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Abstract

The effect of varying levels of water stress simulated by polyethylene glycol (PEG) on oxidative
parameters (malondialdehyde, MDA) and superoxide anion (O;), the activities of antioxidant enzymes
superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX), glutathione
reductase (GR), dehydroascorbate reductase (DHAR), as well as the content of non-enzymatic antioxidants
ascorbate acid (ASA) and glutathione (GSH) were studied in the leaves and roots of weedy rice (Oryza sativa
f. spontanea) heb07-2 and wr04-6, cultivated rice (Oryza sativa L.) variety yuefu and upland rice iapar9.
Drought stress significantly increased MDA and O, production. The MDA and O, of heb07-2 increased
significantly slower than other oxidants under drought indicating that heb07-2 accumulated lower ROS
(reactive oxygen species) with intact cell membrane and lower level of lipid peroxidation. Under normal
conditions, the activities of antioxidant enzymes in heb07-2, wr04-6, iapar9, and yuefu were similar.
However, under stress, the activities of SOD, POD, CAT, APX, GR, and DHAR were significantly enhanced
in heb07-2 than in iapar9 and wr04-6, whereas they were decreased in yuefu after 72 hrs of drought. The
mechanism of drought tolerance in weedy rice involves enhanced antioxidant defense mechanisms.

Introduction

Increased levels of ROS such as superoxide radical (O,), hydrogen peroxide (H,O,),
hydroxyl radical (OH) and singlet oxygen ('O,) are highly reactive and toxic, damaging proteins,
lipids, carbohydrates and DNA, ultimately resulting in death of cell (Gill and Tuteja 2010). To
counteract ROS accumulation induced by stress, plants have developed a series of defense systems
including antioxidant enzymes (superoxide dismutase, SOD; peroxidase, POD; catalase, CAT;
ascorbate peroxidase, APX; glutathione reductase, GR; and dehydroascorbate reductase, DHAR)
and non-enzyme antioxidants (ascorbate, ASA and glutathione, GSH) that protect against
oxidative stress damage (Gill and Tuteja 2010). When plants are under drought stress, the stress
tolerance ability may be improved by the enhanced levels of antioxidant systems.

Weedy rice is thought as a weed which accompanies with rice and is widely distributed in
every rice-growing areas worldwide (Zhang et al. 2012). Weedy rice is a good germplasm
resource for improving rice varieties, as it contains several special genes for drought tolerance at
seedling stage, germination characteristics, blast resistance, high salinity and cold tolerance (Hak-
Soo 1993). Therefore, utilizing physiological traits for screening drought-tolerant weedy rice and
further detecting and transferring unique genes for drought tolerance from weedy-rice to cultivated
rice varieties may play an important role in enhancing tolerance to drought stress. However, the
mechanism of tolerance in weedy rice to drought stress is poorly understood.
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The purpose of the present study was to investigate the differences in response of antioxidant
enzymes and non-enzyme antioxidants to drought stress using two weedy-rice and two cultivated
rice varieties with different drought tolerance.

Materials and Methods

Two weedy rice varieties, namely heb07-2 and wr04-6; one cultivar, yuefu; and one upland
rice, iapar9 (drought-resistance), were used. While heb07-2 and iapar9 are tolerant to drought
stress, yuefu is sensitive, and wr04-6 is less tolerant than heb07-2.

Seeds of four varieties of rice were surface-sterilized with 10% (v/v) sodium hypochlorite
solution for 10 min and washed with deionized water three times. Seeds imbibed in deionized
water for 24 hrs at 25°C and were germinated in Petri dishes with two layers of wet filter paper at
30°C in dark. Uniformly germinated seeds were selected and cultivated in 96 PVP and placed in
plastic box (24 cm x 24 cm x 10 cm), treated with distilled water for two weeks, half-strength
Kimura solution for one week and Kimura nutrient solution for another week. The seedlings were
grown at 29/24°C (day/night) under a 12 hrs light/12 hrs dark cycle at 75% relative humidity and
approximately 280 mol photons/m/s provided by fluorescent lamps in a plant growth chamber.
When the third leaf expanded fully, the seedlings with uniform height and growth were selected
for the following experiments.

On the day 28 of growth, rice seedlings were subjected to water stress by immersing roots in
20% PEG 6000 solution for 5, 24 and 72 hrs, respectively. Controls were held in distilled water.
After the stress treatment, all leaves and roots were harvested and used either immediately or
stored at —80°C until used for various assays.

Fresh leaves and roots (0.25 g) were homogenized using 5 ml of 50 mM cold phosphate
buffer (pH 7.8) containing 5 mM EDTA, 2 mM ASA and 2% (w/v) polyvinylpyrrolidone in a
chilled mortar and pestle. The homogenate was centrifuged at 10000 g for 30 min at 4°C, and the
supernatant was subsequently used in assays for SOD, CAT, APX and POD activities.

Superoxide dismutase activity was assayed by measuring its ability to inhibit the
photoreduction of nitro blue tetrazolium (NBT) following Dhindsa et al. (1981) with
modifications. The 3 ml reaction mixture contained 25 mM phosphate buffer (pH 7.8), 13 mM
methionine, 75 mM NBT, 0.1 mM EDTA, 4 um riboflavin, 0.25 ml of distilled water and 0.05 ml
of enzyme extract. This reaction was started by the addition of riboflavin, and the glass test tubes
were shaken and placed under fluorescent lamps (60 pmol photons/m?/s). The reaction proceeded
for 20 min and then stopped by switching off the light. One unit of activity was defined as the
amount of enzyme that inhibited 50% of NBT photoreduction at 560 nm.

CAT activity was assayed according to Li (Li et al. 2000). The CAT reaction solution (3 ml)
containing 56 mm H,0, and 0.2 ml of enzyme extract was catalyzed by the enzyme extract.
Changes in absorbance of the reaction solution at 240 nm were read every 30 sec. One unit of
activity was defined as pmol H,0O, reduced/min/gprotein.

APX was assayed using the method of Nakano and Asada (1981) with modifications. Three
ml reaction mixture contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ASA, 0.1
mM EDTA, 0.1 mM H,0, and 0.2 ml of enzyme extract. The reaction initiated by the addition of
H,0,. Decrease in absorbance for a period of 30 sec was measured at 290 nm. One unit of activity
was defined as umol ascorbate oxidized/min/gprotein.

POD activity was assayed according to Li et al. (2000) with modifications. The POD reaction
with a solution (3 ml) containing 0.1 ml enzyme extract and 2.6 ml 0.3% guaicol was initiated by
adding 0.3 ml 0.6% H,0,. Changes in absorbance of the reaction solution at 470 nm were read
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every 30 sec. One unit of activity was defined as the change in absorbance per minute and specific
activity as enzyme units per g soluble protein.

GR was assayed using the method of Knorzer et al. (1996) with modifications. Fresh leaves
and roots (0.3 g) were homogenized using 5 ml of 100 mM cold phosphate buffer (pH 7.5)
containing 1 mM EDTA in a chilled mortar and pestle. The homogenate was centrifuged at 12000
g for 30 min at 4°C, and the supernatant was subsequently used for assays of GR activity. The
reaction mixture contained 3 ml of 100 mM cold phosphate buffer (pH 7.5), 0.1 ml of 5 mM
oxidized glutathione (GSSG), 0.03 ml of 3 mM NADHP and 0.2 ml of enzyme extract. The
reaction was started by the addition of NADPH. Changes in absorbance of the reaction solution at
340 nm were read every 30 sec. One unit of activity was defined as nmol NADPH oxidized/min/
gprotein.

DHAR was assayed using the method of (Doulis et al. (1997) with modifications. Fresh
leaves and roots (0.2 g) were homogenized using 5 ml of cold phosphate buffer (pH 7.5)
containing 1 mM EDTA, 0.1 mM Triton X-100, 2% PVP in a chilled mortar and pestle. The
homogenate was centrifuged at 12000 g for 30 min at 4°C, and the supernatant was subsequently
used for assays of DHAR activity. The reaction mixture contained 0.2 ml enzyme extract, 2 ml
potassium phosphate buffer (pH 7.0), 0.3 ml of 25 mmol/l GSH, 0.3 ml of 1 mmol/l EDTA. The
reaction was started by the addition of 0.1 ml 2 mmol/l DHA. Changes in absorbance at 265 nm
were read every 30 sec. One unit of activity was defined as mol dehydroascorbate reduced/min/g
protein.

The ASA and GSH levels were measured according to the method of Li et al. (2003) with
modifications. Fresh leaves and roots (0.25 g) were homogenized in 2.5 ml of 5% (w/v) ice-cold
S-sulfosalicylic acid with a chilled mortar and pestle and centrifuged at 20000 g for 20 min at 4°C.

For total ascorbate measurement, 0.1 ml of supernatant was mixed with 24 ul, 1.84 mol/l
triethanolamine, 250 pl of 50 mmol/l phosphate buffer (pH 7.5) containing 2.5 mmol/l EDTA, 50
pl 10 mmol/I DTT. The reaction mixtures were then incubated at 25°C for 10 min, reducing DHA
to AsA, and mixed with 50 pl of 0.5% N-ethyl maleimide (NEM) followed by addition of 0.2 ml
of 10% TCA, 0.2 ml of 44% (v/v) H3PO,, 0.4 ml of 4% (w/v) bipyridyl in 70% (v/v) ethanol and
0.1 ml of 3% (w/v) FeCls, successively. The reaction mixtures were then incubated at 40°C for 60
min in a water bath. The absorbance at 525 nm was read to determine ASA content according to
the standard curve. For ASA determination, the same reaction was used but distilled water was
used in place of DTT and NEM. The DHA level was estimated from the difference in total
ascorbate and ASA.

For measurements of GSH, 0.05 ml of enzyme extract was added to 50 pl of 5% sulfosalicylic
acid, 24 pl, 1.84 mol/l triethanolamine, 50 pl of 10% vinylpyridine in 70% (v/v) ethanol. After
incubation for 60 min at 25 °C, 706 ul 50 mmol/l phosphate buffer (pH 7.5) containing 2.5 mmol/I
EDTA, 20 pl 10 mmol/l reduced nicotinamide adenine dinucleotide phosphate (NADP) and 80 pl
12.5 mmol/1 dithiobis nitrobenzoic acid (DTNB) were added. Following incubation for 10 min at
25°C, 20 pl 50 U/ml GR was added, and the absorbance was measured at 412 nm. For total
glutathione determination, the same reaction was used but vinylpyridine was used in place of
distilled water. The GSH was estimated from the difference in total glutathione and GSSG.

Superoxide radical was determined according to the method of Elstner and Heupel (1976)
with modifications. Leaves and roots (0.5 g) were homogenized in 3 ml of 65 mmol/l phosphate
buffer (pH 7.8) on an ice bath and were centrifuged at 4°C and 5000 g for 10 min. The supernatant
(0.75 ml) was mixed with 0.675 ml of 65 mmol/l phosphate buffer (pH 7.8) and 0.07 ml of 10
mmol/l hydroxylamine chlorhydrate and placed at 25°C. After 20 min, 0.375 ml of 17 mmol/l
sulphanilamide and 0.375 ml of 7 mmol/l a-naphthylamine were added, and the mixture was
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placed at 25°C for another 20 min before mixing with 2.25 trichloromethane. The absorbance was
measured at 530 nm and the O, concentration was calculated from a standard curve of NaNO,.

Leaf and roots samples (0.5 g) were homogenized in 3 ml 0.1% (w/v) trichloroacetic acid
(TCA) and centrifuged at 15000 g for 20 min. The supernatant (1 ml) was mixed with 4 ml of 20%
TCA containing 0.5% (w/v) TBA. The mixture was heated at 95°C for 30 min and then cooled
quickly on ice. After centrifugation at 10000 g for 10 min, the absorbance of the supernatant was
recorded at 532 nm. The MDA content was calculated according to its coefficient of absorbance
(0.155 pmol/ml). The values for non-specific absorbance at 600 nm were subtracted.

The experiment involved a randomized design with three replicates. Differences in treatments
were analyzed by one-way ANOVA, taking p < 0.05 as significant according to Tukeys multiple
range test.

Results and Discussion

To investigate the role of antioxidants in water stress tolerance in weedy rice, the MDA
content was studied. The results indicated that drought stress induced by PEG increased MDA
content in leaves and roots substantially. The MDA content of less drought-tolerant wr04-6
genotypes and drought-sensitive yuefu in leaves was increased more than that of the drought-
tolerant genotypes of iapar9 and heb07-2. The wr04-06 and yuefu genotypes accumulated 1.73,
2.02 and 2.18-folds; and 2.13, 3.59, and 3.77-folds more MDA than their controls at 5, 24 and 72
hrs drought stress, respectively, compared with iapar9 and heb07-2, which accumulated 1.51, 1.76,
and 1.95-folds; and 1.82, 1.64, and 1.84-folds, respectively (Fig. 1A).The MDA content increased
in roots lower than in leaves under drought stress. Drought stress exhibited slightly but
insignificant induction of MDA in heb07-2 at 5 hrs and 24 hrs, whereas MDA increased
significantly at 72 hrs. The MDA content in wr04-6 significantly declined at 5 hrs, but increased
slightly and significantly at 24 and 72 hrs compared with control, respectively. The MDA content
in iapar9 increased first at 5 hrs and then decreased at 24 hrs, but increased significantly after 72
hrs. The MDA content was significantly increased in yuefu after drought stress at 5, 24 and 72 hrs,
respectively (Fig. 1B).

The generation of superoxide anion in all genotypes increased significantly under drought
compared with controls except wr04-6 leaves. The levels of superoxide anion in drought-sensitive
genotypes of yuefu under stress were higher than in drought-tolerant genotype of heb07-2 and
iapar9. Under drought conditions, the yuefu accumulated 2.10, 2.63 and 3.64-folds more
superoxide anion free radical than its control at 5, 24 and 72 hrs, respectively, whereas heb07-2
accumulated the least superoxide anion free radical at 72 hrs (Fig. 1C). Under drought stress, a
significant increase in superoxide anion production was observed in roots of all genotypes. In
drought-sensitive genotypes of yuefu, the oxidative stress increased to a higher degree than in
other genotypes, with only a small increase in heb07-2 seedlings compared with control (Fig. 1D).

The activity of antioxidant enzymes in leaves and roots was measured under drought stress.
Fig. 2A, B shows that the SOD activities of leaves and roots were similar in heb07-2 and iapar9
under non-stress condition, which was markedly lower than in wr04-6 and yuefu after 24 and 72
hrs of drought stress, compared with other genotypes, the SOD activity of heb07-2 was
significantly greater, whereas wr04-6 and yuefu were lower compared with control, respectively.

The leaf POD activity of heb07-2 increased significantly from 5 to 72 hrs of treatment. In
contrast, drought stress caused a gradual but unremarkable increase in POD activities of roots in
drought-tolerant genotypes of heb07-2, whereas it significantly increased in iapar9 and wr04-6.
Further, the POD activities were significantly lower in drought-sensitive genotypes of yuefu at 24
and 72 hrs compared to control.
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Fig. 1. MDA content in leaves (A) and roots (B), O, generating rate in leaves (C) and roots (D). Values are
mean = Sd based on three independent determinations and bars indicate standard deviations. The
different small letters indicate significant difference at p = 0.05% level.
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Fig. 2. SOD activity in leaves (A) and roots (B), CAT activity in leaves (C) and roots (D), POD activity in
leaves (E) and roots (F) of heb07-2, wr04-6, iapar9, yuefu under drought condition for 0, 5, 24, 72 hrs.
Values are mean + Sd based on three independent determinations and bars indicate standard deviations.
The different small letters indicate significant difference at p = 0.05% level.
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No differences in CAT activity were observed among the genotypes in leaves and roots under
unstressed conditions. Drought increased the leaf and root activities of CAT in heb07-2 at 5, 24,
and 72 hrs compared with control, which was markedly higher than in wr04-6, iapar9 and yuefu.

Under drought stress, a significant increase in the activity of APX was observed in heb07-2
leaves, i.e., 1.47, 1.34 and 1.25-folds than its control at 5, 24, and 72 hrs. In contrast, drought
stress decreased APX activity in wr04-6, yuefu and iapar9 (except at 5 hrs) leaves compared with
their control at 5, 24 and 72 hrs, that is, 0.54, 0.67 and 0.51-folds; 0.80, 0.59 and 0.30-folds; and
1.24, 0.92 and 0.83-folds, respectively. A gradual increase in APX activity in heb07-2 root was
observed, which was significantly higher than in other samples at 24, 72 hrs, while a gradual
decrease in APX activity in wr04-6, yuefu, and iapar9 root was found at 5, 24 and 72 hrs
compared with their control.
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Fig. 3. APX activity in leaves (A) and roots (B), GR activity in leaves (C) and roots (D), DHAR activity in
leaves (E) and roots (F) heb07-2, wr04-6, iapar9, yuefu under drought condition for 0, 5, 24, 72 hrs.
Values are mean *+ Sd based on three independent determinations and bars indicate standard deviations.
The different small letters indicate significant difference at p = 0.05% level.

Effect of drought stress on GR activity in leaf and root was established in Fig. 3. The GR
activity in heb07-2 and iapar9 leaf was significantly increased by 140.58 and 105.82% at 72 hrs
drought stress, respectively but it was decreased in wr04-6 and yuefu leaf at 72 hrs of drought
stress. The GR activity of heb07-2 in root increased during drought, by 182.78 and 234.77%
compared to control at 24 and 72 hrs, respectively. Under drought conditions, the activity of GR in
iapar9 and wr04-6 root significantly increased at 5 and 24 hrs and decreased at 72 hrs. The effect
of drought stress on GR activity in yuefu root was different from other activities, and was
significantly higher than control at 5 hrs, and decreased at 24 and 72 hrs compared with control.
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Significant increases in DHAR activities up to 2.62, 3.36 and 7.51-folds; 2.33, 3.75, and 4.33-
folds; and 2.84, 2.11 and 3.60-folds compared to control were found in heb07-2, iapar9 and wr04-
6 leaves at 5, 24, and 72 hrs after drought stress, respectively. The leaf DHAR activity in yuefu
significantly increased at 5 and 24 hrs, and decreased at 72 hrs. The change of DHAR activity in
heb07-2 root was similar to change in leaf which accumulated 1.31, 2.12 and 2.52-folds at 5, 24,
and 72 hrs after drought stress and wr04-6 increased up to 2.16, 1.92, 1.41-folds. The root DHAR
activity was marginally increased at 5 hrs after drought stress, and significantly decreased at 24
and 72 hrs, respectively compared to control.
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Fig. 4. Total GSH content in leaves (A) and roots (B), GSSG content in leaves (C) and roots (D), GSH
content in leaves (E) and roots (F) heb07-2, wr04-6, iapar9, yuefu under drought condition for 0, 5, 24,
72 hrs. Values are mean * Sd based on three independent determinations and bars indicate standard
deviations. The different small letters indicate significant difference at p = 0.05 level.

The level of total glutathione (GSH + GSSG) pool increased consistently in the leaves of
heb07-2 and iapar9 (except at 24 hrs) with an increase in during of water deficit, while in the
leaves of wr04-6 and yuefu prolonged water deficit at 72 hrs caused a decline in total glutathione
(GSH + GSSQG) level. The water deficit in wr04-6 was also significantly higher than in control and
in yuefu was markedly lower than in control. Water deficit for 5, 24 and 72 hrs led to 56.25,
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112.51, 218.76, 10.95, 36.32, 69.41 and 34.46, 48.86, 104.60% enhancement in total glutathione
(GSH+GSSG) level in heb07-2, wr04-6 and iapar9 roots, respectively whereas water deficit for 72
hrs led to 17.12% decline in total glutathione (GSH + GSSG) level in yuefu roots.

The altered level of GSSG in the leaves and roots of all genotypes was similar to total
glutathione levels.

The GSH level increased coincidentally in the leaves of heb07-2 with an increase in during of
water deficit. Water deficit for 5, 24 and 72 hrs led to 29.4, 30.6 and 220.1% enhancement in GSH
level of heb07-2 leaves, respectively whereas GSH content of iapar9 declined at 5 and 24 hrs and
significantly increased at 72 hrs. However, the GSH level changed in wr04-6 leaves in contrast to
iapar9, and GSH content in yuefu was significantly lower compared to control at 72 hrs.
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Fig. 5. Total ASA content in leaves (A) and roots (B), DHA content in leaves (C) and roots (D), ASA content
in leaves (E) and roots (F) heb07-2, wr04-6, iapar9, yuefu under drought condition for 0, 5, 24, 72 hrs.
Values are mean + Sd based on three independent determinations and bars indicate standard deviations.
The different small letters indicate significant difference at p = 0.05% level.

The total ascorbate content in drought-tolerant genotypes of heb07-2 and iapar9 in leaves
increased by 24, 61, 238.1 and 27, 54, 285% than their controls at 5, 24, 72 hrs of drought stress,
respectively whereas it was 31.37, 43.68, 144.25% for wr04-6, respectively and declined at 72 hrs
for yuefu (Fig. 5A). The altered total ascorbate content in roots of heb07-2, iapar9, wr04-6 and
yuefu was similar to that of leaves.
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The DHA level significantly increased in the leaves of heb07-2, wr04-6 and iapar9 with an
increase during water stress procession, while DHA content in yuefu had no significant effect on
drought stress levels. DHA content in roots of heb07-2 increased by 132.98 and 361.34% after 24
and 72 hrs of water stress, and the DHA level in the roots of iapar9 was changed similar to heb07-2.

The ASA level increased consistently in the leaves and roots of all genotypes except in the
roots of yuefu after 72 hrs of drought stress increased during water stress procession. In contrast,
the drought-tolerant genotypes of heb07-2 and iapar9 showed higher ASA levels compared to
drought-sensitive genotype of yuefu and less drought-tolerant genotype of wr04-6.

PEG is a long chain, inert substance, which is soluble in water, nonionic, and impermeable
and therefore, used to simulated drought stress in soil (Couper and Eley 1948). PEG is commonly
used to simulate drought stress in field conditions (Menconi et al. 1995).

Drought stress can lead to overproduction ROS in rice which causes protein, lipids and DNA
damage (Gill and Tuteja 2010). The MDA level following membrane lipid peroxidation, is
frequently used as an indicator of oxidative damage (Zhang et al. 2009). In our experiments, the
levels of MDA, O, increased in four genotypes after rice seedlings were subjected to drought,
indicating the oxidative stress occurred. Moreover, drought-tolerant and drought-sensitive
genotype, heb07-2 and yuefu accumulated least and most MDA and O, under drought stress,
respectively. Therefore, our results indicated that heb07-2 was more tolerant to drought stress than
other genotypes, and yuefu was most sensitive to drought stress in four genotypes. It was similarly
observed in previous report that drought-tolerant genotype showed higher tolerance to oxidative
damage (Basu et al. 2010).

ROS can be scavenged efficiently by enzymes in plant, such as SOD, POD, CAT, and APX.
SOD plays a very important role in scavenging superoxide anions to H,O, and O,, which
contributed to be first line of defense against ROS. Higher SOD activity in tolerant genotypes
indicated higher superoxide anion scavenging activity under stress. In this study, the SOD activity
of heb07-2 increased with increasing drought stress. However, SOD activity of wr04-6, iapar9,
and yuefu increased first and then decreased under severe drought. Increased SOD activity as
observed in present study suggests that heb07-2 was more potent in its ability to scavenge ROS
compared with wr04-6, iapar9 and yuefu. The findings indicated that the higher SOD activity in
leaves and roots of heb07-2 scavenged ROS efficiently and mitigated oxidative damage compared
with other materials, which accumulated higher ROS levels. Supratim Basu et al. (2010) also
found that drought-tolerant genotypes of rice showed a higher SOD activity than drought-sensitive
genotypes. Sharma and Dubey (2005) have also previously indicated that with increasing drought
stress, SOD activity increased significantly in scavenging ROS.

The activity of CAT is closely related to stress resistance (Demiral and Tiirkan 2005, Egert
and Tevini 2002, Wang and Huang 2004). Present results showed that CAT activity of heb07-2 in
leaves and roots increased significantly with increasing drought stress compared to wr04-6, iapar9,
and yuefu indicating that heb07-2 manifested higher CAT activity resulting in lower ROS
production and lipid peroxidation. The activity of wr04-6, iapar9 and yuefu in leaves decreased
with increasing drought stress possibly due to accumulated ROS triggering CAT inactivity,
consistent with previous studies (Basu et al. 2010, Dwivedi et al. 1979, Yancey et al. 1982). In
present study, the absolute value of CAT activity in roots was much smaller than that in leaves,
which suggests, at least here, that CAT appears not to be an effective scavenger in roots in this
case.

In tolerant plant species, a higher POD activity protected against oxidative stress, which was
confirmed by a previous study (Hediye Sekmen et al. 2007). The content of GSSG, ASA and
phenolic compounds increased under drought stress, which are POD substrates, are scavengers of
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activated oxygen species (Elstner 1982, Shivrain et al. 2010). In our experiment, POD activities in
heb07-2 leaves increased significantly with increasing drought stress compared with other
materials indicating that heb07-2 manifested stronger ability to scavenge ROS, to maintain the
metabolic and structural integrity of cells. However, enhanced POD activities in heb07-2 roots
were lower than in leaves due to CAT and APX activities in heb07-2 roots were higher, which may
partly replace POD physiological function.

APX is an enzyme of the ascorbate-glutathione pathway, which scavenges H,O, efficiently
(Foyer and Noctor 2005, RIAZI et al. 1985). Under drought or salt conditions, drought-tolerant or
salt-tolerant potato, sugar beet and rice had higher (Demiral and Tiirkan 2005, Mallick and Mohn
2000, Shalata and Tal 1998). APX activity is resulting in lower lipid peroxidation. In our study, we
found a significant increase in APX activity in heb07-2 leaves and roots compared to other
antioxidants, which indicated that heb07-2 exhibited stronger free-radical scavenging capacity to
mitigate oxidative damage.

ASA and GSH are widely used as potent non-enzyme antioxidants in the plant cell. ASA
plays an important role in defense against 'O,, 0,7, HO™ and thiol radicals, which is a major
primary antioxidant synthesized on the inner membrane of the mitochondria, and acts as the
natural substrate for plant peroxidases (Foyer et al. 2001, Smirnoff 2005, Srivalli et al. 2003).
GSH is another crucial low molecular weight nonprotein thiol which defense against oxidative
damage by ROS-induced in intracellular. In our study, the content of ASA and GSH under drought
stress increased significantly, especially in seedlings of drought-tolerant genotype heb07-2
because of the higher ROS level, which induced an antioxidant adaptive response. Results showed
a reduction in GSH and ASA level in the sensitive genotype yuefu after 72 hrs of drought stress
suggest a rapid and overwhelming increase in ROS levels (Noctor and Foyer 1998), which was
consistent with another study (Sharma et al. 2012). The results indicated that heb07-2 scavenged
ROS promptly and effectively compared with other materials because of a higher level of ASA
and GSH content in the seedlings under drought stress. Similarly, other studies also reported a
higher level of ASA and GSH in the drought-tolerant rice genotype under drought stress. In the
present study, the ASA and GSH content in leaves was higher than in roots under normal and
stress conditions, while their level in roots increased higher than in leaves under drought stress.
The ascorbate-glutathione cycle occurs within cell including ASA, GSH, and specific enzymes
MDHAR, DHAR and GR (Foyer and Halliwell 1976). DHA can be catalyzed to ASA by DHAR
through oxidizing GSH. DHAR has been widely used as an indicator of oxidative stress in plant
metabolism (Vadassery et al. 2009). GR is a flavor enzyme, in which oxidized cysteine residues
exist in the active sites that catalyze GSSG to GSH. When plants are subjected to water stress, de
novo synthesis of DHAR and GR is one of the primary responses to alleviate the oxidative stress
through regeneration of potent antioxidants ASA and GSH. Results indicated that the GR activity
of heb07-2 was enhanced significantly under drought stress, following the reduction of oxidized
GSSG to GSH, increasing conversion efficiency. The GR activity of yuefu declined after 72 hrs
drought stress, which prevented GSH generation, and decreased GSH conversion efficiency. The
results showed that the weedy rice heb07-2 adapted to drought better by increasing the enzymes of
ascorbate-glutathione cycle, which was consistent with the study of Pyngrope et al. (2013).

Taken together, drought-tolerant genotype of heb07-2 might survive better under drought
stress in comparison to other genotypes of iapar9, wr04-6 and yuefu by retaining higher
antioxidant enzymes activities and contents of antioxidants and alleviating oxidative damage.
Weedy rice is available germplasm resource in rice breeding programme because hybrid sterility
was not observed between weedy rice and cultivars due to their genetic similarity (Tang et al.
2011). Weedy rice heb07-2 was an excellent genetic resource for improving the drought tolerance
of cultivated rice varieties.
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