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Abstract

The growth and yield of plants are severely affected by different environmental stresses. Water deficit imposed by
drought brings about severe growth retardation and yield |oss of crops. Therefore, in order to evaluate the response of
antioxidant defense system of Indian mustard varietiesto drought stress, afield experiment was conducted at Oilseeds
Research Area, CCSHAU, Hisar, by taking two varietiesi.e. RH 0406 (drought-tolerant) and RH 0749 (drought-sensitive).
A different response of drought stress was observed on enzymatic and non-enzymatic components of antioxidant
system in leaves of drought-tolerant and drought-sensitive varieties of Indian mustard (Brassica juncea). Drought
stress was created by withholding the irrigation after sowing. The antioxidative enzymes viz. superoxide dismutase
(SOD), peroxidase (POX), ascorbate peroxidase (APX) and glutathione reductase (GR) showed higher basal activitiesin
leaves of drought-tolerant variety (RH 0406) as compared to drought-sensitive variety (RH 0749). Plants under drought
stress indicated a significant increase in antioxidative enzyme but this increase was more pronounced in drought-
tolerant variety i.e. RH 0406 as compared to RH 0749, adrought sensitivevariety. The content of ascorbic acid, carotenoids,
total glutathione and proline content were also recorded higher in tolerant variety than in sensitive variety under
drought stress. It can be inferred that leaves of drought-tolerant variety (RH 0406) had greater capacity to perform
reaction of antioxidative pathways under drought stress to control drought-induced oxidative stress.
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Introduction the protection of del eterious effect of ROS, plants possess
an antioxidative system consisting of enzymatic and non-
enzymatic components. Enzymatic system includes
superoxide dismutase (SOD), peroxidase (POX), catalase
(CAT), ascorbate peroxidase (APX) and glutathione
reductase (GR); non-enzymatic system includes water
soluble molecules (ascorbate and glutathione) and lipid
soluble antioxidants such as carotenoids etc. (Sekman et
al., 2007). Although plants with high levels of
antioxidants, either constitutive or induced, osmotic
adjustment, osmoprotection and scavenging defense
system have been reported to possess greater resistance
to oxidative damage and most important physiochemical/
biochemical basis responsible for drought tolerance
(Omprakash et al., 2017).

Environmental stresses affect every aspect of
physiological and biochemical processesin plantswhich
resultsin stomatal closure, decreasein rate of transpiration
and pigment content. Drought is one of the major
environmental stresswhich affects crop growth andyield
(Hasanuzzaman et al., 2012). Plants experience drought
stress due to high rate of transpiration or due to low
supply of water to roots. The adverse effects of drought
stress on plant biomass production are due to inhibition
in cell expansion, alteration in plant metabolism and
reductionin the activities of different metabolic enzymes
(Ashraf etal., 2013).

Drought stress enhances the production of reactive
oxygen species (ROS) such as superoxide radical,
hydrogen peroxide, hydroxyl radical and singlet oxygen.
The production of ROS has harmful effects on different
plant physiological and metabolic processes such as
photosynthesis and antioxidative defense system leading
to lipid peroxidation, chlorophyll degradation, ion leakage
and biomolecules deterioration (Hossain et al ., 2013). For

Theinduction and regulation of the anti oxidative system
are necessary to obtain substantial tolerance against
oxidative stress and detoxification of ROS might be a
strategy for tolerance against various abiotic stresses
(Hasanuzzaman et al., 2012). Improving yield under
drought stressisamajor goal of plant breeding. However,
scanty information is available on the effect of drought



stress on antioxidant system in Indian mustard. The
present work therefore, was undertaken to study the
drought-induced changes in oxidative stress and
antioxidative systemin Indian mustard.

Materialsand Methods

The present investigation was carried out by growing
two varieties of Indian mustard viz. RH 0406 (drought-
tolerant) and RH 0749 (drought-sensitive) under field
conditions at Oilseeds Research Area, CCSHAU, Hisar,
India. Drought stress was created by withholding
irrigation after sowing and leaf samples were collected
from control and stressed plants.

For the extraction of ascorbate and glutathione (reduced
and oxidized), 1 g of leaves from control and stressed
plantsweregroundin5ml of chilled 0.8 N HCIO, (Jimenez
etal., 1997), and centrifuged at 10,000 x g for 25 min. The
clear supernatant was used for the estimation of these
metabolites. Ascorbic acid content was estimated
according to the method of Roe (1964) whichisbased on
the reduction of 2, 6-dichlorophenol indophenol by
ascorbic acid. Method of Smith (1985) was employed for
determining the level of total glutathione. The proline
content was determined by using method of Bateset al.,
1973. Themethod of wellburn, 1994 wasemployed for the
estimation of carotenoids.

Extraction medium for SOD, CAT, APX and GR consisted
of 0.1 M phosphate buffer (pH 7.5) containing 5 % (w/v)
polyvinyl polypyrrolidone (PVPP), 1 mM EDTA, and 10
mM &mercaptoethanol. For POX, theextraction wasdone
in0.01 M phosphate buffer (pH 7.5) containing 3% (w/v)
PV PP. The homogenate was prepared by grinding 1 g of
tissuein 5 ml of ice cold extraction medium in pre-cooled
mortar and pestle. The homogenate thus prepared, was
centrifuged at 10,000 rpm for 15 min at 4°C. The
supernatant was carefully decanted and used asthe crude
enzyme preparation. All the estimationswere carried out
inthreereplicates.

Superoxide dismutase (SOD) activity wasdetermined by
quantifying the ability of the enzyme to inhibit light
induced conversion of nitroblue tetrazolium (NBT) to
formazan (Nishikimi et al., 1972). One enzyme unit was
defined as the amount of enzyme which could cause 50
per cent inhibition of the photochemical reaction. The
activity of catalase was estimated according to the
procedure described by Aebi (1984). One unit of enzyme
activity corresponded to one pmole of H,O, consumed
during the reaction. Peroxidase activity was assayed at
37°C as described by Shannon et al. (1966). The POX
activity wasdefined as 1.0 umole of H,O, utilized per min.
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Method of Nakano and Asada (1981) was employed to
assay APX and decrease in absorbance due to oxidation
of ascorbic acid at 290 nm was recorded. One enzyme
unit was defined asamount of enzymerequired to oxidize
1imole of ascorbic acid per min. Glutathione reductase
was determined by the method of Halliwell and Foyer,
1978. Oxidation of NADPH by GR was monitored at 340
nm and the rate (umoles mint) was cal culated using the
extinction coefficient of 6.12 mM-* cn.

Resultsand Discussion

Among the abiotic stresses drought stress is the most
severe environmental stress which affects crop growth
and yield. The effect of drought depends on the time of
its occurrence, duration and its intensity. Under stress
conditions, reactive oxygen species (ROS) accumulates
inleavesresulting inthe oxidation of cellular components
i.eproteins, chlorophyll and lipids. To copewith oxidative
stress, plants are equipped with an effective antioxidant
defence system comprising of antioxidant enzymeslike
superoxide dismutase (SOD), peroxidase (POD), ascorbate
peroxidase (APX), catalase (CAT) and other enzymes of
ascorbate-glutathione pathway. Results presented in
figure 1A, demonstratethe activity of SOD that catalyses
the oxidation of superoxide radical to H,O, which had
higher congtitutivelevel (3.32 units/g freshwt) intolerant
cv. RH 0406 as compared to that in sensitive cv. RH 0749
(2.86 units/ g fresh wt). Imposition of drought stress
resulted in 60.8 % and 31.1 %increasein SOD activity in
tolerant and sensitive variety, respectively. Results of
the present investigation corroborate the previous report
(Dawood and Sadak, 2014) that SOD activity increasedin
response to drought stress. The salt-tolerant cultivars of
B. juncea and Najas graminia have also been reported
to possess higher basal levels of SOD than the sensitive
cultivars(Bor et al ., 2003). Higher basal level of SOD has
been proposed to be the first line of defense, and it
signifies the possible involvement of this enzyme in
drought tolerance.

Thedataon peroxidase and catalase activity (Fig 1B and
1C), H,0, scavenging enzymes, showed an enhancement
in leaves of both varieties when exposed to drought
stress. |n the present study, high POX and CAT activity
under drought-stress in both the varieties suggests an
active involvement of these enzymes in H,O,
detoxification. Thisenhancement was more pronounced
(88.14 % & 50.13 %, respectively) in RH 0406 ascompared
toRH 0749 (57.0% & 21.0 %, respectively). Theresults
ontheeffect of drought stresson peroxidase and catalase
arein agreement with those of Dawood and Sadak (2014)
who reported a significant increase in peroxidase and
catalase activitiy due to drought stress in B. napus.
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Further, under drought stress, the activities of CAT and
POX wereincreased and involved in elimination of H,O,
from stressed cellsand presumed to limit cellular damage
and enhance the plants oxidative capacity to defend stress
(Nojavan and Khorshidi, 2006). High activity of CAT
indicated drought tolerancein some of the canolacultivars
(Omidi, 2010).

Ascorbate peroxidaseis another H,O, scavenging enzyme
using ascorbate as electron donor and it has very high
affinity for H,O, than POX and CAT. Drought stress
resulted inincrease in APX activity in both the varieties
(Fig1D). Thisincreasewasmorein case of tolerant variety
(69.3 %) as compared to the sensitive one (41.0 %).
Increase in APX activity under drought stress in the
present study isin agreement with thefindings of Dawood
and Sadak (2014) who reported the enhancement in APX
activity dueto drought stressin B. napus. High activity
of APX indicated tolerance against drought in some of
the canolacultivars(Omidi, 2010). Stress-induced increase
in APX activity could impart tolerance by detoxifying
H,O, generated upon exposure of plants to stress
conditions. Glutathione reductase (GR) is one of the
enzymesinvolved in scavenging of active oxygen species
by maintaining ascorbate pool in reduced form. In the
present study, the activity of GR (Fig. 1E) also increased
under drought stress condition. This increase was more
in RH 0406 (42.5 %) as compared to RH 0749 (29.9 %).
Increased GR activity under drought stress has al so been
reported in B. napus (Dawood and Sadak, 2014) and in
some of the canolacultivars (Omidi, 2010). The elevated
levels of GR activity perhaps could increase the ratio of
NADP/NADPH, thereby ensuring the availability of
NADP to accept electrons from the photosynthetic
electron transport chain. Increase in the GR activity in
plants results in the accumulation of glutathione (GSH)
levelsand ultimately conferstoleranceto plants. TheAPX
and GR arethe key enzymes of the ascorbate glutathione
cycle; the cycle may be apotential mechanism of mustard
adaptation to drought stress.

Among the non-enzymatic antioxidants, the contents of
ascorbic acid, total glutathione and proline were
monitored. Results presented in Table 1 reveal that all
these non-enzymatic antioxidants content in leaves of
both B. juncea varietiesincreased under stress condition,
thebasal level aswell asthe magnitude of increment was
higher in tolerant variety (RH 0406) than in sensitive (RH
0749). Theincreasein ascorbate content was 24 %in RH
0406 and 20.6 % in RH 0749. The high basal level of
glutathione content was observed in RH 0749 (22.4 ug/g
FW) but the percent increase was morein RH 0406 (52.9
%) under stress condition. Ascorbic acid and glutathione
are important ROS scavenging metabolites. Ascorbate
plays an important role in imparting protection against
ROS, as it acts as an electron donor for ascorbate
peroxidase. Results of present study are in agreement
with those of Rani et al. (2012) who observed more
ascorbate content in heat-tolerant than in heat-sensitive
cultivarsof B. juncea. Glutathione, alow molecular weight
antioxidant, isapowerful regulator of major cell functions.
Reduced glutathione can react directly with freeradicals,
hence preventing inactivation of enzymes due to
oxidation of essential thiol groups (Wang et al., 1991).
Similar resultswere a so obtained by Wilson et al. (2014)
who observed more glutathione content in heat-tolerant
than in heat-sensitive cultivars of B. juncea.

Drought stress resulted in increase in proline content in
both the varieties. This increase was 29.4 % in tolerant
variety ascomparedto 17.6 %in senditivevariety. Proline
is reported to act as a protective osmolyte, membrane
stabilizer and reactive oxygen species scavenger. The
accumulation of proline, which is synthesized from the
amino acids glutamate, is an enzyme-regul ated process.
Theenzymesinvolved initsbiosynthesisare reported to
be elevated under drought stress, whereasthoseinvolved
in its degradation are inhibited (Sumithra and Reddy,
2004). Therefore, thelevd of prolineinthe plants exposed
to drought stress was higher than those of the control. It
may be dueto the fact that BRs activates the enzymes of

Table 1: Effect of drought stress on different antioxidative parametersin Indian mustard

Antioxidative parameters Varieties
RH 0406 (T) RH 0749 (S)
Control Stressed Control Stressed
Ascorbate content (ug/gFW) 2372 204.1(+24.0) 2205 265.9(+20.6)
Carotenoids (mg/gFw) 25 3.0 (+20.2) 26 28(+7.4)
Total glutathione (pg/gFW) 24 31.2(+39.2) 194 20.7(+52.9)
Proline (mg/gFW) 47 6.1(+29.4) 41 4.8(+17.6)

Figuresin parentheses are % increase (+)/decrease (-) over control
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Fig. 1: Effect of drought stresson (A) SOD (B) POX (C)
CAT (D) APX and (E) GR activities in Indian mustard
varieties(Valuesaremean + S.D)

proline biosynthesis, which caused an additive effect on
the proline content. The accumulation of proline in the
plants exposed to temperature stress (Wilson et al ., 2014)
and salt stress (Ali et al., 2007) has aso been reported
earlier. Carotenesform akey part of the plant antioxidant
defense system. Carotenoids, despite their capacity to
scavenge singlet oxygen and lipid peroxy radicals, as
well as to inhibit lipid peroxidation and superoxide
generation under dehydrativeforces (Deltoro et al.,1998).
Table 1 depicts that the percent increase in carotenoids
was 20.24 % in tolerant variety while it was 7.42 % in
sensitive variety. The increase in carotenoid content in
heat-tol erant than in heat-sensitive cultivars of B. juncea
was also reported by Rani et al. (2012).

The differential response of these varieties to drought
stress as a result of variation in the activities of their
antioxidative enzymes suggests that by manipulation of
the enzyme activities through genetic engineering may
impart tolerance. The tolerant variety also showed
increased level s of antioxidant enzymes and metabolites
and thus, registered lesser oxidative damage. These
techniquesmay also be used in pre-breeding programmes
for screening of genotypes against drought tolerance
and identification for future usein crossing programmes
for developing Indian mustard varieties tolerant to the
drought stress.
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