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Effect of Salinity on Antioxidant, Proline and Ion Content in Luffa acutangula
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ABSTRACT

Increased human activities, improper irrigation and
agriculture practices have led to the rise in the level of
salt in agricultural land. This further leads to substantial
decline in productivity of crops and vegetables. Other than
effecting germination, salinity affects every aspect of
vegetable crop development including their morphology,
physiological function and yield. Although efforts have been
made to understand the mechanisms of salt tolerance in
vegetable crops, less attention has been paid to these than
to the staple crops. The present study showed reduced
antioxidative enzymes, higher K influxes and lower Na*
influx to provide mitigation effect of salt stress. Salt stress
also leads to aggravation of some Protein, proline levels
and the cytosolic Na exclusion which cumulatively
conferred some level of protection.
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Agricultural productivity is often controlled by
various biotic/abiotic factors that results in diminution of
quality/quantity of the crop. Although wild populations
and elite varieties have developed mechanisms to overcome
these factors, however their application in agricultural
practices are limited due to low yield and non availability of
seeds. Hence, presently the major problems faced by
cultivated crops are drought, water, and salt stress. Of these
stress, soil salinity may be contributed due to weathering
of parent rocks and minerals in the soil, seawater intrusion
into coastal areas, rain water and wind borne materials from
lake and other land surface (Plaut et al 2013). These factors
may directly/indirectly increase the salinity of the soil and
thereby affect the physiology, growth, yield, nutritional
superiority and magnitude of crops. The concentration of
salt may even stimulate water and ionic imbalance stress
thereby further adding to reduced nutritional management
collectively due to altered stomatal conductance,
photosynthesis and diminutive growth (Yadav et al 2011).

Generally the response of plants to salt stress may be
dependent on the growth stage of plant and the severity,
interval/amount of exposure to salt stress. At the initial
stage of salts stress the plants respond to osmotic shock
by showing physiological alteration like interruption of
membranes, impairment in the ability to detoxify ROS,
difference in the antioxidants ripostes and osmolytes (Gupta
and Huang 2014). The ROS production is either aggravated
or mitigated by various enzymatic (CAT, SOD, POD, APX,
GR, MDHA, DHAR) and non enzymatic antioxidant
(ascorbates, glutathione, caratenoids, sugars and sugar
alcohol, polyamine, proline, glycine betaine etc) defense
mechanisms (Gupta and Huang 2014, Sofo et al 2015, Hanin
etal 2016).

Despite the number of studies to ascertain
mechanisms of salt tolerance, neither the metabolic site at
which salt stress damages the plant nor the adaptive
component of the salt tolerance to completely elucidated
(Hanin et al 2016). Further salinity tolerance is unlikely to
be determined by a single gene/ gene product, and may
result from the expression of a number of genes. These in
turn may be dependent on their expression and interaction
with other biotic / abiotic tolerant genes and the time, stage,
extent and dosage of exposure to these agents thereby
making it an extremely complex research area.

Among the vegetables consumed by Indians, Luffa
(family Cucurbitaceae) is distributed mainly in the tropical
regions of the world. Luffa acutangula (L.) Roxb (ridged
gourd) are widely cultivated in the plains and low hills of
the country (Chandra, 1995) and thus may be influenced
by salt stress. As a result of the long history of cultivation
of Luffa in India under varied climatic, geographical and
environmental conditions, a large numbers of variants have
been developed from the cultivars through introgression
and selection (Prakash et al 2014). The current agricultural
practices have included the developed cultivars with high
yield, while the wild genetic resources which harbor
valuable genes for adaptation to diverse agro-ecological
zones, and resistance to diseases, pests and stress
environments have slowly been discontinued. Studies on
change in morphological, physiological, ion accumulation
(Balkaya etal 2016, Ismail 2015, Jafari et al 2015) in cucurbits
are reported. Such studies are scarce in Luffa acutangula.

The present study hence deals with the preliminary
analysis of some of the oxidative response (enzymic and
non-enzymic) and mineral elements among two varieties of
Luffa acutangula (L.) Roxb cultivated in India. In this study,
we attempted to comprehend the different influences of
various concentrations of single salt (NaCl) at seedling
stage of Luffa acutangula. The effort helped us to
understand the riposte of antioxidants displayed and the
mineral ion ratio that may mitigate the effect of salt stress.

MATERIALS AND METHODS:

Two varieties of Luffa acutangula, viz., Mumbai local
(MLV: Namdeo Umaji, Mumbai) and F1 Hybrid (JLV: Seedco
quality, Aurangabad) was surface sterilization, imbibed (48
hours), treated at 50, 100 and 200 mM NaCl (48 hours at
room temperature). Control and treated seeds were
germinated, (garden soil and sand at 2: 1 ratio) along with
half strength Hoaglands media in growth chamber (Green
house, D. Y. Patil University, Belapur, Navi Mumbai) at
temperature of 25°C and relative humidity of 65-75 %. The
analyses were performed after 96 hours of seedling growth.
Leaf tissues were collected, weighed and homogenized in
an ice-chilled pestle and mortar with respective extraction
buffer. All the assays were performed in triplicates. Enzyme
activity was expressed as enzyme U/minute/g sample.
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Table1. The effect of salt stress on antioxidative enzymes in Luffa acutangula varieties.
Treatments Catalase SOD POD GR
U/min/gm U/min/gm U/min/gm U/min/gm

JLV MLV JLV MLV JLV MLV JLV MLV

Control 0.020 0.095 0.004 0.002 0.003 0.036 0.002 0.014

50 mM 0.005 0.001 0.021 0.001 0.002 0.002 0.002 0.0032

100 mM 0.033 0.007 0.006 0.004 0.002 0.014 0.011 0.008

200 mM 0.006 0.004 0.033 0.000 0.006 0.004 0.013 0.011

Catalase activity was assayed (Luck 1974) with slight
modifications. Reaction mixture (1.9ml water, Iml 0.059M
H,0,) was allowed to stand (4-5 minutes) before addition of
0.1 ml of plant extract. One enzyme unit was calculated as
the amount of enzyme required to decrease the absorbance
at 240nm by 0.05 units per minute. The SOD level was
measured according to Kakkar er al. (1984). The assay
mixture contained 0.5ml of plant extract, 1ml of 125mM
sodium carbonate, 0.4ml of 25 iM NBT, 0.2ml of 0.1mM
EDTA. After adding 0.4 ml of ImM hydroxylamine
hydrochloride, absorbance was measured at 560nm. One
unit of enzyme activity is defined as the amount of enzyme
that gave 50% inhibition of NBT reduction in one minute.
The method proposed by Reddy et al. (1995) was adopted
for assaying the activity of peroxidase (POD). For
glutathione reductase assay David and Richard (1983)
procedure was followed. The H O, and proline content was
measured spectrophotometrically by Loreto and Velikova
2001. Determination of mineral elements and protein content
was done according to Mala et al (2016) and Lowry’s
method (1951).

All the parameters studied were analyzed statistically
using Sigma Stat Statistical Package (Version 14.0). One
way ANOVA with P<0.05 was considered significant; Post-
hoc Fischer analysis was done to test the concentration
and varieties of statistical significance.

RESULTS AND DISCUSSION

Currently information about the effects of salt stress
on Luffa acutangula growth and development are scarce.
Salt stress caused substantial decreases in the growth of
both plant varieties. These results are parallel to what had

been already observed in different crops such as pearl millet
(Sneha et al 2014), onion (Correa et al 2013), Potato (Habib
et al 2016). The level of catalase was higher than SOD, POD
and GR in both the control plants (Table 1). Catalase of
both plants significantly changed under increasing salt
stress conditions. In control, catalase was higher in MLV,
but JLV had higher catalase than MLV at 50 and 100 mM. In
general both the varieties show a decrease in catalase level
at 50 mM and 200 mM treatment. In JLV plants, in comparison
of control (0.004 U /min/ gm/) there in an increase in SOD
activity at 50 mM and 200 mM salt treatment. However, in
comparison with the control of MLV a remarkable decrease
in SOD activity was observed with increase in salt
concentration (Table 1).

Peroxidase enzyme was seen (ten times) higher in
control MLV than JLV plants (Table 1). With increase in salt
concentration the level of POD decreased, however at 200
mM treatment JLV had slightly higher POD levels than MLV.
In untreated plants, MLV had higher glutathione reductase
than in JLV (Table 1). Anincrease in GR activity with increase
in NaCl concentration from 50 mM to 200 mM was displayed
only by JLV while MLV showed a decrease in the value.
Higher activity of GR was observed in the both plants under
200 mM NaCl.

Like humans plant researchers are also utilizing H,O,
as one of the candidate biochemical biomarker for stress.
However, levels of H,O, in natural plants are also poorly
established, as it spans different order of magnitude within
species (Cheeseman 2006). Our study attempted to compare
the levels of H O, at early morning stage for both the
varieties in presence and absence of salt and its correlation
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Fig. 1. Effect of salt on levels of H,O, in MLV and JLV
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Fig. 2. Amount of protein content in enzyme preparations of JLV and MLV in control and salt treated leaf.

with the levels of antioxidants enzymes synthesized in the
plants. The analysis showed control and salt treated MLV
had more H,O, than JLV. However with increasing salt stress,
JLV plants showed decreasing H,0, (Figl).

The present study indicates reduced CAT and SOD
activity in MLV than JLV, however increased POD, GR and
H,O, levels. This may reflect that JLV has better ROS
scavenging capacity and less injured lipids of plasma
membrane under stress condition than MLV. Previous study
on plants with higher levels of antioxidants, either
constitutive or induced have revealed greater resistance to
oxidative damage (Weisany et al 2012). However this study
indicates the effect of varying salt concentration on Luffa
to have a gradual difference in the activity of enzymes as
compared with control which have led to denaturation/
inactivation of enzymes. It may be possible that levels of
CAT and SOD in JLV are constitutively high and are not
induced due to salt stress, while in MLV the levels of SOD
and CAT were lower indicating that MLV possibly has a
different mechanism to tackle the ROS generated by salt
stress. This is evident by increase in POD and GR levels.

Also due to less CAT in MLV the accumulation of H,0O, is
higher in MLV which may be responsible to cause oxidative
damage to the plant.

The constant decreases in CAT and SOD enzyme at
all the three levels i.e, between varieties; salt concentration
and salt with variety were observed to be significant
(P<0.05). The changes in POD/GR were scored to be
insignificant statistically (P<0.05), thus it can be concluded
that the changes in CAT/SOD are directly proportional to
salt concentration and appears to be primary response of
these Luffa varieties to mitigate the induced salt stress.,
while the POD/GR appears to be activated in response to
induced metabolic changes caused by other factors like
SOD, CAT and /or other phytometabolites/ionome variation
under salt stress.

The decrease in protein content both for CAT and
SOD was remarkably higher in MLV than in JLV (Fig 2).
However for POD assay, the protein level increases with an
increase in salt concentration for JLV and MLV varieties.
While in GR enzyme, the protein content decreased in JLV
with increase in level of salt treatment from 50 mM to 200
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Fig. 3. Effect of salt on amount of proline (mcg/gm) in JLV and MLV at control and salt treated leaf.
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Fig. 4. Analysis of effect of salt on amount of Na*, K*, Ca" and Fe" ions in JLV and MLV
in control and salt treated samples.

mM respectively. These results also strongly suggest that
at higher salt stress, the ROS generation is affecting the
activities and level of different antioxidant enzymes in the
two varieties.

Among the compatible solutes / osmolytes, proline
is synthesized and accumulated in varying concentrations
by the plant. Both plant varieties exhibited increased proline
content as the salt concentration increased. The leaf tissues
gave a higher response to the salt stress by means of proline
content (Fig 3). Previous studies demonstrated elevated
levels of proline in Walnut (Yasar and Esra, 2015), Rice
cultivars (Joseph et al, 2015), Potato (Jaarsma et al, 2013). In
the present study only a two fold increase in proline content
was seen in both the varieties at 200mM treatment indicating
that both the varieties are synthesizing but not accumulating
proline at a very high concentration to combat the salt stress.
It may be possible that these varieties are utilizing proline
as a source of Nitrogen or Carbon to stabilize the membrane
proteins and thus for rapid recovery from stress.

Salt stressed condition leads to decreased nutrient
uptake and lowers the movement / translocation of mineral
nutrients like Mg', K*, Ca* etc. Na* ions. Fig 4 shows the
amount of these ions accumulated in leaf of JLV and MLV. It
is generally observed that salt competes with the K* and
Ca' binding sites in transporters thereby severely disturbing
the plant metabolic and nutritional repertoire. Several
studies report on mechanisms of Na* influence on K* uptake
(Gupta and Huang 2014). In this study, MLV showed more
K* accumulation at all salt concentration. Both the varieties
had a decrease in K*/Na* ratio to a minimum of 1 at 200mM
(Fig 5). The amount of Ca* accumulated in JLV was more
than in MLV; however as the salt stress increases the Ca'/
Na* ratio decreased like K*/ Na* ratio indicating the
competition of Na with the other ions or decrease in fluxes
for accumulation of K" and Ca* ions or removal of Na* ion.
Amount of Fe accumulation increased in JLV with increase
in salt stress.
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Fig. 5. Effect of salt treatments on ratio of K’/Na*, Ca’/Na" and Fe*/Na" in JLV and MLV in
control and salt treated plants.
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CONCLUSION

The present study showed reduced antioxidative
enzymes like catalase and SOD, higher K influxes and lower
Na* influx or higher Na* eflux, thereby maintaining a higher
K/Na ratio to provide mitigation effect of salt stress to the
MLV. To some extent the salt stress lead to aggravation of
POD, GR, Protein, proline levels and the cytosolic Na
exclusion which cumulatively conferred some level of
protection due to salt stress to the MLV. Further studies
with effect of exogenous osmolytes, K and H,0, application
will provide more information on the metabolic and nutrient
management in response to the cultivated and hybrid
varieties of Luffa acutangula.
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