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Abstract – In India about 6.73 million hectare 

salt affected. Wheat is the second most important crop after 

rice in India and occupies approximately 28.5 million hectare 

area. In this investigation, we calculate several tolerance 

indices for salinity and its ability to understand which one or 

more predictor among studied indices based on correlation, 

principal component analysis and cluster analysis.  

wheat genotypes were evaluated two successive

seasons (2012-2014), with complete randomized design with 

three replications under both salinity stress 

to identify salt tolerant genotypes to the target environment

Multiple indices for salt tolerance were calculated based on 

the potential yield (Yp) under non-stress and yield (Ys) under 

stress conditions. The Ys and Yp showed 

and positive correlations with GMP, MP and STI 

indices studied.  Therefore, these indices were considered as a 

better predictor of Ys and Yp than TOL, SSI and YSI. 

Principal component (PCs) analysis classified the genotypes 

into two groups. The first two PCs with eigen values >1 

contributed 99.73% of the variability amongst genotypes. 

PC1 accounted for about 4.85% of the variation in salt 

tolerance indices and PC2 for 4.12%. The first PC was 

related to Ys, Yp, MP, GMP, STI and YI whereas the second 

PC related to Yp, TOL and SSI. The

sequestrated ten genotypes into three 

Ward’s method. According to results, salinity significantly 

reduced the yield of some genotypes while some were found 

to tolerant to stress indicating that sufficient genetic 

variability for salinity tolerance among the studied genotypes

were present and the genotypes K72 and HUW570 can be 

recommended for cultivation in salt affected areas.

 

Keywords – Bread Wheat, Grain Yield, Salinity, Salt 

Tolerance Indices.  

 

I. INTRODUCTION

 

Among abiotic stress, salinity is one of the major factors 

reducing plant growth and productivity worldwide, and 

affects about 7% of world’s total land area 

of cultivated land affected by salt is even greater, with 

23% of the cultivated land being saline and 20% 

irrigated land suffering from secondary salinization. 

Furthermore, there is also a dangerous trend of a 10% per 

year increase in the saline area throughout the world 

In India about 6.73 million hectare ha land area is salt 

affected out of which 3.77 and 2.96 million hectare are 

afflicted by sodicity and salinity, respectively 

is the second most important crop after rice in India and 

occupies approximately 28.5 million hectare area. 
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salt affected. Wheat is the second most important crop after 

rice in India and occupies approximately 28.5 million hectare 

e several tolerance 

indices for salinity and its ability to understand which one or 

based on correlation, 

principal component analysis and cluster analysis.  Ten 

two successive growing 

complete randomized design with 

stress and non-salinity 

to the target environment. 

salt tolerance were calculated based on 

stress and yield (Ys) under 

Ys and Yp showed highest significant 

GMP, MP and STI among 

ces were considered as a 

s and Yp than TOL, SSI and YSI. 

analysis classified the genotypes 

PCs with eigen values >1 

% of the variability amongst genotypes. 

% of the variation in salt 

%. The first PC was 

related to Ys, Yp, MP, GMP, STI and YI whereas the second 

The cluster analysis 

 clusters based on 

According to results, salinity significantly 

reduced the yield of some genotypes while some were found 

to tolerant to stress indicating that sufficient genetic 

variability for salinity tolerance among the studied genotypes 

the genotypes K72 and HUW570 can be 

recommended for cultivation in salt affected areas. 

Wheat, Grain Yield, Salinity, Salt 

NTRODUCTION 

alinity is one of the major factors 

reducing plant growth and productivity worldwide, and 

affects about 7% of world’s total land area [1]. Percentage 

of cultivated land affected by salt is even greater, with 

23% of the cultivated land being saline and 20% of the 

irrigated land suffering from secondary salinization. 

Furthermore, there is also a dangerous trend of a 10% per 

year increase in the saline area throughout the world [2].  

In India about 6.73 million hectare ha land area is salt 

affected out of which 3.77 and 2.96 million hectare are 

afflicted by sodicity and salinity, respectively [3]. Wheat 

is the second most important crop after rice in India and 

28.5 million hectare area. 

According to some estimates FAO (

global wheat production must increase by at least 1.6 per 

cent annually during 2010-2020 to meet a projected wheat 

demand of 760 million tons by 2020

this goal therefore, improving wheat productivity will be 

essential to meet the growing demand for food under 

shrinking cultivable land area. It is imperative in this 

context to look for tools not only to increase the crop 

productivity but also ensure protect

potential productivity due to environmental vagaries 

Several selection criteria have been proposed for selecting 

genotypes based on their performance in stress and non

stress environments [8], [9] and

recommend selection under favourable

a point of view that high yield potential is expected to 

sustain high yields under stress environments 

and [13]. Many scientists have chosen a compromise 

solution and believe in selection under bo

non-stress conditions [8], [14], [1

Stress susceptibility index (SSI) and showed that it is not 

independent of yield potential [8]

based on the differences in yields measured under non

stress (Yp) and stress (Ys) conditions

productivity index (MP) as the average of Yp andYs b

MP has an upward bias when there are larger differences 

between Yp and Ys [9]. The geometric mean productivity 

(GMP), which is less sensitive to extreme values

better indicator than MP for separating superior genotypes 

in both stress and non-stress environments 

tolerance index (STI), which can be used to identify 

genotypes which produce high yields under both stress and 

non-stress conditions [10]. For selection based on a 

combination of indices, some researchers 

[20] have used principal component analysis (PCA). PCA 

is one of the most successful techniques for reducing the 

multiple dimensions of the observed variables to a smaller 

intrinsic dimensionality of independent variables 

These tolerance indices have bee

regions for the evaluation of wheat

[23] and [24] for drought but very limited

reported to date for salinity tolerance

yield and its stability in stress environments, there is

need to identify selection indices able to distinguish high 

yielding wheat cultivars in these conditions. Thus, the

of this study was to evaluate the effectiveness of several 

salinity tolerance indices for screening and identification 

of salt tolerance wheat genotypes.
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According to some estimates FAO ([4], [5] and [6] the 

global wheat production must increase by at least 1.6 per 

2020 to meet a projected wheat 

demand of 760 million tons by 2020. In order to achieve 

herefore, improving wheat productivity will be 

essential to meet the growing demand for food under 

shrinking cultivable land area. It is imperative in this 

context to look for tools not only to increase the crop 

productivity but also ensure protection against loss of 

potential productivity due to environmental vagaries [7]. 

Several selection criteria have been proposed for selecting 

genotypes based on their performance in stress and non-

and [10]. Some researchers 

favourable environments, with 

a point of view that high yield potential is expected to 

sustain high yields under stress environments [11], [12] 

Many scientists have chosen a compromise 

solution and believe in selection under both stress and 

], [10], [15], [16] and [17]. 

tress susceptibility index (SSI) and showed that it is not 

[8]. Tolerance index (TOL) 

on the differences in yields measured under non-

(Yp) and stress (Ys) conditions [9]. Mean 

(MP) as the average of Yp andYs but 

MP has an upward bias when there are larger differences 

. The geometric mean productivity 

(GMP), which is less sensitive to extreme values, is a 

better indicator than MP for separating superior genotypes 

stress environments [9]. Stress 

tolerance index (STI), which can be used to identify 

produce high yields under both stress and 

. For selection based on a 

combination of indices, some researchers [18], [19] and 

have used principal component analysis (PCA). PCA 

is one of the most successful techniques for reducing the 

multiple dimensions of the observed variables to a smaller 

intrinsic dimensionality of independent variables [21]. 

olerance indices have been widely used in different 

regions for the evaluation of wheat genotypes [16], [22], 

but very limited work has been 

for salinity tolerance. To improve wheat 

yield and its stability in stress environments, there is a 

need to identify selection indices able to distinguish high 

yielding wheat cultivars in these conditions. Thus, the aim 

study was to evaluate the effectiveness of several 

indices for screening and identification 

wheat genotypes. 
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II. MATERIALS AND METHODS

 

Pot experiment was laid out by planting ten b

genotypes (Table I). The experiment was laid out at the 

Table I: The details of Indian wheat cultivars used in the present investigation.

S. No. Genotypes Parentages

1 HUW 510 HD 2278/HUW 234//DL230

2 K 9533  HI 1077 / HUW 234

3 VL 404 KT/BAGE//FN/GU/3/ST 464/P174106

4 K 710 PBW343/K 9162

5 VL 719 VEE # 5"S"

6 UP 2425 HD 2320/UP 2263

7 NW 1076 OPATA/KILL

8 HUW 318 HUW 206/HUW 202

9 HUW 213 NORTENO/MOTI//HD2160

10 K 72 PV 18/K68

To create the irrigation water of desired salinity level 

(ECiw=10.0 dS m
-1

), required quantity of NaCl, Na

and CaCl2 (7:1:2) were thoroughly mixed with irrigating 

water to the pots. The pot experiment was performed in 

complete randomized design (CRD) with three 

replications. Two level of soil salinity i.e, control (norma

irrigation water) and saline (saline irrigation after 

condition. Salt tolerance indices for each genotype were 

calculated using the following formulas:

Yield stability index (YSI) = Ys/Yp [25]

Yield index (YI) =Ys/Y̅s [26]. 

Stress tolerance index (STI) = Yp x Ys/Y̅

Geometric mean productivity (GMP) = �
Stress susceptibility index (SSI) = (1
Y̅s/Y̅p [8]. 

Mean productivity (MP) =  
�����

�
     [9]. 

Tolerance index (TOL) = Yp –Ys  [9]. 

Where Ys and Yp are the yields of genotypes evaluated 

under saline (stress) and non-saline (non

and Y̅s and Y̅p are the mean yields over all genotypes 

evaluated under stress and non-stress conditions.

combined data of grain yield under both stress an

stress condition were subjected to analysis to estimate the 

Table II: The mean of pooled data (2012

Genotypes Ys Yp 

HUW 570 4.95(2) 11.65(4) 6.70(4)

K 9533 3.00(10) 6.74(10) 3.75(9)

VL 404 4.12(5) 12.20(2) 8.10(2)

K 710 3.65(8) 6.75(9) 3.10(10)

VL 719 3.85(7) 9.05(6) 5.20(5)

UP 2425 3.60(9) 7.85(8) 4.25(7)

NW 1076 4.90(3) 8.95(7) 4.05(8)

HUW 318 4.13(4) 11.90(3) 7.80(3)

HUW 213 4.10(6) 12.60(1) 8.50(1)

K 72 5.85(1) 10.40(5) 4.55(6)

The numbers in the parentheses are the ranks of the genotype for each index.
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ETHODS 

Pot experiment was laid out by planting ten bread wheat 

The experiment was laid out at the 

experimental farm, Department of Agriculture 

Biotechnology, SVPUA&T: Meerut, during November, 

2012-13 and 2013-14 and the experimental soil was sandy 

loam with initial pH 7.2 and ECe 1.13 dS

 

Table I: The details of Indian wheat cultivars used in the present investigation.

Parentages Developed by

HD 2278/HUW 234//DL230-16 VARANASI

HI 1077 / HUW 234 KANPUR 

KT/BAGE//FN/GU/3/ST 464/P174106 ALMORA 

PBW343/K 9162 KANPUR 

VEE # 5"S" ALMORA 

HD 2320/UP 2263 PANTNAGAR

OPATA/KILL FIAZABAD

HUW 206/HUW 202 VARANASI

NORTENO/MOTI//HD2160 VARANASI

PV 18/K68 KANPUR 

 

To create the irrigation water of desired salinity level 

), required quantity of NaCl, Na2SO4 

(7:1:2) were thoroughly mixed with irrigating 

water to the pots. The pot experiment was performed in 

complete randomized design (CRD) with three 

level of soil salinity i.e, control (normal 

saline irrigation after sowing) 

Salt tolerance indices for each genotype were 

calculated using the following formulas: 

]. 

Y̅p
2
 [10]. 

���	
	��  [10]. 

1-Ys/Yp)/SI; SI=1-

 

are the yields of genotypes evaluated 

(non-stress) conditions 

p are the mean yields over all genotypes 

stress conditions.The 

combined data of grain yield under both stress and non-

subjected to analysis to estimate the 

simple statistic i.e., mean, standard error and simple 

correlation. Salt tolerance indices were analyzed by cluster 

and principal component analysis with the help of

Software program ‘SPSS’ v 16.0 for windows. Cluster 

analysis identifies variable which are further clustered into 

main group and subgroups using Ward’s method. The 

genotypes in each cluster were also analyzed for basic 

statistics. This was done to interpret relationships among 

selection criteria, to compare genotypes on the basis of salt 

tolerance indices and to identify genotypes or groups of 

genotypes with a certain level of salt tolerance. 

statistical analysis was performed using SPSS v 

software programme [27]. 

 

III. RESULT AND 

 

The genotypes K72, HUW570

VL404 had the best performance for grain yield in salt 

stressed conditions, while the genotypes 

VL404, HUW318, HUW570

performance under non-stressed 

genotypes also exhibited highly significant differences for 

all the salt tolerance indices (Table 

 

f pooled data (2012-14) of yield and their corresponding tolerance indices.

TOL MP GMP SSI STI 

6.70(4) 14.13(3) 7.59(2) 1.01(5) 0.60(2)

3.75(9) 8.25(10) 4.50(10) 0.97(6) 0.21(10)

8.10(2) 14.25(2) 7.07(4) 1.16(2) 0.52(4)

3.10(10) 8.58(9) 4.96(9) 0.80(8) 0.26(9)

5.20(5) 10.98(7) 5.90(7) 1.02(4) 0.36(7)

4.25(7) 9.65(8) 5.32(8) 0.95(7) 0.29(8)

4.05(8) 11.40(6) 6.62(6) 0.79(9) 0.46(6)

7.80(3) 13.95(4) 6.98(5) 1.15(3) 0.51(5)

8.50(1) 14.65(1) 7.19(3) 1.18(1) 0.54(3)

4.55(6) 13.33(5) 7.80(1) 0.77(10) 0.63(1)

The numbers in the parentheses are the ranks of the genotype for each index. 
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experimental farm, Department of Agriculture 

Biotechnology, SVPUA&T: Meerut, during November, 

14 and the experimental soil was sandy 

loam with initial pH 7.2 and ECe 1.13 dS m
-1

.  

Table I: The details of Indian wheat cultivars used in the present investigation. 

Developed by Year 

VARANASI 2001 

2002 

 1978 

1985 

 1994 

PANTNAGAR 1999 

FIAZABAD 2004 

VARANASI 1991 

VARANASI 1983 

1983 

simple statistic i.e., mean, standard error and simple 

correlation. Salt tolerance indices were analyzed by cluster 

and principal component analysis with the help of 

v 16.0 for windows. Cluster 

analysis identifies variable which are further clustered into 

main group and subgroups using Ward’s method. The 

genotypes in each cluster were also analyzed for basic 

statistics. This was done to interpret relationships among 

lection criteria, to compare genotypes on the basis of salt 

tolerance indices and to identify genotypes or groups of 

genotypes with a certain level of salt tolerance. All the 

statistical analysis was performed using SPSS v 16.0 

ESULT AND DISCUSSION 

HUW570, NW1076, HUW318 and 

had the best performance for grain yield in salt 

stressed conditions, while the genotypes HUW213, 

HUW570 and K72 had the best 

stressed conditions (Table II). The 

genotypes also exhibited highly significant differences for 

all the salt tolerance indices (Table III).  

their corresponding tolerance indices. 

 YSI YI 

0.60(2) 0.42(7) 1.18(2) 

0.21(10) 0.44(5) 0.71(10) 

0.52(4) 0.34(9) 0.97(4) 

0.26(9) 0.54(3) 0.87(8) 

0.36(7) 0.43(6) 0.91(7) 

0.29(8) 0.46(4) 0.86(9) 

0.46(6) 0.55(2) 1.16(3) 

0.51(5) 0.35(8) 0.96(5) 

0.54(3) 0.33(10) 0.95(6) 

0.63(1) 0.56(1) 1.39(1) 



 

 

 

Copyright © 2014 IJAIR, All right reserved

Ys – grain yield under stressed environment, Yp 

– mean productivity, GMP – geometric mean productivity, STI 

TOL – tolerance index, YSI – yield stability index, YI 

 

The two-year mean values of screening methods for 

characterizing salt tolerance and adaptation of genotypes 

to different environments are presented in Table II

highest TOL value was calculated for HUW213

by VL404 and HUW318, indicating that these genotypes 

had a greater grain yield (GY) reduction under 

condition and higher salt sensitivity, whereas the lowest 

TOL value was found in K710, followed by 

NW1076 indicating these genotypes had a low

reduction in stress condition. According to SSI, the 

genotype HUW213 followed by VL404 

the highest values while genotype K72

NW1076 and K710 had the lowest values

considered as genotypes with high salt 

poor yield stability in both stress

conditions. Based on ranking of MP, STI and GMP 

indices, genotypes HUW213, K72, VL404

had the highest values, whereas the genotypes 

had the lower values. Similar ranks of 

MP and GMP parameters as well as STI suggest that these 

three indices are comparable for selecting genotypes. The 

highest YSI was obtained by genotype 

NW1076 and K710 whereas the lowest YSI was obtained 

for genotype HUW213 followed by VL404

The genotype K72 followed by HUW510

had the highest YI and the genotype K9533

Table III: Relationships 

Tolerance Indices Ys 

Yp  0.472
ns

 

TOL  0.122
 ns

 0.932

MP  0.597
 ns

 0.989

GMP  0.831
**

 0.883

SSI  -0.344
 ns

 0.655

STI  0.839
**

 0.872

YSI  0.351
 ns

 -0.649

YI  1.000
**

 0.465

ns, *  and  ** non-significant and significant at the 5% and 1% levels of probability, respectively.

Ys – grain yield under stressed environment, Yp 

– mean productivity, GMP – geometric mean productivity, STI 

TOL – tolerance index, YSI – yield stability index, YI 

  

Grain yield under stressed conditions (Ys) and non

stressed conditions (Yp) were significantly and positively 

correlated with MP, GMP and STI which indicated that 

they were better predictors of Ys and Yp than TOL and 

SSI. The indices, MP, GMP and STI were able to identify 

high yielding wheat genotypes in both stressed and non

stressed conditions and these findings are consistent with 

the findings of [10], [18], [16] and 

indices were correlated with yield under both 

environments (Table III).The YI and YSI were 

significantly and positively correlated with Ys, and 

negatively correlated with SSI (Table III

these two indices are useful to discriminate salt tolerant 

and yield stable genotypes. YSI to be a more useful index 

Copyright © 2014 IJAIR, All right reserved 

876 

International Journal of Agriculture Innovations and Research

Volume 3, Issue 3, ISSN (Online) 2319

grain yield under stressed environment, Yp – Grain yield under non-stressed environment, SI 

geometric mean productivity, STI – stress tolerance index, SSI –

yield stability index, YI –yield index. 

year mean values of screening methods for 

characterizing salt tolerance and adaptation of genotypes 

onments are presented in Table II. The 

HUW213 followed 

, indicating that these genotypes 

reduction under salt stress 

sensitivity, whereas the lowest 

, followed by K9533 and 

indicating these genotypes had a lower GY 

According to SSI, the 

 and HUW318 had 

K72 followed by 

had the lowest values and were 

 susceptibility and 

stress and non-stress 

Based on ranking of MP, STI and GMP 

VL404 and HUW570 

had the highest values, whereas the genotypes remained 

ks of the genotypes for 

MP and GMP parameters as well as STI suggest that these 

for selecting genotypes. The 

highest YSI was obtained by genotype K72 followed by 

whereas the lowest YSI was obtained 

VL404 and HUW318. 

HUW510 and NW1076 

K9533 followed by 

UP2425 and K710 had the lowest YI value.

under salt-stressed conditions (Ys) had a very weak 

association with the yield under non

(Yp) indicating that high potential yield under optimal 

conditions does not necessarily result in improved yield in 

a salinity-prone environment. For example, the genotypes 

HUW213 VL404 and HUW318

under non-stressed conditions 

yields in the stressed environment. Therefore, indirect 

selection for such conditions based on the results of 

optimum conditions will not be efficient. These results are 

supported by [28], [29] and [24

non-significant association between yield in

non-stress environments. The results showed that the 

greater the TOL and SSI values,

production under non-stressed conditions and convers

there was a trend for smaller TOL and SSI values to be 

associated with larger yield production under stressed 

conditions (Table II). These relationships

Table III, in that Yp significantly

with TOL and SSI, but Ys correlated negatively

significantly with SSI while

significantly with TOL. These results suggest that 

selection based only on low values of TOL and SSI will 

result in reduced yield under non

Similar results were reported by 

 

Table III: Relationships among traits studied in this investigation. 

Yp TOL MP GMP SSI 

     

0.932
**

     

0.989
**

 0.869
**

    

0.883
**

 0.653
*
 0.942

**
   

0.655
*
 0.878

**
 0.539

 ns
 0.232

 ns
  

0.872
**

 0.638
*
 0.934

**
 0.998

**
 0.214

0.649
*
 -0.874

**
 -0.532

 ns
 -0.224

 ns
 -0.999

0.465
 ns

 0.114
 ns

 0.590
 ns

 0.827
**

 -0.351

significant at the 5% and 1% levels of probability, respectively.

grain yield under stressed environment, Yp – Grain yield under non-stressed environment, SI 

geometric mean productivity, STI – stress tolerance index, SSI –

yield stability index, YI –yield index. 

under stressed conditions (Ys) and non-

stressed conditions (Yp) were significantly and positively 

which indicated that 

they were better predictors of Ys and Yp than TOL and 

SSI. The indices, MP, GMP and STI were able to identify 

high yielding wheat genotypes in both stressed and non-

stressed conditions and these findings are consistent with 

 [17]. These three 

indices were correlated with yield under both 

).The YI and YSI were 

significantly and positively correlated with Ys, and 

III), indicating that 

these two indices are useful to discriminate salt tolerant 

and yield stable genotypes. YSI to be a more useful index 

to discriminate tolerant from susceptible genotypes due to 

its negative correlation with TOL and SSI

stability parameter to identify drought

of wheat [32]. In this study, genotype 

NW1076, K710 and UP2425 

and therefore, these genotypes have low 

and high yield stability in both cond

genotype HUW213, followed by 

VL719 had the highest SSI value can be consider

genotypes with high salt susceptibility and poor yield 

stability in both stress and non

results were reported in durum wheat by 

[17] for drought tolerance evaluation
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stressed environment, SI – stress intensity, MP 

– stress susceptibility index, 

had the lowest YI value. The yield 

stressed conditions (Ys) had a very weak 

with the yield under non-stressed conditions 

(Yp) indicating that high potential yield under optimal 

conditions does not necessarily result in improved yield in 

prone environment. For example, the genotypes 

and HUW318 produced the highest yield 

 but failed to produce high 

stressed environment. Therefore, indirect 

selection for such conditions based on the results of 

optimum conditions will not be efficient. These results are 

[24] who found a positive but 

significant association between yield in stress and 

The results showed that the 

greater the TOL and SSI values, the higher the yield 

stressed conditions and conversely, 

there was a trend for smaller TOL and SSI values to be 

associated with larger yield production under stressed 

relationships are obvious in 

, in that Yp significantly and positively correlated 

Ys correlated negatively and non-

significantly with SSI while positively and non-

TOL. These results suggest that 

selection based only on low values of TOL and SSI will 

result in reduced yield under non-stressed conditions. 

Similar results were reported by [14], [30], [31] and [29].  

 

 STI YSI 

  

  

  

  

  
 ns

   

0.999
**

 -0.208
 ns

  

0.351
 ns

 0.835
**

 0.358
 ns

 

significant at the 5% and 1% levels of probability, respectively. 

stressed environment, SI – stress intensity, MP 

– stress susceptibility index, 

to discriminate tolerant from susceptible genotypes due to 

its negative correlation with TOL and SSI [16]. SSI as 

ity parameter to identify drought-resistant genotypes 

. In this study, genotype K72 followed by 

 had the lowest SSI values 

and therefore, these genotypes have low salt susceptibility 

and high yield stability in both conditions, whereas the 

, followed by VL404, HUW318 and 

had the highest SSI value can be considered as 

susceptibility and poor yield 

on-stress conditions. Similar 

results were reported in durum wheat by [18], [31] and 

for drought tolerance evaluation. 
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Table IV: Principal component analysis for Ys, Yp and 

their corresponding tolerance indices

Traits Component1

Ys 0.971 

Yp 0.670 

TOL 0.356 

MP 0.771 

GMP 0.939 

SSI -0.115 

STI 0.944 

YSI 0.123 

YI 

Eigenvalue 

Percent of variation 

Cumulative percentage 

0.969 

4.852 

53.915 

53.915 

 

Germplasm improvement and genetic diversity is a key 

to reliable and sustainable production of the food crops. 

For effective evaluation and utilization of germplasm, 

measure of extent of available genetic diversity is of 

utmost importance [33]. The use of multivariate statistical 

Fig.I. Dendrogram resulting from cluster analysis of bread wheat genotypes based on studied trait.

  

Table V: Grouping of 

Cluster Frequency Dendrogram representing no.

I 4 

II 3 

III 3 
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Table IV: Principal component analysis for Ys, Yp and 

tolerance indices 

Component1 Component2 

-0.237 

0.741 

0.932 

0.636 

0.342 

0.991 

0.325 

-0.990 

-0.245 

4.124 

45.817 

99.732 

Germplasm improvement and genetic diversity is a key 

to reliable and sustainable production of the food crops. 

For effective evaluation and utilization of germplasm, 

measure of extent of available genetic diversity is of 

multivariate statistical 

algorithms is an important strategy for classification of 

germplasm and analysis of genetic relationships among 

breeding material [34]. In order to maintain, evaluate and 

utilize germplasm effectively, it is important to investigat

the extent of genetic diversity available.

The cluster analysis sequestrates genotypes into clusters 

which exhibit high homogeneity within a cluster and high 

heterogeneity between clusters 

(Ward’s method) based on salt tolerance indices and grain 

yield under stressed and non-stressed conditions classified 

the genotypes into three groups

genotypes show minimum variance and genetic distance, 

while between-group genotypes are dissimilar

maximum genetic distance (Table V

cluster are presented in Table 

obtained by various researchers worldwide previously i.e., 

[36] used seven statistical procedures to study the 

relationship between wheat grain yield and its 

components. Seventy wheat genotypes were evaluated for 

variability parameter including cluster analysis for eight 

traits by [37]. Cluster analysis using Wards alg

squared Euclidean distances and assigned 94 bread wheat 

inbred lines into three groups [38]

 

Dendrogram resulting from cluster analysis of bread wheat genotypes based on studied trait.

Table V: Grouping of genotypes based on nine studied characters. 

Dendrogram representing no. Cluster membership 

1, 3, 8, 9 HUW510, VL404,  HUW318, HUW213

2, 4, 6 K 9533,  K710,  UP2425

5, 7, 10 VL719,  NW1076,  K72
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the extent of genetic diversity available. 

The cluster analysis sequestrates genotypes into clusters 
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heterogeneity between clusters [35]. Cluster analysis 

based on salt tolerance indices and grain 
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groups (Fig. I).  Within group 
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group genotypes are dissimilar with 
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cluster are presented in Table V. Similar results were 

obtained by various researchers worldwide previously i.e., 

used seven statistical procedures to study the 

relationship between wheat grain yield and its 

components. Seventy wheat genotypes were evaluated for 

variability parameter including cluster analysis for eight 

luster analysis using Wards algorithm and 

and assigned 94 bread wheat 

[38]. 
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In addition to correlation analysis, principal component 

analysis based on salt tolerance indices was constructed to 

identify superior genotypes for both stressed and non

stressed environments. Principal component analysis 

simplifies the complex data by transforming the number of 

correlated variables into a smaller number of variables 

called principal components. The first principal 

component accounts for maximum variability in the data 

with respect to succeeding components 

had grouped the estimated wheat variables 

components. The first two components with

>1 accounted for 99.73% of the total variation of grain 

yield. PC1 accounted for about 4.85% of the variation in 

salt tolerance indices and PC2 for 4.12% (Table 

first PC was related to Ys, Yp, MP, GMP, STI and YI

whereas the second PC related to Yp, TOL

(Table IV). The first PC was negatively related to SSI 

while PCII was negatively related to Ys, YSI and YI.

GMP, STI, TOL and SSI were strongly correlated with 

yield under normal irrigation and have significantly

negative correlations with YSI indicating that these indices 

are able to select salt susceptible genotypes which only 

perform well under non-stressed conditions and have poor 

yield stability. Ys has a significantly positive correlation 

with GMP and STI while positive and non significantly 

with YSI and MP, and a significantly negative correlation 

with SSI, indicating that these indices are also able 

select salt tolerant genotypes which performed well under 

stressed conditions and have low to moderate yield 

stability. Our results agreement with [39

113 accessions of barley by using cluster and principal 

component analysis. 

 

IV. CONCLUSION 
  

According to our results, salinity significantly reduced 

the yield of some genotypes while some were tolerant to 

stress indicating that sufficient genetic variability for 

salinity tolerance among the studied genotypes 

present. Based on correlation and principal component 

analysis concluded that GMP and STI were the best 

indicators of yield under both stressed and non

environments because these indices had positive and 

significant correlations with Ys and Yp. 

can select suitable genotype and the genotypes K72

HUW570 can be recommended for cultivation in salt 

affected areas. 
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analysis based on salt tolerance indices was constructed to 

identify superior genotypes for both stressed and non-

stressed environments. Principal component analysis 

ansforming the number of 

correlated variables into a smaller number of variables 

called principal components. The first principal 

component accounts for maximum variability in the data 

with respect to succeeding components [37]. The analysis 

had grouped the estimated wheat variables into two main 

components with eigen values 

% of the total variation of grain 

% of the variation in 

% (Table IV). The 

Ys, Yp, MP, GMP, STI and YI 

related to Yp, TOL, MP and SSI 

The first PC was negatively related to SSI 

while PCII was negatively related to Ys, YSI and YI. MP, 

GMP, STI, TOL and SSI were strongly correlated with 

yield under normal irrigation and have significantly 

indicating that these indices 

are able to select salt susceptible genotypes which only 

sed conditions and have poor 

yield stability. Ys has a significantly positive correlation 

GMP and STI while positive and non significantly 

MP, and a significantly negative correlation 

with SSI, indicating that these indices are also able to 

select salt tolerant genotypes which performed well under 

stressed conditions and have low to moderate yield 

[39] who evaluated 

113 accessions of barley by using cluster and principal 
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stress indicating that sufficient genetic variability for 
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relation and principal component 
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