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For a majority of the people of Asian and African
countries, rice (Oryza sativa L.) is an important
staple food. In India, more than 70% of people are
directly or indirectly dependent on rice cultivation
for their livelihood. Disease and pest infestations
are one of the major constraints for increasing rice
production. Diseases of rice are mainly caused by
bacteria, fungi, virus, nematodes and as well as by
phytoplasma. The seed borne pathogens may be both
internally and externally associated within the rice
grains (Kalyanasundaram, 1988). Reduction in
seedling vigour and seedling mortality is also seen
(Das and Narrain, 1988). In addition to these, toxins
produced by different types of micro-organisms
further deteriorates the quality of rice grains
(Udagawa et al., 1979). Endophytes are found
everywhere in plant ranging from leaves, seeds, roots
and even in the rhizospheric soil. In addition to
providing resistance against various diseases to
plants, it also helps in better growth of the plant (Lee
et al., 2004). Raupach and Kloepper (1998) reported
that, combined application of antagonistic strains
viz. ,  Bacillus pumilus, B. subtil is and
Curtobacterium flaccumfaciens enhanced growth
promotion when used as seed treatment, as compared
to the strains tested singly. Microbial consortium
consisting of superior and efficient strains for growth
promotion and biological control may prove to be a
superior technique compared to traditional seed

treatment by chemicals.

MATERIALS AND METHODS
Isolation of bacterial endophytes

The present study was carried out in the Department
of Plant Pathology, School of Crop Protection,
College of Post Graduate Studies in Agricultural
Sciences, (Central Agricultural University), Imphal,
Umiam, Meghalaya in the year 2019-20. Isolation
was done by following the method of Zinniel et al.
(2002). Five Bacillus spp. were isolated from healthy
rice leaves. Identification of the isolates was done
by referring the guidelines described in the Bergey’s
Manual of Determinative Bacteriology (Holt et al.,
1994).

Functional attributes of screened bacterial
endophytes
Functional attributes were studied for ammonia
production (Thomas 1912, cellulose degradation
(Gupta et al., 2012), HCN production (Lorck, 1948),
IAA production (Ehmann, 1977) and phosphate
solubilization (Pikovskaya, 1948).

Development of Microbial Consortium (MC)
Compatibility test among the isolates
The 5 isolates were tested for their compatibility
among each other following the method of Fukui et

In vitro evaluation of endophytes and consortium for their plant growth
promoting activities on rice seeds

DAS, J., DEVI, R.K.T. and BARUAH, J.J.1
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ABSTRACT: The present study entitled was conducted with an aim to find out the efficacy of endophytes and their Microbial
Consortium (MC) on per cent germination of rice seeds and effect on vigour index of rice seedlings. The parameters for vigour
index were recorded on 7th, 14th and 21st days after germination. Rice seeds of CAU-R1 variety was used for determining the plant
growth promoting (PGP) activity of the endophytes alone and in consortium under In vitro. It was found that Microbial Consortium
(MC) of endophytes showed more effectiveness than the individual endophytes on Per cent seed germination (98.33%) and
vigour index after 7(778), 14(2134.50) and 21(2541.42) days of seed germination.
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al., 1994.

Preparation of microbial formulation and
consortium
Preparation of the consortia was done following the
method described by Nandakumar et al., 2001.

In vitro evaluation of endophytes alone and in
consortium for their PGP activities
For the seed treatment by endophytes alone and
consortium In vitro, rice seeds of CAU-R1 variety
was used. The observations for per cent seed
germination were recorded at 7 days after incubation.

Germination (%) =
No. of seeds germinated

x100No. of seeds kept for test
The observations for root length, shoot length and
corresponding vigour index were calculated at 7, 14
and 21 days after germination by taking the method
of Haque et al. (2007).

Vigour Index (Vi) = (RL + SL) x GP
Where, RL = Root length (cm); SL = Shoot length
(cm); GP = Germination per cent

RESULTS AND DISCUSSION
Functional attributes of bacterial endophytes
Ammonia production test

Four isolates of Bacillus spp. produced ammonia
which was indicated by deep yellow to brownish
colour of the broth culture tube (Fig 1).

Cellulose degradation test
Out of 5 isolates, 4 Bacillus spp. isolates showed
positive reaction to cellulose degradation test which
was indicated by formation of clear zone around the
colonies (Fig 1).

HCN production test
All the isolates of Bacillus spp. showed negative
reaction to HCN production test (Fig 1).

IAA production test
Out of 5 isolates of Bacillus spp., only two isolates
viz., BC 3 and BC 8 showed positive reaction to IAA
production test which was indicated by the
appearance of pink colour of the broth culture (Fig
1).

Phosphate solubilization test
All the isolates of Bacillus spp. showed positive
reaction to phosphate solubilization test which was
indicated by the formation of clean zones around
the spot inoculated colonies in Pikovskaya media
(Fig 1).

Table 1: Cultural and morphological characters of 5 isolates
of Bacillus spp.
Isolates/ Characters BC 3 BC 6 BC 8 BC 10 BC 15
Cell shape Rod Rod Rod Rod Rod
Colony colour DW DW PW C C
Colony elevation H H R R R
Colony margin U U S S S
Colony shape F F R R R
Gram reaction - - - - -
KOH Test - - - - -
Odour + + + + +
C- Creamish; DW- Dull White; F- Flat; H- Hilly; PW- Pure
White; R- Raised; S- Smooth; U- Undulated; (+): Positive
result; (-): Negative result

Table 2: Functional attributes of 5 isolates of Bacillus spp.
Isolates/ Tests BC 3 BC 6 BC 8 BC 10 BC 15
Ammonia + - + + +
production test
Cellulose + + - + +
degradation test
HCN production test - - - - -
IAA production test + - + - -
Phosphate + + + + +
solubilization test
(+) : Positive test; (-) : Negative test

Development of Microbial Consortium (MC)
Compatibility test among the efficient endophytes
The 5 isolates of Bacillus (BC 3, BC 6, BC 8, BC
10, BC 15) when streaked horizontally and vertically
with each other in a nutrient agar plate, showed no
zone of inhibition at the point of contact between
each other after 72 h of incubation. Hence it can be
said that the 5 isolates of Bacillus were compatible
with each other and a Microbial Consortium (MC)
was prepared (Fig 2).

In vitro evaluation of endophytes alone and in
consortium for their PGP activities
Rice seeds treated with the 5 isolates of Bacillus
(BC 3, BC 6, BC 8, BC 10, BC 15) and MC showed
good germination Per centage (Fig 3) of 98.33% over
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Fig 1: Functional attributes of 5 isolates of Bacillus

Fig 2: Compatibility test

Fig 3: Efficacy of endophytes and consortium on rice seed germination

Phosphate solubilization test
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Fig 4a: Efficacy of endophytes and consortium on seedling vigour of rice seeds at 7 days after germination [ a) BC 3
b) BC 6    c) BC 8    d) BC 10     e) BC 15     f) MC      g) Control ]

Fig 4b: Efficacy of endophytes and consortium on seedling vigour of rice seeds at 7 days after germination [ a) BC 3
b) BC 6    c) BC 8    d) BC 10     e) BC 15     f) MC      g) Control ]
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Plate 4 c: Efficacy of endophytes and consortium on seedling vigour of rice seeds at 7 days after germination [ a) BC 3
b) BC 6    c) BC 8    d) BC 10     e) BC 15     f) MC      g) Control]

control (81.66%). The individual isolates and MC
showed maximum vigour index of rice seeds over
control. MC exhibited maximum vigour index for 3
weeks after sowing (Table 3 and Fig 4).

CONCLUSION

The 5 endophytes were found to be compatible and
a Microbial Consortium (MC) was formulated. Seed
treatment of CAU-R1 with MC and individual 5
endophytes were found superior in maximum Per
centage of seed germination and vigour index over
control. So, further study can be carried out on field
condition by testing the Microbial Consortium (MC)
and mass production of the formulation can be taken
up with efficient carrier system.
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