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ADAPTABILITY AND STABILITY OF SPRING BARLEY CULTIVARS IN TERMS OF PERFORMANCE 
The results of ecological trials of 17 spring barley cultivars bred at the Plant Production Institute named after V.Ya. Yuryev NAAS are presented in the article. Environment effect, genotype effect and genotype x environment interaction effect on the formation of seed weight (performance of plants) were estimated. Peculiarities of environments across ecological trial plots as backgrounds for genotype assessment were established. Cultivars with high general and specific adaptability by plant performance as valuable source material for spring barley breeding were identified. 
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Statement of the Problem. Creation of cultivars and hybrids that are able to use the bioclimatic resource of a given region to maximum effect, to be tolerant to stress environmental factors and to provide a sufficiently high realization of genetic potential of productivity is a strategic task of the current agriculture. With constant influence of changing natural and anthropogenic factors new highly-adaptive cultivars are to guarantee consistently high yields of grain [1].

Overview of Recent Studies and Publications that Started Solving the Challenge. The cause of such orientation of the modern breeding work for highly-adaptive forms lies in the tendency to increasing a gap between record-breaking and mean yields of the most important agricultural crops (the usual ratio is 4:1), enhancement of dependence of the yield quantity and quality on technology-related means and weather fluctuations (year-to-year yield variability is accounted for nature “freaks” by 60 % - 80 %)  [2]. The complexity of this work resides in the contradiction between genotype high productivity and its tolerance to unfavorable environmental factors. This phenomenon is due to peculiarities of the plant energy balance, since the more energy resources plants spend on maintaining high tolerance, the fewer are left for the yield formation under normal conditions.  

Most researchers [3, 4, 5, 6] believe that to reasonably assess the adaptive potential of cultivars, it is expedient to conduct their ecological trials in different environments using different statistical methods of processing results, which helps breeders to select the most high-yielding and adaptive genotypes. 

Study Purpose and Objectives. The study purpose wasto determine adaptive potential of spring barley cultivars bred at the Plant Production Institute named after V.Ya. Yuryev NAAS during ecological cultivar trials. 

Study Methods and Materials. The source material was 17 spring barley cultivars bred at the Plant Production Institute named after V.Ya. Yuryev NAAS: Agrariy, Alegro, Vzirets, Vyklyk, Zdobutok, Vitrazh, Vektor, Modern, Dyvoglyad, Schedryy, Kosar, Dokaz, Perl, Parnas, Kozvan, Inklyuziv, Etiket. To determine their adaptive potential we conducted ecological trials in three plots located in various soil-climatic conditions: Plant Production Institute named after V.Ya. Yuryev NAAS (Eastern Forest-Steppe), Donetsk Experiment Station NAAS (Northern Steppe) and Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS (North-Eastern Forest-Steppe).

Environmental parameters and genotype adaptability and stability were estimated using A.V. Kilchevsky and L.V. Khotylyova’s method [7]. Adaptability of the test cultivars was estimated by general (GAA = vi) and specific (SAA = σSAAi, σ2 SAAi) adaptive ability, variance of genotype – environment interaction (σ2(G × E) gi), relative genotype stability (Sgi), compensation coefficient of genotype (Kgi), coefficient of genotype nonlinearity (lgi), coefficient of ecological plasticity (bi) and index of genotype breeding value (GBVi). 

To characterize environment as background for genotype trials we calculated the following parameters: productive capacity of background u+dk, environment effect dk, genotype × environment interactionσ2(GxE)ek, discriminating ability of environmentσ2DCC, linearity coefficient lek, relative discriminating ability of environment Sekand coefficient of environment predictability Pk. 

The coefficient of ecological plasticity biwas calculated by S.A. Eberhart and W.A. Russel’s methos [8].

Study Results. According to A.V. Kilchevsky and L.V. Khotylyova’s method [7], the first stage of the estimation of genotype adaptive features and parameters of environments as backgrounds for selection is analysis of variance. The performed two-way analysis of variance confirmed highly significant differences between genotype effects, environment effects and their interaction impact (Table 1). 
Table1. Two-way Analysis of Variance of Performance of Spring Barley Cultivars, 2013.  
	Dispersion
	SS
	df
	ms
	Fфакт.
	F01

	Total Dispersion
	32.39
	101
	–
	–
	–

	Environment
	16.09
	2
	8.0448
	1013.05
	5.06

	Genotype
	6.40
	16
	0.4001
	50.38
	2.56

	Interaction
	9.49
	32
	0.2967
	37.36
	2.18

	Error
	0.41
	51
	0.0079
	–
	–


The two-way analysis of variance also revealed influence of each factor and their interaction on formation of such an important parameter as the plant performance (Pic. 1). Specifically, growing conditions had the greatest impact on the formation of grain weight per plant – 50,0 %; the contribution of cultivar genotypes was considerably lower – 20,0 %; and of the interaction between these factors – 29,3 %. Our previous studies [9] established peculiarities of the influence of these factors and of their interaction on the formation of the plant performance components: growing conditions had the greatest influence on the productive tilling capacity (50,9 %); cultivar genotype – on the 1000-grain weight (47,7 %); and the interaction between these two factors - on the number of grains per spike (40,2 %).
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Picture. 1. Influence of the Factors on the Formation of Plant Performance (%).

A.V. Kilchevsky and L.V. Khotylyova’s method allows assessing cultivation conditions as background for the estimation of genotypes. In our studies the conditions in plots of ecological trials as backgrounds for the estimation of cultivars differed significantly, which enabled us to objectively estimate the genotypes of cultivars by their adaptability and stability (Table 2).  

An important parameter of background is its productive capacity, which is assessed by mean values of all genotypes under specified environmental conditions or by deviation from the average (environment index). The genotypes of cultivars provided the maximum performance under wetter conditions of the Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS; medium – at Donetsk Experiment Station NAAS; and minimum – at the Plant Production Institute nd. a V.Ya. Yuryev NAAS. 
Table 2. Parameters of Environments as Backgrounds for Estimation of Genotypes, 2013. 

	Background
	u+ dk
	dk
	σ2(GxE)ek
	σ DCCk
	lek
	Sek
	Kek
	Pk

	Plant Production Institute named after V.Ya. Yuryev NAAS
	1.51
	-0.47
	0.11
	0.24
	1.50
	15.9
	0.6
	0.07

	Donetsk Experiment Station NAAS
	2.00
	0.02
	0.08
	0.49
	0.33
	24.5
	2.4
	0.21

	Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS
	2.45
	0.47
	0.08
	0.46
	0.38
	18.8
	2.1
	0.15


The index of discriminating ability of environment (σ2DCCk) allows assessing environment as background for selection of genotypes. The higher σ2DCCkof environment is, the greater polymorphism by a given trait is. The conditions of Donetsk Experiment Station NAAS and the Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS showed a greater discriminating ability of environment.  

To compare environments by their ability to induce genotype × environment interaction the variance σ2 (G × E)ek was calculated. The highest variance of genotype × environment interaction by performance was observed at the Plant Production Institute named after V. Ya. Yuryev NAAS (σ2(G × E) ek = 0.11). 

Relative discriminating ability of environment allows comparing results of studies with different sets of crops, genotypes, environments or traits. The conditions of Donetsk Experiment Station NAAS had the highest relative discriminating ability of environment (Sek = 24,5 %).

The values of the coefficient lekof nonlinearity of genotype response to environment in all environments indicate predominantly nonlinear nature of variability of the plant performance since lek → 1.

Destabilization effects were more manifested at Donetsk Experiment Station NAAS  (Kek = 2,4), and compensation effects were more manifested at the Plant Production Institute named after V.Ya. Yuryev NAAS (Kek = 0.6). 

A complex parameter that allows ranking environments according to their value as breeding backgrounds is the coefficient of background predictability Pk. The highest coefficient of background predictability was observed at Donetsk Experiment Station NAAS (Pk = 0,21); medium – at the Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS  (Pk = 0.07), and the lowest - at the Plant Production Institute named after V. Ya. Yuryev NAAS (Pk = 0,07).

In 2013 the weather conditions were extremely unfavorable for spring barley vegetation, that is why the total mean weigh of grain per plant was only 1,98 g in all the trial plots. In each of the ecological trial plots there were different barley cultivars noticeable for their performance, but the cultivars Agrariy and Kozvan had a higher average performance in all plots – 2,5 g and 2,4 g, respectively (Table 3). The performance level varied both under the influence of environmental conditions (depending on a cultivation region), suggesting the role of the ecological factor ‘genotype × environment’, and between genotypes within each of the environments, indicating genotypic dependence.

Cultivars with high general adaptive ability (GAA) characterizing genotypes by their ability to provide the maximum level of a trait expression (yield, performance, protein content, etc.) across environments are of practical utility for breeding work. The cultivars Agrariy and Kozvan showed the highest general adaptive ability in terms of the plant performance (GAA = 0.5 and GAA = 0.4, respectively), followed by the cultivars Vitrazh (GAA = 0,3), Etiket (GAA = 0,3) and Perl (GAA = 0,3) (Table 4).

According to the numeric value of regression coefficient (coefficient of ecological plasticity) bi, the genotypes of spring barley cultivars can be divided into categories with low, medium and high ecological plasticity. Our studies ranked the cultivars Parnas, Perl, Modern, Vitrazh, Zdobutok, Agrariy, and Etiket as cultivars of intensive type with a strong response to improvement of growing conditions (bi = 1,12-2,37). The cultivars Dyvoglyad, Kosar, Vyklyk, and Vzirets exhibit a medium plasticity (bi = 0,92-1,05), their performance changed according to growing conditions. The third group consisted of the cultivars Schedryy, Vektor, Alegro, Kozvan, Dokaz, and Inklyuziv, which slightly responded to changes of growing conditions, with the coefficient of ecological plasticity of 0,60 – 0,86. Existence of cultivars with various responses to changing cultivation conditions suggests a broad genetic basis used for their creation and suitability for multi-faceted usage.
Table 3. Performance (Grain Weight) of Spring Barley Cultivars in Ecological Cultivar Trial, 2013. 

	Cultivar
	Grain Weight per Plant, g

	
	Plant Production Institute named after V.Ya. Yuryev NAAS
	Donetsk Experiment Station NAAS
	Experimental Station of Bast-Fiber Crops of the Institute of Agriculture of North-East of NAAS 
	Average within Cultivars

	Agrariy
	1,3
	2,7
	3,4
	2,5

	Alegro
	1,4
	2,0
	2,0
	1,8

	Vektor
	1,6
	2,4
	2,3
	2,1

	Vzirets
	1,4
	1,5
	2,2
	1,7

	Vykluk
	1,3
	2,0
	2,2
	1,8

	Vitrazh
	1,5
	2,7
	2,6
	2,3

	Dyvoglyad
	1,3
	1,8
	2,1
	1,7

	Dokaz
	1,4
	2,1
	2,1
	1,9

	Etiket
	1,1
	2,5
	3,2
	2,3

	Zdobutok
	1,3
	2,2
	2,6
	2,0

	Inklyuziv
	1,3
	2,3
	1,8
	1,8

	Kozvan
	2,0
	2,5
	2,6
	2,4

	Kosar
	1,9
	2,1
	2,7
	2,2

	Modern
	1,5
	1,3
	2,8
	1,9

	Parnas
	1,1
	1,1
	2,1
	1,4

	Perl
	1,7
	2,3
	3,0
	2,3

	Schedryy
	1,5
	1,4
	2,0
	1,6

	Average within Environments
	1,51
	2,00
	2,45
	1,98

	LSD05
	
	0,18


Zhuchenko А. А. [10] thinks that stability of a cultivar can be associated either with high adaptiveness of each genotype to various cultivation conditions (individual buffering capacity) or with adaptiveness each of genotype groups constituting the cultivar in a given environment (population buffering capacity). Individual buffering capacity predominates in genetically homogenous populations (pure-line cultivars or single-cross hybrids F1), but in heterogeneous populations both individual and population buffering capacities are manifested.  

The degree of genotype stability can be assessed by the effect (σSAAi) or variance (σ2SAAi) of specific adaptive ability: the lower these indices are, the more stable the genotype is. Besides specific adaptive ability genotype stability can be estimated by the index “relative genotype stability” (Sgi), which is an analogue of coefficient of variation (CV). Our studies demonstrated that the cultivars Schedryy (σSAAi = 0,33; Sgi = 20,6 %), Kozvan (σSAA = 0,33; Sgi = 13,7 %), Alegro (σSAAi = 0,35; Sgi = 19,4 %), and Vzirets (σSAAi = 0,32; Sgi = 18,8 %) were the most stable.
Table 4. Adaptability Parameters of Spring Barley Varieties in Terms of Plant Performance, 2013 

	Cultivar
	vi
	bi
	σ2SAAi
	σSAAi
	Sgi, %
	GBVi
	Kgi
	lgi
	σ2(G×E)gi

	Agrariy
	0.5
	2.37
	1.15
	1.07
	42.8
	0.57
	5.23
	0.33
	0.38

	Alegro
	-0.2
	0.73
	0.12
	0.35
	19.4
	1.17
	0.55
	0.50
	0.06

	Vektor
	0.1
	0.86
	0.19
	0.32
	15.2
	1.52
	0.86
	0.42
	0.08

	Vzirets
	-0.3
	0.92
	0.19
	0.32
	18.8
	1.12
	0.86
	0.21
	0.04

	Vyklyk
	-0.2
	1.05
	0.23
	0.48
	26.7
	0.94
	1.05
	0.09
	0.02

	Vitrazh
	0.3
	1.30
	0.45
	0.67
	29.1
	1.09
	2.05
	0.31
	0.14

	Dyvoglyad
	-0.3
	0.94
	0.17
	0.41
	24.1
	0.96
	0.77
	0.06
	0.01

	Dokaz
	-0.1
	0.84
	0.17
	0.41
	21.6
	1.16
	0.77
	0.29
	0.05

	Etiket
	0.3
	2.36
	1.15
	1.07
	46.5
	0.37
	5.23
	0.33
	0.38

	Zdobutok
	0.0
	1.49
	0.43
	0.66
	33.0
	0.81
	1.95
	0.12
	0.05

	Inklyuziv
	-0.2
	0.64
	0.25
	0.50
	27.8
	0.90
	1.14
	0.92
	0.23

	Kozvan
	0.4
	0.75
	0.11
	0.33
	13.7
	1.81
	0.50
	0.36
	0.04

	Kosar
	0.2
	0.95
	0.18
	0.42
	19.1
	1.44
	0.82
	0.11
	0.02

	Modern
	-0.1
	1.45
	0.67
	0.82
	43.2
	0.42
	3.05
	0.43
	0.29

	Parnas
	-0.6
	1.12
	0.34
	0.58
	41.4
	0.36
	1.55
	0.26
	0.09

	Perl
	0.3
	1.49
	0.43
	0.66
	28.7
	1.11
	1.95
	0.09
	0.04

	Schedryy
	-0.4
	0.60
	0.11
	0.33
	20.6
	1.01
	0.50
	0.91
	0.10


The index “relative genotype stability” varied from 13,7 % to 46,5 %. Almost all genotypes with a low variance of environment interaction σ2(G × E) giwere instable, indicating destabilizing effect. The values of compensation coefficient Kgishow both compensating (Kgi = 1,05-3,05) and destabilizing (Kgi = 0,50-0,86) effects in the test cultivars. 

According to the coefficient of nonlinearity lek, responses of all the genotypes to environment were linear (lgi ≤ 1).

Genotype breeding value (GBVi) is an integral index that allows estimating genotypes by combination of performance and yield stability. The cultivars Kosar and Vektor had high levels of genotype breeding value (GBVi = 1,44 and 1,52, respectively), however the highest breeding value was recorded in the Kozvan genotype (GBVi = 1,77) combining high performance with its stability under various growing conditions (σСАСi = 0,33; Sgi = 13,7 %), which is the most important feature for modern cultivars and hybrids of agricultural crops. 

Conclusions. Thus, using analysis of variance, we established the peculiarities of impact of the factors and their interaction on the formation of spring barley performance. 

The particularities of conditions in the ecological trial plots as backgrounds for estimation of genotypes were established. 

The ecological trials of spring barley cultivars bred at the Plant Production Institute named after V. Ya. Yuryev NAAS identified cultivars with high general and specific adaptive abilities in terms of plant performance as the most valuable source material for breeding. 

The highly adaptive cultivar Kozvan, whose genotype provided high and stable level of the trait expression (plant performance), was distinguished. 
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