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ABSTRACT

Abiotic stress causes extensive loss to agricultural yield production worldwide. Salt stress is one of them
crucial factor which leads to decreased the agricultural production through detrimental effect on growth
and development of crops. In our study, we examined the effect of a defense growth substance, salicylic
acid (SA 1 mM) on mature vegetative (60 Days after sowing) and flowering (80 DAS) stage of Pusa
Sadabahar (PS) variety of Capsicum annuum L. plants gown under different concentrations of NaCl (25,
50, 75, 100 and 150 mM) and maintained in identical sets in pots during the whole experiment.
Physiological studies indicated that increase in root & shoot length, fresh & dry weight, number of
branches per plant, and yield (number of fruits per plant) under salt + SA treatment. Biochemical studies,
enzymatic antioxidants like CAT, POX, and non-enzymatic antioxidant such as ascorbic acid (AsA con-
tent), carotenoids, phenolics, besides other defense compounds like proline, protein, chlorophyll contents
were studied at 10 days after treatment at the mature vegetative and flowering stage. The addition of SA
led to lowering of in general, all studied parameters in the mature vegetative stage but increased the
same during the flowering stage, especially in the presence of NaCl; although the control I (without SA
and NaCl) remained lower in value than control II (with SA, without NaCl). Interestingly, total phenolics
were higher in control I (without SA or NaCl) whereas chlorophylls were higher in treatments with SA
and NaCl. Thus, physiological concentration of SA (1 mM) appears to be significantly effective against salt
stress during the flowering stage. In addition, during the mature vegetative stage, however, proline accu-
mulates in SA treated sets, to help in developing NaCl-induced drought stress tolerance.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

plant growth and development due to ionic pressure. As the osmo-
tic potential of soil solution become lower it affects essential nutri-

Plants encountered with multitude environmental restrains
categorized into biotic and abiotic stresses. Among the abiotic
stresses, salt stress is the severe environmental cue which cause
detrimental effects in plant growth, physiological and molecular
processes and productivity of economically important crops
(Alam et al., 2019; Ahanger et al., 2020; Kaya et al., 2020a; Amin
et al., 2021; Gupta et al., 2021). High salinity in soil may affects
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ents uptake (Dhiman et al, 2021). Moreover, salinity induced
osmotic and oxidative stress disturb metabolic balance of the cell.
High concentration of salt (sodium chloride) leads to ion accumu-
lation in the cytosol which is harmful to the redox environmental
of the cell. Ionic toxicity disrupts the non-covalent interaction
between amino acids and also decrease concentrations of cations
such as potassium and calcium (Ali et al., 2021; Johnson and
Puthur, 2021).

Saline areas account for approximately 800 million hectares
worldwide, which is parallel to more than 6% of the world’s total
and area. Saline water irrigation is one of the great environmental
constituents for salinization of the soil that leads to loss of agricul-
tural yield (Rasheed et al., 2020). The disproportionate environ-
mental harnessing, climate change and global warming have also
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become major threats, adversely affecting plant productivity
(Sadiq et al., 2020).

The abiotic stresses can modify the physio-chemical and molec-
ular activities of plants in almost every stage of the plant causing
severe loss to yield of various crop plants (Mantri et al., 2012). High
salinity is reported to cause deleterious effects on many aspects of
plants maturity and productivity. Salinity induced ionic and osmo-
tic stresses reduce the mass and yield of the plants (Munns, 2002).
Moreover, severe salt concentration causes many metabolic distur-
bances in plants by generating Reactive Oxygen Species (ROS),
ionic toxicity, peroxidation of lipids, enzyme inactivation and
degradation of proteins which perturbs the cellular redox potential
and ultimately leads to cell death (Hasanuzzaman et al., 2020).

Many strategies have been employed by scientists to alleviate
the deleterious effect of stresses and make plants tolerant to these
conditions. Among them, exogenic application of plant growth
substance has gathered attention as minute amount of such
growth regulator may be able to save land from other mineral
treatments which may have long lasting adverse consequences.
Growth regulators could be effective in enhancing the yield of crop
plants under varying conditions besides mitigating stress. Salicylic
acid acts as signalling molecule showing ameliorative effect
against various biotic and abiotic stress conditions
(Sakhabutdinova et al., 2003; Vimala and Gupta, 2006; Kazemi
et al.,, 2011).

Salicylic acid is a naturalistic plant phenolic compound, con-
tributes as a non-enzymatic antioxidant and an endogenous sig-
nalling molecule inducing stress tolerance against abiotic
(drought, heavy metal and salt stress) and biotic (against patho-
gen) stresses in plants (Ma et al, 2017; Rajeshwari and
Bhuvaneshwari, 2017; Janah et al., 2021; Zhou et al., 2021). It is
reported to produce osmolytes, such as proline and antioxidants
(Gautam and Singh, 2009; Hayat et al., 2010).

Ameliorative effect of salicylic acid against abiotic and biotic
stress is limited to low concentration of SA application, higher con-
centrations are reported to induce oxidative damage decreasing
the tolerance ability to abiotic stresses (Miura and Tada, 2014).

The plant material used in the present investigation is Capsicum
annuum (chilli), a worldwide cultivated dicotyledonous flowering
plant of family Solanaceae, usually grown in temperate areas and
withstands most of the environmental fluctuations. Chilli is annual
as well as perennial shrub distributed in tropical areas. Chilli con-
tains various secondary metabolites including steam-volatile oil,
vitamins, fibre, proteins, carotenoids, capsaicinoids, mineral ele-
ments and fatty oils (Bosland and Votava, 2000; Krishna De,
2003). Chilli also contains important constituents of nutritional
value, aroma, texture, flavour, and colour for its own defense. Vita-
min C is especially found in ripe fruits (Marin et al., 2004) besides,
pro-vitamin A, B1, B2, B3, B6, E and antioxidants which prevent
oxidative damage of human body and prevent it from cardiovascu-
lar diseases and cancer (Oboh and Rocha, 2007; Chuah et al., 2008).
The pungent component of chillies is also used as spice and a
weapon.

Plants complete their life cycle in different stages (germination,
vegetative, flowering and post-harvest) undergoing various abiotic
and biotic stresses. Drought, salinity and heavy metal ions, high
intensity of light, UV radiation etc., abiotic stressors along with
attack of predators, parasites, pathogens and allelopaths as biotic
stressors, which highly threaten the plant growth and develop-
ment. Our study is based on growth and developmental stage
(vegetative/ flowering) dependent effective demonstration of
salinity and strategic role of salicylic acid as a growth regulator-
cum-signalling molecule on the Capsicum annuum L. plant. Hence,
the main objective of our study was to find the effective stage of
Capsicum annuum L undergoing salinity stress which can be
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ameliorated by treatment with physiological concentration of
salicylic acid.

2. Materials and methods
2.1. Experimental design and treatments

The seeds of chilli (Capsicum annuum L. cv. Pusa Sadabahar)
were procured from IARI, Pusa Delhi. The plastic pots were filled
with 3 kg soil and single sterilized seed was sown in each pot. Pots
were organized in a completely randomized block design and were
maintained in greenhouse of the Department of Botany, Chaudhary
Charan Singh University, Meerut, Campus. For inducing salinity
stress at mature vegetative (60 DAS; before initiation of flowering)
and flowering stage (80 DAS) pots were irrigated with 500 ml NaCl
solution with or without SA (1 mM). The different concentrations
of NaCl used were 0, 25, 50, 75, 100, and 150 mM. SA was given
through root along with NaCl, however control plants were fed
with either water or 1 mM SA. Samples were collected 10 days
after salinity and SA treatment i.e.,, 70 DAS and 90 DAS for each
stage. Different physiological and biochemical analysis carried
are described below.

2.2. Measurement of growth parameters

Root and shoot length was measured manually using tape. For
the measurement of fresh weight were weighed immediately after
uprooting while as dry weight was recorded after oven drying the
samples at 70 °C for 48 h, In addition number of branches per plant,
root shoot ratio and yield (number of fruits per plant) were also
recorded.

2.3. Measurement of chlorophyll content

For chlorophyll estimation fresh leaf tissue was extracted in 80
% acetone (v/v) and supernatant was centrifuged at 5000 rpm.
Absorbance of supernatant was recorded at 663, 645 and 436 nm
using Shimadzu UV-2600 spectrophotometer (Arnon 1949).

2.4. Antioxidant activity

For extraction of enzymes fresh 100 mg leaf tissue was homog-
enized in 10 ml chilled extraction buffer i.e.,0.2 M Tris-Maleate
Buffer, pH 7.2 (TMB) and centrifuged at 10,000 rpm for 15 min at
4 °C (Vimala, 1984). Supernatant was collected and used for
enzyme assay.

Peroxidase activity was assayed according to Maehly and
Chance (1954) and change in absorbance was read at 475 nm.
Assay mixture contained enzyme extract, 1% benzidine solution
and 7.5% hydrogen peroxide (H,0,). The total activity of peroxidase
was expressed as AA47smin'gfw ™. Assay of catalase was carried in
in an assay mixture containing 2.5 ml 50 mM sodium phosphate
buffer (pH 7.0), 0.2 ml enzyme extract and 0.3 ml of 3% H,0,.
Absorbance was measured at 240 nm for 2 min (Aebi, 1984).

2.5. Estimation of ascorbate content

200 mg fresh plant leaf tissue was extracted in 5 % (mass/vol-
ume) metaphosphoric acid followed by centrifugation at
3000 rpm for 20 min at 4 °C. One ml aliquot was mixed with
2.5 ml freshly prepared double diluted phenol reagent and mixture
was allowed to stand at room temperature for 40 min. Absorbance
was read at 730 nm using spectrophotometer Shimadzu UV-2600
(Shrivas et al., 2005).
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2.6. Determination of protein content

Protein content was estimated by homogenising 200 mg fresh
leaf tissue in 5.0 ml of TrisHCI buffer (pH 7.0) and centrifuged at
10,000 rpm for 10 min. To 1.0 ml of sample extract, 5.0 ml of Coo-
massie brilliant blue dye was added and absorbance was recorded
at 595 nm (Bradford, 1976).

2.7. Estimation of free proline content

Fresh 200 g leaf was homogenized in 10 ml of 3% sulfosalicylic
acid and then centrifuged at 5000 rpm for 10 min. Supernatant was
collected and reacted with 2.0 ml acetic acid glacial and 2.0 ml
freshly prepared acid ninhydrin solution in water bath for 1 h at
100 °C. Reaction was terminated in ice bath and proline was sepa-
rated using toluene. Absorbance was recorded spectrophotometri-
cally (Shimadzu UV-2600) at 520 nm (Bates et al., 1973). Standard
curve of proline was used for calculation.

2.8. Estimation of phenolics

Phenolics were estimated according to method of Bray and
Thorpe (1954). 50 mg plant tissue was homogenized in mortar
and pestle with 5 ml of 80% ethanol and centrifuged at
5000 rpm. Supernatant was collected and pellet was reextracted
with 2.5 ml 80% ethanol. Pooled supernatants were evaporated to
dryness and residue was dissolved in 5 ml of distilled H,0. Aliquot
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was reacted with 0.5 ml of phenol regent followed by addition of
2.0 ml 20 % Na,COs. Absorbance was recorded at 650 nm and cal-
ibration curve of gallic acid was used for calculation.

2.9. Statistical analysis

The obtained data were analysed by one-way analysis of vari-
ance (ANOVA) using SPSS 16.0 software. Mean (+SD) was calcu-
lated from three replicates per treatment. Using Duncan’s
Multiple Range Test (DMRT) at p > 0.05 significant difference in
mean compared to control is displayed using bars with different
letters.

3. Results

The observations in experiments on tolerance expression upon
treatments with salt (0, 25, 50, 75, 100 and 150 mM NacCl) and
SA (1.0 mM) with respect to stage (vegetative vs. flowering) in Cap-
sicum annuum cv. PS was studied using basic physiological and bio-
chemical parameters. Shoot & root length, fresh & dry weight
number of branches, root: shoot ratio and yield (number of fruits
per plant), antioxidant enzyme activity (CAT, POX) and metabolite
status of leaf (protein, proline, phenolics, ascorbate, total chloro-
phylls and carotenoids) as biomarker. All means of the observa-
tions were subjected to one-way analysis of variance (ANOVA)
followed by Duncan’s Multiple Range Test at p < 0.05 level of
significance.
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Fig. 1. (A) Shoot length (cm) without and with SA, (B) Root length (cm) without and with SA, (C) Fresh weight (gm) of 90 DAS old capsicum plant without and with SA, (D) Dry
weight (g) of 90 DAS old capsicum plant without and with SA. The obtained data were analysed by one-way analysis of variance (ANOVA) using SPSS 16.0 software. Mean
(xSD) was calculated from three replicates per treatment. Using Duncan’s Multiple Range Test (DMRT) at p < 0.05 significant difference in means compared to control, is

displayed using bars with different letters.
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3.1. Growth and physiological parameters

3.1.1. Shoot and root length, fresh and dry weight, root: shoot ratio
and yield (number of fruits per plant) in 90 DAS old plants

The growth characteristic was assessed at 90 DAS after sowing.
Shoot & root length significantly decrease with increasing concen-
tration of NaCl treatment. There is the maximum reduction in
shoot & root length was observed in treated plants 26.27 and
40.52% respectively under 150 mM NaCl compared to untreated
plants. Similar results also observed in fresh & dry weight of 90
DAS old capsicum plant. Fresh & dry weight markedly decrease
53.76% and 70.53% respectively under150 mM treatment of NaCl
compared to control. With the application SA shoot & root length,
fresh & dry weight significantly increased treated and untreated
plants because of the SA mitigate the deleterious effect of NaCl
(Fig. 1A, B and C, D).

Among physiological parameters shoot & root length, fresh &
dry weight of plants significantly increased in SA treated plants.
However, the shoot to root ratio was observed to be maximum
under at 75 mM NaCl without SA. Addition of SA showed highest
ratio of shoot to root under 100 and 150 mM NaCl treated plants.
Interestingly, irrigation with SA (rhizospheric application) resulted
in higher shoot to root ratio, with higher biomass compared to

Saudi Journal of Biological Sciences 29 (2022) 1337-1347

respective controls. It may also be pertinent to report that branch-
ing was higher at 50 and 150 mM Nacl in the absence of salicylic
acid but in the presence of salicylic acid, 150 mM NaCl showed
maximum number of branches. The fruits appear maximally on
90 DAS in 50 mM NaCl with SA treated plants, whereas in control
(with SA) fruiting process appears to be slow as on 90 DAS only
flowers were there, which could account for 4.33 fruits per plant
(Plate 1, Table 1).

3.1.2. Total chlorophyll

In vegetative stage only in 100 mM NaCl treatment significant
decrease (17.58 %) in chlorophyll content was noted. However, in
flowering stage there was significant increase (31.50 %) in 25,
and (33.83 %) in 150 mM NaCl compared to control which
remained high after application of SA in both vegetative as well
as flowering stage highly increased (47.72 %) in 50 mM of
NaCl + SA compared to salt free control (with SA) (Fig. 2 A-B).

3.1.3. Carotenoids

In vegetative stage 25 and 50 mM NacCl significantly increased
(9.87 and 5.20 %) carotenoid content whereas in flowering stage
50 mM NaCl significantly increased (5.69 %) carotenoids but
150 mM NaCl treatment highly decreased (30.10 %). 25 and

Plate 1. showing the effect of NaCl without salicylic acid (A, 60 days) & (B, 90 days) while picture (C, 60 days) & (D, 90 days) showing the effect of NaCl with salicylic acid on

pot grown plants of chilli.

Table 1

The number of branches, number of fruits per plant and root: shoot ratio without and with SA on 90 DAS old pot grown plant of capsicum.

Parameters (-SA and + SA) Treatments of NaCl

Control 25 mM 50 mM 75 mM 100 mM 150 mM
No of branches (-SA) 1.00 £ 00 1+00 2.66 + 1.52 2 +1.00 2 +1.00 2.33 £0.57
No of branches (+SA) 4 +1.00 1.66 £ 0.57 3 £1.00 3+1.00 1.33 £ 0.57 4.33 £1.52
No of flowers per plant (-SA) 3.66 + 1.52 4.66 + 1.52 3.33 251 4 +2.00 2+264 133 +£1.52
No of flowers per plant (+SA) 433 £1.52 6 +3.00 5.33 +2.51 4.66 = 1.15 4.66 £ 5.03 3.66 + 1.15
Root: shoot ratio (-SA) 3.50 £ 0.3 3.30 £ 0.01 3.56 £ 0.16 4.01 £ 0.53 3.81 £ 0.51 3.90 +0.53
Root: shoot ratio (+SA) 2.88 +0.38 3.35+0.27 343 £038 3.62 £0.32 3.82 £0.21 3.82 £0.81

The data showing the mean (+SD) was calculated from three replicates per treatment.
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Fig. 2. (A) Total Chlorophyll without SA, (B) Total Chlorophyll with SA, (C) Carotenoids without SA (D) Carotenoids with SA. The obtained data were analysed by one-way
analysis of variance (ANOVA) using SPSS 16.0 software. Mean (+SD) was calculated from three replicates per treatment. Using Duncan’s Multiple Range Test (DMRT)
at p < 0.05 significant difference in means compared to control, is displayed using bars with different letters.

50 mM Nacl (21.89 and 7.67 %) with SA led to increase in carote-
noid content whereas all the other treatments led to decrease in
carotenoids during vegetative stage. Interestingly carotenoids sig-
nificantly increased in all the treatments especially (78.91 %) in
100 mM and (77.44 %) in 50 mM NaCl with SA compared to con-
trols in flowering stage (Fig. 2 C&D).

3.2. Biochemical studies

3.2.1. Peroxidase

In vegetative stage 50 mM NacCl did not significantly increase
(17.58 %) or decrease (12.29 %) POX activity in 100 mM NaCl
whereas in flowering stage 150 mM NaCl significantly increased
(21.01 %) the POX activity as compared to control as analysed
according to DMRT at 0.05 level of significance. However, applica-
tion of SA in vegetative stage led to significant decrease in POX
activity in all concentrations of NaCl, 75 mM NaCl showing the
(21.58 %) decreased compared to control. Similar results were also
found in flowering stage where peroxidase activity highly
decreased (55.00 %) in 100 mM NaCl in the presence of SA com-
pared to control without salt but with SA (Fig. 3 A- B).

3.2.2. Catalase

There was significant increase in catalase activity in all concen-
trations of NaCl. Catalase activity highly increased (61.94 %) 50 mM
treated plant compared to untreated plant in vegetative stage,
whereas in flowering stage only 25, 50 and 150 mM NaCl treat-
ments significantly increased approximately (22.26 %) catalase
activity as compared to control. Application of SA in vegetative
stage led to significant increase (35.80 %) in catalase activity at
150 mM NacCl treatment, whereas in flowering stage catalase activ-
ity remained unaffected at 150 mM NaCl treatment. CAT signifi-
cantly decreased (22.28 %) in 100 mM NaCl and SA treatment
compared to salt free control with SA (Fig. 3 C - D).
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3.2.3. Ascorbate

In vegetative stage under 100 and 150 mM salt treatment,
ascorbate (AsA) content significantly increased (53.30 & 56.71 %)
respectively, while in flowering stage, it significantly increased
(30.29 and 35.96 %) under 100 and 150 mM NaCl treatment as
compared to control. Addition of SA to salt treatment led to further
significant increase in AsA content in almost all treatments,
150 mM NaCl + SA showing the highest (60.34 %) value while
decrease (26.43 %) in 50 mM NacCl + salicylic acid in vegetative
stage as compared to salt free control with SA. In flowering stage
application of salicylic acid led to significant decrease in ascorbate
content in all the treatments of NaCl and SA as compared to salt
free control with SA (Fig. 3 E - F).

3.2.4. Protein

In vegetative stage only under 75 mM (9.54 %) and (8.24 %)
100 mM NaCl treatment and in flowering stage in all the salt treat-
ments leaf protein of C. annuum cv. PS significantly decreased,
compared to control and highly decreased (22.22 %) in 150 mM
NaCl. Application of SA in vegetative stage led to significant protein
content increase in all the treatments except under 25 mM NaCl
treatment and contrastingly increased (22.64 %) in 100 mM con-
centration of NaCl + 1 mM SA compared to salt free control with
SA. Flowering stage protein content significantly decreased in all
the treatments, highest decrease being in 75 and 100 mM
NaCl + SA treatment compared to control with SA (Fig. 4 A - B).

3.2.5. Proline

In contrast to leaf protein content, proline content did not sig-
nificantly increase or decrease (11.60 %) during vegetative stage
at 75 mM NacCl though at 100 and 150 mM NaCl there was signif-
icant increase (263.13 and 342.42 %) in proline content in both
vegetative and flowering stage compared tocontrol. Application
of salicylic acid led to further increase in proline content signifi-
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Fig. 3. (A) Peroxidase without SA, (B) Peroxidase with SA, (C) Catalase without SA, (D) Catalase with SA, (E) Ascorbate without SA, (F) Ascorbate with SA. The obtained data
were analysed by one-way analysis of variance (ANOVA) using SPSS 16.0 software. Mean (+SD) was calculated from three replicates per treatment. Using Duncan’s Multiple
Range Test (DMRT) at p < 0.05 significant difference in means compared to control, is displayed using bars with different letters

cantly (1202.8 %), under 150 mM NaCl + salicylic acid treatment,
proline content being the highest in vegetative stage as well as in
flowering stage compared to salt free control with SA (Fig. 4 C - D).

3.2.6. Phenolics

At vegetative stage 50 mM onwards all concentrations of salt
significantly increased (14.42 %) phenolics, 75 mM NaCl being
the most significant. In contrast during flowering stage all treat-
ments decreased phenolic content as compared to control,150 mM
(6.42 %) showing the least decrease and 25 mM (42.67%) NaCl
showing the maximum decrease compared to control. Addition
of SA, increased phenolics significantly in vegetative stage highest
being (54.64 %) in 100 mM NaCl + SA compared to salt free control
with SA. Similar results were recorded in flowering stage but with
highly value (23.39 %) in 25 mM NacCl and SA but slightly decrease
in 150 mM NaCl and SA compared to control (Fig. 4 E - F).
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4. Discussion

Soil salinity is a world-wide problem for agricultural land,
imparting negative influence on plant growth and development
and extensively affecting the yield productivity of majopr food
crops including rice, maize, wheat and Brassica juncea (Khan
et al., 2012; Anjum et al., 2014; Taibi et al., 2016; Ahanger and
Agarwal, 2017; Siddiqui et al., 2017; Ahanger et al., 2019; Singh
et al, 2021). Several studies have suggested that various
approaches for mitigation of the adverse effect of salinity, includ-
ing exogenously applied of plant growth regulators in different
crop plants such as tobacco (Nicotiana tobacum), wheat, rice and
soybean (Glycine max), and capsicum (Hoque et al., 2007; Ali
et al., 2008; Qiu et al., 2014; Akram et al., 2017; Mostofa et al.,
2017; Kaya et al., 2020b). Among the phytohormones SA has been
reported to regulate growth and prevent the adverse affects of
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Fig. 4. (A) Protein without SA, (B) Protein with SA, (C) Proline without SA, (D) Proline with SA, (E) Phenolics without SA, (F) Phenolics with SA. The obtained data were
analysed by one-way analysis of variance (ANOVA) using SPSS 16.0 software. Mean (+SD) was calculated from three replicates per treatment. Using Duncan’s Multiple Range
Test (DMRT) at p < 0.05 significant difference is means compared to control, is displayed using bars with different letters.

stresses including salinity (Khan et al., 2012; Ahanger et al., 2020).
Salinity induces ion toxicity which results in oxidative and osmotic
stress. Salicylic acid one of the key plant growth regulators for mit-
igating the salinity stress. Present study investigates the role of
exogenous SA treatment on the alleviation of salinity induced
growth damage in capsicum. Salinity stress markedly decreased
the plant growth and development resulting reduction in plant
root and shoot length under salinity stress. Plant growth decreased
with the increasing concentration of salt in the present study and
the results corroborates with the findings of Ahanger et al.
(2020) who showed decreased plant growth in Vigna radiata under
salt stress. Reduced growth in wheat, soybean, Acacia auriculifor-
nus, sugar beet and maize (Wu et al, 2013; Akram et al.,, 2017;
Rahman et al.,, 2017; Siddiqui et al.,, 2017; Kaya et al., 2020a,
2020b) has been reported.

On the other hand application of salicylic acid alleviated the
decline in plant growth caused due to salinity. Growth enhance-
ment due to supplementation of SA has been also reported by

(Kohli et al., 2019) in mustard and (Kaya et al., 2020a) in maize,
(Saddiq et al., 2021) in winter and spring wheat. SA protects the
different plant species against toxic effect of biotic and abiotic
stress including salinity (Ahmad et al., 2017; Nie et al., 2018;
Kaya et al, 2020b), root length increase in capsicum annum
(Otélora et al., 2020), soybean (Gutiérrez-Coronado et al., 1998).
Besides this the fresh and dry weight of Capsicum annuum in pre-
sent study significantly decreased with increasing concentration
of NaCl. Fresh and dry weight is mostly depending up on relatively
water content (RWC) of the plant. RWC decreased especially under
biotic and abiotic stresses, such as drought, metal, and salinity (Li
etal., 2017; Nguyen et al., 2018), and in maize (Tahjib-Ul-Arif et al.,
2018). Salinity decreased in H,O availability in various parts of the
plant. However, with the application of salicylic acid RWC
improved in salt stressed plants (salt + SA) as well as control (Con-
trol + SA) plants. Similar to our results increased RWC due to SA
application has been reported in salt stressed Solanum lycopersicum
(Gorgényi Miklosné Tari et al., 2015), pea (Ahmad et al., 2017),
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citrus sinensis (Khoshbakht and Asgharei, 2015), rice (Jini and
Joseph, 2017), maize (Tahjib-Ul-Arif et al., 2018) and capsicum
(Kaya et al., 2020b). (Stevens et al., 2006) who showed that appli-
cation of SA alleviate the harmful effect of salinity stress on fresh
and dry weight of plants (Bastam et al., 2013) in pistachio.

Usage of 1 mM SA as physiological concentration was reported
by Jini and Joseph (2017) in rice which has been adopted in our
experiments, too. Besides, Souri and Tohidloo (2019) have reported
foliar application of similar concentration of SA (100 mg L) to
increase shoot: root ratio and biomass whereas they also men-
tioned poor shoot length and yield by rhizospheric application of
SA in tomato.

In our case, the contradiction to their finding rhizospheric appli-
cation of SA successfully improved the yield of NaCl treated plants
compared to controls with or without SA. Even at 150 mM NaCl
treatment SA could improve the fruit yield to as much as in con-
trols (without salt and SA). Addition of salt led to increase in
branching compared to control probably to increase the number
of apices bearing flowers and fruits and hence to conserve progeny
before the plant succumbs to increasing stress.

Addition of SA added to the number of branches in control but
in salt treated sets maximum branches appeared in highest con-
centration of salt (150 mM NacCl) treatment, lowest number of
fruits per plant could be recorded as against 25 mM NaCl treated
with highest number of fruits. Thus, NaCl in small concentration
(25 mM) supports early fruiting which is further enhanced by SA.

Photosynthesis is the photo-chemical reaction in which light
energy is get converted in to chemical energy and it is the main
part of plant life cycle which, is directly related to yield of the plant
(Chaves et al., 2009) under stress condition decreasing the yield
(Ahmad et al., 2017).

Chlorophyll is more sensitive to salinity, drought, and metal
stress. Chlorophyll content decreased with increasing concentra-
tion of NaCl in capsicum annuum cv. PS. Our results are agreement
with other findings. Salinity stress adversely affect most of the step
of photo-chemical reaction and reduced the rate of photosynthesis
(Ashraf and Harris, 2013; Sehar et al., 2019; Jahan et al., 2020;
Rasheed et al., 2020). Photosynthetic rate is decreased under salt
stress due to osmotic, nutrient and disbalancing in ionic homeosta-
sis in rice, wheat, soybean (Jini and Joseph, 2017; Li et al., 2017;
Shahbaz et al., 2017; Maswada et al., 2018).

However, salicylic acid mitigates the toxic NaCl by decreasing
the oxidative damage and clearly enhanced the photosynthetic
rate in capsicum annuum. (Fariduddin et al., 2003) in Brassica jun-
cea, (Nazar et al., 2011) in mung bean, and (Li et al., 2013) in wheat
under salt stress. Salicylic acid assisted photosynthesis by protect-
ing chlorophyll pigments from the phytotoxic effect of ions and
oxidative protection of chloroplast (Foyer and Shigeoka, 2011).

(Nazar et al., 2015) salicylic acid enhances the chlorophyll con-
tent in mustard. Several studies suggested chl. content is a bio-
chemical marker of salt tolerance in plants (Taibi et al., 2016;
Ishikawa and Shabala, 2019).

Carotenoids an important non enzymatic lipid soluble antioxi-
dant found in plants as well microorganisms. Carotenoids play a
multiple function in plant metabolism including oxidative stress
tolerance they protect the chloroplast form '0, and other harmful
ROS (Collins, 2001). Carotenoids decreased with increasing concen-
tration of salt stress in veg. stage of capsicum (Sehar et al., 2019;
Rasheed et al., 2020). Whereas, in flowering stage carotenoids cli-
matically increased under salt stress. Carotenoid content signifi-
cantly increased in the presence of salicylic acid. Hussain et al.
(2021) also reported that SA protects the chlorophyll content in
mungbean (Nazar et al., 2015) in mustard. To fight against salinity
induced osmotic stress |/ oxidative stress and ionic imbalancing
plants up-regulate the indigenously existing immune system that
protects the plants from toxic effect of reactive oxygen species
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(ROS). The excess production of free radicals causes deleterious
effects on lipid, protein and other macromolecules leading to cellu-
lar metabolism arrest or cell death (Bhuyan et al., 2020; Jahan et al.,
2020). For alleviation of ROS effects, plants enhance the ROS scav-
enging antioxidant enzyme activity including CAT, POX and APX
etc. and content of non-enzymatic antioxidants (Ahmad et al,
2018; Ahanger et al., 2019). ROS include 0,*" OH*, H,0, and '0,
which impart damaging effects on the key macromolecules hereby
hamper the normal plant functioning (Ahanger et al., 2017). Hydro-
gen peroxide is reduced into H,O by the action of catalase mainly in
peroxisomes whereas, APX is the first enzyme of the AsA-GSH cycle
catalysing the dismutation of H,0, by utilizing AsA as an electron
donor in different organelles including mitochondria, chloroplast
and cytosol (Garg and Manchanda, 2009). Peroxidase activity
increased in both stages of capsicum plant. POX performs an impor-
tant role in the auxin metabolism, heavy metal and salt stress toler-
ance, lignification and senescence, etc. (Passardi et al., 2005). Hence,
POD has often worked as a parameter of metabolism action during
growth modifications and environmental stress conditions. POX
and CAT activity increased with increasing concentration of NaCl
in Jatropha curcas (Gao et al., 2008).

Peroxidase activity increased with increased concentration of
NacCl at vegetative as well as flowering stage of capsicum annuum
cv. SA application alleviates the toxic effect of NaCl stress by
enhancing the antioxidant activity of plants (El-Tayeb, 2005;
Syeed et al., 2011; Ahanger et al., 2020). Increased activities of
antioxidant enzymes and the increased synthesis of non-
enzymatic antioxidants provides strength to plants to withstand
the stress mediated growth restrictions by protecting major cellu-
lar functioning like photosynthesis (Ahanger et al., 2019, 2020).
Presents study indicates that SA in general, increases the antioxi-
dant potential of Capsicum annuum plants at both vegetative as
well as flowering stage in terms of enzyme activity (increase of
POX and CAT). Similar results have also been observed by other
others (Mehak et al., 2021; Punia et al., 2021). Catalase activity
increased with increased concentration of NaCl in capsicum
annuum PS (Jini and Joseph, 2017) in rice, (Tahjib-Ul-Arif et al.,
2018) in maize.

Flowering stage is described as plant’s way of preparation for
stress through securing the progeny. C. annuum leaves appear to
show the impact of stress through decline in protein specifically,
whereas tolerance through increase in proline, maintaining the
ionic homeostasis and water retention capacity and enhancement
of antioxidant activity through increased CAT activity. Our finding
similar to another study CAT activity increased in Oenanthe javan-
ica (Kumar et al., 2021a; Mehak et al., 2021).

Increased the CAT activity was also reported in tomato
(Rodriguez-Rosales et al., 1999), in rice (Jini and Joseph, 2017),
and Faghih et al. (2017), Kim et al. (2017), Ahmad et al. (2018),
Pirasteh-Anosheh and Emam (2018), Tahjib-Ul-Arif et al. (2018),
Punia et al. (2021) clearly suggested that positive role of SA in
response to salt stress.

Ascorbate content (AsA) is a low molecular weight, water sol-
uble non-enzymatic antioxidant (Ahanger et al., 2017; Zaid and
Wani, 2019). AsA most abundant antioxidant present in most of
the cell organelles e.g., chloroplast, peroxisomes, mitochondria
and cytosol, which function in coordination to control the redox
signaling cascades to scavenge ROS for protecting cell from oxida-
tive damage (Hasanuzzaman et al., 2020; Hussain et al., 2021). In
our case AsA content increased with the increasing concentration
of NaCl in capsicum annuum cv. PS. Our results are agreement with
study of Hossain et al. (2021) in rice. Interestingly in the presence
of salicylic acid AsA content increased up to 50 mM to 150 mM of
NaCl in vegetative stage of capsicum. In contrast AsA content
decreased with increasing concentration of NaCl in flowering stage
of PS.
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The increase in AsA in 150 mM salt treated plants during vege-
tative stage might account for reduced AsA, POX activity though in
flowering stage SA addition leads to probable degradation of AsA
under increased activity of CAT and reduced activity of POX. Such
antioxidant defence modulation has been reported by Sehar et al.
(2019) in wheat and Jahan et al. (2020) in mustard, too.

In the study of capsicum annuum protein content may be unaf-
fected in vegetative stage. However, similar pattern also showing
in flowering stage with slightly decline in high concentration of
NaCl Interestingly, carotenoids, proteins and phenolics were
recorded to accumulate at 70 DAS (vegetative) in chilli plant
leaves at 100 mM NaCl in the presence of SA, but at flowering
stage both protein and phenolics in the presence of NaCl with
or without SA declined. Protein also accumulated in vegetative
stage upto addition of 150 mM salt + 1 mM SA and at flowering
stage upto 150 mM salt but without SA upto 75 mM NacCl only.
Total chlorophyll content increased up to 25 mM NaCl with SA
at every stage. Total phenolics were highest in controls without
SA or NaCl and chlorophylls were maximum with SA and NaCl.
This suggests that accumulation of phenolics in general, is not
in response to salt stress as it is higher in controls rather than
a result of treatment with salt or SA, besides higher chlorophylls
under salt, salt and SA together refer to stress on photosynthesis
being mitigated by SA.

Accumulation of proline content under salinity stress con-
tributes to osmoprotectant and a scavenger of OH®, 10, inhibiter
of lipid peroxidation, metal chelator, protein stabilizer (Ashraf
and Foolad, 2007; Trovato et al., 2008). Proline synthesis protects
the redox cycling which is most important in antioxidant defence
processes in plant under biotic and abiotic stress (Babiychuk
et al,, 1995). Proline content increased with increasing concentra-
tion of NaCl in capsicum annuum which maintain the water reten-
tion in call and protect the plant under salinity stress and play the
role in stress tolerance. Our studies are similar to other findings
(Jiménez-Bremont et al., 2006) in bean, (EI-Shabrawi et al., 2010)
in Pokkali rice, (Kumar et al., 2021b) in tomato. Excessive accumu-
lation of proline in vegetative stage under 150 mM NaCl and 1 mM
SA treatment with marginally significant increase in proline indi-
cates increased water retention to sustain membrane integrity.
Overall, addition of SA has indicated non-accumulation of pheno-
lics during climacteric rise in respiration or oxidation losses, and
accumulation of proline (Shahid et al., 2020) under flowering stage.
Meaning thereby, the mechanism of SA action is through proline
accumulation in flowering stage, too (Lotfi et al., 2020) in mung-
bean, (Souana et al., 2020) in Vicia faba.

Phenolics are aromatic ring containing organic compounds
which are secondary metabolites derived from phenylpropanoid
acetate biosynthetic pathway. They play an important role in
defence mechanism in higher plants with variable toxicity they
target cellular functions at multiple sites (Haig, 2008; Begum
et al,, 2021).

Phenolic content increased with the increasing concentration of
NaCl in capsicum annuum cv. PS in flowering stege. An increase in
the total phenolic content was observed in plants exposed to SA
along with salt treatment. Salinity phenolic content increased with
increasing concentration NaCl (Sogoni et al., 2021) phenolic con-
tent increased in Tetragonia decumbens.

SA also enhanced phenolic content at vegetative as well as flow-
ering stage of the plant, reiterating amelioration of salinity induced
damage by SA. However, the highest phenolic content was
observed at 100 mM NacCl. Similarly, Kazemi et al. (2020) have
reported increased phenolics in blueberries improving their toler-
ance to salinity stress. Hence, salicylic acid is an important stimu-
lator of antioxidant enzyme activity in plants under salinity stress
and can be effective for growth and development capsicum annum
cv. Pusa Sadabahar under high concentration of NaCl.
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5. Conclusion

Salinity proved damaging to the growth and biomass production
of Capsicum annum cv. Pusa Sadabahar. Exogenous treatment of SA
protected the capsiscum plants from the damaging effects of salin-
ity by strengthening the tolerance mechanisms. SA treatment alle-
viated the oxidative damage by up-regulating the antioxidant
system and increasing the synthesis of key metabolites including
proline, phenolics and ascorbate. Hence the SA mediated growth
and stress alleviation seems to be associated with the strengthening
of tolerance mechanisms against the increased salinity.
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