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ABSTRACT 
 
A pot experiment was conducted with four varieties viz. Binadhan-5, Binadhan-6, Binadhan-
8 and Iratom-24 in the plant growth chamber at Bangladesh Institute of Nuclear Agriculture 
(BINA), Mymensingh to assess the effects of high temperature at different growth stages on 
yield and yield attributes and photosynthetic rate, transpiration rate, leaf conductance and 
water use efficiency during grain growth period. For yield and yield attributes the following 
five treatments T0 (Ambient temperature), T1 (36°C at tillering stage), T2 (36°C at panicle 
initiation stage), T3 (36°C at booting stage), and T4 (36°C at flowering stage) were applied. 
Two temperature treatments T0 (Ambient temperature) and T1 (30oC) were also maintained 
during grain growth period. Temperature treatments significantly decreased number of total 
tillers and effective tillers per plant, filled and unfilled grains per panicle, 1000-grain weight, 
grain yield per plant and harvest index but plant height, non-effective tiller number and 
panicle length were not affected by temperature treatments. High temperature stress (36oC) 
at panicle initiation reduced grain yield more compared to other treatments. The grain dry 
weight, photosynthetic rate, leaf conductance, transpiration rate decreased but water use 
efficiency of flag leaf increased with temperature treatments. Binadhan-6 showed the highest 
grain dry matter accumulation under temperature treatments during grain growth period. 
Binadhan-6 seems to be tolerant to high temperature. 
 
Key words: Temperature, Photosynthetic rate, Transpiration rate, Leaf conductance, Water 
use efficiency and Rice yield 

 
 
 
 
 
 
 
 

I. Introduction 

Climate variability and change, its impacts and vulnerabilities are growing concern worldwide. 
The climate of Bangladesh is changing and it is becoming more unpredictable every year. Global 
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warming induced changes in temperature and rainfall are already evident in many parts of the 
world, as well as in our country (Ahmed and M. A. 1999).  These entire have profound impact on 
agriculture (McCarthy et. al., 2001). As the great majority of the people of Bangladesh depend on 
agriculture for their livelihood, crop agriculture in this region is highly susceptible to variations 
in climate system. It is anticipated that crop production would be extremely vulnerable under 
climate change scenarios, and as a result, food security of the country will be at risk (Karim et 
al., 1996). Continuing changes in weather variables such as seasonal rainfall and temperature, 
and increased concentrations of greenhouse gases in the atmosphere, will affect rice production 
(Roy et al., 2009). There is a major consensus among scientists, except for some minor 
disagreements, that the climate is changing and the air temperature is raising due to increasing 
concentration of CO2 and other atmosphere greenhouse gases (Weiss et al., 2003; Kerr, 2005; 
IPCC, 2007). Emission of greenhouse gases (GHG) such as carbon dioxide (CO2), methane (CH4) 
and nitrous oxide (N2O) from agricultural systems is one of the major sources contributing to 
this global increase of temperature (Maraseni et al., 2009; Smith and Olesen, 2010). By the end 
of the 21st Century, the earth’s climate is predicted to warm by an average of 2–4°C (IPCC, 
2007), due to both anthropogenic and natural factors (Eitzinger et al., 2010). Model predicted 
that temperature of the globe will increase 3-40C by 2021 and yield of rice and maize will 
decrease by 25% (Lawlor, 1997). Increasing CO2 as a result of global warming reduced fertility 
rates and the number (30-50%) of panicles per bush (Shen et al., 2000). Another model 
predicted that rice yield would decrease by 39-47% due to temperature increase of 40C (Costa, 
2000). Agriculture in Bangladesh is already under pressure both from huge and increasing 
demand for food and from problems of agricultural land and water resources depletion. The 
prospect of global climate change makes the issue particularly urgent (Huq, 2003). In 
Bangladesh the temperature remains low at early vegetative stage and high at the reproductive 
stage. Due to trend of global warming, obviously the atmospheric temperature of the Boro 
season would be higher but its effect on rice production by the different varieties is not 
sufficiently studied. 
 
Keeping in view the significance of climatic variability on the growth and yield of the rice crop, a 
pot experiment was conducted with four Boro rice genotypes to assess the effects of high 
temperature at different growth stages. The objectives were to study the effect of temperature 
on the photosynthesis, leaf conductance transpiration, water use efficiency, grain growth and 
yield of Boro rice and to find out temperature tolerant rice variety, if any. 
 

II. Materials and Methods  
 
A pot experiment was conducted with the varieties Binadhan-5, Binadhan-6, Bimadhan-8, and 
Iratom-24 in a plant growth chamber at Bangladesh Institute of Nuclear Agriculture (BINA) 
during December, 2013 to May, 2014 to assess of high temperature at different growth stages 
on yield and yield attributes and photosynthetic rate, leaf conductance, transpiration and water 
use efficiency during grain growth period. For yield and yield attributes the following five 
treatments viz. T0 (control temperature), T1 (36°C at tillering stage), T2 (36°C at panicle 
initiation stage), T3 (36°C at booting stage), and T4 (36°C at flowering stage) were applied for 
seven days at each respective growth stage and then plants were allowed to grow at ambient 
temperature up to maturity. For grain growth studies two temperature treatments, T0 (control), 
and 30oC were applied from fertilization to grain maturity.   The soil for the experiment was 
collected from BINA campus. The soil was silt loam, organic matter 1.05%, total N 0.07%, 
available P 14.3 ppm, exchangeable K 0.25 meq per 100g soil, available S 13.2 and soil pH 6.67. 
The collected soil was dried under the sun. Then the soil was crashed and sieved. A total of 84 
pots were prepared and their individual weight was recorded. Each pot contained 11 kg of soils. 
It contained a surface area of 846.23 cm2 with depth of the soil in each pot being 34 cm. The pots 
were placed at the pot yard of Crop Physiology Division, BINA, Mymensingh. Seeds were sown 
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on seedbed on 18 December 2013. Seedlings were uprooted carefully from the seedbed and 
bundled with proper care. Soils were fertilized with urea 1.72g/pot, TSP 1.06 g/pot, MP 0.215 
kg/ha, 0.80 g/pot corresponding to urea 215kg/ha TSP 180kg/ha, MP 100kg/ha,  respectively. 
All TSP, MP and one-third of the urea were applied as basal dose. The remaining two-thirds of 
the urea were applied in two equal splits in each pot at 30 and 50 days after transplanting. On 
18 January, 2014, 30 days old seedlings were transplanted in the puddle pots. One seedling was 
transplanted in a pot. The experiment was laid out on Completely Randomized Design, where 
each treatment was replicated 3 times. Ten grains were harvested from selected panicles of 
three plants of each treatment at 3 days interval starting from fertilization to maturity. Dry 
weights of those grains were recorded. Photosynthetic rate, transpiration rate and leaf 
conductance were measured using Portable Photosynthetic system (Model: Li-6400XT) and 
chlorophyll content of flag leaves were measured using SPAD meter (Model: SPAD 502). Grain 
dry weight, chlorophyll content (SPAD reading) and photosynthetic rate of flag leaves were 
measured at 3 days internal from fertilization to maturity. At maturity, three pots were 
harvested for each treatment. After harvest data were recorded on plant height, number of 
effective tillers, grain yield, total dry matter and harvest index. The plant parts were separated 
into stem, leaves, roots and oven dried at 80°C for 72 hours. After drying their weights were 
recorded. The collected data were analyzed statistically following two factor experimental 
design of CRD by MSTAT computer packages (Freed, 1992). The mean differences among the 
treatments were calculated with Duncan’s Multiple Range Test.   
 
 
III. Results and Discussion 
 
During phonological data observation, Binahan-8 had shortest life span (seed to seed) and 
Binadhan-5, Binadhan-6 and Iratom-24 also had shorter life span (seed to seed) under 
temperature stress (Table 01). The maturity of all varieties found 5 to 14 days earlier in 
temperature stress and the life span became shorter (6 to 12 days) than those at control 
condition. It might be due to temperature stress caused faster vegetative growth and 
development. This is conformity with Tashiro and Wardlaw (1989); Chowdhury and Wardlaw 
(1978). Plant height, non-effective tillers plant-1, panicle length, number of panicles plant-1, 
number of grains panicle-1 were not affected by the temperature treatments. But number of 
total tillers plant-1, number of effective tillers plant-1, filled and unfilled grains panicle-1, 1000-
grain weight, yield and harvest index were significantly affected by the temperature treatments 
(Table 2). Number of total and effective tillers plant-1 was the highest in T2 (36oC at tillering 
stage) and T4 (36oC at flowering stage). The lowest filled grains per panicle was found in T3 

(36oC at booting stage) temperature treatments. The maximum 1000-grain weight was 
recorded in T4 (36oC at flowering stage) and minimum 1000-grain weight was recorded in T3 
(36oC at booting stage) which was statistically similar with T1 (36oC at tillering stage) 
treatments. The maximum grain yield per plant was recorded from T2 treatment, (36oC at 
panicle initiation stage) condition which was statistically similar with T4 treatment, (36oC at 
flowering stage), and minimum was recorded from T3 (36oC at booting stage) temperature 
condition. The highest harvest index was found at temperature stress T2 (36oC at panicle 
initiation stage) and T4 (36oC at flowering stage). Manalo et al. (1994) stated that increasing 
temperature from 29/21 to 37/29°C (day/night temperature) reduced tillering number by 
10%. Filled grain percentage was affected by high temperature at different stages (Haque et al., 
1983). Similar result was obtained from Yang and Heilman (1983) who reported that high 
temperature during grain filling stage decreased the percentage of filled spikelet. Reduced grain 
yield by high temperature was observed by Shi et al. (2001); Shen et al. (2000) and Islam 
(2011).  However, some varieties in this study resulted in positive response to temperature in 
increasing the filled grains per panicle. Under the temperature treatments, Binadhan-5 
produced the longest plants, the highest number of total and effective tillers, panicles per plant, 
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filled grains per panicle, grain yield and harvest index (Table 03). Binadhan-6 also produced the 
longest plants, panicles and statistically similar number of filled grains per panicle compared to 
Binadhan-5. Binadhan-8 had the highest number of panicles per plant, unfilled grains per 
panicle and medium grain yield and harvest index. Iratom-24 produced the shortest plants, 
panicles, the lowest number of filled grains, grain yield and harvest index.  
 
The grain dry weight, photosynthetic rate, leaf conductance, transpiration rate decreased but 
water use efficiency of flag leaf increased with temperature treatments (Table 05). The highest 
grain dry weight and transpiration rate but low photosynthesis, leaf conductance and water use 
efficiency were found in Binadhan-6. The highest photosynthetic rate and water use efficiency 
but the lowest grain dry weight, leaf conductance and transpiration rate were found in 
Binadhan-5. The highest leaf conductance, but medium photosynthesis, transpiration rate; low 
grain dry weight and the lowest water use efficiency were found in Binadhan-8. Iratom-24 
showed better grain dry weight, leaf conductance, water use efficiency, transpiration rate and 
the lowest photosynthetic rate. Grain dry weight gradually increased from fertilization to 24 
days; thereafter it did not increase significantly. Photosynthetic rate, leaf conductance and 
transpiration rate gradually decreased from fertilization to maturity. But water use efficiency 
was almost unchanged during grain growth period. The results are in conformity with Islam 
(2011). 
 
Table 01. Phenological data recorded during experimental period 
 
Temperature Variety Date of 

sowing 
Date of 
transplanting 

Days to 
tillering 
 (DAT) 

Days to 
booting 
  (DAT) 

Days to 
heading 
  (DAT) 

Days to 
maturity 
  (DAT) 

Lifespan 
(Seed to                    
seed) 
 

Control 
temperature 

Binadhan-5 
 
Binadhan-6 
 
Binadhan-8 
 
Iratom-24 

18.12.13 
 
        ,,   
 
        ,, 
 
        ,, 

   18.01.14 
 
        ,, 
 
        ,, 
 
        ,, 

     20 
 
     14 
 
     13 
 
     15 

     63 
 
     61 
 
     54 
 
     57 

     93 
 
     98 
 
     85 
 
     90 

    126 
 
    135 
 
    115 
 
    125 

    154 
 
    162 
 
    142 
 
    154 

Temperature 
stress 

Binadhan-5 
 
Binadhan-6 
 
Binadhan-8 
 
Iratom-24 

        ,, 
 
        ,, 
 
        ,, 
 
        ,, 

        ,, 
 
        ,, 
 
        ,, 
 
        ,, 

     20 
 
     14 
 
     13 
 
     15 

     58 
 
     54  
 
     50 
 
     52 

     79 
 
     84 
 
     76 
 
     79 

    113 
 
    121 
 
    103 
 
    113 

    142 
 
    150 
 
    135 
 
    142 
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Table 02. Effect of temperature at different growth stages on yield and yield attributes 
 

Treatment Plant 
height  
(cm) 

Total 
tillers 
(no.) 

Effective 
tillers 
(no.) 

Non-
effective 

tillers 
(no.) 

Panicle 
length       
(cm) 

Panicles 
plant-1         

(no.) 

Grains 
panicle-1   

(no.) 

Filled 
grains 

panicle-1     
(no.) 

Unfilled 
grains 

panicle-1  
(no.) 

1000-
grain       

wt.                  
(g) 

Yield 
plant-1  

(g) 

Harvest 
index 
(%) 

T0  (control or ambient) 107.0a 11.17b 11.17b 1.25a 22.22a 5.42a 140.0  a 98.92 a 38.58 b 24.41   c 18.64 ab 40.42 b 

T1 (36oC at tillering stage) 106.8a 10.17c 10.17c 0.92a 22.23a 5.67a 134.8  a 97.42ab 41.08a 23.33  d 17.65 ab 38.58 c 

T2(36oC at panicle 
initiation stage) 

106.9a 12.08a 12.08a 1.25a 22.24a 5.42a 138.9  a 96.58ab 40.58ab 25.58 b 19.19  a 42.83 a 

T3 (36oC at booting stage) 107.1a 8.92d 8.92d 1.00a 22.07a 5.33a 137.0  a 96.33 b 41.33 a 23.20 d 16.87   b 37.25 d 

T4(36oC at flowering stage) 
107.2a 12.33a 12.33a 1.17a 22.25a 5.33a 139.3a 97.92ab 39.75ab 25.99  a 

19.10  a 

 
35.33e 

CV (%) 0.35% 3.34% 3.86% 43.77% 1.14% 11.14% 8.94% 2.46% 5.53% 0.57% 10.53% 2.20% 
Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT 

 
 
Table  03. Varietal responses on yield and yield attribute due to temperature treatments at different growth stages 
 

Treatment Plant 
height  
(cm) 

Total 
tillers 
(no.) 

Effective 
tillers 
(no.) 

Non-
effective 

tillers 
(no.) 

Panicle 
length       
(cm) 

Panicles 
plant-1         

(no.) 

Grains 
panicle-1   

(no.) 

Filled 
grains 

panicle-1     
(no.) 

Unfilled 
grains 

panicle-1  
(no.) 

1000-
grain       

wt.                  
(g) 

Yield 
plant-1   

(g) 

Harvest 
index 
(%) 

V1  (Binadhan-5) 122.1a 12.53 a 11.80 a 0.80b 21.50  c 6.200  a 141.7  a 103.0a 39.07 b 24.68  a 21.47  a 45.07 a 

V2  (Binadhan-6) 122.1  a 11.87 b 10.73 c 1.13ab 24.23  a 5.267   b 141.2  a 101.5 a 39.93 b 24.71  a 18.53  b 42.40 b 

V3  (Binadhan-8) 93.11  b 12.53 a 11.13 b 1.40 a 21.98  b 5.200   b 142.9  a 97.47 b 44.73a 24.63  a 17.74  b 39.13 c 

V4  (Iratom-24) 90.68  c 11.20 c 10.07 d 1.13ab 21.10 d 5.067   b 126.3   b 87.80 c 37.33 c 23.98  b 15.43  c 35.33 d 

CV (%) 0.35% 3.34% 3.86% 43.77% 1.14% 11.14% 8.94% 2.46% 5.53% 0.57% 10.53% 2.20% 

Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT 
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Table 04. Interaction effects of temperature and variety on yield and yield attributes 
 

Treatments 
Plant 

height 
(cm) 

Total tillers 
(no.) 

Effective 
tillers 
(no.) 

Non-
effective 

tillers (no.) 

Panicle 
length       
(cm) 

Panicles 
plant-1         

(no.) 

Grains 
panicle-1   

(no.) 

Filled grains 
panicle-1     

(no.) 

Unfilled 
grains 

panicle-1  
(no.) 

1000                
grain     

wt.                  
(g) 

Yield    
plant-1          

(g) 

Harvest 
index (%) 

T0V1 122.2  a 12.67cde 11.33efg 1.67ab 21.42def 6.00ab 144.0  ab 101.0abcde 40.00cdefg 24.57   d 21.13 abcd 43.33 cd 

T0V2 122.1 ab 12.33de 11.00 fg 1.33abc 24.33  a 5.33   b 143.7  ab 105.3  a 36.33  gh 24.60   d 19.80abce 42.67cde 
T0V3 93.00 cd 13.33bc 12.33 cd 1.00bcd 22.03 bc 5.33   b 142.3  ab 102.3  abc 43.33   bc 24.53   d 18.10  cdef 40.67  f 
T0 V4 90.53  e 11.00gh 10.00 h 1.00bcd 21.10 fg 5.00   b 130.0 abc 87.00  gh 34.67    h 23.93   e 15.53   fgh 35.00 i 
T1V1 121.4  b 11.33fg 10.67 gh 0.67cd 21.58cde 7.00  a 133.0 abc 104.3  ab 38.00 efgh 23.50    f 21.77  abc 42.00def 
T1V2 122.0 ab 11.00gh 10.00 h 1.00bcd 24.33  a 5.33   b 146.3  a 100.7bcde 41.33 cdef 23.47    f 18.27  cdef 41.33ef 
T1V3 93.20 cd 12.00ef 11.33efg 0.67cd 22.10  b 5.33   b 146.3  a 95.67 f 48.00  a 23.53    f 17.60   def 37.00  h 
T1V4 90.57  e 10.00ij 8.667 i 1.33abc 20.90  g 5.00 b 113.7    c 89.00  gh 37.00 fgh 22.80   g 12.97   h 34.00 i 
T2V1 122.3  a 14.33  a 13.67  a 0.67cd 21.92 bc 6.00ab 146.0  a 103.3 abc 38.33defgh 25.70   b 22.37  a 48.67  a 
T2V2 122.1 ab 12.00 ef 11.00 fg 1.00bcd 24.13  a 5.33   b 143.0  ab 99.33cdef 40.33cdefg 25.77   b 19.60 bcde 43.67  c 
T2V3 92.57  d 14.00 ab 12.00cde 2.00  a 21.82bcd 5.33   b 137.0 abc 95.00 f 46.33  ab 25.60   b 18.43bcdef 41.67 ef 
T2V4 90.73  e 13.00 cd 11.67def 1.33abc 21.10 fg 5.00   b 129.7 abc 88.67 gh 37.33  fgh 25.23   c 16.37 efgh 37.33 h 
T3V1 122.1 ab 10.33 hi 10.00 h 0.33 d 21.00 fg 6.00ab 144.7  a 103.3  abc 38.67defgh 23.37    f 20.07abce 42.33cdef 
T3V2 122.3  a 10.00 ij 9.000 i 1.00bcd 24.13  a 5.33   b 137.7  ab 100.7abcde 42.00  cde 23.40    f 17.17  efg 39.00 g 
T3V3 93.23 cd 10.00ij 8.333 i 1.67ab 22.05 bc 5.00   b 145.7  a 96.67  ef 43.33   bc 23.30    f 16.57  efg 35.33  i 

T3V4 90.67  e 9.333 j 8.333 i 1.00bcd 21.12 fg 5.00   b 120.0   bc 84.67   h 41.33 cdef 22.73   g 13.67   gh 32.33 j 

T4V1 122.2  a 14.00 ab 13.33 ab 0.67cd 21.60cde 6.00ab 140.7  ab 103.0 abc 40.33cdefg 26.27  a 22.00  ab 49.00  a 

T4V2 122.0 ab 14.00 ab 12.67bc 1.33abc 24.23  a 5.00   b 135.3 abc 101.3 abcd 39.67cdefg 26.30  a 17.80  def 45.33 b 

T4V3 93.57  c 13.33 bc 11.67def 1.67ab 21.90 bc 5.00   b 143.0  ab 97.67  def 42.67bcd 26.20  a 18.00   def 41.00 ef 

T4V4 90.90  e 12.67cde 11.67def 1.00bcd 21.27efg 5.33   b 138.3  ab 89.67  g 36.33gh 25.20   c 18.60bcdef 38.00 gh 

CV (%) 0.35% 3.34% 3.86% 43.77% 1.14% 11.14% 8.94% 2.46% 5.53% 0.57% 10.53% 2.20% 
Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT. Where, T0= control or ambient,T1= 36oC at tillering stage, T2= 36oC at booting stage,T3= 
36oC at panicle initiation andT4= 36oC at flowering stage; V1= Binadhan5,V2=Binadhan6,V3=Binadhan8 and V4=Iratom24.                                    
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Table 05. Effect of temperature on grain dry weight, photosynthetic rate, leaf conductance, 
transpiration rate and water use efficiency of flag leaf during grain filling period  
 

Treatments  Dry wt. grain_1 (mg)  Pn  Cond.  Tr  WUE  

Control  17.14 a  22.12 a  0.99a  7.33 a  2.52 c  

Temperature stress (30ºC)    15.63c  14.61c  0.43c  6.03c  2.83 b  

Varieties       

Binadhan5   15.30d  19.44 a  0.61 b  5.86 c  4.12 a  

Binadhan6  17.82 a  17.98 b  0.68 b  8.31 a  2.35 c  

Binadhan8  15.93 c  18.48 b  0.83 a  6.61 bc 2.20 c  

Iratom24  16.49 b  17.56 b  0.71b  6.92 b  3.06 b  

Days after anthesis      

0  3.07g  23.22a  1.33a  8.77a  2.98b  

4  4.67f  20.79b  1.09ab  8.50a  2.78b  

8  12.51e  19.59c  0.59c  6.73b  3.38ab  

12  18.37d  18.78d  0.71bc  6.31bc  3.89a  

16  21.31c  17.77a  0.64c  6.86b  2.85b  

20                  22.67b  16.95f  0.46c  6.38bc  3.06b  

24     24.50a  15.52g  0.47c  6.00c  3.46ab  

28    24.55a  14.76h  0.38c  5.48d  3.13b  
Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT. Where, Pn= 
Photosynthetic rate (µmolCO2m-2s-1), Cond= Conductance (molH2Om-2s-1), Tr= Transpiration rate (molH2Om-2s-1) 
and WUE= Water use efficiency  

 

IV. Conclusion 
 

Based on the results of the present study, it may be concluded that higher temperature 
showed higher yield potential than lower temperature. Experiment finding also indicates that 
Binadhan-6 is tolerant to high temperature. Although further studies in different areas at 
larger scale are suggested to deliberately confirm these results; before start to practice and 
extension of these studies. 
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