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ABSTRACT
Rice (Oryza sativa) is the staple food crop in India is being cultivated in an area of 44.6
million hectare with an annual production of 88 million tones. In Tamilnady, rice is cultivated
in 1.6 million hectare with an annual production of 3.6 million tones. But due to the microbial
infection the yield of rice have been affected in a drastic way. Hence the present study is
mainly based on to develop the biological control agent against plant pathogen. The
antagonistic organisms viz. Tricholderma viridae and Pseudomonas fluorescens were isolated
from the soil collected from the rice field by serial dilution and pure culture pour plate
technique. The rice pathogens were isolated from the infected plant bits collected from the
field. Growing the pathogen with the antagonists by standard agar disc method effectively
identifies the antagonistic effectivity. The growth of the pathogen in treatment plate and the
control plate were measured and their effectivity is calculated in percentage. Trichoderma
viridae is morst effective against Helminthosporium oryzae that controls Brown spot in rice
where as Psudomonas fluorescens is most effective n Pyricularia oryzae that controls Blast of
rice.

Key Words: Antagonism, Siderophores, Bioaccumulation, Trichoderma viridae,
Helminthusporium oryzae.

Introduction

The four major fungal diseases that affect rice
crop are Blast (leaf or neck) of rice caused by
Pyricularia oryzae, Brown spot of the rice caused by
Bipolaris (Helminthosporium) oryzae, Sheath blight of
rice caused by Rhizoctonia solani and Sheath rot of
rice caused by Sarocladium oryzae.

Blast causes lesions on leaf sheaths, at their
bases and in the “Neck region” of the culm. The
lesions at the neck region cause the stem to break
over, hence the name “Rotten neck” (Metcalf and
Nishikado, 1917). The main cause of disease is the
presence of spores in the air and high concentration
of nitrogen compounds like ammonium sulphate with
high humidity of about 90% at the temperature range
of 25 − 28°C. This is the most destructive disease in
India causing more than 2,66,000 tones of rice loss
which is about 0.8% of the total yield.

Brown spot is most prevalent due to the
presence of infected seeds, rice debris and several
weeds, nutrient deficient soil at the temperature
range of 25 − 30°C. The infected grain is low in

quality and weight. The loss of grain weight to be
4.58 − 29.1% Bedi and Gill, 1960). It causes 10-58%
seeding mortality and 45% reduction was seen in
severe infections.

Sheath blight occurs due to the presence of
disease in soil, Sclerotia of infection bodies floating
in water with the relative humidity of 96-100% at
28 − 32°C temperature with high nitrogen fertilizer
and irrigation water. It causes 6% loss in tropical
Asia. Generally it causes 65-72% of yield reduction.

Sheath rot occurs due to insect that creates an
entry spot for the fungi in high nitrogen
concentration with high relative humidity in the
dense crop growth region at 20 − 28°C of temperature.
Yield loss from 20-85% in Taiwan and 30-80% in
Vietnam, Philippines and India are seen.

Hence control of these diseases is neccessary.
In general farmers use the antifungal agents like
Bordeaux mixture, Sera son etc. But the residues of
these chemicals are seen in plants which may result
in Bioaceunulation and Biomagnifications when taken
as food. Hence, there is a need of biocontrol agents.

Antagonism is the phenomenon in which one
organism by the production of toxic substances or by
competition or by parasitism or by predation inhibits
or kills other organism. Some important bacterial
antagonists are some strains of Pseudomonas,
Bacillus, Clostridium, Aerobacter, Plant growth
promoting Rhizobacteria(PGPR) and three important
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fungal antagonists are Aspergillus, Penicillium and
Trichoderma. Among these two biocontrol agents
were taken in this study, they are Pseudomonas
fluorescens and Trichoderma viridae.

Trichoderma viridae is the fungal antagonist.
It is fast growing organism. It is a mycoparanite ite
and aggressive competitors with pathogens. Mycelia
of Trichoderma sp. grow along and coil around
hyphae of host fungi. Penetration of host become
vacuolated collapse and finally disintegrates. The
mycoparasites then grows on the hyphal contents.
Mainly it acts by the production of antibiotics like
Glotoxin and Viridin.

Pseudomones fluorescens is bacterial
antagonist. It acts by the production of different
Siderophores (iron chelating compounds).
Pseudomonas sp. Possesses properties particularly
suited for effective suppression of root infecting
pathogens in soil by means of antibiotic production
and competition of ferric (Fe3+) ions.

These two antagonists were taken and tested
under the laboratory conditions and reported about
their efficiency in the control of disease causing rice
pathogens. They are present mestly in all agricultural
soil hence their isolation is also very easy.

Materials and Methods

All the plant pathogens were isolated from the
infected plant collected from the rice field Aduthurai,
Tamilnadu. For blast of rice and brown spot of rice
the infected leaves were collected, for sheath blight
and sheath rot the infected sheath were collected.
The infected portions were separated and surface
sterilized with 1% mercuric chloride solution.

The pathogens were isolated by impressing the
sterilized plant bits in Potato Dextrose agar (PDA)
medium and the plates were incubated at room
temperature for 4-5 days.

The antagonistic organisms isolated from the
soil collected from the rice field by serial dilution
pour plate technique (Pathak, 1990). Fungi is isolated
using Potato Dextrose Agar medium with the
dilutions of 10− 3 and 10− 4 where as bacteria is
isolated using Nutrient Agar medium with the
dilutions of 10− 5 amd 10− 6. The fungal plates were
incubated at room temperature for 3 days to 1 week
while the bacterial plates were incubated at 37°C for
24 hours and observed for the growth.

After incubation the fungal and bacterial
isolates (both pathogen and antagonists) were
observed under the microscope. Fungi were stained
with Lacto phenol cotton blue (Pathak, 1990) and the

bacteria were stained by Gram staining method
(Purohit, 1991) along with biochemical tests like
Gelatin liquefaction and Oxidase as confirmatory
tests. Finally Trichoderma viridae is stored is
Molasses broth were as Pseudomonas flurescens in
King’s B broth for further study.

Invitro Testing of Antagonistic Fungi and
Bacteria Against Rice Pathogens

To test the antagonistic effect of the fungal and
bacterial antagonists against Blast of rice, Brown
spot of rice, Sheath blight of rice, Sheath rot of rice
in vitro studies were condcted by adoping the
Standard agar disc method (Johnson et, al., 1960).
The fungal antagonistic used here is Trichoderma
viridae and the bacterial antagonistic used is
Pseudomonas fluorescens.

The fungal antagonist lawn were prepared
using PDA medium. The bacterial antagonist was
treated on the PDA with the disc of the pathogen.
The plates were incubated at room temperature for
4 days to record the inhibition zones.

The percentage inhibition of the antagonists
were calculated by the following formula.

Percentage
inhibition
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Results

The four main diseases in rice that affects the
total plant yield  were taken for the study. The plant
pathogens namely Pyricularia oryzae,
Heminthosporium oryzae, Rhizoctonia solani and
Sarocladium oryzae were isolated by impregnating
infected plant bits in PDA medium.

The antagonistic activity of Trichoderma
viridae and Pseudomonas fluorescens were seen
individually against each pathogen. This was
confirmed by the following results that were obtained
during study.

On examining the blast plate, the profusely
sporulating isolates in grey colour was observed. Less
sporulating one were pale and white in colour with
more of aerial hyphae. The sporulation was rapad in
3 to 5 days. On microscopic observation with lacto
pgenol cotton blue stain Phyliform to obelavate with
round base conidiophores were seen and pyriform,
lightly pigmented with two septate conidia were seen.
Hence, the pathogen is identified as Pyricularia
oryzae
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In the case of brown spot a black matted or
felt like growth with a profuse aerial mycelial fungal
growth was seen. The microscopic observation showed
curved conidia with a buldge in the centre and
tapering towards rounded ends. Based on these
observations the pathogen was identified as
Helminthosporium oryzae.

Sheath blight plates showed an initial white
spongy growth, which later turned into grey
mycelium. The growth was rapid within 2 days. In
later 5 days plate, Sclerotia were also seen that were
dark brown oval or small circular structure. On
microscopic observation a straight hyphae which at
intervals give rise to short, swollen, branched
mycelium along with some moniliod cells were seen.
This confirms the fungal pathogen as Rhizoctonia
solani.

In sheath rot plates the fungal growth begins
with white colour, which later turned into light brown
or cream colour especially along the edges with bushy
growth. The microsecpic observations showed the
conidiophores arising from the vegetative cells are
slightly thicker than the vegetative hyphae that are
branched. Conidia are cylindrical in nature. This
confirms the pathogen as Sarocladium oryzae.

In the isolation of bacterial antagonist a
fluorescent yellow colony that later turned into
fluorescent green was observed. The microscopic
observations revealed that the bacteria were Gram
negative and motile in nature. The biochemical
results showed that the bacteria were oxidase positive
and it liquefied gelatin. Hence, the antagonistic
bacteria isolated were confirmed as Pseudomonas
fluorescens.

In the isolation of fungal antagonist fast
growing, smooth surface, hairy dark green coloured
colonies were observed. Under microscopic
observation with lacto phenol cotton blue stain
branched conidiophores with several side branches in
wide angles were seen. This confirms the fungi as
Trichoderma viridae.

For the antagonistic study, the plate containing
fully grown pathogen is taken as control and the
plate containing both the antagonistic organism and
the pathogen is taken as treatment. The antagonistic
activity of the Trichoderma viridae and Pseudomonas
fluorescens were identified and the affectivity is given
in the Table 2.

Table: 1
Antagonistic Activity of Trichoderma viridae

and Pseudomonas Fluorescens

Pathogen

Growth
in

control
(Pathogen 

alone)
(cm)

Treatment 
with

Trichoderm
a viride

(Pathogen 
growth)

(cm)

Treatment 
with

Pseudomon
as

fluorescens
(Pathogen 

growth)
(cm)

Pyricularia
oryzae

9 2.5 1.9

Hemin-
thosporium
oryzae

9 2.3 2.2

Rhizoc-
tonia solani

9 2.6 4.7

Saro-
cladium
oryzae

9 3.0 2.8

Table: 2
Percentage Inhibition Action of Trichoderma

viridae and Pseudomonas fluorescens

Pathogen

On
treatment

with
Trichoderma

viride (%)

On
treatment

with
Pseudomonas

fluorescens
(%)

Pyricularia oryzae 72.2 78.9

Heminthosporium
oryzae

74.4 75.6

Rhizoctonia solani 71.1 47.8

Sarocladium oryzae 66.7 68.9

Hence from the above result Trichoderma
viridae actively inhibits Helminthosporium oryzae, the
causative agent of brown spot of rice while it is less
effective against Sarocladium oryzae, the causative
agent of sheath rot of rice and Pseudomonas
fluorescens actively inhibits, Psyricularia oryzae, the
causative agent of blast of rice while it is less
effective against Rhizoctonia solani, the causative
agent of sheath blight of rice which is shown in the
figure 1 - 5.
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Control Treatment
Fig.1 Antagonistic activity of Trichoderma viridae against Pyricularia oryzae

Control Treatment
Fig.2 Antagonistic activity of Trichoderma viridae against Helminthosporium oryzae

Control Treatment
Fig.3 Antagonistic activity of Trichoderma viridae against Rhizoctonia solani
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Discussion

The increased root and shoot lengths, dry
weight and plant height were seen after the
treatment of tale formations of Pseudomonas
fluorescens and Trichoderma viridae than the control
(Mathivanan et, al., 2005)

It is also seen that Trichoderma viridae and
Pseudomonas fluorescens inhibit the growth of the
pathogens.

The mechanism of inhibition of the plant
pathogen by Trichoderma viridae occurs by many
ways like competition, production of Siderophores,
mycoparasitism etc.

The action of Trichoderma viridae may be by
competing for nutrients with other microorganisms,
by mycoparasitism like coiling and cytoplasm
coagulation, by the production of antibiotics like
gliotoxin that is toxic to fungal pathogen, Those are
good sources of various enzymes such as exo and
endo glucanases, Cellobiose, chitinase, laminarinase,
etc., Trichoderma viridae also known to secrete cell

wall degrading enzymes vix β − 1, 3-glucanase,
chitinase and cellulose.

Hence by any one these mechanism
Trichoderma viridae inhibits the wide variety of plant
pathogens and it is said to be broad-spectrum
antagonist.

Highest increase in shoot length and root
length were recorded by the use of Trichoderma
viridae and Pseudomonas fluorescens respectively
when they were used as seed treatment (Mishra and
Sinha, 2002).

While observing the infection of Phaseolus
vulgaris seedlings by Rhizoctonia solani, some
associated fungi and antagonism were seen (Abdou,
1971) and the antagonistic fungi is Trichoderma
viridae.

The inhibition of Pseudomonas is carried out
by the production of some siderophons like
Pseudobactin, Pyoveradine, Ferribactin, Ferrichrome,
Ferrioxamine, Phytosiderophores, etc., antibiotics like
Phenaxines, pyoluteorin, tropolone, pyocyanine, 2, 4-

Control Treatment
Fig.4 Antagonistic activity of Trichoderma viridae against Sarocladium oryzae

Control Treatment
Fig.5 Antagonistic activity of Pseudomonas fluorescens against Rhizoctonia solani

8 Indian Journal of Applied Microbiology Vol. 9 No. 1



diacety, lphloroglucinol (DAPG) and pyrrolntrin and
secondary metabolites like Hydrogen cyanide,
Phenazone-1-carboxylic acid (PCA) Oomycin A,
indole-3-acetic acid, chitinase, β − 1, 3-glucanase,
laminarinse.

They also produce some plant growth
promoting substances that yield the plant growth
yield that mainly include Auxins, Gibberellins, and
Cytokins. Hence is collectively known as Plant
Growth Promoting Rhizobacteria (PGPR).

So by the production of many antibiotics,
Siderophores and other toxins Pseudomonas
fluorescens acts as an effective and broad-spectrum
antagonistic organism.

The pretreatment of sclerotia in bacterial
(Pseudomonas fluorescens) suspensions resulted in
reductions in sheath blight lesions (Vasantha devi et,
al., 1989).

Pseudomonas fluorescens inhibitory to the
growth of the rice blast pathogen Pricularia oryzae
in vitro was developed as talc based powder
formation (Vidhyasekaran et. al., 1997).

These results are correlated with the results of
the present study. It is concluded that both the
antagonistic organisms inhibit all the four pathogens
effectively against the occurrence of plant disease.
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