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ABSTRACT: Bakanae disease caused by Fusarium moniliforme that can be transmitted as seed-borne disease and it is
important problem in rice seed production. Therefore, the objective was to study the effect of hot water treatment on
seed germination and controlling of Bakanae disease caused by F. moniliforme in some rice cultivars. This study consisted
of two experiments. Experimentl: the effect of hot water treatment in different temperatures and times on seed
germination of 12 rice varieties. The experiment was arranged in factorial in completely randomized design (CRD) with
four replications. Factor A was the four different temperatures at 58, 60, 62 and 64°C and factor B was the three different
soaking times at 5, 10 and 15 min. The result showed that increasing of temperature and time did not decrease seed
germination of rice cultivars RD6, RD49, RD57, KDML 105, Pathum Thani 1, Phitsanulok 2 and Suphan Buri 1 that have
germination more than 80% but decreased seed germination of rice cultivars RD41, RD47, Chai Nat 1 and Suphan Buri 60.
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Experiment 2: the effect of hot water treatment in different temperatures and times on controlling of F. moniliforme
was conducted. The experiment was arranged in factorial in CRD with four replications. Factor A was the four different
temperatures at 58, 60, 62 and 64°C and factor B was soaking times in hot water for 5 and 10 min. The seeds of rice cultivar
Khao Dawk Mali 105 soaked in hot water at 60°C for 10 min. could control the infection of F. moniliforme at 76% compared
with the control treatment. In addition, the germination of the treated seed was higher than 80%.

Keywords: germination; hot water treatment; bakanae disease
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Table 1 Germination (%) of 12 rice seed varieties as affected by hot water soaking at different temperatures and

times
Temperature Germination (%) Average Temperature Germination (%) Average
N Times (B) (A) (A) Times (B) (A
5 min 10 min 15 min 5 min 10 min 15 min
RDé6 RD15
58°C 96.5 93.0 97.0 95.5 58°C 93.5 88.0 92.5 91.3 CV
60°C 96.5 97.5 95.5 96.5 60°C 90.5 97.5 94.0 94.0 BC
62°C 99.0 97.5 97.5 98.0 62°C 99.5 97.5 97.5 98.2 A
64°C 98.0 99.0 92.0 96.3 64°C 98.5 96.0 94.5 96.3 AB
Average (B) 97.5 96.8 95.5 Average (B) 95.5 94.8 94.6
Non-soaked 93.5 Non-soaked 91.0
seed seed
F-test (A) = ns, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =2.4 F-test (A) = **, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =4.2
RDA41 RD47
58°C 99.0 a¥ 95.5 ab 97.0 a 97,2 A 58°C 82.0 c 91.5 ab 92.0 ab 88.5B
60°C 98.5 a 95.0 ab 97.0 a 96.8 A 60°C 87.0 bc 96.5 a 95.0 ab 92.8 A
62°C 975 a 91.0b 95.5 ab 94.7 A 62°C 95.0 ab 95.0 ab 97.0 a 95.7 A
64°C 98.5 a 95.5 ab 78.5 ¢ 90.8 B 64°C 98.0 a 96.5 a 96.5 a 97.0 A
Average (B) 98.4 AY 94.3 B 92.0 C Average (B) 90.5 B 94.9 A 95.1 A
Non-soaked 94.5 ab Non-soaked 90.5 ab
seed seed
F-test (A) = **, F-test (B) = **, F-test (A x B) = **, C.V. (%) = 3.0 F-test (A) = **, F-test (B) = *, F-test (A x B) = **, C.V. (%) = 5.5
RD49 RD57
58°C 87.0 80.5 84.0 83.8 58°C 98.5 97.0 99.5 98.3
60°C 83.0 82.0 84.0 83.0 60°C 99.0 98.5 98.5 98.7
62°C 83.5 83.5 86.5 84.5 62°C 99.0 100.0 97.5 98.8
64°C 85.5 86.0 81.0 84.2 64°C 96.0 98.5 99.0 97.8
Average (B) 84.8 83.9 83.0 Average (B) 98.1 98.5 98.6
Non-soaked 84.5 Non-soaked 97.5
seed seed
F-test (A) = ns, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =5.9 F-test (A) = ns, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =1.8

Y Mean within the same column followed by the same capital letters are not significantly different at P<0.05 by DMRT

% Mean within the same row followed by the same capital letters are not significantly different at P<0.05 by DMRT

¥ Mean within interaction (A x B) followed by the same letters are not significantly different at P<0.05 by DMRT
ns = not significant * = significantly different at P <0.05 ** = significantly different at P <0.01
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Table 1 (Con’t)

Temperature Germination (%) Average Temperature Germination (%) Average
(A Times (B) (A) (A) Times (B) (A
5 min 10 min 15 min 5 min 10 min 15 min
Kawn Dok Mali 105 Pathum Thani 1
58°C 97.0 97.0 97.5 97.2 58°C 99.5 99.5 99.5 99.5 AV
60°C 98.0 99.0 99.0 98.7 60°C 98.5 99.5 99.5 99.2 A
62°C 97.0 98.0 97.0 97.3 62°C 99.5 97.0 98.5 98.3 A
64°C 97.0 97.0 96.5 96.8 64°C 98.5 93.5 94.5 955B
Average (B) 97.3 97.8 97.5 Average (B) 99.0 97.4 98.0
Non-soaked 94.5 Non-soaked 99.0
seed seed
F-test (A) = ns, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =2.5 F-test (A) = **, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) =2.0
Phitsanulok 2 Chainat 1
58°C 98.0 97.0 98.5 97.8 A 58°C 625ab¥ 585ab 63.5a 61.5A
60°C 97.0 97.5 95.5 96.7 AB 60°C 54.5 ab 330c 275 cd 38.3B
62°C 96.0 98.5 99.0 97.8 A 62°C 29.0 cd 20.0 de 13.0 ef 20.7C
64°C 98.5 96.0 91.0 95.28B 64°C 325c 155e 30f 170C
Average (B) 97.4 97.3 96.0 Average (B)  44.6 AY 31.8B 26.8 B
Non-soaked 96.5 Non-soaked 51.0b
seed seed
F-test (A) = **, F-test (B) = ns, F-test (A x B) = ns,C.V. (%) = 2.6 F-test (A) = **, F-test (B) = **, F-test (A x B) = **,C.V. (%) =22.7
Suphan Buri 1 Suphan Buri 60
58°C 96.0 97.0 98.5 97.2 A 58°C 94.0a 92.0a 920 a 92.7 A
60°C 96.0 96.0 95.5 95.8 AB 60°C 94.0 a 93.0a 88.0 a 91.7 AB
62°C 97.5 93.0 93.5 94.7 AB 62°C 92.0a 91.0a 80.0 b 87.7 BC
64°C 97.5 91.5 90.5 93.28B 64°C 935a 87.5a 69.5 c 83.5C
Average (B) 96.8 94.4 94.5 Average (B) 934 A 909 A 82.4 B
Non-soaked 94.0 Non-soaked 91.5a
seed seed
F-test (A) = *, F-test (B) = ns, F-test (A x B) = ns, C.V. (%) = 3.6 F-test (A) = ** F-test (B) = **, F-test (A x B) = **, C.V. (%) = 5.7

¥ Mean within the same column followed by the same capital letters are not significantly different at P<0.05 by DMRT
% Mean within the same row followed by the same capital letters are not significantly different at P<0.05 by DMRT
¥ Mean within interaction (A x B) followed by the same letters are not significantly different at P<0.05 by DMRT

ns = not significant * = significantly different at P <0.05 ** = significantly different at P <0.01
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q q
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Uszillunavesnamalinazsyuziattunisudwdaiugdnluindouseninuten uaviUesidudnisiaios F. moniliforme

Tuda kan1sneaemuin nMsudwaaiuginuninenuzd 105 luihdeuinamgliuduwilinnuenadeviduudaiugi
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WANAINAY I@EJLiJéﬂﬁﬁﬂﬁUQﬂL%@i’l F. moniliforme Lﬁaijwmuﬂuﬁﬁauﬁqmmﬁ 58, 60, 62 way 64 °C dAU9an 79.5,
81.5, 66.0 uar3.0% Mudiy wiedlivgnides £, moniliforme Wothludluihdouigamgd 58, 60, 62 uay 64 °C
ATANEN 91.0, 92.0, 72.0 uaz 67.5% nudi Tursfisrernatlunsuiwdaluifeudnaliunnmatunsadfrauded
finsugniosuarliifimagnidon wifiudnfiinisugnides £, moniliforme agilenseniisninudeiilifinisugnide
51 F. moniliforme (Table 2) dw$ulusaiuginiivgnde nsudluihfeuigumgd 60 °Cifunm 5 uay 10 Wit dalu
seiusiliimeugnidle asnsourluthdeu fgamgfi 60 “C ldu 5 niilaessasdiamnusenliunninstusdaiusdnilals
Wt dounasdiuginiluinfigamnfives (Table 2) nsftmdatugimiinsmeuausswlogumll warssoznailunmsus
ih¥euunnsneiu Juegiulassadimweandn mnuduresudn maindwonude uaranuudussesndnuraziude

(Grondeau and Samson, 1994)

Table 2 Germination (%)of rice seed cv. Khao Dawk Mali 105 as affected by hot water soaking at different

temperatures and times

Temperature Germination (%) Average (A) Germination (%) Average (A)
(A) Time (B) Time (B)
5 min 10 min 5 min 10 min
58°C 80.0 b” 79.0 b 79.5 AV 88.0 94.0 abc 91.0 A
60°C 81.0 ab 82.0 ab 815 A 95.0 ab 89.0bc 92.0 A
62°C 70.0 c 62.0d 66.0 B 74.0d 70.0 de 7208
64°C 40e 20e 30C 68.0 de 67.0e 67.58B
Average (B) 58.8 56.3 81.3 80.0
F-test
A * o
B ns ns
AxB o *x
%CV 7.6 5.0

¥ Mean within the same column followed by the same capital letters are not significantly different at P<0.05 by DMRT
% Mean within interaction (A x B) followed by the same letters are not significantly different at P<0.05 by DMRT

ns = not significant ** = significantly different at P <0.01

P

<3 v &Y a o & .. P 1 1 13 - I Y A a v
LHAANUTUIVIINDNNTEA 105 WUQﬂL‘UBSW F. moniliforme Aldfinsuriwanlutniou LLa%LL‘UIUUWWQﬂJﬁﬂMMBQ U

U

a d’lj o W ~ o <@ v sV aa -:24' 901 v a a 1 [y a
NSRBI 42 uag 36% mudwiu Wetnuaaiugiininisugnivesuiluiideunigamgiluasseegiiatuansiaiy &
wavilinisiialiios £ moniliforme wansnedu nanafie waanidnisugnilies) £, moniliforme dlethluugluirsoud

gaumqdl 58°C nulesidudnisifiauiies) F. moniliforme wieasgn winiu 31.5% 5098301 Ao Msududniuginiluiisou

a

'
a

Toaumndl 60, 62 uag 64°C nuwWesbudnsiinldiosn £, moniliforme Wiy 14.5, 6.5 uay 5.0% AUE1PU uAszezaily

9 Y

Msutiaan 5 way 10 Wit Lifinavildinsiin@esn £, moniliforme wansnariu luvaieuaniuginnlifinsugnides F.
moniliforme nMsugwdaiuginiigamgld wasszesiauandeiu Wilinavilinisiiaile 51 £ moniliforme  uansinsiu

meedif Inedliwen F. moniliforme WMoty 1.5-3.5% (Table 3) waznuufjduiusseninagnmgiuazszeziiantunisutinfou

v &

Afidonsinides na1afe waanuginunnenuzd 105 ilinnsugniies F. moniliforme Wishuuglutihfoufigamad

2
v '
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teenidlawfSeudisuivwdnnvgnieniliiinsudwdaluinfou wasudifiaamglves wiog1alsfiniu msudwdaiug
Inigaungll 62 wag 64 °C w1y 10 Wi fadazanunsaannsiinesil willnavilinnusenanad Aty 91nNvMeaes

< P & o sy aa a & A o [ S v a a o & =~ a & 1%
ziulaan AANUTYNINUNITINALTD TGS memuﬂuuﬁaummmu 60 °C \Juaan 10 w1l @usaannsinesle
wazldfinaran1sanatvodninueen (Table 3) IINNANITNARDIEBARADITU Yamashita et al. (2000) ANUIINISHALUER
Wugdfgamad 60°C Uwnan 10 Wil awnsamuAuliesfiAautudaiug ez dinsiniuiendd wdeatunis
VAAIuBY Kazuyo et al. (1991) inuin waafidiunsualuinfousigamad 63°C 10wan 5 Wil awnsaruaudes
alsamdanuglaeg1efliusz@nsnin uaziudniinnuiengs uiwaneneiu Kottapalli and Wolf-Hall (2008) Aiwuin

< [

wiaaiugimunsiadnugiSeuiigamall 50°C WWua 20 Wil ansadndadien Fusarium spp. Aiieunfiudnle 98% Tuvay

q

2 o o

wdadadeadlowtunSeuiigamail 56-58°C {Wurian 10-15 Wil anunsafdndiesn Macrophomina phaseolina ¢ 1ng
Lifinavilisnsnissenveiudndiletanad (weues wasane, 2544) aziuladn Wudiivuaziwelsaudazyiinazldgungld

WarYsSTeLIawLNraL USRI U S BUNLANF19I Y

Table 3 Disease incidence (%) of rice seed cv. Khao Dawk Mali 105 as affected by hot water soaking at different

temperatures and times

Temperature (A) Disease incidence (%) Average (A) Disease incidence (%) Average (A)
Inoculated seed Uninoculated seed
5 min 10 min 5 min 10 min
58°C 34.0 ab 29.0b 31.5A 5.0 2.0 35
60°C 19.0 ¢ 10.0 cd 1458 2.0 1.0 1.5
62°C 9.0 cd 40d 6.5C 3.0 1.0 2.0
64°C 40d 6.0d 50C 2.0 5.0 35
Average (B) 16.5 12.3 3.0 2.3
Water soaking in 36.0 ab 13.0
room temp.
Non-soaking 42.0 a 11.0
F-test
A > >
B ns ns
AxB x ns
%CV 35.6 76.6

¥ Mean within the same column followed by the same capital letters are not significantly different at P<0.05 by DMRT
% Mean within interaction (A x B) followed by the same letters are not significantly different at P<0.05 by DMRT

ns = not significant ** = significantly different at P <0.01

dsu

9

1. whaiuddane 12 sugiehunisudlui foufigamaiivazszezaunnaneiu fnadeninusenuandiaiu lng

WanNUgIY NU6 NUA9 NU57 Y1IRenuEd 105 Unusid 1 fivalan 2 wavgnssas 1 awnsawdluindeuiigamall 64 °C

w15 wit Tnedansfianusengandt 80% luvausil nudl nua7 Foum 1 uazgnssoius 60 Weudwaanudnaaumgiuas

sraL ALY Tnavnlvanueenanad



wrwnues 49 atufl 2: 357-367 (2564)./doi:10.14456/kaj. 2021 xx. 366

2. miLLﬂfLuﬁmﬁuﬁ:ﬂTnmmaﬂmﬁ 105 ﬁqquﬁ 60°C 1Jutan 10 w1l mmmmuqumﬂﬁm%ﬁ F.
.. 9 A a d ) 2 o cav 1 V¥ v 2 o v ) =
moniliforme mmﬁﬂiﬂﬂamﬂﬂmﬂm 6% LJJEJLU‘iEJULV]EJUﬂULuamwuqﬂuummwmiau LAZLIAANUGUNIYIAINAIINIDA

11NN 80% MUNIATFIUNEATUGTT dinddenasiauniuging nsunisdn

AYBUALN
YBVOUAMUTEN Tiger Kawashima (Thailand) MRN8 ULATIEN water bath LitegwIgAINAZAINTUNTTY

a s 1 fa v Y

Weinus Aumanua Yy wazAudidedndeuimitemaslunisineiundiesn Fusarium moniliforme veuaURM

q q

fa v v

AugITe719InALaz T 1IN UV ANLLAEAT UNITNYIFBNEATAIEAT wag N1ATYINYLTUY AMEINYAS

WMINedeineasAmans Ndeweanuniazaunsaldmiunsive

1aNA1381484

yfnA aeuwn. 2552, ald: MsaUHUMINAAB WaznTinneideyalusidediufiadie <R, aaiviiiliu Aoy
YRS MUNIKAY NTINGITENEATAIENS, NTHNNCI.

wudsu ndund ndd @3t uay $9a3ms a1 dwne undu. 2556, msidsuulasanimgiioniauazmsszuinveslsa
1 Tuurauszmuiivgnaeidodludminings awan uazuasesssus1v. u. 235-250. Tu: oumsUsEa
Fennstuassaiindomuns adedt 30. SdniTeuariaund . nsunistn nsEnsanunswazannsal,
NFANNL.

wugs 50811 qunn VosAal uay aulh Alyaed. 25044, wavesnisliindousieos Macrophomina phaseolina
uazdnsIMIsenveaAniugauTe. Msasinums. 18: 40-45,

Uszna Fszunmd. 2560, ansmnsulvedmduienivu tau 3. uiasdian -
http://saranukromthai.or.th/sub/book/book.php?book=3&chap=1&page=t3-1-infodetail10.html. Fudle 15
Aa1AI 2560.

Useifaas @150 uay inwsiny ssamuyana. 2559, nsdienenamdaiusveadoninesuaielsaonilnay
Yesiuazfnenmuesde Streptomyces — PR 15 uag Streptomyces — PR 87 I‘uﬂ’]‘iﬂ’m@ﬂ‘iﬂmﬂL%@i’]ﬂﬁslﬂ
SHUVRINUATYFND. WALNEAT. 4a(TAy 1): 239 — 245.

unan Fazam uaz duwa Togun. 2527, anstluana. dvinfanilneiannwniy, ngamme,

$Fen nedfigne Fomsed faundnina was suan vindndng. 2557, Wesuuwdniug. Uisvuadnddunasaos

Uaisdudnfin, ngamwe,
AiAesAned. 2548, Tsmnenilnanuvesdn. u. 2. Tu: dmerinundie. Sufl ¢ figuieu 2548, naaAvINsinEAs, TN,
Aifgsined Doeiud aidu vam Sauniaat wae Tuns Wund. 2550, UssAvsamasssadouuaiiGeufinslu
nsmunslsaneniinaurestisluntas. . 282-289. Tu: sesumsUszgaivnistnuassyfivdenun ads
71 30. driimidouazianndn. nsun1sing nsensanuasLATavnTal, NI,

dhaniaswgiomsinums. 2560, adAnsinuasvesusemelng fiverns: §12. undsiin:
http://www.oae.go.th/oae report/stat_agri/report_result_content.php. Fuile 8 NOBNIAU 2560.

gunay Tsauada. 2504, msnaaesidindousidslsaiifnuniuadndn. Inerinususyyinemansumdadin,
UATINIRENYATANENT, NTANNI.

anea Tuty uay auth Algned. 2550, UssAnBnmondenufindfuenldanudadiinninonugd 105 lunismugulsn

20ARNAUIUANNAIT13. ITENSAWRS. 23: 59-66.


http://saranukromthai.or.th/sub/book/book.php?book=3&chap=1&page=t3-1-infodetail10.html.%20ค้นเมื่อ
http://www.oae.go.th/oae_report/stat_agri/report_result_content.php.%20ค้นเมื่อ

KHON KAEN AGRICULTURE JOURNAL 49 (2): 357-367 (2021)./d0i:10.14456/kaj.2021.xx. 367

AuUEIToTMEANIIUYT. 2560. UIMIFIUARN LT vesdinITenarWaLIWug 19 nTNnITe. wraeTian:
http://spr.brrd.in.th/web/index.php/2009-10-05-15-12-45. fudle 22 fueneu 2560.

Agarwal, V.K, and J. B. Sinclair. 1996. Principles of Seed Pathology. 2% CRC Press, Inc., USA.

Grondeau, C., and R. Samson. 1994. A review of thermotherapy to free plant materials from pathogens, especially
seeds from bacteria. Critical Reviews in Plant Sciences. 13: 57-75.

Halmer, P. 2006. Thermotherapy. pp. 700. In: M. Black, J.D. Bewley, and P. Halmer. The Encyclopedia of Seeds.,
Sciense, Tecnology and Uses. Cromwell Press, UK.

Hayasaka, T., K. Ishiguro, K. Shibutani, and T. Namai. 2001. Seed disinfection using hot water immersion to control
several seed - borne disease of rice plants. Japanese Journal of Phytopathology. 67: 26-32

Heaton, J. B,, and J. R. Morschel. 1965. A foot root disease of rice variety Bluebonnet, in Nothhernterritory Australia,
caused by F. moniliforme Sheldon. Tropical Science. 7: 116-121.

ISTA. 2016. International Rules for Seed testing. Seed Science and Technology. Zurich, Switzerland.

Ilto, S., and J. Kimura. 1931. Studies on the Bakanae disease of the rice plant. Agricultural Experiment Station. 27: 1-

95.

Kazuyo, H., T. Kidokoro, and J. Oyama. 1991. Hot — water treatment of rice seeds to control Bakanae disease.
Annual Report of The Society of Plant Protection of North Japan. 50: 40- 42.

Kottapalli, B., and C.E. Wolf-Hall. 2008. Effect of hot water treatments on the safety and quality of Fusarium-
infected malting barley. International Journal of Food Microbiology. 124: 171-178.

Mew. T.W., and P. Gonzales. 2002. A handbook of rice seedborne fungi. International rice research institute

(IRRI), Philippines.

Ou, S.H. 1985. Rice Disease. 2nd edition. Commonwealth Mycological Institute, Kew, England.

Pavgi, M. S., and J. L. Singh. 1964. Bakanae and foot of rice in Uttar Pardesh, India. Plant Disease Reporter. 48: 340-
342.

Rosales, AM., and TW. Mew. 1997. Suppression of Fusarium moniliforme in rice by rice — associated antagonistic
bacteria. Plant Disease. 81: 49-52.

Rosales, AM., F.L. Nuque, and T.W. Mew. 1986. Biological control of Bakanae disease of rice with antagonistic
bacteria. Philippine Phytopath. 22: 29-35.

Yamashita, T., N. Sakai, N. Eguchi, R. Akanuma, and Y. Saito. 2000. Control of seed-borne diseases of rice plants by
hot water treatment of rice seeds 2- Effect of hot water treatment on germination of rice plants. Annual

Report of the Kanto-Tosan Plant Protection Society. 47: 13-16.


http://spr.brrd.in.th/web/index.php/2009-10-05-15-12-45

