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Salicylic acid (SA) found in plants plays an important role in plant growth and
development. The susceptible brinjal seedlings were treated with different
concentrations of salicylic acid (0.5, 1.0, 1.5, and 2.0 mM) and tested for its effect
on seed germination and vigor at two different time intervals. Among the tested
concentration tested, maximum seed germination and vigour of 90% and 990,
respectively was noticed in 0.5 mM concentration treated seeds followed by 1 mM
for 3 h. Similarly, the biochemical studies of enzyme assays of PAL and POX
revealed that SA treated inoculated seedlings enhanced enzyme activity when
compared to control inoculated seedlings. Furthermore, one unique isoform POX3
was observed in the gel which sampled from 0.5 mM treated for 3 h which was
absent in all other samples treated with other concentrations of SA.
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INTRODUCTION
Brinjal or eggplant (Solanum melongena L.) is an important
solanaceous crop of sub-tropics and tropics. The production of
egg plant is highly concentrated, with 98% of output coming
from 7 countries. India occupies second position in production
with a share of 23.3%. Verticillium attacks more than 200
species of plants, including most vegetables, flowers, fruit
trees, strawberries, field crops, shade and forest trees (Agrios,
2005). Verticillium wilt of egg plant is a soil-borne fungal
disease caused by Verticillium dahliae Klebahn is a destructive
disease of egg plant (Kamal and Saydam, 1970). The fungus
can survive for many years (10 years or more) in soil in the
form of tiny, black, seed-like structures called microsclerotia
(Wilhelm, 1955). In green house conditions, V. dahliae
inoculated beaufort-grafted egg plants had less wilting than S.
aethiopicum-grafted egg plants, indicating that beaufort is the
superior rootstock for disease management (Johnson et al.,
2014).

Salicylic acid is considered to be a potent plant hormone
(Raskin, 1992) because of its diverse regulatory roles in plant
metabolism (Popova et al., 1997). Salicylic acid has been
found to play a key role in the regulation of plant growth,
development, interaction with other organisms and in the
responses to environmental stresses (Raskin, 1992; Yalpani et
al., 1994; Senaratna et al., 2000). SA is involved in the
systemic acquired resistance (SAR) in which a pathogenic
attack on one part of the plant induces resistance in other parts.
It is helpful for plants to protect themselves from invaders such
as fungi, bacteria and plant viruses. Salicylic acid (SA) has
been proposed as a systemic signal, inducer, or a required
factor in SAR or ISR mechanisms in many plants (Malamy et
al., 1990; Dann et al., 1996; De Meyer and Hofte, 1997). It is
also involved in endogenous signaling, mediating in plant
defense against pathogen and plays a role in the resistance to
pathogens by inducing the production of pathogenesis-related
proteins. The resistance of pear to P. piricola could be greatly
increased by the treatment of 0.2 mM SA and it also

strengthened antiviral capability of pear to P. piricola (Gao
and Zhang, 2013). Hence, in the present study an investigation
was undertaken to understand the effect of SA on induction of
resistance in brinjal against Verticillium wilt under in vitro
condition.

MATERIALS AND METHODS
Collection of Samples

Brinjal seeds, leaves and stems showing the symptoms of
Verticillium wilt disease were collected from different brinjal
growing regions of Mysore and Hassan districts for the
isolation of the pathogen (Verticillium dahliae). The brinjal
seed samples were collected from agricultural farm, National
Seed Corporation, public and private seed agencies of Mysore
and Hassan districts.

Screening, isolation and identification of Verticillium
dahliae

Rhizosphere soils of brinjal plants looking diseased
irrespective of plant growth stage were collected from different
brinjal growing regions of Mysore and Hassan districts. The
soil mycoflora was evaluated by serial dilution method. Each
soil samples were: there is more than one space between
weighed and (10 g)transferred to 100 ml sterilized distilled
water and mixed in a rotary shaker (250 rpm) for 30 min. The
soil suspension was diluted from 10-1 to 10-5 and an aliquot of
100 µl from this solution was transferred on to Potato Dextrose
Agar (PDA) medium (Dhingra and Sinclaire, 1985).
Chloramphenicol at 0.2 g/ l was added to the medium to avoid
any bacterial contamination. The PDA plates were incubated
for seven days at 22 ± 2° C. After incubation, the plates were
thoroughly examined under stereo-binocular microscope and
screened for the incidence of V. dahliae and were identified
based on the morphological, conidial, fruiting bodies and
culture characters based on the standard procedures. V. dahliae
was further subcultured and maintained in test tubes and Petri
plates on PDA media and used for further studies.
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The brinjal leaf samples were also screened to analyse the
infection of V. dahliae. All the infected leaf samples were
placed on Petri dishes lined with moistened blotter discs and
incubated at 25 ± 2° C for seven days. After seven days of
incubation each leaf was examined under different
magnifications of stereo microscope. The fungi were identified
based on the standard procedures.

Preparation of inoculum

The spore suspension of V. dahliae was prepared in sterile
distilled water from ten to fifteen day-old-culture. The
concentration of spore was adjusted to 1 x 107 spores/ ml using
haemocytometer (Zhou et al., 2012).

Preparation of Salicylic acid as inducers

0.27 gm of salicylic acid was dissolved in minimum quantity
of distilled water until no granules were left over and the final
volume was made up to 100 ml using standard flask to get 20
mM SA stock solution adjusted to pH 7 with KOH. From this
stock solution different concentrations like 0.5 mM, 1.0 mM,
1.5 mM and 2 mM were prepared using distilled water (White,
1979).

Effect seed priming with salicylic acid on seed germination
and seedling vigor of brinjal

Four hundred brinjal susceptible seeds were taken and treated
with different concentrations of SA and were soaked in
solution for 3 h and 6 h, respectively. Seeds treated with
distilled water served as control. Four replicates of hundred
seeds each were placed on paper towel (one hundred seeds/
paper towel) at equal distance and covered with another pre-
wetted paper towel and the same was incubated for fifteen
days at 25 ± 2° C and the readings were taken after incubation
period. Germination percentage was calculated and seedling
vigor was analyzed by the method of Abdul Baki and
Anderson (1973).

Percent Germination (PG) = No. of seeds germinated X 100
TotaNo. of seeds plated

Vigor index = Seed Germination (%) × [Mean Root Length +
Mean Shoot Length]

The concentration and the duration of treatments that did not
affect seed germination were selected for further study.

Sampling of seedlings for biochemical studies

Brinjal seeds were treated with different concentrations (0.5
mM, 1.0 mM, 1.5 mM and 2 mM) of SA at different time
intervals (3 h and 6 h). 15 day-old-seedlings were carefully
uprooted without causing any damage to root tissues and
inoculated with a spore suspension 1x107 spores/ ml of the

pathogen by root dip method and incubated at 25 ± 2° C.
Seedlings were harvested at different time intervals of 0, 6, 12
and 24 h of post inoculation blot dried and stored at 4° C until
subsequent use for Phenylalanine ammonia-lyase (PAL) and
Peroxidase (POX) enzyme assays, respectively. The seedlings
treated with distilled water served as control. The experiment
was repeated three times taking three replicates each time.

Biochemical Studies

PAL enzyme assay

PAL activity was determined as the rate of conversion of L-
phenylalanine to trans-cinnamic acid at 290 nm as described

by Dickerson et al. (1984). The reaction mixture (3 ml)
consisted of  0.3 ml of enzyme extract, 1.5 ml of substrate
buffer (50 mM of L-phenylalanine) and 1.2 ml of 25 mM Tris-
HCl, pH-8.8. The reaction mixture was mixed well and
incubated at 40° C for 2 h.  0.18 ml of 5N HCl was added to
the reaction mixture and vertexed and optical density (OD)
was read at 290 nm. The amount of trans-cinnamic acid
synthesized was calculated using its extinction coefficient at

9630 m-1 (Dickerson et al., 1984). Blank containing 1.5 ml of
substrate buffer + 1.2 ml of 25 mM of Tris-HCl (pH-8.8) and
0.3 ml of enzyme were added after the addition of 0.180 ml of
5N HCl. The total activity and specific activity was calculated
using the following formula, and the enzyme activity was
expressed in terms of μ mol of TCA/ mg protein/hr.
Experiments were conducted in three replicates and repeated
thrice.

Total activity = OD X 100 (slope value of TCA) X μ mol of
TCA

Specific activity = Total activity
mg protein x 2

Estimation of Peroxidase (POX) activity

One gram of brinjal seedlings were homogenized in one ml of
10 mM phosphate buffer (pH 6.0) in a pre-chilled mortar and
pestle on ice. The homogenate was centrifuged at 12,000 rpm
for 20 min at 4° C and the supernatant served as enzyme
source. Peroxidase enzyme assay was carried out as described
by Hammerschmidt et al. (1982) with minor modifications.
The reaction mixture (3 ml) consisted of 0.25% (v/v) guaiacol
in 10 mM potassium phosphate buffer (pH 6.0) containing 10
mM hydrogen peroxide. Addition of 100 µl of crude enzyme
extract initiated the reaction, which was measured
spectrophotometrically at 470 nm for 1 min.  One unit of POX
enzyme activity is defined as change in absorbance min-1 mg-1

Table 1 Effect of salicylic acid on brinjal seed germination and seedling vigour after 3 h of seed treatment
Concentration % Germination MSL(cm) MRL(cm) SeedlingVigour

0.5 mM 90.00±0.70a 6.90±0.08a 4.17±0.04a 990±11.79a

1.0 mM 84.00±0.40b 6.40±0.04b 3.80±0.07b 856±12.01b

1.5 mM 82.00±0.57c 6.05±0.14c 3.50±0.04b 779±14.73c

2.0 mM 76.00±0.40d 5.40±0.04d 2.90±0.16c 627±10.24d

Control 70.00±0.40e 4.60±0.00e 2.00±0.08d 462±6.30e

Table 2 Effect of salicylic acid on brinjal seed germination and seedling vigour after 3 h of seed treatment
Concentration % Germination MSL(cm) MRL(cm) Seedling Vigour

0.5 mM 88.00±1.08a 6.60±0.04a 3.70±0.08a 910±19.70a

1.0 mM 82.25±1.54b 5.90±0.04b 3.52±0.10a 772±6.43b

1.5 mM 80.00±1.08b 5.70±0.08b 3.10±0.04b 702±17.15c

2.0 mM 74.00±1.22c 4.90±0.10c 2.72±0.04c 562±19.36d

Control 70.00±1.22c 4.60±0.14d 2.10±0.12d 469±9.43e
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protein. Experiments were conducted in three replicates and
repeated thrice.

Protein Estimation

Protein content in extracts was estimated by the dye binding
method (Bradford, 1976) using bovine serum albumin (Sigma)
as a standard.

In situ detection of Peroxidase isoforms by polyacrylamide
gel electrophoresis (PAGE) under native condition

Native-PAGE (Polyacrylamide gel electrophoresis) was done
in 12% polyacrylamide according to Laemmli (1970) on
vertical slab gels. Protein extracts (20 µg protein equivalent) of
each sample were loaded into each well at the top of gel. The
electrode buffer was Tris-base (3.0 g Tris-base, 7.2 g glycine
and 1lt distilled water).  Electrophoresis was performed at a
constant voltage of 50 V initially for 1 h and 100 V to
complete the electrophoresis.

Activity staining for POX

After electrophoresis, POX isoforms were visualized by
soaking the gels in staining solution (100 mg benzidine
dissolved in one ml of absolute alcohol and made upto 40 ml
using distilled water). Clear solution was obtained by adding
500 µl of glacial acetic acid to the above mixture and
undissolved particles of benzidine were removed by filtering
the solution through cotton.  250 µl of H2O2 was added to the
filtered staining solution at the end and gels were immediately

incubated in the staining solution till the bands appeared
(Schrauwen, 1966).

RESULTS
Effect of brinjal seed priming with salicylic acid on seed
germination and seedling vigor

Seeds treated with SA at different concentration were analyzed
for their effect on seed germination and seedling vigor after
fifteen days. Brinjal susceptible seeds treated with SA at 0.5
mM concentration for 3 h time gap showed highest seed
germination of 90% and vigor of 990 when compared to all
other treatments of SA (Table 1). The brinjal susceptible seeds
treated with different concentrations of SA for a time gap also
showed enhanced seed germination and vigor but were lesser
when compared to 3 h treated seeds (Table 2). However, the
untreated control seeds offered 70% seed germination and 462
seedling vigor.

PAL activity in SA treated brinjal seedlings

The results from the above experiment suggested that the SA
treated brinjal seedlings for 3 h offered maximum seed
germination and seedling vigor and hence further brinjal
susceptible seeds treated with SA for 3 h were subjected for its
effect on enzyme activity. PAL activity was estimated
inoculated inducer treated and untreated seedlings. The PAL
activity at 0, 6, 12 and 24 is depicted in Fig. 1. Among the SA
treated brinjal seedlings, 0.5 mM SA treated seedlings showed
a maximum PAL activity 14.32 U at 6 hours post inoculation
(hpi) and decreased thereafter. Similar increase in PAL activity
was also noticed in all other brinjal seedlings treated with
different concentrations of SA. The untreated inoculated
brinjal seedlings offered a maximum of 2.53 U of PAL activity
at 6 hpi and decreased thereafter.  However, PAL activity in
control seedlings remained lesser than the induced inoculated
seedlings.

POX activity in SA treated brinjal seedlings

The brinjal seedlings treated with SA showed increased level
of POX activity at all time intervals tested when compared to
control (Fig. 2). A progressive increase in POX activity was
observed from 0 hpi and reached maximum at 12 hpi
irrespective of the seedlings tested with pathogen inoculation
and decreased thereafter. The specific activity of POX also
followed the same pattern as that PAL activity where a
maximum of 29.73 U of POX activity was observed in 0.5 mM

Figure 1 Changes in PAL activity due to induction of resistance by
SA treatment in Brinjal after 3 h seed treatment
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Figure 2 Changes in POX activity due to induction of resistance by SA
treatment in Brinjal after 3 h seed treatment
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treated brinjal seedlings at 12 hpi followed by 23.26 U and
18.65 U activity in 1 mM and 1.5 mM concentration treated
seedlings, respectively. The untreated challenge inoculated
control seedlings recorded a maximum of 4.59 U of POX
activity at 12 hpi.

Native-PAGE analysis of POX

To test the changes in induction of POX activity in native
form, a native-PAGE analysis was performed.  Differences
were observed in all the tested samples with regard to the
intensity of banding patterns. The results showed the presence
of four POX isoforms in brinjal seedlings (Fig. 3). POX1,
POX3 and POX4 were observed in all the SA treated seedlings
after 12 hpi with slight variations in the intensity of banding
pattern. One unique isoform POX3 observed in the gel which
sampled from 0.5 mM treated for 3 h which was absent in all
other samples treated with concentrations of SA. This
uniqueness shows that this particular isoform was result of
minimum concentration (0.5 mM) of SA treatment for
minimum duration of 3 h was able to build up maximum
resistance which was reflected in high specific activity at that
particular time interval.

DISCUSSION
The natural resistance of plants to pathogens is based on
constitutive and inducible barriers. It is well known that all
plants are endowed with defense genes which are quiescent in
nature and appropriate stimuli or signals are needed to activate
them. In the past two decade, elicitor-mediated induced
resistance has become one of the most challenging research
areas in plant pathology (Ryan and Farmer, 1991). Inducing a
plant’s own defense mechanism by prior application of a
chemical agent is a novel strategy in plant disease
management.

In the present study, an effort has been made to know the
effect of exogenous application of SA by seed treatment on
seed growth parameters and in induction of resistance in
brinjal against Verticillium dahliae a soil-borne pathogen.
Studies has showed that SA acts  as an endogenous signal
responsible for inducing SAR in plant (Malamy et al., 1990;
Gaffney et al., 1993) and exogenous application of SA has also
induced the defence in some crops (Manandhar et al., 1998;
Murphy et al., 2000). Enhanced germination and seedling
growth were recorded in wheat, when the grains were
subjected to pre-sowing seed-soaking treatment in salicylic
acid (Shakirova, 2007). Similar growth promoting response
was generated in barley seedlings sprayed with salicylic acid
(Pancheva et al., 1996). Khodary (2004) observed a significant
increase in growth in characteristics maize, sprayed with SA.
In the present salicylic acid (SA) significantly improved the
germination and seedling vigor performance of brinjal at a
minimum concentration of 0.5 mM for a minimum period of 3
h.

SA is well known for its endogenous signal molecule playing
an important role in development of systemic resistance in
plants. Similar reports on induction or resistance by exogenous
application of have been reported in many host pathogen
interaction like SA tomato and Alternaria solani, late blight
disease of potato, Fusarium wilt of chickpea, tobacco, tomato
aganist Botrytis cinerea (Durner et al., 1997; Quintanilla and
Brishammar, 1998).

Application of exogenous SA and its functional analogs
potentiated plant tissues to respond rapidly and effectively
with a variety of defense mechanisms after pathogen challenge
or elicitation (Katz et al., 1998).  Defense pathways mediated
by SA seem to play an essential function in the modulation and
networking of innate immune response (Berrocal-Lobo and
Molina, 2008). PAL exhibits high reactivity to stress factors
and plays a key role in the synthesis of compounds involved in
phytoimmunity. Many authors have reported that PAL may
serve as a marker for induced resistance of plants to diseases
(Klarzynski et al., 2000). Similarly in the present study,
activity of defense enzyme PAL was observed to increase
sharply in response seed treatment of SA in the presence of the
pathogen. Maximum PAL activity (14.32 and 13.69) observed
was 5 times higher than control when treated at 0.5 mM SA to
brinjal seedlings. Increase in the concentration of SA resulted
in decrease of PAL activity but were found higher when
compared to control treatments. This difference in the
activities of PAL between treatments in the SA treated plants
compared to non-SA-treated plants; probably contribute to the
enhanced resistance of brinjal to V. dahliae. This strengthens
the hypothesis that SA activates the signal transduction
pathway, thus leading to expression of SAR, apart from
inhibiting the fungus directly. Likewise, addition of 20 mM
salicylic acid to Saussurea medusa cell cultures resulted in 7.5-
fold increase in PAL activity (Yu et al., 2006).

The induction of POX appears to be an early event in plant-
microbe interactions (Cook et al., 1995; Harrison et al., 1995).
The correlation between increased POX activity during
incompatible interactions and reinforcement of cell walls with
phenol compounds was also reported (Reimers et al., 1992).
The results of POX enzyme activity in the present study
revealed that, POX activity increased with increase in time
interval and reached maximum at 12 h (29.23 U) and
decreased thereafter. Our findings are similar with the earlier
studies of Kessmann et al. (1994) where they have studied the
role of SA in induction of POX activity in interactions between
brinjal and V. dahliae. Increased POX activity was observed in
both treated and untreated interactions in brinjal. In the treated
plants inoculated with the pathogen, the activity of POX was
higher when compared to the untreated seedlings. The
importance of POX enzyme in plant defense mechanism has
been reported in a number of plant species against invading
pathogens (Levine et al., 1994). Plants raised with the
treatment of SA showed increased peroxidase activity over
control on in many host pathogen interaction (Chitra et al.,
2008; Sarwar et al., 2010). Enhancement of PAL and POX
activities in SA-treated brinjal plants upon V. dahliae infection
might result in the reinforcement of the cell wall and restricted
subsequent fungal penetration and infection (Ryals et al.,
1996). Enhancement of PAL and POX activities was reported
in response to Rhizoctonia solani inoculation in cowpea
pretreated with SA (Chandra et al., 2007).

In brinjal seedlings, the expression of POX isoforms POX1,
POX2, POX3 and POX4 was greater in SA pretreated plants
challenged with the pathogen than in untreated plants.  The
level of peroxidase activity represents an early response
system in the plant to pathogen attack (Mader and Amber-
Faxher, 1982). This paper describes POX activation and its
relationship with the sensitivity of brinjal to V. dahliae.
Variation in the POX activities after inoculation with the
pathogen is usually accompanied by alterations in the
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peroxidase isoform profile (Nagy et al., 2004). Our results
revealed that peroxidase isoforms presence in both the
susceptible and resistant genotypes was constitutive, indicating
that peroxidases perform a variety of physiological roles in the
plant and carry out a wide array of diverse functional activities,
including hypersensitive reaction, lignification, cross-linking
of phenolics and glycoproteins, suberisation, and phytoalexin
production (Baysal et al., 2003). Increase in time-dependent
expression of POX isoforms has been specifically
demonstrated to increase the resistance of cotton plants to
Verticillium dahlia and these isoforms have been used as
markers to identify resistant plants (Akhunov et al., 2005).
Thus salicylic acid (SA) significantly improved the
germination and seedling vigor performance including the
elicitation of defense related enzymes of brinjal.
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