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Abstract:

In field trials with four spring barley cultivars (Astor, Fran, Matej and Scarlett) during four years (2004-2007) at two localities (Osijek and Nova Gradiska) researches of grain yield, hectoliter weight, protein and starch content, extract content, friability of malt, Kolbach index and malt viscosity were carried out. Cultivar Matej (5.535 t ha-1) had significantly higher (P>0.05) grain yield in comparison with cultivars Astor (4.968 t ha-1), Fran (5.113 t ha-1) and Scarlett (5.150 t ha-1). The year of production had significant influence on grain yield as well as on all indicators of malt quality, and differences in grain yield between localities Osijek and Nova Gradiska were not statistically justified. Significant differences between localities Osijek and Nova Gradiska in extract content and friability were estimated. Based on extract content and parameters of malt modification the best scores had cultivar Scarlett which was followed by cultivar Fran. Cultivar Scarlett had grain yield at average level of the trial, but high interaction scores (IPCA1) indicated the high adaptability of this genotype to conditions of production. 
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Introduction 

Field crop yield and quality are influenced by genetic potential of cultivar, but also by ability of genotype to achieve these potentials in different environmental conditions which are often stressful, depending on soil, climate and management practice (Kovacevic et al., 2006; Pepó, 2006; Bhutta, 2007; Kádár, 2007). Significant part of barley production in Republic of Croatia (15-20%) is used for needs of beer production and malting industry, especially for needs of malting plant located in Nova Gradiska. There are attempts to increase the level of existing production by organization of malting barley production, application of scientific researches related to barley production, application of barley breeding results and increasing of areas for malting barley production. 
Materials and methods

Three domestic (Astor, Fran and Matej: developed at Agricultural Institute Osijek) and foreign (Scarlett: from Germany) 2-rowed spring barley cultivars were grown under field conditions (a = Osijek eutric cambisol, ph in KCl = 7.10; b = Nova Gradiska alluvial soil, pH in KCl = 5.90) for four growing seasons (2004, 2005, 2006 and 2007). The experiment was conducted in RCBD design in six replications (area of the basic plot 7.56 m2). Grain yield, hectoliter weight, protein content, starch content and malt quality were analyzed by parameters of fine-grind extract content, malt viscosity, friability, Kolbach index and diastatic power. Micromalting and malt analysis were made at Res. Inst. of brewing and malting, PLC, Malting Inst. Brno, Czech Republic. Values of the main effects and the first interaction axis for interpretation of genotype*environment interaction were represented in graphic presentation–biplot analysis of AMMI1 model, and biplot for 6 environments and 4 spring barley cultivars was constructed (Gauch, 1992). Variance analysis was carried out according to GLM procedure for RCBD plot design (SAS 8e). Differences among cultivars and environments were tested by LSD-test and Duncan’s Multiple Test Range. The software IRRISTAT, released by IRRI of Manila, was used for AMMI1 biplot analysis.

Results and discussions
Results of grain yield, hectoliter weight of grain, content of protein and starch, content of extract, friability of malt, Kolbach index and malt viscosity are represented in Table 1 and 2. In field trials during four years and at two localities, cultivar Matej (5.535 t ha-1) had significantly higher grain yield in comparison with cultivars Astor (4.968 t ha-1), Fran (5.113 t ha-1) and Scarlett (5.150 t ha-1). Cultivars Astor, Fran and Scarlett had statistically similar level of grain yield. The year of production had significant (P>0.05) influence on grain yield and tested indicators of barley and malt quality. Differences in grain yield between localities Osijek (5.182 t ha-1) and Nova Gradiska (5.201 t ha-1) were not statistically significant. Significant differences (P>0.05) between localities Osijek and Nova Gradiska were found only in extract content and friability.
Table 1. Means for grain yield, hectoliter weight, protein and starch content

	Year
	Grain yield, t ha-1
	Hectoliter weight, kg

	Locality
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlett
	Mean

	2004.
	4.512
	4.745
	4.877
	5.325
	4.865c
	67.33
	68.16
	67.34
	66.15
	67.25b

	2005.
	5.386
	5.150
	5.873
	5.329
	5.435b
	66.84
	63.97
	65.28
	63.76
	64.96c

	2006.
	5.695
	6.200
	6.565
	6.282
	6.186a
	68.94
	69.03
	68.53
	65.39
	67.97a

	2007.
	4.279
	4.358
	4.824
	3.663
	4.281d
	62.17
	61.48
	61.11
	52.73
	59.37d

	LSD 5%
	
	
	
	
	0.229
	
	
	
	
	0.54

	Osijek
	5.017
	4.953
	5.405
	5.354
	5.182
	66.53
	65.90
	65.93
	62.57
	65.23a

	Nova Grad.
	4.918
	5.273
	5.665
	4.945
	5.201
	66.12
	65.41
	65.19
	61.45
	64.54b

	LSD 5%
	
	
	
	
	ns
	
	
	
	
	0.38

	Mean
	4.968b
	5.113b
	5.535a
	5.150b
	5.191
	66.32a
	65.66b
	65.56b
	62.01c
	64.89

	LSD 5%
	
	
	0.226
	
	
	
	
	0.55
	
	

	Year
	Protein content,  %
	Starch content, %

	Locality
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlett
	Mean

	2004.
	13.40
	12.75
	13.35
	13.45
	13.24a
	60.72
	61.31
	60.85
	61.03
	60.98b

	2005.
	13.67
	13.34
	13.53
	12.52
	13.26a
	60.00
	60.12
	60.12
	61.89
	60.54b

	2006.
	11.07
	10.95
	10.89
	10.96
	10.96b
	62.25
	62.78
	62.51
	63.72
	62.82a

	LSD 5%
	
	
	
	
	0.44
	
	
	
	
	0.48

	Osijek
	12.77
	12.07
	12.36
	12.11
	12.32
	60.77
	61.24
	60.94
	62.17
	61.28

	Nova Grad.
	12.65
	12.62
	12.82
	12.51
	12.65
	61.21
	61.57
	61.38
	62.26
	61.61

	LSD 5%
	
	
	
	
	ns
	
	
	
	
	ns

	Mean
	12.71
	12.34
	12.58
	12.30
	12.49
	60.99b
	61.41b
	61.16b
	62.22a
	61.44

	LSD 5%
	
	
	ns
	
	
	
	0.56
	
	
	


“a...d” -  Duncan’s Multiple  Range Test  at  P>0,05
Based on extract content and malt degradation parameters, the best scores had cultivar Scarlett, followed by cultivar Fran. Cultivar Scarlett, compared to cultivar Fran and cultivars Astor and Matej, had significantly (P>0.05) better indicators for starch content and Kolbach index, while statistically justified differences between cultivars Scarlett and Fran were not found for following traits: extract content, malt viscosity and malt friability.
Table 2.   Means for extract fine grind, kolbach index, viscosity and friability of malt
	Year
	Extract fine grind., %
	Kolbach index, %

	Locality
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlet
	Mean

	2004.
	78.40
	79.80
	79.70
	79.95
	79.46c
	35.45
	36.55
	36.80
	44.15
	38.24

	2005.
	79.80
	80.50
	80.20
	81.95
	80.61b
	38.00
	39.20
	38.70
	45.30
	40.30

	2006.
	81.10
	81.55
	81.35
	82.05
	81.51a
	37.40
	37.85
	37.72
	44.20
	39.18

	LSD 5%
	
	
	
	
	0.89
	
	
	
	
	ns

	Osijek
	79.97
	81.17
	81.03
	81.87
	81.01a
	36.77
	38.43
	39.23
	41.77
	39.05

	Nova Grad.
	79.57
	80.07
	79.80
	80.77
	80.05b
	37.13
	37.30
	36.20
	46.63
	39.32

	LSD 5%
	
	
	
	
	0.72
	
	
	
	
	ns

	Mean
	79.77b
	80.62ab
	80.42ab
	81.32a
	80.53
	36.95b
	37.87b
	37.72b
	44.20a
	39.18

	LSD 5%
	
	
	1.02
	
	
	
	
	3.14
	
	

	Year
	Viscosity of malt, mPas
	Friability of malt, %

	Locality
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlet
	Mean

	2004.
	1.88
	1.65
	1.73
	1.58
	 1.708a
	49.65
	61.95
	54.45
	57.90
	55.99c

	2005.
	1.64
	1.50
	1.57
	1.47
	 1.543b
	52.05
	71.05
	60.25
	70.75
	63.53b

	2006.
	1.59
	1.51
	1.54
	1.48
	 1.531b
	65.15
	 81.85
	73.15
	82.60
	75.69a

	LSD 5%
	
	
	
	
	 0.075
	
	
	
	
	3.74

	Osijek
	1.741
	1.576
	1.630
	1.539
	 1.621
	  56.40
	73.53
	67.50
	73.60
	67.73a

	Nova Grad.
	1.659
	1.527
	1.593
	1.485
	 1.566
	  54.93
	69.70
	57.73
	67.23
	62.40b

	LSD 5%
	
	
	
	
	ns
	
	
	
	
	3.05

	Mean
	1.700a
	1.552bc
	1.611b
	1.512c
	 1.594
	  55.62c
	71.62a
	 62.62b
	70.42a
	65.07

	LSD 5%
	
	0.087
	
	
	
	
	
	4.31
	
	


“a...c” -  Duncan’s Multiple  Range Test  at  P>0,05
The absolute value of the first principal component (PC1) score represented the simplest measure of stability provided by AMMI analysis (Annicchiarico, 1997). Cultivar Scarlett had grain yield at average level of the trial, but high interaction scores (IPCA1) indicated favorable adaptability of that genotype to growing conditions. Low interaction score (IPCA1), grain yield under average level of the trial indicated the low adaptability of cultivar Astor.
Based on AMMI1 biplot analysis (Graph 1 and 2) grouping of localities and cultivars is notable. Based on grain yield level and high interaction score, locality OS-2006 is distinctive. Localities NG-2004, NG-2006 and NG-2005 represent the group of localities with grain yield above average and with lower to medium interaction scores. Cultivar Matej, which had the highest grain yield, demonstrated higher interaction scores and grouping with localities NG-2005, NG-2006 and OS-2007. High interaction scores (positive or negative) at localities NG-2007, OS-2007 and OS-2004 for grain yield, and at localities NG-2005, NG-2004 and OS-2004 for extract content indicated that specific reaction of cultivars in these environments could be expected as well as notable adaptability of cultivars to production conditions. Cultivars Astor and Matej demonstrated high, opposite, interaction scores for extract content, but also lower values of extract content.
Cultivar Scarlett had significantly lower grain yield and hectoliter weight in the year 2007, compared with other tested cultivars and years of testing. That reaction of cultivar Scarlett resulted from date of earing and period of grain filling interaction, and also by drought (stress) conditions of production in the year 2007. Under growing conditions in Croatia, cultivar Scarlett ears later than cultivars Fran, Astor and Matej. Shakhatreh et al. (2001) pointed out that lasting of the grain filling period in terms of favorable humidity has positive effect on grain yield and grain quality, but in drought conditions genotypes with longer period of vegetation gave much lower grain yields. Dofing (1999) also indicated that date of earing and lasting of grain filling period had significant influence on grain yield in case of barley grown in northern latitudes.  
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Graph 1. AMMI1 Biplot Of Main Effects And Interactions For Grain Yield
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Graph 2. AMMII1 Biplot Of Main Effects And Interactions For Extracts




Conclusions
Results indicate significant differences among cultivars in grain yield, quality parameters and reactions of cultivars to environments and technology of production. By application of barley breeding and comparative researches it is possible to distinct superior genotypes for spring barley production under conditions in Republic of Croatia and southeastern Europe, that will maximize the production of spring barley in region, increase stability of production and provide adequate quality of malt.
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