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Summary

Th is paper presents an investigation of the agronomic and quality traits of the 
barley varieties, their stability and adaptability and specifi c reactions towards 
growing conditions in the Republic of Croatia. During four year trials on 
localities in Tovarnik, Nova Gradiska, Pozega and Osijek we researched 14 
winter barley varieties. Interaction eff ect variety*environment has been explored 
together with estimation of signifi cant parameters of stability towards grain yield, 
hectoliter weight, protein and starch content. With usage of cluster analysis it was 
possible to group varieties considering genotype x environment interaction (GEI).
Impact of year, location and variety on grain yield, hectoliter grain weight, 
protein and starch content has been estimated by analysis of variance. Th ere was 
no signifi cant diff erence between two diff erent sowing rates (300 and 450 grains/
m2) for grain yield, hectoliter weight and protein content. Th ere also was no 
signifi cant interaction of variety*sowing rate for all researched parameters.
Parameters of stability and achieved grain yield show that under favorable 
growing conditions one can expect better results of varieties ‘Trenk’ and ‘Princ’ 
with lower stability and variety Barun with higher stability of grain yield. 
Stability parameters point out varieties ‘Vanessa’, ‘Plaisant’, ‘Favorit’ and ‘Zlatko’ 
to have auspicious reaction to grain yield under extensive cultivation conditions 
but with signifi cantly diff erent levels of grain yield achieved.
Cluster analysis for grain yield of the highest clustering similarity level displays 
fi ve variety groups and variety Princ that does not show tendency to group with 
none of the other varieties. Th e fi rst group is made by varieties ‘Barun’, ‘Zlatko’ 
and ‘Rex’. Th e second one consists of varieties ‘Prometej’ and ‘Gvozd’ with ‘Bingo’ 
and ‘Sladoran’. ‘Tiff any’ and ‘Vanessa’ make special, somewhat detached group of 
varieties that tend to group together with varieties ‘Favorit’, ‘Trenk’, ‘Plaisant’ and 
‘Lord’ but on the lower grouping level.
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Introduction
Estimate of interaction eff ect between genotype and en-

vironment has signifi cant role in stating diff erences between 
varieties considering stability and adaptability, with charac-
terization of varieties towards growing conditions. Analysis 
of interaction infl uence between genotype and environment 
can serve as selective criteria through breeding process and 
also as basis for recommendation of certain varieties in com-
mercial production. Breeding towards specifi c adaptability 
with goal set to increase grain yield and grain quality for dif-
ferent sub-regions within a region is an important strategy of 
using positive genotype*environment interaction (Ceccarelli, 
1998; Annicchiarico, 2002). 

Costa and Boller (2001) pointed out that based on great-
er environment infl uence, especially year, it is justifi ed to 
conduct selection through longer time period and it is not 
recommendable to increase the number of locations as an al-
ternative solution towards shortening the breeding process. 

Protein content in the barley grain is one of the most im-
portant factors on which the quality and value of barley as 
raw material in brewing industry depends, and also its value 
as fodder. To produce quality barley for brewing industry 
in Republic of Croatia one must consider problems with in-
creased amount of grain protein. It is well known that grain 
protein content is, together with variety factor, well aff ected 
by climate and agronomic production factors such are: soil 
type and fertility, weather conditions during vegetation, total 
vegetation duration, pre-sowed crop and fertilization (Eagles 
et al., 1995; Kovačević et al., 1994).

Starch, above all other grain components, has the high-
est specifi c mass and it is considered that barley with higher 
hectoliter weight also is richer in starch that leads to conclu-
sion that that kind of barley will have higher extract output 
(Štefanić and Marić, 1990). However, the hectoliter weight 
is considered as less liable indicator of malting quality than 
1000 grain mass, because hectoliter weight is infl uenced by 
shape and form of grain with dependence of actions like har-
vesting, spicule removal, moist content, etc..

With breeding and selection one tries to create barley 
varieties of high grain yield, high hectoliter grain weight, 
low (malting barley) protein or high (barley for fodder) pro-
tein content and high starch content that will also be less af-
fected by environment and to variation of these attributes 
(Bertholdsson, 1999).

Material and methods 
Material and fi eld experiments 
Field trials were conducted from season of 2003/2004 to 

season of 2006/2007 in locations in Tovarnik, Nova Gradiska, 
Pozega and Osijek with 14 varieties of winter barley, of which 
10 are from Agricultural Institute Osijek (‘Sladoran’, ‘Rex’, 
‘Zlatko’, ‘Gvozd’, ‘Prometej’, ‘Barun’, ‘Trenk’, ‘Bingo’, ‘Lord’ 
and ‘Princ’). ‘Tiff any’ and ‘Vanessa’ originate from Germany, 
variety ‘Plaisant’ from France and ‘Favorit’ belongs to BC 

institute in Zagreb. Varieties ‘Lord’, ‘Princ’, ‘Favorit’ and 
‘Plaisan’t have 6-row spike form.

Every location distinguishes itself with its own type of soil. 
Selection fi eld of Agricultural Institute Osijek has brown lesive 
soil: pH (KCl) =6.25, humus =2.20 %. Location Tovarnik has 
mould soil type: pH (KCl) =7.42, humus =2.96 %. Location 
Nova Gradiska has alluvial soil type: pH (KCl) =7.63, humus 
=1.83 % and location in Pozega has pseudogley soil type: pH 
(KCl) =4.46, humus =1.80 %.

Experiment was set in three replications with two sowing 
rates (300 and 450 grains/m2). Average dimension of basic 
parcel was 7.56 m2. Sowing was done using a Hege 80 seeder 
in seven rows with 13.5 cm distance between rows.

Barley grain protein and starch content (%) was determined 
with Infratec 1241 Grain Analyzer (Foss Tecator AB, Sweden).

Data analysis
Acquired data has been analyzed with SAS 9.1 soft ware 

using procedures PROC GLM and PROC MEANS (SAS 
Institute Inc, 2007). Diff erences between varieties and envi-
ronments were tested with LSD-test and Duncaǹ s Multiple 
Range test.

Regression coeffi  cient (bi) (Finlay and Wilkinson, 1963), 
ecovalence (Wi) (Wricke, 1962) and variance of regression 
aberration (Sdi2) (Eberhart and Russell, 1969) were used to 
estimate the reaction and stability of explored parameters of 
winter barley varieties. Parameters of grain yield stability, 
protein content, starch content and hectoliter weight were 
estimated based on of 32 trials (four years, four localities, 
two sowing rates).

Based on cluster analysis (Everitt, 1980) dendrograms were 
formed to estimate and display the levels of grouping between 
varieties for grain yield, protein and starch content and hec-
toliter grain weight. Method of “Hierarchic tree clustering” 
was used to graphically point out diff erent groups (clusters) 
via dendrograms. Ward s̀ method of approach to variance 
analysis was used to estimate the distance between clusters. 
Soft ware IRRISTAT 5.0 (Irristat for Windows ©, 2005) was 
used for cluster analysis and dendrogram forming.

Weather characteristics
Climate data considering average monthly temperatures 

and total precipitation for period 2003/04 to 2006/07 in loca-
tions Osijek, Tovarnik, Nova Gradiska and Pozega, as well as 
average data (from 1981 to 2006) were aquired from Croatian 
Meteorological and Hydrological Service.

Table 1. shows average air temperatures and total pre-
cipitation during winter barley vegetation period (October-
June) by year and locations. During three vegetation seasons 
(2003/04, 2004/05 and 2005/06) the average monthly temper-
ature was lower than the multiple year average, in vegetation 
season 2006/07 air temperature was well above the multian-
nual average. Vegetation season 2006/07 was extremely dry, 
and 2003/04 extremely moist comparing to the multiple year 
average. During 2004/05 above average amount of precipita-
tion was measured in locations in Osijek and Tovarnik, while 
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in locations in Pozega and Nova Gradiska the amount of pre-
cipitation was well below multiple year average. Vegetation 
season 2005/06 was within the average values, with minor 
aberrations in diff erent localities, but only in Nova Gradiska 
the lower amount of precipitation was measured concerning 
multiple year average.

Results and discussion
Estimate with ANOVA analysis of variance shows signifi -

cant (F=***) eff ects of year, location and variety for grain yield, 
hectoliter weight, protein and starch content. Th ere was no sig-
nifi cant diff erence between sowing rates (300 and 450 grains/
m2) for grain yield, hectoliter weight, protein and starch con-
tent. Also no signifi cance in interaction of variety*sowing rate 
for all attributes was established. Signifi cant (F=**; ***) inter-
action year*sowing rate for attributes like grain yield, protein 

and starch content was established. Signifi cant (F=***) interac-
tions were shown in locality*sowing rate (L*D), year*location 
*sowing rate (Y*L*D), year*variety (Y*G), variety*location 
(G*L) and year*variety*location (Y*G*L) for grain yield, hec-
toliter weight, protein and starch content (Table 2).

Sowing rate of 450 grains/m2 achieved grain yield of 6.793 
t/ha while 300 grains/m2 gave 6.796 t/ha. Highest grain yield 
was achieved by varieties ‘Bingo’ (7.357 t/ha), ‘Barun’ (7.336 
t/ha), ‘Gvozd’ (7.281 t/ha) and ‘Zlatko’ (7.214 t/ha) (Table 3).

Th e highest hectoliter weight had varieties ‘Zlatko’ (67.76 
kg) and ‘Bingo’ (67.34 kg), and the highest starch content had 
‘Barun’ (60.89 %), ‘Zlatko’ (60.85 %), ‘Trenk’ (60.77 %) and 
‘Lord’ (60.77 %) (Table 2.). Th e highest protein content had 
varieties ‘Vanessa’ (13.06 %) and ‘Prometej’ (12.94%), and the 
lowest varieties ‘Barun’ (12.14%) and ‘Princ’ (12.29%).

Year Average air temperature, oC Total rainfall, mm 
 Osijek Pozega Nova Gradiska Tovarnik Osijek Pozega Nova Gradiska Tovarnik 
2003 11.3 11.6 11.1 11.9 516.5 562.4 612.6 477.1 
2004 11.0 11.1 10.8 11.6 865.4 898.6 898.6 848.2 
2005 10.4 10.5 10.1 10.8 973.7 754.0 797.0 868.0 
2006 11.5 11.1 10.8 12.0 632.1 697.5 788.1 619.7 
2007 12.4 12.2 11.7 12.9 620.9 678.0 828.6 766.1 
Average, 1981/2006 11.1 11.1 10.9 11.5 679.7 783.3 781.0 674.2 
The growing season Air temperatures during winter barley vegetation period 

(October-June), oC 
Precipitation during winter barley vegetation period  

(October-June), mm 
2003/04 7.8 8.1 7.7 8.6 626.1 737.8 699.8 639.2 
2004/05 7.8 8.0 7.6 8.3 622.7 453.2 544.3 573.5 
2005/06 8.0 7.7 7.5 8.3 496.1 479.6 581.7 486.8 
2006/07 10.9 10.7 10.4 11.6 336.1 355.5 470.1 371.0 
Average, 1981/2006 8.2 8.3 8.0 8.7 490.9 534.0 563.9 481.8 

Sum of squares Source of variability n-1 
Grain yield, tha-1  Hectoliter weight, kg  Protein content, % Starch content, % 

Replication 2 0.09  3.40  7.05  2.47  
Year (Y) 3 1335.32 *** 5470.06 *** 853.36 *** 319.43 *** 
Sowing rate (D) 1 0.01  1.27  0.32  1.18 * 
Y*D 9 7.25 ** 15.15  18.91 *** 9.45 *** 
Location (L) 1 944.75 *** 1783.78 *** 266.36 *** 58.16 *** 
Y*L 3 221.29 *** 1089.45 *** 458.63 *** 301.20 *** 
L*D 3 21.29 *** 40.81 ** 15.98 *** 6.43 *** 
Y*L*D 9 23.57 *** 68.56 ** 41.09 *** 7.67 *** 
Variety (G) 13 326.79 *** 8706.11 *** 91.20 *** 157.97 *** 
Y*G 39 179.40 *** 784.18 *** 58.75 *** 57.99 *** 
G*D 39 3.98  10.72  6.24  2.70  
Y*G*D 117 14.15  59.28  12.65  9.70  
G*L 13 142.25 *** 445.11 *** 60.99 *** 45.59 *** 
Y*G*L 39 238.45 *** 1272.85 *** 61.80 * 93.14 *** 
G*L*D 39 8.46  32.81  7.91  7.84  
Y*D*L*G 117 39.39  190.12  40.52  30.31  
Error 894 498.79  2111.07  381.90  258.99  
Total 1343 4005.22  22084.72  2383.66  1370.23  

F-test significance level: * P≤0,05; ** P≤0.01; *** P≤0.001 

Table 1. Long-term (1981-2006) average air temperature and total precipitation, average air temperatures and total precipitations 
in the investigated years 2003-2007, and 9-month (October-June) average air temperatures and 9-month (October-June) total 
precipitations for the period 2003-2007 in the locations of Osijek, Pozega, Nova Gradiska and Tovarnik

Table 2. ANOVA for grain yield and grain quality parameters for 14 winter barley varieties in four locations during four growing 
seasons
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All in all, every single variety had over the average high in 
grain proteins (11.5 %) that was dependent on year of produc-
tion. More favorable years for malting barley production were 
2005/06 and 2006/07 (Table 3). However, with the amount of 
grain proteins the quality is also determined by the ability 
to dissolve proteins during malting process (Narziss, 1976). 
Parameters of stability (Table 4) and achieved grain yield 
(Table 3) display to us the fact that under amiable (inten-
sive) production conditions one can expect better results in 
grain yield by varieties ‘Trenk’ and ‘Princ’ with lesser stabil-
ity and variety ‘Barun’ with higher stability. Regression coef-
fi cients (bi) show that varieties ‘Vanessa’, ‘Plaisant’, ‘Favorit’ 
and ‘Zlatko’ have better reaction towards grain yield under 
extensive production conditions, but with signifi cant dif-
ferences considering grain yield. Regression coeffi  cients for 
grain yield point out the smallest reactions in production in-
tensity changes by varieties ‘Bingo’ and ‘Gvozd’ with some 
leveling towards higher grain yield, and by variety Tiff any 
with lower grain yield. Varieties ‘Zlatko’, ‘Barun’ and ‘Lord’ 
on the ground of ecovalence (Wi) and variance of regression 
aberration (Sdi2) for hectoliter weight show the least change 
aft er environment alteration.

Becker and Leon (1988) stated that ecovalence (Wi) shows 
the level of genotype contribution to genotype*environment 
interaction. Genotype stability is greater as its ecovalence 
value (Wi) is smaller. Environment stability shown with var-
iance of regression aberration (Sdi2) tells us how great can 

one single attribute become aft er environment changes (cul-
tivation conditions) (Ferreira et al., 2006). However, while 
estimating stability with this method it can be possible that 
genotypes which have been estimated with great yield stabil-
ity can have, in fact, low grain yield. Th is method of estimat-
ing stability is useful because it can point out to some disease 
resistances or stress tolerance.

Regression coeffi  cients (bi) show to us that in case of more 
intensive cultivation conditions the protein content will be 
greatly increased with varieties ‘Vanessa’ (bi=1.26), ‘Tiff any’ 
(bi=1.28) and ‘Plaisant’ (bi=1.23), and these cognitions also 
can be useful while organizing production and fertilization 
of malting barley crops.

Varieties ‘Barun’ and ‘Zlatko’ considering ecovalence 
(Wi) and variance of regression aberration (Sdi2) show the 
highest stability of protein content, and the regression coeffi  -
cient (bi) shows that variety ‘Barun’ (bi=0.82) achieves higher 
amounts of protein under extensive cultivation conditions. 
Varieties ‘Vanessa’ and ‘Tiff any’ together with variety Rex 
show the highest instability (Wi and Sdi2 values are high) in 
protein content considering cultivation conditions. Variety 
Zlatko with results regarding ecovalence (Wi) and variance 
of regression aberration (Sdi2) had the least reaction in pro-
tein content considering cultivation conditions.

Environment conditions during plant growing period 
will infl uence some cultivars to increase starch content and 

Table 3. Means for grain yield, hectoliter weight, protein and starch content for 14 winter barley varieties in four locations during 
four growing seasons

Variety/Year/Location/Sowing rate Grain yield, tha-1 Hectoliter weight, kg Protein content, % Starch content, % 
Sladoran 6.892 cd 64.19 d 12.69 cd 60.50 d 
Rex 7.055 bc 66.55 b 12.53 de 60.71 bc 
Zlatko 7.214 ab 67.76 a 12.47 ef 60.85 ab 
Barun 7.336 a 65.73 c 12.14 g 60.89 a 
Trenk 6.847 cd 66.36 b 12.35 ef 60.77 abc 
Gvozd 7.281 a 66.24 b 12.84 bc 60.19 e 
Prometej 7.147 ab 66.50 b 12.94 ab 60.22 e 
Bingo 7.357 a 67.34 a 12.48 e 60.69 c 
Tiffany 5.561 g 62.61 f 12.83 bc 60.03 f 
Vanessa 6.198 f 62.81 f 13.06 a 60.40 d 
Plaisant 6.429 e 63.36 e 12.42 ef 60.42 d 
Lord 6.509 e 63.90 d 12.35 ef 60.77 abc 
Princ 6.796 d 59.81 g 12.29 fg 60.22 e 
Favorit 6.502 e 59.44 g 12.69 cd 59.67 g 
LSD p=95 % 0.211   0.43  0.18  0.15  
2004 6.348 c 63.49 c 13.59 a 60.35 c 
2005 5.386 d 61.73 d 13.10 b 59.81 d 
2006 7.534 b 66.98 a 11.63 d 61.18 a 
2007 7.910 a 65.69 b 11.99 c 60.47 b 
LSD p=95 % 0.113  0.23  0.10  0.08  
Osijek 8.231 a 66.30 a 12.93 a 60.41 b 
Nova Gradiška 6.351 b 64.45 b 11.81 c 60.67 a 
Pozega 6.125 c 64.41 b 12.53 b 60.13 c 
Tovarnik 6.471 b 63.15 c 13.02 a 60.59 b 
LSD p=95 % 0.113  0.23  0.10  0.08  
300 seed 6.796  64.50  12.56  60.48 a 
450 seed 6.793  64.44  12.59  60.42 b 
LSD p=95 % ns  ns  ns  0.05  
Average 6.795   64.47  12.58  60.45  

“a...d” - Duncan’s Multiple Range Test at P≤0,05 
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signifi cant reaction, considering regression coeffi  cient, will 
be shown by varieties ‘Zlatko’ (bi=1.23), ‘Vanessa’ (bi=1.15), 
‘Tiff any’ (bi=1.13), ‘Sladora’ (bi=1.14) and ‘Barun’ (bi=1.10). 
Instability towards starch content attribute considering envi-
ronment conditions is shown by varieties ‘Sladoran’ (Wi=10.51, 
Sdi2=0.57), ‘Tiff any’ (Wi=11.80, Sdi2=0.64) and ‘Favorit’ 
(Wi=8.50, Sdi2=0.46).

Classifi cation methods are characterized with irregular-
ities between data so some of the similar entities are being 
grouped into clusters. Cluster and discriminant analysis also 
belong within this group of methods, which are very useful to 
compress and sort data. Cluster analysis is a technique which 
is being used to group diff erent variables or samples so that 
these, dependent on measured characteristics, are spread to 
maximum longitude between groups. Th is analysis is diff er-
ent to other methods of classifi cation because the number 
and characteristics of diff erent groups are not familiar before 
analysis itself, instead they become extrapolated directly from 
data available (Brown, 1998).

Variety groups are structured by hierarchy, and the proc-
ess of structuring starts with grouping on the highest level of 
clustering (grouping), and then grouping goes down towards 
lower levels. Groups realized in these explorations display 
some level of similarities when varieties respond under dif-
ferent cultivation conditions. Appliance of cluster analysis 
in breeding process is very useful because it reveals groups 
of varieties with similar reactions to environment. Parallel 
analysis based on homogenous groups points out similari-
ties that may be useful while recommending new varieties, 
because it is possible to determine similarities and also di-
vergence from standardized and confi rmed varieties, and in 
addition it is possible to assume reactions of these new vari-
eties to production and cultivation conditions.

One can see fi ve groups of varieties on cluster dendro-
gram for grain yield trait on the highest level of cluster-
ing (Figure 1), with variety Princ that has no tendency to 
group at all. Varieties ‘Barun’, ‘Zlatko’ and ‘Rex’ make the 

fi rst group; ‘Prometej’ and ‘Gvozd’ make the second, where 
‘Bingo’ and ‘Sladoran’ join these two on the same level of 
grouping. ‘Tiff any’ and ‘Vanessa’ make one special group, 
and also show the same trend of grouping on the highest 
level considering all of the examined attributes (Figure 1-4). 
Cluster dendrogram (Figure 2) on the fi rst level of grouping 
for protein content shows varieties in fi ve groups. Th e fi rst 
one consists of ‘Plaisant’ and ‘Lord’ (both 6-row spike type). 
Th e second one is compiled with ‘Barun’ and ‘Princ’, and the 
third with ‘Zlatko’ and ‘Bingo’. ‘Favorit’, ‘Rex’ and ‘Trenk’ 
make one group on this level. Varieties ‘Sladoran’, ‘Gvozd’ 
and ‘Prometej’ make one distinct group. Varieties ‘Plaisant’ 
and ‘Lord’ make one group considering grain yield, but they 
also form one single group determined by traits like protein 
content and hectoliter mass of grain.

‘Trenk’ (2-row type) and ‘Favorit (6-row type) make one 
separate group regarding grain yield and they also show con-
nection considering protein content. However, variety Favorit 
especially shows specifi c reaction considering starch content 
trait but shows no linkage or grouping towards other groups 
of barley varieties or cultivars for that matter.

Th e highest level dendrograms (Figure 1-4) point out that 
grouping process of varieties ‘Sladoran’ (2-row) and ‘Princ’ 
(6-row) is being done with diff erent varieties dependent on 
examined trait. Grain yield dendrogram, on lower grouping 
level, shows two large variety groups that can be characterized 
on basis of spike formation (either 2-rowed or 6-rowed), veg-
etation duration, plant height, lodging resistance and genetic 
ancestry of varieties examined (Lalić et al., 2003). It has been 
proven through various explorations that genotypes of later 
spike forming, with longer vegetation duration (like ‘Tiff any’, 
‘Vanessa’ and ‘Favorit’) achieve signifi cantly lower grain yield 
(Table 3, Figure 1-4) considering varieties that ripe early (like 
‘Bingo’, ‘Barun’, ‘Prometej’, ‘Gvozd’ and ‘Zlatko’). Diff erence 
between varieties that form spikes early and those which form 
spikes later is from six to twelve days, dependent on year and 
variety (Lalić et al., 2003; Lalić et al., 2006). Reaction of va-

Table 4. Stability parameters for grain yield, hectoliter weight, protein and starch content for 14 winter barley varieties in four 
locations during four growing seasons

Grain yield Protein content Hectoliter weight Starch content Variety 
bi Wi Sdi

2 bi Wi Sdi
2 bi Wi Sdi

2 bi Wi Sdi
2 

Sladoran  0.96 11.85 0.65 0.90 3.31 0.16 0.96 34.18 1.88 1.14 10.51 0.57 
Rex  1.02 4.47 0.25 0.98 6.09 0.34 0.93 37.62 2.04 1.07 4.09 0.22 
Zlatko  0.91 4.72 0.23 0.97 2.08 0.11 1.00 25.27 1.40 1.23 3.98 0.17 
Barun  1.14 7.69 0.36 0.82 2.34 0.06 1.03 15.29 0.84 1.10 2.68 0.14 
Trenk  1.11 9.75 0.50 0.90 3.18 0.16 1.00 53.05 2.95 1.08 3.11 0.17 
Gvozd  0.99 7.53 0.42 0.94 3.26 0.17 0.94 25.53 1.38 0.90 3.00 0.16 
Prometej  0.96 9.27 0.51 0.93 1.95 0.10 0.83 32.64 1.48 0.90 1.84 0.09 
Bingo 1.02 9.88 0.55 0.80 3.57 0.11 0.84 14.95 0.54 0.89 3.10 0.16 
Tiffany  1.03 38.49 2.13 1.28 9.06 0.34 1.34 126.57 5.73 1.13 11.80 0.64 
Vanessa  0.88 6.55 0.31 1.26 7.87 0.29 1.13 73.01 3.86 1.15 3.51 0.18 
Plaisant  0.86 7.31 0.34 1.23 6.35 0.24 0.97 16.90 0.93 0.91 3.21 0.17 
Lord  1.00 7.81 0.43 1.12 5.03 0.25 1.15 20.54 0.89 1.03 3.22 0.18 
Princ  1.21 11.63 0.50 0.80 4.70 0.17 1.07 72.89 9.55 0.58 4.96 0.11 
Favorit  0.91 16.41 0.88 1.07 4.10 0.22 0.79 74.92 3.67 0.91 8.50 0.46 
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rieties that ripen later is connected with interaction of spike 
forming date and grain fi lling period length, together with 
dry production conditions (drought stress), which are usual in 
the Republic of Croatia and Southeastern Europe. Shaktah et 
al. (2001) confi rmed that length of grain fi lling period under 
conditions of adequate moisture has positive eff ect towards 
grain yield and quality, but under drought genotypes with 
longer vegetation achieve signifi cantly lower grain yield.

When selecting for the best variety for production in spe-
cifi c area it is imperative to explore varieties under diff erent 
production conditions, diff erent locations, sowing rates and 
years as well (Lalić et al., 2003). Th is selection strategy impos-
es itself in “sustainable agriculture” to maximize usefulness 
potential of diff erent sub-regions with appropriate genotype. 
Conducted research shows diff erences regarding adaptabil-
ity and expression of varieties towards cultivation conditions 
(location and year), diff erent reactions to abiotic and biotic 
stress factors, and also points out superior varieties cultivated 
under conditions in Republic of Croatia.

Conclusion
Signifi cant eff ects of factors: year, locality and variety 

for traits as grain yield, hectoliter grain weight, protein and 
starch content have been estimated with analysis of vari-

ance. Clear affi  rmation of no signifi cant diff erence for grain 
yield, hectoliter grain weight and protein content consider-
ing sowing rate between 300 and 450 grains/m2 has been 
confi rmed. Also, there was no signifi cant interaction of 
variety*sowing rate for all researched parameters. Signifi cant 
interactions location*sowing rate (L*D), year*location*sowing 
rate (Y*L*D), year*variety (Y*G), variety*locytion (G*L) and 
year*variety*location (Y*G*L) have been estimated for grain 
yield, hectoliter grain weight, protein and starch content. 
Signifi cant interaction year*sowing rate (Y*D) has been de-
termined for grain yield, protein and starch content. 

Estimated stability parameters and achieved grain yield 
point out the fact that under more intensive production con-
ditions one can expect better results with varieties Trenk and 
Princ together with lower stability, and with variety Barun 
but with increased stability. Stability parameters also indi-
cate that varieties ‘Vanessa’, ‘Plaisant’, ‘Favorit’ and ‘Zlatko’ 
have fair reaction to extensive production conditions in traits 
regarding grain yield, but with various oscillations in grain 
yield achieved. 

Cluster analysis on highest grouping level for grain yield 
shows fi ve variety groups, with variety Princ that has no ten-
dency to group at all. Varieties Barun, Zlatko and Rex make 
the fi rst group on the highest grouping level; Prometej and 

Figure 2. Cluster dendogram varieties for protein content

Figure 3. Cluster dendogram varieties for hectolitre weight

Figure 4. Cluster dendogram varieties for starch content

Figure 1. Cluster dendogram varieties for grain yield
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Gvozd make the second where Bingo and Sladoran join these 
two on the same level of grouping. Tiff any and Vanessa make 
one special group that is pretty detached from others, and 
this group is well connected with another group consisted of 
‘Favorit’ and ‘Trenk’, and ‘Plaisant’ and ‘Lord’. 
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