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Abstract

The objective of research was to determine grain yield, hectoliter weight, grain proteins and starch content of 17 winter barley cultivars from trials at four locations (Tovarnik, Nova Gradiska, Pozega and Osijek) and during three years (2002 to 2005). All traits were significantly influenced by year (Y), location (L) and genotype (G) while sowing rate (300 and 450 seeds per m2) and genotype*sowing rate (G*D) did not affect trait means (P(0,05). Interactions as year* sowing rate (Y*D), location*sowing rate (L*D) and year*location*sowing rate caused significant influence to grain yield and proteins and starch content in grains. Regression coefficient “bi”, ecovalence “Wi” and variance of deviations from regressions “S2di” pointed out best performance of cultivars Barun, Bingo and Gvozd in more intensive growing conditions due to its top yielding, lowest proteins and rich starch content of grains. Opposite to this, best yield and quality performance of cultivars at low input production could be expected from cultivars Plaisant, Vanessa, Favorit, Lord and Heraklo.
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Introduction
Cultivar adaptability and reaction to biotic and abiotic stress at diverse environments is important factor for successful production and prelevance in crop structure of wide area. The rate of variety yielding and quality potentials effectuation are under influence of predictable environmental and unpredictable genotype*environment interaction influence (GEI). Beside cultivar wide or specific adaptive performance gained by breeding and selection, for the realization of high yielding and top malting quality there should be a strategy developed for the most efficient use of stimulative constellation of interaction factors (GEI) at given subregion (Ceccarelli, 1989; Simmonds, 1991; Annicchiarico, 2002). Valencic (1971) pointed out the importance of adequate cultivar choice keeping in mind cultivar preferences in edaphic and climatic conditions, sowing term and sowing rate.

Material and methods
During three-year period (2002 to 2005) at four locations (Tovarnik, Nova Gradiska, Pozega and Osijek) we examined 17 cultivars of winter barley. Cultivars included were Rodnik, Sladoran, Rex, Zlatko, Barun, Trenk, Heraklo, Gvozd, Prometej, Bingo, Princ, Lord and Grof breed at Agricultural Institute Osijek, cultivar Favorit (BC Institute, Croatia) and cultivars Plaisant (Florimond Desprez Co, France) and Tiffany and Vanessa (Saatsucht Josef Breun, Germany). A six-rowed form of spike was characteristic of Plaisant, Princ, Lord and Grof. Means recorded from field trials were divided in two sowing rate (300 and 450 seeds per m2) and three repetitions. Trial plot size was 7,56 m2. 

The objective of the study was to evaluate the genotype*environment*sowing rate interaction and its quantification through the weights of grain yield, hectoliter weight, grain proteins and starch. Significance of between cultivar differences were approved by F-test and ranked by Duncan's Multiple Rang Test. Cultivars grain yield stability and response to environments were approached through regression coefficient “bi” (Finlay and Wilkinson, 1963), ecovalence “Wi” (Wricke, 1962) and variance of cultivar deviations from regressions “S2di” (Eberhart and Russell, 1966). 
Results and discussion

ANOVA results for grain yield, hectoliter weight and protein and starch content showed significant level of differences (P≤0,001) due to influence of year (Y), genotype (G) and location (L). 
Sowing rate (D) and interaction of genotype and sowing rate (G*D) did not result in significant differences for analyzed traits (P>0,05). Otherwise, interactions of year and sowing rate (Y*D); location and sowing rate (L*D); year, location and sowing rate (Y*L*D) were significant.
Table 1. ANOVA of winter barley 
	Source of variability
	n-1
	Sum of squares

	
	
	Grain yield
	Hektolitre weight
	Protein 
	Starch

	 Year (Y)
	2
	388.8
	***
	4655.8
	***
	46.1
	   ***
	68.5
	***

	 Location (L)
	3
	2309.5
	***
	3193.3
	***
	129.4
	***
	193.2
	***

	 Y*L
	5
	1172.3
	***
	2427.8
	***
	666.8
	***
	158.1
	***

	 Sowing rate (D)
	1
	0.5
	
	            0.5
	
	0.4
	
	       0.2
	

	Y*D
	2
	7.3
	***
	      5.4
	
	15.0
	***
	 3.1
	***

	L*D
	3
	20.4
	***
	16.8
	
	3.8
	***
	3.2
	**

	Y*L*D
	5
	22.4
	***
	59.5
	
	10.6
	***
	4.1
	*

	Genotype (G)
	16
	224.3
	***
	5125.1
	***
	105.3
	***
	99.1
	**

	Y*G
	32
	227.3
	***
	1040.2
	***
	44.5
	***
	43.6
	***

	L*G
	48
	148.8
	***
	554.4
	***
	59.7
	***
	87.4
	***

	Y*L*G
	80
	199.0
	***
	1263.4
	***
	63.3
	***
	85.5
	***

	D*G
	16
	6.6
	
	      25.2
	
	        0.7
	
	     1.3
	

	Y*D*G
	32
	9.7
	
	      53.5
	
	        4.0
	
	     8.6
	

	L*D*G
	48
	17.1
	
	   109.5
	
	      11.2
	
	   16.2
	

	Y*L*D*G
	80
	22.4
	
	   143.6
	
	      21.9
	
	   19.5
	

	Error
	746
	419.6
	
	     1935.3
	
	     261.7
	
	243.4
	

	Total
	1121
	5198.6
	
	 20622.5
	
	    1458.5
	
	  1039.2
	


F-test significance level: * P≤0,05; **  P≤0.01; *** P≤0.0001


Table 2. Cultivars means for analyzed traits 
	
	Grain yield, t ha-1
	Hektol.

weight

kg
	Starch  content,

%
	Protein

content

 %

	Cultivar
	Mean
	Sowing rate
	
	
	

	
	
	300 seeds/m2
	450 seeds/m2
	
	
	

	Rodnik
	5.742
	de
	5.746
	5.738
	66.03
	60.18
	13.46

	Sladoran
	5.746
	cde
	5.900
	5.593
	63.63
	60.29
	13.49

	Rex
	5.793
	cde
	5.589
	5.996
	65.42
	60.34
	13.25

	Zlatko
	6.161
	ab
	6.122
	6.199
	66.83
	60.49
	13.21

	Barun
	6.197
	a
	6.234
	6.160
	65.29
	60.65
	12.72

	Trenk
	5.561
	efg
	5.605
	5.516
	65.35
	60.35
	13.06

	Heraklo
	5.795
	cde
	5.743
	5.848
	64.56
	60.02
	13.57

	Gvozd
	6.003
	abc
	5.952
	6.054
	65.22
	59.90
	13.65

	Prometej
	5.918
	bcd
	5.931
	5.905
	65.87
	59.91
	13.69

	Bingo
	6.161
	ab
	6.215
	6.106
	66.43
	60.23
	13.24

	Tiffany
	4.309
	i
	4.278
	4.341
	61.37
	59.61
	13.74

	Vanessa
	5.129
	h
	5.128
	5.130
	61.91
	60.02
	13.89

	Plaisant
	5.451
	fg
	5.324
	5.578
	62.91
	60.19
	13.19

	Lord
	5.386
	fg
	5.415
	5.357
	63.37
	60.44
	13.11

	Grof
	5.609
	ef
	5.666
	5.553
	64.38
	59.82
	13.62

	Princ
	5.461
	fg
	5.451
	5.472
	60.14
	59.96
	12.94

	Favorit
	5.327
	gh
	5.350
	5.305
	59.44
	59.54
	13.49

	Mean
	5.632
	
	5.626
	5.638
	64.01
	60.11
	13.37


“ab...gh” -  Duncan’s Multiple  Range Test  at  P≤0,05

Table 3. Stability parameters for grain yield, starch and protein 
	
	
	Grain yield
	
	
	Starch
	
	
	Protein
	

	
	bi
	Wi
	Sdi2
	bi
	Wi
	Sdi2
	bi
	Wi
	Sdi2

	Rodnik
	0.92
	4.21
	0.20
	1.05
	6.13
	0.34
	0.77
	2.31
	0.08

	Sladoran
	1.04
	11.90
	0.65
	1.32
	11.17
	0.57
	0.85
	3.69
	0.18

	Rex
	0.97
	3.35
	0.18
	0.81
	2.58
	0.13
	1.04
	0.96
	0.05

	Zlatko
	0.99
	8.79
	0.49
	1.26
	4.95
	0.24
	0.94
	2.26
	0.12

	Barun
	1.16
	10.84
	0.49
	1.45
	3.88
	0.12
	0.95
	3.31
	0.18

	Trenk
	1.00
	5.75
	0.32
	1.16
	2.37
	0.12
	1.07
	1.06
	0.05

	Heraklo
	1.07
	7.93
	0.42
	1.05
	2.93
	0.16
	1.21
	2.12
	0.08

	Gvozd
	1.12
	17.04
	0.88
	0.94
	3.17
	0.17
	0.90
	3.20
	0.17

	Prometej
	1.05
	12.56
	0.69
	0.87
	2.65
	0.14
	0.87
	2.07
	0.10

	Bingo
	1.09
	12.04
	0.63
	1.02
	6.02
	0.33
	0.95
	6.35
	0.35

	Tiffany
	0.70
	42.81
	2.01
	0.56
	12.40
	0.60
	1.00
	7.54
	0.42

	Vanessa
	0.86
	15.97
	0.81
	0.90
	4.61
	0.25
	1.14
	9.43
	0.50

	Plaisant
	0.93
	9.32
	0.50
	0.98
	5.21
	0.29
	1.36
	10.19
	0.45

	Lord
	1.02
	6.05
	0.33
	0.96
	4.20
	0.23
	1.09
	5.53
	0.30

	Grof
	1.00
	12.51
	0.70
	1.03
	3.31
	0.18
	1.08
	2.87
	0.15

	Princ
	1.18
	6.59
	0.23
	0.81
	3.80
	0.20
	0.93
	2.50
	0.13

	Favorit
	0.90
	22.65
	1.21
	0.84
	7.94
	0.43
	0.85
	3.03
	0.15


Presented results pointed out prelevance of growing conditions over the genotype performance. This fact is more important in top yielding and good quality barley cropping systems where profit tends to be improved through reduced seed costs. Mean recorded from tide sowing rate (450 seeds per m2) was 5,638 t/ha while from rare sowing rate (300 seeds per m2) it was 5,626 t/ha. The highest grain yields were realized by cultivars Barun (6,197 t/ha), Bingo (6.161 t/ha), Zlatko (6,161 t/ha) and Gvozd (6,129 t/ha) (Table 2). Cultivars Tiffany and Favorit showed the best yield response to more extensive crop systems but ranged worst in stability parameters estimates (S2di-highly leveled). Similar reaction to more extensive production showed cultivars Rodnik and Plaisant which were some more stable in grain yield (S2di-lower leveled). Based on grain yield stability (S2di) and “reaction” (bi) estimates for more intensive production it would be appropriate to grow cultivars Barun and Gvozd. Following malting industry preferences for limited grain proteins (below 11%) and starch content, traits were analyzed for response to different level of production intensity. Cultivar Barun had the highest grain yield (Table 2), the lowest protein content (12,72%) and the highest starch rate in grains (60,66%)(Table 3). According to stability parameters (S2di) it could be expected that cultivar Barun will in more intensive productions respond with lowest protein content and higher grain starch. In more intensive productions protein content in grain will get higher at cultivars Plaisant, Vanessa and Lord (bi – highly leveled), followed by low stability, and at cultivars Grof and Heraklo with some higher stability.
Conclusions

Results pointed to significant differences between cultivars for observed traits. This is relevant at genotype selection for production in targeted region. By the proper choice of cultivar for specific sub-region it could influence to production success and more efficient exploitation of sub-region benefits.
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