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Abstract
Sheath rot has emerged as one of the
major diseases of rice inflicting severe yield losses
all over the world. The pathogen is seed borne and
survives in soil on the leftover stubbles, which acts
as the sources of primary inoculums. The present
study was therefore undertaken to evaluate the
effect of organic amendments, microbial
antagonists, and biofertilizer consortia on the
survival of sheath rot pathogen. The Sarocladium
oryzae could be isolated from infected stubbles and
seeds upto150 and 210 days of storage, respectively
irrespective of amended or unamended soil. The
fungus could survive only upto 120 days in
dhaincha amended plot whereas, it could survive
upto 180 days in the control plot at all the soil
depths.
Keywords: Organic amendment, biofertilizer
consortia, Sarocladium oryzae

1. Introduction

Rice (Oryza sativa L.) an important staple
food of nearly half of the world’s population is
being affected by a number of fungal, bacterial and
bacterial diseases inflicting enormous yield loss.
Among the various diseases of rice, sheath rot
caused by Sarocladium oryzae (Sawada) Gams and
Hawksw has gained the status of a major disease of
rice, particularly after the introduction of high
yielding varieties and reduces the yield
considerably all over the rice growing areas of the
world. The disease affects the quality of the rice

grains and severe infection reduced the yield as
high as 85 percent (Prabhakaran et. al., 1973). The
disease causes empty grain production (Kulwant
and Mathur,1992) and glume discolouration
(Sachan and Agarwal,1995) and also seed
discolouration (Reddy et.al., 2000).

The pathogen is seed borne and survives in
soil on the leftover stubbles, which acts as the
sources of primary inoculums (Reddy et al., 1974).
The survival of the pathogen is reported to vary
from place to place depending upon the prevalent
environment conditions (Singh and Raju, 1980 ;
Mohan and Subramanian, 1981).

Organic amendments can reduce soil-
borne pathogens through enhanced suppressive
activity in soil (Mazzola 2004), or mediated by the
release of toxic nitrification products from high
nitrogen amendments (Tenuta and Lazarovits
2002b).  High  nitrogen-containing  organic
amendments have shown effective control of soil-
borne pathogens (Gamliel et al.,, 2000).
Biofertilizers like Azotobacter and Azospirillum
fixes atmospheric nitrogen and secrets plant growth
promoting hormones like 1AA, GA, thiamine,
riboflavin etc, are wvery useful for making
availability of nutrients necessary for sustaining
soil fertility and plant health. The use of
microorganisms as biological control agents to
control plant disease has emerged as powerful
alternative method (Kulkarni et al., 2007). Plant
Growth Promoting Rhizobacteria, Pseudomonas
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fluorescens also plays an important role as 2.1.2 Application of Azolla:
biocontrol agent in management of several soil
borne pathogens (Sakthivel and Gnanamanickam,
1987).

Organic amendments and microbial
antagonists are known to improve the soil fertility,
plant health and can reduce soil-borne pathogens
through enhanced suppressive activity in soil or
mediated by the release of toxic nitrification
products which ultimately influence the survival of
the pathogens.

Therefore, the present study was
undertaken to assess the effect of organic
amendments, biofertilizer consortia and microbial
antagonists on the survival of sheath rot pathogen
(Sarocladium oryzae (Sawada) Gams and
Hawksworth).

2. Materials and Methods

2.1 Field Experiment

Field trial was conducted during the kharif
season of 2017-18 and 2018-19 at the experiment
farm, RARS, North Lakhimpur with four
replications to test the effect of organic
amendments, biofertilizer consortia and microbial
antagonist (Pf) on the survival of sheath rot
pathogen. The experiment was conducted in
Randomized Block Design (RBD) with plot size of
5 x 2 m’ The following treatments were
undertaken for the field experiment.

T1: Dhaincha @40 kg seed/ha +BCEF @
2.5 MT/ha+ Pf bioformulation

T2: Vermicompost@ 1 MT/ha + BCEF @
2.5 MT/ha + Pf bioformulation

T3: Azolla@ 1 MT/ha + BCEF @ 2.5
MT/ha + Pf bioformulation

T4: BCEF @ 25
bioformulation

T5: BCEF @ 2.5 MT/ha

T6: RDF (20:10:10)

T7: Absolute control

MT/ha + Pf

2.1.1 In situ incorporation of Dhaincha
as green manure

Dhaincha ( Sesbania aculeata) as green
manure crop was sown @ 40 kg seed per ha and
incorporated into the after 45 days of sowing and
kept for decomposition for 20 days before
transplanting which served as one of the treatment.

10

International Journal of Advanced Scientific Research and Management, VVolume 5 Issue 5, May 2020

Fresh Azolla(Azolla pinnata) was applied @
1 t/ha 7-10 days after transplanting and
incorporated into soil after attaining full growth in
3 weeks which served as one of the treatment.

2.1.3 Application of Biofertilizer
Consortia Enriched FYM (BCEF)

Biofertilizer Consortia comprising  six
different microbes viz. PSB, Azospirillum,
Azotobacter, Rhizobium, Zinc solubilising bacteria
and Potassium solubilising bacteria, were collected
from the department of soil science, AAU, Jorhat.
These biofertilizer consortia are used to prepare
Biofertilizer Consortia Enriched Farm Yard
Manures by through mixing with Rock phosphate
and FYM @ 10 kg biofertilizer consortia, 170 kg
Rock phosphate and 820 kg of FYM, respectively
to get one MT of Biofertilizer Consortia Enriched
FYM (BCEF). This BCEF was incubated for 7
days and applied in the field at the time of final
land preparation @ 2.5 MT per ha.

2.1.4 Method of application of Pf
bioformulation

The talc based Pf bioformulation was
applied as Seed Treatment (ST) @ 10gm per kg of
seed for one litre of water, Seedling Root Dip
Treatment (SRDT) @ 10 gm per litre of water for
lhour and Foliar Spray (FS) @ 0.2% at boot leaf
stage.

2.2 Survival of sheath rot pathogen
(Sarocladium oryzae )

Survival and viability of sheath rot pathogen
(Sarocladium oryzae) in the infected rice boot leaf
sheath and seeds at laboratory condition and also in
the soil at field conditions were studied.

2.2.1 Survival and viability in infected
stubbles

Infected stubbles in the form of boot leaf
sheaths of rice variety Mahsuri were collected from
all the experiment plots after harvest of the crop.
The boot leaf sheaths were air dried, cut into small
pieces and stored in cloth bags separately at room
temperature for different periods viz., 30, 60,
90,120,150, 180 and 210 days. After each storage
period, 20 boot leaf sheath bits, taken out from
each cloth bag, were surface sterilized with 1.0 per
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cent sodium hypochlorite and tested for the
presence of S. oryzae. The surface sterilized boot
leaf sheath bits were equally spaced out aseptically
on sterile PDA medium contained in Petri dish at
the rate of 20 leaf bits per dish. This constituted
one replication and four replications were
maintained separately for each storage period. The
Petri dishes were incubated at 28 +1°C. The leaf
bits were examined daily under stereoscopic
binocular microscope and observations on the
number of sheath bits colonized by S. oryzae were
made and per cent colonization of sheath bits in
different storage period was calculated. The
experiment was conducted in CRD.

2.2.2 Survival and viability in rice seed

Seeds from the infected rice plants of
variety Mahsuri were collected from all the
experimental plots after harvest of the crop. The
seeds were air dried and stored in cloth bags
separately at room temperature for different periods
viz., 30, 60, 90,120,150, 180 and 210 days. After
each storage period, the presence of S. oryzae in the
seeds was tested employing agar plate method. For
each storage period, 20 numbers of seeds were
taken out from each cloth bag and surface sterilized
with 1.0 per cent sodium hypochlorite and tested
for the presence of S. oryzae.

The surface sterilized seeds were equally
spaced out aseptically on sterile PDA medium
contained in Petri dish at the rate of 20 seeds per
dish. This constituted one replication and four
replications were maintained separately for each
storage period. The Petri dishes were incubated at
28 *1°C. The seeds were examined daily under
stereoscopic binocular microscope and
observations on the number of seeds colonized by
S. oryzae were made and per cent colonization of
seeds for different storage periods was calculated.
The experiment was conducted in CRD.

2.2.3 Survival and viability of S. oryzae
in soil from infected rice fields

International Journal of Advanced Scientific Research and Management, VVolume 5 Issue 5, May 2020

WWW.ijasrm.com

ISSN 2455-6378

Soil samples were collected at various depth
viz 0 cm, 2 cm and 4 cm from all the experimental
plots after harvest of the crop at monthly interval.
The soil samples so collected at monthly interval
were air dried and the presence of S. oryzae was
tested using Soil Dilution Plate Method (Waksman,
1922) and expressed as cfu/g of soil. Four
replications were maintained for each period. The
experiment was conducted in CRD.

2.3 Statistical Analysis

The experimental data collected were
analyzed statistically for its significance of
difference by the normal statistical procedure
adopted for completely randomized design and
randomized block design and interpretation of data
was carried out in accordance with Gomez and
Gomez (1984). The treatment means were
compared by Duncan’s Multiple Range Test
(DMRT). The package used for analysis was IRRI-
Stat version 92- a developed by International Rice
Research Institute, Biometrics Units, The
Philippines.

3. Results and Discussion

3.1 Survival and viability of S. oryzae in
infected stubbles at room temperature

The data presented in Table 3.1 revealed
that the survival and viability of the fungus showed
a significant reduction with increase in storage
period, even though the fungus could be isolated
from the boot leaf sheaths upto 150 days of storage.
The survival and viability of S. oryzae in boot leaf
sheaths stored for 30 days was found to be the
highest (58.33 per cent) colonization which showed
a linear decline to 46.66 per cent, 31.66 per cent
and 11.66 percent, after 60, 90 and 120 days of
storage respectively. The lowest (3.33 per cent)
colonization of fungus was recorded in boot leaf
sheaths stored for 150 days at room temperature.

Table 3.1 Effect of storage period on survival and viability of S. oryzae in the infected boot leaf sheaths in vitro

SI No Storage period (Days) Percent leaf sheath bits colonized by S. oryzae

1 30 58.34(49.78)*

2 60 46.65(43.06)°

3 90 31.68(34.22)°

4 120 11.65(19.87)°

5 150 3.32(8.61)°
SEd+ 1.93
CD(P=0.05) 3.98

Data are mean of four replications. Data within parenthesis are angular transformed values
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In conformity with the research findings of
the present study, Reddy et al. (2001) observed that
S. oryzae could survive upto three and a half
months in the infected boot leaf sheaths under
laboratory conditions. However, Maiti et al. (1991)
reported that the fungus could survive up to ten
months in infected boot leaf sheaths in storage
under lab conditions but the fungus could not
survive in the infected stubble for more than two
months after the harvest in field conditions.
Rajendran (1979) and Singh and Raju (1980)
observed that the fungus could survive up to ten
months in the infected stubble in field conditions.
Varati (2012) also observed that the survival and
viability of S.oryzae showed a significant reduction
with increase in storage period, even though the
fungus could be isolated from the boot leaf sheaths
even after 120 days.Kawamura (1940) also
reported that the mycelium of the fungus S. oryzae
could survive in diseased tissues for more than 6
months. Shahjahan et al. (1977) observed that the
fungus was readily isolated from diseased sheaths
and grains kept in the laboratory for more than one
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year. They reported that the pathogen could survive
both in the infected leaf sheaths and seeds upto 10
months. The pathogen was found to survive better
in seeds than in sheaths and the optimum
temperature for the survival of the pathogen was
observed to be 25+1°C.

The survival and viability of S. oryzae in the
infected stubbles (boot leaf sheaths) may be
influenced by the environmental conditions
prevailing in storage and strain of the pathogen.
Similar finding were observed by Maiti et al.
(1991) who observed that the differences in the
survival period might be due to the environmental
conditions and variations in the strains of pathogen.
Moisture content was described as one of the
important factors for the survival and viability of
fungi (Christenen and Kaufmann, 1965). The
depletion of moisture level and nutrients in boot
leaf sheaths stored for relatively longer periods
might be one of the reasons for the decreased
presence of S. oryzae in the sheaths stored for 150
days relative to the leaf sheaths stored for 30 days
in the present study.

Table 3.2 Effect of storage period on survival and viability of S. oryzae in the infected rice seeds in vitro

SI No Storage period Percent seed colonized by S. oryzae
(Days)
1 30 63.34(52.72)*
2 60 53.36(46.89)°
3 20 41.65(40.18)°
4 120 29.16(32.66)°
5 150 15.83(23.41)°
6 180 8.32(16.58)"
7 210 3.31(6.46)°
SEd+ 1.85
CD(P=0.05) 3.76

Data are mean of four replications. Data within parenthesis are angular transformed values
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3.2 Survival and viability of S. oryzae in
rice seed

The survival and viability of the fungus
significantly showed reduction with the increase in
storage period, even though the fungus could be
isolated from the infected seeds even upto 210 days
(Table 3.2). The survival and viability of S. oryzae
in seeds stored for 30 days was found to be the
highest (63.33 per cent) colonization which showed
a linear decline to 53.33 , 41.66 , 29.16, 15.83 and
8.33 per cent after 60, 90, 120,150 and 180 days of
storage, respectively. The lowest (3.33 per cent)
colonization of fungus was recorded in seeds stored
for 210 days at room temperature.

The result of the present study was in
accordance with the findings of Gopalakrishnan
and Valluvaparidasan (2006) who observed that the
S. oryzae survived in rice seeds stored for 90 days
and there after it declined in all the seed samples.
Shahjahan et al. (1977) observed that the fungus
was readily isolated from diseased sheaths and
grains kept in the laboratory for more than one
year. They reported that the pathogen could survive
both in the infected leaf sheaths and seeds upto 10
months. The pathogen was found to survive better
in seeds than in sheaths and the optimum
temperature for the survival of the pathogen was
observed to be 25+1°C.

Maiti et al. (1991) reported that S. oryzae
survived in rice seed for ten months at laboratory
conditions. The variation in the survival periods of
the fungus may be due to the moisture levels in
seeds. The amount of fungal colonization of seed at
the time of collection of seed may influence the
period of survival of the fungus in seed.
Gopalkrishnan and Valluvaparidasan (2006) found
that S. oryzae survived for longer period in seed
samples with initial 30 to 40 per cent seed infection
by S. oryzae.

Similar results were also observed by Varati
(2012) who reported that S. oryzae could survive in
seed as long as 120 days, but its viability showed a
decline with increase in the storage period. Decline
of variability of the fungus in seed stored for longer
period may be attributed to the depletion of
moisture in seed.

3.3 Survival and viability of S.
oryzae in soil

The results presented in Table 3.3, 3.4 and
3.5 revealed that S. oryzae survived upto 180 days
in control plots where as it survived for 120 days in
plot amended with dhaincha along with biofertilizer
consortia and microbial antagonist at all the soil
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depth (Ocm,2 cm and 4 cm depth). The survival and
viability of S.oryzae decreased with time at all the
soil depths irrespective of amended or unamended
soil. In the present investigation, it was found that
S.oryzae survived for a shortest period (120 days)
in plot amended with dhaincha compared to all
other treatments, however, its population decreases
with time at all the soil depth. On the other hand, S.
oryzae survived for a longer period (180 days) in
control plots, however, its population also
decreases with time at all the soil depths. The
possible reason for reduced survivability of S.
oryzae in amended soil may be due to increased
soil microbial growth, activity and diversity leading
to enhanced suppressive capacity of the soil
attributed to release of high amount of labile carbon
by the organic amendments particularly dhaincha
which serves as immediate source of food for the
soil microorganisms which was in conformity with
the findings of earlier workers (Stone et al. ,2004;
Elliott and Lunch,1994).

Similar results were also observed by earlier
researchers (Mazzola, 2004; Ali and Gogoi, 2004)
who reported that green manures and organic
amendments can reduce soil-borne pathogens
through enhanced suppressive activity in soil. Baby
and Manibhushanrao (1993) also reported that
when fungal antagonists (Gliocladium virens and T.
longibrachiatum) were supplemented with organic
substrates through organic soil
amendments (gliricidia leaf and neem cake), an
increase in the c.f.u. of the antagonists and marked
reduction in survival of rice sheath blight pathogen
(Rhizoctonia solani) were noticed. Reduced
survival of soil borne plant pathogens due to
application of microbial antagonist was also
reported by Sakthivel and Gnanamanickam (1986).
The present findings are in conformity with the
findings of Kanagasabai (1980), who reported that
organic amendment in the form of sawdust and
mahua cake reduced the survival of S. oryzae to a
considerable extent. The antagonists applied to the
soil survived well in the amended soil and reduced
the pathogen population. The increased population
of soil microbes in the amended soil as reported by
several researchers (Baby and Manibhushanrao,
1993; Nakhro and Dkhar, 2010; Das and
Dkhar,2012) has contributed towards reduction in
survivability of S.oryzae and its population. Deka
and Phookan (1998) also reported that the S. oryzae
survived in soil sample stored for 210 days at 30+
1°C and180 days in naturally infected field soil.
Maiti et al. (1991) confirmed that the S. oryzae
could be isolated from the soil samples collected
from the rhizosphere of the rice crop. They also
observed that S. oryzae survived in rhizosphere soil
for more than six months.
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Table 3.3 Effect of organic amendments, biofertilizer consortia and Pf formulation on survival of S. oryzae at 0 cm soil depth

Treatments Population of S.oryzae (x 10° cfu/gm soil)

1 MAH 2 MAH 3 MAH 4 MAH 5 MAH 6 MAH
T,- Dhaincha +BCEF+Pf 6.36' 4.34° 3.65' 1.68' 0 0
T,=Vermicompost +BCEF+Pf 10.34° 8.36" 6.31° 3.65% 2.32% 0
Ty=Azolla+BCEF+Pf 8.68° 7.31° 5.65° 3.32° 1.68° 0
T,=BCEF+Pf 12.34° 10.32° 7.36° 4,64 2.65 0
Ts=BCEF 13.36° 11.31° 8.34° 5.32" 3.34 0
T¢=RDF 16.32° 13.33° 9.36" 6.34" 3.65% 1.65
T,=Absolute control 18.34° 15.32% 10.35° 7.65° 4.32° 2.32°
SEd + 0.67 0.57 0.44 0.55 0.45 0.27
CD(P=0.05) 1.47 1.25 0.96 1.19 0.98 0.59

Table 3.4 Effect of organic amendments, biofertilizer consortia and Pf formulation on survival of S. oryzae at 2 cm soil
depth.

Treatments Population of S.oryzae (x 10* cfu/gm soil)
1MAH [2MAH |[3MAH |4MAH |5MAH 6 MAH

T,-Dhaincha +BCEF+Pf 8.36° 6.32° 434" 2.31° 0 0
T,=Vermicompost +BCEF+Pf 12.34% 10.32°¢ | 8.34¢ 5.31° 2.64% 0
Ty=Azolla+BCEF+Pf 10.68% 8.36™ 6.35° 4.64° 2.32° 0
T,=BCEF+Pf 14.34° 12.32™ | 9.32% 6.34 3.32¢ 0
Ts=BCEF 15.32™ 13.64° 10.36° 7.31° 3.65™ 0
T¢=RDF 18.35% 16.32° 12.34° 9.32° 4.68° 2.32°
T,=Absolute control 20.64% 17.36° 14.36% 10.64° 7.31° 2.68%
SEd + 1.4 1.02 0.5 0.81 0.47 0.24
CD(P=0.05) 3.04 2.23 1.09 1.76 1.02 0.53

Table 3.5 Effect of organic amendments, biofertilizer consortia and Pf formulation on survival of S. oryzae at 4 cm soil
depth.

Treatments Population of S.oryzae (x 10* cfu/gm soil)

1MAH [2MAH [3MAH |[4MAH |5MAH |6 MAH
T.- Dhaincha +BCEF+Pf 5.34 3.65° 3.32 1.31° 0 0
T,=Vermicompost +BCEF+Pf 9.36° 7.32° 5.33% 2.32 1.68% 0
Ty=Azolla+BCEF+Pf 8.34° 6.34° 4.68° 1.65° 1.32° 0
T,=BCEF+Pf 11.68° 8.64° 5.63% 3.32 2.31% 0
Ts=BCEF 12.34° 9.65° 6.34° 3.68" 2.64™ 0
T¢=RDF 15.35° 11.34° 8.34° 4.36% 3.34% 1.32°
T-,=Absolute control 17.34° 13.36° 9.36° 5.32° 3.64° 1.64%
SEd + 0.44 0.49 0.39 0.47 0.45 0.24
CD(P=0.05) 0.96 1.06 0.84 1.02 0.98 0.52

BCEF= Biofertilizer Consortia Enriched FYM, Pf= Pseudomonas fluorescens,
RDF= Recommended Dose of Fertilizer, CFU= Colony Forming Unit
MAH= Month After Harvest, Data are mean of four replications.

4. Conclusion However, the fungus could be isolated from

The survival and viability of the fungus infected stubbles and seeds upto150 and 210 days
significantly declined with increase in storage of storage, respectively irrespective of amended or
period both in infected stubbles and seeds. unamended soil. The S. oryzae could survive only
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upto 120 days in dhaincha amended plot followed
by 150 days in plots amended with azolla and

vermicompost,

respectively whereas, it could

survive upto 180 days in the control plot at all the
soil depths (Ocm, 2 cm and 4 cm) evaluated.

However, in all the situations, the survival and

viability of S.

oryzae declined with

increase in time.
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