake and remobilization during grain maturation (Voronov et al. 2023). A significant increase in grain protein content was observed under foliar fertilization with urea solutions at nitrogen rates of 80 and 110 kg ha⁻¹ (Tsvey et al. 2021). To achieve target yields with high grain quality, optimal total nitrogen content in leaves should be maintained at 5.0–5.5% during tillering, 4.5–5.0% during stem elongation, and 3.0–4.0% at heading.
During the resumption of spring vegetation, prior to fertilization, nitrate nitrogen content across treatments ranged from 48.3 to 49.1 mg kg⁻¹, with minor differences reflecting spatial heterogeneity of the soil cover. Mobile phosphorus content at that time was also relatively uniform (14.5–14.9 mg kg⁻¹). Nitrogen fertilization significantly affected all assessed grain quality parameters (Litke et al. 2018). To evaluate nutrient dynamics, soil organic matter (humus), pH, total and available forms of nitrogen, phosphorus, and potassium, as well as exchangeable bases, were determined. Phenological observations and grain yield measurements were also conducted (Tanirbergenov et al. 2022). The contents of nitrate nitrogen and available phosphorus in soil showed a clear dependence on the applied fertilization practices (Table 3).
During the growing season, nutrients were actively taken up from the soil, and fertilizer application had a measurable effect on their soil content. At the heading stage, which corresponds to the period of maximum nutrient demand, nitrate nitrogen content in the 0–40 cm soil layer ranged from 24.2 to 30.4 mg/kg, while mobile phosphorus content ranged from 10.3 to 11.2 mg/kg.
The lowest nitrate nitrogen content in the 0–40 cm layer was observed in the control treatment (24.2 mg/kg) and in the treatment with foliar fertilization N30 at grain filling (24.5 mg/kg), where nitrogen fertilizers had not yet been applied at that stage. Higher nitrate nitrogen levels during heading were recorded in treatments with mineral nitrogen applied as root fertilization, particularly in the N30 spring and N30 spring + N30 grain filling treatments, where nitrate nitrogen content in the 0–40 cm layer increased by 6.1–6.2 mg/kg. These changes were observed throughout the soil profile, with greater increases in the 0–20 cm layer (7.7–7.9 mg/kg) and a rise of 4.6 mg/kg in the 20–40 cm layer. Under split application of N15 in spring and at grain filling, the increase in nitrate nitrogen in the 0–40 cm layer amounted to 2.5 mg/kg.
Phosphorus fertilizers were not applied in the experiment; however, nitrogen application affected mobile phosphorus content through enhanced microbiological activity. In the control treatment, mobile phosphorus content in the 0–40 cm soil layer was 10.3 mg/kg. The upper soil layer showed slightly higher phosphorus availability (11.0 mg/kg) compared with the lower layer (9.6 mg/kg). Application of N30 at grain filling and N15 in spring + N15 at grain filling resulted in minor increases in mobile phosphorus content (0.2–0.4 mg/kg), while in the remaining treatments the increase amounted to 0.7–0.9 mg/kg. Overall, the use of mineral nitrogen fertilizers improved the soil nitrogen regime, accompanied by a slight increase in mobile phosphorus content.

3.3. Grain Quality of Winter Wheat
The quality of winter wheat grain is determined by a complex set of indicators. In freshly harvested grain, after 6–9 days of resting of pre-cleaned wheat grain, bulk density increases by 40–60 g/L.
Both the quantity and quality of gluten in wheat grain are influenced by numerous factors, the most important of which include varietal characteristics, growing conditions, harvesting practices, and adverse effects during grain storage and processing. Washed gluten contains up to 70% water and is therefore referred to as wet (raw) gluten. It is characterized by elasticity and extensibility. Gluten consists mainly of the proteins gliadin and glutenin, which account for 82–85% of the dry weight of gluten. Other constant components of gluten include starch, sugars, fats, fiber, and ash.
The role of gluten in bread making is exceptionally important. Gluten forms the structural framework of bread and determines the ability of dough to retain carbon dioxide produced during fermentation. When gluten quality is high, dough becomes porous, light, and well baked. The gas-holding capacity of dough depends not only on gluten quality but also on its quantity in flour. The content of wet gluten in wheat grain ranges from 16 to 58%, while dry gluten content varies from 5 to 28%. Wet gluten exhibits elastic properties (elasticity and extensibility), which are determined using a PEK-3 instrument and expressed in conventional units of the device scale. Based on these values, gluten is assigned to a specific quality group. If gluten cannot be washed out, it is classified as “non-washable.” Dry gluten content is determined by drying wet gluten to constant weight and is expressed as a percentage of the initial sample weight. The difference between wet and dry gluten weights reflects water absorption capacity, an important parameter in bread-making technology (Komarov 1976).
Gluten determination results in grain quality certificates are reported with an accuracy of 1%. Under continuous wheat cultivation for 8–12 years, grain protein content decreases to 12–13% and gluten content to 21–23%.
In the present study, the application of mineral fertilizers had a distinct effect on winter wheat grain quality indicators (Table 4).
The gluten content of winter wheat grain depended on the applied agronomic practices. In the control treatment, grain contained 36.6% gluten, while the use of mineral nitrogen fertilizers increased gluten content. The highest gluten content was recorded in the treatment with mineral fertilizer application at a rate of N30 in spring + N30 at grain filling, reaching 39.2%, which exceeded the control by 2.6%. The treatment with foliar application of N30 at grain filling showed slightly lower values but remained close to the maximum. Split application of N15 in spring + N15 at grain filling increased wet gluten content by 1.1% compared with the control but was 1.5% lower than the best-performing treatment (N30 spring + N30 grain filling). Root application of N30 in spring did not affect wet gluten content. Overall, gluten content was relatively high across treatments, and grain quality corresponded to that of strong wheat.
Gluten quality is also influenced by unfavorable conditions during grain maturation in the spike and during storage. Good-quality, moderately elastic gluten has a light gray or light yellow color and belongs to the first quality group (45–75 conventional units). In terms of elasticity, gluten in all treatments was classified as first quality group, with IDK values ranging from 66 to 69 units.
Thus, the application of nitrogen fertilizers increased the wet gluten content of the studied winter wheat cultivar, except for the treatment with spring root application of N30. Grain bulk density is another important quality indicator reflecting grain plumpness. Well-filled, dense grain is characterized by higher bulk density. The application of mineral fertilizers led to a slight decrease in bulk density (by 2–4 g/L). This reduction is associated with increased crop yield and insufficient soil moisture during the grain filling period. Consequently, mineral fertilization improved winter wheat grain quality indicators in all treatments except for spring root application of N30.

4. DISCUSSION
Grain is the primary raw material for flour production, and its quality largely determines the efficiency of flour utilization in bread making. Grain protein content has been shown to increase significantly with higher rates of nitrogen fertilizer application (Pszczolkowska et al. 2018). Effective management of nitrogen nutrition is therefore a key factor in improving both yield and grain quality of winter wheat. In the present study, the application of diagnostic doses of nitrogen fertilizers resulted in grain corresponding to Class 1 (valuable grain). This finding is consistent with the results reported by Utkin and Lukyanov (2021), who also noted that the use of diagnostic nitrogen fertilizer doses on a mineral background made it possible to obtain grain corresponding to Class 3 (Wojcik-Gront et al. 2022).
Our study demonstrated that late nitrogen fertilization had the greatest impact on grain quality. This conclusion is supported by other researchers, including Schultz et al. (2015), who indicated that a single nitrogen application at a critical growth stage may be sufficient to improve grain quality. Similarly, Woolfolk et al. (2002) identified late nitrogen application (from the first node stage to heading) as the most effective method for increasing grain protein concentration without a substantial increase in biomass. However, the highest nitrogen uptake from soil (64%) and the maximum increase in yield and starch content (more than 22%) were achieved with ammonium nitrate application, whereas many cited studies (Efretuei et al. 2016) emphasize the timing rather than the form of nitrogen fertilizer.
Another important finding reported by Bakaeva and Korzhavina (2019) is a significant improvement in grain quality parameters, including increases in protein content by 3.8%, gluten content by 4.4%, and Zeleny sedimentation index by 12.4%, when nitrogen fertilizers were applied together with micronutrients via foliar feeding. This result is consistent with the findings of Górny et al. (2011), who reported a positive effect of combining nitrogen with plant growth regulators. The most pronounced synergistic effect was observed under integrated application strategies, exceeding the effect of merely increasing nitrogen rates, which highlights the importance of both macro- and micronutrients in the formation of grain quality.
Overall, the results of the present study confirm the widely recognized importance of nitrogen fertilization while also emphasizing the critical role of fertilizer form and integrated nutrient management approaches in improving the technological properties of winter wheat grain (Mukhomedyarova et al. 2024).

5. CONCLUSION
Based on the studies conducted in 2021–2023 to evaluate the effectiveness of mineral nitrogen fertilization, the following conclusions can be drawn. Adequate soil moisture during spring, combined with moderate air temperatures, ensured efficient utilization of soil water by winter wheat. Over the growing season, the crop almost completely depleted productive soil moisture, with only 0.5 mm remaining in the 0–30 cm soil layer and 3.0 mm in the 0–100 cm layer by harvest.
The application of mineral nitrogen fertilizers improved the soil nitrogen regime and resulted in a slight increase in mobile phosphorus content. In addition, nitrogen fertilization increased the wet gluten content of the studied winter wheat cultivar, except for the treatment involving spring root application of N30.
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Table 1: Experimental design
	Treatment No.
	Description

	1
	No fertilization (control)

	2
	Root fertilization at the resumption of spring growth (N30, spring)

	3
	Foliar fertilization at grain filling (N30, grain filling)

	4
	Combined root and foliar fertilization (N15, spring + N15, grain filling)

	5
	Combined root and foliar fertilization (N30, spring + N30, grain filling)



Table 2: Productive soil moisture reserves in winter wheat fields
	Growth stage
	Productive moisture, mm

	
	0-30 cm
	0-100 cm

	Sowing
	20,8
	80,6

	End of autumn vegetation
	12,8
	62,8

	Resumption of spring vegetation
	29,9
	79,3

	Harvest
	0,5
	3,0



Table 3: Nutrient content in soil, mg/kg
	Element
	Treatment
	Soil layer, cm

	
	
	0-20
	20-40
	0-40

	Before heading

	Nitrate nitrogen
	1 Control
	50,1
	48,2
	49,1

	
	2 N30 - spring
	49,4
	47,3
	48,3

	
	3 N30 - grain filling
	49,8
	47,2
	48,5

	
	4 N15- spring + N15 - grain filling
	49,6
	47,1
	48,3

	
	5 N30 - spring + N30 - grain filling
	49,5
	47,6
	48,5

	НСР05
	Fф<Fт
	Fф<Fт
		Fф<Fт

	Mobile phosphorus
	1 Control
	15,9 
	13,2
	14,5

	
	2 N30 - spring
	16,4
	12,7
	14,5

	
	3 N30 - grain filling
	16,5
	13,4
	14,9

	
	4 N15- spring + N15 - grain filling
	16,1
	13,1
	14,6

	
	5 N30 - spring + N30 - grain filling
	16,2
	12,8
	14,5

	НСР05
	
	Fф<Fт
	Fф<Fт
		Fф<Fт

	Heading stage

	Nitrate nitrogen
	1 Control
	25,4
	23,0
	24,2

	
	2 N30 - spring
	33,1
	27,6
	30,3

	
	3 N30 - grain filling
	25,6
	23,4
	24,5

	
	4 N15- spring + N15 - grain filling
	27,8
	25,6
	26,7

	
	5 N30 - spring + N30 - grain filling
	33,3 
	27,6
	30,4

	НСР05
	1,68
	1,99
	2,27

	Mobile phosphorus
	1 Control
	11,0
	9,6
	10,3

	
	2 N30 - spring
	11,7
	10,3
	11,0

	
	3 N30 - grain filling
	11,3
	9,8
	10,5

	
	4 N15- spring + N15 - grain filling
	11,5
	9,9
	10,7

	
	5 N30 - spring + N30 - grain filling
	11,9
	10,6
	11,2

	НСР05
	Fф<Fт
	0,61
	Fф<Fт



Table 4: Grain quality indicators of winter wheat
	Treatment
	Wet gluten

	
	content, %
	IDK / quality group
	Bulk density, g/L

	1 Control
	36,6
	66 / I
	762

	2 N30 - spring
	36,4
	66/ I
	758

	3 N30 - grain filling
	38,9
	67/ I
	760

	4 N15- spring + N15 - grain filling
	37,7
	68 /I
	760

	5 N30 - spring + N30 - grain filling
	39,2
	69 / I
	759

	НСР05
	2,03
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