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        Abstract 

Thirty bread wheat genotypes were tested by adopting Randomized Block Design with three replications during 2019-20, 
under two different environments, i.e. early and timely sown conditions. The ultimate goal was to determine the 
relationship between yield and yield contributing traits and classify traits that have the highest direct and indirect effects 
on grain yield under both environmental circumstances. Grain yield was positively and significantly correlated with no. of 
tiller/plant, no. of grains/spike, relative water content, spike fertility, harvest index, grain zinc content and chlorophyll 
content at the level of both genotype and phenotype; conversely, found significantly negative with canopy temperature 
and non-significant with days to 50 % flowering and seedling length. Under stress condition, the correlation for grain 
yield/plant was found significant, and it was correlated positively with no. of tiller/plant, spike fertility, relative water 
content, harvest index and grain zinc content and non-significantly with seedling length, no. of grain/spike, chlorophyll 
content, flag leaf area and thousand-grain weight. At the level of both genotype and phenotype, grain yield per plant had 
a high direct effect in the positive direction by harvest index followed by no. of tiller/plant, no. of grain/spike, relative 
water content. Thus, more weightage should be given towards these traits as selecting these traits can be rewarding to 
achieve high yielding wheat genotypes. 
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Introduction 
Wheat (Triticum spp.) is counted among the most 
commonly grown cereal crops to assure the 
necessity for more than half of their protein and 
calorie consumption by one-third of the global 
population. Its contribution from the nutritional 
aspect is much higher than any other food crop, 
holding the first rank in area coverage in addition to 
second in total production following maize 
(FAOSTAT, 2019). Heat stress is one of the key 
abiotic limitations that hinder the production as 
well as productivity of wheat at some stages in 
germination and grain filling as the crop is adapted 
to cultivate in regions with a cooler climate. 
Systems of wheat breeding also require 
incorporating the production of genotypes holding  
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heat-resistance capacity as a key objective in 
addition to the common objective of enhancing 
grain yield. Joshi et al. (2007) suggested nurturing 
early-maturing genotypes of wheat that enables the 
genotypes to escape the stress, especially in eastern 
Gangetic plains where the crops are recorded with 
high terminal heat stress. Malnutrition of 
micronutrient, predominantly the deficiency in Zinc 
worldwide afflicts more than three billion people. 
The deficiency of Zinc is a decisive micronutrient 
deficit in human health that concerns more than 
one-third of the world's population (Stein et al., 
2010). High-yielding cereal cultivars have 
contributed to the high incidence of Zn deficiency 
in humans by reducing Zn concentration in grain by 
dilution and erosion in soils (Cakmak et al., 2008). 
Studies on correlation and path analysis assist to 
elucidate the relationship between different traits 
and their direct as well as indirect effects on grain 
yield. We can determine the degree and direction of 
the association between a range of yield 
contributing characters and yield with the help of 
correlation analysis. The path coefficients facilitate 
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analyzing the direct and indirect effect of an 
independent trait on a dependent one i.e yield. Plant 
breeders have used the method of analyzing the 
path coefficients to assist categorizing 
advantageous traits for selection to boost crop 
yield. The present study of correlation and path 
coefficient analysis was carried out with the 
intention of digging out the suitable traits to 
achieve early heat tolerance and higher grain zinc 
content in bread wheat by analyzing grain yield and 
its attributing characters. 
 
Materials  and Methods 
The current analysis was conducted at the 
experimental plot of wheat breeding section of Dr. 
Rajendra Prasad Central Agricultural University, 
Pusa, Bihar, India during Rabi 2019-20. The 
materials included in the experiment consisted of 
30 hexaploid bread wheat (Triticum aestivum L.) 
genotypes counting variety HD-2967 which was 
used as a check for grain yield under normal and 
early sowing conditions along with WB-02, which 
was used as a check for grain zinc content. Two 
different climatic conditions were considered to 
nurture selected 30 genotypes, i.e., early and timely 
sown. The experiment was conducted in 
Randomized Block Design (RBD) and the number 
of replication included was 3 in each setting. In 
each replication, all the genotypes were sown in a 
plot divided into number of rows (5) of 3 m 
separated by a distance of 20 cm under both early 
and timely sown conditions. Irrigation was 
provided in the field at regular intervals based on 
rainfall pattern and suggested agronomic and 
traditional cultural practices were adopted to 
achieve healthy and improved crops. Observations 
were recorded for 17 quantitative traits viz., plant 
height, seedling length, canopy temperature, 
tiller/plant, ear length, flag leaf area, relative water 
content, days to 50 % flowering, no. of grain/spike, 
chlorophyll content, spike fertility, test weight, days 
to maturity, harvest index, grain yield/plant, grain 
zinc content and heat susceptibility index. Grain 
zinc content was estimated at ICRISAT, HP-MAL, 
Hyderabad, India, with the help of an X-ray 
Fluorescence Spectrophotometer (XRF) (Barman et 
al., 2020a). WINDOSTAT version 7.0 was used for 
statistical analysis of the recorded data on various 
traits. Calculation of phenotypic as well as 

genotypic correlation coefficients was performed 
from the components of variance and covariance 
following Barman et al. (2020b). The correlation 
coefficient of yield with different quantitative traits 
was divided into direct as well as indirect effects by 
analyzing path coefficient as per the method 
followed by Baye et al. (2020). 
Genotypic correlation coefficient 
Considering genotypic values (2gi and 2gj) the 
genotypic correlation were calculated:  

r (gi, gj) = 
)V(g).(gV

)g(gCov

ji

ji,

  
Phenotypic correlation coefficient 

r (pi, pj) =
)V(p).(PV

)p(pCov

ji

ji,

 
 
Results and Discussion 
Character association under timely sown condition 
At the phenotypic level (Table 1), Grain yield/plant 
was positively and significantly correlated with 
harvest index (0.6215), relative water content 
(0.5074), number of grain per spike (0.4596), no. of 
tiller/plant (0.4288), chlorophyll content (0.3913), 
spike fertility (0.4528) and grain Zn content 
(0.3523). A significant negative association was 
found for canopy temperature (-0.6445). These 
findings were alike with outcomes as obtained by 
Khan et al. (2010) and Dogan (2009) (Table 1). The 
association for grain yield per plant was found 
significant, and it was associated positively with 
tiller/plant, no. of grain/spike and harvest index by 
Kotal et al. (2010). Bahar et al. (2011) and Barman 
et al. (2020b) found that grain yield was associated 
negatively with canopy temperature, positively with 
test weight, ear length, no. of grain/spike and 
tiller/plant and for days to 50 % flowering. A 
significant correlation was found with ear length as 
well as harvest index as earlier reported by Mohsen 
et al. (2012) and Zafarnaderi et al. (2013). Grain 
yield was associated positively with the grain zinc 
content. Sharma et al. (2018) found a significant 
association between mean iron (Fe) values with 
days to maturity and grain yield/plant, and the mean 
zinc value (Zn) was also found to be correlated with 
grain yield/plant.  
Character association under early sown condition 
At the phenotypic level (Table 2), grain yield per 
plant was found significantly and positively  
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Table 1:  Phenotypic and Genotypic  correlation  coefficient for 16  traits  in  hexaploid wheat  under  timely-sown condition 
 

* * Significance at 1% level = 0.2702 
* Significance at 5% = 0.2072

Characters  PH SL TPP FLA RWC DFF CT EL GPS SF CHL TGW DM HI Zn 

SL 
P -0.0690               

G -0.5048               

TPP 
P 0.0703 -0.0093              

G 0.2435 -0.0279              

FLA 
P 0.0219 0.3126 ** 0.3702 **             

G 0.0268 0.3371 0.4146             

RWC 
P 0.0002 0.0398 0.3051 ** 0.0930            

G 0.0274 0.0690 0.7708 0.2695            

DFF 
P 0.0514 0.2424 * 0.0025 -0.0506 0.0854           

G -0.0899 0.3125 -0.0028 -0.0489 0.2695           

CT 
P -0.2287 * -0.0142 -0.2377 * -0.2017 -0.4086 ** -0.2005          

G -0.4534 0.0083 -0.3149 -0.2305 -0.9036 -0.2649          

EL 
P -0.0085 0.0265 0.0252 0.2160 * -0.0454 -0.0695 -0.0158         

G -0.0091 -0.0043 0.0403 0.2842 0.2097 -0.1928 0.1435         

GPS 
P 0.0937 -0.1063 0.1745 -0.0100 0.3934 ** 0.0710 -0.5614 ** -0.0636        

G 0.5793 -0.1491 0.1436 -0.0365 0.9189 0.1470 -0.8789 -0.1580        

SF 
P 0.1976 0.0469 0.2711 ** 0.2217 * 0.4993**  0.1934 -0.6569 ** 0.0584 0.5706 **       

G 0.5355 0.0455 0.3571 0.3008 0.9046 0.2501 -0.9236 -0.0828 0.7982       

CHL 
P 0.0855 -0.0138 0.0914 0.0808 0.4635 ** -0.0056 -0.5214 ** 0.0662 0.5147 ** 0.6070 **      

G 0.9090 -0.1053 0.0733 0.3379 0.9435 0.1325 -0.9896 -0.2243 0.9070 0.9441      

TGW 
P 0.1043 -0.0654 0.0321 0.2093 * -0.0134 0.1018 -0.0926 0.0753 0.0454 0.1478 0.1364     

G 0.1773 -0.0617 0.0366 0.2733 -0.0380 0.1487 0.0143 0.1185 0.1206 0.1663 0.0184     

DM 
P 0.1182 0.3287 ** 0.0470 -0.0272 0.1433 0.8027 ** -0.3131 ** -0.0765 0.1710 0.2094 * 0.0643 0.0309    

G -0.0969 0.3892 0.0642 -0.0151 0.5850 0.9516 -0.3707 -0.2109 0.2758 0.3967 0.5343 0.0229    

HI 
P 0.1661 -0.0635 0.2288 * 0.1998 0.4808 ** 0.1470 -0.7388 ** -0.0636 0.4175**  0.7602 ** 0.5728**  0.0579 0.1663   

G 0.5711 -0.0639 0.3137 0.2656 0.9250 0.1812 -0.9801 -0.1542 0.7060 0.8952 0.9625 0.0132 0.3207   

Zn 
P 0.0667 0.0797 0.2527 * 0.3894**  0.1521 0.1394 -0.3210 ** 0.0380 0.0345 0.2841 ** 0.0508 0.2467 * 0.1057 0.3541 **  

G 0.2439 0.0773 0.2787 0.4094 0.3816 0.1673 -0.3887 0.0557 0.0651 0.3507 0.1977 0.2739 0.1308 0.4588  

GY 
P 0.0464 -0.0740 0.4288** 0.1718 0.5074** -0.0091 -0.6445** 0.0325 0.4596** 0.4528** 0.3913** 0.0012 0.0341 0.6215** 0.3523** 

G 0.2876 -0.0992 0.5732 0.1891 0.9704 -0.0008 -0.8822 0.1384 0.6219 0.7649 0.9720 -0.0112 0.0881 0.8830 0.4604 

Character association studies in Bread wheat genotypes 

 
 



  114   
Environment Conservation Journal 

 
 

 

Table 2: Phenotypic  and  Ghenotypic  correlation  coefficient for 16  traits  in  hexaploid wheat  under  early-sown  condition 
 

Characters  PH SL TPP FLA RWC DFF CT EL GPS SF CHL TGW DM HI Zn 

SL 
P 0.1297               

G 0.4976               

TPP 
P 0.0297 -0.1720              

G -0.0826 -0.1966              

FLA 
P 0.0470 -0.2729 ** 0.0386             

G -0.0026 -0.3199 0.0467             

RWC 
P -0.1602 0.0920 0.0835 0.2574 *            

G 0.9241 0.1511 0.3618 0.8723            

DFF 
P 0.1465 -0.2263 * -0.0632 -0.0843 -0.2086 *           

G 0.4275 -0.2474 -0.0492 -0.1236 -0.5967           

CT 
P -0.1092 -0.1853 -0.1524 -0.0990 -0.2407 * 0.2956 **          

G -0.1213 -0.2758 -0.1675 -0.1018 -0.7362 0.5379          

EL 
P 0.1002 0.1076 0.0610 -0.0026 0.1053 -0.1670 -0.0148         

G -0.1796 0.1233 0.0660 0.0198 0.5194 -0.2492 0.0605         

GPS 
P 0.1504 0.1098 0.0695 0.1331 0.4344** -0.1057 -0.3968** -0.0866        

G 0.5180 0.4326 0.1346 0.5823 0.9383 -0.5405 -0.4477 -0.3107        

SF 
P 0.0476 0.0775 0.2350 * 0.2086 * 0.2776 ** -0.0225 -0.1764 0.0617 0.2417 *       

G 0.2536 0.1281 0.4950 0.4110 0.9446 -0.0419 -0.4639 0.2182 0.9342       

CHL 
P 0.0657 0.1803 0.1293 -0.0259 0.2325 * 0.0405 -0.2526 * -0.0395 0.3230 ** 0.1537      

G 0.0093 0.2777 0.2411 0.0347 0.4427 0.1228 -0.2973 -0.2056 -0.0726 0.5600      

TGW 
P 0.0685 -0.0895 -0.0131 0.2789 ** 0.1783 -0.1548 -0.2559 * 0.0357 0.1547 0.0679 0.1589     

G 0.1402 -0.1332 -0.0281 0.3385 0.5044 -0.1450 -0.3815 -0.1558 0.5673 0.2606 0.2207     

DM 
P 0.1055 -0.2231 * -0.0632 -0.1249 -0.2350 * 0.8559** 0.4100** -0.1761 -0.1325 -0.0778 0.0181 -0.0938    

G 0.6926 -0.2416 -0.0205 -0.1858 -0.7112 0.9078 0.5552 -0.4242 -0.3712 -0.0984 0.0849 -0.1595    

HI 
P 0.0992 0.2382 * 0.1361 0.0699 0.3012 ** -0.1358 -0.4275** 0.0234 0.1486 0.2084 * 0.3193 ** 0.3598** -0.1357   

G 0.5070 0.2366 0.1977 0.1449 0.8203 -0.2606 -0.6451 -0.2985 0.5318 0.5544 0.6320 0.4270 -0.1981   

Zn 
P 0.0283 -0.2866 ** 0.1612 0.4169** 0.1547 0 -0.2848 ** -0.1015 0.0756 0.2204 * 0.1007 0.3201 ** -0.0363 0.4119**  

G 0.0726 -0.3091 0.1805 0.4591 0.4990 0.0030 -0.4205 -0.2450 0.1689 0.3468 0.1797 0.3304 -0.0620 0.5073  

GY 
P -0.0560 0.1589 0.2074* 0.1096 0.2960** -0.0845 -0.1521 -0.0900 0.1604 0.3743** 0.1105 0.0530 -0.1377 0.3038** 0.2229** 

G 0.6162 0.2923 0.3055 0.6299 0.6044 0.6953 -0.3395 0.3347 0.1342 0.8786 0.5601 0. 5789 0.6780 0.9930 0.2259 

* * Significance at 1% level = 0.2702 
* Significance at 5% = 0.2072
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correlated with spike fertility (0.3743), relative 
water content (0.2960), harvest index (0.3038), 
grain zinc content (0.2229) and no. of tiller/plant 
(0.2074). At the genotypic level (Table 2), the 
correlation for grain yield/plant was found positive 
with ear length (0.3347), harvest index (0.9930), 
spike fertility (0.8786), relative water content 
(0.6044), flag leaf area (0.6299), plant height 
(0.6162), days to maturity (0.6780), test weight 
(0.5789), days to 50 per cent flowering (0.6953), 
chlorophyll content (0.5601), no. of tillers/plant 
(0.3055), seedling length (0.2923), grain zinc 
content (0.2259) and no. of grains per spike 
(0.1342). On the other hand, grain yield was 
recorded to be negatively correlated with canopy 
temperature (-0.3395). Similar findings were also 
obtained earlier by many other researchers like 
Bahar et al. (2011) found significant negative 
associations between canopy temperature and grain 
yield, Iftikhar et al. (2012) found a significant 
positive correlation for grain yield with number of 
grains/spike, test weight as well as flag leaf area, 
Mohsen et al. (2012) found positive association for 
spike length, test weight, number of spikelet/spike, 
number of tillers/plant and number of grain/spike 
with grain yield/plant. Grain yield/ha was reported 
to be positively associated with harvest index by 
Chimdesa et al. (2017).   
Path coefficient analysis under timely sown 
condition 
At both genotypic and phenotypic levels (Table 3 
and 4), grain yield per plant had a high direct effect 
in the positive direction by harvest index. High 
direct effect but in negative direction was found at 
the level of genotype by days to maturity, whereas, 
at the level of phenotype, canopy temperature and 
spike fertility exhibited high direct effect in the 
negative direction on grain yield. The number of 
grains/spike, biological yield per plant and harvest 
index displayed a direct and positive effect on grain 
yield as reported earlier by Kumar et al. (2014). 
Significantly positive and direct effect was 
perceived for the dependent variable i.e., yield/plant 
for no. of grains/spike followed by no. of effective 
tillers/plant and seed index which was in 
accordance with Sharma et al. (2018). Verma et al. 
(2019) reported a direct and significant positive 
effect on yield/plant by biological yield/plant 
followed by harvest index, days to 50% flowering, 
test weight and tillers/plant.  

Phenotypic Path Coefficient 
A strong positive phenotypic correlation of harvest 
index with grain yield (0.6215) resulted due to its 
direct positive effect on grain yield (0.4025) and a 
considerable positive indirect effect via number of 
grain per spike (0.0908), canopy temperature 
(0.2701), and grain zinc content (0.0531). Positive 
phenotypic association (0.4596) for no. of grains 
per spike was perceived with grain yield, which 
was attributed to its direct positive effect (0.2174) 
and a considerable indirect effect via canopy 
temperature (0.2053), no. of tiller/plant (0.0454) 
and harvest index (0.1680). Positive phenotypic 
correlation of plant height with grain yield/plant 
(0.0464) was although negated by its direct effect (-
0.0518). However, it is due to its cumulative 
indirect effects via canopy temperature (0.0836), 
no. of tiller/plant (0.0183), harvest index (0.0669) 
on grain yield/plant. The seedling length was 
correlated negatively with grain yield/plant (-
0.0740), which was ascribed by additions of its 
indirect effect via days to maturity (-0.0591), flag 
leaf area (-0.0343), no. of grains per spike (-
0.0231), harvest index (-0.0256), despite having a 
positive direct effect (0.0512) on grain yield. 
Phenotypic positive association of no. of tiller per 
plant (0.4288) on grain yield/plant was contributed 
by its direct effect (0.2601), which further increased 
by its positive indirect effect via canopy 
temperature (0.0869), no. of grains per spike 
(0.0379), relative water content (0.0618), harvest 
index (0.0921). Although flag leaf area exhibited a 
negative direct effect (-0.1096) on grain yield, the 
positive phenotypic correlation of flag leaf area 
(0.1718) on grain yield/plant was due to cumulative 
indirect positive effect via no. of tiller per plant 
(0.0963), canopy temperature (0.0737),  harvest 
index (0.0804), and grain zinc content (0.0584). 
Positive phenotypic correlation of relative water 
content on grain yield (0.5074) was attributed due 
to direct positive effect of relative water content 
(0.2026), which was further increased by its 
cumulative indirect effect in positive direction via 
canopy temperature (0.1494), number of grain per 
spike (0.0855), and harvest index (0.1935). A 
negative correlation of days to 50 % flowering (-
0.0091) with grain yield/plant resulted from its 
cumulative indirect effect via spike fertility (-
0.0665), days to maturity (-0.1443). It displayed a 
direct positive effect (0.0087) on grain yield. Grain  
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Table 3: Analysis of Phenotypic path coefficient of fifteen traits on grain yield in hexaploid wheat in timely-sown condition 

Characters PH SL TPP FLA R WC DFF CT EL GPS SF CHL TGW DM HI ZnC 

PH -0.0518 0.0036 -0.0036 -0.0011 0.0001 -0.0027 0.0119 0.0004 -0.0049 -0.0102 -0.0044 -0.0054 -0.0061 -0.0086 -0.0035 

SL -0.0035 0.0512 -0.0005 0.016 0.002 0.0124 -0.0007 0.0014 -0.0054 0.0024 -0.0007 -0.0033 0.0168 -0.0033 0.0041 

TPP 0.0183 -0.0024 0.2601 0.0963 0.0793 0.0006 -0.0618 0.0066 0.0454 0.0705 0.0238 0.0083 0.0122 0.0595 0.0657 

FLA -0.0024 -0.0343 -0.0406 -0.1096 -0.0102 0.0055 0.0221 -0.0237 0.0011 -0.0243 -0.0089 -0.0229 0.0030 -0.0219 -0.0427 

RWC 0.0001 0.0081 0.0618 0.0188 0.2026 0.0173 -0.0828 -0.0092 0.0797 0.1011 0.0939 -0.0027 0.0290 0.0974 0.0308 

DFF 0.0004 0.0021 0.0001 -0.0004 0.0007 0.0087 -0.0018 -0.0006 0.0006 0.0017 0.0001 0.0009 0.007 0.0013 0.0012 

CT 0.0836 0.0052 0.0869 0.0737 0.1494 0.0733 -0.3656 0.0058 0.2053 0.2402 0.1906 0.0338 0.1145 0.2701 0.1174 

EL -0.0008 0.0025 0.0024 0.0207 -0.0044 -0.0067 -0.0015 0.0960 -0.0061 0.0056 0.0064 0.0072 -0.0074 -0.0061 0.0037 

GPS 0.0204 -0.0231 0.0379 -0.0022 0.0855 0.0154 -0.1220 -0.0138 0.2174 0.1240 0.1119 0.0099 0.0372 0.0908 0.0075 

SF -0.0679 -0.0161 -0.0932 -0.0763 -0.1717 -0.0665 0.2259 -0.0201 -0.1963 -0.3439 -0.2088 -0.0508 -0.0720 -0.2614 -0.0977 

CHL -0.0031 0.0005 -0.0033 -0.0029 -0.0167 0.0002 0.0187 -0.0024 -0.0185 -0.0218 -0.0359 -0.0049 -0.0023 -0.0206 -0.0018 

TGW -0.0025 0.0015 -0.0008 -0.0049 0.0003 -0.0024 0.0022 -0.0018 -0.0011 -0.0035 -0.0032 -0.0236 -0.0007 -0.0014 -0.0058 

DM -0.0213 -0.0591 -0.0084 0.0049 -0.0258 -0.1443 0.0563 0.0138 -0.0308 -0.0376 -0.0116 -0.0056 -0.1798 -0.0299 -0.019 

HI 0.0669 -0.0256 0.0921 0.0804 0.1935 0.0592 -0.2973 -0.0256 0.1680 0.3060 0.2305 0.0233 0.0669 0.4025 0.1425 

ZnC 0.0100 0.0119 0.0379 0.0584 0.0228 0.0209 -0.0481 0.0057 0.0052 0.0426 0.0076 0.0370 0.0158 0.0531 0.1499 

GY 0.0464 -0.0740 0.4288 0.1718 0.5074 -0.0091 -0.6445 0.0325 0.4596 0.4528 0.3913 0.0012 0.0341 0.6215 0.3523 
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Table 4: Analysis of Genotypic  path  coefficient  of  fifteen traits on  grain  yield  in hexaploid  wheat  in  timely-sown condition. 

Characters PH SL TPP FLA RWC DFF CT EL GPS SF CHL TGW DM HI ZnC 

PH -0.1647 0.0832 -0.0401 -0.0044 -0.0045 0.0148 0.0747 0.0148 -0.0954 -0.0882 -0.1827 -0.0292 0.0160 -0.0941 -0.0402 

SL -0.0233 0.0462 -0.0013 0.0156 0.0032 0.0144 0.0004 -0.0002 -0.0069 0.0021 -0.0049 -0.0029 0.0180 -0.0030 0.0036 

TPP 0.0622 -0.0071 0.2553 0.1058 0.1968 -0.0007 -0.0804 0.0103 0.0367 0.0912 0.0187 0.0093 0.0164 0.0801 0.0712 

FLA -0.0064 -0.0801 -0.0986 -0.2377 -0.0641 0.0116 0.0548 -0.0676 0.0087 -0.0715 -0.0803 -0.0650 0.0036 -0.0631 -0.0973 

RWC 0.0043 0.0109 0.1215 0.0425 0.1577 0.0425 -0.1898 0.0331 0.1449 0.1584 0.1803 -0.0060 0.0922 0.1616 0.0602 

DFF -0.0152 0.0527 -0.0005 -0.0082 0.0454 0.1686 -0.0447 -0.0325 0.0248 0.0422 0.0223 0.0251 0.1604 0.0305 0.0282 

CT 0.2266 -0.0041 0.1573 0.1152 0.4014 0.1324 -0.4996 -0.0717 0.4391 0.4615 0.6441 -0.0071 0.1852 0.5397 0.1942 

EL -0.0175 -0.0008 0.0078 0.0553 0.0408 -0.0375 0.0279 0.1947 -0.0308 -0.0161 -0.0437 0.0231 -0.0411 -0.0300 0.0108 

GPS 0.1115 -0.0287 0.0277 -0.0070 0.1769 0.0283 -0.1692 -0.0304 0.1926 0.1537 0.2902 0.0232 0.0531 0.1359 0.0125 

SF 0.0722 0.0061 0.0481 0.0405 0.1354 0.0337 -0.1245 -0.0112 0.1076 0.1348 0.1677 0.0224 0.0535 0.1206 0.0473 

CHL -0.2332 0.0221 -0.0154 -0.0710 -0.2404 -0.0278 0.3132 0.0472 -0.3168 -0.2616 -0.2102 -0.0039 -0.1123 -0.2444 -0.0416 

TGW -0.0048 0.0017 -0.001 -0.0074 0.001 -0.0040 -0.0004 -0.0032 -0.0033 -0.0045 -0.0005 -0.0272 -0.0006 -0.0004 -0.0074 

DM 0.0469 -0.1884 -0.0311 0.0073 -0.2832 -0.4607 0.1795 0.1021 -0.1335 -0.1920 -0.2586 -0.0111 -0.4841 -0.1552 -0.0633 

HI 0.1992 -0.0223 0.1094 0.0926 0.3574 0.0632 -0.3766 -0.0538 0.2462 0.3121 0.4054 0.0046 0.1118 0.3487 0.1600 

ZnC 0.0298 0.0094 0.0341 0.0500 0.0466 0.0204 -0.0475 0.0068 0.0080 0.0428 0.0242 0.0335 0.0160 0.0561 0.1222 

GY 0.2876 -0.0992 0.5732 0.1891 0.9704 -0.0008 -0.8822 0.1384 0.6219 0.7649 0.9720 -0.0112 0.0881 0.8830 0.4604 
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yield/plant displayed negative phenotypic 
correlation (-0.6445) with canopy temperature 
resulted due to its direct negative effect (-0.3656) 
and a considerable indirect effect via relative water 
content (-0.0828), no. of grain per spike (-0.1220), 
harvest index (-0.2973). Low positive phenotypic 
correlation with grain yield per plant (0.0325) with 
ear length resulted due to its direct positive effect 
(0.0960) and a substantial indirect effect via days to 
maturity (0.0138), canopy temperature (0.0058). A 
high positive phenotypic association of spike 
fertility with grain yield/plant (0.4528) resulted due 
to indirect positive effect via relative water content 
(0.1011), canopy temperature (0.2402), number of 
grains per spike (0.1240), harvest index (0.3060), 
whereas, it exhibited negative direct effect (-
0.3439) on grain yield/plant. Grain yield/plant 
exhibited positive phenotypic correlation (0.3913) 
with Chlorophyll content and was ascribed to 
positive indirect effect via canopy temperature 
(0.1906), harvest index (0.2305), no. of grains/spike 
(0.1119), contrarily, it showed a direct negative 
effect on grain yield (0.0359). Thousand-grain 
weight exhibited a direct negative effect on grain 
yield (-0.0236). However, low positive phenotypic 
association with grain yield was attributed to 
positive indirect effect via harvest index (0.0233), 
grain zinc content (0.0370). Low positive 
phenotypic correlation of days to maturity with 
grain yield/plant (0.0341) caused due to its positive 
indirect effect via canopy temperature (0.1145), 
harvest index (0.0669), grain zinc content (0.0158), 
contrarily, on grain yield it showed negative direct 
effect (-0.1798). Grain zinc content exhibited a 
positive phenotypic association with grain yield 
(0.3523) caused by its positive direct effect 
(0.1499) on grain yield/plant. A positive indirect 
effect was also depicted via harvest index (0.1425), 
canopy temperature (0.1174), relative water content 
(0.0308), no. of tiller/plant (0.0657).  
Genotypic Path Coefficient 
Harvest index exhibited a strong positive genotypic 
correlation with grain yield (0.8830) due to a strong 
positive direct effect on grain yield/plant (0.3487). 
It was also due to cumulative positive indirect 
effect via no. of tiller/plant (0.0801), canopy 
temperature (0.1942), spike fertility (0.0473), 
harvest index (0.1600). Positive phenotypic 
association of no. of tiller/plant caused due to its 
direct effect in a positive direction (0.2553) and 

from substantial indirect effect via canopy 
temperature (0.1573), relative water content 
(0.1215), no. of grains per spike (0.0277), spike 
fertility (0.0481) and harvest index (0.1094). Ear 
length resulted in a positive genotypic correlation 
with grain yield by positive direct effect (0.1947) 
and also considerable positive indirect effect via the 
chlorophyll content (0.0472), relative water content 
(0.0331), plant height (0.0148), days to maturity 
(0.1021) and no. of tiller/plant (0.0103). A strong 
positive genotypic correlation of no. of grains per 
spike with grain yield/plant (0.6219) was build-up 
due to its positive direct effect on grain yield/plant 
((0.1926) and involvement of its indirect effect via 
harvest index (0.2462), days to 50 % flowering 
(0.0248), relative water content (0.1449), canopy 
temperature (0.4391), number of tiller per plant 
(0.0367),  spike fertility (0.1076), flag leaf area 
(0.0087) and grain zinc content (0.0080). Negative 
genotypic association of seedling length was 
attributed to its indirect effect in negative direction 
via flag leaf area (-0.0801), no. of grains per spike 
(-0.0287), days to maturity (-0.1884), harvest index 
(-0.0223) and number of tiller per plant (-0.0071), 
contrarily, on grain yield / plant it showed a 
positive direct effect. Grain yield/plant (0.2876) 
was in positive genotypic correlation with Plant 
height resulted from its indirect positive effect via 
the number of tiller per plant (0.0622), spike 
fertility (0.0722),   canopy temperature (0.2266), 
harvest index (0.1992), days to maturity (0.0469), 
no. of grains per spike (0.1115), and grain zinc 
content (0.0298), contrarily, it was having a 
negative direct effect on grain yield (-0.1647). 
Positive genotypic association of flag leaf area 
ascribable to positive indirect effect via seedling 
length (0.0156), no. of tiller per plant (0.1058), 
relative water content (0.0425), ear length (0.0553), 
spike fertility (0.0405), canopy temperature 
(0.1152), harvest index (0.0926) and grain zinc 
content (0.0500) with grain yield (0.1891), 
whereas, it showed a negative direct effect on grain 
yield/plant (-0.2377). A strong genotypic 
correlation of relative water content with grain 
yield (0.9704) was ascribed to its direct effect 
(0.1577) in a positive direction and also substantial 
indirect effect via no. of tiller/plant (0.1968), days 
to 50 % flowering (0.0454), canopy temperature 
(0.4014), ear length (0.0408), no. of grains per 
spike (0.1769), spike fertility (0.1354), harvest 
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index (0.3574) and grain zinc content (0.0466). A 
negative correlation of days to 50 % flowering with 
grain yield (-0.0008) was ascribed to its indirect 
effect in a negative direction via ear length (-
0.0375), chlorophyll content (-0.0278), days to 
maturity (-0.4607) and thousand-grain weight (-
0.0040), contrarily, with positive direct effect 
(0.1686) on grain yield/plant. Negative direct effect 
(-0.4996) of Canopy temperature on grain 
yield/plant and its indirect effect in negative 
direction via no. of tiller per plant (-0.0804), 
relative water content (-0.1898), days to 50 % 
flowering (-0.0447), no. of grains per spike (-
0.1692), spike fertility (-0.1245), harvest index (-
0.3766) and grain zinc content (-0.0475) establishes 
negative genotypic correlation (-0.8822) with grain 
yield. Spike fertility showed a strong positive 
genotypic association with grain yield/plant 
(0.7649) resulted from its positive direct effect and 
also contributed by its positive indirect effect via 
days to 50 % flowering (0.0422), no. of tiller/plant 
(0.0912), canopy temperature (0.4615), no. of 
grains/spike (0.1537), relative water content 
(0.1584), HI (0.3121) and grain zinc content 
(0.0428). Grain yield/plant (-0.2102) had a negative 
direct effect by Chlorophyll content despite having 
a positive genotypic correlation (0.9720). The 
obtained result was ascribed to its indirect effect in 
a positive direction via spike fertility (0.1677), 
Days to 50 % flowering (0.0223), canopy 
temperature (0.6441), relative water content 
(0.1803), no. of grains per spike (0.2902), no. of 
tiller per plant (0.0187), harvest index (0.4054) and 
grain zinc content (0.0242). Negative genotypic 
correlation of thousand-grain weight on grain 
yield/plant (-0.0112) resulted from its negative 
direct effect (-0.0272) as well as from its indirect 
effect in negative direction via days to maturity (-
0.0111), flag leaf area (-0.0650), plant height (-
0.0292) and canopy temperature (-0.0071). The 
association for days to maturity was found positive 
with grain yield/plant (0.0881). This was 
contributed by its indirect positive effect via harvest 
index (0.1118), canopy temperature (0.1852), days 
to 50 % flowering (0.1604), relative water content 
(0.0922), no. of grains/spike (0.0531) and spike 
fertility (0.0535), contrarily, it had its direct effect 
(-0.4841) on grain yield/plant in a negative 
direction. Grain zinc content exhibited positive 
genotypic correlation (0.4604) with grain 

yield/plant, resulting from its direct effect (0.1222) 
in a positive direction as well as the contribution of 
its substantial indirect effect via canopy 
temperature (0.1942), days to 50 % flowering 
(0.0282), number of tiller per plant (0.0712), 
relative water content (0.0602), spike fertility 
(0.0473) and harvest index (0.1600). 
Path coefficient analysis under early sown 
condition 
Table 5 and 6, respectively, show the findings of 
the path coefficient analysis of the current 
experiment at both genotypic and phenotypic 
levels. 
Analysis of path coefficient in stress condition 
displayed that at the level of genotype, on grain 
yield, most of the traits were having a high direct 
effect in the positive direction, and it was detected 
for chlorophyll content, plant height, relative water 
content, days to maturity and grain zinc content, 
whereas, at the level of phenotype, the moderate 
extent of direct effect was displayed by spike 
fertility. However, a high direct effect in a negative 
direction was perceived for flag leaf area, seedling 
length, harvest index and days to 50 % flowering. 
Phenotypic Path Coefficient 
Spike fertility exhibited a positive direct effect 
(0.2410) and an indirect effect via seedling length 
(0.0152), the number of tillers per plant (0.0373), 
days to maturity (0.0142), relative water content 
(0.0426), grain zinc content (0.0291) and harvest 
index (0.0331) leading to a positive association 
with grain yield (0.3743). Under the early sown 
condition, seedling length showed a positive direct 
effect (0.1963) resulted in positive phenotypic 
association (0.1589) with grain yield/plant and also 
illustrated indirect effect in positive direction via 
harvest index (0.0378), relative water content 
(0.0141), days to maturity (0.0406) and spike 
fertility (0.0187). Positive association of no. of 
tiller per plant (0.2074) with grain yield/plant was 
ascribed to its direct effect (0.1589) in a positive 
direction as well as the endowment of its indirect 
effect via days to maturity (0.0115), spike fertility 
(0.0566), harvest index (0.0216), relative water 
content (0.0128) and grain zinc content (0.0213). 
Harvest index had high and its indirect effect on 
grain yield/plant via seedling length (0.0467), days 
to maturity (0.0247), number of tiller per plant 
(0.0216), spike fertility (0.0502), relative water 
content (0.0462) and grain zinc content (0.0544)  
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Table 5: Analysis of Phenotypic  path  coefficient  of  fifteen  traits  on grain  yield  in hexaploid wheat in  early-sown  condition 

Characters PH SL TPP FLA RWC DFF CT EL GPS SF CHL TGW DM HI Zn 

PH -0.0663 -0.0086 -0.0020 -0.0031 0.0106 -0.0097 0.0072 -0.0066 -0.0100 -0.0032 -0.0044 -0.0045 -0.0070 -0.0066 -0.0019 

SL 0.0255 0.1963 -0.0338 -0.0536 0.0181 -0.0444 -0.0364 0.0211 0.0215 0.0152 0.0354 -0.0176 -0.0438 0.0467 -0.0563 

TPP 0.0047 -0.0273 0.1589 0.0061 0.0133 -0.0100 -0.0242 0.0097 0.0110 0.0373 0.0205 -0.0021 -0.0100 0.0216 0.0256 

FLA 0.0003 -0.0015 0.0002 0.0056 0.0014 -0.0005 -0.0006 0.0001 0.0007 0.0012 -0.0001 0.0016 -0.0007 0.0004 0.0023 

RWC -0.0246 0.0141 0.0128 0.0395 0.1533 -0.0320 -0.0369 0.0161 0.0666 0.0426 0.0356 0.0273 -0.0360 0.0462 0.0237 

DFF 0.0207 -0.032 -0.0089 -0.0119 -0.0295 0.1413 0.0418 -0.0236 -0.0149 -0.0032 0.0057 -0.0219 0.1210 -0.0192 0.0001 

CT -0.0114 -0.0194 -0.0159 -0.0104 -0.0252 0.0309 0.1045 -0.0015 -0.0415 -0.0184 -0.0264 -0.0268 0.0429 -0.0447 -0.0298 

EL -0.0143 -0.0153 -0.0087 0.0004 -0.0150 0.0238 0.0021 -0.1422 0.0123 -0.0088 0.0056 -0.0051 0.0250 -0.0033 0.0144 

GPS 0.0034 0.0025 0.0016 0.0030 0.0099 -0.0024 -0.0090 -0.0020 0.0228 0.0055 0.0074 0.0035 -0.0030 0.0034 0.0017 

SF 0.0115 0.0187 0.0566 0.0503 0.0669 -0.0054 -0.0425 0.0149 0.0582 0.2410 0.0370 0.0164 -0.0188 0.0502 0.0531 

CHL -0.0041 -0.0113 -0.0081 0.0016 -0.0145 -0.0025 0.0158 0.0025 -0.0202 -0.0096 -0.0626 -0.0099 -0.0011 -0.0200 -0.0063 

TGW -0.0017 0.0022 0.0003 -0.0068 -0.0043 0.0038 0.0062 -0.0009 -0.0038 -0.0017 -0.0039 -0.0244 0.0023 -0.0088 -0.0078 

DM -0.0192 0.0406 0.0115 0.0227 0.0428 -0.1559 -0.0747 0.0321 0.0241 0.0142 -0.0033 0.0171 -0.1822 0.0247 0.0066 

HI 0.0158 0.0378 0.0216 0.0111 0.0478 -0.0216 -0.0679 0.0037 0.0236 0.0331 0.0507 0.0571 -0.0215 0.1588 0.0654 

ZnC 0.0037 -0.0379 0.0213 0.0551 0.0204 0.0001 -0.0376 -0.0134 0.0100 0.0291 0.0133 0.0423 -0.0048 0.0544 0.1321 

GY -0.0560 0.1589 0.2074 0.1096 0.2960 -0.0845 -0.1521 -0.0900 0.1604 0.3743 0.1105 0.0530 -0.1377 0.3038 0.2229 
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Table 6: Analysis of Genotypic  path  coefficient  analysis  of  fifteen traits on  grain  yield  in hexaploid  wheat  in  early-sown  condition. 
 

Characters PH SL TPP FLA RWC DFF CT EL GPS SF CHL TGW DM HI ZnC 

PH 0.8284 0.7605 -0.1262 -0.004 1.5652 0.6533 -0.1853 -0.2745 0.7916 0.3876 0.7142 0.2142 0.5586 0.9748 0.5110 

SL -0.5078 -0.9206 0.2006 0.3265 -0.1542 0.2526 0.2814 -0.1258 -0.4416 -0.1307 -0.2835 0.1360 0.2466 -0.2415 0.3155 

TPP 0.0205 0.0487 -0.2479 -0.0116 -0.0897 0.4122 0.0415 -0.0164 -0.0334 -0.1227 -0.0598 0.2170 0.0051 -0.3049 -0.0447 

FLA 0.8236 0.4464 -0.0651 -0.8954 -1.2172 0.1725 0.1421 -0.0276 -0.8125 -0.5734 -0.0484 -0.4723 0.2592 -0.7022 -0.6406 

RWC 0.7841 0.1599 0.3830 0.9233 1.0585 -0.8315 -0.7792 0.5497 1.6283 1.6349 0.8686 0.5339 -0.7528 0.9682 0.5282 

DFF -1.7164 0.9935 0.1975 0.4963 1.3956 -1.9151 -2.1599 1.0007 2.1703 0.1684 -0.4929 0.5822 -1.0463 0.7462 -0.0119 

CT -0.0322 -0.0733 -0.0445 -0.0271 -0.1956 0.1429 0.2657 0.0161 -0.1190 -0.1232 -0.0790  -0.1013 0.2475 -0.8714 -0.1117 

EL -0.0483 0.0332 0.0177 0.0053 0.1397 -0.7671 0.0163 0.2689 -0.0835 0.0587 -0.0553 -0.0419 -0.3141 -0.4803 -0.0659 

GPS 0.0477 0.0398 0.0124 0.0536 0.1417 -0.3498 -0.0412 -0.0286 0.0921 0.1229 -0.0067 0.3522 -0.4342 0.7049 0.4156 

SF -0.1250 -0.0631 -0.2439 -0.2025 -0.7611 0.3207 0.2286 -0.1075 -0.6574 -0.4928 -0.1759 -0.1284 0.1485 -0.2732 -0.1709 

CHL 0.4214 0.6429 0.5581 0.0804 1.0249 0.2842 -0.6882 -0.476 -0.1681 1.2963 0.8315 0.5110 0.3966 0.9463 0.4161 

TGW -0.0168 0.0159 0.0034 -0.0405 -0.0604 0.0174 0.0457 0.0186 -0.0679 -0.0312 -0.0264 -0.1197 0.5191 -0.0511 -0.0396 

DM 1.5564 -0.5429 -0.0462 -0.4175 -1.5982 1.2646 1.2476 -0.9532 -0.8342 -0.2210 0.8908 -0.3583 0.9471 -0.4450 -0.1393 

HI -1.5435 -0.7205 -0.6018 -0.4413 -1.4974 0.7933 1.9639 0.9088 -1.6191 -1.6878 -1.9242 -1.3103 0.2030 -0.8446 -1.5445 

ZnC 0.1241 -0.5281 0.3084 0.7844 0.8526 0.2451 -0.7185 -0.4185 0.2886 0.5926 0.4071 0.5646 -0.3059 0.8668 0.8086 

GY 0.6162 0.2923 0.3055 0.6299 0.6044 0.6953 -0.3395 0.3347 0.1342 0.8786 0.5601 0.5789 0.6780 0.9930 0.2259 
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altogether leads to the establishment of a positive 
association between them. A positive direct effect 
of grain zinc content on grain yield per plant and its 
indirect effect via no. of tillers per plant (0.0256), 
relative water content (0.0237), ear length (0.0144), 
harvest index (0.0654) and spike fertility (0.0531) 
contributed towards the establishment of positive 
phenotypic correlation (0.2229) with grain 
yield/plant. Plant height had its direct effect in a 
negative direction (-0.0663) resulted in the 
establishment of its negative correlation with grain 
yield per plant (-0.0560) was build-up due to 
negative as well as the endowment of its indirect 
effect via canopy temperature (-0.0114), ear length 
(-0.0143), relative water content (-0.0246) and days 
to maturity (-0.0192). Flag leaf area showed 
positive phenotypic correlation with grain yield per 
plant (0.1096) ascribed to its positive direct effect 
(0.0056) and also substantial indirect effect via 
days to maturity (0.0227), harvest index (0.0111), 
spike fertility (0.0503), relative water content 
(0.0395) and grain zinc content (0.0551). Relative 
water content exhibited a positive direct effect on 
grain yield per plant (0.1533) and an indirect effect 
via seedling length (0.0181), harvest index 
(0.0478), no. of tiller per plant (0.0133), spike 
fertility (0.0669), days to maturity (0.0428), and 
grain zinc content (0.0204) leads to the 
establishment of positive phenotypic correlation 
with grain yield (0.2960). Days to 50 % flowering 
had a positive direct effect on grain yield/plant 
(0.1413). However, it showed a negative 
phenotypic correlation with grain yield (-0.0845), 
signified that it was due to its indirect effect on 
grain yield via seedling length (0.0444), days to 
maturity (-0.1559), relative water content (-0.0320) 
and harvest index (-0.0216). Negative phenotypic 
correlation of canopy temperature with grain yield 
per plant (-0.1521) was attributed to its indirect 
effect via seedling length (-0.0364), no. of 
tiller/plant (-0.0242), spike fertility (-0.0425), days 
to maturity (-0.0747), relative water content (-
0.0369), and grain zinc content (-0.0376) and 
harvest index (-0.0679), contrarily, it showed a 
positive direct effect on grain yield/plant (0.1045). 
The correlation for Ear length found negative with 
grain yield/plant (-0.0900) was contributed by 
negative direct effect (-0.1422) and a considerable 
indirect effect via days to 50 per cent flowering (-
0.0236), canopy temperature (-0.0015), no. of 

grains/spike (-0.0020) and grain zinc content (-
0.0134). The direct positive effect of number of 
grain per spike on grain yield/plant (0.0228) along 
with its indirect effect via seedling length (0.0215), 
ear length (0.0123), relative water content (0.0666), 
spike fertility (0.0582), harvest index (0.0236) and 
days to maturity (0.0241) leads to the establishment 
of positive phenotypic correlation with grain yield 
(0.1604). Chlorophyll content had its direct effect 
in the negative direction on grain yield/plant (-
0.0626), whereas it displayed a positive phenotypic 
association with grain yield/plant (0.1105), which 
was build-up by its indirect effect in a positive 
direction via seedling length (0.0354), number of 
tiller per plant (0.0205), spike fertility (0.0370), 
relative water content (0.0356), harvest index 
(0.0507), and grain zinc content (0.0133). A 
positive indirect effect of thousand-grain weight via 
grain zinc content (0.0423), relative water content 
(0.0273), spike fertility (0.0164), days to maturity 
(0.0171) and harvest index (0.0571) leads to the 
establishment of Positive phenotypic correlation 
with grain yield/plant (0.0530). It had its direct 
effect in a negative direction on grain yield/plant. 
Days to maturity exhibited negative phenotypic 
correlation with grain yield/plant (-0.1377), which 
was contributed by its negative direct effect on 
grain yield (-0.1822) and also depicted considerable 
negative indirect effect via seedling length (-
0.0438), harvest index (-0.0215), spike fertility (-
0.0188), relative water content (-0.0360) and 
number of tiller per plant (-0.0100).  
Genotypic Path Coefficient 
A positive genotypic correlation was recorded for 
chlorophyll content with grain yield/plant (0.5601), 
which was established by a positive direct effect 
(0.8315). Also, it depicted considerable indirect 
effect via grain zinc content (0.4071), plant height 
(0.7142), relative water content (0.8686) and days 
to maturity (0.8908). A high positive direct effect 
of Days to maturity on grain yield (0.9471) and its 
considerable indirect effect via seedling length 
(0.2466), plant height (0.5586), canopy temperature 
(0.2475), chlorophyll content (0.3966), flag leaf 
area (0.2592), test weight (0.5191), spike fertility 
(0.1485) and harvest index (0.2030). Grain zinc 
content exhibited high positive direct effect on 
grain yield (0.8086) and an indirect effect via plant 
height (0.5110), relative water content (0.5282), 
seedling length (0.3155), no. of grain/spike 
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(0.4156) and chlorophyll content (0.4161) leads to 
the establishment of positive genotypic correlation 
with grain yield. Harvest index exhibited a positive 
association with grain yield (0.9930), which was 
attributed to an indirect effect of harvest index on 
grain yield via the number of grain/spike (0.7049), 
plant height (0.9748), days to 50 % flowering 
(0.7462), chlorophyll content (0.9463), relative 
water content (0.9682) and grain zinc content 
(0.8668). However, it showed a direct negative 
effect on grain yield. A positive direct effect of 
Plant height (0.8284) on grain yield plant leads to 
establishing a positive correlation (0.6162) between 
them. It was also depicted by a cumulative indirect 
effect of plant height on grain yield/plant via flag 
leaf area (0.8236), no. of tiller per plant (0.0205), 
no. of grains/spike (0.0477), days to maturity 
(1.5564), relative water content (0.7841), 
chlorophyll content (0.4214) and grain zinc content 
(0.1241). Although seedling length exhibited its 
direct effect on grain yield (-0.9206) in negative 
direction, it showed a positive genotypic correlation 
with grain yield/plant (0.2923) which was caused 
by its cumulative positive indirect effect on grain 
yield via plant height (0.7605), relative water 
content (0.1599), no. of tiller/plant (0.0487), flag 
leaf area (0.4464), days to 50 % flowering (0.9935), 
ear length (0.0332), no. of grains/spike (0.0398), 
chlorophyll content (0.6429) and test weight 
(0.0159). Positive genotypic association of total 
number of tillers/plant (0.3055) was ascribed to 
positive indirect effect via seedling length (0.2006), 
days to 50 % flowering (0.1975), ear length 
(0.0177), relative water content (0.3830), 
chlorophyll content (0.5581) and grain zinc content 
(0.3084), contrarily, it displayed direct negative 
effect on grain yield/plant. Flag leaf area exhibited 
a direct effect on grain yield/plant (-0.8954) in a 
negative direction. However, it displayed positive 
genotypic correlation with grain yield (0.6299) 
contributed by indirect positive effect of flag leaf 
area via seedling length (0.3265), relative water 
content (0.9233), days to 50 % flowering (0.4963), 
no. of grain/spike (0.0563), chlorophyll content 
(0.0804) and grain zinc content (0.7844). Positive 
direct effect (1.0585) of relative water content and a 
substantial indirect effect via plant height (1.5652), 
days to 50 % flowering (1.3956), ear length 
(0.1397), number of grain/spike (0.1417), 
chlorophyll content (1.0249) and grain zinc content 

(0.8526) on grain yield/plant leads to the 
establishment of Positive genotypic association 
(0.6044). Days to 50 % flowering had direct 
negative effect on grain yield/plant (-1.9151), but 
displayed positive genotypic association with grain 
yield (0.6953) which was build-up by indirect 
effect via plant height (0.6533), seedling length 
(0.2526), no. of tiller/plant (0.4122), flag leaf area 
(0.1725), canopy temperature (0.1429), spike 
fertility (0.3207), chlorophyll content (0.2842), 
1000-grain weight (0.0174), days to maturity 
(1.2646), HI (0.7933) and grain zinc content 
(0.2451). Canopy temperature had a positive direct 
effect on grain yield/plant (0.2657). However, 
negative correlation with grain yield (-0.3395) has 
resulted from endowment of substantial indirect 
effect via plant height (-0.1853), relative water 
content (-0.7792), days to 50 % flowering (-
2.1599), no. of grain/spike (-0.0412), chlorophyll 
content (-0.6882) and grain zinc content (-0.7185). 
Positive direct effect (0.2689) of ear length and a 
substantial indirect effect via relative water content 
(0.5497), days to 50 % flowering (1.0007), canopy 
temperature (0.0161), test weight (0.0186) and HI 
(0.9088) on grain yield/plant leads to the 
establishment of Positive genotypic correlation 
(0.3347). A positive direct effect of number of 
grain/spike (0.0921) and its considerable indirect 
effect via grain zinc content (0.2886), plant height 
(0.7916), relative water content (1.6283) and days 
to 50 % flowering (2.1703) on grain yield leads to 
the establishment of positive genotypic correlation 
with it. At the genotypic level, Spike fertility 
exhibited a high correlation with grain yield 
(0.8786). However, it had a direct effect in the 
negative direction on grain yield (-0.4928). The 
obtained result was due to considerable indirect 
effect of spike fertility via plant height (0.3876), 
relative water content (1.6349), days to 50 % 
flowering (0.1684), ear length (0.0587), no. of 
grain/spike (0.1229), chlorophyll content (1.2963) 
and grain zinc content (0.5926). The association for 
thousand-grain weight was found positive with 
grain yield (0.5789). However, it directly affected 
the negative direction on grain yield/plant (-
0.1197). This result of genotypic path coefficient 
analysis was obtained due to its considerable 
indirect effect in positive direction via plant height 
(0.2142), seedling length (0.1360), no. of 
tiller/plant (0.2170), days to 50 per cent flowering 
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(0.5822), no. of grain/spike (0.3522), relative water 
content (0.5339), chlorophyll content (0.5110) and 
grain zinc content (0.5646).  
  
Conclusion 
It can be inferred from the results of correlation 
coefficient and path coefficient analysis that under 
timely sowing condition the traits like spike 
fertility, relative water content, harvest index, flag 
leaf area, chlorophyll content exhibited strong 
positive association with the grain yield, positive 
inter-correlation among themselves and high 
indirect effect of most of the traits via these traits 
on grain yield. So, the selection of these traits 
would be effective and reliable. The traits like spike 
fertility, harvest index and relative water content 

must be prioritized in the selection process for 
increased yield because they have a positive 
association with grain yield. Harvest index has a 
high direct impact on grain yield, and all other 
characters indirectly contribute to grain yield 
through these characters.  As a result, selection 
based on these characters will be more beneficial 
for improving yield in bread wheat under early heat 
stress condition.  
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