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Abstract: Salinity causing hazard to crops, menace to agricultural practices affecting adversely to the growth
and metabolism of plants. To explore salt resistant plant lines as phytoremediants is a need of time. Leaf being
chief photosynthetic structure have central significance to plants on which all attributes depend. Morphological,
Physiological and anatomical responses are main adaptations towards stresses which vary with species and
ecotype as well as type and level of stress. Two cucurbit weeds from two ecotypes were selected to evaluate
their leaf in terms of morphological, physiological and anatomical adaptations against various levels of salt
(100, 200 and 400 mMNacCl). Number of leaves, leaf area index, number of tendrils, number of branches,
internodal length, water potential, solute potential and turgor potential, chlorophyll, net assimilation rate of
COo., rate of transpiration and stomatal conductance, total soluble sugars, total soluble proteins, total free amino
acids, proline superoxide dismutase, catalase, midrib area, lamina thickness, upper epidermal thickness, lower
epidermal thickness of leaf were studied. Citrullus colocynthis showed more adaptive response than Cucumis
melo agrestis and desert ecotype was more successful than agricultural ecotype against stresses in
morphological, physiological and anatomical adaptations.

Index-term; physiology, stress, citrullus, cucumis, salt, anatomy

1. INTRODUCTION

Salt stress, continuously or occasionally may be catastrophic or severe gradually during plant
development (Hasnuzzaman et al., 2013), by disturbing crop yield, biodiversity, and the overall atmosphere
(Liu et al., 2014). Maintenance of the agronomic productivity in saline areas, and selection of tolerant plant
genotypes with healthier osmotic regulation is a vital to approach (Chaurasia et al., 2022). Exploration of
tolerant species from halophytic lines and commercial improvement of novel salt-tolerant varieties turn into the
leading objective of experts to retrieve the saline soils as well as rise the product (Nikaljie et al., 2018).

Plants adapt modifications in morpho-physiological, biochemical, and anatomical characteristics to
cope with salt stress, e.g. stimulate the generation of reactive enzymes, that deteriorate biomolecules (like
proteins, lipids, and carbohydrates) and modify redox homeostasis (Chaudhery and Sidhu, 2021). The salt
stress cause decline in the osmotic potential of the growth medium resulting in physiological drought (Borde et
al., 2017). The tolerance to stress levels by the plant may be measured by survival rate and maintenance which
is an adjustable character controlled by many features. This variability in plant salinity tolerance generates the
glycophytes to halophytes (salt-sensitive to salt-loving) (Ahmed et al., 2021).

Soil salinity may affect seed germination by reducing moisture absorption of seeds and facilitating the
entry of ions in excess. The salinity stress level reducing seed germination varies with genotype and
environmental conditions (Munawar et al., 2021). However, barley (a salt-tolerant) varieties showed a much
higher germination proportion than the sensitive ones (Singh et al., 2018). Salinity persuaded morpho-
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physiological alterations in plant roots were studied and reported in the literature. Excess salinity impedes both
cell division as well as expansion (Hasanuzzaman et al., 2021). Tolerance against salt stress is also increased in
plants by enhanced translocation of sucrose from source to sink e.g. in Brassica juncea by using thiourea
(Pandey et al., 2021).

Among various plants of the family Cucurbitaceae, C.colocynthis used as traditional folk medicines as a
purgative, anti-neoplastic, anti-diabetic, anti-rheumatic and anti-allergic(Shafaei et al., 2012). Cucumis melo
agrestis L. (Family Cucurbitaceae) is used for easy soy vinegar and sauce, grapevine, and as a raw material of
paper and artificial cotton. C. melo is a branched, prostrate annual herb mostly permeating cotton, maize, pearl
millet, and sorghum. One of the most critical phases in the life of this weed is its germination, emergence, and
seedling development (Shatpathy et al., 2018) and is settled by several ecological factors like osmotic and salt
stress (Yang and Guo, 2018).

salinity stress has the most obvious effect on photosynthesis reducing the biosynthesis of plant pigments
(Abdel et al., 2017). A drop in Chlorophyll content under salinity stress is a generally known phenomenon.
Photosynthesis is also congested when excessive levels of Na" and/or CI- are combined in chloroplasts
(Szechynska et al. 2017). Oxidative stress is also invited by salinity stress through a sequence of actions such as
stomatal closure which leads to decreased CO- obtainability for fixation of carbon in the leaves.

Proline biosynthesis and/or gathering are a recognized phenomena for diminishing salinity stress
(Farouk and Hugail, 2022). Proline improves salt stress tolerance in the plants by flexible antioxidant
enzymatic activities, improving the photosynthetic activity, and thus protecting plant growth (Isfahani et al.,
2019). Carbohydrates such as sugars (e.g. glucose, fructose, fructans, etc) and starch accumulation occur under
salinity stress (Van et al., 2014). Biosynthesis as well as accumulation of antioxidant enzymes, such as catalase
(CAT), and superoxide dismutase (SOD), are considered to positively minimize the salinity stress (Shah et al.,
2021). SOD recruits the process of ROS cleansing by converting superoxide to hydrogen peroxide (Di et al.,
2018).

As it is clear that salinity is crucial problem of the day causing severe loss to the crops yield by
polluting soil. Various plant lines with phytoremedial characteristics are inevitable to be explored.
C.colocynthis and C.melo agrestis are important medicinal cucurbit weeds. Leaf has central value among all
attributes of plant life. So present study focused on the objectives to explore morphological, physiological and
anatomical adaptations of leaf in C.colocynthis L.and C. melo agrestis L. under various levels of salt (NaCl)
stresses.

I1. Methodology
Twenty seeds of each ecotype of C. melo agrests & Citrullus colocynthis L. were placed in each pot with soil
(30% clay, 30% silt, and 40% sand) to a depth of 1- 2 cm in 15 cm diameter plastic pots. Variable combined
levels of NaCl and NiCl. were selected and added to the corresponding pots.

Test Salt level (mM NaCl )
Tc 0 mM NacCl

Tl 100 mM NaCl

T2 200 mM NacCl

T3 400 mM NacCl

2.1 Morphology
1. The number of leaves were counted manually
The number of branches were counted manually
3. The number of tendrils were counted manually

N
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4 . Internodal length (cm) with the help of a scale
5. Leaf Area Index (cm?) was measured by using cm scale-
2.2 Physiology

Measurements of the water potential, solute potential and turgor potential were done
on fully expanded leaf of four plants of each replicate were done by scholander type pressure chamber and
measurement was recorded at 7:00 AM to 10:00 AM. Osmotic potential was recoreded on frozen leaf extract
using vapour pressure Osmometer (Wescor 5500). Tugor pressure was calculated by using formula ¥p = yw -
s,

Photosynthestic parameters such as net assimilation rate of COg, rate of transpiration
and stomatal conductance (gs) were made using an LCA-4 ADC portable infrared gas analyzer (IRGA).
Measurements on fully expanded leaf were done during 10:00AM to 12:00PM recorded at PAR of 1300 pmol
m2s?, 30+ 2 C temperature, 350umol CO2 concentration, 99 Kpa Atmospheric pressure and 6+2m Bar of
water vapor pressure. For the determination of organic solutes/ osmotica, total amino acids were estimated by
Moor and Stein method(1948).

2.3 Biochemistry

The chlorophyll a and b were determined according to the method of Arnon (1949).
Total soluble sugars were determined according to the method of Yemm and Willis (1954). Total soluble
proteins are determined using the method of Lowry et al. (1951). Free amino acids in the sample were
evaluated by Hamilton and Van Styke (1943). Proline was estimated according to the method of Bates et al.
(1973). CAT actions were measured by using the method of Chance (1955). The activity of SOD was analyzed
by the method used by Giannopolitis and Ries (1977) by measuring the capacity of the enzyme to inhibit the
photochemical reduction of nitrobluetetazolium (NBT).

2.4 Anatomy

Anatomy of leaf was studied by thin sections, slides were stained with safranin and
fast green and observed under microscope. Photographs were taken with the help of camera. Upper epidermis,
lower epidermis, midrib and lamina were studied.

Analysis of Data was done by using Microsoft excel and ANOVA by using STATISTIX

I11. RESULTS

Results are being described as S1 (Cucumis melo agrestis)and S2 (Citrullus colocynthis L.)
3.1. Morphology

leaf area in desert ecotypes of S1 (C. melo agrestis) was increased at 100 and 200mM of NaCl concentration
while a slight decrease was noted was noted at 400mM of NaCl.In agricultural ecotype increase in 100 while gradual
decrease at 200 and 400mM of NaCl was observed. Leaf area index of S2 (C. colocynthis L.) desert ecotype under
single stress of salt showed significant increase at lower salt level (100 mM NaCl) while gradual decrease at
moderate salt level (200 mM NacCl) and high salt level (400mM NacCl).

Internodal lengt in desert ecotypes of S1 was increased at 100 and 200mM of NaCl concentration while
a slight decrease was noted was noted at 400mM of NaCl. In agricultural ecotype increase in 100 while gradual
decrease at 200 and 400mM of NaCl was observed. Internodal length of S2 desert ecotype under single stress
of salt showed significant increase at lower salt level (100 mM NaCl) while gradual decrease at moderate salt
level (200 mM NaCl) and high salt level (400mM NacCl). While agricultural ecotype showed gradual decrease
in internodal length with increasing salt levels.

Number of leaves in desert ecotypes of S1 was increased at 100 and 200mM of NaCl concentration
while a slight decrease was noted was noted at 400mM of NaCl. In agricultural ecotype increase in 100 while
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gradual decrease at 200 and 400mM of NaCl was observed. Number of leaves of S2 desert ecotype under single
stress of salt showed significant increase at lower salt level (100 mM NaCl) while gradual decrease at moderate
salt level (200 mM NacCl) and high salt level (400mM NaCl).Agricultural ecotype showed gradual decrease in
number of leaves with increasing salt.

Number of branches in desert ecotypes of S1 was increased at 100 and 200mM of NaCl concentration
while a slight decrease was noted was noted at 400mM of NaCl. In agricultural ecotype increase in 100 while
gradual decrease at 200 and 400mM of NaCl was observed. Number of branches of S2 desert ecotype under
single stress of salt showed significant increase at lower salt level (100 mM NaCl) while gradual decrease at
moderate salt level (200 mM NaCl) and high salt level (400mM NaCl). Agricultural ecotype showed gradual
decrease in number of leaves with increasing salt.

Number of tendrils in desert ecotypes of S1 was increased at 100 and 200mM of NaCl concentration
while a slight decrease was noted was noted at 400mM of NaCl. In agricultural ecotype increase in 100 while
gradual decrease at 200 and 400mM of NaCl was observed. Number of tendrils of S2 desert ecotype under
single stress of salt showed significant increase at lower salt level (100 mM NaCl) while gradual decrease at
moderate salt level (200 mM NaCl) and high salt level (400mM NaCl). Agricultural ecotype showed gradual
decrease in number of leaves with increasing salt.

3.2. Bochemistry and Physiology

In S1 Chlorophyll a level increased at lower and moderate salt levels (100 and 200 mM) while a slight
decrease at high level 400mM of salt while in agricultural ecotype a significant increase in chlorophyll a at low
salt 100mM and slight increase at moderate level while decrease at high salt level. S2 desert ecotype plants under
single stress of salt showed increased level of chlorophyll a at low salt level (100 mM NaCl) and gradual decrease at
moderate and high salt levels (200 and 400 mM NaCl). Agricultural ecotype plants showed increased level of chlorophyll a
at low salt level (100 mM NaCl) and gradual decrease at moderate and high salt levels (200 and 400 mM NacCl) better as
compared to desert ecoype.

In S1 amount of chlorophyll b under single stress of salt showed increase at low salt level (100 mM
NaCl) and gradual decrease at moderate and high salt levels (200 and 400 mM NaCl). Maximum incease was
observed in agricultural ecotype at 100mM while maximum decrease of chlorophyll b in desert ecotype at
400mM of salt. S2 In comparison with control, both ecotypes amount of chlorophyll b under single stress of salt showed
increase at low salt level (100 mM NaCl) and gradual decrease at moderate and high salt levels (200 and 400 mM NacCl).

In S1 total soluble proteins were increased under salt stress. Maximum soluble proteiins were observed
in desert ecotype at 100mM of salt. However 400Mm of salt level has no effect on total soluble proteins. S2
desert ecotype amount of soluble proteins under single stress of salt showed increase at high salt level (400 mM NaCl)
while decreased at low salt level. Agricultural ecotype showed significant increase in soluble proteins at 100mM, slight
increase at 200mM and decrease at high salt levels (400 mM NacCl).

In S1 total soluble sugars significantly increased at high level of salt in both ecotypes while decreased at
low level of salt in both ecotypes. Maximum increased soluble sugars were shown in 400 Mm of salt. S2 desert
ecotype amount of soluble sugars under single stress of salt showed increase at low salt level (100 mM NaCl) and and high
salt levels (400 mM NacCl). Agricultural ecotype showed increased soluble sugars at hig level of salt.

S1 Proline level was increased with increasing salt level. Maximum proline level was observed at high
salt level 400mM of NaCl in both ecotypes. S2 In comparison with control, Proline under single stress of salt showed
slight increase at low, moderate and high salt level (100, 200 and 400 mM NacCl).

S1 Catalase under single stress of salt showed significant increase at high level (400 mM NaCl). In desert
ecotype. Slight increase at low and moderate salts. Maximum increase in desert ecotype under high salt level (400 mM
NaCl) was observed. S2 desert ecotype catalase enzyme was increased by increasing stress levels. Catalase under single
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stress of salt showed slight increase at low level (100 mM NaCl). Catalase under single stress of salt showed significant
increase at moderate and high salt level (200 and 400 mM NacCl).

In S1 a gradual increase in superoxide dismutase was observed with increasing salt level in both
ecotypes. Maximum amount of superoxide dismutase was observed at high salt level 400mM of NaCl.In S2 In
comparison with control, super oxide dismutase enzymes (SOD) was increased by increasing stress levels in both
ecotypes. Super oxide dismutase enzymes (SOD) under single stress of salt showed significant increase at low, moderate
and high salt level (100, 200 and 400 mM NacCl).

In S1 At low and moderate salt stress level, an increase in CO, assimilation was observed while no effect on
high salt level. In agricultural ecotype a significant increase in assimilation at low and moderate while decrease at high
salt level was observed. In S2 desert ecotype a slight increase at low and moderate salt level while decrease at high salt
level while in agricultural ecotype a significant increase at low salt was observed.

S1 both ecotypes, an increase in stomatal conductance at low salt was observed while it gradually
decreased by increasing salt level. Stomatal conductance in S2 desert ecotype a slight increase at low salt, no change
at moderate salt level while decrease at high salt level while in agricultural ecotype a significant increase at low salt and
gradual decrease at moderate and high salt was observed.

Rate of transpiration (u mol m2 s™) S1 desert ecotype a slight increase at low and moderate salt, no change at
high salt level while in agricultural ecotype a significant increase at low and moderate salt and no change at high salt was
observed. In S2 desert ecotype a slight increase at low salt and moderate salt level while decrease at high salt level while
in agricultural ecotype a significant increase at low salt and slight increase at moderate and no change at high salt was
observed.

Water potential (Mpa) of both S1 ecotypes a gradual decrease at low, moderate and high salt level was
observed as compared to control. In both S2 ecotypes a gradual decrease in water potential at low, moderate and high salt
level was observed as compared to control. Solute potential (Mpa) of both S1 ecotypes a gradual decrease at low,
moderate and high salt level was observed as compared to control. In both S2 ecotypes a gradual decrease in solute
potential at low, moderate and high salt level was observed as compared to control.

3.3. Anatomy

Midrib area (um?) of Sldesert ecotype, showed no change at low salt while a slight change in moderate
and high level of salts. In agricultural ecotype a gradual reduction with increasing salt level was observed.
Midrib area of both ecotypes of S2 decreased slightly gradually by increasing levels of salt as compared to
control. Slight decrease at low salt (100 mM NaCl) and maximum decrease at high salt (400 mM NacCl) as
compared to control. In both ecotypes of S1, a slight increase in upper epidermal thickness (um?) at low salt
level while decrease was observed at moderate and high salt levels. Minimum thickness was observed at high
salt level. In desert ecotype of S2 there was decreased upper epidermal thickness at low salt level (100 mM
NaCl) and slightly gradual decrease at moderate and high salt level (200 and 400mM NaCl) as compared to
control. In agricultural ecotype low salt has no effect while moderate and high salt levels gradually decreased
upper epidermal thickness.
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A slight gradual reduction in lower epidermal thickness was observed with increasing salt levels in both ecotypes of S1. Lower epidermal
thickness of S2 was reduced at lower salt level (100 mM NaC1) in comparison to control. After that, as the concentration of NaCl was increased, lower
epidermal thickness decreased significantly at moderate and high level (200 and 400 mM NaCl) in both ecotypes. At low concentration of salt, lamina
thickness of S1 was increased while a slight decrease at moderate salt and considerable decrease at high salt level was observed in both ecotypes as
compared to control.Lamina thickness of of S2 desert ecotype was considerably increased at low salt stress (100 mM NaCl) as compared to control.
After that, lamina thickness showed a reduction at moderate and high salt level (200 and 400mM NaC1). Agricultural ecotype showed a slight increase at
low salt and then decrease at moderate and high salt levels. In desert ecotype of S1, a slight increase in Spongy mesophyll thickness (um) at low salt and no
change at moderate salt while decrease at high salt was observed.maximum reduction in high salt was observed in both ecotypes. Spongy mesophyll
thickness of S2 desert ecotype was slightly increased at low salt (100 mM NaCl) while there was no change at moderate (200 mM NaCl) as compared
to control. As the concentration of NaC1 increased, a slight decrease in spongy mesophyll thickness was observed and high (400 mM NaCl) salt
levels.A slight increase at low salt level, no change in at moderate salt while slight reduction at high salt level in Palisade mesophyll thickness (um) of S1was
observed in both ecotypes.In both ecotypes of S2 palisade mesophyll thickness (um) was slightly increased at low salt (100 mM NaC1), no change at moderate
level (200 mM NacCl) and slight decrease at high salt level (400 mM NacCl) as compared to control.

Table 1- Analysis of variance for Biochemical and Physiological parameters of Cucumis melo agrestis and Citrullus colocynthis from two habitats
under different levels of Salt (NaCl) Stress in pot experiment.

_N_et _ _ Rate of Stomatal Total Total Chlorophyll
Assimilation Proline Transpiration Conductance Superoxide Soluble Chlorophyll Solute Water Soluble (mg/g f.wt.)
Source of Variance | d.f. of CO2 Catalase | Contents 9 1 (mmol m-2s-* . Sugar a (mg/g Potential Potential Protein
(umol m-2s- (uglg fant) | MMM PISMUEse | (uglg ft) (MPa) (MPa) | (uglg
h fwt.) fwt.)
Species 1 409.022 12.480™" | 0.13490™ 3.38035" 4.6875™ 4.02521™ 38116™ 0.00366™ 0.02200"" 0.03052™ 4.97083 0.00144™
Habitat 1 24.350™ 77.894 0.00016 0.20124™ 2.5208 3.25521 6473™ 2.221E-04 0.00353 0.00622""" 6.54835 0.00152™
Species x Habitat | 1 44467 0.350™" | 0.00104™ 0.36750™ 0.5208™ 2.85187"" 4650 4.028E-04™" | 0.00132"" 3.991E-04 8.81770 2.517E-04
Salt 3 299.315 342.811 0.06567 2.47367 97.6875 456.098 193792 0.00273™ 1.84000™" 0.00200"* 7.72574 0.00889""
Species x Salt 3 36.133" 5.092™ 0.00982™" 0.15995™ 1.6319™ 2.083E-04™ | 44556™ | 1.683E-04"" 3.080E-31 | 5.296E-34"" | 4.39290 1.801E-04
Habitat x Salt 3 19.354™ 12.898" | 0.00227*" 0.29862 0.5764™ 0.00132 16519 | 1.083E-04 8.932E-33" | 6.821E-35™ | 1.74839 | 5.660E-05""
Species xHabitat x | 3 11.785™" 0.079™" | 0.00196™" 0.09739™ 0.1319™" 2.083E-04™ | 16301™ | 4.238E-06™ | 4.303E-32™" | 7.448E-35""" | 3.08229 | 2.144E-04™"
Salt
Errors 30 0.450 0.061 0.00010 0.00372 0.9875 0.22718 37 3.295 8.239E-05 6.857E-05 0.02584 2.704E-07
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| 0.00144™ |

[ 47 | | | | | | | | | | |

| Total

Key Points: *, ** *** = gjgnificance levels at 0.05, 0.01and 0.001, respectively, ns = non-significant.
Table 2- Analysis of variance for morpho-anatomical parameters of Cucumis melo agrestis and Citrullus colocynthis from two habitats under different levels of
Salt (NaCl) Stress in pot experiment.

. . Palisade Spongy Lower Upper
Source of Variance d.f. TIFI?(ZTI](Inneass Tha;gkﬁézs Me_sophyll Me;ophyll Epi_dermal Epidermis Leﬁ:‘dﬁ\;ea Internodal Nur:fber Nur:fber N“mbef of
(um) (um) Thickness Thickness Thickness Thickness (cm2) Length (cm) Branches | Leaves Tendrils
(um) (um) (um) (um)
Species 1 22.688™ 0.08™ 2.5208 14.0833™" 0.09810™ 0.00021*" 1.5696" 0.60750 1.3333 690.083™ 102.083
Habitat 1 1.687" 75.00 2.5208" 8.3333 0.01505™ 0.08003"" 23.4640" 0.85333" 16.3333" | 800.333" | 602.083™
Species x Habitat 1 22.688 14.08™ 2.5208 0.0833™ 0.04025 0.00021 1.2675 0.48000" 8.3333"" | 884.083" 184.083™
Salt 3 323.188 3990.17 39.1875™ 40.3333" 0.85826™ 3.25530" 17.7508 2.85250 34.0556™ | 310.61" 270.583
Species x Salt 3 10.688™" 10.92 0.0208™ 0.0833 0.04607™" 0.03354 2.3177" 0.02250™ 0.0556° 67.139" 11.806™
Habitat x Salt 3 22.688" 7.06™ 0.0208™ 0.3333™ 0.02252"™ 0.04370™" 9.0350™" 0.03167 2.0556 104.722™ 34.694™
Species x Habitat x Salt 3 10.688 2,92 0.0208 0.0833" 0.02934™ 0.03687 12.2899 0.01500™ 0.0556" 60.583" 25.694
Errors 30 0.850 3.35 0.5542 0.9708 0.00550 0.00872 1.9876 0.09460 2.1903 29.890 13.635
Total 47
Key Points: *, ** *** = gjgnificance levels at 0.05, 0.01and 0.001, respectively, ns = non-significant.
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Fig.1. Biochemical and physiological response of leaf of C.colocynthis and C.melo agrestis
under various levels of salt (NaCl) stresses.
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Fig.2 Morphological and anatomical response of leaf of C.colocynthis and C.melo agrestis
under various levels of salt (NaCl) stress.
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Plate#4.2.1.3.3(b) ; Leaf anatomy of Cucumis melo agrestis (Agricultural Ecotype) under
single stress of salt
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IV. DISCUSSION

C. colocynthis L. resulted in adaptable outcomes in variable stresses. In association with control, the
extent of chlorophyll was decreased by increasing stress levels of salinity. Plants treated with higher levels of
salt resulted in decreased chlorophyll levels and vice versa. The quantity of chlorophyll b was also decreased by
rising levels of salinity. The plants retort to hassles at the biomolecular level can be linked with the sensitivity
of environmental indicators and their diffusion to the adjusting machinery of the cell to stimulate definite
adaptive mechanisms (Xian et al., 2015).

It has been observed that amount of sugars decreased at high levels of salts. Stress signal adversly
affect the mechanisms in cells and biochemical reactions (Xian et al., 2015). It has been observed that amount
of proteins decreased at low levels of salt. Free amino acids were increased by increasing level of stress in C.
colocynthis and C.melo agrestis. It has also been reported earlier that free amino acids are increased instead of
proteins under stress conditions (Amraee et al., 2020). According to Dong et al., 2017, free amino acids are
increased in the plants under stress due to the biosynthesis of amino acids and the absence of translational
factors. Proline amplified with the escalating level of salinity. The accumulation of proline is also an adaptive
response to salinity (Hayat et al., 2022).

It has been detected that antioxidant enzyme accomplishments augmented with the increasing level of
salinity in both of our plants. The maximum amount of superoxidase dismutase (SOD) 21.55 u/mg of protein
was recorded in high NaCl in comparison to 2.18 u/mg in control. Similar results were observed for catalase
(CAT) antioxidant enzyme activities. The maximum amount of catalase (CAT) 18.45 u/mg of protein was
recorded in comparison to 0.46 u/mg of control under high NaCl. Oxidative stress becomes an important tool
to categorize the salt tolerance level of the plants. Oxidative stress in salt-tolerant plants was directly related to
characteristics such as catalase (CAT) and superoxide dismutase (SOD) activity (Wu et al., 2012). Salinity
tolerance is controlled by the coordinated action of variable gene involved in the initiation of a diversity of
contraptions such as the confiscation of toxic ions, regulation of toxic metabolites, and antioxidative defense
(Yasmeen et al., 2020). The augmented level of the enzymes like CAT and SOD at higher salinities showed a
significant correlation between plant tolerance levels and these antioxidant systems (Ashraf and Haris, 2004;
Rizvi et al., 2018).

C. melo agrestis L. has variable results in variable stresses. Plants treated with higher levels of salt
resulted in decreased chlorophyll levels. Chlorophyll a level notably decreased at high NaCl. In comparison
with control, the amount of chlorophyll b was significantly decreased by increasing salinity levels.
Photosynthetic pigments of Vigna mungo were seriously decreased under various levels of salts (Ageel et al.,
2021). It has been observed that amount of sugars in present studies decreased in high levels of salts. Jan et al.,
2019, demonstrated that the sugar levels of Oryza sativa decreased in higher levels of stress. It has been
observed in this study that the amount of proteins increased at moderate and high levels of salt significantly.
The reason behind this is that the plant retort to these stresses at the cellular and molecular level can be
correlated with the perception of environmental signals and their transmission towards the regulatory
machinery of the cell to activate specific adaptive mechanisms (Mantry et al., 2012). A decrease in proteins
was also recorded in this study at high levels of salts. Victor et al., 2016 observed a reduction in the protein
content of Lettuce and Hyacinth plants under abiotic chemical stress.
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Free amino acids were gradually increased with increasing levels of stresses in this study. According to
Amraee et al, (2020), free amino acids are increased in the plants under stress due to the biosynthesis of amino
acids and the absence of translational factors. and free amino acids are increased instead of proteins under
stress conditions (Zhang et al., 2014). Proline gradually amplified with the escalating level of salinity level.
The maximum amount of proline was recorded in high NaCl. The accumulation of proline is also an adaptive
response to salinity (Hayat et al., 2022).

It has been observed in present study that antioxidant enzyme activities increased with the increasing
level of salinity. The maximum amount of superoxidase dismutase (SOD) was recorded in combined high salt
(400 mM NacCl). Salt tolerance is regulated by the synchronized action of variable gene involved in the
initiation of a variety of mechanisms such as antioxidative defense (Yang et al., 2022). Similar results were
observed for catalase (CAT) antioxidant enzyme activities. Oxidative stress becomes an important tool to
categorize the salt tolerance level of the plants. Oxidative stress in salt-tolerant plants was directly related to
characteristics such as catalase (CAT) and superoxide dismutase (SOD) activity (Wu et al., 2012). The
augmented commotion of the enzymes like CAT and SOD at higher salinities showed a significant correlation
between plant tolerance levels and these antioxidant systems (Hasanuzzaman et al., 2022; Kibria et al., 2017).
These scenarios change physiological processes and consequences decreasing crop quality and yield (Bisbis
etal., 2018).

Results of NaC1 stress showed that the midrib area decreased gradually at lower moderate and higher
levels in both ecotypes as compared to control. Digioia et al. (2020) revealed leaf anatomy of the plant
growing under salinity stress indicated injury in various tissues especially the cells that have thin epidermal
and mesophyll cell walls. NiCly, stress showed that the midrib area was decreased gradually at a lower,
moderate and higher level in both ecotypes as compared to control. salt treatment causes a decrease in the size
of blade thickness, number of conducting elements, and lowered cell size of the epidermis and aerenchyma
tissue (Al-Saadi et al., 2013).

Upper epidermal thickness of leaf in C. colocynth decreased gradually with increasing stress levels
under salt in comparison with control. The thickness of the upper and lower epidermis of leaves of almost all
varieties revealed a trend of decline under abiotic chemical stress (Akhter et al., 2021; Sharma et al., 2022).
Cell wall thickening starts in the epidermis and endodermis of rhizomes and also in the cuticle and epidermis
of leaves (Tupan and Azrianingsih, 2016). Lower epidermal thickness was not affected at a lower and
moderate level in both ecotypes but decreases greatly with increasing stress levels in both ecotypes as
compared to control. Salt stress induced a decline in the thickness of the lower epidermis at different levels
and a decrease in the size of vascular bundles of wheat leaves (Atabayeva et al., 2016).

Lamina thickness of C. colocynthis L. was gradually reduced in both ecotypes with increasing
stress levels of salt as compared to control. Tolerating mechanism of plants to salt stresses also includes
increasing diameter along with the thickness of these lamina (Longstreth and Nobel, 1979). Al-Saadi et
al. (2013) reported that being subjected to salts brought a decrease in the blade thickness in some
Potomageton plants. This decline in leaf thickness was due to the consequences of salt-induced water
stress or salts accumulation in leaves or a combination of both (Sridhar et al., 2011). The leaf blade
showed smaller thickness in the treatments subjected to toxic contamination (Gomes et al., 2011).

Spongy mesophyll thickness was decreased with increasing salt levels in single stresses and
maximum decrease at the highest of NaC1 was observed in both ecotypes as compared to control. Sridhar
et al. (2011) found that chemical salt accumulation leads to reducing in leaf thickness and a decrease in
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spongy parenchyma cells in brake fern (Pteris vittata L.). subjected to higher salt levels was resulting in
a decrease in mesophyll thickness (Akcin et al., 2018). Palisade mesophyll thickness was constant at a
lower and moderate level of NaCl in both ecotypes compared to Control. Palisade cell length enhanced
and size remained comparatively constant with saline stress for bean and cotton (Longstreth and Nobel,
1979). Palisade mesophyll thickness decreased at a lower and moderate level of NiCl, while more decrease
in highest level as compared to control. Sridhar et al. (2011) found that salt accumulation leads to reduction
in leaf thickness and a decrease in palisade parenchyma cells in brake fern (Pteris vittata L.).

V. CONCLUSION
Phytoremediation of salinity and heavy metal polluted soils is a reliable technique. For this purpose
screening of plant lines is a preliminary requirement. Those plant lines having economic importance
especially medicinal importance are very useful for the purpose. Those plants which require low water can
be prefferred. The plants adapt various physiological adaptations to tolerate and resist the stress produced
due to salt and heavy metals. C. colocynth is more resistant against steesses than the C. melo agrestis and
desert ecotype is more resistant as compared to agricultural ecotype. These plants have minor effect on their
physiology but both of these produced resisting chemicals against stresses like SOD and catalase.
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University of Bahawalpur for their technical support during this experimental work.
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