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INTRODUCTION

On earth, sodium is assumed to be the sixth most abundant 
element (Rodriguez et al., 2009) that’s why, sodium salt is 
becoming dominant in saline areas (Tavakkoli et al., 2010). 
This may lead to loss of  arable land for crop cultivation 
(Wang et al., 2003). There is need to develop agricultural 
practices to fulfill the food demand of  9.5 billion people 
up to 2050. Feasible means must be used to cope with this 
recent challenge by cultivating salt-tolerant cultivars (Van 
et al., 2016). Salt stress adversely effects on plant growth 
and development by excessive ion uptake mechanism. It 
usually occurs due to the influence of  toxic ions, disrupting 
biochemical activities of  plant life. Under salt stress, Na+ 

is observed to be the main cause of  ion-specific damage 
(Trajkova et al., 2006). Higher accumulation of  sodium 
ions may lead to inhibition of  growth by impairing various 
cellular mechanisms (Saqib et al., 2005). Due to salinity, 
plants may face osmotic and ionic stresses, resulted in lower 
growth with minimum productivity rate.

Plasma membrane is assumed to be the primary site, mainly 
damaged by salt. To observe salt stress and tolerance levels, 
membrane permeability is the most sensitive test (Mansour 
and Salama, 2004). Due to which, salt stressed or salt 
sensitive cultivars can be generally differentiated by plasma 
membrane stability. Under the saline effect of  sodium 
chloride, impairment of  root and shoot cells have been 
observed. Salt stress tolerance is generally observing to be 

Salinity is expected to be the major destructive abiotic stress that causes ionic and oxidative damage leading to growth reduction and 
ultimately plant death. Glutamic acid (GA) is an α-amino acid that is used by almost all living beings in the biosynthsis of proteins. Therefore, 
in the present study, we tried to investigate the effect of foliar application of glutamic acid (GA) on cucumber (Cucumis sativus L.) under 
altered salinity levels. Cucumber seedlings were grown in plastic pots under greenhouse conditions by applying four levels of salinity (0, 
3 dS/m, 6 dS/m and 12 dS/m) and two levels of foliar applied GA (0, 10 mM). Salinity was induced by mixing the salt and soil before 
seed sowing; however, exogenous GA was applied when the vine length was reached up to maximum height. Morphological characters 
showed disruptive response under saline conditions especially in indigenous cultivar (local cucumber represented as V1). Enhanced activities 
of superoxide dismutase (0.29 u g-1 FW), guaiacol peroxidase (3.51 u g-1 FW) and ascorbate peroxidase (0.39 µmol AsA.mg-1 Chl min-1) 
were observed in salt-stressed cucumber leaves. Both varieties showed unusual behavior for malondialdehyde in decreasing manner with 
increasing salinity levels (2.0333 µmol g-1 FW at 12dS/m in local cultivar; while, 1.98 µmol g-1 FW at 12dS/m in hybrid cultivar SSC-
228). However, exogenously applied GA played a beneficial role in promoting all morphological parameters under stress with increasing 
scavenging abilities against reactive oxygen species. Foliar application of GA improved plant defense mechanism with minimum destruction. 
Remarked calculations showed that under salt stress, GA improved plant stress tolerance against salinity by maximizing the growth rate.
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correlated with higher cell membrane stability (Meloni et al., 
2003; Sudhakar et al., 2001). So, lipid peroxidation mainly 
occurs as a result of  abiotic stresses (Elkahoui et al., 2005). 
Malondialdehyde (MDA) is mainly the decomposition of  
membrane fatty acids, so MDA concentration generally 
shows lipid peroxidation under abiotic stress. Due to the 
accumulation of  certain organic and inorganic solutes, 
plants usually decrease their osmotic potential (Liu and 
Staden, 2001).

Oxidative stress is generally followed by lipid peroxidation, 
inactivation of  enzymes, and inhibition of  protein synthesis 
and disruption of  membrane system (Tanou et al., 2009; 
Zhu et al., 2004). Generally, Na+ accumulation in plants 
impairs enzymatic processes by causing K+ deficiency 
(Blumwald, 2000). As a result of  which, many enzymes 
remain inactive under saline conditions (Tester and 
Davenport, 2003). Due to inactivity of  enzymes, growth is 
adversely affected with low yield (Miller et al., 2010). A lot 
of  chemicals, general species of  Bacillus bacterium or some 
specific amino acids are generally used to lessen the negative 
effect of  oxidative stress, caused by the accumulation of  
sodium and chloride ions. Recent studies showed that 
foliar application of  poly-γ-glutamic acid in major crops 
enhanced plant potential against oxidative stress by acting 
as the best bio-control agent (Shih and Van, 2001; Chen 
et al., 2005). Barbosa et al. (2010) testified the positive 
role of  glutamic acid against abiotic stress in muskmelon 
by improving growth and stress tolerance. Production 
of  reactive oxygen species was also inhibited by glutamic 
acid application (Miyashita and Good, 2008). Hellmann 
et al. (2000) analyzed the positive response of  glutamate 
on proline accumulation in case of  wheat crop. Synthesis 
of  these amino acids serves as a precursor for the best 
nitrogen uptake efficiency of  watermelon (Luo et al., 
2013). Hence, glutamate is proved to be the best growth 
regulating precursor under biotic or abiotic stresses. So, 
the glutamic acid may promote the growth of  cucumber 
under salt conditions. In plants, protein is considered to be 
the most frequently accumulated osmolytes under saline 
conditions, and often deliberated to be involved in stress 
resistance mechanisms. Additionally, it is usually accepted 
that the plants improved the accretion of  certain osmolytes 
such as protein, proline, glycine betaine and soluble sugars 
under salt stress.

Cucumber, a highly cultivated crop, is more sensitive 
to saline environment. It has been nominated as a salt 
sensitive crop. A definite decline was observed concerning 
plant height, fresh and dry weight and biochemical 
activities. Growth of  cucumber is badly affected by saline 
conditions i.e. plant height (Chartzoulakis, 1992), stem 
diameter (Al-Harbi, 1994), total leaf  area and expansion 
rate (Chartzoulakis, 1994), fresh weight and dry mass 

production (Jones et al., 1989). Therefore, it is of  great 
interest to determine if  foliar glutamic acid application 
could confer resistance in cucumber plants to salt stress. 
As, glutamic acid empowers the nutrient uptake capacity 
even under stressed conditions by providing a feasible 
environment for a plant to grow well, for example in 
cucumber (Wang et al., 2008) cabbage (Xu et al., 2014) and 
wheat (Xu et al., 2013). Moreover, glutamic acid also plays 
a major role against pathogenic attack and abiotic stresses 
(Jin et al., 2019). That’s why; an experiment was carried 
out to amplify the crucial role of  growth regulator under 
the susceptible cucumber cultivars (indigenous and hybrid 
cultivar represented as V1 and V2, respectively) concerning 
the fact that how glutamic acid behaves antagonistically 
against abiotic stresses, how glutamic acid plays role in 
scavenging mechanisms against reactive oxygen species. 
By analyzing general growth and biochemical parameters 
of  both cucumber cultivars, efficiency of  glutamic acid 
was observed. Predominantly, the objective of  this study 
was based on determining the efficacy of  glutamic acid 
influencing the rate of  plant growth and biochemical assays 
under salt stress.

MATERIALS AND METHODS

Plant materials and treatments
The experiment was conducted at Institute of  Horticulture 
Sciences, University of  Agriculture Faisalabad, Pakistan. 
Two cucumber (Cucumis sativus L.) cultivars indigenous 
as V1 and SSC-228 as V2 were used in this study. Before 
experiment, different soil parameters were analyzed 
including pH, electrical conductivity, N, P, K analysis, 
calcium and magnesium ions, chlorides, carbonates and 
bicarbonates. Four levels of  salinity (0, 3dS/m, 6dS/m 
and 12dS/m) were maintained and salinity was induced by 
mixing the relevant amounts of  salt and soil before seed 
sowing. A little amount of  sand was also used at sowing 
pots for the soften sprouting of  radicals. Consistent 
water irrigation and desired dose of  relevant fertilizers 
were added at regular intervals of  time. After 2-3 days, 
seed germination was observed in all pots. As cucumber 
is a vining plant, so when the vine length was reached 
up to maximum height, a foliar spray of  “Glutamic acid 
(10 mM)” was applied to the specified pots. After 1 week 
of  PGR application, harvesting was done. Morphological 
characters were measured and sample for biochemical 
analysis were collected and preserved at -80°C.

Growth parameters
The plant height was calculated by the scale from the tip 
of  that plant to the base on ground. The length of  the leaf  
blade was measured from the base of  leaf  of  observing 
plant to the tip. It was done by using a scale meter. After 
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detachment of  roots, evacuated plants were washed with 
clean water, straightened and after that its root length was 
estimated by utilizing a tape meter in centimeters and the 
average was taken for each replicate. Then root weight 
was measured by using weighing balance. Root dry weight 
was estimated by putting the samples in oven at 65ºC for 
72 hr. At that point, weight was ascertained and the normal 
means for each sample was figured.

Determination of antioxidant enzyme activities
Frozen cucumber leaves were ground by adding BPS 
buffer solution with 7.8 pH. Prepared homogenates were 
centrifuged at 4°C for twenty minutes at 8000-13000rpm. 
Resulted supernatants were used for determining different 
antioxidant enzyme activities.

Superoxide dismutase (SOD) activity was assessed by 
following the method of  Ries and Giannopolitis (1977) 
by constrain the photochemical reduction of  nitro blue 
tetrazolium. Reaction solution consisted of  the constituent 
amounts of  NBT, riboflavin, EDTA and methionine. For 
enzyme activity assay, reaction solution was placed at dark 
for 15 minutes. SOD activity was measured by spectro-
photometer by adjusting wavelength at 560nm.

Scebba et al. (2001) method was followed to measure 
peroxidase (POD) enzyme activity by using required 
amounts of  H2O2 and guaiacol. POD activity was observed 
by adjusting absorbance level at 470nm.Following the 
method of  Kato and Shimizu (1987), catalase (CAT) 
activity was assessed by using H2O2 and buffer solution. 
Activity was analyzed at 240nm due to decline of  extinction 
of  hydrogen peroxide (H2O2).

Determination of H2O2 concentration and MDA 
contents
Hydrogen peroxide (H2O2) concentration was determined 
according to Patterson et al. (1984). Reaction solution was 
made by adding required amounts of  acetone, thiosulphate, 
ammonia solution and H2SO4. Absorbance values were 
quantified using standard curve generated from known 
concentrations of  H2O2. Moreover, malondialdehyde 
(MDA) was also performed by succeeding the protocol 
of  Heath and Packer (1968). To perform this, leaf  tissue 
was homogenized in trichloroacetic acid (TCA) solution. 
Prepared homogenate was centrifuged for 5 minutes 
at 15,000g. At 95°C, mixture was heated for 5 minutes 
and cooled in ice bath. For determining MDA content, 
absorbance level was adjusted at 532 nm.

SPAD index
Generally, SPAD index value was calculated to manipulate the 
influence of  different cultivars concerning developmental 
stages. In certain plants, SPAD meter measures the 

difference between the transmittance of  a red (650 nm) and 
an infrared (940 nm) light throughout the leaf. Furthermore, 
by using three biological and technical replications a non-
destructive method was used to estimate the chlorophyll 
content with full accuracy (Neufeld et al., 2006). Chlorophyll 
meter was used to analyze chlorophyll pigments.

Total soluble proteins
The basic principle of  Bradford assay is that the general 
binding of  protein molecules with the coomassie dye 
under acidic conditions usually results in a color change, 
which actually measures the presence of  the amino acid. 
Following Bradford (1976) method, soluble protein content 
was measured. For this purpose, bovine serum albumin was 
generally used. By using phosphate buffer leaf  sample were 
to be homogenized and centrifuged at 4°C and pipetted 
in spectrophotometer tubes. Using a spectrophotometer, 
absorbance level was adjusted as 595nm.

Statistical analysis
The experiment was laid down using a complete 
randomized design (CRD). In this study, values were 
reported on the basis of  means of  three replications. By 
using two-way ANOVA and Tukey’s test, statistical analysis 
was performed.

RESULTS

Effect of glutamic acid on cucumber growth under 
salt stress
In this study, both cucumber verities showed disruptive 
growth with high lipid peroxidation level (Table 1). High 
values of  plant height, fresh weight, plant, root and shoot 
fresh weights were observed in SSC-228 (V2) under 
salt stress showing its salt tolerance capacity (Table 1). 
Furthermore, the highest plant, shoot and root dry weights 
were observed in SSC-228 (V2) under the exogenous 
application of  glutamic acid (Table 2). Recorded results 
showed the distinct changes in morphological and 
biochemical enzymatic activities induced by glutamic acid 
under saline conditions, either separately or in combination. 
All of  the morphological parameters including plant, root 
and shoot weights and SPAD index were reduced due 
to abiotic stress at all levels comparably to control one. 
However, exogenously applied glutamic acid alone had a 
constructive effect on the plant scavenging mechanisms 
against stress. Antioxidant activities (SOD, POD and CAT) 
were positively affected by exogenous glutamic acid with 
decreased MDA concentration.

Antioxidant enzymatic activities
Recorded data showed that antioxidant enzyme 
activities (SOD, POD) increased with the increasing 
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salt concentration. Both varieties respond likely but 
comparatively to indigenous (V1), SSC-228 (V2) showed 
much tolerance level to saline conditions (Fig. 1A and B). 
Higher values of  these activities were observed when 
glutamic acid was applied separately or under saline 
conditions in V2 cultivar. According to our outcomes, 
exogenously applied glutamic acid increased the activities 
of  SOD (0.273 µ g-1 FW in V1 and 0.23 µ g-1 FW in V2) 

and POD (3.47 µ g-1 FW in V1 and 3.24 µ g-1 FW in V2) 
that contributed to lessen the adverse effect of  oxidative 
stress in germinating cucumber and thereby improved 
germinating rate under saline conditions.

Under saline conditions, both varieties showed no 
significant difference in recorded readings regarding 
catalase (CAT) activity. No obvious differences were noted 

Table 1: Effects of different treatments of NaCl and glutamic acid on number of plants per pot, plant fresh weight, shoot fresh 
weight and root fresh weight
Index Cultivars No of plants 

per pot
 Plant fresh 
weight (g)

 Shoot fresh 
weight (g)

 Root fresh 
weight (g)

Control V1 4.75±0.08g 0.39±0.01f 0.32±0.08g 0.065±0.14cd

V2 4.75±0.04b 0.70±0.08b 0.47±0.004b 0.02±0.004f

10mM Glu V1 5.15±0.004cd 0.49±0.006a 0.41±0.004cd 0.05±0.12bc

V2 6.2±0.009a 0.77±0.026a 0.5±0.009a 0.27±0.004a

3dS/m NaCl V1 3.98±0.007h 0.36±0.004fg 0.28±0.007h 0.07±0.085d

V2 5.4±0.002de 0.61±0.004d 0.40±0.02de 0.20±0.006fg

6dS/m NaCl V1 2.87±0.008ij 0.31±0.002ij 0.24±0.008ij 0.07±0.04e

V2 4.9±0.006f 0.51±0.004e 0.36±0.006f 0.14±0.004gh

12dS/m NaCl V1 2.34±0.006k 0.28±0.004k 0.19±0.006k 0.08±0.08ef

V2 4.5±0.006ij 0.32±0.006hij 0.23±0.006ij 0.09±0.06hi

3dS/m NaCl + 10 mM Glu V1 4.2±0.015g 0.39±0.004f 0.31±0.015g 0.075±0.06cd

V2 5.8±0.005c 0.65±0.006c 0.425±0.05c 0.24±0.04cd

6dS/m NaCl  +10 mM  
Glu

V1 3.35±0.09i 0.34±0.002gh 0.24±0.009i 0.09±0.04f

V2 5.12±0.04ef 0.51±0.002e 0.38±0.004ef 0.12±0.002f

12dS/m NaCl +10 mM 
Glu

V1 3.2±0.05j 0.30±0.02 0.22±0.005j 0.08±0.06ef

V2 4.82±0.07j 0.34±0.01hi 0.24±0.007ij 0.1±0.08i

Each data values are represented as means and ± SD of three replications and different lower case letters are representing the significant difference between 
treatments and same lower case letters represent the no significant difference by Tukey’s test (P ≤0.05).

Table 2: Effects of different treatments of NaCl and glutamic acid on leaf length, leaf width, plant dry weight, shoot dry weight and 
root dry weight
Index Cultivars Leaf length 

(cm)
Leaf width 

(cm)
Plant dry 
weight (g)

Shoot dry 
weight (g)

Root dry 
weight (g)

Control V1 8.7±0.12e 7.9±0.14cd 0.21±0.01cd 0.11±0.04f 0.10±0.014a

V2 11±0.45bc 9.05±0.06a 0.29±0.01a 0.16±0.01b 0.13±0.007a

10mM Glu V1 11.6±0.12ef 8.3±0.12bc 0.24±0.07bc 0.16±0.04bc 0.08±0.006b

V2 12.7±0.32cd 9.±0.14ab 0.30±0.01a 0.19±0.01a 0.11±0.02a

3dS/m NaCl V1 8.0±0.4fg 7.12±0.075d 0.18±0.004ef 0.10±0.007fg 0.08±0.004b

V2 9.9±0.33ef 8.72±0.04b 0.24±0.006b 0.15±0.01bcd 0.09±0.004b

6dS/m NaCl V1 7.5±0.17h 5.72±0.04e 0.15±0.011g 0.08±0.006gh 0.07±0.002c

V2 8.5±0.18fg 8.22±0.047b 0.20±0.02de 0.12±0.004def 0.07±0.004c

12dS/m NaCl V1 6.62±0.2ab 4.62±0.08ef 0.12±0.002h 0.065±0.006hi 0.05±0.004d

V2 7.37±0.17a 7.31±0.06h 0.15±0.009g 0.11±0.004f 0.04±0.006e

 3dS/m + 
10mMGlu

V1 8.37±0.06ef 7.35±0.003cd 0.16±0.001fg 0.13±0.004cd 0.03±0.004de

V2 10.22±0.62c 9.5±0.006a 0.23±0.004bc 0.16±0.002b 0.07±0.001c

6dS/m  
+10mMGlu

V1 7.8±0.25fg 5.5±0.04f 0.18±0.009f 0.10±0.0002f 0.07±0.002c

V2 8.9±0.05de 8.61±0.04b 0.21±0.004d 0.14±0.007bcd 0.06±0.002d

12dS/m  
10mMGlu

V1 6.72±0.24gh 5.25±0.06ef 0.14±0.006gh 0.05±0.008f 0.08±0.002b

V2 7.4±0.01efg 7.37±0.01cd 0.18±0.004ef 0.125±0.005ef 0.05±0.012d

Each data values are represented as means and ± SD of three replications and different lower case letters are representing the significant difference between 
treatments and same lower case letters represent the no significant difference according to Tukey’s test (P ≤0.05).
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with “NaCl” or “NaCl and glutamic acid”. At control 
condition, both varieties respond alike (3.28 and 3.19 mg g−1 
FW min−1 in V1 and V2, respectively) but with increasing 
salt concentration, an effective increase was observed in 
CAT activity (3.51 and 3.61 mg g−1 FW min−1 in V1 and 

V2, respectively). At highest salinity level, an abrupt change 
was noticed especially in V2 by exceeding value up to 
3.61 g−1 FW min−1 (Fig. 1C). Besides this, V2 also showed 
unusual behavior when glutamic acid was applied under 
saline environment.

Fig 1. Effects of treatments of glutamic acid(0,10mM) and NaCl (0, 3, 6, 12dS/m) on Asuperoxide dismutase (SOD),B peroxidase (POD), Ccatalase 
(CAT) and Dascorbate peroxidase(APX) in Cucumis sativus L. Each data values are represented as means and ±SD of three replications and 
different lower case letters are representing the significant difference between treatments and same lower case letters represent the no significant 
difference by according to Tukey’s test (P ≤0.05).
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Effect of glutamic acid on MDA and H2O2 content of 
cucumber under salt stress
Interestingly, MDA and H2O2 content showed significant 
decrease with increasing salt concentration in both varieties. 
Increasing salt concentration matched a cause to slow 
down malondialdehyde activity as upto 2.03 and 1.98 
µmol g-1 FW in V1 and V2, respectively. As MDA usually 
marks from lipid peroxidation that is usually inhibited by 
ion accumulation. While exogenously applied glutamic 
acid promoted un-saturation of  fatty acids so ultimately 
enhanced MDA under saline conditions. A noticeable 
decrease was perceived especially in V2. Cucumber cultivars 
exhibiting NaCl alone displayed the minimum values as 2.03 
and 1.98 µmol g-1 FW in V1 and V2, respectively while a 
significant increase was observed when glutamic acid was 
applied under saline conditions. Recorded data frequently 
considered SSC-228 (V2) to be the most resistant cultivar 
(Fig. 2A and B). Ascorbate peroxidase activity (APX) was 
also examined by using H2O2 solution at 290nm absorbance 
level (Fig. 1D). Results showed high resistance for V2 by 
exceeding upto 0.31 and 0.26 µmol AsA.mg-1 Chl min-1 in 
V1 and V2, respectively against oxidative stress assuming 
it to be more tolerant.

SPAD index
Glutamic acid treated plant leaves showed higher values for 
chlorophyll a by exceeding up to 36.1 and 37.36 µg cm-2 in 
V1 and V2 (Fig. 2C and D) while salt ultimately became a 
reason for the reduction of  chlorophyll content. Indigenous 
(V1) cultivar affected badly under salt conditions than the 
SSC-228 (V2). It was detected that glutamic acid could 
advance the growth of  cucumber crop by increasing their 
chlorophyll content. Saline conditions suppressed the 
development of  photosynthetic pigment by absorbing 
less light energy (32.2 and 34.3 µg cm-2 in V1 and V2, 
respectively). Hence, glutamic acid is proved to be a best 
precursor under salt environment. It is precisely predictable 
that carotenoids play a defensive part against photo-
oxidation by dispersing the surplus energy of  excitation.

Total soluble proteins
In plants, protein is considered to be the most frequently 
accumulated osmolytes under saline conditions, and often 
deliberated to be involved in stress resistance mechanisms. 
Additionally, it is usually accepted that the plants improved 
the accretion of  certain osmolytes such as protein, proline, 
glycine betaine and soluble sugars under salt stress (Fig. 3B)

DISCUSSION

In this study, foliar glutamic acid was applied to induce salt 
tolerance in cucumber seedlings. Results delineated that 
cucumber seedlings growth was significantly affected due 

to salinity by impairing its morphological characters. As, it 
severely affects the plant growth parameters by disrupting 
their metabolic activities (Nasri et al., 2017). Similar results 
have been found in tamarind tress (Gebauer et al., 2004), 
paspalum (Lee et al., 2005), ziziphus (Meena et al., 2003), 
lettuce, peppers (Lycoskoufis et al., 2005) and cucumber 
(; Trajkova et al., 2006). Due to similar effect of  salt on 
the growth of  shoot and root, shoot/root ratio remained 
unaffected. This result is not consistent with the results 
found in lettuce. In accordance to Chauhan et al. (2019), 
salinity abruptly minimizes the germination percentage 
of  onion 44% when salinity dose was adjusted as 4dS/m. 
Comparatively, applied PGR responds positively towards 
growth and morphological characters of  cucumber 
seedlings by maximizing its plant weight, leaf  length and 
number of  leaves per plant. Plant scavenging system also 
developed positively under PGR application. Foliar use of  
such plant growth regulators enhances the growing abilities 
of  plant against pathogenic and abiotic stress (Ghani 
et al., 2021). Besides this, a definite increase in chlorophyll 
pigments was observed too.

It is acknowledged that antioxidant enzymes such as SOD, 
POD and CAT perform a substantial role in scavenging 
reactive oxygen species in salt-stressed plants (Tseng et al., 
2007; Tuna et al., 2008). CAT and POD are identified to 
scavenge H2O2 either by disintegrating it in to H2O and O2 
or by transmitting its oxidative power to another substrate 
that is consequently, oxidized. Higher values of  enzymatic 
CAT and POD have been investigated as a crucial for 
anti-oxidative defense mandatory for salt tolerance in rice 
and sugar beet. As mentioned in earlier studies, the main 
function performed by peroxidase (POD) is to breakdown 
the adverse bonding of  H2O2 that is very severe for plant 
life (Neelambari et al., 2018). Applied glutamic acid did 
not show any positive change in APX because they can 
cause oxidative damage to the plant cell more rapidly than 
scavenging against ROS. Moreover, this enzyme is more 
stable at its optimum pH 6.0-9.0 so applied PGR didn’t 
affect positively. As, MDA is generally assumed to be in 
association with aging therefore, it didn’t show a prominent 
and significant relation with SOD and POD activities under 
saline conditions. Protein is assumed to be one generally 
collected osmolytes in plants under saline conditions, and 
habitually considered to be intricate in stress resistance 
mechanisms (Tanou et al., 2009).

As a result of  salt stress, some unfavorable effects had 
also been observed in plants regarding their growth and 
photosynthesis. Consequently, we assumed that stress 
is a major factor that impairs cytoplasmic membrane 
due to which transport of  ions usually fails across cell 
membrane. H2O2 formation is generally catalyzed by 
POD activity, therefore its increasing value is a sign of  
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unfavorable and improper growth. Related results have 
been found in rice under salt stress, where a strong 
relation was established between inhibition of  root 
growth and POD activity. Prolonged salt stress leads 
towards Na+ accumulation in all crop plants that leads to 

detrimental growth by causing ionic toxicity and osmotic 
stress (Zhu et al., 2016).

On the beginning of  salt stress, the reduced rate of  
photosynthesis is not the one reason of  growth reduction 

Fig 2. Effects of treatments of glutamic acid(0,10mM) and NaCl (0, 3, 6, 12dS/m) on A hydrogen peroxide (H2O2),B malanodialdehyde (MDA), C 
chlorphyl a and D chlorophyl bin Cucumis sativus L. Each data values are represented as means and ±SD of three replications and different lower 
case letters are representing the significant difference between treatments and same lower case letters represent the no significant difference 
by according to Tukey’s test (P ≤0.05).
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because a rapid change occurs in case of  leaf  expansion 
(Fricke et al., 2004;;). This proposes that salinity impacts 
cucumber growth by minimizing the rate of  leaf  area 
and photosynthesis. As, NaCl stress can persuade a 
modification in leaf  water status and a decrease in stomatal 
conductance (Kholova et al., 2009). Besides, extreme 
accumulation of  sodium and chlorides ions is toxic and 
may disturb the veracity of  the photosynthetic machinery 
(Aghaleh et al., 2009;). Such poisonous ion accumulation 
badly impaired photosynthetic capacity of  plant by 
disrupting its chlorophyll pigment (chlorophyll) and hence 
reduced growth while exogenously applied PGR promoted 
photophosphorylation reactions by absorbing more sun 
light, required for synthesizing its own food.

Vegetative growth is also accomplished with the salt stress by 
impairing water and nutrient uptake system (Chartzoulakis, 
1990). Plant height and all other morphological characters 
showed negative response to abiotic stress. The present 
study is also supporting to such general facts under saline 
conditions. Osmotic stress is basically assumed to be 
much harmful for plant growth and all other processes. 
As a result of  which relative water content disturbs. Under 
saline conditions, all morphological characters of  cucumber 
seedlings were severely affected and to nullify this toxic 
effect an exogenous PGR was used that promoted plant 
height in association to all other morphological characters. 
Membrane stability is also affected so photosynthetic 

machinery is going to be damaged by minimizing 
chlorophyll content (Ashraf  and Bhatti, 2000). Under saline 
conditions, reduced chlorophyll pigment effects electron 
transport chain and also both photo systems (Sudhir et al., 
2005) that ultimately relates to reduction in productive yield 
(Meloni, 2003).

The inhibitory effect of  salt stress was controlled using a 
plant growth regulator, glutamic acid. Its significant effect 
was easily being examined due to its high polarizability rate. 
As, it is being used as a best neurotransmitter so helps a 
lot in plant defensing mechanism involving all types of  
abiotic stresses (Shaieny, 2015). In the present study, a 
significant increase was noticed in proline content due to 
foliar applied PGR. This PGR ultimately became a reason 
for both varieties to bear salt conditions. An earlier study 
about wheat resulted positively in response to glutamate 
under NaCl stress. All the morphological characters were 
also positively examined. Higher values of  SPAD were also 
investigated by the use of  glutamic acid in pumpkin (Fan 
et al., 2013; Goncalves et al., 2008).

CONCLUSIONS

Salt stress triggered the seed germination and growth 
of  cucumber leaves. This suppression could be reversed 
by using exogenous spry of  glutamic acid. Exogenously 

Fig 3. Effects of treatments of glutamic acid(0,10mM) and NaCl (0, 3, 6, 12dS/m) on A carotenoids and B total soluble proteinsin Cucumis sativus 
L. Each data values are represented as means and ±SD of three replications and different lower case letters are representing the significant 
difference between treatments and same lower case letters represent the no significant difference by according to Tukey’s test (P ≤0.05).
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addition of  glutamic acid significantly enhanced SOD, 
POD, CAT and APX activities while reduced MDA, H2O2 
content and concentration of  total soluble proteins in 
salt-stressed cucumber leaves. Glutamic acid may act to 
alleviate the adverse effect of  salt stress in cucumber leaves 
by minimizing membrane lipid peroxidation. Recorded 
morphological data completely supported the V2. So, the 
defensive role of  glutamic acid under salt stress may be 
at least moderately attributed to its ability to arbitrate the 
ROS-scavenging enzymes and/or direct scavenging of  the 
superoxide anion. Consequently, hybrid cultivar SSC-228 
(V2) was assumed to be the best salt-tolerant cultivar.
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