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ABSTRACT: In the present experiment cluster and principal component analysis were used to study the 
relationship between wheat genotypes grain yield and its components. Wheat genotypes were arranged 
based on randomized complete block design (RCBD) with three replications at Sari Agricultural Science 
and Natural Resources University during 2012. On the basis of cluster analysis, genotypes segregated 
into four groups. Cluster 1 included genotypes number 16, 29, 15 and 13, while cluster 4 included 
genotypes number 9, 30, 3, 21, 26 and 2. The results of cluster analysis between traits showed that days 
to flowering, stem diameter, grain dry weight, number of kernel per panicle and panicle dry weight were 
the most closely related to grain yield. The results of variance analysis exhibited significant differences 
between groups for all traits. Also, these results illustrated that there was high genetic variation between 
groups. Furthermore, five principal components including PC1 to PC5 extracted from the original data 
and having latent roots greater than one and accounting for nearly 80 % of the total variation. High yield 
of wheat plants based on these genotypes can possibly be obtained by selecting breeding materials with 
genotypes that have high capacity in length of growing period, leaf capacity and flowering factors. 
Finally, genotypes that located in groups 1 and 4 can be used for future breeding programs. 
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INTRODUCTION 
 

 Wheat (Triticum aestivum L.) is the first major food crop of the world (Gourdji et al., 2013) and as a staple food 
ranks first among the cereal crops in Iran. Furthermore, wheat production in irrigated croplands provides an 
essential source of food and income for millions of people throughout the developing world. Over the next 50 years, 
yield increases in these systems will be needed to meet expected growth in food demand without significant rises 
in food prices and cropland area (Pingali and Heisey, 1999; Rosegrant et al., 2001 and Lobell et al., 2005). Grain 
yield of wheat is the integration of many variables that affect plant growth throughout the growing period. Great 
efforts have been made to develop proper models that can foretell wheat grain yield and discriminate the ideal crop 
(Jia et al., 2013).  
 For a successful breeding program, however, 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 (Gupta et al., 2010). Since, precise information on the nature and 
degree of genetic diversity helps the plant breeder in choosing the diverse parents for purposeful hybridization 
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(Baenziger and Depauw, 2009), the main objective of the current study was to assess possibility of segregation 
different wheat genotypes using cluster analysis procedure. 
 

MATERIALS AND METHODS 
 

 Materials used for this study were 30 bread wheat genotypes. The genotypes were sown at Mazandaran 

Agricultural Sciences and Natural Resources Research Center, Baikola Station, Neka, Iran during 2012. Wheat 

genotypes were arranged based on randomized complete block design (RCBD) with three replicates. The plot size 

was 4×1.5 m where sowing was done in 6 rows with 20 cm interval between rows. Fertilizer was applied at the rate 

of 150, 100, 75 kg N, K2O and P2O5 per hectare, respectively. Data were recorded for plant height (x1), flag leaf 

length to panicle (x2), flag leaf length (x3), flag leaf width (x4), leaf number (x5), nodule number (x6), stem diameter 

(x7), days to flowering (x8), days to maturity (x9), length of growing period (x10), stem dry weight (x11), leaf dry weight 

(x12), grain dry weight (x13), panicle dry weight (x14), number of kernel per panicle (x15) and grain yield (Y) traits at 

either flowering time or physiological maturity. To analyze the data for all traits of the 30 genotypes, the general 

liner model factor analysis and cluster analysis were used (SPSS 11.0, 2001). Cluster analysis of the 30 genotypes 

was conducted using cluster (hierarchical cluster) analysis method. 

 
RESULTS AND DISCUSSION 

 

 Estimates for minimum, maximum, range, mean and standard deviation for selected genotypes are shown in 

Table 1. This study reveals the possibility of effective selection for improvement of yield and its important 

components in subsequent segregating populations. The success of plant breeding programs relies heavily on the 

existence of genetic variability in crops for a particular trait (Fu and Somers, 2009). 

 
Table 1. Descriptive statistics for agronomic traits in wheat genotypes 

Traits Mean minimum maximum range SD 

plant height(x1) 84.63 51.75 111 59.25 12.54 
flag leaf length to panicle (x2) 16.41 5.90 36.75 30.85 5.27 
flag leaf length(x3) 19.39 12.10 28.10 16 3.53 
flag leaf width(x4) 1.07 0.45 1.85 1.4 0.28 
leaf number(x5) 3.56 2 5 3 0.62 
nodule number(x6) 2.42 1 4.5 3.5 0.79 
stem diameter(x7) 3.20 1.48 5.27 3.79 0.69 
days to flowering(x8) 107.84 80 125 45 8.98 
days to maturity(x9) 172.92 120 195 75 3.42 
length of growing period(x10) 125.08 90 139 49 6.41 
stem dry weight(x11) 2.82 1.29 5.6 4.31 0.85 
leaf dry weight(x12) 0.68 0.09 1.51 1.42 0.24 
grain dry weight(x13) 3.18 0.79 6 5.21 1.05 
panicle dry weight(x14) 5.44 2.28 8.15 5.87 1.43 
number of kernel per panicle(x15) 83.87 40 136 96 21.28 
grain yield(Y) 4.71 3.4 7.85 4.45 1.13 

 
Cluster analysis 
 Many algorithmic methods have been proposed for cluster analysis in this study. Hierarchical cluster analysis 

with wheat genotypes variables was used and results in dendrogram are depicted in Fig 1. These methods start 

with the calculation of the distance of each variable in relation to other variables. Groups are then formed by the 

process of agglomeration division. In this process, all variables start individually in groups of one. Close groups are 

then gradually merged until finally all variables come to a single group. Repeated splitting of the groups will result in 

all evaluated variables being in groups of their own. For quantitative characters, number of clusters was chosen 

from the hierarchical analysis (Pirdashti et al., 2012). 
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Fig 1. Similarity levels of the estimated traits for all genotypes using the hierarchial cluster analysis 

 
 On the basis of cluster analysis, genotypes segregated into four groups (Fig. 1). Cluster 1 included genotypes 
number 16, 29, 15 and 13, while cluster 4 included genotypes number 9, 30, 3, 21, 26 and 2. Our data reflected the 
tendency of each grouped variables in one cluster to relate closely to each other. Also, cluster analysis between 
traits was done (Fig. 2). The results of cluster analysis between traits showed that days to flowering, stem 
diameter, grain dry weight, number of kernel per panicle and panicle dry weight were the most closely related to 
grain yield.  
 

 
Fig 2. Segregation of all evaluated traits using the hierarchical cluster analysis 
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 In order to further assess differences between groups which obtained by cluster analysis, variance analysis 
was done (Table 2). The results of variance analysis revealed significant differences between groups in terms of all 
studied traits. These results illustrated that there was high genetic variation between groups. 
 

Table 2. Mean squares of various traits in wheat genotypes 

S.O.V df x1 x2 x3 x4 x5 x6 x7 x8 

Group 3 425.894
**
 68.777

**
 17.584

**
 0.177

**
 0.765

**
 1.174

**
 1.126

**
 203.048

**
 

Error 26 25.502 7.137 10.410 0.036 0.194 0.332 0.158 19.910 

**, significant at 0.01 probability level 

 
Continuing of Table 2. Mean squares of various traits in wheat genotypes 

S.O.V df x9 x10 x11 x12 x13 x14 x15 Y 

Group 3 502.403
**
 481.398

**
 1.550

**
 0.121

**
 2.154

**
 4.375

**
 963.942

**
 3.697

**
 

Error 26 296.254 447.124 0.319 0.029 0.517 0.828 195.017 0.089 

**, significant at 0.01 probability level 

 
Principal component analysis 
 Principal component analysis (PCA) reflects the importance of the largest contributor to the total variation at 
each axis of differentiation (Abdi and Williams, 2010). The eigenvalues are often used to determine how many 
factors to retain (Xanthopoulos et al., 2013). The sum of the eigenvalues is usually equal to the number of variables 
(Fujikoshi et al., 2010). 
 

Table 3. Rotated (Varimax rotation) factor loadings for the estimated variables of wheat genotypes 

Traits 
Component 

1 2 3 4 5 

plant height (x1) 0.0288 0.8214 0.1478 0.0325 -0.4283 

flag leaf length to panicle (x2) -0.2913 0.8839 -0.1277 0.1774 -0.0635 

flag leaf length(x3) 0.3260 0.7735 0.2003 -0.2065 0.1411 

flag leaf width(x4) 0.5401 0.1782 0.4824 -0.2912 0.3959 

leaf number(x5) 0.1385 0.1343 0.8061 0.1227 -0.0469 

nodule number(x6) 0.3656 0.4221 0.2722 0.2272 0.2655 

stem diameter(x7) 0.5435 -0.2164 0.2668 -0.3464 -0.4542 

days to flowering(x8) 0.3053 -0.2118 -0.0059 -0.1128 0.7683 

days to maturity(x9) -0.0305 0.2582 0.2497 0.8299 -0.0059 

length of growing period(x10) 0.1145 -0.1449 0.0807 0.8588 -0.0727 

stem dry weight(x11) 0.8102 0.3593 0.3431 0.0141 0.1377 

leaf dry weight(x12) 0.7168 0.2255 0.5719 -0.1127 0.0808 

grain dry weight(x13) 0.9310 0.0552 -0.1434 0.1838 0.0768 

panicle dry weight(x14) 0.9711 -0.1015 -0.0232 -0.0101 0.1237 

number of kernel per panicle(x15) 0.9400 -0.0909 -0.0578 0.0002 0.1091 

Grain yield(Y) 0.2134 0.0427 -0.6471 -0.2477 0.0357 

Factor variance (%) 34.84 18.72 11.23 8.77 6.86 

Cumulative variance (%) 34.84 53.56 64.79 73.56 80.43 

 
 The coefficients defining the five principal components of these data are given in Table 3. The coefficients are 
scaled, so that they present correlations between the observed variables and derived components. The five 



Intl J Farm & Alli Sci. Vol., 3 (2): 225-229, 2014 

 

229 
 
 

principal components including PC1 to PC5, which are extracted from the original data and had latent roots greater 
than one, accounting nearly 80 % of the total variation (Fig. 3). These results suggest that these principal 
component scores might be used to summarize the original 16 variables in any further analysis of the data.  

 
Fig 3. Scree plot showing eigenvalues in response to number of components for the estimated variables of wheat genotypes 

 
 The first factor included stem, leaf, grain and panicle dry weight and number of kernel per panicle, which 
accounted for 34.84 % of the total variability. The suggested name for this factor was dry weight factor. 
Furthermore, factor 2, 3, 4 and 5 with 18.72, 11.23, 8.77 and 6.86 obtained high amount of variability among all 
studied factors, respectively. Thus, suggested name for factor 2, 3, 4 and 5 were length, leaf capacity and flowering 
capacity factor, respectively. 
 

CONCLUSION 
 

 In conclusion, results of the present study indicate that high yield of wheat plants based on these genotypes 
can possibly be obtained by selecting breeding materials with genotypes that have high capacity in length of 
growing period, leaf capacity and flowering factors. Also, genotypes that located in groups 1 and 4 (the genotypes 
such as 16, 29, 9, 30 and 3) can be used for future breeding programs.  
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