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ABSTRACT
Elicitors of chemical induction were used to manipulate the activities of several putative
defense related proteins, phenols, reducing and non-reducing sugars levels in the leaves of rice
(Oryzae sativa). The presumptive defenses manipulated were polyphenol oxidase, peroxidase,
phenols, reducing and non-reducing sugars. The elicitors used were Jasmonic acid, salicyclic
acid and PGPR Pseudomonas fluorescences. These elicitors were tested against the blast disease
incidence of Pyricularia oryzae in order to access the relative role of these compounds induced
resistance against the phytopathogen. It has been found that when the activities of polyphenol
oxidase, peroxides and phenol were high and when the relative amounts of these compounds
– strongly implies their roles a casual agents of induced resistance against Pyricularia oryzae.
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Rice (Oryzae sativa L.) is the most important
stable food grown under varied farming conditions
under various seasons. The productivity of rice (yield
per ha) can be greatly enhanced by providing
additional nutrient inputs and through effective
control of disease incidence. Blast disease of rice
caused by Pyricularia oryzae is one of the most
important fungal disease of rice crop, causing loss of
upto 90 per cent and has it occurrence in almost all
the rice growing countries (Mehrotra 1980)

Plant growth promotion by beneficial free living
soil microorganisms (plant growth promoting
rhizobacteria; PGPR) is an alternative strategy to
overcome the biological and environmental hazards
posed by the persistent use of synthetic chemicals.
Induced Systemic Resistance (ISR) or Systemic Accured
Resistance (SAR) is a good and viable alternative tool
for the management of disease in crop plants.

ISR (or) SAR mechanism produces response to
local attack by producing compounds thereby reducing
(or) inhibiting further attack by pathogen (Sticher et
al 1997). Two types of responses such as Jasmonic
Acid (JA) mediated and salicylic acid mediated (SA)
responses are necessary for plant resistance against
certain pathogens.

Rhizobacteria are present in large numbers on
plant root surfaces and they stimulate plant growth and
are therefore called as Plant Growth Promoting
Rhizobacteria (PGPR). PGPR strains were isolated from
naturally disease suppressive soils mainly Pseudomonas

sp. promoted plant growth by suppressing soil borne
pathogens (Leeman et al 1993). Some of these biological
control strains are able to induce a plant mediated
mechanism known as rhizobacteria – mediated induced
systemic resistance (Van Loon et al 1998).

Rhizobacteria mediated ISR (RMISR) has been
reported in many plant species eg. bean, cucumber
radish, tobacco and tomato and RMISR has been
reported against broad spectrum of plant pathogens
including fungi, bacteria and viruses (Van Loon et al
1998).

Hence the present study was carried out to
evaluate the efficiency of PGPR in the induction of
resistance against blast disease Pyricularia oryzae in
rice plant.

Materials and methods

Cultured used: The plant growth promoting
rhizobacteria & Pseudomonas fluorescens A7283 was
obtained from the microbial type culture collection
center, Institute of Microbial Technology (IMTECH),
Chandigarh, India and used as reference strain
throughout the study. They were maintained in
King’s agar slants at 30 ± 2°C with monthly transfer.

Estimation of Biochemical constituents

Method of Sampling: Plant sample material
from each treatments were taken on the 30th day for
estimating the changes in the biochemical constituents
viz., reducing sugars, non reducing sugars, ortho
dihydroxy phenol and total phenols and enzymes like
peroxidase and polyphenol oxidase.
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Preparation of ethanol extracts (Madhevan
and Sridhar 1986)

Plant samples were collected, pooled and 4g of
pooled samples were taken for extraction. They were
chopped and then extracted in boiling 80 per cent
ethanol and the extract was used for the estimation
of sugars, phenol and enzymatic activity.

Quantitative estimation of sugars

Reducing sugar
Non-reducing with ethanol extract were

hydrolyzed and the total sugars were estimated by
employing Nelson’s method. The total reducing sugars
were calculated at glucose equivalents. The final
concentration was calculated by deducing the
reducing sugar present in the unhydrolyzed original
sample from the reducing sugar present in the
hydrolyzed sample (Nelson 2002).

Non - Reducing sugar
Hydrolysis of non-reducing sugars was carried

out according to Inman (1965).

Quantitative estimation of phenols

Total phenols were estimated by employing
Folin-ciocalteau reagent (Bray and Thrope 1954).

Enzyme assay

Enzyme extraction 
The leaf material was cut into small bits,

crushed and chilled in 0.1 M sodium phosphate buffer
pH 7.1 and the volume was made to 5 ml with buffer,
centrifuged at 2000 rpm for 30 minute and the
supernatant was used as the enzyme source and the
assays viz., polyphenol oxidase and peroxidase were
performed in a UV spectrophotometer at 28 ± 1°C
(Sridhar et al 1969).

The activity of polyphenol oxidase was
estimated as per the method described by Matta and
Diamond (1963), peroxidase by Hampton (1963). The
enzyme activity in the sample was expressed in terms
of unit / minute / mg of protein.

Evaluation of certain resistance inducing
chemicals and P. fluorescens against
Pyricularia oryzae. (Pot culture)

Rectangular cement pots of size 18” × 12”
× 12” were filled with 45 kg of paddy field soil flooded
with water for 2 days and brought to fine puddle
conditions. Seeds of the rice variety IR 50 were
loosely packed separately in small gunny bag and
soaked in water for 12 hours. Then the bags were
subsequently kept in dark place after covering with wet

gunny bags to ensure optimum conditions for
generation. The seeds were germinated about 24
hours after soaking. The pre-germinated seeds of IR
50 rice were sown in rows in pots separately on the
5th day of sowing, the seedlings were raised under wet
conditions and the age was counted from the time of
sowing.

After the sowing the rice seeds resistance,
inducing chemicals, namely, jasmonic, salicylic acid,
(Central Drug House) at 0.75 and 0.1 percent level,
were sprayed individually on 15th DAS, one day prior
to the challenge inoculation of Pyricularia oryzae to
the rice plant. The observations were recorded one
week after the challenge inoculation of Pyricularia
oryzae. The percentage of disease incidence was done
with a score chart of 0 − 9 grades devised by
International Rice Research Institute (1980). The
Percentage of Disease Index (PDI) was worked out
with the following formula percentage of disease
index.

= 
Total ratings

Total numbers of leaves graded × Maximum grade in score chart

Statistical Analysis

The experimental results were statistically
analysed in randomized block design (RBD) and in
Duncan’s Multiple Range Test (DMRT) as per the
procedures described by Gomez and Gomez (1984)
and the standard deviation of the assay according to
student “t” test.

Table 1: Changes in the reducing and non-reducing
sugar consitutent of plant as influenced by SA

Treatment

Total
reducing

sugars
(mg / g)

Non-
reducing
Sugars

(mg / g)

Control 33.42 ± 1.32a 36.82 ± 1.64a

S.A 27.42 ± 1.24b 32.42 ± 1.42b

J.A 25.32 ± 1.30c 30.52 ± 1.56c

S.A + J.A 20.42 ± 1.27d 28.42 ± 1.27d

S.A +  P.fluorescens 18.42 ± 1.06e 24.30 ± 1.25e

J.A +  P.fluorescens 16.42 ± 0.97f 22.10 ± 1.32f

Values are mean of 5 replication ±  SD

Values followed by different letters are significantly
differed at 5% level according to ‘t’ test.
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Table 2: Changes in the Enzyme activity of
plant as influenced by SA

Treatment
Peroxidase

(units / min /
mg of Protein)

Polyphenol
Oxidase

Control 125.66 ± 1.87a 19.56 ± 0.42f

S.A 107.27 ± 1.34b 21.32 ± 0.57d

J.A 102.20 ±c 20.84 ± 0.62e

S.A + J.A 92.47 ± 1.74e 21.92 ± 0.34c

S.A +  P.fluorescens 82.71 ± 2.34f 24.52 ± 0.52a

J.A +  P.fluorescens 99.57 ± 1.24d 22.40 ± 0.52b

Values are mean of 5 replication ±  S.D
Values followed by different letters are significantly
differed at 5% level according to ‘t’ test.

Table 3: Calculate in the total phenol content
of IR-50 rice as influenced by the application of
Salicylic acids

Treatment
Total Phenol 

(mg / g) at
14 days

Control 3.08 ± 0.4f

S.A 3.74 ± 0.34d

J.A 3.47 ± 0.27e

S.A + J.A 4.12 ± 0.24c

S.A +  Pseudomonas fluorescences 4.98 ± 0.34a

J.A +  Pseudomonas fluorescences 4.04 ± 0.24b

Values followed by different letters are significantly
differed at 5% level of significance according to
student ‘t’ test.

Table 4: Effect of Salicylic acid, Jasmonic acid and
Pseudomonas fluorescences application and
challenge inoculation of Pyricularia oryzae on the
disease incidence of IR-50 rice.

Treatment Disease
incidence (%)

Control 81.20 ± 4.20
S.A 30.64 ± 2.94
J.A 37.54 ± 3.42

S.A + J.A 22.84 ± 2.86

S.A +  Pseudomonas fluorescences 11.34 ± 1.24

J.A +  Pseudomonas fluorescences 16.32 ± 1.64

Values are a mean of 5 replications ±  SD

Results and Discussion

In the present investigation, a study was
undertaken in combining rhzobacterial strains with
other chemical formulation to offer attractive
possibility for improvement of disease suppression.
We used elicitors of plant chemistry (Jasmonic acid)
to selectively induce putative causal agents of induced
resistance and weak inhibitors of wound induction
Salicylic acid and a PGR to obtain an enhanced level
of induced resistance.

In the present study the total reducing and
non-reducing sugars was found to be reduced by the
application of both Salicylic and Jasmonic acid. The
effect was more pronounced by the application of
Pseudomonas fluorescences. The effect was even more
when SA and JA treatment were combined with the
application of Pseudomonas fluorescences, which
showed a maximum reduction in reducing and non
reducing sugar content (table-1).

It is well known that carbohydrate in plant
tissues influence the disease development (Horsfall
and Diamond, 1957) pathogenesis itself is an
interaction between the pathogen and carbohydrates
of the host and in turn determines the pathogen’s
ability to produce enzymes (Abersheim et al., 1969).
Tissues containing greater reserves of oxidisable
carbohydrates are often prone to pathogen invasion.

In the present study, the combined application
of salicylic and Jasmonic acid with Pseudomonas
fluorescences augmented the total Phenol content to
a higher level as compared to salicylic and Jasmonic
acid alone. (table-2)

The results of the present study revealed that
Pseudomonas fluorescences inoculation and exogenous
application of SA enhanced the accumulation of
phenolic compounds in rice plants, which is known
to play a key role in ISR and in agreement with the
above findings of Meyer and Hofte, (1997).

Peroxidase (po) and polyphenol oxidase (ppo)
are key enzymes for the oxidation of phenolic
compounds in plants and the resulting quinones are
effective inhibitors of SH-group of enzymes (Goodman
et al 1967).

In the present study, inoculation of P.
fluorescens and SA, JA application and challenge
inoculation of Pyricularia oryzae positively augmented
the production of phenolic compounds and activity
and defense related enzymes (po and ppo) in rice
plants (table 3) and also decreased the PDI of blast
disease in rice (table 4). Rice leaves infected with
Pyricularia oryzae exhibited increased peroxidase
activity (Wang et al., 1991 and Lapilcovo, 1995) SA
treated plants showed on increase in po and ppo
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activity when challenge inoculated in ground nut.
(Meena et al 2001)

The combined treatment of salicyclic acid and
P. fluorescens with other chemical elucidators has
considerably, increased the total phenol, polyphenol
oxidase and peroxidase content, and has lowered the
reducing and non-reducing content, which contributed
to an increased level of resistance against Pyricularia
oryzae.
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