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ABSTRACT: The aim of the present investigation was to ascertain the impact of salicylic
acid on the productivity of the pea plant, Pisum sativum L., grown under sodium
fluoride-induced stress. Several biochemical parameters (the photosynthetic pigments
chlorophyll “a”, chlorophyll “b”, total chlorophyll, and carotenoids, total soluble
proteins, total phenol content, proline content, and ascorbic acid content were studied
in two varieties of Pisum sativum L. (RKS-510 and Classic) during the growth season
20152016, subjected to sodium fluoride (NaF) stress by the application of NaF, in
concentrations of 50, 100, 150, and 200 ppm, as a soil drench on a biweekly basis and
the biweekly exogenous application of salicylic acid as a foliar application, in
concentrations of 100, 200 and 300 ppm, both alone and in combination with the NaF soil
drench. Control plants were treated biweekly with tap water. The NaF caused toxic
effects on the biochemical processes of the plants, with a dose-related gradual
reduction in the biochemical attributes, which was alleviated by the salicylic acid. We
concluded that the foliar application of salicylic acid increased the salt tolerance of the
RKS-510 and Classic cultivars of Pisum sativum L.

Keywords: Biochemical attributes; Fluoride; Pisum sativum L.,Salicylic acid; Sodium fluoride, Stress.

INTRODUCTION

Salinity is one of the limiting environmental factors for soil fertility and plant
production.1 The basic cause of salinity-induced effects on the growth and
development of plants is the accumulation of ions in the soil solution and ultimately
in the plant cells.? Various fluoride sources and their impact on the plant biology have
been well reported.> Fluoride is emitted into the environment through atmospheric
emissions from volcanoes, seawater, weathering of rocks, and by the aluminum,
glass, brick, pottery, and ceramic industries.* Fluoride in irrigation water can come
through the high use of phosphate fertilizers and aerial deposition from ceramic
industries and brick kilns.

The fluoride ion negatively affects the process of photosynthesis and the
metabolism of amino acids and proteins by disturbing membranes and the stromal
enzymes related to carbon dioxide fixation and results in lowered chlorophyll

. 6 . . . . . . 7
concentrations® along with other physiological and biochemical disorders.

Salicylic acid (SA) is a plant-originated, water-soluble, endogenous, antioxidant
phenolic compound that enhances the growth of plants.® It is an important signaling
molecule which modulates the responses of plants to environmental stresses.® The
overall growth and photosynthetic capacity of plants under saline and stress
conditions can be enhanced by the exogenous application of SA. Various
physiological processes of plants are regulated by the activity of salicylic acid under
saline conditions.’ Salicylic acid promotes the salinity tolerance by accelerating the
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antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), and
peroxidase (POX). 10

Pea (Pisum sativum L.) is an edible cool-season annual leguminous seed crop
which is important for human nutrition. It is generally used as a fresh vegetable but is
also preserved by canning and freezing.11 Its seeds contain 18-20% dry matter,
including 5-8% protein and 10-12% carbohydrate. Pea also contains various
important antioxidants and phytochemicals which lower the level of free radicals and
play an important role in the prevention of stomach cancer. Keeping the above
production scenario and usefulness in mind it is urgent to strengthen production of
pea.

The aim of the present investigation was to ascertain the impact of salicylic acid on
the productivity of the pea plant, Pisum sativum L., grown under sodium fluoride-
induced stress.

MATERIALS AND METHODS

Two varieties of Pisum sativum L., RKS-510 and Classic, were selected for the
experiment which was conducted in the wire-house of the Botanical Garden,
University of the Punjab, located at southern part of Lahore (74°21-00-E, 31°35-00-
N), on a 21x15 m plot. Certified seeds of varieties RKS-510 and Classic were
obtained from Punjab Seeds Corporation and Arain Seed Corporation, Lahore,
respectively. Unhealthy, wrinkled, and infected seeds were carefully removed.
Analytical grade chemicals were purchased from the market: sodium fluoride (NaF),
salicylic acid (SA), acetone, phosphate buffer, Folin’s mixture, Folin’s Ciocalteu’s
phenol reagent, gallic acid, methanol, sodium carbonate, glacial acetic acid,
sulphosalicylic acid, ninhydrin, Na-EDTA, oxalic acid, 2,6-dichlorophenol
indophenol (DCPIP), potassium phosphate buffer, hydrogen peroxide (H,O,),
guaiacol, and sulphuric acid (H,SOy,).

Clay pots (25 cm diameter and 30 cm in length) were each filled with 5 kg of soil,
constituted with sand and loam in a 1:3 ratio along with farmyard and leaf manure.
The experiment was done in triplicate with a randomized complete block design
(RCBD) to give similar environmental conditions. NaF, prepared in concentrations of
50, 100, 150, and 200 ppm, was used to create the stress condition. Salicylic acid,
prepared in concentrations of 100, 200, and 300 ppm, was used to examine its ability
to interact with and alleviate the NaF-induced stress. The seeds of both cultivars were
soaked in clean tap water for 24 hours before sowing. Initially four seeds per pots
were sown to raise the plants, but after germination only two healthy seedlings were
selected for the further experimental procedures. The pots were examined on a
regular basis to avoid attack by weeds and pathogens. The NaF and SA were applied
biweekly (i.e., every two weeks) during the 2015-2016 growing season with the NaF
being given as a soil drench (150 mL/pot) and the SA was applied exogenously (6
mL/pot) as a foliar spray. The control plants were given tap water biweekly.

Biochemical analysis was performed in triplicate on healthy leaves of the plants for
the photosynthetic pigments chlorophyll “a”, chlorophyll “b”, total chlorophyll, and
carotenoids, total soluble proteins, total phenol content, proline content, and ascorbic
acid content, ascorbate peroxidase (APX) activity, and peroxidase (POX) activity).
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The plant pigments were measured according to the processes of Amon'!? and
Taylor and Davies, 3 respectively. The plant leaves were cut into 0.5 cm segments
and the extraction done with soaking in 80% acetone overnight at —10°C. Then, for
five min, the extract was centrifuged at 14000xg and by using a spectrophotometer
(Hitachi-220, Tokyo, Japan) the absorbance of the supernatant was read at 480, 645,
663 nm, respectively.

The chlorophyll “a”, chlorophyll “b”, total chlorophyll, and carotenoids were
measured by using following formula:

m
Chlorophyll a (%FW) = (0.0127 x 0D 663) + (0.00269 X OD 645)

m
Chlorophyll b (79 FW) = (0.0229 x OD 645) + (0.00468 x OD 663)

Where:

V = Volume of the extract (ml)
W = Weight of fresh leaf tissue (g)
Carotenoids: A“/Em x 100 (g ml™)
“r'=0D 480+ 0.114 (OD 663) —0.638 (OD 645)

E'" cm = 2500
Total Chlorophyll (%FW) = (0.0202 x 0D 645) + (0.0082 x OD 663)

For the estimation of the soluble protein, the method of Lowry et al.'* was used. By

mixing phosphate buffer (0.1 M, pH 7, 1:4 (w/v) in a pre-chilled pestle and mortar,
frozen leaves were crushed. For 1 g of plant leaves, 4 mL of phosphate buffer was
added. Then the sample was centrifuged at 10,000 rpm at 4°C for 10 minutes. Into 0.4
mL of supernatant, 0.2 ml Folin’s mixture was poured and it was left in the test tube
at room temperature for 15 minutes. Then for the development of color, 0.2 mL of
Folin’s Ciocalteu’s Phenol reagent was added. It was then mixed and placed at room
temperature for 45 minutes. By using a spectrophotometer, the absorbance at 750 nm
was measured. The amount of soluble protein was described by the standard curve.

Folin-Ciocalteu reagent was used to examine the total phenols in the extracts. The
standards of gallic acid equivalents (GAE mg/g) were used as gallic acid to determine
total phenols.”> By using methanol, 0.01, 0.02, 0.03, 0.04, and 0.05 mg/g
concentrations of gallic acid were prepared. In methanol, 0.1 mL of plant extract was
also prepared. To all the test tubes of 0.5 mL samples, 2 mL of 7.5% sodium
carbonate and 2.5 mL of Folin-Ciocalteu reagent was added. By using parafilm, the
test tubes were sealed and placed at room temperature for 30 minutes. The
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absorbance was measured at 760 nm by using a spectrophotometer. The Folin-
Ciocalteu reagent gives a blue color after the reaction due to its sensitivity to the
reducing compounds including polyphenols. Thus, the total phenol content was
examined. 6

By following the ninhydrin method of Bates et al.!” the proline content was
measured spectrophotometrically. In 3 mL of 3% sulphosalicylic acid, fresh leaf
samples (300 mg) were homogenized. The filtrate was poured into test tubes and
placed in a water bath at 100°C and then reacted with 1 mL each of acid ninhydrin
and glacial acetic acid for 1 hour. By using L-pro as a standard, the absorbance was
measured spectrophotometrically at 520 nm after the extraction of the mixture with
toluene.

Ascorbic acid: From leaf samples in Na-EDTA and oxalic acid, the content of
ascorbic acid was assessed and with 2,6-dichlorophenol indophenol (DCPIP) dye
their concentrations were measured. The absorbance was measured at 520 nm
spectrophotometrically and ascorbic acid was measured by following the reduction
method of Keller and Schwager.18

Data obtained from the pot experiment was then used to calculate the treatment
mean, the standard error and Duncan’s Multiple Range Test, as described by Steel
and Torrie.!” For this purpose, the software package Costat (version 3.03) was
employed using the computer facility of the laboratory.

RESULTS

The data given in Tables 1—4 shows the biochemical attributes of the pea varieties
RKS-510 and classic. The biochemical parameters studied for both varieties were
chlorophyll “a”, chlorophyll “b”, total chlorophyll, and carotenoids, total soluble
proteins, total phenol content, proline content, and ascorbic acid content.
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Table 1. Plant pigment of Pisum sativum L., variety RKS-510, measured at 44 days after

sowing (DAS) using different sodium fluoride and salicylic acid concentrations.
Values are meantSE. (NaF=sodium fluoride; SA=salicylic acid;
NaF-SA=sodium fluoride+salicylic acid)
Treatment Plant pigment
Chlorophyll “a” Chlorophyll “b” Carotenoid Total
(mg/g fresh wt) (mg/gfreshwt)  (mg/g fresh wt) chlorophyll
(mg/g fresh wt)

Control £0.06 £ 0.015 o012 Y
NaF-50 1'8%32_0 285081 2 g.(5)_20806 lg .%aon
NaF-100 1'3?031@' 2':03,106109 2350511 2 1.g%a0b9
NaF-150 pon Yo Y £0012
NaF-200 1'390%2 2'3_20806 2'8_70809 1'3.1080%
SA-100 13306‘1 2'3?0306 g.gfloaog 15%8‘1 2
SA-200 £ 0,006 20,012 20,006 £0,006
SA300 Tt 2 000 0,009 £0012
NaF-50+ SA-100 g 20,006 Y0012 £ o006
NaF-50+ SA-200 £0.005 20,009 20,009 £0.02
NaF50+SA-300  |-48ad 20,015 £ 0,006 £6.006
NaF-100+ SATO0 [0S 0,009 T 0012 £0.000
NaF-100+ SA200 Lo 20.006 20012 £6.000
NaF-100+ SA-300 12304 Yoot 0,009 £0,003
NaF-150+ SA-100  [‘TRS + 0.006 2 0.000 £0.000
NaF-150+ SA-200 13924 o000 20,00 £0.000
NaF-150+ SA-300 1(1)80086 2820611 5 2880611 2 18??2
NaF-200+ SA-100 Lo 20,006 £0.009 £0.009
NaF-200+ SA-200 12824 o012 0,009 F0012
NaF-200+ SA-300 1014 o 25019 £010

Within each parameter, values not followed by the same lower case letter are
significantly different with Duncan’s multiple range test and p=0.05. a-c=abc; a-d=abcd
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Table 2. Plant pigment of Pisum sativum L., variety Classic, measured at 44 days after
sowing (DAS) using different sodium fluoride and salicylic acid concentrations.

Values are meantSE. (NaF=sodium fluoride; SA=salicylic acid;

NaF-SA=sodium fluoride+salicylic acid)

Treatment Plant pigment
Chlorophyll “a” Chlorophyll “b” Carotenoid Total
(mg/g fresh wt) (mg/g fresh wt) (mg/g fresh wt) chlorophyll
(mg/gfresh wt)
Control Lo0ts $0.015 £0.012 +0.007
NaF-50 o S oon2 20015 £ 001
NaF-100 s 20,017 2002 £0.00
NaF-150 £ 0000 £0.020 20012 £0.008
NaF-200 Loors £0.018 £0.003 +0.008
SA-100 Toois 20,008 20012 £ 0052
SA-200 £0.020 20015 £0.003 +0.006
SA-300 Yoot T0015 £0.003 0,000
NaF-50+ SA-100 L0016 20,006 20,000 £0.000
NaF-50+ SA-200 £0.006 $0.003 $0.012 £ 0,019
NaF-50+ SA-300 L0006 £ 0.006 20,013 L0027
NaF-100+ SA100 L0016 20,006 20,003 £0.003
NaF-100+ SA-200 001 £ 0,009 20,015 Foom
NaF-100+ SA-300 o0 20,006 Y0021 £0.005
NaF-150+ SA100 1ot £0.000 £0006 L0015
NaF-150+ SA-200 1 otad 20017 20,09 ey
NaF-150+ SA-300 o't 20,009 20.020 L0023
NaF-200+ SA-100 158 +0.006 Y0021 +0.024
NaF-200+ SA200 1ol 20,006 Y0012 toot
NaF-200+ SA-300 (e To012 20,009 £0.076

Within each parameter, values not followed by the same lower case letter are
significantly different with Duncan’s multiple range test and p=0.05. a-c=abc; a-d=abcd,;

b-d=bcd
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Table 3. Biochemical parameters of Pisum sativum L., variety RKS-510, measured at 44
days after sowing (DAS) using different sodium fluoride and salicylic acid concentrations.
Values are meantSE. (NaF=sodium fluoride; SA=salicylic acid;
NaF-SA=sodium fluoride+salicylic acid; fr. wt=fresh weight)
Treatment Biochemical Parameter
Total soluble Total phenol Proline content  Ascorbic acid
proteins content (mg/gfr. wt) content
content (mg/gfr. wt) (mg/g fr. wt)
(mg/g fr. wt)
1.59ab 1.33b-e 0.73a 0.53a
Control £0.012 +0.015 £0.012 +0.006
NaF-50 1.25b-e 146a-d 0.82a 0.60a
ar- +0.006 +0.018 +0.015 +0.006
0.98d-h 1.56a-c 0.88a 0.66a
NaF-100 £0.012 +0.015 +0.006 +0.006
0.82e-h 1.65ab 0.92a 0.74a
NaF-150 £0.015 £0.017 £0.009 +£0.009
0.65gh 1.86a 1.03a 0.81a
NaF-200 £0.012 +0.009 £0.012 £0.012
1.89a 113cg 0.71a 0.50a
SA-100 +0.017 £0.012 +£0.009 +£0.009
1.54a-c 1.06d-g 0.68a 0.46a
SA-200 +0.006 £0.017 +0.006 £0.018
1.05d-g 1.00d-h 0.62a 0.42a
Al +0.015 +0.006 +0.018 +0.006
1.34b-d 121cAf 0.75a 0.55a
NaF-50+ SA-100 +0.006 +0.015 £0.015 £0.015
1.27b-e 1.14cg 0.70a 0.46a
NaF-50+ SA-200 +0.009 +0.015 +£0.009 £0.018
) R 1.13cf 1.06d-g 0.64a 0.42a
NaF-50+ SA-300 +0.009 +0.019 +0.015 +0.006
1.03c-f 1.00d-h 0.80a 0.58a
NaF-100+ SA100 +0.009 +0.015 £0.013 £0.012
1.02d-f 094e-h 0.76a 0.56a
NaF-100+ SA-200 +0.009 £0.018 £0.015 +0.006
0.86e-h 091e-h 0.68a 0.53a
NaF-100+ SA-300 £0.012 £0.012 +0.006 +0.009
0.95d-h 0.85f-h 0.7%9a 0.68a
NaF-150+ SA-100 +0.006 £0.015 +0.006 £0.009
0.87e-h 0.80f-h 0.71a 0.61a
NaF-150+ SA-200 +0.01 £0.012 £0.012 £0.015
0.77f-h 0.74f-h 0.95a 0.56a
NaF-150+ SA-300 +0.009 £0.012 £0.023 £0.015
0.72f-h 0.79f-h 0.88a 0.77a
NaF-200+ SA-100 £0.10 +£0.009 +0.025 £0.012
0.65gh 0.67gh 0.80a 0.71a
NaF-200+ SA-200 +0.015 £0.012 +0.019 £0.009
0.56h 0.53h 0.13a 0.65a
NaF-200+ SA-300 +£0.009 +£0.009 £0.012 £0.012

Within each parameter, values not followed by the same lower case letter are
significantly different with Duncan’s multiple range test and p=0.05. a-c=abc; b-d=bcd;
b-e=bcde; c-f=cdef; d-f=def; d-h=defgh; e-h=efgh; f-h=fgh.
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Table 4. Biochemical parameters of Pisum sativum L., variety Classic, measured at 44 days
after sowing (DAS) using different sodium fluoride and salicylic acid concentrations.
Values are meantSE. (NaF=sodium fluoride; SA=salicylic acid;
NaF-SA=sodium fluoride+salicylic acid; fr. wt=fresh weight)

Treatment Biochemical Parameter
Total soluble Total phenol Proline content  Ascorbic acid
proteins content (mg/gfr. wt) content
content (mg/g fr. wt) (mg/g fr. wt)
(mg/g fr. wt)

Control 16,008 ey £0.000 20000
NaF-50 1.20b-f 140bc 0.7% 0.56a

+0.006 +0.012 +0.015 £0.012
NaF-100 284 Oddg lg_zoaobs 2'8.10309 2.8.20306
NaF 150 Y0019 L0012 20012 Y0012
NaF-200 £0.012 £0.000 £0.053 £0.012
SA-100 £0.020 £0015 20018 20015
SA-200 heysy £0.009 20,006 20,006
SA-300 oor Y0015 Yoor2 £0.000
NaF 50+ SA-100 1(2,80b13 1‘8?0%‘5 23 1031 7 2'390309
NaF-50+ SA-200 15008 £0.0%8 e o07 Y0012
NaF-50+ SA-300 P Y0095 Y0012 £0.000
NaF-100+ SA100 g-g?od(;g 2'8,70‘;33 2‘3,%326 2'3.40309
NaF-100+ SA-200 ey 20,050 Y0 s 20,000
NaF-100+ SA-300 0 [8eb el 26,000 20000
NaF-150+ SA-100  OGh 26,009 20012 20,009
NaF-150+ SA-200 Yo o9 Y0012 S0t
NaF-150+ SA-300 004 20,015 20015 20,006
NaF-200+ SA-100 ey o3 20018 £0000
NaF-200+ SA200 4ot 20012 +0.027 £0,009
NaF-200+ SA-300 L8015 £0015 v 0020 20,006

Within each parameter, values not followed by the same lower case letter are
significantly different with Duncan’s multiple range test and p=0.05. a-c=abc; b-d=bcd;
b-f=bcdef, c-e=cde; c-g=cdefg; d-f=def; d-g=defg; d-h=defgh; e-h=efgh; f-h=Ffgh.
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Tables 1 and 2 show the amount of photosynthetic pigments, i.e., chlorophyll “a”,
chlorophyll “b”, total chlorophyll, and carotenoids, in both varieties of pea plant.
They decreased with increases in the concentrations of sodium fluoride. The plants
treated with a high fluoride concentration lacked a dark green color due to a
deficiency of plant pigments.

For variety RKS-510, at 50 ppm sodium fluoride, chlorophyll “a” was decreased at
1.56 mg/g fr. wt, compared to the control value of 1.69 mg/g fr. wt. The highest
reduction was observed in the 200 ppm NaF group with 1.29 mg/g fr. wt. The
chlorophyll “a” content was observed at a maximum in the SA-100 group with 1.73
mg/g fr. wt. With the increasing NaF concentrations of 50, 100, 150, and 200 ppm,
the chlorophyll “a” levels decreased with values of 1.56, 1.48, 1.41, and 1.29 mg/g ft.
wt. The decreases were not statistically significant compared to the control group
(Table 1).

For variety Control, at 50 ppm sodium fluoride, chlorophyll “a” was decreased at
1.53 mg/g fr. wt, compared to the control value of 1.62 mg/g fr. wt. The highest
reduction was observed in the 200 ppm NaF group with 1.29 mg/g fr. wt. The
chlorophyll “a” content was observed at a maximum in the SA-100 group with 1.22
mg/g fr. wt. With the increasing NaF concentrations of 50, 100, 150, and 200 ppm,
the chlorophyll “a” levels decreased with values of 1.53,1.42, 1.38, and 1.22 mg/g ft.
wt. The decreases were not statistically significant compared to the control group
(Table 2).

For variety RKS-510, at 50 ppm sodium fluoride, chlorophyll “b” was decreased at
0.35 mg/g fr. wt, compared to the control value of 0.42 mg/g fr. wt. The highest
reduction was observed in the 200 ppm NaF group with 0.22 mg/g fr. wt. The
chlorophyll “b” content was observed at a maximum in the SA-100 group with 0.48
mg/g fr. wt. With the increasing NaF concentrations of 50, 100, 150, and 200 ppm,
the chlorophyll “b” levels decreased with values of 0.35, 0.31, 0.28, and 0.22 mg/g ft.
wt. The decreases were not statistically significant compared to the control group
(Table 1).

For variety Control, at 50 ppm sodium fluoride, chlorophyll “b” was decreased at
0.32 mg/g fr. wt, compared to the control value of 0.39 mg/g fr. wt. The highest
reduction was observed in the 200 ppm NaF group with 0.18 mg/g fr. wt. The
chlorophyll “b” content was observed at a maximum in the SA-100 group with 0.43
mg/g fr. wt. With the increasing NaF concentrations of 50, 100, 150, and 200 ppm,
the chlorophyll “b” levels decreased with values 0f 0.32, 0.27, 0.24, and 0.18 mg/g fr.
wt. The decreases were not statistically significant compared to the control group
(Table 2).

For variety RKS-510, the maximum value for the carotenoids was in the SA-100
group (0.64 mg/g fr. wt) compared to the control value of 0.58 mg/g fr. wt. With the
increasing NaF concentrations of 50, 100, 150, and 200 ppm, the carotenoids levels
decreased with values of 0.52, 0.45, 0.40, and 0.37 mg/g fr. wt. The decreases were
not statistically significant compared to the control group (Table 1).

For variety Control, the maximum value for the carotenoids was in the SA-100
group (0.60 mg/g fr. wt) compared to the control value of 0.55 mg/g fr. wt. With the
increasing NaF concentrations of 50, 100, 150, and 200 ppm, the carotenoids levels
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decreased with values of 0.48, 0.42, 0.38, and 0.35 mg/g fr. wt. The decreases were
not statistically significant compared to the control group (Table 2).

For both varieties, the total chlorophyll content was also showed the same pattern
of enhancement with SA and reduction with NaF. When NaF, in concentrations of 50,
100, 150, and 200 ppm) and SA, in concentrations of 100 and 200 ppm (but not 300
ppm), were applied in combination, the SA generally ameliorated the stress of the
NaF as reflected in the total chlorophyll value. The overall amount of plant pigments
was higher in the variety RKS-510 as compared to the variety Classic (Tables 1 and
2).

Table 3 (variety RKS-510) shows that total soluble proteins decreased as the
concentration of NaF increased and two lowest protein content levels were observed
with NaF-200 ppm and NaF-200+SA-300 at 0.65, and 0.56 mg/g fr. wt, respectively,
due to the stress of both NaF and SA. Salicylic acid enhanced the amount of soluble
proteins when applied exogenously. The control group and SA-100 showed the two
highest soluble protein content levels (1.59 and 1.89 mg/g fr. wt), respectively, while
the groups with 50, 100, and 150 ppm NaF showed gradually reducing levels (1.25,
0.98, and 0.82 mg/g fr. wt, respectively). All the treatments with NaF in combination
with SA-100 ppm showed a low soluble protein content. SA-300 ppm also caused
stress in the plants and lowered the soluble protein levels.

Table 4 (variety Classic) shows that NaF, at concentrations of 50, 100, 150, and 200
ppm, lowered the protein content, compared to the control value of 1.53 mg/g fr. wt,
with values of 1.20, 0.94, 0.79, and 0.62 mg/g fr. wt, respectively. The lowering was
significant (p=0.05) for the NaF concentrations of 100, 150, and 200 ppm. The
control and SA-100 groups showed the two highest soluble protein content levels
(1.53 and 1.83 mg/g fr. wt, respectively). The combinations of both NaF and SA
showed a variable result. SA reduced the stress of NaF but an excess of SA also
caused stress. The plants of the treatment of NaF-200+SA-300 showed the minimum
protein content of 0.49 mg/g fr. wt due to the stress of both NaF and SA.

Phenols are compounds produced by plants in response to stress and they
accumulate in plants. With elevated levels of salinity, phenols are produced in excess.
The exogenous application of SA reduced the stress of NaF and also affected the
production of phenols. For variety RKS-510, the maximum level of phenols was
observed with the NaF-200 ppm group (1.86 mg/g fr. wt), a significant increase
(p=0.05) compared to the control group which had a phenol content level of 1.33 mg/
g fr. wt. For variety RKS-510 with treatment with 50, 100, and 150 ppm NaF, the
corresponding total phenol content levels were 1.46, 1.56, and 1.65 mg/g fr. wt.
Compared to the values with treatment with NaF, treatment with a combination of
NaF and SA resulted in lower total phenol values (Table 3).

The total phenol content was less overall with variety Classic variety compared to
variety RKS-510 (Table 4). For variety Classic, the maximum level of phenols was
observed with the NaF-200 ppm group (1.81 mg/g fr. wt), a significant increase
(p=0.05) compared to the control group which had a level of 1.28 mg/g fr. wt phenol
content. For variety Classic with treatment with 50, 100, and 150 ppm NaF, the
corresponding total phenol content levels were 1.40, 1.52, and 1.59 mg/g fr. wt.
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The proline content was increased as the result of NaF stress. SA lowers the proline
content of the pea plants in both the RKS-510 and Classic varieties but the decrease
was more pronounced in the Classic variety (Tables 3 and 4). The highest proline
content was measured in the NaF-200 group (1.03 and 0.99 mg/g fr. wt, for the RKS-
570 and Classic varieties, respectively). These values were increased compared to the
control values (0.73 and 0.69 mg/g fr. wt, for the RKS-570 and Classic varieties,
respectively) but the increase was not statistically significant. With treatment with 50,
100, and 150 ppm of NaF, there was a gradual increase in the proline content (0.82,
0.88, and 0.92 mg/g fr. wt for the RKS-510 variety and 0.79, 0.81, and 0.88 mg/g ft.
wt for the Classic variety, respectively).

Ascorbic acid is an antioxidant which plays an important role in protection against
physiological stress. The ascorbic acid content was higher with increasing NaF
concentrations as shown in Tables 3 and 4 for both the RKS-510 and Classic pea
varieties. The highest ascorbic acid content was measured in the NaF-200 group
(0.81 and 0.78 mg/g fr. wt for the RKS-510 and Classic varieties respectively. These
values were increased compared to the control values (0.53 and 0.49 mg/g fr. wt, for
the RKS-570 and Classic varieties, respectively) but the increase was not statistically
significant. With treatment with 50, 100, and 150 ppm of NaF there was a gradual
increase in the ascorbic acid content (0.60, 0.66, and 0.74 mg/g fr. wt for the RKS-
510 variety and 0.56,0.62, and 0.71 mg/g fr. wt for the Classic variety, respectively).

DISCUSSION

Fluorine is a widespread element in nature as the 13th most abundant element in the
earth crust. The contamination of the natural environment with fluorine compounds
has become a global problem.?® Numerous investigations indicate that a high fluorine
content adversely affects the growth and development of plants®' causing leaf
damage,?? or decreasing the content of chlorophyll in the leaves.>> Many kinds of
fluorides are poisonous and present in acidic soils. These soils frequently have
moderate to high levels of fluoride thus causing a stressed condition for plants. Pisum
sativum L. is commonly used as fresh peas and dry pulses. Economically, it has been
grown for the canning industry. The impact of fluoride stress on the productivity of
pea plant has been determined by applying various concentrations of NaF.

A reduction in leaf area resulted in a decreased net photosynthetic rate and biomass
accumulation.’* The results of the present experiment show that the plant pigments
tend to decrease gradually with increased NaF concentrations while the exogenous
application of SA reduced the stress of NaF. The reduced plant pigments in the plants
grown under NaF stress resulted in less productivity. The decrease in the
photosynthetic pigments reduces the photosynthetic efficiency of Pisum sativum.

The present study demonstrated that the total soluble proteins were decreased by
the gradual increase in the NaF concentration. This is consistent with the findings of
Malik and Arya who found that the proteins were affected due to the fluoride-induced
toxicity which was greater at the higher concentrations of 100 and 200 ppm.>> The
phenol content is important for inducing tolerance to biotic and abiotic stresses.?® In
the present study, changes in phenolic compounds was observed response to salinity
stress. We found that the total phenol content increased as the concentration of
sodium fluoride used in the treatment increased. The exogenous application of
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salicylic acid resulted in a marked effect and reduced the total phenol content. The
results of present study are consistent with the studies by Amarowicz et al. %7 and
Giannakoula et al.”® who found that in lentil crops the level of phenolic compounds
was increased under salinity stress. This increased phenolic content results in a
stimulation of secondary metabolism under fluoride stress. Furthermore, phenolic
compounds are involved in the defense against oxidative stress developing due to
fluoride stress. It has been reported that the total phenols in leaves of Simarouba
glauca increased significantly with increasing NaF treatments. >’

Proline is a stress related dominant signaling molecule which is organic in nature
and acts as a sink for energy. Under stress conditions, proline is mainly involved in
stabilization of sub-cellular structures and facilitates osmotic adjustment.
Furthermore, by acting as an enzymatic regulator, proline also controls the cell
osmoregulation and protects the proteins during dehydration.3 O In the present study,
the proline content was enhanced with increased NaF concentrations while the
exogenous application of SA reduced the proline content. The main cause of higher
the proline content under stress is the accelerated production of proline rich protein
which enhances the tolerance capacity of the crop plant.31

CONCLUSIONS

In the present experimentation, sodium fluoride was continuously given to the
RKS-510 and Classic cultivars of pea plant (Pisum sativum L.) on a biweekly basis
and found to produce detrimental effects on some biochemical attributes. This is a
matter of serious concern, from an agricultural viewpoint, as Pakistan is an agrarian
country and its soils are being contaminated with a toxic load of NaF from various
sources. Alhough plants are silent sufferers, they reveal their response in the form of
a deprived growth pattern and a reduced yield as observed in present investigation.
However. the foliar application of salicylic acid proved to be effective against the
sodium fluoride stress. The exogenous application of salicylic acid successively
reduced the effects of the sodium fluoride stress and enhanced the morphological and
physiological parameters of Pisum sativum. However, at higher concentrations, the
salicylic acid itself may cause a high level of stress in plants and was then less
effective.
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