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Abstract
Trials with seven genotypes of winter wheat were set up as RCB design at four locations in continental part of Croatia in three repetitions during 2004 and 2005 year. Grain yield and indirect quality traits were analyzed. Statistically significant differences for all traits were found among cultivars (G), locations (L) and years (Y), and for all interactions (GxL, GxY, LxY, GxLxY) except for the interaction GxLxY for protein and wet gluten content and for the interaction term GxL for grain yield. In 2004 year higher grain yields were realized as compared to 2005. The same trend has been reached for all analysed quality traits (2004 was better than 2005) except for sedimentation value. The highest grain yields, test weights and wet gluten content were realized at location Osijek. Highest protein content and sedimentation value were found at location Nova Gradiska. The most yielding genotypes with lowest coefficient of variation for grain yield over locations and years were Seva, Demetra and Srpanjka, while the most favorable quality traits with the lowest coefficient of variation were found for Golubica, Zitarka and Panonka.
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Introduction
Grain yield and quality are the most important quantitative traits of winter wheat and key objective of wheat breeders, producers and processors, but also they are under the great influence of environmental effects. Trials over locations and years are important tool for wheat breeders to find out and select best parents for further breeding programme and for producers to choose genotypes with best yield and quality performance for their growing areas (Guttieri et al. 2001, Trethowan 2005, Castro et al. 2005,  Fufa et al. 2005, Fraschina et al. 2005). Considering these facts the present study was undertaken to give the better insight in the use of genotype's genetic yield and quality potential in different environments.
Materials and Methods
Trials with seven genotypes of winter wheat (Zitarka, Demetra, Srpanjka, Super Zitarka, Golubica, Panonka and Seva) were set up as RCB design with four locations (Osijek-eutric cambisol, Nova Gradiska-alluvium, Tovarnik-black earth and Pozega-pseudogley soil type) in three repetitions during two years (2004 and 2005). Grain yield and indirect quality traits (test weight, protein content, wet gluten content and Zeleny sedimentation value) from each replication by NIT technology (Infratec 1241, Foss Tecator) were analysed. Statistical analyses were done using SAS 8.2. Stat Software.  
Results and discussion
Statistically significant differences for all traits were found among cultivars (G), locations (L) and years (Y), and for all interactions (GxL, GxY, LxY, GxLxY) except for the interaction GxLxY for protein and wet gluten content and for the interaction term GxL for grain yield (Table 1). These results correspond with the results of Assad and Paulsen (2002), Guttieri et al. 2001, Drezner et al. (2003) and Luo et al. (2000) for different quantitative traits.

Table 1: Analysis of variance for grain yield and quality traits 
	Source of 

variation
	df
	s2 

	
	
	Grain yield
	Test weight
	Protein content
	Wet gluten content
	Sedimentation value 

	Genotypes (G)
	6
	2173029,7**
	28,9**
	5,53**
	93,8**
	336,4**

	Locations (L)
	3
	15025473,5**
	31,9**
	40,16**
	667,0**
	1279,0**

	Years (Y)
	1
	1044651,8*
	226,3**
	1,84**
	255,6**
	1060,0**

	G*L
	18
	296788,4ns
	2,2**
	0,57**
	8,7**
	22,7**

	G*Y
	6
	1060890,3**
	2,6**
	0,70**
	22,6**
	99,0**

	L*Y
	3
	7795985,6**
	49,3**
	22,83**
	854,1**
	1283,0**

	G*L*Y
	18
	586635,4**
	1,4*
	0,23 ns
	2,6 ns
	11,8*

	Repetition(L*Y)
	16
	783122,1**
	0,8 ns
	1,26**
	15,0**
	34,0**


*,** - significant at level of probability p>0.95 i p> 0.99 
Table 2: Grain yield and quality traits grouped by genotypes, locations and years 

	Treatments
	Grain yield

(t ha-1)
	Test weight

(kg hl-1)
	Protein (%)
	Wet gluten  (%)
	Sedimentation value (ml)

	Genotypes
	Seva
	7,927 a
	80,2 cd
	14,2 ab
	34,2 c
	47,4 b

	
	Demetra
	7,925 a
	78,7 e
	13,3 d
	31,5 d
	40,4 d

	
	Srpanjka
	7,679 ab
	79,8 d
	13,7 c
	31,9 d
	41,1 d

	
	Panonka
	7,605 b
	80,7 b
	14,2 b
	34,0 c
	47,1 b

	
	Super Zitarka
	7,523 b
	82,3 a
	13,6 cd
	33,9 c
	45,9 bc

	
	Golubica
	7,205 c
	80,8 b
	14,5 a
	37,2 a
	51,2 a

	
	Zitarka
	7,193 c
	80,6 bc
	14,4 ab
	35,6 b
	45,3 c

	Locations
	Osijek
	7,993 a
	81,2 a
	14,3 b
	36,7 a
	46,8 b

	
	Nova Gradiska
	7,942 a
	79,2 c
	15,1 a
	36,2 a
	52,5 a

	
	Tovarnik
	7,676 b
	80,9 a
	13,9 c
	35,1 b
	43,1 c

	
	Pozega
	6,707 c
	80,5 b
	12,7 d
	28,2 c
	39,5 d

	Years
	2004
	7,658 a
	81,6 a
	14,1 a
	35,3 a
	43,0 b

	
	2005
	7,500 b
	79,3 b
	13,9 b
	32,8 b
	48,0 a


a, b, c, d, e – different letters means significant difference among treatments after DMRT at the level of probability p>0.95.
In 2004 year higher grain yields were realized (7,658 t ha-1) compared to 2005 (7,500 t ha-1), the same trend has been reached for all analysed quality traits (2004 was better than 2005) except for sedimentation value (Table 2). The both years were characterised by excessive rainfalls, especially 2005. The highest grain yields, test weights and wet gluten content were realized at location Osijek, while at location Nova Gradiska were found highest protein content and sedimentation value. The lowest grain yield, protein content, wet gluten content and sedimentation value were realized at location Pozega. 
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Genotypes


1 – Zitarka

2 – Demetra

3 – Srpanjka


4 - Super Zitarka

5 – Golubica

6 – Panonka

7 - Seva

The most yielding genotypes with lowest coefficient of variation of grain yield over locations and years were Seva (7,927 t ha-1), Demetra (7,925 t ha-1) and Srpanjka (7,679 t ha-1) (Table 2, Figure 1). In the respect to analysed indirect quality traits the best genotypes with the lowest coefficient of variation over environments were Golubica, Zitarka and Panonka-except for test weight (Table 2, Figures 2-5). Most yielding genotypes (Demetra, Srpanjka and Seva) had shown quality traits at lower level accompanied with higher coefficient of variation. Similar findings have been reported by Kadar and Moldovan (2003) and Drezner et al. (2005). Certain genotypes have responded in a specific manner in respect of grain yield and quality traits regarding the year and location of trial.
Conclusions

The obtained data emphasysis importance of multi location (years) trials for getting reliable information about genotypes grain yield and quality response to diverse environmental conditions which can be useful for better insight in the use of genotype's genetic yield and quality potential. The most yielding genotypes with lowest coefficient of variation for grain yield were Seva,  Demetra and Srpanjka, while the best quality traits with lowest coefficient of variation were found for Golubica, Zitarka and Panonka. 
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 Figure 2. Coefficients of variation of   


 analyzed genotypes for test weight





Figure 3. Coefficients of variation of  analyzed genotypes for protein content





Figure 1. Coefficients of variation of  analyzed genotypes for grain yield 























































































































Figure 5. Coefficients of variation of analyzed genotypes for sedimentation value
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Figure 4. Coefficients of variation of    


analyzed genotypes for wet gluten content
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