Effect of Genotype and Environment on spring barley hordeins 
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Abstract: The genetic and environmental effects on total grain protein, malt extract and hordein fractions have been studied in four spring barley cultivars grown in field trials at Croatia. Barley grain hordeins were analyzed by RP-HPLC. A significant difference was observed among the cultivars in B, C and D hordein relative proportions, but there was no statistically significant difference between locations and years. Regarding protein content, malt extract and total hordein content, there were significant differences among years, but not among locations. There were also differences in malt extract content and total hordein content between cultivars. Grain protein content was highly significantly correlated with total hordein content, but there wasn’t noticed grain protein influence on particular hordein fractions proportions.    
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Introduction 
It has been known that cereal protein content is genetically controlled, but significantly affected by the environmental conditions (Drezner et al., 2007; Lalić et al., 2007;  Varga et al., 2007). Malt quality highly depends on barley grain protein content and it is the hordeins, the major fraction of the endosperm storage proteins, which are mainly responsible for the negative correlation between malt extract yield and barley protein content, first reported by Bishop in the 1930s and reviewed by Molina-Cano et al. (2001). The hordeins are alcohol-extractable protein fraction of barley grain and, on average, account for up to 60% of the total grain nitrogen (Brennan et al., 1998). They are classified into four groups of polypeptides, called B, C, D and γ hordeins, and are encoded by the genes: Hor 2 (B fraction), Hor 1 (C fraction), Hor 3 (D fraction) and Hor 5 (γ fraction), located on barley chromosome 5(1H). The B hordein (sulphur-rich) and C hordein (sulphur-poor) are two main fractions, while D hordein (high molecular weight) and γ hordein (sulphur-rich) are quantitatively minor components. When studying the effect of grain protein on the malting quality, Howard et al. (1996) found that variation in growth conditions resulted in a wide range of grain protein contents and malt extract values, as well as contents of the individual B, C and D hordeins in grains. 
Materials and methods 
Four spring barley cultivars (three domestic cultivars developed at Agricultural Institute Osijek – Astor, Fran and Matej, and foreign Scarlett from Germany) were grown under field conditions on two localities – Osijek (eutric cambisol, pHKCl=7.10) and Nova Gradiska (alluvial soil, pHKCl=5.90) during three growing seassons (2004-2006). The experiment was conducted in RCBD design in six replicates (area of basic plot was 7.56 m2). Prior to micromalting the barley samples were screened over a 2.5 mm sieve and analyzed for total barley protein content by non-destructive near infrared transmission method (Infratec 1241 Grain Analyzer). Malt extract content was determined according to the EBC official methods. Barley grain hordeins were analyzed by the reversed-phase high-performance liquid chromatography (RP-HPLC) following the procedure of Celus et al. (2006). Statistical analyses were carried out using the SAS 8e package.

Results and discussion

Results of grain protein content and malt extract content are presented in Table 1. In experiments carried out during three years and at two locations, there wasn’t detected statistically significant difference in grain protein content among cultivars and locations. Similar values, however, for grain protein content were found in 2004 and 2005, but significantly higher than in 2006. Statistically justified differences in malt extract content were observed among cultivars and years, what accords with the finding of Lalić et al. (2007). Cultivar Scarlett had significantly higher content of extract (81.32%), but similar to cultivars Fran (80.62%) and Matej (80.42%). Cultivar Astor resulted in significantly lower malt extract (79.77%). There was no statistically significant difference in extract content among locations. 

Table 1. Means for protein content and malt extract content
	Year
	Protein content (%)
	Malt extract content (%)

	Loc.
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlett
	Mean

	2004.
	13.40
	12.75
	13.35
	13.45
	13.24 a
	78.40
	79.80
	79.70
	79.95
	79.46 c 

	2005.
	13.67
	13.34
	13.53
	12.52
	13.26 a
	79.80
	80.50
	80.20
	81.95
	80.61 b 

	2006.
	11.07
	10.95
	10.89
	10.96
	10.96 b
	81.10
	81.55
	81.35
	82.05
	81.51 a

	LSD0.05 
	
	
	
	
	0.44
	
	
	
	
	0.89

	Osijek
	12.77
	12.07
	12.36
	12.11
	12.32
	79.97
	81.17
	81.03
	81.87
	81.01

	N. Grad.
	12.65
	12.62
	12.82
	12.51
	12.65
	79.57
	80.07
	79.80
	80.77
	80.05

	LSD0.05 
	
	
	
	
	ns
	
	
	
	
	ns

	Mean
	12.71
	12.34
	12.58
	12.30
	12.49
	79.77b
	80.62ab
	80.42ab
	81.32a
	80.53

	LSD0.05 
	ns
	
	1.02
	


“a...c” -  Duncan’s Multiple  Range Test  at  P≤0.05
The results of determination of hordeins with RP-HPLC are presented in Table 2 and 3. In this study, level of the total hordein was expressed in arbitrary units (AU, based on chromatogram peak areas), and proportions of the various hordein fractions were quantified as percent of total peak area (Molina-Cano et al., 2001). The higher and statistically similar total hordein content was found in cultivars Matej (8386 AU) and Astor (8250 AU) in comparison to cultivars Fran (7358 AU) and Scarlett (7095 AU). Years 2004 and 2005 resulted in significant higher total hordein content when comparing to 2006, while location didn’t have influence on total hordein content. However, cultivars showed significant differences regarding proportions of the B, C and D hordein, which confirms the results reported by Molina-Cano et al. (2001) and Qi at al. (2005). The highest proportion of B hordein had cultivar Fran (70.47%) and cultivar Matej had the smallest (53.88%). Regarding the proportion of C hordein, in contrast, cultivar Matej had the highest value (39.76%), and cultivar Fran had the smallest proportion of C hordein (24.27%). This data show no significant differences between the means of the hordein fraction proportions investigated, among different locations and years. The coefficients of correlation between grain protein content, malt extract content, total hordein content i hordein fraction proportions are given in Table 4. The positive and significant correlation was found between grain protein content and total hordein content, but we did not find significant relation between grain protein and proportions of hordein fractions. Total hordein content significantly negatively correlated with malt extract content, what is in accordance with our previous finding (Šimić et al., 2007). Significant negative relationship was found between proportions of B hordein and C hordein fraction, whereas D hordein was positively correlated with C hordein and negatively with B hordein fraction. 

Table 2. Means for total hordeins and D hordein
	Year
	Total hordeins (AU)
	D hordein (%)

	Loc.
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlett
	Mean

	2004.
	9402
	7980
	9176
	8697
	8814a
	7.63
	5.30
	6.42
	7.37
	6.69

	2005.
	8902
	8255
	9562
	7300
	8505a
	6.83
	5.18
	6.33
	6.88
	6.30

	2006.
	6446
	5841
	6420
	5288
	5999b
	7.24
	5.29
	6.35
	7.08
	6.49

	LSD0.05 
	
	
	
	
	527
	
	
	
	
	ns

	Osijek
	8332
	7118
	7873
	7224
	7637
	6.94
	5.22
	6.42
	6.90
	6.37

	N. Grad.
	8168
	7599
	8899
	6966
	7908
	7.28
	5.29
	6.30
	7.32
	6.55

	LSD0.05 
	
	
	
	
	ns
	
	
	
	
	ns

	Mean
	8250a
	7358b
	8386a
	7095b
	7772
	7.11 a
	5.26 c
	6.36 b
	7.11 a
	6.46

	LSD0.05 
	608
	
	0.56
	


“a...c” - Duncan’s Multiple  Range Test  at  P≤0.05
AU - arbitrary units
Table 3. Means for C hordein and B hordein
	Year
	C hordein (%)
	B hordein (%)

	Loc.
	Astor
	Fran
	Matej
	Scarlett
	Mean
	Astor
	Fran
	Matej
	Scarlett
	Mean

	2004.
	35.61
	25.11
	39.94
	32.62
	33.32
	57.12
	69.58
	53.65
	60.00
	60.09

	2005.
	37.24
	23.57
	40.00
	31.59
	33.10
	55.93
	71.25
	53.68
	61.53
	60.60

	2006.
	34.96
	24.13
	39.34
	31.42
	32.46
	57.80
	70.58
	54.32
	61.51
	61.05

	LSD0.05 
	
	
	
	
	ns
	
	
	
	
	ns

	Osijek
	36.39
	24.78
	39.39
	33.21
	33.44
	56.67
	69.99
	54.20
	59.89
	60.19

	N. Grad.
	35.48
	23.76
	40.14
	30.54
	32.48
	57.24
	70.95
	53.56
	62.14
	60.97

	LSD0.05 
	
	
	
	
	ns
	
	
	
	
	ns

	Mean
	35.94b
	24.27d
	39.76a
	31.88c
	32.96
	56.95c
	70.47a
	53.88d
	61.01b
	60.58

	LSD0.05 
	2.18
	
	2.32
	


“a...d” -  Duncan’s Multiple  Range Test  at  P≤0.05
Table 4. Analysis of correlation between grain protein content, malt extract content, total hordein content and hordein fraction proportions (D, C and B)

	
	GP
	EX
	TH
	DH
	CH
	BH

	GP
	1
	-0.72**
	0.93**
	0.04
	0.13
	-0.13

	EX
	
	1
	-0.76**
	-0.19
	-0.16
	0.17

	TH
	
	
	1
	0.07
	0.35
	-0.33

	DH
	
	
	
	1
	0.56**
	-0.64**

	CH
	
	
	
	
	1
	-0.99**

	BH
	
	
	
	
	
	1


GP-Grain protein (%); EX-Malt extract (%); TH-Total hordein content (in arbitrary units); DH-D hordein (%); CH-C hordein(%); BH-B hordein(%)

**Significant at P≤0.05
Conclusions 

The obtained results suggest that there was significant effect of a year on grain protein content, malt extract and hordein content, whereas among specific locations there was no difference. However, regarding proportions of particular hordein fractions, genotype effect was dominant.  
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