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 Background: Salt stress is an important environmental stress, which limited plant growth and 

development. Genetic diversity among improved rice has narrowed because of the massive 

international exchange of germplasm. Objective: The experiment was conducted to segregating rice 
genotypes by cluster analysis procedure at different salt stress condition. Results: Results of 

ANOVA showed significant differences among genotypes of rice for all traits which exposure to 

salinity stress. Cluster analysis of genotypes based on all traits categorized genotypes into four 
groups. The results of canonical discriminate function analysis exhibited that clustering validity was 

about 92%. Based on cluster analysis results genotypes number 16 (Fajr) categorized in susceptible 

groups. By contrast, the results showed that the genotypes Dasht, IR254, Sang Tarom, IR50, IR3, 
Neda, Anbarbou, Khazar, Deilamani, R3, IR1 and IR54 segregated as salt tolerance group. 

Furthermore, cluster analysis between evaluated traits showed that root and shoot dry weight had 

highest genetic similarity coefficient with total dry weight. Principal component analysis at salt stress 
condition showed that two components had high variance (88.57%) and scree plot confirmed high 

eigenvalue for estimated components (components number 1 and 2). Conclusion: Based on different 

statistical analysis procedures such as principal component and cluster analysis, we can use root and 
shoot dry weight traits and genotypes Dasht, IR254, Sang Tarom, IR50, IR3, Neda, Anbarbou, 

Khazar, Deilamani, R3, IR1 and IR54 for future breeding program.  
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INTRODUCTION 

 

 Salt stress is becoming one of the important factors that restrict agricultural productivity, especially in 

irrigated areas and in rainfed coastal areas. It can be said that it is one of the most devastating environmental 

stresses. It is estimated that about 20% of the Mazandaran-Iran’s land mass and nearly half of all irrigated land 

are affected by salinity. Increased salinization of arable land is expected to have devastating global effects, with 

predictions of 30% land loss within the next 25 years, and up to 50% by the year 2050. Saline environments 

affect the plant growth in different ways such as a reduction of nutrient availability, an accumulation of ions to 

toxic levels and a decrease in water uptake [13,11,21,8,9]. Salinity leads to dehydration and osmotic stress, 

resulting in stomata closure, reduced supply of carbon dioxide and a high production of reactive oxygen species, 

causing irreversible cellular damage and photoinhibition [3,6,4]. In some extensive reviews concerning 

strategies of overcoming the salinity problem, two primary lines of action were emphasized: reclamation of salt-

affected soils by chemical amendments, and alternatively, the saline soils can be used to grow salt-tolerant 

plants [21,1].  Genetic variability for agronomic traits is the key component of breeding programs for 

broadening the gene pool of both rice and other crops [16,1,12]. However, the genetic variability for many traits 

is limited in cultivated germplasm. During the past 30 years, genetic diversity among improved rice has 

narrowed because of the massive international exchange of germplasm. The genetic basis of changes associated 

with the process of rice domestication was studied in detail. Screening is an essential part of the breeding 

programs, several screening and selection schemes have been proposed for tolerance improvement in wheat and 

other crops. The genetic variation for the traits under selection process and a higher heritability and genetic 

advance are necessary to approach the best cultivars in breeding program [1,10]. Breeding programs associated 

with under-standing of key traits, which not only influenced by genetic systems but also, genetic and 

environmental factors could manipulate their expression [14]. Therefore, to preparation an efficient 

development program it is essential to have an understanding of the breeding systems coupled with statistical 

analysis of inheritance [17,15]. Rice is an important crop worldwide. three billion people consider rice as their 
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stable food, accounting for 50–80% of their daily calorie intake. Furthermore, cluster analysis can be used to 

identify variables which can be classified into main groups and sub-groups based similarity and dissimilarity. 

This technique is useful for selection in breeding programs. The principal aim of the present study was to 

segregating rice genotypes by cluster analysis procedure at different salt stress condition.  

 

MATERIAL AND METHODS 

 

 The experiment was conducted to segregating rice genotypes by cluster analysis procedure at different salt 

stress condition. Seeds of all genotypes were provided by the Rice Research Institutes of Iran, Deputy of 

Mazandaran (Amol) and all of them were stored under normal conditions. 65 rice genotypes with representing 

susceptible (IR29), semi susceptible (IR64) and salt tolerate (Pokkali) were used. These genotypes exposed to 

four NaCl treatments in three replications. Thus, the whole experiment comprised 780 Petri dishes arranged in a 

completely randomized design. The seeds were surface sterilized in a 1:10 (v/v) dilution of commercial 

hypochlorite and rinsed several times with distilled water. 

 Then 50 uniformly seeds of each varieties were allowed to four levels of NaCl solution (0, 3, 6 and 8 dS/m) 

for 36 h at 25˚ C. After priming, seeds from each treatment placed on 9 cm-diameter Petri dishes on Whatman 

filter paper that was moisten with 10 ml distilled water, then Petri dishes kept at 25˚ C with 12 h photoperiod in 

a germinator (Iran Khodsaz, IKHRH, IRAN) for germination until seven days. After seven days ten seedling 

were selected and root length, shoot length, root fresh weight and shoot fresh weight were measured. Also, root 

and shoot dry weights (10 seedlings) were recorded after oven drying at 70˚ C for 72 h. To analysis the data on 

all the six traits of the 65 genotypes, the general liner model of SPSS 11.0 for windows was used. 

 
Table 1: The name and number of rice genotypes. 

Genotype Number of 

genotypes 

 Genotype Number of 

genotypes 

Amol 3 14  R1 1 

8802 15  R2 2 

Fajr 16  Sang Tarom 3 

IR28 17  Neda 4 

IR54 18  Nemat 5 

IR64 19  Sepidroud 6 

IR50 20  Khazar 7 

IR1 21  Dasht 8 

IR2 22  Sahel 9 

IR3 23  R3 10 

IR2201 24  Anbarbou 11 

IR254 25  Deilamani 12 

- -  Shafagh 13 

 

RESULTS AND DISCUSSION 

 

 The results of ANOVA showed significant differences among genotypes for all traits which exposure to 

salinity stress (data not shown). These results indicated that there was high genetic variation between genotypes 

at salt stress condition. In order to segregate the genotypes based on tolerance vigour at seedling stage, cluster 

analysis between genotypes was done (Fig. 1). 

 In this experiment, cluster analysis segregated both genotypes and traits. Cluster analysis of genotypes 

based on all traits categorized genotypes into four groups (Fig. 1). Furthermore, in order to evaluate between 

groups, the mean value for all traits at each group was measured (Table 2). Also, for confirmed the cut of line 

place in cluster dendrogram, canonical discriminate function analysis was done (Fig. 2). The results of canonical 

discriminate function analysis exhibited that clustering validity was about 92%. On the basis of cluster analysis 

results, genotypes number 16 categorized in susceptible groups. By contrast, the results showed that the 

genotypes number 8, 25, 3, 20, 23, 4, 11, 7, 12, 10, 21 and 18 segregated as salt tolerance group (Fig. 1). 

Furthermore, cluster analysis between evaluated traits showed that root and shoot dry weight had highest genetic 

similarity coefficient with total dry weight (Fig. 3). 

 Principal component analysis at salt stress condition showed that 2 components had high variance (88.57%) 

and scree plot confirmed high eigenvalue for estimated components (components number 1 and 2) (Fig. 4). 

Also, principal component analysis exhibited in component number 1 characters included shoot fresh weight, 

root fresh weight, total fresh weight shoot dry weight and root dry weight had high amount of coefficient with 

0.93, 0.81, 0.94, 0.95 and 0.95, respectively and can be named as weight component. Furthermore, at component 

number 2, root/shoot ratio had highest amount of coefficient with 0.93 (Table 3). 
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Fig. 1: Cluster analysis of some rice genotypes based on different traits at salt stress condition. 

 

 
Fig. 2: Canonical discriminate function chart based on different groups which obtained from cluster analysis. 

 
Table 2: Means of different traits based on groups which segregated by cluster analysis. 

Traits Means of traits 
Group 1 Group 2 Group 3 Group 4 

Seedling height 10.3610 10.7723 11.4067 13.0567 

Shoot length 3.8666 4.1138 4.3155 4.9292 

Root length 6.4944 6.6585 7.0911 8.1275 

Root/shoot 0.5706 0.5888 0.5824 0.5712 

Shoot fresh weight 6.5495 6.8007 5.7242 4.1642 

Root fresh weight 10.1168 10.0643 8.9800 8.1017 

Total fresh weight 16.6663 16.8650 14.7042 12.2658 

Shoot dry weight 1.7553 1.7463 1.5070 1.1178 

Root dry weight 5.2466 5.2404 4.9499 4.4238 

Total dry weight 7.0019 6.9867 6.4569 5.5416 
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Fig. 3: Cluster analysis between traits at salt stress condition. 

 
Table 3: Principal component analysis based on evaluated traits at salt stress condition. 

Traits Principal component 

1 2 

Seedling height -0.901 0.340 

Shoot length -0.837 0.505 

Root length -0.924 0.222 

Root/shoot 0.049 0.937 

Shoot fresh weight 0.933 0.181 

Root fresh weight 0.818 0.050 

Total fresh weight 0.948 0.126 

Shoot dry weight 0.952 -0.047 

Root dry weight 0.953 -0.039 

Variance (%) 74.401 14.176 

Cumulative variance (%) 74.401 88.577 

 

 
 

Fig. 4: Scree plot chart related to different component which obtained from evaluated traits. 

 

Conclusion: 

 On the basis of different statistical analysis procedures such as principal component and cluster analysis, we 

can use root and shoot dry weight traits and also genotypes Dasht, IR254, Sang Tarom, IR50, IR3, Neda, 

Anbarbou, Khazar, Deilamani, R3, IR1 and IR54 for future breeding program.  
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