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Abstract 

 

Four wheat genotypes (BARI Gom-26, BAW-1202, BAW-1182 and BARI Gom-27) were tested under 

normal, moderate high and high temperature growing condition by seeding them on 20 November, 20 

December 2016 and 10 January 2017 at Crop Physiology and Ecology Laboratory and research field, 

Hajee Mohammad Danesh Science and Technology University (HSTU), Dinajpur to evaluate the 

changes in physiological traits of wheat due to late seeding warmer condition. BAW-1182 showed 

greater thermostability of cell membrane, greater flag leaf chlorophyll content, higher level of proline 

in flag leaf and kernel and greater ability to keep the canopy cooler compared to BARl Gom-27, BAW-

1202 and BARI Gom-26 under high temperature condition. BAW-1202 showed greater thermostability 

of cell membrane and greater ability to keep the canopy cooler compared to BARI Gom-27 and BARI 

Gom-26 under high temperature condition. The order of tolerance based on heat susceptibility index 

(based on grain yield) was BAW-1182 > BAW-1202 > BARI Gom-27 > BARI Gom-26 under 

moderate and high temperature conditions. 

 

Keywords: Cell membrane thermostability, chlorophyll content, heat susceptibility index, late seeding 

warmer condition, proline content, yield, wheat 

 

 

1. Introduction 

 

Wheat (Triticum aestivum L.) is the most widely 

grown cereal in temperate environments and 

many tropical cropping systems as well. 

Bangladesh is a sub-tropical country where only 

spring wheat is grown during short winter 

season. The wheat grown in this region is 

exposed to high temperature at the later stages of 

growth, especially during grain filling to 

maturity. Wheat is the second most important 

cereal crop next to rice in Bangladesh. The crop 

is mostly grown under rainfed conditions in the 

country after harvesting of aman rice (summer 

rice), which is often harvested in late November 

or December. Wheat is suggested to sow by 

November as delayed planting causes 

remarkable yield reduction due to exposure to 

high temperature, viz. mean air temperature of > 

26
o
C (Islam et al., 1993; Hasan and Ahmed, 

2005). 

  

Though, wheat is an important cereal crop in 

Bangladesh, its average yield is low compared to 

that of the advanced countries of the world. In 

the coming years, the demand of wheat for 

human consumption in developing countries is 

expected to grow at 1.6% per annum (Ortiz et 

al., 2008). Thus yield increase is very much 

essential to maintain global food security. Recent 
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researches on climate change predict marked 

increases in both rainfall and temperature. The 

temperature is projected to rise by as much as 3-

4 C by the end of the century in South Asia 

(DEFRA, 2005). In Bangladesh also the increase 

in temperature would be 1.3
o
C and 2.6

o
C by the 

year 2030 and 2075, respectively with respect to 

the base year 1990. To keep the productivity 

levels with the growing demand for food, high 

yielding varieties under different climatic 

conditions and stresses need to be developed. 

 

Membrane thermal stability, a measure of 

electrolyte diffusion resulting from heat induced 

cell membrane leakage, has been used to screen 

and evaluate different wheat genotypes for 

thermal tolerance (Blum and Embercon, 1981; 

Saadalla et al., 1990). Chlorophylls, the green 

pigments of plants are the most important 

pigments active in the photosynthetic process. 

Chlorophyll content is one of the indices of 

photosynthetic activity. It is of particular 

significance to precision agriculture as an 

indicator of photosynthetic activity. 

Photosynthesis, one of the most heat-sensitive 

physiological processes, is significantly inhibited 

by high temperature (Wang et al., 2011). At high 

temperature stress, under late planting condition, 

the genotypes that retain normal flag leaf 

chlorophyll for a longer period may be 

considered as heat tolerant (Gupta et al., 2006). 

 

One of the most common responses of crop 

plants to high temperature stress is the increase 

in proline accumulation (Ahmed and Hasan, 

2011). Accumulation of proline occurs in wheat 

under heat stress (Hasan et al., 2007). It protects 

proteins during various abiotic stresses. It is 

accumulated in flag leaves of wheat due to high 

temperature. Genotypic differences in flag leaf 

and kernel proline level in heat tolerant and heat 

sensitive wheat genotypes were obvious due to 

post anthesis heat stress condition (Hasan et al., 

2007). Canopy Temperature Depression (CTD) 

is affected by many physiological factors, which 

makes it a powerful integrative trait, but its use 

may be limited by its sensitivity to 

environmental factors. CTD is significantly 

associated with yield, spike number, biomass and 

flowering date (Reynolds et al., 1998). 

 

The problem of heat stress on wheat productivity 

will be increased due to global warming. In 

Bangladesh, global warming will push the wheat 

farming to heat stressed environment in the near 

future. Heat stress can be a significant factor in 

reducing the yield and quality of wheat (Stone 

and Nicolas, 1995).  In spite of low yield of 

wheat due to post anthesis heat stress, cultivation 

of the crop cannot be avoided totally. This is 

because the crop plays a vital role in food 

security of Bangladesh. Breeding for heat 

tolerance in wheat is a major global concern 

(Paliwal et al., 2012). Generation of information 

on high temperature stress tolerant traits of 

wheat genotypes would be helpful to develop a 

heat tolerant wheat variety through a pragmatic 

breeding program. Therefore, the present study 

was carried out to evaluate some physiological 

traits related to heat tolerance of selected wheat 

genotypes grown at normal and late warmer 

condition.  

 

2. Materials and Methods 

 

The study was conducted at Crop Physiology 

and Ecology Laboratory and research field, 

Hajee Mohammad Danesh Science and 

Technology University (HSTU), Dinajpur during 

November, 2016 to April, 2017.The 

experimental site was situated under the 

Dinajpur Sadar Upazila and located at 25º39´ N 

latitude and 88º41´ E longitude with an elevation 

of 37.58 meter above the sea level. The 

experimental field was a medium high land 

belonging to the non-calcarious dark gray 

floodplain soil under the agro-ecological zone 

(AEZ-1) of Old Himalayan Piedmont Plain. The 

soil is sandy loam under the Order Inceptisol. 

The experimental site is situated in the sub-

tropical region characterized by heavy rainfall 

during the months from May to September and 

scantly rainfall in the rest of the year. The 

experiment was conducted in a split plot design 

with three replications. The three growing 

conditions were – (i) normal growing condition 
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(sowing at November 20), (ii) moderate high 

temperature condition (sowing at December 20) 

and (iii) high temperature condition (sowing at 

January 10) were placed in the main plots as 

main plot treatments whereas four wheat 

genotypes were placed randomly in the sub-plots 

as sub-plot treatments. Seeds of the four wheat 

genotypes were sown in rows of 20 cm apart, at 

the rate of 120 kg ha
-1

 in a unit plot size of 3.0 m 

× 1.4 m. A fertilizer dose of 140-35-75-18-2-0.5 

kg ha
-1 

of N, P, K, S, Zn and B was applied in the 

form of urea, triple Supper phosphate (TSP), 

muriate of potash (MP), gypsum, zinc sulphate 

and boric acid, respectively. Three irrigations 

were given to avoid water deficiency. Other 

intercultural operations were done as when 

necessary. 

 

2.1. Data Collection  

 

2.1.1 Cell membrane thermostability test 

(CMT) test 

Procedure used for measuring Membrane injury 

(%) to high temperature was the same as 

describe by Blum and Ebercon, (1981). The 

CMT was determined from the following 

equation- 

CMT (%) = [{1- (T1/T2)}/ {1-(C1/C2)}] X 100 

 

Where, T and C refer to conductance values for 

treatment and control test tubes, respectively, 

and subscripts 1 and 2 refer to initial and final 

conductance values, respectively. 

 

2.1.2 Estimation of chlorophyll 

Chlorophyll content of the flag leaf at 18 days 

after anthesis was estimated according to 

Witham et al., (1986). Total chlorophyll of fresh 

leaf was determined using following formula- 

Total chlorophyll (mg g
-1

 FW) = [20.2(D645) + 

8.02(D663)] x [V/ (1000 x W)]  

Where,  

V = Volume of 80% aqueous acetone (ml) 

W = Weight of fresh leaf (g) 

D645 = Absorbance at 645 nm wave length 

D663 = Absorbance at 663 nm wave length 

 

 

2.1.3 Estimation of proline 

Proline content of flag leaf and kernel at 18 days 

after anthesis in all wheat genotypes grown in 

two different growing conditions were estimated. 

Flag leaves and spike from each replication of 

each genotype were collected and immediately 

kept in the ice-bag and brought to Crop 

Physiology and Ecology Laboratory of HSTU 

for proline estimation. The kernels from spike 

were separated and 0.5 g of fresh weight of both 

flag leaf and kernels were used for proline 

estimation following the procedure of Bates, 

(1973). 

 

The proline content was determined from a 

standard curve and calculated on a fresh weight 

basis as follows: 

µmoles proline/g of fresh plant material =  

{(µg proline/ml × ml toluene)/ 115.5 

µg/µmoles}/ (g sample/5) 

 

2.1.4 Canopy temperature depression (CTD) 
The difference between ambient air temperature 

and canopy temperature in degree centigrade is 

known as Canopy Temperature Depression 

(CTD). The hand held infra-red thermometer 

(Model: Crop TRAC item no. 2955L-Spectrum 

Technologies, Inc.) was used to measure CTD at 

noon after 18 days of anthesis and calculated 

using the formula: 

CTD = Air temperature – Canopy temperature 

 

2.1.5 Gain yield (g m
-2

) 

The samples were collected from an area of 2 m 

× 1 m from the center of each plot by cutting the 

plant at ground level. Spikes were collected in a 

cloth bag (2´ × 1.5´). The samples were dried in 

the sun threshed and cleansed and dry weights of 

grain, straw and husk were recorded. Grain yield 

was also adjusted to 12% moisture content. 

 

2.1.6 Heat susceptibility index  
Heat susceptibility index (S) was calculated for 

yield as described by Fischer and Maurer, 

(1978).  

S = (1- Y/YP) / (1- X/XP) 
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Where,  

Y = Yield of a genotype in a stress environment  

 YP= Yield of a genotype in a stress-free 

environment  

 X = Mean of Y of all the genotypes  

 XP= Mean of YP of all the genotypes.  

(S < 1.0, stress tolerant and S > 1.0, stress 

susceptible) 

 

2.2. Statistical Analysis  
The data were analyzed by partitioning the total 

variance with the help of computer using 

MSTATC program. The treatment means were 

compared using Tukey’s Test at 5% level of 

significance. 

 

3. Results and Discussion 

 

To expose the wheat genotypes to normal 

growing temperature, moderate and high 

temperature conditions during reproductive 

development, four wheat genotypes were sown 

in the field on 20 November 2016, 20 December 

2016 and 10 January 2017, respectively. In this 

experiment, late sown (20 December and 10 

January sown) wheat genotypes exposed to high 

temperature during most of their reproductive 

growth phase but the wheat genotypes sown on 

20 November experienced more or less 20
o
C 

throughout their whole reproductive growth 

phase and considered as normal growing 

condition (Figure 1). Because, the optimum 

temperature for wheat crop growth is about 20
o
C 

(Al-Khatib and Paulsen, 1984). Temperature in 

the range of 20 to 25
o
C has been considered 

favorable for wheat seed germination, seedling 

emergence and optimum plant establishment 

(Behl et al., 1993). 

 

3.1. Cell membrane thermostability 

Cell membrane thermostability (CMT) of flag 

leaf at 18 days after anthesis differed among the 

wheat genotypes tested (Figure 2). The highest 

cell membrane thermostability was found in 

BAW-1202 (53.8%) which was followed by 

BARI Gom-26 (53.1%). 

 

 
Figure 1. Maximum, minimum and mean air temperature from 01 November 2016 to 30 April 2017 

showing the period of anthesis and maturity of normal, moderate and high temperature. 
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Figure 2. Cell membrane thermostability of different wheat genotypes at 18 days after anthesis. 

 

Table 1. Effect of late seeding warmer condition and wheat genotypes on flag leaf chlorophyll content 

 

Genotypes 

Flag leaf chlorophyll content (mg g
-1

 FW) 

Growing conditions 

Normal Moderate high temperature High temperature 

V1 (BARI Gom-26) 1.10 b 
1.07 b 

(-2.73) 

1.02 b 

(-7.27) 

V2 (BAW-1202) 1.63 a 
0.93 b 

(-42.94) 

1.00 b 

(-38.65) 

V3 (BAW-1182) 1.08 b 
1.11 b 

(+2.78) 

0.96 b 

(-11.11) 

V4 (BARI Gom-27) 0.94 b 
0.99 b 

(+5.32) 

0.99 b 

(+5.32) 

Level of Significance ** 

CV% 12.44 
Means followed by the same letter(s) did not differ significantly at 5% level by MSTATC program. Values in 

parenthesis indicate % change over normal. ** Significant at the 1% probability level 

 
On the other hand, BAW- 1182 (42.8%) showed 

moderate cell membrane thermostability and 

BARI Gom-27 (29.7%) showed the lowest cell 

membrane thermostability. The results indicated 

that the wheat genotypes BAW-1202 and BARI 

Gom-26 were more tolerant against heat stress 

condition than BAW-1182 and BARI Gom-27. 

Genotypic differences in membrane injury of 

flag leaf at anthesis of the field grown wheat was 

also reported by Hasan et al., 2007;  Mohi-Ud-

Din et al., 2007; Sikder et al., 1999; Shanahan et 

al., 1990. The genotypic differences in CMT 

tolerance in wheat at different growth stages 

were also reported by Kumar et al. (2013b); 

Asthir et al. (2013). 

 

3.2. Flag leaf chlorophyll content 

 

Flag leaf chlorophyll content of different wheat 

genotypes at 18 days after anthesis (DAA) was 

determined under normal, moderate and high 

temperature conditions and the results are 

presented in Table 1. Results showed that flag 

leaf chlorophyll content was significantly 

influenced by the interaction effect of wheat 

genotypes and growing conditions. 
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Under normal growing condition, the wheat 

genotype BAW-1202 contained the highest flag 

leaf chlorophyll (1.63 mg g
-1 

FW). On the other 

hand, BARI Gom-27 had the lowest chlorophyll 

in their flag leaves (0.94 mg g
-1 

FW) at 18 days 

after anthesis which was statistically similar to 

BARI Gom-26 (1.10 mg g
-1 

FW) and BAW-1182 

(1.08 mg g
-1 

FW). Due to late seeding warmer 

conditions, flag leaf chlorophyll content reduced 

significantly in BAW-1202 but it was remained 

more or less unchanged in other three wheat 

genotypes. 

 

Feng et al., (2014) found that Photosynthesis is 

the most sensitive physiological event leading to 

poor growth performance in wheat. Ashraf and 

Bhatti (1998) found that chlorophyll content was 

decreased in all wheat genotypes with delay in 

planting. Blum et al. (1994) also reported that 

total chlorophyll was lower in heat sensitive 

genotype compared to heat tolerant ones. 

Tolerant genotypes showed higher chlorophyll 

content and relatively lower reduction of that due 

to temperature stress compared to sensitive 

genotypes of wheat. Heat stress reduces 

photosynthesis through disruption in the 

structure and function of chloroplast, and 

reduction in chlorophyll content (Xu et al., 

1995). Chlorophyll content is positively 

correlated with the stability of the thylakoid 

membrane under heat stress, and can be used for 

screening for heat stress in wheat. 

 

3.3. Flag leaf proline content 

Proline content in flag leaves of all wheat 

genotypes was determined at 18 days after 

anthesis under normal, moderate and high 

temperature conditions and results are presented 

in Table 2. Under normal growing condition, 

each of four wheat genotypes contained more or 

less equal amount of proline (1.00 to 1.21 μmole 

g
-1 

FW) in flag leaf. With the delay in sowing i.e. 

with the increment in temperature the proline 

level in flag leaf increased. Under moderate high 

temperature condition, BARI Gom-26 contained 

highest value (2.09 μmole g
-1 

FW) which was 

statistically similar to BAW-1182 (1.91 μmole g
-

1 
FW). BARI Gom-27 contained the lowest (1.26 

μmole g
-1 

FW) flag leaf proline and BAW- 1202 

contained the moderate (1.60 μmole g
-1 

FW) flag 

leaf proline. Due to high temperature effect the 

flag leaf proline content was significantly 

increased in all the wheat genotypes but the 

degree of increment was not similar, in which 

greater increment was occurred in BARI Gom-

26 (72.73%) and BAW-1182 (67.54%) than that 

in BAW-1202 (60.00%) and BARI Gom-27 

(12.5%). 

 

Under high temperature growing condition, 

BARI Gom-27 contained highest value (2.77 

μmole g
-1 

FW) which was statistically similar to 

BAW-1182 (2.61 μmole g
-1 

FW) and BARI 

Gom-26 (2.61 μmole g
-1 

FW). BAW-1202 

contained the lowest (1.78 μmole g
-1 

FW) flag 

leaf proline. Due to high temperature effect the 

flag leaf proline content was significantly 

increased in all wheat genotypes but the degree 

of increment was not similar, in which greater 

increment was occurred in BARI Gom-27 

(147.32%) and BAW-1182 (128.95%) than that 

in BARI Gom-26 (115.70%) and BAW-1202 

(78.00%). 

 

Protein function is highly dependent upon its 

synthesis and folding. Protein misfolding 

significantly affects the working mechanism of 

the cell. At heat stress condition, protein folding 

and synthesis is interrupted (Sharma et al., 

2019). Plants usually accumulate some 

compatible solutes with low molecular mass 

such as proline (Tripathi et al., 2007). 

Accumulation of free proline may contribute to 

the scavenging of active oxygen species by 

enhancing photochemical electron transport 

activities (Alia et al., 1991). Proline may protect 

some enzymes from inactivation by heat (Paleg 

et al., 1981). Those genotypes which had high 

proline content might increase ability to 

synthesize osmotic regulators for protection 

resulted from damage (Farshadfar et al., 2013). 

 

3.4. Kernel proline content 

Kernel proline of four wheat genotypes at 18 

days after anthesis (DAA) was determined under 

normal, moderate high and high temperature 
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conditions and the results are presented in Table 

3. Under normal growing condition, each of the 

four wheat genotypes contained more or less 

equal proline (0.97 to 1.19 μmole g
-1 

FW) in 

kernel. With the delay in sowing i.e. with the 

increment of temperature the proline level in 

kernel increased concomitantly. Under moderate 

high temperature condition, BAW-1182 

contained the highest value (1.77 μmole g
-1 

FW). 

BAW-1202 contained the lowest (1.05 μmole g
-1 

FW) kernel proline which was statistically 

similar to BARI Gom-27 (1.16 μmole g
-1 

FW) 

and BARI Gom- 26 (1.29 μmole g
-1 

FW). Due to 

high temperature the kernel proline content was 

significantly increased in all wheat genotypes but 

the degree of increment was not similar, in 

which greater increment was occurred in BAW-

1182 (48.74%) than that in BARI Gom-26 

(13.16%), BARI Gom-27 (11.54%) and BAW-

1202 (8.25%). 

 

Table 2. Effect of late seeding warmer condition and wheat genotypes on flag leaf proline content 

 

Genotypes Flag leaf proline content (µmole g
-1

 FW) 

Growing conditions 

Normal Moderate high temperature High temperature 

V1 (BARI Gom-26) 1.21 ef 
2.09 b 

(+72.73) 

2.61 a 

(+115.70) 

V2 (BAW-1202) 1.00 f 
1.60 d 

(+60.00) 

1.78 cd 

(+78.00) 

V3 (BAW-1182) 1.14 ef 
1.91 bc 

(+67.54) 

2.61 a 

(+128.95) 

V4 (BARI Gom-27) 1.12 ef 
1.26 e 

(+12.5) 

2.77 a 

(+147.32) 

Level of significance ** 

CV% 4.47 

Means followed by the same letter(s) did not differ significantly at 5% level by MSTATC program. Values in 

parenthesis indicate percent change over normal condition. ** Significant at the 1% probability level. 

 

Table 3. Effect of late seeding warmer condition and wheat genotypes on kernel proline content 

 

Genotypes 

Kernel proline content (µmole g
-1

 FW) 

Growing conditions 

Normal Moderate high temperature High temperature 

V1 (BARI Gom-26) 1.14 cd 
1.29 c 

(+13.16) 

3.02 a 

(+164.91) 

V2 (BAW-1202) 0.97 d 
1.05 cd 

(+8.25) 

1.88 b 

(+93.81) 

V3 (BAW-1182) 1.19 cd 
1.77 b 

(+48.74) 

3.07 a 

(+157.98) 

V4 (BARI Gom-27) 1.04  cd 
1.16 cd 

(+11.54) 

2.88 a 

(+176.92) 

Level of Significance ** 

CV% 4.85 

Means followed by the same letter(s) did not differ significantly at 5% level by MSTATC program. Values in 

parenthesis indicate % change over normal. ** Significant at the 1% probability level. 
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Under high temperature growing condition, 

BAW-1182 contained the highest value (3.07 

μmole g
-1 

FW) which was statistically similar to 

BARI Gom-26 (3.02 μmole g
-1 

FW) and BARI 

Gom-27(2.88 μmole g
-1 

FW). BAW-1202 

contained the lowest (1.88 μmole g
-1 

FW) kernel 

proline. Due to high temperature effect the 

kernel proline content was significantly 

increased in all wheat genotypes but the degree 

of increment was not similar, in which greater 

increment was occurred in BARI Gom-27 

(176.92%), BARI Gom-26 (164.91%) and 

BAW-1182 (157.98%) than that in BAW-1202 

(93.81%). 

 

Accumulation of proline or other osmolytes may 

also alleviate osmotic stress induced by heat 

stress (Li et al., 2018). Increased proline 

synthesis in heat stressed environment due to 

loss of feedback regulation in proline 

biosynthetic pathway (Boggess and Stewart, 

1980) might be an adaptive mechanism to reduce 

the accumulation of NADPH, which increased as 

result of the decrease in photosynthetic CO2 

reduction rate of the plant (Berry and Bjorkman, 

1980). Rapid catabolism of proline upon relief of 

stress may provide reducing equivalents that 

support mitochondrial oxidative phosphorylation 

and the generation of ATP for recovery from 

stress and repair of stress induced damage (Hare 

and Cress, 1997). Hasan et al. (2007) also found 

heat tolerance in terms of proline accumulation 

in flag leaf and kernel of different wheat 

genotypes. 

 

3.5. Canopy temperature depression (CTD) 

 

Canopy Temperature Depression (CTD) of all 

wheat genotypes was determined at 18 days after 

anthesis under normal, moderate high and high 

temperature growing condition and the results 

are presented in Figure 3. The results showed 

that at 18 days after anthesis all the wheat 

genotypes maintained cooler canopy under 

normal growing condition than under high 

temperature conditions. Under moderate high 

temperature growing condition, BARI Gom-26 

and BAW-1202 maintained comparatively cooler 

canopy than BAW-1182 and BARI Gom-27. 

Again under high temperature condition, BARI 

Gom-26 and BAW-1202 maintained 

comparatively cooler canopy than BAW-1182 

and BARI Gom-27. 

 

Sikder and Paul, (2010) and Reynolds et al., 

(1998) reported that potential to keep canopy 

cool is one of the important traits of high 

temperature tolerant wheat genotypes. This is 

reflected by canopy temperature depression 

which is expressed as difference between the 

ambient temperature and canopy temperature. 

High CTD has been used as a selection criterion 

to improve tolerance to drought and heat (Amani 

et al., 1996; Ayeneb et al., 2002). Wheat 

genotypes exhibited genetic variability in canopy 

temperature depression among wheat genotypes 

which was more conspicuous at heat stress and 

there was a significant correlation between grain 

yield and CTD. Numerous researchers also 

found cool canopy temperature with high grain 

yield (Bahar et al., 2011; Elbashia et al., 2012; 

Amani et al., 1996). 

 

Increase in CTD might have occurred due to 

increase respiration and transpiration resulting 

from stomatal closure (Siddique et al., 2000). 

The superior performance of higher canopy 

depression under heat stress could be due to 

increase stay green duration and high chlorophyll 

content that enhance photosynthetic activity. 

 

3.6. Grain yield 

 

Grain yield of four wheat genotypes at different 

growing conditions and that are presented in 

Table 4. Results showed that the interaction 

effect of growing conditions and wheat 

genotypes on grain yield was significant. At 

normal growing condition, BARI Gom-26 

produced the highest grain yield (361.0g/m
2
) 

which was statistically similar to BARI Gom-27 

(315.7g/m
2
). BARI Gom-27 also statistically 

similar to BAW-1202 (285.7g/m
2
) whereas 

BAW-1182 (242.7g/m
2
) gave the lowest grain 

yield which was identical to BAW-1202 

(285.7g/m
2
).  
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Figure 3. Effect of late seeding warmer condition and wheat genotypes on canopy

                      temperature depression (C) at 18 days after anthesis. 

 

 

Under moderate high temperature condition, 

BAW-1202 (270.0g/m
2
) attained the highest 

grain yield which was statistically similar to 

BAW-1182 (254.7g/m
2
), BARI Gom-27 

(227.7g/m
2
) and BARI Gom-26 (226.3g/m

2
). 

Due to moderate high temperature, grain yield 

reduced in BARI Gom-26 (37.31%), BARI 

Gom-27 (27.87%) and BAW-1202 (5.50%). It 

was increased in BAW-1182 (4.94%). 

 

Under high temperature growing condition, 

BAW-1202 (202.0g/m
2
) gave the highest grain 

yield which was statistically similar to BAW-

1182 (181.0g/m
2
) and BARI Gom-27 

(152.3g/m
2
). BARI Gom-26 (140.0 g/m

2
) 

showed the lowest grain yield which was 

statistically similar to BAW-1182 (181.0g/m
2
) 

and BARI Gom-27 (152.3g/m
2
). Due to high 

temperature, grain yield reduced but the degree 

of reduction was not similar in which BARI 

Gom-26 (61.22%) showed more reduction than 

BARI Gom-27 (51.76%), BAW-1202 (29.30%) 

and BAW-1182 (25.42%). 

 

Results from other studies showed that late 

sowing caused lower grain yield in wheat 

compared to optimum sowing (Islam et al., 

1993; Bhatta et al., 1994). Al-Khatib and 

Paulsen  (1990) concluded the high relative grain 

yield which was the results of stable and/or long 

duration of photosynthetic activity at heat stress 

condition as a selection criterion for heat 

tolerance of wheat genotypes. 

 

Results from other studies showed that in case of 

late sowing climate and soil moisture were 

unfavorable (high temperature, low relative 

humidity in the air and low soil moisture) for 

crop production, which ultimately affected crop 

growth and yield (Hossain et al., 2012d; Hossain 

et al., 2013; BARI 2016). This assumption is 

also supported by Grigorova, (2011) who stated 

that the combined effects of drought and high 

temperature on physiology, growth, water 

relations, and yield are significantly higher than 

the individual effects. Bhatta et al. (1994) 

reported that some genotypes of wheat showed 

stability in grain yield between optimum and late 
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planting. In sub-tropical climates like 

Bangladesh, excess radiation and high 

temperatures are often the most limiting factors 

affecting plant growth and final grain yield 

(Wahid et al., 2007; Hossain et al., 2009; Nahar 

et al., 2010; Hossain et al., 2011; Sikder, 2011; 

Hakim et al., 2012). 

 

3.7. Heat susceptibility index (HSI) 

Heat susceptibility index (HSI) based on grain 

yield varied in different wheat genotypes both at 

moderate and high temperature growing 

conditions. Lower susceptibility index indicates 

higher tolerance. According to heat susceptibility 

index, the order of tolerance was BAW-1182 (-

0.26) > BAW-1202 (0.26) > BARI Gom-27 

(1.47) > BARI Gom-26 (1.95) under moderate 

high temperature condition and BAW-1182 

(0.57) > BAW-1202 (0.66) > BARI Gom-27 

(1.18) > BARI Gom-26 (1.39) under high 

temperature condition.  

 

Table 4. Effect of late seeding warmer condition and wheat genotypes on grain yield 

 

Genotypes 

Grain yield (g/m
2
) 

Growing conditions 

Normal Moderate high temperature High temperature 

V1 (BARI Gom-26) 361.0 a 
226.3 def 

(-37.31) 

140.0 h 

(-61.22) 

V2 (BAW-1202) 285.7 bc 
270.0 bcd 

(-5.50) 

202.0 efg 

(-29.30) 

V3 (BAW-1182) 242.7 cde 
254.7 cd 

(+4.94) 

181.0 fgh 

(-25.42) 

V4 (BARI Gom-27) 315.7 ab 
227.7 def 

(-27.87) 

152.3 gh 

(-51.76) 

Level of Significance ** 

CV% 6.89 
Means followed by the same letter(s) did not differ significantly at 5% level by MSTATC program. Values in 
parenthesis indicate % change over normal. ** Significant at the 1% probability level. 

 
Figure 4. Heat susceptibility index of different wheat genotypes based on grain yield (g/m

2
) at 

                       moderate high and high temperature. 
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Hossain and Teixeira de Silva (2012a) and 

Hossain et al. (2012b) stated HSI to be a 

measure of yield stability. Therefore, a stress-

tolerant genotype as defined by HSI needs not 

necessarily to have a high yield potential. The 

ideal wheat genotype should be high yielding 

under any environmental conditions. 

 

4. Conclusions  

 

The overall result indicated that BAW-1182 

showed greater thermostability of cell 

membrane, greater flag leaf chlorophyll content, 

higher level of proline in flag leaf and kernel and 

greater ability to keep the canopy cooler 

compared to BARl Gom-27, BAW-1202 and 

BARI Gom-26 under high temperature growing 

condition. BAW-1202 showed greater 

thermostability of cell membrane and greater 

ability to keep the canopy cooler compared to 

BARI Gom-27 and BARI Gom-26 under high 

temperature growing condition. However, based 

on heat susceptibility index for grain yield 

(under moderate and high temperature 

conditions), BAW-1182 was found as the most 

tolerant and BARI GOM-26 was the most 

susceptible genotype to late seeding under 

warmer condition. 
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