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Abstract
Drought stress caused the decrease of pigment contents - chlorophyll a, chlorophyll b, chlorophyll a/b
ratio, total chlorophyll content and carotenoids content of leaves of five rice varieties (var. BRRI Dhan-30,
BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56). Among five rice varieties, BRRI Dhan-
56 showed the least decrease of pigment content under stress. It caused the decrease of protein content of
leaves of five rice varieties whereas BRRI Dhan-56 showed the least decrease (3.64%) of protein content
under stress. On the other hand, drought stress increased CAT and SOD activities in the leaf of five varieties
of rice and BRRI Dhan-56 showed the highest increase of CAT (37.67%) and SOD (94.17%) activity under
stress. It may be assumed that higher antioxidant enzymes activities (CAT and SOD) and less reduction of
protein content were related to the mechanisms of drought tolerance in rice. It is indicated that BRRI Dhan-
56 may be drought tolerant while BRRI Dhan-30, BRRI Dhan-32, BRRI Dhan-34 and BRRI Dhan-38 were
drought sensitive rice varieties. Drought tolerant rice variety is selected based on pigment content, protein

content and antioxidant enzymes activities (CAT and SOD).

Introduction

Drought is one of the major abiotic stresses that severely affect and reduce the yield and
productivity of food crops worldwide up to 70% (Kaur et al. 2008, Thakur et al. 2010 and Akram
et al. 2013). Drought is one of the main problems for many countries, and the severity of such
issue increases when it comes as obstacle to ensure an optimum agricultural production for a
country like Bangladesh (Habiba et al. 2012).

Rice (Oryza sativa L.) is one of the most widely consumed cereal crops, providing a staple diet
for almost half of the world’s population (Song et al. 2003). More than 90% of the world’s rice is
grown and consumed in Asia, where rice is cultivated on 135 million ha with an annual production
of 516 million tones (Roy and Misra 2002). The predominant rice-growing areas in these regions
are often threatened by severe drought stressed condition. Rice is most susceptible to drought
stress. The response of plants to drought stress is complex and involves changes in their
morphology, physiology and metabolism. Reduction of plant growth is the most typical symptom
of drought stress (Sairam and Srivastava 2001). It inhibits the photosynthesis of plants, causes
changes in chlorophyll contents and components and damage to the photosynthetic apparatus
(Nayyar and Gupta 2006). A decrease in the protein concentration would be a typical symptom of
oxidative stress and has frequently been observed in drought stressed plants (Seel et al. 1992,
Moran et al. 1994). The induction of antioxidant enzyme activities is a general adaptation strategy
which plants use to overcome oxidative stresses (Foyer and Noctor 2003).

Attempt was made to study the effect of drought stress on photosynthetic pigment content,
protein content and antioxidant enzyme activities (CAT and SOD) of five varieties of rice and to
characterize whether they are drought resistant or drought susceptible.
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Materials and Methods

A pot experiment was carried out at the research garden of the Department of Botany,
Jagannath University, Dhaka. Seeds of BRRI Dhan-30, BRRI Dhan-32, BRRI Dhan-34, BRRI
Dhan-38 and BRRI Dhan-56 were collected from Bangladesh Rice Research Institute (BRRI),
Gazipur. Mixture of half loamy soil and half compost was used. The pot experiment was set up in
net house of the research garden of Department of Botany, Jagannath University, Dhaka.

The seeds of five rice varieties were surface sterilized by agitation in 95% ethanol for 1 min,
followed by five washings with sterile water. Seeds were rinsed in distilled water for about 30 min
and then were allowed to germinate on a filter paper in Petri dishes, moistened with 4 ml of
distilled water. The Petri dishes were arranged randomly and stored at room temperature (24 + 2
°C) under dark conditions. The Petri dishes were covered to prevent the loss of moisture by
evaporation under laboratory condition. The germination of seeds were observed carefully and
within three days the seeds were germinated and the germinated 8 seeds were sown in each pots.
Drought stress was imposed by withholding irrigation at 21 days after sowing in 25 pots. Water
level in well-watered treatment (control) was maintained at 5 cm above the surface of the soil in
the rest 25 pots. The experiment was arranged with completely randomized design (CRD) with
five replications.

Pigment contents were analysed at 11 days of treatment. Chlorophyll a and b, total chlorophyll
content, chlorophyll a/b ratio and carotenoid contents of leaves were determined for each
treatment. The amount of chlorophyll a and b was determined by using specific absorption co-
efficient of Mackinney (1940) and the formulae of Maclachlan and Zalik (1963). Total chlorophyll
content was estimated by using the equation of Hiscox and Israelstam (1979). The amount of
carotenoid was determined by the equation of Von Wettstein (1957). Protein content of leaves for
each treatment was determined at 15 days after stress by the method of Lowry et al. (1951). The
method of Zhang et al. (2005) was employed to determine the catalase (CAT) activity and
superoxide dismutase (SOD) activity of leaf for each treatment at 15 days after stress.

Results and Discussion

The pigment content of leaves were analysed at 11 days of treatment (Fig. 1a, b, c, d, e).
Drought stress decreased chlorophyll a content in the leaves of BRRI Dhan-30, BRRI Dhan-32,
BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56 by 45, 40.21, 21.47, 14.38 and 7.45%,
respectively. Among the rice varieties, BRRI Dhan-56 showed the least decrease of chlorophyll a
content under stress (Fig. 1a). Drought stress decreased chlorophyll b content in BRRI Dhan-30,
BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56 by 29.8, 29.9, 17.19, 17.46
and 8.97%, respectively where BRRI Dhan-56 showed the least decrease of chlorophyll b content
under stress (Fig. 1b). It decreased chlorophyll a/b ratio by 34.67, 29.21, 28.64, 19.42 and 6.55%
in BRRI Dhan-30, BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56,
respectively. Among the rice varieties, BRRI Dhan-56 showed the least decrease of chlorophyll
a/b ratio under stress (Fig. 1c). Drought stress decreased total chlorophyll content by 46.4, 45.83,
43.14, 38.25 and 21.31% in BRRI Dhan-30, BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and
BRRI Dhan-56, respectively and BRRI Dhan-56 showed the least decrease of total chlorophyll
content under stress (Fig. 1d) and carotenoid content decreased by 25.64, 19.04, 16.64, 15.03 and
14.09% in BRRI Dhan-30, BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56,
respectively (Fig. 1e). The results are in agreement with Nasrin et al. (2020) who described a
significant decrease of chlorophyll a and b, total chlorophyll and carotenoid content in rice var.
BRRI Dhan-24. Similarly, Drought stress decreased chlorophyll content in raddish (Akram et al.
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2016). The decrease of chlorophyll content may slow down the rate of photosynthesis (Saha et al.
2016). These results indicated that among five varieties, only BRRI Dhan-56 showed the less
decrease of chlorophyll content under drought stress that means the reduction rate of
photosynthesis is low.
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Fig. 1. (a) The effect of drought stress on chlorophyll a content of leaf of rice. Strip sign represent control and
solid symbols represent treatment. Each value is the mean of five replicates; the bars represent + standard
error. (b) The effect of drought stress on chlorophyll b content of leaf of rice. (c) The effect of drought
stress on total chlorophyll content of leaf of rice. (d) The effect of drought stress on chlorophyll a/b ratio
of leaf of rice. (€) The effect of drought stress on carotenoid contents of leaf of rice.
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Drought stress decreased protein content in the leaf of BRRI Dhan-30, BRRI Dhan-32, BRRI
Dhan-34, BRRI Dhan-38 and BRRI Dhan-56 by 41.01, 34.29, 28.89, 25.71 and 3.64%,
respectively, at 15 days of treatment. Among five rice varieties, BRRI Dhan-56 showed the least
decrease of protein content under stress (Fig. 2). Similarly, drought stress decreased protein
content in rice plant as reported by Choudhary et al. (2009). The reduction of protein content in
leaves may cause due to inhibition of protein synthesis or to induce protein denaturation. This
result suggests that less reduction of protein content is related to the tolerance of plants under
stress.
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Fig. 2. The effect of drought stress on the accumulation of protein content in the leaf of rice. Strip sign
represents control and solid symbols represent treatment. Each value is the mean of five replicates; the
bars represent + standard error.

Drought stress increased catalase activity in the leaf of BRRI Dhan-30, BRRI Dhan-32, BRRI
Dhan-34, BRRI Dhan-38 and BRRI Dhan-56 by 7.65, 13, 15.5, 22.59 and 37.67%, respectively, at
15 days of treatment whereas BRRI Dhan-56 showed the highest increase of CAT activity under
stress (Fig. 3a). CAT activity was increased in the drought tolerant varieties of rice (Oryza sativa
L.) shown by Fen et al. (2015). It increased Superoxide Dismutase activity in the leaf of BRRI
Dhan-30, BRRI Dhan-32, BRRI Dhan-34, BRRI Dhan-38 and BRRI Dhan-56 by 15.38, 24.26,
68.12, 70.59 and 94.17%, respectively, at 15 days of treatment whereas BRRI Dhan-56 showed
the highest increase of SOD (94.17%) activity under stress (Fig. 3b).
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Fig. 3. (a) The effect of drought stress on catalase activity in the leaf of rice. Strip sign represents control and
solid symbols represent treatment. Each value is the mean of five replicates; the bars represent +
standard error. (b) The effect of drought stress on superoxide dismutase activity in the leaf of rice.
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Similar results reported by Lum et al. (2014) that SOD activity enhanced in seedlings exposed
to drought stress from the experiment of upland rice varieties (Oryza sativa L.). The balance
between ROS production and activities of antioxidative enzyme determines whether oxidative
signaling and/or damage will occur (Moller et al. 2007).

Higher antioxidant enzymes activities are related to the tolerance of plants under
environmental stresses. For example, the drought-tolerant species of pigeon pea (Cajanus cajan)
(Kumar et al. 2011), wheat (Triticum aestivum) (Hasheminasab et al. 2012 and Omar 2012) and
black gram (Phaseolus mungo) (Pratap and Sharma 2010) had higher activities of CAT and SOD
than the drought-sensitive species.

The present study indicated that BRRI Dhan-56 may be drought tolerant while BRRI Dhan-
30, BRRI Dhan-32, BRRI Dhan-34 and BRRI Dhan-38 were drought sensitive rice variety.
Drought tolerant rice variety (BRRI Dhan-56) is selected based on pigment content, protein
content and antioxidant enzymes activities (CAT and SOD).
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