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A B S T R A C T 

 

Salinity stress is one of the most important abiotic stresses 
which reduce the crop production in worldwide and breeding for 
salinity tolerance maybe result in improving wheat seed yield under 
saline conditions in arid and semi-arid areas agriculture. 
Identification of effective yield-related traits is the main aim of each 
breeding program. In this research, the relationship between wheat 
seed yield and its components under saline condition were 
investigated by using four statistical procedures including; simple 
correlation, multiple linear regression, stepwise regression and path 
analysis. The experiment was conducted under saline field conditions 
at the research field of the National Salinity Research Center (NSRC) 
at Yazd, Iran based on randomized complete block design with three 
replications. Electrical conductivity of irrigation water was 10 ds.m

-1
. 

The multiple statistical procedures which have been used in this 
study indicated that biological yield, harvest index and chlorophyll 
content were the most effective variables influencing seed yield. 
Based on the results, it seems that high yield of wheat plants under 
saline field conditions can be obtained by selecting breeding 
materials with high biological yield, harvest index and chlorophyll 
content. This suggests that evaluation for salt tolerance among 
genotypes can be based on the genetic diversity in biological yield, 
harvest index and chlorophyll content. 
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1. Introduction 

Salinity is one of the major environmental stresses across agricultural regions of worldwide especially in arid 
and semi-arid regions can severely limit growth and cereal production (Colmer et al., 2006; Rozema and Flowers, 
2008). Bread wheat (Triticum aestivum L.) is one of the important crops of the word especially in arid and semi-arid 
areas and is faced with types of environmental stresses including salt stress (Flower and Yeo, 1995; Rozema and 
Flowers, 2008). The most efficient way to increase wheat yield is to improve the salt tolerance of wheat genotypes 
because salinity management through reclamation or improved irrigation techniques is often prohibitively 
expensive and provides only short-term solutions to overcome salinity (Ashraf and Wu, 1994; Shannon, 1997). 
Since, most of the experiments are carried out under controlled condition and This is in spite of the fact that 
genotypic differences observed controlled conditions may not correspond to those observed at the adult stages in 
the field conditions (Houshmand et al., 2005) because in controlled conditions the plants are not exposed with the 
conditions such as spatial and temporal heterogeneity of soil chemical and physical properties that prevail in salt 
affected field conditions (Munns and James, 2003). Therefore, in order to evaluate the efficiently of screening 
methods for improving salt tolerance in crops, reassessment should be carried out under field conditions and at 
different growth stages (Richards et al., 1987). Improving the seed yield of wheat is always the final and major 
target in plant breeding. So, the evaluation of growth parameters determining seed yield and final seed yield is a 
critical aspect of breeding programs (Dehghani et al., 2012a). On the other hand, seed yield is a quantitative trait 
and highly affected by environmental factors and hence has a low heritability, therefore choose based on lower 
yield in order to improve it may not be very effective hence (Poormohammad Kiani et al., 2009). Yield components 
and related characters with seed yield due to easy measurement and high heritability can be used as criteria for 
distinguish salinity tolerant plant and for improvement of seed yield in wheat genotypes especially under saline 
environments. Therefore, there is the need to examine the interrelationships between various traits, especially 
between seed yield and other traits (Dehghani et al., 2012b).  

Different statistical procedures have been used to evaluate yield and yield components including correlation, 
regression and path analysis (Mohamed, 1999; Naser and Leilah, 1993; Leilah and Al-Khateeb, 2005; Mohammadi 
et al., 2011).  Correlation coefficient is an important statistical procedure to evaluate breeding programs for high 
yield, as well as to examine direct and indirect contribution of yield component (Mohamed, 1999; Hiltbrunner et 
al., 2007). Path coefficient analysis is a statistical technique of partitioning the correlation coefficient into direct 
and indirect effects; therefore the contribution of each character to yield can be estimated through path 
coefficient analysis (wright, 1921; Dewey and Lu, 1959). Many researchers have used this technique in rice (Gravois 
and McNew, 1993), soybean (Board et al., 1997), wheat (Leilah and Al-Khateeb, 2005) and canola (Basalma, 2008). 
Stepwise multiple linear regression proved to be more effective that the full model regression to determine the 
predictive equation for yield (Naser and Leilah, 1993; Mohamed, 1999).  

This study was carried out to determine the interrelationships between seed yield and related traits in bread 
wheat by four statistical procedures and identifying traits, which may be useful in breeding higher-yielding 
genotypes under saline condition in field farm. 

2. Materials and methods 

The forty one genotypes of bread wheat (Triticum aestivum L.) which were used in this experiment were 
almost all the commercial wheat genotypes cultivated in different parts of Iran. The experiment was carried out in 
the saline conditions at the research field of the National Salinity Research Center (NSRC) at Yazd, Iran (31°86′N, 
53°95′E). Before starting the experiment was conducted sampling in the different layers of soli (0-30, 30-60, 60-90 
cm depth) in the experiment location. Relevant soil characteristics of the experimental site are given in Table 1. 
The genotypes cultivated in saline condition with 3 replications in from of randomized complete block design. The 
salinity of water used in irrigation was 10dS.m-1. Each plot consisted two rows 20 cm apart and 2 m in length. N, P 
and K fertilizers were applied based on the soil test and the Iranian Soil and Water Institute (ISWI) 
recommendation model (Milani et al., 1998). A total of 150 kg N ha

-1
 each time at sowing, top-dressed at tillering 

stage and at the start of podding. Other fertilizers were applied before plowing at the recommended rates of 115 
kg P2O5 ha-1 and 80 kg K2SO4 ha

-1
, for the purpose of determining the salinity of soil during growth season, 

sampling have been done from the depth of 0-30, 30-60, 60-90. The average of salinity rate during growth season 
was 9.5dS.m

-1
. Weeds were controlled by hand as needed. 
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Data were collected on the following 18 characters in all replications on five randomly selected plants from 
each plot. The traits were own length (X1), number of seed per spike (X2), number of fertile tiller (X3), number of 
spikelet per spike (X4), flag leaf length (X5), 100-seed weight (X6) (The 100-seed weight was measured on a sub-
sample of seed harvested from each plot), seed weight per spike (X7), peduncle weight (X8), spike weight (X9), 
chlorophyll content (X10) (The chlorophyll content (X10) of base, middle and tip (Munns and James, 2003) of the 
third leaves was measured using a SPAD-502 chlorophyll meter (Minolta, Japan) which provides rapid and non-
destructive measurements of leaf chlorophyll content), plant height (X11), days to heading (X12), days to maturity 
(X13), spike length (X14), peduncle length (X15), harvest index (X16) (The harvest index was calculated as the ratio 
between grain yield and biological yield), biological yield (X17) and seed yield (SY) were recorded.  

The datasets were first tested for normality by the Anderson and Darling normality test using Minitab version 
14 statistical software. Simple correlation coefficients were calculated for all possible comparisons using the 
Pearson correlation coefficient. In order to evaluate the relative contribution and to develop the prediction model 
for seed yield, multiple linear regression and partial coefficient of determination (R

2
) was calculated for each yield 

component (Snedecor and Cochran, 1981). Stepwise multiple linear regression procedure was used to determine 
the variable accounting for the majority of total yield variability (Draper and Smith 1966). Correlation coefficients 
were partitioned into direct and indirect effects using path coefficient analysis (Dewey and Lu, 1959). Data analysis 
was performed using SAS version 9.1 and SPSS version 19 statistical software. 

 
Table 1 
Soil properties of the experimental site. 

Location 
Depth 
(cm) 

pH EC (dS.m
-1

) 
meqL

-1
 P 

(mg.kg
-1

) 
K 

(mg.kg
-1

) K
+
 Na

+
 Mg

+
 Ca

+
 

Stress 0-30 7.6 9.80 1.7 175.8 52.6 52.3 25.9 209 
30-60 7.6 7.89 0.9 149.8 41.2 38.2 5.0 177 
60-90 7.3 9.58 0.9 219.7 61.7 48.3 3.7 201 

3. Results and discussion 

The analysis of variance results indicated highly significant difference in bread wheat genotypes for all traits 
under study (data not shown). The simple correlation coefficients showed there were significant positive 
correlations between seed yield and all of the measured traits except for number of seed per spike (X2), number of 
spikelet per spike (X4), flag leaf length (X5), peduncle weight (X8) and Spike length (X14) (Table 2). Results revealed 
that was high positive correlations between seed yield with biological yield (X17), harvest index (X16) and plant 
height (X11). Our observations were consistent with Kumbhar et al. (1983), Mohamed (1999) and Leilah and Al-
Khateeb (2005) investigations on wheat plant yield components. However, Moghaddam et al. (1998) showed a 
negative correlation between plant height and seed yield. Also, the results of correlation coefficient analysis 
revealed that leaf chlorophyll content (X10) was positively and significantly correlated with the seed yield under 
saline conditions. Many researchers have reported similar results. A positive correlation between leaf chlorophyll 
content and yield for wheat and other crops were reported by Araus et al. (1998), Kabanova and Chaika, (2001), 
Ramesh et al. (2002), Boggs et al. (2003) and Bronson et al. (2003). 

The objective of this analysis is to discover individual effects of independent variables on dependent one. 
Efficiency and precision of model depends on influence and number of components considered on yield. This 
analysis can be used for prediction of yield components in wheat and other crops (Andales et al., 2007). The 
multiple linear regression analysis, shown in Table 3, explains the regression coefficients, the p values of the 
variables on estimation of seed yield. The obtained results showed that the prediction equation for seed yield (Ŷ) is 
formulated using the wheat plant variables as follows: 

Ŷ= -1966.6 + 55.4X1 – 22.2X2 – 7.1X3 + 81.7X4 – 71.5X5 + 202.0X6 + 301.6X7 + 407.2X8 – 275.7X9 + 54.5X10 – 
22.3X11 – 47.1X12 + 29.5X13 – 40.4X14 + 6.0X15 + 4580.9X16 + 0.31X17 

The formula explains 87% of the total variation within the seed yield components and the remaining 13% 
maybe due to residual effects. T-test indicated that biological yield (X17), harvest index (X16) and chlorophyll 
content (X10) seemed to have the greatest effect in wheat seed yield. These results show that they are important 
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variables and could be used in bread wheat breeding programs. Regression analysis is the better way to make crop 
yield prediction (Xue et al., 2006). 

Stepwise multiple linear regression is the more effective that the full model regression to determine the 
predictive equation for yield (Naser and Leilah, 1993). Table 4 shows the data representing partial and cumulative 
R

2
 as well as the probability for the accepted limiting three wheat variables in seed yield prediction. Stepwise 

regression for seed yield indicated that 3 variables, including harvest index (61.3%), biological yield (15.1%), and 
chlorophyll content (3.7%) entered the model (Table 4). According to the results, 80.1% of the total variation in 
seed yield could be attributed to these three variables. The other variables were not included in the analysis due to 
their low relative contributions. Regression coefficients for the accepted variables are shown in Table 5. The 
predicted equation for seed yield (Ŷ) formula was: 

 
Ŷ = – 466.2 + 4665.6X16 + 0.31X17 + 34.6X10 
 
The correlation coefficients were partitioned direct and indirect effects by using path analysis (Table  6). 

According to the results of stepwise multiple linear regression analysis, 80.1% of the total variation in seed yield 
could be attributed to three variables included biological yield (X17), harvest index (X16) and chlorophyll content 
(X10). Therefore, path analysis was conducted using the results of stepwise regression. The other variables were 
not included in the analysis, due to their low relative contributions. Results of path analysis indicated biological 
yield, harvest index and chlorophyll content have positive direct effects on seed yield. The highest direct effects on 
seed yield were observed with harvest index (1.26) and biological yield (1.19). 

 

Table 3 
The regression coefficient (b) of the variables in estimation of seed yield by 
the multiple linear regression analysis. 

Variables dF Coefficient of regression (b) 

Own length (X1) 1 55.43 ± 43.76ns 
Number of seed per spike (X2) 1 -22.23 ± 19.69ns 
Number of fertile tiller (X3) 1 -7.10 ± 12.51ns 
Number of spikelet per spike (X4) 1 81.79 ± 60.85ns 
Flag leaf length (X5) 1 -71.52 ± 85.23ns 
The 100-seed weight (X6) 1 202.01 ± 311.1ns 
Seed weight per spike (X7) 1 301.64 ± 172.4ns 
Peduncle weight (X8) 1 407.25 ± 530.5ns 
Spike weight (X9) 1 -275.79 ± 161.7ns 
Chlorophyll content (X10) 1 54.53 ± 23.12* 
Plant height (X11) 1 -22.34 ± 32.95ns 
Days to heading (X12) 1 -47.13 ± 28.02ns 
Days to maturity (X13) 1 29.53 ± 33.50ns 
Spike length (X14) 1 -40.40 ± 125.6ns 
Peduncle length (X15) 1 6.02 ± 45.99 ns 
Harvest index (X16) 1 4580.94 ± 548.9** 
Biological yield (X17) 1 0.31 ± 0.040** 
* and **:  significant at 5% and 1%, ns: not significant, Y-intercept (a): -1966.67, 
SE:3748.31, R²: 0.873, Root MSE: 351.793, Adj. R²: 0.780. 
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Table 2 
Pairwise correlation coefficients between 18 traits of 41 bread wheat genotypes measured in a saline condition. 

Trait X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 

X2 0.11
a 

                

X3 -0.02 -0.17                

X4 -0.37 0.59 -0.02               

X5 0.00 -0.26 0.29 -0.27              

X6 -0.15 -0.55 0.36 -0.33 0.59             

X7 -0.28 0.31 0.09 0.21 0.41 0.13            

X8 -0.16 0.30 0.16 0.37 0.11 0.09 0.42           

X9 -0.20 0.54 -0.03 0.45 0.27 0.01 0.77 0.48          

X10 0.01 -0.19 0.44 0.03 0.30 0.37 0.24 0.47 0.05         

X11 -0.17 0.34 0.25 0.37 -0.09 -0.29 0.05 0.49 0.03 0.18        

X12 -0.34 0.16 -0.02 0.45 -0.39 -0.35 0.02 0.31 -0.01 0.59 0.01       

X13 -0.21 0.09 0.32 0.36 -0.08 -0.11 0.11 0.40 0.02 0.67 0.36 0.77      

X14 0.08 -0.12 0.28 -0.01 0.12 0.03 0.09 0.33 0.06 0.25 0.62 0.18 0.40     

X15 0.14 -0.18 0.33 -0.18 0.44 0.38 0.19 0.34 -0.01 0.01 0.82 -0.30 0.03 0.32    

X16 0.36 0.03 -0.07 -0.16 -0.18 -0.17 -0.35 -0.29 -0.11 -0.24 -0.45 -0.22 -0.28 -0.13 -0.29   

X17 -0.09 0.04 0.38 0.10 0.30 0.11 0.44 0.43 0.16 0.42 0.64 0.21 0.45 0.38 0.46 -0.64  

SY 0.33 0.05 0.35 -0.05 0.08 0.31 0.30 0.19 0.32 0.43 0.40 0.30 0.33 0.20 0.32 0.45 0.48 
a
 Critical values of correlation P < 0.05 and P < 0.01 (df 39) are 0.39 and 0.30, respectively. 
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Table 5 
Regression coefficient (b) of the accepted variables that can be used to predict wheat seed yield 
by the stepwise procedure. 

Variables Coefficient of regression (B) 

Harvest index (X16) 4665.66 ± 440.8** 
Biological yield (X17) 0.31 ± 0.031** 
Chlorophyll content 
(X10) 

34.64 ± 13.081* 

* and **: significant at 5% and 1%, Y-intercept (a): -466.22, SE: 689.34, R²: 0.801. 

 
Table 6 
Path coefficients (direct and indirect) of characters affecting seed yield under saline conditions. 

Variables 
Effects via 

Total correlation 
(X10) (X16) (X17) 

Chlorophyll content (X10) 0.219 -0.305 0.515 0.429 
Harvest index (X16) -0.053 1.269 -0.767 0.449 
Biological yield (X17) 0.094 -0.813 1.198 0.479 

 
Also, the highest indirect effects of positive on seed yield were observed with chlorophyll content (0.51). 

Generally, the results path analysis showed that biological yield, harvest index and chlorophyll content positively 
influenced the seed yield and have the greatest importance in relationship to wheat seed yield under saline 
conditions. Many Researchers have used the path coefficient analysis for partitioning correlation coefficients into 
direct and indirect effects for improving seed yield via selection for its yield components (Kang et al., 1983; Gravois 
and McNew, 1993; Board et al., 1997; Kozak and Kang, 2006). 

Regarding to the multiple statistical procedures which have been used in this study indicated that biological 
yield, harvest index and chlorophyll content were the important variables influencing seed yield and can be used as 
selection criteria for improving seed yield of bread wheat under saline conditions. Based on the results, it seems 
that biological yield and harvest index traits are appropriate indices for salinity breeding programs and selection 
salt stress tolerant genotypes. This suggests that evaluation for salt tolerance among genotypes can be based on 
the genetic diversity in biological yield and harvest index. Another advantage is that the harvest index, together 
with biological yield, can again be used as a simple and non-destructive measurement to evaluate large number of 
wheat genotypes in breeding programs. Also, these characters are a yield component and are easier to determine 
than yield and generally have a high heritability. Donald et al. (1976), Mohammed. (1999) and, Leiah and Al-
Khateeb (2005) reported a high, positive, significant, correlation between biological yield and harvest index with 
seed yield. 

Also, the results of different statistical procedures this study indicated that chlorophyll content was one of 
the most effective traits on seed yield under saline conditions. Salinity stress significantly reduces the total 
chlorophyll content and the rate of reduction in total chlorophyll depending on salt tolerance of plant species and 
salt concentrations. In salt-tolerant species, chlorophyll content increased, while in salt-sensitive species it was 
decreased (Ashraf and McNeilly, 1988). Plant physiologists have found chlorophyll content to be a valuable tool to 
monitor plant stress response. The chlorophyll content meter is useful for improving nitrogen and fertilizer 
management and is ideal for crop stress, leaf senescence, plant breeding, health determination and other studies 
(Peñuelas and Filella 1998; Gitelson et al., 2003). Determination of the relationships of the chlorophyll content, 
yield and yield components facilitates selection of high yielding varieties from breeding programs (Singh, 2001). 
The results of different statistical procedures revealed that leaf chlorophyll content was one of the effective traits 
on seed yield under saline conditions. Similar to these results, Araus et al. (1998), Kabanova and Chaika, (2001), 
Ramesh et al. (2002), Boggs et al. (2003) and Bronson et al. (2003) were found a positive correlation between leaf 
chlorophyll content and yield for wheat and other crops. In the present study, the results revealed that leaf 
chlorophyll content due to rapid and non-destructive measurement can be advised one of the indicators in the 
improvement of seed yield in bread wheat under saline conditions. 

Generally, analysis of four statistical procedures which have been used this study revealed that biological 
yield, harvest index and chlorophyll content were the most important traits influencing seed yield under saline 
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conditions. This was clear with all used statistical procedures (Table 7). Therefore, high yield of wheat plants under 
saline conditions can be obtained by selecting breeding materials with high biological yield, harvest index and 
chlorophyll content. 

 
Table 7 
The characteristics effective on seed yield of bread wheat under saline conditions 
with each one of the used statistical procedures. 

Variables 1+ 2 3 6 

Own length (X1) √    

Number of seed per spike (X2)     

Number of fertile tiller (X3) √    

Number of spikelet per spike (X4)     
Flag leaf length (X5)     

The 100-seed weight (X6) √    

Seed weight per spike (X7) √    

Peduncle weight (X8)     

Spike weight (X9) √    

Chlorophyll content (X10) √ √ √ √ 
Plant height (X11) √    

Days to heading (X12) √    

Days to maturity (X13) √    

Spike length (X14)     

Peduncle length (X15) √    

Harvest index (X16) √ √ √ √ 
Biological yield (X17) √ √ √ √ 
1+ = Simple correlation, 2 = Multiple linear regression, 3 = Stepwise multiple linear regression 
and 4 = Path analysis . 
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