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Genetic diversity is worthwhile for durum wheat breeding and consequently results in production of
more efficient varieties under different conditions. Cluster analysis based on Euclidean distances was
carried out with 21 durum wheat genotypes to assess the genetic diversity for agronomic and quality
traits. The Unweighted Pair Group Average using Arithmetic Mean as linkage rule was used for the
analysis of the distances between clusters. The genotypes were evaluated for 23 agronomic and quality
traits and expressed ample genetic variability. The cluster analysis clutches 21 durum wheat genotypes
into 3 main distinct clusters which imply the presence of substantial genetic diversity among the tested
genotypes. The highest and lowest genetic distance was observed between local cultivar Var21l and
advanced breeding line Var8 (12.5) and advanced breeding lines Varl4 and Varl5 (0.33) genotypes,
respectively. From cluster mean values, genotypes in cluster 3 revealed wider genetic variations for both
intra and inter cluster genetic dissimilarities and can be utilized for direct use as parents in hybridization
programs to develop high yielding durum wheat varieties. Genotypes in cluster 3 have also showed
genetic variation for quality traits and may be used for enhancement of protein and gluten contents and
other desirable traits other than grain yield. It was also renowned that disparity of genotypes into
different clusters was because of the small contribution and cumulative effect of a number of traits. The
facts obtained from this finding can be exhaustively used to design crosses and boost the use of genetic
diversity and manifestation of heterosis.
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INTRODUCTION

Wheat mutually both the tetraploid (Triticum durum L.) cereal crops in Ethiopia, even though bread wheat is
and hexaploid (Triticum aestivum L.) are the high ranking predominant. Most of the durum wheat varieties, grown in
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Ethiopia are landraces consisting of a large number of
different genetic lines. Ethiopia was believed as the
centre of origin for tetraploid wheat, however, the
absenteeism of ancestral forms and wild relatives
preclude Ethiopia as the centre of origin of cultivated
durum wheat (Gashew et al., 2007). The high protein
content and specific gluten properties make durum good
for special uses. The most important use of durum wheat
grain is for making semolina for use in pasta products. In
North Africa, and particularly in Tunisia, durum is favored
for the production of couscous and “burgul”, in addition to
macaroni. Traditional breads are also made out of durum
flour (Nefzaoui et al., 2014).

Analysis of genetic diversity assembly by family in
durum wheat is an important constituent of its
improvement programs as it assists to provide
information about genetic diversity and is a benchmark
for stratified classification of breeding populations
(Mohammadi and Prasanna, 2003). Genetic diversity of
durum wheat corroborates its potential for improved
efficiency and hence its use for breeding, which sooner or
later may result in enhanced food production. Plant
uniformity, which can be resulted by the use of modern
plant breeding techniques, can vyield plants, which are
more effectual and enhanced resistance under different
stresses (Khodadadi et al., 2011). A need to advance
durum wheat varieties with a diverse genetic background
and to integrate novel variability into the existing durum
wheat gene pool is based on their genetic diversity
studies. The study of diversity among numerous traits is
practical to plant breeders in deciding genotypes which
possess groups of desired traits. Morphological
characters and molecular markers of wheat can be useful
for breeders to plan for convincing traits in diverse
varieties of wheat that can be utilized in imminent
breeding programs (Arora et al., 2014).

Estimation of genetic distance is one of the applicable
tools for parental selection in durum wheat for genetic
recombination for potential yield increase. One of the
important approaches to wheat breeding is hybridization
and subsequent selection. Parents’ choice is the doorway
in plant breeding program through  genetic
reconsolidation. In order to benefit from transgressive
segregation, genetic divergence between parents is
compulsory (Ahmad et al.,, 2014; Zamanianfard et al.,
2015). The higher genetic distances between parents, the
higher heterosis in progeny can be observed. Some
methods like cluster analysis, principal component
analysis and factor analysis for genetic diversity
identification, parental selection, tracing the pathway to
evolution of crops, centre of origin and diversity, and
study interaction between the environment are currently
available (Das et al., 2014). The cluster analysis is a
suitable method for defining family relationships that is to
deciding the extent of genetic affinity or distance of
genotypes from each other (Mishra et al., 2015; Kumar et
al., 2014). Various algorithms have been used in studying

genetic diversity in cluster analysis. From the algorithms,
Un-weighted Pair-Group Average using Arithmetic Mean
(UPGMA), Ward’s, SLINK, and CLINK, applied for cluster
analysis and exploring genetic diversity for grouping of
plant materials in the past, UPGMA and Ward’s methods
are the most popular approaches (Khodadadi et al.,
2011).

Un-weighted Pair-Group Average using Arithmetic
Mean (UPGMA) is the most valid statistical amalgamation
rule in obedience with the connection of family based on
their genetic relationship. Euclidean distance can
theoretically estimate the genetic distance between
parents to maximize the transgressive segregation
because it measures the actual geometric distance
between genotypes in the space (Hoque and Rahman,
2006). Euclidean or strait line measure of distance is the
most commonly used for estimating genetic distance and
tree clustering method between individual genotypes or
populations by morphological data. Hence, in this
investigation, improved, advanced breeding lines as well
as local genotypes were used. An effort was made to
generate information on ancestral relationships and their
implication in selection of better genotypes of wheat for
the development or improvement of cultivars and
germplasm as well. The objectives of the experiment is to
assess genetic relationship through their ancestors
between Ethiopian durum wheat genotypes by using
cluster analysis and characterize the genetic diversity of
Ethiopian durum wheat genotypes using morphological
traits and provide an insight to genetic diversity.

MATERIALS AND METHODS

The plant material comprised of 13 advanced durum wheat
breeding lines from CIMMYT Ethiopia, 4 released varieties from
Sinana Agricultural Research Centre, 3 released varieties from
Debre Zeit Agricultural Research Centre and one local variety
(Table 1) were evaluated at Hera Liphitu on-farm research site of
Yabello Pastoral and Dryland Agriculture Research Centre
(YPDARC) during 2014 main cropping season. The experimental
site is located at 05°84’281"N latitude and 038°25990" E longitude
and at an altitude of 2310 m.a.s.l. The annual rainfall is 750 mm
and average annual minimum temperature is 8°C and the annual
maximum temperature is 25°C. The experiment was arranged in
Randomized Complete Block Design (RCBD) with three
replications. The experimental plots consisted of six rows of 2.5 m
length and 20 cm row space. The central four rows were harvested
to estimate grain yield (3 m?).

Observation on 23 agronomic and quality traits viz., days to
heading, days to maturity, grain filling period, thousand kernels
weight, grain yield per hectare, biological yield per plot, harvest
index, plant height, effective tillers m, kernels spike'l, spikelets
spike'l, peduncle length, spike length, ash content, vitresneous,
sodium dodecyl sulfate sedimentation test, protein content, gluten
content, zeleny index, gluten index, wet gluten content, dry gluten
content and test weight were subjected to software for cluster
analysis.

Clustering was made using the hierarchical cluster analysis.
Euclidean distance was used to compute a matrix of distances
(cluster distance measure) and the clustering (joining tree) between
genotypes method was unweighted pair group average (UPGMA)
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Table 1. Description of durum wheat genotypes included in the study.

Genotypes Year of release Pedigree/Origin

Varl 2009 CHEN/ALTAR-84/DZARC

Var2 2009 AJAIA/ BUASHEN/DZARC

Var3 2012 STJ3 //IBCR /LKS4/3/TER-3/ DZARC

Var4d 2006 ALTAR 84 ALTO-1/AJAYA/SARC

Varb 2009 CD94523/ SARC

Var6 2012 CHEN/TE3/BUSHEN4/3/AC089CDSS92B1Z20Z/ SARC
Var7 2010 4/B/R9096#21001(980SN Patho)/SARC

Var8 Elite line CD10MS74 ELT-DZ/ HEN/2/CIMMYT Ethiopia

Var9 Elite line CD10MS ELT-DZ (693)/ REH/HARE/ CIMMYT Ethiopia
Varl0 Elite line CD10MS ELT-DZz//57*AES/ CIMMYT Ethiopia

Varll Elite line 42 IDSN// CRA/177*/4/AJA! CIMMYT Ethiopia

Varl2 Elite line CD10MS ELT-DZ/[73*BUSH/ CIMMYT Ethiopia

Varl3 Elite line CD10MS ELT-DZ/730ME/ CIMMYT Ethiopia

Varl4 Elite line CD10MS ELT-DZ150/ AC1147//B1Z1236/ CIMMYT Ethiopia
Varl5 Elite line 42IDSN170/ CIMMYT Ethiopia

Varl6 Elite line CD10-MCDZ-off/168#TE123547/ CIMMYT Ethiopia
Varl7 Elite line CD10MS ELT-DZ273//ATR4899/ CIMMYT Ethiopia
Varl8 Elite line 42IDYN82/ CIMMYT Ethiopia

Varl9 Elite line CD10MS ELT-DZ496/TAR4566/ CIMMYT Ethiopia
Var20 Elite line CD10MS-DDP-DZ//ATO115/AJAYA1456/ CIMMYT Ethiopia
Var2l NA NA

DZARC=Debre Zeit Agricultural Research Center, SARC=Sinana Agricultural Research Center, CIMMYT=Centro
Internacional de Mejoramiento de Maiz y Trigo, Varl-Var2l=genotypes of durum wheat used for the study and NA= not

available.

using arithmetic mean. The distances (D?) for each pair of genotype
combinations were computed using the following formula:

D%= (Xi—Xj)'S™ (Xi-Xj), where: D?j= the square distance between
any two %enotypes i and j, Xi and Xj=the vectors for the values for
i" and " genotypes, and S™*= the inverse of pooled variance
covariance matrix. Average intra and inter-cluster D? values were
estimated using the formula:

D% 2 . . .
ZT’ where Y. D i is the sum of distances between all possible

combinations (n) of durum wheat genotypes included. Significance
of the squared distances was tested against the tabulated D? values
at P degree of freedom at 5% probability level, where P represents
the number of traits used for clustering genotypes. Cluster analysis
was carried out by using the STATISTICA version 12 software.

RESULT AND DISCUSSION
Cluster mean analysis

The analysis of genetic diversity through the cluster
analysis has been shown in Figure 1. The Dendrogram
was generated to examine the relationships among 21
durum wheat genotypes based on Euclidean distances. It
was constructed on the basis of 23 agronomic and quality
traits and divided the genotypes into three main groups

by incision the Dendrogram at 8 units’ distance. Allotment
pattern of all the genotypes into a range of various
clusters showed the existence of large enough genetic
divergence among the genotypes for the traits studied.
This study illustrated the diversity of durum wheat among
advanced breeding lines, released varieties and local
cultivar and offered opportunities for using these
genotypes for their desired traits in durum wheat
breeding program to develop varieties for different agro-
ecologies in Ethiopia (Singh et al., 2014; Zewdie et al.,
2014). Similar genetic divergent studies by cluster
analysis are reported by different authors Ali et al. (2008),
Salem et al. (2008), Das et al. (2014) and Savii and
Nadeala (2012).

Cluster | comprised of one genotype Varl that is a
recently released variety in 2009 from Debre Zeit
Agricultural Research Centre and characterized by early
maturity, low thousand kernels weight and grain yield,
medium protein and gluten content, high vitresneous,
medium zeleny index, strong gluten index and medium
test weight. The clustering of this genotype alone might
occurred due to selection differential, genetic drift under
diverse environmental conditions and further more
genetic divergence due to its ancestors might be the
major factor contributing to the disparity as reported by
Verma et al. (2014).
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Figure 1. Dendrogram depicting genetic relationships among 21 durum wheat genotypes based on 23 agronomic

and quality traits.

Cluster Il was exceedingly diverse and encompasses
about 90.5% (19) studied genotypes, Var2, Varl9, Var20,
Var7, Var5, Varll, Varl2, Varl4, Varl5, Varl3, Varlo,
Varl7, Varl5, Var8, Var3, Varl6, Var9, Var6 and Var4.
Six genotypes Var2, Var3, Var4, Var5, Var6 and Var7 are
recently released varieties from Sinana and Debre Zeit
Agricultural Research Centre and the rest are advanced
genotypes of durum wheat from CIMMYT Ethiopia. In
general, genotypes of this cluster are characterized from
early maturing to late maturing, lowest to highest
thousand kernels weight and grain yield, low to high
gluten and protein content.

In cluster 1l, Varl6 is an advanced off-season breeding
line from CIMMYT Ethiopia and the highest of all in
thousand kernels weight and grain yield. This genotype
also was characterized by medium protein and gluten
content from durum wheat quality aspect. The
CIMMYT/Ethiopia genotypes grouped together in cluster
Il may be due to not being intensively used for durum
wheat improvement in Ethiopia and were distinct in the
cluster analysis. This result suggested that there was

partial relationship between the pedigrees/-origin and
their divergence on the basis of all agronomic and quality
traits studied. Kumar et al. (2014) also reported similar
result of genetic divergent in wheat via cluster analysis.

Cluster Ill comprised only one genotype Var21, local
cultivar, had intermediate characteristics from both
agronomic and durum wheat quality traits. There is no
clear reason why genotypes Varl and Var2l appear to
be rather isolated in different clusters, although Var21 is
the local cultivar from the area. Within the advanced
genotypes  clustered together, there was a
correspondence genetic distances. This suggested that
germplasm collected from the same origin were not
necessarily closely related and different regions did not
essentially have different genetic background.

In the present study, cluster Il was more divergent,
such circumstances could be due to the difference in
genetic diversity in the base population of the germplasm,
being spread in the country. This suggests that
germplasm collected from the same region might have
different genetic background. Similar findings were
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traits.
Genotypes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 56 958 88 68 92 68 114 124 526 90 848 739 827 803 906 79 78 65 79 109
2 799 57 59 79 53 82 100 499 65 633 548 6.04 592 762 58 67 36 53 105
3 83 83 82 86 96 73 721 66 58 612 612 599 648 59 62 84 76 89
4 82 89 71 99 103 773 81 787 754 778 770 960 77 82 69 71 119
5 82 44 72 80 426 47 437 376 419 406 815 58 6.7 44 46 106
6 85 83 93 687 67 665 633 649 644 706 79 56 69 78 112
7 8.2 89 553 60 575 526 561 550 85 56 71 49 51 121
8 - - - - - - - - 74 770 40 526 534 48 509 79 77 80 68 80 125
9 - - - - - - - - - 936 50 471 626 528 542 829 70 75 82 69 121
10 - 51 474 328 436 411 690 53 54 50 60 93
11 131 193 097 129 6141 48 52 49 52 103
12 - 155 071 072 598 43 47 48 46 99
13 109 086 589 42 45 43 47 96
14 033 592 43 47 46 47 99
15 - 589 42 46 45 46 938
16 - 57 45 70 74 95
17 44 53 48 107
18 53 56 105
19 34 1141
20 109
21

1-21=genotypes used for study, 1=Varl, 2=Var2, 3=Var3, 4=Var4, 5=Var5, 6=Var6, 7=Var7, 8=Var9, 9=Var9, 10=Varl0, 11=Varll,
12=Varl2, 13=Varl3, 14=Varl4, 15=Varl5, 16=Varl6, 17=Varl7, 18=Varl8, 19=Varl9, 20=Var20 and 21=Var21.

reported by Gashaw et al. (2007). In addition, the result
advocate that crosses involving parents belonging to
more divergent clusters would be expected to manifest
maximum heterosis and wide variability in genetic
architecture as reported by Daniel et al. (2012) and Singh
et al. (2014). High yielding genotype from cluster Il could
be further tested for their combining ability and thus the
genotypes present in different clusters can be hybridized
to assemble desirable traits with higher heterotic potential
as reported by Mishra et al. (2015).

Estimation of genetic dissimilarity

On the present finding, high degrees of genetic
divergence was noticed both intra and inter cluster
analysis of durum wheat genotypes. Estimation of the
genetic distance between pairs of genotypes, calculated
was presented in Table 2.

The figures exhibited the highest range of genetic
distance amongst 21 durum wheat genotypes studied
grounded on 23 agronomic and quality traits. The largest
genetic distance (12.5) was observed between the local
cultivar (Var21l) and advanced breeding line Var8 from
CIMMYT/Ethiopia. The first is a local variety, tallest of all,
late maturing type, and intermediate from both agronomic
and quality traits, in contrast to the second (Var8)
advanced breeding elite line which is characterized by

low thousand kernels weight and grain yield, short plant
height, high vitresneous, strong gluten index, medium
gluten and protein content and low test weight. Nearly
similar genetic distance (12.4) was observed between the
released variety Varl and advanced breeding line Var9
followed by (12.1) between local cultivar Var21 and Var9
and between released variety Var7 and local cultivar
Var21l suggesting that they belongs to different gene
pools as reported by Nefzaoui et al. (2014). This result
revealed an extensive amount of divergence leading to
cultivar identification, increased efficiency and speed of
plant breeding programs, accelerated marker assisted
selection (MAS) and permitted persistent progress in the
advancement of selected genotypes (Igbal et al., 2011).
The lowest genetic distance 0.33 was observed
between advanced breeding lines of CIMMYT Varl4 and
Varl5 followed by 0.71 between Varl2 and Varl4 and
0.72 between Varl2 and Varl5 and 0.97 between Varll
and Varl4. These genotypes are all advanced breeding
lines from CIMMYT/Ethiopia and characterized by late
maturing type, relatively low thousand kernels weight and
grain vyield, intermediate plant height, high protein
content, low gluten content, strong gluten index and low
test weight. This indicated that advanced breeding lines
were relatively close and can be utilized for better protein
content and other desirable traits than the improved
varieties to obtain higher heterosis (Bousba et al., 2012).
On the other hand, in some cases, the estimates of
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comparative genetic distances among genotypes entirely
might correlate with their origins as suggested by Abera
et al. (2014).

Conclusion

The knowledge about the genetic relationships of
genotypes provides useful information to address
breeding programs and germplasm resource
management. In order to make the best utilization of
genetic potential of genotypes for improvement of traits
and for adaptation to various stress conditions, genetic
study is very crucial. This study distinguished the level of
diversity present in the genotypes and continuous genetic
diversity assessment via cluster analysis will help to
maintain the diverse of durum wheat for conservation and
improvement. The results can also help the breeders so
that they can effectively select the parents leading to
progenies with high differentiation among them.

In conclusion, any one of the methods might be used to
study genetic diversity and genotype grouping by any
approach would provide different information. The choice
of genetic diversity analysis method depends largely
upon the scope and the tools available to the researcher
studies and may be used to evaluate genetic diversity
and assess the genetic relationships between wheat
genotypes with high accuracy. However, phenotypic traits
are useful for preliminary, fast, simple, and inexpensive
genotype identification and can be used as a general
approach for assessing genetic diversity among different
cultivars. Therefore, the classification obtained for these
Ethiopian durum wheat genotypes, based on phenotypic
traits will be a useful tool for breeders to plan crosses for
positive agronomic and quality traits by choosing
genotypes with appropriate diversity.

This study suggested that molecular approaches using
molecular markers with the strong environmental
evidence will support phenotypic cluster analysis, and
makes these traits relatively reliable and efficient for
precise discrimination of closely related genotypes and
the analysis of their genetic relationships. Further studies
on the influence of environment and agronomic practices
on the genetic potential of the varieties in different wheat
environment are necessary to stratify the environments
based on quality and yield suitability.
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