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The article presents the experiment results on the level of formation and variability of the «grain weight from ear» (M1) of winter wheat varieties and lines (SL) and its genetic correlations with quantitative characteristics, depending on the year of cultivation and the timing of sowing.

In the experiment, 3 sowing terms were used: early (1 September, SP-1), optimal (September 15, SP-2), late (October 1, SP-3). The task of the experiment was to investigate how the mass of grain from the ear is formed by the terms of sowing and years of research, as well as to determine how the genetic bonds of the optimal period are formed in relation to the early and late terms, and when more clearly the genetic correlations between the quantitative traits are manifested.

In the course of the study, it was found that the highest level of the «grain weight from ear» was formed in 2015. It was determined that the sign «grain weight from the ear» has a direct correlation with such structural elements as: the number of grains from the ear, the mass of the ear with seeds and the weight of the plant, and less stable genetic relationships with other quantitative features, like years of research and sowing terms. It was investigated that the genetic links of the optimal seeding time of the sign «grain weight from ear» with the generative and vegetative features have an approximate value to SP-1 and SP-3 and are formed with a slight difference.
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Problem formulation in general and its connection with important scientific or practical tasks. In previous Poltava State Agrarian Academy studies (2001–2012), much attention was paid to the study of genetic correlations (rg) of quantitative characteristics in varieties and lines in a special experiment on the terms of sowing (SP-1 – early, September  1,  SP-3 – late, October 1), and in the analysis of genetic correlations, the quantitative attributes of two sowing terms determined by structural analysis were involved with the difference in one month. Of course, the optimal sowing term was not involved in the experiment results. Therefore, since 2013, another option has been included in our research on sowing terms – the optimal time for sowing (SP-2, September 15).
Analysis of recent researches and publications. The yield of wheat is formed under the influence of the environment conditions complex, each of which affects its quantity and quality. In this regard, the analysis of individual elements of productivity allows  to identify more fully the relationship between wheat plants and the environment in different periods of vegetation [4]. Plant productivity is determined by a diverse combination of quantitative traits, which is the result of a complex interaction between the genotype and the conditions of the environment [1]. According to Likhoсhvor V. V., wider opportunities for the growth of yields are found in the indicator of the mass of grain from the ear. After all, the product of the number of productive stems and the mass of grain from one ear are determined before harvesting, giving us the value of the biological harvest [9, 2].

When selecting valuable recombinant genotypes from valuable hybrid populations, special attention is paid to the productivity of the ear, which is a decisive component of the crop [7, 3, 5]. In order to create a model of a variety and to increase the efficiency of breeding work, it is necessary to take into account the features of the correlation links between the productivity of the ear and the elements that influence its formation [7, 8]. However, in different ecological conditions, the nature of these bonds has its own characteristics due to the genotype-environment interaction in the implementation of the genotype in ontogenesis [7, 6].

The purpose of the experiment was to investigate whether the genetic links of the optimal seeding period differ in relation to the early and late sowing terms, and when genetic correlations between the main components of yield are more clearly manifested, in addition, it was necessary to investigate the level of formation and variability of the trait – the mass of grain from the ear, as for years of research and terms of sowing.

The task of the research was to conduct statistical and correlation analyzes of quantitative characteristics of winter wheat.

Materials and methods of research. The research materials were the varieties and breeding lines of winter wheat grown in breeding areas during 2013–2016. A structural analysis was carried out on 25 plants (the investigated varieties and breeding lines (SL), which were cut on experimental sites, brought to air-dry condition and measured, weighed for each plant. From the large variety of quantitative characteristics in the analysis, the sign of the generative part of the plant was «mass of grain from the ear».

In the process of analyzing of experimental data, the method of grouping on the basis of «mass of grain from the ear» (M1) was used to construct a variation series and in the analysis involved the minimum and maximum values of the sign M1. In addition, the M1 was calculated by the arithmetic mean (
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) and the variation limits (LV). Statistical parameters and their errors were calculated on a PC. A correlation analysis was performed by arithmetic mean.

Research results. Experiments were conducted during 2013–2016, and the following features were taken into account: mass of grain from the ear (M1); number of grains from the ear (KZ); mass of colossus with seeds (M3); number of ears in the ear (KK); mass of thousands of grains (MTZ); the thickness of the straw of the other interstitial (TS-2M); length of the ear (DK); plant weight (M2); mass of the stem (M5); mass of halves (M4).

The genetic correlations of the M1 sign (mass of grain from the ear) are determined on a large sample of varieties and breeding lines of winter wheat in the experiment during the years of research and according to the sowing terms, the average values of the quantitative characteristics of 25 plants per each variety were involved. In total, 1156 varieties and lines were used and statistical and on this sample correlation analyzes were carried out.

1. Formation and variability of the «mass of grain» from the ear of varieties and lines of winter wheat, depending on the year of cultivation and the sowing terms
	Year
	Sowing terms
	Number of varieties and lines
	Statistical indicators
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	LV
	CV, %

	2013
	SP-1
	106
	2,04±0,04
	0,87–3,10
	19,46

	
	SP-2
	100
	2,07±0,04
	1,23–2,92
	16,89

	
	SP-3
	107
	1,93±0,03
	1,16–2,83
	16,27

	2014
	SP-1
	66
	2,29±0,03
	1,69–2,87
	11,96

	
	SP-2
	90
	2,14±0,03
	1,33–2,77
	13,13

	
	SP-3
	89
	2,04±0,02
	1,51–2,58
	11,68

	2015
	SP-1
	111
	3,21±0,04
	1,96–4,35
	14,64

	
	SP-2
	112
	3,16±0,04
	2,05–4,07
	13,90

	
	SP-3
	110
	3,06±0,04
	1,96–3,97
	12,47

	2016
	SP-1
	87
	2,15±0,04
	1,53–3,08
	16,10

	
	SP-2
	89
	2,13±0,03
	1,26–3,02
	14,76

	
	SP-3
	89
	2,09±0,03
	1,33–2,81
	15,30


As for the parameters of the formation of the M1 sign and its variability (Table 1), its level was from (1.93±0.03 – 2013 SP-3) to (3.21±0.04 – 2015 SP -1). It should be noted that the formation of the trait was higher, in all years of research, in the first sowing term. The difference in the formation of the mass of grain from the ear was noted in the years of research; in 2015, for three sowing terms, the characteristic was at the level of 3,21±0,04 (SP-1); 3,16±0,04 (SP-2) and 3,06±0,04 (SP-1), which was higher at 1,17–1,28 than in other years.

Some of the genotypes of winter wheat, which formed the sign of variation limits, at the level of 4,07 and 4,35 g – (SP-1 (Erythospermum 912/86 × Odessa albatross) × Stanichna – 4.02 g, village Govtva – 4.07 grams, (Peremoha 2 × Kolomak 3) × Zernograd 11 – 4.30 g, Donetsk 88 × Pemoha 2 – 4.35 g) and in SP-2 (Peremoha 2 × Kolomak 3) × Zernograd 11 – 4.01 g) cause interest, this is a very high indicator of the mass of grain from the ear, and such varieties and SL can be involved in the hybridization process as the source material.

2. Genetic correlations (RG) of grain weight from ear (M1) with quantitative characteristics of varieties and lines of winter wheat, depending on the year of cultivation and sowing terms
	Year
	Sowing terms
	КZ
	М3
	КК
	МТZ
	ТS-2М
	DК
	М2
	М5
	М4

	2013
	SP-1
	0,92
	0,96
	0,64
	0,71
	0,33
	0,54
	0,92
	0,67
	0,45

	
	SP-2
	0,91
	0,95
	0,60
	0,72
	0,30
	0,49
	0,95
	0,60
	0,48

	
	SP-3
	0,93
	0,95
	0,63
	0,66
	0,18
	0,37
	0,95
	0,49
	0,66

	2014
	SP-1
	0,75
	0,93
	0,52
	0,52
	0,52
	0,32
	0,83
	0,35
	0,48

	
	SP-2
	0,81
	0,94
	0,51
	0,76
	0,61
	0,44
	0,80
	0,36
	0,42

	
	SP-3
	0,56
	0,94
	0,40
	0,27
	0,48
	0,44
	0,84
	0,48
	0,38

	2015
	SP-1
	0,87
	0,98
	0,77
	0,60
	0,72
	0,56
	0,96
	0,82
	0,84

	
	SP-2
	0,86
	0,99
	0,71
	0,65
	0,25
	0,67
	0,97
	0,83
	0,87

	
	SP-3
	0,84
	0,98
	0,59
	0,72
	0,62
	0,59
	0,95
	0,76
	0,81

	2016
	SP-1
	0,76
	0,98
	0,70
	0,68
	0,55
	0,57
	0,97
	0,81
	0,79

	
	SP-2
	0,63
	0,98
	0,58
	0,74
	0,53
	0,47
	0,96
	0,79
	0,70

	
	SP-3
	0,67
	0,98
	0,61
	0,70
	0,49
	0,47
	0,96
	0,77
	0,75


The level of genetic variation in the research over the years of research and the sowing terms by M1 was formed from 11.7 % (SP-2, 2014) to 19.5 (SP-1, 2013) (table 2).
In the years of research, the genetic correlations between M1 × KZ were steadily high, except for 2014, where by late sowing terms genetic links decreased to average values (rg = 0.56). At optimal sowing term, genetic correlations between M1 × KZ had an average value between SP-1 and SP-3, that is, somewhat lower compared to SP-1 and SP-3.
The genetic relationships between M1 × M3 were consistently high both in terms by years and terms of sowing (rg = 0.93–0.98).
It should be noted that M1 had high correlation connection with KZ, M3 and M2, and with other quantitative signs, genetic links were decreased both in years of research and in terms of sowing.

The genetic links between M1 × KK in 2014–2016 were either average or slightly above average, and in SP-3 in 2014 and 2015, respectively, decreased from (rg = 0.59, 2015) to (rg = 0.40, 2014). In the optimal time sowing (SP-2) correlation connections had almost the same value as in SP-1, only in 2016 they were smaller (rg = 0.58).

Between M1 × MTZ genetic connections had an average value both in terms of sowing and in the years of research, only in 2014 in the SP-3 genetic links decreased from (rg = 0.27) to (rg = 0.52). It should be noted that rg between M1 × MTZ had completely opposite character in connection to  KZxMTZ.
The genetic correlations of the signs M1 with TS-2M, DK, M5, M4 were of a different nature, but the genetic links of the optimal seeding period had an average value between SP-1 and SP-3.

Thus, in the study of the genetic links of the sign «mass of grain from the ear» with the generative and vegetative characteristics, it was established that at optimal sowing term the level of genetic correlations was formed almost as at early and late sowing periods with a slight difference, as in years, and on sowing terms.

Conclusion. In the course of the study, it was found that the highest level of the «mass of grain from the ear» was formed in 2015. It was determined that the sign «grain weight from the ear» has a direct correlation with the structural elements such as: KZ, M3 and M2 and less stable genetic links with other quantitative features. It was investigated that the genetic links of the optimal seeding time of the sign «grain mass from the ear» with the generative and vegetative features have an approximate value to SP-1 and SP-3 and are formed with a slight difference.

We recommend to involve grains and breeding lines with a mass of grain from the ear 4,0 g and more in the hybridization process.
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