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The chloroplast antioxidant system in pokkali (vytilla-2), kaipad (ezhome-1) and upland
(koduvelliyan) rice varieties showed upregulation of enzymatic and non- enzymatic antioxidants
under salt stress. The levels of hydrogen peroxide (H.0,), malondialdehyde (MDA) with respect
to the lipid peroxidation of thylakoid membrane, non-enzymatic antioxidants like ascorbate
(AsA), glutathione (GSH) content, enzymatic antioxidants- superoxide dismutase (SOD) and
ascorbate-glutathione cycle enzymes viz, ascorbate peroxidase (APX), glutathione reductase
(GR), monodehydroascorbate reductase (MDHAR) and dehydroascorbate reductase (DHAR)
were quantified using the isolated chloroplast fraction on the 7,14 and 21 days of NaCl
treatment. Chlorophyll in the NaCl treated plants decreased concomitantly with an increase in
NaCl concentration. The H,O, content and lipid peroxidation, proportionate to MDA content and
the enzymatic antioxidants of the chloroplast fraction upregulated during NaCl treatment. The
specific activity of the chloroplast antioxidant and ascorbate-glutathione cycle enzymes (SOD,
APX, GR, MDHAR and DHAR) showed salt dependant upregulation consistently with NaCl
application. Salinity induced oxidative stress alleviation by the antioxidant system in the
chloroplasts of these varieties indicate the effective cooperation between antioxidant and
ascorbate-glutathione cycle enzymes and holds a vital role in combating the ROS generation,
thus protecting the chloroplast in the aerobic environment.
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Soil salinity is one of the most trenchant factors
limiting crop production. In the arid and semi-arid
regions of the world, crop productivity has been affected
badly due to soil salinity. Under saline environment, the
bioenergetics of photosynthesis is affected owing to the
imbalance in Na:K ratios. Rice is one of the most
important cereal crops in the world; however, it is very
sensitive to salt stress and listed as the most salt-
sensitive cereal crop (Munns et al., 2016) and the grain
yield is more affected by salt stress than vegetative
growth (Rao et al., 2008). Increased soil salinity reduces
water and nutrient uptake in rice plants leading to
osmotic stress, ion toxicity, nutrient imbalance and water
deficit resulting in reduced yield and restraining biomass
accumulation (Singh et al., 2018). Hyper-concentrations
of salt also harm photosynthetically active leaves
leading to chlorosis and early leaf senescence (Hanin et
al.,, 2016). Chloroplasts are the active centres of
photosynthesis and generate a higher quantity of ROS,
during photosynthesis and respiration; however, the
chloroplast antioxidant system in rice is not studied so

far.

ROS dependent oxidative stress leads to an
increase in the levels of singlet oxygen (*0,); superoxide
anion (Oy), hydrogen peroxide (H.0,); and the hydroxyl
(OH), hydroperoxyl (HOO"), peroxyl (ROO") and alkoxyl
(RO radicals that exceed the plant’s ability to maintain
cellular homeostasis, causing lipid peroxidation and
damage to cell membranes, proteins and nucleic acids
(Vranova et al., 2002). The presence of physiologically
bivalent oxygen, the requirement of high reduction
power, the danger of excessive photosynthetic electron
energy makes chloroplasts soft targets for oxidative
damage compared to other organelles in the plant’s
system (Bier and Dietz, 2005). Biotic and abiotic stress
initiate disturbances in cellular ROS balance by
enhanced ROS generation or reduced ROS scavenging
(Steffens et al., 2013). In order to maintain optimal
growth, it is essential to scavenge the over produced
ROS effectively (Wang et al., 2010). Plants are
equipped with an array of enzymatic and non-enzymatic
antioxidant to scavenge ROS (Foyer and Noctor, 2003).
The antioxidant enzymes, superoxide dismutase (SOD;
EC 1.15.1.1), catalase (CAT; EC 1.11.1.6) and

ascorbate-glutathione cycle enzymes like ascorbate
peroxidase (APX; EC 1.11.1.11), glutathione reductase
(GR; EC 1.6.4.2), dehydroascorbate reductase (DHAR;
EC 1.8.5.1) and monodehydroascorbate reductase
(MDHAR; EC 1.6.5.4) are among the enzymes that
scavenge O, and H;O: in plant cells (Toivonen, 2004).
The prevention of OH" radical generation by SOD, CAT
and APX stands in the front line defense mechanism
against oxidative stress (Mittler, 2002). SOD initially
converts two molecules of Oz into H.O;; excess HzO: is
then converted into monohydro ascorbate and H,O by
APX or into O; and H,O by CAT whenever cellular
concentrations reach the micromolar or millimolar range,
respectively (Gill and Tuteja, 2010), however, CAT has
not been observed in chloroplasts, hence its role is not
investigated in this study. Many studies were conducted
on the responses of salinity induced oxidative stress in
leaf and roots of rice, however, organelle specific ROS
scavenging in the leaf sub-cellular compartments under
salt stress is not reported so far.

The present study aimed at the quantitative
determination of generated chloroplast ROS and
subsequent scavenging mediated by the enzymatic and
non-enzymatic antioxidants in three rice varieties, under

salinity stress.
MATERIALS AND METHODS

Plant material and growth conditions

Three best performing salt-tolerant varieties
ezhome-1 (kaipad), koduvelliyan (upland) and wytilla-2
(pokkali) from different agroecological zones were
selected based on our previous studies. Twenty-one-day
old seedlings were planted in pots containing soll
mixture and submerged in tanks containing different
concentrations of NaCl incremented with 25mM NaCl
per day to attain a final concentration of 25-150mM in
individual tanks. The pots containing the seedlings were
placed in tanks with water up to the upper rim of the
pots. Leaf samples were collected from the plants after
7,14 and 21 days of salt treatment and used for the

isolation of chlorophyll and chloroplasts.
Chlorophyll content

Total chlorophyll content was measured according to
Arnon (1949). The leaf tissue (0.05g) from each

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 16 No.3 2020



Lins and Yusuf 28

treatment was homogenised in 10ml 80% (v/v) chilled
acetone and centrifuged at 250 x g for 10 min at 4°C and
the supernatant was collected. The procedure was
repeated until the pellet became white in colour. The
final volume was adjusted to 20 ml with 80% (v/v)
acetone. The absorbance was read at 645 and 663nm
against the blank (80% v/v acetone). The quantity of
total chlorophyll, chl a and chl b were calculated using
the equations;

Chl a =0.0127 Aess- 0.00269 Asss

Chl b = 0.0229 Agss- 0.00468 Acss

Total chl = 0.0229 Agss + 0.00802 Agss
Where, Asss= Absorbance of sample at 663 nm

Aesss = Absorbance of sample at 645 nm

Isolation and purification of chloroplasts

Chloroplast was isolated from leaf samples collected
from the salt-treated rice varieties during the 7", 14" and
21 day of salt stress. Leaf samples were powdered in
liquid nitrogen (LNz) and homogenised in 10ml
chloroplast isolation buffer (CIB) containing 0.3M
sucrose, 50mM NaOH (pH 7.8), 10mM NaCl, 5mM
MgCl, and 0.1% BSA. The homogenate was filtered
through two layers of muslin cloth and the filtrate was
centrifuged at 370 x g for 10 minutes. The pellet was
resuspended in 15ml of CIB (without BSA) and was
centrifuged at 1000 x g for 10min. The crude chloroplast
fraction was purified using 10-80% percoll gradient in a
swinging bucket rotor at 2700 x g for 15min. The
intactness of the chloroplasts was determined using
ferricyanide reduction assay (Wood et al., 1966).
Thylakoid membranes were obtained by resuspending
the chloroplast pellet in 5ml 50mM Tricine (pH 8.0) and
centrifuged at 2000 x g thrice for 5 minutes and
resuspended in the tricine buffer (pH 8.0: Covello et al.,
1989).

Hydrogen peroxide

Hydrogen peroxide (H.O.) content was determined
according to the method proposed by Velikova et al.
(2000). A standard curve was prepared using a known

concentration of H,O, and the quantity was calculated.
Lipid peroxidation
The isolated thylakoid membrane was used for

determining lipid peroxidation by quantifying the quantity

of malondialdehyde (MDA, €= 155mM-1 cm-1), a
product of lipid peroxidation (Stewart and Bowley, 1980).

AsA content

Ascorbic acid (AsA) content was determined using
the method explained by Chen and Wang (2002). A
standard curve was prepared using gradient

concentrations of AsA at an OD of 525nm.
GSH content

The quantity of total GSH and the reduced
glutathione were determined using previously described
methods (Srivastava et al., 1968). Leaf samples (0.59)
were macerated in 4 ml 5% (v/v) trichloroacetic acid and
centrifuged at 11,000 x g at 4°C for 15 min. Supernatant
(Aml) was mixed with 2.5ml 100mM phosphate buffer
(pH 7.7) and 0.2ml 0.6mM DTNB. The OD was
measured at 412nm and the GSH was quantified. Total
GSH was assayed using 1ml supernatant, 100mM
phosphate buffer (pH 7.7), 0.6mM DTNB (0.2ml) along
with 1U glutathione reductase. Quantity of the oxidised
glutathione (GSSG) was calculated using the formula:
total GSH — reduced GSH.

Enzyme Assays

Superoxide dismutase (SOD, EC 1.15.1.1) activity
was measured according to the modified protocol of
Giannopolitis and Ries (1977). One unit SOD was
calculated as the enzyme activity required for 50%

photoreduction of nitrobluetetrazolium to blue formazan.

Ascorbate peroxidase (APX, EC 1.11.1.11) activity
was measured according to Nakano and Asada (1981).
The assay mixture contained 0.5mM ascorbate in
phosphate buffer (1.66ml, pH 7.0), purified chloroplast
fraction (0.08ml) and 2mM H:O.. (0.26ml). Immediately
after the addition of H,O, OD was measured at 290nm
for 2min at 15sec intervals and the specific activity was

calculated and expressed as pumole mg protein™® min ™.

Glutathione reductase (GR, EC 1.6.4.2) activity was
determined using the method of Smith et al. (1989). The
reaction mixture contained 100mM
phosphate buffer (pH 7.6), 1ImM EDTA, 5mM NADPH,
6mM 5.5~ dithio-bis (2-nitrobenzoic acid) [DTNB] and
0.2mM oxidised glutathione (GSSG) and 100pl purified
chloroplast fraction. After the addition of NADPH
dependant change in OD was measured at 412nm for

potassium
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2min at 14sec intervals. The specific activity was

calculated and expressed as pumole mg protein™ min™.

Monodehydroascorbate reductase (MDHAR, EC
1.6.5.4) activity was assayed according to Hossain et al.
(1984). The reaction mixture contained Tris-HCI buffer
(pH 8.0), 0.2mM NADH, 2.5mM ascorbic acid and 49.6ul
purified chloroplast. The reaction was initiated by the
addition of 0.4 units of ascorbate oxidase. Specific
activity was determined by monitoring the oxidation of
NADH at 340nm and expressed as pmole mg protein™
min .

Dehydroascorbate reductase (DHAR, EC 1.8.5.1)
activity was assayed following glutathione dependant
generation of AsA at 265nm for one min in a 2ml
reaction mixture containing phosphate buffer (1.4ml, pH
7.0), 20mM reduced glutathione (0.2ml) (GSH) in
phosphate buffer (pH 7.0), 2mM (0.2ml) DHA and the
chloroplast fraction (0.2ml) (Hossain et al., 1984). One
unit DHAR activity was expressed as the quantity of
enzyme required for the formation of 1.0uM ascorbate at

265nm.
Total protein

Total protein was quantified according to the

protocol explained by Lowry et al. (1951), using BSA as

standard and the absorbance was measured at 660nm
using UV-VIS spectrophotometer. All the enzymatic and
non-enzymatic assays were repeated thrice and the
values were subjected to statistical analysis. As the
highest expressions of ROS, enzymatic and non-
enzymatic antioxidants were observed during the 21%
day of stress, these results are presented and the data
obtained on the 7th and 14" day are presented as

supplementary data.
RESULTS

Chlorophyll content

The chlorophyll content was affected by the
increased concentration of NaCl in all three varieties
(Fig. 1). Less chlorophyll damage was observed in

vytilla-2, followed by ezhome-1 in 150mM NacCl.
H-0: content and lipid peroxidation

Among the three varieties, the highest H,O, content
was detected in the chloroplasts of upland varieties and
the lowest quantity was observed in vytilla-2 treated with
150mM NaCl on the 21* day (Fig. 2.a). The increase in
H.O. content in all the varieties compared to the control
in 150mM NacCl on the 21% day was wvytilla-2 (1.28 fold),
ezhome-1 (1.88 fold) and koduvelliyan (1.8 fold).
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Figure 1: Chlorophyll a,b and total chlorophyll content in the leaves of koduvelliyan (upland), ezhome-1
(kaipad) and vytilla-2 (pokkali) varieties treated with different concentrations of NaCl on the 21

day.
Lipid peroxidation of the thylakoid membrane was
measured as the quantity of malondialdehyde produced

under stress, showed similarity to the H,O, content in
the control and the three varieties during salt stress (Fig.
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2.b). The lipid peroxidation measured using the MDA
level increased in wytilla-2 (1.27 fold), ezhome-1 (1.86
fold) and in the koduvelliyan (1.1 fold), in 150mM NaCl
treatment on the 21% day.

AsA content in the chloroplast of the three varieties

was consistent irrespective of the NaCl concentration

and exposure period (Fig. 2.c). In the control the AsA
content was higher in koduvelliyan variety followed by
vytilla-2. From 50mM to 150mM NacCl the AsA content
remained stable with higher AsA content in koduvelliyan
and vytilla-2 varieties.
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Figure 2: The quantity of a) Hydrogen peroxide, b) MDA, c¢) Ascorbate, d) Glutathione and e) GSH/GSSG
ratio in the chloroplast fraction of koduvelliyan (upland), ezhome-1 (kaipad) and vytilla-2 (pokkali)
varieties treated with different concentrations of NaCl on the 21 day.
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The chloroplast GSH content increased steadily in
all the three varieties upon NaCl treatment. Koduvelliyan
variety showed the highest GSH content and in ezhome-
1 the GSH content was at par with the koduvelliyan
variety. GSH content in the ezhome-1 increased in
125mM NaCl, and decreased in 150mM NaCl (Fig. 2.d).

The redox potential determined by the GSH/GSSG ratio
of the wytilla-2 and ezhome-1 chloroplasts had better
redox potential with a higher GSH/GSSG ratio (Fig. 2.e).
The redox potential of the koduvelliyan variety was
much lower than the other two varieties, with a
progressive increase in 150 mM NacCl treatment.
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Figure 3: a) Superoxide dismutase, b) Ascorbate peroxidase, c¢) Glutathione reductase, d)

Monodehydroascorbate reductase, e) Dehydroascorbate reductase activity in the chloroplast
fraction of koduvelliyan (upland), ezhome-1 (kaipad) and wytilla-2 (pokkali) varieties treated with
different concentrations of NaCl on the 21 day.
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Enzymatic antioxidants

The SOD activity in the chloroplasts of the three
varieties increased with NaCl stress and the magnitude
of upsurge varied with NaCl concentration and exposure
period (Fig. 3.a). At the highest salinity level (150mM
NaCl), the SOD activity in all the three varieties
increased two-fold compared to non-stressed plants.
Higher SOD activity in all the NaCl concentrations was
expressed in vytilla-2 (37.42 U/mg protein) followed by
ezhome-1 (37.12 U/mg protein) and in koduvelliyan
(35.87 U/mg protein). Salt treatment markedly increased

the SOD activity in all the varieties.

Chloroplast APX specific activity increased
significantly in all the three varieties in NaCl
concentrations during the 7", 14" and 21 days of stress
(Fig. 3.b). In 150mM NacCl, ezhome-1 showed higher
APX activity (0.917 uMmg™min™), than in the control. An
increase in NaCl concentration synergistically increased
the APX activity and the exposure period affected the

level of expression.

The chloroplast GR specific activity significantly
increased in all three varieties (Fig. 3.c). The increase in
GR activity was dependent on the stress intensity and
duration in all the varieties. The GR activity was in the
decreasing order in wytilla-2 (0.23 uMmg™min*in control
and 0.761 pMmg™min® in 150mM NaCl) followed by
koduvelliyan (0.183 pMmg™*min® in control and 0.623
pMmg? min® in 150mM NaCl) and ezhome-1 (0.168
uMmg™*min*in control and 0.663 pMmg*min™in 150mM
NaCl). The GR activity in vytilla-2 showed a threefold
increase at 150mM NacCl during the 21 day, whereas, it
was approximately two fold in koduvelliyan and ezhome-
1 in the same concentration of NaCl.

The specific activity of chloroplast MDHAR in all the
three varieties increased with increase in NaCl
concentration and exposure period. In 150mM NacCl,
higher MDHAR activity was observed in ezhome-1 (Fig.
3.d), with a two fold increase in enzyme activity
compared to control. The other two varieties showed an
increase in the MDHAR activity with respect to NacCl
concentration compared to control. The DHAR activity
was uniform in the control as well as NaCl stress (Fig.
2.e). In ezhome-1 and wytilla-2 the DHAR activity
increased two fold (Fig. 3.e) in 150mM NaCl on 21° day

compared to the control. In the koduvelliyan variety also
the DHAR specific activity increased proportionate with

the NaCl concentration.
DISCUSSION

Soil salinity affects approximately 20% of irrigated
land and reduces crop vyield significantly. The
physiological responses of plants to salinity are often
complex and multi-faceted, which makes experiments
difficult to design and interpret (Qadir et al., 2014). The
varieties used for the present study are, a released salt
tolerant pokkali variety (vytilla-2), a traditional cultivar
grown in salt affected ‘kaipad system’ (ezhome-1) and
an upland farmer variety (koduvelliyan), whose salt
tolerance potential is unknown; selected by screening
nine pokkali, three kaipad and three upland varieties
compared to a salt susceptible variety IR-28 through
enzymatic and non-enzymatic antioxidants (Lins and
Yusuf, 2020). Chloroplasts are the major organelle
responsible for increased metabolic activity and
increased electron flow leading to the generation of
ROS, facilitated by triplet chlorophyll and electron
transport chain in PSI and PSII. In addition to inducing
oxidative stress, salt stress alters several physiological
mechanisms causing an osmotic and ionic imbalance
(Hasegawa, 2000). The upregulation of chloroplast
enzymatic and non-enzymatic antioxidant system in
these rice varieties provide a potential clue for their salt
tolerance. The intactness of the chloroplasts determined
using ferricyanide assay shows a decline in the total
chlorophyll content under salt stress, reaffirms the
reduction in the photosystem Il activity, however, better
recovery of the intact chloroplasts in the salt- treated rice
varieties suggest their survival potential under salt
stress, though chloroplasts are the major ROS
production centre in plants. The effective scavenging of
ROS determine the survivability of salt- tolerant rice,
however, the chloroplast antioxidant system and their
expression levels are not characterised in these rice
varieties. Chl a and chl b levels are reduced drastically
under salt stress in all these varieties, attributed to the
inhibition of chlorophyll synthesis coupled with
chlorophyllase activity under oxidative stress (Hassan et
al., 2014). The increased total chlorophyll content in the
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upland variety compared to other tolerant varieties
suggest their inherent chloroplast protection capacity
and the reduction in chlorophyll pigments correlated to
the accumulation of Na* in the leaf tissues that may
inhibit the strength of firm binding of complex
compartments of the chlorophyll together. The reduction
in photosynthetic efficiency, compounded by the
deficient CO, absorption contributes to the slow growth
of plants under salt stress (Kohan et al., 2018).

The HO. content in the chloroplast of the pokkali
variety exhibited a progressive increase under stress. In
the koduvelliyan and ezhome-1, the increase was two-
fold corroborating the earlier reports on increase in H.O,
under salt stress. H,O, act as a potent inhibitor of
photosynthesis and the survival of salt-tolerant varieties
under salt stress is coordinated by the efficient
detoxification of H.O,. Salt tolerant varieties perceive
H.O. as a stress signal during the early stages of stress
and upregulate efficient H,O, detoxification mechanisms
(enzymatic and non-enzymatic antioxidant) to decrease
the H,O; levels on signal completion (Bose et al., 2014),
though there is a possibility of chloroplastic H.O,
leakage, due to the liquid phase isolation of chloroplasts.
It may be speculated that the measured quantity of H.O,
in the membranes won't provide the exact measure of
H.O. in the membranes as H,O. will readily cross the
membranes and the values obtained will not reflect the
exact quantitative measures. In the case of the salt
tolerant rice, the salt dependant chloroplast H.O, content
reflect the in vivo qualitative levels not the quantitative
level has borne by the incidences of salt stress reported
in the chloroplasts of tomato and pea (Mittova et al.,
2002b; Gomez et al., 1999). It has been suggested that
the channelisation of H.O. across the membrane is
mediated by specific aquaporin proteins (Bienert et al.,
2006).The chloroplast MDA content, though an indirect
method for determining lipid peroxidation, increased in
ezhome-1 and reduced in the other two varieties, similar
results were observed in vivo in other plant species
(Abdelzawed, 2016). The
electrochemical Mehler’'s reaction under salt stress

irregularities in

resulted in the generation of ROS and membrane
disorganisation leading to the production of H.O, and
MDA (Chawla et al., 2013). Lipid hydroperoxides are
produced by the oxidation of unsaturated fatty acids by

the ROS can be deternined by the MDA content in the
salt-tolerant varieties is attributed to the higher H,O,
levels and the downregulation of the antioxidant system
as observed in tomato (Mittova et al., 2002). The higher
inherent chloroplast H,O, and MDA in the salt-tolerant
varieties, under control conditions, suggest that the up-
regulation of the enzymatic antioxidants is controlled by

the salt dependent activation of the antioxidant system.

The maintenance of steady-state AsA in the
chloroplast of these varieties indicating their salt
tolerance potential as the AsA level is correlated with
ROS scavenging and higher Na* accumulation in many
plants (Akram et al., 2007, Abdelzawed, 2016). The
increased GSH content in the chloroplasts indicates the
modulation of the photosystem II, thereby increasing the
efficiency of these \varieties under salt stress
corroborating the results obtained in salt-stressed
tomato (Cui et al, 2018). The salt induced damage to the
thylakoid membrane is alleviated by the increased GSH
level and its redox state. The exogenous application of
GSH protected epidermal cells in onion, suggesting the
survival of plant cells under oxidative stress (Hoque et
al. 2008). The higher GSH/GSSG ratio in the
koduvelliyan variety suggests the existence of an
operational redox buffering mechanism in this variety
and the higher redox potential created under increased
salt stress offers better stability for the cellular
membranes as reported in Solanum lycopersicum cv.
Rheinlands Ruhm (Podr et al., 2019).

The elevated chloroplast H,O, and MDA in the salt-
tolerant varieties during the prolonged exposure to
higher NaCl concentrations are proportionate with the
SOD and APX activities. The highly stable ROS,
H.O; serves as a signalling molecule that plays a crucial
role in environmental stress responses (Mittler et al.,
2011, Suzuki et al., 2012), produced by superoxide
dismutase (SOD) by scavenging the superoxide and its
by-products. Among the three varieties, the highest
specific activity of chloroplast SOD was observed in the
salt-tolerant  vytilla-2 followed by ezhome-1 and
koduvelliyan. The higher chloroplast ROS produced
under salt stress in the salt-tolerant varieties is
proportionate with the SOD specific activity incongruent
with the results obtained in salt tolerant rice (Rosatto,

2017; Hervera et al., 2018). The constitutive operation
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of water-water cycle in chloroplasts, instantly
scavenges ROS from their site of production
(Asada, 1999), prior to their interaction with the target
molecules and the regeneration of oxidized ascorbate
and glutathione by the action of enzymatic
antioxidants, including SOD, APX and ascorbate
generating enzymes like MDHAR, DHAR, and GR (Lee
et al., 2007). The SOD activity also protects many vital
organelles from serious superoxide mediated damage
with a key role in the physico-chemical processes and
prevents damages to cell membranes. Reduction in
oxidative damage due to increased SOD activity under
higher salt concentrations was observed in many plants
(Candan and Tarhan, 2003; Zhao et al., 2006).

APX is the major enzyme responsible for H.0O,
detoxification in the chloroplast mediated by AsA and
two chloroplast genes that predominantly assists in
antioxidant signaling (Teixeira et al., 2006). The
chloroplast of the three rice varieties maintained an
increased APX activity, with the highest activity in the
kaipad variety, this increase in GR activity in the
chloroplasts of the rice varieties affirms its role in
establishing the reduced status of GSH, in the
ascorbate-glutathione cycle and also providing the
sulfhydryl groups to act as a substrate for glutathione-s-
transferase (Yousuf et al., 2012). The removal of
photosynthetically evolved H.O,, in the chloroplast is
assisted by GSH and glutathione reductase, mediated
by ascorbate and ascorbate peroxidase. The MDHAR
and DHAR activities under stress regulate the reduced
AsA content and their correlation with DHAR and
MDHAR activities in the chloroplast fraction of the salt-
tolerant varieties suggest the role of upregulated
enzymes in maintaining the AsA content as reported in
tobacco (Chang et al.,, 2017). Similar results were
obtained in the pokkali variety (Hossain et al., 2015),
however, chloroplast MDHAR and DHAR activities
showed a coordinated increase in the salt-tolerant
varieties used in the present study. Thus the redox
status maintained by the activities of AsA and ensued
H.O. detoxification plays a prominent role in the salt
tolerance mechanism of the selected varieties
contributed by the redox homeostasis and the co-
activation of ASA-GSH cycle enzymes in the salt-tolerant

rice varieties.

The GR activity reduces the oxidised glutathione
(GSSG) into GSH maintaining the redox homeostasis in
the chloroplasts. The upregulation and the coordinated
activity of chloroplast APX, MDHAR, DHAR, and GR,
played vital roles in oxidative stress alleviation in the rice
varieties in synchrony with the results obtained in other
plant species (Chao et al., 2010; Anjum et al., 2011).

CONCLUSION

In conclusion, our results clearly illustrate the role of
the chloroplast antioxidant system in scavenging the
reactive oxygen species and the upregulation of the
chloroplast antioxidant defense system against salinity
stress in the rice varieties and impart knowledge
regarding the mechanism involved in effective protection

from oxidative stress.
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