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Abstract: Drought is an alarming issue limiting crop production worldwide and is becoming increasingly severe with the 

passage of time in Bangladesh. Rice production in Bangladesh is thus, being adversely hampered by drought. Therefore a  

pot experiment was carried out with six rice genotypes to assess the effect of drought stress on grain dry weight, 

photosynthesis and chlorophyll content during July to December 2013-2014 at Bangladesh Institute of Nuclear 

Agriculture, Mymensingh, Bangladesh. Drought stress (control and 40% FC) was imposed on Binadhan-13, Kalizira, 

BRRI dhan-34, Ukunimodhu, RM-100-16 and NERICA mutant rice genotypes at grain filling stage (anthesis to maturity) 

and discontinued when the specific stage was over. The experiment was laid out in a Complete Randomized Design with 

three replications. Grain dry weights of 10 grains of selected panicles, chlorophyll content (SPAD reading) and 

photosynthetic rate of flag leaf were measured at 3 days interval from anthesis to maturity. Data was recorded at anthesis 

to maturity. Drought stress decreased grain dry weight, photosynthetic rate and chlorophyll content of flag leaf 

significantly. The highest grain dry weight, chlorophyll content and photosynthetic rate were found in Binadhan-13 and 

NERICA mutant. Grain dry weight increased with age till 24 days after anthesis followed by a Plateau whereas SPAD 

reading and photosynthesis rate decreased with grain age until physiological maturity. From the current research, it 

appeared that increased drought tolerant mechanisms were observed in the genotypes NERICA mutant and BINAdhan-

13. 
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INTRODUCTION 

Rice (Oryza sativa L.) is a globally important 

cereal crop, and as a primary source of food it accounts 

for 35–75% of the calorie intake of more than 3 billion 

humans. Rice, cultivated as food for direct consumption 

more so than any other crop, is the second largest 

consumed cereal after wheat and provides about 80% of 

the food calorie requirements of more than half of the 

world’s population [1]. As the world’s population 

continues to grow toward 10 billion by 2050, the 

demand for rice will grow faster than for other crops 

because population growth is greatest in the rice-

consuming and rice-producing regions of Asia, Africa, 

and the America [2-4]. In addition, the shortage of land 

and water for rice cultivation [5], accompanied by 

increases in food demand, has also forced cultivation to 

extend beyond normal monsoon periods, where 

temperatures are optimal for growth to warmer summer 

seasons where drought is an important constraint. 

 

Droght stress (commonly known as drought) 

can be defined as the absence of adequate moisture 

necessary for a plant to grow normally and complete its 

life cycle. The lack of adequate moisture leading to 

drought stress is a common occurrence in rainfed areas, 

brought about by infrequent rains and poor irrigation. 

About 13% of the world's 156 million ha of rice is 

cultivated as rainfed rice under upland conditions where 

drought stress affects rice growth and reduces grain dry 

weight [6]. Drought stress affects plant growth and 

development and ultimately, reduces grain yield of rice. 

The reduction in yield may depend on the 

developmental stage of the crop. The response of rice 

yield to soil water status varies with growth stage being 

most sensitive at flowering, followed by booting and 

grain filling stage [7]. More reduction in grain dry 

weight, due to drought stress in flowering stage, is 

largely resulted from the reduction in fertile panicle and 

filled grain percentage. Drought stress also promoted 

the remobilization of stored carbon reserves and water 

deficit during grain-filling enhanced plant senescence 

and accelerated grain-filling. Usually, senescence 

induced by water deficit shortens grain-filling period 

and can result in reduction in grain weight. According 

to [8] grain filling pattern had marked influence on final 

grain weight.  
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Plant growth is anchored by photosynthesis; 

however, excess light (EL) can cause severe damage to 

plants. EL induces photo oxidation, which results in the 

increased production of highly reactive oxygen 

intermediates that negatively affect biological 

molecules and, if severe, a significant decrease in plant 

productivity [9]. Drought stress directly affects rates of 

photosynthesis due to the decreased CO2 availability 

resulted from stomatal closure [10,11]   and/or from 

changes in photosynthetic metabolism [12].   

 

The occurrence of drought stress affects many 

of the physiological processes such as photosynthesis 

and chlorophyll resulting in reduced growth and poor 

grain filling [13]. In contrast with other crops, rice is 

particularly more sensitive to water stress especially at 

reproductive growth stages such as panicle initiation, 

anthesis and grain filling [14, 15]. Thus, drought stress 

is affecting about 50% of rice production in the world 

[16, 2, 17]. Though so many research works in regard to 

effects of water stress on photosynthesis, grain growth 

and yield in rice were carried out all over the world 

including Bangladesh [18-20] but little works on rice in 

these aspects were done especially in Bangladesh 

[21,22]. This study, therefore, be carried out to 

investigate photosynthesis and its related parameters, to 

study grain growth in six rice genotypes. 

 

MATERIALS AND METHODS 

A pot experiments were carried out with six 

rice genotypes viz., Binadhan-13, Kalizira, BRRI dhan 

34, Ukunimadhu, RM-100-16 and NERICA mutant at 

Bangladesh Institute of Nuclear Agriculture (BINA), 

Mymensingh, Bangladesh. Control (100% FC) and 

droght stress (40% FC) was imposed on rice genotypes 

at grain filling stage and discontinued when the specific 

stage was over. The soils were collected from BINA 

farm. The soil was sandy loam in texture having pH 

6.67. Each pot contained 13 kg of soils. The fertilizer 

doses ha
-1

 was 160, 65, 120 and 90 kg Urea, TSP, MOP 

and Gypsum, respectively. The experiment was laid out 

in a Complete Randomized Design with three 

replications. Twenty one day old seedlings were 

transplanted in pots on 25 July in 2013 and 22 July in 

2014. Grain dry weights of 10 grains of selected 

panicles, chlorophyll content (SPAD reading) and 

photosynthetic rate of flag leaf were measured at 3 days 

interval from anthesis to maturity. Photosynthesis was 

recorded using Portable Photosynthesis System LI-

6400XT, LI-COR Inc., Lincoln, NE, USA. Chlorophyll 

content was measured using SPAD meter (Model: 

SPAD 502). Data on grain dry weight, photosynthesis 

and chlorophyll content were recorded at anthesis to 

maturity.  The collected data were analyzed statistically 

following Completely Randomized Design by MSTAT-

C computer package programme developed by [23]. 

The treatment means were adjudged by Duncan's 

Multiple Range Test (DMRT). 

 

RESULTS AND DISCUSSION 
Results showed that drought stress decreased 

grain dry weight, photosynthetic rate and chlorophyll 

content of flag leaf significantly in 2013 and 2014 

(Table 1). The higher grain dry weight, chlorophyll 

content and photosynthetic rate was found in genotypes 

NERICA and Binadhan-13. Grain dry weight increased 

with age till 24 days after anthesis followed by a 

Plateau whereas SPAD reading and photosynthesis rate 

decreased with grain age until physiological maturity. 

The higher grain dry weight was observed in genotypes 

NERICA (13.33) and Binadhan-13 (8.64) and lesser 

was observed in rest of the genotypes RM-100-16 

(8.02), Kalizira (7.04), BRRI dhan-34 (6.80) and 

Ukunimodhu (6.59) (Table 1).  Grain dry weight is the 

ultimate result of grain filling. Grain filling is the final 

stage of growth in cereals where fertilized ovules 

develop into caryopses. More reduction in grain yield, 

due to water stress in flowering stage, is largely resulted 

from the reduction in fertile panicle and filled grain 

percentage. In rice water stress at vegetative growth 

especially booting stage [24]  and flowering stage can 

interrupt floret initiation causing spikelet sterility and 

poor grain filling resulting in lower grain weight and 

ultimately reduces rice yield [25,26]. 

 

Drought stress effect was statistically 

significant at (P ≤ 0.05) in both the year (Table 2). 

Under control condition, grain dry weight ranged from 

6.54 to 14.20 in 2013 and 6.87 to 15.13 mg grain
-1 

in 

2014 while under drought it ranged from 6.02 to 13.4 in 

the former and 6.31 to 14.91 mg grain
-1 

in the later year 

(Table 2). In 2013, grain dry weight reduction was 

lesser in genotypes Binadhan-13 and NERICA mutant 

(average of 4.89%) compared to others (average of 

7.01%) while in 2014, it was also smaller in Binadhan-

13 and NERICA (average of 5.33%) compared to the 

rest (average of 7.03%) (Table 2). In both the years, at 

40% FC the degree of relative reduction in grain dry 

weight was smaller in Binadhan-13 and NERICA 

(3.79%, average of 2013 and 2014) than in the four 

genotypes (Kalizira, BRRI dhan34, RM-100-16 and 

Ukunimodhu) (7.02%, average of 2013 and 2014) 

(Table 2) and this result suggests that reserve deposition 

in the grain was less affected by drought in former than 

in the latter group of rice genotypes. Thus, the 

genotypes Binadhan-13, and NERICA appeared to be 

drought tolerant compared to the rest of the four 

genotypes.  

 

 

 

 

 



 

 

Moonmoon S et al.; Sch J Agric Vet Sci., Jan 2017; 4(1):13-17 

Available Online:  https://saspublishers.com/journal/sjavs/home   15 

 

Table1: Effect of drought on grain growth, chlorophyll content and photosynthetic rate of  flag leaf during grain 

filling period (days after anthesis to maturity) of six rice genotypes in 2013 and 2014 

Treatments 

Dry wt 

( mg grain
-1

) 

Chlorophyll 

(SPAD value) 

Pn rate 

(µmolCO2m
-2

s
-1)

 

 

Dry wt 

( mg grain
-1

) 

Chlorophyll 

(SPADvalue) 

Pn rate 

(µmolCO2m
-2

s
-1

) 

2013 2014 

Drought       

Control 8.61  a 37.76  a 23.16  a 8.791 40.29 25.02  a 

40 % FC 7.76  b 37.36  a 17.37  b 8.415 39.74 18.19  b 

Genotype       

Binadhan-13 8.64  b 39.51  a 19.18  b 8.637  b 41.88  a 20.05  b 

Kalizira 6.70  d 37.59  b 17.04  c 7.042  b 39.84  a 17.80  c 

RM-100-16 7.65  c 36.02  b 16.44  d 8.023  b 38.18  a 17.19  c 

Ukunimodhu 6.28  e 37.44  b 16.90  c 6.592  b 39.68  a 17.66  c 

BRRI dhan-34 6.49  de 37.65  b 16.48  d 6.804  b 39.91  a 17.22  c 

NERICA 

mutant 
13.33  a 37.15  b 35.54  a 14.52  a 40.59  a 39.70  a 

Days after 

anthesis 
2013 2014 

0 1.69  g 39.35  a 24.31  a 1.689  e 42.00  a 26.13  a 

4 2.57  f 39.04  a 22.63  b 2.427  e 41.72  a 24.00  b 

8 5.80  e 38.13  ab 21.86  c 6.678  d 40.84  ab 23.24  c 

12 8.56  d 37.78  abc 20.88  d 8.780  c 40.42  abc 21.89  d 

16 9.98  c 37.28  abc 20.15  e 10.803  b 39.59  bcd 21.10  e 

20 11.20  b 36.67  bc 18.49  f 11.733  b 38.94  bcd 19.50  f 

24 12.81  a 36.38  bc 17.26  g 13.345  a 38.66  cd 18.69  g 

28 12.84  a 35.84  c 16.52  h 13.367  a 37.94  d 18.30  g 

Lsd 0.05 0.415 1.972 0.405 1.053 1.946 0.666 

 

Data were separately analyzed for the year 

2013 and 2014. In a year in each column, figures having 

common letter(s) do not differ significantly at P ≤ 0.05 

as per DMRT.   

 

The reserve mobilization and deposition to the 

rice endosperm was promoted in tolerant genotypes 

[27]. Due to water stress at flowering stage largely 

results in from the reduction in fertile panicle and filled 

grain percentage [8]. The slow grain filling and low 

grain weight of inferior spikelet have often been 

attributed to a limitation in carbohydrate supply [14]. 

 

Chlorophyll content in six rice genotypes 

differed significantly due to drought at P ≤ 0.05 in the 

year 2014 (Table 2). Chlorophyll was measured in 

terms of SPAD value, higher the magnitude greater 

would be the chlorophyll content. Under control 

condition, chlorophyll content ranged from 36.07 to 

40.01 (SPAD value) in 2013 and 38.23 to 42.41 (SPAD 

value) in 2014 while under drought it ranged from 

35.96 to 39.0(SPAD value) in the former and 37.13 to 

42.41 (SPAD value) in the later year (Table 2). In 2013 

and 2014, no significant reduction was observed. 

Genotypes Kalizira and Ukunimodhu showed the lesser 

reduction (average of 0.63%) than genotypes Kalizira, 

and Ukunimodhu (average of 2.59%) when compared to 

control in 2013. In 2014, Genotypes NERICA and 

Kalizira showed the lesser reduction (average of 0.86%) 

than genotypes NERICA and Kalizira (average of 

2.63%) compared to control (Table 2). 

 

Results presented in Table 2 showed that 

combined effect of genotypes and drought on 

photosynthetic rate (Pn) was significant at P ≤ 0.05 in 

both of the years. Under control condition, Pn ranged 

from 20.13 to 36.25 µmol CO2 m
-2  

s
-1

 in 2013 and 21.05 

to 41.28 µmol CO2 m
-2 

s
-1

 in 2014 while under drought 

it ranged from 12.75 to 34.83 µmol CO2 m
-2 

s
-1

 in the 

former and 13.32 to 38.11 µmolCO2m
-2

s
-1

 in the later 

year (Table 2). In both the years, all the six genotypes 

showed significant reduction under drought condition 

over control. Genotypes Binadhan-13 and NERICA 

showed the lesser reduction (average of 8.77%) than the 

rest of the genotypes (average of 34.62%) compared to 

control in 2013. In 2014, genotypes Binadhan-13 and 

NERICA mutant also showed the lesser reduction 

(average of 10.54%) than in the rest genotypes (average 

of 34.68%) compared to control (Table 2). The decrease 

in chlorophyll content is a commonly observed 

phenomenon under drought stress [28, 29, 30]. Drought 

stress reduces the photosynthetic rate by stress-induced 

stomatal or nonstomatal limitations [31, 32, 33] stated 

that limited photosynthesis in the flag leaves may affect 

the reproductive development. Our research findings 

show that in drought stress condition both 

photosynthesis rate and chlorophyll content were also 

decreased at the reproductive stage (Table 2). 
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Table 2: Combined effect of genotype and drought (40 % of field capacity, FC) on grain dry weight, chlorophyll 

content and photosynthetic rate of flag leaf during grain filling period of six rice genotypes in 2013 and 

2014 

Genotype 
Drought 

level 

Grain dry wt 

(mg grain
-1

) 

Chlorophyll 

(SPAD value) 

Pn rate 

(µmolCO2m
-2
s

-1
) 

 2013 

Binadhan-13 Control 9.35  c+ 40.01  a 23.27 c 

 40% FC 8. 93 c (4.49) ++ 39.00 ab (2.52) 20.10 d (13.62) 

Kalizira Control 6.98  ef 37.77  abc 20.23  d 

 40% FC 6.42 gh (8.02) 37.41 abc (0.95) 13.85 f (31.53) 

RM-100-16 Control 7.89  d 37.98  abc 20.13  d 

 40% FC 7.41 de (6.08) 36.90 bc (2.84) 12.75 g (36.66) 

Ukunimodhu Control 6.54  fgh 36.07  c 20.32 d 

 40% FC 6.02 h (7.95) 35.96 c (0.30) 13.49 f (33.61) 

BRRIdhan34 Control 6.69  fg 38.09  abc 20.17  d 

 40% FC 6.29 gh (5.98) 37.21 abc (2.31) 12.77 g (36.69) 

NERICA Control 14.20  a 37.66  abc 36.25  a 

 40% FC 13.4  b (5.28) 36.63 bc (2.73) 34.83 b (3.92) 

 2014 

Binadhan-13 Control 9.35  b 42.41 a 24.33  c 

 40% FC 8.93 b (4.46) 41.34 a (2.52) 21.07 d (13.39) 

Kalizira Control 7.33  b 40.03  a 21.15  d 

 40% FC 6.76 b (7.74) 39.66 a (0.92) 14.46 e (31.63) 

RM-100-16 Control 8.28  b 40.25  a 21.05  d 

 40% FC 7.77 b (6.18) 39.11 a (2.83) 13.32 e (36.72) 

Ukunimodhu Control 6.87  b 38.23  a 21.23  d 

 40% FC 6.32 b (8.01) 37.13 a (2.88) 14.09 e (33.63) 

BRRIdhan34 Control 7.02  b 40.38  a 21.10  d 

 40% FC 6.59 b (6.17) 39.45 a (2.30) 13.35 e (36.73) 

NERICA Control 15.13  a 40.75  a 41.28  a 

 40% FC 14.91 a (6.21) 40.43 a (0.79) 38.11 b (7.68) 

+: Data were separately analyzed for the year 2013 and 2014. In a year in each column, figures having common letter(s) 

do not differ significantly at P ≤ 0.05 as per DMRT. 

++: Figures within parenthesis indicate % decrease at 40 % FC compared to control. 

  

CONCLUSION 

In summary, drought stress not only limits 

grain dry weight, chlorophyll content but also 

photosynthetic rate. Based on the relative reduction of 

physiological variables, genotypes Binadhan-13 and 

NERICA mutant demonstrated better tolerance to 

drought. 
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