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Abstract

Drought and high temperature often occur simultaneously due to climate change which cause devastating
effects in plants due to oxidative damage. This study aimed to quantify the oxidant production and
antioxidant activity during combined drought (D) and high temperature (HT) stress. A set of greengram
genotypes were grown in rainout shelter by pot culture and the plants were exposed to drought and high
temperature stress by sowing the seeds in such a way that the vegetative stage coincide with high
temperature stress (> 36+2°C) and the control plants (< 36+2°C). Irrigation was withheld for five days by
maintaining the field capacity (50%) in stressed plants and (100%) in non stressed plants. The oxidants
such as hydrogen peroxide, superoxide radical and melondialdehyde content were increased under stress
condition and leads to increase in membrane damage. This effect can be minimized by increase in
enzymatic and non-enzymatic antioxidant. Therefore the tolerance capacity of the genotypes is based on
the tolerance against the oxidative stress by antioxidant activity.

Keywords: Greengram, drought, high temperature, oxidant, antioxidant

Introduction

Greengram is one of the important pulse crop with rich source of protein, India is the largest
producer. The global agricultural productivity was highly affected by various abiotic and biotic
stresses. Especially the abiotic stresses such as drought and high temperature stress affected
the plant growth and development (Hasanuzzaman and Fujita, 2011) . Due to climate
change, drought and high temperature stress occur simultaneously and this resulted in
reduction of crop productivity due to oxidative damage. The oxidant production can be
triggered under combined drought and high temperature stress. The oxidants such as
superoxide (0Oy), hydroxyl radical (OH?) and hydrogen peroxide (H.0.) content were
enhanced under combined drought and high temperature stress this leads to peroxidation of
lipids, membarane damage and even leads programmed cell death (Miller et al. 2008;
Choudhury et al. 2013) [ 8. This oxidative damage can be regulated by the enzymatic and
non-enzymatic antioxidant by quenching and neutralizing the free radicals produced under
stress condition (Bohnert and Shen, 1999).

In this study the greengram genotypes were used to study the influence of combined drought
and high temperature stress by quantifying the oxidants such as superoxide (Oy’), hydroxyl
radical (OH") and hydrogen peroxide (H.0), melondialdehyde (MDA) content and the effects
of oxidants on membarane. The activity of antioxidant enzymes like catalase and non-
enzymatic antioxidant like proline were quantified under drought and high temperature stress.

Materials and Methods

Plant material and Growing Condition

The greengram genotypes (Table 1) were sown in pot to study the influence of drought and
high temperature stress on vegetative phase of greengram. The plants were imposed to drought
(50% field capacity for 5 days) combined with high temperature stress (36 + 2°C) during
vegetative Stage (20 Days after sowing).
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Table 1: Details of greengram genotypes used in this study

S. No. Source S. No. Source
1. CO8 16. VGG 16069
2. COGG 1319 17. VGG 17001
3. COGG 1332 18. VGG 17002
4, COGG 1339 19. VGG 17003
5. LGG 607 20. VGG 17004
6. PUSA 9072 21. VGG 17006
7. TARM 1 22. VGG 17009
8. VBN(Gg) 2 23. VGG 17010
9. VBN(Gg)3 24, VGG 17019
10. VGG 10008 25. VGG 17036
11. VGG 15029 26. VGG 17037
12. VGG 15036 27. VGG 17045
13. VGG 16005 28. VGG 17049
14. VGG 16008 29. VMGG 12005
15. VGG 16027

Quantification of oxidant content

Superoxide (O2) radical content

Superoxide anion radical was quantified according to
Chaitanya and Naithani, (1994) &1 by macerating the leaf
samples in ice-cold sodium phosphate buffer (0.2 M, pH 7.2)
containing diethyl dithiocarbamate and it was centrifuged at
3000g for 1 min. Absorbance was measured at 540 nm with a
spectrophotometer (Eppendorf BioSpectrometer kinetic).

Hydrogen peroxide

The H,0, levels was quantified by following the method of
Patterson et al. (1984) [¥l, The leaf samples were
homogenized in 1 mL of cold acetone. 0.1 mL of 20%
titanium reagent (20%w/v TiCl, in 12.1M HCI) and 0.2 mL of
17M ammonia solution were added in known volume of
supernatant. It was centrifuged at 3000g for 10 min at 4°C and
discard the supernatant, 3 mL of 1M sulphuric acid was used
to dissolve the pellet. Absorbance was measured at 410nm
using UV-VIS spectrophotometer (Eppendorf
BioSpectrometer kinetic).

Lipid peroxidation

Lipid peroxidation was estimated by malondialdehyde (MDA)
content produced by thiobarbitaric acid (TBA) as described
by Behera et al. (1999). Greengram leaf sample was
homogenized in 0.1% trichloroacetic acid. The homogenate
was centrifuged at 10,000g for 5min at 4°C. Then it was
mixed with 1.2 mL of 0.5% TBA prepared in 20%
trichloroacetic acid and incubated at 95°C for 30 min. After
stopping the reaction in an ice bath for 5 min, samples were

centrifuged at 10,000g for 10 min at 25°C. Absorbance was
measured at 532 nm with a spectrophotometer (Eppendorf
BioSpectrometer kinetic).

Membrane damage

The greengram leaf sample was cut into small pieces and
washed with deionized water, then incubated in 10 mL of
deionized water at 25°C for 4h in a shaker. The initial
electrical conductivity (Ei) was read using a EC/TDS
hydrotester. The samples were kept in water bath at 95°C for
60 min and cooled to 25°C and again the electrical
conductivity (Ez) was measured. The membrane damage was
estimated using the following formula: membrane injury
(%) =E41/E; x 100 (Chauhan and Senboku, 1996) ["],

Proline content

For assessing the proline content the greengram leaf samples
were homogenized in 3% sulfosalicylic acid and centifuged at
11500 x g. The supernatant was mixed with acid ninhydrin,
glacial acetic acid and phosphoric acid. Incubate the mixture
at 100°C for 1 h then cool it and add toluene to separate the
chromophore containing toluene and it was read
spectrophotometrically (Eppendorf BioSpectrometer Kinetic)
at 520 nm (Bates et al., 1973) 1,

Catalase activity

Catalase activity was measured according to Aebi (1983) [,
The catalytic activity of the enzyme was measured
spectrophotometrically (Eppendorf BioSpectrometer kinetic)
by recording the decline of absorbance at 240 nm due to
decomposition of H,0s.

Statistical Analysis
The data was statistically analyzed using the Statistical Tool
for Agricultural Research (STAR) version 2.0.1.

Results and Discussion

Effect of high temperature and drought on oxidant
production, lipid peroxidation and membrane damage
Superoxide (O2) radical content

The superoxide radical content was significantly (P<0.001,
Fig.1.) decreased in tolerant genotypes such as VGG 16069
(0.83 change in OD min* g FW), VGG 17003 (0.87 change
in OD min* g FW), COGG 1332 (0.87 change in OD min
g! FW) and increased in VGG 16027 (2.77 change in OD
mint gt FW), VGG 17037 (2.77 change in OD min gt FW)
at 50% FC during vegetative stage (Fig. 1).

1.00
0.50
0.00

3.50 Superoxide radical

b (Change in OR min™ g™ FW)
2.00 3

1.50

Control

B Drought + HT

Fig 1: Superoxide radical content in greengram genotypes under drought and high temperature stress
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Hydrogen peroxide
High temperature and drought stress induce the production of
hydrogen peroxide quantity was significantly (P<0.001,

(7.30 nM g FW), VGG 16069 (7.77 nM g FW) and the
content was high in VGG 17037 (30.07 nM g* FW), CO 8
(23.73 nM g FW) at 50% FC during vegetative stage (Fig.

Fig.2.) decreased in tolerant genotypes such as COGG 1332 2).

Fig 2: Hydrogen peroxide content in greengram genotypes under drought and high temperature stress
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Lipid peroxidation
The malondialdehyde content was also significantly
(P<0.001, Fig.3.) decreased in tolerant genotypes like VGG

17019 (13.52 nM g FW), VGG 17003 (13.70 nM g* FW)
and increased in VGG 17036 (38.28 nM g* FW), VGG 17037
(36.34 nM gt FW) at 50% FC during vegetative stage.
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Fig 3: Malondialdehyde content in greengram genotypes under drought and high temperature stress
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Membrane damage (%)

The membrane stability index was quantified to assess the
influence of drought and high temperature on membrane
rigidity. Membrane damage was significantly (P<0.001,
Fig.4.) decreased under drought and high temperature stress in
tolerant genotypes VGG 17003 (14.94%), VGG 16069
(14.99%) and increased in VGG 17036 (48.09%), VGG
16027 (45.94 %).

Under drought and high temperature stress the oxidants such
as superoxide (O2) and hydrogen peroxide (H.O2) content,

melondialdehyde content and membrane damage were
significantly decreased in tolerant genotypes when compared
with susceptible genotypes under drought and high
temperature stress. The increase in melondialdehyde content
in susceptible genotypes indicates that the cell membrane
integrity get severely affected (Liu and Huang 2000) 4, The
increase in oxidants under combined drought and high
temperature stress leads to membarane damage by oxidising
the membrane lipids and protein therefore the membrane
permeability get increased (Djanaguiraman et al. 2009) (1%,
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Fig 4: Membrane damage in greengram genotypes under drought and high temperature stress
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Effect of high temperature and drought on proline content
and catalase activity

Proline content

At 50 % field capacity the following greengram genotypes
viz., VGG 17003 (14.34 uM g FW), VGG 17019 (13.44 uM

gt FW) has accumulated significantly (P<0.001, Fig.4.) more
proline as compared to susceptible greengram genotypes
VGG 16027 (1.45 uM g FW), CO8 (2.30 uM g FW) as
shown in (Fig. 5).

Proline Content (uM g FW)

16.00
14.00
12.00
10.00
8.00
6.00
7l
= andAfbndinidoandndasRdinndan
s / ¢ & U 4 B B dE DB DB LB DR O i UE [
Al Ny N A S o A o
ST PP S & KT P PSSP EEL LSS PP S
OB LF NN T NN »6\-&»(’»&»0»'"
S & P P P e P L L EF LT L ELCELE °
Control = Drought + HT

Fig 5: Proline content in greengram genotypes under drought and high temperature stress

Catalase activity

Catalase activity was significantly (P<0.001, Fig.6.) higher in
VGG 15029 (30.75 uM H20; destroyed min? g FW), VGG
17003 (28.48 uM H,0; destroyed min gt FW) and lower in
VGG 17036 (6.22 pM Hz0, destroyed min* g FW), VGG
17037 (6.22 uM H;0, destroyed min? g FW) at 70% FC
during vegetative stage.

The plant cells have the capacity to protect itself from ROS
damage by the enzymatic and non-enzymatic antioxidants
such as catalase and proline content. Catalase enzyme
scavenge the hydrogen peroxide and breakdown into water
(Scandalios 1993) 18, The increase in tolerant capacity of
plants is associated with increase in antioxidant enzyme
activity (Sairam et al. 2000; Snider et al., 2010) - 2, In this

study the catalase enzyme activity get increased in tolerant
genotypes and decreased in susceptible genotypes under
combined drought and high temperature stress, this might be
due to the toxic effects of oxidants produced under drought
and high temperature stress. The proline content also
increased in tolerant genotypes than the susceptible genotypes
under combined drought and high temperature stress. Proline
is a compatible solute act as an osmoprotectant, it will reduce
the stress induced cellular acidification and it mainatain the
osmoregulation under stress condition (Hasegawa et al. 2000)
1121 Proline stabilizes the macromolecules and it also prevent
the water loss and mainatain the turgidity of the plants
(Ahmed et al. 2011; Khedr et al. 2003; Ashraf and Foolad
2007) (2.13.31,
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Fig 6: Catalase activity in greengram genotypes under drought and high temperature stress
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Conclusion

The present study revealed that under combined drought and
high temperature stress the production of oxidant level get
increased and cause oxidative damage to the susceptible
genotypes but in tolerant genotypes the level of oxidant get
decreased due to increased in catalase enzyme activity and the
proline content as compared to the susceptible genotypes.
Therefore the tolerant genotypes showed tolerant traits to
withstand under drought and high temperature stress and can
be used for further investigation.
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