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In a greenhouse, parallel two experiments were carried out for the estimation of the impact of exogenous
GSH (reduced glutathione) on photosynthetic properties, the efficiency of the photosystem II, and the
H2O2-scavenging mechanism in chilli (Capsicum annum L.) seedlings. On the bases of pathogenicity, resis-
tant and susceptible verities were selected. The application of GSH increased the chlorophyll fluorescence
parameters such as photochemical quantity yield (YII). It declined the excitation pressure (1-qP) of pho-
tosystem and production of non-regulated energy dissipation [Y (NO)] in Xanthomonas campestris treated
chilli leaves. In the addition of GSH, accumulation of reactive oxygen species was down and maintained
the activity of ROS-scavenging enzymes (enzymatic antioxidants) in resistant and susceptible plants.
Consequently, GSH supplementation relieves inhibition of production of bacterial toxin and photosynthe-
sis primarily by overwhelming stomatal limitations, enhancing the performance of photosystem, and
modulating the antioxidant protection mechanism to defend chloroplasts from oxidation. The Present
study confirmed that seed priming with GSH in chilli plants to relieve biotic stress.
� 2020 The Authors. 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

The chilli is ranked second most popular solanaceous vegetable
worldwide. It is cultivated in Pakistan on a wide scale as a cash
crop (Annonymous, 2000). Xanthomonas campestris bacterial leaf
spot is a severe disease and a critical factor in reducing chilli pro-
duction worldwide. Infected plant displays numerous symptoms
like leaf and fruit spots and resulting in decreased physiological
processes, such as photosynthesis (Horváth et al., 2015). Photosyn-
thesis is a crucial mechanism in plant metabolism, and its mainte-
nance plays a pivotal role in plant defence against biotic stress.
Chlorophyll fluorescence parameters (Photo System II) are a pow-
erful tool to investigate photosynthesis activity at the cellular level,
leaf and plant scale, enabling plant phenotyping (Baker, 2008;
Murchie and Lawson, 2013). Besides, Chl-F’s sensitivity to even
subtle changes in plant metabolism provides an ideal technique
for providing correlations between host plant-stress factors. Simi-
larly, (Rohacek and Bartak, 1999) reported that Chlorophyll fluo-
rescence parameters indicates about pathogen location and
describes how photosynthesis from leaf to crop level is regulated.
Although pathogenic bacteria cause substantial yield losses in
crops, several scholars have attempted Chl-FI to investigate the
effects of bacterial infection relative to other forms of infectious
agents. Glycine max treated with Pseudomonas syringae pv’s aviru-
lent form, Glycine displayed lower maximal photochemical effi-
ciency of PSII (Fv/Fm) and PSII values and strengthened non-
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Table 1
Different treatments and their application and experimental time periods.

Treatments Treatment
Code

Time of application
after emergence

Duration
after
treatment

Control positive (without
any treatment)

C 21 Days 35 days

Control negative
(Exogenous
inoculation of bacteria)

B 21 Days 21 days

Glutathione
1.0 mM ? 10�7 CFU
Bacteria

T1 21 days ? 22 days 30 Days

Glutathione
0.5 mM ? 10�7 CFU
Bacteria

T2 21 days ? 22 days 30 Days

Glutathione
1.0 mM + 10�7 CFU
Bacteria

T3 21 Days 30 Days

Glutathione
0.5 mM + 10�7 CFU
Bacteria

T4 21 Days 30 Days
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photochemical quenching coefficient (NPQ) before symptoms
formed. (Zhang et al., 2015; Bonfig et al., 2006). Infection with X.
oryzae (bacterial blight) in rice induces photosynthesis disruption
and a decline in Fv/Fm, PSII and Ft could be observed (Šebela
et al., 2018).

Luckily, plants contain a variety of active defence responses
which offer resistance to various pathogenic agents. Systematic
acquired resistance to different plant pathogens is efficient in
plants (Schreiber et al., 2004). Previously, researchers used various
plant growth hormones which are act as signals and activates plant
defence responses (Devoto and Turner, 2005).

Nowadays, Glutathione (GSH) is a non-enzymatic antioxidant
and critical part of the ascorbate–glutathione cycle, a process con-
trolling the levels of H2O2 in plant cells. It also has biological activ-
ity against biotic stress (Hu et al., 2014; Kuzniak and SkLodowska,
2004). The presence of cysteine confers antioxidant function of
GSH during its participation in cell redox homeostasis. (Nedbal
et al., 2005) reported that GSH plays a crucial role in various cellu-
lar processes such as development, growth or environmental
response in plants. Several scientific studies have documented reg-
ulation of GSH in plants contaminated by multiple pathogens
(Foyer and Noctor, 2011; Meyer et al., 2001). Also, numerous
experiments have documented the protective roles of extracellular
GSH enhancing nutrient levels and heavy metal stress tolerance in
the various plant species, which GSH triggered reactive oxygen
species synthesis and also improves absorption and metabolism
of nutrients or metals (Cai et al., 2011; Mostofa et al., 2014).

Besides, few studies on GSH’s role to control the excess energy
excitation, redox state and antioxidant potential of plant cells
under X. campestris stress were reported. Considering GSH’s ability
to relieve biotic stress, we believe that seed priming with GSH will
modulate the capacity for photosynthesis, as well as the antioxi-
dant defence mechanism in chilli seedlings.

To the best of authors’ information, there seem to be no studies
on the beneficial roles of foliar application of GSH as a means of
enhancing tolerance to biotic stress (X. campestris) in chilli was
reported previously. Thus in the present study, we investigated
the effect of exogenous GSH on leaf photosynthetic performance,
photosystem II efficiency, and the antioxidant system of C. annum
plant under biotic stress. Meanwhile, to further determine the role
of GSH in balancing the excess excitation energy and modulating
the ROS scavenging system in stressed plants. We found that mod-
ulating photosynthetic activity at tissue levels and ROS metabo-
lism at organelle levels by adding exogenous GSH was an
important mechanism for mitigating the inhibition of plant growth
and photosynthesis caused by biotic (X. campestris) stress.
2. Materials and methods

2.1. Plant materials, growth conditions and treatments

Different varieties of Chilli were used for pathogenicity tests in
a greenhouse at The Islamia University of Bahawalpur, Pakistan.
The soil used comprised bhal (50%), organic matter (20%), and
sandy loam (30%). The soil was sterilized for 15–20 days in the sun-
light. Plastic pots (1 kg) were used in the experiments. Seeds were
sterilized using NaOCl (0.1%) for 2 min and rinse thoroughly with
distilled water twice. Seedlings (21 days old) was transplanted in
pots. Seedlings were divided into six groups and inoculated with
10�7 CFU X. campestris and 0, 0.5 and 1.0 mM GSH respectively.
Seedlings were introduced to respective treatments while uninoc-
ulated plants were used as control. The same experiment was
repeated three times and given 15 days interval after harvesting
of each experiment (Table 1). In the experimental pots the Hoag-
2

land solution was supplemented with 200 mL full strength twice
a weak
2.2. Isolation of bacterial pathogens inoculum preparation, spot index
and severity

X. campestris was collected from the infected chilli plants from
the greenhouse of the department of plant pathology, Islamia
University of Bahawalpur. The pathogenicity of X. campestris on
chilli was checked by the application on chilli seedling in a pathol-
ogy lab. Pure colonies of X. campestris was streaked separately on
nutrient agar plates and then incubated at temperature 30 ± 1 �C
for 24. Single colony picked after 24 h from each of tested bacteria,
X. campestris was injected individually into flasks containing nutri-
ent broth and then placed them in the incubator at temperature
32 ± 1C� for three days (72 h). Cell density was determined by
using spectrophotometer (Pg Instruments UV–VIS-T60). This cul-
ture was use as source of inoculum. The suspension was diluted
by adding water (serial dilution) and prepared 10^7 cfu/ml. Leaves
were pinched with sterilized syringe and suspension was sprayed
over leaves. Disease index. (0–5) scale was used for bacterial spot
index, where 0 shows no symptoms of the disease and 5 = severe
disease/highest spot index. Aerial and underground factors of the
plant were dried at 75% for overnight. Both parts of the plants were
weighted after the drying, and the rate of relative growth mea-
sured by the given equation of (Van et al., 2016).
2.2.1. Estimation of MDA and H2O2

For melondialdehyde (MDA) content, the thiobarbituric acid
test have done for lipid peroxidation measurement, a degradation
product of polyunsaturated fatty acid oxidation, as described ear-
lier by Horváth et al. (2015) was performed�H2O2 content was
assessed using previously mentioned method (Diao et al., 2014).
2.2.2. Determination of the redox state
The contents of total glutathione (GSH + GSSG) and oxidized

glutathione (GSSG) in the leaves were evaluated using a method
described earlier (Van et al., 2016). Calculated GSH content by
deducting GSSG content from GSH + GSSG, and then calculating
the proportion of GSH/GSSH.



Table 2
Chl-F parameters of common use in biotic stress detection. For further details, see
(Maxwell and Johanson, 2000; Murchie and Lawson, 2013; Rohacek and Bartak, 1999;
Yang et al., 2008).

Chl. Fluorescence parameters Terms used Formula

The initial fluorescence F0 Measuring beam
(<0.05 mmol m�2

s�1)
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2.3. Assay of antioxidant enzymes activity

The presence of superoxide dismutase (SOD; EC:1.15.1.1) was
calculated using the Giannopolitis and Reis (1997). Activity of
SOD activity was assessed by monitoring its ability to prevent nitro
blue tetrazolium’s photochemical reduction. Mixture contained
sodium phosphate (50 mM (pH7.8), methionine (13 mM), ribofla-
vin (2 mM), NBT (75 mM), EDTA (100 nM), and extracted enzyme
solution (100 mL). The absorbance adjustments had been read at
560 nm. Super oxide dismutase activity unit has been described
as the quantity of enzyme that inhibits the photoreduction of
NBT by 50 percent.

Peroxidase activity (POD; EC:1.11.1.7) was calculated by calcu-
lating the H2O2 peroxidation as an electron donor with guaiacol
(Chance and Maehly, 1955). Increase in absorption intensity for
4 min due to tetraguaiacol production @ 470 nm. One value of
the enzyme was considered to be the sum of the enzyme responsi-
ble for increasing the POD value by 0.01 in 1 m.

Ascorbate peroxidase (APX; EC:1.11.1.11) occurrence was
evaluated by measuring the ascorbic acid absorbance reduction
at 290 nm (extinction coefficient 2.8 mM L�1 cm�1) in a reaction
mixture (1 mL) comprising phosphate buffer (50 mM (pH 7.6),
Na-EDTA (0.1 mM), H2O2 (12 mM), ascorbic acid (0.25 mM) and
plant extract as described in (Cakmak, 1994).

Catalase activity (CAT; EC:1.11.1.6) was estimated as earlier
described (Chance and Maehly, 1955) to calculate the rate of con-
version of hydrogen peroxide to water and oxygen molecules. The
behavior was measured in a reaction solution (3 mL) consisting of
phosphate buffer (7.0 pH 50 mM) containing H2O2 extract
(5.9 mM) and enzyme (0.1 mL). Consumption of H2O2 was deter-
mined the catalase activity by a decrease in absorbance at
240 nm after every 20 s for 1 min. The occurrence was determined
using a 39.4 mol L�1 cm�1 extinction coefficient.

Glutathione reductase (GR; EC: 1.6.4.2) the reduction in
absorption coefficient at 340 nm due to NADPH oxidation was
recorded for 1 min. The occurrence was measured using the
6.2 mmol L�1 cm�1 absorbance value.

Glutathione peroxidase (GPX: EC:1.11.1.9) NADPH oxidation
was observed at 340 nm for 1 min, and the activity was measured
using a 6.62 mmol L�1 cm�1 extinction coefficient.
The maximal fluorescence Fm saturating pulse
(12000 mmol m�2

s�1)
Maximum quantum yield of PSII FV/Fm (Fm � F0)/Fm
PSII excitation pressure 1-qP (F � F0/ )/(Fm/ � F0/ )
PS II efficiency UPSII (Phi2) (F0m � Fs)/F0m
Photochemical quenching qP (F0M � Ft)/

(F0M � F00)
Non-photochemical quenching NPQ (FM � F0M)/F0M

qN 1 � (F0M � F00)/
(FM � F0)

Sunburn PhiNO Fs/Fm
2.4. Measurement of photosynthetic pigments

For the estimation of chl a and chl b pigments leaf samples
(0.5 gm) from each treatment group were homogenized by the
addition of 80% (v/v) acetone. Then, filtered the homogeneous.
The absorbance of the mixture solution was calculated by spec-
trophotometer at 663, and 645 nm, respectively for Chl a and Chl
b (Lichtenthaler et al., 1987).
Complementary with the
photochemical quantum yield

Y
(II) + NPQ + NO = 1

Linear electron flow LEF –
Relative chlorophyll PQSPAD –
Fraction of photon energy

absorbed in PSII and dissipated
via thermal energy

D% (1 � FV/ /
Fm/) � 100

Photon energy absorbed in PSII
utilized for photosynthetic

P% Fv/ /Fm/ � qP � 100
2.4.1. Measurement of chlorophyll fluorescence parameters
Chlorophyll (Chl) fluorescence was recorded with a portable

PhotoSyn Q.V.2.0 at room temp among 10:00 and 12:00 after
15 min of dark-adaptation of the attached leaves (Yang et al.,
2008).
electron transport
Fraction of excess excitation

energy not dissipated in PSII
and nor utilized in
photosynthesis

EX FV/ /Fm/ � (1 � qP)

Photon activity distribution
coefficient of PSII and PSI

b and a 1(1 + f) and f/
(1 + f)

f Fm/ � Fs)/(Fm/ � F0/ )
Relative deviation between PSII

and PSI
b/a � 1 (1 � f)/f
2.5. Statistical analysis

Using the statistical programme SPSS v. 2.0, all data collected
were subjected to a one-way variance analysis (ANOVA). Means
of treatments were measured using the Duncan test at a = 0.05
level of significance. Data set shows the mean of triplicates
(n = 3), and as a mean ± standard error (SE) was represented.
3

3. Results

3.1. GSH reduced bacterial spot disease

Compared to the control, inoculated plants shown varying
degree of symptoms. We selected two chilli varieties Serrano and
Desi on the base of susceptibility. Serrano ranked as moderate sus-
ceptible, whereas Desi is susceptible. No variation in both varieties
was observed based on the relative growth rate of the aerial and
underground part when inoculated with X. campestris alone.
Exogenous application of GSH before inoculation increased the rel-
ative growth rate of both varieties compared to simultaneous inoc-
ulation which showed not significantly difference. Serrano
exhibited 24% suppression in plant dry weight while other variety
Desi showed dry weight suppression higher than 35% in plants. But
exogenous GSH application before bacterial inoculation signifi-
cantly increased the plant dry weight with no and least symptoms
respectively when compared with a simultaneous application
(P < 0.05).
3.2. Chlorophyll pigments

The decline of photosynthetic pigments caused by X. campestris
pathogen (Table 2) relative to control plants. In case of exogenous
application of GSH before pathogen inoculation significantly
increased the value of photosynthetic pigments were observed.
However slightly increased level of pigments were recorded in case
of simultaneous treatments of GSH and pathogen (P < 0.05).
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3.3. GSH improved photosynthetic efficiency

Compared to controls, Chlorophyll fluorescence parameters viz.,
PhiNPQ, NPQt, ql, LEF, FS, RFD, HPSII and qP values were signifi-
cantly reduced in bacterial inoculated seedlings of Desi followed
by Serrano. Bacterial inoculated Serrano variety significantly
increased the Fv/Fm value. A similar value of qP was observed in
both inoculated seedlings. Application of exogenous GSH before
Fig.1. (A and B). Values of photosynthetic parameters (A)Phi2, PhiNPQ and PhiN0, (B) Phi
(J) UPSII, (K) qP, in Xanthomonas campestris (X.c) moderate susceptible and susceptible
inoculated, no sprayed GSH, and B, inoculated with X.c, T1, First sprayed with 1.0 mmol G
and inoculated with 1.0 mmol GSH + X.c and T4, simultaneous sprayed and inoculation

4

bacterial inoculation exhibited increased the values of all fluores-
cence parameters in Desi except Fv/Fm, LEF, HPSII, qP and RFd
parameters which were increased in Serrano (P < 0.05). The usage
of exogenous GSH, by comparison before bacterial inoculation sig-
nificantly increased all photosynthetic fluorescence parameters
except NPQt, and FS (Fig. 1A) values in the leaves of Serrano under
T1 and T2 treatments. While in case of Desi significantly increased
NPQt, PQSPAD, FS, and qP values and decreased qL, Fv/Fm, LEF, RFd,
2, PhiNPQ and PhiN0, (C) NPQT, (D) qL, (E) Fv/Fm, (F) LEF, (G) PQSPAD, (H) FS, (I) RFD,
chilli seedlings as treated by exogenous reduced Glutathione (GSH). Control, not

SH later X.c, T2, First sprayed with 0.5 mmol GSH later X.c, T3, simultaneous sprayed
with 0.5 mmol GSH + X.c respectively. Error bars indicate Sd values (n = 3).



Fig. 1 (continued)
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and HPSII parameters compared to bacterial inoculated seedlings
(Fig. 1B). In contrast, the simultaneous exogenous application of
GSH + X. campestris significantly increased ql, Fv/Fm, LEF, and
PQSPAD and decreased NPQt values (P < 0.05) in Serrano. Com-
pared with Desi variety simultaneous application of GSH with vir-
ulent bacteria noticeably improved NPQt, ql, and qP values
whereas remaining fluorescence parameters were decreased
(P < 0.05).
5

3.4. Allocation of absorbed light

Treatment with bacteria has declined significantly the fraction
of photon energy absorbed in PSII and utilized for photosynthesis
(P) in both varieties whereas, PSII absorbed photon energy which
dissipated via thermal energy termed as D% only decrease in Ser-
rano (Fig. 2) and Ex and b/a�1 in the leaves of chilli increased sig-
nificantly (P < 0.05). When 1.0 and 0.5 mM GSH applied before X.



Fig.2. Values of Absorbed light allocation (A) D%, (B) P%, (C) Ex %, and (D) b/a-1 in Xanthomonas campestris (X.c) moderate susceptible and Susceptible chilli seedlings as
treated by exogenous reduced Glutathione (GSH). Control, not inoculated, no sprayed GSH, and B, inoculated with X.c, T1, First sprayed with 1.0 mmol GSH later X.c, T2, First
sprayed with 0.5 mmol GSH later X.c, T3, simultaneous sprayed and inoculated with 1.0 mmol GSH + X.c and T4, simultaneous sprayed and inoculation with 0.5 mmol
GSH + X.c. Error bars indicate Sd values (n = 3).
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campestris, increased substantially in P and D% compared to bacte-
rial treated seedlings except in Desi at 0.5 mM GSH before bacterial
inoculation and had no significant impact on D% in both varieties.
The D value in T2 (0.5 mM GSH before X. campestris) was signifi-
cantly increased in Serrano. The Ex and b/a-1 values in T1 and
T2 were significantly decreased by GSH application before bacterial
inoculation. Simultaneous application of 1.0 and 0. 5 mM GSH with
Table 3
The chlorophyll pigment contents chl a and chl b in pathogen inoculated plant leaves
and after application of exogenous GSH. Different lowercase letters in the same
column denote significant differences among treatments at P < 0.05 according to
Duncan’s test.

Treatments Chl a (mmol m�2) Chl b (mmol m�2)

C Serrano 12.5 ± 0.075b 6.5 ± 0.040c
Desi 12.0 ± 0.075b 5.9 ± 0.047c

B Serrano 8.3 ± 0.04 e 6.2 ± 0.040 d
Desi 7.9 ± 0.04 e 4.8 ± 0.025 e

T1 Serrano 14.1 ± 0.04 a 7.8 ± 0.025b
Desi 12.7 ± 0.027 a 6.9 ± 0.028b

T2 Serrano 12.8 ± 0.075b 8.3 ± 0.025 a
Desi 11.6 ± 0.028c 8.0 ± 0.028 a

T3 Serrano 10.2 ± 0.062c 6.6 ± 0.028c
Desi 9.3 ± 0.047 d 5.9 ± 0.025c

T4 Serrano 9.0 ± 0.028 d 6.0 ± 0.028 e
Desi 9.0 ± 0.028 d 5.5 ± 0.047 d

6

bacteria had not to effect on D value in both varieties compared to
bacterial treated seedlings. The P-value was relatively high, and the
values of Ex and b/a�1 in both simultaneous treatments (T3 & T4)
were reduced significantly relative to bacterial exposed plants.
3.5. GSH reduces reactive oxygen species

The plants suffered severely from bacterial disease, as indicated
by increasing ratio of H2O2 and MDA in the chilli leaves (Table 3).
Fortunately, the concentration of H2O2 and MDA in Xanthomonas-
stressed seedlings was significantly reduced by GSH application.
On the other hand, exogenous application of GSH before inocula-
tion of X. campestris decreased remarkably reactive oxygen species
compared to plants that had been treated simultaneously with
GSH and X. campestris.
3.6. GSH modulate endogenous GSH content and redox state

Chilli seedlings exposure to X. campestris significantly reduced
intrinsic GSH level and also the ratio of GSH/GSSG (Table 3).
Endogenous GSH contents increased by the exogenous application
of GSH. Correspondingly, compared to pathogen inoculated seed-
lings, GSH and GSH/GSSG ratio were significantly reduced in the
simultaneously treated seedlings (Table 4). Before pathogen inocu-
lation, exogenous application of GSH increased the endogenous



Table 4
The reactive oxygen species (H2O2 content and Malondialdehyde MDA) contents, and redox state (reduced glutathione (GSH) content and reduced glutathione/oxidized
glutathione GSH/GSSG) ratio in leaf. Means ± SEs, n = 7. Different lowercase letters in the same column denote significant differences among treatments at P < 0.05 according to
Duncan’s test.

Treatments H2O2 content
(mmol mg�1 protein)

MDA content
(mmol mg�1 protein)

GSH content
(mmol mg�1 FW)

GSH/GSSG ratio

C Serrano 12.0 ± 0.04c 1.5 ± 0.04c 2.5 ± 0.028c 0.66 ± 0.004 a
Desi 16.0 ± 0.04c 1.8 ± 0.04c 2.2 ± 0.04b 0.62 ± 0.004 a
B Serrano 23.3 ± 0.085 a 3.9 ± 0.02 a 1.5 ± 0.04f 0.24 ± 0.004 e
Desi 28.5 ± 0.085 a 4.1 ± 0.04 a 0.98 ± 0.008f 0.18 ± 0.004 e
T1 Serrano 9.5 ± 0.028 d 1.2 ± 0.04 d 2.8 ± 0.04b 0.44 ± 0.004c
Desi 10.3 ± 0.028 e 1.6 ± 0.02 d 2.0 ± 0.04c 0.38 ± 0.003c
T2 Serrano 7.3 ± 0.04 e 0.98 ± 0.007 e 3.0 ± 0.04 a 0.51 ± 0.004b
Desi 9.7 ± 0.11f 1.0 ± 0.028 e 2.7 ± 0.04 a 0.45 ± 0.004b
T3 Serrano 12.2 ± 0.064c 2.5 ± 0.028b 2.0 ± 0.04 e 0.38 ± 0.003 d
Desi 13.0 ± 0.075 d 2.8 ± 0.040b 1.2 ± 0.04 e 0.29 ± 0.004 d
T4 Serrano 16.8 ± 0.04b 1.9 ± 0.04c 2.2 ± 0.04 d 0.41 ± 0.004c
Desi 17.5 ± 0.04b 2.1 ± 0.04c 1.87 ± 0.04 d 0.37 ± 0.003c
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contents of GSH and GSH/GSSG ratio, compared to simultaneously
treated plants.

3.7. GSH modulated enzymatic antioxidants

SOD, POD, CAT and APX activities were significantly decreased
in Desi seedlings under bacterial stress as opposed to control
(P < 0.05) (Fig. 3A�D). While in Serrano bacteria did not effect on
Fig.3. Antioxidant enzyme activities (A) Superoxide dismutase (SOD), (B) peroxidase dism
campestris (X.c) moderate susceptible and Susceptible chilli seedling leaf as treated by ex
inoculated with X.c, T1, First sprayed with 1.0 mmol GSH later X.c, T2, First sprayed wit
GSH + X.c and T4, simultaneous sprayed and inoculation with 0.5 mmol GSH + X.c. Erro

7

antioxidant enzymes relative to the control seedlings (P < 0.05)
(Fig. 3A�D). Treatment 1 (1.0 mM GSH) before bacterial inocula-
tion seedlings shows enhanced activities of SOD, POD, and CAT
enzymes by 70, 52 and 57% respectively, in Serrano relative to Desi
cultivar. In T2 (0.5 mmol GSH) significantly increased activities of
SOD and POD were observed in both varieties whereas CAT and
APX were decreased compared with bacterial treated seedlings.
Simultaneous application of 1.0 mmol GSH with X campestris (T3)
utase (POD), (C) catalase (CAT) and (D) ascorbate peroxidase (APX) in Xanthomonas
ogenous reduced Glutathione (GSH). Control, not inoculated, no sprayed GSH, and B,
h 0.5 mmol GSH later X.c, T3, simultaneous sprayed and inoculated with 1.0 mmol
r bars indicate Sd values (n = 3).
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increased the SOD, POD, CAT and APX activities in Serrano followed
by Desi. In contrast, combined the application of 0.5 mmol GSH + X.
campestris (T4) improved activities of SOD, POD, CAT and APX in
Serrano by 70, 47, 58 and 80% respectively, relative to the Desi
seedlings (Fig. 3A�D)
4. Discussion

Chlorophyll fluorescence metrics testing of the potential of pho-
tosynthetic activity, distribution in the plant leaves. This method
also provides a chance to estimate time-based modifications and
the kinetics of mechanisms that affect photosynthetic efficiency.
The quantum performance of PSII and the rate of photoinhibition
is used constantly to ensure the energy distribution condition in
the thylakoid membrane (Hu et al., 2014; Zhang et al., 2015). In
this study, on the base of pathogenicity test of chilli varieties to
X. campestris we selected two chilli varieties (moderately suscepti-
ble and susceptible). Besides, the improvements in pathogen infec-
tion were associated with the effect of the GSH.

Fluorescence parameters used conventionally in plant physiol-
ogy are tested routinely, and the one with the better contrast is
used to assess the regional stress. (Nedbal et al., 2005; Chaerle
et al., 2001; Mostofa et al., 2014; Šebela et al., 2018; Berger et al.,
2004). Numerous researchers reported that Fv/Fm, ETR, Qp and
1-Qp values distinguished physiological status of stressed plant
(Baker and Rosenqvist, 2004; Rolfe and Scholes, 2010; Van et al.,
2016). This study confirmed that biotic stress, Xanthomonas bacte-
ria, decreased Fv/Fm, Qp, ETR parameters (Fig. 1). The declines in
Fv/Fm indicated inhibition of the photosynthetic apparatus
induced by photoinhibition in the direct vicinity of the PSII reac-
tion centers (Noctor et al., 2012). A decline in photosynthesis,
mostly calculated as an effective quantity of PSII, was also recorded
when biotrophic and necrotrophic pathogens were infected in var-
ious plant species (Balachandran et al., 1997; Noctor et al., 2012;
Chaerle et al., 2001; Mostofa et al., 2014; Berger et al., 2004). In
contrast, pathogen attack had a direct and indirect effect on NPQ.
The impact on NPQ will rely on how much tissue damage there
is. In non-heavily damaged tissues, NPQ may raise as a protective
mechanism, based on stimulated electron flow (Schreiber et al.,
2004).

Simultaneous application of GSH with X. campestris decreased
in photosynthesis whereas exogenous application of glutathione
before bacterial inoculation increased photosynthesis. Glutathione
has a low molecular weight and directly acts as an antioxidant,
maintains homeostasis among different components of the cellular
antioxidant and plays a central role in the scavenging and detoxi-
fication of toxic material in the chloroplast (Foyer and Noctor,
2005; András et al., 2012). The present study revealed that antiox-
idant molecule GSH generated from the plant often exerts similar
effects on fluorescence parameters. Due to their reactivity, the
rapid decrease in Fv/Fm in response to GSH suggests a direct
impact on PSII. This is in line with the earlier identification and
induction of protection against avirulent strain (Dong et al.,
1991; Baker et al., 1997). Exogenous GSH stimulates plant growth
and improve tolerance against the stress through the detoxification
of reactive oxygen species (Meyer et al., 2001; Cao et al., 2015;
Ding et al., 2016). Further, our findings reported that the perfor-
mance of exogenous GSH was more useful and inhibited the gener-
ation of reactive oxygen species.

Superoxide dismutase delivers front line defense against reac-
tive oxygen species by removing O2 (Hasanuzzaman et al., 2012).
In our present research a significant increase in superoxide dismu-
tase enzyme action was detected in T1, and T4 (Fig. 3). Kuzniak and
SkLodowska (2004) observed similar findings in 2010; GSH was
founded to be the most significant antioxidant thiol in plant-
8

pathogen interactions. Similarly increase the defenses against
ROS generated by pathogen and which supports the results of an
earlier study which confirmed that GSH increases under biotic
stress (Kuzniak and SkLodowska, 2004; Clemente-Moreno et al.,
2013).

In this study, increased POD activity was observed in T1 fol-
lowed by simultaneous exogenous application > 0.5 mM > bacterial
inoculation > control. (Diao et al., 2014) reported that this reduc-
tion was due to POX catalysis of hemicellulose feruloylation and
Insolubilization of glycoproteins rich in hydroxyproline, causing
cell-wall rigidity. Likewise reduced oxidizing stress with reduced
POD activity was observed due to lack of H2O2 and lipid hydroper-
oxidase, which involved in protection against oxidative stress.

GSH is an essential constituent of the Ascorbate/Glutathione
cycle linked with H2O2 foraging (Foyer and Noctor, 2011; Goraya
and Asthir, 2016). In the present study CAT activity in the chilli
plant decreased in control and bacterial treated plants and signifi-
cantly increased when simultaneously sprayed glutathione and
bacteria in all varieties except Desi. (Hasanuzzaman et al., 2012)
observed similar results, 2012 revealed that inducing GSH activity
under abiotic stress conditions has been a significant factor in the
development of stress tolerance in plants. The direct scavenging of
H2O2 to H2O is also responsible for ascorbate peroxidase activity
(Foyer and Noctor, 2005; Hasanuzzaman et al., 2012). The results
of present study showed that bacterial stress produced higher
Ascorbate peroxidase activity in Serrano and Hybrid. In simultane-
ous inoculation of glutathione and bacteria (Fig. 3), followed by
0.5 mM glutathione with bacteria inoculation in Padron and Desi
(Fig. 3) which agrees with previous findings where abiotic stress
caused higher APX activity in different plants (Alam et al., 2013).

5. Conclusion

Bacterial spot disease inhibit plant development and photosyn-
thesis reduction have been ameliorated by exogenous use of GSH
on infected cultivars. Glutathione application prompt plant growth
by modulating photosynthesis of susceptible chilli seedlings,
Improving the efficiency of light utilization and excitation energy
dissipation in the PSII, regulating the absorbed light distribution
and maintaining redox homeostasis of plants as well as
activating plant antioxidant protection system to prevent chloro-
plast from oxidative harm. Exogenous application of GSH can be
a useful tool for enhancing growth and tolerance against pathogen
attack.
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