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Abstract: The effect of seed-soaking with 24-epibrassinolide (EBR) on enzymatic antioxidative defense
system was studied in the leaves of 90 days old Brassica juncea plants grown under imidacloprid (IMI)
toxicity. It was observed that IMI treatment resulted in increase of the contents of oxidative stress markers
including superoxide anion (O,), hydrogen peroxide (H,0,) and malondialdehyde (MDA). Maximum
reduction in the contents of these stress markers was noticed when seeds treated with 100nM EBR were
grown in soils amended with IMI. The activities of the antioxidative enzymes like superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX), glutathione peroxidase (GPX), guaiacol peroxidase
(POD), dehydroascorbate reductase (DHAR), glutathione reductase (GR) and glutathione-S-transferase
(GST) were noticed to increase with IMI treatment. In comparison to plants germinated from untreated
seeds and grown under IMI toxicity, a further enhancementin the activities of SOD (22.33%), CAT (51.02%),
APX (50.00%), GPX (58.06%), POD (10.24%), DHAR (33.33%), GR (54.76%) and GST (32.34%) was
noticed when 100nM EBR treated seeds were germinated in pots containing 350 mg IMI/Kg soil. Data
analysis using multiple linear regression (MLR) also revealed that EBR seed-soaking before sowing, reduced
the contents of oxidative stress markers and increased the activities of antioxidative enzymes.

INTRODUCTION resulting in its yield loss. Without the application of
pesticides, the yield loss of 6.5 to 26.4 % has been

Brassica juncea L., commonly known as Indian
reported in Punjab, India (Brassica spp.) [1].

mustard, is an important vegetable as well as oil . . e ABr .
yielding crop. It is widely attacked by sucking insect Imidacloprid (IMI), a neonicotinoid and a systemic

_ International Journal of Tropical Agriculture I



Anket Sharma, Vinod Kumar, Shagun Bali, Ashwani Kumar Thukral, Renu Bhardwaj

insecticide is mostly applied to check sucking insects.
IMI is generally applied via soil to crop plants like
rape, maize and sunflower, and due to its systemic
nature, it helps in controlling aerial sucking insects
[2]. Pesticides also cause toxicity to crop plants and
as a consequence of pesticide toxicity, generation
of reactive oxygen species (ROS) takes place which
have negative impact on growth and development
of plants. However, in response to pesticide toxicity,
the internal defense system of plants known as
antioxidative defense system gets activated to
counterattack pesticide toxicity. Brassinosteroids
(BRs) are steroidal plant hormones which are
generally present in pollens, seeds and young
vegetative tissues [3]. They play key roles in providing
resistance to plants against various abiotic stresses
like temperature, salt, drought, pesticides and heavy
metals [4-8]. BR application further triggers the
antioxidative defense system of the plants which
results in increasing their resistance against pesticide
stress [4, 8, 9]. Keeping in mind the roles of BRs in
boosting the antioxidative defense system of plants,
the present study aimed to investigate the role of
24-epibrassinolide (EBR) on enzymatic antioxidative
defense system of B. juncea grown under IMI stress.

MATERIALS & METHODS

Certified seeds of Brassica juncea variety RLC-1 were
procured from Punjab Agricultural University,
Ludhiana, Punjab, India.

Raising of Plants: Seeds of B. juncea were
given pre-sowing treatment for 8h with EBR
solutions (0, 0.1, 1 and 100 nM). Pots were filled
with 8 Kg soil (clay, sand and manure in the ratio of
2:1:1). Soils filled in pots were given pre-sowing
treatment of IMI (0, 250, 300, 350 mg IMI/Kg soil).
Seeds soaked with EBR were rinsed using distilled
water before sowing in IMI treated soils. Plants were
irrigated with ground water as per need. Leaves of
the plants were harvested for further analysis after
90 days of seed sowing. All the analysis was done in
triplicates.

Oxidative Stress Markers: Contents of
superoxide anion (O)), hydrogen peroxide (H,0,)
and malondialdehyde (MDA) were determined by
using methods given by Wu ez /. [10], Patterson ez al.
[11] and Heath and Packer [12] respectively.

Antioxidative enzymes: Activities of
antioxidative enzymes were estimated according to
the methods given in table 1.

Table 1
Methods followed to estimate activities of
antioxidative enzymes

Antioxidative Enzgyme Reference

SOD Kono [13]

CAT Aebi [14]

APX Nakano and Asada [15]
GPX Flohé and Gunzler [106]
POD Putter [17]

DHAR Dalton ez al. [18]

GR Carlberg and Mannervik [19]
GST Habig and Jacoby [20]

SOD (superoxide dismutase), CAT (catalase),
APOX (ascorbate peroxidase), GPX (glutathione
peroxidase), POD (guaiacol peroxidase), DHAR
(dehydroascorbate reductase), GR (glutathione
reductase), GST (glutathione-S-transferase).

Statistical Analysis of Data: Data was
statistically analyzed by using Two-way analysis of
variance (ANOVA) and multiple linear regression
(MLR) using self-coded softwares in MS-Excel 2010
[21-23].

RESULTS & DISCUSSION

In comparison to untreated plants (control), the
contents of all oxidative stress markers (O, H,O,,
MDA) were enhanced with the increasing
concentration of IMI in soil. Seed treatment with
EBR resulted in reduction of the contents of all the
stress markers. It has been observed that, as

I International Journal of Tropical Agriculture m



Brassinolide Seed Treatment Modulates the Enzymatic Antioxidative Defense System in Indian Mustard under...

compared to untreated plants, contents of O, H O,
MDA were increased by 226.60%, 79.475 and
74.53% respectively in plants germinated form
untreated seeds and grown under highest IMI toxicity
(Table 2). However, a significant reduction in the
contents of all these stress markers was noticed in
plants raised from EBR treated seeds and grown in
IMI amended soils (Table 2). The activities of all

the antioxidative enzymes were noticed to enhance
with EBR seed application as well as IMI soil
treatment (Table 3). Data analysis using Two-way
ANOVA revealed that the contents of oxidative
stress markers and activities of antioxidative enzymes
were significantly different in the control plants, and
plants raised from EBR treated/untreated seeds and
grown under IMI toxicity (Table 2, 3). MLR analysis

Table 2
Effect of EBR seed soaking on the contents of oxidative stress markers in the leaves of
90-days old B. juncea plants grown under IMI toxicity.

Treatments Contents of Oxidative Stress Markers (umole g fr. wt.)
IMI (mg Kg') EBRmM L) 0, H,0, MDA
0 0 0.94%0.15 12.91£1.03 7.46%0.25
0 0.1 0.87£0.24 13.07+0.74 7.56%0.23
0 1 0.92%0.13 12.78%1.12 06.83%0.15
0 100 0.86%0.25 12.37£0.56 6.77%0.16
250 0 1.65%0.27 15.19£1.90 9.49%0.07
250 0.1 1.40£0.24 14.31£3.39 8.74%0.29
250 1 1.30£0.29 12.52+1.51 8.26%0.21
250 100 1.14£0.23 12.35%2.17 7.78%0.21
300 0 2.5310.23 18.83%0.39 10.16+0.23
300 0.1 2.15%20.43 17.59£3.67 9.71£0.32
300 1 2.01£0.32 17.19£0.73 9.17£0.34
300 100 1.55%0.20 12.78%3.15 8.18%0.51
350 0 3.07£0.36 23.17£0.35 13.02£0.67
350 0.1 2.8610.25 21.78%1.55 10.06£0.12
350 1 2.8510.43 21.50£0.31 10.28+0.36
350 100 2.14%0.46 17.7413.61 8.06%0.21
Two-way ANOVA
F 87.71%** 41 3285 230.1%**
B 9,16k 74Tk 118.8%*
NI % BBR 1.25 1.04 19,574
HSD 0.90 6.11 0.93
Multiple linear regression
MLR eqnation [-regression coefficients
ﬂﬂ\ﬂ ﬂEBR r
O, content = 0.87 + 0.0045 IMI - 0.0050 EBR 0.8199 -0.2675 0.8625%**
H,O, content = 12.59 + 0.0185 IMI - 0.0290 EBR 0.6848 -0.3501 0.7692***
MDA content = 7.38 + 0.0082 IMI - 0.0150 EBR 0.7145 -0.4303 0.8341%**

*** indicates significant at p<0.001. r = correlation coefficient. Superoxide anion (O,7), Hydrogen peroxide (H,O,),
Malondialdehyde (MDA)
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Table 3
Effect of EBR seed soaking on the activities of antioxidative enzymes in the leaves of 90-days old
B. juncea plants grown under IMI toxicity.

Treatments Activities of Antioxidative Engymes (Mean * S.D.)

IMI EBR SOD CAT APX GPX POD DHAR  GR(umole GST
(mgKg') (M L7)  (Units mg'  (umole min”  (wmole min'  (wmole min”  (wmole min”  (wmole min'  min’ mg"  (wmole min’
protein)  mg’ protein) mg' protein) mg’ protein) mg’ protein) mg' protein)  protein)  mg’ protein)

0 0 13.9423  2.6%0.4 3.3+0.5 1.6£0.4  409%51  3.1X05 3.8+0.5  19.9%£1.9
0 0.1 162418  3.1+0.7 4.5+0.4 1.6£0.3  42.6x0.7  3.510.2 39104  20.1%£1.7
0 1 18.842.8  3.2+0.3 4.510.6 1.7£0.4  46.6x2.6  3.6X0.2 45+0.6  21.5%27
0 100 20.6£3.6  4.1%0.6 5.0£0.8 22102 409148  4.0+0.4 49+0.2  229%27
250 0 18.3£24  3.2+0.6 4.910.9 34104 415160 4.8103 43+0.8  24.1%15
250 0.1 21.0£22  3.8+0.8 6.520.7 3.8104  43.7£33  59%0.5 59%0.6 247148
250 1 244+17 54403 6.9£0.5 41+0.5 453%£38  6.5%0.2 5.7£0.8  26.1£3.5
250 100 33.0+£3.9  5.7£03 7.0£0.6 5.0£0.5 48.1%£63  6.8+0.9 6.1£0.6 272124
300 0 25.1+34  5.5%0.8 6.310.7 4.0+0.6  47.1£50  5.7%0.6 58104  269%1.2
300 0.1 26.7t41  6.1%£0.7 7.2+0.7 41+0.6  49.619.2  59+0.4 6.0£1.2  28.6%£1.0
300 1 272%35  7.4%05 8.8£0.4 52403 539457  7.620.6 6.2£0.8  28.8%3.6
300 100 342+19  8.2%1.1 9.1+0.5 58104  59.5t46  8.9%+0.9 7.8£0.8  30.7£4.9
350 0 20.6£2.8  4.9%10.5 4.4%0.5 3.1£0.9  420%4.6 451038 42+0.5 20127
350 0.1 23.1+£3.0  6.310.6 5.3£0.9 3.3£0.5 426150  4.7+0.7 53%f1.1  229%£13
350 1 23.4+49  6.810.7 5.7+1.1 34104 459433  54+1.1 54£09  24.6%6.5
350 100 252+6.2  7.4%05 6.6£1.3 49103  46.3%£53  6.0+0.5 6.5£0.9  26.6%£1.9
Two-way ANOVA

Fou 21.33%%k  82.32%%k  48.99kkk 9039k T 8O¥KE  TOTORRE 16.87HFK 12448k
Flin 14.53%%F  30.87*%F  20.30%FF  22.06%F* 5.15%* 23.96%%F 11370k 3.66*

NI % R 1.22 1.16 0.80 1.30 0.30 2.33* 0.83 0.16
HSD 5.59 1.04 1.21 0.79 8.35 1.00 1.25 5.25

Multiple linear regression
MLR eqnation [-regression coefficients
ﬂﬂ\ﬂ ﬂEBR r

SOD activity = 16.26 + 0.0234 IMI + 0.0672 EBR 0.5941 0.5471 0.8077#+*
CAT activity = 2.71 + 0.0095 IMI + 0.0151 EBR 0.7532 0.3843 0.8457#¢*
APX activity = 4.24 + 0.0064 IMI + 0.0124 EBR 0.5555 0.3444 0.6535%*
GPX activity = 1.64 + 0.0073 IMI + 0.0119 EBR 0.7642 0.4020 0.8635%**
POD activity = 43.17 + 0.0086 IMI + 0.0516 EBR 0.2453 0.4735 0.5332%*
DHAR activity = 3.46 + 0.0072 IMI + 0.0137 EBR 0.6374 0.3883 0.7463**
GR activity = 4.06 + 0.0045 IMI + 0.0123 EBR 0.5852 0.5082 0.7751%**
GST activity = 20.97 + 0.0135 IMI + 0.0285 EBR 0.5654 0.3822 0.6825%*

SOD (superoxide dismutase), CAT (catalase), APX (ascorbate peroxidase), GPX (glutathione peroxidase), POD (guaiacol
peroxidase), DHAR (dehydroascorbate reductase), GR (glutathione reductase), GST (glutathione-S-transferase). *, ** and
*#* indicate significant at p<0.05, p<0.01 and p<0.001 respectively. r = multiple correlation coefficient.
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indicated that seed treatment with EBR before
sowing resulted in reduction of the contents of all
oxidative stress markers as indicated by negative -
regression values (Table 2). Positive B-regression
values for the activities of all antioxidative enzymes
revealed that EBR seed soaking as well as IMI soil
treatment resulted in enhanced activities of these
enzymes (Table 3).

As a result of oxidative stress caused by
pesticide toxicity, the antioxidative defense system
gets activated in order to efficiently scavenge the ROS
and ultimately help in reducing the oxidative stress.
In the present study, the activities of enzymatic
antioxidants including SOD, CAT, APX, GPX, POD,
DHAR, GR and GST were observed to increase with
IMI toxicity as well as with the EBR seed application.
SOD and CAT convert superoxide anions to non-
toxic water and molecular oxygen. Additionally,
ascorbate-glutathione cycle is involved in
detoxification of H,O,, which consists of four
antioxidative  enzymes named = APX,
monodehydroascorbate reductase (MDHAR),
DHAR and GR |24, 25]. Peroxidase enzymes are
involved in the detoxification of H, O, into
metabolites which are less toxic [26]. The activities
of antioxidative enzymes which are involved in
pesticide detoxification (DHAR, POD and GPX)
were also observed to enhance after IMI application.

In the present study, it has been noticed that
EBR seed application further enhanced the activities
of all these antioxidative enzymes under IMI toxicity.
The regulation of the activities of all these enzymes
might be due to the EBR modulated enzyme kinetics
and synthesis of various proteins [27, 28]. Moreover,
it has also been reported that expression of the genes
for SOD, CAT, GR, POD and GST was enhanced in
seedlings raised from EBR soaked seeds and grown
under IMI toxicity [8]. It suggested that the enhanced
expression of the genes encoding these antioxidative
enzymes might be one of the possible reasons for
regulation of antioxidative defense system in B. juncea

plants raised from EBR treated seeds and grown
under IMI toxicity.

CONCLUSIONS

From the present study, it has been concluded that
the seed-soaking with EBR resulted in reduction of
the contents of oxidative stress markers by
modulating the enzymatic antioxidative defense
system of B. juncea plants grown under IMI toxicity.
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