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ABSTRACT: To determine the relationship between yield and its components, an experiment was 
carried out with ten bread wheat (Triticum aestivem L.) genotypes (Cross of Shahi, DN-11, Gascogne, 
Ghods, Karaj-3, Oroum, Parsi, Shiraz, Sorkhtokhm and Thous) under normal and source restriction 
conditions as Randomized Completely Block Design (RCBD) with three replicates at field of Islamabad 
Agricultural Research Station (Kermanshah Province, Iran) in 2011-2012 cropping cycle.  In this study, 
correlation analysis of yield per hectare, harvest index, thousand kernel weight, spike weight, seed 
number per spike and seed weight per spike as independent traits were considered  to understand the 
direct and indirect effects of various traits. At first, stepwise regression on yield was fitted as the most 
appropriate model, then, correlated traits were studied, and using path analysis, direct, indirect effects 
and percentages traits were evaluated.  At normal condition seed weight per spike (5.16), harvest index 
(0.393) and seed number per spike (0.2711) had the highest positive direct effects on grain yield and 
thousand kernel weight (-4.5483), had the highest negative direct effect on grain yield.  Under source 
restriction condition, seed number per spike (7.018), thousand kernel weight (5.483) and harvest index 
(0.893) had the highest positive direct effect on grain yield, and seed weight per spike(-7.151), had the 
highest negative direct effect on grain yield.  In general (normal and source restriction conditions) seed 
number per spike (0.497), thousand kernel weight (0.456) and harvest index (0.450) had the highest 
positive direct effects on grain yield, and seed weight per spike (-0.247) had the highest negative direct 
effect  on grain yield.  According to these results, seed weight per spike, harvest index and seed per 
spike, in normal condition and seed per spike, thousand kernel weights and harvest index in source 
restriction condition can be used as a standard selection method in breeding programs. 
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INTRODUCTION 
 

 Bread wheat is the most important cereal crop grown in Kermanshah province (Nouri ,1993).  In agronomic 

and breeding studies, correlation coefficients are generally employed to determine the relation of grain yield and 

yield components. However, correlation coefficients mostly bring forth the interrelations of independent 

components. also, in plant production, the bread wheat cultivars grain yield is a function of many parameters which 

have interrelations among themselves and affect the grain yield directly or indirectly. For this reason, the correlation 

coefficients become insufficient at using yield components for selection criteria to improve grain yields. It is 

reasonable to know whether any yield components has a direct or indirect effect on grain yield, hence, selection 

studies can be carried out successfully. Here, the path analysis brings a solution to this problem and is used to 

determine the direct or indirect effects of any yield components on grain yield in relation to other yield components. 

Many researches have been done on wheat breeding in which, both correlation and path analysis methods were 

simultaneously used. Some researchers reported a positive and significant correlation between plant height and 

grain yield (Khayatnezhad et al., 2010; Zakizadeh et al., 2010; Amri, 2011) In many studies, it has been reported 

that, seed numbers per spike has a positive effect on grain yield (Foroozanfar et al., 2007; Taleei et al., 2003). In 

correlation, a path analyses carried out by a large number of researchers, it has been observed that thousand 

kernel weight has a positive effect on yield (Mohammadi et al., 2007). 

 
MATERIALS AND METHODS 

 
 The experiment was carried out in (2011-2012) cropping cycle on Agricultural Research station of Islamabad 
(Kermanshah Province, Iran). The filed placed on (34°/08´) latitude, and (26°/47´) longitude with 1346 m height and 
538 mm annual rainfall in average. Two separate experiments carried out in a Randomized Complete Block 
Design(RCBD) with three replicates using ten bread wheat genotypes Cross of shahi, DN-11, Gascogne, Ghods, 
Karaj-3, Oroum, Parsi, Shiraz, Sorkhtokhm and Thous were planted under source restriction and normal condition. 
Both experiments were carried out in the same conditions to induce source restriction, sodium chlorate solution (4 
grams per liter) was sprayed on plants about 2 weeks after pollination time.  Seeds were planted in 3-5 cm soil 
depth on Oct 28th. 2011. Individual plot consisted of 600 cm long, 20 cm distances between rows and 5 cm 
distances between plants an row (400 seeds per square 1 meter).  200 kg/ ha phosphate and 150 kg/ha 
ammonium were applied as fertilizer (the hole of phosphate and 1/3 of ammonium applied prior to planting and 2/3 
of ammonium at two stages of growth, early stem stage and booting). Weeds were weeded four times during the 
season. 10 plant samples were randomly chosen from middle part of each row, and were recorded Harvest Index 
(HI); Thousand Kernel Weight (TKW); Spike Weight (SW); Seeds number Per Spike (SNPS); Seed Weight Per 
Spike (SWPS) for each plot or the mean of 10 randomly selected plants in the center  middle rows of each plot.  
Grain yield was measured by harvesting one meter of the central part of each plot at physiological maturity stage.  
The genotypic correlation coefficients were computed and the path coefficient analysis was performed using 
genotypic correlations to assess direct and indirect effects of yield components on grain yield by SAS 9.2, Path 2, 
SPSS 20 statistical software's. 
 

RESULTS AND DISCUSSION 
 

 Correlation analysis among grain yield and other traits showed that the HI , TKW, SW, SNPS, and SWPS had 

the highest significant positive correlation with grain yield, in order r= 0.52**, r= 0.80**, r= 0.43*, r= 0.73** and r= 

0.81**, respectively at normal Condition (Table 1), and  the HI , TKW, SW, SNPS, and SWPS had the highest 

significant positive correlation with grain yield, in order r= 0.82**, r= 0.25
ns

, r= 0.68**, r= 0.55** and r= 0.74**, 

respectively at Source restriction condition (Table 1).  This result was agreement with those reported by (Nouri et 

al., 1993, Khayatnezhad, et al., 2010, Zakizadeh, 2010, Amri et al.,2011, Aycicek and Yildirim 2006, Anwar et al., 

2009). The relationship of grain yield with other characters have been shown at table 1. 
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Table 1.  Correlation coefficients direct and sums of the indirect effects and percentages of direct and indirect effects of some 

yield components on grain yield at normal and Source Restriction Condition 

Variables Correlation coefficient P value Direct effects Sums of indirect effects 
% direct 

effects 
% indirect effects 

Normal Condition 

HI 0.52 0.000 0.393 0.124 75.99 24.01 

TKW 0.80 0.000 -4.548 5.353 45.94 54.06 

SW 0.43 0.023 -0.151 0.585 20.53 79.47 

SNPS 0.73 0.000 0.271 0.458 37.16 62.84 

SWPS 0.81 0.000 5.160 -4.350 54.26 45.74 

Source Restriction  Condition 

HI 0.82 0.000 0.893 -0.070 92.69 7.31 

TKW 0.25 0.135 5.483 -5.595 49.49 50.51 

SW 0.68 0.000 0.248 0.435 36.30 63.70 

SNPS 0.55 0.000 7.018 -6.469 52.04 47.96 

SWPS 0.74 0.000 -7.151 7.892 47.54 52.46 

Total 

HI 0.74 0.000 0.450 0.290 60.78 39.22 

TKW 0.48 0.012 0.456 0.022 95.31 4.69 

SW 0.78 0.000 0.309 0.469 39.71 60.29 

SNPS 0.72 0.000 0.497 0.223 69.04 30.96 

SWPS 0.84 0.000 -0.247 1.087 18.51 81.49 

Morphological traits: Harvest Index (HI); Thousand Kernel Weight (TKW); Spike Weight(SW); Seed Per Spike(SNPS); Seed 

Weight Per Spike(SWPS) 

 

 
Figure 1. Path Diagram of Some Yield Components on Grain Yield at Normal Conditions 

 

 
Figure 2. Path Diagram of some Yield Components on Grain Yield in Source Restriction Condition 
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Table 2. Estimates of direct and indirect effects, obtained by path analysis, between the some yield components on grain yield 

in normal and Source Restriction Condition 

Normal Condition 

 HI TKW SW SNPS SWPS 

Direct 0.393 -4.699 -0.151 0.271 5.160 

In direct by HI  -0.9846 -0.0279 0.0535 1.0832 

In direct by TKW 0.0851  -0.0732 0.1855 5.1553 

In direct by SW 0.0726 -2.2030  0.1464 2.5688 

In direct by SNPS 0.0775 -3.1121 -0.0816  3.5746 

In direct by SW 0.0825 -4.5446 -0.0752 0.1878  

Source Restriction Condition 

 HI TKW SW SNPS SWPS 

Direct 0.893 5.483 0.248 7.018 -7.151 

In direct by HI  -0.270 0.136 5.517 -5.453 

In direct by TKW -0.041  0.100 -2.891 -2.763 

In direct by SW 0.490 2.357  2.816 -5.228 

In direct by SNPS 0.702 -2.407 0.099  -4.863 

In direct by SW 0.681 2.257 0.181 4.773  

Total 

 HI TKW SW SNPS SWPS 

Direct 0.450 0.456 0.309 0.497 -0.247 

In direct by HI  0.033 0.103 0.263 -0.109 

In direct by TKW 0.033  0.174 -0.011 -0.174 

In direct by SW 0.150 0.257  0.254 -0.191 

In direct by SNPS 0.238 -0.010 0.158  -0.163 

In direct by SWPS 0.198 0.321 0.240 0.328  

Morphological traits: Harvest Index (HI); Thousand Kernel Weight (TKW); Spike Weight(SW); Seed number Per Spike(SNPS); 

Seed Weight Per Spike(SWPS) 

 

 Using stepwise regression thousand kernel weight, seed number per spike was the most important yield 

component . Investigation regarding  path-coefficient analysis  showed that in normal condition seed weight per 

spike (5.160), harvest index (0.393) and seed per spike (0.271) had the highest positive direct effects on grain 

yield, direct effect percentage in order (54.26%), (75.99%) and (37.16%) and thousand kernel weight (-4.548), had 

the highest negative direct effects  on grain yield (Table 2 and Fig. 1). The results were agreement with those 

reported by (Kamkar., 2004, Khayatnezhad.,  2010, Aycicek and Yildirim 2006, Anwar et al 2009).and showed that 

in source restriction condition seed per spike (7.018), thousand kernel weight (5.483) and harvest index (0.893) 

had the highest positive direct effect on grain yield.  Direct effect percentage in order (52.04%), (49.49%) and 

(92.69%) and seed weight per spike (-7.151), had the highest negative direct effect in grain yield (Table 2 and Fig. 

2).  The results were agreement with those reported by (Kamkar et al., 2004;Zakizadeh, et al., 2010; Khayatnezhad 

et al., 2010, Amri, 2011, Aycicek and Yildirim 2006, Anwar et al., 2009 ).  The indirect effects of other components 

showed in (table 2).  It seems that, harvest index; spike weight and seeds number per spike in normal conditions 

and harvest index , thousand kernel weight and seed per spike in source restriction condition can be used as a 

selection standard at breeding programs. 

 

CONCLUSION 

 

 The results showed that cultivar Zan in terms of all germination indices had the highest average. The study on 

the concentrations of salinity also showed that water in normal conditions except the germination average index in 

all indices achieved the highest average. 
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