WNWINEAT 46 (4) : 633-642 (2561). KHON KAEN AGR. J. 46 (4) : 633-642 (2018).

a A LY dJ o
UszaNEMWVRIHINUN Bacillus siamensis RRK1-Rif gaswaileniin
Tumsaugalsamuluydisezlsamdacmanazmsimunananus v

Efficacy of Bacillus siamensis RRK1-Rif wettable powder formulations
against sheath blight and dirty panicle diseases

and on yield enhancement of rice

% Y i1 a J Yo Al a 1
1893 ‘Ir!ﬂﬂalﬁﬂ , VITIAY HINAINY Ay asﬁm’fla 2UNY

Bung—on Noisai', Chiradej Chamswarng' and Wanwilai Intanoo'

a

nAmsta: ITueuuANBY Bacillus siamensis RRK1-Rif ammﬂﬂm‘iﬁ (WP) nauduld 11 heu
Ngaumnivies (25-30 °C) mmsmmmamm‘ﬂmmu‘mmemmwnmmmm@m Rhizoctonia_ solani
”L’sﬁ@qu'jﬁﬂmaﬂm TngannnsanANIuLINTealsaLay Lﬂmmummmuimmm@ ﬁmma‘ﬁ@mm@mmm
Iimn 21 1 1R 36. 56-48.82% UAT 7.94-30.65% ANNAAL L@J@L‘J_E‘F;l“l_lLWHUﬂUﬂ??NQﬁﬂQUﬁNV}ﬂ@ﬂ
mammmiam UeNAN TR A ATAINE N mismmemquumamwmmmnmawammmmml‘m
muﬁﬁmqmim 17.02-37.02% WAARTRNE 6.05-11.27% WAAAIUALILEARLIAARS 3.20-32, 71% uay
25.15-55.11% RINAAL LL'Z%’Z‘?’]N’]@‘E]ZNLZQ?NT]%‘L%‘EULWUIE]‘H@\W’]'] Imammqummquqmana i
20.38-22.68% Way 14.55-15.40% mummu FoelfnananselSifindy 34.49-45.66% nizidnandes
mimmﬂma‘mmmmLﬂ@@ﬂmmmmmmmmu 4.95-16.78% wazdinainanas 13.24-44.85%
AdAny : lsanuluuiis, Taaluaneg, mmmmmiﬂmmm FnsTouaf

b2

ABSTRACT: Baciilus siamensis RRK1-Rif bioproducts as wettable powder (WP) formulation
stored for 11 months at room temperature (25-30 °C) significantly reduced sheath blight disease
caused by Rhizoctonia solani. At 21 days after pathogen inoculation, the bioproducts effectively
reduced sheath blight severity and percent of infected tillers per plant by 36.56-48.82% and
7.94-30.65%, respectively when compared to a pathogen inoculated control. Moreover, these
bioproducts also reduced dirty panicle disease on rice plants sown under natural fungal pathogen
infestation by 17.02-37.02%, increased the percentages of healthy seeds by 6.05-11.27%, while
reduced the dirty panicle infected seeds and empty seeds by 3.29-32.71% and 25.15— 55.11%,
respectively. The bioproducts of RRK1-Rif promoted plant growth by increasing the tiller and
panicle numbers per plant by 20.38-22.68% and 14.55-15.40%, respectively. The yields were
increased by 34.49-45.66%, whereas whole kernels of milled brown rice were increased by
4.95-16.78% and broken kernels were reduced by 13.24-44.85%.

Keywords: Sheath blight disease, Dirty panicle disease, Bacillus spp., Bioproduct
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Department of Plant Pathology, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,
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FanatiatndNnNIsNIsAILANS L NHTAATY
(81.63%) Teeilasidudfuiulsnsanaanas
7.94-30.65% WATNITHIBNMTAsTUTT RRKA-Rif
qms 2 (Sk+Ps1) filefifudtuniulsasene
mmm Ao 56.61% Bapnndnsssianiaasnm
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Table 1 Effects of Bacillus siamensis RRK1-Rif formulations on the severity of sheath blight on rice

plant and infected tiller per plant at 21 days after inoculation by Rhizoctonia solani

Treatments Severity of sheath blight (%)* Infected tiller/plant (%)
RRK1-Rif 1 (Sk¥+Ps3?) 4.76° (—48.82%)” 72.63° (=11.03%)
RRK1-Rif 2 (Sk+Ps3) 4.91°° (-47.20%) 56.61° (~30.65%)
RRK1-Rif 1 (Sk) 5.30° (-43.01%) 74.04° (-9.30%)
RRK1-Rif 2 (Sk) 5.90° (-36.56%) 64.39° (-21.12%)
RRK1-Rif 1 (Sk+Ps1%) 5.88° (-36.77%) 75.15° (=7.94%)
RRK1-Rif 2 (Sk+Ps1) 5.19° (-44.19%) 74.41° (-8.84%)
Ta 2% (Sk+Ps3) 5.52° (~40.65%) 66.01° (-19.14%)
(Larminar®) (Sk+Ps3) 7.63° (-17.96%) 77.46% (-5.11%)
Validamycin (Ps3) 4.25° (-54.30%) 74.38" (-8.88%)
Control (+R. solani) 9.30° 81.63 -
Control (-R. solani) - -
V. (%) 16.43 6.05

L Percent severity of sheath blight of rice (lesion height/plant height) x 100; % Sk = Seed soaking; ¥ Ps3 = Plant spray
3 times; ¥ Means in each column followed by the same letter (s) are not significantly different according to Least

Significant Difference (LSD) (P<0.05); *

Percentage of decrement (-) of each treatment mean when compared with

a control; ¥ Ps1 = Plant spray 1time; % Ta 2 = Bioproduct of Trichoderma asperellum CB-Pin-01 formulation 2

2. AaNBNAURITAN N Bacillus siamensis
RRK1-Rif sian1stasutiulnuazuananuag
STRb)

NMIR9IRLILAHIUGUEND wudmnmmﬁ%ﬁ
VTas70u9% RRK1-RIf Aanuaufuldunnsneiu
(20.38-22.68 {1/na) ?ﬁqﬁﬁf]muﬁuﬁi@ﬂ@qmdﬂ
ﬂﬁ‘ﬁ‘Na?iﬁQUﬂNﬁﬂQﬂL"'dﬁbﬂmﬂl,ﬂﬁﬂiﬂ (14.73 fiwna)
athafldudndny waldumnsneainnssdanld
Fasout Ta 2 (Sk+Ps3) (22.99 Hwne), N3su3af
Wansiadl (Ps3) (21.50 Bwne) waznssianls
Tnrfouafan3iivin (Sk+Ps3) (21.34 fiwne) (Table 2)

NNIAIATLANUIUINGBNG WLFYNNITHID
480rvoueT RRK1-RIf waz Ta gas 2 H4uause
Angandanssuianaunuilgnideanivglaa
(11.15 399/na) adreliladnAmny TpenssuA sl
WU Ta §A19 2 (Sk+Ps3) HAUIUTNEBNDNIN
‘ﬁlzﬁ;m A8 (15.83 929/n4) %Qﬁmz\;ﬂndﬂmﬂ%ma‘mﬁ
(Ps3) (13.74 999/n8) UALNTABR AU AN SN

(Sk+Ps3) (14.3799ne) aenstiieidnAty wstlulumnsing
ANNI9ART U7 RRK1-Rif a9 2 (Sk+Ps3),
(SK) uaz qnT 1 (Sk) (Table 2)
YiNN293A 7 Es 0T RRK1-Rif U Ta gt 2
Iﬁﬁ”wﬁﬂﬁi@ﬂaLﬁufumﬂﬂd’mﬁmﬁ%mu@mﬁ
Ugnideaninslan atheiiidndty TaensssAanl
Asitual Ta gms 2 (Sk+Ps3) uinuandase
ﬂ@mﬂ‘ﬁ'qm A8 (36.67 nfu/na) %qﬁmqqndq
msliansiadl (Ps3) (28.78 nfi/ne) uaznssian
VT uafian5iun (Sk+Ps3) (29.57 n5u/na)
atieiifadndny uwiliuansneannynnesaianld
Fasfousl RRK1-RIf eini3unsssdan 14dasinied
RRK1-Rif a7 1 (Sk+Ps3) WAz (Sk) (Table 2)
leRansaunriinuanansels wudn eI
Faftuat RRKA-Rif daelidndviviinuananse
31 34.49- -45.66% mvﬁ%qﬁmeﬁ Ta 463 2
Ium@mmwmummm (61.23%) Lufamﬂun‘u
m'a*mﬁmummﬂ@ﬂm@mmm‘tm (Table 2)
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Sunudu szt aNARsaNe AAaAALLn
sinuandnselill Weifauiunssaiaenuaud
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9M, PT56-4M Las PT70-8M 3alauneadng a1unsn
Augsunsiasnyliulanardcalinananaadnn
T ez Charoenrak and Chamswarng (2016)
wudnns T ouat T, asperellum 01-52 uay
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Table 2 Effects of Bacillus siamensis RRK1-Rif formulations on tiller, panicle numbers and paddy

weight per plant and yield of rice (var. Chai Nat1)

Treatments Tiller number/  Panicle/plant ~ Total weight of Rice yield/
plant paddy (g/plant) (kg/rai)

RRK1-Rif 1(Sk*+Ps3%) 20.98%Y 14.49"¢ 30.05™ 493.43%° (+37.98%)*
RRK1-Rif 2 (Sk+Ps3) 22.68% 15.40% 33.00° 520.87%° (+45.66%)
RRK1-RIif 1 (Sk) 20.38° 15.25% 29.94% 495.837° (+38.66%)
RRK1-Rif 2 (Sk) 21.40% 15.00%° 32.91%° 484.77% (+35.57%)
RRK1-Rif 1 (Sk+Ps1) 22.05% 14.55"° 32.86™° 491.55%° (+37.46%)
RRK1-Rif 2 (Sk+Ps1) 22.08% 14.807° 32.79%° 480.93% (+34.49%)
Ta 2% (Sk+Ps3) 22.99° 15.83° 36.67° 576.53° (+61.23%)
(Larminar®) (Sk+Ps3) 21.34% 14.37"° 29.57° 458.11° (+28.11%)
Validamycin (Ps3) 21.50% 13.74° 28.78° 470.47° (+31.57%)
Control (+R. solani) 14.73° 11.15° 22.35° 357.58° -
Control (=R. solani) 20.33° 13.87% 35.63" 563.72% (+57.72%)
C.V. (%) 8.64 5.74 12.97 12.43

Y Sk = Seed soaking; % Ps3 = Plant spray 3 times; ¥ Means in each column followed by the same letter (s) are not

significantly different according to Least Significant Difference (LSD) (P<0.05); & Percentage of increment (+) of

each treatment mean when compared with a control; %Ps1 = Plant spray 1time; “Ta2= Bioproduct of Trichoderma

asperellum CB-Pin-01 formulation 2

3. answauaITaAmN Bacillus siamensis
RRK1-Rif AalsAuanaAauazAmnInTaeing

nsdszidulsaudnmnieuusasding wuan
99337 14 sTuaT RRI-Rif dnansnanisle5iugt
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3991 17.02-37.02% (ilau Beufienfunsssids
PuAsTiLlgndes R. solaniuasRiesidusmsiin
TsnLusasRNdNssARRAILAN BtailiudnAny
Tneanssndanld RRK1-RIf gms 1 (Sk+Ps3)
Sulefidusinafnlanuuassniign Ae 1.48%

wsilaisingannnesndsnldaiuef Ta gas 2
(Sk+Ps3) (1.66 %) warn1sliansiail (Ps3)
(1.72%) (Table 3)
negunandinalunsaznssudsunmnsoaiiuy
wefifusuana wudmnnesnianld RRK1-Rif
e fududnmiudu (6.05-11.27%)
dll = o ad dl dy
WauRaufiauiunssnitaruauilgnide
R. solani WAz NAAAFINIINITHITAILAN BENY
fded1Aty Taanssuddnld RRK1-Rif gms 1
(Sk+Ps3) HileSdurufnfAgengn Aa 87.49 %
= & @ & s = I Qddl v [ g
wariilefidufinanngendNesndsn Lidasinue
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Ta §R3 2 (Sk+Ps3), N93xAnh Midasinusianiiin

(Sk+Ps3) uaznnslianaiall (Ps3) aeineltadn Aty
(Table 3)

6 @ L3 =3 1 1 Qd‘ﬂl v

A3nIaLle FFumuAnmNT WUIIN9INA TN 1

T usl RRK1-Rif Hidasifumuansneanaa

3.29-32.71% lpeins9sR a7 MdasTual RRK1-Rif

an3 1 (Sk+Ps3) Hulefidiudfiudnssiinangn

7.86% TNHANANNINNIINITAILAN LATNITHADT

sls;d o [y o

Faanuaia15010 (Sk+Ps3) (11.00%) aeinadile

o o

4@ty (Table 3)
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d co o o . iy
WanalleFfumudnay wudnnssuaan g
et RRK1-Rif SidasifuMufnauanas
25.15-55.11% Ineingsuaan aasinuet RRK1-Rif
4ms 1 (Sk+Ps1) Hulefidufiudnauiiaangn
< a0 \ aa Y
4.33% TNAIAINIMNITNATAILAN UazNI7 1
a3l (Ps3) (8.74%) aeineititidnAny uslulumnsing
AINN998ABN [TasT0uaT RRK1-Rif 4619 2 (Sk+Ps1)
43 1 (Sk+Ps3) UAYNITHAnN KT tuaiansan
(Sk+Ps3) (Table 3)

Table 3 Effects of Bacillus siamensis RRK1-Rif on dirty panicle incidence and percentage of

healthy seeds, dirty panicle infected seeds and empty seeds of rice (var. Chai Nat 1)

Treatments Dirty panicle Healthy Dirty panicle Empty
disease incidence (%) seed (%)% infected seed (%)%  seed (%)

RRK1-Rif1 (Sk*+Ps3”) 1.48% 87.49° 7.86° 4.66"
(-37.02%)% (+11.27%)" (=32.71%) (-51.68%)

RRK1-Rif 2 (Sk+Ps3) 1.91°¢ 84.10° 10.36™ 5.54%
(-18.72%) (+6.69%) (-11.20%) (-42.58%)

RRK1-RIif 1 (Sk) 1.93% 84.21° 9.50” 6.31%
(-17.87%) (+7.10%) (-18.81%) (-34.54%)

RRK1-Rif 2 (Sk) 1.95° 83.38° 9.40" 7.22%
(-17.02%) (+6.05%) (-19.48%) (-25.15%)

RRK1-Rif 1 (Sk+Ps1%) 1.91°¢ 84.38° 10.46™ 4.33°
(-18.72%) (+7.32%) (-3.72%) (-55.11%)

RRK1-Rif 2 (Sk+Ps1) 1.90¢ 84.01° 11.29% 4.85%
(-19.15%) (+6.85%) (-3.29%) (-49.65%)

Ta 2Y (Sk+Ps3) 1.66% 81.77° 10.19% 8.04"
(-29.36%) (+4.00%) (-12.72%) (-16.58%)

(Larminar®) (Sk+Ps3) 1.68°° 84.62" 11.00% 4.38°
(-28.51%) (+7.32%) (-5.75%) (-54.55%)

Validamycin (Ps3) 1.72>° 81.76° 9.05" 8.74%°
(-26.81%) (+3.99%) (-16.92%) (-9.38%)

Control (+R. solani) 2.35° 78.63° 11.67° 9.64°

Control (-R. solani) 1.55° 83.19° 10.75% 6.05°
(-34.04%) (+5.81%) (-7.88%) (-37.23%)

C.V. (%) 10.07 2.46 13.76 12.26

- pPercent dirty panicle disease incidence from four replications/treatment; £ Percent healthy seeds, dirty panicle
infected seeds and empty seeds from three replications/treatment (10 g/replication); ¥ Means in each column
followed by the same letter (s) are not significantly different according to Least Significant Difference (LSD)
(P<0.05); ¥ Sk = Seed soaking; ¥ Ps3 = Plant spray 3 times & Percentage of increment (+) or decrement (=) of each
treatment mean when compared with a control; £ Ps1 = Plant spray 1 time; & Ta 2 = Bioproduct of Trichoderma
asperellum CB-Pin-01 formulation 2
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Table 4 Effects of Bacillus siamensis RRK1-Rif fomulations on weight of whole kernels plus head

rice and broken kernels of milled brown rice (var. Chai Nat 1)

Treatments

Weight of milled brown rice 10 g

Whole kernel (g)

Broken kernel (g)

RRK1-Rif 1(Sk%+Ps3%) 8.45%  (+16.23%)Y 1.54% (-43.27%)%
RRK1-Rif 2 (Sk+Ps3) 8.16° (+12.24%) 1.83° (-32.72%)
RRK1-Rif 1 (Sk) 8.49° (+16.78%) 1.50° (-44.85%)
RRK1-Rif 2 (Sk) 8.20" (+12.79%) 1.79% (-34.19%)
RRK1-Rif 1 (Sk+Ps1?) 8.13° (+11.73%) 1.86° (-31.24%)
RRK1-Rif 2 (Sk+Ps1) 7.63¢ (+4.95%) 2.36° (-13.24%)
Ta 2% (Sk+Ps3) 8.29%° (+14.03%) 1.70%° (-37.50%)
(Larminar®) (Sk+Ps3) 8.24%° (+13.34%) 1.75%° (-35.66%)
Validamycin (Ps3) 8.36*° (+14.99%) 1.637° (-40.07%)
Control (+R. solani) 7.27° - 2.72°
Control (-R. solani) 8.19™ (+12.66%) 1.80% (-33.82%)
V. (%) 2.27 9.90

"“Weights of whole kernels plus head rice and broken kernels from 10 g of milled brown rice; Z Sk = Seed soaking;
2 Ps3 = Plant spray 3 times; ¥ Means in each column followed by the same letter (s) are not significantly different
according to Least Significant Difference (LSD) (P<0.05); ® Percentage of increase (+) or decrement (=) of each

treatment mean when compared with a control; &
asperellum CB-Pin-01 formulation 2

Ps1 = Plant spray 1 time; LT92 =

Bioproduct of Trichoderma
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