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Abstract
Background and Objective: The plant posses inducible biochemical defense response that is activated upon contact with some biotic
and abiotic inducers in systemic acquired resistance. Therefore, the study was undertaken to evaluate inducers in induced resistance for
management of phomopsis blight of brinjal. Materials and Methods: The experiment was conducted by using biotic and abiotic inducers
in induced resistance against the phomopsis blight in brinjal. The defense molecules like soluble protein, total phenol content and defense
enzymes in brinjal plant after treatment with different inducers followed by inoculation of pathogen was measured at 2, 6 and 10 days
separately accounting to the standard procedures developed by various scientists. Correlation-coefficient (r) between soluble protein,
total phenol content and defense enzymes with disease incidence were calculated by standard statistical calculation. Results: All the
treatments were able to reduce the disease severity from 22.90-2.02% at 2 days, 33.92-4.05% at 6 days and 34.78-5.00% at 10 days after
inoculation with the minimum in salicylic acid treated plants. The treated plants sensitize to produce increased level of soluble protein,
total phenol and defense enzymes like peroxidase, polyphenol oxidase and phenylalanine ammonia lyase contents. The correlation
regression equation showed that negative correlation (r) -0.920, -0.555, -0.835, -0.888 and -0.885 was found between total protein, total
phenol and defense related enzymes with disease severity at 2 days of pathogen inoculation respectively. Similar observations as negative
correlation (r) have also been found at 6 days and 10 days of pathogen inoculation. Conclusion: Prior to pathogenic inoculation, foliar
sprayed with salicylic acid sensitize the plant to produced increase level of total phenol, soluble protein and defense enzymes and can
be recommended for management of  phomopsis blight of  brinjal in near future. 
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INTRODUCTION

Eggplant  (Solanum  melongena  L.)  commonly  known
as brinjal is a typical and well known vegetable, grown
particularly in the sub-tropical and tropical areas of the world.
The crop is suffered by number of diseases caused by fungi,
bacteria, virus, nematodes, MLO etc. Among these, leaf blight
and fruit rot caused by  Phomopsis  vexans  (Sacc. and Syd.) is
a major concerned in all brinjal growing areas of India as well
as in the world. The pathogen is perpetuated in seed and
infected crop residue, present in the soil. Management of the
disease can be done through cultural, chemicals, biological
and use of resistant varieties. But all these conventional
methods are trend to direct control of pests and diseases by
their elimination. Moreover, in some cases these practice
raised problems due to development of resistant strains
among the pathogens, they are also hazarded to environment.
Therefore, there is a search for new strategy which can
supplement all traditional system of plant disease
management. In this context, induce resistance a new and
innovative technique search out to overcome production
problems of the most serious and destructive phomopsis
blight disease in brinjal caused by  Phomopsis  vexans. Several
bio-agents, inorganic chemicals, a virulent race of pathogen,
secondary metabolites, plant extracts, chemicals which are not
considered as fungicides were used as inducers in induced
resistance in plant through activation of a plant’s defense
response conveyed by many researchers1-5. 

A numbers of induced resistance inducers have been
evaluated for management of several diseases like bio-agents
in tomato against Fusarium wilt6, in rice against brown leaf
spot7, avirulent races in wheat against spot blotch8, secondary
metabolites of  Chaetomium  globosum  in wheat against spot
blotch3, inorganic chemical in tomato against Fusarium wilt9,
in potato against late blight10, plant extract in tomato against
Fusarium wilt11, salicylic acid in squash against Phytophthora
blight12 and in squash and tobacco against cucumber mosaic
virus (CMV)13.

Biochemical changes associated with indication of
resistance due to increase the activity of peroxidase,
phenylalanine ammonia lyase, chalcone isomerase and
reactive oxygen species and also increase levels of soluble
proteins and total phenol content are reported by
Malolepsza2, Biswas et al.14, Kumar et al.15 and Buzi et al.16.
Biswas et al.3. found that a new protein of different molecular
weight was synthesized due to pre-application of crude
extract  of  C.  globosum against Drechslera sorokiniana.
Bokshi et al.17 indicated that dichloroisonicotinic acid increased

chitinase and peroxidase activities and reduced powdery
mildew and downy mildew on leaves of melons. Enhanced
resistance in tomato against P. infestans was correlated with
the accumulation of pathogenesis related proteins such as PR-
1 chitinase, Beta-1, 3-glucanase18,19. Keeping the above fact in
view, it is considered imperative to carry out the study entitled
“Evaluation of inducers in systemic acquired resistance for
management of brinjal Phomopsis blight”.

MATERIALS AND METHODS

Isolation, purification and identification of the pathogen:
Brinjal plants showing typical blight symptoms were first
identified and then collected from Vegetable Research Farm,
Chandra Shekhar Azad University of Agriculture and
Technology, Kalyanpur (Kanpur), Uttar Pradesh, India during
May-June in 2016-17. A small piece of infected leaf from
border of sporulating lesion along with some healthy green
tissue was cut and dipped in mercuric chloride solution (0.1%)
for 30 seconds followed by rinsed in sterilized distilled water
thrice and dried off with sterilized blotter paper. The tissue
pieces were placed at the center of Petri plate which was
previously filled with PDA medium. The plates were then
incubated at 26±2EC. The Petri plates were observed daily at
24 h interval and noticed the presence of mycelium growth
around the leave bits. As soon as the mycelia growth is
noticed around the bits, the pathogen was purified by hyphal
tip culture method. The isolated pathogen was identified on
the basis of its morphological and cultural characters and
pathogenic behavior towards the host.

Collection and preparation of inorganic chemicals as
inducer: The inorganic chemicals were collected from
laboratory of the Department of Plant Pathology and some are
purchases from local market. The chemical inducers used in
the present study, different concentrations of inducers were
prepared by weighing required quantity of inducers
separately and placed in conical flask containing 100 mL of
sterilized water. Each conical flask was shaken until they are
dissolved completely to prepare the required concentration of
solutions (Table 1). 

Collection     of    bio    agents    and   plant   extracts:    The
bio-agents like Trichoderma viride, T. harzianum,
Pseudomonas  fluorescens  and  Bacillus  subtilis were
collected from Department of Plant Pathology, CSAUA and T,
Kanpur and plant parts were collected around the vicinity area
of this University. 
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Table 1: Details of  concentrations of  inducers
Concentrations
seedling treatments

Sl. No. Treatments and foliar spray
T1 Salicylic acid 10 Mm
T2 Calcium chloride 10 ppm
T3 Di-potassium hydrogen orthophosphate 10 Mm
T4 Hydrogen peroxide 1.0%
T5 Ferric chloride 5 Mm
T6 Indole-3 acetic acid 0.2%
T7 Metalaxyl 0.2%
T8 Ascorbic acid 0.2%
T9 Trichoderma  viride 108 CFU mLG1

T10 T.  harzianum 108 CFU mLG1

T11 Bacillus  subtilis 108 CFU mLG1

T12 P.  fluorescens 108 CFU mLG1

T13 Neem leaf extract 5 mL LG1

T14 Datura leaf extract 5 mL LG1

T15 Untreated control -

Preparation of solution of bio-agents and pathogen: The
Petri plate containing 10 days old culture of bio-agent and
Phomopsis  vexans  was taken and flooded with sterile water.
The mycelia along with spores were scrapped off with the help
of sterile forceps and collected in a beaker. The suspension
was then sieved with the help of a strainer to remove media
clods. The collected spore suspension was diluted with
distilled water and required concentration of spore suspension
was  measured  with  the  help  of a haemocytometer using
250 µL spore suspension which was pipette into the counting
chamber. The counting chamber of the haemocytometer was
covered with a cover slip. The haemocytometer was further
mounted over a compound microscope. Average number of
spores per square was counted and the conidial suspension
was adjusted to 4.5×04 conidia mLG1.

Procedure of solution preparation: One millimolar solution
preparation can be calculated as:

NEV = 1000
M



where, E is the equivalent/molecular weight of particular
chemical, V is the required volume needed, N/M is the
normality/molarities of concentration of particular chemical
needed.

Weight calculated amount of chemical inducers by
electronic weighing scale. Dissolved weighted quantity of
chemical inducers in 500 mL of distilled water in a 500 mL of
beaker and shake well until all the required quantity of
chemical has dissolved. Add this solution in 1000 mL of
measuring cylinder and make the final volume, 1000 mL by
adding distilled water for final concentration of required
chemical inducers (mM LG1).

PPM solution preparation: One ppm is equivalent to 1 mg of
something LG1 of water (mg LG1) or 1 mg of  something kgG1

soil (mg kgG1).

Effect of different inducers on disease severity of
phomopsis blight and biochemical changes in brinjal: The
experiment was conducted in the wire house complex of
Department of Plant Pathology, Chandra Shekhar Azad
University of Agriculture and Technology,  Kanpur during
2016-17. Seedlings were  transplanted  after  giving
treatments with different inducers separately.  At  55  days
after transplanting, plants were sprayed with different
inducers separately (Table 1) and after 48 h, plants were
inoculated    with    spore    suspension    of    test    pathogen
@4.5×104 spore mLG1. The plants were then covered with
polythene bags for 48 h. To provide suitable moisture and
humidity for growth and development of the pathogen.
During the course of this experiment, two controls are kept. In
one case, plants were sprayed with water only (Check-1) and
in second case; plants were inoculated using spore suspension
of  P.  vexans  (Check-2). Three replications were kept for each
treatment. The observations were taken on severity of disease
and change defense molecules.  All treatments were applied
as seedling and foliar application on  brinjal  plants  twice  at
15 days interval. 

Measurement of  disease severity: The severity on leaf blight
was scored on 0-5 point scale Horsfall and Baratt20 which is
given as under:

Grades Leaf blight (%)
0 Free from infection
1 1-10% are affected 
2 10.1-25% are affected
3 25.1-50% are affected
4 50.1-75% are affected
5 >75% are affected

Disease severity Sum of all numerical value 100Total number of leaves examined(PDS %)

Maximum disease grade

 



Biomolecules changes in brinjal plant
Estimation of soluble protein: The method developed by
Lowry et  al.21 was used with slight modification to estimate
the total soluble protein content in the leaves of each
treatment. Brinjal leaves from different treatments were
harvested, washed with distilled water several times and
blotter  dried  before  protein  extraction.  A  quality  of 1.0 g of
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each  sample  was  cut  into  small  pieces  and   grinded  in
pre-chilled pistil and mortar using 1:5 leaves: extraction buffer.
The suspension was centrifuged at 10,000 rpm for 30 min at
4EC. The supernatant was collected. A quantity of 7.5 mL of
the supernatant was transferred in  a  tube  and  mixed with
2.5 mL of sample buffer and used for protein estimation. The
working standard solution was pipette out (0.2, 0.4, 0.6, 0.8
and 1.0 mL), was put into series of test tubes. A quantity of 0.2,
0.4, 0.6, 0.8 and 1.0 mL of the sample extract was also pipette
out and kept into other test tubes separately. Then volumes in
all the tubes were made up to 1 mL with distilled water. A tube
with 1 mL of water served as a blank. Later on, 5 mL of solution
C was added in each test tube and incubated at room
temperature for 10 min. Thereafter, 0.5 mL of FCR was mixed
well  immediately  and  incubated  at  room temperature  for
30 min in dark place. The total soluble protein content was
measured by Double beam UV visible spectrophotometer at
660 nm wave length. The content of soluble protein in leaves
was express as mg gG1 of fresh leave.

Estimation of total phenol contents: The accumulation of
total phenols in brinjal plants after treatment with different
inducers and followed by inoculation of pathogen was
estimated Bray and Thrope22. 

For estimations of phenol, 1.0 g of leaf sample of brinjal
was ground in a pestle and mortar in 10 times volume of 80%
ethanol. It was then centrifuged to homogenate at 10,000 rpm
for 30 min at room temperature. Supernatant was separated
and re-extracted for 5 times with required volume of 80%
ethanol, centrifuged and the supernatant were pooled. It was
then  evaporated  to  dryness and residues were dissolved in
5 mL of distilled water. Different aliquots (0.2, 0.4, 0.6, 0.8 and
1.0 mL) were pipette out into test tubes and the volume in
each tube was made to 3 mL with water. Subsequently, 0.5 mL
of FCR was added and after 3 min, 2 mL of 20% Na2CO3
solution in each tube was thoroughly mixed. Then absorbance
at 650 nm against blank was measured using Ultra Violet
Visible (UV-VIS) spectrophotometer and the standard curve
using different concentration of phenols was prepared. From
the standard curve, the concentration of phenols in the test
sample was determined and expressed as mg phenols per gm
of sample materials. 

Induction of defense related enzymes due to effect of
inducer during pathogenesis
Estimation of defense enzymes during pathogenesis: The
activity of defense enzymes like peroxidase, PPO and PAL in
brinjal plants after treatment with different inducers, followed

by inoculation with test pathogen was assessed. The fresh
potato  leaves  were  collected  from   different  treatments and
the changes in the activity of enzymes viz. peroxidase (POD),
polyphenol  oxidase  (PPO)  and  phenylalanine  ammonia
lyase (PAL) enzymes at 2, 6 and 10 days after pathogen
inoculation was measured separately as per procedure
developed by Hammerschmidt et  al.23,  Malik  and  Singh24

and Burrell and Ress25  for  Peroxidase (PO), Polyphenol
oxidase (PPO) and Phenylalanine ammonia lyase (PPL)
respectively.

Statistical analysis: All statistical analysis was done by using
SPSS ver. 16. The results are the mean of the three replicates
of each treatment. The data was statistically analyzed by using
one-way analysis of variance (ANOVA) and mean separations
were compared with Duncan’s multiple  range  tests  at  the
p<0.05 significance level. Differences at p<0.05 were
considered to be significant.

RESULTS

Influence of inducers on severity of phomopsis blight in
brinjal: Pre-inoculation with inorganic chemicals, bio control
agents and plant extracts as inducers proved effective in
reducing the disease severity as compared to control (Fig. 1).
Salicylic acid as inducers has found most effective to minimize
disease severity as 2.02, 4.05 and 5.0% at 2, 6 and 10 days of
pathogen inoculation, respectively, followed by calcium
chloride as 2.15, 4.95 and 5.10%. The Ferric chloride treated
plants were showing 6.10, 6.90 and 10.20% disease severity at
2, 6 and 10 days of pathogen inoculation which are superior to
control but inferior to calcium chloride and hydrogen peroxide
treated plant. From the table, it is also cleared, that all the
inducers treated brinjal plants were showing comparatively
low disease severity as compare to control-1 and control-2.
The decrease in disease severity might be due to the activity
of inducers which stimulate to synthesis of some defense
related compounds in brinjal plant against  P.  vexans. 

Influence of inducers on synthesis of defense molecules in
brinjal leaves at different days of intervals during
pathogenesis
Soluble protein: Protein is an important molecules
synthesized in plant due to effect of inducers which act as a
defense molecules in plant against several diseases. The data
presented in Table 2 showed that total soluble protein content
in brinjal leaves ranges from 17.70-20.40 mg gG1 of  fresh
leaves  in  case  of  before  application  whereas, in case of after
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Fig. 1: Effect of biotic and abiotic inducers on disease severity of phomopsis blight of brinjal in leaves
T1:  Salicylic  acid,  T2:  Calcium  chloride,  T3:  Di-potassium  hydrogen  ortho  phosphate,  T4:  Hydrogen  peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid,
T7: Metalaxyl, T8: Ascorbic acid, T9: T. viride, T10: T.  harzianum, T11: Bacillus subtilis, T12: P. fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1,
T16: Control-2

Table 2: Influence of inducers on activity of soluble protein content in brinjal leaves at different days of intervals during pathogenesis (mg gG1 of fresh leaves) 
Soluble protein content at different days of interval (mg gG1 of fresh leaves) Increase (%) over, Increase (%) Increase (%)
---------------------------------------------------------------------------------------------------------- before application over control-1 over control-2

Treatments Before application of inducers 2 days 6 days 10 days of inducers (at 6 days) (at 6 days)
T1 20.40 31.56 36.06 35.76 43.42 29.89 30.69
T2 20.05 30.82 34.78 34.56 42.35 27.31 28.14
T3 20.00 29.45 33.69 33.86 40.63 24.96 25.82
T4 19.80 29.06 32.99 32.76 39.98 23.37 24.24
T5 19.79 28.15 32.87 32.65 39.79 23.09 23.97
T6 19.77 28.10 32.82 32.60 39.76 22.97 23.85
T7 19.75 27.18 32.77 32.55 39.73 22.85 23.74
T8 19.73 27.00 32.75 32.50 39.75 22.80 23.69
T9 19.02 26.90 31.10 32.45 38.84 18.71 19.64
T10 18.81 26.85 30.50 31.25 38.32 17.11 18.06
T11 18.79 26.50 29.76 29.22 36.86 15.05 16.02
T12 18.75 26.28 28.81 28.36 34.91 12.25 13.25
T13 18.60 26.10 27.78 27.36 33.04 08.99 10.04
T14 18.10 23.50 26.78 26.15 32.41 05.60 06.68
T15 17.75 21.20 25.28 25.75 29.78 - 01.14
T16 17.70 22.50 24.99 23.23 29.17 -0.01 -
CDP = (5) 1.054 1.063 1.048 1.535 - - -
SE (m) 0.562 0.510 0.512 0.750 - - -
SE (d) 0.334 0.342 0.362 0.531 - - -
CV 2.015 2.165 2.018 2.987 - - -
T1:  Salicylic  acid, T2: Calcium chloride, T3: Di-potassium  hydrogen ortho phosphate, T4: Hydrogen peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid, T7: Metalaxyl,
T8: Ascorbic acid, T9: T.  viride, T10: T.  harzianum, T11: Bacillus  subtilis, T12:  P.  fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1, T16: Control-2

application  it  ranges  from 21.20-31.56, 24.99-36.06  and
23.23-35.76 mg gG1 of fresh leaves at 2, 6 and 10 days of
inoculation,  respectively.  The  highest  content of total
soluble protein was recorded from  salicylic  acid treated
brinjal leaves, indicating 31.56, 36.06  and 35.76 mg gG1 of
fresh  leaves  against  21.20,  25.28 and 25.75 mg gG1 in  case

of control-1 and 22.50, 24.99 and 23.23 mg gG1 of fresh leaves
in case of control-2 at 2, 6 and 10 days of pathogen
inoculation. The salicylic acid treated brinjal plants possess
29.89 and 30.69% increase of total soluble protein over
control-1 and over control-2 at 6 days of  pathogen
inoculation, respectively. 
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Table 3: Consequence of biotic and abiotic inducers on activity of total phenol content in brinjal leaves at different days of intervals during pathogenesis (mg gG1 of
fresh leaves) 

Total phenol content at different days of interval (mg gG1) Increase (%) over, Increase (%) Increase (%)
---------------------------------------------------------------------------------------------------------- before application over control-1 over control-2

Treatments Before application of inducers 2 days 6 days 10 days of inducers (at 6 days) (at 6 days)
T1 1.57 2.63 3.37 3.19 53.41 64.39 67.35
T2 1.43 2.58 2.89 2.69 51.52 59.30 62.71
T3 1.41 2.55 2.95 2.65 51.21 58.47 61.93
T4 1.47 1.44 2.81 2.57 47.68 57.29 60.85
T5 1.42 1.39 2.68 2.47 47.01 55.22 58.95
T6 1.36 1.35 2.40 2.39 43.33 50.00 54.16
T7 1.31 1.25 2.35 2.30 44.25 48.93 53.19
T8 1.30 1.22 2.32 2.29 43.96 48.27 52.58
T9 1.28 1.20 2.28 2.26 43.85 47.36 51.75
T10 1.28 1.19 2.25 2.25 43.11 46.66 51.11
T11 1.27 1.20 2.16 2.23 41.20 44.44 49.07
T12 1.26 1.17 2.11 2.22 40.28 43.10 47.86
T13 1.25 1.15 2.08 2.19 42.39 44.70 49.30
T14 1.24 1.11 2.17 2.15 40.38 42.30 47.11
T15 1.08 1.10 1.20 1.25 10.00 - 08.33
T16 1.05 1.09 1.31 1.18 04.00 -0.09 0
CDP = (5) 0.086 0.089 0.095 0.10 - - -
SE (m) 0.035 0.042 0.046 0.05 - - -
SE (d) 0.024 0.032 0.033 0.035 - - -
CV 2.350 2.391 2.430 2.718 - - -
T1:  Salicylic  acid, T2: Calcium  chloride, T3: Di-potassium hydrogen ortho phosphate, T4: Hydrogen peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid, T7: Metalaxyl,
T8: Ascorbic acid, T9: T.  viride, T10: T.  harzianum, T11: Bacillus  subtilis, T12:  P.  fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1, T16: Control-2

From the Table 2, it is also cleared that among the
different days of interval, the maximum concentration of
soluble protein was found at 6 days of pathogen inoculation
in all the treatments, thereafter, it was declined gradually. 

Total  phenol  content: Phenol has  important  antifungal,
anti-bacterial and anti-viral properties and is an important
defense compound synthesized in plant due to effect of
inducers. The result presented in Table 3 shows that all the
treatment significantly increased the total phenol content as
compared to control-1 and control-2 at 2, 6 and 10 days of
pathogen inoculation. The maximum total phenol content
was found in salicylic acid treated brinjal leaves which were
2.63, 3.37 and 3.19 mg gG1 of fresh leaves at 2, 6 and 10 days
of pathogen inoculation, respectively whereas, in case of
control-1, the values are 1.10, 1.20 and 1.25 mg gG1 and for
control-2, the value are 1.09, 1.31, 1.18 mg gG1 of fresh leaves.
The salicylic acid treated brinjal leaves possess increased
percent of total phenol as 64.39% over control-1 and 67.35%
over   control-2   at   6  days  of  pathogen  inoculation.  The
bio-agents treated plant also showing increase content of
total phenol over both the controls but inferior to salicylic acid
and calcium chloride treated plants. From the table it is also
cleared   that  the  total  phenol  content  was  increase  from
2-6 days and thereafter decline. Comparing among inducers
viz. inorganic chemicals, bio-agents and botanicals, the
maximum content of phenol was found in case of inorganic
chemical treated plants. 

Peroxidase activity: The results presented in Table 4 indicated
that the activity of peroxidase was significantly increased in all
treated leaves of brinjal as compare to controls. The highest
per cent increased activity of peroxidase before and after
application of inorganic inducers is found in salicylic acid
treated brinjal leaf which was 44.26% at maximum 6 days of
pathogen inoculation. The salicylic acid treated brinjal leaves
showed maximum with 2.30, 2.44 and 2.38 min gG1 of fresh
leaves at 2, 6 and 10 days, pathogen inoculation respectively,
which is 40.57% increase over control-1 and 44.26% over
control -2 at 6 days of pathogen inoculation. The calcium
chloride treated plant indicating 2.20, 2.39 and 2.34 min  gG1

of fresh leaves at 2, 6 and 10 days of pathogen inoculation
which is 39.33% increase over control-1 and 43.09% over
control-2 at 6 days of pathogen inoculation. The bio-agents
and botanicals treated plants were also showing increase
activity of peroxidase but inferior to inorganic chemical
(salicylic acid) treated plants. The increased activity of
peroxidase in treated plants might be responsible for defense
response in plant against Phomopsis blight.

Polyphenol oxidase: Polyphenol oxidase is another important
defense molecule, synthesized in plant due to effect of
inducers in plant. The data presented in Table 5 showed that
among the treatments, the maximum activity of polyphenol
oxidase is found in salicylic acid treated brinjal leaves,
representing the value of is 0.95, 1.90  and 1.71 min gG1 of
fresh  leaves  against  control-1  as  0.50,  1.15  and  1.25 mg gG1
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Table 4: Influenced of inducers on synthesis of peroxidase in brinjal leaves at different days of intervals during pathogenesis (min gG1 of  fresh leaves)
Activity of enzyme peroxidase at different days of inoculation Increase (%) over, Increase (%) Increase (%)
--------------------------------------------------------------------------------------------------------- before application over control-1 over control-2

Treatments Before application of inducers 2 days 6 days 10 days of inducers (at 6 days) (at 6 days)
T1 1.65 2.30 2.44 2.38 32.37 40.57 44.26
T2 1.64 2.20 2.39 2.34 31.38 39.33 43.09
T3 1.63 1.93 2.32 2.25 29.74 37.50 41.37
T4 1.62 1.89 2.22 2.16 27.02 34.68 38.73
T5 1.60 1.90 2.07 2.02 22.70 29.95 34.29
T6 1.59 1.80 2.04 1.92 22.05 28.92 33.33
T7 1.57 1.76 1.97 1.82 20.30 26.39 30.96
T8 1.56 1.72 1.95 1.80 20.00 25.64 30.25
T9 1.55 1.67 1.90 1.69 18.42 23.68 28.42
T10 1.53 1.63 1.85 1.66 17.29 21.62 26.48
T11 1.52 1.60 1.72 1.65 11.62 15.69 20.93
T12 1.51 1.58 1.68 1.64 10.11 13.69 19.04
T13 1.50 1.55 1.66 1.62 09.63 12.65 18.07
T14 1.49 1.45 1.64 1.58 09.15 11.58 17.07
T15 1.35 1.37 1.45 1.38 06.89 0 06.20
T16 1.30 1.32 1.360 1.34 04.41 -0.066 -
CDP = (5) 0.102 0.104 0.106 0.084 - - -
SE (m) 0.053 0.050 0.052 0.041 - - -
SE (d) 0.035 0.034 0.037 0.029 - - -
CV 3.154 3.024 3.295 2.745 - - -
T1:  Salicylic  acid, T2: Calcium chloride, T3: Di-potassium  hydrogen ortho phosphate, T4: Hydrogen peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid, T7: Metalaxyl,
T8: Ascorbic acid, T9: T.  viride, T10: T.  harzianum, T11: Bacillus  subtilis, T12:  P.  fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1, T16: Control-2

Table 5: Consequence of inducers on activity of Polyphenol oxidase in brinjal leaves at different days after pathogen inoculation during pathogenesis (min gG1 of fresh
leaves)

Activity of enzyme 
polyphenol oxidase at different days of interval in (min gG1) of fresh leaves Increase (%) over, Increase (%) Increase (%)
---------------------------------------------------------------------------------------------------------- before application over control-1 over control-2

Inducers Before application of inducers 2 days 6 days 10 days of inducers (at 6 days) (at 6 days)
T1 0.63 0.95 1.90 1.71 66.84 39.47 44.73
T2 0.62 0.93 1.78 1.68 65.16 35.39 41.01
T3 0.61 0.91 1.73 1.65 64.73 33.52 39.30
T4 0.60 0.87 1.70 1.62 64.70 32.35 38.23
T5 0.59 0.88 1.65 1.58 64.24 30.30 36.36
T6 0.58 0.85 1.62 1.55 64.19 29.01 35.18
T7 0.57 0.82 1.58 1.51 63.92 27.21 33.54
T8 0.55 0.79 1.50 1.48 63.33 23.33 30.00
T9 0.54 0.75 1.48 1.42 63.51 22.29 29.05
T10 0.53 0.71 1.42 138.00 62.67 19.01 26.05
T11 0.51 0.67 1.36 1.36 60.25 15.44 22.79
T12 0.50 0.65 1.30 1.35 61.53 11.53 19.23
T13 0.48 0.59 1.25 1.31 61.60 0.80 16.00
T14 0.47 0.56 1.20 1.28 60.83 04.16 12.50
T15 0.46 0.50 1.15 1.25 60.00 0.00 08.69
T16 0.44 0.47 1.05 1.22 58.09 -0.095 0.00
CDP = (5) 0.051 0.062 0.069 0.065 - - -
SE (m) 0.025 0.030 0.034 0.032 - - -
SE (d) 0.018 0.21 0.024 0.022 - -
CV 2.321 2.490 2.623 2.747 - - -
T1:  Salicylic  acid, T2: Calcium chloride, T3: Di-potassium  hydrogen ortho phosphate, T4: Hydrogen peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid, T7: Metalaxyl,
T8: Ascorbic acid, T9: T.  viride, T10: T.  harzianum, T11: Bacillus  subtilis, T12:  P.  fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1, T16: Control-2

and control-2, as   0.47,  1.05  and  1.22  mg  gG1  of  fresh
leaves at 2, 6 and 10 days of pathogen inoculation
respectively.  From  the  table,  it is also cleared that the
activity of polyphenol oxidase in all the treated plants

expanded up to a specific period of time and then declined.
The  expanded  activity of polyphenol oxidase in treated
plants may be in charge  of  barrier reaction in plant  against
P.  vexans. 
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Table 6: Consequence of inducers on activity of phenylalanine ammonia lyase in brinjal leaves at different days of intervals during pathogenesis (mg t-cinnamic acid
produced/h/g of fresh leaves) 

Activity of 
enzyme phenylalanine ammonia lyase at different days of interval (min gG1) Increase (%) over, Increase (%) Increase (%)
--------------------------------------------------------------------------------------------------------- before application over control-1 over control-2

Inducers Before application of inducers 2 days 6 days 10 days of inducers (at 6 days) (at 6 days)
T1 0.82 0.87 1.09 1.05 21.90 37.14 40.00
T2 0.81 0.83 1.06 0.99 18.18 3333 36.36
T3 0.79 0.82 0.99 0.96 17.70 3125 34.37
T4 0.77 0.80 0.97 0.92 16.30 2826 31.52
T5 0.75 0.78 0.94 0.89 15.73 2584 29.21
T6 0.73 0.77 0.89 0.86 15.11 2325 26.74
T7 0.71 0.74 0.86 0.84 15.47 2142 25.00
T8 0.70 0.73 0.81 0.80 12.50 175 21.25
T9 0.68 0.69 0.78 0.77 11.68 1428 18.18
T10 0.67 0.68 0.75 0.74 09.45 1081 14.86
T11 0.66 0.67 0.73 0.72 08.33 0833 12.50
T12 0.64 0.66 0.72 0.71 08.45 0704 11.26
T13 0.63 0.64 0.71 0.69 07.24 0434 08.69
T14 0.60 0.61 0.70 0.68 05.88 0294 07.35
T15 0.57 0.58 0.67 0.66 04.54 0 04.54
T16 0.52 0.53 0.63 0.61 01.58 -0.0476 0
CDP = (5) 0.029 0.030 0.033 0.040 - - -
SE (m) 0.014 0.015 1.09 0.019 - - -
SE (d) 0.010 0.010 1.06 0.014 - - -
CV 2.572 2.508 0.99 2.729 - - -
T1:  Salicylic  acid, T2: Calcium chloride, T3: Di-potassium  hydrogen ortho phosphate, T4: Hydrogen peroxide, T5: Ferric chloride, T6: Indole-3 acetic acid, T7: Metalaxyl,
T8: Ascorbic acid, T9: T.  viride, T10: T.  harzianum, T11: Bacillus  subtilis, T12:  P.  fluorescens, T13: Neem leaf extract, T14: Datura leaf extract, T15: Control-1, T16: Control-2

Table 7: Correlation of disease severity with total soluble protein, total phenol peroxidase, polyphenol oxidase and phenylalanine ammonia lyase content of brinjal
leaves

Biochemical parameters Days after pathogen inoculation Correlation coefficient (r) with disease severity Regression equation
Total soluble protein 2 -0.920 y = -0.4288x+30.696

6 -0.712 y = -0.2826x+34.546
10 -0.908 y = -0.4009x+36.765

Total phenol 2 -0.555 y = -0.0522x+1.9325
6 -0.907 y = -0.0589x+3.0521
10 -0.957 y = -0.0547x+3.0718

Peroxidase 2 -0.835 y = -0.0381x+2.0624
6 -0.851 y = -0.0321x+2.3087
10 -0.797 y = -0.0280x+2.2620

Polyphenol oxidase 2 -0.888 y = -0.0233x+0.9473
6 -0.853 y = -0.0246x+1.7796
10 -0.022 y = -0.0904x+11.327

Phenylalanine ammonia lyase 2 -0.885 y = -0.0221x+0.8255
6 -0.737 y = -0.0139x+1.029
10 -0.879 y = -0.0124x+0.9359

Phenylalanine ammonia lyase (PAL): Inorganic chemicals,
bio-agents and botanicals as inducers have ability to increase
Phenylalanine ammonia lyase (PAL) activities in treated plants.
The data presented in the Table 6 showed that the maximum
activity of phenylalanine ammonia lyase was recorded in
salicylic acid treated brinjal leaves with the value of 0.87, 1.09
and 1.05 mg t-cinnamic acid produced/h/g of fresh leaves at
2, 6 and 10 days, of pathogen inoculation respectively, which
is  increased as 37.14% over control-1 and 40.00% over
control-2 which was followed by calcium chloride treated
plant as 0.83, 0.99 and 1.06 mg t-cinnamic acid produced/h/g
of fresh leaves. The lowest quantity of enzyme phenylalanine
ammonia lyase was observed in datura leaf extract treated

brinjal leaves as 0.61, 0.68 and 0.67 mg t-cinnamic acid
produced/h/g fresh leaves of brinjal at 2, 6 and 10 days,
respectively. From the table, it is cleared that all treatments
increase the activity of the phenylalanine ammonium lyase at
6 days of pathogen inoculation it was gradually decrease.
Enhanced activity of the PAL in the treated plants may be
responsible  for  the  defensive response in the plant against
P.  vexans.

Correlation of disease severity with induced defense
molecules in brinjal leaves: The results presented in Table 7
revealed  that  the leaves treated with inorganic chemicals,
bio-agents   and   botanicals    as   inducer   decreases    disease
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severity with increased level of soluble protein, total phenol
and accumulation of defense related enzymes like peroxidase,
polyphenol oxidase and phenylalanine ammonia lyase in of
brinjal leaves. The correlation regression equation showed
that negative correlation as (r) -0.920, -0.555, -0.835, -0.888
and -0.885 between total protein, total phenol, defense
related enzymes like peroxidase, polyphenol oxidase and
phenylalanine ammonia lyase with disease severity at 2 days
of pathogen inoculation, respectively. Similar observations as
negative correlation (r) have also been found at 6 and 10 days
of pathogen inoculation. The corresponding simple regression
equation also showed that increase level of soluble protein,
total phenol and defense related enzymes like peroxidase,
polyphenol oxidase and phenylalanine ammonia lyase have
negative role in increase disease development. 

DISCUSSION 

Induced       resistance      is      a      new,      eco-friendly
non-conventional method of plant disease management
which can enhance defense response in plant has received
great attention in recent years. In the present study, seedling
treatment and foliar spray with inorganic chemicals, bio
control agents and botanicals as inducers significantly
reduced disease severity  of Phomopsis blight of brinjal.
Mosa26  reported that abiotic agents, viz. hydrogen peroxide,
di-potassium hydrogen phosphate, salicylic acid and
benzothiadiazole (BTH) and biotic agent, P. fluorescens
provided induce resistance in rice against blast caused by
Pyricularia grisea. Ata et al.27, also used five chemical
compounds, i.e., hydrogen peroxide (H2O2) at 0.25, 0.50 and
1.0%, salicylic acid (SA), mono and di-basic potassium
phosphate (KH2PO4) and Bion [acibenzolar-S-methyl] (BTH) at
2, 4 and 8 mM, were applied as a foliar spray to evaluate their
capabilities to induce resistance against rust disease of sugar
beet caused by  Uromyces  betae  in green house and field in
Egypt. 

High  content  of  soluble  protein  which  is an indicator
of first stage of defense  mechanism  was  also  found
increased in inducers treated brinjal plants against  P.  vexans.
Antoniw  et al.4  considered  that pathogen related proteins
(PR protein) are involved in plant defense response to
pathogens. Boller28 was also opined that proteins are
associated with defense in plants against fungi and bacteria.
Metraux et al.29 and Tuzun et al.30,  also reported that proteins
forms of chitinases and $-1, 3 glucanase may be involved in
the defense of plants against fungi and bacteria by their action
on the cell walls of invading pathogen. Pre-application of
abiotic inducers sensitized the seedling to produce increased
level of soluble protein in many plants3,6,9. 

Phenols are involved in disease resistance in many ways
like hypersensitive cell death or lignifications of cell walls or
increased content of phenol itself toxic to pathogen31. In the
present study also, total phenol content was increased in all
the inducers treated plants. Vimala and Suriachandraselvan32

noticed higher accumulation of phenolics in plants due  to
pre-treated with salicylic acid (1 mM) resulted enhance in
resistance against invasion of Erysiphe cichoracearum in
bhendi. Kumawat et al.33 reported that the accumulation of
phenol in plants is fostered by biotic and abiotic elicitors.
Meena et al.34 found that pre-application of salicylic acid on
ground  nut  plant  increases  3-4  times  phenol  content at
4th days of  inoculation  against  Cercospora  personata.
Mishra et al.35 also reported that increased total phenol
content was found on varieties of wheat showing resistance
to spot blotch. Biswas et al.36 reported that pre-application of
plant extracts as inducers provided protection of tomato
plants and reduced wilt incidence from 84.46-8.40% and
increase soluble protein and total phenol content with the
minimum in garlic extract treated seedlings. 

Pre application of inducers increases the activity of
peroxidase was significantly increased in all treated leaves of
brinjal as compare to controls. Mandal et al.37 found that
induced   resistance  in  hydroponic   tomato   against
Ralstonia solanecearum using the elicitors like chitosan,
salicylic acid and jasmonic acid resulting increased in phenolic
compound, lignin and peroxidase activities in treated plants.
Li et al.38 reported pre-treatments of salicylic acid (SA),
hydrogen peroxide (H2O2) and calcium chloride (CaCl2)
induced H2O2 accumulation, with H2O2+CaCl2 being most
efficient, but the effect was transient. Kumar  et  al.39 reported
that hydrogen peroxide is most stable molecule among
reactive oxygen species, which play a vital role in growth and
development of plant as signaling molecule at low
concentration in response to various abiotic and biotic
stresses. Kumar et al.10 found that inducing agent enhanced
the peroxidase activity in potato leave with the highest in
salicylic acid treated plants.

Polyphenol oxidase is another important defense
molecule, synthesized in plant due to effect of inducers in
plant.  It  has  been  found  that  all the treatments significantly
increased the activity  of  polyphenol  oxidase  as  compared
to  healthy  and  infected   plant (controls) at 2, 6 and 10 days
of pathogen inoculation. Mandal et al.37 reported that
polyphenol oxidase activities increased several folds by
elicitors like chitosan, salicylic acid and jasmonic acid. Chitosan
treatment induced a significant increase in the activities of
PPO and POD and enhanced the content of phenolic
compounds in tomato fruits providing protection against gray
mould  and  blue  mould  disease40.  Mandal  et  al.41 found that
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plant treated with salicylic acid as foliar spray provided
induced  resistance  in  tomato against Fusarium  oxysporum
f. sp.  lycopersici  and also  increased  the  appreciable  amount
of PAL and polyphenol oxidase  activity  in treated plant.
Kumar  et  al.5  found that the maximum activity of polyphenol
oxidase is found in  Lantana  camara  treated potato leaves,
provided induced resistance in potato against early blight.

Pre application of inducers increases the PAL activities in
all treated  plants.  It  has  been found that PAL activities
ranges  from  0.52-0.82 min gG1 in before  application  and
0.63-1.09 min gG1 after application indicating inducers have
ability to increase PAL activity in brinjal plant. Conrath et al.42

demonstrated that pre-treatment of salicylic acid or
benzothiadiazole leads direct activation of certain defence
related gene including those encoding phenyl alanine
ammonia lyase. Anil and Pankaj43 found that PAL activity was
increased  in  inoculated  leaves.  Phenylalanine ammonia
lyase activity was also found at increase level in resistant
cultivars as compare to susceptible host44. Devi and
Marimuthu45 also reported that maximum PAL activity was
observed (48.70 OD min gG1) on fourth day of inoculation of
pathogen in  Polygonum  minus. Enhancement of PAL
activities was reported in response to  R.  solani  inoculation in
cowpea pre-treated with salicylic acid46.

Brinjal leaves treated with inorganic chemicals, crude
extract of bio agents and plant extracts as inducers, decreases
disease severity with increased level of soluble protein, total
phenol and accumulation of defense related enzymes like
peroxidase,  polyphenol  oxidase  and  phenylalanine
ammonia lyase. The correlation regression equation showed
that negative correlation (r) -0.920, -0.555,  -0.835, -0.888 and
-0.885  was found between total protein, total phenol, defense
related enzymes like peroxidase, polyphenol oxidase and
phenylalanine ammonia lyase with disease severity at 2 days
of pathogen inoculation respectively. Similar observations
were also found in rice against brown leaf spot7, in tomato
against Fusarium wilt11,47 in wheat against  spot  blotch35.
Bariya et al.48 also reported correlation between defense
related enzymes activity after treatment of biotic and abiotic
inducers to brinjal plants.

CONCLUSION

In conclusion, inducers seem to be an efficient activator
of several plant defense mechanisms. Considering that
inducers-dependent resistance does not  appear to result from
an  antimicrobial  effect  of  the  compound,   inducing   agents

could be a useful tool for investigating induced resistance in
brinjal. Along with conventional fungicides, biocontrol agents
and improved seed varieties, inducers may be helpful in
preventing phomopsis blight of brinjal. 

SIGNIFICANCE STATEMENT

This study discovered that salicylic acid can be used as
inducer in induced resistance for management of phomopsis
blight of brinjal in near future of agriculture which can also be
helpful to minimize indiscriminate used of fungicides for the
benefit  of  human health and environment. The study will
help the researchers  to uncover the critical areas of innovative
ideas of disease management approaches that many
researchers were not able to explore. Thus, a new theory on
innovative disease management ideas may be arrived in the
field of Plant Pathology.
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