
 Correlation study on some heat tolerant traits of spring wheat         

J. Agric. Res., 2014, 52(1) 

11

 
 
 

CORRELATION STUDY ON SOME HEAT TOLERANT TRAITS 
OF SPRING WHEAT (TRITICUM AESTIVUM L.) UNDER LATE 

SOWING CONDITIONS 
 

A. A. Khan*, N. C. D. Barma**, M. M. Hasan***, M. A. Alam* 
and M. K. Alam* 

 
ABSTRACT 

 
Twenty five spring wheat genotypes were evaluated in three replicated trials 
under optimum and late sowing conditions during 2009-10 at Regional Wheat 
Research Centre, BARI, Gazipur Bangladesh. Effects of heat tolerant traits on 
grain yield and their association were studied in late sowing environment. 
Biomass and grain filling rate were found positively correlated (0.652**) with 
each other and also with grain yield (0.919** and 0.800**). The significant 
positive correlation of ground coverage with grain yield (0.478*) suggests that 

higher ground coverage at early stage will lead to increase in yield. Chlorophyll 
content of flag leaf both at anthesis and 21 days after anthesis showed 
significant negative association with canopy temperature (-0.487* and -0.570**, 
respectively) and grain filling rate (-0.506** and -0.570**, respectively) while it 
was found positively correlated with grain filling duration (0.538** and 0.508**, 
respectively). The association of anthesis days with grain filling duration (-
0.501*) and grain filling rate such that the genotypes would show tolerance to 
high temperature if it had filled grain at higher rate in a shorter time. Spikes 
number m-2 had highly significant positive correlation with grain yield (0.721**). 
Highly significant negative association (-0.649**) between grains number per 
spike and 1000-grain weight indicates a competitive demand of both sinks for 
photosynthates from a common source. Significant negative correlation of heat 
stress susceptibility indices with days to anthesis, ground coverage, biomass 
and grain filling rate suggests that these parameters can be useful for 
discriminating genotypes that have lower susceptibility to heat stress 
condition. The significant negative association with grain yield also offers solo 
importance in differentiating heat tolerant genotypes.    
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INTRODUCTION 
 

Temperature is one of the major limiting factors for better production of wheat 
especially during the grain filling period in many parts of the world. In 
Bangladesh, about 80-85% of the total wheat is grown after rice under short 
and dry winter between November to March. The minimum mean 
temperature in the coolest month (January) ranges from 17-19 oC and it is 1-
2 degrees hotter in December and February and 5-6 degrees hotter in March 
than February (9). Wheat sowing is often delayed, under rice-wheat cropping 
system of which about 60% is planted late due to delayed harvesting of rice. 
The wheat sowing is delayed even after 25th December. Thus the grain filling 
stage of wheat occurs in very high temperature of late March to mid April 
causing significant yield reduction. Heat stress has been given the top 
research priority by major wheat growing regions of the developing world 
including Bangladesh (5). 
 
Heat tolerance is a complex phenomenon and difficult to measure. Many 
selection criteria based on morpho-physiological traits were reported to be 
associated with performance under heat stress in wheat. Heat tolerant 
metabolism reported to be indicated by longer leaf chlorophyll retention, 
canopy temperature depression, photosynthetic rate, leaf senescence (3, 20, 
23, 24). The other traits like biomass, 1000-grain weight and grain yield itself 
are also highly responsive to heat tolerance (6, 21, 22). Many investigators 
(1, 16, 17, 26) reported the traits like high tillering capacity, relatively higher 
grain weight, acceptable spike fertility, higher spike number, grains per spike, 
early ground cover etc. to be associated with yield under heat stress and 
tolerance. 
 
Xiyong et al. (30) suggested that combination of both heat susceptibility index 
(“S”) and geometric mean yield per plant (or kernel weight per spike) could 
be used as selection criteria for the evaluation of heat tolerance. Mian et. al. 
(18) reported reduction in grain weight due to post anthesis temperature 
stress. Bruckner and Frohberg (10) studied post anthesis heat stress 
tolerance in wheat using grain yield and kernel weight response. They 
estimated stress tolerances using stress susceptibility indices based on grain 
yield. The heat tolerant genotypes based on “S” estimates also associated 
with high biomass, high grain filling duration, relatively cooler canopies and 
high chlorophyll retention. Barma (6) estimated heat stress susceptibility 
indices for 1000-grain weight and grain yield to differentiate overall heat 
tolerance of the genotype. Ehdaie et al. (13) found negative correlation 
between stress susceptibility index with grains number per spike, grain 
weight and grain yield under heat stress. They suggested that selection for 
these traits under heat stress might result in decreased susceptibility to heat 
stress. 
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The relationship between the morpho-physiological traits associated with 
heat tolerance is very much important in selecting suitable selection criteria 
for heat tolerance. The association between the traits related to heat 
tolerance could be better understood through correlation study both at 
genotypic and phenotypic levels. On the basis of nature and magnitude of 
genotypic and phenotypic correlations, breeding programs may measure 
such traits to assist in the selection of heat tolerant genotypes. Therefore, the 
present investigation was undertaken to examine the relationships between 
heat tolerant traits and yield under late sowing conditions. 

 

MATERIALS AND METHODS 
 

Twenty four spring wheat genotypes alongwith one released popular wheat 
variety ‘Shatabdi’ were grown in two field experiments during the cropping 
season 2009-10. In first experiment, genotypes were sown on 24th 
November, 2009 as optimum sowing and the second was on 26th 
December, 2009 as late sowing in separate but adjacent areas. The 
genotypes in each experiment were planted in RCBD with three 
replications. The experimental site was situated between 23o46 ́N latitude 
and 90o23 ́E longitude with elevation of 8 meter above sea level. The climate 
of this place is characterized by wet summer and dry winter. Temperature 
data recorded during the concerned period at weather yard, Regional Wheat 
Research Centre is graphically presented in Fig. 1.  
 

 
 
Fig. 1. Weekly average maximum and minimum temperatures at Regional Wheat 

Research Centre, Gazipur during the cropping season 2009-10.  
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The materials were collected from the ongoing breeding program of Wheat 
Research Centre, BARI, Dinajpur Bangladesh. Seeds of each genotype 
were sown in unit plot size of 2.5m long with 6 rows 20 cm apart. 
Standard agronomic practices were adopted for both experiments. 
 
Data were collected on different phenological, physiological and primary yield 
contributing characters viz., days to anthesis, flag leaf senescence (day), 
grain filling duration (day), physiological maturity (day), canopy temperature 
(0C), chlorophyll content (spad unit), ground coverage (0-10 scale), grain 
filling rate (g/m2/d), biomass (g/m2), spikes number (per m2), grains number 
per spike and grain yield (g/m2). Ground coverage was recorded visually at 
35 days after sowing using 0-10 scale. The canopy temperature was 
measured by a hand held infra-red thermometer twice at three days interval 
at vegetative and grain filling stage. Mean of two data was used for statistical 
analysis. Chlorophyll content of leaves was measured in five fully expended 
sunlit flag leaves in vivo by a Minolta spad meter at anthesis and 21 days 
after anthesis (DAA) and expressed in spad unit.  
 
The data were subjected to different biometrical analyses to determine 
genotypic and phenotypic correlation coefficients between different yield 
contributing, phenological and physiological characters contributing to heat 
tolerance using the formula as suggested by Johnson et al. (15). Simple 
correlations between heat stress susceptibility indices and mean of different 
characters under late sowing were estimated using the conventional formula 
used by Singh and Choudhary (28). The heat stress susceptibility index ‘S’ 
was calculated according to the equation as described by Fischer and 
Maurer (14). The collected data were subjected to analysis of variance by 
using the statistical software MSTATC and mean separation by Duncan’s 
Multiple Range Test (DMRT).  
 

RESULTS AND DISCUSSION 
 
The mean performance of the phenological, physiological and primary yield 
contributing characters of wheat genotypes under late sowing conditions are 
presented in Table 1. The genotypes differed significantly for temperature 
tolerance parameters which indicates large genetic variability present for 
these characters. Heat stress susceptibility indices were estimated for grain 
yield of all the genotypes. The indices ranged from 0.23 to 1.84, indicating 
that there were pronounced effects of heat stress on grain yield. The 
interrelationships were observed among different characters and yield for late 
sowing environment. The genotypic correlation coefficients were higher than 
the corresponding phenotypic correlation coefficients in most of the cases 
which indicated that the association was largely due to genetic factors. Some 
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earlier investigators (7, 8, 21) reported high estimates of genotypic 
correlation than phenotypic correlation. It revealed that inherent relationships 
between two traits were suppressed by environmental influence at phenotypic 
level.  
 
The genotypic and phenotypic correlation coefficients among grain yield and 
phenological and physiological characters related to heat tolerance are 
presented in Table 2. The results revealed that anthesis period had 
significant positive correlation both at genotypic and phenotypic levels with 
flag leaf senescence. It indicated that longer vegetative period would delay 
leaf senescence. It also showed significant negative correlation both at 
genotypic and phenotypic levels with grain filling duration. Amin et al. (4) 
reported significant negative correlation between days to anthesis and grain 
filling duration. The days to flag leaf senescence and physiological maturity 
exhibited positive correlation with all the traits except grain filling rate. Flag 
leaf senescence and physiological maturity showed strong significant positive 
correlation with physiological maturity and grain filling duration, respectively 
both at genotypic and phenotypic levels. This suggested that delayed flag 
leaf senescence would delay the maturity period and hence grain filling 
duration would increase.  
 
 

Grain filling duration showed significant positive correlation with chlorophyll 
content at anthesis and 21 days after anthesis both at genotypic and 
phenotypic levels. It indicates that high chlorophyll content keeps the plant 
green for longer period, increasing the grain filling duration. It also showed 
significant negative correlation with grain filling rate at genotypic level. 
However, grain filling duration showed positive correlation with grain yield 
and biomass production. Rahman (21) found significant positive correlation 
for grain filling duration with grain yield and insignificant positive correlation 
with biomass. He also reported that grain filling duration was negatively 
correlated with grain filling rate.  
 
The significant positive correlation was observed between ground coverage 
and grain yield at genotypic level. Ground coverage also showed lower 
positive correlation with biomass production and grain filling rate. It indicated 
that higher ground coverage at early stage will lead to higher biomass which 
offers production of more photosynthates. Canopy temperature at vegetative 
and grain filling stages was found negatively correlated with chlorophyll 
content both at anthesis and 21 days after anthesis. Canopy temperature at 
grain filling stage also showed small negative association with grain filling 
duration. This suggests that higher canopy temperature at grain filling stage 
accelerates senescence  process and consequently  cause premature loss of  
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chlorophyll. Rahman (20) observed that correlation between chlorophyll 
content at 2nd and 3rd week after anthesis was negatively correlated with 
canopy temperature. Moreover, canopy temperature at grain filling stage was 
found negatively correlated with biomass which indicated that high biomass 
can keep the canopy cooler and thus contributed to heat tolerance.  
 
Chlorophyll content both at anthesis and 21 days after anthesis were found 
significant and negatively correlated with grain filling rate at genotypic level. 
However, chlorophyll content positively correlated with grain filling duration. 
The results revealed that high chlorophyll content significantly increase grain 
filling duration but decrease grain filling rate significantly which affects grain 
yield negatively. Positive correlation in lower magnitude between chlorophyll 
content and biomass indicated its effect on overall net canopy 
photosynthesis. Reynolds et al. (25) found positive correlation of chlorophyll 
content with biomass under heat stress. Biomass showed strong positive 
correlation with grain yield and grain filling rate. Moreover grain filling rate 
was found strongly associated with grain yield. It suggested that faster grain 
filling rate increased the grain yield significantly. Grain yield can also be 
increased by increasing biomass as high biomass will help to accumulate 
more photosynthates to developing grain. This result concurs with the 
findings of many investigators (6, 12, 22, 24, 27, 29).  
 

The genotypic and phenotypic correlation coefficients between yield and 
primary yield contributing characters (Table 3) demonstrated that spikes 
number per meter square had significant positive correlation with grain yield 
which is in accord with some other investigators (2, 11, 19). However, spikes 
number per meter square showed significant negative correlation with grains 
number per spike which expressed through a compensating balance between 
two traits under stress conditions. The significant negative association 
between grains number per spike and 1000-grain weight indicates a 
competitive demand of both sinks (grain number and size) for photosynthates 
from a common source which ultimately affect grains yield negatively.  
 

Table 3. Genotypic (rg) and phenotypic (rp) correlation coefficients among yield and 
primary yield contributing characters in wheat under late sowing conditions. 

 
Characters r Grains number/spike 1000-grain wt. Yield/m2 

Spikes number/ m2 rg -0.439* 0.257 0.721** 
 rp -0.309 0.199 0.494* 
Grains number/spike rg  -0.649** -0.018 
 rp  -0.345 -0.046 

1000-grain weight. rg   0.154 
 rp   0.120 

* and ** indicate significance at 5% and 1% levels of probability. 



A. A. Khan et al.  

J. Agric. Res., 2014, 52(1) 

20

The association of heat stress susceptibility indices “S” values based on 
grain yield with mean values of yield contributing, phenological and 
physiological traits presented in Table 4 showed almost negative association. 
The “S” values showed significant negative correlation with days to anthesis 
indicating that longer the vegetative period lower would be the heat 
susceptibility. The ground coverage also suggested that genotypes with 
higher ground coverage at early stage are less heat sensitive. Although “S” 
value was found positive with grain filling duration but it was highly significant 
and negatively correlated with grain filling rate. The results revealed that 
genotypes would show less susceptibility to heat if it had filled grain at higher 
rate in a shorter time. Bruckner and Frohberg (10) suggested that high grain 
filling rate and short grain filling duration appeared to contribute to increased 
stress tolerance. The “S” values with significant negative correlation with 
biomass production indicated that high biomass would result tolerance to 
heat under late planting. The significant negative association with grain yield 
also offers solo importance in differentiating heat tolerant genotypes. Ehdaie 
et al. (13) also found negative correlation between stress susceptibility 
indices with grain yield. This suggested that selection for this trait under heat 
stress  might result  in  decreased   susceptibility  to  heat  stress. The 
related 
 
Table 4. Correlations between heat stress susceptibility indices (“S”) based on grain 

yield and mean values of yield contributing, phenological and physiological 
traits under late sowing conditions. 

 
Sr. No. Traits to be correlated Correlation with 

“S” based on grain yield 
1 Days to anthesis -0.430* 
2 Days to flag leaf senescence  -0.269 
3 Physiological maturity -0.093 
4 Grain filling duration 0.289 
5 Spikes per meter square  -0.299 
6 Grains per spike -0.155 
7 Ground coverage at 35 days -0.435* 
8 Canopy temperature at veg. stage -0.135 
9 Canopy temperature at grain filling stage -0.325 
10 Chlorophyll content at anthesis 0.335 
11 Chlorophyll content at 21 DAA 0.221 
12 Biomass per meter square -0.417* 
13 Thousand grains weight -0.135 
14 Grain filling rate -0.623** 
15 Grain yield per meter square -0.503** 

* and ** indicate significance at 5% and 1% levels of probability. 
 
traits i.e. flag leaf senescence, physiological maturity, spikes number per 
meter square, grains number per spike, canopy temperature and 1000-grain 
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weight were also found negatively associated with heat stress susceptibility 
indices but lower in magnitude suggesting their potentiality to contribute in 
selecting heat tolerant genotypes under late sowing conditions. Barma (6) 
found significant negative association for biomass, grain filling rate, 1000-
grain weight, canopy temperature and grain yield with yield based stress 
susceptibility indices.   
 

CONCLUSION 
 

In the present study, association of grain yield with biomass, grain filling rate, 
spikes number per meter square and with ground coverage under late 
sowing conditions suggests the use of these traits as criteria during selection 
for grain yield under heat stress situation to supplement empirical breeding 
approach. 
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