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Abstract

Priming with antioxidants like a-tocopherol is a pragmatic method to alleviate salinity
effects. In this study, seeds of two okra varieties (Noori and Sabzpari) were primed for 16 h before
sowing with a-tocopherol levels [0 (distilled water), 100, 200 and 300 mg L] and salinity levels
(0 and 100 mMNaCl) were maintained after sowing the seeds in plastic pots. Salt stress reduced
the fresh biomass and yield while, increased the antioxidants activities(CAT, GPX, SOD and protease)
total soluble sugars, reducing sugars, MDA, H,O,, total soluble proteins, glycinebetaine and free
proline contents of tested okra varieties. Whereas non-significant effect of salinity was recorded
for non-reducing sugars, ascorbic acid, total phenolics and activity of POD in tested okra varieties.
Alpha tocopherol seed priming proved effective in improving root and shoot fresh biomass, yield,
sugars, total soluble proteins, glycinebetaine content and activities/concentration of antioxidants
(ascorbic acid, total phenolics, GPX, SOD and protease) in both tested varieties under saline regime.
Though, no significant alteration was observed on the concentration of MDA, H,O, and free proline
content due to alpha tocopherol seed priming treatment. Among all a-tocopherol levels used inclusively
200 and 300 mg L' were more active. In addition, variety Noori performed better than Sabzpari in all

traits.
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Novelty Statement

We did novel work on Alpha tocopherol application
as seed priming agent to boost up antioxidative defense
system of two okra varieties against salinity stress
which has not yet reported. Therefore, this important
aspect is investigated to help the farmer for growing
abovementioned varieties to mitigate the stress
conditions.

Introduction

Okra is a warm season important vegetable crop
grown worldwide [1]. It serves as good source of
carbohydrates and mineral nutrients along with linoleic
acid [2]. Fruits and leaves of okra are also rich source
of mucilage, possessing medicinal and antioxidative
properties [2]. Despite having high nutritional value,
its successful production is affected by drastic effects of
soil and water salinization [3]. Salinity directly impacts
growth attributes and physiological processes, ultimately
affecting whole plant [4]. Salt stress may shunt oxidation
by inducing reactive oxygen species (ROS) [5]. These
toxic oxygen radicals cause degradation of plastids and
macromolecules [6] Production and accumulation of
various antioxidants is plants adaptation to manage with
ROS induced oxidation [7]. Additionally, upregulation
of non-enzymatic antioxidants under oxidative stress
quench ROS [8]. Priming with antioxidants is a
pragmatic approach to combat salinity induced oxidative
stress [9], that allows pre-germination metabolism
[10]. Salinity tolerance is linked with improved sugars
metabolism [6]. Increased accumulation of antioxidants
combat environmental stresses by enhanced cellular
homeostasis [11].

Chloroplasts and plastoglobuli are the main sites
for the synthesis of a-tocopherol [12]. As ROS are
synthesized in chloroplasts [13], thus alpha tocopherol
being produced in chloroplasts can quench ROS.
Tocopherols as antioxidantsplay vital role in stressed
plants by scavenging ROS, as only single molecule
of tocopherolmay scavenge aboutl20 singlet oxygen
molecules ('O,) [7]. Alpha tocopherol has evolved
protective defense system in plants to combat salinity
induced oxidants by over synthesis of peroxidase,
catalase and proline [14, 15]. In over all, a- tocopherol
accumulates in the seeds during germination and shield
the plants from salinity stress by constraining seed
dormancy, dehydration and lipid peroxidation [16].
It also terminates chain reaction of polyunsaturated
fatty acid radicals produced during lipid peroxidation
by reducing MDA content [13]. We assumed that
a-tocopherol seed priming may improve salinity
tolerance in okra by boosting antioxidative potential.
The current study was thus, conducted to explore that
a-tocopherol seed priming could be effective strategy
against salinity in okra.

Materials and Methods

The current study was performed twice in the
Old Botanical Garden at University of Agriculture
Faisalabad, Pakistan. Seeds of two okra varieties
were obtained from Ayub Agricultural Research
Institute (AARI), Faisalabad, Pakistan. Seeds of tested
okra varieties (Noori and Sabzpari) were soaked for
16 h in varying levels of a-tocopherol solution [0, 100,
200 and 300 mg L']. After soaking seeds were blot
dried before sowing. Seeds were sown in sand filled
pots [Radius (25 cm) and depth (29 cm)] containing
10 kg dry river sand, which was thoroughly washed.
In each pot, 6 plants were maintained after thinning.
Each pot was supplied with two liters (full strength)
Hoagland’s nutrient solution [17] every week till the
termination of trial. Experiment was set up incompletely
randomized design under factorial arrangement with
four replicates. Salinity levels (0 and 100 mM NaCl)
were established and maintained during the experiment.
The 100 mMNaCl level was established by adding
50 mM NaCl aliquot with interval of 2 days to prevent
the salt shock for plants. The Hoagland’s nutrient
solution (non-saline) and 100 mM NaCl along with
Hoagland’s nutrient solution (saline) were applied
(2 L) per pot with interval of 10 days up to crop maturity.
Two plants were uprooted from each pot four weeks
after salinity treatment, washed away, and data were
recorded for fresh biomass immediately. Additionally,
data for the following physiological attributes were also
analyzed.

Total Soluble Sugars

Procedure of Dubois et al. [I18] was followed.
Reaction mixture was prepared by adding (1 mL)
sample, 5% phenol solution and96% sulphuric acid,
absorbance was measured by using IRMECO-U2020
spectrophotometer.

Reducing Sugars

By following Miller [19] homogenate was
prepared, and absorbance was measured by using
IRMECO-U2020 spectrophotometer.

Total Phenolics

Fresh leaf (0.5g) was standardized with 80%
acetone, after centrifugation homogenate was made and
reading was noted at 280 nm, following Ainsworth and
Gillespie [20].

Ascorbic Acid
Leaf sample (0.5 g) was standardized with

6% trichloroacetic acid (TCA). Extract was then
homogenized with 2 m L of 2, 4 dinitrophenyl hydrazine
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and 1 drop of 10% thiourea and observations were noted
by following Mukherjee and Choudhuri [21].

Hydrogen Peroxide (H,0,) Content

The procedure ascribed by Alexieva et al. [22] was
adopted. Under chilled conditions (0.5 g) fresh leaf
material was standardized with TCA then, homogenized
with (5 mL) (TCA), 2mL) KI and K-phosphate buffer
(100 mM) and OD was taken at 390 nm.

Malondialdehyde (MDA) Content

Ascribed procedure of Heath and Packer [23]
was followed with slight modifications [24, 25]. Half g
of fresh leaf material was digested with (20%) TCA and
(0.5%) tetra butyric acid (TBA), then observations were
recorded using IRMECO-U2020 spectrophotometer.

Total Soluble Proteins

Plant leaves (fresh) were crushed with potassium
phosphate buffer in chilled environment, the extract
(5 nuL) was then standardized with Bradford Dye and
0.1 N HCI according to Bradford [26].

Total Free Proline

The protocol ascribed by Bates et al. [27] was
followed to estimate the free proline from leaves
and fruit material. Fresh leaves and fresh green pod
materials (0.5) were separately homogenized with
sulfo-salicylic acid and optical density was recorded at
520 nm.

Glycinebetaine (GB)

By proposed method of Grieve and Grattan
[28] glycinebetaine content was estimated from fresh
leaves and fruit tissue. Homogenate was treated
with HCI, potassium tri-iodide and 1-2 dichloroethane
in different steps and reading was noted at 365 nm.

Enzyme Extraction

Fresh plant sample was standardized potassium
phosphate buffer, after centrifugation, activities of
following enzymatic antioxidants were recorded from
supernatant.

Table 1. Analysis of variance (Mean squares) for growth, sugars and antioxidants activities of okra (4belmoschusesculentus (L.) Moench)
treated with different levels of a-tocopherol as seed priming under control and saline conditions.

Source Df Shv(:](;tigflrl?h Root fresh weight | Total soluble sugars Reducing sugars Noii;‘;:ing
Varieties (V) 1 26.20%** 0.24* 80.43%%* 4.33%* 47 41 %%*
Salinity (S) 1 218.59%%#* 1.42%%%* 27.67%%* 5.66%*%* 8.29ns
“’t‘(’;f’tzlgml 3 11,3235 0.31% 37.25%5 1.32% 37.76%%*
VxS 1 4.73ns 0.003 ns 4.82ns 1.21ns 1.20ns
V x a-toc 3 0.63ns 0.02 ns 21.53%%* 1.05ns 16.68%%*%*
S X a-toc 3 2.47ns 0.03 ns 12.87%** 0.54ns 15.04%%%*
V xS x a-toc 3 0.56ns 0.01 ns 11.41%* 0.25ns 14.12%%*
Error 48 1.76 0.05 1.79 0.41 2.20
Source df Catalase (CAT) GuaicczlGI;)e)r((;xidase Pez;)g(]ijase Sup erox(isdggi)smutase Protease
Varieties (V) 1 2756.25%*%* 1201818.9 *** 0.56ns 62868.43%%* 1196289.1%*%*
Salinity (S) 1 2500%* 1311689.2 **#* 0.02ns 7086.33* 474376.56%**
“'“(’;f’tf)}:;ml 3 362.5ns 164776.57%* 1.24ns 10913.7%%* 306572.4%%*
VxS 1 6.25ns 73048.57ns 0.24ns 1652.82ns 395326.56%**
V x a-toc 3 60.41ns 3246.20ns 0.17ns 1687.76ns 72201.56*
S X a-toc 3 137.5ns 12766.95ns 0.22ns 3632.81%* 58655.72*
V xS x a-toc 3 43.75 ns 52232.986ns 0.07ns 1079.41ns 53780.72ns
Error 48 206.25 32821.83 0.45 1128.77 19942.18

* k% Significant at 0.05, 0.01 and 0.001 levels respectively; ns = non-significant.
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Superoxide Dismutase (SOD)

Procedure of Giannopolitis and Ries [29] was used
for the measurement of SOD activities. Observations
were recorded after placing reaction mixture under
luminous lamp for 15 mins.

Catalase (CAT) and Peroxidase (POD)

Reaction mixtures were prepared separately for both
enzymes and optical densities were recorded at 240 nm
for CAT and at 470 nm for POD after every 30 s for
1 min according to the protocol of Chance and Maehly
[30].
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Fig. 1. Influence of a-tocopherol seed priming on Growth, sugars and antioxidants activities of okra (4dbelmoschusesculentus (L.)
Moench) under control and saline condition. a-toc, V, S stand for a-tocopherol, varieties and salt stress levels.
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Protocol ascribed by Carlberg and Mannervik [31]
was followed for the determination of GPX activities.
Reaction assay was prepared, and optical density was

Guaiacol Peroxidase (GPX)

taken at 470 nm for 1 min after every 30 s.

Protease

Protease activity was recorded by following Drapeau
et al. [32].

Yield Parameter

Yield attributes including number of pods/plant,fruit
tissue free proline and glycinebetaine were determined

B0 mg/L 8100 mg/L 8200 mg/L 300 mg/L a-Toc 00 mg/L 2100 mg/L 8200 mg/L 8300 mg/L a-Toc
300
=) LSD5% a-toc=27.15, V=19.2, S=19.2 1500
E %0 ortoe D LSD5% a-toc= 100.4, V=70.9, S=70.9
o 2
5 50 : 2%
— =
“ 50 - eE 900
x 4
0 = o
0
0.6 30000
LSD5% a-toc= 0.04, V= 0.03, S= 0.03 >
< 05 s g€ 25000
2 h g P
g 04 | 8 % 20000
== ] ©° £
2203 o £ '@ 15000
® < o £ &
0 20.2 2 o - 10000
rg= - 52
6 01 o ° 5000
2] ] =
7] -]
< 0 e 0
300 400
LSD5% o-toc= 18.7, V=13.2, S=13.2 o
é 250 ﬁ 200
= = 2z
=z 2 S 250 .
o o= >
g ¢ 150 2 £ 200 -
= 100 < 150 -
o < 100 _
r 0 S 50 2
0 o LEEIHN [E P 1 E
- 1400 | 5pso4 grtoc=30.2, V=45.9, S=45.9 o 45
®» 1200 c =40 LSD5% a-toc= 4.2, V=2.9, S=2.9
o ®E35 I
QL & 1000 - ui A
3y 800 2925 . N
= c & z g
L3
© 0 400 28 = 2
=g 2 §E ° . .
° 0 - : : o3 0 = - =
= Control Saline |Control Saline - Control Saline | Control Saline
Sabzpari Noori Sabzpari Noori

Fig. 2. Influence of a-tocopherol seed priming on antioxidants activities, reactive oxygen species and organic osmolytes of okra
(Abelmoschusesculentus (L.) Moench) under control and saline condition. a-toc, V, S stand for a-tocopherol, varieties and salt stress

levels.



4148

Nagve M., et al.

Table 2. Analysis of variance (Mean squares) for antioxidants activities, reactive oxygen species, organic osmolytes and yield attributes
of okra (Abelmoschusesculentus (L.) Moench) treated with different levels of a-tocopherol as seed priming under control and saline

conditions.
Source df Ascorbic acid | Total phenolics Hydro(gflng E;IOXide Melondialdehye (MDA) | Total soluble proteins
2>
Varieties (V) 1 0.037%%* 3.76%%* 26637.78%** 41537.07%** 8556.2%*
Salinity (S) 1 2.572ns 3492226.6ns 29272 48%** 15892.26** 38025%**
o-tocopherol | 5 0.013%* 79652122 738.79ns 3689.34ns 4208
(o-toc)
VxS 1 8.182ns 47523789* 926.02ns 637.96ns 7773.3*%
V x a-toc 3 0.006ns 35637122%* 1365.78ns 381.76ns 1121.7ns
S x a-toc 3 0.008* 29723893* 1677.06ns 1026.68ns 12000%***
V xS x a-toc 3 0.013%* 7479830.7ns 2597.45% 2358.13ns 14938%***
Error 48 0.002 8360820.3 688.36 1975.87 1805.6
Source df Le?sfegli};l (;ine L;ifll;eee Fru]itetGagzine Fruit Free proline Number of pods/plant
Varieties (V) 1 153.84* 13697ns 277.33%%* 12604.07* 22.562%*%*
Salinity (S) 1 1555, %% 37616%** 896.09%*** 12572.01* 49.0%**
o-tocopherol | 5 517,674 22954ns 473195+ 5409.09ns 19.875%*
(a-toc)
VxS 1 199.98* 28116ns 338.25%** 6999.11ns 0.0625ns
V x a-toc 3 15.39ns 16097ns 9.65ns 585.12ns 0.3541 ns
S x a-toc 3 11.28ns 7641.4ns 32.38ns 115.11ns 0.4583 ns
V % § x a-toc 3 58.63ns 28733* 26.08ns 419.68ns 0.4375 ns
Error 48 35.29 8346.9 26.31 1988.41 1.8333

* k% Significant at 0.05, 0.01 and 0.001 levels respectively; ns = non-significant.

by following the above-mentioned protocols for
respective parameters.

Statistical Analysis

By following Snedecor and Cochran [33] analysis of
variance (ANOVA) of data for all the parameters was
calculated under three factor factorial under completely
randomized design (CRD) using statistical software
“Cohort”. Means of the treatments were compared by
LSD (least significant difference) at p<0.05.

Results

Salinity markedly reduced shoot and root fresh
weight of tested okra varieties. Both varieties differed
significantly in term of these growth attributes as Noori
was superior under saline and non-saline conditions.
Seed priming with o-tocopherol remarkably increased
shoot and root fresh weight. Of various a-tocopherol
levels, 200mg L' had distinct effect in increasing shoot
and root fresh biomass of saline and salinity free plants
of both okra varieties (Table 1, Fig. 1).

Remarkable enhancement in the concentration of
total soluble sugars and reducing sugars was recorded in
both varieties of okra subjected to salt stress conditions.
Although, no significant variation was recorded in non-
reducing sugars content against salinity. In this attribute
Noori was superior to Sabzpari. A prominent increase
was observed in the concentration of all sugars related
assessed parameters in both varieties of okra due to
seed priming with a-tocopherol (200 mg L) under
saline and saline free regimes (Table 1, Fig. 1).

Catalase (CAT) and guaiacol peroxidase (GPX)
activities were markedly improved in okra varieties
under saline stress. Okra variety Noori showed greater
activities of these enzymes than Sabzpari under stressed
and non-stressed settings. Alphatocopherol priming did
not significantly affect the CAT activity whereas; GPX
activity was significantly improved with a-tocopherol
seed priming in okra varieties (Table 1, Fig. 1). Both
okra varieties showed non-significant performance
in term of peroxidase (POD) activity. No significant
effect was noted in POD levels following salt and
a-tocopherol application (Table 1, Fig. 1). Superoxide
dismutase (SOD) activity in both varieties of okra plants
was markedly enhanced under salinity treatment. SOD
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activities were higher in Noori than Sabzpari under
salinity and salinity free conditions. The a-tocopherol
application as seed priming treatment also improved the
activity of SOD (Table 1, Fig. 2).

Protease activity significantly enhanced following
a-tocopherol priming with and without salt stress
application. Inclusively, the highest values were
obtained at 200 mg L' a-tocopherol (Table 1, Fig. 2).

Salinity treatment non-significantly affected the
ascorbic acid level and total phenolics content under
saline and salinity free conditions. The okra variety
Noori was superior to Sabzpari in these biochemical
characteristics under saline and salinity free conditions.
“Whereas, no significant effect was recorded for
a-tocopherol priming on proline content while, 200
and 300 mg L' o-tocopherol significantly enhanced
GB content of okra varieties under stressed and non-
stressed conditions (Table 2, Fig. 2)

Hydrogen peroxide (H,0,) and malonedialdehyde
(MDA) contents markedly enhanced under salt stress in
the okra varieties. While, both varieties (Sabzpari and
Noori) differed significantly in this attribute. Sabzpari
accumulated more H,0, and MDA than Noori under
salinity and salinity free regimes. Seed priming with
a-tocopherol non-significantly affect MDA content and
H,O, in both varieties under stressed and non-stressed
conditions (Table 2, Fig. 2).

Noori was superior in terms of total soluble proteins
content, although reverse was true for Sabzpari. Total
soluble proteins content markedly enhanced under
saline regimes. Effect of seed priming treatment with

a-tocopherol (200 mg L'and 300 mg L-1) was also
significant in enhancing total soluble proteins content in
saline and control settings (Table 2, Fig. 2).

Both okra varieties showed significant difference
in terms of leaf and fruit glycinebetaine (GB) and
total free proline contents. Noori accumulated more
GB and free proline content as compared to Sabzpari
under stressed as well as non-stressed regimes. Root
medium salinity stress significantly enhanced GB and
free proline contents in leaf and fruit tissues of okra.
Whereas, seed priming with a-tocopherol did not affect
significantly on proline content whereas, seed priming
with a-tocopherol at 200 and 300 mg L' significantly
enhanced GB content of okra varieties under stressed
and non-stressed conditions (Table 2, Figs 2, 3).

Both okra wvarieties have shown significant
difference in terms of productivity. However, Noori
have produced more number of pods plant! than
Sabzpari. Salinity reduced this yield attribute of both
the varieties markedly. Whereas, seed priming with
a-tocopherolunder saline and non-saline treatments
markedly enhanced number of pods in okra plants at
200 mg L' (Table 2, Fig. 3).

Discussion

In the current study, saline stress reduced growth of
okra by reducing root and shoot fresh biomass. Growth
is an important measure to assess salinity tolerance in
plants and higher accumulation of toxic levels of NaCl
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Fig. 3. Influence of a-tocopherol seed priming on leaf free proline and yield attributes of okra (4belmoschusesculentus (L.) Moench)
under control and saline condition. a-toc, V, S stand for a-tocopherol, varieties and salt stress levels.



4150

Nagve M., et al.

hampers plant growth [34]. However, okra plants treated
with a-tocopherol have shown improvement in growth
characteristics. This showed that alpha tocopherol
supplementation increases plant growth by stimulation
of various signaling factors involved in plant growth
regulation [35]. As being sessile in nature, plants
suffer from severe yield losses because of physiological
level injuries under high salt levels [36]. In present
investigation, salinity markedly reduced okra plants
yield by reducing pods number. Reduction in yield
might be attributed to hampered growth, photosynthesis
and nutrient imbalance due to salt stress [6, 13]. Seed
priming with alpha tocopherol markedly enhanced yield
of okra plants, as exogenously applied alpha tocopherol
increased productivity by improving growth and
nutritional balance [13].

Total soluble sugars and reducing sugars remarkably
enhanced in tested okra varieties under salinity. A
prominent increase was observed in sugars content in
okra due to seed priming treatment with a-tocopherol.
Salinity tolerance may have been achieved due
to accumulation of carbohydrates as protection
mechanism [7]. Accumulation of sugars under abiotic
stresses thought to be a symbol of membrane damage
due to stresses induced ROS [37]. Alpha tocopherol
improves higher buildup of carbohydrates [38]. To
overcome brutal ROS effects, plants trigger induction
of antioxidants [39]. Imposition of salinity stress
significantly enhanced CAT, GPX, SOD and protease
in the tested okra varieties. While, slight but non-
significant enhancement was observed in the activity of
POD. Enzymatic antioxidants play vital role to restore
cellular redox balance by scavenging ROS (H,0,) [40].
Alpha tocopherol boosted the activities of CAT, SOD,
GPX and POD non-significantly in current investigation
whereas, marked acceleration have been recorded in the
activity of protease. It is hypothesized that a-tocopherol
enhances endogenous levels of enzymatic antioxidants
and protects the chloroplasts and cellular membranes
from salinity induced ROS [41]. Higher concentration of
leaf ascorbic acid was recorded in tested okra varieties
under salt stress. The a-tocopherol seed treatment
significantly increased ascorbic acid content of both okra
varieties under stressed and non-stressed conditions as;
Ascorbic acid balances the osmotic homeostasis.

Salinity non-significantly enhanced total phenolics
content in okra leaves. Priming with o-tocopherol
markedly increased total phenolics content in tested
okra varieties. Total phenolics play vital role in plants
by controlling plant metabolism.

In the current investigation, H O, and MDA were
observed increased in tested okra plants. It is reported
that, salinity triggers ROS production as by-products
of cellular metabolism [42]. Furthermore, increased
level of MDA indicates alterations in the functions and
structure of cellular membranes due to peroxidation
[43]. Priming of okra plants with o-tocopherol non-
sinificantly affect MDA and H,O, under control and
saline treatments, a-tocopherol helps in stabilizing lipid

membranes and scavenging ROS [15]. Total soluble
proteins act as signaling molecules (sugar signaling)
and osmolyte in plants during environmental strains.
It is also hypothesized that higher levels of total
soluble proteins increase SOD activities in plants thus,
minimize adverse effects of ROS. Enhanced content of
total soluble proteins was observed in tested okra plants
due to salinity and,o-tocopherol treatment increased
total soluble proteins level in tested varieties, positive
correlation exists between exogenous application of
a-tocopherol and proteins biosynthesis [38].

Salt stress markedly improved free proline content
in the leaves and fruit tissue of tested okra varieties.
Positive correlation exists between salinity stress
responsive proteins and proline accumulation [44].

Improved production of compatible solute
glycinebetaine (GB) is preferential mechanism adapted
by plants to combat salinity and salt stress markedly
increased GB level in the fruits and leaves of both
okra varieties. Seed priming treatment of tested okra
varieties with a-tocopherol significantly enhanced GB
level in leaves and fruit tissue of tested okra plants.
Accumulation of GB is the preferential response of
plants in salinity stress which stabilizes photosynthetic
apparatus and pigments [45].

Conclusion

It has been concluded that salt stress adversely
modulated various morpho-physiological traits of okra
thus, alpha tocopherol seed priming treatment proved
effective to combat salinity induced modulations
by improving growth, yield, concentration of
osmoprotectants (sugars, total soluble proteins and
glycinebetaine) and activities of antioxidants (ascorbic
acid, total phenolics, GPX, SOD and protease). It was
also found that, application of alpha tocopherol at 200
and 300 mg L' proved more active and okra variety
Noori performed better in all attributes.
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