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ABSTRACT 
 

In any crop improvement program the presence of genetic divergence and studying the association of phenotypic traits is 

important for hybridization and indirect selection. A trial was executed using twenty durum wheat genotypes with the objective 

of studying trait association and the genetic divergence in durum wheat genotypes using different multivariate methods. The 

experiment was replicated four times and laid out in a complete randomized block design. The durum wheat genotypes 

were evaluated for days to heading, days to maturity, plant height, spike length, number of seeds per spike, thousand 
seed weight and grain yield. The inter cluster distance of the twenty durum wheat genotypes range from 0.57536 in 

cluster one to 212.02335 in cluster four. The maximum inter cluster distance was between cluster two and cluster four 

which was 212.0233. The clustering analysis classified the twenty durum wheat genotypes in to four distinct clusters 

and the first cluster accommodates 15 durum genotypes including the two release genotypes. The second cluster consists 

of three durum wheat genotypes. The third and fourth clusters similarly contained each one durum wheat genotype. All 

the traits had a wide range of agro-morphological variation except spike length. The seven traits were explained by the 

four factors capturing 85% of the variability in the data set. The first factor explained 30.89% of the variability and the 

traits maturity date and heading date was with higher positive coefficient greater than 0.5 and Eigen value 2.16. The 

second  factor explained 22.46% variance in the data set with Eigen value1.57 and plant height ,grain yield  and thousand  

seed weight where related in this factor and indirect selection using plant height and thousand seed weight could be 

effective in selecting for  higher yielder durum wheat genotype. 
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INTRODUCTION 

 

Bread wheat (Triticum aestivum L) and durum wheat 

(T. turgidum L) are the two principal types of wheat grown 

in Ethiopia. Ethiopia is consider to be one of the centers of 

genetic diversity to durum wheat while bread wheat has 

been introduced recently (Tesfaye, 1987). Wheat is grown 

in the highlands of Ethiopia at altitudinal range of 1500–

3200 m.a.s.l. However, the most suitable area falls from 

1900 to 2700 m.a.s.l. where the annual rainfall range is 

between 600 and 2000mm (Hailu, 1991). 
Ethiopia, with its range of altitudes, soils and climatic 

conditions provide ecological settings suitable for the 

cultivation of diverse species of wheat. In Ethiopia durum 

and bread wheat species each occupy approximately equal 

proportion of the area under wheat production. However, 

change in the relative proportions of wheat types grown in 

Ethiopia has been reported more recently, with durum and 

bread wheat occupying approximately 30% and 70%, 

respectively (CSA,2010). 

Durum wheat breeding have been undertaking in the 

country and selection of early generation in the target 

environment is an important for preventing  genotype by 

environment interaction and increase selection efficiency. 

Selection based on morpho-physiological traits is an 

alternative to conventional yield based selection and this 

could be less interference of genotype by environment 

interaction and being lower heritability of grain yield 

(Annicchiarico and Pecetti, 1998) 
Variation is the occurrence of differences among 

individuals due to differences in their genetic composition 

and/or the environment in which they are raised. If the 

character expression of two individuals could be measured 

in an environment exactly identical for both, differences in 

expression would result from genetic control and hence  

Such  variation  is  called  genetic  variation  (Welsh,  1990). 
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Knowledge on the extent of genetic divergence and genetic 

relationships among genotypes is a prerequisite for 

successful breeding programme. For breeding and 

selecting desirable traits a good understanding of the 

pattern and extent of genetic divergence is important 

(Maniee et al., 2009). 

The use of multivariate analysis methods is important 

to reduce the dimensionality of the data set. Using factor 

analysis (Siahbidi et al., 2012) studied 14 traits of durum 

wheat and reduced into five factors Zarei et al. (2013) 

studied 14 traits of durum wheat and explained by four 

factors Olgun et al. (2011) studied and 11 bread wheat traits 

and come up with three factors explaining  the data set. 

Studies in Ethiopian durum wheat landraces in general and 

specificity collection from Tigray wider genetic variability 

has been reported (Hailu et al., 2006). Hence, the objective 

of this research is to assess the trait association and genetic 

divergence of durum wheat genotypes from the national 

breeding program under Tigray condition using different 

multivariate analysis methods. 

 

MATERIALS AND METHODS 

 

The present research was carried out in Ofla district, 

Tigray, Ethiopia, located at 12o31’N latitude and 39o33’E 

longitude. Twenty durum wheat genotypes (Table 1) were 

evaluated during 2014. The trial was laid in randomized 

complete block design with four replications.  A plot 

consisting of six rows of 2.5 meter long with spacing of 0.2 

meter between rows was used. A seed rate of 150kg ha-1 

and fertilizer rates of 62 and 46kg ha-1 N and P2O5 were 

applied respectively. 
 

Data collected  

Days to heading (DH): number of days from planting to 

the date on which 50% of plants on the four middle rows of 

the plant set heads 

Days to maturity (DM): Number of days from planting to 

the stage when 75% of plants have reached maturity. 

Thousand kernel weight (TKW): Weight of the 1000 

sample seed in gram per plot taken at random. 

Plant height (PH): is a distance in centimeter from the 

ground surface to the tip of the spike excluding the awns of 

randomly taken plants in the plot by measuring. 

Spike lengths (SL): spike length of main tiller of each 

plant from base to tip excluding the awns was measured in 

centimeter  

Kernel numbers per spike (KNPS): was recorded by 

counting the number of kernel produced on the main tiller 

of each plant. 

Grain yield (GY): was obtained by weighting the four 

middle rows adjusted at 12% moisture content. 

 

Statistical analysis 

The genetic distance between clusters were 
determined using the Mahalanobis D2 statistics using the 
SAS 9.2 (SAS, 2008). Clustering analysis was done using 
the ward method and the number of clusters was 
determined by looking the criteria (CCC), pseudo (PSF) 
and Pseudo (PST2) statistics. The Dendrogram was plotted 
using mintab 16 statically software. Factor analysis was 
done using the SPSS software 16. The principal component 
method were used and data extraction method Eigen value 
greater than 1 was accommodated in the analysis. Varimax 
rotation was done on the data set for changing the 
geometric space of variables and helps to maximizing 
loading of variables on particular factor. 
 
Table 1: Durum wheat genotypes used in the study  

Entry code   name of genotype  

1 34thIDONMD/89/off2011 
2 IDON-2009_off/222/2009 
3 DSP2009_off.F3.2H.291_meh.1H.158 
4 DSP2009_off.F4.2H.695_meh.2H.245 
5 CD11_Y10BEK SEL/25/off2011 
6 CD11_Y10BIR SEL/97/off2011 
7 CD10_MCDZ-off 
8 CDS10MSELT-DZmeh81/2010 
9 CD11_Y10BEK SEL/115/off2011 
10 DSP2009_off.F4.2H.976_meh.3H.291 
11 CD11_Y10 BIR SEL/197/off2011 
12 CD11_Y10 BIR SEL/95/off2011 
13 CD11_Y10 BIR SEL/98/off2011 
14 CDS10MS ELT-DZmeh61/2010 
15 34thIDONMD/110/off2011 
16 DSP2009_off.F4.1H.429 
17 34thIDONMD/111/off2011 
18 Mukiye 
19 Hitosa 
20 local 

 
RESULTS AND DISCUSSION 

 

Trait variation in Durum wheat genotypes  

The evaluated durum wheat genotypes had a wide 
range of agro-morphological variation in all traits studied 
except for spike length (Table 2). Higher trait variability 
was observed in thousand seed weight (54.8±5.74), days to 
maturity (110.7±5.63), plant height (78±5.5), number of 
seeds per spike (35.4±5.34) and yield (37.88±4.56). Using 
descriptive statistics trait variability was assessed by Zarkti 
et al. (2012) in bread wheat genotypes. 
 
Screen plot  

It helps in determining the those factors  explain most 
of the variability in the data set and accomplished by 
observation of the  bending point of the elbow and  Eigen 
value greater than 1 (Figure 1) and  the elbow fall down in 
factor four and the four factors adequately represent the 
variability in the data set. 

 

Table 2: Descriptive statistics for the seven durum wheat traits  

Variable Observations Minimum Maximum Mean Std. deviation 

Days to heading  20 62.500 74.000 67.325 3.839 
Days to maturity  20 90.750 110.750 99.475 5.635 

Plant height  20 68.700 90.250 78.020 5.519 
 Spike length 20 4.850 6.300 5.365 0.418 
 Thousand seed weight  20 43.900 70.050 54.830 5.741 
Seed per spike  20 21.100 47.700 35.445 5.348 
Yield 20 29.675 47.005 37.888 4.567 
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Fig. 1: Screen plot of Eigen value, number of factors and 
cumulative variance of 20 bread wheat genotypes. 
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Fig. 2: Dendrogram of 20 durum wheat genotypes used in the 
study Cluster mean value of the 20 durum wheat genotypes. 
 

Table 3: Factor analysis by principle components using varimax 
rotation of 20 durum wheat genotypes  

Variables  Factor 
1 

Factor 
2 

Factor 
3 

Factor 
4 

Days to heading  .873 -.143 .356 .072 
Days to maturity  .931 .059 -.158 .037 
Plant height  -.371 .798 -.084 -.019 
 Spike length .036 .066 .965 -.038 
 Thousand seed weight  .169 .493 -.070 -.710 
Seed per spike  .213 .266 -.077 .827 
Yield .364 .734 .385 .124 
% of variance  30.89 22.46 16.53 15.1 
Eigen value 2.16 1.57 1.15 1.06 
Cumulative  30.89 53.35 69.88 85 

 
Table 4: Intra-cluster and inter-cluster distance D2 values among 
the four clusters. 

 1 2 3 4 

1 0.57536 24.9100 64.29246 135.57953 
2  3.79424 83.58374 212.02335 
3   5.99146 95.52302 
4    5.99146 

 

Factor analysis  

Factor analysis it is correlation method identifying 
character association between and among characters to 
bind them into underlying factor (Breseghello and Sorrells, 
2006). The four factor explained 85% of variability in the 
data set. The first factor explained 30.89% of the variability 
and the traits days to maturity and days to heading was with 
higher positive coefficient greater than 0.5 and this factor 

is related to growth stage. The second factor explained 
22.46% variance in the data set and plant height ,grain yield  
and thousand  seed weight where related in this factor and 
indirect selection using plant height and thousand seed 
weight could be effective in selecting of higher yielder 
durum wheat genotypes. The third factor explained 
additional 16.5% and spike length was with higher positive 
coefficient. The fourth factor captured further 15.1% 
variance in the data set and seed per speak related to this 
factor (Table 3). 

 

Intra-and inter-cluster D2 analysis  

Durum wheat genotypes clustered in the same group 

(intra-cluster) given as the diagonal numbers and 

genotypes grouped in different cluster (inter-clusters) was 

given in (Table 4). The inter cluster distance of the twenty 

durum wheat genotypes range from 0.57536 in cluster one 

to 212.02335 in cluster four. The maximum inter cluster 

distance was between cluster two and cluster four which is 

212.02335 implying the existence of genetic variability and 

the distinct nature of the durum wheat genotypes. Hence, 

hybridization between such genotypes having  wider 
genetic background could result in obtaining better 

heterosis and segregant recombinants for enhancing yield 

and yield related traits in any crop improvement program 

(Sharma et al., 2013; Tsegaye et al., 2012; and Maniee et 

al., 2009). Cluster one and cluster four were the second 

divergent 135.57953. The lowest inter cluster distance was 

obtained between cluster one and two which is 24.9100 

(Table 4). The durum wheat genotypes in cluster one had 

lower intra cluster distance 0.57536. The intra cluster 

distance of cluster two; three and four were 3.79424 and 

5.99146 respectively.  
 

Cluster analysis  

Cluster analysis revealed presence of four major 

clusters (Fig 2) and this implying the presence of diversity 

in the durum wheat genotypes and the tendency of 

obtaining promising parental material for crossing and for 

direct consumption using the mean value is also possible 

(Verma et al., 2013). The first cluster accommodates 15 

durum genotypes including the two released genotypes 

(Table 5).The second cluster consists of three durum wheat 

genotypes. The third and fourth clusters similarly contained 
each one durum wheat genotype (Table 5). The clustering 

pattern of the durum wheat genotypes there were no 

association between the genetic divergence and the 

geographic location. The local check was identified 

divergent located in the fourth cluster and this could be the 

adaptation nature of the genotype to the growing 

environment similar research was report by Tsegaye et al., 

2012. Divergence of genotypes are genetically related 

where as diverse cultivars are classified in to different 

clusters. 

The divergent cluster four was mainly characterized for 

its low yield, lower number of spike per plant and shorter 
spike length. Cluster three with only one durum wheat 

genotype having higher grain yield, higher number of seed 

per speak, longer days to maturity, longer days to heading 

date and longer spike length. Cluster two was characterized 

by higher plant height and higher thousand seed weight. The 

first cluster with 15 durum wheat genotypes were mainly 

with low  thousand weight  and yield.
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Table 5: Composition of the clusters of durum wheat genotypes 

 Name of the genotype  

Cluster 1 34thIDONMD/89/off201,CDS10MSELT-
DZmeh81/2010,DSP2009_off.F3.2H.291_meh.1H.158,DSP2009_off.F4.1H.429,DSP2009_off.F4.2H.976_meh.3H.2
91,IDON-2009_off/222/2009,CD11_Y10BEK SEL/115/off2011,CDS10MS,ELT-DZmeh61/2010,CD11_Y10 BIR 
SEL/95/off2011,CD11_Y10BIRSEL/98/off2011,DSP2009_off.F4.2H.695_meh.2H.245,34thIDONMD/110/off2011, 
Mukiye,34thIDONMD/111/off2011 and  Hitosa 

Cluster 2  CD11_Y10BEK SEL/25/off2011, CD11_Y10BIR SEL/97/off2011, CD11_Y10 BIR SEL/197/off2011 

Cluster 3 CD10_MCDZ-off 
Cluster 4 Local check  

 
Table 6: Mean values of seven traits of 20 durum wheat in four 
clusters 

Variable Cluster1 Cluster2 Cluster3 Cluster4 

HD 66.5938 64.5000 73.083 69.167 
MD 96.8125 97.3333 108.250 102.083 

PHT 73.9250 84.2500 79.067 75.433 
spl 5.3844 5.3042 5.458 5.342 
TKW 51.5375 58.9667 55.767 54.400 
seed 37.6875 34.2833 40.400 26.833 
Yield 36.2989 39.3602 42.802 34.270 
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