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Abstract

An investigation was carried out with 49 bread wheat genotypes to assess the
genetic diversity for yield and yield related traits. The Unweighted Pair Group Method
using Arithmetic Averages (UPGMA) technique was used for the analysis. The
genotypes were evaluated for 17 Characters and showed wide variability for the
components studied. The cluster analysis grouped the 49 bread wheat genotypes
into 22 different clusters. This indicates the presence of wide diversity among the
tested genotypes. From cluster mean values, genotypes in cluster 9 and 13 deserve
consideration for their direct use as parents in hybridization programs to develop high
yielding wheat varieties. The genotypes in cluster 3 and 16 may be used for
improvement of protein and gluten contents, early maturity-ness and other desirable
characters other than grain yield. The result of the principal components analysis
revealed that nine principal components (PC1 to PC9) accounted nearly 80 % of the
total variation. It was also noted that differentiation of genotypes into different clusters
was because of the small contribution of few character rather than the cumulative
effect of a number of characters. The information obtained from this study can be
used to plan crosses and maximize the use of genetic diversity and expression of
heterosis.
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INTRODUCTION

Wheat (Triticum spp.) is the second major food crop of the world in its importance
next to rice. In Ethiopia the crop ranks third in terms of total production next to teff
and maize. It is largely grown in the highlands of the country and constitutes roughly
20-30 % of the annual cereal production and plays an appreciable role of supplying
the production with carbohydrates, proteins and minerals [6].

For a successful breeding program, the presence of genetic diversity and variability
play a vital role. Genetic diversity is essential to meet the diversified goals of plant
breeding such as breeding for increasing yield, wider adaptation, desirable quality,
pest and disease resistance. Genetic divergence analysis estimates the extent of
diversity existed among selected genotypes [4]. Precise information on the nature
and degree of genetic diversity helps the plant breeder in choosing the diverse
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parents for purposeful hybridization [5]. Since published works of bread wheat on
genetic diversity is scanty, the aim of this experiment was to identify genetically
divergent bread wheat parents with desirable traits for hybridization particularly for
yield and biochemical traits like grain protein and gluten contents.

MATERIALS AND METHODS

Forty-nine bread wheat genotypes/lines which are comprised of different crosses
(hybrids), nationally released and introduced varieties were used in the experiment.
The experiment was conducted in Adet Agricultural Research Center (AARC) during
2007/8 summer season in simple lattice design with six rows of 20 cm spacing and
2.5 m-row length. Sowing was done by hand drilling at a seed rate of 150 kg/ha. The
spacing between plots and replication were 0.2 m and 1.5 m, respectively. Dap and
Urea fertilizers were applied at the rate of 100 kg/ha and 150 kg/ha, respectively. All
the cultural practices were performed as recommended. The plant data during the
cropping season and after harvesting were noted. Observations recorded on plot
basis include days to heading, days to maturity, grain filling period, 1000 seed weight,
biological yield per plot, seed yield per plot, harvest index per plot, total protein,
sedimentation test, starch and gluten contents. The seed yield per plot and biological
yield per plot was measured by taking a net plot of 2.5 m * 1.2 m or 3 m? and this was
used to determine harvest index. All other characters were recorded on single plant
basis by randomly taking 5 plants from each experimental plot. The statistical
package NCSS (Number Cruncher Statistical System) [3] was used for genetic
divergence calculation, principal component analysis and cluster mean analysis.
Euclidean genetic matrices for 1225 pair wise comparisons of 49 genotypes were
made using Unweighted Pair Group Method using Arithmetic means (UPGMA).

RESULT AND DISCUSSION
Genetic Divergence analysis
The unweighted pair group method using arithmetic averages (UPGMA) resulted in

classifying the 49 bread wheat genotypes into 22 distinct clusters (Table 1). This
indicates the presence of wide diversity among the tested genotypes.
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Table 1. Genotypes distribution in to their respective clusters based on UPGMA
analysis.
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Estimation of genetic distance and cluster analysis

The results of the analysis of variance (ANOVA) revealed the presence of significant
difference among the tested genotypes for all the characters studied and this justified
the need to estimate genetic distance values for the genotypes.

The estimate of Euclidean genetic distance value ranged from 0.47 (between
ETBW5324 and ETBW5307) to 2.63 (between ETBW5320 and CRAKER/ST825)
(Table 2). The frequency distribution of genetic distance value for all 1225 pairs of
comparisons indicates that 95 % of the pair comparisons had values between 0.51
and 2.00. Only two pairs accounting 0.16 % of the total had genetic distance value
smaller than 0.5 and four pair comparisons which is only 0.4 % of the total had values
greater than 2.5. HAR2093/HAR604 and CRAKER/ST825 had the greatest genetic
distance from all other genotypes included in this study. Therefore, the results of the
genetic distance has shown that there is a room for the genetic improvement of bread
wheat varieties and the information generated can be used to plan wide crosses, to
exploit genetic diversity and maximize the expression of hetrosis.
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Table 2. Euclidean genetic distance ranges of bread wheat (7. eastivum) genotypes

Fenetic distance Frequency Frequency (4]
=050 2 0la
0.51-1.00 51 2043
1.10-1 .50 o) 4885
1.51-2.00 318 2509
20125 i 441
=25 4 04

Principal components analysis

Principal component analysis (PCA) reflects the importance of the largest contributor
to the total variation at each axis of differentiation [7]. The eigenvalues are often used
to determine how many factors to retain. The sum of the eigenvalues is usually equal
to the number of variables. Therefore, in this analysis the first factor retains the
information contained in 3.181 of the original variables. The coefficients defining the
first nine principal components of these data are given in Table 3. The coefficients are
scaled, so that they present correlations between observed variables and derived
components.

Nine principal components, PC1 to PC9, which are extracted from the original data
and having latent roots greater than one, accounting nearly 80 % of the total
variation. Suggesting these principal component scores might be used to summarize
the original 17 variables in any further analysis of the data. Out of the total principal
components retained, PC1, PC3, PC8 and PC 4 with values of 18.71 %, 9.68 %, 9.22
% and 8.15 % respectively contributed more to the total variation.

According to [1] characters with largest absolute value closer to unity within the first
principal component influence the clustering more than those with lower absolute
value closer to zero. Therefore, in the present study, differentiation of the genotypes
into different clusters was because of relatively high contribution of few characters
rather than small contribution from each character. Accordingly, the first principal
component had high positive component loading from protein content, sedimentation
volume and wet gluten content; and high negative loading from grain yield, biomass
yield and starch content. The positive and negative loading shows the presence of
positive and negative correlation trends between the components and the variables.
Therefore, the above mentioned characters which load high positively or negatively
contributed more to the diversity and they were the ones that most differentiated the
clusters.

Hence, the major contributing characters for the diversity in the third principal
component (PC3) were days to maturity, harvest index and days to heading; grain
filling period and days to heading in principal component four (PC4); biological yield,
days to heading, grain yield and starch content in principal component eight (PC8).
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Table 3. Vector loadings and percentage explained variation by the first nine PCs

P Igenvec tors
Chararters Pl | R0 PC3 FC4 PC5 PC& PC7 PCE FC2
DH -0040 -0275 0.336 0.330 0.013 -0.1%9 -0.142 0.3 -0.055
Dl 0.00& -0.100 0.435 -00%0 -0303 -0.235 -033@ 0.153 -0.248
PH 0264 0.351 0.005 0052 -0260 0.406 -0.163 0.030 0402
GY -0567 -0001 -0285 -0.170 0.128 -0.018 -0.140 0.507 -0.244
TEW -0.13%8 0.300 -0.175 0.258 -0 252 -0.109 -0458 0.01a 0216
5p -0114 -035%6 -0258 -0247 -0242 -0.10% 0.050 0.17 0157
L -0.104 -0561 -0.15% 0.250 -0.1%5 0.4 -01032 .14 -0.085
3PS -0nl2 -0418 0.005 0.7 -03528 0.433 -0.120 0.124 -0.1835
TFP 0.017 -03580 -00&0 -0245 0153 -0.330 -0332 0.135 0591
BY -0335 0123 -0n4s -0230 0041 0.124 0.o1g 0.5 -0.002
HLW -0ol1 0.0 -0204 0.12%8 -0588 -0.439 0.433 0.0:0 0.0z0
PRO 0.421 0.057 -0.1gg 0015 -0035 0.025 -0254 0.18l -0.024
Wiz 0.408 0113 -0252 0.0la -0n33 0.00% -0.108 0.158 -00la
3Th -03521 0.207 -0055 0.253 0.4 -0.285 -0.152 -0.5305 -0.114
sDE 0.353 0.045 -0 236 0.11a -0070 0.051 -0.178 0.287 -0.08&
HI -0.1a% -017g -0435 0059 0.142 -0.1%0 -0231 0157 -0415
GFP 0058 0.217 0057 -0585 0564 -0.038 -0202 .27 -0.217
Eigenvahe 3.181 1097 Lt L3386 1.050 1.083 1.134 L.5aT 1349
Indinid ual 18.71 o4 268 315 6.18 637 66T 912 T.94
Percentage
Crerntie lative 18.71 2517 3485 4300 49.18 EEEE 6LI2 T1.43 T9.3T
Percentare

Usually it is customary to choose one variable from these identified groups. Hence,
for the first group protein content is best choice, which had the largest loading from
component ones, days to maturity for the third, grain filling period for the fourth group,
biological yield for the eighth group.

Cluster mean analysis

The mean value of the characters in each cluster is presented in Table 4. The
characteristic feature of each cluster is discussed here below.

Cluster 1 consisted of 2 genotypes. This cluster was found to have a characteristic
feature of low yielding, moderately high number of seeds per spike and having more
number of tillers per plant. The genetic distance value of these varieties was 0.793.

Two genotypes which include the standard check HAR 3730 constitute cluster 2. This
cluster can be characterized by having high biomass production, low level of protein
and wet gluten contents. The genetic distance value of these varieties was 0.806.
Cluster 3 had two genotypes with a characteristic feature of very low grain yielding,
biomass production and thousand seed weight but having high level of protein, wet
gluten and starch contents. These cluster exhibited the greatest genetic distance
from all other genotypes included in this study. According to [2], increasing parental
distance implies a great number of contrasting alleles at the desired loci, and to the
extent that these loci recombine in the F2 and F3 generation following a cross of
distantly related parents, the greater will be the opportunities for the effective
selection for yield factors. Thus, crossing of genotypes from these clusters with other
clusters may produce higher amount of hetrotic expression in the first filial
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generations (F1’s) and wide range of variability in subsequent segregating (F2)
populations. The genetic distance value of these genotypes was 0.812.

Cluster 4 had two genotypes with a characteristics feature of long duration of
maturity, relatively low yielding, small number of seeds per spike and small tiller
number per plant. The genetic distance value of these varieties was 0.827. Cluster 5
had two genotypes and this cluster could be characterized by having long duration of
maturity, low grain and biomass yield. The genetic distance value of these varieties
was 0.835. Cluster 6 had two genotypes and this cluster could be characterized by
having low grain and biomass yield but with high protein and wet gluten contents.
The genetic distance value of these varieties was 0.836. Cluster 7 had two genotypes
having a characteristics feature of long duration of heading, low starch content,
relatively high grain yield and very high biomass yield. The genetic distance value of
these varieties was 0.891. Cluster 8 had two genotypes. This cluster is mainly
characterized by having high number of seeds per spike. The genetic distance value
of these varieties was 0.926. Three genotypes constitute cluster 9 and this cluster
had a characteristics of relatively high grain, biomass yields, high sedimentation
volume and long grain filling period. Six genotypes constitute cluster 10 with
characteristic feature of long spike length, high spikelets per spike and high
sedimentation volume. The range of dissimilarity obtained in this cluster was 0.569
(between ETBW5354 and ETBW5341) to 1.172 (between ETBW5354 and
CMSS96Y02555S4-0Y). The largest number of genotypes accounting 26.50 % of
the total was included in cluster 11 and this cluster had characteristics of small tiller
number per plant, relatively high protein and wet gluten contents and long grain filling
period. The range of dissimilarity obtained was 0.503 (between variety 27 and variety
38) to 1.492 (between variety 32 and variety 36). The rest clusters were singletons.

Crosses involving parents belonging to more divergent clusters would be expected to
manifest maximum hetrosis and wide variability in genetic architecture [8]. In the
present study, cluster 3 was more divergent than the others. However, the chance of
getting segregates with high yield level is quite limited when one of the characters
has a very low yield level (Samal et al., 1989). Cluster 3 had the lowest mean
performance in seed yield and other important characters. This indicates that the
chance of getting segregates with high yield is limited between crosses of cluster 3
with the other clusters. The selection of parents should also consider the special
advantage of each cluster and each genotype within a cluster depending on specific
objective of hybridization [1]. Thus, crosses involving cluster 9 and 13 with any other
cluster except cluster 3, 4, 6 and 22 are suggested to exhibit high hetrosis and could
result in segregates with higher seed yield.

At a cutoff 1.00 the dendrogram revealed 22 distinct clusters which are stemmed
from two main clusters. Eleven are real clusters and the rest eleven are singletons
(Figure 1). Cophenotic value of 0.75 or more are usually recommended for the best fit
of the cluster analysis. The present study confirmed a good fit with the genetic
distance matrix by having cophenotic correlation coefficient of r = 0.756. The two
delta goodness of fit statistics delta (0.5) and delta (1.0) were 0.141 and 0.178,

JOURNAL

Central European Agriculture 349
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A922

Hailegiorgis et al.: Genetic Divergence Analysis On Some Bread Wheat Genotypes Grown In Ethio...

respectively. When comparing to clustering configurations, the configuration with the
smallest delta value fits the data better.

Dendrogram
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Figure 1. Dendrogram depicting genetic relationships among 49 bread wheat
genotypes

CONCLUSION AND RECOMMENDATION

The present investigation provided considerable information useful in genetic
improvement of bread wheat. Genotypes grouped into cluster 3 showed maximum
inter cluster diversity. From cluster mean values, genotypes in cluster 9 and 13
deserve consideration for their direct use as parents in hybridization programs to
develop high yielding wheat varieties. The genotypes in cluster 3 and 16 may be
used for improvement of protein and gluten contents, early maturity-ness and other
desirable characters other than grain yield

There is significant genetic variability among tested genotypes that indicates the
presence of excellent opportunity to bring about improvement through wide
hybridization by crossing genotypes in different clusters.
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Further studies on the influence of environment and agronomic practices on the
genetic potential of the varieties in different wheat environment is necessary. This is
helpful to stratify the environments based on quality and yield suitability. Generally,
the development of bread wheat varieties possessing higher grain yield, reasonably
higher protein content, stronger gluten and reasonably higher HLW is important.
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Table 4. Mean values of characters in the 22 clusters

] Clusters
Traits

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22

DH 71.4 80.83 7592 77.74 77.81 79.60 8140 69.45 68.15 7049 6539 78.41 7143 6326 5779 5740 5826 5498 61.08 66.41 68.71 82.84
DM 123.00 126.2 123.75 130.50 1322 123.00 125.00 1185 12233 123.58 119.54 105.0 129.00 1220 1050 106.0 1225 1050 106.0 11550 108.0 1345
PH 83.31 86.43 5516 8597 8583 7848 81.09 9560 93.20 9048 80.83 8203 8287 97.19 1051 79.41 80.35 8573 86.85 81.29 8561 79.51
GY 641.75 8742 42377 607.02 337.0 64142 999.07 843.0 1038.8 871.42 786.87 964.7 1239.8 731.0 8420 841.1 9205 8243 8173 1057.1 8845 6133
TSW 31.02 3122 2261 30.09 3229 3468 30.25 2998 33.16 3227 30.85 3521 30.54 2719 3330 2946 29.94 36.16 32.07 3355 2721 26.05
SSp 5232 4719 4945 4176 3714 4695 5272 57.74 4457 4795 4812 4888 5952 3664 4732 5186 5554 4157 5566 43.28 4597 46.14
SL 7.10 8.00 8.72 7.43 6.31 8.00 8.33 9.28 7.75 8.80 7.56 8.80 8.45 6.88 7.89 8.76 6.61 7.24 8.34 7.09 7.61 8.44

SPS 1775 1775 1974 16.00 18.00 1825 1875 2099 1645 1863 1754 18.00 2050 16.50 1849 16.50 20.51 1750 1650 15,50 1749 17.99
TPP 470 3.95 4.83 2.06 1.76 3.52 3.52 3.35 3.03 2.87 2.40 3.07 4.38 3.59 1.83 3.49 4.18 2.04 3.71 241 2.50 2.94

BY 1575 2000 1075 2050 1450 1475 2600 1900 2433 2100 1915 1800 2350 2050 2100 2000 2000 1900 1800 2000 2250 1600
HLW 7285 7240 69.80 76.30 7150 74.00 70.07 72.80 69.08 74.21 7328 7360 7520 6410 7360 7130 7540 7560 7880 73.90 7120 75.30
PRO 1185 9.97 1250 11.00 1112 1257 935 10.70  10.88  10.71 11.34 1120 975 11.45 11.35 1270 11.35 1280 10.10 10.05 10.10 11.65
WG 31525 23.80 3342 2845 2845 3455 1957 2715 26.03 26.58 30.31 3135 2135 2980 30.15 3535 30.70 36.70 2470 2595 2620 2945
SDS 6525 67.72 6277 6527 6560 65.00 6527 6440 6693 6656 6534 6725 6695 6440 3550 64.30 64.50 6550 67.30 67.90 66.35 64.70
STA 3832 2940 46.07 3550 36.95 4875 2817 3232 31.65 34.81 3732 36.05 2950 3430 40.05 5325 36.05 5555 2835 31.70 3195 37.80
HI 40.37  43.81 39.09 2942 2378 4325 3858 4537 4284 4133 4137 55116 55.69 35.62 40.09 4220 4599 4352 4549 5411 39.27 43.93
GFP 5139 4577 47.04 5206 53.85 43.77 4415 49.04 5395 5344 5415 2755 5715 5849 46.75 4891 63.98 49.18 46.12 4958 40.30 50.35

DH = Days to heading, DM = Days to maturity, PH = Plant height, GY = Grain yield, TSW = 1000 Seed weight, SSp = Seeds per
spike, SL = Spike length, SPS = Spike lets per spike, TPP = Tiller per plant, BY = biological yield, HLW = Hecto liter weight, PRO
= protein, WG = Wet gluten, STA = Starch, SDS = Sedimentation volume test, HI = Harvest index, GFP = Grain filling period
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