Journal of Stress Physiology & Biochemistry, Vol. 18, No. 2, 2022, pp. 106-114 ISSN 1997-0838
Original Text Copyright © 2021 by Verma, Azad and Singh

ORIGINAL ARTICLE

Salicylic Acid-induced Biochemical Changes in
Swarna (MTU 7029) Variety of Rice under Drought
Stress

Preeti Verma'', Chandra Shekhar Azad®', Pramod Kumar Singh™

" Department of Botany, Udai Pratap College (MGKVP), Varanasi, India-221002;

2 Department of Medicine, Institute of Medical Sciences, Banaras Hindu University, Varanasi, India-
221005

T These authors contributed equally to this work

*E-Mail: dr.pks.pu@gmail.com

Received April 19, 2022

The major population of the world is dependent on rice for food. Global warming creates drought
conditions mostly in north eastern countries. It is a very challenging task to cultivate drought-
sensitive variety in drought-prone areas. To overcome this problem we induced changes in the
drought-sensitive variety of rice (Swarna MTU 7029) for drought tolerance. Drought condition
was exposed for 7 days and 14 days to SA treated and untreated 56 days old rice plants. Rice
seeds were presoaked with 0.5mM SA. The experiment was designed in four groups control
(untreated), drought -SA, drought +SA, and SA control. On the 7™ and 14™ of drought stress, SA
improved drought tolerance indicator proline, carotenoid, and total soluble sugar. Starch and
protein content were augmented in salicylic acid-treated plants compared to untreated rice
plants under drought stress. Antioxidants such as SOD, CAT, and APX levels drastically
increased in salicylic acid-treated plants during both 7" and 14" days of drought stress.
Therefore, salicylic acid improved antioxidative enzymes content in MTU 7029 rice variety after
7 and 14 days of drought stress.
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Rice (Oryza sativa L.) is a prominent crop grown in
India. Among four major crops (wheat, coarse cereals,
pulses, and rice) in Indian territory, Rice alone accounts
for 40% of total food grains produced and accounts for
one-quarter of total cultivated land (Kothakonda
Krishniah, 2000). Rice provides sustenance to over 3.5
billion people in Asian countries (Muthayya et al., 2014).
With the rise occurs in the world’'s population, the
demand for increased rice production to counteract the
hunger problems. Several climatic conditions affect plant
growth and development via ecological disturbances
and create abiotic stresses in plants (Bellard et al.,
2012). In rice, water stress (drought) has a profuse
impact on crop yield (Kamoshita et al., 2008) (Palanog
et al., 2014). Drought changes the working systems of
plants at different levels such as morphological,
physiological, biochemical, and molecular levels
(Chaves et al., 2003) (Yousfi et al., 2016). Plants
respond differently to stress depending on when the
drought occurs, how long the plants are subjected to the
stress, which organs or tissues are impacted by the
stress, the intensity of the stress, and the stage of plant
growth that is hampered by stress. (Dat et al., 2000)
(Dourado et al., 2013).

Salicylic acid is a phenolic plant hormone that
functions as a signal molecule, regulating physiological
and biochemical processes. Endogenous SA
administration has been shown to change gene
regulation in response to biotic stressors (Raskin, 1992).
SA has a substantial impact on plant physiology and
increases agricultural yield by influencing plant growth
and development (Hasanuzzaman et al., 2017). We
hypothesized that pre-soaking SA treatment would
strengthen water holding capacity at the late tillering
stage. Long durational rice variety (MTU 1061) has
more yield than the short durational variety (MTU 1010)
but may face biotic stress (Rani et al., 2018). As a result,
we chose a long-lasting rice variety called "Swarna
(MTU 7029)" for our research. The current study
investigated drought stress in rice by subjecting it to

drought conditions for 7 and 14 days.
MATERIALS AND METHODS

Plant materials

The study took place in the Udai Pratap Botanical
Garden in Varanasi, Uttar Pradesh, India. Rice (Oryza
sativa L.) seeds of the variety "Swarna (MTU 7029)"
were received from the Institute of Agricultural Sciences
(IAS), Banaras Hindu University, Varanasi, Uttar

Pradesh, India.
Experimental design

The seeds were sorted for uniformity by selecting
homogeneous and identical sizes and colors. The Seeds
were sterilized by dipping in 5% sodium hypochlorite for
5 minutes followed by thrice washing with distilled water
to remove chlorine traces and dried on blotting paper.
Following sterilisation, the seeds were steeped in two
beakers, one with distilled water (Untreated) and
another with 0.5 mM of salicylic acid (treated) for 24
hours in dark. The pre-soaked seeds were sown
separately in two pots for seedling growth. After 21 days
(at the 4th leaf stage), young plants were transplanted in
four pots (two for each untreated and treated) with three
replications and termed as control (C; well-watered
without SA), drought without SA (D; water-stressed),
drought with SA (D+SA; water-stressed with SA), SA
control (SA; well watered treated with SA). Three hills
were seeded, with three plants in each. Experimental
conditions (water and drought) were provided after 35
days of transplantation. Thereafter, biochemical
parameters were measured accordingly after 7 days and
14 days of drought condition (figure 1 and 2

respectively).
Measurement of biochemical parameters

By using a mortar and pestle, 2 gm of fresh leaves
were crushed in 80% acetone. The homogenized
mixture was filtered via Whatman filter paper. The
amount of carotenoid was estimated from the
absorbance at 664 nm. 0.5 ml of leaf extract was diluted
in 4.5 ml of distilled water and incubated in an ice bath
for 20 minutes followed by the addition of 10ml anthrone
reagent. This mixture was heat shocked in boiling water
for 7.5 minutes followed by an ice bath for cooling.
Finally, starch content was calculated from the
absorbance at 630 nm within 1 hr. Total soluble sugar

was estimated by the ethanol-water extraction method
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according to (Dubois et al., 1956). The amount of sugar
was determined at 620 nm by using the anthrone
reagent. The proline content was estimated at 520 nm
by using a ninhydrin reagent according to Bate's rule
(Bates et al, 1973). The protein content was estimated
at 610 nm by using folin-ciocalteu reagent (FCR)

according to Lowry’s method (Lowry and Randall, 1951).
Measurement of antioxidant enzymes

0.5 gm of fresh leaves were homogenized in 80% of
acetone with the help of a mortar and pestle. The
homogenized mixture was centrifuged at 30000g for 30
minutes at 4°C. The supernatant was collected in the
fresh tube and used as a crude reaction mixture for the

determination of the following antioxidant enzymes.

Superoxide dismutase (SOD): The activity of SOD
was done according to (Das et al.,, 2000). The SOD
assay solution was composed of 1.1 ml of 50 mM
phosphate buffer pH 7.4, 0.075 ml of 20 mM L-
methionine, 1% of Triton X-100, 0.075 ml of 10 mM
hydroxylamine hydrochloride, and 1 ml of 5 uM of EDTA.
In this reaction mixture, 100 pl of all test samples were
added and pre-incubated at 37°C for 5 min. 0.08 ml of
50 uM riboflavin was added to all test tubes and then
incubated for 8 min in a 40 W flourescent bulb in foil
lined box. The absorbance of the reaction was recorded
at 560 nm.

Catalase (CAT): The activity of catalase was done
according to (Aebi, 1984). Solution of 1.5 ml of 100 mM
sodium phosphate buffer (pH 7.0), and 0.1 ml of enzyme
extract were reacted with 1 ml of 30 mM H:O. and a
decrease in absorbance at 240 nm up to 1 min at every

15 sec was recorded.

Ascorbate peroxidase (APX): The enzyme extract
0.1 ml was taken in 1.5 ml of sodium phosphate buffer
(100mM pH 7.0) containing 0.6 mM ascorbate, 0.12 mM
EDTA, and 0.15 ml of H,O, solution were added. The
change in absorbance was recorded for up to 60
seconds at every 15 seconds of interval. The ascorbate
peroxidase activity was calculated at 290 nm according
to (Nakano and Asada, 1981).

Statistical Analysis

The experiments were performed in triplicate. A one-
way ANOVA (analysis of variance) was accomplished

for data analysis. Means were compared using
Duncan’s multiple comparison test for post hoc analysis
(P<0.05) by using the SPSS statistical analysis software,
version 16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Effect of SA on Biochemical parameters in Rice
Plants under Drought Stress

In the present study, we analyzed the effect of SA on
certain biochemical parameters. Total soluble sugar,
carotenoid, and proline content were increased under
drought stress in untreated plants and the level was
augmented in the salicylic acid-treated plants. Starch
and protein content were decreased under drought
stress in untreated plants and the level was augmented
in salicylic acid-treated plants (figure 3). Carotenoid
content of untreated plants under drought conditions
increased by 8.1% and 29.3% respectively at 7 days
and 14 days while in treated plants, it was increased by
19.1% and 68% respectively. Total soluble sugar of
untreated plants under drought conditions increased by
12.3% and 22.2% respectively at 7 days and 14 days
while in the treated plant, it was increased by 21% and
33.8% respectively. Starch content of untreated plants
under drought conditions was reduced by 7.5% and
22.2% respectively at 7 days and 14 days while in the
treated plants is reduced by 4.5% and 18.5%
respectively. The protein content of untreated plants
under drought conditions was reduced by 17.9% and
38.1% respectively at 7 days and 14 days while in the
treated plants is reduced by 10% and 33.4%
respectively. Proline content of untreated plants under
drought conditions increased by 58.6% and 143.6%
respectively at 7 days and 14 days while in the treated
plants, it increased by 83.1% and 182.8% respectively.
SA is a phytohormone found in plants and plays an
important role in defense mechanisms under abiotic
stress (Maruri-Lopez et al., 2019). Drought stress alters
the chlorophyll and carotenoid content (Moursy and
Hussein, 2008). Carotenoid actively participated in the
prevention of superoxide formation and restrain ROS
accumulation via photoprotection of the photosystem in
the chloroplast (Reddy et al.,, 2004) and enhanced
drought tolerance mechanisms (Hayat et al., 2008). In

our analysis, we found an increment in the level of
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carotenoid content in SA-treated plants than the
untreated plant both after 7 days and 14 days of drought
stress. The increased carotenoid content was correlated
with the decrease in leaf area and may involve in a
defensive mechanism to prevent plants from harmful
effects of stress (Farooq et al., 2009). A study similarly
reported an increment in carotenoid level and
chlorophyll content during drought conditions in
chickpea (Cicer arietinum L.) (Rahbarian et al., 2011)
while some studies reported a reduction in chlorophyll
content during drought stress in cotton (Massacci et al.,
2008) and Catharanthus roseus (Jaleel et al., 2008).
Starch is the complex form of carbohydrate which is
stored in sink organs as a carbohydrate source and
degraded into sugars under environmental stresses
(Dien et al., 2019). Therefore, during drought stress, the
starch content was decreased. During our analysis, we
found a decrement in the level of starch in stressed
plants in comparison to control plants but after 7 and 14
days of drought stress, starch content was slightly
maintained in SA-treated plants. SA might be
deactivated the enzymes for the degradation of starch,
this shown SA treated plants are less stressed than
untreated plants. As the drought continued, starch
content decreased might be due to the breaking of
starch into simpler forms for absorbing and translocating
nutrients easily. The value of starch in control of treated
rice plants was slightly higher than untreated rice plants.
SA might be maintained the rate of photosynthesis up to
a certain extent compared to untreated rice plants. The
trend of changes in sugar content under drought was
different from starch content. In our study, we found an
increased level of total soluble sugar in drought stress
which increased with the drought duration (7-14 days).
These levels were enhanced more in SA-treated plants
than untreated plants under drought stress. Plants store
starch for cell metabolism during unfavorable conditions.
Whenever plants come under stress, the stored starch is
converted into sugar and fulfills the energy requirement
of plants. Chaves and their colleagues reported the
relationship between soluble sugars and plant hormones
which act as signaling molecules. These signaling
molecules may regulate all cell functions in coping with
drought stress conditions (Chaves et al., 2009). In the

analysis of our study, we found a lower deterioration in
protein content in SA-treated rice plants than in
untreated rice plants under drought stress. In the
present study, we found increased proline level in
drought stress which was more enhanced in SA treated
plants during 7 days to 14 days of drought stress
condition. Proline maintains the structure and functions
of the cell membrane and weakens the effect of

oxidative damage during stresses (Matysik et al., 2002).

Effect of SA on Antioxidative enzymes in Rice

Plants under Drought Stress

In the present study, we also analyzed the effect of
SA on antioxidative enzymes. Under drought stress, the
SOD, CAT, and APX levels increased, which is
augmented with the increment of stress time (7-14
days). These levels were drastically improved by the use
of salicylic acid (figure 4). SOD, CAT, and APX were
increased by 24%, 33.4%, and 7% respectively at 7
days and 42.6%, 43.5%, and 12.5% at 14 days in
untreated control plants under drought conditions while
these increments were dramatically augmented to
62.4%, 42.3%, and 16.2% respectively at 7 days and
91.6%, 55.7%, and 20.3% at 14 days in salicylic acid-
treated plants under drought condition.

In the analysis, we found a higher level of SOD,
CAT, and APX in the SA-treated rice plants compared to
untreated rice plants under 7 days and 14 days of
drought stress. Several studies supported our findings
by reporting similar results in bluegrass for heat stress
(He et al., 2005), in maize, cucumber, banana, and rice
for chilling stress (Janda T et al.,, 1999) (Kang and
Saltveit, 2002) (Kang Guo-Zhang, Wang Zheng-Xun,
2003). To minimize the effect of excess reactive oxygen
species (ROS) under drought, the plant uses its
enzymatic molecules like SOD, CAT, and APX (Noctor
et al, 2018), and the activity of such enzymes
increases. ROS disturbs the structure of lipid that is an
integral part of cell walls and organelles, it also
deteriorates protein structure, DNA, RNA, and protein
forming enzymes (Gill and Tuteja, 2010). Among them,
SOD was the first antioxidative enzyme that was
produced under drought stress which forms oxygen and
hydrogen peroxide from free radicals. In many steps, the

free radical of oxygen (highly reactive) is changed to a
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non-reactive form, water, and for this CAT and APX play CAT mostly contributed to tolerance to drought (Sarker
an important role (Cruz De Carvalho, 2008). SOD and and Oba, 2018).

S

Figure 1. Effect of salicylic acid on rice plants at 7days after drought stress
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Figure 2. Effect of salicylic acid on rice plants at 14 days after drought stress
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Figure 3. Effect of salicylic acid (SA) on (A) carotenoid content; (B) total soluble sugar; (C) starch content; (D) protein
content; and (E) proline content. Data are presented as mean + standard deviation. C — control; D — drought;
D+SA — drought with salicylic acid treatment; SA — salicylic acid treatment; FW — fresh weight; DW — dry weight
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Figure 4. Effect of salicylic acid (SA) on (A) superoxide dismutase (SOD); (B) catalase (CAT); and (C) ascorbate
peroxidases (APX). Data are presented as mean + standard deviation. C — control; D — drought; D+SA —
drought with salicylic acid treatment; SA — salicylic acid treatment; FW — fresh weight; DW — dry weight
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CONCLUSION

The present study revealed that salicylic acid
improves enzymatic activities in SA-treated rice plants
after 7 and 14 days of drought stress. This research
contributes to sustainable development in agriculture
under drought stress conditions. With certain limitations,
the experiment was performed only on a long variety of
rice (Swarna; MTU-7029) therefore, it is necessary to
conduct the experiments on other varieties of rice under

different stress conditions.
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