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ABSTRACT

Change in climatic scenarios due to global warming is characterized by extreme climate variability,
land and water degradation which resulted in water scarcity. Accumulation of salts at the surface
and sub-surface layers of soils affect crop production of major cereals which is a constraint in
sustainable food production. Salinity is a major challenge to tackle wheat cultivation and harness
productivity in arid and semi-arid regions of India. In the present investigation, mitigation of salinity
induced oxidative stress through exogenous application of spermine (Spm) in four wheat genotypes
was studied in relation to antioxidant metabolites. The levels of Oz increased with increasing levels
of salinity in wheat flag leaves. DBW 88 showed the levels of O2- of 11.75 nmol g1 FW and 15.74
nmol gt FW (at 8 dSm1and 12 dSm-respectively) at 21 Days After Sowing (DAS) and application
of Spm decreased the O2" content under control and saline stressed conditions at 8 dSm-and 12
dSm-. Hydrogen peroxide content was increased with increasing levels of salinity in all the wheat
varieties at 21 DAS. However, the increase was more in the case of DBW 88 when compared with
HD 3086. Treatment of Spm decreased the H202 content when compared with control and saline
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stressed wheat varieties. The malondialdehyde (MDA) content was increased with increasing levels
of salinity at 21 DAS. The highest increase in MDA content was seen in DBW 88 whereas the
lowest increase was found in Kharchia 65. Application of Spm decreased the MDA content under
control at both levels of salinity treated wheat varieties. The carotenoid content decreased with
increasing levels of salinity in all four wheat varieties. However, the decrease was more in DBW 88
when compared with other varieties viz. HD 3086, Kharchia 65 and KRL 210 at 21 DAS.
Exogenous Spm increased the carotenoids content in all four wheat varieties irrespective of the
salinity. The leaves of Kharchia 65 and KRL 210 had higher levels of ascorbic acid as compared to
that of DBW 88 and HD 3086. Increased content of carotenoid was observed in Spm-treated
wheat. Exogenous application of Spm increased the ascorbic acid content in control at both levels
of salt stress. The glutathione content increased with an increase in salinity treatment in all the
varieties however, a higher increase was observed in Kharchia 65. Exogenous Spm increased the
glutathione content in all the varieties irrespective of salinity stress. The results presented in the
study indicated that the exogenous application of Spm improved their tolerance levels under

salinity.

Keywords: Wheat (Triticum aestivum L. em Thell); spermine; oxidative stress; antioxidants and

salinity.
1. INTRODUCTION

Soil salinity is considered one of the most severe
environmental stresses and salinization is a
global threat to food security [1]. It is the main
factor impeding sustainable crop production,
especially in irrigated arid and semi-arid regions
of the world where the rainfall is too low to
prevent accumulations of ions in the soil and
irrigation is the cause of secondary salinization
[2,3]. Major increases in salt-affected areas may
be due to faulty irrigation practices in irrigation
commands, seawater ingress in coastal areas,
and climate change.

India’s total salt-affected area is 6.74 m ha, out of
which 3.79 m ha is suffering from sodicity and
the rest 295 m ha is affected with salinity
problems (also includes 1.25 m ha coastal saline
soils). Soil salinity has considered an important
environmental threat that adversely influences
crop growth and development by altering a few
biochemical processes [4]. Soil salinity affects
plants in two most important ways; the capacity
of roots to extract water from the soil and the
concentration of the salt within the plant’'s body.
Elevated concentrations of salts suppress many
physiological and biochemical processes such as
nutrient uptake and assimilation [5].

Polyamines (PAs) such as spermidine (Spd),
spermine (Spm) and putrescine (Put) are small
aliphatic amines that are ubiquitous in all plant
cells [6]. PAs influence plant development in
many ways and the response of plants to abiotic
stress involves complex physiological and
biochemical responses, including changes in the
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concentration and ratio of different metabolites
[7] however, little is known about their
mechanism of alleviating drought stress [8].
Since PAs are protonated at normal cellular pH,
their biological function is initially associated with
the capability of binding different anionic
macromolecules (DNA, RNA, chromatin, and
proteins), thus confining them as substances with
a structural role [9]. The most abundant types of
polyamines in plants are putrescine, spermidine
and spermine [10]. In plants, they are present not
only as free bases but also conjugated to small
molecules, mainly hydroxycinnamic acids and
also to various macromolecules like proteins [11].
Polyamines increase survival of various plants
under salt stress [12], drought [13], acidic [14]
and heavy metal stress [15]. PAs play an
important role in the antioxidant system and
protect membranes from oxidative damage
during stress [16]. In the light of foregoing
research, a thorough review of the literature
reveals that different wheat genotypes showed
varying levels of tolerance to salinity, however,
work on wheat genotypes such as DDW 88, HD
3086, Kharchia 65, and KRL 210 was limited with
regard to salinity tolerance. Therefore, the
present study aims to evaluate the oxidative
stress under salinity and to find out the role of
exogenous spermine treatment in four wheat
genotypes and the finding provides much insight
on oxidants and antioxidants.

2. MATERIALS AND METHODS
Seeds of the four varieties viz. DBW 88, HD

3086, Kharchia 65, and KRL 210 differing in
tolerance to salinity was obtained from Wheat
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and Barley Section, Department of Genetics and
Plant Breeding, CCS HAU, Hisar. Kharchia 65
and KRL 210 are tolerant varieties and other
varieties are to be identified for tolerance to
salinity.

2.1 Raising of the Crop

Seeds of wheat varieties were surface sterilized
by soaking them for 5 minutes with 0.2 per cent
(w/v) solution of mercuric chloride. These
surface-sterilized seeds were grown in earthen
pots lined with polyethylene bags filled with 6 kg
dune sand in a screen house located at the
premises of College of Agriculture, CCS Haryana
Agricultural University-Hisar under naturally lit
conditions. The nutrient solution was used to
irrigate the soil supplemented with nutrients in
the form of N, P, and K in the ratio of 10:3:3.

2.2 Artificial Saline Treatment

Wheat plants were grown at two levels of salinity
(8 and 12 dSm) and control. Artificial saline
waters of 8 and 12 dSm-! levels were prepared
for irrigation of pots by maintaining Na: Ca + Mg
ratio as 1:1; Ca: Mg as 1:3 and that of Cl: SO4as
7:3. The respective cations and anions ratio and
salt levels were maintained by dissolving the
required quantities of chloride and sulfate salts of
calcium, magnesium, and sodium in distilled
water. Plants were irrigated with distilled water to
maintain the salinity levels.

2.3 Spermine Treatment

Spermine at 0.5 and 1.0 mM concentrations were
sprayed over the plants at 21 days after sowing
(DAS).

2.4 Analysis of Sample

Plants were tagged at the time of application of
spermine and leaf samples were analyzed for
biochemical oxidative stress parameters at 0, 5,
10, and 15 days of spermine treatment. Analysis
of oxidants and antioxidants was carried out
under laboratory conditions at 21 DAS. The
observations for all the parameters were
recorded in triplicate.

2.5 Biochemical Studies for Oxidative
Stress Parameters

2.5.1 Superoxide ion (0O™)

Extraction: Superoxide radical (O7) was

measured as described by Elstner & Heupel
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(1976) with some modifications. Two gram of
frozen leaf sample was homogenized with 5 ml of
65 mM potassium phosphate buffer (pH 7.8) and
centrifuged at 5000 rpm for 10 min.

Procedure: The incubation mixture contained
0.9 ml of 65 mM phosphate buffer (pH 7.8), 0.1
ml of 10 mM hydroxylamine hydrochloride, and 1
ml supernatant. After incubation at 25 °C for 20
min, 1 ml of 17 mM sulphanilamide and 1 ml of 7
mM a - naphthylamine were added to the
incubation mixture. After reaction at 25 °C for 20
min, ethyl ether in the same volume was added
and centrifuged at 1500 rpm for 5 min. the
absorbance in the aqueous solution was read at
530 nm. The standard curve of NaNOz (0 - 140
pmol NO2") was used to calculate the production
rate of O2"" from the chemical reaction of NO2~
and hydroxylamine.

2.5.2 Hydrogen peroxide (H202)

Extraction: Two gram of leaf tissue was
macerated in 5 ml of ice-cold 0.01 M phosphate
buffer (pH 7.0), centrifuged at 8000 x g for 10
min. and the supernatant was used for estimation
of H202 content (Sinha, 1972).

Procedure: To 0.4 ml of extract, 0.6 ml of 0.1 M
phosphate buffer (pH 7.0) and 3 ml mixture of 5
% (w/v) potassium dichromate and glacial acetic
acid (1:3, v/v) were added. The tube was kept in
a boiling water bath for 10 min. and then cooled.
The absorbance at 570 nm against the reagent
blank was recorded. The quantity of H202 was
estimated by using the standard curve of H20:2
(0-160 pmole).

2.5.3 Malondialdehyde (MDA)

Extraction: Two grams of leaf tissue was
homogenized from the control and treated plants
in 5 ml of prechilled 0.1 per cent Trichloroacetic
acid (w/v) and centrifuged at 10,000 rpm for 15
min. The clear supernatant was used for the
estimation of malondialdehyde by the method of
Heath & Packer, 1968.

Procedure: To 0.5 ml of supernatant 2.3 ml of
20% (wi/v) trichloroacetic acid containing 0.5 %
thiobarbituric acid was added. The mixture was
heated in a water bath at 95° C for 30 min and
quickly cooled in an ice bath. The absorbance
was recorded at 532 nm and the value of
nonspecific absorption at 600 nm were
subtracted. The concentration of
malondialdehyde in the sample was calculated
using the extinction coefficient of 155 mM cm-.
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Table 1. Effect of spermine at 21 days after sowing on generation of superoxide ion in wheat flag leaf under salt stress

Superoxide ion (nmol g FW)

Variety 21 DAS Saline and spermine treatment Mean
Control 8 dSm™ 12dSm™!
Spm°®  Spm0.5mM Spm1.0mM Spm?° Spm0.5mM Spm1.0mM Spm?° Spm0.5mM Spm1.0 mM

DBW 88 0 DAT 8.68 8.68 8.68 11.75 11.75 11.75 15.74 15.74 15.74 12.06
5 DAT 8.86 7.30 6.84 12.12 10.84 10.77 15.90 13.67 12.62 10.99
10 DAT 9.29 7.55 7.74 12.86 11.00 11.19 16.48 13.69 12.86 11.41
15 DAT 9.53 7.91 8.35 12.88 11.03 11.41 17.12 12.43 13.07 11.53

HD 3086 0 DAT 7.63 7.63 7.63 10.07 10.07 10.07 12.92 12.92 12.92 10.21
5 DAT 7.82 6.17 5.68 10.41 9.39 9.34 13.10 11.42 10.64 9.33
10 DAT 8.12 6.30 6.50 10.94 9.47 9.62 13.47 11.40 10.78 9.62
15 DAT 8.43 6.71 7.18 11.10 9.62 9.93 14.13 10.61 11.09 9.87

Kharchia65 0 DAT 6.32 6.32 6.32 7.73 7.73 7.73 9.81 9.81 9.81 7.95
5 DAT 7.42 5.23 4.59 9.14 8.41 8.36 11.43 9.64 9.43 8.18
10 DAT 7.64 5.23 5.49 9.49 8.47 8.55 11.66 9.63 9.51 8.41
15 DAT 7.65 5.46 6.06 9.34 8.36 8.53 11.79 8.94 9.46 8.40

KRL 210 0 DAT 7.08 7.08 7.08 8.89 8.89 8.89 11.53 11.53 11.53 9.16
5 DAT 7.24 5.44 4.90 9.15 8.34 8.29 11.67 9.71 9.47 8.24
10 DAT 7.91 5.81 6.04 10.09 8.90 8.99 12.63 10.26 10.11 8.97
15 DAT 8.07 6.13 6.66 10.11 8.94 9.14 13.02 9.62 10.25 9.11

Mean 7.98 6.56 6.61 10.38 9.45 9.54 13.28 11.31 11.21

CD at 5 % level Where,

a— 0.08 ab — 0.14 bd - 0.14 acd— NS a— Varieties

b— 0.07 ac— 0.14 cd— 014 bcd— 0.23 b— Artificial saline treatment

c— 0.07 ad — 0.16 abd — 0.27 abcd —NS c— Spermine treatment

d— 0.08 bc — 0.12 abc — 0.23 d— Days after treatment (DAT)
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Table 2. Effect of spermine at 21 days after sowing on hydrogen peroxide content in wheat flag leaf under salt stress

Hydrogen peroxide content (umole g FW)

Saline and spermine treatment

Variety 21 DAS Control 8 dSm? 12 dSm™ Mean
Spm®  Spm0.5mM Spm1.0mM Spm?° Spm0.5mM Spm1.0mM Spm?° Spm0.5mM  Spm1.0 mM

0 DAT 5190 51.90 51.90 60.18 60.18 60.18 98.64 98.64 98.64 70.24

DBW 88 5 DAT 66.09 60.21 55.83 77.18 70.58 65.07 126.29 90.93 108.15 80.04
10 DAT 84.35 73.98 75.71 99.46 83.01 87.98 174.83 124.62 149.41 105.93
15 DAT 94.13  81.10 89.77 112.33 88.66 103.28 205.45 145.39 175.36 121.72
0 DAT 49.32  49.32 49.32 57.08 57.08 57.08 90.74 90.74 90.74 65.71

HD 3086 5 DAT 60.85 56.54 52.83 70.91 65.32 60.65 112.47 82.54 97.11 73.25
10 DAT 73.78  66.29 67.68 86.71 73.53 77.52 147.13 106.88 126.76 91.81
15 DAT 78.37 69.34 75.93 93.08 75.09 86.20 163.89 118.22 141.00 100.12
0 DAT 45.01 45.01 45.01 50.19 50.19 50.19 75.34 75.34 75.34 56.85

Kharchia 5 DAT 55.16  52.05 49.73 61.85 57.86 54.54 92.78 71.02 83.25 64.25

65 10 DAT 64.89 59.86 60.69 73.26 64.14 66.90 116.80 88.50 104.79 77.76
15 DAT 71.14 64.92 69.06 81.06 68.16 76.13 133.98 100.71 120.15 87.26
0 DAT 44.45  44.45 44.45 49.20 49.20 49.20 72.25 72.25 72.25 55.30

KRL 210 5 DAT 54,74  51.35 48.83 60.91 57.24 54.17 89.43 69.05 78.97 62.74
10 DAT 64.89 59.35 60.28 72.67 64.20 66.76 113.17 86.37 99.60 76.36
15 DAT 7198 65.05 69.65 81.32 69.16 76.67 131.18 99.24 115.17 86.60

Mean 64.44  59.42 60.42 74.21 65.85 68.28 121.52 95.03 108.54

CD at 5 % level Where,

a— 0.66 ab — 1.14 bd - 1.14 acd— 2.28 a— Varieties

b— 0.57 1.14 cd— 114 bcd— 1.98 b— Artificial saline treatment

ac—
c— 0.57 ad — 1.32 abd— 2.28 abcd— NS c— Spermine treatment
d— 0.66 bc — 0.99 abc— 1.98 d— Days after treatment (DAT)
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Table 3. Effect of spermine at 21 days after sowing on malondialdehyde content in wheat flag leaf under salt stress

Malondialdehyde content (umole g* FW)

Variety 21 DAS Saline and spermine treatment Mean
Control 8 dSm™ 12dSm™!
Spm®  Spm0.5mM Spm1.0mM Spm?° Spm0.5mM  Spm1.0mM Spm?° Spm0.5mM  Spm1.0 mM

DBW 88 0 DAT 4.25 4.25 4.25 5.25 5.25 5.25 6.31 6.31 6.31 5.27
5 DAT 4,92 4.44 4.19 6.27 5.67 5.31 7.32 6.90 6.95 5.78
10 DAT 5.67 5.01 5.03 7.33 6.29 6.05 8.63 8.03 8.24 6.70
15 DAT 6.53 5.82 6.22 8.51 7.20 7.53 10.13 9.23 9.82 7.89

HD 3086 0 DAT 3.90 3.90 3.90 4.68 4.68 4.68 5.86 5.86 5.86 4.81
5 DAT 4.29 3.81 3.59 5.22 5.12 4.99 6.53 6.02 6.24 5.09
10 DAT 4.97 4.31 4.21 6.10 5.24 5.92 7.68 7.03 7.37 5.87
15 DAT 5.67 4.97 5.31 6.97 6.16 6.70 8.89 8.07 8.53 6.81

Kharchia65 0 DAT 3.59 3.59 3.59 4.29 4.29 4.29 5.10 5.10 5.10 4.33
5 DAT 3.98 3.44 3.20 4.82 4.55 4,79 5.70 5.27 5.32 4.56
10 DAT 4.37 3.67 4.09 5.35 4.64 4,95 6.36 5.92 6.01 5.04
15 DAT 4.98 4.24 461 6.16 5.15 5.44 7.34 6.84 7.09 5.76

KRL 210 0 DAT 3.49 3.49 3.49 4.34 4.34 4.34 5.06 5.06 5.06 4.30
5 DAT 4.39 3.84 3.55 5.59 5.19 5.25 6.38 5.89 5.85 5.10
10 DAT 4.79 4.06 455 6.11 5.37 5.38 7.01 6.58 6.62 5.61
15 DAT 5.09 4.37 4.78 6.49 5.43 5.65 7.55 7.04 7.14 5.95

Mean 4.68 4.20 4.28 5.84 5.29 5.41 6.99 6.57 6.72

CD at 5 % level Where,

a— 0.04 ab — 0.07 bd - 0.07 acd— NS a— Varieties

b— 0.03 ac— 0.07 cd— 0.07 bcd— 0.12 b— Artificial saline treatment

c— 0.03 ad — 0.08 abd —» 0.14 abcd —NS c— Spermine treatment

d— 0.04 bc — 0.06 abc — 0.12 d— Days after treatment (DAT)
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Table 4. Effect of spermine at 21 days after sowing on carotenoid content in wheat flag leaf under salt stress

Carotenoid content (mg g*FW)

Variety 21 DAS Saline and spermine treatment Mean
Control 8 dSm™ 12dSm™!
Spm®  Spm0.5mM  Spm1.0mM Spm° Spm0.5mM Spm1.0mM Spm?° Spm0.5mM  Spm1.0 mM

DBW 88 0 DAT 2.64 2.64 2.64 2.23 2.23 2.23 1.71 1.71 1.71 2.19
5 DAT 2.66 2.88 2.90 2.27 2.45 2.41 1.69 2.00 1.95 2.36
10 DAT 2.80 3.04 2.98 2.39 2.62 2.55 1.80 2.17 1.99 2.48
15 DAT 284 3.07 2.99 2.42 2.67 2.62 1.85 2.22 2.00 2.52

HD 3086 0 DAT 2.96 2.96 2.96 2.55 2.55 2.55 2.03 2.03 2.03 2.52
5 DAT 2.92 3.17 3.20 2.54 2.72 2.67 1.98 2.28 2.23 2.63
10 DAT 3.08 3.37 3.29 2.68 2.91 2.84 211 2.47 2.30 2.78
15 DAT 3.12 3.39 3.29 2.71 2.96 2.90 2.16 2.52 2.30 2.82

Kharchia65 0 DAT 3.24 3.24 3.24 2.88 2.88 2.88 2.41 2.41 2.41 2.85
5 DAT 3.16 3.50 3.53 2.83 3.01 2.95 2.33 2.67 2.63 2.95
10 DAT 331 3.70 3.60 2.97 3.18 3.10 2.46 2.85 2.71 3.10
15 DAT 3.23 3.57 3.45 2.89 3.12 3.05 2.43 2.79 2.63 3.02

KRL 210 0 DAT 3.19 3.19 3.19 2.80 2.80 2.80 2.30 2.30 2.30 2.76
5 DAT 3.10 3.39 3.42 2.74 2.93 2.86 2.20 2.57 2.52 2.86
10 DAT 3.26 3.60 3.51 2.89 3.12 3.03 2.34 2.76 2.61 3.01
15 DAT 3.21 3.52 3.40 2.84 3.08 3.01 2.34 2.73 2.56 2.96

Mean 3.05 3.26 3.22 2.67 2.83 2.78 2.13 2.41 2.31

CD at 5 % level Where,

a— 0.03 ab — 0.05 bd - NS acd— NS a— Varieties

b— 0.02 ac— NS cd— 005 bcd— NS b— Artificial saline treatment

c— 0.02 ad — 0.05 abd — NS abcd — NS c— Spermine treatment

d— 0.03 bc — 004 abc —» NS d— Days after treatment (DAT)
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Table 5. Effect of spermine at 21 days after sowing on ascorbic acid content in wheat flag leaf under salt stress

Ascorbic acid content (ug g FW)

Variety 21 DAS Saline and spermine treatment Mean
Control 8dSm! 12dSm*!
Spm? Spm0.5mM  Spm1.0mM Spm?° Spm0.5mM Spm1.0mM Spm?° Spm0.5mM  Spm1.0mM

DBW 88 0 DAT 219.59  219.59 219.59 231.36 231.36 231.36 181.91 181.91 181.91 210.95
5 DAT 253.61  322.99 295.93 269.77 262.44 265.25 211.08 246.03 271.90 266.56
10 DAT 239.10 304.97 275.44 251.96 236.01 246.96 195.43 258.51 228.46 248.54
15 DAT 226.61  292.49 266.55 193.47 218.52 232.48 193.47 250.13 221.55 232.81

HD 3086 0 DAT 232.23  232.23 232.23 243.43 243.43 243.43 196.36 196.36 196.36 224.01
5 DAT 267.19  347.16 317.40 282.51 275.56 278.23 226.86 260.00 284.53 282.16
10 DAT 250.65 322.70 293.33 262.78 247.74 258.07 209.44 268.96 240.61 261.59
15 DAT 24191 310.11 287.51 210.07 234.13 247.55 210.07 264.50 237.04 249.21

Kharchia 0 DAT 268.12  268.12 268.12 229.33 229.33 229.33 209.82 209.82 209.82 235.76

65 5 DAT 305.27  404.20 340.36 263.15 357.74 306.83 248.22 310.50 276.97 312.58
10 DAT 288.10 375.96 318.44 245.38 337.51 282.07 234.53 291.82 262.36 292.91
15 DAT 272.03  366.65 309.70 232.63 327.47 275.58 224.98 288.28 253.73 283.45

KRL 210 0 DAT 255.48  255.48 255.48 219.71 219.71 219.71 202.19 202.19 202.19 225.79
5 DAT 296.68  380.77 328.51 252.37 343.09 288.51 237.45 281.65 258.67 296.41
10 DAT 268.59 352.34 305.16 232.99 317.38 268.49 217.98 262.91 240.50 274.04
15 DAT 268.90 354.07 293.36 230.93 312.67 261.40 222.67 266.33 241.77 272.46

Mean 259.63 319.36 287.95 240.74 274.63 258.45 213.90 252.49 238.02

CD at 5 % level Where,

a— 1.19 ab — 2.05 bd > 205 acd— 4.11 a— Varieties

b— 1.03 ac— 2.05 cd— 205 bcd— 3.56 b— Artificial saline treatment

c— 1.03 ad — 2.37 abd —» 4.11 abcd —7.11 c— Spermine treatment

d— 1.19 bc — 1.78 abc— 3.56 d— Days after treatment (DAT)
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Table 6. Effect of spermine at 21 days after sowing on total glutathione content in wheat flag leaf under salt stress

Glutathione content (umol g* FW)

Variety 21 DAS Saline and spermine treatment Mean
Control 8dSm! 12dSm™
Spm®  Spm0.5mM  Spm1.0mM Spm?° Spm0.5mM  Spm1.0mM Spm?° Spm0.5mM  Spm1.0
mM

DBW 88 0 DAT 8.73 8.73 8.73 11.44 11.44 11.44 13.55 13.55 13.55 11.24
5 DAT 8.81 9.07 9.23 11.45 12.64 13.03 13.71 14.30 14.74 11.89
10 DAT 9.25 9.47 9.58 11.55 12.65 12.95 13.71 14.92 15.11 12.13
15 DAT 9.37 9.71 9.77 11.97 13.04 13.23 13.75 15.02 14.85 12.30

HD 3086 0 DAT 9.33 9.33 9.33 12.72 12.72 12.72 15.42 15.42 15.42 12.49
5 DAT 9.49 9.80 9.99 12.97 14.02 14.48 15.71 17.05 17.31 13.43
10 DAT 9.70 9.95 10.07 13.53 14.00 13.94 15.81 17.10 17.48 13.51
15 DAT 10.14 10.54 10.60 13.97 14.49 14.23 15.91 17.61 17.67 13.91

Kharchia65 0 DAT 11.07 11.07 11.07 16.21 16.21 16.21 20.48 20.48 20.48 15.92
5 DAT 11.31 11.79 12.08 16.53 18.12 19.37 21.47 22.10 23.22 17.33
10 DAT 11.63 12.03 12.21 17.66 18.42 19.24 21.42 22.48 23.43 17.61
15 DAT 12.00 12.61 12.71 18.04 18.39 19.12 22.40 22.90 23.18 17.93

KRL 210 0 DAT 10.38 10.38 10.38 15.16 15.16 15.16 18.62 18.62 18.62 14.72
5 DAT 10.58 10.99 11.24 15.45 16.78 17.50 18.73 19.50 20.73 15.72
10 DAT 10.87 11.20 11.36 16.52 17.03 17.09 18.66 19.59 20.78 15.90
15 DAT 11.23 11.75 11.84 17.35 17.78 17.45 18.57 20.02 20.81 16.31

Mean 10.24 10.53 10.64 14.53 15.18 15.45 17.37 18.17 18.59

CD at 5 % level Where,

a— 0.10 ab — 0.17 bd - 0.17 acd— NS a— Varieties

b— 0.09 ac— 0.17 cd— 017 becd— 0.30 b— Artificial saline treatment

c— 0.09 ad — 0.20 abd— 0.35 abcd -»NS c— Spermine treatment

d— 0.10 bc — 0.15 abc — 0.30 d— Days after treatment (DAT)
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Carotenoids: The carotenoids content in leaves
was estimated as per the method of Hiscox &
Israelstam [17]. The finely chopped leaf sample
100 mg (excluding veins) were placed in a tube
containing 10 ml DMSO, allowed for overnight.
The carotenoids which were extracted in DMSO
were read at 480, 645, and 663 nm and
calculated (Wellburn & Lichtenthaler, 1984) from
the following formulae:

Volume

Chlomphyll a= (1219 X A663 —345x A645) X m

Volume

Chlnrophyll b= (2119 X A(,z}_\‘) —532x A(,(,_';) X m

1000 x(A4g9 — 2.14) x (chl.a — 70.16) x (chl.b)

Carotenoids =
arotenoids 320

2.5.4 Ascorbate

Extraction: Ascorbic acid content was estimated
by the method of Mukherjee & Choudhuri [18],
which is based on the reduction of 2, 4 —
dinitrophenylhydrazine. Two gram of leaf sample
was homogenized in 5 ml of 6% TCA,
centrifuged at 10,000 rpm for 15 min. and the
supernatant was used for estimation.

Procedure: To the properly diluted aliquot of 0.1
ml, 1.9 ml of distilled water, 1 ml of 2% 2, 4
dinitrophenylhydrazines (in acidic medium), and
one drop of 10% thiourea (in 70% ethanol) was
added, the contents were mixed thoroughly and
kept in boiling water bath for 15 min. then cooled
to room temperature, 2 ml of 80% (v/v) H2SOa4
was added to the mixture at 0°C (in an ice bath).
The absorbance was read at 530 nm. The
quantity of ascorbic acid was determined from
the standard curve of ascorbic acid (10-100 ug).

2.5.5 Total glutathione

Extraction: Two grams of leaf tissue was
homogenized in 5 ml of 5% (w/v) sulphosalicylic
acid at 4° C, centrifuged at 10,000 rpm for 25
min. and the supernatant was used for estimation
of total glutathione by the method of Smith [19].

Procedure: The reaction mixture consisted of
0.1 ml of 0.5 M potassium phosphate buffer (pH
7.5), 0.5 ml of 0.1 M sodium phosphate buffer
(pH 7.5) containing 5 mM of EDTA, 0.1 ml of 2
mM NADPH (0.1M sodium phosphate buffer, pH
7.5), 0.1 ml of glutathione reductase (2.5 units
ml?), 0.15 ml of 0.6 mM 5, 5'-dithiobis-(2-
nitrobenzoic acid) (DTNB) and 0.05 ml
supernatant. The reaction was initiated by the
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addition of GR and the reduction rate of DTNB
was monitored at 412 nm for 3 min. The total
glutathione was calculated from the standard
curve in which the GSH (200 400 ngQ)
equivalents were plotted against the rate of
increase of absorbance at 412 nm.

3. RESULTS

3.1 Effect of Exogenous Spermine on
Antioxidant Metabolites under Salinity

3.1.1 Superoxide ion

The effect of spermine and salinity on the
generation of superoxide ion in wheat flag leaves
at 21 DAS is illustrated in Table 1. The levels of
O:2"" increased with increasing levels of salinity in
wheat flag leaf in all the varieties and the highest
increase was found in DBW 88 i.e., from 8.68
nmol g FW (control) to 11.75 nmol g FW and
15.74 nmol gt FW (at 8 dSm* and 12 dSm™!
respectively) at 21 DAS. The application of Spm
decreased the mean Oz~ content in all the
varieties under control i.e., from 7.98 (Spm°) to
6.56 (Spm%™M) and 6.61 nmol g! FW
(Spm™0mM) " as well as saline stressed conditions
(i.e., from 10.38 (Spm?) to 9.45 (Spm?%5™M) and
9.54 nmol g1 FW (Spm1°™M) at 8 dSm-1and from
13.28 (Spm° to 11.31 (Spm%5™M) and 11.21
nmol gt FW (Spm9™M) at 12 dSm-1).

3.1.2 Hydrogen peroxide content

Hydrogen peroxide content progressively
increased with increasing levels of salinity in all
the wheat varieties at 21 DAS (Table 2).
However, the increase was more in case of DBW
88 i.e., from 51.90 umole g FW in control to
60.18 umole g1 FW at 8 dSm1and 98.64 umole
g! FW at 12 dSm* when compared with HD
3086 (from 49.32 pmole g* FW in control to
57.08 pmole gt FW at 8 dSm-*and 90.74 umole
g! FW at 12 dSm?), KRL 210 (From 44.45
pumole gt FW in control to 49.20 pmole g* FW at
8 dSm? and 72.25 pmole g* FW at 12 dSm™)
and Kharchia 65 (from 45.01 pmole g FW in
control to 50.19 pumole g* FW at 8 dSm* and
75.34 pmole g1 FW at 12 dSm?).

Application of Spm decreased the H202 content
when compared with non-spermine treated
control and saline stressed wheat varieties. The
mean H202 content gradually increased with a
duration from 21 DAS to 15 DAT in all the
varieties. Table 2 depicts that the H202 content
increased with increasing levels of salinity and



Raghavendra et al.; IJPSS, 33(19): 77-93, 2021; Article no.lJPSS.73832

the highest value recorded was 282.72 umole g
FW for DBW 88 at 12 dSm™ and 15 DAT.
However, the basal levels of H202 were more in
case of DBW 88 and HD 3086. The H202 content
gradually increased throughout the observation
with days after sowing under control conditions at
21 DAS (Table 2). Application of Spm with
concentration 0.5 mM was found to be more
effective when compared with 1.0 mM Spm and
non-spermine treated wheat varieties irrespective
of saline treatments.

3.1.3 Malondialdehyde content

The malondialdehyde content was increased with
increasing levels of salinity at 21 DAS (Table 3).
The highest increase in MDA content was seen
in DBW 88 i.e., from 4.25 pmol g* FW in control
to 5.25 and 6.31 umol gt FW at 8 dSm*and 12
dSm- respectively whereas the lowest increase
was found in Kharchia 65 i.e., from 3.59 umol g*
FW in control to 4.29 and 5.10 umol g1 FW at 8
dSm- and 12 dSm- respectively. Application of
Spm decreased the mean MDA content under
control (from 4.68 to 4.20 and 4.28 umol g1 FW)
and at both levels of salinity treated wheat
varieties (from 5.84 to 5.29 and 5.41 pmol gt FW
at 8 dSm- and from 6.99 to 6.57 and 6.72 pmol
g! FW at 12 dSm). The higher mean MDA
content was found at 15 DAT in all four varieties.

3.1.4 Carotenoid content

The response to salt stress and spermine
treatment on carotenoid content in the flag leaf of
wheat was presented in Table 4. The carotenoid
content decreased linearly with increasing levels
of salinity in all four varieties. However, the
decrease was more in DBW 88 i.e., from 2.64 in
control to 2.23, 1.71 mg g FW at 8 dSmtand 12
dSm- respectively when compared with other
varieties viz. HD 3086, Kharchia 65 and KRL 210
at 21 DAS.

Exogenous Spm increased the carotenoids
content in all the varieties irrespective of the
salinity treatments. Higher levels of mean
carotenoids content were noted at 15 DAT in
DBW 88 (2.52 mg g* FW) & HD 3086 (2.82 mg
g FW) and at 10 DAT in Kharchia 65 (3.10 mg
g FW) and KRL 210 (3.01 mg g FW).

3.1.5 Ascorbic acid
Results in Table 5 show the effect of spermine

on ascorbic acid content in the flag leaf of wheat
under salinity. The leaves of Kharchia 65 and
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KRL 210 had higher basal levels of ascorbic acid
(268.12 and 255.48 pg g* FW respectively) as
compared to that DBW 88 and HD 3086 (219.59
and 232.23 ug g* FW respectively). The ascorbic
acid content gradually decreased with increasing
levels of salinity in Kharchia 65 and KRL 210
whereas, in DBW 88 and HD 3086 there was a
slight increase at lower levels of salinity (8 dSm-
1) and then declined at higher levels of salinity
(12 dSm1) at 21 DAS. Exogenous Spm
increased the ascorbic acid content in control at
12 dSmtin all the varieties. However, at lower
levels of salt stress (8 dSm) exogenous Spm
marginally decreased the ascorbic acid content
in DBW 88 and HD 3086 but not in Kharchia 65
and KRL 210.

3.1.6 Total glutathione

Salinity and spermine induced changes in total
glutathione content is depicted in Table 6 The
glutathione content increased progressively with
an increase in salinity treatment in all the
varieties, however, a higher increase was
observed in Kharchia 65 (from 11.07 pumol gt FW
in control to 16.21 and 20.48 mg g FW at 8
dSm-and 12 dSm-respectively).

Exogenous Spm increased the glutathione
content in all the varieties irrespective of salinity
stress. The mean glutathione content was more
at 15 DAT in all the varieties (17.93, 16.31, 13.91
and 12.30 mg g FW in Kharchia 65, KRL 210,
HD 3086 and DBW 88 respectively).

4. DISCUSSION

4.1 Biochemical Response of Non-
Enzymatic Antioxidant System
during Salt Stress and Spermine
Treatment

Environmental stresses such as drought, salinity,
chilling, metal toxicity led to the enhanced
generation of ROS in plants due to disruption of
cellular homeostasis [20]. ROS and its reaction
products have been credibly evidenced to play a
significant role in cell signaling, redox-sensing
mechanism, and plant survival under abiotic
stresses [21,22]. In the present investigation, salt
stress continuously increased the accumulation
of 02" and H20:2in wheat leaves (Tables 1 and
2). The more accumulation of O2"" and H20: in
the case of salt-sensitive varieties such as DBW
88 and HD 3086 might be due to the lower
efficiency of the antioxidant system to scavenge
ROS when compared with tolerant varieties such
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as Kharchia 65 and KRL 210. The increase in
02" and H:20: content during salt stress has
earlier been reported in wheat [23,24]. Ashraf et
al. [25] studied the changes in the accumulation
of H202in wheat under salt stress and reported a
high accumulation of H202 in cv. MH-97 (salt-
sensitive cultivar) when compared with cv. S-24
(salt tolerant cultivar). However, the Oz~ and
H20:2 content decreased with the application of
Spm in control and salt-stressed wheat varieties.
Further, a lower level of Spm (0.5 mM) treatment
was found effective in reducing these ROS in
wheat leaves under salinity. Numerous previous
studies discovered that there was a cross-talk
between reactive oxygen species and PAs for
plant adaptive response and PA could reduce
ROS levels under osmotic stress [26,27].
Exogenously applied spermidine had a
significantly lower level of O2"" and H20: than
non-spermine treated creeping bentgrass under
drought stress [28]. Verma & Mishra [29] studied
the alleviation of PAs in salt-stressed Brassica
juncea and reported an increase of 2-3 folds in
02" and 58 % increase in H202 content under
high salinity stress. However, exogenous
putrescine reduces both 02" and H20:2
considerably. It was found in the present study
that Spm treatment potentially suppresses the
levels of O2"" and H20:2 content in leaves of
wheat under salt stress. The biological toxicity of
02" is due to its capacity to inactivate iron-sulfur
cluster containing enzymes, thereby liberating
free iron in the cell, which can undergo Fenton
reaction and generate highly reactive hydroxyl
radicals (OH"). Jiang et al., [30] reported that salt
stress caused a significant increase in the
contents of Oz~ and H202 as compared with the
controls in the chloroplast of rice seedlings and
also suggested that application of spermidine
alone did not affect the ROS production.

Lipid peroxidation is considered the most
damaging process in living organisms. Since
MDA is one of the end-products of lipid
peroxidation in biomembranes, it is usually used
to represent the level of lipid peroxidation and
membrane injury. The results presented in Table
3 indicates that the MDA content increased
progressively with the levels of salinity in all the
varieties at 21 DAS. However, the increment of
MDA was more in the case of DBW 88 and HD
3086 when compared with Kharchia 65 and KRL
210 under salinity. This indicates that the lipid
peroxidation was more in sensitive varieties than
tolerant varieties. The MDA content is an
important criterion in evaluating the stress
tolerance of plants under stress conditions. The
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increase in MDA content under salt stress had
been well documented in Triticum aestivum [31],
rice [32], wheat seedlings [33], Cucumis sativus
L. [34], Catharanthus roseus [35]. However, the
stability of biological membranes has been taken
as an effective screening tool to assess salinity
stress effects [35]. Spermine protection on
membranes was evidenced by the reduction of
MDA content in all the varieties when the
exogenous Spm was foliar sprayed at a stage of
21 DAS. However, lower levels of spermine (0.5
mM) application were found effective in reducing
the lipid peroxidation and thereby maintaining the
membrane integrity in both control and salts
tressed wheat plants. Similarly, the exogenous
Spm decreased the MDA content in Cucumis
sativus L. under salt stress [34[. In addition, lipid
peroxidation gradually increased throughout the
stages of development of the wheat crop
observed in non-spermine controls in all the
varieties. Ashraf et al. [31] reported that the MDA
content increased with the growth stages viz.,
vegetative stage, booting stage, and reproductive
stage in two genetically diverse wheat cultivars
under salt stress. These results showed that salt
stress increases lipid peroxidation and Spm
treatment reverted stress-induced membrane
damage to a large extent as a result plant are
protected from salt stress damage. Jing et al.,
[36] reported that MDA content showed first an
increasing and then decreasing trend in grains
during filling in wheat under high-temperature
stress and Spm treatment decreased the MDA
content.

Carotenoids are indispensable components of
the photosynthetic structures and enhance the
efficiency of light-harvesting complex and
electron transfer. In the present investigations,
the carotenoid contents decreased with
increasing levels of salinity in wheat leaves
(Table 4). However, less reduction in carotenoid
content was observed under salt stress in
tolerant varieties as compared with susceptible
varieties. Carotenoids are responsible for
scavenging singlet oxygen, and hence their
comparative levels in a genotype will determine
its relative tolerance [37]. The decrease in
chlorophyll and carotenoid contents in
susceptible genotypes has also been reported in
wheat under stress [38,39,40]. Exogenous Spm
increased the carotenoid contents in all the
varieties irrespective of the salinity treatments.
Carotenoids is one of the antioxidants required
for salt tolerance in crop plants and increased
levels of carotenoid suggest efficient scavenging
of ROS and free radicals which is mediated by
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exogenous spermine. However, Spm of lower
concentration (0.5 mM) was more effective in
increasing the carotenoids content in wheat
varieties. In addition, carotenoids play a major
role in protecting PS | and PS 1l core complexes
against photodamage and in the assembly and
stabilization of the entire photosynthetic
machinery [41]. Similarly, putrescine alleviated
the salt-induced damages and increased the
level of glutathione and carotenoids in Brassica
juncea [29]. Mohammad et al., [42] had reported
increased carotenoid content in durum wheat
plants when inoculated with plant growth-
promoting bacteria (PGPB) under mild salt stress
conditions and protect photosynthetic reaction
centres.

Ascorbate is a major primary antioxidant that can
react directly with OH" & O2"" and also a powerful
secondary antioxidant that maintains a-
tocopherol in reduced form [43]. The ascorbic
acid content decreased with increasing levels of
salinity in tolerant varieties but a slight increase
at 8 dSmwas observed in susceptible varieties
at 21 DAS (Table 5). However, the basal level of
ascorbic acid content in tolerant varieties was
more than in susceptible varieties. The reduced
pool of ascorbate represents an antioxidant
reserve, so that it may assume great importance
in adaptive responses of plants to stress
conditions. Sairam et al. [44] also reported that
ascorbate content decreased under salinity in
wheat genotypes. In spite of a decrease in
ascorbic acid content under salinity stress,
tolerant varieties maintained higher ascorbic acid
content as compared to susceptible varieties.
Application of Spm increased the ascorbate
content in both control and salt-stressed plants
except at the lower level of salinity stress where
a slight decrease in ascorbate content was
observed in susceptible varieties at 21 DAS. Jain
et al. [45] also reported that under higher levels
of salt stress and 1.0 mM Spm treatment
elevated levels of ascorbic acid of up to 28.3
percent was recorded in rice -cultivar. An
increase in ascorbic acid content under salt
stress was also reported in two cultivars of maize
[46].

Glutathione, a non-enzymatic antioxidant, is
involved in both direct and indirect control of
ROS levels in the cellular environment and plays
a protective role in stress tolerance. As a
component of the  ascorbate-glutathione
pathway, it takes part in the removal of excess
H202 in a reaction in which glutathione is
oxidized [47,48]. The glutathione content
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increased progressively with an increase in
salinity levels in all the varieties (Table 6).
However, a higher increase was noted in tolerant
varieties under salinity than susceptible varieties.
Similar reports were reported by Jain et al. [45]
that imposition of salt stress increased total
glutathione content in tolerant rice cultivar and
Spm application further triggered the GSH level
in stressed plants. In the present investigation,
exogenous Spm treatment increased the total
glutathione in both control and stressed plants.
Similar results were also reported, Groppa et al.,
[49] showed that Spm restored the glutathione
content which was reduced by cadmium and
copper stress in wheat seedlings. Verma &
Mishra [29] reported a considerable decline in
glutathione content under low salinity while
reduced little on an increase in salinity level and
putrescine elevated the GSH level in Brassica
juncea seedlings. An increase in cellular GSH
level, by improving GSH biosynthetic capacity or
through manipulation of GR activity that converts
GSSG back into GSH, has been shown to
enhance resistance to oxidative stress as well as
to abiotic stresses in plants [47]. Alterations in
quantitative changes of glutathione during the
day in wheat genotypes exposed to drought were
reported and further glutathione amount
increased at the expense of regeneration of
oxidized glutathione Durna et al., [50].

5. CONCLUSION

» The oxidative stress as judged by the
production of Oz and H:0: and was
significantly  higher in  salt-sensitive
varieties which might be due to the lower
efficiency of the antioxidant system to
scavenge ROS when compared with
tolerant varieties. Exogenously applied
Spm potentially suppressed the
accumulation of salt-induced levels of O2™
and H20:2.

The peroxidation of membrane lipids as
measured by the increase in MDA content
was more in DBW 88 and HD 3086 relative
to tolerant varieties under salinity.
Spermine protection on membranes is
evident from the decrease of MDA content
in flag leaves of all four varieties under salt
stress.

The carotenoid content decreased with
increasing levels of salinity in all the four
varieties, however, the decrease was more
in DBW 88 when compared with other
varieties.
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» The ascorbic acid content decreased
under salinity stress; the tolerant varieties
maintained higher ascorbate content than
susceptible varieties. The reduced pool of
ascorbate under salt stress was reversed
with Spm application in tolerant varieties.
The glutathione content increased under
salt stress with much more increase in
tolerant varieties under salinity than
susceptible varieties. In addition,
exogenous Spm further increased the
glutathione content in all the varieties
irrespective of salt stress.

6. FUTURE SCOPE

Further studies are needed to evaluate the role
of exogenous application of spermine in other
wheat genotypes with respect to induction of
oxidants and antioxidant metabolites under
salinity.
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