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TUR m‘lﬂ“lummzmamqmuw (crop 2: W.e1. — 6.4. 47)

*
UBUI

12

13

14

15

16

17

23

26

39

40

41

45

45

46



<
ANTN
15

16

17

#15UTYA579 (sia)

o T

5ﬁuﬁnammmﬁnaﬁmn?uiﬁﬂ QT CC PP S RCUP I e AP S
T. harzianum, B. subtilis %59 rhizobacteria m‘lumm:m&ﬁmmms (crop 3 :
n.. — .. 48)

5ﬁuﬁnammmﬁnaﬁmsmiﬁﬂ 'Lut.wi@:n?su'i“ﬁ'ﬁﬁﬁm?w?mﬁqa%qNamﬁm*ﬁ
T. harzianum, B. subtilis V58 rhizobacteria m“lumm:mﬂﬁwmms (crop 3:
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fae/Tumu LLm’Luivuuﬂanwmimﬂlu’mum@LmﬂLmﬁﬁivuuimLLNQLLumeqmnu@mnummmmm
LmﬁmwmmFTEILL@:LWumﬂﬁﬂ@ﬁuqulmqqimﬂnﬁ?m'iﬁq zoospores GNLﬁmw‘aﬁ@zﬁﬂﬁﬁmﬂﬂmlﬁ
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ATUAAIRIN R0t RN ﬁ'qmm:zﬁwaiﬁuaNammﬁ'ﬁmwlﬁﬂmmﬁq 100 lafidus
(Favrin et.al., 1988)

e Pythium ansndgsrundgninglaildfiulénansds i Tnansdstuangushi
a2l uarluansazarasnaamsita (Mohyuddin, 1985; Jenkins and Averre, 1983) Tneinsily
Lﬁ@umiluﬁuuﬂzﬁmmﬁum?:@qﬁmﬂ?'@ﬂ% Tmﬂuuwﬁm@ﬂ"ﬂumnmmﬂﬂanmﬂu@ummmiw
Lﬂumwmmﬂmmwm LU JENEHED Tiden unau gy (Favrin et.al., 1988) wananisls
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Wae Shore flies (Scatella stangnalis) WWunnaawnzlgangae (Gardiner et.al., 1990:
Goldberg and Stanghellini, 1990)

Maulin et.al. (1994) 1m'1mfaummmmmiumsmlmnﬂTiﬂ (Pathogenicity) 224
e Pythium 4719 39 1@1}11mwmmn‘tmmnwwﬂanluizuuﬂanwmimﬂluhmuwmq lalan
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cultural technique in daily management) faasn912938n1950 4un n1sldarnFanlunig
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PH, EC uazarugnBannsandiauluaisazaissinaimng UaTN1IAANITgINALaTRaFauTA
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LLﬂ.Mmmnmma‘ﬂﬂnLm@mmm 1 fanef N@ﬂmngmﬂN@mﬁloﬁ’umnmqmswmﬂ@wmmu
ﬂwmm?ﬂamm@mqmmm 600 Lasidus

Grosch et. al. (2001) 1:5’1’71ma@ﬂ%’umﬁﬁﬂﬁuﬂn‘lﬁmnu‘?‘mmmnmmﬁuu:ﬁ@mﬂﬁ
ﬂﬂnluszuuﬂﬂnﬁmimﬂ‘lﬁlﬁ’ﬁumﬂﬁuﬁ E21, E22, E23, E26 way E28 unagauls=ansninly
ma‘mmu%ﬂiﬂmmmnmenmmnm@ Pythium wodwn lelnen Auanldaansmnusiema
uuuﬂa‘ﬁwﬁmwlummumma‘mmmmm@ P. aphanidermatum uan w in vitro uaouss
Bacillus subtillis mﬂwuﬁmmn‘lmmnmu (FZB44) ‘luuﬂawﬁw'%mwlum?ﬁuﬁqma‘m‘?‘mmmﬁ@
AINGAIY @mq‘lmmu‘luma“wmmuluamwm?ﬂﬂnqmwmq Bacillus subtillis aneWug FZB44
ausnanedEeiiesnnlsaldifdeuBundionfy Rhizosphere bacteria mﬂwuﬁmmn
mnmnu"wamﬂwﬂ@nlua‘vuuﬂﬂnwmima‘mhmu dullsgudinisdastunisasgifulnues
frsuilesnanideunniice fidowtaelunsannisguusaaesisa

Postma et.al. (2000) 1mﬁnmuwmmm@ﬁumﬁwﬁ@ﬁimuﬁ??umﬁlmuuuﬂanﬁm
‘[mﬂ‘lu'lfnmu (Indigenous microorganisms) °Luma‘ﬂue1\ﬂa‘ﬂiﬂwmmmuwmumnmwmmmn
do  Pythium aphanidermatum  luszuudgnivalaelaildmiv nsnaaawinlngldianign
rockwool ﬁﬁmmﬂ%’mumLLﬁfJLLa:ETG‘I;J'Lﬂﬂﬂa‘muﬂmmémiiﬂiﬂumqmnLﬁqmdﬂuﬁﬁmﬁ'
Telaiinunssinide (Autoclave) WRUTELAUS TN UNNsenE mn&uﬁqﬁqma‘ﬂaméﬂ
a1 (P, aphanidermatu) aaly watlsngd lumuLme'mﬂﬂnimmﬂan rockwool #ilafla
Kunsginge gnsnnaifinlsaaziienndnduiituntssinge 52-100 wefifus WeuRuundiay

o o ] o

nuian ﬂﬂnﬁmumsmm@ mem@wmfmmanwmummjm@mﬁuﬁmﬁmmﬂ@n rockwaol
| ¥

'qun']a"lm'mmn@um@imnmma‘ Re- Colonlzatlon WudrANansn lunstudalsalauin
ﬁ"mLm‘ﬁlL mmmm@ Pythium nﬂ‘umﬂnﬂ?\‘l ?l@imtlﬁ‘ﬂumﬂﬂ Indigenous microorganisms 11
ma‘tT‘uéTqm']m;ul,mm@qi?ﬂnﬂ@ 1) Lﬂufg@umﬂwmgum 2) wandufirnuanunsnfiazlius
Widhduanmuanden|dause 3) fianuduguaurunnlug (Complex community)

Tu (2002) ‘lﬁmu@ummqlum?mu@uimiﬂum’mnLmiwmu::l,%mﬂ‘?;l,ﬁmmm%@

Pythium TneREnaunaluszuilgnialaeldhusdesl 1) n1sld UV radiation AN dNdy



100 mJ/em® lunseiGieansazananeunstinatan 2) aanfulsu pH Tesansazanalhiiy 5
v

Wuan 1 &Uand anifudl$u pH wnily 5862 Wuoan 1 qUany 3) 1% BCA 11u
Pseudomonas fluorescens ufsanittiinanadudu 10° cellsimi viseWluansazarasngens
Te iAo udndu10® cells/m

Rey etal. (1999) wudmsldie Pythium oligandrum Fafludesfunisas
(Mycoparasite) sauriunisnsesuudn (Slow sand filtration) a=9inl¥1lse@ngnnlunissinda
d" dtg ?; d" d‘ 1 . N 9 o
alaaluansazaraageisiau Mailiflesaann1snsedsnu Slow sand filtration avdaeinga
delsaasldlfdaunila uaz P. oligandrum azfimnuanunsalunisdnaseuase (colonization)
o & Wyd o gy o v o X al P
R 15 inldidunnstiestunisidinanaseadelsadnnievite

= o

Grasso et.al. (2003) 151’ﬁ'mmmnL%@ﬁgaumﬂﬁu?mmmmnﬁ"ﬁm@\iﬁum@ﬁéﬁ filgn
lusziinlgnflalneLilddn wudndundlelnanseade Fusarium uaz Trichoderma daedi
UssBnEninasenisnsastiunsenuudy (Slow sand fitration) Tuntsaanisdialealamiin
Mnieaesis MAnande Pythium aphanidermatum aalu1&

Neumann etal. (2002) wuq91 uUss@ninwaas Trichoderma Ium?muam’%@
Pythium "lua‘zuuﬂ23,nﬁ'*nimﬂlﬁlﬁi’ﬁuﬁu@g}ﬁumqméulwfm@ﬂ@nﬁfm Tnanasaauauayllss
Ew%mwﬁﬁqm dafimsiiethamnzay s miinosdunnyidesndnnBsnsmaiatee
Azpulss uenaniitianudn Trichoderma asfilss@vinmlunisasunuide Pytivm 18l
anmilunsalaawudnil pH 5 azfiulsz@vanmlunisaaunuide Pythium 14And1# pH 6 waz
7 ANNAIF

ﬁqﬁqﬁryﬂ?zmmﬁwmm?ﬁmmm'm'm@uimﬂ%fﬁ% (BcA) ldlunsaaunulsa’li

Uszaunadnfaluszuuninlgniialeebilduide  mnuduszaonudnladeafugnenened

1
a < galal 1

e ez BamfAnenvegduvieideglussunlgnfiaiiagl

Berkmann et.al. (1992) 16’1’ﬁnmﬁ\3ﬂsz’mnmmﬁSaﬁ'@gj"lummzmaﬁ']@mmm\i
uzt.%mﬂﬁﬂgnlmzuuﬂgnﬁ’ﬂmalﬁl’ﬁﬁu uiAtd rockwool Wudagilgn waslinisuyuiden
wuaansazanenduan il wud Iumﬁ?azﬂﬁﬂﬁlﬁlﬁﬁﬁnﬁiﬂgnﬁm SmuusznnsesuuaiiGe
2tlusn) 500000 cfuml ustugsaeaneifimelgnuzdendn dsrnsresnfiGeasiisduethg
mmduiu 10%10° cfumi Aveluingn 20 %‘[u\mﬁqmnﬁﬁmﬁé’wﬂqn ANNIFIAIMBNNLLY
Uszainns 40 wWeisus seauuafiGeiamsldud genus Pseudomonas $aaun e Agrobacterium,
Comamonas, Enterobactor W8z Xanthomonas SawiluifBuans 3-12 wefifus wanfinusin

N 2 wefidusldun Alcaligenes, Aureobacterium, Cytophora, Flavobacterium,

]
o a e

Rhodococcus Waz Yersinia Wazazilaglszunns 18 wafifusd ndeluianunsnsnsuunls



' y J
Koohakan et.al. (2004) l#AnwfiaFunns (Typical population) nsiasuutsqaas

AMuIULzINT (Population dynamics) WATAMNUUIUULENTYE (Relative density) m@ﬂ%uw?‘ﬂ’ﬁ
mff’fﬂ@giﬁ’umns’fuuzl,"ﬁfamﬂﬁﬂ@n“lua‘:uuﬂzgnﬁmimﬂlﬂ‘lﬁammum"N'] 4 wuulurszungni
Midaggnduviaans (gauznin) ?:uuﬂqnﬁlﬂﬁﬂﬁuw?‘ﬂmamﬂuiﬂaﬂqn (rockwool) sruvlgn
UL Nutrient film technique: NFT LLﬂzﬁ‘:‘U‘U‘ﬂanL‘UU Deep flow technique: DFT WL91R1191
UszrnsmanUn® (Typical population) T84uLATIEEAZHINNI ISR Thenufiiunn 9.3-10
log cfu/lg uaz 4.2-5.5 log cfulg AuAIGL Tudrusuiasuie fluorescent pseudomonads
UszNned 5.4 log cfulg, Fusarium spp. Ussunms 2.5-3.7 log cfu/g wae Pythium spp. Uszun
2.3-2.8 log cfulg ufanmnﬁﬁ’\awudwﬁmmizuuﬂqn fgaulunsimuaniinuaziun e
qawvETlusnuzdamaseil fluorescent pseudomonads azwunnluszuLlgnild rockwool
Wudagilgn ’Lumm:*ﬁ'?zuuﬂqnﬁl%"gw:w%"mﬂwi’mﬂqn%wm.l?mm%@mm: Fusarium spp.
WutFnnimnn Lﬁ@Llﬁ‘ﬂULﬁﬂUﬁU?:UUgu’] Tuszuu DFT azwuiSunnd aerobic bacteria mi
4n Tudintaade Pythium spp. qzwumnlua‘:uuﬂqnﬁtﬂu Solution culture #a NFT uag DFT
”Luﬂ?‘m:w?;mnndwzuuﬂaﬂnuuuﬁd“aqﬂqnm@mnmmm Population  dynamics 189
Fusarium spp. ﬁn%‘ﬁu%ﬂu?:uu NFT Iuﬂlm:‘?; Population dynamics 289 fluorescent

pseudomonads azanasluynszuvvasszuulgnitalaglailtfiu



Tasansszach 1 ((asean1sisaq)
nsAnuazdisalsalauiisininitinannida Pythium

Tuszuvdgniatnglsildmu

L4 oy
qﬂnsmuaxmmwmam

MnsAneuazdmalsalauisnuaniisuenauluannianan luudaesannu
- &5 o A we o ag v A
@emne uazimeanvg doudldlunnsuanideliun sanie ANTAZABFINBNMIINTRUNRT Ay

¥ a ad a X
uqﬂiﬂuﬂqﬂm?ﬂuﬂq?ﬂzﬂqﬂﬁq[ﬁ!@'ﬂ/ﬁ? El’]SJ'Jﬁm?m\Wl@iﬂu

[ s )
1. NITLNUMIBANY

vnsiiudsetnminuaazifufidnsalasanis @aseawani 1) Wulsednduanisy
fulani uszezioan 4 1hau Taeinisifusaedeia 1 9liade 1 Wasufluadietan ludtes
wazriinaziinisifiudiedraiaaniuiisuysoludeuss  uazdufindnsennisaeslsalauiin

1 o’ 1 £ :" -3 o ] lﬂ’ 4 A é’ g dl

SINWNEIBENT 82 3-5 AU sanviivsetnasazaesIRem s Ui Aagail uazinfildly
NIFAEINANIRTANY NINsATaTiUL RN ouLTe Pythium spp. giagl AARENNYIUN ARz gL
[ ] d‘d -1 ) d' o . ¥ a e d‘ o’ d‘l’
Sne 3 lunaeaniannudiv naunagmINradnd el imnig iweamausnuaziiuBuioitae

Pythium spp.
2. msasaatuEuonda Pythium spp.

N, msuenideannsnivalnd uaciiefiiiulsaaslins Surface dilution plate methods
Tnansthiensanfinuninaauazendamitlue udadulduss mn&uzﬁuﬁq@dwﬁqmu 1
n$u unualunnduiisdeuds AU9U 10 NARAMT suspension ﬁiﬁngnﬁqmﬁﬂﬁlﬁmw
(dilution series) 11 0.3% water agar F28819az 3-4 ALY A nTuAen suspension 11
winza ity d1uoy 1 f6dARs MWIHEeULeMNT selective media fmsunmalte
Pythium ﬁﬁlﬂﬁuﬁmma‘ CMA+BNPRA-Rb (81915 corn meal agar ﬁﬁmummm benomyl 10
ppm. nystatin 25 ppm., PCNB 25 ppm. rifampicin 10 ppm ampicillin 500 ppm. WAa% rose
bengal 50 ppm.) TaelundazAsududuaziidrau 3 491 nrsasatiuEeas nsznnlulegn
24 mIm w&IRNNsLnde

1. ﬂ’]ﬁ‘lﬂﬁ":@‘u‘ﬂL‘B’ﬂ@’mﬂ’]?’ﬁw@’]ﬂﬁ’][ﬂ’r)’]“lﬂ’]? uaztn Al lunsenansazany azld

A o . ‘J o -1
7% Baiting technique TifALLAINNAIN AUAT WaTADLE, (2534) Taeninadaunefruuaug il

-10-



o ' ) :’ n‘ ot d‘ o s A’ olr
AIBEINNAITASANE m‘@u’]ml‘ﬂum?Lmﬂumﬁ‘ﬂzmﬂ NATNINTIATRUULTE LTUIA 24 Fqla
nﬂl % v & A’ . 1 %‘ 7 :-‘1‘ t x <] o 3
Lw'ﬂlmhuﬂlmﬂwuqmmm@ Pythium (zoospore) 218U U NUEDAD MNUUAIININTENY
=3 1% [ % ' ] A’ !/dl s Y alz
Lmmm\‘mumnmq‘lﬂmquumm? CMA+BNPRA-Rb UNLT@l@WQNWQNW@QLﬂHLQﬂW 24 Falug
g o o -3 ¥ d.d =l cgl' . = é’ é’ R dl o o
@wmmmmuumem\‘muwuiﬂiammu’n@ Pythium \NATY VI8 Pythium ANNTTAgIatiu i
: 4 ° d oy oo LA o o
LFREATY QSQHNWN%LHHL‘H@IWU?@‘V]‘E LWﬂl’ﬂunq?@ﬂ@’]LLuﬂLLﬂzﬂﬂﬂ@Uﬂ’J']Nﬂ']N']?ﬂiun']?

Mlifalea e areiugauussdminlflunmeassrely

' a o ,
3. msuszduaraudemeiiiasanda Pythium sp.

o ] < a =] dl A’ B o alz %‘ o
paetanNTUNFLasgdwlsA BRI Pythium sp. ANUINIVINUINUNRA LA

14 ' H 2
uhauifieniluefidud iwinfigdelihiiesanidasingns
4. NTIIBNUAR

s NITaneIeae Pythium spp. Tuszuudgnitalaelaild@s ANfisnuaz
ANTATANLEINBIMT mfam@uﬁqﬁiﬂumm‘?‘ﬂummzmm:gnMMQﬁumnﬁqmuTﬂTaﬁ (colony
forming unit : cfu) TAnauLY selective media mn&uﬁqﬁqmmﬂmﬁmmﬁﬂ cfulg vise
cfu/100 ml. wq transform %agluglaed log cfu/g snfte %3e 100 ml. 2848158287

81081913

HALRZARNSIUANITNARAS

i va o o [
1. USwanda Pythium spp. Tuszuuilgnivalaslaldduniinduntsan

1.1 adnAad Ugnuus NFT TulsFautlfuena’ m@qwﬁﬁﬁlLﬂn*'nuuﬁwﬁqluwmnﬁgqmwumum
annsamaiaBunoae Pythium spp. lusndadnpag funAnudaaglutag 1.6-2.3

log cfu/g Wwanuziiduiitlulse sl Buoudennnnd Tnewuatlutas 2.0-3.6 log cfuig d1wsy
ﬂ?mml,%@lummzmﬂﬁqﬁlmms Lmzﬁqﬁ"bﬂumm?ﬂummzmmzﬂgj“l,u*'ﬁqq 0.7-1.9 uaz

0.5-1.8 log cfu/100 ml. ANRFU (A13197 1)

1 P a -1 ¥ . .
eaullamunuguugfifessuumaeifiurinnisssmesesti (Evaporative cooling system)

-11-



d L1 H or N o
A5 1 BnuTe Pythium spp. finsanulusdnrealgnuise NFT ulsadaud$uennis

1eer TNt U laAN RN UAS

~Bunudelusn (og cfu/g)  Bunandeluans Bunondeluing

'Sluﬁl.ﬁ'i_lﬁ')ﬂﬁl’]\? , AZKETIFBDINT l‘ill,ﬁl?‘ﬁmﬂ’]?ﬂzﬂ"lﬂ
FuLng sunilulsa )
(log cfu/100 ml.) (log cfu/100 ml.)

6 W.A. 2547 2.0 3.6 1.6 1.8
20 W.A. 2547 2.2 2.6 1.5 1.0

3 4.8, 2547 1.7 2.9 1.0 0.5
17 .21 2547 1.8 2.7 1.9 1.6

11.A. 2547 1.8 2.0 1.4 1.5
15 N.A. 2547 2.0 2.7 15 Sandn MDP*
29 n.p. 2547 2.3 32 0.7 fandn MDP*
11 4.7, 2547 19 2.9 0.8 Aandn MDP*
28 .7, 2547 1.6 2.1 1.2 12
m[;{'vqm 1.6 2.0 0.7 Fin51 MDP*
ANGRGA 2.3 -~ 36 1.9 1.8
Aede 1.9 27 13 0.8

* MDP (Minimal detectable population) ¥sadnszanssingafiannsansaadale : vassniailawinfu

1.1 log cfu/g ; 1av@sazaEvTaN AT unatsazane Sty 0.5 log cfu/100 mi

-12-



1.2 adniealan Ugnuusa NFT lulseFaumdie’uaslulsaideulfuannia
174
ANNIAIaLEALTNNATE Pythium spp. usnadmenlan uilns wudatluges 1.1-
] 14 ]
2.4 log cfuig davlusiniigiidulsn aznsanuiteldlulunadfiuinnd Tnawoegludes 2.1-
o o & ¥ o
3.6 log cfu/lg amiuisunanialuasazatusnnens uazini i lunssifaugnsazans azny

18lutae 0.5-2.1 way 0.5-1.8 log cfu/100 ml. ANNATY (A131T 2)

x| -4 . i o o ,
A9 2 JFNauTa Pythium spp. fnsanyluadnisnl8atgnuusa NFT lulseBeuntdne

uazlsaFaulfuennia sashfuenmuwimilsluannganwamuns

Usnnondalusn (og cfig)  WBnnnwdeluans Buinudaluting

Tumfusaatne’ : ATAESIADINT  LHFFEINANTATANE
AuLing Fufiilulsa |
(log cfu/100 ml.) (log cfu/100 ml.)
6 W.A. 2547 1.7 3.6 1.3 18
20 W.A. 2547 2.3 3.1 1.6 1.0
3 §.81. 2547 2.4 3.6 1.5 0.5
17 8.11. 2547 14 2.3 2.1 1.6
1n.8.2547  Hand1 MDP* 2.1 13 15
15 .. 2547 2.2 2.4 A1n91 MDP* And1 MDP*
29 n.A. 2547 14 2.9 0.7 Anngn MDP*
11 4.7, 2547 16 3.1 0.5 Bngn MDP*
28 4.7, 2547 1.7 2.3 17 1.2
ﬁi’]ﬁl’]@ﬁ Fnd1 MDP* 2.1 Findn MDP* Findn MDP*
ANGIGA 2.4 3.6 2.1 1.8
AR 18 28 12 0.8

* MDP (Minimal detectable population) ¥i3asnilszmnssngaitanunsanmaiald - vessnieddint

1.1 log cfu/g ; vasdnsazmeuTaIni isBanansazane Sawvinf 0.5 log cfu100 mi

YV oo 4 1 o d '
satianauiui 1 n.a. 2547 dgnlulsaGaumndie

2 4 oa ] , = o
T‘N Lﬁ‘@uﬂmﬂqumﬂmﬂnﬂ NWﬂﬂN’ﬂ’)ﬂﬁ‘quﬂ@q n1A
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1.3 admriiulEa Ugnuusme NFT uldeuntdureasifnenmusisviluanngammamuns

v
ANNITATaiABuItTe Pythium spp. lusnadanaules dulnd nwudnegludag

1.6-2.3 log cfu/g lusuiidulsmBurnudeazasaantlfuinndn Tnawyludag 1.6-2.9 log cfu/g

L) ar d" ,o‘ nl' = d" 'Y ]
@ﬁﬁ?ﬂlﬁN’]ﬂJL‘ﬁ@iﬂﬂ'}?ﬂzﬂ'}ﬂﬁ'}ﬁ!ﬂ'm’]? LLﬂZH’W]l‘ﬂHﬂ']?Lﬂ?EINﬂ’]?ﬂZﬂ’]El Q:ﬂﬂ@ﬂﬂﬂﬂlﬂ?ﬁ?ﬁ")'}\‘i

0.5-1.4 uaz 0.5-1.5 log cfu/100 ml. RAINAIRU (A1397 3)

| 1 . ] o o )
WA 3 BnnonTe Pythium mssanuluadariuldatgnuusmse NFT Tulsadeusndiases

WrfuenTuwiiniialuannganwuniuas

Bunoudelusn (logcfulg)  woudelugns  1un nugelwing
SuTifiufaatng , . ATAEAARIMNT RSN ANTAZANe
pulng . Aufiflules ’
(log cfu/100 ml.) (log cfu/100 ml.)
1N.A. 2547 1.6 1.6 1.4 1.5
15 n.A. 2547 20 2.6 Ann9n MDP* Andn MDP*
29 .4, 2547 2.2 2.4 | 0.5 Fang1 MDP*
11 9.7, 2547 23 - 2.4 1.1 fndn MDP*
28 4.m. 2547 1.9. 2.9 0.5 1.2
ﬁ'w‘i"]zgm 1.6 1.6 Fi1n51 MDP* Fin51 MDP*
ANGagA 2.3 2.9 1.4 1.5
AnaAy 2.0 2.4 0.7 0.5

" MDP (Minimal detectable population) vadszanssingafianunsanmadald : sesmnitafidnmity

1.1 log cfu/g ; 1esasazaesiTern il fisfunansazane dewiniu 0.5 log cfu100 mi
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1.4 adansuldelgnuusne NFT - uanmiseBaudln’sasfuensuuiniislwansondn
TAUUBNTINTANTUNNUMIUAT

¥
WSunowde Pythium spp. lusnadansulfasulningnluaninlsedewda Nudnag]
) ‘J i ) 1 1 )
ludae 2.1-3.2 log cfu/g daunisanaesduiiflulsalauiiasnuin nudnegludae 3.3-4.3 log
cfuig AwiuifSinaideluasazatasigarng uasnildlunsslanansazats wudnaglugos

0.5-1.8 uaz 0.5-1.0 log cfu/100 ml. RINATAL (FN5$19% 4)

Py 1 i o o
A5199 4 1BuN0uTa Pythium spp. InssanyluadaniulBatlgnuusa NFT luannlsabau

\Warasvhiuenmuuimiiluendminsauuenngannauns

Bunoudalusin (log cfu/g) Proudalugns Bunaugaluing
Suilfiusating . araesInenns  dwrauansazans
siudn® Fuiiilulsa )
(log cfu/100 mL)  (log cfu/100 ml.)
2 W.0. 2547 25 4.3 ] i
16 W.A. 2547 3.0 4.3 18 fn31 MDP*
30 W.A. 2547 32 36 0.5 Aandn MDP*
13 fl.01. 2547 2.7 3.3 1. fAnd1 MDP*
o7 f1.81. 2547 2.1 4.0 0.8 fne1 MDP*
11nA.2547 26 3.8 1.2 1.0
25 n.A. 2547 25 3.8 R1n91 MDP* fand1 MDP*
84..2547 2.9 35 fnd1 MDP* finnd1 MDP*
21 4.0, 2547 25 35 Aandn MDP* fnd1 MDP*
ﬂ"][ﬁ"]@m 2.1 3.3 finsn MDP* Findn MDP*
AGIEH 3.2 4.3 1.8 1.0
AnLeRe 2.7 38 0.6 0.1

* MDP (Minimal detectable population) viasnlszansngafiatunsansaaiale : aaesnitaiidvinty

1.1 log cfu/g ; 1mvansazaneviFatii isfanansazane fAnvinf 0.5 log cfu/100 mi

* dlunnlgnanwnateudenteuanisa@au (outdoor system or open field) fvanuuNan (fogger) daaan

gruunluulsiziign
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1.5 adaniulia dgnuuss NFT luanmisaGentla teswrfuentuuianiiluan
NJANNNUIUAST

nannensaaiaBunoude Pythium spp. lusinadansulga siulnf wudneglugas 1.1-

2.5 log cfu/g daulusngesduiugmennisiauiis nn azwuideldluBundiuinnd T

BEITNINGN  1.8-4.1 log cfulg ﬁmﬁ*uﬁmm%@lumm:mﬁmr»]@'m'n‘ nazinildlunig

BRENANTATN A1MN50ATIANLIFRlE A 0.51.9 Ay 0.5-0.9 log cfu/100 ml. AYNAIAL

(A151497 5)

| & ] o o
7197990 5 SN0uLTa Pythium spp. ﬁmw—wwuluaﬂmn?*u'fmﬂgnuum NFT Tuannlsazau

\Ua sesviduensuwianiisluasngmnumniuas

unaudalumn (logciwg)  Bmnoudeluans  1Bwnonaeluind
Uu‘ﬁlLﬁ‘u UQ@E]"N ) [ACKBTIABDINIT I%L[ﬂ?‘ﬂuﬂqﬁ'ﬂZQ’]ﬂ
pslni sudiilulsa )
(log cfu/100 ml.) (log cfu/100 ml.)
6 .0, 2547 2.4 4.1 ; -
20 W.A. 2547 20 2.6 15 fanga MDP*
3 .. 2547 25 3.3 1.3 fnngn MDP*
17 R.0. 2547 1.8 1.8 fandn MDP* Aangn MDP*
1.8, 2547 14 3.2 1.2 0.9
15 .. 2547 16 25 fandn MDP* Aanga MDP*
29 n.A. 2547 25 35 16 0.5
11 4.8 2547  Fiand1 MDP* Randn MDP* 0.6
28 4.0, 2547 1.4 3.2 1.9 Rand1 MDP*
ﬁhrﬁlflfqm fn51 MDP* 1.8 Finng1 MDP* fNg1 MDP*
AGIgH 25 4.1 1.9 0.9
Aede 1.8 3.0 0.9 0.1

* MDP (Minimal detectable population) ¥3aAnuszanssingafianunsansaadals - anssnfeiiayimy

1.1 log cfu/g ; 10%@NTazAEvder i IdirTanansazane Sa1windu 0.5 log cfu/100 mi

= inusuneniduls



1.6 Audenlgnlunie DFT uanminGewdn sesfuanmuuiumillusaninseuwen
NIUNNNUIUAST
=1 d” . d‘ ' i 4
anneasaiatiniiiie Pythium spp. TusnAudne lusswinaReunguniay —
Gaman 2547 wudalusiudn® aslivFunouiteadludes 1.1-2.6 log cfu/g Wansfisnaaed
uavainslealauniienid aznudieeglugdae 1.9-3.6 log cfulg AmsuBuinudeinsany
luansazaesinews uasifililunswlananserans  BAwinfu 05 - 22 uar 05 - 22 log

cfu/100 ml. MUK (A15199 6)

<l 1 i o =
TN 6 WBunowTa Pythium finsaanuluAudnetgnlunin DFT lugninisaBewslnges

Wrfuanguuienilaludindnsauuannganwamnuas

unoudelusan (log cfu/g) Bannndeluans Bunoudaluting
’S,U“?;Lﬁﬂﬂ'mﬂ’]\i ) ASREUTIABDINT 1%LF]?‘EI§J@’]?@$Q’]EI
siLlnG sumiulsa )
(log cfu/100 ml.) (log cfu/100 ml.)
2 N.A. 2547 17 3.6 1.4 1.0
16 W.A. 2547 AAn91 MDP* 2.6 ; ;
30 W.A. 2547 2.0 2.1 2.2 2.2
13 f.01. 2547 26 3.1 17 Aand1 MDP*
27 f8.2547 23 09 Fnn91 MDP* fAndn MDP*
11 .9, 2547 18 1.9 0.70 Aandn MDP*
25 .M. 2547 2.6 2.8 1.3 1.1
8 4.A. 2547 2.3 2.9 A1nda MDP* 1.0
21 4.0. 2547 2.4 2.6 0.7 RAng1 MDP*
mﬁ‘i"]zgm Fin MDP* 1.9 Findn MDP* finda MDP*
ANGIER 2.6 3.6 2.2 2.2
Aade 2.1 2.7 1.0 0.7

* MDP (Minimal detectable population) ¥aeiszansingafianunsonsaadald : s nitadanwinty

1.1 log cfulg ; 1eeasazaevToN A Hsdanansazana SANWNAL 0.5 log cfu/100 mi

namsAnludauiiuanalfisiuinge pythium spp. Wudefinsaany @i lulussy
Ugniialaglildfuiindunisés Taaazwulfuiniigaludonasssniis sesaenldudly

?; dl a o o <5 )
ﬂ’]ﬁ‘ﬂzﬂ’lﬂﬁ’][ﬂ@’m’]i‘ LL’Z‘]Zu’]V]sL%BLUﬂ']?Lﬁ]TEINQ']TQZQ’]EI ATNRINY Iumum@amnwm:wm*}mn
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Y o ) - o PP 1 ) a4 o 9
@']nﬁlu‘W‘Ii‘VlLLﬂm’t]'m']‘j“ﬂ@\ﬁ?m"mmﬂ (N@’m’l?mtl'um ‘é‘ﬂﬂuguﬂmmm\‘l-m’] NTARRAULLATS

1 = rji' ) A << ¥ i o
unsundning) azfitfunontennndrludauressnftgansiuianysalndause Psunautediin

©

%
o o

nsd199aluafelifiaonudund sunnanatulilusdasnfuidldiiusaetne Fadliiiesann
fladauaneisznis Lidnasniiluanimnaslgn ssuunislgn afingesiia uaznisdaniswafud
] [ I d‘ ] o ¥ 4? 1 o d‘ 173 -3 [ ]
WANGANAY  AaeAduelgasiTieNauansaiutinaletiudasszaznatidn luifusaedi
] [~ o ] 4 d' o o ﬁ” . 1 :’z a 1 (23
atalsAnusatrefeniunnsaatiulsunnnte Pythium spp. luwsiazafazliengetunliy
Ugnatinaties 2 dlaniuliiviiausu eldudladnBunoude Pythium spp. Aldmalsls o
dlg d’l’ dl Y a t:v 1 4 v o ¥ dl
1 dwfunonageinseanuldascluszuutgn wananniisaetnafisannsulnd uassuiuass
an1saedlsafiazinmsifusiaetinaannidzilgninaariy ﬁl%ﬂﬂmzmﬂmﬁ;mmﬂm:ﬁqﬁlﬂu
= =l [ [ :I/ ﬁw dl 7 ¥ lﬂlg lﬂl o £ (-]
MIEsENAazaIeTaae9fiu auiBunnutafldmeenuld o 71 aranefazinliuaadiv

c o

dadourenBunontelusniiranndunanysaluduse duidulsn maesauluansazatasin

S
Yo

a1 et A I lunsenansazane A el

1) USwnude Pythium spp. Inulusndnadn Fufiauysaludause flgnlu
anniseiFeniln ﬁﬁ'\mﬁ'ﬂfagﬂwﬂqq 1.8-2.0 log cfu/g

2) Funnuda Pythium spp. finulusndnads fuiliulsa ﬁﬂqniummwiwﬁﬂu
Tl fidadseglugas 2.4-2.8 log cfuig

3) Bunuie Pythium spp. ﬁwulummzmﬂﬁmmm? TuannisaFewutln fan
wfiereglutos 0.7-1.3 log cfu/100 mi

4) Bunoude Pythium spp. Fnulusnads ﬁ’u%ugmﬁﬁum ﬁ'ﬂqnlummw‘i‘a\i
Fowdla fAadselutes 1.8-2.7 log clug

5) 1Buoiie Pythium spp. Tmulusnada duiifulsa ﬁﬂ@ﬂluamwimﬁ*@mﬂm i
Aadtetludas 3.0-3.8 log cfulg

6) Sunuite Pythium spp. ﬁwﬂummzmﬂmﬁ;mm? luannisaizauila Hen
deet 11199 0.6-0.9 log cfu/100 mi

7) WBwnudie Pythium spp. mulusnAusne G’Tuﬁﬂugitﬁuﬁum Ugnluszyuy
DFT anawnanauds Slanedesindu 2.1 log cfu/g

8) 1Buaade Pythium spp. finulusnAugne duiiflulsn Ugnluszuy DFT anw
nanauds AeReminfu 2.7 log cfulg

9) Funoude Pythium spp. ﬁwu’lummzmﬂmﬁgmmiﬁllﬁﬂ@n?{u@hﬂ Tugzuy

NFT an1wnatauas Aaadeyindu 1.0 log cfu/100 mi

-18-



b 74 ) ) 1
Uunan®a Pythium spp. Aldmeanulifanandnedy arunsoliiuiatudulas

by
= o

9
tamadutlymddyrsadasenanaluszuulgnitalngll 4y aniedsawnsalfidudeya

o

wWassundAnlunsAne3duse U1y

2. NITUWSNSEANELaNTa Pythium spp. luszuunisdgnfdlaelaildRuuuy NFT

WidamsAnmlussun NPT finsdgnluannlsadeudla  uazaniwnanaude
41uau 3 nsclAnmn anvinfufiinissanisdunsndnedrafussuy uasfinnsldidnsazans
1192t asazaefaafunsendaessazinaivansfuetne  ieannay
LLiJﬁ‘ﬂmuluL?:@wmﬁmtha*?iﬁqmmm@ﬁuﬁmméﬂhuﬁiam;ﬁ

21 Maunsnszateeaie Pythium spp. lusnadnaaa Lmzlumwzmsm@mm?ﬁ

Ugnuuse NFT luannisesGeutln

=] Symptom root < Normal root A Nutriont solution
Linear {Symptom root) Linoar (Normal root) ™ = = Linear (Nutriont solution)
c
£ 501 y1=-0.08x + 3.13 (symptom root)
§ y2 =-0.02x + 2.04 (normal root)
S 4.0 . L
= - y3 = -0.08x + 1.72 (nutrient solution)
5
5 30 |
€
=
o ——
S 2.0 4 S 3 -H N B
- - -
8 A A = N . -~ - o _A - o A ¢
5 1.0 4 A TR e e .l L LA
2 A A
3
S .
g’ 0.0 T T T T T T T T T -1
-
6 20 3 17 1 15 29 11 28

May May June  June July July July Aug Aug

3 9 1
DINA 1 NITUNSNIEANBIBANTD Pythium spp. Wanadnned wazluansazanesinaimns 7

UQnuuse NFT luimﬁﬂuﬂé"ummﬂmawqé’umnwuﬁwﬁﬂummnqamwumum

Sunaudie Pythium spp. azamanuldunniign ludousnanfiafiilulsa audas
Wdanaassnansulng wazlugnsazaesinewts  mudsu  laeflAedadausiaves
9 ] ]
annaugesswineinfgUnifusnieidulsawiafy 0.8 log cfu/g WeRansnuuaTiunig
1 z Gl ol' =il ] ' z ) -3 ]
WHINTTANETaATe Annsinssiudunssiandiuqasine seaffunoads luwsazdaufinudd
] ‘%’ . dl = a t7
MIUNTNTZAEIRUTD Pythium spp. Inseanuludaaneungeniau — Remnan 2547 Suuaiuan

¥ ) 1 ¥ ¥
a1 yiludauiwulusinfiafidulen, sanfiend uazluansazanasinamis fatinnsanases
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L i o U o/ o/ ‘d
WBaugelumnfiendlula fuluasazaesnamnsaeudil ruduiuinddatsy ieewnd

A1A N TuIBUduns I (slope) AlndiAaef (1w 1)

2.2 NITUNTNITANLIBUTR Pythium spp. ”lumnﬂﬁ’mmefé"mLmz”lumm:mﬂmﬁg@'m']sﬁ

Ugnuusa NFT TuannlsaGanudls

] Symptom root L4 Normal root A Nutrient solution
Linoar (Symp root) Linear (Normal root) = ™ = Linoar (Nutrient solution)

5.0 -
y1=-0.11x + 3.36 (symptom root)

y2 = -0.06x + 2.05 (normal root)

4.0 4 y3 =-0.08x + 1.63 (nutrient solution)

3.0 +

2.0 1

1.0 4

0-0 T T T T T T T T T 1

6 20 3 17 1 15 29 11 28
May May  June June July July July Aug Aug

Log cfu/g of root or 100 ml of nutrient solution

NINA 2 ﬂ’]ﬁ‘LLWﬁ‘ﬂﬁ‘v@’]ﬂ“H@\iL‘ﬁ'ﬂ Pythium spp. 1umnmamwmiﬂﬂ LL@”Iuﬂ’]ﬁ‘ﬂ”ﬂﬁﬂﬁ’]ﬂ@ﬁﬂ’]ﬁ‘

d

ndanuusie NFT ELHI?\?LT@HF]’I“IJ']EILLQ“’INLﬁ‘@u‘l.]ﬁ“l_lﬂ'm’]ﬂ 1u°ﬂq\1m@qu‘1:m'mm -

U

AN 2547 ‘1]@\3“/4’]?34 LﬂnmumeuﬂummnN MWNUIUAT

b
o a

mnmwﬁlz azuiulddn PBunnuae Pythium spp. .ﬁﬁqmiﬁnm‘luﬂmﬁ ANRTIANY
1r31’mn‘ﬁ'm mnmnﬁmﬁ'uﬂmmmﬂmisﬂmuﬁqmﬁnﬁmﬂn'ﬁ uazluansazaasinewng
vwReaiulunsdivesinadanialE AR g namuan Tmsmmmam&qumwmiﬁ‘mmms AT RN
mnw’nmnmuﬂnmnumnwmmnmumﬂufmmqnu 1.0 log cfulg NMsUNSNIzanETadae Pythium spp.
mmwuluivwmmmmam mLLmTummmLL@“Lm@wmsmmnmmm’nummnmw £AINLIIN

mmmmmmﬁmmwﬂuﬁqmmmn'wqmLﬂuimnu”l.ummxmﬂm@mms Wazdanuduiusi
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: E g
. 1 . . o 2] n‘
23  NITUNINTEANLDRNTR Pythium Spp. Tumnadanfulauazluansazaiuainemisi

Ugnuuse NFT luaniniseizewdln

a Symptom root < Normal root A Nutriont solution
Linear (Symp root) Linear (Normal root) " = = linear (Nutrient solution)
S 5.0+
3 y1=-0.08x + 4.18 (symptom root)
2
5 4.0 B - o=
‘é ‘E\E
h— m
© 3.0 =-0803x + 2. ?0 (normal root ~1.3 °o
1] VA »
8 -2 v v ) —>
5 20- ©
< y3 = -0.09x + 1.32 (nutrient solution)
2 A t
5 1.0 DRI T 4
Q E - om o g, - - .
"3 A A B = =A
_6-: 0-0 T 1 L] ] 1] L) L T 1) L}
2 16 30 13 27 11 25 8 2]

May May May June June July July Aug Aug

=] 1 d’l’ . o = 24 d‘
MWA 3 NUNINIEARTaNTe Pythium spp. lusnadanruldauazluarsazanesigaimis 7
Ugnuuse NFT lugnwineFewde ludasieungueaian — Ramnau 2547 19

Wrfuenguwianiialuiandandnsauuanngunnuniuas

lwszun NFT MinsgnluaniniseGeadln (anamnanauds) wudnglunuses
nsunsnszaneraadia Pythium spp. epaiuliluiiuesdsatusuilédvinnisdnsaluanin
¥ 1 ;3 ] ]
TneiFautla (ialnaGeudfuennauasisaGaundng) tuha Bunadefasany lusniafidlulsa
;3
AzNNdNATUNG UazlussarattsIneIms ANAINL LAZNITUNINTZANET89Taa NEq
Lz o v g Y Xy oy 4 ,
2t NS 3 dou WimsasaatiLlugwnaiiinmaaesluafilfnu iufiazanas Tnewudn
[ % d” =4 d' ) 173 = o 6o o
anrNranasresFinudalusniemiiulss  Asudreaziimnuduiusiudasinisanasaed
IBnougslussazatagigerms fuuslindifiuiondefinsaanulusnfisfignluanim
¥ = dl J dl <4 a d”v 1 J dl )
nauas azfitffunanninndtidgnluanmisiEeulls uananniifanudn Arefedousines
Fnaugessudnesinislnfidusmnfndulseasiidmannindae Tefidadawinfy 1.3 log clulg
(nwi 3) etalafinn feldenaaglfacliadedaiauds anuuansnssensraiunsunann
mmwma‘ﬂanwmqnuLmem@mqmm iesansetihefiaminnisdisatuduauazsiaiy
nannsAne lugauiinansliifiudn gUluunnsunsnszaneeeade Pythium spp. lu
seuunlgnitalaelaildRuuun NFT Avansinmluaged] duliluineaisafuks 3 nedifinm

4 ] 1
Bnudessnanaznunnigaludourasigiiulesn  anudaesnfinilnd uwarluansazane
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o o o ' d‘l’ -4 o ¥ o oo
8192M1TA MR Taefin1sunsnszanereadea nie 3 dau Juwslthidazanasludaaiivin
Ly R o 4 - o
nsAnmluAfil (Wqenan - Aanan 2547) Sedownilaianuraunaonanmgfieaniad
aegfludaarindalfunlasuanggieuiuggey inlguuniinaaduanas iunavaldensnis

1 I

inalsauazamguusaratlsasnuianasiufon llassnnifeanivnaeslsadandnaziingg

Wioiulnldangungige iy lunsdlves P. aphanidermatum azidnsgnupiifivanzas

(optimum temperature) ®giludas 35-40°C, P. myriotylum Winfiy 37°C uazidariegestfing

o v !

AUANTaNUseguuRgeliuInnd 40°C (van der Plaats-Niternk, 1981) iilafianstunann

U

9 ' v 1
ANNANAUSIRI U T insan L luusazdiy Waannsndamidulss sanfeUni wazluans
AzaNEEIRaMT  InENnsINRaeaTNssaEiiusaat vl auduRusifaoteeiy
U ¥ r 1
TaaannzatBafunaudelumnieidulsn fuluasazarasiaamms fleswinazidiaauduy
seafunsmiindidaaiuluynnsdidnm  nnsfneluafailifnudngausnassudnaunonda
Turnien®  Ausnfigfidulsnazedlutdanlszanns 1 e log cfulg wafananafals
fullugulddn nmadalsalausimnuinfiiinadnide Pythium spp. Tusyun NFT vaiduntsd
d’l 2.’/ o dld t b dJ [ [ % < ;7 o
WunauranniFunantenannifiagudalussuy  Gansavedsaufusnitsannsulniluanan
dl 11 Y a . = Ql o d%l ] < o
#ldnal¥iinlen (saprophytic stage) AN RNAIWATUNA Liananuglag fann aufidau
U ¥ .
dszrnaiinannanafluseazialsa (pathogenic stage) Wunainlffguansainisuaalsa
1 é’ :’a d” d‘d [ 17 ] lﬂl [ =t 1
NN andulRunaenfetAeutannualusniesnidulss  fazlinasuns
t d} =3 b 2/ ]
nezangldnisasazanasigeainisluszazinandonn  deazifiuldanniduuuaiuntsuns
d” ] l=‘ i 1 b a o ) ey [ % ¥ 1
nezanevesalusiniaiiilulss  Aeudreliauduiusindaduduwntunisunsnszanaaag
g o :il 1'% 3 v v v :’i’ ] ] d’l P
alumrazatesinmsaad iinanuudadedy  uenaniidousnessuinaBunondalusnite

y o

nnsunAtusuniulsanda lnaadnszunn 1 wie log cfu/g wWatszunas 10 wih 81914

Wudayanugulunisdanislsalaushmnuififinannida  Pythium spp. uazdlfisiudnms

mauAufFauTea s ie lsnfialied lussiuihine hAnlsaazifuds nswileniddylu

&

L4
nstleariunidnlsaiils
a a [ o )
3. maasyiulawaziladifudanuguds Wasanida Pythium

-3 o/ 1 ] a =] lﬂl ] [l dl A’ .
’Q'mﬂ’]ﬁ‘tﬂ‘lJF]'J@EI’NW‘HﬂﬂﬂLLﬂZW’HV]Ltﬂﬂ\‘]@’m’]ﬁ"ﬂ@\‘liﬁ‘ﬂtﬂuLu'}ﬂﬂLu’] WBNRNNLTER Pythium

o ola %’ % I 1 1 ¥ = o 9 dl
Spp.  HININITTNUINUNARA LLﬂZLlE‘EIUWIEI‘Ud'JUF]’N?Zﬂ’J'N[ﬂu‘l_lﬂﬂ AUAUNULAAIDINITTD1TA

os

v b ¥ ] v
wudngasnaainainlfiminaasfiagodalisous 7-80% (M1PNENINT 8-13) Tusgiu
a [ o

wiaztasanuazalingesiie Inalidnaduetszndng 40-60 wWefidud felduansanlazidun

Aums19n 7
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= 1 | 1 . i (v > o
A3 7 agUAnedneiuiande Pythium spp. ﬁmmwu‘lumnmawnmmﬁﬂqnlmzun

U

Ugnfiataelaildfufuiminienigandely

fufifiulen A
LA
fiaagng Bainmide ¥ winas? Banmde Y shutnan? Baunuda ¥ :g;;::
(log cfulg)  (n¥u/siw) (log cfu/g) (nFu/dv) (log cfu/g) (%)
1. adnmealgnlu NFT 1.9 89.5 2.7 48.1 0.8 45.4
anmilsaBeulln
()
2. admusalandgniu NFT 1.8 41.3 2.8 20.0 1.0 49.2
anmisFeulln (nny)
3. adnnsulSaugniu NFT 2.0 43.9 2.4 28.0 0.4 39.0
amwinageuds (nnw)
4. sdnnaulgalgnlu NFT 2.7 80.1 3.8 34.8 1.3 55.6
ANINNANUAY (7197)
5. adanTuigAgniu NFT 1.8 66.0 3.0 28.6 1.2 56.6
ANNNANURY (NNY)
6. Augnenlgnlu DFT 2.1 20.0 2.7 8.1 0.6 56.7

ANNaLAS (ma9)

1

Z tmihanvsfiuuazan Iisaadamlgn iuansednefiaifeny 2-3 dlanivulfvilgn anusazwasy

v dnsinrenunniiafinmanulusninffusnitaiidulse

4/ . a G & ' ' ¥ o o 3 o o u oo g o 1
mmﬂﬂ’u’ax‘iLll'aﬁ‘mummuﬁl’]x‘iﬁ‘:mwu’munwmmﬁlu‘llnﬁl ﬂUﬁ]u’V]LﬂuITﬂ qqﬂﬂ']?mum'.]ﬂﬂq\ﬂu?

AU W.A. — 4.7, 47
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Q ] as ] i ¥ .
amnmswagléidiudn Wiafunffinnssdoivtan nanduiidulsa Bunouie Pythium

spp. fimsaanulusnaziidasndn lu'w'mnﬁuﬁuﬁummzumw’?@LL'Ammm?mﬂ\ﬁ?ﬂiﬂumﬁ
] ] 1] :" dll o o A’ o ) 1A ng } 2/
snuh wdbitedudulsame WevnmmmatudesnsnangasnudnfiBunaudesaudng
49 ludnadanudndausinsaeaSunnude Pythium spp. sxudnedulnBfuduidulsaiiugnn
T4 0.4, 0.8, 1.0, 1.2 Waz 1.3 log cfu/g unavinlidmdnangaudelyl 39.0, 455, 49.2, 56.6
Wz 55.6 Wlafidud anaAy nafanaadWiiudn e Pythium spp. AuAlALATIFAaNANAR
(% o dl .2,’ L7 [ o [ d‘ o 9 :ﬂl
199dnaaanUgnlussuull uddnmaiaraudenielnansesuiinannannsiuouguiidulsa
Aerasudazriudiliiiudaedne lisnunsadssiinlfedneuida  (esanniflunisly
azmansianiniy virewinevihfiudsuuduitimelden flisunsodssduldddiung
1 ¥ [] b4 ]
AeeNaTNTa Pythium spp. d1uatiyinle) wsifivinlinsulddnedateeiign de Pythium spp. 7

a

ﬁiﬁ?mmﬁumnnfi'mvoﬁ“uﬂnﬁ@‘"ﬁﬂﬁm?m?mLﬁu‘immﬁmmmlﬂﬂi NN 40-60 wafidus

AG’

AT ﬂ’]lE‘JJ’]mUﬁ‘ﬂLWJJ’Q’]%Q%JJ’]H‘I]U@%GQ‘IIWJHC]E] nLﬂuwamlumuwmﬂu‘immﬂ‘lmuﬁﬂm °]Nﬂ@$

q

X
n@lmnmmmmamﬂmnmumum

o o v a <
4. mesdnduunidaaiug HAZARLABNAIEWUENTULSS

e Pythium spp. fuanldannimeaesd 'a'mm?fé”m'é"mumﬁmﬁu‘[mﬂmﬁﬂﬁnwm:
mqﬁmg'm?mmwu'j']mulunﬁﬁl,l,rilf-%@ P. myriotylum (mmq"ﬁ' 8) lun1megauAIINaINIG
TunsiiAalsasmnsinlaumin wu'j']ﬁﬂﬁﬁuﬁnmmmuﬁﬂan'lu‘r?iuLm\m'}n'}s‘u@\ﬁ?ﬂﬁqndmiﬁ
neluszeziogn 1 Lm@umﬂu_f?‘tmmzmnumswmmwmmmu lusmanilillalaan RDS Wﬂ,vi

)

wmﬂu‘iiﬂmnmm asgnuirnmaseusialuszuy  NFT anmslfdourendule  (mycelial
segments) 1838 P. myriotylum RD8 “l,zwmmqﬂmwwﬂanmm Aag 12alEA uaztimmasian
s 10° propagules/ml 47wy 200 mi/g wudazilisuadnsanaailulsa 100

wadidus nmaluszezioan 3 i (1wl 4)
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:‘ osr © A’ ¥ A‘ . A ¥ =]
M99 8 HANTITAARMUNLLAIAULRNLTD Pythium spp. ‘1.]'1\31@([‘11LﬂV]V]LLE]ﬂiﬂQ’]ﬂ?ZUUﬂQﬂW’H

[ () A -]
Tne AR Tun9A

lalaian  Ref. No.” faetinefiuan 40U HANTIAauUNY
Py1 J1 sndnlanduiiflules S2UL DFT (RAn) P. aphanidermatur:
RD1 J2 sﬁnﬂﬁmﬂ@ﬂﬁuﬁLﬁuTs‘ﬂ srun NFT lulsaiFau (nnn) P, myriotylum
RD3 J3 smnmulsasuidulen  szun NET Tulsetiey (NnY)  P. myriotylum
RD4 J4 snnuldpduiidulsn  szun NET (nna) sterile fungus
RDS J5 snrmdsadufidulen  svuu NFT (Nny) P. myriotylum
RD6 )6 snrsuldadufidule  szuu NFT (nnw) P. group F.
RD7 J7 snrulsaduiiflulsn  szun NFT (Nn) P. myriotylum
RD8 J8 snmuladuiiulsn  sTun NFT (Ra9) P. myriotylum
RD9 015 snmuleduiiidulen  stun NFT (M=) P. myriotylum
RD11 J9 snmlsaduiidulsn  szun NFT (Ra9) P. myriotylum
RD12 J10  snmulseduiidulsn  stun NFT GED) P. myriotylum
RD13 J11 snrmdSaduiidulsn  szun NFT (AR9) P. group F.
RD14 12 snsnlBaduiiilulee seu NFT lulsaiFau (nny)  P. group F.
RD15 J13  snuslBaduiiulsa seuy NFT TulsaiFau (nny) P, myriotylum
RD16 J4  snsalBaduiiilulee Uy NFT WulsaiFau (nnu) P group F.
RD17 snrmlSadufdulsn  stuu NFT (na0) P. myriotylum
RD18 snradBadufidulsn  sTun NFT (M=) P. myriotylum
RN4 snisnl8asuLNA szu NFT TulsaiFau (nns)  dalddndnuun
RN7 J16  snnauldasulni 521U NFT (Ra9) P. myriotylum
RN9 sannauldasuLng 51U NFT (Ran) P. myriotylum
RN10 sannsuldAsuLng seUU NFT (51R7) P. myriotylum
RN11 snnruldaruLng s¥UU NFT (Raq) P. myriotylum
RN12 - s nnIul8Aslng S2UL NFT (Raq) P. myriotylum
NS1 J18  @190TATHFIARIUNS 21U NFT (Raq) P. myriotylum
NS2 J19 d19azanesnfeuls LU NFT (n9a) P. group F.
NS3 J20 ANTRZANUEIRDINNT FeUU DFT (maA) P. group F.

Y mneiaagnedilddelul Dr. Motoaki Tojo AN Laboratory of Plant Pathology, Osaka Prefecture

University, Japan #n13anquwun1

2 o . . da X
TntanAaanEnz a4 sporangium L&z oogonium WNATULIU grass blade culture waz V8-agar.
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1 o -4 . ] o
nansAneludauiinandliidiudn T Pythium spp Hasanuldlussuy NFT fwin

(% [

n1sUgndnadaidunisdn doulueldunide P, myrotyium wananniifanudndagenanaly

anumminliifalsasninludnada aenadasiudl Stanghelini et.al., (1998) &eauls Tne

Unfudadie Pythium sp Miflummglsalaunirsnuiraesiiadniidgnlussuunlgnitatae g

=b.

ginsfnml3nauntiil dowlunjaudlwde P. aphanidermatum FaduannadnAnyisin

TAnTsalauuirsanuiluuminoniugylsd  mevunna, 2540) Gevaaesrfiafidnsmenia

b
o [

gy uAnsatuRe P. aphanidermatum daulviajazil antheridia (raBuRLE
weef) unun Intercalary (finszwinadule) Smau 12 §usimzfy cogonium (I uiug
wialle) lusnush P. myriotylum azwu antheridia dauluajuuy terminal (Anndanedule) uas
HamuAus 3-6 su NN1zAY oogonium (van der Plaats-Niterink, 1981) flauaaslunnd 5
dwivemneslsasmnuiniifinenide P myriotylum fnulufnads  sanfiafiiulsnass
dl = %’ 1 3 3 1 ] ]

ansulasuiuiiimauns-iud wazaavgeeanantaetgn liwvennistemminusiesindls lumne
femsreslspiilanmnanann P. aphanidermatum azwuRIaInINLas AL (WINHNA,
2540) uazdnazuanifanizansuiidulzawintn fsfazduteunnsnsdndavianda P,
myriotylum Ranunsauentiiaansnigandulniivazduidlulsa 3qﬁﬁ1ﬁﬁuﬁw§qu1ﬁdq LR
> o o o  a o e ) ) = o o 4 .

VRANNANRNANEULNMIANNTNAUANAWNTY P, aphanidermatum UnaztimMsanssTnwiwkly facultative
saprophyte (WrlTwlwsfiaasm) duiAuTnuanlfandamasieidulen luansd P, myrotyium un

o o o . R o v o a ) v o & A
ATUNTANTTWILLL facultative parasite (W1318RATIAT17) AeiuAsa NNsauenlavieanfia Rty

t 4
-

sanazfsUnilaluamafienny TeaunRAguAINanasnndasnNanidn Waelafaufinuie

4 o

P. aphanidermatum luszuutlgnitalaelaildau Taeannsedneiiclufionszgaune wiefiadn

Aulwiag 1 fdnasnugi@nisafsaslenatihequusaane lusnzfinsdaasinadaiugsing
v oy Ly

Uszina Teanunsanuide P. myriotylum Iillulszdnaguda giiRntsnfaedlsraziiniufinadie

9
1 %

al Iy \ oa & o a v o v A A )
Nﬂﬂ'\WLLQmﬂ@Nﬁmﬂ’l N 1uY L‘ﬁu 1uﬁﬂ'1w1’m®'m’1m‘®u’%m ﬂT:ﬂ@UﬂUW'ﬁNﬂ’)qNﬂ’ﬂULLﬂ
s dl 3 1 Y :l/ tg o ac ]
T’JULUT’J\TN'W']HQ']LW[”JIW’] NATNTINAE Nﬂmﬁ‘ﬁmﬂﬂiuﬂNuu’ﬂ'ﬂéﬂ']ﬁﬁﬂ‘i:f’mﬁ'aﬁn’]i‘m\‘i“] Iuﬂqﬁ‘

o

1 Qo o dl A’ . k4 [ nl/ 4 adc <
nuAulzarnihresdinadaiifiaainia P. myrotyum |fethemmnzan fuie 8nnslar fny
fazannsaaug Binideniflagudalurnlieglussduiilinelfifialen  idunisldqaurian
dhalezlanhinasugudwulsznnsreadeanvs  vienisdanissinag TaAuanysnd

wdause iailididuuvasewmnsreatearvglenld
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TASIN55a= 2
N1sANEUsE AN BN INTRIZINR N AU °lumsﬂ'mf=]u'llsﬂ‘a"1nt,1h

ABIENARATIARANIDE P, myriotylum

aUnsnluazifniannang

fnnsnageLlssAvdnwredandainnefiafildanide  Trichoderma  harzianum
Waz Bacillus subtilis ﬁﬁfimﬂqﬂ@gﬂuﬁmmmm (AN319RUANT] 14) lunﬁa‘muam%@ P. myriotylum
luanwiiastjiiRnas (in vitro testing) wazluanmulamaans (’Luﬁnmﬁmmﬁmﬁmq ‘ﬁlﬂqnlu
§2UL NFT) 9793 3 crop laud

crop 7l 1 msneaaslugatiian FA1AN — NYAANEU 2547

crop 2 nnmeaeslutoaien WO AAINTEY — AN 2547

crop 1 3 Fntemaseslugaaien NNAWUS — HunAwN 2548

paagnisaasa il

a 3 a  w v & a a .
1. meegaulssaninmaadwdnimdlumsdugainawtaiulavanda £, mydotyium
Tugnn in vitro

vnnaaauluaImamas (nutrient solution broth : NS broth) SeuatNaInaNsazant
s1memsiilflunislgnitelaeLildfuifrnsinliia EC = 1.5 dS/m 1 pH sz 6.0
uAUFANIAIA sucrose aslil 1% 1 NS broth #snan U394 flask 125 mi flask &z 50 mi uda

o d. ] g :’/ & o = a o o ] dl g % 1 a s o
'Ll’]lﬂ‘hl\i?ﬂL’Ii’ﬂ mnumqmmiﬁmNamnmmﬂa‘:mwmqq m’Luma‘wmamu‘lmm BANARN AN

109 T. harzianum TAANIKARASUTT 1 (gidav), BAANINARS TR 2 (Insg), 18A
(giiav) uazTan@ndoueiaes B. subtilis 1iaRe (@173WNF) LAATNARAUTTATNAGEL RsrdL
Aadndu10®, 10°, 10° waz 10° cfwml Asrudiuduas 4 41 32nnsTaanstin agar plug 284
e P, myriotylum (Sauanannnnasdedengalue s PDA auangld 6 9u uazld cork

borer aunAdUNALINAIUIA 0.5 WuRAT 191z) dadlluusias flask Afldrunanes

a o a

Tandndnuaifanaiadrafuuda flask a 1 u control 1dur 81115 NS broth PlulX4

a a s a a v

THaRAIlszianla duelingnugfivesduwean 7 fu Jsnseveanizdoiuraaduls

9

1 ¥
o O o

93188 P. myriotylum luaulfudeudaterirminuBaudausu control

De
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}
aca

Vv v
2.3 nesudsn Mlun1svasesluafeillsenaudos

NSINATN 1 (Tr1) HnsviTadaeTandnsou B. subtilis (@1AUF N8
azaesmeme Inaldarsazanannnudndu 10° cfuml $9u91 120 ml wsme s Ligniizag
llumsararasaeng

ndd‘ ° = b = = o & .

NITNITN 2 (Tr2) MNVEAGETINRAS S T. harzianum (IAs11%) 9875
azane81R81m1? Ineldansavaramnudndy 10° cfu/ml 41191 120 mi wnanHusegnie
adllluansazanuannenmns

ndd‘ o = 1 4 = a o (.3 o a .o

NSINIEN 3 (Tr3) MNsvisAMETInARS el B. subtilis (@a13u13) n193n
i Tnen1sunldadliludaenign Tneldansazanamansudadu 10° ofuml S1mam 10 miydy

NIINATH 4 (Trd) vinnsvisndaeTandasoed T, harzianum (las11) nresn
fig nen1aldaslulufaedgn Taeldansazataaudiudu 10° cfumi 41w 10 mudy

N3R5 N 5 (Tr5) 1% inoculation control 1:Jﬁﬁnﬁ?w?mﬁqﬁqwﬁmﬁmﬂm

N391/357 6 (Tr6) 1l healthy control Livinmsviagaedandndnallan uazlsisa

5
n1stlgnize

2 ) ¥
o

wiaznssudgazlsznenludog 3 $19Ugnie (3 1) Fail TuiTe e anuaLszanns 30-

b b
o )

36 Fiu (MdEMARY) NIVIRAIETINARS TR NIE N 2 A% wARTATIUNITU 3 1

2.4 ma*ﬂqm%@@znszﬁqLﬁ'@ﬁ’uﬁmmq 4 ddansf (1 Flaiudeannningae’
%qmamﬁmmﬁuﬂ;\mn) Tnelddananadule (mycelial segment) 210930 P, myriotylum RD8 4
Lﬂ?ﬂuimmé’mﬁ@mm@oﬁ'\mdqqaﬂumms v-broth 1unan 7-10 44 antudeinenenis
doirenduls (mycelial mat) wntiudaesiesthuinnals ﬁmmﬁiﬂum?ﬂqnL%@’Luﬂgqﬁﬁ@
ANNdl 10° propagules/ml f19u 200 mi slasralgniveg wsarwmslgnieadlyiuans

AAUEIRAINNT

2.5 Vinsdsmiiuprnguussresmsfinlen (disease severity) Wian 12 ddan
¥
waanmslgnizalaeldgms

ANINTULINTRINRNATEA = nasaNTed (RHufazEy x AgzAUTRIn1ialeR)
AMUIBAUATRINN A

TneiffiAsedurasniniinlsnsait
7

] =

sungnslailulen sanfidang

4 A

mnwmu%ﬁqmmmq

=

& %’ =3 ]
sinfadimaunstiauin
A4 o - 4 o
sniaiiannsidy Arfleanisiiandansn
snfigiiennisiud wgaeenandaetign Arenisfietatineanas

¥ A
ALNIRE

a & W N 2 O
1
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3.3 nanudshldlunmanassznaudan
ndd‘ ° < '3 d a o o . o a :’
NIFNIEN 1 (Tr1) NINVITRABTINRRANIGS T. harzianum (giliavaiinn) ag
wansazaresnemsludnsilszann 10° adesfsedns

N9INTEN 2 (Tr2) YN evismdaeTandnineT 7. harzianum (iliaaineg) a4

U

a

lusnsazarasineimsludnslszunn 10° adefsiadng

N9s3aR 3 (Tr3) MNISNTRSETRRAA U T, harzianum (Insanuiine) ag
twansazarssnemnsludasmilszunm 10° alefdeans

N9TUART 4 (Tr4) vnnsvizndasTandnsnust B. subtilis (a1fung) aelugns
aza1eIRaMslugnslszanm 10° nadredns

nesxiA59 5 (175) il inoculation control laivmsvitndaeerd AT Lo

nssuAEd 6 (16) 1 healthy control Liinnsvindaedandnsnaa ualal
siamsilgnide

¥
usiaznssssazilsznevlidon 3 salgnity (3 41) Reflduiivedionumlszanng 30-

v o1
o A o

36 i (Miemaang) nsvisndaeTandninefaznssinynafauflefnnfusrsazane il
luseiy ‘

3.4 msﬂqm%m:na‘:ﬁmﬁi@ﬁwmmuﬁmq%’ﬂa‘zmm 4-5 §at (vise 1 &yt
udsanivnmsyndasdandnsio ma‘m‘?‘ﬂuL'%ﬂmmaia‘ﬂﬁmdmﬁmﬁulu crop 1 1 usns
ﬂzgnL%@’Luﬂ%ﬁﬁﬁmmmm'mlfi’l’uﬁ'ummL%@rifaisﬂmma@ 10* propagules/ml 1Bu"ufildAe
SU3U 200 ml ldasldlnamssludeanaansazarasigenuns

3.5 sinmstsnilurmuguusasimaielen (disease severity) [uifeTLTde 2.5

36 WMnafuRtatmingsesi feftaflensld & dulonsf Anszidayauay

whuuAade TaeldTisunsy JMp® (SAS Institute Inc. Cary, NC)
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ac

NITNARR 3 (Tr3) MMevaRdIBLLAT S nuansnie (rhizobacteria)
lalzian RO avluansazanasinenmsludnenszuno 10° wadnedns
N3UARA 4 (Tra) SN svamdaeuUAfGeL RN (rhizobacteria)
lelaian R10* adluansazanasigenmsludnmuszunn 10° wadsedng
nssuA3d 5 (175) iy inoculation control laifannsviindasdanntarite
rhizobacteria lalaianlac
nendsd 6 (Tre) 1flu healthy control ldfinnsv3nAaeTonAnsnsivse
rhizobacteria lalaianlac LLﬂzlﬁﬁﬂﬂﬁ?ﬂ@uﬂL%fﬂ
winznssuABazisznenlfonsagnit 3 19 (3 4n) dadl fuftegiamalszann
30-36 fu (wisemmana) nevdndanTanAnieiuas rhizobacteria aznsyin 2 AXausazA
Wnariu 3 4y
44 malgniessnasinileRimaaeuiienylilsrunns 45 dani (viedszunns 1
dlad wisannmsviingaedanAnitueivde izobacteria) mawitdenelsanszinduien
fuviade 2.4 poududureadenelsaiililueakiiae 10° propagules/ml a1 U 200 ml 1das
Ttranselufednaasazanasinaims
4.5 fimstssiliuanuguuseresnaiialen (disease severity) luAeaiuiada 2.5

o @ o o o o 4 A A o Y ca oy
4.6 MNITINULNYAILRZTINUINUNAAADINT LN@W’]]N@'TEJI@ 6 's{ﬂﬂ'ﬂﬂ 'JLﬂ’;‘"]ZWll’mﬂﬂ

uazuReuAais WeldTisunsy oMp® (SAS Institute Inc. Cary, NC)

* wenlfansinuednadaiealda fun@ anfetsiafivinmafiuietnalutdnalasnissze= 1 Selalnan
o & g . ¥ - 4 _ .
Aanana dhuntsnaaetiiessiuluanin in vito udawudndnalumsdugeniasToyaeada P. myriotylum I

= ao dyyda - Vv
ﬂ']ll?']ﬂ@:l.‘ﬂﬂﬂ’LUL‘ﬂna']?\j']U'JQﬂVllﬂWWNWLNEILLW?LL@QWN']?JL@?] 3 (MAEWIN 1)
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dy ~ N o o N A = . gj ' N ) N o N
wnansiiduenarsianubidnsunislynuiiensfnwimtu lueygsinilulsdsslosununisan

lunsdllagrsau Snvimuiiludawdasilon wasnesedadaarvesenarsynasminisinluly



uamsAneludouiiiandivhu Aofndos e ltemamneiia fdssdvanm
’Lunwé’uﬁ?\ﬂnﬁm?nglﬁuimfmL&’ulwmL%@ P. myriotylum #uRlsasInludnasalAlaed
wefduinsdudsldfous 22100 % ‘%uﬂg:ﬁumﬁm’m%'uﬁl% AeWuf  UATNITRANgAT
(formulation) ﬁLLmnﬁhqﬁ'mml,wimﬁwﬁmﬁmﬁ Lwiimmdw‘lunjuﬁwudqﬁmmﬁfu%'uﬁuwi 10°-

v 9
10° cfuml feumnudninsfasdusz@ninwlunnsdudeniasiyaesdesmgldunnndt 80%

a ' [ o o a
2. mwma@ﬂﬁwamnmm”l,umsmuquisﬂmnL'u'mmwnaammnmmm%@ P. myriotylum
luszuu NFT (crop 1: AanAN — woAInTaY 2547)

ANNINAaeETmAnTUT T, harzianum (IRsa11) uay B. subtilis (@ fiung) vismls
urisuadnfiangiszunns 3 da1f duau 2 Ak iluszazioan 1 filavineunislgnide Tae
< ) 1 o L4 ¥ A t o
nsvisalugiuuusine fude ldadluasazatusiganns waslfudsuitlaanse aanduviinig
Uszifiupnuidenieiiasannisaluudaasanuguunaainiafialen (disease severity) uaznIs

wsALTnlduanail
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AMgUISITRINaAnlsafluanelSlundl 11 IdnasUszfiud 3 uaz 7 Auudanng
ﬂa@mﬁ?'a (3 DAl L@z 7 DAI) aagl P. myriotylum RD8 W19 ’Lunsm'iﬁﬁﬁﬂmsﬂqm’%@ (Tr1 - Tr5)
AANgULssTasnsiintsalaeadeinuludnadanes 1salin wasmmedion azaglugaq
LAY 2-3 Lﬁ"@Lil?‘auLﬁsmﬁ’unssuﬁ%ﬁiﬁﬁqnqsﬂm%@u?@ healthy control (Tr6) #slsintianng
19975ALa8 (Arpnguusereaiugud) uandlfifiudn P, myrotyium RDS & umaaedly

t L4 ¥ A o a ) o’ o ] ) -3
afell Whuseanuginldifalsasnuinludnadalfednaguuse esnalsfimulunisaReuiion

ArpNguuseresmniiinlsaludnadaia 3 oia lunsssdinvidnduTonansu san B.
subtilis uaz T. harzianum Taanisldasluansazarasinarmsvielilaunseudduie (T —

Tr4) Weauiiauiy inoculation control (Tr5) ndufinudn i A uuansetuat s

2.2 nswsaAuln

d %‘ o’ L4 [ 74 1 o o o .24 (-8 =Y
A5 9 Wwidnanaeadnadnaea  TuLAaznssNASAMINYTaSaTnan S usiue T

(crop 1:6.A. — W.&I. 47)

ARREUIMENan (nfu/du) ¥

s
i luwezddu?  snuazlan® dadu?
Tr1 B. subtilis N"NANTAAEFIHBINT 438b 11.8 ab 55.6 b ¥
Tr2 T. harzianum NWNATAZAUTIRDINNT 426 Db 72b 47.7b
Tr3 B. subtilis N3N 34.2b 6.5b 40.7 b
Tr4 T. harzianum 19N 442 b 78b 51.9b
Tr5 inoculation control 440b ’ 8.7 ab 52.7b
Tr6 healthy control 115.0 a 176a 1326 a

Y dnaRsantanagauduavliasndn 10 #uaan 3 replications

? gavluuazdduiiagimdladnelgn

% o

¥ i o i i
* daasnnfiudesnuuandaeignuazdanrassinsulauiedludeelgniidneantgneanuds

a ¥ . ) o
~ dwinansasndonlisondanilgn

! o o i o o o Ve as o o
= fJﬂnmﬁmqnuluﬂﬂauﬁlﬁmnuﬁm'mu,mnmqnummnmﬁ?zmummL%@uu 95% (P<0.05)
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o g’ o o o 4 1 o A o L=y o o
ATNN 10 WNUNAADRENARALTALRA luu.mzn??m%wmnqsw‘%’mﬁw%wﬂmnmm'mwum

(crop 1: B.A. — N.8. 47)

ANaRRUMENan (nFu/fu) ¥

nssNAg ;
luwazaeu?  snusslau®  sadu
Tr1 B. subtilis wansazanesnnamig 30.4b 4.4d 34.8b%
Tr2 T. harzianum T@Nsazan881507M13 36.3b 5.2 cd 416b
Tr3 B. subtilis NasnN 36.5b 58¢ 423 b
Tra T. harzianum $1951n 326 b 5.7 cd 38.3b
Tr5 inoculation control 34.1b 7.2b 41.4b
Tr6 healthy control 755 a 9.0a 845a

1 ' i o 'K ’ . .
¥ Aedtanfitnaseudnundlitiosndn 10 #uaan 3 replications

? dovluuazdndiuiiegmilefiontgn

¥ mwummnﬁLLsJ'fa'anmu@nﬁ'mﬂqnLLaquummmnﬁuTﬂuﬁagiluﬁqmﬂegnﬁé’ﬁﬁaqﬂqnmnLLf‘h

4 ¥ o Y o
4 uwunamm@mnmu‘lmqmmﬂz_gn

¥ fdnmsisinaiulureduAiReaiulauunnsefumneaiififssf A ey 95% (P<0.05)



A . %’ o/ o o o 1 o o a o
AN 11 UINUNAAIDINNARALFILAASLEA 1uumzna‘a‘m'§ﬁmnﬂa‘w'?‘m@]’qa%wamnmsﬁmq

1A (crop 1: A.A. — .21, 47)

AaRLuTnan (nfu/d) ¥

nesuas .
louazdiu?  snuaslau?  wedu?
Tr1 B. subtilisIummzmﬂﬁwgmma‘ 60.0 b 8.1b 68.1 bc ¥
Tr2 T. harzianum “Lummzmﬂmﬁ;mm? 649b 9.3 ab 742Db
Tr3 B. subtilis 19310 494 b 75b 56.8¢c
Tr4 T. harzianum n19sn 57.5Db 7.7b 65.2 bc
Tr5 inoculation control 60.7 b 10.5a 71.3 bc
Tr6 healthy control 91.3a 11.0a 102.2 a

1 . H o | v ' a . .
= Aaduanittnaasudimuliteendt 10 duann 3 replications

2 o v od A& g
douluuazaiuiiegwilataelgn

. dqummmnﬁudﬂanmu@nﬁquﬂgnu,a:mummmnﬁu‘iﬂuﬁ@gj'luﬁquﬂgnﬁﬁwi’ﬂmﬂ@nmnuﬁq

9
v

vminanvaangdaulisndanign

I&

K

o e a

AdnussieiuluresudiBeaiulrnuuanseiunsadanssduannaiay 95% (P<0.05)

Tuwdansmsasoiuln - Geinisdssiuannmitminaniedaseduresinadaluusas
NFSUAENMINTANIN (19997 9 — 11) WUINANIINANBIAEAAREITLAIAMNTULNTEINNAR
‘=ll 1% ) 2 d" 1 = %‘ o d' 1 ¥ o o a add‘ o

Tsa Aldmeeunaldieuntiiugs fa winaseaesiasiuresdnadayneiinluynnsssidaiia
msigniGiedae P. myriotylum RD8 ammlsasanin (Tr1 — Tr5) axfldntiasndinsssdsitlsiv

o o ac o

I 1
mslgnita (Tr6) eeefidadrAgm1eadi uazluudasnssBaiinnisvandasdanan o

o o o

1 ¥
(Tr1 = Tra) Al ldAedasaniwinanlouasi seeduadniinmuuanstafuniasaisy

b
o v

¥ ] 1
inoculation control (Tr5) wsiatinsls luwdsesAniminanedsissuluinadnnea (nsadl 9)
wud1 lunssudaivannsvizndan 8. subtiis selugnsazanasinens (Tr1) asfidntnmminan
\RA8ANT" inoculation control L&NYaY (55.6 fU 52.7 nFN/Au, ANATAY) Tunsdlaeesnadn
o [ ¥ d' < J = Y = a o & 7 =
uniasan (M9 1) anudinsvisadnedandniuriadlussaranasimes  enalingi
' = ] ] ' Aalall ° = 1% .
ndamsvisalaenssunsanie Tagwudnlunsssdsnvinnsvidndoe 7. harzianum luansazans
v ] v

81787117 (Tr2) Whlwidnamadesiasiuingy inoculation control wintiag (74.2 fu 71.3 nfwg,
ATNRTIAL) LU

rannsAN I crop § 1 waaliiudam e TonAndet B. subtils ke T. harzianum

Wursunalagnsanesnlugmnsaoadaudu 10° cfuml 49u9u 10 miyduy YIANNANTAZANE
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s msludnsaadingu 10° cfumi S1mau 120 misalgnita (Inaflansazanasgaims
vyuRauegluszuud sz 20 Ans) &u‘lﬂmmmmmma;wmmmmﬂﬁmimmmﬁq
fiinanda P. myriotylum Lﬁﬂﬁﬁm?ﬂgnéﬂmmaﬁqnmqa\ﬂm:uu’luﬁmm 10° propagules/ml
41U 200 mI/1 s1etlgniie Tmﬂwud'}msﬂqnL’%@’Lwa"mqﬁqnmq@zﬁﬂﬁfﬁmim 100% el 3
i 1unnnsauﬁ'§ﬁﬁqnqsﬂqnéﬂ TnefiAnarnguuseaglussinlszanns 3 Radoulugiennns
MNBALALLAE NS THER) naresnafnlspeteus s B AUl sz Budy  annnis
gniagnvgfianaazuaniuly il lanansoueuiennlss&viamaadandnsoeuusay

o

acy ¢ ] dll o L% a a = ) al o o aa =] s
ﬂﬁ‘ﬁ‘NQﬁlﬂ uaziiunasiaiiog m‘l,ummmvmuimmwmmmamquuﬂmﬂmmmnmmmunu

2 4
=

1 b ' 1
unalunnssuasninnisgnite WeiSeufieusunssudsilaldilgnidie (healthy control) us
fiflfedunndrnisldfandntnaidadluasazanasneims  erafiuualtinflasdonananiy

[ %

puussreemaifialsald aradulilfdnalnuiididrdnlunsimudananineifae nady
= L% .3]’ o ?.'« a = & Ardld 1 I a [ a° o
Upinsiuiiaanvg (antagonistic mechanism) fauqAuvsdaengvianiiosludandnsmueis
) ] d" 1 lﬂ‘ = [ v ¥ 2 o/ o =
nd1 analitieanBunoutenelsaiivyudeuetluszuulddosadld  lunnanduiunisyvidn
a a o y o 9 A A e o ad ° § v
Tanandouriiunielnanseneen  wlazduiniswileiflunisaunulng@adtnezasinls
a o o . ) a & o a de Ly 9 0
\NAN7IN1TAaTIsN (colonization) wavqdwvisdldlannse usilissanqBuvddeangmadidinng
Z é’ <l rnl' o 9 o :" o a o =
nanedluafell uqduvdnindhan (ntroduced strain) fadu naaimzsafisanananalalas

a

WinfuquyFeestiu (indigenous strain) Aillatuda (Postma et al., 2000) Fedadanasangan

q

¥ 1 2
Wwiaduliugrudiessunenadulilfainuanismaasslu crop §

a  w ' Y v A a .
3. mavesaslidwdnduslunsaunslsasniinrasinasaiiiaanida . myriotyum
Tuszul NFT (crop 2 : WAANTEY — SUINAN 2547)

1
annsnaaelFindnined 7. harzianum 3 guuy (gilueiingn, giaveiinn
uazlasmuaiiang) uaz B. subtils (@nlwnd) ldadliluansazanaainaims Wilaasududu
TeRARAUTAINGY Tuasazaaaawistlszann 10° cful Wuszazanilszanng 1 dlan
1] d‘l’ ?.'« =3 a al d‘ ] a
reunsdgniza  antdudsdssliuanudanieniissinlsaluudaesanugunsaresnisiinlsa

(disease severity) uaznisiastyisiuln dwReaiunimasealu crop 7 1 18uas
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lunsszifiuaamquusarasmsfinlsafiogn 7 fundannlgnida (7 DAY wudn
MavERsaedananineiga 7, harzianum mssuiineg (Tr3) WAz B. subtilis AATWNF (Tr4) a9
lasazaresigens udrmanadudutlszanm 10° o TBIATATAILEIRDIMNT Tluo
Tumwmﬂoﬂammmmﬂmﬂmmmni@mqmmmnmmn P. myr/oty/um 16 mermumqmum
1esn1afialsaluinadonks 3 18in (MulSA wAneasea uazWEAT) finnasvdndedanan ot
mnmﬂﬂﬂun’]ﬁ‘ﬂﬂnmﬂ mmnm moculatlon control (Tr5) (mww 12)

nanaaeslu crop 7 2 i ‘lm‘vmm?mmwamnmmﬂmnmm 4 1iln aeliflugns
AZALFIFRINNT Tmﬂm?mmiuﬂmwn‘lﬁ‘lmfammmummmmuwﬂﬂumqm (Uszam
10°cfu/ml 28381582 8590RMNS) watlsngindinldsnfnAsnanudewe A9l8annwden,
feansazanevsinavan wazanAudntuauvRelszinn 10%Hu TIAIAZAFIHDIMNS
it lumsﬂanLm@nmmmmm'mmmummmmmmm Tmﬂimm@m,umwmml,mmu 10°
propagules/ml 471 200 m! mnwmqmﬂmmmmmmmmmimmmmswmam'lu crop i
ag/lusziufinn Wfﬂmvmummumnmmwmvn?sm'ﬁwﬁm:m'lm (M7 12) Aannmdt 12
Wudnfiaan 3 auummsﬂqnm (3 DAI) mswmwrzastsadalainangn (ﬁi'uaaﬂm'ma;w,l,mmm
inoculation control lufnadata 3 Tineglusziufinng 1) andulunssndBivanisvindas
ORI T, harzianum gilavefiang (Tro) wmmmﬂfymsuu?wmm?mmisﬂ@ﬂlu?vmuw
Aewtnege Fanandunanss vmmmummmnm?mmmmqmamnmmmnmfﬂu@mmmmwu
ﬁuwaunu‘lﬂluﬂmwn nefinrusenlun ( (sensitive) slanansznuresn s dFandnsoe T,
harzianum ’LummmmumﬁaLﬁu‘lﬂluﬁnmﬁmwiazmﬁmﬁmmLLmnﬁiNﬁ'u Faelunansnanest
uansliiiuinluadariulBaazdeulusendningt 7. harzianum giliavtiane (Tr2), fnada
waldreeulwisiendnsot 7. harzianum gjlﬁvnwﬁ"wﬁmﬁmm'zmﬁmm (Tr1 uaz Tr2) douingdn
Weder azgeulysendndtgt 7. harzianum % 3 10l 18un yarsiaduazafinng uazlng
TR (Tr1, Tr2 uae Tra) Tmuwurjﬂunsm‘iﬁﬁqndqqqzﬁﬁhﬂf;'ms;w,mmmnmﬁmimLfaﬁlﬂ

a

Tusedy 1-2 %5@anﬁqna‘mLﬂuuam?wmamﬁiﬁé‘"ﬂmﬂﬁmm (accidental data) fildannnns

[

Yy
NARBI AT

-44-



3.2 pstasanauln

<] g o’ ar o < 24 ) AﬂA o a 3/ a a o o a
AT9199 12 WUNNARIBNENARANTUIEA 1ULLﬂ@$ﬂ??NQﬁV]V]’m’]?VI‘EEIWJEI“I]"JN@E]Hm‘t’lU’]\ﬂ“HUﬂ

mlummzmﬂﬁwmm? (crop 2 : W.8l. — 1.A. 47)

Anafauinas (nFu/sg)

nesNan .
luussadiu?  snuaslAau?  Wadu?
Tr1 T. harzianum (qﬁmwmﬁmﬁq) 119.9 ab 15.2 ab 135.1ab ¥
Tr2 T. harzianum (gL 1 Hinng) 60.2 ¢ 7.0c 67.2¢
Tr3 T. harzianum (lmsanutiine) 1404 a 18.1a 158.5 a
Tr4 B. subtilis (R137115) 895.7 be 12.] bc; 107.8 be
Tr5 inoculation control 115.4 ab 16.8 ab 132.2 ab
Tr6 healthy control 127.3 ab 15.8 ab 143.1 ab

¥ fReanitenaseuduulitieandt 10 fuan 3 replications

4 doulmmzﬁ'wﬁuﬁﬂsﬁimﬂaﬁwﬂ@n

. df;ummmnﬁudmnmu@nﬁfmﬂ@nLLa:'dqummmnﬁu'[ﬂw?l'fasg:luﬁqﬂﬂ@nﬁﬁﬁﬁa@Ugn@anué’q
“ ﬁwﬁnammnndqu‘lﬂmuiﬁqﬂqn\

- o A 1 o OF o 1 Qs —y ey i o 1 0"
o0 nushAwiuluredudifeafulanuuansatumainfsssuanudatiu 95% (P<0.05)

d %’ o’ o’ %4 ] ~\ l° = or
A5 13 UUNNAATIDINNARALTAADTER  IBLARENITNASININITVIEA AR TN AR e N

13RI IUANTALANEEIFRINT (Crop 2 : W.8. — 5.7, 47)

Anagatmlngn (nFu/s) ¥

n3sNA3 v
luwszasiu?  snuasleu®  Wasiu?
Tr1 T. harzianum (%lﬁlﬁ?\l‘ﬁﬁﬂ‘ﬁ’\) 89.3 a 8.3 ab 97.6aZ
Tr2 T. harzianum (LW ainmg) 59.9 b 56¢ 65.5b
Tr3 T. harzianum (lmsanutiinga) 106.3 a 10.5 a 116.8 a
Tr4 B. subtilis (a13115) 92.0a 7.0 bc 98.0a
Tr5 inoculation control 98.9a 7.7 bc 106.6 a
Tr6 healthy control 100.2a 7.4Dbc 107.7 a

y ﬂ")mﬁ'ﬂmnﬁmwmafauﬁﬁuqu‘lﬂﬁaﬂndﬁ 10 #1 a7n 3 replications

2 mu“lml,a:a"ﬁﬁuﬁfagimﬁfaﬁwﬂ@n

- mummmnﬁurj@ﬂnmuﬂnr’l’fmﬂqnLLa:mummmnﬁu'llﬂw‘ii'@gi'luﬁwﬂqnﬁf’ﬁﬁa@ﬂqnafanué’f;
o 'ﬁwﬁnﬂmmnnmu‘lﬂmuiﬁﬁgﬂqn

L fadnusisnaiilunedurifeoiufiamnuuansnaiun st AR auAuEeiiy 95% (P<0.05)
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d %’ o’ o’ o’ B 1 el 4 o = o’ L3 o
AN 14 muunammunmmﬁm ’LuLmem‘a‘m%wmma‘w‘?‘mﬁqaﬁquﬂmnmmmwuﬂm

’Lum?ﬂzmﬂﬁmmm? (crop 2: .81 — 5./, 47)

AaAsmIngn (nFu/s) ¥

n3INAT .
luwazasiu?  snuazlan?  Fegu ¥
Tr1 T. harzianum (yianifinti) 46.7 be 3.3 be 49.9 bc ¥
Tr2 T. harzianum (gl aWaiang) 373¢ 24c¢c 39.7¢
Tr3 T. harzianum (lRsTuaiinng) 73.3a 6.8 a 80.1 a
Tr4 B. subtilis (R85 59.7 abc 5.3 ab 65.0 abc
Tr5 inoculation control 61.9 abc 5.0 ab 66.8 abc
Tr6 healthy control 65.0 ab 46b 69.6 ab

1 ' { o ' ] 2 . .
Y Andsannitenageuduaylitiaandd 10 du an 3 replications

? goulunazdnsudietiniiatonign

'
o

X dawrasnniuieanuuenienlgnuazdauressiniulauiiaglufantgniidesangnesnude

9 UG

4 3 o \ o
4 u’munammnnmu‘lmqmmﬂ@n

¥ Fdnwsiseiulureduffuaiuiinonuuansnatunnaiifssfuaudasu 95% (P<0.05)

nnlszilunisasaiuinuesdnadnis 3 ol AinsviIRdleTanansueilssnn
Fine] Anthmiinaniadesesunudn nanisaaasluinadane 3 19s ldun adaniulss (M99
o o

' 12) adnisnnansan (A9197 13) wavadania (meeh 14) Wululunueaianiuie 1y

ndel' o =l

[ a ar s , - = =l a a d’ )
NITUMNNINIVITAAY WAAAWT T. harzianum mssuafians (Tr3) azfinsadeydivlnfidaw
dadl leufauiisuiunssiisou mntanendslliomsUgnifieaniug (healthy control) Aael
wansliiuienauduldidlunsldfnansusidanana lunsrauantsasinuilussuy NFT

al a dl ] ar t:l’ Pl a o’ S" ar ] o dl as
winlanmniaialsanldsusain  wenanniinslddanansnsiiananlusnsfivanzan &
anatedussunnsininaasieilgnlussuy NFT 16dee etwlsfaunansenuannnas
Wfandnidt 7. harzianum wnandndnalusoudinduiigeiuly Felunisnaaasildun
FnanAewst 7. harzianum gillaviaiiang (Tr2) fussafiasntenisadodivla uwiazldninis
t=l‘ ] ar 9 b=l a o & o 1 4 1 [ % -=i'
ulasutiaansazane warfusannudiduaesdndndneifainanldagluseduimmnzan
udafinn Tnefapenudn dminanedsluyndausesionadauiic 3 in Tunssudasingnoay
a0 v t=lI dl = o leﬂ'
umu@ﬂw@mu@Lﬂ?‘ﬂumaununﬁm'ﬁ@uq
Han1naaealy crop % 2 uanlfiiudinislddonaniuadadlluansazans

s1Rannsiudasanududullszion 10° cful sesarsszanasinemsiuunufiasdonan
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L a o :I g Lf ]
prmdauieaintsald uanani@ondnsusldann T, harzianum Selunnsnaaasilgu
=Y o/ o =% = =Y : 1 1
NARA T LRSIV U TR a1aildauton lunsdasiuninaioiiuinvesduialy Vailsasagly

= e L

o . - X o y "
anwiiginnisaiaeslsalaiuus Gsluntmenesiiléianinlgnide . myrotyum Tuszsu

-1

13
v o

] ¥ E

pradnduiAndnmasadiu crop # 1 Anisnisgnitedadunisldadlylngnseludedne
ansazaneanemns W ldeumelgnits idumsmaseslu crop fienunn uiaenalsfindanans o
Y . o/ [} a o/ dl d" Y 1 a [ ¥ a a
\#ann 7. harzianum iy udsnesiiaiy Gelumsmasesilléun nansueTsasTiaiefians

) ¥ v
mnldadliluansazarssinemsluanududuiiguivly  enadusunmesesniald s
aridunmzasuunnaiuresaeiug 7. harzianum fanfluanseangud luusazransgoel
sldfienisnangms (formulation) fumnsinafudon usiduihdanadianududuiigelyss
e (10° cfuml 2ee@19azatsIganmns) windunsdlresndnine@ldann B. subtiis ta
neznuneauaziitennd19endnd o 7. harzianum undreenansEnuanuAnsnal T,
harzianum ¢anaq wudnfnadnusavainazdninuealug (sensitive) Numnstefuluudzes
] a o/ o‘dl 3 ¥ o o 7 o o o cgl’d o o = ar o
AU T T Ie e WiRnAudeeldmuaduisiife  dnadewiae > fnadasn

o [ % =l [2d LN 1 -3 ¥ lﬂl < o 2

pEasRa > Anadansuldn anaiy atwlsfnumnldluanudnduimuizanfazinlfiin

o ! 2

nannuansenisiasiulsamnudpanasdfivinléfnatonude  Tednmdaniteninudy

v o Sy My a o s & ) o |
unmanzaniulildeglurenianiivianisinmluaseil adnslsfinunanimaaaslu crop # 2

De

i dillensaglualfatneinausingians  SeszAninnaesiandndnilgianimeaesse
n1saauANTsAsInun lasanAniaiireininantes inoculation control At healthy control
Liflanuuanseiuneadi  withfansnnludaasanuguusareaninfinlsasudanineas
uaaiuL TENeR9ANLANANe AT [‘%qn’]sﬁmﬁwﬁnmmﬁ'wm inoculation control I
healthy control hiumnﬁi’mh”mﬂumm:lé’ﬁqma"‘f\aﬁwﬁhﬁwM@uﬁmq 6 dUandi vise
dszanm 2 flafudaninlgnide Falutasaandansaftefimssioydulnfisngs uasiing
Masazaesigemsednaann AedasiiniaBusisazareludidnly uenarniinsdanis
ma‘am’]ﬂ‘lu?zwj’mms‘ﬂgn?ﬁﬂﬁ'uﬁ A1 pH uaz EC fasnseyinagiduilszan nsufy (refresh)
mm:mﬂ‘lﬁ@fﬂuanqwﬁmmmmgjmwa Uszneuftnismasesiu crop # Mmsmaaedludas
Meniadu  waznsgnideluakiflilugnnmasududuiitonss Seinlifmmaseriaes

ada a a dl v = [ 9/ dl 1 ar [ J
nesudsnMasRALTaR IndAssiulutasineresnimases]  usaglflidaaudanannsznay

1
v Y oa =

¥

funsléfilanmananefududnuneme ffimsld@es Trichoderma luszuutlgnitauuy NFT

} 1 b4 -

Taliteyad i dndninsifananalugtaesdesn (fresh culture) Aldsinnimeansdnanass
d‘ dl dldg a a = a s ¢ . a g

W crop #i 3 Fsludilazilunsaaauisz@nsnmaesdandns et T. harzianum 13aTaan

WARA B. subtilis ua rhizobacteria undlalaian fuanldaanszuy NFT lunisaaupulsn

sanSINAQs
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4, mswmaa’lﬂﬁ‘%qNﬁmﬁmfﬁuammﬂﬁﬁﬂu“?‘wmwmﬂnﬁﬁ’lumsmuqﬂsﬂmnuh

LY v a a w o =
PRIRNFRATA AT P, myriotylum Wuszuu NFT (crop 3 : nuATWUS — Sunaxn
2548)

o

Tunsmasestivenanaginmmageulss@nsnwaasianansnmiuda seldvinnsmaany
Usz@niainresiuaiiFandianiansniie (rthizobacteria) unslalaansangon Seuuaiice
smangnauenldainsnaesdnadn  sufiauysaluifauseiilgnluszuy NFT  Seeneufiasiian

v d’l’ FY . . ¥ 1 o :" o
naaeslitinsnaseuiasiuluanin in viro udadniiauanunsalunisfudanisadoyaaadu
luveada P. myriotyrum I8 (AuenansTilFRuRiaaunsuds vaneee 3 ananuan 1) a9ldh
wmagausialuszin NFT teprmiduliflilunmsmunuidesuntsamnuindanam udalssiunaann

. . Gy a <y ] add‘ ar 3
ANTUUSITD4TsA (disease severity) waznisasALInvesRtluLAaENIsURERANL Mt
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wnanstduenansianubidmsumslynuiienisfinyimiiu lueugalmilulydsslosuaiunisen

lunsallagvsau Snvimudiludawdasilon wasnesendatuavetenaisynasaminisinluly



Annslsziluissezioan 3 uaz 5 Su WAIN9LgniTa (3 DAl uaz 5 DAI) aadild
] v
uantldlunmi 13 wudanslidanBndst T, harzianum gRimanimidesn (1) uas
. . < d
rhizobacteria lalgian R9 uaz R10 (Tr3 waz Trd) Suunlthfiazananuidamaiiassinlsasn

~ubld Tnefiszazioan 3 wdananlgnida (3 DAI) azflAnAnuguisresnisiialzalngiadesi

N1 inoculation control (Trs) luyndeyanlfuandldluniw douis Sundannsgnide (5 DA

U

azdunmiiulatalunsdisesinadninnasias
4.2 nsasiuin

P ,o' ar ar ar = 23 ] add‘ o = [ o =3 ar « .
M99 15 W IWHNAAINAs ANTUIB A 1%LL§]@$H5‘§‘N’JﬁVIW]ﬂ’T§‘V]?ﬂﬂQEI‘H'JN@Flﬂm‘i’l T. harzianum,

B. sublilis 178 rhizobacteria &4 luA13aYANBE1RWS (Crop 3 : N, - 1.0, 48)

1 dl ’o’ ar ar kY 1/
ANARLUIUUNAR (NTH/RAL) ~

n3sNAs .

| luuavasu?  mnuazlan®  visdu
Tr1 T. harzianum 1iiniTean (g15uT) 60.1b 6.5 ab 6750 %
Tr2 B. subtilis (@15415) 68.5 ab 8.2 abc 76.6 ab
Tr3 rhizobacteria R9 ‘ 61.0b 7.4 bc 68.4 b
Tr4 rhizobacteria R10 74.1 ab 9.1ab 83.1 ab
Tr5 inoculation control 574D 6.2¢C 63.6 b
Tr6 healthy control 85.7 a 10.7 a 96.4 a

I i ° IR ' . .
¥ dnadaaniimmagaudiuouliifioandn 10 fu a1n 3 replications

? dolunazdsuiiagmiadomlgn

2/ o

/ i 2/ o i d 2
. dowzpesniiutieeninuendaatlgnuazdouzassniulaufieglutienlgniidredamlgneanuds

/¥ o ' o
* thminanvewndiliisudantan

a

¥ pndnusiisinetulunedufdafuilianuuandafumneadifss suaudesiy 95% (P<0.05)
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P= ¥ o o o o ' a lo a o e
A1919% 16 U uinantelnadmsala A saznNss i ANINSVBRAeNA RS T, harzianum,

B. subtilis %38 rhizobacteria &4MANTALANEIS1R@MAT (crop 3 1 N.W. - IL.A. 48)

. AnlaReminuinan (/g ¥
n73U9% -

luuszadu?  snuaslau?  vadu?

Tr1 T. harzianum T5iaaaan (1) 50.6 ns 5.7 ab 56.3 ns ¥

Tr2 B. subtilis (a73115) 43.6 ns 47b 48.3 ns

Tr3 rhizobacteria R9 ' 52.7 ns 5.9ab 58.6 ns

Tr4 rhizobacteria R10 55.5 ns 6.7 a 62.3 ns

Tr5 inoculation control 449 ns 46b 49.5 ns

Tr6 healthy control 59.4 ns 7.3a 66.8 ns

1 ' o ° ' 1 . .
Y pnadsanitnaaeudiuinliiasndn 10 S aan 3 replications

% dnfluuazdrsunagwilataelgn
1A

]
o

douzessniukasnumantisatynuazdiurassintiulauiielutegnidwianlgnaanudn

9 LY

v

uninangawndauliisandagign

/ o 4 H 1] o o o 1] .4 - i A $ QII 1
¥ pasnusirnaiuluneduiideasuiianuuansneiumeadiifissfuaudeiiu 95% (P<0.05) : ns = il

ANNNLANFNAUNNADB

o Gl 1%

d g’ o -4 o’ -4 1 =Y H = o
A1579% 17 Wutinanaesdndadntinmasian TuuAaznssud s AN vInsedanansouet 7,

harzianum, B. subtils 5% rhizobacteria &3 l&SAYANRISE AT (Crop 3: MW, - 1., 48)

Aeattiuinan (nfu/ew) ¥

n3TNAS .
luwszadi?  snuaslau?  Hedu®
Tr1 T. harzianum 1fiaiedn (g13iv) 88.9b 8.7 ab 97.6b ¥
Tr2 B. subtilis (@15U"5) 915b 9.0 ab 100.5b
Tr3 rhizobacteria R9 99.6 ab 85Db 108.1 ab
Tr4 rhizobacteria R10 100.7 ab 9.7 ab 110.4 ab
Tr5 inoculation control 90.2b 9.0ab 99.2Db
Tr6 heaithy control : 111.3a 104 a 121.6a

U a & ° 'Y ' v . .
mLﬁaﬂ@’mwwmﬂ@ummu‘luu@ﬂmﬁ 10 U 81N 3 replications

4 goluuazdnsuiagwiledaeign

]
o

¥ daurnssnfiuisenuenielgnuazdiutasniulauiiagludamlgnitdedantlgnaanuda

T o ' o
“ hwinasseandouliisndanlgn

a

/ o o i 1] o o’ o 1 o = i - § ;
¥ gnsnesiisneiulueeduiidaotudaouuansieiumneatffisyfuaaui@eiu 95% (P<0.05)
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] Y a :J o a %’ ' i ) Y
TuwdraenswiRuinfiinisUsaivanntiaminamanesedy Lﬁfaﬁwmm@uﬁmq
b7 8 1 o’ o 2] H : o = [ '3 a '8
1% 6 dland wudnludnadaniulsn (nsedi 15) RRNTVIRGRTRRRS U B. sublilis a5uns

(Tr2) uaz rhizobacteria R10 (Tr4) HAtusinaniadaviaduraudnam (76.6 uas 83.1 nSusady

[ %

AuAL) Tiumnsinafumaiififu heatthy control (96.4 niusiasiy) Tunstdlreainasmsnlsa wu

dmnnssadslaiflacnauandreiunieadi (meedi 16) douludnadammesian (Ansad 17)

1
acdd o < 1Y

14 1 v
WU NITURENNININTRALE rhizobacteria R9 WAz R10 (Tr3 waz Trd) Aaninmiinasianesng
uAnudef ldfipaaunnsnafiuniaaBRty healthy control (Tr6) wagielalBeutuiurnausy
ANUANGINNNUNNETFA inoculation control (Tr5) wAlsznsla
Hanaaadly crop 7 3 wanaliiiudn sl @anAdnsS ot T harzianum TR edaTER
asliluansararesmamnsludasacududu 10° a1lafiednrrniansazainsinaIwig anadl
;3 t 1
dawdaalunsannisfindefsndnadaifinaan P. myriotylum Tudaedianviusnaasnislign
é’ b (-] 1 ac o U a = OI 1
deldl  leenudnRamegaudauluglunssudasengna HArAnuguusITenInialsafingd
. N ) -3 dl 3 -3 d' s" %’ o ) d' I'd
inoculation control aglsfauiiianinisafufaaussdeinutingn Winaaeuneiy 6 &1

adc o '

(WFarlszunaidilaii 2 wiananlgnisie) ndunudansssdisenanaliinldiminananfia
< 1 . ' ' o 0 o ac dl a v = a [ rdl v

AN91 inoculation control aelNANadATYNNATH TwrnrRinsviaseTananseiléann B.
subltilis %38 thizobacteria lalaian RS uaz R10 a1aliualunisarunulsaldanauundd iies

o

4 v ' %’ o d' ) v = :d‘ﬁ a v
nnuaduganimaastudanudr  dinanedasesulummaaaugaulngfinanisviingae
N#31EAING1AE AN inoculation control TautfazlaifAnnauansinaiuneaiRudAAA ey
Wi aldiy healthy control Tmadsnatenaduilgulidnannuauisolunisetsen

% - ) v Y ' 3
TedvTRqAUYETeangnE sz LL NFT Seliilléud 7. harzianum Tafludesuay B. subtils wia
rhizobacteria MifwireunafiGedasauansineiu luszuy NFT aflussuuiilsaanndanugn
nsegjanntaqauvisteeangrs niludeuuafifeinaziningessiad Koohakan etal, (2004) &
e wld Bnumuafiiulyléfife  uwuefifafinarauenainaiinauaunsalunistiudanis

o a é’ v o s = a <4
wirymulnentaamgldlaenseuds  deflaonuaunsolunisaduayuninadybivineeia
g d' o !lt:' = . . e [ o
Ml smunwu‘lmm‘lﬂluna‘mmm rhizobacteria Laz B. subtilis Iwmﬂ'] ANBNUYG (Grorch et.al.,
2001) nanmsnaassludauilfuanliifutiednaniwaes rhizobacteria fuanldannsndnada
dl ] 4 a ad . . dl
wﬂ@nl‘u‘a‘zuu NFT qquammmwmmmﬂumsmuauimﬂmq'ﬁ (biological control agent) %

lunsaupnlsasniaesinadnfidgnlussuuile
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dginanisAnmuastaiduanus

¥ ar

anmzauiulasamsddeluaiiiliussezion 1 1 anansnaqudssiiudndnyldsse
Talid

1. {18 Pythium spp. Lﬂuﬁ@ﬁmmmmmwu‘lﬁﬁﬂﬂlus:uuﬂqnﬁmimﬂ‘lﬁlﬁﬁu Tne
awsansanuldanynezunlgniiliiinsdime  uasyndousesaetnaitinunamatuiie
RAAATLEIZINNT 4 LAaNNNIN1TdNI4

2. @8 Pythium spp. feaadhulmdrdyreanislgnitalaelidau Wewinifunn
.3{ s 1 = ] a o 2 ] 4 A G a tﬁl
deananinalaenssenandn Tagvinliadulsasnuinae wiefinanadyfiulnanss o

:" t: 1 d” d’ n‘ é’ < dl ] o a ]
nansAnmluafiiinudy Winaudeiintulusnfefunnndrszsudnfszuna 10 v az
vnlibhwinTaeiadesesugodalilszuno 40-60%
o’ o 13 d” . ldl dl 4 o

3. anmsdnuunwudge Pythium spp. daulwa@inuluszuu NFT flgndnadn
dlunséaha P, myriotylum uarannisvaaauAuaunsalun i liRalsafinud iy
amgaesizasnuirluiedingns Anwuznisanssnans p. myriotylum falaildvinnnsAnmly
Afell wdarmdnirazifluwan facultative parasite annimpradsna1 N Fideaiatamnsn

o Vv

araanulinsannsnadasulnfussiuimdulss tdluasaieati waznisfislsaanaiaauls

2
&

d‘ -3 & [ ) os v dl A 4 I '

raeana Walafaundesnanldfuanimunfenfivunzauiiefiten dudarnugeuue

4. 1Bunowde Pythium spp. Anmanulusiniaiiidulsn Aeudredauduiusiy
Snadefinseantluasazaiasigems fadulegmlddmsialsasnuinluinedafign
luszuu NFT influnisénineBuanBnadesumgiegudslanegsaniumnfinng

AI o .3 (3R] -3 o ' vl o J

nmednsmdunhidanamglafinsauimuiduszezielen - dasldRasndiouanieins
reelspluin  amdiRunsnszangllmeasaraemsnamns  fadunissanisfeaiulrasnuii
WazlirnudndtydeniseuguiSinoudesnlusn  Weglussduilinelfiialn naenau

a o

madmnan nuaadansine Tlieedusesenaiinlen GennsldqduvFeidudseTandlunis
1 @ ad 4 o °o ¥y
AuaNTeauuAnduisnenilefianunsanseinlg
5. nslFmdnitust 7. harzianum uaz B. subtilis TunnsaauguiTia P. myriotylum
wudiilszAvanw Wavmmasesluann in viro Taanudnfiasnudududsyanng 10%10°
cfuml ansadudenisiatyiivinreadulesesdaseinannlduinndn 80% udlummaaaslu
annuaalgn tentuaulsasnuiaesdnadnluszuy NFT ndunwudn Sasnadululferlu

a

o dl ] :" = dd‘ a ] as :’/ a ey
szunilewindy Tnaenadasananudenielilunsdifinsialealisuuse AafulunaLliim
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o o’ o U o k-4 1 ‘J
ms’bﬁmmnmfﬁmnme’Lué’f’mmmmsﬁmnw?@muamﬁmmL%mmalu?:uu reuhazwy

AN15994919A

6. %’@fiqﬁ'mﬂ?zmwﬁwmm'a‘l‘ﬁfaNﬁmﬁmw’fﬁﬁmﬂiuﬁmmmmlun'}?muquimmn

whlursuudgniinloeliliduife dnsdounazpluunsesdnfnsidasmnnnudy adntued
T. harzianum unaudnsioest wmnldmnudaduigaiullenadusunmesesniiald Saduua

NIINUNA1EUTRIANANILS (aggressive strain) unsiluansasuauingdidd (viological

control agent) Taiflunafuinldlunsarunuideswnierluiy wiluszuudgnivataelaildmu

u

Inenanzaeedieluszun NFT vise DFT esnegluanm@esnlan (bare roof) AnmLTES
o g o 3 o’ 1A 7 g dl ] ] a o T ) ¥ a

anaugaanamaalusunsesdanald wananiidunaniet luusdazndnsnsfatanalfiin

AnwszAneiAessesnigliituiy TannsAnenluaseinudims 9 fisesuanududy 10° cful

18981782A18597219 TdnelfiAanadaunigednels

a

7. aAuvItUSnnansnAT (thizobacteria) mmn‘lmmmzuuﬂanwmimaiuimmu a4

9

Lﬂuqaummnnqwmmﬁnamw‘lum?wﬁummLﬂumsmuﬂuimﬂmmﬁlua‘uwﬂﬂnwwumu
ilasannl@sinimaaeuudanudn uﬂsvmwﬁmwiummumma‘mmmuimmL'Kulwmm
P. myriotylum @wglsasaniinludnadnldd llunnsnefudanansneinene lufewans uas
nnsagevluanmulanlgninud Wnstsduldfiaouuansesunneadituiiamaasy
nlavinnsignida (healthy control)
3 a Yy v 3y g °o o aw o
ntaagnnatndedrsiudaiauaunslunissnfunisdsasellluewan uites

Y a

1ean1sldqfunselunsaaueuisasnuiniiiaanide Pythium luszuudgnivetaeld14huy aas
sifhulezifusese il

AnmussWmuI rhizobacteria 138 indigenoué microorganisms ‘ﬁwuiuﬁ‘zuuﬂgn
ﬁmima‘lﬁlﬁﬁumLﬂumsmuquimﬁmimﬂ%ﬁ% (biological control agent) Lﬁ;@lﬂuma‘mu@u
Ta‘ﬂlua‘zuunwﬂqnﬁmﬁmﬁﬂumsmmz Li"immnfgauw?ﬁﬁqnﬂ"mzﬁmwﬁwiu‘l,un'n‘ﬂ?"uﬁq
uazegren nmadnaseunsessnila (colonization) nsudedutuqiunidaniuglsaia uazsiie
nsatuayuninasoRuingesiie

2) winazfin1sAnmile applications MusnzanlunisldFandnsio; Tiniagudaluing
nana el luszuy NFT shazfinisfnmnluiesass bio-fiter wnunnsld qduvisteangms
aand1s il luszuuteense uasmndasmainluldlaeasefinasinnisdnmlussuuuyndl

FangnislullszmalnefdalinisdnunAeudnateanduiu
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NMARNUIN N FITIIRUIN

d 1 t \ 1 o o '
PTINUING 1 Teussiiegrasiifuenauiilianueasmsilunisdr i useting

dl T <4 s oo H. 1
FANIFUNTDLFEN et

U

13 ACK hydrofarm a11in 933 NUUBAURT LUNATURAI

LURARIUNRI NIAUNNY 10520

U5 Bunny Bite A11in LIAAIUNA NTAUNNY
WAfuaIUgIN NG 8.A39197 2. 1817
Tazansdaunszasiuneunu R IGEHERTER IR

9

(U918 NeAstawmun a1

pu | X ] o o
ANTINAUINT 2 Bunouda Pythium spp. Mamanuluadnaaa Ugnuusa NFT TulpaFaudsy

anAvasrhfuenTuiianils luanngmnumuas (Aareunas take log)

Bunudalusin (cfu/g) Furotaluans 1BFunandaluing

Suniiusiaatng C TR MATENAITATAN
FuLlng siufiilulsa !
(cfu/100 ml.) (cfu/100 ml.)
6W.A. 2547 107 4018 43 57
20 W.A. 2547 173 431 32 9
3 #.1. 2547 53 710 11 3
17 8.8, 2547 62 465 85 43
11n.A. 2547 58 99 27 35
15n.A.2547 92 532 30 fandn MDP*
29 n.A. 2547 190 1554 5 fandn MDP*
11 8.7, 2547 82 727 7 BAndn MDP*
28 4.7, 2547 39 116 14
Arsingn ¥ 40 100 10 pindn MDP*
Angagn 190 4020 90 60
A ? 100 960 30 20

* MDP (Minimal detectable population) ¥iFadAtlszansengaiaunsansoaiale
e nriiAviniu 13.3 cfulg
o P o dey = Ay e
1898138 ANV [T ananrazane HAwintu 3.3 cfu/100 mi.
1/ X o o g o ' ° o 21
7 1iBunnudesigauasgean ludnanaininisifusieding vianistimamiusunusiudy

1] ‘g ] ] ° o y ° °
? RsantBunnidainmanulutasnanivianinfusiate waznnstimasusuoufiudy
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x| 1 , o o o
ANTWHUINY 3 UFN0T Pythium spp. Tnssanyluasdnenlss Ugnuuss NFT lulseSan

madrsuazisaFauliueans revwfenTuuianilsluanngannumnag

(AMnauNIs take log)

Bunnudalusn (cfu/g) unosialuans Panonitaluing
fufusaneng . ATANBE1ARIMT  METeNANTATANY
puting Fundulsa )
(cfu/100 ml.) (cfu/100 ml.)
6 W.A. 2547 53 3787 20 57
20 W.A. 2547 107 1288 38 9
3 1.8, 2547 265 3723 28 3
17 4.8, 2547 27 203 123 43
1n.A.2547  #1n91 MDP* 116 18 35‘
15 n.p. 2547 161 278 Fngn MDP* Fang1 MDP*
29 n.A. 2547 27 853 5 Find1 MDP*
11 4.0, 2547 35 1121 3 fng1 MDP*
28 a4.A. 2547 50 ' 190 46
Pi']ﬁ"]@ﬂ” fand1 MDP* 110 Snd1 MDP* fandn MDP*
ANgaan” 270 3790 120 60
Anaae? 90 1290 30 20

* MDP (Minimal detectable population) visaAlszannssingafianunsonsaialy
1B INHTA AL 13.3 cfurg

wavasazaneoun i ldianansazana Sawiniu 3.3 cfu100 mi,
1/

Aatinnewiui 1 n.a. 2547 dgnlulaaGeumdne
/ ¥ o i o G o ' ° ° o
2 USnoudiarngauacgegalutouaaiinnisfiusedng vnnstimamdusowddy

/ i ¥ o i o g o v. ° ° <
& L‘aaﬂ@']nlﬁN']mﬁ@ﬁﬂﬁ‘Q’QWUluﬂqqmﬂqﬁﬂ']nqﬂnuWQ?JE]'N LL@:'V]']nq?ﬂﬂLﬁHLﬂuqququLﬂNaU
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< 1 ) 4 o o
MINEUINT 4 3nanie Pythium Tinssanuluadaniula Ugnuusa NFT lulneideu

mqﬂiqﬂmmﬂfl?'uL'anmuuﬁwﬁﬂummngamwumum (ANABUNNS take log)

Yunoudalusn (cfulg) Funanialugns Sunoudeluing

Q'ﬂii']\j | AT[YUTIRDING WLFI?‘EINMM:ME]
AuLng Fuiiiulen )
(cfu/100 mt.) (cfu/100 ml.)
1n.A.2547 38 42 27 35
150.0.2547 103 401 Randn MDP* Rnd1 MDP*
20N.p.2547 152 - 258 3 Aan9n MDP*
1149..2547 215 253 14 R1nd1 MDP*
284.0.2547 83 827 3 16
Andnan” 40 40 fandn MDP* fNnGn MDP*
Angean” 220 830 30 40
Anade? 120 360 10 10

* MDP (Minimal detectable population) ‘Mdﬁ"’aﬁﬁﬂiz’ﬁﬁniﬁ‘i‘ﬁqmﬁmu’linmfmL“ﬁﬂ‘lﬁ'\'
109N NTRANWNTL 13.3 cfurg
ToATaT AV BTN AN Tazane DAY 3.3 cfu/100 ml.

Y ﬁuqmﬁatﬁl'wqmLLa:qqqm'lwﬁfmLf;mﬁﬁﬁmﬂﬁuﬁfmsm vimsilamiuinuauiugy

/ i & 4 i o c o ' ° ° I3
2 Lﬂaﬂqqﬂlﬁ‘uqmlfﬁ@'ﬂF]i"JQW‘LI‘LU’ﬂ’NL’Jﬂ']“?wl']ﬂ']ﬁ'mﬂﬂ’mﬂ']\? LLﬂ:VI']ﬂ']TﬁﬂLﬁBLﬂuEﬂu’JULVINaU
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o k1 , o o o L
PTNNUINK 5 UF10UT8 Pythium spp. Tnsanuluadaniulsn danuusie NFT Tuanaw

T9ai5a1d) ATRrNFUENT UM I R 1 AFLUBNNIUNWNNIUAT (AN

nawuNIs take log)

nosdalusn (cfu/g) noidalugns Pnoudeluing
&uﬁLﬁUﬁhﬂﬁqﬁ \ [SAEDIFBDINGT 1%1ﬁ?ﬂﬂﬂq?ﬂ$ﬂqﬂ
suting fudulsa )
(cfu/100 ml.) cfu/100 ml.)

2 W.A. 2547 338 21867 : ;

16 W.A. 2547 889 19200 23 R1ndn MDP*
30 W.A. 2547 1653 3174 3 Bngn MDP*
13 fi.01. 2547 444 1884 15 sndn MDP*
27 .81 2547 133 10453 7 Bnnda MDP*
11 n.0. 2547 400 5973 15 10

25 n.A. 2547 284 6827 R1ngn MDP* BNdn MDP*

8 &.A. 2547 880 3413 Aansn MDP* Aandn MDP*
21 4.9, 2547 320 8880 An91 MDP* B1n91 MDP*
Asnga” 130 3410 findn MDP* Findn MDP*
Agage’ 1650 21870 20 10
Anaae? 590 8450 10 1

* MDP (Minimal detectable population) WsaAisyansingafiiansnsonsoaial

1098 nNIAYINTL 13.3 cfu/g

109 TRTAVTANA I anan At Tavintu 3.3 cfu/100 mi.

Y USnnudemgauazgeanlugaansiinnisniiufedne snnetlmasmdud sy

Z wALANBuTaARmany g v nsfusiatng uazyinstiaAsmilusuusudy
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d [ ) Vo o o
ANTIAUINY 6 UFN0uT8 Pythium spp. Tinsaanyluadaniulss Ugnuus1s NFT luanw

TsaiFaudln mmw’ué'm@nmuuﬁwﬁﬂummm;\zmwumum (ANABUANS take log)

Ysunudalusan (cfu/g) Wrunndeluans  Buiondelutag

'TuﬁLﬁUﬁQ'ﬂEhQ \ ATAUEIADINIT 1“ﬁLﬁl?‘El§Jﬂ"l§‘am'1£l
piuilnf pundulsa )
(cfu/100 ml.) (cfu/100 m.)
6W.A. 2547 249 11947 - ;
20 W.A. 2547 100 398 30 fnd1 MDP*
38.8.2547 208 1770 2 AAng1 MDP*
17 .01 2547 56 69 fnda MDP* fnd1 MDP*
1n.A.2547 23 1410 17 7
15 .. 2547 41 282 FAnd1 MDP* RAN51 MDP*
29N.A.2547 202 3177 M 3
114.0.2547  And1 MDP* fnndn MDP* 4
28 4.A. 2547 23 1635 76 fanda MDP*
Asingn” 10 60 finngn MDP* fiandn MDP*
Avgegn’ 300 11950 80 10
Aede? 120 2580 20 1

*  MDP (Minimal detectable population) M‘%“ﬂr’hﬂa‘:‘mn?ﬁﬁqmﬁmma‘nmﬁ")'ﬂL‘ﬁﬂ‘l@f

TENPINNTRANYINL 13.3 ofu/g

189819RzAEvFarN AT enansasane FAwintu 3.3 ofuw/100 mi.

= Meiwudunenidulsa

i ¥ i o & o | 3 ° 3
© nniieingauazgegaludasnaiiniaifusaedne vansilamsiusousuay

Z wReANBinnuteRnsawLlusnanivinnsfiugantng wazinnstaauduaufiuay
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d ¥ » A ] U i
BNTNENINY 7 USaudie Pythium TinseanyluAudaelgniunia DFT luannissdewdln

m@w\h‘é‘uL@nmuuﬁwﬁq‘luﬁ'wfi'ms@uuﬂnng\'imwwmm (AMMaUNNT take log)

PBunoudalusn (cfulg) Bunandeluans Bunoudelutnd
'gu;?]’LﬁUﬁ'J@?_h\? \ [AZAMELTIADTIUNT I%Lm‘?‘ﬂﬂﬂq?ﬂzﬂqﬂ
suLni sumilulsn )
(cfu/100 ml.) (cfu/100 ml.)
2 .7, 2547 53 4142 27 10
16 W.A. 2547 BAn9n MDP* 356 ; .
30 W.A. 2547 107 124 143 150
1388.2547 373 1244 48 An9n MDP*
27 R.4.2547 187 11 sindn MDP* Aindn MDP*
11 .. 2547 62 80 5 Angn MDP
251.A.2547 409 693 18 12
8 .. 2547 191 720 AAng1 MDP* 10
214.0.2547 351 249 5 Snndn MDP*
Asnan” 50 80 Fin41 MDP* A1N51 MDP*
Agagn” 410 4140 140 150
Aede? 200 920 30 20

* MDP (Minimal detectable population) W3er sz nsingaiianunsansiaiala

1899 NATHANYTL 13.3 cfurg

1eansaravIan il imTenansazae SAnwiniu 3.3 cfu/100 mi.

Y nnugeingauazgeqalutassiimaifusieting dmstammusnousuay

2/ § ¥ i ) i o < o 1 o o =3
- L’ﬂgﬂ’mnlﬁ‘u’]mﬁﬂﬁﬁ]‘i"J"‘lWU‘lwﬂ’J\‘iL’Jﬂ’]ﬁﬂ’]ﬂ’]‘i‘LﬂUWJ'ﬂﬂ’%‘i waznnstiaAsdusanuuANdy
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<] %’ s . o A [ ¢
PITNRNANT 8 vminanlasadnnea Mlgnuusa NFT TulsedeudfuaniAgesnnfuenty

1 d o g a ) i = o A
wimillwaangannumiunag uazilafiduidausinsendnesunAfugud

Hulsa
r e vy o . vy AUsNTENIN9eT
UN AuUNG (nFa/si) ruiidulsa (nFuu) .o W
. .. _ Unffusiuiulse (%)
MNUMIaLIY T > v Y
shoot root NPIY shoot  root  ¥igplu shoot oot  YINBIU
6 W.A. 2547  100.37 9.1 109.4 64.9 5.0 69.9 35.3 44.7 36.1
20 W.A. 2547 107.4 10.0 117.4 53.8 7.1 60.9 49.9 28.4 48.1
3 §.01. 2547 78.7 10.9 89.6 40.8 3.9 44.8 48.1 63.9 50.0
17 8.0, 2547 67.0 6.7 73.7 30.4 6.5 36.9 54.7 2.0 50.0
1N.A. 2547 66.4 8.1 745 40.2 6.4 46.6 39.5 21.0 37.5
15 N.A. 2547 81.3 10.5 91.8 22.4 4.9 27.3 72.4 52.9 70.2
29 n.A. 2547 86.1 13.9 100.0 33.3 5.9 39.2 61.3 57.4 60.8
11 4.A. 2547 90.7 8.9 99.6 65.2 6.6 71.8 28.2 255 27.9
28 4.A. 2547 41.2 8.0 49.2 29.9 5.8 35.7 27.5 27.6 27.5
ﬂ"uﬁﬁlﬂ 79.9 9.6 89.5 42.3 5.8 48.1 46.3 35.9 45.4

wiusethsanifslgnidensu Tneftengszann 2 flanst uuldzlgn
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MTWAUINY 9 Wnunantesadnsnlan Ugnuusa NFT ulsibeunndne  waslsedeulsy

amAresvfenTuuieilslungumaues  uazilefiSuidousinassng

suUnAtuduiidulsa

Fui fuln® (nFu/su)” fufilulen (/Y Aausnszuadhy
. o Un@fusiwtlulsa (%)
Wusnaging L — 2 — o
shoot root NRL shoot root WA shoot root VNI
6 W.A. 2547 43.1% 6.4 49.5 17.6 3.0 20.6 59.1 53.1 58.3
20 n.A. 2547 42,6 7.1 49.7 14.3 3.3 17.6 66.4 53.7 64.6
3 0.8. 2547 39.1 5.6 447 13.1 2.8 15.9 66.6 50.0 64.5
17 0.2, 2547 33.8 3.5 37.3 12.6 2.3 14.9 62.8 34.3 60.1
1n.A. 2547 47.6 5.5 53.1 17.3 2.0 19.3 63.6 63.3 63.6
15 N.A, 2547 30.5 5.0 35.5 13.4 1.8 16.2 56.1 64.0 57.2
29 n.A. 2547 23.8 4.0 27.8 20.0 2.8 22.8 16.0 30.8 18.1
11 4., 2547 329 3.7 36.6 19.7 3.3 23.0 40.1 10.7 37.1
28 4.n. 2547 33.8 3.8 37.6 26.7 3.7 30.4 21.0 3.5 19.2
ﬂ"]LﬂﬁIEI 36.4 5.0 . 413 17.2 2.8 20.0 50.2 40.4 49.2

iusetneaniAzugnieniu Tnaflangussanns 2 dilanf uulizlgn

ANDABRINAUIY 3 Hy

< %’ o o ¥ 1 a
ASHUINT 10 wiinanwasadanauldn dgnuuse NFT lulseBeumdneaaanfuendy

) dl s o o ] ) £ a w dl
wiwitislungaumnavnues wasiefifusidaursswinadulnAfuduiiduln

g v m e ay o . daupinaszudnasiy
Tuh sulng (nfu/iv) sumiulsn (nFu/su) .

. o Unfifusiuniulsa (%)
T PLERN — o —
shoot root NAU shoot  root  VINpIU shoot  root v
1n.A. 2547 28.5¢ 3.5 32.0 16.3 1.9 18.2 42.9 45.3 43.1
15 n.A. 2547 31.8 6.5 38.3 9.9 1.3 11.2 68.9 79.6 70.7
29 n.A. 2547 47.2 8.2 55.4 421 7.0 491 10.7 15.0 11.4
11 4.7, 2547 41.0 5.4 46.3 19.6 2.3 22.0 52.1 56.5 52.6
28 4.p. 2547 41.2 6.4 47.6 33.1 6.4 39.4 19.8 0.0 17.2
A9AY 37.9 6.0 43.9 24.2 3.8 28.0 38.9 39.3 38.0

Y \ushegeannifalgnisieaiy Tneflangulszanns 2 dlansf uulfialgn

ANQAEAINAUIL 3 Bl

-65-



a ¥ o o [ = a
AFNHUINT 11 undnanvsssdaniultn gnuuse NFT lusnminGeudlsueiduanty
LL'viwﬁﬂummﬁ’wé’m‘@uuann@qmwmmum uazidefidusdousnarzndng

~ o’ 4
sudnAfusunifulss

o e s w a . . v AurnesEndNasiy
Tuh AULNG (nF3/ei) Aunulsa (nFu/su)? e .
. .. Unddusiuiulen (%)
NUABENS r— o —
shoot root YNRU -shoot root ST shoot root YNFIW
2W.A.2547 9997 195 1194 269 70 338 731 643 717
16 W.A. 2547  58.3 11.0  69.3 207 43 250 645 607 639
30 W.A. 2547  49.9 1.3 61.2 238 43 281 523 617  54.1
138.8.2547 554 9.4 64.8 262 40 302 527 573 534
27 {.8.2547 495 11.1 60.6 209 45 254 577 596  58.1
11N.A.2547  60.4 8.4 68.8 366 6.6 432 395 207 372
25N.A.2547  76.3 9.6 85.9 270 33 304 646 653 647
84.n.2547  86.4 9.6 96.0 355 55 411 58.9 424 572
214.A.2547  84.3 106  94.9 48.1 8.1 56.2 43.0 230 408
ANLRAL 68.9 112 80.1 295 53 348 56.3 506 556

iushadneanifizlgnisiuaii Taaflengszun 2 dlaw uulizagn
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A1519RUINY 12 dwmilinanaasadaniulda dgnuuse NFT luanmisafewilnrasvnfuy

wntuuianileluanngamnamiues  uazilefiduidousnsseninedulng

fugufidlss
. . AUFNTENINGI
A srurln@ (nSurse)Y srudnilulsa (nSu/e)Y
. o UnAfusiutiulsn (%)
Nusaetng — T T
shoot root MNP shoot root  YNRAU shoot root MNRU
6 N.A. 2547 23.17 5.1 28.3 7.9 2.0 9.9 66.0 60.9 65.1
20 WN.A. 2547 58.3 7.6 65.9 25.1 1.8 26.9 57.0 76.7 59.2
3 8.u. 2547 16.4 4.6 21.0 10.7 3.1 13.8 35.0 32.1 43.3
17 8.81. 2547 62.4 7.8 49.4 30.7 6.6 37.3 50.8 15.0 24.4
1N.A. 2547 84.6 156.3 100.0 39.5 5.1 44.6 53.3 67.0 55.4
15 n.A. 2547 52.6 12.9 65.5 7.7 5.3 13.0 85.4 58.8 80.2
29 n.A. 2647* 30.3 8.4 38.7 12.3 5.9 18.3 59.3 294 52.8
11 4.A. 2547 "80.4 121 92.6 S - - - - -
28 A4.A. 2547 1156.2 171 132.3 57.4 7.9 65.4 50.2 53.6 50.6
ﬂ'ﬁLﬂﬁlﬂ 58.2 10.1 \ 66.0 23.9 4.7 28.6 57.1 49.2 56.6
Y fusnasneannifzlgnifaatu Taaflonelszunns 2-3 dilansf uulfzign
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ATNANINT 13 Wwvinanteshudielgnlunin DFT  luannisedewdlnvesrnGnenty

wimilludsmdnsauuanngaummamuas  uazilefidufdousnssminady

Unffusuiliulse
Fud AL (nFu/sw)? fuflulsn (nFuwdu)? szt

- - uUnAfusudulse (%)
Wiusgatng — — o
shoot root B shoot root YI9RU shoot root NP

2 N.A. 2547 24.3¢ 2.0 26.4 6.0 0.5 6.5 75.5 75.4 75.5
16 W.A. 2547 16.3 1.4 17.7 3.7 0.3 4.0 77.3 78.0 77.4
30 n.A. 2547 12.1 3.3 15.4 3.0 1.3 4.2 75.5 61.6 72.6
13 {.8. 2547 7.5 21 9.6 2.8 1.2 4.0 62.7 435 58.5
27 1.8, 2547 2.3 0.8 3.2 2.3 0.6 29 0.0 28.0 7.4
11 n.A. 2547 8.2 1.4 9.6 1.0 0.7 1.7 87.4 52.4 82.3
25 N.A. 2547 16.7 55 22.2 49 2.5 7.4 70.7 54.5 66.7
8 4., 2547 42.3 4.0 46.3 21.7 2.8 24.5 48.8 204 477
21 a4.p. 2547 26.1 3.8 29.9 14.4 3.4 17.8 44.8 11.3 40.5
ﬂ"uﬂa‘ﬂ 17.3 2.7 . 20.0 6.6 1.5 8.1 60.3 48.3 58.7

wiushetieanifvUgnidaaiiu Tnaftenelseann 2-5 #lannf uulsizign
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Trichoderma harzianum

2x10° cfu/g

Trichoderma harzianum

10° cfu/g

Trichoderma harzianum

10° spore/ml

Trichoderma harzianum

Bacillus subtilis

1x10° cfu/g
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Occurrence and population density of Pythium Spp. in lettuce root grown in hydroponies

d
NWINNNF HINYIU

Prommart Koohakan

madvunalulodmsdamsangiy aazmaluladnisinyns
goumaluladwszeesndudinammanianseta
Department of Plant Pest Management Technology, Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang

UnAnLe

o =1 L) 1 [ (4 = o 9 pui o 9 a
MMSINVAIBINIINTDA ADE 150 10A Laznsulon nduiiauyseiuazdufiuansernmsves
TsnTaunihnanih 1lgnlussuudgafielas lN1¥aunuy nutrient film technique (NFT) naoaou
] ¥ ¥
7130218519015 1% W1hMsasTuUTIIITe Pythivm spp. WU UTERINE1NFINITOATIINY
v ' A 9 ¢ ¥ A a a VW
Insludavesnfannduruysel duiidulsn  uazlumsazawmgemnsludSafuandieiu
Tnelinumdueglugae 1.9 - 2.7 Log cfu/g, 2.7 - 3.8 Log cfu/g 0 0.7 — 1.3 Log cfu/100 ml. AuSIRU
a g a 1 ] a g 9 da Y
Usumwennsranuluszuuign uagduaeveslsuade lusinninduanyseifuduiiueas
1 ] = s o :’ Y -} d‘ <
21115994 150 1AW 1A viinnwiuuls Taoassivhminaavesieigaydeld 1anmsnaroy
anvasalunmsildifalsaluoelelman  wuidaruaanselunsyiildfalsa Taumisin
Y v A - [ 9 e @ A vy
Idoeegunss uﬁmmﬂsmmwam"lﬂswam"la1un15mamumwwunwguusanmgmﬂ WAN13
.;’ v d 1 3’ . =z a o e o
nanodluaasInfiuInge Pythium spp. Hnrwawisofiezindyldaluseuy NFT uazernssiann

' Y Vo Y A N a
LﬂUizﬂzﬂﬂiiﬂqﬂﬂﬁﬂﬂnﬁT "H'lﬂ'lﬂi‘Uﬁﬂ'lWLL'Jﬂﬁ'ﬂll‘VIL"P‘DJ']S’ST?JW?Jﬂ'lilﬂﬂiiﬂ

Abstract

The amount of Pythium spp. in root of lettuces (cos, red oak and green oak) grown in nutrient film
technique (NFT) was investigated. The results showed that Pythium spp. were generally found in the root
of healthy plants and root rot symptom plants (which grown in the same growing bench), also their nutrient
solution. The average of population density in healthy root and symptom root was 1.9-2.7 and 2.7-3.8 Log
cfu/g, respectively whereas it was 0.7-1.3 Log cfu/100 ml in the nutrient solution. The results also showed
that the population of Pythium spp. in the growing system affected to plant fresh weight directly.
Pathogenicity test in .some isolate of Pythium sp. showed highly degree of infection indicated that the
amount of Pythium spp. reported here included pathogenic strain. Therefore, the occurrence of Pythium
spp- in NFT is risk to root rot disease development whenever they are obtained the favorable conditions for
pathogenic growth.

Keywords : Pythium Spp., population density, lettuce, hydroponics
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uafmnunivuﬁﬂ:mmmmwmmJﬂnﬂ‘lmiawmmmﬁﬂaaﬂm (Food safety) numumﬂmaqu

‘nNanﬂu“l‘nmﬂmwmﬂm‘umﬁinfumiﬂanw‘viuﬁvuuu 1uﬂ%wummmmn%umuuumﬁﬂﬁwnau
ﬁﬁmmiﬂanw*ﬂm"lu‘l‘mu‘luﬂﬁwmﬂ"lm Taidn 40 51 Tﬂﬂuwuﬂﬂanmnnﬂ 200 1§ w‘v‘nﬂan

L}

dalng WBudisini 1 lumsusInaaa Tﬂemmiﬁwwmmmﬂmtﬂuuavmauenﬂﬁ UNA (ALSA,
2546) mﬂwaﬁawﬂiwmﬁ‘ﬂm‘lﬁswuuﬂanTﬂU"lu“l‘mmflumaué”uﬁuaéwn";’wmw laun unse
mzmsw‘uumsﬂanw*vu"lﬂ“l‘v"lﬂnwnamwwuvmmﬁmwﬂanmuﬂnm"lummsmn"lﬂ Huszuums .
ﬂanw‘vmnﬁ‘l‘vmua“ﬂﬂ"lﬂamwﬂs AN mmsaaﬂﬂmmzsmisﬂuawunmﬁmswm HaNAARD
ﬁmﬂwuﬂmnnmmiﬂanwmmuﬂnm mssamsluSewanantanuuiueuni aunsavimsidgnld
anonll Laziims19s9undes (Jensen and Collin, 1985; Resh, 1987) memﬂaumqﬂmﬂzrflu‘lmmwm
nszIuMIRaAaficBnsanIuquuazasnaeuld anersunisldiadumsnineddui felifa
wanssnudeanmuaIndoudes Tuhldwandai Idninmsdgnialaslilday dufiveusyly
@ v [ A4 a \ dy Yo 1 A [ =
szAumING 0619 sAmumsiineilgnlussyyil 185umsazawsnemsnnundufioady uazd
= o Y 9) v [ 3 a 4 dw - =3
mmyuAeuhnduinleln dwiumnifanmsdudenveudoaung IsnRvuwwiiaaslilussuy
' o Y 1 3 1 o v YV a = v
10M158zM051901113 i idmsunssyuadiuly18es19aa5 nazenneldifannuieniold
r 4 [l 4
npImailgn laeisaund L“ﬁaTsﬂﬁﬁlui’]mmﬁﬁmiuswuuﬂanﬁﬂm"lu“l%’ﬂu"lﬁ'zm o Pyhiur
spp. mﬁlummmmnanmmssmzm Tauwia mmmnmwuﬂuumsasnmummﬂwu‘ﬁmsﬂnm
zoospore mmmsmmss‘"‘um"lﬂﬂw1uﬂwmsa~awﬁmmms Tageusane Iiiannudensldas
100% mﬂ‘luswamm 2- 3 TU (Favrin et.al., 1988; Stanghellini and Rasmussen 1994)
S0 o Pythium spp. mmsnﬂuﬁlaumm‘lusmeaJanwﬂﬂa"lu‘lﬂmu"lﬂﬁawaﬁ
wu snfui i unsssoasa z0105190M15 Taqign Fundriiidenue ruEuaLD0IAe fions
4
Udmnasllludedwmsazawnnemns wiedmntuurammznriadminuasuiudos
4
(Stanghellini and Rasmussen, 1994) fauihrlnilagiuseiimswaniszuunmsaiideluaisazane
oyd' EY = =S [ ¢ Ao a a ]
519oms washnldlumswSoumsazaw swluSessvumssamsvhduiiddseiniom @y ms
ﬂan‘luamwimiauﬂﬂ 'ﬂmwuun1smwaua~ﬁmnmarfluatnm fynusosIsa Taunihsinehi
Fanniae Pythium spp. fia liamnsavialdvnual) 4o 198ui51 (Paulitz and Balenger, 2001) 910
IMRHARINE) iN"lﬂmmsmia%ﬂsmmwa‘mﬂu1us1naaWnﬂgﬂrflumiﬂfluszwﬂgﬂw%Tﬂﬂ"luhﬁu
] 9 .
WYY nutrient film technique (NFT) AvimsigniisluanimTsesenda (closed greenhouse) LaganIn

] b4
01933 (outdoor system) e 11Tudayadmsusans Tsnil idedamuzausdel)



dJd o
ginsaiayitnmanes

< L% )
1. MaNuAIBgy

vmsdudednnnvhiuensuluwangammumunsuazSuana fivnmsvgniinada
m"luﬁmwkmauﬂﬂ uawﬁmwﬂammﬁluﬂs“mﬁﬂmmauﬁﬂmw fuszoziom 4 ifeu dauiild
1Aun smwmmmnmummu"sm unsiuansemsveslsnTnuaisnai ANBAILATALAEINBINITNN
[+4 a [y A 1 a ° =) 1 3 @ ] 3 g @ 3
lazdgnidendiu Asudesrilazhimsifudedng az 3-5 du Methaisnuaszganuinu 13y
! d { o H y a wa Y LY a 4 1
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2. M3AVNVYSINAUT Pythium spp.
¥
1) Msuendo91ns1nezldis surface dilution plate methods 1aon151iue151ARBNIM
¥ ¥ b4 ) v 4
anuazaIndioi udadulduda mimfududiedediuag 1 nfuinualuhndufis@ouda s1uam
] -
10 4@, suspension #1 [dvzgniiwnesruiludrdudu (dilution series) 114 0.3% water agar faegh9az 3-4
¥ ¥
anududy 91nduSai1 suspension Tuudazanududy $au 1 wa. vummEFouLe I ML
¥
. . g as 2 ' ’
(selective media) F1115UAT Y0 Pythium spp. #q1AuA®1%15 CMA+BNPRA-Rb (871113 corn meal agar $
Hedmnauvea benomyl 10 ppm. nystatin 25 ppm., PCNB 25 ppm. rifampicin 10 ppm., ampicillin 500
d
ppm. U0 rose bengal 50 ppm.) (352iny unzame, 2534)lasluudazanududuseisiuu 3 4
4 v ¥
M3A329LTe NI IUna1 24 $1Tue ndInmsuie
Y dy et .. . . o o [y
2) MIATINNUFBNINA1503A1051901M15 921973 baiting technique Tamriuudaunsdni
[ @ 1 4 o Y] 4 o 4 1 v d 1
vy Iiludedumanzawsivehmsasiniude dunat 24 $alue Welidmveneiuivede
1 oy 4 1 &' o =1 @ '
(zoospore) WU MMBeae NATuTihmsiendaunadugina1nluues CMA+BNPRARD
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spp. AU 180 Pythium spp. NIMsasanuluudazass wgmihwuenelduTgniuaziduinm
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3. msUssiiuanEemeiosnye Pythium spp.
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ApdIHAUaUYseilazNyAUTY 13 1H09910%8 Pyhium spp. sxgarinnFaiminegg
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mmﬁaunuwnﬁaﬂ"lm (Anmeavey) o1gszuiu 1 Lﬂauwﬂan"luﬂu mummwenaiiﬂﬂ“l%'"lﬂun
dauduloves Pythium sp. usazleTsan Aidvsluens V8 broth Sunm 7 Su wazthlduaiy
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1. USnemazmsunsnsz01eveade Pytinm spp. TuszvulgniivTnebild@uuwy NFT

4 ) ]
USuouse Pythium spp. Tunnadaneaiignuuse NFT luanmlsedeouilafisseuy

}4 14
ARugungl sxwuide 1dTulSinaidue 1623 Log cfvg s

2.0-3.6 Log cfwg JusIniwaIngu

J Y o o w 1 a ¥ a
auysel wazduiidulsamuddy dnSnadelumsozaesgemswy i8S 0719 Log

cfu/100 ml. (Figure 1A) luardaisalonfignluanmisuSounidio sausulsafoudlafitssuy

a a dy . A 3 o & ¥ o ' @
AIUANUNYN WULT10UED Pythium spp. lusinfiwsnduauysel uazsnRrnnduiliduTsawihdy

1.1-2.3 Log cfu/g a2 2.1-3.6 Log cfu/g mutvy daudTumnaudelumsazawsgemswy 18 TS

14 ]
1A 0.5-2.1 Log cfi/100 ml. (Figure 1B) daudSuaude Pythium spp. Tadaniulsn fidgnluanin

N899 (outdoor system) Wido T luS AL 2.1-3.2 Log cfu/g Ung 3.3-4.3 Log cfu/g Tusiniie

1 3y
vnduauysel uozdufidiulsaamg ey dufsnarelumsazaesigomisny 18 ludSuamidy

0.5-1.8 Log cfu/100 ml. (Figure 1C)
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Figure 1 The amount of Pythium spp. in lettuces roots and nutrient solution of commercial nutrient

film technique facility: lines in the figure show the tendency of population during May-

August 2004.
(A) Cos grown in evaporation greenhouse

(B) Red oak grown in net greenhouse

(C) Green oak grown under outdoor system
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Table1 A summary table of Pythium population in NFT during May — August 2004 and plant

weight loss caused by Pythium spp.

Population in root (Log cfu/g) Population in the Differential * Plant weight

Samples nutrient solution population loss (%)

Healthy plant  Symptom plant
P ympromp (Log cfu/100 ml.) (Log cfu/g)

1. Cos grown in evaporation greenhouse

Min 1.6 2.0 0.7

Max 2.3 3.6 1.6
Average 1.9 2.7 1.3 0.8 45.4

2. Red oak grown in net greenhouse

Min Below MDP? 2.1 Below MDP
Max 2.4 3.6 2.1
Average 1.8 2.8 1.2 1.0 49.2

3. Green oak grown under outdoor system

Min 2.1 3.3 Below MDP
Max 3.2 43 1.8
Average 2.7 3.8 0.7 1.3 55.6

Y The difference of Pythium population between healthy plant and symptom plant
¥ MDP = Minimal detectable population; in root is Log1.12 cfu/g (13.3 cfu/g), in nutrient solution is Log
0.52 cfu/100ml (3.3 c¢fu/100 ml)
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Efficiency of some biological control products for controlling Pythium root rot of lettuce grown in hydroponics
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Abstract

Four commercial products of Trichoderma harzianum and Bacillus subtilis based biological control agent
(BCA) were tested their efficiency for controlling Pythium root rot of lettuce grown in hydroponics. The experiment was
conducted in the nutrient film technique (NFT) and artificially inoculated with Pythium sp., the pathogen of root rot
disease. The results of the first crop with highly degree of infection showed that all of the BCA products either applied
into the nutrient solution at the concentrétion of 10° cfu/ml or to seedling-root (2-3wk of age) at the concentration of 10°
cfu/ml (10 ml per plant) could not reduced disease severity. In the second crop with moderately degree of infection,
however, one BCA product of 7. harzianum and B. subtilis showed a potential to decrease disease loss. Disease
severity of lettuce in the treatment of those BCAs applied into the nutrient solution at the concentration of 10° cfu/mi
before inoculation was significantly lower than inoculation-control. In addition, the average fresh weight of that T.
harzianum based BCA treatment was higher than healthy-control. However, some product of T. harzianum showed

detrimental effects to plant root when it was applied into the nutrient solution at the excess concentration.
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mswmmuﬂivammwmmNamnm*’nﬂqum‘tmwﬂmmmﬁ & nidesn Trichoderma harzianum wazie
wLAT Y Bacillus subtilis FiRane lufasmanaduay 4 aie o] Iummfmﬂu‘llmi'mmwmNnﬂam"mnmmnma Pythium
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NRRSAUYT uae B. subtilis uuuﬂuwmammmLﬂwwmmfm Pythium sp. &1 Lwa'mmﬂdmiﬂlumm~mﬂﬁ'1mmm?
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control) atnefiftdnAtyn1eada wenanniitnudntminaniaiese duresnada TunsssidaniinnsWednisfes T,
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Crop 1: High disease severity

5 Red oak 5 Butter head
4 4
3 3
> 2 2
=
4] 1 1
>
% § Z 0 X b o 1% 0 I &
o) Tr1 T2 T3 Trd Tr5 Tr6 Tr1 T2 T3 Trd Tr5 Tr6 Tr1 T2 T3 Trd Tr5 Tr6
2}
o
k%) Crop 2: Low disease severity
0 5 Green oak 5 Red corral Frillice
4 4
3 3
2 2
1 1
Tl T2 T3 Trd Tr5 Tre T T2 T3 Tr4 Tr5 Te6 T T2 T3 Tra Tis Tr6

Fig. 1 Disease severity of lettuces grown in NFT treated with each biological control product followed by inoculation
with Pythium root rot pathogen.
Disease severity was evaluated at 7 day‘aﬂer inoculation by O=healthy plant; 1=brown root; 2=brown and rot root; 3=rot and

temporary wilted; 4=rot and permanent wilted; 5=death plant: Treatment description of each crop was detailed in Table1.

2. naastyFuin

i cropﬁ 1 wudn Sweinduanueada rea salEA Lm,,ﬁ'mm'aﬁam FNSYIRELRARA T BCA (Tr1-Tr4)
‘luumﬂmmnmqnummnm lanBauiy inoculation control (Trs) % crop 71 2 wud annnsulsn isnnafren uazawatd
wmma‘mmmﬂmamnmm T. harZ/anum ma‘m’numw 2 (Tr3) muuwunmummmm WHKRRATUA T. harzianum Bnuam
finusf wileda Qmwnumw 1(Tr2) f-a::mmgm L:Jfauﬁ"tjumﬂununﬁmﬁfauq (Table 1)

Table 1 Shoot fresh weight of lettuce (g / plant) grown in NFT treated with each biclogical control product followed by
inoculation with Pythium root rot pathogen.

Crop 1 Lettuce varieties

Applied the BCA products into the nutrient solution or to the root Cos Red oak Butterhead
Tr1: B. subtilis based BCA applied into nutrient solution 43.8° 304° 60.0 ®
Tr2: T. harzianum based BCA applied into nutrient solution : 426° 36.3° 64.9°
Tr3: B. subtilis based BCA applied to root 34.2° 36.5° 49.4°
Tr4: T. harzianum based BCA applied to root 44.2° 326° 57.7°
Tr5:  Inoculation control 44.0° 34.1° 60.7 °

Tr6: Healthy control 115.0% 755" 91.3"%




Crop 2 Lettuce varieties

Applied the BCA products into the nutrient solution

Green oak Red oak Frillice
Tr1: T. harzianum based BCA (spore suspension) 119.9%® 89.3" 46.7 %€
Tr2: T. harzianum based BCA (formulated powder product 1) 60.2 ¢ 59.9 ° 37.3°
Tr3: T. harzianum based BCA (formulated powder product 2) 140.4 % 106.3 % 73.3%
Trd: B. subtilis based BCA (formulated powder) 95.7%¢ 92.0* 59.7 A%
Tr5: Inoculation control 115.4 " 98.9" 61.9 "¢
Tr6: Healthy control 127.3° 100.2* 65.0"°
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quusszeansialsaldluszmumile amﬂmmuwmﬂuamqvmn'mnmifﬂfamwmm n1slduAnTuT BCA fananaly
mmmammmmwwmn‘[a‘ﬂ‘lm Lummnna‘ln‘[mamq‘lﬂmm BCA finansutadu (competition) waznsiuupiing
(antagonisms) numfammmimwm (Whipp, 2001) #4a1is BCA vﬂdLm']‘lﬂ‘l,u?“umvmmummmmmlummm@mmma
m’muw‘lmfamquﬂ?vammw fse9dnsle 7. harzianum Lw'amumimmnm (back rot) 2aauAINITIRAINTE
Phomopsis sclerotioides ﬂﬂanlummﬂanlwu wudNRuaulszans T. harzianum mammwaﬂq (Thinggaard, 1989)
muuqﬁmwualum?m°'im:m°'muﬂ?v°n'mﬁmq BCA Aansld BCA asluszuussnasiaiiias lunsiives Pseudomonas
chiororaphis WudnArsazii Bunndusn lusnfedszanm 10° cfulg AazamnsnAuAulsAsINiLinLes pepper vxﬂanlu
ssuunlgnivalag L4l (Chatterton et.al.,2004) m?’l’nNammwnm‘uﬂuimﬂmqwumﬂlmmmmm 'Lum?murm‘lliﬂ
ﬁnmwmmnmmwﬂanlusvuu NFT IfuavaludeuanuaziBeay NanAUTI8g T hazianum am?m‘numw 2 Wnaalu
nspuANlsA uardaasunInaInIasive lummxmamnmmm T. hazianum amm’num'ﬂ 1 'a']'sal,ﬂu@um'mm'awnmn
lﬂu@mmvxmmu‘lﬂ (10° cfu/ml nutrient solution) mamqLﬂumammnmﬂwuﬁummmamm (formulation) TuANANey
lu?vuuﬂanwmimﬂ‘luhmuum um'mmmuaum@m?mmuimmm Lufaamnqaummmmulusyuuuu@ﬂ (Paulitz,
1997) LLmummnluimu NFT sinigagluanwidssilan (bare root) m?mLfa'maumﬂﬂ‘lu'a@u‘llﬂum'awm vdeAaulan

ﬂa@umqlumumammLLmavmamnmmmlﬂlunuummnulﬂ atpansEnusa NS eduiu
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m?'lﬂnNamnmmmmuimﬂ’nmﬁmumﬂuwmmmm 'Lum?mmuismqnLuwmmnaamwﬂanlu?vuu NFT fAny
Dl luseiumie LLmmm’mmmqﬂ?vmimvwmmmiﬁnmﬂum'mmamm@lﬂ
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dssdninmansndniuginuaulsafalnedais uay 'aaumsmmmwm'mwwLmn'lm'a'maamwﬂan"l,u
szuuﬂanwﬂma‘lu‘lmmu 'lumszmmmswsmLﬂu‘[mmmﬁvfa Pythium myriotylum
Efficiency of some biological control products and rhizobacteria isolated from lettuce root hydroponically
grown for inhibition the growth of Pythium myriotylum
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Abstract

Biological control agents (BCA) from Trichoderma harzianum and Bacillus subtilis were tested their efficiency
to inhibit the growth of Pythium myriotylum, the causal agent of root rot disease in lettuce. The BCA products were jn
vitro tested at the concentration of 10>-10° cfu/ml. The results showed that all of the BCA products could inhibit the
growth of P. myriotylum. Three kinds of B'CA from T. harzianum; the spore suspension, the formulated powder product
1, and the formulated .powder product 2 could inhibit the pathogen growth at 22-100%, 77-100% and 100 %,
respectively. The product of B. subtilis could inhibit the pathogen growth at 56-90%. In the other experiment, some
rhizobacteria isolated from lettuce grown in hydroponics initially 16 isolates were tested at the concentration of 10°
cfu/ml. The results showed that all of the isolates could inhibit the growth of P. myriotylum as same as the BCA
products. Their percentages of inhibition were in range of 38-96%. The results from this experiment indicated that
rhizobacteria isolated from hydroponics grdwn plant might be the potential BCA for controlling root rot disease in this
growing system.
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Namnm’nﬂQUﬂuT‘a‘ﬂwﬂmﬂm'}ﬁ Vl‘lm‘-hm‘nﬂ Trichoderma harzianum W< Bicillus subtilis Imnnmmﬂmﬂﬂu
ﬂ?vawﬁmw’lummummimzyﬂumL%fa Pythium myriotylum mmmimﬂnmﬂumnaam Tuanw in vitro Tl g msndaus
10°-10° cfu/ml wmﬁwnuaﬁmm’nmmmﬂummsmmLmu‘tmmLﬂna Pythium mynotylum 1% wdAnATes T, harzianum
3 9in ; aleR 1 ﬁN@ﬂiusﬂmmmmmua@ﬂaﬂ@s (spore suspension), 5fiad 2 maﬂiu?ﬂm@mmma"mﬂm
(formulated powder), a0ind 3 m@ﬂluiﬂmmamma“mﬂmrﬂunu mminﬂummmﬂyLmuimmmﬁammm‘lm 22-100,
77-100 Uz 100% PNNARNAL AUNRATUTII0S B, subtilis mmmﬂummsmmmmL‘naisﬂ‘lm 56-90% luBnn1snmaes
Wik LmﬂmsﬂummmmmnwwLmn‘lmmnmnaamwﬂanlusvuuﬂanwﬂmﬂ‘lulmmu Tudiesduduan 16 Talman Tsigniin
uwadau Tnaldludnm 10° cfu/ml ‘wm'mn‘l@TﬂnLawmmmﬂummmmﬂumLﬂnﬂ Pythium myriotylum Tuanaw in vitro
i Tefinlefifusinistiudadaus 38-96 % mamnmwlumummmLmummmmmnwmwLLﬂn‘lmmns"uuﬂanwn
TneldldAu fmqLﬂuqaumﬂfannawumuﬁnﬂmwiumswmmmLﬂuaﬁsmmuimﬂmmﬁ lunasaauAnTsAsINinga
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mmmﬂmuwm'u%@ Pythium sp. wnJummmmm‘fmmnmwmmnaamwﬂan'l,uruu NFT Aeida P. myriotylum
aemAReITLR Stanghellini et al. (1998) 'lseaul’d snwnamnmquamsm‘vwLLmnmqmn P. aphanidermatum R34
antheridia (mﬂﬂauwuﬁmﬂm) dowlunjaziduuun terminal (Wanendule) 49y 3-6 Susumery oogonium (IAFALINUSINA
i) Tuwousd A, aphanidermatum danilwnjazifluuin intercalary Gzuinadule) unndn terminal wasiidunwRes 12 o
ey oogomum (van der Plaats-Niterink, 1981) 'Lummmmuﬂrﬂwﬁmwmmmamnmmmmuimﬂmaﬁ‘lummummi
\3ty1ed 3 P, myriotylum wm'mnuamnmmmmmﬂum‘lmmmm 22-100% mu@ﬂnumwmwuwh fammuuansing
mnmqmmﬂuwammnmﬂwuﬁﬁLLmnmqnu LazN"3 formulate (HANgA3) Fumnsinafunesusiaziefomst mldnalnlunig
mmuuﬂ:mm’mmmmm BCA umnansfusing eenalsfimamudnfinonududu 10° cfu/mi nnednfuriasiinalumseud
\nevaNysal Favh TumsmnseuLssAninmaes rizobacteria A9l luSRMAMNE LT 10° clum! & NANTNARDL
wumm@u*nn‘l@hLawmmmﬂummimmm P. myrotylum léunndn 80% LLa"nn‘l@hmm‘lmmummmmumqmﬂuww
AUsUATNLES wwmﬂumMm N5 rhizobacteria m'l‘ﬁ”lun']m'mﬂmma Pythium spp. Tuszuulgnivlnelaildfmiud
nsAnAeuiaNwaaNes Taemudndalunjudoazeylunguaes Bacilus subtilis, uAs fluorescent Pseudomonads
(Grosch et al., 2001; Paulitz and Belanger, 2001) Namsﬁnm'lumqumummmﬂm:mwmu@uq uansliiugn
LmﬂwLsﬂnﬂuumwﬁ’nﬂmwlumswﬁummLf]ummfmﬂuimwﬂmﬂ‘ﬁfsfsﬁluruuﬂﬂnwmimﬂluhmulm

dgUnanisvnaas
1. @8 Pythium sp. mﬂummmmimmnm’mmmnﬂamwﬂﬂan]ummﬂuuuu NFT Agita Pythium myriotylum
2. Namnm%mmuimmmﬁw‘lmmn T. harzianum Wa% B. subtilis uﬂsvﬁmﬁn']wlun']mummsmrgwmL%@ P. myriotylum
B3 luanm in vitro Themudnfiaanudadiu 10° ciumi uﬂsvawﬁmwiun'wﬂummﬂmcylm Navanysol
3. fianudulu1#9n rhizobacteria 'VlLmn‘lmmnuuuﬂanwﬂma‘lu‘l‘ﬂ AU mwﬁ’nﬂmwlumswmummﬂummfmﬂui‘mwm
TneTqas °Lumimmuimmmmwanmnlfn@ Pythium lui,,uuﬂanwm’numu‘lm

ANIBLAN
18TAUANS $71.79.9381 AANENAT w‘lﬂmuuwmlumimLuumqu net.ns. 0t aushes Aifduuei
TN uazdrtineunesuatuayunisise @na.) wiuv;u’aqmmumm'wm\m
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Tt 2. inwmswszaauing 14: 26- 37.
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