CHARACTERIZATION OF WINTER BARLEY GENOTYPES IN CROATIAN ENVIRONMENT
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Abstract:

Research is based on grain yield results reached from field trials carried out with 14 winter barley varieties (Hordeum vulgare L.) during four growing seasons (2004 to 2007), at four sites (Osijek-eutric cambisol, Pozega-pseudoghley, Tovarnik-hypogley and Nova Gradiska-alluvial soil) and with two sowing densities (300 and 450 kernels per m2). Significant effects of year, locality and variety on grain yield were estimated (F=0.001). Difference between two sowing densities (300 and 450 kernels per m2) was not significant, as well as interaction variety*sowing density. Significant interactions year*sowing density, locality*sowing density, year*locality*sowing density, lokality* variety, year* variety, year* variety*lokality  were found. Based on realized grain yield, variance of deviation from regression (S2di), coefficient of regression (bi) and interaction scores (AMMI1 analysis), varieties Barun, Gvozd and Prometej are suitable for more intensive conditions of growing.  Higher parameters of stability and interaction scores (AMMI1 analysis) indicate that variety Bingo, which had the highest grain yield, showed favorable reactions of grain yield also in more extensive growing conditions (at lower level of production). 
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Introduction

During the evaluation of genotype in process of breeding and introduction of variety into production it is significant to investigate the adaptability and stability of the grain yield and parameters of special purpose quality in different conditions of production, at different localities, but also in different years. Based on estimated great importance of environmental effects, especially effects of the year, Costa et al. (2001) indicated that it is justified to carry out the selection during longer period of time and that increasing of the number of localities is not recommendable as an alternative solution for shortening the process of breeding. For specific subregion, breeding for specific adaptability aimed at increasing of the grain yield and special purpose quality of grain is significant strategy of utilization of the positive interaction genotype*environment (Annicchiarico, 2002, Bhutta, 2007, Erzsébet and Pepó, 2007). Application of this breeding strategy in sustainable agriculture is also significant because it enables reaching of maximal utilization level of subregions' potentials with appropriate genotypes which are especially suitable for growing in arid and semi-arid areas.

Material and methods

Fourteen 2-rowed (10) and 6-rowed (4) winter barley cultivars were grown under field conditions on four localities–Tovarnik (hypogley), Osijek (eutric cambisol), Pozega (pseudoghley) and Nova Gradiska (alluvial soil) = a, b, c and d, respectively) for four growing seasons (2004, 2005, 2006 and 2007). Soil properties were different degrees for barley growing (pH in 1n KCl: 7.10, 5.95, 4.20 and 7.60, for a, b, c and d, respectively). Ten varieties were developed at Agricultural Institute Osijek (Sladoran, Rex, Zlatko, Gvozd, Prometej, Barun, Trenk, Bingo, Lord and Princ), varieties Tiffany and Vanessa originate from Germany, variety Plaisant from France and variety Favorit was created at BC Institute Zagreb. The trial was set in three replications with two sowing densities (300 and 450 grain/m2). Surface of the basic plot was 7,56 m2.

Effect of variety*environment interaction was investigated. Stability of grain yield was estimated for each variety by coefficient of regression (bi) (Finlay and Wilkinson,  1963), ecovalence (Wi) (Wricke, 1962) and variance of deviation from regression (S2di) (Erberhart and Russell, 1966). Values of the main effects and the first interaction axis for interpretation of genotype*environment interaction were presented in graphic representation–biplot analysis of AMMI1 model, and biplot for 14 varieties and tested localities was constructed (Gauch, 1992; Annicchiarico, 2002). Variance analysis was carried out according to GLM procedure for RCBD plot design (SAS 8e). The software IRRISTAT, released by IRRI of Manila, was used for AMMI1 biplot analysis.

Results and discussions

Variance analysis by ANOVA was used to estimate significant effects of year, locality and variety on grain yield (F=0.001). While significant difference between two sowing densities (300 and 450 kernels per m2) and significant interaction variety*sowing density were not estimated, significant interactions Y(year)*D(sowing density), L(locality)*D, Y*L*D, L*G(variety), Y*G, Y*G*L were found (Table 1.).

Significant difference in grain yields for different sowing densities was not obtained. With sowing density of 450 kernels per m2 realized grain yield was 6.793 t/ha, and with sowing density of 300 kernels per m2 grain yield was 6.796 t/ha. The highest and statistically similar grain yields had varieties Bingo (7.357 t/ha),  Barun (7.336 t/ha), Gvozd (7.281 t/ha), Zlatko (7.214 t/ha) and Prometej (7.147 t/ha) (Table 3.).

	Table 1. ANOVA of winter barley 
	
	Table 2. Stability parameters for grain yield

	Source of variability
	n-1
	Sum of squares
	
	
	Variety
	bi
	    Wi
	   Sdi2

	Year (Y)
	3
	1335.32
	***
	
	Sladoran  
	0.96
	6.48
	0.36

	Locality (L)
	3
	932.01
	***
	
	Rex  
	0.98
	2.39
	0.13

	Y*L
	9
	234.02
	***
	
	Zlatko  
	0.91
	7.85
	0.43

	 Sowing rate (D)
	1
	0.01
	 
	
	Barun  
	1.30
	8.59
	0.40

	Y*D
	3
	7.25
	***
	
	Trenk  
	1.17
	5.56
	0.29

	L*D
	3
	21.16
	***
	
	Gvozd  
	1.07
	10.02
	0.55

	Y*L*D
	9
	23.70
	***
	
	Prometej  
	1.09
	7.18
	0.39

	Variety (G)
	13
	326.79
	***
	
	Bingo
	0.88
	7.25
	0.39

	Y*G
	39
	179.40
	***
	
	Tiffany  
	0.91
	24.56
	1.36

	L*G
	39
	131.98
	***
	
	Vanessa 
	0.96
	5.14
	0.28

	Y*L*G
	117
	248.72
	***
	
	Plaisant  
	0.73
	7.25
	0.35

	D*G
	13
	3.98
	 
	
	Lord  
	0.94
	3.24
	0.18

	Y*D*G
	39
	14.15
	 
	
	Princ  
	1.03
	1.57
	0.09

	L*D*G
	39
	13.05
	 
	
	Favorit  
	1.06
	18.03
	1.00

	Y*L*D*G
	117
	34.81
	 
	
	
	
	

	Error
	894
	498.79
	 
	
	
	
	

	Total
	1343
	4005.22
	 
	
	
	
	


F-test significance level: ***  P≤0.01
Parameters of stability (Table 2.) indicate that varieties Tiffany, Plaisant and Bingo have more favorable responses of grain yield in more extensive conditions of growing (at lower level of production). Tiffany had higher instability of grain yield (S2di is very high), and Plaisant and Bingo had better parameters of grain yield stability. Unay et al.  (2004) point out the stability of grain yield of variety Plaisant in European region. Based on components of stability (S2di, bi) and grain yield level, varieties Barun, Gvozd and Prometej are suitable for growing under more intensive conditions of production.
Table 3. Varieties means for grain yield

	Variety
	Average
	Location (L)
	
	Year
	Sowing rate, seed  per m-2

	
	tha-1
	
	OS
	NG
	PO
	TO
	2004
	2005
	2006
	2007
	  300
	450

	Sladoran
	6.892
	cd
	8.689
	6.388
	6.211
	6.278
	6.670
	5.859
	7.172
	7.865
	6.974
	6.809

	Rex
	7.055
	bc
	8.347
	6.648
	6.612
	6.612
	6.606
	5.628
	7.738
	8.248
	7.034
	7.076

	Zlatko
	7.214
	ab
	8.829
	6.295
	6.964
	6.765
	7.035
	6.098
	7.502
	8.220
	7.143
	7.285

	Barun
	7.336
	a
	9.447
	6.566
	6.637
	6.694
	6.952
	6.036
	7.805
	8.550
	7.331
	7.341

	Trenk
	6.847
	cd
	8.608
	6.573
	5.883
	6.326
	5.923
	5.585
	8.025
	7.856
	6.909
	6.786

	Gvozd
	7.281
	a
	8.999
	6.346
	6.770
	7.010
	7.411
	5.837
	7.652
	8.225
	7.221
	7.342

	Prometej
	7.147
	ab
	8.698
	6.271
	6.456
	7.162
	7.010
	5.901
	7.444
	8.231
	7.115
	7.178

	Bingo
	7.357
	a
	9.037
	6.622
	6.577
	7.194
	7.423
	5.961
	7.550
	8.494
	7.409
	7.305

	Tiffany
	5.561
	g
	6.311
	5.900
	4.953
	5.080
	4.057
	3.837
	7.152
	7.198
	5.572
	5.550

	Vanessa
	6.198
	f
	7.092
	6.019
	5.913
	5.769
	5.369
	4.711
	7.216
	7.497
	6.206
	6.190

	Plaisant
	6.429
	e
	7.598
	6.421
	5.560
	6.137
	5.955
	5.131
	7.434
	7.197
	6.314
	6.545

	Lord
	6.509
	e
	7.894
	6.109
	6.135
	5.897
	6.015
	5.054
	7.674
	7.292
	6.535
	6.482

	Princ
	6.796
	d
	8.508
	6.199
	6.105
	6.372
	6.627
	4.909
	7.084
	8.565
	6.837
	6.755

	Favorit
	6.502
	e
	7.170
	6.564
	5.927
	6.345
	5.819
	4.859
	8.025
	7.304
	6.547
	6.457

	 Average
	6.795
	
	8.231a
	6.351b
	6.193c
	6.403b
	6.348
	5.386
	7.534
	7.910
	6.796
	6.793

	LSD
	0.211
	
	
	
	0.113
	
	
	
	0.113
	
	
	ns


“a...g” -  Duncan’s Multiple  Range Test  at  P=0,05
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Ammi1 Biplot Of Main Effects And Interactions For Grain Yield
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Graph 2. Ammi1 Biplot Of Main Effects And Interactions For Grain Yield




Results of investigation indicated that genotypes with later earing and longer period of vegetation (Tiffany,Vanessa, Favorit) had significantly lower grain yields (Table 3) in comparison with early maturing varieties (Bingo, Barun, Zlatko, Sladoran). Difference in period of earing between mentioned groups of varieties was from six to twelve days, depending on year and variety. That reaction of late maturing varieties is certainly related to date of earing and period of grain filling interaction, and also drought (stress) conditions of growing that are usual in Republic of Croatia and south-eastern Europe. Shakhatreh et al. (2001) indicated that lasting of the grain filling period in terms of favorable humidity has favorable effect on grain yield and grain quality, but in drought conditions genotypes with longer period of vegetation gave much lower grain yields. Dofing (1999) points out that a better understanding of relationships between developmental traits and grain yield would enable breeders to select for lines having growth patterns that optimize the conflicting requirements of high grain yield and early maturity. Interaction scores (IPCA 1) (Graph 1 and 2) and grain yield level (Table 3) indicate significant reactions of varieties depending on location with reference to different soil types and different pH value in interrelation with climate conditions and applied technology. High interaction scores (IPCA 1), opposite, were found at localities Osijek and Nova Gradiska, and also in years 2004 and 2006. Those scores indicate that positive or negative, but certainly specific reactions of tested genotypes at mentioned localities could be expected. Related to localities, variety Tiffany and Favorit had high positive interaction scores (IPCA1), but at lower level of grain yield. Variety Barun had higher negative interaction scores at higher level of grain yield (Graph 1, Table 3.).  Related to year of testing, high interaction scores were obtained for variety Tiffany with lower average grain yield. Variety Bingo had higher negative interaction score, but with high grain yield. In the case of AMMI1 analysis, represented interaction scores for mentioned varieties were higher for the year of testing than for localities. Higher differences between interaction scores for year and locality were obtained in the case of variety Trenk what indicates that it is possible to expect more important reaction of this variety if it is influenced by the year than by tested localities.

Conclusions

Results indicate existing of significant differences among varieties in grain yield, reactions of varieties on environment and production technology. Therefore, by choice of variety we can significantly influence the success of production, improve quantity and stability of production and achieve adequate quality of grain.
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