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Abstract
Soil salinity is one of the important constraints limiting crop production in arid and semi-arid regions. Here our experiment
was conducted to determine the effect of different concentrations (0, 4Mm hos/cm, 8Mm hos/cm and 12Mm hos/cm) of
salt (Na2SO4) on growth parameters, biochemical, reactive oxygen species (ROS) and different antioxidants (enzymatic
and non-enzymatic scavengers) parameters such as catalase (CAT), Superoxide Dismutase (SOD), Ascorbic acid (ASA )
and proline parameters of Brassica juncea (var. Goldi), along with nontreated control plants in measurement periods at
65 and 75 DAS. Salt treatment showed a significantly negative effect on plant length (cm), leaf area (cm2), fresh and dry
mass (gm), and chlorophyll content (mg-1 FM) at 65 DAS. In the leaves of salt-stressed plants, Lipid peroxidation (LPO),
superoxide dismutase (SOD), catalase (CAT), ascorbic acid (ASA ), and proline activities significantly increased with
increasing salt concentrations as compared to the control plants at 75 DAS. Our results suggest that Na+ is detoxify and
show less impact of salt stress in mature and younger leaves. This work understanding how a plant responds at different
salinity levels. This work may be helpful to know the insights of susceptibility/ resistance of crop growth under salt stress.
Keywords: Salinity, Brassica juncea, Reactive Oxygen Species (ROS), Na2SO4 and Antioxidants.
Introduction
Salinity is one of the most important abiotic factors and a
wide-spread agricultural problem in semi-arid regions,
which renders fields unproductive and limits plant growth
(Banzai et al. 2002: Khan 2003; and Athar et al. 2009). Salt
stress can affect plant survival, biomass, plant height, and
plant morphology and affect the capacity of a plant to
collect water and nutrients (Parida and Das; 2005). In
India, about 30 million hectares of coastal land remains
barren and uncultivable because of saline soil. High levels
of soil salinity can cause water deficit, ion toxicity, and
nutrient deficiency. Salinity can also affect plant growth
because of the high concentration of salts in the soil
solution interferes with the balanced absorption of essential
nutritional ions by plants. Saline soils of Iran are form from
the accumulation of various chloride and sulfate salts
dominated by Na2SO4 Jafari (1993) & Szabolic (1992).
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Abiotic stresses are the main factors for reducing crop yield
(Munns and Tester, 2008). Sulfur (S) is a structural
constituent of several coenzymes and prosthetic groups,
such as ferredoxin, which are also use for N assimilation.
Accumulation of N maintains high chlorophyll content and
enzyme activity (Lawlor et al. 1989). ROS formation also
induce due to high salinity levels with in plant cells, and its
results over-accumulation cause oxidative damage of
membrane lipids, proteins, and nucleic acids (Pérez-López
et al., 2009; Gill and Tuteja, 2010). Several experiments
have documented the mitigation effect of Si application
under salt stress on many plants. Conceicao et al. (2019)
examined the protective role of Si in sunflower when grown
under salinity conditions. The Oleiferous Brassica is the
third most important source of vegetable oil in the world.
Brassica is the Latin name of a genus that is taxonomically
place within the Brassicaceae (Cruciferae), which is one of
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the tenth most economically important plant Family in the
world. Indian mustard (Brassica Juncea (L.) Czern & Coss)
is a rabi crop extensively grown as rain-fed as well as
under irrigated conditions. Mustard is high in Vitamin A and
C and iron. Per 100 g, the leaf is contain 24 calories.
Material and Methods
The experiments was conduct in the research laboratory of
the department of Botany, Mohammad Ali Jauhar
University, Rampur India, during the winter session of
2018-19. This study was Perform with Indian mustard
seeds (var. Goldi). Series of pots (12cm) was fill with an
equal amount of soil (kg-1), and then the equal number of
sterilized seeds was sown and addeddifferent salt
concentrations, i.e. (0, 4Mm hos/cm, 8Mm hos/cm and
12Mm hos/cm) of salt (Na2SO4) in the soil and mixed
thoroughly. Each treatment was represents by three pots.
Samples were randomly collect at 65 and 75 days after
sowing (DAS) and determined the effect of three levels of
Na2SO4 on growth parameters (Plant length and leaf
area), biochemical parameters such as (fresh and dry
mass and chlorophyll). The estimation of total chlorophyll
was done in the matured leaf by spectrophotometer using
the method of Arnon (1949). Identify the level of lipid
peroxidation (LPO) was measured in the term of
malondialdehyde (MDA), as described by Rao and Sresty
(2000). The estimation of Enzymatic antioxidants also
identified, such as catalase (CAT), was measured in the
samples based on a previously established protocol by
Hosetti and Frost (1994) and the superoxide dismutase
(SOD) activity was estimate by Bauchamp and Fridovich
(1971). Non- enzymatic antioxidants such as ascorbic acid
(ASA) concentration was identify by using a slightly
modified method of Luwe et al., (1993). Proline (Pro)
content was measured using ninhydrin reagent and toluene
extraction (Bates et al., 1973).
Statistical Analysis
All the statistical analysis was perform using
computing. The data represented the average of the three
replicates have been analyzed statistically and represented
in figures. The effect of salinity levels and time (days) on all
parameters was determined using one-way ANOVA and
two-way ANOVA.
Results and Discussions
Salt Stress
Sodium sulfate (Na2SO4) is the dominant salt in alkaline
soils, Therefore sodium exists in the soil solution as well as
on clay surfaces. Consequently, in plants the salinity
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stresses in two ways: higher concentrations of salts in the
soil, make it roots harder for extract water (osmotic stress),
and secondly high salt level within the plant may be
harmful (specific ion toxicity) (Munns and Tester et al.,
2008). Salt stress has a main impact on development and
plant growth and Processes of seedling growth. Vegetative
growth is also adversely affected by high salt
concentration, which ultimately causes low plant growth
(Sairamand and Tyagi, 2004).
Effect of Salinity (Na2SO4) on Growth Parameters
Plant length (Root and shoot length)
Plant height (cm) was negatively associated with different
salt concentrations (0, 4Mm hos/cm, 8Mm hos/cm and
12Mm hos/cm) at 65 DAS (Fig.a). Shoot and root growth
increased of mustard plants at 4 Mm hos/cm salt treatment
as compared to the control plants. The toxic effects
observed on the leaves were mainly necrosis at high salt
(Na2SO4) concentration (12Mm hos/cm). In cultivar
(Brassica juncea) at low (4 Mm hos/cm) and moderate
(8 Mm hos/cm), salinities showed minimum plant death.
The plant death was observed at a high (12 Mm hos/cm)
salinity level as compared to control. Growth has been
consider as the result of different physiological
mechanisms and its reduction after salt treatment (Munns
2002). Sign of leaf necrosis has often been correlated with
high sodium (Karakas et al., 2000), Kapoor and Srivastava
(2010) on Vigna mungo L. They found that increasing the
concentrations of salts developed a decline in the lengths
of the plants.
Leaf area
Generally, the results showed a reduction in leaf area with
increasing salinity levels (0, 4Mm hos/cm, 8Mm hos/cm,
and 12Mm hos/cm) at 65 DAS (Fig.b). Salinity had no
significant effect on leaf area (cm2). In fig. b result showed
that a higher level of salt (Na2SO4) decrease the leaf area
throughout the experiment compared with the control
plants. The result showed a negative relationship between
salinity stress and vegetative growth parameters.
These findings are in agreement with the results which
have been report for pistachio rootstocks (Karimi et al.,
2014). These results also agree with what Mathur et al.
(2006) reported that the stress of the moth bean plant
(Vigna aconitifolia L.) with increasing concentrations of
sodium chloride led to a decrease in leaf area.
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Biochemical Parameters
Fresh and Dry Mass
Fresh and dry mass (gm) significantly affected by salt
treatment. In cultivar mustard (var. Goldi) showed more
reduction in both weights of root and shoot, which treated
with 8 Mm hos/cm and 12 Mm hos/cm salt (Na2SO4) at
65 DAS. In fig.c at 4Mm hos/cm, Na2SO4 treatment shows
an increase in both fresh and dry weight of mustard as
compared to the untreated plants. Many studies worked on
the same trends, the study by Jamil et al., (2007) on radish
plants (Raphanus sativus L.), a work by Rui et al., (2009)
on Bruguiera L., and finally a experiment by Memon et al.,
(2010) on Brassica compestris L. The increase in fresh
weight of the shoot system may be due to the ability of the
plant to increase the size of its sap vacuoles.
Chlorophyll and Carotenoids
Study of using different concentrations (0, 4Mm hos/cm,
8Mm hos/cm and 12Mm hos/cm) of salt (Na2SO4) on the
mustard plants at 65 DAS. Notify the chlorophyll content,
including chlorophyll 'a'; 'b', and total chlorophyll.
The results showed in fig.d and e, inverse relationship
between salt concentration and chlorophyll & carotenoids
content. Whenever the salt concentration increased,
chlorophyll & carotenoid content decreased, respectively.
At 4Mm hos/cm treatment showed no reduction of
chlorophyll & carotenoids content as compared to control
plants. Taffouo et al. (2010), on Vigna subterranean (L.)
Demonstrate that salt stress ofsodium chloride caused a
decrease in total chlorophyll content. Also, Mustard and
Renault (2006) registered a reduction of carotenoids
content in seedlings of dogwood, which were stress with
salt treatment.
Lipid peroxidation (LPO)
In this study, seeds were grown with different salt
concentrations (0, 4Mm hos/cm, 8Mm hos/cm and 12Mm
hos/cm) to study the effect of salinity on lipid peroxidation
(LPO) at 75 DAS. The LPO was estimated as thiobarbituric
acid (TBA) reactive substances. In fig. f , LPO significantly
increased with increasing concentration of sodium sulfate
(Na2SO4). At 12Mm hos/cm showed higher enhancement
of LPO as compared with non-treated plants. Under salt
stress, the LPO increase can be correlated with the
accumulations of ions and active oxygen species (AOS)
production (Hernandez et al., 2001 and Misra and Gupta,
2006).
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Enzymatic Antioxidants
Catalase (CAT)
Effect of salt stress had no significant role on catalase
(CAT). In the leaves of Brassica juncea (var. Goldi), CAT
activity for control and salt-stressed plants changed during
the experimental period at 75 DAS (fig.g). In the leaves of
salt stress, plants of mustard CAT activity increase mainly
at 8Mm hos/cm and 12Mm hos/cm treatment as compared
with 4Mm hos/cm. Our result is agreement with Rout and
Shaw (2001), who suggested that CAT is the important
H2O2 scavenging enzyme, leading to salt tolerance.
These enzymes also important in salt tolerance in barley
(Liang et al., 2003).
Superoxide Dismutase (SOD)
In our experiment, in the leaves of Brassica juncea SOD
activity also increased with increasing concentration of salt
(Na2SO4) at 75 DAS. In fig. h showed that SOD activity in
salt-stressed plants greater than control plants. At 12 Mm
hos/cm showed higher enhancement of SOD activity as
compared with others. SOD is one of the most ubiquitous
enzymes and plays a key role in cellular defense
mechanisms against ROS. It has been show that different
concentrations of salinity increase SOD activity in salttolerant cultivars (Gosset et al., 1994 and Hernandez et al.,
2000).
Non-Enzymatic Antioxidants
Ascorbic acid (ASA)
In our study also observed that different concentration
(0, 4Mm hos/cm, 8Mm hos/cm, and 12Mm hos/cm) of salt
significantly increased the activity of ascorbic acid (ASA) in
the leaves of Brassica juncea (var. Goldi) at 75 DAS.
In fig.i, the highest positive effect was observed with 12Mm
hos/cm salt treatment as compared to the untreated plants.
Ascorbic acid plays main roles in plant growth, functioning
in cell division, cell wall expansion, and other
developmental processes (Foyer et al., 2003). ASA is a key
component, and an essential requirement of a tolerance.
Proline (Pro)
The enhanced proline activity was observ in this study.
The amount of proline content in the leaves of Brassica
juncea (var. Goldi) increased with increased different salt
(Na2SO4) concentrations (0, 4Mm hos/cm, 8Mm hos/cm
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and 12Mm hos/cm) at 75 DAS. Proline is an essential
amino acid that is ubiquitous in all the plants. In fig.h , the
maximum proline accumulation was record at 12Mm
hos/cm treatments. The content of proline increased has
also been identify earlier in response to salt stress in
Brassica juncea (Hayat et al., 2007; Yusuf et al., 2008).
Conclusion
Several studies have revealed that the Increasing
concentration of salt (Na2SO4) have the strongest negative
effect on the plant growth parameters. At a lower (4Mm
hos/cm) dose of salt showed a positive impact on growth
parameters as compared to the 8Mm hos/cm and 12Mm
hos/cm experiments. A significant correlation was present
between sodium sulfate and ROS (LPO), enzymatic &
non- enzymatic ROS scavengers. Our work might help
grow mustard cultivar under salinity conditions.

Figure. c

Figure.d
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Figure. e

Figure.a

Figure. f
Salt stress show a decreasing effect on growth and
biochemical parameters of mustard (Brassica juncea L..
var. Goldi) at 65 DAS.
Figure.b
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Figure. g
Figure. K
Salt stress show an increasing effect on lipid
peroxidation (LPO) and different antioxidant Parameters of
mustard (Brassica juncea L.. var. Goldi ) at 75 DAS.

Figure. h

Figure. I
They are showing the effect of different concentrations
(0, 4Mm hos/cm, 8Mm hos/cm, and 12Mm hos/cm) of salt
on plant height (cm) of mustard.
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