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ABSTRACT: All the antagonist isolates obtained tfrom rice sceds showed i vitro inhibitory
L:”CL‘C on Sarocladinm oryzae ranging from 10.90 to 82.18 per cent. Bacilfus subitilis isolate Y was
'f(\)und 'to be highly effective in inhibiting the mycelial growth of S, oryzae by Qz.ix ‘pcr t‘&’l;i
I'be l.)loc‘ontrol agents significantly reduced S. oryzae sced infection :m(i increased wui
:{‘clrmmatmn and seedling vigour., Field trials conducted at four different locations indic.:ucd
b:dtﬁ)tll.m s‘eed—-b‘(‘;rfxc S oryzae in»rice cou!d be succes.sfull_v managed by seed treatment followed
3 iar application at boot leaf stage with B. subtilis (or) P. fluorescens.

rot
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INTRODUCTION

Ui‘\':af?éiij ;ot (\)}5 rice incited by Sa;'()c.i!adizun
borne ] ada) .'Gams & D. Hav.vksw is seed-
vorldwide %‘esg_nt in 'a]I rice growing countries
Nady and :; isease is highl.y destructive in Tamil
(Chakravart; er.rlce growing states of India
Rice sood and Biswas, 1978; Laksl}manan, 1993).
microorganigare th§ natural hab'ltat of many
of thees bac;n@ partfcularly bac.terla. Abundance
ced st O?rvla varies, depending on sources of
or \\"hole o sged he\alth and whcthcr germinated
micmorganie F)c'fore .gcrmmuFion. Not all
Pathogen ;ms asscpmted wvxth sced are
biologiea) . Some microorganisms possess

control properties. Cottyn ¢f al. (2001)

and Xie er al. (2001) proved that sced-borne
antagonistic bacteria are present in rice and promote
seed germination and scedling vigour, and also
suppress disease with an inoculum from the sced.
About 4 per cent of the total bacterial population
possesses biological control propertics against
most seed-borne pathogens of rice. Among the
bacteria present on the seed, there were more
diverse groups among thosc possessing
antagonistic effects on selected rice fungal
pathogens, such as Rhizoctonia solani, Fusaritm
moniliforme, Pyricularia grised, S. oryzae and
others, than those with a plant growth promotion
cffect. The present study was taken up to explore
the possibility of using rice seed based biocontrol
agents for managing rice sheath rot.
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MATERIALS AND METHODS

Isolation and screening of biocontrol agents

Antagonistic fungi and bacteria were isolated
from rice seeds by using direct plating technique
(Ashura et al., 1999). The seeds were surface
sterilized for 10 minutes with sodium hypochlorite
(2%). Then the seeds were rinsed five times with
sterile water to remove the disinfectant, dried on
sterile paper towels and plated on selective media.
Ten isolates of Pseudomonas fluorescens, fifteen
isolates of Bacillus subtilis, and three isolates of
Trichoderma viride, were isolated, purified,
identified and maintained in Kings B medium,
Nutrient agar medium and Trichoderma selective
medium, respectively. The biocontrol agents were
screened against S. oryvzae using dual culture
technique.

Effect of sclected biocontrol agents and fungicide
on.S. oryzae sced infection, sced germination and
seedling vigour

Two rice cultivars, namely, ADT 39 and
ADTRH 1 having higher seed infection (32.5 and
51 %, respectively) were used for this study. Seeds
were incubated in blotter immediately after seed
treatment with biocontrol agents viz., Bacillus
subtilis isolate 9, Trichoderma viride isolate 3 and
Pscudomonas fluorescens isolate 10 at the rate of
10 g/ kg and carbendazim at the rate of 2 g/kg and
the seed infection by S. oryzae (%) was assessed
using standard blotter test. Talc based formulations
of biocontrol agents were used for seed treatment
and foliar application. The initial population of
biocontrol formulations was maintained at 3x 10%cfu/
g. Carbendazim was used at the rate of 2 g/ kg and
0.2 per cent for seed treatment and foliar application,
respectively.

Seed germination

Seed germination test was conducted in
between paper medium (roll towel) as per the method
described in ISTA (1993).

Rootand shoot length

On the final count day, ten normal seedlings
were carefully removed at random from each
replication. Length of root (start of the root to the
tip of the primary root) and shoot (from base of the
shoot to tip of the primary leaf) was measured
separately in cm.

Vigour index

The vigour index was calculated using the
following formula and expressed as whole number
(Abdul — Baki and Anderson, 1973).

Vigour index = Germination (%) x Mean total length
of seedlings (cm)

Field Experiments

The experiments were conducted in four agro-
climatic zones of Tamil Nadu (western, southern,
north east and Cauvery delta) during Rabi 2004 in
a Randomized Block Design with three replications
in a plot of' 5 x 4 m2. Sheath rot incidence and severity
were recorded [0 days prior to harvest. The seeds
were used for assessing seed infection and seed
discolouration. The treatment combinations were
as follows.

T, - Seed treatment with Bacilius subtilis isolate 9
@ 10g/ kg

,- Seed treatment with Pseudomonas fluorescens
isolate 10 @ 10g/ kg

T, - Seed treatment with carbendazim @ 2g/ kg

._}

T, - Seed treatment with Bacillus subtilis isolate 9
@ 10g/ kg + foliar application (1%) at boot
leaf stage

T, - Seed treatment with Pscudomonas fluorescens
isolate 10 @ 10g/kg + foliar application (1%)
at boot leafl stage

T, - Sced treatment with carbendazim @ 2g/ kg +
foliar application (0.2%) at boot leaf stage

T, — Un-inoculated control
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RESULTS AND DISCUSSION
Effect of biocontrol agents on mycelial growth of S. oryzae

All the isolates of biocontrol agents were found inhibitory to the mycelial growth of S. oryzae
(Table 1). Bacillus subtilis isolate 9 recorded the minimum growth of 6 mm, which was 82.18 per cent

Table 1. Effect of biocontrol agents on the mycelial growth of S. oryzae

Bio control agent Radial growth (mm) * Reduction over control (%)
Pseudomonas fluorescens | 25.67%* 23.76
P fluorescens 2 23.00« 31.69
P, fluorescens 3 16.67"° 5049
P fluorescens 4 23.33« 30.71
P, fluorescens 5 19.33 & 42.59
P fluorescens 6 19.33 ™= ' 42.59
P fluorescens 7 30.00 10.90
P, fluorescens 8 14.67" 56.43
P, fluorescens 9 27.33% 18.83
P fluorescens 10 9.00¢ 73.27
Bacillus subtilis | 24.00 © 28.72
B. subtilis 2 20.67 38.61
B. subtilis 3 20.00* 40.60
B. subtilis 4 11.00° 67.33
B. subtilis 5 20.33 & 3962
B. subtilis 6 22.00% 3466
B. subtilis 7 16.67 50.49
B. subtilis 8 13.00% 61.39
B. subtilis 9 6.00" 82.18
B. subtilis 10 23.00° 31.69
B. subtilis 11 23.33¢ 30.71
B. subtilis 12 2533¢ 24.77
B. subtilis 13 14.33% 57.44
B. subtilis 14 14.33 0 57.44
B. subtilis 15 25.67¢ 23.76
| Trichoderma viride| 22.67° 32,07
L viride 2 23.67" 29.70
L viride 3 7.67" 77.22

Control 33.67¢ o

Teans followed by a common letter are not signiticantly difterent at the 5% fevel by DMRT
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reduction of myeelial growth over control tollowed
by 7.67 mm (77.22%) in I viride isolate 3.
Pyendomonas fluorescens isolate 7 was found to

be least effective (10.9%0 )

Fffect of selected biocontrol agents and fungicide
on sced infection of S, oryzac, seed germination
and seedling vigour of rice ev. AD'TRH 1

All the treatments significantly reduced the
S, orvzae seed infection (Table 2). The sceds treated
with 22 fluorescens isolate 10 reduced seed infection
from 51.00 per cent (untreated) to 1075 per cent,
which was tollowed by carbendazim ( 12.75%), 5.
subtilis isolate 9 (14.25%) and 7. viride isolate 3
{18.00°%). Though all the treatments significantly
improved the seed germination, maximum being
(02.25%) in £2 fluorescens isolate 10 treated seeds,
which followed by 70 viride isolate 3 (92%)
compared to control (69%). The maximum root
fength (2545 ¢m), shoot fength {(15.90 ¢m) and
seedling vigour index (3756) were recorded in /2
Sluorescens isolate 10 treatment. The minimum
seedling vigour of 2305 was observed i control.
Pscudomonas fluorescens isolate 10 and Bacillus

Table 2.

subiilis isolate 9 have significantly reduced §
orzae sced infection and increased germination
and scedling vigour of rice. Maximum scedling
vigour index 0f 3756 in ADTRH 1 and 3592 in s\D%
39 was recorded in /2 fluorescens isolate 10
trcatment. This may be due to growth promoting
ability of {luorescent pscudomonads (Mew ¢ af.,
2004).

Effect of selected biocontrol agents and fungicide
on sced infection of 8. oryzae, seed germination
and seedling vigour of rice cv. AD'T 39

Seeds treated with carbendazim reduced seed
infection from 32.5 per cent (untreated) to 5.75 per
cent foltowed by 77 viride isolate 3 (12.25%), P

Sluorescens isolate 10 (13.5%) and B. subtilis isolate

9 (15.5%) (Table 3). Pscudomonas fluorescens
isolate 10 recorded maximum sced germination
(90.0%), foltowed by B. subtilis isolate 9 (90.0%:})
and carbendazim (90.0%) compared to control
(73.0%). The maximum root length (24.05 cm), shoot
length (15.88 cm) and seedling vigour (3592) were
recorded in P fluorescens isolate 10. The minimum
seedling vigour index of 2335 was observed in

i ftect of selected biocontrol agents and fungicide on S. oryzae seed infection, seed germina-
tion and seedling charactersof ADTRH 1

Seed Germination™® Root Shoot Vigoxr‘
Treatment infection® (%) Length* Length *
(%) (cm) {cm) Index*
[.  B.subtilis isolate 14.25 9(.75° 2490° 13.98%" 3531
9w 10 g/kg (22.00) (72.44)
2 P fluorescens isolate 10.75¢° 92250 25.45® 15.90° 3756"
10 @ 10 kg (1891) (74.81) ]
3 T viride 1solate 3 18.00 #+¢ 92.00°" 21.08¢ 13.25% 3163™
@10 g/kg (25.02) (73.70)
4. Carbendazim @@ 2g/kg 12,75 89.25" 21.53¢ 11.33® 2034"
(20.79) (71.08)
5. Control 51.00 69.00* 20.63¢ 12.50 2305+
(45.62) (56.47)

Figures in parentheses are arcsine- transformed values.

Means followed by a common letter are not significantly different at the 5% level by DMRT.
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Table3. Effect of selected biocontrol agents and fungicide on §. oryzae P
germination and seedling characters of ADT 39 - Oryzae seed infection, seed

C. delta z S e
Treatment cita rone outhern zone N. E. zone Wester
(CO 43) (ASD 16) ¢stern zone
(ADTRIH 1) (CO 43)
ShR ShR ShR si —
L . R ShR St .
ddence | severity | inei . _ ShRR ShR S
mci,t L:LQ SL: u:;, incidence | severity mcidence} severity | incidence ; ‘\M,{»
{0) (%) 9%y * (V)% (Vo y* « )*' (S * ce severnty
() Yo (V¥
1. Sccd treatment 33.00 «» 7.0 ¢ 14,30 «be 4 31
. o R 4.33 ¢ e Y ™ X
with Bacillus (35.03) (22.13) ! 1;,77(3( 3.33 L4 00 4.3%
subtilis isolate (22.19 (21.80)
9 w 10g/kg
2. Seed treatment 25.00 ww 5.0 ¢ 11,70 b
X : . 74 b 3.00 ¢ o e | "
with  Pseudo- (29.67) (19.75) l ”7’;201 5 e RS .07
monas fluores- (23.15) (229
cens isolate 10
{0 10g/kg
3. Sced treatment 26G. (b 57 s . .
- =0. . 13.00 00 ¢ he b -
with  carben- (30.50) (2111 ’ l')(:‘77 A S o
dazim (@ 2g/kg (23.76) (22.87)
4. Sccd treatment 21.00 v 4.3 ¢ 1
: =t - 11.7 ™ 3.00 ¢ e ) 2y s
with B subtilis (27.25) (19.76) ‘3-1”2( 3000} 13.30 3.00 "
isolate 9 @ 10g/ (21.006) (21.37)
kg + foliar appli-
cation (1%)
5. ¢ < .
icuclf ;);;]atmcm 272'00 l 3.0 13.00 < 3.00 ¢ 12.30 + 3.00° 12.70 - 3,00 "
Jiitore- (_7.70) 5 e [ 3.
scents isotate 10 (20-85) (20.14) (20.64)
@ 10g/kg + foliar
application (1%)
6. Seced : .
W‘é;i i'fcglmmri_ 18.70 4.3 14,70 4.67 ¢ 13.0 ™ 3.67 12.30 ¢ 3.00 "
carbendazim} (25.51) (22.47) (20.98) 20.47 -
@ 2g/kg + foliar o (20.47)
application
(0.2%)
7. Unin Ate
cOmfZTM”d NN I 19.7 0 5007 29.00 ¢} 57 1900+ | 633"
(37.53) (26.13) (32.406) (25.74)

Figures in p:
g i parentheses are arcsine - transformed values.

Mecans fol]
owed by e e L _
y a common letter arc not significantly different at the 3% level by DMRT.

T:;;r?;d St;li‘;ths*c\g;l a.lifi Gnananlmnickam (1987)
reduced S o o tl)Laj(ant. with £ fliorescens
and illcx'e(%sed -éli “?‘d lnTC.Ct!Oll by 8 =20 per cent
of tillers (7?()/S)Ct&/dlmgs height (119%) and number
seed tl'eat‘;](;]:{‘ l TCC“": et al. (1999) reported that
reduced the se tvilth / ‘fl{l{(}“w‘wm significantly
baclerizaﬁon‘ﬂ%(.fmcgmn of o orvzac. Seed
subtiliy Dr()m(:t > ;ISC with /)'.ﬂ”.{)“"\.(w;‘\' and £,
Zrowth (Mew 'lnu \-\Cﬁ‘d germination and scedling

ew and Gonzales, 20021 Mew er .. 2004).

Effect of selected biocontrol agents on sheath rot
incidence and severity

All the treatiments recorded minimum sheath
rot incidence and severity when compared to
control irrespective of locations and cultivars tested
(Tablc 4). However, the effectivencess of treatments
varied trom location to location. In Aduthurai,
minimum sheath rot incidence (18.67%) was
recorded in carbendazim seed treatment + foliar

201



GOPAD ARKRISHIN AN aond VALLE VAPARIDASAN

Etfect of selected biocontrol agents and fungicide on sheath rotincidence and severity

Table 4.
Seed Germination™ Root Shoot Vigour
Preatment imtectton™® (") length® Length * Index*
(o) (cm) {cmy)
11 subrdes solite ¥ a 10 g Re ps.so! 90.00 " 23.63 ¢ 14.90 ™ 3468
(22.99) (71.68)
2D tleorescens wsolate 10 a0 10 gk 1350 0" QOO0 " 24.08 " IS.RK - 592
(21 .44) (71.97)
30 viende salate 3 10 ¢ ke 12,25 " 8500 21.20 [4.15 M RARIIES
(20 .40) (70.80)
4 Carbendaszim o 2p Ry 575 RICRSIE I 19.80 ¢ F3.43 RAAS
' (13.21) (71.9%)
S Conwol 1250 73.00 - 20.00 ¢ PHous - 2335+
{(34.09) (58.83%)
Freares i parentheses are aresine- transtormed values.,
Means tollowed by a common letter are not signilicantly different at the 3% level by DMRT

application compared to control (37.33%,). The
nummum sheath rot imcidence was recorded in 22
fluoresceny isolate 10 sced treatment + toliar
apphication and B.subilis isolate 9 seed treatment
ttoliar application (19.07%). Sced treatment with
Ptluorescens isolate 10 followed by foliar
application and carbendavim sced treatment -+ foliar
application has recorded minimum sheath rot
mcidence (12.33%6) and severity (3.0 in Arakkonam
and N. D. palayam. respectively. In general. seed
treatment followed by toliar application was found
more eftfective in reducing both sheath rot incidence
and severity than seed treatment alone. Among four
locations, the maximum sheath rot incidence in
untreated control (37.33%) was recorded in
Aduthurai in the cv. CO 43, followed by Arakkonam
(29.00%) in ADTRH 1. The maximum sheath rot
severity (7.0) was recorded in cv. CO 43 at Aduthurai
while minimum (5.0) was recorded inev. ASD 16 at
Ambasamudram.

Sakthivel and Gnanamanickam (1987)
reported that 2 fluorescens treated rice plants cv.
IR 20 showed 54 per cent reduction in the length of
sheath rot lesions and reduced the sheath rot
severity by 20 — 42 per cent in five rice cultivars
and enhanced plant height, number of titlers and
grain yields by 3 — 160 per cent. The simultaneous
inoculation of rice with P orvzae and antagonistic

202

Trichoderma spp. resulted in 71 to 88 per cent
reduction in foliar symptoms of blast discasc,
comparcd to plants inoculated with £ orvzac alone
(Ouarzzani Touhami ¢r ¢/., 1998). A combination of
antagonists 7. frarzianum and B. subtilis proved to
be highly cffective against sheath blight of rice
(Sarmah, 1999). Sccds treated with 7. viride and. T
fiarziamon showed significant reduction in sheath
blight infection and increased grain yield, where
efficacy of'the former was found more than the latter
(Das and Hazarika, 2000).

Effect of selected biocontrol agents on grain
discolouration and sced infection

Irrespective of locations and cultivars tested,
all the treatments recorded minimum grain
discolouration and seed infection when compared
to control (Table 5). Carbendazim seccd treatment
followed by foliar application recorded minimum
per cent grain discolouration and per cent resultant
seed infection in Aduthurai (23.33 and 18.67%) and
Ambasamudram (11.67 and 10.33%), respective].y.
Whereas at N. D. palayam, minimum grain
discolouration was recorded in carbendazim seed
trcatment followed by foliar application but
resultant seed infection (8.33%) was minimum in B.
subtilis isolate 9 sced treatment followed by foliar
application. The results at Arakkonam showed
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Tables. Effect of selected biocontrol agents and fungicide on grain discolouration and It
L H resultant seed

infection
S
C. deha ~# S rn .
reatment (, ! 1 zonC outhern zone N. £ sone Wos
(O 43) (ASD 16) ’ estern sone
(ADTRH 1) (CO 43)
Grain Sced Grain S irai -
: T2 Sced Grain See e
dis. L ; Ry - Seed CGirain
((y‘S* i dis. nin. infn. infn. s .
0 ) {0) <)/{,)* (15,,;))* (Vy* (Vay* U‘i* intn.
/0 o (SN
].Seed treatment 26.0 24.7 4 3.3 abe .
g : L. 3.3 13.3 ¢ 24.0 ™ 2.3 )
with Bacillus (30.32) 129.40) | (21.31 59 2 10.07¢ V7
3 . 3 21.3 , :
subrilis isolate y | 2130y 2907 | 2038 1 ooy | o
Y @ 10g/kg

2 Seed treatment 32,7 uhe 24.7 » 13.0 b 12.3 4 213 {23 17 ¢
with  Pseudo- (34.73) }(29.406) (21.00 aly o -l 2.3 2.0 127 ¢
monas fluorescens o : (2030 (20-89) (20.30) (20.23) trs.aly
isolate 10
@ 10g/kg

1. Seced treatment 33 3wk 22.0 ¢ : :

: 335 22. 14,7 o 13.7 15.0 ™ "
with carbendazim {(35.21) 27.84 27 (¢ y ' 100 - to.3 .3
« ke (27.84) {22.09) (21.65) (22.68) | (18.09) | (15.40) (20,773
4. Seed treatment 27.7 b 23.3

: 2 . 23. K3 IS.U fw ll 7A| ]’)71 a
with B. subrilis (31.08 28.65 ) ' o 87 bho B2
solate 9 @ 10/ ) |(28.65) (22.60) (19.73) (20.70) 1 (16.78) | (19.0%) (18.72)
kg -+ foliar appli-
cation  (1%)

S‘S%ld ;!‘c?utmcnl 28.( b 18.7 * 14,3 abe 0.7 16.3 8.7 11.0 K7
with ’/ HOTe- (3 1.44 25 3% ()’;‘ “ , o L . B 7"
scens isolate 10 ) 2e:38) (22.17) (18.89y ] (23.81) | (16.96) | (19.32) | (16.47)
@ Wg/kg + foliar
application { 1%

6.Seed treatment 23 !

X 233 ° 18.7 = 1.7 10.3 g 7 b
with carbendazim 3¢ 87 N ; 7 = 19.7 17 9.3 9.7 @
@ 2u/kg + foliar (28.87) 1(25.18) (19.87) (18.306) (26.24) {(19.8) (17.64) (19.85)
appiication
(0.2%)

7. Uni P
CZ;"{SE;‘]NC‘J 44,7 347 ¢ 17.7% 15.7 ¢ 27.7 ¢ 16.0 ¢ i2.3 ¢ 233 ¢

(41.87) J(35.97) {(24.74) (23.12) (31.71) (23.53) (20.17) (23.94)

Figures i

m parentheses are ¢ i

. arcsine-transtforme ~ - Y e P ) S ege
atthe 5% level by DMRT e-trunsformed values. Means followed by a common letier arc not significantly different

?;;g};::;zérzl_;ydiscolouyation .and seed infection
9 soed treat.me ot, ;espcctwely) ll:z B.. subtilis isolate
Among the fon lollox.‘ved by foliar application.
maximam wra LI;. ocatlons,. Aduthurat recorded
4467 an(? 3:;1( ;ifolourutnox'} and sced infection
control. 1n the ]; 70, }'cspectxvcly) in untrcated
application “I; ‘sen-t ASt‘Udy, sced treatment + foliar
10 ".subnl/.\" 1solate 9 recorded minimum

b Palayammnc?l%(f()l()[lrill-i()l]- 2}( Arakkonamand N.
and recorded stgnificantly minimum sced

(

percent er

infection,

pathogenic bacteria frot
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