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The book provides a scientific substantiation and general formation patterns of formation of wheat grain quality depending on abiotic and biotic factors, selection and genetic characteristics of the variety and weather conditions. The peculiarities of productivity formation of different-ripening varieties of soft winter wheat depending on the fertilizer system in the field crop rotation are highlighted.
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INTRODUCTION
Winter wheat is the main grain crop, which is a source of food for humans and feed for farm animals, is always liquid and forms the basis of the food facility of the national economy [414]. No other cereal plant has as many varieties and forms as wheat. It provides 20% of protein required for healthy human nutrition [1, 423].
The problem of wheat quality, as well as the factors which form it, is of interest to breeders who create new varieties as well as agronomists who grow them, and grain inspectors who determine wheat quality. Similarly, this problem applies to millers who process grain into flour, bakers who bake bread from this flour, and chemists who study the chemical composition and properties of wheat grain components [298].
The growth and development of wheat plants depends on the provision of light, water and nutrients. The study of the basic mechanisms and patterns of plant response to optimal and sub-optimal conditions of these factors are important for the development of quality management strategies, as well as to improve the efficiency of resource use in conditions of their deficit [415, 424, 425]. The use of fertilizers is an important element of agrotechnology for growing this crop [415]. For this purpose it is necessary to carry out comprehensive study and system improvement of mineral fertilizer application taking into account peculiarities of a grade.
One of the priorities of the food industry is the manufacture of products of enhanced biological value. Among the leading crops, wheat occupies a prominent place and is the basis of the daily of many people. The problem of vegetable protein production, valuable for baking and confectionery production, can be solved by using grain of minor species, introgressive, interspecific varieties and lines of wheat.
Global and domestic practice recognizes that the quality of wheat grain depends on the selection and genetic characteristics of the variety, fertilizer, especially nitrogen, and grain products, in addition, on the parameters of its processing.
The realization of the adaptive potential of the variety determines wheat  resistance to abiotic and biotic environmental factors. The team of Uman NUH (F.M. Parii, Zh. M. Novak, I.O. Polyanetska) by hybridization of Triticum aestivum L./Triticum spelta L. Zoria Ukrainy spelt wheat, Europe varieties and high-protein Artemisia soft wheat variety. Ethiopian wheat grain has high antioxidant activity and protein content, and dense wheat - high productivity, environmental stability and plasticity. For grain of these species there are no effective directions of its use, though.
Soft wheat grain contains gluten protein, which causes allergy in 5% of the population. It is less in spelt wheat grain, so domestic and foreign producers are successfully meeting the growing demand for it. However, in the scientific literature there is no data on the optimal modes of water-heat treatment of such grain for flour and cereals production.
The problem is that the current domestic wheat grain production does not meet the growing demand for high quality products made from it. On the basis of generalization of scientific, methodical and economic-marketing analyses of the specified problem the concept of thesis work, which consists in the theoretical substantiation of quality formation of wheat grain types (soft, spelt, dense, Ethiopian) depending on abiotic and biotic factors, fertilizers, grain products quality depending on the parameters of primary processing.
Scientific substantiation and practical realization of the set targets will promote the maximum use of grain potential of minor wheat types.
Yield and grain quality of different soft winter wheat varieties under different fertilizer systems in crop rotation
The article presents the study results of the yield formation and grain quality (protein content, yield, gluten content) of different-ripening soft winter wheat varieties under different fertilizer systems in crop rotation. It was found that on average for two years of research for the cultivation of KWS Emil grain yield increased from 4.50 to 5.83 t/ha or 1.3 times for the application of N75 and up to 6.96 t/ha, or 1.5 times in the variant with long-term application of 150 kg/ha of nitrogen fertilizers. N75P30K40 application increased it to 6.43 t/ha or by 1.4 times, and the application of complete mineral fertilizer (N150P60K80) - up to 7.73 t/ha, or by 1.7 times. Variants with incomplete return of phosphorus and potassium fertilizers provided the formation of 1–3% lower yield compared to complete mineral fertilizer. The use of complete mineral in crop rotation contributed to the growth of stability index of grain yield formation compared to the variants without fertilizers, by P60K80 introduction and the use of only nitrogen fertilizers only. Rino soft wheat yield was significantly lower than that of KWS Emil. In addition, the efficiency of fertilizer application was lower. Thus, on average for three years of research on unfertilized areas, it was 3.77 t/ha. The option with the maximum dose of mineral fertilizers contributed to a 1.5 times increase in yield, and the application of half dose of the fertilizer - 1.2 times compared to the control. N75 use increased its content to 12.3% or 5%, and the introduction of N150 - up to 13.3%, or 14% compared to the option with no fertilizers (11.7%). The use of complete mineral increased this figure by 8% (N75P30K40) and 17% (N150P60K80). The protein content of Rino soft winter wheat was 20-23% higher than that of KWS Emil. The application of 75 kg/ha of ai of nitrogen fertilizers increased the protein content to 15.4% or 7%, and the application of 150 kg/ha of nitrogen to 15.9% or 10% compared to the option with no fertilizers. The use of nitrogen fertilizers with phosphorus and potassium increased the protein content by 0.2–0.5 abs. % compared to the application of nitrogen fertilizers only. It should be noted that the index of stability of protein content formation was high under growing both varieties - 1.02–1.06. In the agrotechnology of soft winter wheat, it is necessary to apply 75-150 kg/ha of nitrogen fertilizers on P30K40 background. This fertilizer system provides the protein content in the grain of KWS Emil grade 13.2–13.8%, the gluten content - 28.5–30.6%, the protein collection at the level of 965–1055 kg/ha. In Rino variety, respectively, 15.5–16.3%, 34.5–35.8% and 810–880 kg/ha.
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Problem statement and recent research analysis. Weather conditions influence of the growing season and the variety characteristics are crucial in the strategy of the soft winter wheat fertilization system. It is now established that the selection and genetic characteristics of soft winter wheat variety have a higher influence on productivity formation compared to weather conditions. The formation of a higher protein content of soft winter wheat grain in dry weather conditions has been confirmed [1]. In addition, the grain quality is one of the factors that determines the direction of its processing. Baking and confectionery properties depend on gluten content, and the biological value of the finished product depends on protein content [2]. With the population growth, the use of fertilizers in crop production will increase. It is estimated that by 2100 the population will be 11.2 billion people [3].
It is known that fertilizer use efficiency depends on soil type, its properties, nutrient regime, weather conditions of the growing season, variety reaction, etc. [4, 5]. German scientists found that the grain yield of soft winter wheat with the application of 120 kg/ha of nitrogen fertilizers varied from 7.3 to 9.4 t/ha, depending on the year of the study. Protein content is from 11.9 to 14.9%. It should be noted that the higher the grain yield, the lower the protein content [6]. Among the factors influencing the yield, weather conditions are the biggest variable the efficiency of fertilizer depends on 7, 8].
The creation of wheat varieties with a high ability to accumulate nitrogen at the beginning of the growing season and moisture deficit during the period of active plant growth make it possible to apply high doses once [9]. The study of J. S. Dhillon et al. [10] prove this conclusion. In addition, the negative impact of nitrogen fertilizers can be manifested only in case of its high content in the soil [11]. On average in economically developed countries, the dose of nitrogen fertilizers in wheat agrotechnology increased from 46.3 kg/ha in 2002 to 61.2 kg/ha in 2015. Gross grain production increased from 592 to 737 million tons, respectively, and protein content - from 12.6 to 15.7% [12]. However, a number of scientists note the possibility of using higher doses of nitrogen fertilizers [13]. In studies by R. P. Lollato et al. [14] it was effective to apply 100–150 kg/ha of ai, and in work [15] - 50–75 kg/ha of ai of nitrogen fertilizers. This variation is due to the different moisture provision of soil. However, lack of moisture will not always reduce the productivity of soft winter wheat. N60–80 application provides an increase in yield and protein content in the grain compared to unfertilized areas [16]. In the conditions of Right-Bank forest-steppe of Ukraine, scientists recommend applying no more than 150 kg/ha of ai of nitrogen fertilizers. In the soft winter wheat fertilizer system, the share of nitrogen fertilizers should be doubled [17, 18]. Literature analysis shows a high response of soft winter wheat to the application of nitrogen fertilizers. However, changes in weather conditions and the creation of new varieties necessitate a more detailed study of the effectiveness of soft winter wheat fertilization in the field crop rotation.
The aim of the research is to study the formation of grain yield and grain quality of different-ripening soft winter wheat varieties under different fertilizer systems in crop rotation.

Materials and methods. The experimental part of the research was conducted in the conditions of the Right-Bank forest-steppe of Ukraine in a stationary field experiment with geographical coordinates at 48 ° 46 'north latitude and 30 ° 14' east longitude, laid in 2011 on the research field of Uman NUH [19]. The experiment is simultaneously pulled off in four fields, which allows to obtain annual yield data of all crop rotations (winter wheat, corn, spring barley, soybean). The experiment was repeated three times. Registration plot area is 72 m2. The soil of the experimental site - podzolic heavy loamed chernozem in the forest with a manure content of 3.8%, nitrogen content of easily hydrolyzed compounds - low, mobile compounds of phosphorus and potassium - increased, pHKCl - 5.7.
In the variant of the production control experiment (N150P60K80) fertilizer dose is calculated according to the economic removal of the main nutrients by crop rotations. The experiment scheme is designed so that the results of research can determine the possibility of reducing the doses of certain types of mineral fertilizers and determine their optimal combination both in crop rotation and for individual crops.
The scheme of fertilizer application in field crop rotation for soft winter wheat (Rino (early ripening), Emil (late ripening) varieties) included the following options: without fertilizers (control), N75, N150, P60K80, N150K80, N150P60, N75P30K40, N1150P60 N150P60K40, N150P30K80. According the experiment scheme, phosphorus and potassium fertilizers are applied before fall tillage, nitrogen - before pre-sowing cultivation and in fertilization. The non-commodity part of crop rotation yield (straw, stalks) remains in the field for fertilizer.
Yield was determined in areas. Protein content - DSTU 4117: 2007, gluten content - according to DSTU ISO 21415-1: 2009. Variation coefficiewnt was grouped according to the following gradations: 0–10% - insignificant, 10–20 - slight, 20–40 - medium, 40–60 - large, ≥ 60% - very large. Statistical data processing was performed by two-way variance analysis of the field experiment. Stability index was determined by the following formula:
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where НЕ – the greatest manifestation of the feature;

LE – the slightest manifestation of the feature.

The experimental field was located in Mankivskyi natural-agricultural district of the Middle Dnipro-Bug district of the forest-steppe Right-Bank Province of forest-steppe zone with geographical coordinates at 48 ° 46'56.47 '' north latitude and 30 ° 14'48.51'' east longitude. Height above sea level - 245 m. The soil of the experimental field is podzolic chernozem.

Results and discussions. Studies show that the grain yield of soft winter wheat varied significantly depending on fertilizer and variety (Table 1). Thus, the highest yields for growing both varieties were provided by complete mineral. However, fertilizer systems in crop rotation had different efficiency. On average, for two years of research, during cultivation of KWS Emil grade grain productivity increased from 4,50 to 5,83 t/ha or by 1,3 times under N75 application and to 6,96 t/ha, or by 1,5 times in variant with long-term application of 150 kg/ha of nitrogen fertilizers. The application of N75P30K40 increased it to 6.43 t/ha or by 1.4 times, and the application of complete mineral (N150P60K80) - up to 7.73 t/ha, or by 1.7 times. It should be noted that the effectiveness of phosphorus and potassium fertilizers increased due to the improvement of nitrogen nutrition of plants. Thus, in the variant of applying 75–150 kg/ha of nitrogen fertilizers on the background of P30–60K40–80, grain yield increased by 10% compared to the application of this dose without phosphorus and potassium fertilizers. The application of N150K80 and N150P60 was almost the same in terms of the effect on the yield of soft winter wheat grain. Variants with incomplete return of phosphorus and potassium fertilizers provided the formation of 1–3% lower yield compared to complete mineral. The smallest increase in grain yield (0.43 t/ha) was obtained with long-term use of phosphorus and potassium fertilizers only. The use of complete mineral fertilizer in crop rotation contributed to the growth of stability index of grain yield formation compared to the variants without fertilizers, the introduction of P60K80 and the use of nitrogen fertilizers only.
The yield of Rino soft wheat was significantly lower than that of KWS Emil. In addition, the efficiency of fertilizer application was lower. Thus, on average for three years of research on unfertilized areas, it was 3.77 t/ha. All fertilizer systems in crop rotation significantly increased this figure. The variant with the use of the maximum dose of mineral fertilizers contributed to 1.5 times increase in yield, and the application of half of the fertilizer - 1.2 times compared to the control. The tendency of long-term use of nitrogen fertilizers only, paired combinations and incomplete return of phosphorus and potassium fertilizers was similar under the cultivation of KWS Emil.
Table 1 – Grain yield of different-ripening varieties of soft winter wheat and its stability depending on fertilizer systems
	Experiment variant

(factor A)
	Research year
	Average for two years
	Stability index

	
	2020
	2021
	
	

	KWS Emil  variety (factor B)

	No fertilizer (control)
	4.05
	4.94
	4.50
	1.22

	N75
	5.27
	6.39
	5.83
	1.21

	N150
	6.33
	7.58
	6.96
	1.20

	P60K80
	4.37
	5.48
	4.93
	1.25

	N150K80
	6.98
	7.72
	7.35
	1.11

	N150P60
	7.05
	7.87
	7.46
	1.12

	N75P30K40
	5.91
	6.94
	6.43
	1.17

	N150P60K80
	7.18
	8.27
	7.73
	1.15

	N150P30K40
	6.99
	7.99
	7.49
	1.14

	N150P60K40
	7.13
	8.21
	7.67
	1.15

	N150P30K80
	7.11
	8.03
	7.57
	1.13

	Rino variety

	No fertilizer (control)
	3.31
	4.23
	3.77
	1.28

	N75
	3.72
	4.74
	4.23
	1.27

	N150
	4.09
	5.07
	4.58
	1.24

	P60K80
	3.48
	4.51
	4.00
	1.30

	N150K80
	4.47
	5.46
	4.97
	1.22

	N150P60
	4.69
	5.63
	5.16
	1.20

	N75P30K40
	4.11
	5.24
	4.68
	1.27

	N150P60K80
	5.09
	6.11
	5.60
	1.20

	N150P30K40
	4.97
	5.68
	5.33
	1.14

	N150P60K40
	5.04
	6.01
	5.53
	1.19

	N150P30K80
	5.01
	5.81
	5.41
	1.16

	HIP05 by factors
	А
	0.15
	0.18
	–
	–

	
	В
	0.16
	0.17
	–
	–

	
	АВ
	0.32
	0.36
	–
	–


Grain yield and fertilizer system efficiency varied significantly depending on the weather conditions of the research year. Thus, in 2020 for the period March - June 218.0 mm of precipitation fell, and in 2021 - 243.4 mm. However, the lack of moisture in the soil in the autumn-winter period contributed to the emergence of seedlings in the third decade of January 2020. In addition, the development of soft winter wheat plants was also negatively affected by prolonged cooling and spring frosts. Therefore, grain yield in 2020 was the lowest for growing both varieties. The increase in grain yield of KWS Emil variety in 2020 was 1.22–3.13 t/ha depending on the fertilizer system, and in 2021 - 1.45–3.33 t/ha. During the cultivation of Rino variety, this indicator was 0.41–1.78 and 0.51–1.88 t/ha, respectively.
The use of nitrogen fertilizers had the greatest effect on protein content (Table 2). The use of N75 increased its content to 12.3% or by 5%, and the introduction of N150 - up to 13.3%, or by 14% compared to the option without fertilizers (11.7%). The use of complete mineral provided an increase of this figure by 8% (N75P30K40) and by 17% (N150P60K80). Options with incomplete return of phosphorus and potassium fertilizers did not significantly reduce protein content.
The protein content of Rino soft winter wheat was 20–23% higher than that of KWS Emil. The application of 75 kg/ha of nitrogen fertilizers increased the protein content to 15.4% or by 7%, and the application of 150 kg/ha of nitrogen to 15.9% or by 10% compared to the option with no fertilizers. The use of nitrogen fertilizers with phosphorus and potassium increased protein content by 0.2–0.5 abs. % compared with the application of nitrogen fertilizers only. It should be noted that stability index of protein content formation was high during growing of both varieties - 1.02–1.06. 
Higher rainfall in 2021 during the grain ripening period (68.2 mm) led to the formation of lower protein content in the grain of both varieties of soft winter wheat compared to 2020 (49.7 mm).
Table 2 – Protein content of different-ripening varieties of soft winter wheat and its stability depending on fertilizer systems
	Experiment variant

(factor A)
	Research year
	Average for two years
	Stability index

	
	2020
	2021
	
	

	KWS Emil  variety (factor B)

	No fertilizer (control)
	11.9
	11.4
	11.7
	1.04

	N75
	12.6
	12.0
	12.3
	1.05

	N150
	13.5
	13.1
	13.3
	1.03

	P60K80
	11.8
	11.3
	11.6
	1.04

	N150K80
	13.7
	13.3
	13.5
	1.03

	N150P60
	13.8
	13.3
	13.6
	1.04

	N75P30K40
	12.7
	12.5
	12.6
	1.02

	N150P60K80
	13.9
	13.4
	13.7
	1.04

	N150P30K40
	13.8
	13.2
	13.5
	1.05

	N150P60K40
	13.9
	13.4
	13.7
	1.04

	N150P30K80
	13.8
	13.3
	13.6
	1.04

	Rino variety

	No fertilizer (control)
	14.6
	14.1
	14.4
	1.04

	N75
	15.8
	15.0
	15.4
	1.05

	N150
	16.3
	15.5
	15.9
	1.05

	P60K80
	14.9
	14.1
	14.5
	1.06

	N150K80
	16.5
	15.6
	16.1
	1.06

	N150P60
	16.4
	15.7
	16.1
	1.04

	N75P30K40
	16.0
	15.2
	15.6
	1.05

	N150P60K80
	16.8
	16.0
	16.4
	1.05

	N150P30K40
	16.3
	15.5
	15.9
	1.05

	N150P60K40
	16.8
	16.0
	16.4
	1.05

	N150P30K80
	16.8
	15.8
	16.3
	1.06

	HIP05 by factors
	А
	0.3
	0.2
	–
	–

	
	В
	0.5
	0.4
	–
	–

	
	АВ
	0.8
	0.7
	–
	–


The largest conditioned protein collection was provided by the application of 150 kg/ha of nitrogen fertilizers on the background of phosphorus and potassium fertilizers (Table 3). In this scenario, the fertilizer was 1010–1053 kg/ha or 1.9–2.0 times more than the option with no fertilizers (523 kg/ha). The use of N75 increased it by 1.4 times, and the introduction of N150 - 1.8 times. In P60K80 variant, protein collection was only 9% higher compared to the control.
Table 3 – Conditioned protein collection from grain yield of different-ripening varieties of soft winter wheat and its stability depending on fertilizer systems
	Experiment variant (factor factor A)
	Research year
	Average for two years
	Stability index

	
	2020
	2021
	
	

	KWS Emil  variety (factor B)

	No fertilizer (control)
	482
	563
	523
	1.17

	N75
	664
	767
	716
	1.16

	N150
	855
	993
	924
	1.16

	P60K80
	516
	619
	568
	1.20

	N150K80
	956
	1027
	992
	1.07

	N150P60
	973
	1047
	1010
	1.08

	N75P30K40
	751
	868
	810
	1.16

	N150P60K80
	998
	1108
	1053
	1.11

	N150P30K40
	965
	1055
	1010
	1.09

	N150P60K40
	991
	1100
	1046
	1.11

	N150P30K80
	981
	1068
	1025
	1.09

	Rino variety

	No fertilizer (control)
	483
	596
	540
	1.23

	N75
	588
	711
	650
	1.21

	N150
	667
	786
	727
	1.18

	P60K80
	519
	636
	578
	1.23

	N150K80
	738
	852
	795
	1.15

	N150P60
	769
	884
	827
	1.15

	N75P30K40
	658
	796
	727
	1.21

	N150P60K80
	855
	978
	917
	1.14

	N150P30K40
	810
	880
	845
	1.09

	N150P60K40
	847
	962
	905
	1.14

	N150P30K80
	842
	918
	880
	1.09

	HIP05 by factors
	А
	21
	24
	–
	–

	
	В
	18
	20
	–
	–

	
	АВ
	40
	45
	–
	–


Significantly lower protein collection was obtained during the cultivation of Rino soft wheat - 540-917 kg/ha. The influence trend of fertilizer systems was similar to KWS Emil variety. The use of nitrogen fertilizers increased it by 1.2–1.7 times, depending on the experiment variant.
Despite the formation of higher protein content in grain in 2020, protein collection was highest in 2021. Thus, for the cultivation of KWS Emil this figure was 11-17%, and in Rino variety - 14-23% higher compared to 2020. In addition, the stability of protein collection increased with the introduction of complete mineral.
On average, over two years of research, gluten content in the grain of soft wheat KWS Emil increased from 24.7 to 26.1% or by 6% with the application of 75 kg/ha of nitrogen fertilizers and up to 28.7%, or by 16% during the introduction of N150 (Table 4). In the option with complete mineral (N75P30K40) its content increased to 27.4% or by 11%, and with a double dose of fertilizer - up to 29.8% or by 21%. Incomplete return of phosphorus and potassium fertilizers did not significantly reduce gluten content compared to complete mineral. Stability index increased from 1.16 in the variant with no fertilizer to 1.03–1.13 depending on the fertilizer system. Gluten content in the grain of Rino variety was significantly higher compared to KWS Emil variety. On average, over two years of research, its content increased by 9% with the introduction of N75 and by 11% in N150 variant. In the option with complete mineral fertilizer, gluten content increased to 36.4%. Stability index was higher compared to KWS Emil variety - 1.02–1.06.
Gluten content in the grain of KWS Emil in the more favorable 2020 was 26.5–30.9%, and in 2021 - 22.8–28.9%. In the grain of Rino variety, its content was 32.3–37.2 and 30.8–35.6%, respectively, depending on the experiment variant.
For wheat, gluten content is considered to be very high ˃ 36%, high - 31–36, medium - 26–31, low - 21–26 and very low ˂ 21% [7]. Thus, in 2020, the gluten content in the grain of KWS Emil was average. In 2021, in the variants with no fertilizer, with the application of 75 kg/ha ai of nitrogen fertilizers, the P60K80 gluten content in the grain was low, and in other experiment variants - average. In Rino variety in 2020 in the variants with no fertilizer, using 75-150 kg/ha ai of nitrogen fertilizers and P60K80, its content was high, and in other variants - very high. In 2021, this figure in the variant with no fertilizer and P60K80 was average, and for other fertilizer systems - high.
Table 4 – Gluten content of different-ripening varieties of soft winter wheat and its stability depending on fertilizer systems
	Experiment variant (factor factor A)
	Research year
	Average for two years
	Stability index

	
	2020
	2021
	
	

	KWS Emil  variety (factor B)

	No fertilizer (control)
	26.5
	22.8
	24.7
	1.16

	N75
	27.6
	24.5
	26.1
	1.13

	N150
	29.9
	27.4
	28.7
	1.09

	P60K80
	26.2
	22.5
	24.4
	1.16

	N150K80
	30.3
	28.2
	29.3
	1.07

	N150P60
	30.5
	28.5
	29.5
	1.07

	N75P30K40
	27.8
	26.9
	27.4
	1.03

	N150P60K80
	30.7
	28.9
	29.8
	1.06

	N150P30K40
	30.6
	28.5
	29.6
	1.07

	N150P60K40
	30.9
	28.6
	29.8
	1.08

	N150P30K80
	30.8
	28.3
	29.6
	1.09

	Rino veriety

	No fertilizer (control)
	32.3
	30.8
	31.6
	1.05

	N75
	34.9
	33.7
	34.3
	1.04

	N150
	35.8
	34.3
	35.1
	1.04

	P60K80
	32.9
	30,9
	31.9
	1.06

	N150K80
	36.4
	34.5
	35.5
	1.06

	N150P60
	36.3
	34.1
	35.2
	1.06

	N75P30K40
	35.1
	34.3
	33.7
	1.02

	N150P60K80
	37.2
	35.6
	36.4
	1.04

	N150P30K40
	35.8
	34.5
	35.2
	1.04

	N150P60K40
	37.3
	35.7
	36.3
	1.04

	N150P30K80
	37.4
	35.5
	36.5
	1.05

	HIP05 by factors
	А
	0.8
	0.7
	–
	–

	
	В
	0.9
	0.9
	–
	–

	
	АВ
	1.8
	1.7
	–
	–


It should be noted that in KWS Emil variety the ratio of gluten to protein varied depending on the research year. In 2020, it was in the range of 2.19-2.23, and in 2021 - from 2.00 to 2.16, depending on the fertilizer system. The application of nitrogen fertilizers with phosphorus and potassium contributed to the growth of this ratio. Obviously, the improvement of mineral nutrition contributes to the synthesis of gluten-forming proteins. The ratio of gluten to protein in Rino grain almost did not change from the studied factors and was 2.18–2.25 depending on the experiment variant.
The research results showed that there is a very high correlation between the protein content and the gluten content in soft winter wheat grain (Fig.). The result is a regression equation for this dependence:
y = 2.7994x – 8.2999 for KWS Emil variety,
y = 2.2545x - 0.6397 for Rino variety
where y is protein content, %;

x - gluten content, %.
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Fig. Correlation between protein content and gluten content in grain
It is known [21] that wheat is a nitrogen-loving crop. Therefore, the improvement of nitrogen nutrition of soft winter wheat after soybean precursor helped to increase yield and improve grain quality. Improving nitrogen nutrition at the same time contributed to the absorption of phosphorus and potassium fertilizers [21]. Therefore, the use of complete mineral increased the productivity of this crop. KWS Emil variety had a longer growing season so it responded better to the application of fertilizers. Rino variety had a lower response because it was early ripening. However, the higher grain yield in KWS Emil variety provided the formation of a lower protein content compared to Rino variety due to the dilution effect.
Results. It has been found that the effectiveness of soft winter wheat fertilizer varies depending on the variety and weather conditions. KWS Emil soft winter wheat has a high response to the application of high doses of nitrogen fertilizers - 6.96-7.73 t/ha depending on the experiment variant. In Rino variety, the yield increases to 4.23–5.60 t/ha. In agrotechnology of soft winter wheat it is necessary to apply 75-150 kg/ha ai of nitrogen fertilizers on the background of P30K40. This fertilizer system provides the protein content in the grain of KWS Emil variety 13.2–13.8%, the gluten content - 28.5–30.6%, the protein collection at the level of 965–1055 kg/ha. In Rino variety, respectively, 15.5–16.3%, 34.5–35.8% and 810–880 kg/ha. In addition, provided that sufficient mobility of phosphorus and potassium compounds, only nitrogen fertilizers or their combined combinations can be used.
Productivity of soft wheat for long-term (since 1965) application of fertilizers in field crop rotation
The national security of the country is closely connected to the preservation and rational use of soils, and the lack of objective information about their fertility, including nutritional status, leads to incorrect management decisions in the field of land use and agriculture, errors in land reclamation, irrational use of fertilizers etc. Due to new social, economic and environmental challenges, the functions of the agrochemical component in the agricultural sector are now broader, and its significance in solving the food problem is growing [378].
When estimating the level of crop yields in the dynamics of crop rotation, it is difficult to establish a clear correlation. This is due to weather conditions, varietal characters and the level of agrotechnology for growing crops [396].
Optimization of soil agrochemical properties provides an increase in wheat grain yield by 2.5-4.0 times compared to the option with no fertilizer. In addition, the effectiveness of long-term use of mineral fertilizers reduces (physiologically acidic), as pH of soil solution decreases. Thus, at pH = 4.3 the grain yield of winter wheat is 2.83 t/ha, and at pH = 6.1 - 3.01 t/ha [402].
Researches by L.S. Kvasnitskyi [401] and V.V. Lapa [404] show that the organo-mineral fertilizer system has the greatest effect on the yield of winter wheat. However, on ordinary chernozem, the fertilizer system had less effect than its precursor. Thus, after pure steam the yield was 4.67 t/ha, and after the stubble precursor - 2.97 t/ha. Prolonged application of mineral fertilizers at N90P120K120 dose increased the yield to 5.84 and 4.90 t/ha after the first crop rotation, and after the third it decreased to 5.26 and 4.05 t/ha [403]. Similar results have also been obtained by other scientists [405].
The role of the precursor is weakened by the application of fertilizers. Thus, depending on the precursor, the yield of winter wheat varies from 4.21 to 4.63 t/ha on the background of N70P50K60 application [401]. 

Studies concerning the effects of different doses of fertilizers and fertilizer systems in the field crop rotation were performed in a long stationary experiment (Appendix). The change in soil fertility rarameters with long-term use of fertilizers (since 1965) in the field crop rotation significantly affected the grain yield of winter wheat (Table 6.1). It was the lowest during the first crop rotation during post-clover cultivation, as the varieties were cultivated which plants lay down. Thus, in the experiment variant with no fertilizer for cultivation after clover, the yield of winter wheat was 3.54 t/ha with a change from 24.6 to 46.8 t/ha (Appendix B.1). In the variant with crop rotation saturation with mineral fertilizers at the dose of N45P45K45, this figure increased to 3.99 t/ha with a change from 27.9 to 54.0 t/ha or more by 13% compared to the control. With medium and high crop rotation saturation, the yield did not change significantly. After peas and corn for silage, the yield of winter wheat was slightly higher, but the trend of fertilizer effect is similar.
Prolonged application of fertilizers during II and III crop rotations increased grain yield by 7–34% compared to the first rotation. In IV rotation, the yield was lower by 6–11% compared to III rotation, because the winter wheat crops froze out for two years.
Adherence to crop rotation and replacement of extensive varieties with intensive ones contributed to the formation of the highest yield of winter wheat in V crop rotation. Thus, in unfertilized areas after clover, it was 4.02 t/ha. With the saturation of 1 ha of crop rotation area with N45P45K45, the yield increased to 5.07 t/ha, N90P90K90 - to 5.78, N135P135K135 - to 6.03 t/ha or more by 26–50% compared to the variant with no fertilizer.
Table 6.1

Dynamics of winter wheat yield under different doses of fertilizers and fertilizer systems in field crop rotation, t/ha
	Experiment variant

(1 ha saturation of crop rotation area - factor A)
	Crop rotation

	
	І (1965–1974)
	II (1975–1984)
	III (1985–1994)
	IV (1995–2004)
	V (2005–2014)

	Clover precursor (factor B)

	No fertilizer (control)
	3.54(0.8
	3.40(0.7
	3.78(0.5
	3.35(0.7
	4.02(0.9

	N45P45K45
	3.99(0.9
	4.01(0.9
	4.31(0.6
	4.02(1.0
	5.07(1.2

	N90P90K90
	3.74(0.9
	4.28(0.9
	4.80(0.8
	4.56(1.0
	5.78(1.3

	N135P135K135
	3.98(0.6
	4.00(0.8
	4.83(1.3
	4.77(1.0
	6.03(1.6

	Manure 9 t
	3.98(0.8
	3.86(0.8
	4.18(0.7
	380(0.9
	4.90(1.0

	Manure 13.5 t
	3.87(0.7
	4.00(0.8
	4.55(0.7
	4.18(0.9
	5.44(1.2

	Manure 18 t
	3.93(0.8
	4.09(0.8
	4.92(0.8
	4.45(1.0
	5.74(1.3

	Manure 4.5 t+ N22P34K18
	3.96(0.7
	4.23(0.9
	4.27(0.6
	4.11(1.0
	5.11(1.3

	Manure 9 t + N45P68K36
	3.77(0.6
	4.19(0,9
	497(0.8
	4.71(1.0
	5.81(1.4

	Manure 13.5 t + N68P101K54
	3.93(0.8
	4.19(0.9
	5.26(1.1
	4.92(1.1
	6.11(1.6

	Peas precursor

	No fertilizer (control)
	3.54(0.6
	3.37(0.8
	3.87(0.4
	3.21(0.6
	3.86(0.9

	N45P45K45
	4.05(0.7
	4.03(0.8
	4.54(0.4
	3.96(0.7
	4.97(1.2

	N90P90K90
	4.05(0.8
	4.29(0.8
	5.14(0.6
	4.43(0.8
	5.74(1.6

	N135P135K135
	3.86(0.7
	4.04(0.9
	5.23(1.0
	4.65(0.9
	6.08(1.7

	Manure 9 t
	4.07(0.6
	3.91(0.8
	4.27(0.4
	3.29(0.8
	4.90(1.3

	Manure 13.5 t
	4.02(0.7
	4.32(0.9
	4.99(0.6
	4.13(0.8
	5.45(1.5

	Manure 18 t
	3.99(0.8
	3.91(0.8
	4.94(0.6
	4.34(0.8
	5.59(1.4

	Manure 4.5 t + N22P34K18
	4.08(0.7
	4.15(0.7
	4.46(0.4
	3.99(0.7
	4.99(1.3

	Manure 9 t + N45P68K36
	4.02(0.7
	4.32(0.9
	4.99(0.6
	4.55(0.9
	5.75(1.6

	Manure 13,5 t + N68P101K54
	3.98(0.7
	4.26(0.9
	5.50(0.8
	4.82(1.0
	6.17(1.8

	Corn precursor for silage

	No fertilizer (control)
	3.45(0.4
	2.88(0.9
	3.32(0.6
	2.87(0.6
	3.39(0.7

	N45P45K45
	3.95(0.6
	3.64(0.9
	3.93(0.6
	3.56(0.7
	4.39(0.9

	N90P90K90
	4.08(0.8
	4.02(1.2
	4.58(0.7
	4.07(0.8
	5.13(1.1

	N135P135K135
	4.05(0.9
	3.94(1.2
	4.65(0.7
	4.32(0.9
	5.51(1.4

	Manure 9 t
	4.06(0.6
	3.54(1.1
	3.92(0.5
	3.52(0.7
	4.35(0.9

	Manure 13.5 t
	4.11(0.6
	3.56(1.2
	4.32(0.5
	3.87(0.8
	4.84(1.1

	Manure 18 t
	4.05(0.8
	3.76(1.2
	4.61(0.5
	4.11(0.8
	5.13(1.1

	Manure 4.5 t + N22P34K18
	4.10(0.6
	3.73(1.2
	3.97(0.6
	3.62(0.7
	4.58(1.1

	Manure 9 t + N45P68K36
	4.20(0.8
	3.95(1.2
	4.48(0.7
	4.14(0.8
	5.30(1.3

	Manure 13.5 t + N68P101K54
	4.00(0.9
	4.06(1.2
	4.90(0.5
	4.50(0.8
	5.64(1.5


Under the organic fertilization system, this indicator was lower - 4.90–5.74 t/ha with changes from 32.7 to 102.0 t/ha over the years of research. However, the organo-mineral fertilizer system had the greatest effect on yield. Thus, under saturation of 1 ha of crop rotation area with Manure 4.5 t + N22P34K18 it increased to 5.11 t/ha, Manure 9 t + N45P68K36 - 5.81 and Manure 13.5 t + N68P101K54 - 6.11 t/ha or was higher by 27-52% compared to the control.
Winter wheat yield when grown after peas was slightly lower compared to clover. Thus, in the variant with no fertilizer it was 3.86 t/ha or less by 4%, and with long-term application of fertilizers - 4.90-6.17 t /ha.
Studies show that the use of fertilizers significantly increased the yield of winter wheat when grown after a worse precursor. Thus, when grown after corn for silage, grain yield was lower by 16% compared to clover. However, the application of fertilizers increased it to 4.39–5.64 t/ha depending on the experiment variant, which was lower by 8–13% compared to clover.
An important indicator of wheat grain quality is the presence of heavy metals and radionuclides. Full knowledge about the transformation of heavy metals and radionuclides in the system of fertilizer-soil-plant is provided by long-term use of fertilizers [379]. The obtained data on the fertilizer effect on the content of chemical elements in grain are quite contradicting [380–382].
It was found [383] that lead content in grain increased from 0.6 to 1.1 mg/kg with the introduction of N60P60K60, zinc - from 13.6 to 15.9, nickel - from 0.1 to 2.6 mg/kg of grain. However, copper content decreased from 7.1 to 4.9 mg/kg. Under the introduction of N120P120K120, lead content decreased to 0.2 mg/kg of grain, and chromium content did not change. Studies by other scientists [384] show that long-term use of different fertilizer systems reduced the supply of copper, zinc and lead in wheat grain compared to the option with no fertilizers.
Radioactive potassium (40K) is characterized by the highest prevalence among natural radioactive isotopes. Its total activity in the earth crust is greater than the activity of all other isotopes combined. It is widely scattered in soils especially clay soils, where it is strongly retained due to sorption processes [385].
The use of potassium fertilizers with residual natural radioactivity does not lead to a significant increase in the radioactivity of crop products. But there are cases of its growth by several times compared to the radioactivity of plants grown in natural conditions with no fertilizers. This phenomenon is usually observed in the early stages of plant development after application of high doses of potassium fertilizers to the soil [379].
Potassium fertilizers are characterized by the presence of two natural radioactive nuclides: 226Ra and 40K. The main radionuclide is 40K [386].
There are almost no data on radioactivity levels of potassium fertilizers in the literature. It is known that 1 g of natural potassium has 29.6 Bq 40K, because natural potassium has 0.0119% 40K. Radioactive potassium (40K) has a half-life of 1.2∙109 years. It is characterized by a beta-negative type of decay with an energy of 1.32 MeV (88.4%) and partial gamma radiation (K-capture) with an energy of 1.46 MeV (11.6%) [387].
In nature, potassium is in the form of three isotopes: 39K (93.1%), 41K (6.9%) and radioactive 40K (0.012%). Of the total 40K, 88% is "soft" and only 12% is "hard" radiation. On the general background of natural sources of radiation 40K is 12% [388].
Researches show that the highest was the specific activity of 40K, which changed significantly after prolonged use in the field crop rotation of different doses and fertilizer systems (Table 6.2). Thus, under the mineral fertilizer system, the specific activity of winter wheat after clover increased to 69.3–87.2 Bq/kg of grain or by 2–28% compared to the control (68.1 Bq/kg). Under the organo-mineral fertilizer system, this indicator varied from 68.3 to 73.2 Bq/kg or more by 1–7%.
The specific activity of the organic fertilizer system was the lowest - from 68.5 to 69.1 Bq/kg of grain. During the cultivation of winter wheat after peas, the specific activity changed in the same way, and after corn for silage it was lower. Thus, the specific activity of the mineral fertilizer system varied from 69.8 to 77.6 Bq/kg of grain, organo-mineral - from 68.2 to 71.7 and organic - from 68.1 to 68.4 Bq/kg of grain.
Таблиця 6.2

	Specific activity of radionuclides in the grain of winter wheat at different doses of fertilizers and fertilizer systems in the field crop rotation (2015), Bq/kg of dry weight
Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	40К
	232Th
	226Ra
	137Cs
	90Sr

	Clover precursor (factor B)

	No fertilizer (control)
	68.1
	19.6
	6.5
	1.7
	0.8

	N45P45K45
	69.3
	19.5
	6.4
	1.7
	0.8

	N90P90K90
	74.5
	20.2
	6.6
	1.9
	0.9

	N135P135K135
	87.2
	22.8
	6.7
	2.1
	1.0

	Manure 9 t
	68.5
	19.8
	6.5
	1.7
	0.8

	Manure 13.5 t
	68.9
	19.7
	6.4
	1.8
	0.8

	Manure 18 t
	69.1
	19.9
	6.5
	1.9
	0.9

	Manure 4.5 t+ N22P34K18
	68.3
	19.7
	6.6
	1.7
	0.8

	Manure 9 t + N45P68K36
	69.9
	20.0
	6.4
	1.9
	0.8

	Manure 13.5 t + N68P101K54
	73.2
	20.7
	6.5
	2.0
	0.9

	Peas precursor

	No fertilizer (control)
	68.4
	19.5
	6.6
	1.7
	0.8

	N45P45K45
	70.1
	19.8
	6.7
	1.8
	0.8

	N90P90K90
	76.2
	20.4
	6.7
	1.9
	1.0

	N135P135K135
	86.4
	21.7
	6.8
	2.1
	1.1

	Manure 9 t
	68.1
	19.5
	6.5
	1.7
	0.7

	Manure 13,5 t
	70.2
	19.9
	6.6
	1.7
	0.8

	Manure 18 t
	69.8
	19.8
	6.5
	1.8
	0.9

	Manure 4,5 t + N22P34K18
	69.4
	19.4
	6.6
	1.7
	0.8

	Manure 9 t + N45P68K36
	70.3
	19.9
	6.7
	1.9
	0.9

	Manure 13.5 t + N68P101K54
	74.1
	21.1
	6.7
	2.0
	1.0

	Corn precursor for silage

	No fertilizer (control)
	68.3
	18.1
	6.0
	1.7
	0.8

	N45P45K45
	69.8
	18.2
	6.1
	1.7
	0.8

	N90P90K90
	71.7
	19.3
	6.1
	1.7
	0.9

	N135P135K135
	77.6
	19.8
	6.1
	1.8
	1.0

	Manure 9 t
	68.1
	18.4
	6.0
	1.7
	0.8

	Manure 13.5 t
	68.9
	18.6
	6.2
	1.7
	0.8

	Manure 18 t
	68.4
	18.5
	6.0
	1.7
	0.9

	Manure 4.5 t+ N22P34K18
	68.2
	18.3
	6.1
	1.7
	0.8

	Manure 9 t + N45P68K36
	69.5
	18.9
	6.2
	1.7
	0.8

	Manure 13.5 t + N68P101K54
	71.7
	19.2
	6.0
	1.8
	0.9

	НІР05
	А
	1.7
	0.5
	0.2
	0.1
	0.1

	
	В
	1.4
	0.4
	0.2
	0.1
	0.1

	GBC
	–
	–
	–
	80
	140


Long-term field experiments have established the safety of potassium fertilizers as carriers of 40K radioactivity. Potassium radiation, which creates natural radiation background, is not limited by current regulations and is not dangerous to human health [389]. However, an important ecological function of potassium is known - antagonism toward radioactive 137Cs and 90Sr. A significant role of potassium fertilizers to reduce the intensity and migration of radionuclides in the soil-plant system is noted by many scientists [390, 391]. As shown [392], potassium inhibits the entry of 137Cs into the culture of agrocenoses. The greatest effect is achieved by applying high doses of potassium fertilizers [393].
The specific activity of 232Th was lower compared to 40K and ranged from 18.1 to 22.8 Bq/kg of winter wheat grain. The increase in the activity of this radionuclide was contributed by the use of mineral and organo-mineral fertilizer systems. But in the organic system the specific activity did not change. It was also found that the absorption of 232Th was higher than the cultivation of wheat after clover and peas - from 19.6 to 22.8 Bq/kg of grain, and after corn for silage - from 18.1 to 19.8 Bq/kg, which can be explained by the effect of dilution at higher yield.
The specific activity of 226Ra was almost not affected by the studied components of cultivation agrotechnology. Thus, its activity varied from 6.4 to 6.7 Bq/kg of grain under cultivation after clover, from 6.5 to 6.8 - after peas and from 6.0 to 6.2 - after corn for silage depending on the fertilizer system.
The specific activity of 137Cs and 90Sr was the lowest compared to other radionuclides and varied from 1.7 to 2.0 and from 0.8 to 1.1 Bq/kg of grain, respectively, depending on the cultivation agrotechnology. This indicates that long-term use of the studied fertilizer systems are safe. In addition, the specific activity of 137Cs was 40–47 times, and 90Sr was 127–145 times lower than GBC [809].
According to the specific activity of radioactive nuclides in the soil and grain of winter wheat, the coefficient of biological absorption of radionuclides was calculated (Appendix B.2). Most winter wheat plants accumulated 232Th (Table 6.3). However, the use of fertilizers reduced it.
Таблиця 6.3

Coefficient of biological absorption of radioactive nuclides in the grain of winter wheat at different doses of fertilizers and fertilizer systems in the field crop rotation in 2015
	Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	40К
	232Th
	226Ra
	137Cs
	90Sr

	Clover precursor (factor B)

	No fertilizer (control)
	0.65
	0.96
	0.25
	0.20
	0.26

	N45P45K45
	0.59
	0.64
	0.22
	0.19
	0.25

	N90P90K90
	0.60
	0.55
	0.22
	0.20
	0.28

	N135P135K135
	0.64
	0.51
	0.21
	0.20
	0.30

	Manure 9 t
	0.63
	0,91
	0.25
	0.19
	0.30

	Manure 13.5 t
	0.63
	0.90
	0.23
	0.19
	0.30

	Manure 18 t
	0.63
	0.89
	0.22
	0.20
	0.32

	Manure 4.5 t + N22P34K18
	0.59
	0.74
	0.23
	0.19
	0.26

	Manure 9 t + N45P68K36
	0.58
	0.62
	0.22
	0.20
	0.25

	Manure 13.5 t + N68P101K54
	0.54
	0.51
	0.21
	0.20
	0.27

	Peas precursor

	No fertilizer (control)
	0.65
	0.96
	0.26
	0.20
	0.27

	N45P45K45
	0.60
	0.66
	0.24
	0.20
	0.26

	N90P90K90
	0.61
	0.57
	0.23
	0.19
	0.31

	N135P135K135
	0.64
	0.49
	0.22
	0.19
	0.32

	Manure 9 t
	0.63
	0.91
	0.25
	0.19
	0.27

	Manure 13.5 t
	0.65
	0.90
	0.24
	0.18
	0.31

	Manure 18 t
	0.64
	0.87
	0.22
	0.19
	0.33

	Manure 4.5 t+ N22P34K18
	0.60
	0.72
	0.24
	0.19
	0.27

	Manure 9 t + N45P68K36
	0.59
	0.62
	0.23
	0.20
	0.29

	Manure 13.5 t + N68P101K54
	0.55
	0.51
	0.22
	0.20
	0.31

	Corn.precursor for silage

	No fertilizer (control)
	0.66
	0.95
	0.25
	0.21
	0.29

	N45P45K45
	0.63
	0.71
	0.22
	0.19
	0.27

	N90P90K90
	0.60
	0.61
	0.22
	0.18
	0.28

	N135P135K135
	0.59
	0.51
	0.21
	0.18
	0.31

	Manure 9 t
	0.64
	0.92
	0.24
	0.19
	0.31

	Manure 13.5 t
	0.64
	0.89
	0.24
	0.21
	0.31

	Manure 18 t
	0.64
	0.87
	0.23
	0.20
	0.33

	Manure 4.5 t + N22P34K18
	0.60
	0.72
	0.22
	0.19
	0.27

	Manure 9 t + N45P68K36
	0.58
	0.65
	0.21
	0.18
	0.26

	Manure 13.5 t + N68P101K54
	0.56
	0.56
	0.20
	0.18
	0.29

	НІР05 by factors
	А
	0.02
	0.03
	0.01
	0.01
	0.02

	
	В
	0.01
	0.02
	0.01
	0.01
	0.01


Thus, in the variant with  no fertilizer it was 0.96, in the mineral fertilizer system - 0.51-0.64 or less by 33-47%, in the organic system - 0.89-0.91, or less by 5-7 , and under the organo-mineral fertilizer system - 0.51–0.74, or less by 23–47% compared to the control under cultivation after clover.
The coefficient of 40K biological absorption was slightly lower, which varied from 0.59 to 0.64 under mineral fertilizer system, from 0.63 to 0.64 under organic fertilizer system and from 0.59 to 0.58 under organo-mineral fertilizer system against 0.65 in the option with no fertilizer. The smallest grain of winter wheat accumulated 137Cs, 90Sr and 226Ra.
The absorption of radioactive nuclides by winter wheat grain under cultivation after peas and corn for silage varied depending on the fertilizer, similar to clover precursor.
Trace elements are involved in redox processes, carbon and nitrogen metabolism. Under their influence, chlorophyll content in the leaves increases, photosynthesis improves, and the assimilation activity of the whole plant increases. Many trace elements are included in the active centers of enzymes and vitamins. Deficiency of zinc, molybdenum, excess of cobalt and manganese inhibit the supply of ammonium nitrogen, and copper and manganese slows down the absorption of nitrate nitrogen by plants [395].

The presence of nitrogen, phosphorus and potassium in the nutrient medium largely determines the intensity of plant growth and absorption of other nutrients. Improving nitrogen nutrition increases the supply of copper, iron, manganese and zinc to plants. Excessive phosphorus and potassium nutrition reduces the supply of copper, iron and manganese to plants. At different levels of supply of fertilizer elements, the interaction between them is different. There may be rapid transitions of antagonism into synergism and vice versa [395, 397, 398].
It was found that with long-term application of fertilizers after clover, the manganese content decreased by 4–17% under the mineral system, 4–19% under the organic system and 8–20% under the organo-mineral fertilizer system (Table 6.4).
Table 6.4
Chemical element content in the grain of winter wheat at different doses of fertilizers and fertilizer systems in the field crop rotation (2015), mg/kg of dry weight
	Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	Mn
	Fe
	Zn
	Cu
	Co
	Ni
	Cr
	Pb
	Cd

	Clover precursor (factor B)

	No fertilizer (control)
	33.8
	26.6
	18.1
	2.18
	1.28
	0.73
	0.85
	0.33
	0.26

	N45P45K45
	28.1
	24.5
	18.6
	2.05
	1.15
	0.26
	0.96
	0.37
	0.16

	N90P90K90
	30.8
	25.4
	15.3
	1.97
	1.09
	0.31
	1.24
	0.38
	0.10

	N135P135K135
	32.4
	25.8
	15.0
	1.42
	0.97
	0.34
	1.55
	0.39
	0.08

	Manure 9 t
	32.4
	24.9
	18.9
	2.19
	1.11
	0.28
	0.56
	0.32
	0.12

	Manure 13.5 t
	29.7
	25.3
	19.2
	2.13
	1.08
	0.29
	0.48
	0.33
	0.08

	Manure 18 t
	27.4
	25.4
	20.1
	2.08
	1.02
	0.31
	0.31
	0.35
	0.06

	Manure 4.5 t + N22P34K18
	31.1
	25.8
	18.7
	2.17
	1.14
	0.31
	0.62
	0.30
	0.13

	Manure 9 t + N45P68K36
	28.5
	25.4
	18.3
	2.11
	1.09
	0.28
	0.52
	0.34
	0.06

	Manure 13.5 t + N68P101K54
	27.2
	24.3
	17.9
	2.05
	1.01
	0.30
	0.30
	0.38
	0.05

	Peas precursor

	No fertilizer (control)
	34.1
	26.7
	18.0
	2.17
	1.29
	0.72
	0.84
	0.32
	0.25

	N45P45K45
	28.5
	24.5
	18.2
	2.06
	1.16
	0.24
	0.95
	0.35
	0.14

	N90P90K90
	30.7
	25.5
	15.4
	1.95
	1.07
	0.30
	1.23
	0.38
	0.11

	N135P135K135
	32.5
	25.6
	15.1
	1.43
	0.97
	0.32
	1.54
	0.37
	0.07

	Manure 9 t
	32.3
	24.7
	18.7
	2.16
	1.12
	0.27
	0.56
	0,32
	0.13

	Manure 13.5 t
	29.9
	25.2
	19.3
	2.14
	1.07
	0.29
	0.47
	0.31
	0.06

	Manure 18 t
	27.5
	25.5
	20.1
	2.09
	1.01
	0.30
	0.32
	0.32
	0.06

	Manure 4.5 t + N22P34K18
	31.2
	25.8
	18.6
	2.15
	1.13
	0.31
	0.61
	0.31
	0.12

	Manure 9 t + N45P68K36
	28.6
	25.3
	18.4
	2.10
	1.08
	0.27
	0.52
	0.33
	0.07

	Manure 13.5 t + N68P101K54
	27.1
	24.2
	17.7
	2.04
	1.02
	0.29
	0.32
	0.32
	0.06

	Corn precursor for silage

	No fertilizer (control)
	30.2
	25.1
	16.5
	2.10
	1.21
	0.64
	0.61
	0.25
	0.21

	N45P45K45
	29.7
	25.0
	16.6
	2.12
	1.20
	0.62
	0.62
	0.26
	0.20

	N90P90K90
	27.2
	24.6
	16.0
	2.04
	1.10
	0.34
	0.84
	0.28
	0.16

	N135P135K135
	25.1
	24.3
	15.2
	1.98
	0.98
	0.31
	0.91
	0.30
	0.11

	Manure 9 t
	29.6
	24.9
	17.4
	2.12
	1.18
	0.59
	0.59
	0.24
	0.19

	Manure 13.5 t
	29.1
	25.0
	18.6
	2.10
	1.14
	0.39
	0.51
	0.25
	0.12

	Manure 18 t
	28.2
	25.3
	19.7
	2.09
	1.12
	0.34
	0.42
	0.29
	0.08

	Manure 4.5 t + N22P34K18
	29.5
	24.7
	16.7
	2.11
	1.19
	0.54
	0.55
	0.30
	0.18

	Manure 9 t + N45P68K36
	28.6
	24.6
	16.4
	2.06
	1.12
	0.49
	0.51
	0.33
	0.13

	Manure 13.5 t + N68P101K54
	28.3
	24.3
	16.3
	2.01
	1.05
	0.43
	0.47
	0.36
	0.09

	НІР05
	А
	0.8
	0.6
	0.4
	0.05
	0.03
	0.01
	0.02
	0.01
	0.01

	
	В
	0.6
	0.4
	0.3
	0.04
	0.03
	0.01
	0.02
	0.01
	0.01

	GBC
	40.0
	100.0
	50.0
	10.0
	1.0
	1.0
	0.5
	0.5
	0.1


Iron content decreased by 3–8%, 5–6 and 3–9%, copper - by 6–35%, 2–5 and 1–6%, cobalt - by 10–24%, 13–20 and 11– 21%, nickel - by 21–64%, 58–62 and 58–59%, and cadmium content - by 38–69, 54–77 and 50–81%. The content of the studied elements for the cultivation of winter wheat after peas and corn for silage varied in the same way.
The content of zinc and chromium in winter wheat grain had different pattern. Thus, in the option with no fertilizer under cultivation after clover, zinc content was 18.1% and increased to 18.6–18.7 mg/kg of grain with a single dose of fertilizer under mineral and organo-mineral fertilizer systems.
With medium and high crop rotation saturation with fertilizers, zinc content in winter wheat grain decreased by 1–17%. However, the use of organic fertilizers contributed to its increase to 18.9–20.1% or by 4–11%. Chromium content increased only in the mineral fertilizer system by 13–82%, but in the organic fertilizer system it decreased by 34–64 and by 65–67% in the organo-mineral fertilizer system. Similar changes were found in the cultivation of winter wheat after peas and corn for silage.
Lead content in winter wheat grain with fertilizer improvement significantly increased from 0.25–0.33 mg/kg to 0.26–0.39 mg/kg of grain depending on the experiment variant, but the value was always less than the GBC [809].
It should be noted that cobalt content exceeded the GBC in 1.2-1.3 times, chromium - in 1.2-1.7 and cadmium - in 2.1-2.6 times, but the content of cobalt in winter wheat grain did not exceed its high saturation of 1 ha of crop rotation with mineral fertilizers. Safe chromium content was obtained with organic and organo-mineral fertilizer systems, and cadmium content with medium and high saturation of 1 ha of crop rotation area with fertilizers. It should be noted that during grain grinding the content of heavy metals is reduced in flour: zinc – by 1.4 times, copper – by 3.3, lead – by 2.0, cadmium – by 1.4, nickel – by 1.3 times compared to grain [4].
The long-term use of fertilizers reduced the accumulation of manganese and copper by winter wheat grain (Table 6.5). Thus, the coefficient of biological absorption of manganese decreased by 27–38% in the mineral fertilizer system, by 30% in the organo-mineral system and by 19% in the organic fertilizer system compared to the control (0.37).
Table 6.5

Coefficient of biological absorption of manganese and copper at different doses of fertilizers and fertilizer systems in the field crop rotation, 2015
	Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	Biological absorption coefficient

	
	Mn
	Before control, (
	Cu
	Before control, (

	 Clover precursor (factor B)

	No fertilizer (control)
	0.37
	–
	0.44
	–

	N45P45K45
	0.23
	-0.14
	0.34
	-0.10

	N90P90K90
	0.25
	-0.12
	0.31
	-0.13

	N135P135K135
	0.27
	-0.10
	0.22
	-0.22

	Manure 9 t
	0.30
	-0.07
	0.34
	-0.10

	Manure 13.5 t
	0.30
	-0.07
	0.31
	-0.13

	Manure 18 t
	0.30
	-0.07
	0.29
	-0.15

	Manure 4.5 t + N22P34K18
	0.26
	-0.11
	0.36
	-0.08

	Manure 9 t + N45P68K36
	0.26
	-0.11
	0.33
	-0.11

	Manure 13.5 t + N68P101K54
	0.26
	-0.11
	0.31
	-0.13

	Peas precursor

	No fertilizer (control)
	0.38
	–
	0.45
	–

	N45P45K45
	0.22
	-0.16
	0.35
	-0.10

	N90P90K90
	0.25
	-0.13
	0.32
	-0.13

	N135P135K135
	0.27
	-0.11
	0.22
	-0.23

	Manure 9 t
	0.29
	-0.09
	0.33
	-0.12

	Manure 13.5 t
	0.30
	-0.08
	0.30
	-0.15

	Manure 18 t
	0.29
	-0.09
	0.29
	-0.16

	Manure 4.5 t + N22P34K18
	0.26
	-0.12
	0.37
	-0.08

	Manure 9 t + N45P68K36
	0.26
	-0.12
	0.33
	-0.12

	Manure 13.5 t + N68P101K54
	0.26
	-0.12
	0.31
	-0.14

	Corn precursor for silage

	Без добрив (контроль)
	0.38
	–
	0.48
	–

	N45P45K45
	0.23
	-0.15
	0.39
	-0.09

	N90P90K90
	0.26
	-0.12
	0.36
	-0.12

	N135P135K135
	0.27
	-0.11
	0.24
	-0.24

	Manure 9 t
	0.30
	-0.08
	0.35
	-0.13

	Manure 13.5 t
	0.31
	-0.07
	0.31
	-0.17

	Manure 18 t
	0.30
	-0.08
	0.29
	-0.9

	Manure 4.5 t + N22P34K18
	0.27
	-0.11
	0.39
	-0.09

	Manure 9 t + N45P68K36
	0.26
	-0.12
	0.35
	-0.13

	Manure 13.5 t + N68P101K54
	0.27
	-0.11
	0.31
	-0.17

	НІР05 by factors
	А
	0.02
	–
	0.02
	–

	
	В
	0,01
	–
	0.01
	–


The biological absorption coefficient of copper by grain was higher compared to manganese and was, respectively, 0.22-0.34, 0.31-0.36 and 0.29-0.34 or less by 18-50% compared to the control (0.44 ) under cultivation after clover.
Similarly, the biological absorption coefficient of manganese and copper changed depending on the fertilizer under cultivation winter wheat after peas and corn for silage.
The protein content in winter wheat grain varied significantly depending on the characteristics of the fertilizer. Its highest content was formed at different doses of fertilizers of mineral and organo-mineral fertilizer systems (Appendix B.4). Thus, after the IV crop rotation, the protein content in the option with no fertilizer was 12.0% and increased to 12.7% at low saturation with mineral fertilizers or more by 0.7 points, to 13.4 - at the average level, or more by 1.4 and up to 13.6%, or more by 1.6 points compared to the control.
Under the organo-mineral fertilizer system, protein content changed similarly with changes from 10.9 to 15.9% over the years of research. The protein content of organic fertilizer system was 12.6–13.3% or more by 0.6–1.3 points compared to unfertilized areas. On average, during the fifth crop rotation, protein content increased by 7-8% compared to the fourth one (Table 6.6).
Thus, under the mineral fertilizer system it varied from 13.5 to 14.3%, under the organic - from 13.6 to 14.2, under the organo-mineral - from 13.7 to 14.3% with changes from 9.5 up to 16.4% over the years of research.
On average during the fourth rotation, the protein content in winter wheat grain also depended on the precursor. Thus, after peas it was lower by 0.6 points, and after corn for silage by 1.3 points compared to clover.
On average, in 2005–2014, the protein content varied from 13.5 to 14.4% (V=5–9%) after peas and from 12.9 to 14.4% (V=7–12%) after corn for silage depending on the fertilizer system. Thus, long-term use of fertilizers weakened the negative effects of worse precursor.
Table 6.6

Protein content in winter wheat grain at different doses of fertilizers and fertilizer systems in the field crop rotation,%
	Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	Ротація сівозмінCrop rotationи

	
	IV (1995–2004)
	V (2005–2014)

	
	х ( Sх
	lim
	V
	х ( Sх
	lim
	V

	Clover precursor (factor B)

	No fertilizer (control)
	12.0(1.0
	10.2–13.8
	8
	12.8(1.4
	10.4–14.8
	11

	N45P45K45
	12.7(1.3
	10.8–15.3
	10
	13.5(1.4
	11.2–15.4
	11

	N90P90K90
	13.4(1.2
	11.5–15.8
	9
	13.8(1.8
	9.9–16.0
	13

	N135P135K135
	13.6(1.1
	12.3–16.1
	8
	14.3(1.9
	9.5–16.4
	13

	Manure 9 t
	12.6(1.1
	11.2–14.4
	9
	13.6(1.1
	12.0–15.4
	8

	Manure 13.5 t
	12.9(0.9
	11.8–14.6
	7
	14.0(1.1
	12.3–15.8
	8

	Manure 18 t
	13.3(0.8
	12.0–14.9
	6
	14.2(1.2
	11.8–16.1
	9

	Manure 4.5 t + N22P34K18
	12.7(1.2
	10.9–15.0
	10
	13.7(1.2
	11.8–15.0
	9

	Manure 9 t + N45P68K36
	13.4(1.3
	11.8–15.6
	10
	14.1(1.1
	12.3–15.4
	8


	Manure 13.5 t + N68P101K54
	13.6(1.0
	12.6–15.9
	8
	14.3(1.5
	10.6–15.8
	11

	Peas precursor

	No fertilizer (control)
	11.4(1.1
	10.0–13.4
	9
	12.5(1.0
	11.3–14.8
	8

	N45P45K45
	12.4(1.3
	10.5–15.0
	11
	13.5(1.2
	11.8–15.6
	9

	N90P90K90
	13.1(1.3
	11.3–15.5
	10
	14.0(1.2
	11.9–15.9
	9

	N135P135K135
	13.3(1.0
	12.1–15.0
	7
	14.3(1.1
	11.8–16.1
	8

	Manure 9 t
	12.1(1.4
	10.2–14.1
	11
	13.3(1.1
	11.4–15.2
	9

	Manure 13.5 t
	12.4(1.2
	10.5–14.5
	10
	13.7(1.1
	11.9–157
	8

	Manure 18 t
	12.8(1.2
	11.1–14.9
	10
	14.2(1.0
	12.2–16.0
	7

	Manure 4.5 t + N22P34K18
	12.4(1.3
	10.6–14.8
	11
	13.5(1.1
	12.0–15.1
	8

	Manure 9 t + N45P68K36
	13.1(1.3
	11.6–15.2
	10
	14.0(1.0
	12.3–15.4
	7

	Manure 13.5 t + N68P101K54
	13.3(1.1
	12.2–15.6
	8
	14.4(0.8
	12.9–15.6
	5

	Corn precursor for silage

	No fertilizer (control)
	10.7(1.0
	9.7–12.9
	9
	12.3(1.1
	10.7–14.5
	9

	N45P45K45
	11.4(1.1
	1.2–14.0
	9
	12.9(1.0
	11.6–15.0
	8

	N90P90K90
	12.3(1.4
	1.0–15.1
	11
	13.5(1.1
	12.4–15.6
	8

	N135P135K135
	12.5(1.4
	1.2–15.5
	11
	13.9(1.1
	11.8–16.0
	8

	Manure 9 t
	11.2(1.2
	10.0–13.4
	11
	13.0(1.0
	11.0–15.0
	8

	Manure 13.5 t
	11.9(1.3
	10.7–14.2
	11
	13.6(0.9
	12.1–15.3
	7

	Manure 18 t
	11.9(1.1
	11.0–14.3
	10
	13.8(0.9
	12.4–15.4
	6

	Manure 4.5 t + N22P34K18
	11.6(1.3
	10.1–14.2
	12
	12.9(1.1
	11.5–15.0
	8

	Manure 9 t + N45P68K36
	12.3(1.3
	10.8–14.9
	11
	13.6(1.0
	12.3–15.3
	7

	Manure 13.5 t + N68P101K54
	12.5(1.4
	11.3–15.4
	11
	14.4(1.7
	12.4–18.6
	12


Gluten content in the grain of winter wheat grain varied like protein content. On average, in 1995–2004, it was the highest under cultivation after clover (24.8–29.6%), and the lowest - after corn for silage (21.3–25.2%) (Table 6.7).
On average, in 2005–2014, the gluten content in grain varied from 26.0 to 30.0% under cultivation after clover, from 25.1 to 29.5% after peas, and from 25.1 to 29.1% after corn for silage depending on fertilizer.
The gluten content in the grain varied significantly depending on weather conditions. Thus, on average during the fourth rotation, its content varied from 17.9 to 51.5% after clover, from 15.4 to 48.4 - after peas and from 15.0 to 32.5% - after corn for silage (Appendix B.5). In 2005–2014, this indicator changed less (V=6–16%) - from 19.2 to 35.8% depending on the fertilizer system and the precursor. Moreover, the highest gluten content in grain was provided by mineral and organo-mineral fertilizer systems depending on the precursor.
Therefore, long-term application of fertilizers in field crop rotation significantly affects the productivity of winter wheat. The highest grain yield is formed after clover and peas precursors in the mineral and organo-mineral fertilizer system. Long-term use of mineral or organic fertilizers and their combination increases the content of protein and gluten, regardless of the precursor.
The content of radioactive nuclides and chemical elements in winter wheat grain varies significantly depending on the long-term use of different doses of fertilizers and fertilizer systems in the field crop rotation. It was found that in the grain after long-term use of mineral and organo-mineral fertilizer systems, the specific activity of radionuclides increases significantly, and the highest activity is 40K. The specific activity of 137Cs and 90Sr in grain does not exceed the GBC. Long-term application of fertilizers reduces the content of Mn, Fe, Cu, Co, Ni, Cd and Pb in winter wheat grain, Cr content decreased with organic and organo-mineral fertilizer systems, and Zn content increases with prolonged application of organic fertilizers. The use of high doses of organic and organo-mineral fertilizers helps to reduce the content of cobalt, chromium and cadmium in the grain.
Table 6.7

Gluten content in winter wheat grain at different doses of fertilizers and fertilizer systems in field crop rotation,%
	Experiment variant (saturation of 1 ha of crop rotation area - factor A)
	Crop rotation

	
	IV (1995–2004)
	V (2005–2014)

	
	х ( Sх
	lim
	V
	х ( Sх
	lim
	V

	Clover precursor (factor B)

	No fertilizer (control)
	24.8(4.3
	17.9–32.2
	17
	26.0(3.5
	19.6–31.1
	14

	N45P45K45
	26.9(5.5
	19.3–39.5
	21
	28.2(3.6
	22.0–33.2
	13

	N90P90K90
	28.8(7.0
	20.5–45.8
	24
	29.0(4.6
	19.8–34.7
	16

	N135P135K135
	29.6(8.5
	22.1–51.5
	29
	29.7(4.9
	18.1–35.7
	16

	Manure 9 t
	26.3(4.5
	20.4–35.0
	17
	28.0(3.2
	22.9–33.1
	11

	Manure 13.5 t
	26.9(4.9
	21.0–37.5
	18
	28.9(3.6
	23.6–35.0
	12

	Manure 18 t
	27.8(5.3
	22.4–40.0
	19
	29.5(3.5
	23.3–35.3
	12

	Manure 4.5 t+ N22P34K18
	26.7(5.4
	19.5–38.3
	20
	28.1(3.2
	22.4–33.4
	11

	Manure 9 t+ N45P68K36
	28.5(6.8
	20.8–45.4
	24
	29.2(3.5
	23.5–34.9
	12

	Manure 13.5 t + N68P101K54
	29.6(8.2
	23.2–51.5
	28
	30.0(3.6
	22.8–35.8
	12

	Peas precursor

	No fertilizer (control)
	22.3(4.0
	15.4–29.5
	18
	25.1(3.4
	19.2–31.2
	14

	N45P45K45
	24.8(5.3
	17.2–35.9
	21
	27.2(3.5
	19.9–32.8
	13

	N90P90K90
	26.8(7.4
	18.4–44.6
	28
	28.4(3.5
	20.7–33.4
	12

	N135P135K135
	27.7(8.8
	20.2–50.2
	32
	29.0(3.6
	20.3–33.8
	13

	Manure 9 t
	24.3(4.6
	18.3–33.1
	19
	26.7(3.5
	19.2–31.9
	13

	Manure 13.5 t
	24.9(4.8
	19.1–35.2
	19
	27.6(3.1
	21.2–33.0
	11

	Manure 18 t
	25.3(4.4
	20.2–33.9
	18
	28.7(3.1
	21.5–33.6
	11

	Manure 4.5 t+ N22P34K18
	24.8(5.2
	17.3–34.6
	21
	27.3(3.2
	21.3–31.8
	12

	Manure 9 t + N45P68K36
	26.6(6.7
	18.5–42.6
	25
	28.4(3.2
	21.6–32.4
	11

	Manure 13.5 t + N68P101K54
	27.7(8.0
	21.2–48.4
	29
	29.5(2.9
	22.9–32.8
	10

	Corn precursor for silage

	No fertilizer (control)
	21.3(3.8
	15.0–27.7
	18
	25.1(2.6
	20.4–30.6
	10

	N45P45K45
	23.0(4.0
	16.1–28.8
	17
	26.3(2.5
	22.7–31.5
	9

	N90P90K90
	24.6(4.6
	17.2–30.5
	18
	27.9(2.6
	22.6–32.8
	9

	N135P135K135
	24.8(4.5
	18.7–31.2
	18
	28.7(3.3
	24.1–33.9
	12

	Manure 9 t
	22.6(3.7
	17.0–28.3
	16
	26.6(1.9
	24.1–31.6
	7

	Manure 13.5 t
	23.5(4.0
	18.0–29.4
	17
	27.9(1.8
	26.5–32.1
	6

	Manure 18 t
	24,0(4.2
	19.2–30.1
	17
	28.8(2.5
	25.9–33.9
	9

	Manure 4.5 t+ N22P34K18
	23.5(4.7
	16.2–29.1
	20
	26.6(2.3
	22.6–31.6
	9

	Manure 9 t + N45P68K36
	24.9(4.7
	17.5–31.0
	19
	28.0(2.4
	23.4–32.1
	9

	Manure 13.5 t + N68P101K54
	25.2(4.5
	19.1–32.5
	18
	29.1(2.9
	24.5–34.2
	10
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