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ABSTRACT: All the antagonist isolates obtained from rice seeds showed ill l'i/rll illhihilllry 
elTect on Saroc/adiulJI oryzac ranging from 10.90 to 82.18 per cent. lIacilllls slIbtili.\ isolate" \\ as 
found to be highly effective in inhibiting the mycelial growth of S. or)'ZlIc hy S2.IS pl'r l'(~1l1. 

The biocontrol agents significantly reduced S. orJ'Zllc seed infection and increa'>e!l \l'nl 
germination and seedling vigour. Field trials conducted at four different locations indicated 
that the seed-borne S. orJ'Zlie in !"ice could be successfully managed by seed treatment foJlm\l'!1 
by foliar application at boot leaf stage with B. suiJtilis (or) R fluorescell.\', 

KEY WORDS: Biocontrol agcnts. mycelial growth. rice seeds. ,)'aroe/adiIi1ll on':uc. sI1c;llh 
rot 

INTRODUCTION 

Sheath rot of rice incited by Sarocladilll1l 
fi(r:ae (Sawada) W. Gams & D. Hawksw is seed
borne and present in all rice growing countries 
\\orldwide. The disease is highly destructive in Tamil 
~ -
,'adu and other rice growing states of India 
lel k R,la ravarty and Biswas, 1978; Lakshmanan, 1993). 

I,ce seeds are the natural habitat of many 
microorganisms particularly bacteria. Abundance 
of these bacteria varies. depending on sources of 
seed. status of seed health and whether g,enninated 
or Whole seed before germ i na tio~. Not all 
Il1lcroorg . . , an Isms associated With sced are 
pathoge11S S ' . 
b'I' . ome microorganisms possess 

10 oglcal Control properties. Cottyn er a/. (200 I) 

and Xie cf al. (2001) proved that seed-borne 
antagonistic bacteria are present in rice and promote 
seed germination and seedling vigour, and also 
suppress disease with an inoculum from the seed. 
About 4 per cent of the total bacterial population 
possesses biological control properties against 
most seed-borne pathogens of rice. Among the 
bacteria present on the seed, there were more 
diverse groups among those possessing 
antagonistic effects on selected rice fungal 
pathogens, such as Rhizoclollia so/alii, FusariulIl 
III 011 ili/hrm e, I~\'riClilaria grisea. 5,', ()I~\':::ae ~nd 
others, than those with a plant growth promotlOl1 
effect. The present study was taken up t~ explore 
the possibility of using rice seed based blOcontrol 
agents for managing rice sheath rot. 
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MATERIALS AND METHODS 

Isolation and screening ofbiocontrol 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. 
Tell isolates of Pscudomollas.fluorescens. fifteen 
isolatcs of Bacilllfs sllh/ilis, and three isolates of 
Trichoderma l'iride. 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. OI)'zae using dual culture 
technique. 

Efl"ect of selected biocontrol agents and fungicide 
on S. oryzae seed infection, seed germination and 
seedling vigour 

Two rice cultivars, namely, ADT 39 and 
ADTRH I 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 
slihtilis isolate 9, Trichoderma vil"ide isolate 3 and 
Pseudomonas jluorescel1s isolate 10 at the rate of 
10 g/ kg and carbendazim at the rate of 2 g/kg and 
the seed infection by S. OIyzae (%) was assessed 
lIsing standard blotter test. Talc based formulations 
of biocontrol agents were used for seed treatment 
and folia!" application. The initial population of 
biocontrol formulations was maintained at 3x 10Xcfu! 
g. Carbendazim was used at the rate of2 g! kg and 
0.2 percent for seed treatment and foliar application, 
respectively. 

Seed germination 

Seed germination test was conducted in 
between paper medium (roll towel) as per the mcthod 
described in ISTA (1993). 
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Root and 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 ofthe 
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 = Gennination (%) x Mean totallenf,rth 
ofseedlings (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 01'5 x 4 m 2

• Sheath ,-ot incidence and severity 
were recorded 10 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 Bacillus sllhtilis isolate 9 
@} 109! kg 

T~ - Seed treatment with Psclldol1lollClsjiuorescells 
isolate 10 ([I} I Ogl kg 

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

T .. - Seed treatment with Bacillus suhtilis isolate 9 
@] 109! kg + foliar application (J <x.) at boot 
leaf stage 

T, - Seed treatment with Pselldomo11as jluorescells 
. isolate 10 ([I} I Oglkg + foliar application (1 (X,) 

at boot leaf stagc 

T{, - Secd treatmcnt with carbcnclazim (it) 2g/ kg + 
foliar application (0.2';.1.) at boot lcafstage 

T7 - Un-inoculatcd control 
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RESULTS AND DISCUSSION 

Effect ofbiocontrol 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 suhtilis isolate 9 recorded the minimum growth of6 111m, which was 82.18 per cent 

Table 1. Effect ofbiocontrol agents on the mycelial growth ot'S. orYZtle 

Bio control agent Radial growth (mm) * Reduction over control ex,) 

Pseudomonas fiuorescells 1 25.67 de 23.76 

P.fluorescens 2 23.00 nl 31.69 

P. fluorescens 3 16.67" 50.49 

P./luorescens 4 23.33 cd 30.71 

P. fluorescens 5 19.33 b" 42.59 

P.fluorescens 6 19.33 be 42.59 

P. fluorescens 7 30.00 cr 10.90 

P.flllorescens 8 14.67" 56.43 

P. fluorescel1s 9 27.33,k 18.83 

P. flllorescens 10 9.00" 73.27 

BacWus subtilis I 24.00 c 28.72 

B. subtilis 2 20.67": 38.61 

B. suhtilis 3 20.00 de 40.60 

B. subtilis 4 11.00 " 67.33 

B. subtilis 5 20.33 de 39.62 

B. subtilis 6 22.00<1<.: 34.66 

B. subtilis 7 16.67,d 50.49 

B. subtilis 8 13.00b<.: 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 25.33' 24.77 

B. subtilis 13 14.33 1
-.: 57.44 

B. subtilis 14 14.33 b<.: 57.44 

B. sllbtilis 15 25.67<.: 23.76 

Trichoderma viride I 2'.67" 32.67 

T. viride 2 23.67" 29.70 

T. viride 3 7.67" 77.2' 

Control .:r1.67, --

-
Means followed by a COlllllHlll klll'r ~lrl' not Si~lldicalltly different at the 5(~" level by [)I\1RT 
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reduction nflll\'cdial !.!ro\\ til o\'er control followed 
bv 7.67 111111 ·(77.22~'\I) ill T \'/"ride isolate 3. 
';"(,III/UIIIOfI<IS Iluot'e.\,·('f/S isolate 7 was found to 
IlL' k;t-;t t.' fleel i \t.' ( I () .t)",,). 

Ffft.,t:1 ofwh.'t'h:d hiocontnJI aJ!l'nts and funJ!icidl' 
011 st.'t.'t! illfl'l'tiull ofS. m:l'zae. seed J!l'nninatioll 
;111<1 Sl'l'dJinJ! ViJ!IHIl' of ,'it't' n'. ADTRII I 

t\ 11 tile Irt:allllents signi lic<lntly reduced the 
.\'. OJ'l'::<I(, seed inlt:elioll (rable 2). The sceds treated 
with" fluoresc(,ll.\' isolate 10 rcduced seed infection 
I'mm :" I .00 per CCllt (ulltreated) to In. 75 per cent, 
which \\as f()lIowed hy carbendazim ( 12. 7S<~1,,), H. 
.\/lhfill .... isolate l) ( 1-l.25" j.) alld T \'il'it/c isolate 3 
(1 S.()()O ,,). Though all the treatments significantly 
impnl\ed the seed germination, maximum bcing 
(92.2:"0,,) ill" f'uoresce'tls isolate 10 treated seeds, 
\\hidl followed hy 1: !'iride isolate 3 (<)2'Xl) 

compared to control «l()"'o). The maximum root 
Icngth (2:".·t:" emL shoot length (15.90 cm) and 
sL'L'dlillg \igour indcx (.n5() \\'ere recorded in F 
/1/10/"",\('('/1,\ isoi;t1L' I () treatment. The minimum 
sL'cdlillg \igollr of 2.105 \\as observed in contro\. 
j's(,lIdofllol/(/sjlllor('s(,(,11S isolate 10 and Racil/us 

sUhfili.\' isolate') have signi ficantly reduced S 

OIT::ae seed infection and increased germination 
and seedling vigour of rice. Maximum seedlinl! 
vigour index 01'3756 in ADTRH I and 3592 in AUT 
39 was recorded in P. .fluorescells isolate I () 
treatment. This may be due to growth prol1lotinl! 
ability of fluorescent pscudol1lonads (Me\\' ct u/, 

20(4). 

Effect of selected biocon tr-ol agents and fUIlJ!icide 
on seed infection ofS. olTzae, seed J!l'l'Illination 
and seedling vigour of rice cv. ADT 39 

Seeds treated with carbcnda/im reduced seed 
infection from 32.5 per cent (untl'ealeci) to 5.75 pn 
ccnt followed by T l'iride isolate 3 (12.25'!/,), /, 
.I'l1orcscells isolate 10 ( 13.5'%) and H. sub!ilis isolate 
<) (15.5'Xl) Crable 3). PseudolJlollas .fllloresccm 

isolate 10 recorded maximum secd germination 
(90.0'Ytl), f( .. )lIowed by B. sllhlilis isolate 9 (90.0%) 
and carbendazim (90.0'X,) compared to control 
(73.0%,). The maximum root length (24.05 cm), shoot 
length ( 15.X8 cm) and seedling vigour (3592) were 
recorded in Pf/llorescens isolate 10. The minimum 
seedling vigour index of 2335 was observed ill 

Tahh.' 2. Erket ofs{.'ll'ctcd bioeontrol agcnts and fungicide on S. oryzae seed infection, seed germina

tion and secdling chanctcrs of ADTRH 1 

Seed Germination* Root Shoot Vigour 

Treatment infection* (%) Length* Length * 

(%) (cm) (cm) Index* 

I. B. slIhrilis isolate 14.25 "h, 90.75 b 24.90 b 13.98"" 3531 «I 

') ~i) 10 g/kg (22.00) (72,44) 
') P jluorcsccJls isolate 10,75" 92.25 h 25.45 b 15.90" 3756 d 

I () (a1 10 g/kg (18.91 ) (74.81 ) 

J. T \ 'iridc isolate 3 18.00 "he 92.00" 21.08 " 13.25 an 3163 1

" 

([i'IO g/kg ('J5.02) (73.70) 

4. Carbendazim G,l' 2g/kg 12.75 ,," 89.25 h 21.53 a 11.33 " 2934" 

(20.79) (71..08) 

5 .. Control 51.00,1 69.00" 20.63 " 12.50 "h 2305" 

(45.62) (56.47) 

FIgures 111 parentheses are arcsine- transformed values. 

Means followed by a common letter are not significantly different at the 5% level by [)MRT. 
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Table 3. Effect of selected biocontrol agents and fungicide on S. OITZllC seed infection, seed 
germination and seedling characters of ADT 39 

C. delta zonc Southern zone N. E. zOlle \Vestern /on~ 
Treatment 

(CO 43) (ASD 16) (ADTRII I) (CO -+3) 

ShR ShR ShR ShR ShR Shl{ ShR ShR 
incidcnee scvcl-ity incidence seventy incidcncc severity incidence SC\crJly 

('%)* «X, )* (':.~) )* ('%)* (%)* (';1,.)* ((!/;. )* (";,j'" 

I Seed treatment 33.00 ,th 7.0 " 14.~O ,II,.: 4.3-' 14.70 hI.: :U3 .d' 14.00' 4.-'.1 . .\. 

with Bacillus (35.03) (22.13) (22. I 'J) (21 XO) 
suhli/is isolate 
9 ((I; 109/kg 

2 Seed treatment 25.00 .lhL 5.0 " I 1.70 h~' 3.00 a 17.00 ,!h~- 4.:'-1 .. [, 1).30 :;.(,7 
with PS1!ut/o- (29.67 ) ( 19.75) (24.15) (22. 'J I) 
monas /luores-
(,{'liS isolate 10 
(iii 109/kg 

.1. Seed treatment 26.00"t", 5.7 ., 13.00 .th~· 5.00 ., 16.7 Ih: 4.33 .!I) 1).3 () .' :; ,(,7 

with earben- (30.)0) (21.1 I) (23.7() ( 22X7j 
dazim (i:n 2g/k~' 

4. Seed treatment 21.00 ill 4.3 .. I 1. 7 ll~ 3.00 ., 13.00 h, :U)() " 1-'.30 3.01l " 
with B. SUhlilis (27.25) ( 19.76) (2 I .(6) (21.37) 
isolate 9 «.0 109! 
kg + foliar appli-
cation (1%) 

5. Seed treatment 22.0(} Ih': 5.0 ., 13.00 ,:1>,-' 3.()O ., 12.30 ~.()Oh 12.70 :UJO " 
with P.f7u orc- (27.70) (20.85 ) (20.14) (2 n. (4) 

s('cus isolate 10 
(£.fl 109/kg + foliar 
application ( I 'X,) 

6, Seed treatment 18.70 4.3 ., 14.70 .It.C 4,C,7 D.O h~' 3_67 ,Ill 12.30 J. (J{) ,II' 

with carbcndazim (25.51 ) (22.47) ( 20.98) (20.47) 

~/) 2g/kg + foliar 
application 
(0.2%,) 

7. Uninoculated 37.~() 7.U ., I 'J. 7 0"" ) .00 29.00 5.7 19.00 ., 6.33 .' 

Control (37.53) (26.13) (32.46) (25.74) 

Figures in parenthescs arc arcsine - transformed \',ilues, 
Means followcd by a common leiter are not significantly dilTnent at the 5% level by DMRT. 

control. Sakthivcl and Gnanamanickam (1987) 
reported that secd tl-eatment \vith P. /luo,.csCCJlS 

redu~ed S. OIT:::{fC seed infection by 8 ~2() per cent 
and. Increased seedlings height (II'X,) and number 
ofttllers (27%). Meena e/ al. ( 19(9) reported that 

seed trcatment with I~ /lll()rCSCClls si)2.ni ricantlv 
reduced tIl" S' i . 1- . . ,- (' ~ - 'J '- ,cet In cellon () ,). OfT:::Oc'. Seeu 
bacterint- 1- .' - , . . 

, IOn 0 IllC WIth I' fluoresccll\' and n. 
subtili,. 111'011')t I I .. II' , .( el sel't gl'rJlllllatlol1 ;ltld Sl'l'r ltl)2. 
growth (Mew and (,oIl/ales_ ~()()~: [\ !l'\\' ('{ "I.. ~O()-l). 
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Effect of selected biocontl-ol agents on sheath rot 
incidence and severity 

All the treatments recorded minimum sheath 
rot incidence and severity when comp;wed to 
control irrespective of locations and cultivars tested 
n:lblc -+)_ Ilowen:r. the ctTectiveness of treatments 
\'aried from location to location. In Aduthural. 
minimu111 sheath rot incidence (11-i.67'Y,,) was 
reconkd ill carhendazim seed treatment + Coliar 



\,(If'\1 \KHI'dl'\' .l1hl \\11,( \,\I'\/{II)·\"';·\' 

bhlt,.... Efll'l't Uf .. l'Il'l·h.'d hiol'ontJ'ol agl'nts and fungkide nil sheath rot incidence ... )(1 severity 

S,'cd ( icrmi Ilat iOI1 * Root Shoot Vigour 
1 r":,llIl1CIlI ill 1',,','11011" (",,) I ,L'ng! h '" 1,L'llglh '" IIlLlL'';* 

(",,) (cm) (cm) 

1 Ii ,,,h,,l} , ",,,LIte' 'I ,t 1 () g k): 1:" '>0 I, <)(),OO " ]-, ,(L' h I--L t)() ... .q(,:" "I 

( ]]9')) (71(,1' ) 

, 
/' /1/ul/{'\( I'll' 1~"I,l!C 10 j{ 10 .t! k): I .',:, 1/ 

I. '}(),O() I, ]40:" " I :'i.XX .')<J] .. 
(] 144) (7 I '>7) 

, I \"I"I"t' 1'->" Lr tc- ~ 1/ 10 g I-.g I]]:" " X:-:,:"O " ] 1]0 . d, 14, I:" h • 
.' I.'f) I" 

(]O40) (70,X(1) 

·1 ( ',n 1":I1,b/llll " -'g k~: S.75 ')(U)() h 19. :-:0 13 4-' .Ih ]'):-::-: " 

( I~,] 1 ) (71 '):-:) 

:" ( '''llIIPI J] :"0 '-'.00 20.()O " I I .l):'i .. ]:n'i 
( 34,il')) ()1',:-:3 ) 

1:lgUIC" 1111'.1II..'l1lhL''->L''' ;11'1..' arCSIIlL'- IransfortllL'd \ ;IlUL'S. 

:\k;llh li,llo\\cd b\ ;ll'OllllllOll Il.'ttL'r arc llul signilic;Jlllly dirfl:n:nl at thL' 5%, level by DI'v1RT 

;tpp!tL'atillll l'()1l1jl<ln,,'" to cOlltrol (37.33",,). The 
Illillilllllill silc;lth rpl iIlL·idellcl' W;lS recorded ill F 
Ill/orC\I'('II\ Isol;11L' I () SL'l:d I rL'<II III ell t t foliar 
applil'atillll ;1Ilt! /l.stlhrilis isolate <) sced treatment 
! 1i.1liarapplicatioll (19.(17"0). Seed treatmcnt \vilh 
1'/IIIOl'('s('ell.\ isolate I () followed by foliar 
applicatioll and carbel1d~vi!ll seed treatment + foliar 
applicatioll has recorded minimulll sheath rot 
ineidence ( 1.2.3J'~{) and severity (3.0) in Arakkonam 
and N. D. JXllayam, rL'spectively. In generaL seed 
treatmcnt followcd by foliar application was found 
morc cflectiyc ill redueing both sheath rot incidence 
and sC\'erity than seed treatment alone. Among four 
locations, the ma:-..:imul1l sheath rot incidence in 
untreated eontrol (37.3J<X» was recorded in 
Adllthurai in the ev. CO .. U, f()llowed by Arakkolli1m 
(.2 9 .01)"0) in ADTRII 1. The ma:-..:imllll1 sheath rot 
sL'\'L'rity (7.0) was recorded ill C\!. CO 43 at Aduthurai 
\\hik minimum (5.0) was J'ccorded in CV. ASD 16 at 
AnlbasaJllUdralll. 

Sakthivcl and Gnanamanickalll (1987) 
reported that P fluorcscells treated rice plants cv. 
I R.20 showed 54 per cent reduction in the length of 
sheath rot lesions und reduced the sheath rot 
severity by 20 - 42 per cent in five rice cultivars 
and enhanced plant height, number of tillers and 
grain yields by 3 - 160 per cent. The simultaneous 
inoculation of rice with P. OIy::ac and antagonistic 
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TrichoderJl/o spp. resulted in 71 to XX per cent 
reduction in foliar symptoms of blast diseasc. 
compared to plants inoculated \vith f~ OIY::(/(: alol1c 
(Ouazz<lni Touhami el al., 1999).!\ combination or 
antagonists T har::iall/l/1/ and 8. slIhfilis proved to 

be highly elTective against sheath blight or rieL' 
(Sarllluil, 1(99). Seeds treated with T l'iride and. r 
/wr::ialllflJ/ showed significant reduction in sheath 
blight infection and increased grain yield. where 
elTicacy of the Fonner was found morc than the latter 
(Das and Hazul"ika, 2000). 

Effect of selected biocontl-ol agents on grain 
discolouration and seed infection 

Irrespective oflocatiol1s and cultivars tested, 
all the treatments recorded minimum grain 
discolouration and seed infection when compared 
to control (Table 5). CaI'bendazim seed treatment 
followed by foliar application recorded minimum 
per cent grain discolouratioll and per cent resultant 
seed infection in Aduthurai (23.33 and 18.67%,) and 
Ambasal11udral1l (11.67 and I 0.33'YtI), respectively. 
Whereas at N" D. palayam. minimum grain 
discolouration was recorded in cal"bendazim seed 
treatment followed by folial" application but 
resultant seed infection (8.3J(Yt,) was minimum in H. 
suhtilis isolate 9 seed treatment followed by foliar 
application. The results at Arakkonam showed 
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Table 5. Effect of selected biocontrol agents and fungicide on grain discolouration and n;'sulhmt seed 
infection 

C. delta .lone Southern .lone 1':. E. .lone \Vestern /UI1<o." 
frcatlTIent (CO 43) (ASD l(l) (ADTRH I) (CO -13) 

Grain Seed Grain Seed Grain Seed (jrain Seed 
dis. inrn. dis. in rn. inrn. inrl1. eli" inln 

('X,)* ('X, )* ({~~d* (';;, )* (1~;1)* ((~d* ( (1/ ;1)* ("" )~ 

I. SccJ treatment 26.0 .Il"} 24.7 ., 13.3 .ll'~- 13.3 24.0 h 12.3 .1> 10.117· 17 7 
with Bacillus (30.32 ) (29.46) (2 I .31 ) (21.36) (29.07) (.!1!.3S) (I'U)I) C:!OX I) 
'IIhlilis isolate 
t) (ll IOg/kg 

2 SccJ treatment 32.7 ;j~h' 24.7 ., U.O Ill" 12.3 a 21.3 _,l'e 
12 .. ' ." 12.0 I ~. 7 

II ilh I'sl.'lIdo- (34.73) (29.46) (2 1 . ()(» (20.50) (26.!{9) ( 20 .. '0) (20 21) ( 1 X. () I ) 
mOl/as ./luo/'escell'\ 
isolate 10 

~ II 109/kg 

(. Seed treatment 33.3"'" 22.0 " 14.7 .Iht." 13 7 " 15,0 I" I (J,O ,," 1 (),.\ " Ill, .\ 

with carbendazim (35,21) (27,84) (22.0l) (21 .(5) (22.68) ( I ii. (j') ) ( IX40) (2077) 

({t' 2g/kg 

.j SeeJ treatment 27.7 111.: 23.3 ., 15.0 h ... - I I .7 ., 12.7 x.7 11.0 X. \ 

with B. SlIhlilis (31,{)8) (28.65 ) (22.60) ( ll). D) ( 2 (). 7 (, ) (I (l.]X) ( I ().OX) ( 1 X 72) 

bolate 9 «-I' IOgl 
kg + foliar appli-
cation ( 1 'Yr.) 

5 Seed treatment 28.0 h,-- 18.7 " 14.3 .lIlt' 10.7 16.3 .Ih. x.7" 1 I . () X.7 " 

Illth Pjlllore- (3 I .44) (25.3S) (22.17) (IS.8!) (23.81) ( I (1. <) (l ) ( 1').32) ( 1 (,47) 

scelL"; isolate 10 
(fu 109/kg + roliar 
application ( 1%) 

6. Seed treatment 13.3 " 18.7 " II .7-1 I (). J ., 19.7 ~dh 11,7 " '),.1 ., 9.7 .,1, 

with carbendazim (2S.R7) (25. IS) ( I') 87) ( 18,:l(,) (26.24 ) {1'Un ( 17(,4) ( I') X 5) 

~l; 2g/kg + foliar 
application 
(0.2'X,) 

7. Uninoculated 44.7 " 34.7 " 17.7"" 15.7 27.7 .. I Cd) .. 12 . .1 23.3 

Control (41.87) (35.97) (24.74) (23.12 ) (3 1.71) (23.5.1 ) (2 (). I 7) (23.')4) 

. - . .- -, 

Figures in parentheses are arcsinc-transrormed \alues. Means follov,eo by a cOl11mon !cHer are not sIg1ll1lcantly dlilclen! 
at the 5 'X, level by DM RT 

minimum grain discolouration and seed infection 
(12.67 and 8.67(Yo, respectively) in B. subtili.<; isolate 
9 seed treatment follmved by foliar application. 
Among the four locations, Aduthurai recorded 
maximum grain diseolouration and seed infection 
(44.67 and 34.67°/.), respectively) in untreated 
control. In the present study, seed treatment + foliar 
application of B. suhtilis isolate 9 recorded minimulll 
6ercel1t grain discolollralioll at Arakkonam and N. 
.. palayam and recorded si~ni ficantly minilllum seed 
Il1fection. ~ 
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