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ABSTRACT 

 
The experiment was conducted at the Bangladesh Rice Research Institute (BRRI) Gazipur farm 
during Boro 2003-04 seasons to observe the moisture stress effects in relation to nutrient rates on 
growth and yield of rice. The treatments were three moisture stresses (NS= Always saturated 
condition i.e. 1-2 cm standing water; VPS= Withholding water at the vegetative phase  i.e. 15 days 
after transplanting (DAT) to maximum tillering  stage; RPS=Withholding water at the reproductive 
phase  i.e. PI to flowering stage) and three fertilizer doses (F0= No fertilizer; HD= Half of the 
optimum dose and OD= Optimum dose i.e. 120-60-40-10-2 kg ha-1 of N, P2O5, K2O, S and Zn 
respectively). The treatments were applied in high yielding variety BRRI dhan29. The result showed 
that irrespective of nutrient rates, drought stress decreased plant height, tiller number and shoot dry 
weight. Unstressed plants (NS) produced the highest grain yield (3.14 to 6.51 tha-1) followed by 
vegetative phase stressed (VPS) plants (2.73 to 4.50 tha-1). The reproductive phase stressed (RPS) 
plants produced the lowest grain yield (2.54 to 4.20 t ha-1). Regardless of water stress, application of 
optimum dose (OD) of nutrients produced the highest grain yield followed by half dose (HD) of 
nutrients. No fertilizer treatment (F0) produced the lowest grain yield. Due to water stress, the 
highest grain yield reduction occurred in OD (22-32%) followed by HD (12-19%) and the lowest in F0 
(4-15%). 
Key words: Rice (Oryza sativa L.), moisture stress, nutrients rates, plant growth, yield and yield 
components 
 

 
INTRODUCTION 

 

Rice is the most important food crop for more 

than half of the world population, especially in 

developing countries such as Asia, where water 

scarcity and drought are imminent threats to 

food security.  Rice supplies more than 50% of 

calorie and 75% of protein consumed by the 

people of the developing countries (Khush, 

2005). Its flexibility and adaptation to natural 

conditions, rice is planted in about 113 countries 

of the world (Rice is life, 2005). Drought is the 

most important limiting factor for crop 

production and it has been increasing day by 

day and becoming a severe problem in many 

regions of the world. Most of the crops are 

sensitive to drought stress particularly during 

flowering to grain filling stage (Sabetfar et al., 

2013).  Rice uses two to five times more water 

than other cereal food crops such as wheat or 

maize and uses about 30% of the freshwater used 

for agricultural crops worldwide. Water stress is 

the most important limiting factor for growing 

rice. About 1,100 to 1,200 litres of water is 

required to produce 1.0 kg rough rice (Rice is life, 

2005). Sometimes it may increase up to 4,000 

litres. Exploring the ways to reduce water use for 

rice production is therefore of great strategic 

value for sustainable crop production for the 

world facing water scarcity (Molden et al., 2010). 

The plants anatomy, morphology, physiology 

and biochemistry as well as their growth and 

development also affected by drought stress 

(Heidary et al., 2007). Under a water stress 

situation, root growth is less inhibited than shoot 

growth and the dry matter partitioning between 
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root and shoot was altered depending on 

moisture availability (Blum et al., 1983; Penning 

de Vries et al., 1989).  

Keller (2005) reported that water and 
nutrients exist together in close association 
because plant available nutrient ions are 
dissolved in the soil solution and nutrient 
uptake by plant roots depends on water flow 
through the soil-root-shoot pathway. Leaf 
transpiration generates the tension necessary 
for the roots to absorb this essential solution, 
but in a dry soil, uptake of water and nutrients 
becomes progressively more difficult for any 
crop.  Viets (1972) observed that nutrient and 
water absorption are independent processes in 
root, the necessity for available water in both 
the plant and soil for growth and nutrient 
transport makes them closely related. This 
close relationship makes it complex to clearly 
define the effects of water stress on mineral 
nutrition. Slatyer (1969) stated that the effect of 
water stress on mineral nutrition is difficult to 
resolve clearly. The key point is whether or not 
reduced nutrient uptake retards growth and 
development in a plant under stress. It results 
in an increase of solute concentration outside 
the roots compared to the internal 
environment of the root and causes reverse 
osmosis. As a result, the cell membrane 
shrinks from the cell wall and may eventually 
lead to death of the cell. Moisture stress 
inhibits photosynthesis in plants by closing 
stomata and damaging the chlorophyll 
contents and photosynthetic apparatus 
(Waraich et al., 2011). 

Drought stress at vegetative phase of rice 
had minor effect on subsequent growth and 
grain yield. The reduction of grain yield was 
upto 30% due to decrease in panicle number in 
one trial and reduced spikelet number in 
another trial (Boonjung and Fukai,1996). They 
also reported that water stress at panicle 
development stage decreased grain yield due 
to delayed anthesis and the number of 
spikelets per panicle reduced upto 60% 
compared to control and the percentage of 

filled grains decreased upto to zero. The 
decrease in grain yield is associated with low 
dry matter production during the drought 
period as well as during the recovery period 
following the drought (Halder and Burrage, 
2003). Drought stress at an early seedling stage 
may cause wilting, rolling, and drying of 
leaves (Murty and Ramakrishnayya, 1982). 
Water stress at the tillering stage reduces plant 
height, tiller number and leaf area. It induces 
leaf rolling, drying and premature leaf death 
and prolongs the vegetative stage (IRRI, 1976; 
Lee et al., 1994). The effects may occur even 
after stress has been eliminated (Jana and 
Ghildyal, 1972; O’ Toole and Cruz, 1979). Cruz 
et al., (1986) found that mild water stress 
during vegetative growth decreased tiller and 
panicle number, leaf area, shoot and total dry 
matter mass. Castillo et al. (1987); BRRI (1991) 
reported that when water stress occurs during 
the vegetative phase, total dry matter 
production is decreased at harvest due to slow 
growth and the production of a smaller 
number of tillers.  

Drought stress during the reproductive 

growth affects essentially all aspects of rice 
growth and development (Sharma et al., 1987; 

Okada, et al., 2002; Tuong et al., 2002). 
Depending on the severity and duration, early 
water deficit induces leaf rolling, drying, 

reduced photosynthetic activity, leaf water 
potential, plant height, leaf area, leaf number, 

dry matter yield, spikelet fertility, grain yield 
and delayed the onset of the reproductive 

growth period as well as delayed flowering 
and maturity (Yang et al., 1994; Tuong et al., 
2002). When drought occurred during grain 

filling, the percentage of filled grains 
decreased to 40% and individual grain mass 

decreased by 20% (Boonjung and Fukai, 1996). 
Water stress in rice plant decreases the rate of 
photosynthesis that affects the number of tiller, 

leaf area, dry matter accumulation,  filled grain 
per panicle, 1000 grain weight and grain yield 

(Halder and Burrage 2004; Zumber et al., 2007; 
Sabetfar et. al., 2013).  
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Information regarding the effect of moisture 
stress and different rates of nutrients on the 
growth, yield and yield components of rice is 
scanty. Therefore, this experiment was 
undertaken to investigate the effect of moisture 
stress and different doses of nutrients on the 
growth, yield and yield components of rice. 

 
 

MATERIALS AND METHODS 
 

The experiment was conducted at the BRRI 
farm Gazipur during Boro 2003-04 season. The 
treatments were three moisture stresses (NS= 
Always saturated condition i.e. 1-2 cm 
standing water; VPS= Withholding water at 
the vegetative phase  i.e. 15 DAT to maximum 
tillering  stage; RPS=Withholding water at the 
reproductive phase  i.e. PI to flowering stage) 
and three fertilizer doses (F0= No fertilizer; 
HD= Half of the optimum dose and OD= 
Optimum dose  i.e. 120-60-40-10-2 kg ha-1 of N, 
P2O5, K2O, S and Zn, respectively). The 
treatments were arranged in a randomized 
complete block design (Factorial) with three 
replications.  BRRI dhan29 was used as tested 
variety. The unit plot size was 4m × 4m. 
Thirty-five-day-old seedling @ 3 seedlings per 
hill was transplanted. The plant height, tiller 
number per hill and plant samples were 
collected from 15 days after transplanting 
(DAT) i.e. from stress imposed to maturity of 

the crop with 28 days intervals. The sampling 
days were D1= 0 days after stress imposed 
(DASI), D2=28 DASI, D3=56 DASI, D4=84 
DASI and D5=112 DASI. At the maturity of the 
crop, the grain yield was recorded from 5-m2 
area excluding the border rows and weight 
was adjusted at 14% moisture content. The 
collected data were analyzed by following a 
standard statistical procedure and the mean 
differences were adjusted by LSD method. 
 
 
RESULTS AND DISCUSSION 
 
Plant height. Regardless of nutrient rates, 

water stress significantly (P<0.05) reduced 

plant height of vegetative phase stressed (VPS) 

plants (Fig. 1). At the end of the vegetative 

phase, when water stress was withdrawn from 

the VPS plants, there was a sharp increase of 

plant height but it could not reach 

reproductive phase stressed (RPS) plants. It 

was significantly (P<0.05) lower than the RPS 

plants. When water stress was imposed in the 

RPS plant, the plant height did not decrease 

significantly (P>0.05). The unstressed (NS) 

plants showed the highest plant height. IRRI 

(1976) reported that drought stress at 

vegetative and reproductive phase decreased 

plant height. 
 

 
Fig. 1. Plant height as affected by nutrient rates and moisture stress throughout the experimental period. Arrow at D3 indicates 

the end of the VPS and start of RPS. (Vertical bars represent the LSD (0.05) value indicates the difference among the water 
stress under same level of nutrient rates and among the nutrient rates under same level of water stress.) 
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Tiller number. Regardless of nutrient 
rates, water stress significantly (P<0.05) 
reduced tiller number of vegetative phase 
stressed (VPS) plants (Fig. 2). Yoshida (1981) 
stated that in the vegetative phase, rice plants 
produced tillers from the leaf axils at each un-
elongated node. Due to some environmental 
limitations such as water and nutrient supply, 
light etc. tiller production may be inhibited 
and all the tiller buds do not develop into 
tillers. At the end of the vegetative phase, there 
was a sharp increase of tiller number of VPS, 
plants however, it was significantly (P<0.05) 
lower than the RPS plants of OD. In HD and 
F0 it was not significantly lower (P>0.05) than 
OD. Yoshida (1981); Smith and Hamel (1991) 
observed that the tillering of rice depends on 
the nutritional status of the plant and tillering 
is highly impaired by a lack of N or P. The 
experiment here confirmed these findings; a 
larger number of tillers being produced by the 
plants grown in the higher nutrient i.e. OD. 
When water stress was imposed in the RPS 
plants, the tiller number did not decrease 
significantly (P>0.05). The unstressed (NS) 
plants had the highest tiller number. The tiller 
produced after vegetative phase was 
unproductive. 

Shoot dry weight. Water stress 
significantly decreased the shoot dry weight 
under both vegetative phase and reproductive 
phases (Fig. 3). Dry weight increased after 
removal of water stress from vegetative phase 
stressed (VPS). However, it was lower than 
unstressed (NS) plants.  Researchers reported 
that dry matter production decreased in water 
stressed plant also due to a reduction of cell 
turgidity, which affects cell expansion (Mengel 
and Kirkby, 1987; Hsiao, 1973) or alternatively 
might be due to both chemical and hydraulic 
signaling of the effects of soil drying (Davies et 
al., 2000). 

Table 1 shows that the interaction effect of 
drought stress and nutrient rates was 
significant (P>0.05) in yield and yield 
components except 1000-grains weight. 

Panicle number. Irrespective of moisture 
stress, the highest number of panicles was 
observed in OD followed by HD but there was 
no significant difference between HD and OD. 
The lowest number of panicles was found in 
F0. Regardless of nutrient rates the NS plants 
produced the highest number of panicles. The 
lowest number of panicles was found in RPS 
plant under F0 and in VPS plants under HD 
and OD but there was no significant difference 
between VPS and RPS. Hsiao (1982) stated that 
water stress enhance the poor flowering and 
incomplete panicle exertion. 
 

 
Fig. 2. Tiller number as affected by nutrient rates and 

drought stress throughout the experimental 
period. Arrow at D3 indicates the end of the VPS 
and start of RPS. (Vertical bars represent the LSD 
(0.05) value indicates the difference among the 
water stress under same level of nutrient rates and 
among the nutrient rates under same level of 
water stress.) 

 

 
Fig. 3. Shoot dry weight as affected by nutrient rates and 

drought stress throughout the experimental 
period. Arrow at D3 indicates the end of the VPS 
and start of RPS. (Vertical bars represent the LSD 
(0.05) value indicates the difference among the 
water stress under same level of nutrient rates and 
among the nutrient rates under same level of 
water stress.) 
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Grains number and sterility percentage.  
Regardless of nutrient rates, RPS plants 
significantly (P<0.05) produced the lowest 
number of grains panicle-1 followed by VPS 
plants. The NS plants produced the highest 
number of grains panicle-1. There was no 
significant difference between NS and VPS 
plants except OD. The RPS plants were in 
stressed condition in reproductive phase. As a 
result it produced the lowest number of grain 
panicle-1. This result also supported the 
findings of Anonymous (1990), BRRI (1991), 
they reported that water stress decreased filled 
spikelet number, increased empty spikelet 
number and decreased grain yield. 

Despite moisture stress, the highest 
number of grains panicle-1 was observed in OD 
followed by HD. The lowest number of grains 
panicle-1 was observed in F0. However, in RPS 
plants, there was no significant difference 

between OD and HD indicated that OD plants 
could not produced significantly more grain 
under moisture stress perhaps concentration of 
nutrients in the root zone increased so sharply 
that affected the distribution of nutrients as 
well as photosynthates from source to sink. As 
a result grains panicle-1 were not increased 
even after application of optimum doses (OD) 
of nutrients reflected in the higher percentage 
of sterility in OD of RPS plants. 

Thousand grains weight. The 1000 grains 

weight (TGW) was not significantly (P>0.05) 

affected by drought stress, nutrient rates and 

their interaction, as it is a varietal character 

normally may not be affected by cultural 

practices (Yoshida, 1981). Moreover,  water 

stress was not applied during grain filling 

period, hence 1000 grain weight was not 

affected. 
 
Table 1. Yield and yield components of rice as affected by the interaction effect of drought stress and nutrient rates. 

 Panicle no. (m-2) Grains panicle-1 

Treatment NS VPS RPS NS VPS RPS 

F0 
197 bA     189  bAB 183 bB 

83 cA 79 cA 65 bB 

HD 
292 aA 223 aB 236 aB 

90 bA 92 bA 78 aB 

OD 
301 aA 234 aB 241 aB 

106 aA 99 aB 81 aC 

LSD at 5% 12.4 4.3 

 % sterility 1000-grain weight (g) 

Treatment NS VPS RPS NS VPS RPS 

F0 18  aC 23 aA 24  bA 
22.19 22.02 21.76 

HD 16 abC 21 abB 26 abA 
22.38 22.23 22.34 

OD 14 bC 19 bB 29  aA 
22.26 22.13 21.85 

LSD at 5% 3.1 ns 

 Grain yield (t ha-1) Straw yield (t ha-1) 

Treatment NS VPS RPS NS VPS RPS 

FO 3.14 cA 2.73 bA 2.54 bA 5.30 bA 4.92 aA 5.14 bA 

HD 5.62 bA 4.61 aB 4.30 aB 6.71 aA 5.20 aA 5.32 bA 

OD 6.51 aA 4.50 aB 4.20 aB 7.23 aA 5.10 aC 6.70 aB 

LSD at 5% 0.60 0.93 

In a column, numbers followed by different small letters (a, b, c) differ significantly at the 5% level by LSD test. In a row, 
numbers followed by different capital letters (A, B, C) differ significantly at the 5% level by LSD test.  
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Grain yield. Grain yield is a function of 
many factors like panicles m-2, grains panicle-1 
and (TGW) was also significantly (P<0.05) 
affected by the interaction effect of drought 
stress and nutrient rates. Regardless of 
nutrient rates, unstressed plants (NS) 
produced the highest grain yield (3.14 to 6.51 t 
ha-1) followed by VPS (2.73 to 4.50 tha-1) plants. 
The RPS plants produced the lowest grain 
yield (2.54 to 4.20 t ha-1). This result supported 
the findings of Boonjung and Fukai (1996); 
Mostajeran and Rahimi-Eichi, (2009). They 
found that drought stress at vegetative phase 
of rice had a minor effect on subsequent 
growth and grain yield. But they observed that 
water stress at panicle development stage 
decrease grain yield due to delayed anthesis 
and the number of spikelets per panicle 
reduced upto 60% compared to control and the 
percentage of filled grains.  

There was no significant difference 
among NS, VPS and RPS plants under F0. In 
HD and OD, there was no significant 
difference between VPS and RPS plant. 
Irrespective of water stress, OD produced the 
highest grain yield (4.20 to 6.51 t ha-1) followed 
by HD (4.30 to 5.62 t ha-1) and F0  (2.54 to 3.14 t 
ha-1). There was no significant difference 
between HD and OD under VPS and RPS 
plants. Though OD produced the highest grain 
yield but due to water stress the highest grain 
yield reduction was observed in OD (22 –32%) 
followed by HD (12-19%) and the lowest in FO 
(4-15%) (Fig. 4). 

Due to water stress the grain yield 
decreased more in plants grown in higher dose 
nutrient  i.e. OD than HD and F0. This result 
confirms the findings of Power, 1990; 
Christianson and Vlek, 1991). They reported 
that with adequate amounts of soil moisture 
(humid=350 mm mid-season rainfall), grain 
yield of cereal response to nutrients is 
significant, but during severe drought 
(dry=100 mm mid-season rainfall) mineral 
application actually reduced yields. This result 
also supported the findings of Halder and 
Burrage (2007). 

Straw yield. Irrespective of nutrient rates, 
unstressed plants (NS) produced the highest 
straw yield (5.30 to 7.23 t ha-1) followed by RPS 
(5.14 to 6.70 t ha-1) plants. The VPS plants 
produced the lowest straw yield (4.92 to 5.20    
t ha-1). There was no significant difference 
among NS, VPS and RPS except OD. 
Irrespective of water stress, the OD gave the 
highest straw yield (5.21 to 7.23 t ha-1) followed 
by HD (5.20 to 6.71 t ha-1) and F0 (4.92 to 5.30   
t ha-1) but there was no significant (P>0.05) 
difference between F0 and HD of RPS plants, 
between HD and OD treatments of NS plants 
and among F0, HD, OD of VPS plants. In this 
experiment water stress decreased tiller 
number and plant height hence decreased 
straw yield. This is an agreement with the 
findings of Hossain et al. 2002.  

 

 
 
Fig.  4. Percent grain yield reduction in VPS and RPS 

plants over unstressed (NS) plants. 
 
 
CONCLUSION 

 

Water stress decreased growth of the plant due 

to reduction of plant height and tiller number.  

When a higher dose of fertilizer was applied in 

stressed plant, there was a greater percentage 

of reduction of grain yield than the lower dose 

of fertilizer applied stressed plant. Therefore, if 

fertilizer is applied, proper water supply must 

be ensured, otherwise yield will be reduced 

drastically. 
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