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ABSTRACT

Rice is one of the most widely consumed cereal crops providing a staple diet for half of the
world’s population. Rice 1is highly susceptible to drought stress during
reproductive/flowering stage, leading to significant reduction in plant height and grain
yield. Leaf rolling is one of the acclimation responses and is used as a criterion for scoring
drought tolerance. An osmoprotecant proline helps to cope with stress condition when

plants are exposed to drought. A pot experiment was conducted to study the effect of
Keywords drought stress on growth, yield and proline accumulation at flowering stage in eight rice
genotypes viz. IET 24098, IET 24100, PHY 5, PHY 6, PHY 7, PHY 8, AC 39416 A, SM
686. Data were analyzed statistically for morphological, growth, yield and biochemical
parameter viz. leaf rolling, plant height, grain yield, total dry matter and proline
accumulation. The pots were arranged in completely randomized design with three

Rice, Drought,
Grain yield, Leaf
rolling, Dry matter

Avrticle Info replications. Drought stress caused increase in percent reduction of plant height, grain
yield and total dry matter. On the other hand, fold increase of leaf rolling and proline

Accepted: accumulation was recorded in all rice genotypes as compared to control. The genotype IET

AD AL 24098 showed maximum percent reduction in plant height, grain yield and total dry matter
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10 February 2021 proc_iuctlon whllg minimum was record_ed in the_genoty_pe A_C 394_116A.However, leaf
rolling and proline accumulation was increased in all rice eight rice genotype under
drought stress. The minimum and maximum fold increase of leaf rolling and proline
accumulation was recorded in the genotype AC 39416Arespectively while minimum fold
increase of proline was recorded in the genotype IET 24098.The study revealed that the
genotype AC 39416A may possess drought tolerance characteristic while the genotype IET
24098 may be drought sensitive based on growth, yield, leaf rolling and proline
accumulation behavior which might be due to their genetic differences.

Introduction estimated that about 50% of the world rice is

affected by drought (Bouman et al., 2005).
Rice (Oryza sativa L.) is one of the most  Drought is the most crucial and major abiotic
dominant cereal food crops worldwide. It is  stress limitation for rice production Drought

3294


https://doi.org/10.20546/ijcmas.2021.1002.362

Int.J.Curr.Microbiol.App.Sci (2021) 10(02): 3294-3301

is one of the environmental stress which
significantly restricts the plant growth and
crop productivity in most agricultural fields of
the world (Tas and Tas, 2007). Most typical
symptoms of drought stress arethe reduction
of plant growth. It reduces the plant growth
by affecting various  morphological,
physiological, and biochemical process such
as decrease in  photosynthesis  rates,
transpiration rate, water use efficiency,
internal CO, concentration, relative water
content and membrane stability index (Mishra
et al., 2018; Zhu et al., 2020). Free amino
acid accumulation and production of proline
by plant tissue is an as adaptive response.
Thus, proline can be used as metabolic
marker in relation to stress (Saha et al., 2019).
Furthermore, proline helps in stabilizing sub-
cellular structures, scavenging free radicals
and buffer cellular redox potential under
drought stress conditions thereby maintains
turgor and stimulates continued growth under
stress (Swapna et al., 2017). The aim of this
study was to study the effects of drought
stress on growth, yield, and accumulation of
proline in rice genotypes.

Materials and Methods

A pot experiment was conducted in the
Garden Section of Department of Plant
Physiology, G.B. Pant University of
Agriculture and Technology, Pantnagar.
Seeds of eight rice genotypes viz. IET 24098,
IET 24100, PHY 5, PHY 6, PHY 7, PHY 8,
AC 39416 A, SM 686 were obtained from
Directorate of Rice Research, Rajendranagar,
Hyderabad. Half loamy and half compost soil
were used by mixing of soil to fill pots.

The nursery of seeds was raised and three
seedlings per pot was planted. Drought stress
was imposed by withholding water for three
days at the stage of flowering. Water level in
well-watered  treatment  (control)  was
maintained at 5 cm above the surface of soil.

Field capacity of soil and soil moisture
contents on third day of drought stress was
measured by Time Domain Reflectometer
(TDR). Field capacity of soil was 47.5%
while soil moisture content was 5% under
drought stress. Growth parameters like plant
height, total dry matter, grain yield was
determined. Leaf rolling score was also
measured. It was scored visually using 0 to 5
with one being the first evidence of rolling
and five being a closed cylinder.
Accumulation of proline in drought stress was
determined in fresh flag leaves of rice
genotypes by the method of Bates et al.
(1973).

The mean values were taken from
measurements of three replicates and standard
error (SE) of the means was calculated. Data
collected were analyzed statistically using
Analysis of Variance (ANOVA) method
using STPR2 software. The experiment was
by laid out by completely randomized design
with three replications of each control and
treatment.

Results and Discussion

Drought stress increased the leaf rolling
among all the rice genotypes (Fig. 1). Visual
scoring is a reliable measure of tolerance for
the estimation of oxidative damage in plants.
When drought stress develops, the plants
naturally evolve a defensive mechanism for
abbreviating the energy load on the leaf
(Chaturvedi et al., 2012) and experienced leaf
rolling to reduce net radiation load on the leaf.
In rice, leaf rolling under drought stress was
studied as one of the best criterion in
estimating drought tolerance (Pandey and
Shukla, 2015). In this study, the genotype AC
39416A, PHY 7, PHY 8 expressed less leaf
rolling than other rice genotype while
maximum leaf rolling was recorded in the
genotypes IET 24098 and IET 24100.The
maximum folds increase of leaf rolling was
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found in genotypes IET 24100 followed by
IET 24098 while minimum was found in the
genotype AC 39416A. Rolling of leaf is one
of the acclimation responses of rice and is
used as a criterion for screening drought
tolerance. Leaf rolling is hydronasty that leads
to reduced light interception, transpiration,
and leaf degradation (Kadiogles and Terzi,
2007). It may help in maintaining internal
water status of the plant (Gana, 2011; Ha,
2014). If the turgor pressure of cell it
maintained under drought stress, it will result
in delayed leaf rolling. However, increased
leaf rolling has the advantage of preventing
water loss and radiation damage under severe
stress. Thus, leaf rolling is an adaptive
response in rice under water deficit condition
and leaf angle character is usually associated
with plasticity in leaf rolling when internal
water deficit occur (Chutia and Borah, 2012).

Drought stress reduced the plant height and
varied among all the rice genotypes (Fig 2).
The maximum plant height was recorded in
the genotype PHY 4 and minimum was
recorded in the genotype IET 24098 under
drought stress. The maximum percent
reduction of plant height was recorded in the
genotype IET 24098 (23.67%) while
minimum was recorded in the genotype AC
39416A (1.34%). The plant height is a genetic
character which is also controlled by
environmental factors. Plant height in rice is
dependent on culm elongation, internode
number per plant and elongation of leaf and
leaf blade. The drought stress reduces the
metabolic activity due to lack of water. Such
due to reduced turgor pressure affects the cell
division and cell elongation activities of plant
and plant height reduces. The results agree
with Islam et al., 2001; Sikuku et al., 2012.
The magnitude of reduction is dependent on
the genotype.

Drought stress decreased the grain yield in all
the rice genotypes (Fig. 3). The maximum

grain yield was recorded in the genotype PHY
7(7.92g/plant) while minimum was recorded
in the genotype PHY 6(3.81 g/plant) under
drought stress. However maximum and
minimum percent reduction was recorded in
the genotype IET 24098 and AC 39416A,
respectively. Under  drought  stress,
phonological, physiological and yield traits
are important determinants of grain yield
(Barnaby et al., 2019). Earliest reports
suggests that there is decrease in plant height
by 11.87% during drought stress. Drought
stress at vegetative stage reduces water
content and lower leaf potential leading to
reduced turgor, conductance and
photosynthesis and reduce grain yield
(Akbarian et al., 2011 and Amini et al,,
2014). In the experiment, drought stress was
severe enough to reduce grain yield to greater
extent. The result showed genotypic variation
in grain yield in drought tolerant
cultivar(Torres and Henry, 2018).Reduction
in productivity might be due to decrease in
rate of CO, assimilation, decrease in
conductance via stomata, photosynthetic
pigments, leaf short size, reduced water
status, decrease in activities of enzyme which
synthesize sucrose and starch, which leads to
a decrease in yield (Anjum et al., 2011).
Grain yield reduction in rice might be due to
inhibition of photosynthesis rate and reduced
translocation of assimilated products due to
less soil moisture. The results agree with
Sarvestani et al., 2008; Pantuwan et al., 2000
reported that grain yield of some rice varieties
was reduced by up to 81% under drought
condition and this reduction is dependent on
timing, duration, and severity of plant stress.

Total dry matter was also decreased among
the rice genotypes under drought stress (Fig.
4). The maximum total dry matter was
recorded in the genotype IET 24100(39.97
g/pot)while minimum was recorded in the
genotype IET 24098(29.57%). Maximum
percent reduction of total dry matter was
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recorded in the genotype IET 24098 (39.86%)
while minimum was recorded in the genotype
IET 24100 (13.80%) followed by the
genotype AC 39416A (15.4%). Results
suggested that total dry matter also decreased

under drought stress as compared to control.
The inhibition of photosynthesis rate might be
reason of decrease in total dry matter under
drought stress. The results are in confirmation
with previous workers (Hossain, 2001).

Fig.1 Leaf rolling of different rice genotypes under control and drought stress treatment
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Fig.2 Plant height at flowering of different rice genotypes under control
and drought stress treatment
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Fig.3 Grain yield (g/plant) of different rice genotypes under control and drought stress treatment
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Fig.4 Total dry matter (g/pot) of different rice genotypes under control and drought stress
treatment
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Fig.5 Total proline content of different rice genotypes under control and drought stress treatment
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The proline content increased in all the rice
genotypes under drought stress as compared
to that in control (Fig. 5). Under drought
stress, maximum proline content was
recorded in the genotype AC 39416A
(30.08umol/g fresh wt.)while minimum was
recorded in the genotype IET 24098(5.10
pumol/g  fresh  wt.).The maximum and
minimum fold increase of proline was
recorded in the genotype AC 39416A (8.45
folds) and IET 24098(2.23 folds) respectively.
Accumulation of proline content under
drought stress indicates accumulated proline
might act as compatible solute regulating and
reducing water loss from the plant cell during
water deficit condition(Yokota et al., 2006)
and play key role in osmotic balance (Fedina
et al., 2002). Proline accumulates under stress
supplies energy for survival and plant growth
and thereby helps the plants to tolerate stress
condition(Kumar et al., 2011).Thus, the
proline content is a good indicator for
screening drought tolerant varieties in water
deficit condition (Bayoumi et al., 2008;
Kumar et al., 2011; Rahdari et al., 2012). The
increase in proline level may help to maintain
osmotic potential of cytoplasm of cells which

is important for survival of plants under stress
(Sahaet al., 2016). Accumulation of proline
has been advocated as a parameter of
selection for stress tolerance (Jaleel et al.,
2007).

In conclusion, drought stress highly reduced
plant height, grain vyield, total dry matter
while leaf rolling and proline accumulation
was increased under drought stress. The
genotype AC 39416A showed minimum
growth and vyield reduction while the
genotype IET 24098 showed maximum
reduction under drought stress. Similarly, less
leaf rolling and maximum  proline
accumulation was recorded in the genotype
AC 39416A while maximum leaf rolling and
minimum proline accumulation was recorded
in the genotype IET 24098.This study
suggests that the genotype AC 39416A may
possess drought tolerance characteristic while
the genotype IET 24098 may be drought
sensitive among all the genotype based on
their growth and proline accumulation. The
tolerance attribute is due to their genotypic
variability in genotypes.
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