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Abstract

Project Code : RMU5080019

Project Title : Hydroponic crop improvement against root rot disease through biological
and cultural measures

Investigator : Assoc. Prof. Dr. Tanimnun Jaenaksorn and
Asst. Prof. Dr. Prommart Koohakan
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand
Assoc. Prof. Dr. Sutruedee Prathuangwong
Faculty of Agriculture, Kasetsart University, Bangkok, Thailand

E-mail Address : kjtanimn@kmitl.ac.th

Project Period : December 2006 — December 2009

Hydroponics originally came about to eliminate many of the variables that contribute
to disease in the field, but other negative variables may have been created in the process.
At present, Pythium causing root rot is a real problem in recirculating hydroponic systems
as they provide ideal condition for rapid growth and spread of infectious propagules.
Besides, it is an opportunistic disease which means that it is looking for weak or injured
plants. Biological-based approach to hydroponic cultivation may probably provide a helping
hand in managing the root disease and maintaining a more sustainable and hydroponic
crop ecosystem. Therefore, the research was conducted to improve the hydroponic crop
production against root rot disease of lettuce (Lactuca sativa L.) through biological and
cultural measures. The research consisted of four parts. First, the evaluation were made
on the efficacy of the four formulations of commercial fungal bioproducts presently available
for conventional crops and the four reported-beneficial rhizosphere bacteria having high
antagonistic potential in suppressing important pathogens for controlling Pythium root rot of
lettuce grown in hydroponics. It was found that the four formulations of fungal bioproducts
for soil-grown crops were in effective against Pythium root rot disease of lettuce in NFT
which are not in line with recent observation with other DFT crops suggesting that the
products might be host specific in controlling. Besides, it is possible that NFT might not
provide the ideal condition to maintain the population of biocontrol agent in the system
sufficient enough to control the disease compared to that in DFT. The unsuited formulation

to hydroponics as well as quality of the product would possibly be attributed to the
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experiment. For the four reported-beneficial rhizosphere bacteria, directly applying them
into the hydroponic nutrient solution gave unsatisfactory result in controlling Pythium root rot
of lettuce since their survival in the system were hardly detected. Applying the beneficial
rhizosphere bacteria as seed treatment, Pseudomonas fluorescens (SP007s) gave the best
result in terms of percent seed germination and growth of green oak seedling under
laboratory condition. Seed treatment + directly adding into nutrient solution gave the best
result in decreasing the disease incidence and increasing the crop growth.

Due to the efficacy limit of the forementioned-bioproducts for conventional crops to be
used in hydroponics, therefore, the second and third parts of the research were conducted
to find out and determine the new indigenous microorganisms including PGPR from
hydroponic systems as biocontrol agents which would be an alternative biological-based
approach for sustainable disease management. It was found that 60 indigenous fungal
isolates were obtained from hydroponics and some of them showed the in vitro antagonistic
ability against the mycelial growth of Pythium sp. at 3 days less than 40 percent growth
inhibition which was rather low. This might due to the slow growth rate of these indigenous
fungi. Hence, competition was not responsible for this regard. However, the in vitro
abilities of fungal antagonists A0O03, A018 and A019 became quite satisfactory at 20 days
since Pythium colony was almost covered by these 3 indigenous fungi and exploitation was
observed. Furthermore, the three isolates of fungal antagonists also gave good results in
decreasing the Pythium root rot disease severity and increasing shoot fresh weight of
lettuce in hydroponics compared to that in inoculated control without tested antagonists.
Regarding the new indigenous rhizobacteria, it was found that 468 strains of miscellaneous
endophytic and epiphytic bacteria were obtained from recirculating hydroponic systems and
some strains were shown to be effective in inhibiting the in vitro growth of Pythium about
65.8-87.9 percent. KUKL205 showed the best potential to produce secondary metabolite
equivalent to commercial strain Pseudomonas fluorescens SP007s for suppressing the
target pathogen in bi-culture test. In hydroponic trial, all the bacterial treated plants as seed
treatment (KUKL205 included) showed no symptom of root rot compared to the non-treated
plants. In line with disease incidence, it was found that the accumulation of (-1, 3
glucanase, a defense-related enzyme was greater in bacterial antagonists-treated plants
compared to that in inoculated control. To our knowledge, this is the first report about
induced systemic resistance under hydroponics with plant growth promoting rhizobacteria.

The fourth part was conducted to determine the efficacy of the obtained-beneficial

indigenous fungal antagonists (3 isolates) together with the indigenous PGPR (KUKL205)
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for controlling Pythium root rot of lettuce grown in the DFT. The emphasis was placed on
synergistic effect between antagonistic bacterium and antagonistic fungus. Indigenous
KUKL205 was used as seed treatment (106 CFU/ml), while the 3 isolates of indigenous
fungal antagonists were applied as root-dip solution and added into DFT nutrient solution at
the concentration of 108 CFU/ml (10 ml per plant). The results showed that the application
of the indigenous KUKL205 alone (T1) and with the 3 isolates of indigenous fungal
antagonists (T2, T3 and T4) did provide significant control (on 21 dpi) of root rot disease
compared to that in the inoculated control. No synergistic effect between the indigenous
KUKL205 and the 3 indigenous isolates of fungal antagonists (A003, A018 and A019) was
noted on disease control efficacy. However, synergistic effect on plant growth was
significantly noted in T2 (KUKL205 and antagonistic fungus A003).

The beneficial indigenous rhizosphere microorganisms obtained from this research
are as follow: KUKL205 indentified as Bacillus sp. (base on biochemical and 16S rRNA-
PCR characterization), antagonistic fungi A003, A018 and A019 indentified as 2 isolates of

Trichoderma harzianum and 1 isolate of Gliocladium sp.

Keywords : Pythium root rot, lettuce, Lactuca sativa L., hydroponics, PGPR, Trichoderma

harzianum, Gliocladium sp.
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URNITZUU NFT Lo
17 mudiydulawaznandaluinfuifeivesinada Cos ﬁﬂgﬂlmzuu NFT 1§
mﬂﬁ%aNﬁ@f]’mﬁﬁamuqukﬂmmm ..................................................................
1.8 ANWTUUTIVRI1IATINLNVBIRNEEA Cos lub NFT AfimsladeuvefiGoaa
FINRTA LSS UMW ELNI LA 4 FUWRUT UAZ TINEAAUN 1 THRA oo
19 muasyidulausznaniavasingda Cos lu NFT Afinsladauvafidog
FINRTA LSS UM WL UED 4 BUWUT uaz TInAaAUN 1 ke Lﬁamuqu
15a PYthium FOOL FOU ...
1.10 UzdniawmingnindadiouuafiiSaluanis 4 sowus (PGPR) dans
JONUAZNITLIIYVBINAINNFAN green oak IUFMNABIUFUANIT covvvvvvvrrernnnns
1.11 maneseuanaduljiindranseuvafidonennfisdanisiasymaduls
TN 117 g I o] o T PP PTR PR
1.12 anuilTiava4 Pseudomonas fluorescens (SP007s) luanIazanum19a1IINT ...
1.13 HNRVB3 Pseudomonas fluorescens (SP007s) gansialya Pythium root rot
289NNAaA green oak ﬁﬂgﬂlu DRET et
2.1 msa?mafﬂu,a:l,ﬁm'm‘nuL%ﬂﬁ‘lmzuuﬂgﬂﬁﬂmhﬂfﬁu ......................................
2.2 umsanu ez wInlaleanua s e T AUON I e
2.3 LLEWNLﬂa%t‘%uﬁﬂﬂigugx‘]ﬂ’]iﬁﬁtyﬂ’mLﬁulm%ﬂ Pythium spp. Ta4N1INAFaL
Bi-culture test °11au%aswmmwnﬁmaaszuuﬂﬁﬂﬁﬂmhﬂ%@u ﬁmq 3 Wb,

2.4 LRAINIAALIATNLUNVBIENFIAINLTE Pythium spp. WWIUL DRFT oo
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AN N

2.5

2.6

3.1

3.2

4.1

4.2

LLamﬂ%mmL%aﬁﬂﬁﬂﬂﬁ W8 Pythium spp.ﬁagsa@ﬁmnﬁﬂuwu DRFT u
T LT Y oo 38
maasAulaLssNANRATBINNEAA butterhead ﬁﬂgﬂlumsa:mmm@;mmi
2995201 DRFT flaiB05U §insuastTomammnalan. ..o 39
AnsazRugIwIT U wAIneaslalad (3U19 219 Ua®) Vs
wuafisfidyuniantienmsunams NA fuonldanaiude g vasis

(lu duuazn) msazmUm@;mmsﬁmﬁiﬂm:uuﬂgﬂﬁﬂ@ﬂ;ﬂ%@u .................. 43
ﬂszﬁ'ﬂ%mwmaqL%?aLLUﬂﬁL‘%Uﬁﬁqmmwmﬂszuuﬂgﬂﬁﬂ@U"L;ﬂ"ﬁﬁ%l%ﬂﬁi
Fugsnsiasamaduwlovas Pythium spp. §383% dual culture Tuanw
PBILUENTT oo 45
ﬂiz%‘ﬂ%ﬂ’]‘wi’l3J°]JFNL%EJLL‘].IﬂﬁL%ﬂLLﬂzL%@i’]L%@]i’]ﬂﬁ“ﬁ%ﬁ@l%ﬂ%’]ﬂ‘itﬂﬂﬂ@ﬂﬁ“ﬁ
loglilfdudaanuquussvailiannuinvasdinada Cos "ﬁlﬂgﬂimzuu mini-
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1.1 waadamsiaun@uessnfiiiaainia Pythium spp. luHNFaa Cos ﬁﬂ@ﬂh

12 ugasomsfiadndvesnniinanie Pythium spp. luenaaa Red oak ﬁﬂgﬂ
U TELIL DT ettt ee e
13 uFaIBNINaTaITe Pythium spp. dansiasuLiule (m{mﬁfﬂawaaﬁmm:ﬁn)
289NNaaa Cos ﬁﬂgﬂlmzuu DFT TSR UURED oo
14 uFAIBNINaTEITD Pythium spp. damsiasLéule (m{’mﬁfﬂa@maaﬁmm:ﬁﬂ)
289ANaaA Red oak ﬁﬂgﬂlmwu 18 B T TT CYTE T
15 mmagsa@mau%ammqkma: BCAs lumiazmumegamnaluizning
mylandnada Cos luszuy NFT muﬁaﬂ%mmﬁaé‘mdnﬁagjia@ﬁs’]ﬂﬁﬂu
T TTR CY T 1T Y
16 masyaulalumsdlanin 1, 2 use WalAufsvesdngda Cos fgnlu
YU NFT ﬁﬁmﬂﬁ%qNﬁmﬁm%ﬁamuqﬂsmwmm (A); C2, T1, T2, T3
Was T4 ugasannsRaUnannuasi (=) TSRO

1.7 auaL0avay Pythium spp. ‘Lumsazmﬂm@;mmiﬁ"’m:mwmiﬂgﬂﬁm

1.8 mmmaaauné’waam’]mﬂuﬂg‘jﬁﬂﬁ@iaﬁa pathogen 284 BCA %#aa1nldas
TS UUURNAT 1ABTT Bi-GUIUIE.....oooooceeeececeicsseeece s
19 mawsaidulaluiwiuifsvesingda Cos Aignlu NFT fimslate
wuafiSsaTnATR LS UNIWELNI LA 4 fuRUS uaz Tiwdadiudt 1 via
L‘ﬁamuqukﬂ PYEIUM FOOE FOU 1vvrververeeer e eees e e s s eeeeeeeeeeeeseseseseseseseeeseeees
1.10 WaUad Pseudomonas fluorescens (SP007s) daniaasaiaulamaduloves
Pythium spp. 4 Dual culture (A), Control (B) ez Mixed culture (A), Control (B) ...
1.11 3201 DRFT fwivdsziliudssiniawuasuuaiiGoinanniizlunisniueu
1IATINLUNVDIEHNIRRN GrEEN 08K vve-rveereeeeeeeee e eeeeeeeeeeeeeeeeeseeeeseeseeeseeeeseeeeeseeeeseeeees
1.12 M3 gLAulaLasNaNAATaINNEAA green oak ﬁﬂgﬂlu DRFT uazls
Pseudomonas fluorescens (SPOOTS) ......ccoiiuiiiaiiiee et
21 MINage Bi-culture test laglFidawanitsaadwiao Pythium spp.
BTG LIATIMEI oo
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ATNN N

2.2 81MslIaNNTaINNEaa butterhead ﬁﬂgﬂiumia:mﬂm@;mmimaai:uu
DRFT Alsdenfinsuszizanannglsn lwiud 1, 3, 6 uaz 8 wasanugn
L%ammeﬂiﬂﬂ%ﬁ 2 et

2.3 a1msliannuinvaIlinaaa butterhead (A Laz B) ﬁﬂgﬂiumiazmﬂm@]‘mms
19935U0 DRFT filaganufinsuandonainglse luiwiuifonansa.......

2.4 szup DRFT fildlunmeseutszintnimaeaigerl finslunsauaulse
I DIRTVFEG ..ot ee e ee e e e eee s eeeneeneeees

2.5 WNENA butterhead ﬁﬂg}ﬂlumsa:mﬂmqmmwaoiwu DRFT filsizom
ﬂﬁﬁﬂﬁuau%aﬁmm@ﬂiﬂ ATURUADY e

3.1 usasanwuedmgIwInmaaslalafl U 2wa uazd) maqmjmmﬁﬁﬂﬁ
WU a1 TUUMI NA Auonldanndiudnig vasis (Ju duuas
n) ﬁmtazmﬂﬁﬁ@lmmiﬁ%mﬁm:uuﬂgﬂﬁﬂ@le,sﬂfau ...................................

3.2 ﬂs:ﬁﬂ%mwmau%aumﬁﬁmﬁﬁqmmw (KUKL 205) 3nnszuudaniizlaslails
i lumsdugimaaSamaduloaas Pythium spp. #1833 dual culture lu
RATWRBIUUTNTT oo

3.3 320U DRFT fldnagaulssfnsn o suuafisoasnmg. ..o

3.4 wazaIn1Ingnuazliagnindadiouuafiiioluanniies (KUKL205 waz SPO07s)
WAz elicitor (SA) 6ian13AIUANIIA Pythium root rot YBIENEAN.......evvveecrrcccreeen

35 flanssnved f- 1, 3-glucanase luinadafingnuazlingnindadiuuafizein
3N (KUKL205 waz SP007s) uaz elicitor (SA) tiluian 6 5% (3unasann
ﬂgm%amm@ﬂiﬂ) .....................................................................................................

41 snwaelsafounssszuy DRFT fldneseudszaninwiuaasiauuadice
wazarfinsuannfizsialminnsuudgnolaslilsau (new
indigenous antagonist) lumimuqﬂimmmeaqﬁﬂaé'@ .....................................

42 fnase Cos ULEAIOMIMNWNTILARINEE Pythium spp. lwiuit 2, 11 uas 21
%é’amﬂﬂ@m%amm@ﬂiﬂ ..........................................................................................

4.3 mmagjsa@mau%a Pythium (A) L8z L%@i’]ﬂﬁﬂﬂﬁ(B) fiTndngsa Cos luiu
P LTI oo oo oo

4.4 URAIMATIYLAULOVBIANENA Cos TUTZUL DRFT .oooooooeeeeees

5.1 é’nwmﬂﬂiaﬁmaaL%aLLUﬂ‘ﬁL’%ﬂLm@liﬁﬂﬁﬂm:uuﬂgﬂﬁﬂ@ﬂvl,sﬂfau Bacillus
SP. KUKL205 LD T NA L eeennnanee
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5.2 ﬁnwmﬂﬂiaﬁua:ﬁﬂHmﬂmam?ﬁwadL%yaiﬁmeﬂﬁ%ﬁimzuuﬂgﬂﬁﬂ@U"l,&i
TG ﬁﬁﬂﬁd"ﬂﬂ’]ﬂ 400 Lvin (A) Gliocladium sp. A003 (B tLaz C) Trichoderma
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manaamemanesiuiagiiu Swnliunediufswniduwzuomindaggammnaud
fanasgiu uazanusanInlumadiiugs naauiasnanulouevesizluizesvaans
Unaany (Food safety) wazanunsnedlunsuanaulilszmnalnoiiuasivaslan (World
. o ' o v 1] va = ] o
kitchen) igwadananvhlinalanisleslalsawdwnaluladnionldiuanusulanninsasns
v o a a % J A v
wazgdsznaumsnaneme uazgniianldlunandaiinisdinindu Ssmeldnszuaunis
A o \ a Al ¢ A e . v A Aa & A
HAAAINE HAaNaR ldazlinuan sxena wazdaeanvderuilne Jfsdwdounaad uaz
A o A = a [ a & a A A o
neiinwdes WanlSpuifisuiunszuaunnfauuuands nsndenslasldszuudan
A ] va a & v s a 1 v 1 % 1 o v a 1
wrlanldldaudadunislddadoniinfadieg ldadraduan Mldifanansznude
snmwuadenas luwwusidiaslinanfaigadenilomiisiundaniliaSonifisununisdan
Arludu dsnunistunaluladdgniislaslild@uiandivldldinanzauionmansasiy
= & A A o | A, & a v 84 A
Uazindalng Aszdlummilindisaensyninaedifeimansesuuuandussld dia
v o a A Ada ' = Ao, @ A A
lddduszuunsndaununilendstu adnalsfionw Tymndaaylemmilsnasmsdgnite
laglaldaunddszauagifedymiTaslannuinfiianniio Pythium spp. tHasnnansie
MIAHTHLAENTUNINTEN BT WA TR JAnumanzdasnwwiasauzaInlan
#olaplilddu lunsdlvasmadgndnasaidunsdludszinalng Asulngdnnaziluszuy
danuuy Nutrient film technique (NFT) WU LTaaananAnalauasidenanaalasatnias
fgavsrhlimaatydulasaaslylua 40-60 wafidud netidshinuianugyidoiiasnn
A < a A 6 1 a J Y o o @ 1
Azdulsnas wminfigdanisnivadlsauaznauniszuiaifiadu lunsflosiuirdalialanii
f a A A A [V \ A & kg o
i luedafiduun azldi5msTansedng g iveaanstwilenvausasungiinanluszuy
=S 1 d‘l» ‘§ = ] a o 1 v v
Twllfimumgelumsszmongens Ssludatunuit maluladdansndmminldinn lu
wiusmalwgniimmaamolulsiSeulenfiszuummingauszguiviaiuadneg Nguan
[l a éT d‘v U a v & a
laivhazlimadwdeuvsusesunaidr i luszuumndaldiay udndsasdidymvaslsann
whay uwaasliiiningesungivihliiialiatonudwsenfegusluszuulan Tosufivgu
aanamaanndadnunamMIAnmf ldvinluudawudn e Pythium sp. Midluanalinsinuinlu
Angaaninslanidunisdini szaansnauen ldnsnnanisnndunauysniudug
wazduAdulsatunu udazdanuuanardlwdaswastSanounrinwu uaasliiAwin Pythium sp.
ﬁLilummmﬂ‘sm’mLm‘luﬁﬂaé'@fmmﬁmﬂuwm opportunistic microorganism LAZNTILNITELNG
= a & da o oA A A Aa o & A v 'Y A
paslinnaziunnanfagudndulunnizawdnd isdwntuuleldTuaniwwiadeud
IANNZRNADNITAALIA AURTAINANIUFAIDINITVBILIA NIRRT MTUNTTzLNa lTIdu
a ' o & o v o o Ay e & o A o L A
aug dold asiunsilosiuidanldnatu arvaznszifidunesasaing wudanuguiSunm
& Aa . o v A I o AN v a A o o oA A
Fasungndagudrluduisliegluszaunlinalfifalin wisdudsanmwuiadealddsd

I a AL Ao Y A 19 va ' v A . ' a
AITNELYUILLI aﬂmqNa‘mm‘ﬂmlmwuﬂgnwﬂ@ﬂulmmaumomz susceptible @N1IOA
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v ]
A A

= A A Aa P . ” a A6 A A v A
Fafininifia MInaasnizunit “biological buffer” langAunidsau g sniandaudrilas
o \ A A . . | @ o A a a o A A a [ ! o o
wae na1fa 1 biodiversity AaudsdiiiaifToufisunuisndgnludu inguadnanvili

ke & & A aa v a A ed & & A Ao o
anrRTudwRwImImuulasiAtlaslsadwisndudselomt wduummasnaanylu
MIaaANNLFEWIELH93 N LIATINMNALAANNLTE Pythium spp. wastAuUseENTAwUas

A A A 9 va v a o v A A o & . vAda
nanfadzluszuudgnizlanlalsauled annsludagiuinfadusisiulng nlaglu
o & o L K A A a & a A o & o ! % . [
riasamandnaagudliaugulsaionlgnludn Sindadmsiananienadslimanzauniy

o A 1 vAa e 1 =S [ A o = =3
nmaianltluszuudgndialaglailddu mndynidensanisiiinsdauszdnmis
[ a A€y o . . . Aa 9 A 9 wa
AnBnwaI9auraEviaadiu (indigenous microorganisms) Nflagudaluszuudgnislaslalddu
waziamadussnruqulsafslasiiiTaaaaauiinisianisdng g lusznitenislagn

A a A6 v ' | o @ A A a A
(cultural measures) iasnnyaunidainanzliduanodedzlyn Ianudiduluesuas
M3LdNATUATEY (colonization) NMIUTUAILAZBETEA (survival) ARBAIUNNIAIINTINAUIIU

. v A A ga ] A Aa \ v AAa A o
(establishment) 1d@ 98unidanndunileniianuaulalduniuuafiiiandhaseuasasmalu
(endophytic bacteria) uwazuuAfiFuaRUEUUMIATYLALIAVEINT (plant growth promoting

. . 4 . n . . -

rhizobacteria: PGPR) S3wanamsauszyilguanddlunmisivayunmiasiydulovasis
wiatnihAliiannudunu (induced systemic resistance) Ganwinguzasdluauide
X A = & A A ¢ g g A A A A A =
# iNafnsuazTIuTIT R uNIg (WWeruaziTauuailiie) wannizsialundiidy
Urlomdanszuudgniislaslaildau uazdszifindszininnsenzagfunidaonanildiu
NNNITIUTIN WNamuguTaang lsaTnhvesdnaaa lusnwiasd jodnisuazluszuy
A 6 1

Uanizlasldlddu Gnnslinisdsziliu synergistic  effect  va413dunIdainad1n fnw
gﬂl,mumﬂ% Lmeamsﬁ'@umﬁ’]miﬁﬂsﬂmmﬁm:uuﬂQﬂﬁﬂ@ﬂhﬂﬁfau

mauszinimwmamdeirluszuodgnislasbilfGuuazarumananlunsdaduliannuinlasiTmmsdamnuaziaanssy 2



nmMInaaag

>

ae A, & : =g
NWIYATIWLLININa[0IT K 4 83U A9

1. N198192919AINLHIVDIANFA R msﬂsuﬁuﬂszﬁ‘nﬁmw‘luiwuﬂgnﬁ%fﬂﬂvlaﬂ%’
’ A o ¢ A A A A a A Y
ANVDIBINRAA N ITUAZUUATISHLAAITINNLN 1T LBABNHIBNITLHALNIUED

d‘v U
11  nsnadautlainwn
111 msd@snlsannuiiiiaeinia Pythium spp. Twszuudaniizlasls
Y
T e
nmsemalsannuihfiiinannisa Pythium spp. maaﬁﬂﬁﬂgﬂlmzwﬂgﬂ

A 9 va & . ' a & A

Nolasldldau s Wsw Higreen NFNWY Uag % &8, 8.101NT09 2.UATTITRAN TagLAuNT

HNRAA Cos LAz Red oak NULAAIAINIILIIATINLYN G1aL#ALN u’ILmﬂL%amLmﬂmIm"?% tissue

transplanting technique

11.2  mInagauaadN1salunisiilitialsa (Pathogenicity) 1tiAa1N
¥
B0 Pythium spp. UWANAAA MIZUY Deep Flow Technique (DFT)
A v o €n:l' dv . ] < d‘lp ]
LWal%wl,ﬂmﬂwu'gﬂgumwaama Pythium @3 Lﬂumjai’lmm@ﬂsﬂﬁmm‘naa
pnaaanatgsie 9rinmInasauanuaanIalunvinliinalse (Pathogenicity) 289t
Pythium 3 snawus Muenldunanszuy DRFT uaz NFT AUANaaa 2 o8a fa Anada Cos
ILee Red oak
MNURWNIINGRBILUY Completely Randomized Design Usenaueay 4

VIINLUUG (V894D Pythium) 2 19 82 5 A1 LAZNARBINUKNNTRG 2 THA

aulnsal

1. L%a Pythium spp. 3 Isolates
_Isolate 1 wen'ldaninasa Cos Atdulsasniin anszuy DRFT uaz NFT
_lsolate 2 wen’l@andngsa Red oak fitdwlsnsinuia 9In32UU DRFT uae NFT
- Pythium aphanidermatum lda1n stock va9%a9 Lab

2. NTANFAN
- An@aa Cos (Lactuca sativa L.) mﬂ‘ﬁuf Tiberius RZ
- WiN&aa Red oak (Lactuca sativa L.) mﬂﬁuﬁ: Mondai RZ

3. 2UU DFT
- NZAZA
- R8N

- Jyanme
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AUTULTIAY

TAARTEY

- 13adiatan v I

3adNeNan N dunsa-a1g (pH-meter)

N30 bue3N
- msla:m&l‘ﬁwammiﬁm
4. guniolluiestfidne
- plate
- test tube
- 81117 Potato Dextrose Agar (PDA)
- 81%17 V-8 Broth

- selective-media 81%3U Pythium

1. malaniie
11 MIL@IBNIZUL DFT
TarinaslunzazdslildUsmaes 15 a3 udnaNETazaa M SEMIUANA®
lu Benoit (1992) U3ufn EC = 1.55 mSicm uaz 1 pH atiluna4 5.8-6.2
1.2 MINZLNER
nzEadnase 2 78e ldun Anasn Red oak waz Anaae Cos asluwaasia
9haas 30 WHA saFEuLTwIA 4 S0 %é’amnfumﬁamwsa:awﬂmﬁﬁm EC =0.7
mS/cm uaz pH 5.8 tHwian 3 ﬁauﬁazﬁwﬂaoszuumgmaﬁmiazmUﬁnﬁﬁ@h EC =0.7
mS/cm waz pH w14 5.8-6.2 antdutian 1 slanit
1.3 MW TRITZUY DFT
fandadszuy DFT fiflaniazansfifldn EC 1.55 mS/cm wazen pH atllugas
5.8-6.2 ¥NMIQuA anafasmsazasuazliussazaslndifasnsnaninen EC uaz pH 1ot
aglutnsdananmniulugiad

2. miﬂgnl,%amlm:uu
Wle Pythium spp. wdiae Isolate LBIUKENWNT PDA tHWaaN 5 31 21n%wane
\ase cork borer 1Ua% 2 aslua1wns V-8 Broth udriinlnsumwadaawen Suas 8 wu.1flu
1287 5 T ﬁ]’mﬁ?ul,(ﬂ%ml spore suspension Tile 4.8 X 106 sporangium/ml wazlaasluszuy

ﬂgnﬁ‘*ﬂuu@i REVINLUUG
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3. ﬂ']i@]i']ﬁ]ﬁallL%aﬁ']Lﬂ@ﬂuizuusLuizcﬁ'j'Nﬂ']iﬂ@ﬂa\'i
A A o oa & A4 & . = fo & & a L e & '
LNBEWEUDNAIINRUIIN L‘ﬁaa’]L%@ﬂ%LL(ﬂazﬂiﬂL&l%@UGLU%LTQL@I&JBQ AW 1%33%'3']\1
a & [ -.‘? 2K A ° P Ap
NINANDI (luaﬂ@n%ﬂ 184 ﬂﬂ\?"ﬂ']ﬂ‘]_]@lﬂlamﬂ) ﬁ]ﬂllﬂ’]su']sf]ﬂﬂLLa(ﬂ(]a’]ﬂ']inﬂ&nLLﬂﬂL“ﬁa

a &4 @ . . o <, & ¢ & &
a’]L%@laﬂﬂiﬂV\uﬂ I@ﬂl"ﬁ selective media WIaNNIATWI LT LU ILTUANIIATOLUATEIITIN

nstufinnauaznsiiutaya
1. dayansdulia
1.1 ﬁ'uﬁﬂmmﬂiﬂnné’fﬂmﬁ%é’omnﬁﬂmiﬂgﬂL%ya
12 dnnilesidudnsntauasasnnisueiise Pythium spp. %é’aﬁnﬂﬂgn
o 1 uaz 4 dlanw
2. dayanaenuiNg
24 mudiydule (Tannadand)
2.1.1 Suluud
2.1.2 ANUNTY wazANNEIVEI b
2.1.3 ANUFIVDIAL
22 HANAG (Lﬁuﬁﬂaé'mﬁamq 6 flant) lagTaiminaaduuazn
3. TaNANNENNUIAND
31 AuauLdvaIaIazany (EC, pH, aasnnil) vinnmsanaianni
32  enuLduues gunall anusugunslnlsodon

a 6 aa
4. UANCHANANIRNG

HAaNIINARDY
PNMINAFBLANNENNNITA UM LALAALIA (Pathogenicity) w8diTa Pythium 3 &g
Wug Ausnldunanszuy DRFT uaz NFT Audnada 2 1iia fa ANaaa Cos uaz Red oak 1
Uanluszuy DFT wuih \@a Pythium 19 3 seug sunsavilfiialiannuhdiudiuaes
Tuan199 1.1 uaz 1.2 N 1.1 waz 1.2 Bnnadarinlinaeigidvle (@nugazesdu awa
° A & | @ & o & v o A
uwazdwanly) uaznandaaand audFUa AN 1-4 %a991NUaNLTe pathogen LAY NI4T
1.3 WA 1.4 MWA 1.3 Uaz 1.4 lasazwuin 18 Pythium isolatel %anannazyinWHNaaa Cos
uaz Red oak uaeianslinfimnniuussngaud dsssnalimusdyidulauszianiavaidn
saanIFaIThadfge WealRuuieunuiie Pythium isolate 8% NnMInasey
o . { Y & = 1 g
nnnIaMIreuaaung luzuuluzniinimanas iheududnasinileinge
! a fr & & a | & @ [ A ¢ & &
sungluudazyInuuddadudaiduay lasnsusnizesmaananndnasa ihaqilodidud
M3ATEUATEITN WU luFdanvint iwesidudnsasauasasnnuadisa Pythium 119 3 8

I 6

laian Aaud96n (0-6 LWasidud) lusnaaans 2 viia deuluglawn 4 wuidesiud
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ﬂ']jﬂjallﬂiaﬂ?]ﬂﬁﬂmulunﬂ'ﬂiﬂLN%@] I@Uluwﬂﬁa@ Cos 11LﬂaiLsﬁu@lmiﬂiaUﬂia\‘I‘Nﬂgd

niluinadn Red oak lagiawiz Pythium laloian 1 dsfiidefifudnisnseuasasnngs

A A a A o A . = T \ a ean W o
nyadiaToufisunyleloandug adslsfiaudunihdunadn lundnaudnlalalgn

\%a (Healthy control) NRUATIIWLNNIATOUATEIIINVILTE Pythium ’I,ouaﬁ%mT@iawﬁwga

a v & 1 . . 1 a 1 [l v
luaﬂ@ﬁﬁq@ﬂﬁy 9132104 non-pathogenic  Pythium w1z inAsadnan bilauaasainis

Isaudatnsla (a13199 1.5)

@139 1.1 dnwazainsiadnduasnniiiaainita Pythium spp. ludnada Cos Nianlu

Uy DFT
1231 Isolate 1 Isolate 2 P. Healthy Control
aphanidermatum
o &al ' ' o a a a A
gUeannn 1 NYNIINADULY ﬂmmmuq@a ﬂawﬁﬂﬂaﬂuﬁ;@ IINVFVI
%é’aﬂam%a @%wswm’%uq@ #1186 Faadwa
Uanannia sz 1 9.4
$aaalszun
20%
o &a ' V& A @ Ay £ a
gUen¥in 2 MNNALBLNFNIMN IINPILGNNUA1Y T urieaa TINYIVULRN
e dlw aA :' & = a s
ma'ﬂgmﬂja Yraadszunnn ndestdug yIdangsn /217
50 % At gLANay  LRAIEINNT
NN Uszuoh 10 %
o e a & £ a
gUa1%n 3 NNNANINUNE NI’V NNINTUNINUG TINYIVULR
o A @ Ao A a XY & ~
wmﬂgm%a Insuduinana thauazdn@ wees AT ANINY /217

LWNNIANA 100%

aAa g‘ a
FRIea LI
anasnLanitas

Uszus 10%

Uszuth 60%
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AN 1.2 anwacaInsRadn@uessinfiiaainida Pythium spp. luAnaaa Red oak 71

ﬂgﬂlmwu DFT

1Ia1 Isolate 1 Isolate 2 P. Healthy Control
aphanidermatum
o & a a ' Ao Y a A
gUean¥in 1 ﬂmm’muﬁ;@a NYUINUTINIAS ﬂmm’mslaﬂm;@ IINVFVI
e dq‘ gl o I3 =) =) :/ o
ma'ﬂgmﬂja #1186 ﬂmummﬂuﬁg@a FU91860
il lol!
@ & A & A c A £ a
gUen¥in 2 ﬁﬂNamqua:ua IIMNVIILGNNUR1Y  Usenuagtldus  SngUnLazi
%é’aﬂgm%a anadsunm 45 Nneaslug TAALALILIY ’UD
% ONRUATY  IWIIEIINNgan
A a
Nl TniizeUnG
o e ' £ a
gUa1%n 3 INNANIN 3N Usgnunuazly ﬂmm’mslaﬂqﬂ TINYIVULRN
Qo ﬁv & =) gl <) =) gl a
wmﬂgmwa Wuginaa LRAIDINTT WusUIaaILa Chlale)
Uszuth 95 % YIIWINTIIUY
Uszuoh 45 %
Isolate 1 Isolate 2 P. aphanidermatum Control

FUANAN 1
%é’aﬂgm%a

fUaNAN 2
%é’aﬂam%a

fanwn 3
%é’aﬂam%a

AN 1.1

uaasaMIRaUnGvaINNNAaINTe Pythium spp. MWHNERA Cos ﬁﬂ§ﬂ1%

32uU DFT

mmﬁmﬂixﬁw%mwmimﬁ@ﬁ“ﬂmwuﬂgnﬁ“ﬂ@ng;il“ﬁﬁuLLa:mmmmmhmmﬂ'aéT’mIsmﬁnLuﬂ@ﬂ%%nﬁma%amwLLa:m@mﬁm 7



Isolate 1 Isolate 2 P. aphanidermatum Control
Fandidi 1

o r
maﬂg}mﬂja

fUaNAN 2
%é’aﬂg}m%a

fUaNwn 3
%é’aﬂgm%a

AMNN 1.2 ueedaINIRaUN@eInAinanise Pythium spp. MHNAA® Red oak nlan
lussuu DFT

mmﬁmﬂszﬁw%mwmimﬁmﬁﬂﬂmwuﬂgnﬁ“ﬂ@UVL;J"h?auLLa:mmmmmhmi@iaﬁmkmﬁﬂLuﬂ@ﬂ%%nﬁma%amwme@mﬁim 8



@13191 1.3 Masgidulavasingsan COS ’Lumia:mﬂmqmmiﬁmaﬁwu DFT #iinsuania Pythium spp.

Leaf Fresh weight (g)
Helght (cm) Number Area (w x h, cm’) at harvest
Treatment
Before After inoculation Before After inoculation Before After inoculation

inoculation {1 wk 2wk 3wk inoculation qwk 2wk 3wk inoculation 1wk 2wk 3 wk Stem  Root

Isolate1 8.44a" 12.02b 18.13b  21.47a 4a 7.8a 13.3b  20.3a 3.06a x 49cx 7.3cx 9.6b x 107.30d  18.41d
5.14a 10.2a 14.6b 17.5a

Isolate2 7.92a 13.14ab 20.43ab 25.30a 4a 7.4a 133b 21.0a 29ax4.38a 49cx 84bcx 10.7abx 192.83a 28.85b
10.8a 17.2a 19.2a

P. 8.18a 14.22a 235a 25.37a 4a 86a 143ab 210a 29ax53a 56bx 8.9bx 10.0b x  138.63c  21.85c
aphanidermatum 11.6a 17.9a 20.6a

Healthy 7.42a 13.36ab 22.23a 27.57a 4a 7.6a 1563a 22.3a 2.74a x 6.2ax 108ax 11.7ax 170.83b 39.48a
Control 4.78a 11.8a 15.7a 20.4a
CV. 6.64 6.88 5.93 9.42 7.02 8.00 4.09 6.95 8.64, 10.49 5.29, 5.76, 5.21,
7.97 5.09 7.73

ﬂMeans of 3 replications within the column followed by the same letter are not significantly different according to DMRT (P<0.01)



oL

A13191 1.4 MaasLiulaveddnasa Red oak 1umiazmﬂﬁmmmiﬁwadi:uu DFT N%nsdaniaa Pythium spp.

Leaf Fresh weight (g) at
Height (cm) 3
Number Area (w x h, cm’) harvest
Treatment
Before After inoculation Before After inoculation Before After inoculation

inoculation 1 wk 2 wk 3 wk inoculation 1wk 2wk 3wk inoculation 1 wk 2 wk 3 wk Stem Root

Isolate1 5.74a 9.26a 15.03a 14.00a 3.2a 66a 11.0a 140b 28ax34a 6.2ax 115ax 151ax 65.13c 10.78¢c
7.5a 12.7a 14.3a

Isolate2 5.36a 9.04a 16.57a 14.87a 3.0a 6.8a 10.3a 17.7ab 2.9a x 3.5a 6.3a x 13.3ax 18.7ax 122.67a 20.45a
7.6a 13.4a 16.6a

P. 5.58a 10.34a 14.97a 14.27a 3.6a 72a 12.7a 16.0ab 3.0a x 3.6a 6.6a x 14.3ax 18.8a x 74.23b 15.25b
aphanidermatum 8.2a 14.2a 13.7a

Healthy Control 5.36a 9.50a 14.57a 15.50a 3.6a 70a 123a 19.0a 3.0ax3.7a 6.7ax 136ax 19.1ax 122.53a 23.18a
7.7a 13.9a 14.4a
CV. 12.17 8.36 7.27 8.47 13.35 11.9 12.2 9.64 11.34, 11.01, 15.43, 12.45,
14.06 9.04 9.78 12.69

“Means of 3 replications within the column followed by the same letter are not significantly different according to DMRT (P<0.01)



2501

5 2007
_zc_m 150- W shoot
2 Oroot
N 100'
n
)
(T 50-/
0-

Isolate 1 Isolate 2 P.apha Control

t:l a A dly . 1 a a :j L ¥
2NN 1.3 LRAIBNTWRVRILDD Pythium spp. @]ﬂﬂ’]‘iL"ﬂiﬂJuL@lUI@ (BWIRUNTFAVBIAWLREIN)

YDINNFRA Cos ﬁﬂgnlm:uu DFT T wAuLAg

250+

200+

150+

B shoot

100+ Oroot

Fresh weight (g)

o
<

Isolate 1 Isolate 2 P.apha Control

t:l a A dly . 1 a a :/ L ¥
NN 1.4 LRAIBNTWRVBILDD Pythium spp. @]ﬂﬂ’]‘iL"ﬂiﬂJuL@lUI@ (WIRUNFAVBIAWLREZIN)

YDINNFAA Red oak ﬁﬂgﬂlmzuu DFT luwwAuLne

mmﬁmﬂszﬁw%mwmmﬁmﬁﬂmwuﬂgnﬁ“ﬂ@UVL;J"h?auLLa:mmmmmhmi@iaﬁmkmﬁﬂLuﬂ@ﬂ%%nﬁma%amwme@nﬁim 11



AN 1.5 LRAINIITIATALATEINVBILTE Pythium spp MHANRAA Cos WAz Red oak

ﬂﬁamﬂﬁﬁmiﬂgm%a"l,a.ll,‘ﬂunm 1 uae 4 FUaR

¢ © & %
oI TRANIIVIAIDUATDIINN

Treatment Cos Red oak
1 dlanvk 4 dlani 1 ek aslandi
Isolate 1 0 96.67 3.38 91.67
Isolate 2 0 96.67 6.25 41.67
P. aphanidermatum 6.25 75 0 75
Healthy Control 0 91.67 0 58.3
dyduaniinaasy

1. ludnada Cos WU9 138 Isolate 1 (AusNINMNANESA Cos) Snarinlwsninaaa
Cos LﬂuisﬂguLLsaqaﬁq@
2. luinada Red oak Wun @a Isolate 1 (AugNWIINANEaa Cos) Snarnlisndn
886 Red oak Lﬂuiiﬂgmmgaﬁqmﬁuﬁ'u
3. IMILIALUIINVBINNERA Cos Juuannnd ludnada Red oak
4. WofiFudnsidnnsaunsassInaside Pythium isolate 1 Aildarnasa Cos uaz
Red oak gaﬁquiatﬂ%amﬁﬂuﬁ'm%a Pythium isolate 8¢ fivmmaseu
5. q9uw3sLAen 13 Isolate 1 uazngaa Cos anvminasasdaly
6. annInazauaNEINIIalunIliifialia (Pathogenicity) sanInayysziiin
izﬁumm;mmmaﬂiﬂvl,ﬁé?lf:
0 = MNUFVNIUNG (0%)
1 = NN AV LEIL Husihenadnioau3mlanssn (25%)
2= ﬂi:mruﬂ’%wﬁwaa‘nngﬂ‘ﬁwmﬂ ﬁﬂq@LLa:LmLﬂuﬁm{ﬁma (50%)
3= iﬁﬂﬁ%mulmngﬂﬁﬂmﬂ q@LLa:LmLﬂuﬁm{ﬂmmmﬁam&m (75%)

4 = yATInuaninane nnasulazidumiaaiiaunue (100%)
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a a A a > I3 o 1
1.2ms5UszlindseRNSnnBINAAN MM (biocontrol products) TidavvinaT
¥ 1 > (> -~ 16) YA
nasaann lwmsadvaulsannuhvasdnaanlwszuulaniislaslaldtn
o a a o & . i Aa o . o &
NMINasauTINRAA Ui Trichoderma harzianum Afinineluriasaarans 4
A o €A A a o ¢ o A a a_ o ¢ s A a o €
NEOATWHN A8 TINRAATT (WTOEA) T1, TINAANWN2 (KI8Za81) T2, TINRANHN3
(H9azaNeiin) T3, TinAanunid (sUasiiuaiuaas) T4 luﬂWiﬂaquISQSWﬂLmiﬂmmﬁlﬁ@
N Pythium spp. UUANEAA Cos (Lactuca sativa L.) luszuy NFT
FWLNBNITN@BILLYU Completely Randomized Design sznayaas 6 NYINATD 2
G 82 9 G MNYALLDUANTINITNAI

nwds 1 (1) lilaBwdadoud, lidgnise pathogen

)
ada 1 1A a o 6 d?

At 2(C2)  lilaBwAadd, Ugnite pathogen

FanRadmni 1 (WiTasa), UaniTia pathogen

A a o ¢ g &

Fiwlarust 2 (wiazanoi), danioe pathogen

nN3INAT 4 (T2

(
(
N3333T 3 (T1) (
(T2) (
n3INAE 5 (T3)  FawAaimal 3 (Waazanesin), UQnL%a pathogen
n3IuaE 6 (T4)  Fawdaias 4 (mlofinusiuaes), UQT‘IL%@ pathogen
aunsatuazizng
1) mydaniis
1.1) MILAIVNTZUY NFT
arinaslusaninlwlévsanas 11.6 aas L IHENATNEALTI9 AT WTUANTY
lu (Benoit, 1992) USuen EC = 1.55 mS/cm uaz @1 pH 1124 5.8-6.2
1.2) MINIZLURA
NzEaRnEse Cos aslunasin 120 wia sasoinduig 4 4 91nsiuse
ﬁwmsazmﬂﬂuﬁﬁm EC = 0.7 mS/cm uaz @1 pH 5.8 1w 3 Ju fewflazieasseuy
amgmaﬁﬁ@h EC = 0.7 mS/cm uae @1 pH 5.8-6.2 aniduwiian 1 aUask
1.3) MIgBNTAITZUY NFT
fananasTeuy NFT Adansazanafiddn EC = 1.55 mS/cm waz ¢ pH 5.8-6.2
NIQUA anadassazasuazlsussssaelndifiasnenaniwdr EC uas pH lﬁag_j

lumaé’aﬂmmﬂfﬂumu%’]

2) miﬂgmsi‘?a BCA adluszuy nszvinile 1 Sunasandoioasssuy NFT
T1 auduTw 3.5 x 10° sporangium/ml USuno4 200 Jadaas
T2 U311 30 nJw
T3 131 30 nJw
T4 U301t 3.6 UadRAT
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3) miﬂﬁm%ua pathogen A lUTEUL

WiBa Pythium spp. 1ae9UKewAT PDA 1{lwaa 5 T mnfmmz%uim%aﬁw cork
borer 1w 2 uaslansluonrng V8 broth waztilUnsunaiaawensuas 8 Taluaduwaa 5
$u niwedoy spore suspension M ke 5 x 10° sporangium/ml LLaﬂﬁimluinﬂQﬂﬁ‘ﬂu

N33NATN 2-6 #1893 NLE BCA a2 2 %

4) MIATIIROULTE BCA LLa:L%amLmlmzuuluizmwmimaaa
A A o oA & A & ' a Fo A |1a " A A e &
LwawuuanmmmmLmammqlmma:mmwmmuﬂimmmwmuagmavlu ERDEI O
TerIIMINasadsimIaTaza e lundaznITNITNLeNLTa  BCA LLa:L%ammmﬁﬂﬂ%'a
%ﬁalumé’ﬂmﬁ TaglHa19%13 Martin’'s medium 1as selective media LNa@II9%iLLTa BCA

LLE\]&L%B&’]L%G‘} AUE1aU

5) NMIATARAUNIAILIZANTNWVBIL T BCA

Tagn3vi Bi-culture test U%a1%13 PDA luavausnila BCA uazluiulAuNanae

nstniindaya
1) dayadulen
1.1) ﬁ'uﬁﬂmmﬂiﬂnﬂé'ﬂmﬁ%é’amﬂﬂgﬂL%ya
1.2) ﬂuﬁﬂﬂ%&l’ml,l,%a BCA uag pathogen Tuszuy
1.3) UuinWawad Bi-culture test
2) Toyanad iy
2.1) muaigidvla @rwanly anende annus1ivesly annugizesdu)
(Yannalanw)
2.2) NAWA® (Lﬁuﬁﬂaé'mﬁamq 5 §ans) Tagldrinvinaavesduuazsn
3) TayYaNIRNWILIAREN
3.1) auEnLAradaNTazaIs (EC, pH, amunnl) inmiasatanniu
3.2) MNULTULES goanD anuTusuntlulsadon
4) IANANANIFDA Las3D Analysis of variance (ANOVA) las3% Duncan’s Multiple

Range Test

NANIINARDILAZINTDE
liwuamsiadndnainvesdzlunssuis (C1) NldfinsUaniza pathogen waz lajle
l& BCA & wIun13ld BCA lunﬂﬂsiﬁ%wmﬂ "L;immmmqummﬂ‘mﬁﬁﬂvlﬁl,ﬁa

WisuifsuiunyswAThiinsugnifia pathogen (C2) @10171497 1.6 udatslsfianuauag
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500989158 pathogen TwszuuTU3unmanasasnisiai ludlandi 1 uas 2 uazfinsanas
lUi5aw g auilsszanfiuien G?Eol,l,mﬂ@mmnmma%i‘sa@mau%a BCA luszuudifiUsunmia
a@mLLa:Lﬁw%uVL&iaﬁ’uauamamzmmmmiﬂgﬂ (mwﬁ 1.5) wasidludihdanainlugig 1-
3 Sunasanldize BCA asluluszuy wuindandasmes T2, T3 uaz T4 unuazliawnsn
ananuauegIaaldiasluaIszausgaIn iy NARINE1IRAEANR IR BT HV B
Thinggaard (1989) fins1d1 $wandsznIves Trichoderma harzianum a:a@ml,%"aﬂs]
%é’amﬂlﬁéaﬂﬂlmwuLﬁamuqﬂiﬂ black rot VaILAININ F9LAAINLEE Phomopsis
sclerotioides 1#NN19NALNK Lfiaﬁyuq@mimaaammmmaawuﬂ%mmmma;Jiiamau%iya
BCA ﬁﬁﬂg\m'jﬂumia:mﬂm@gmmiﬁmaﬂﬂaﬁﬁfﬂéwﬁ'ﬁquaﬁ@ (mwﬁ 1.5) wd3nazlny
#%a BCA aalutIEIaEALmgaInIINT AfimanInaTIanuLsunmedie BCA Annld
é’aﬁ?uwaa:agﬂvlﬁiﬁwu NFT ussuufimanzaaliise BCA Whasauasassiniiale ue
ﬂ‘%mmﬁLﬁﬂﬂsaumaoﬁﬂa:mﬂLﬁmwaﬁa:mquim"lﬁﬁ%avhj Faarsaziitetoludszifin
i wdeaUTB91UV09 Koohakan and Nantagij (2005) finsin Fandadmeininesay
YARUATINNITINRAA T Trichoderma harzianum vl,ajmmma@mwgumwaﬂmﬁﬂLu'n‘?i
\fiaanua Pythium  spp. maaﬁmaé’mﬁﬂgnimwu DFT &9luninsimin 18 naannsilu
PSuasnniinldazienudemsliunnnisle

Tudrunsnasaidulavadinasa dninasasdindasmaifinaseulwuallufianig
Wernuduaiugulin ndfe Findadurinnrieldsdinasiuayuninaigidulavasin
aﬁwﬁahﬁmmmgwaaéwﬁu Prnauaziwmnly Husnandaliosufisuiy noculated
control (AN31971 1.7 WA 1.6) Namimaaaf:ﬂ'@LLsiTaﬁ'umuﬁéTﬂﬁ"L@Tﬂ@aauﬁuﬁmﬁﬂmﬁaﬁu6]

luszuy DFT (Pariyaporn and Jaenaksorn, 2007; Rachniyom and Jaenaksorn, 2007)

P a a a a o & ' o o P
N1319N 1.6 ﬂiza'ﬂﬁﬂ’]‘wmaﬂﬁjwa@]ﬂmm@]aﬂ'ﬂ’]l@uuiﬁmaﬁiiﬂiqﬂLuna\‘]Nﬂaa@ Cos "

ﬂgﬂlmzuu NFT

. . A
Disease severity—

Treatment ” — o
1~ Week 2" Week 3" Week
Non-inoculated control C1 0 0 0

Inoculated control C2 1 1.5 25
T1 1 1.72 2.72

T2 1 14 23

T3 1 1.1 2.6

T4 1 1.0 24

¥ Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and

percent total roots with brown discoloration using increment scale of 0-5.
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Pathogen survival BCAs survival

——T4 ——T4
£ 60 1 £ 150000 T3
g = g = . T
E°E 4m N T £ 100000 +— "

7 S . £Z
ES 2 s 5 =000 =2
5 \\_,; —+—c1 = \/ \. —+—C1
E g 0 — .
B 1t 2nd  3d dth Tt 2nd 3d dth
Sampling Sampling

ﬂBars in each group labeled by the same letter are not significantly different according to DMRT

(P<0.01).

A . & A ,
AINN 1.5 mwagiamaamammgiimm: BCAs 1%&1561:611um@;mmswﬂmzmw
msﬂgﬂﬁﬂaé'@ Cos h3zuy NFT 'nwﬁaﬂ%mm%aé’aﬂdnﬁagsa@ﬁs’mﬁﬂu

ARLAVLNEN

@139 1.7 naaigiavlauaznanialuininiieavasdnada Cos Ndanluszuy NFT Nl

vl Aa a e o ]
mﬂﬂjmwamnmww E]ﬂ’)iJﬂ&JI‘iﬂ‘i’]ﬂL%’]

Growth Yield (g)
Shoot Leaf Leaf size (cm) Root
Treatment Shoot Root fresh
height no.. length
Width Length fresh wt. wt.
(cm) (cm)
Non-
inoculated 19.041‘/a 18a 10.15a 14.30a 48.45a 118.62a 20.48a
control
Inoculated
12.11b 12b 6.41bc 8.90b 10.31b 19.30bc 8.11b
control
T1 11.95b 13b 4.92de 6.44cd 8.77b 14.12bc 6.20b
T2 12.26b 13b 5.47cd 7.31c 5.79b 17.46bc 7.78b
T3 9.60c 13b 4.22de 5.27d 4.20b 8.56¢ 5.51b
T4 13.16b 14b 6.55b 9.76b 6.80b 23.02b 7.60b
CcVv 4.9% 5.7% 4.1% 4.8% 18.7% 10.1% 15.6%

ﬂMeans within the column followed by the same letter are not significantly different according to DMRT

(P<0.01)
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Healthy Inoculated T1 T2 T3 T4

anin 1.6 muasydulalutedain 1, 2 uwsz Waifiuiiszasdingda Cos Aidgnlu
s2uu NFT AlinisldgnRadmdiidanugulsnsniin (A); C2, T1, T2, T3 uaz
T4 ugasarmIRadn@nnuasziui (B)

d3duaninaaag
N I N 2 o Woua
IINNITNARBIATIR WU TINEaA M1 NI w1 e luiesaarand 4 afia 1l
Udninmuluminivaulsennivesdnadafiiiaania Pythium spp. Bnnslidinadde

a a o ! Y v o Aaw A { o o A A

maasgiularasfisainan Sdaudinunwidsfiiwnimeseunuisinoiiaduuazian
A ] va dl 1 a g: dy = 1 ‘g’
Tuszuudgnilaglaldauneraiu naflanalianngan 1) anuanizinnzasszninege
BCA fiu #7 2) szuu NFT ldaunsninmszauves BCA lhasnuazgaioananiazaiuqy
A A [y a a o & o ' & A A o @
lsalafisunuszuy DFT 3) junnvasdnianmdiainan liideniamunzaniaziunls
Tuszuy NFT lasawizindadmsizduouns (WP) azldinz@anfinnie mlvdasang
N1IQATUTI901%1IV8IIINAT 4) quaInsaIBInianmal Au1aziinadaniimasay
UzEnTnmluaisih INTIZHAINNIIATIAREY (Monitoring) AINBLTAA (survival) U84LTa

a a o  €a A , ' Ada | & A
"ﬂ']ﬂ?j')Na@]ﬂms‘ﬂLiﬁJLLiﬂLNalaaﬂluizUUﬂ@ﬂ WU’J’]@]QWN&J%’J@]@Q‘JQ@TQGL“EQLLV]Uﬁ]:VLmJa?qJJLaﬂ
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wiadautwdannillafisuiutayafiszy liuuamnuasdndaimsinug udatislsiany Tu

szatunIlgniTnauaanuliinuenuiiiiaegieavendeluszuy (lussazaiong
J g; L= 1 ¥ Qs ] =y v v v v

2113 T) §93U BnnadaaanuinzadindmuIaiydialauatasTINAT IddBuE
W oA i A o e a 9 oA a o & A

lildtinslagndadmeinanlasass ilssudladinfadusiadluanazaiosgainisis

L¥iN%% (Koohakan and Nantagij, 2005)

a a A o ¢ A a A A v v
1.3 msdszidinilsz@ninwmaawuauuafisamasnfisflasunismaunsua i
nmIavanlsannuhesinaanlussuudaniizlaalaila@n
a a o 6 { %
1.31 m‘sﬂ‘a‘xLuuﬂszﬁﬂﬁmwmﬂwuqLLﬂﬂﬁL%ﬂmm‘mnﬁ%ﬁlﬁ'iums
mzll,ms'ué'ﬂ%n'ﬁmmguf‘mﬂnL'tiwmﬁnaﬁﬂ Cos ﬁﬂgfﬂ% NFT
KA e A o A A A v gAY vo
mnaaasitiiiandezmdineossihuuafisoanniraeiusnldsuns
1 1A A & d?/ Aa 6 1 d‘i’ Aa a .
wounwiuaznonwihdguanddidured jinsddaizasnglinludunaosiia (Buensanteai
et al., 2009; Chen et al., 2000; Pan et al., 1991; Prathuangwong, 2007) ml’f@’mqwiiﬂmadﬁ"ﬂu
= I va > g: SR A a a =y a A = a 1
suudgniirlanlalddu donu Fslnsdsafindszdninmaesuuafiowannizamnanly
minuQulIa Pythium root rot 2a3iN&a@ Cos luszuudgnizlaslaldau (NFT natauds)
& A A A A, = v , , ,
BauuafitIaluanisfkiwnansn lauwn Bacillus amyloliquefaciens
(KPS46), Paenibacillus pabuli (SWO01/4), Pseudomonas fluorescens (SP007s), B.
lichiniformis (SP009s) (Prathuangwong, 2007) Was TIHAAAMIILLARSY 1 2ila lasdd
LHWNIINARBILUL Completely Randomize Design 31%3% 3 61¢ 8 9 A% UNTATIIUAE
USuen pH waz EC 2a9mIaza1usgarmnanniu nmslazauuaiiiioluanisaind1iae
nazvhlaglaadluasazasmgoimisiizluiunm OD 0.1 120 Haddas riawu 2 Tu flazth
¥ ) 5 . & . 2 3]
mydaniaainglandas 5 x 107 sporangium/ml Ua4dLTa Pythium spp. 3z¥nItazilung
lasdufinanuuusiveslia (Disease severity) Muasnidulavasiannariiag uaziinig
A7T19R0UANNBEI0AIUITULTAN T BCA  uasilaaunglin  unsdsnliunias
anuswsntulfilnsvesse BCA asnanluwiniuier lagis Bi-culture test lugnw

Wwasdfuanns

Nam‘mmamu,aﬁm‘snf

3 ad dld dw A v a Ad‘
I%ﬂ’]iﬂ@ﬂa\‘]WUﬁﬁ 1%’3 ﬁﬂ’]iﬂ&lﬂ’]iﬂgﬂﬁjaﬁﬁﬁﬁ (?ﬂiﬂ W“ITVL@ LEAIaINIIRAUNANTEUY

(2 ]
A

A a a v aa AN , A& , @ , A
sqﬂLNaLﬂSUULﬂﬂﬂﬂﬂaﬁﬂ']iﬂvlllvl@‘ﬂaLTaa’]LVH;‘}ISQ I@Ua’]ﬂ']SL%'](ﬂ\ﬁﬂa’]'Jﬁlzv\lULuaLﬂ
U']\‘]ﬁI'JuTaﬂiqﬂLagLLazﬁq@aaﬂﬁnﬂﬁ% E%’]%%'Uﬂﬂiﬂimﬁuﬂizﬁﬂﬁﬂﬂwma\‘iLL‘LIﬂﬁL%UW@\i’mﬁ"U
AV oa v a a o & A a AV v | & P o , A
V]VL(?-]aJﬂf]iLNULLW?LLE‘]'JLLazﬁ'ﬂNa@]ﬂmmuUﬂﬂLiﬂ Navaﬁi'UvLNLﬂuvLﬂ@qNﬂﬂq@'ﬁ?\‘] nanaae

A a A o A, \ o A a P
LLU@V]LiﬂL“Il(ﬂi']ﬂW?qu]ﬂ@nV]V]’]ﬂ']iﬂ@ﬁaﬂqwﬁquqiﬂa@ﬂaqmguuiﬁmaGISQVL@LNaLl]iU]JLV]UU

AuAsnsniinsgniiesinglan (Inoculated control) (A13197 1.8)
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ﬁ%m%"ummag’iamaaL%amLmiﬁ?ﬂlmzuwamﬂ'i%mia@maﬂ'nsmﬁalué'ﬂmﬁﬁ 1
LAz 2 3INUU zAAadLIaY g IuiITTesALIng uasidunindangitainuagsaavas
wuafiTaaniy (BCA) flaasluluszuuivsuadasuinandslisuisaamanyle

A Vo = P ¢ AAa o ' A &
(MW 1.7) waadndlsiany Wakauuafiuadnananszuuanysziliumaasanutdy
UjinsdaimasnglinluaniniesljidniilasdT Biculture test wudnTauuaflise
aenandiasdanumusadwsadjindag (nwi 1.8)

lusumaasyidulavesds wiiuTauuefiSswannisniiumaseunuag lasu
msnewindwdesuuafisonsussumaasydulavesis uananlanaulisaansaany
NWIBNHIBUN (Buensanteai et al., 2009; Chen et al., 2000; Pan et al., 1991; Prathuangwong,

1 =} d‘;‘ a A = L= 1 = 1 a a a A 1 1

2007) naafa Wwanuafisolannisaina linasssiunsaiyidulavesivudadnle
A = a o Aad Aa A& A A
WalSeuifsuiuisn1sniimsdgnieainglia (Inoculated control) (A131911 1.9 MW
1.9) MudlwzuitenadunannananuagsaaluszuudgnNsinudeudisdnnn ldidsanae
daniiniuqa udatnlsnanadanindingnddeniis de DeuddndeuvafiSuiuainiie
aenanzagienld dluszuuuddinsenumuninduredjinddaisa Pythium spp. lof
Duotne@ asni ﬁﬁmﬂﬁmiﬂ%'uﬂgu%aumﬁL’%fﬂmeﬂﬁw‘ﬁﬂmﬁw@Tummsnag’iamiu

mJuiﬁﬁﬁazﬁwlﬁﬁﬂizﬁw%mwhmsmuqﬂ‘mé’dﬂﬁmvl,éf

M157191N 1.8 mmgmmwaﬂimwmmmaaﬁnaé’a Cos lu NFT fdntlawanuaiisuiaa

A AN ve v o & a a o & a
3’]ﬂW°U7]vL@3Uﬂ']§LNULLWiLLa'J 4 ﬁqﬂwuﬁq LR TIAINRANTUN 1 TUA

. A
Disease severity—

Treatment " p” o
1" week 2" week 3 week
Non-inoculated control 0 0 0
Inoculated control 1.05 3.50 2.56
T1 0.94 2.72 3.17
T2 0.80 2.89 3.00
T3 1.06 2.89 3.39
T4 1.11 2.83 2.67
T5 1.22 3.22 3.22

¥ Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and

percent total roots with brown discoloration using increment scale of 0-5.
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Pathogen survival

= 500
£
5 g 400
5 ~ 300 SN\
:
e
=)
=]
S
g o ="
1st 2nd 3rd 4th
Sampling

——C1
—a—C2
T1
T2
—x—T3
—e—T4

——T5

AMNN 17 ANWBEIaAVad Pythium  spp. lumiazmﬂm@gmmiﬁmzmwmsﬂgﬂﬁm

T NFT

AMwi 1.8 namasaunaurasanutiuljindedaide pathogen 289 BCA wasanlaay

lus:uuﬂgﬂﬁ% 1aeAT Bi-culture

mﬂ,ﬁmﬂixﬁw%mwmimﬁ@ﬁ“ﬂmwuﬂgnﬁ“ﬂ@ﬂ;ﬂﬂ?ﬁuLLa:mmmmmhmsm’aéTmIsmi’mLmiﬂﬁ%'msma%amwLm:mmﬂﬁm

20



@139 1.9 MatadLAulausznanfauaddnaan Cos lu NFT AdnslsbauuaiiGoiue
A AV g Y o & a a_ o ¢ a A
TNATATATUMIHOUNTUEY 4 WUl ez TinAadmsd 1 sl 1HaaILgY
150 Pythium root rot

Growth (At 35 days) Yield (g)
Shoot Leaf Leaf size (cm) Root
Treatment Shoot Root
height no. length
Width Length freshwt. fresh wt.
(cm) (cm)

Non-inoculated 1
15.817a 19.3a 8.48a 11.45a 42.50a 93.82a 23.45a

control

Inoculated control ~ 10.69bc 11.9b 4.91b 7.17b 6.43b 10.03b 5.06b
T1 9.54bc 11.7b 4.50b 5.83bc 4.68b 7.51b 4.61b
T2 10.61bc 12.1b 4.87b 6.40bc 4.90b 10.17b 5.04b
T3 9.93bc 11.8b 4.79b 6.08bc 4.82b 9.50b 4.05b
T4 9.08¢ 10.3b 3.89b 5.24c 5.79b 6.43b 2.51b
T5 10.90b 12.0b 4.97b 6.32bc 5.90b 11.51b 4.93b
Ccv 16.72%  25.37% 2437% 21.30% 55.92% 130.92% 81.70%

1_/Means within the column followed by the same letter are not significantly different according to DMRT
(P<0.01)

(2
A

nMwin 1.9 muasydulaluiwiviioizesdingda Cos  Adanlu NFT  Almslaize
A a A A va o v ¢ a A o ¢ a
wuafiFoiwa AR ldTunsmBunIug 4 aeWut uaz Tandadus 1 e

\Waaugulsa Pythium root rot
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a a a o 6 A ~ A P
1.3.2 ﬂ’liﬂizL&I%ﬂizﬁﬂﬁﬂ’lﬂﬁ’lﬂﬂ%ﬁquuﬂﬂLiElL‘ll@li’lﬂW‘ﬁYﬂﬂ‘iiJﬂ’l‘i
1 v 1 % % a:
mﬂmea'ﬂun’lsﬂfmqu'[‘sm'\nmwaosmaaﬂ Green oak wﬂgn‘lu
DRFT
1) nesauaNNEINITAlRATRILESNANTIaNLAzMSRSILAYLA
209na1 Green oak
o a A A o {d‘ o ] (%
PLUANIYLUAIINNT 4 mﬂwugﬂvlmummmmmm (KPS46,
SWO01/4, SP007s, SP009s) ¥NagauAu&1uNITalwnIsaasumMsantaznmaasyidula
aa9ns laglfiudainaaanuainmaniiaay Clorox 10% 5 Wl 9INWLTEI8UINA BRI
< & & . ) . v v 6 I3
(Huaan 3 wifl 2 a9 NNuUTaIls bacterial suspension AMULTNTH 10 CFU/mI 11uian
10 w1 ﬂdaﬂlﬁuﬁaﬁqmﬁgﬁﬁaa PUAANHIBNITLTLAL MnagauaNsanlayiT Blotter

method TWANNABATINITION ANLIITIN mwgwadnﬁﬁ LN UT U RS UNULNAAN

sl bacterial suspension

NANIINARDI
INNTANBINLIN mmqmuﬁ@éﬁmwﬂﬁﬁ'mmmmﬁmﬁa 4 mﬂﬁuﬁ: FNIDRILRIY
N139ANVAILUAG mmgwaaﬁuﬂﬁmazmwm’maaiwﬂluamwﬁaaﬂﬁﬁ'ﬁmuﬁa

Wisusuny control lasuwunafiiSy Pseudomonas fluorescens (SP007s) lﬁwaaﬁgm 9
79N 1.10

@1591 1.10 YazEnTanwnisaaniudadiouuaiisoluas e 4 suwus (PGPR) danns

JANUATNIILIIYBINAIRNFAA green oak lugmwiaslfian1s

Laboratory condition

Treatment Seed germination Shoot length Root length
(%) (cm) (cm)
T1 (KPS46) 98b 4.43b 4.10b
T2 (SW01/4) 100a 4.43b 4.95a
T3 (SP007s) 100a 5.47a 5.26a
T4 (SP009s) 98b 4.87b 4.98a
Control” 92¢ 3.48¢ 3.86¢

K Means of 10 replications. Means in a column followed by the same letter are not significantly different
according to DMRT.

Z Without seed bacterization.
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[ v dg’ .
2) NAFADUANNAINIID IBNIIABAWLTD Pythium spp. MbENIN
v a wa
vasdjuanis
L UANLIHUAIINNTNG 4 mﬂﬁ'uijmw@aaummmmmlums
Chlaptsn Pythium spp. 1a837% dual culture W&z mixed culture

AANIINAadI

NNNINARBINLIN WUARASHATINAT Pseudomonas fluorescens (SP007s) MAHAG
figa (75 wWafidud) lunsdudamaeiyidulamadulovessa Pythium spp. M3lu dual
culture L8z mixed culture (m"maﬁ 1.11 MWD 1.10)

dl I a 6 tﬂq’ a A =) 1 a v
f1979Nn 1.11 ﬂ']i“(](ﬂﬁﬂllﬂ’)’]&lLl]%ﬂg:]ﬁﬂb‘?.lE]\‘]L“liaLL?J@W]L‘iilL?l@li’]ﬂW‘lT(ﬂﬂﬂ’]‘iLﬁ]‘iile’NLﬁ%lil

W Pythium spp.

Treatment Growth inhibition of Pythium spp. (%)
T1 (KPS46) 55.56¢
T2 (SW01/4) 66.67b
T3 (SP007s) 75.00a
T4 (SP009s) 62.00b
Control Oc

ANN 1.10 WaLad Pseudomonas fluorescens (SP0O07s) @iam‘uﬁryL@UI@W}NL&%FLMEN

Pythium spp. 4 Dual culture (A), Control (B) wae Mixed culture (A), Control (B)
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3) nadauaNNATIA (Viability) Twansazarasigamvisiiy
° A A A o &aq o a o
mLLm'ﬂLimwmnwmwwugwlwNamnmla 1) UAZ 2) INAFOLAINY
1 U U v 6 9 =Y aa {
otj70q QaslFanudaudu 10° uaz 10 CFU/mI) 1 flask 1@ 500 aRAAT NusTEn IRz
'm@lmmiﬁm u'uvlfi”ﬁqmmgﬁuum‘%aawﬂ%ﬂunm 1 108 m’;aaaummﬁ%‘fjmﬂmﬁmﬁ

Han1INaaag
AMNMINAKBINLIN WUATNIBLIATINANT Pseudomonas fluorescens (SPO07s) 814130

Ada N 'Y o & o & AA A A
N‘ﬁ'ﬂ@]a%]vl,@ﬂ\‘] 21 U ARIINUUITUIVVDILTRRLLLANEILULIURART ((9’]’]5’]\17] 112)

@135191 1.12 AulEIav89 Pseudomonas fluorescens (SP007s) lusiazanumaaniine

Cell amount (cfu/ml)

0.D. 0 day 7 days 14 days 21 days 28 days
0.1 2.3x10" 3.1x10° 1.1x10° 2.3x10° 1.2x10°
0.2 3.2x10° 4.3x10° 3.2x10° 6.1x10" 2.1x10"

4) Uz ARANMNAINITOVAIUUANLIULWATINNG Pseudomonas

fluorescens (SP007s) Twn1saruaaliasniiizasdnaan

green oak ﬁﬂgﬂ‘lu DRFT

mﬂwam‘mmaad‘ﬁ 1), 2) WAz 3) WU Pseudomonas fluorescens
(SP007s) "LéTwaa‘ﬁq@ Fahandeznfuanumanaluniniuguliannuiuesdngde green
oak 1 DRFT (nwfi 1.11) I@slﬁ'm'nﬂszl,ﬁugﬂLmuﬁ%mﬂ%ﬁmm:auﬁq@ FaRa%myesil
T1: agniwde, T2 ldasluasazaionigamnsdis, T3: agniude + laaslumiazaiosg
a3, T4: Wld P. fluorescens (SP007s) (control) 1a8finn3AN9LHUNNTNAREILUL
Completely Randomized Design 3 sg’lﬂ 82 20 6% nn%%ﬂ’liﬁﬁmiﬂgm%a Pythium spp. 5 x
10° sporangium/m| luszninimmlgniniiamauazdivdl pH uwaz EC 2898382818310
01113704WT Tufinnaifialia (disease incidence) uaz nMIaIyLAulavasiy (A1NFIAU

ANLNIIN UAZ IABNEAVDIW)

HANIINA[DI
A3l&a Pseudomonas fluorescens (SPO07s) nn%%nwﬁﬂﬁmﬂﬁﬂiiﬂ (disease

. . ' A o o w aa A = =1 o A

incidence) aaadaenslnafmaNaiaLlawIsuAsuny control (1371971 1.13) laslaniy

asBaITMININTERInIagnwdauazlaadlussazaroniganisie (13) liuadnge

(disease incidence = 15 1asiGud) ludwnsasyidulavasioasnaranudn wldlu
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AANILABINLNEY ax‘]ﬂﬁiLﬁ@Iiﬂ naafa fﬁ%‘mﬁamwiwmsﬂqﬂLuﬁmmﬂdaﬂumm:m ]

119a1Iie (T3) inaiyidvlagenga (M 1.12)

AMNN 111 S2UU DRFT ﬁ%m%'uﬂsnﬁuﬂszﬁw%mwmadLLuﬂﬁﬁmmmﬂnﬁﬂumimuqu

15A9NL28IRNEEA green oak

M13197 1.13 WaVad Pseudomonas fluorescens (SP007s) gan13iialia Pythium root rot

2YaIHNIAA green oak ﬁﬂgﬂlu DRFT

Treatment Disease incidence (%)
Seed treatment (T1) 35¢
Application into nutrient solution (T2) 25b
Seed trt + Application into nutrient solution (T3) 15a
Control 85d

NN 112 mMaesydulansznaniavadinade green oak  AiUanlu DRFT  uazld

Pseudomonas fluorescens (SP007s)
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dyduaniinaasy

MNNANINARES 1.3.1 uaz 1.3.2 TiiFninasmslduuafiGawasniies (Plant Growth
Promoting Rhizobacteria) luszuuianiialaslalddu Sununfigdydedszaninwusate
wuefiisuUfilng

milE PGPR lasldaslusnzmumgainisdslasass wui Taildmadudiinwalaly
mM3InwqulIa Pythium root rot 2aIANFAA ’é‘ﬂﬁy'umm:vlajwuﬂ‘%mmmmag’iamaa PGPR
Tuszuudanitolasglalsau

A5kt PGPR I@ﬂmiﬂqmuﬁ@ﬁauﬂgﬂ wui1 lafdan1ssanveIluaalaznis
Windulavasndinada green oak lusniwiasufiiainis Snnansld PGPR agniwde
muﬂﬁumﬂdaﬂumia:mmiw;mmiﬁﬂ@ﬂmaﬁ]ﬂﬁwaﬁﬁq@‘lumsa@Lﬂai%uﬁmnﬁ@

13@ (disease incidence) uaziAuMILIIALAUlaVDINTA

% 4 & a 1 1 a . . .

2, m‘a‘wm']ﬂwuqL‘%ﬂ‘s’m%ﬂ‘lw&ﬂ%izuuﬂﬁﬂﬁ%‘[ﬂﬂl&ﬂ%ﬂ% (Indigenous antagonistic

fungi) fifidnanlwnisarvanlsannwinluszuvdaniislaslailsan

) [ o ¢ & -~ 19) YA

21 M3§1999 WuPuNaaginsien luszuudaniizlaslaila@n
AN1T§1793 LAUTIUTIAE 8N UTITo T TRAG19 9 3INFIUA19 9 VaINT Uaz
svaratumgemInrnuratdaniilaslaildau ldun audidouasianianfuden
1ATINTAIUNIZAIAN 2. ASTUNT IATINTNAMEIUNIZEIN FILALIILAY 8. Thuaid a.
ﬂiﬁ'uﬁ gluﬁﬁnmmiﬂ'@ummﬁwﬁam 9. WHURIIANN 2. RLLTILNT Lmddﬂgﬂﬁﬂ@ﬂﬂ
IEGuaulasinisnsznad naaiu Golden place TUFWAI NTUNWARIUAT §IU .. 8.
UINT89 2. WATTTFNN LLm\ﬁﬂgﬂﬁﬂ"LaImeﬁnﬁmog 2.8YN7UN17 Uaz lasINITeIN
WizaafgnWIzaUE 3. aynIdims lasiiusunadadidn (lu uazan) ldud daweed
189 (butterhead) NSUABR (green  cos) HNlaNWAY ANlYNLAY HAlYaLD8T FETZUAU /WA
gaaLIalda (red oak) nIulda (green oak) alada (red coral) Wwiad Water cress, Dai-
Tokyo @wusny uaz Knnap1y AlaNuanyIatldugasaimuiuliala g luldzlgnidns
ulsn MINNIALAINZAETI00MTLwITUULRNNATE 9 WUL 1w NFT, DFT, DRFT, water

A d? Aa 4 & a il ] a ' a A d‘{» [
culture LRausnaNANUszlod lasifivdiadnudazoiialaginaadniivaeaide Sadan
2 1 A 2 a U ] o ¢ o A ad = Al o & 2 A:l;‘ 1
gelvusin WeoudoyanoaziBoa ldun Wug o1y Twdeulniny iNedadudayatugiu 1a
! N o A A ! ° & Y a va v ad .

nagslWnusIphudaieilasiuinrornawildusnizalukesd jidniadau3snns tissue

transplanting technique 20N selective media

a @ ‘s a a wva
22 mnagaudszAnsamlumailwisasljiinluanwiasdjians
WTeN leaInmMIgsrauasiusIuTINnga 2.1 $1uw 56 lalaan v masay

ﬂi:ﬁw%mwmwLﬂul,%aiﬁﬂﬁﬂﬂﬁ@im%ammm@ﬂimﬁmm Pythium  spp.  W&8AIN
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wasfiamslasdt Bi-culture test it vhnsdssfasanglsannuin leloianfitialsa
suussfigaanmisnanssd 1 usz Wenlfinsdusnldnnleloanuuaims PoA 1n'li
goannAvad (25-32 avaniaidos) Luan 3 i'uém%'m%amm@ﬂiﬂ e 7 Sudwniuigan
UFTInY dm3un1avin Bicuiture test (3u9n1F cork  borer BMIALFUHNAUENINS 0.5
mudluas awlnainge mxu‘%nmmauiﬂiaﬁmadL%aiﬁmmquau%amﬂﬁﬂﬂﬁ NNy
%ym:maaL%aiwﬁ”’aaawﬁ@mawummmmﬂ‘gmL°‘§a PDA  asstrunuliiszazving
warlszan o Iuaua i8I Ta3an (Bi-culture plate) ﬁ]ﬁﬂﬁuﬁ’m’]ﬂﬁmL%ﬂi’]ﬂﬁﬁﬂﬁuaz
L%aiﬁmm@lkﬂLL@iawﬁmLﬂﬂﬁnﬂﬁuuummi PDA udi3oufioy duauenmisiasaiie
ﬁa%mﬁqm%qﬁﬁaa (a1 20 1w

ﬂﬂiﬂﬂaaaﬂ%df:’s’laLLNuLLuu Completely Randomized Design 31424 5 5§’1 Naway
Augarufiindswam 56 laloian

tufinuaniinaaas lasdarmaiduiigudnanszadlaladl uazudiuin oospore

g ¥ o o 6 & 6 o & a Aa . o ngs
maamaﬁmmmﬂiﬂ Lmemmmmml,ﬂa‘sl,émmmsammmuﬁ@mﬂm (Growth inhibition,

v
o A

Gl) ¢33
Gl = (R1-R2)/R1 x 100
lay R1 = swaiduigudnanslalafd n3ad1mau oospore vaaTaIa g lInlUIUEINNT

= =)
WIsuiney
o & A A o &
R2 = mumaumgwﬂmﬂﬂiau %3091U2% oospore °na<1Lmaiﬂmmeﬂsﬂlumumms
¥ X,
\ReLTaTIN
NANIINAADI

o [~3 ‘3' A 1 ) 1 1 [ d' 1
nnmdasssiiununudenlwszuudgniisles lilsdu mnunsadng g asinan
Tousatedun wanfumnle $1uau 60 loloan asan19n 2.1 uaz 2.2 laun waslu
ﬂ@;w Trichoderma spp., Gliocladium sp., Aspergillus spp., Penicillium spp. Wwas Curvularia spp.
a a | tﬁq’ a 6 dw dl 2 A
nnminasevdiniawlumadwzendjindvenzeniuenldanszuudgniis
1] va & Aa . ' ‘g { o o ~ '
laglailsGuns 60 laloian lasdt Bi-culture test Wuin WwanNvunasaudwIunite bl
o g a o a o & [ [ 6’: a
wgasdansnwmslwsandfing smivdndiuiunis usasdnoninlunsduginisady
maduluasisa Pythium spp. ldluszaunitalugag 3 Juusn (esiduddudagslaiiv 40
6 & 6 [ A A & A dq' Aa ] v < o &
wWasidud) daa13190 2.3 Teonvandunaunnnmisiigesunaliaaiydeutnaii donu
o & ' & " @ . o & 2 o~ o & &
nalnnsdugsldiandunsugadu (competition) dsuuisdnisgananalnasmaduizen
UfinddeluBnszeznils lagunauamiadsaaosinliauds 20 3w wud wandjing 3
lolzan ldun A003, A018 uaz A019 ananInLITYATaLARUITaR IR LIA IdAauaNy IOl

(exploitation) aunzN3 laimanIniiuduan oospore vasTag NG l3ald (MW 2.1)
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ci o =3 tﬁq’ =) 19 va
199N 2.1 ﬂ'ﬁﬁqi?"ﬂLLaztﬂlﬁ'JllTl&lL‘lTE]'S’]‘L%i$U1J1J§ﬂW°HI@ UVL&IIT@%

Isolates Isolated plant part Location Hydroponic
type
RK-K1 Celery root Ramkamhang, BKK DFT
RK-K2 Celery root Ramkamhang, BKK DFT
RK-K3 Celery root Ramkamhang, BKK DFT
RK-DK1 Dai-Tokyo root Ramkamhang, BKK DFT
RK-DK2 Dai-Tokyo root Ramkamhang, BKK DFT
RK-DK3 Dai-Tokyo root Ramkamhang, BKK DFT
RKPG-NS Nutrient solution DFT Ramkamhang, BKK DFT
RKDK-NS1 Nutrient solution DFT Ramkamhang, BKK DFT
RKDK-NS2 Nutrient solution DFT Ramkamhang, BKK DFT
RKDK-NS3 Nutrient solution DFT Ramkamhang, BKK DFT
RKK-NS1 Nutrient solution of celery Ramkamhang, BKK DFT
RKK-NS2 Nutrient solution of celery Ramkamhang, BKK DFT
RKK-NS3 Nutrient solution of celery Ramkamhang, BKK DFT
RKK-NS4 Nutrient solution of celery Ramkamhang, BKK DFT
RKK-NS5 Nutrient solution of celery Ramkamhang, BKK DFT
BT-NS1 Nutrient solution of pak-khome Bangtan, Prachinburi DFT
PNS-MNS1 | Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT
PNS-MNS2 | Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT
PNS-MNS3 | Nutrient solution of peppermint Panomsarakam, Chachoengsao DFT
BT-KG1 Pak-khome (green) root Bangtan, Prachinburi DFT
BT-KG2 Pak-khome (green) root Bangtan, Prachinburi DFT
BT-KR1 Pak-khome (red) root Bangtan, Prachinburi DFT
BT-KW1 Pak-khome (white) root Bangtan, Prachinburi DFT
BT-KW2 Pak-khome (white) root Bangtan, Prachinburi DFT
PNS-M1 Peppermint root Panomsarakam, Chachoengsao DFT
PNS-M2 Peppermint root Panomsarakam, Chachoengsao DFT
PNS-M3 Peppermint root Panomsarakam, Chachoengsao DFT
PNS-M4 Peppermint root Panomsarakam, Chachoengsao DFT
Trichoderma | Butterhead root Panomsarakam, Chachoengsao NFT
PNS-BH1
Trichoderma | Butterhead root Panomsarakam, Chachoengsao NFT
PNS-BH2
BP-BH Butterhead root Bangpoo, Samutprakarn NFT
RK-BH Butterhead root Ramkamhang, BKK NFT
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@13197 2.1 MIdssiiunuNudeNwszuulgniislaslilddu (de)

Isolates Isolated plant part Location Hydroponic
type
BP-C Cos root Bangpoo, Samutprakarn NFT
RK-C Cos root Ramkamhang, BKK NFT
PNS-FL1 Frillice root Panomsarakam, Chachoengsao NFT
PNS-FL2 Frillice root Panomsarakam, Chachoengsao NFT
PNS-FL3 Frillice root Panomsarakam, Chachoengsao NFT
BP-FL Frillice root Bangpoo, Samutprakarn NFT
PNS-GO1 Green oak root Panomsarakam, Chachoengsao NFT
PNS-GO2 Green oak root Panomsarakam, Chachoengsao NFT
PNS-GO3 Green oak root Panomsarakam, Chachoengsao NFT
Trichoderma | Green oak root Panomsarakam, Chachoengsao NFT
PNS-GO
RK-GO1 Green oak root Ramkamhang, BKK NFT
RK-GO2 Green oak root Ramkamhang, BKK NFT
RK-GO3 Green oak root Ramkamhang, BKK NFT
RK-GO4 Green oak root Ramkamhang, BKK NFT
RK-NS1 Nutrient solution in NFT Ramkamhang, BKK NFT
RK-NS2 Nutrient solution in NFT Ramkamhang, BKK NFT
BP-NS1 Nutrient solution Bangpoo, Samutprakarn NFT
BP-NS2 Nutrient solution Bangpoo, Samutprakarn NFT
BP-RC Red coral root Bangpoo, Samutprakarn NFT
RK-RC1 Red coral root Ramkamhang, BKK NFT
RK-RC2 Red coral root Ramkamhang, BKK NFT
RK-RC3 Red coral root Ramkamhang, BKK NFT
RK-RC4 Red coral root Ramkamhang, BKK NFT
RK-RC5 Red coral root Ramkamhang, BKK NFT
BP-RO1 Red coral root Bangpoo, Samutprakarn NFT
BP-RO2 Red coral root Bangpoo, Samutprakarn NFT
BP-RO3 Red coral root Bangpoo, Samutprakarn NFT
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fN1979N 2.2 LL%&OY]ZJ’]LLﬂﬁ]’]%’J%vLaIGIiLaYﬂlE]x‘]L“lTﬂ‘i’W]LLEJﬂVL@]

Hydroponic type Source

Isolate amount

DFT

Celery

Dai-Tokyo

Pak-khome

Peppermint

Al | W

DFT solution

—
w

NFT

Butterhead

Cos

Frillice

Green oak

Red coral

NFT solution

Al O | OO | B[N D>

Total

A003

A018

A019

3 day

n

A003

A018

A019

20 day

Pythium sp. Bi-culture Antagonist

AN 2.1

Pythium sp. Bi-culture Antagonist

MINAFOU Bi-culture test lasldiTasaanniudaduisa Pythium spp.

81 L‘Vﬁ@ﬂiﬂi’m LN

mauszinimwmamdeirluszuodgnislasbilfGuuazarumananlunsdaduliannuinlasiTmmsdamnuaziaanssy

30



ci 6 & 6 o & a % J .
199N 2.3 LLﬁ@]GLﬂaiL‘ﬁ%(ﬂﬂ'ﬁUUEldﬂ']ilﬁ]‘ify“/ﬂdl,ﬁ%lﬂvﬁa Pythium spp. 123N1INATDU

Bi-culture test °ua\'iL%aswLm@mnﬁ'waaszuuﬂg}ﬂﬁﬂ@ﬂaﬂ%@u oy 3 Tu

Source code Isolate code % growth inhibition
Th uniseed A001 26.25
BR-BH 3 A002 21.75
Tr tomato A003 22.25
Th trisan A004 2413
Thm WC A005 21.38
RK-K1 A006 0.00
RK-DK3 A007 14.25
DK-DK1 A008 0.00
RK-DK2 A009 17.25
RK-DK NS3 A010 16.75
WC3 AO011 32.63
BP-C A012 29.63
RK-RC5 A013 29.00
BP-R02 A014 29.13
BP-RC A015 28.75
WC1 A016 27.75
WC2 A017 25.50
TR8 durian A018 35.38
WC4 A019 29.25
BP-NS2 A020 21.13

dyduaniinaaay

INATENTIT TNLTINUAZAALRBNTATUVATINANT 31%I% 60 lalalan nuraddns g
vadszuudgniilaslaildau ineazihanlfidwsendjinslunisaiuquisa Pythium spp.
wudn wendfing 3 lalaian léun A003, A018 uaz A019 FszanEnmlunsaiuquise

sunglaaluanwiest fianslad Fsminihlunasevdaluszuudgniirlas lilfaudaly

a @) § a 1 a
23 msnagaudsz@nsamlumadwidendjindluszuudaniizlaslailsdhn
Ao &l o & A v =) 1] va
mnesastiiagizasaizihdeniuenldnnzuodgniizlaylildduuazuans
anwswsalunaduged jinddareaunglinnnuilusnmiasd judn1santda 2.2

ma.hm‘]ua.lat:?«m%mvvlumsmuqaf[imﬁﬂLmlmzuuﬂgﬂﬁﬂ@ ol lTan
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NN WBNITNAaBILULY Completely Randomized Design tsznauaas 5 nyINAT 5
:’ v = ada v t:?
D¢ AT 2 AW NYIZLDUANTINITUAIU
N9303% 1 (T1):  Healthy control
n33N3D 2 (T2): Inoculated control with Pythium spp.

N334 4 (T4):

(T1)
(T2)

N7703T 3 (T3): 1&%@35111@%15 A003 LLazﬂQm%a Pythium spp.
(T4) Idr‘i‘?aswﬂﬁﬂmi A018 LLa‘:ﬂgﬂL%a Pythium spp.
(T5)

n33435 5 (T5): 1&%@35111@%15 A019 LLazﬂQm%a Pythium spp.
1) mydaniis
1.1) MILAILUIZULU DRFT
lEnszuzwaa@nddiaua 17 x 43 x 10 gnUNARLTUALIAT URINTNEIAZADTG)
21T MIUENABLY (Benoit, 1992) Uud1 EC = 1.55 mS/ecm waz 1 pH 141149 5.8-6.2
1.2) MINZLUAA
WNZLEARNEaA Cos adlunasin 60 wia sadaatinduam 4 i ntusadae
mia:myﬂuﬁﬁ@h EC = 0.7 mS/cm uaz @1 pH 5.8 et 3 5% neuiazdnoagsuy
amgmaﬁﬁ@h EC = 0.7 mS/cm uae @1 pH 5.8-6.2 aniduwiian 1 sUask
1.3) MIT1ONTAITZUY DRFT
fenaadszUl DRFT Ndansasanofiden EC = 1.55 mS/cm uaz ¢ pH 5.8-6.2
NI ua anafassazansuaslSussazanslndiednwanindr EC  uaz pH lﬁag_j
lutsasnananniulugiad

2) msldia BCA (anufilng) asluszu
- a _ Y aw el - X &
I3WANNILAIBA spore suspension Ba9tTaNU{TNENI 3 lolaian Suanifaabaun
g & & [ & ! 4 L, & A
NUMIIALITE PDA Liuiia 7 T4 9nuuga spore W ldlusiinausingaiveri spore
. £ a el v 6 ¥
suspension LLazkUUINH spore wazdsul#le 1 x 10 spore/ml laals haemacytometer
NURINATUTY spore suspension aanaitiuiian 5 i lasltludSunm 10 Jaddas

2
1 v e

faa% ‘i]']ﬂ%%L‘l’lﬂx‘]l%i&UUﬂQﬂ

3) miﬂgmsf?a pathogen aaluTEUL

W80 Pythium spp. 1AE9UHE% PDA 1Hwaan 5 T mnf?mmz%ud:m%aﬁm cork
borer 1wa3 2 uazldasluamis V8 broth uaziinlunsuue3asagninas 8 Talusluaan 5
T ﬁ]’mﬁ?ul,@l%ml spore suspension Tile 5 x 106 sporangium/ml LLazléaoiuszuuﬂgﬂﬁm

$a939N1d BCA a2 2 T4 mumw%%ﬁszqﬁwﬁu
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4) MIATIIROULTE BCA LLa:L%amm@;’Lm:uulm:mqamsmaaa
A A o oA & A . & ' a e A 1a . a A e © R
LwawmuaﬂmmmmLﬁaawmmﬂmma:mmuummuﬂsmmmﬂmuagmavlw AITHUDY
Imsrssacaulundarnisudsunuania BCA LLazL%ammq Lﬁaauq@msmaao fRIU
Usnnmanuagsanvaatendjinyg lasis laslda1wny Martin's medium  uaz selective

media tNBAIIINULTD BCA LLE\]&L%@@’]L%Q ANE1NL

] [ U
NMIURNNHALAZNIINULDYA
1. dayansdulia
e <K I3 a e o d‘y
1.1 dufinemilsaduinm 8 Tu nasanyinsdgniesinglen
e <K ' d‘v dw a ¢ Ao =3 A
12 dufinanuagseavaasesingliauanonujing AdwAviie
2. dayanaenuie
24 mudiyidule (dannddaminasanasszuunssiiunuie)
2.1.1 Suluud
2.1.2 ANUN9 UazANNEN VeI lY
2.1.3 ANUFIVDIA
2.1.4 Leaf SPAD value
a =3 A o € < :’ = %
22 wanda (iuvleary 6 dUansd) lasgahninaaduuazinn aue1IIN
3. TOYANWININUIANDY
31 AuauLdvaIFIazany (EC, pH, aannil) vinnmsanaiannin
32 anwduuss gannd enusudunnslulitan

a 6 aa
4. UANCHANANIRNG

HANIINARDY
nnnadszdiiuliziniawseasenujing (3 isolates) Nldanszuudgniizlaslals
At WUIN %é’amnﬁwmiﬂgﬂL%amm@ﬂsﬂ (Pythium spp.) A3ILINLABTWA 18 NAIIINLNE
wiauay Arlunsadindgniesinglanadnaided (Inoculated control, T2) uaasainiaiu
a o . . o & o= o, & S a & A
laagegaLfed3zay 2.5 (Disease severity) Adnw 3vinstgniasinglndrdnazaniilu
a d' 3 =3 dl v A g cal ‘:3/ nﬁj ' 1 v a
U 28 RRINNNILLNAS LN lANTUEAI81NTLIATALINE 1T TaurazaInalin1Tdseiiin
a a tﬁq’ a v v [l o &/ 1 ] =3 e f-:l»
Usrnsnwvensendjindldgneas ududru udatslsnann wasanmsdgnizaaing
l3aaT9R 2 Wss 1 Tu anuguusizedlingedwiuizdy 2.8 annualnuIuLsIzeslsan
a . A L o A o & & A . aad g
aAaIBNITWAN AUNIENIINA 8 wasnUgnizaaunaglinasef 2 wudl nTINAThdgnise
sunaliafstadnafsiazugasennisliannuiniuusidszanaszay 2.2 Suandr9atedl
wodraymaaidnuiodnd (Lidulsa) dmiuielunnnssnisaldirendjinegng 3 oia

1 v

LLamquumeadIiﬂiﬂanvlmiNﬁ'uﬂnaﬁa (Uszunme 1.2) wETHLIIRBENINNTIVAIDN

q
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Ta'laldirasyHilnd (Inoculated control) adsdnpdngynvaia o lsiaudsz@nTanw
vaazenljindasna 1 liliuadwinny AuUnd (healthy control) @1371991 2.4 AWR 2.2
uaz 2.3
o o \ & a & & A A v = A ,
fniuanuegiaaventendjinduansenaunaliafininie ludwAuiey wud
. & A A A A aad & a ' a
anwagaavasTagnglininnisiigingalunssnitnlgnizasunglaniissaduden
1 1 A o [ Aaa v adda L% f.:ly a 61 2 1 -.‘?
wargindnadiiisdaraynmesianunswmidsninldiendjindiindis uaasingen
Ujinsinalunisduduazinldanuedeaveagesunglinaass adrslsfiaw (e
. & o a a I3 [ S
Pythium  spp. ngawulwinnuesnadndleluwdSunawineadnias San199z1du non-
pathogenic Pythium spp. (171911 2.5) duaNagsaavanTendjing Aol
ANMUFNABSABLUNIIAL (negative  correlation) ﬁ'uﬂ%mmmmagjiiamau%amLmﬂiﬂ
Pythium spp. N&120A8 ﬁ]:wummag’iawau%aﬁﬂﬁﬁnﬁgo WATWUAINBEIDAVBY Pythium
spp. dlunaswdsninslamaniljing asensen 2.5
NN 2.4 uge9szuy DRFT  Ailglunisnaseudsednsnmwasaderndjiindlunns
augulinnizesinasa dSmiudunnaigidule laswwzihminaavesdwilaszos
& A . & a a [ ] A 4 £y ad
ey woh iuldlufiemadoriuanuuusizeslia ndfe swinaazamnnsinis
niinsldendjdng (13, T4 uaz T5) liwalduand19iunieadd wazganitadiell
o o aa A A [ aad & . a A & | o
wpdAynesiiddafisuiunyaiindgnizesunglinediades Beluniwuazwudimsls
Feylfindaind1 swnsnaaanuuisveliauazinlinanied lluandraiunmeaia
AuNTUn@la ndnfe Anaduaiunisadyliule Ta0aaaaInLTIBBYEY LNTNEY LAZ
Atwe, 2548; Thinggaard, 1988; Kleifeld and Chet, 1992; Yedidia et al., 1999; Pariyaporn and
Jaenaksorn, 2007; Rachniyom and Jaenaksorn, 2007; Jaenaksorn and Rachniyom, 2008
dmiunsAtnlazesnglinadiadoiuddinzuaaseinislingiga wadslunguilanusn
0/ s ‘:§/ [ v 1 v a a v :’ b ¢:§/ v 0/ ¢
Usudauazsanaimnduinlnile sanalémaadgidvladiuiminge gsuinlaszaunii
A ' & Y . ' o = S
(1171499 2.6) Wrazidunasvrananwuiases laiinunzaudanisnauwin1svedlind 15w
panpiilussazatusngaimiseglutig 25-28 asrioaifos Gnnvenyasiinizaziaz

8auua (susceptible) aalyndl
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AN9191 2.4 LEAINIAALIANNLNVBINNEIANLTE Pythium spp. WWIzUU DRFT

. ae 2/ t . .
Disease severity” (1° inoculation)

Treatment"'
Dpi1 Dpi2 Dpi3 Dpi4 Dpi5 Dpi6 Dpi7 Dpi8
T1 (Healthy control) 00c 00d 00d 00d 00c  0.0c 02c  0.2c
T2 (Pythium spp.) 2.7a 2.7a 2.3a 2.1a 1.9a 1.9a 2.2a 2.5a

T3 (A003+Pythium spp.) 2.2ab 23ab 21ab 1.7ab 1.4ab 1.3b 1.4b 1.7b
T4 (A018+Pythium spp.) 2.3a 1.8bc  1.6bc  1.2bc 1.1b 1.2b 1.5b 1.3b
T5 (A019+Pythium spp.) 1.6b 1.5¢ 1.2c 1.0c 1.0b 1.0b 1.4b 1.3b

. ae 2/ d . .
Disease severity“ (2" inoculation)

Treatment"
Dpi1 Dpi2 Dpi3 Dpi4 Dpi5 Dpi6 Dpi7 Dpi8
T1 (Healthy control) 02¢” 02c 00c 00c  00c  0.0c 0.0c 0.0c
T2 (Pythium spp.) 2.8a 2.6a 2.9a 2.4a 2.4a 2.5a 2.4a 2.2a

T3 (A003+Pythiumspp.) 22b 19 170 150  14b  1.4b 1.4b 1.2b
T4 (A018+Pythiumspp.) 23b  14b 120 13b  11b  1.2b 1.4b 1.3b
T5 (A019+Pythiumspp.) 19 18 150 16b 1.7ab  1.7b 1.5b 1.1b

1/Pathogen was inoculated twice on 18 days, 28 days after seeding. Antagonistic fungi were treated on
16 days after seeding. Dpi = Days post 2" inoculation

2/Disease severity rated as 0 = healthy root, 1 = diseased root 1-20%, 2 = diseased root 21-40%, 3 =
diseased root 41-60%, 4 = diseased root 61-80% and 5 = diseased root 100% (rot)

“Means of 10 replications. Means in a column followed by the same letter are not significantly different
according to DMRT.

mauszinimwmamdeirluszuodgnislasbilfGuuazarumananlunsdaduliannuinlasiTmmsdamnuaziaanssy

35



Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5

Dpi

Dpi

Dpi

Dpi

AN 22 8 n1IlInTNNeIRNEaa butterhead NUgnluaiazaiusigamizesszuy
DRFT laranujinsuszisanannala luiuf 1, 3, 6 uaz 8 nasanuan
& ¢ 4
Fasnalinaisi 2
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M 23 9mMIlsannuinvaINnaan butterhead (A wae B) ﬁﬂgﬂ‘lumsazmﬂm@mmi

2843700 DRFT AildTanujinduazizanaunglia luiwfunsinande

mmﬁuﬂszﬁw%mwmmﬁmﬁﬂmwuﬂgnﬁ“ﬂ@UVL;J"h?auLLazmmmmmhmi@iaﬁmkmﬁﬂLuﬂ@ﬂ%%nﬁma%amwme@nﬁim 37




@139 2.5 usasdanansendjing uaz Pythium spp. Nagsaansinizluzuy DRFT lu

Fwfuifien
Survival of microorganism
Treatment Antagonistic fungi Pythium spp.
(CFU/g of root) (CFU/g of root)
T 0.2x 10c" 0.32 x 10°c
T2 0.00c 7.28 x 10°a
T3 44x10°c 1.04 x 10°bc
T4 1.9x 10D 2.56 x 10°
T5 3.32x 10°a 1.04 x 10°bc

"Means of 5 replications. Means in a column followed by the same letter are not significantly different
according to DMRT.

mﬂ,ﬁmﬂixﬁw%mwmimﬁ@ﬁ“ﬂmwuﬂgnﬁ“ﬂ@ﬂ;ﬂ“ﬁﬁuLLa:mmm;JﬂinluﬂﬂsxﬁaéT’mIsmﬁnLmiﬂﬁ%'msma%amwLLa:mmﬂﬁm

38



@137 2.6 MIIYLALlauazHaNAaTaINNESA butterhead NUanlumIAzaNBIINEMNTIAITzUL DRFT Nldiandjinsuszisanainglia

Days after seeding

At harvest

25 days 32 days 40 days 46 days Fresh weight

Treatment Leaf Leaf SPAD Leaf Leaf SPAD Leaf Leaf SPAD Leaf Leaf SPAD Stem Root
No. size value No. size value No. size value No. size value (9) (9)
(cm’) (cm’) (cm’) (em’)

T 77a'  133b 257b 11.2ab 51.8a 31.1ab 20.1bc 99.4ab 31.9ab 223b 127.3a 31.8a 80.0ab 6.3a
T2 772 13.7b 271ab 10.8b 452a 319ab 19.1c 916b 31.6ab 223b 126.5a 31.8a 69.9b 6.8a
T3 81a 148ab 27.6a 10.5b 46.4a 32.6a 21.7ab 103.6ab 32.2ab 258a 146.5a 30.3a 89.5a 7.7a
T4 8.2a 17.5a 27.5a 121a 479a 314ab 225a 111.3a 30.6b 25.1ab 136.5a 31.1a 91.3a 7.8a
T5 82a 16.3ab 28.1a 11.3ab 474a 30.8b 194c 104.2ab 324a 23ab 134.8a 31.6a 84.4ab 8.0a
CV. (%) 7.54 22.94 8.67 8.5 204 7.23 10.01 16.13 7.46 12.59 15.82 7.51 19.28 23.57

"Means of 10 replications in a column followed by the same letter are not significantly different according to DMRT.
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i 24 32wy DRFT fildlumsnasevdsfininwvesgendjinslunsaiuqule

NNUNVBINNFRE

AMNN 2.5 WNRA® butterhead ﬁﬂgﬂlumia:mﬂﬁwgmmwaai:uu DRFT #laizam

Ujinduaziranannglia AduAnie

dsduaninaaay
wanuUHinyd 3 lalaan ldud A003, A018 uaz A019 Nusnldaniasiniizainszuy
UanAizlaslildau Sdnanwlunisaaninusuussveslin Pythium root rot zasinadald 8n

< o o a a A Al ] o A a
ﬂﬂﬂﬂﬁuﬂﬁ‘l«‘l‘u%ﬂqilﬁ]i@lL@]‘UI@]"Ua\‘]‘W?ij@@vLNLL@]ﬂ@nGﬂUW%’ﬂﬂ@]
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v ¢ g a ] 1 a
3. manrdrenudiauuafisarialndluwszuudaniialaslails@n (ndigenous
antagonistic bacteria) fiidnannlnnmsaruanlsannwiuszuudaniizlaslaldfn
= Aa o & A o A A A a & A A
MIanmilTaglizasdifeont AadanuazUssiindsz@nTninvesisauuaiiis
amnnziialniandiude g vasiTuazanIazansmgaInTluzuudgnislas lalsaud
= o 1 L= Q = 1 va
fdnsnmlunsmuvaulsannuhvesinasaluszuudgnivalas lald6u
[ & Y ' A AA ¢
31 MU ugnide uazdangauuafiisandlszlagi
3.1.1  nsuwanidawupiisanilseleadid
= v & & A A Aa & ! . A
AusuTumoRuiireuuafiienTdszlordaindiudag vesfs uaz
mia:mﬂmq}mmiﬁmmﬂLmdawﬁmﬁﬂ"l,ﬂ@ﬂwﬁm? quﬁ%%’mm:ﬂ'@ummﬁwﬁau lasans
FIUNTZAIN 2. AsTUNT wnaIndann lalaslniinguadneaing 8.Un%8d 2. UAINTRIN
uaz 1aTINIEIUNITZIRNNIZAUE 3. 8yNIUIINTT lasiuTiusiudedidn (lu uas
N) NIRNATIUIN 10 THha 398 32 dreed laud Uataasiaa (butterhead) NSuaas (green
cos) Hnlauuii Anleuiden axszuni (naaalsalsa (red oak) nIulda (green oak) L13alaTa
a | 6 % AaA ' & & =
(red coral) Awidd uaz Ann1aw1a NfianuavyIniliusasernaiulialag Munaiy
A & AA AaA & & o . ' P
aIazausgemnsluszuulgn ieusnieuuafiionduszlond lasiiudatnudazsila
1 Aa A ﬁ' [ 2 ] A v a % ] o s A a) A
lagewaa@nfidaaada Sadhngelvuiu @oudayanuazidoa ldud Wug a1y Tuidouln
= A o q @ & P S = A o o A A ] o &
iy ivedaidudayaiugiu landasinuusspihudadedlasnuinifsinawiluusnizely
waIUuan13eeITNIaIi
d;’ s A a
1)  nsugniianuafiizaaInA? luLazIIN
d‘lp A A a 2 6 ad
waniauuafisuaniluuaziindiondyndauiT leaf  wash
technique (gWat, 2544) lawthlunTanndiradniaz 5 n3u ugaslwihnauibssineysunas
100 JRRAAT NUARITAALIIAIND (Tension-T7) adbl 1-2 woa sl uwaIa e
AMATITAY 120-150 J8u/wTi Lazanmk 30-60 wifl ineliiTaunafiiuannialuaaninaglu
suazlgidu stock suspension INHUTININNTIIBINIANNLTUT VDS suspension G2835AT
ten-fold serial dilution la#&'l% micropipette A9 suspension VBILARZAMVITUTULINAT 0.1
JARAAT N2 (spread) WANILUE1MITUDS nutrient agar (NA) L&z King’s medium B iy
¥ A A v 0 < < a &£
Fefigunnvias (28-30 C) win 24-72 Talas wieaunsznvfilalafivasunafiSuiadnaum
A = a AAa A a \ & v a £
WonifivlalafivasuuafiSainigegunermisniuenizaliuiant launis cross  streak
plate U8 %15 NA ulnd 2-3 saurivaldlunsnaseulszanTnntuse 1
d;’ S A
2)  msusndauuaiitssanaalusn
wENTaRUARISINTIN lauinsnenudazsia @2081982 5 NTN LT
84 clorox 10% w1 15 w1l uaaeeisinauniainige 2-3 a9 hnnisudazsiallua
v 1 d?/ a 3’ o & 1 4?’ A a Aaa v . . .
delnisaaaiza lasiduinauilieingediunes 9 Gaddas 19 micropipette 9@ suspension

U501a5 0.1 aRA€T N32318 (spread)  PANMILHEIWITWII NA  nanwin ldun'in
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A o 0 < = { a .
gunNad (28-30 C) wu 24-72 Talus ianiiulalafivauuafiisonaigaguuarmu
dq’ vV Aa A€ ) =} @ Aada v dl a = g; 1
wonizaliuianmiswdniuatniata 3.1.1 ivaldlummeseudfntnmwiuda |y
g S A =~
3)  MIUENBAUUANIEINAIALAIEEI0D NI TNY
waniFauuafiiuandladaaIazaisae i sislasis  diution
plate 1a8N1311620E1981392A18519 211 TRTUT819601 83T ten-fold serial dilution G383
oA 1 dlw a Aaa Y A 3 10 & . 1 ¥ ¥
nauikaite 9 Tadaas 1Wldd138919 107107 3ntuga suspension vadusdazAMUITITY
33107 0.1 afaaT Nza18 (spread) IMNIVUAIREI1ITIRLLTE NA Lz King's medium
B duizalingmngiives win 24-72 Tlus tiulaladivesnuafisoNiaiyninuaniuaniza
Y Aa Q€ 1 @ A U { g; 1

Tusgnitwdsanuitlude 3.1.1 iWaldlummeseududaly

% 1 { 6

312 dangauuaiisandlsloni
o Aﬂq’ a A g: :!. v dy a a a

WTauuafiTeninuanunuldannnisuenirausiimiialy #2510
Muluan uazasazaemaa I Tandangua s uiiTeuuafiis lasnsduunnguany
ansuziugIun i uiugwinewaslalai (i 1e uad) Nasguuianiomsun

2719%17 NA

AANIINAaaY

aa Aa

&’ ' 1 '3
311 nmsugniBauazdnnguuuaiisanidlselod
v & & A A Aa & ' ' v A &
nIusnapRuiisauuafiSeniivszlomiangiuda g aadniivain
Lmﬁiawﬁmﬁﬂlmzuuﬂgﬂﬁﬂ@uleilfau I(ﬂULﬁ‘LIﬁﬂﬁﬁﬂ’)’mamq.llimmhiLLa@NaﬁﬂﬁiLﬂuI‘iﬂl@l 9
smﬁ'&msa:mmm@;mmﬂm:uuﬁoﬂdn NIRNATIWIN 10 THe 974 32 28819 WU
sunIndausnirauuafiisaninuald 468 lalaian uazauninduunnguananey ans
sanumelalaiunairns NA e 23 g I@ﬂﬂ@;uﬁﬁﬁ‘hmulﬁamnﬁq@ Ao ngu 1 anwmz
aAa 1 L Q‘y A 1 L aA 1
Iﬂiauamnﬂgu NANLUY 31217 183 57 lalaan 5098981 Ao nga 7 aﬂwmﬂﬂiaumnyu
LUWINL ASHLEWLELTETY 3707% 39 lalaian WAZNEY 21 snemelaladh FIRRaITy Nal
Yaunanantas 32 talaan saungunddwiutesnge Aa ndu 14 é’ﬂwmﬂﬂiaﬁ%maﬁu
' ' ' ' o o 2 Ao . o ' Aa o
sueliuiuaudautronay uu e 7 leloan Seldwawrhiungs 22 nfianwue
Talatiza NANATINAWYY duaunin Lazngy 9 anemelalanfiniosdawaTInatgLTw

suliusuen 117 9 lalaian (aefl 3.1 nwd 3.1)
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dl o tﬁq’ v g a = 1 a
f19791 3.1 ﬂﬂi:l’ﬂk$W%§']%Vl']G(ﬂ']%ﬁﬂL§']%')“ﬂEl']“llﬂﬁiﬂiﬂ% (Eﬂi’]\‘] YUIQ LRER) VD

a A P a a v dl v ' ] A
LUANEINLITYUWHNIRNBIATINRITUUD1KRTIT NA WLLUﬂvL@'*ﬂ']ﬂa'J%@n\‘i 6 VaINT

(lu duuazan) msazsmgamninsnlfluszuudgniislasldl56u

Number
Group Bacterial isolate Morphotypesﬂ of
isolate”
1 KUKL001-057 Gray white, flat, circular, glint slimy 57
2 KUKL058-080 Yellow, convex, glint slimy 23
3 KUKL081-092 Gray white, convex, circular, glint smooth surface, 12
undulate margins
4 KUKL093-119 Gray white, flat, irregular, rough surface, lobate 27
margins
5 KUKL120-138 Gray white, convex, circular, lobate margins 19
6 KUKL139-149 Light brown, convex, circular, glint smooth surface 11
7 KUKL150-188 Gray white, flat, filamentous 39
8 KUKL189-201 Yellow pale, convex, circular, glint smooth surface, 13
lobate margins
9 KUKL202-210 Yellow pale, irregular, glint smooth surface 9
10 KUKL211-225 Light white, oval, entire margins 15
11 KUKL226-253 Gray white, flat 28
12 KUKL254-274 Gray white, flat, circular, undulate margins 21
13 KUKL275-284 Gray white, circular, glint smooth surface 10
14 KUKL285-291 Gray white, convex, irregular, glint smooth surface 7
15 KUKL292-313 Brown yellow (soluble on medium), irregular 22
16 KUKL314-533 Gray white, convex, glint, smooth surface 20
17 KUKL534-346 Gray white, convex, circular, glint smooth surface, 13
spread colony
18 KUKL347-374 Gray white, irregular, smooth surface 28
19 KUKL375-400 White, flat, rough surface, undulate margins 26
20 KUKL401-415 Dark yellow, irregular, flat, smooth surface, entire 15
margins
21 KUKL416-447 Dark yellow, circular, undulate margins 32
22 KUKL448-454 Gray white, circular, umbilicate, rough surface, 7
undulate margins
23 KUKL456-468 Whitish cream, circular, convex, entire margins 14

= Comparison of bacterial morphotypes based on color and colony characteristics.

= Total collected bacteria are 468 isolates.
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=

P o o a =] ' = ! a A
AN 3.1 LLa(ﬂ\‘laﬂﬂmzﬁm;ﬁsqu'Jﬂﬂ']Taﬂ‘[ﬂIau (Eﬂi']\'i PPN LAER) Taﬂﬂﬁ!&]LLUﬂ‘ﬂLiﬂﬂ
S UBRININaImITUUEIMIT NA fnenldanaiudneg vasds (lu duuas

n) aazaemgamIinlluszuudgnilas ldlf6u

U ¥ U
3.2 mInadaudszAnsSnmvasidauuanisyluni1sduda Pythium spp. qL%0)
Lannuhesdniuwszuulgnitslaslaldtu szaviesdjicns
AA Aa

o & &l v v & & a A a €
%’]L‘HaLLlIﬂY]Li&lﬂ&lﬂiﬂﬂ‘ﬁ%ﬂu&lﬂvl’@ﬁnﬂﬂla 1 &J’W](ﬂﬁﬂﬂﬂ’]ﬁl,l]ul,‘ﬁﬂLLUﬂﬂLiﬂﬂQﬁﬂH

v ¥ '
a

& A A A A & . & A A o
daasinglin lasiipagauuafiiFouuanis NA Wuam 24 71lus duiseafgunnivas
Aawianasaua83T dual culture technique NULTa Pythium spp.mLmBmwmmmaaﬁﬂ
laside e anag l3AUKaIWTT potato dextrose agar (PDA) lliany 4-5 74 annuuLadoa
plate nazaulagld cork borer mmmﬁumguﬁﬂma 0.5 LIWALNAT LETWinLIITVaL
lalaflwaamenannglin deldiniasinasemisisasauneinis PDA aulna 14 loop
- ¢ o A A & A A Aa e kg & Y o v
nsrausuazlalafildgvessawuafitol jindlaasunanmasasormesaudndulii
UzANNTENEIRaLIa 2 lrudiues nasesine Unlingunnivas wiu 48-72 Tl
(% v & a A& A a v A a a aa AaA g &
Tavwaiduwiugudnanalalafiimen iy lddisuifisuiunmaniiaiuquiniinafease
Madaded lasdaduilafidudnisdugs = 100-Ldwiugudnanalaladiniald x 100 /

v & a & o A & v & g
La%NW%ﬂ%UﬂaWJIﬂIﬂ% control (90 mm)] ﬁ]’]ﬂ%%‘ﬂ’]ﬂ'ﬁﬂ@lﬂﬂﬂlﬁﬁaﬁqUW%EQMJT']WV]&I
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UszdninwlunsgugsmsadgueaanlodosmiluanwmenisniassuTiue uaznis
Wiy ldnesavluruaausda i

NAaN1INARDY

minageulszaninmnaaatounafiGediwin 468 lolaan Ausnldangiudneg
pasTuazaIazanmganluzuulgniislaslailsau lunsdy dinsiasyvesduloite
31 Pythium spp. $1837F dual culture technique Wuin wuafiisslalaian KUKL205 %a%’mag’lu
ﬂ&juﬁ 9 fanwazlalafifiniadsdon asinatady s lausuan a1 wazuenldanly
fzazuwil (0191971 3.2 Nl 3.2) sansndudimaaSyaeaduleien Pythium spp. lad
ﬁf;m Tusnwaznmaamsl§iueiuds TasfwefiSudmedutarinty 87.9 sasasanda lo
I‘ITLGY] KUKL319, KUKL210, KUKL371, KUKLO077, KUKL189, KUKL209, KUKL432 L8
KUKL357 S‘f%al,ﬂml,mﬁﬁﬂ%'@a%ﬂumjm 16,9, 16, 2, 8, 9, 21, UA=18 AWEGU BITLafLTue
MSHUEIINAL 77.3, 66.2, 66, 66, 65.8, 65.8, 65.8, Uaz 65.8 Lo Tud AuEeL lasyn

a N a ad o & X A
laloanfguanddlunniamnjhuzdudusesinalialasass (@13190 3.2)

P a a & Aaa da A 9 va
fN1379N 3.2 ﬂizﬁﬂﬁﬂqWTaGLﬁaLLUﬂ'ﬂLiUWNQMﬂ'}W"ﬂ'}ﬂ§$UUﬂ§ﬂW°ﬁI@Ui“l"ﬁ@uluﬂ'}i

SUSINTATUNLTWload  Pythium spp. @2835 dual culture Lw&N W

wayUuanns
Inhibition
Bacterial 1
Source diameter— % Inhibition
isolate

(mm)
KUKL357 Root of pak-khom-kaew 30.8 65.8"
KUKL432 Root of green spinach 30.8 65.8°
KUKL209 Root of butter head lettuce 30.8 65.8"
KUKL319 Leaf of pak-khom-kaew 20.5 77.3b
KUKL210 Leaf of green oak 30.5 66.2°
KUKL205 Leaf of peppermint 10.9 87.9°
KUKLO77 Leaf of butter head 30.6 66.0°
KUKL189 Nutrient solution in green spinach culture 30.8 65.8°
KUKL344 Nutrient solution in butter head culture 40.0 55.6°
KUKL371 Nutrient solution in mint culture 30.6 66.0°
Control ddH,0 90 0°

1/ . .
~ Means calculated from 4 replications.
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A 32  dudninmwendeuuafiSaflgmnn (KUKL 205) anszuudgnislaslald

aw lumsgugemaaSynadulouss Pythium spp. #2833 dual culture 1u

gNWRaIUGUIANS

a;ﬂwams‘nﬂam
o o A & A A A o

INAITEITID NUTINLRZAAL RN TOLUATILTULUATINANT $1%I% 468 Lalalan a1n
WARIGNI 9 maaizuuﬂgﬂﬁﬂ@ﬂﬂ%ﬁu Lﬁaﬁlzﬁmﬂﬁﬂm%aLLUﬂﬁL%ﬂﬂﬁﬂﬂﬁ'lumsmuqu
tﬁq’ . U tﬁq’ a A o Ad a a K g; a
\a Pythium spp. WU iwauuafiise sawiw 9 lalman Addszanimwlunsduginisiai
maal,ﬁulm%aﬂmmgﬂiﬂ Tapdlalaian KUKL205 Ainanlaanlusiszunudlssansaiwle
mydugimuaiyvasdulldgegaiis 87.9 wWedidud denu Jaanihlinesevdaluszuy

Uanfirlaslilddudaly

3.3 meUsziiudss@nEmwaaadauuANtzaLansI NG (new indigenous, KUKL205)
lunismauanlsa Pythium root rot wasinaambuszuulanigineluldmnu
(DRFT)

2
a A e

¢ A o A A A A A o Aa
msmaaaummqﬂi:amLwammaummwwmwnwmmLLamﬂﬂﬂm‘W‘n@lu
wasl§uanas Nlawianmnasasdnedn (KUKL205) mﬂszLﬁuﬂizaﬂ%mwlumimuqaJ

15@ Pythium root rot Ba9dnadaluszuy DRFT lagi3suidfisuiuidouuafiGefsaadunms
windulafldSun1apunsuas (SPO0Ts) (Prathuangwong, 2007) uaz elicitor (salicylic
acid) 1a8ANTINIUNBINITNARBILLL Completely Randomized Design 3 ﬁlziuﬁﬁ] 8z 20 6 ‘%dﬁ
":Jf‘ﬁmiﬁdﬁ T1: control (H,O), T2: H,O + Pythium spp., T3: SA, T4: SA + Pythium spp., T5:
SP007s, T6: SP007s + Pythium spp., T7: KUKL205, T8: KUKL205 + Pythium spp.
vmsnanssleglfiuiarnasaunaingafinidas Clorox 10% 5 w1l 3niwugee
ﬁwné"wml,%mﬂunm 3wl 2 ﬂ‘?& "i]’mﬁ?ul,l,ﬁaﬂu bacterial suspension AULTUT W 106
CFU/MmI Hwaan 10 wif ﬂ&iaﬂlﬁuﬁaﬁqm%gﬁﬁaq inwdanrdunsutugr lhmnsludae

ﬂ@ﬂ“?}Uiﬁ'g’S’a@lﬂﬁﬂ vermiculite ’%uﬁuﬂﬁ’lﬁmﬁlu%’%\‘]a{]i@ﬁ?ﬂﬁ’]iﬂzﬂﬁﬂﬁ’]@!ﬂﬂ%?iﬁﬁ AUND
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011 7 Tu doldayunaluszuy DRFT auwna aunsznsdunaiany 14 7u 3sdelddgnlu
320U DRFT dald (mwil 3.2) §miuiTnsugniBia Pythium spp. n3zvin 2 T4 %a99NaY
[ v . 5 . a A aa ] v
320y DRFT Ui lasld Pythium spp. 5 x 10° sporangium/ml ludSaunew 10 Jaddassdadn u
1 a a 1 =
ewinmlaniimiananazdiudi pH uaz EC 10981382M851001M1389WT
g; dq’d a
lunsnasesnssiinisaazaufianssuved defense-related enzyme (B- 1, 3-
A ad & o a [ & aa . .
glucanase) ludznnnssadfiduna 6 u (Sundsnndgnizesunalia) las3T laminarin
dinitrosalicylic acid ’T@lﬁhg@ﬂﬁuum (absorbance) 1 50 nm AanITavaden briazuaAIBan
' .- -1 . .
Tunsiag Mg glucose min  mg protein (Pan et al., 1991; Buensanteai et al., 2007)
Juiinfanssuvesenlas] R- 1, 3-glucanase n3iialsa (disease incidence) WAz

7@ leaf SPAD value

ANN 3.3 32UU DRFT AMmasaulszfntainsadnuaisuiaasnieg

NANIINA[DY
A Ao & @ A A A adl ' A
wmwwmsagmmmmuLLUﬂmsumeﬂwmnﬂﬂssmﬂuLLammmssﬁmm Wa

Lﬂ'%smLﬁmuﬁuﬁmmﬂﬁﬁmiﬂqﬂmﬁmmzﬁmiﬂgm%a LwiazmvlsﬁmwwamaommqﬂL&Jﬁ@

Mauuansrannne Ll la@ lnindsUnd (nwi 3.4)

° a 6 1 ada Aa 4
fnsumTazaLawbod R- 1, 3-glucanase WU ‘Lunﬂmimﬁﬁ]:uﬂﬁmssmaaLauvl,eﬁu

L A & x> o A& A o A AR o A
gwmiumLLmuLLSﬂmamﬂﬂQﬂL°ﬁamLmﬂsﬂLLazazgoﬂqmluauﬂaaa LAZAINDIIWNRY

INNWUIZANR luﬂstﬁmaaﬁmﬁvlﬁ%'ummqﬂLuﬁﬂéﬁﬂLLUﬂﬁL‘%mmmmﬁmﬁmawﬁ@

(KUKL205 waz SP007s) LLa:ﬁmsﬂgﬂL%amm@ﬂim}:uamﬁﬁmﬁwaoLau"l,éﬁﬁé’faﬂa'nglwmh

A Ao & a . a o ¢ a A9 a A =

wwumsﬂgnmemqiimwmamamm LL%’JI%&Jﬂ’]i&zN&JLauvléﬁwﬁu@uiuv\ﬂmﬂﬁjiﬂLﬂJa(ﬂ

@18 KUKL205 Lﬂuvlﬂluﬁﬁﬂ']aLamﬁ'uﬁ%ﬁﬂqmuﬁ@ﬁw elicitor (SA) Waz SP007s L@

1 I~ 3 U a 6 o ' ‘:s' A d' 2 ol ]

atnglsAauaziAnlaqn ﬂsmml,auvl,enmaﬂmfm@saawuluwmﬂﬂqﬂmm KUKL205 2261170

Arfignagniuiadis SA uaz SP007s Tuts 2-3 uwan (M 3.5)
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NN 34 wazasnIngnuazingnindadisuuafiiiolwa i (KUKL205 uaz SPO0Ts)

wae elicitor (SA) ﬁamsmuq&ﬂsﬂ Pythium root rot UaINNEAA

mmﬁmﬂizﬁw%mwmmﬁmﬁﬂmwuﬂgnﬁ“ﬂ@uvsz‘lﬂﬁauLLa;mmmmmMmi@iaﬁmkmﬁﬂLuﬂ@ﬂ%%nﬁma%amwme@mﬁiu 48



0.7
0.6 1
—_
g 05
= 5 |
23
Z &
=
8% 04
% 1S
b
S<S 03
S E
: .
o § . ‘.7 - &= SPOO7s - - KUKL205
m o 02~ $§°-7 7k
— 2 m’ . -4A- SA = X= Water
22 .
2 01 | a ——SPOO7s+Pythium sp.  —— KUK L 205+Pythium sp.
—— SA+Pythium sp. —>¢—Water +Pythium sp.
0
0 1 2 3 4 5

Days after Pythium sp. inoculation

P a o o A ' & o A A
NN 3.5  Aanvwvas f- 1, 3-glucanase lusnadanagnuazlingniudadisuuafioie
TINANT (KUKL205 Laz SP007s) Wae elicitor (SA) a1 6 1% (ISU%aIaIN

Uanizasninglin)

d3duaninaaag
° g = o { Y A en M o
Wauuafii3elaasnieg KUKL205 Ssusgasdnsniwialuiesdfuanis alawiain

NNINARDITIAW mﬂs:Lﬁuﬂszﬁﬂ%mwlumsmuqui‘m Pythium root rot YaINNIRA b
s2uu DRFT lasifSauiisunui@eanuafisensassuninasyidulan lasumsineuwiuan
(SP007s) WuinmInanIuAaes KUKL205 mmina@mmgumwaﬂiﬂ (disease severity)
o A a a o A AN V] v = a & '
1 LsJaLﬂsammzmﬂuwwvl,u"l,@ummqﬂLuaml,a:umsﬂgﬂma (Inoculated  control) L@
athilafiananazaInIngninAadsuuafiFowannisiladldnifining
miﬂqﬂmﬁ@ﬁaaJLLUﬂﬁL’%fwumwnﬁmné'ﬁwﬁo KUKL205 3n1382&% defense-related
enzyme [- 1, 3-glucanase @iauﬁﬁdguﬁmﬂ%ﬂmﬁﬂuﬁu inoculated control TINaRFEANRE

ALAURN MWEQI%ﬂ’ﬁ&@ﬂ’T]&JE%LL‘NT E]x‘lI‘iﬂ

mﬂ,ﬁmﬂixﬁw%mwmimﬁ@ﬁ“ﬂmwuﬂgnﬁ“ﬂ@ﬂ;ﬂﬂ?ﬁuLLa:mmmmmlums(ﬂ'a@"’mimﬁnLmiﬂﬁ%'msma%amwLm:mmﬂﬁm 49



a a A 4" A A 1 [ 4” Aa -4 -~ A 1
4. mslsziindsz@ninnidanuaniisasrnnuisasdfilndiaasiniizaialusiain
szupdaniislaalaila@n (new indigenous antagonist) Tun1saiuaalsasiniiizas
andantwszuulgniialaalaldfn
o A a A6 A A 9 va )
MMnInunaLazdaiianduniduannirnszuudaniizlasldld@u ivasian
nasauldninwlunminiuguliannuhesinasansluiesd jodniuazluszuulaniis
lagldldauasnaitrean asnu ldisasuaiiSouszirarljinasniasialna
(new indigenous antagonist) N A3UINNNANIINAREIN 1, 2 LAz 3 A nagaulEsINAULIN
UifiudszAninmiiurasniunidiwanniizaind1d Tuszuy DRFT (1w 4.1)
ANUNBNIINA[DILLY Completely Randomized Design Usznaudls 7 N30 5 1 €)

v = adda v g
82 2 6% MNURSLDYANITNITUAI U

n3INAT 1 (T1):  KUKL205 — seed treatment

N334735 2 (T2): KUKL205 — seed treatment + antagonistic fungus A003
N9307% 3 (T3):  KUKL205 — seed treatment + antagonistic fungus A018
N30T 4 (T4): KUKL205 — seed treatment + antagonistic fungus A019
n33435 5 (T5):  Inoculated control

N9303% 6 (T6):  Healthy control

nN3INAD 7 (T7):  SPO0T7s — seed treatment

1) mydanive
1.1) MILAILNITUL DRFT
lfnszuzwaa@nddiauia 17 x 43 x 10 gnunafloudiues udInaumIazany
mqa 1 IEmILEnAuly (Benoit, 1992) USud1 EC = 1.55 mSicm waz 1 pH 1u124 5.8-6.2
1.2) MIWIZLUR
WL EARNEaA Cos adluwodnin 100 i sasoidwam 4 31 9niusa
ﬁwmiazmﬂﬂﬂﬁﬁm EC = 0.7 mS/cm uaz ¢ pH 5.8 tflwiaan 3 Ju nowilazioassuy
amgmaﬁﬁm EC = 0.7 mS/cm uae é1 pH 5.8-6.2 niduiaan 1 alanw
1.3) MIgeNTRITTUL DRFT
fenanadse Uy DRFT ffansazanafiden EC = 1.55 mS/cm uaz @1 pH 5.8-6.2
INIIgua anafassazansuasliussazanslndiednwanindr EC  uaz pH lﬁag_j
lutsasnananniulugiad
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2) m3ldie BCA adluszuy
2.1) &19%3U bacterial antagonist lﬁ%ﬂqmwﬁﬂﬁ’m bacterial suspension @714
| 10° CFU/mI (OD 0.1) wiaan 10 wafl ﬂa’aﬂlﬁLLﬁoﬁqmugﬁﬁamauﬁﬂﬂm’]:mﬁ@
mumiu%%ﬁizﬂﬁwﬁu
2.2) %31 fungal antagonist n3zviasINdeRTaIzULLINUE 2 Tu lasgunn
Awaalu spore suspension ANANTH 1 x 10° spore/ml UTu1a3 10 Haddaseadu NN

maﬂmwuﬂﬁﬂ

3) ﬂ'm_lgﬂl,%a pathogen adlusTuy
WlTo Pythium spp. LAg9UB0ANT PDA {81 5 5% ’mnﬁ?mmzéuﬁ:m%aﬁw
cork borer 1Ua% 2 uazlaasluanmis V8 broth waziinlunsuwe3essniuas 8 T luain
1281 5 % mﬂfum‘%w spore suspension Titla 5 x 106 sporangium/ml LLa‘;lﬁimluizuuﬂgﬂ

WD %a991n1a BCA a1 2 1% mummﬁ%ﬁixqiﬁaﬁu

4) MINTIAROULTD BCA LLa:L%amm@ﬂm:uulmzijmimaao
A A oo & A & ' = Fe A |a A A L e &
Lwauuwaﬂmmmmmjamm@ﬂmma:mmmmmuﬂimmmmuagmavl,w A9

2 A ° ' aa & & aA &
9TNTRI ez luLdaznITNITNILENLTa BCA LALTOR NG LB RUIANIINGRDS Tag
14a1%13 Martin's medium WA selective media tNa®I19%ULTa BCA LLaszﬁame

ANAAL

o S 73 (%
NMIUWNNHALAZN SNV
1, iagamaﬁmkﬂ
1.1 ﬁ'uﬁﬂmmﬂswé’amﬂﬁ’]msﬂgﬂL%a 1,2, 4,11 baz 21 %
o <K il d‘y dw a 6
1.2 uummmagiamlaamamm@ﬂiﬂLLazmaﬁﬂgﬂﬂu
2. iagamaﬁmﬁ‘*ﬁ
24 muaiyidvla GannadamiuaziiwAuingm,)
2.1.1 F1wanlunn
2.1.2 @uNT9 wazaNg1va9ly
21.3 mmgwaaéfu
2.1.4 Leaf SPAD value
a =3 d' % [ < :/ % Y
22 WaWAa (WuLiieany 6 Flanw) TAUTINRUNIAGWULAZIIN AIVEIIIIN
3. iagamdamwumﬁau
3.1 QuENUAYIRIIREAY (EC, pH, aasnni) ¥1n11asiatannis
32 anuduues gannil ANMNTWRUNNT L1950

a [ aa
4. UANCHANINIIRNG
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AMNN 41 anumelIIEawlarIz Uy DRFT AlmasaulssanTainiinvaddanuaiise
waziasdjindianizsfalndanszuudanislasladlddu (new

indigenous antagonist) ‘lumsmquBﬂﬁﬂmeaoﬁ'ﬂaﬁ'ﬂ

NAN1INARBILALINNTOL
MnMInasadldwuanuiadndfinnlunnnswds vasiuuinndsanniinislgnise
Pythium spp. mnﬁfuﬁﬂumiuﬁ%ﬁﬁmsﬂgm%a Pythium spp. IuLEAIANNRAUNANTIN
QI F§/ { q'/ Qs { Qs ¥ = =) 1 ™ {
WWadwEan g aunsznIiud 21 wasndanidesinalinaznuanuiaUndedstaiauinn
v 1 dl a | L e dl v nﬂq' . dl = = [
ldud nasud niduuns ludnadanldsunsdanise Pythium spp. Wai3ouifinuny
NTUN@ (@13197 4.1)
gmIunmsltuuefiisodjing (KUKL205) ievadnatden (T1) Tdnalunsaani
juusivaslinldd lduandranaifannssuisninslahuiuisenujing 3 laloan
(T2, T3, T4) udaninyaiAsnlinmsgnizasunegiNoadnadon (T5: Inoculated control)
. Ao o aa A A o & v & o, o &
2819 NULEIAYNIIEDR (A17197 4.1 MWA 4.2) @95 UFAIIFARRIT MIlTINAwIBLTE
=) ¥ =) ] a a QI ‘=§/
wuafispdjinduaziendjinddn 3 lolaan lifdsdniamlunisaivqulinfiniu
(synergistic effect) weiagnila
A v & & [ | oA A v =
i 4.3 usasliiiningeaunglinmuninandouazagsaa lanmnuesis (luiuiy
A Aadda & a \ [ \ A
nw7) lunnnimudsndnisdgnizesmgasld wazdiunmnisagseadindnazgefigalu
nIaAThdn1lgnisaaing (T5: Inoculated control) luvmendIunmnitagsaavesse
mm@ﬂiﬂ@‘hqﬂwuluﬂiiﬁ% T3 (KUKL205 + antagonistic fungus A018) E%m%'umiag'ia@
d‘l;‘ a 4 1 d? a 6 & a 1 oA A % S o I3
vougauingd  wudnsenujing vy 3 wlla munInegrealdnanirldaui iy
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o laozanujing Ao1s  gnamawuludiunugaiige nuadInaIgneedu Wiz
auuayun1If T3 Taruguusszaslsadniiiaifisuny inoculated  control MIATIINL
1 tﬁq’ a 6 dl A > =3 dl g: cg’ [ %
anuaunInlunisagsaazangandjing  AnnArluiniuinoluasiizeaadosiy
ac A o, & _ = o ! A o
NwIsefineawliin e Trichoderma sp. faudazgnlaaslumiazaiusga1mane udds
fNTaNAsauATaINNNT e uatn98 teun Invad Cucumis sativus L. (Yedidia et al.,
1999), Brassica campestris L. var. chinensis (Pariyaporn and Jaenaksorn, 2007) W&
Brassica oleracea L. var. acephala DC. (Jaenaksorn and Rachniyom, 2008) udaeelsAay
= E2K d‘r a a6 1a 6 AAda 1 Q/dl A dl A
fawigerdunidujindezmuniniitisegiea ldnnnisuazlumsszaoimgamisis
S o (=3 d' ] v o Y = o > A = 2 o R A a
aududune ualuduzasnsianlslunsdesnuinsalsadis insdasdritaniodSunm
g A A6 1A ¢ Aa ' A \ & A= o A
Fafunidujinyg nflegluszuuunsgisenaldiiivanadanisaiuqulsa nafifdad
= A | o @ A A6 1a & A ) AA
nmsansansvesdsaiugiull uazanadasladuniduinsidudr i luszuulunsdin
& o o £ o 4
Faaina liavn iR Tugase n1szeslsnguussln a1318914v84 Chatterton et al. (2004) i
] ] 'S . d (2 a 5
N81131 Wwauuaiii3e Pseudomonas chlororaphis AT nAT@aslUTNM 10° CFU/g 3992
au1InALANlIATINLNYBINTNWIG (Capsicum annuum) NIERGAINITATY Pythium
aphanidermatum Waz P. dissotocum 1uizuuﬂ§ﬂﬁ°ﬂ@ o lailran e
M 4.4 ugasnaadgdulaveddngda Cos NnnIsnitluszuy DRFT dwivedu
maasyLivlauaznanfnuasNTaina1d laslanizinninaauasau nan1snaaadiiunii
\ a A . Y Y o ! . .
wianlaadnedids lairanadaInuranismulsa nannde lu T3 (KUKL205 + antagonistic
fungus A018) %aﬁmammmgumwaﬂiﬂ@‘hﬂé'u‘lﬁmawam"l&iﬁu,a:@ﬁ"md'] inoculated
control lunsasstnuaandfiing A003 WaldunuimanuaiiFaliing KUKL205 (T2)
@ 4 £y Y ' aady o & A A a ¢ \ a A
TnahwinaavasdugeniinywAtnlfizenvafiiodjilndidssatnaudon (T1) (913190
4.2) Q9% ALAWLAIN synergistic effect TadtBalilng 2 Biia dansasyidulauaznande
L= = ] ] ‘3/ @ =) ¥ =) 1 1 1 ]
20IiNaRa Liuunen Iuadnusiiavaansanuing dauen leaf SPAD  wudrlifiaana

LANGEIIN NG aﬁ@lu“qﬂmtiu%%
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4!‘ Aa A J tﬁq’ a A Ap A a [l A
f19791 4.1 ﬂizﬂ“ﬂﬁﬂ']Wi')ll"llaGL°ITE]LLllﬂY]LSEILL&ZL‘EQT]L°ll@l'i’]ﬂW‘E‘E%@l%&Jﬁﬂﬂi$UUﬂ§ﬂW“ﬁ

Icﬂuvllilfau@iammgumwaﬂimwmmmaaﬁﬂaﬁ@ Cos ‘ﬁﬂgﬂimwu mini-

DRFT
Disease severity"
Treatment 1 dpi 2 dpi 4 dpi 11 dpi 21 dpi
(at harvest)

T1 (KUKL205-seed treatment) 0.80ab’ 1.90b 1.90b 2.20ab 1.30ab
T2 (KUKL205-seed treatment + A003 in NS) 1.00ab 1.80b 1.80b 1.40ab 1.10ab
T3 (KUKL205-seed treatment + A018 in NS) 0.80ab 1.40b 1.90b 2.60ab 1.90b
T4 (KUKL205-seed treatment + A019 in NS) 1.20ab 1.20b 1.40ab  2.80ab 1.80b
T5 (Inoculated control)l 1.80b 2.00b 2.50b 3.30b 3.80c
T6 (Healthy control) 0.20a 0.00a 0.00a 0.00a 0.00a
T7 (SP0O07s-seed treatment) 1.40ab 1.50b 1.90b 2.30ab 1.20ab
CV (%) 74.85 41.49 57.53 57.27 44.59

1/Disease index rated as 0 = healthy root, 1 = 1-20% diseased roots, 2 = 21-40% diseased roots, 3 = 41-

60% diseased roots, 4 = 61-80% diseased roots, and 5 = 100% diseased roots and rot.

“Means within the column followed by the same letter are not significantly different at probability level

0.05 by Duncan’s Multiple Range Test.

2 dpi

11 dpi

21 dpi

NN 4.2 Hnaae Cos WEAIBIMIINNWNNALAAINLTE Pythium spp. lwind 2, 11 uaz 21

= d‘;/
mamﬂﬂgmmammqim
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Pythium surviral (CFU/mI
88 58 3838
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(A)

Trichoderma survival (CFU/ml)
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o o
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(B)

Each bar labeled by the same letter is not significantly different according to DMRT (P<0.01).

ANN 4.3

= A
LNULAED

ANN 4.4

wgasmItasaulauasingaa Cos Tuszuy DRFT

ANNBLTaaTaITa Pythium (A) uaz anujidnigd (B) Anndnada Cos luin

mmﬁmﬂsz%w%mwmimﬁmﬁ“ﬂmwuﬂgnﬁ“ﬂ@y"L;J"h?auLLa:mmmmiﬂumi@iaﬁmkmﬁﬂLuﬂﬂﬂ%%nﬁma%amwme@mﬁim
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@13197 4.2 MuaTyinlaussHaniavalinase Cos Waliuiiud (a1 42 Tu)

Leaf number  Leaf area” Leaf Shoot fresh Root Root wt.
Treatment )
(No.) (cm?) SPAD value wt. (g) length (cm) (9)
T1 10.6abc" 108.68a 38.52ab 32.50c 22.44b 217b
T2 12.0a 80.80ab 40.81a 39.50b 30.89a 3.45a
T3 8.1c 61.62ab 38.52ab 18.12e 22.65b 1.41c
T4 8.5bc 46.94b 39.15ab 22.55de 13.74c 1.52¢
T5 12.0a 74.90ab 37.50ab 26.36d 16.05c 1.98bc
T6 12.5a 111.02a 37.64ab 45.75a 29.01a 3.31a
T7 11.3ab 92.35ab 36.59a 22.25de 24.85b 2.26b
CV (%) 19.10 45.85 6.79 13.00 11.61 18.11

1/Means within the column followed by the same letter are not significantly different at probability level

0.05 by Duncan’s Multiple Range Test. ?Leaf area of the biggest leaf.

dyduaniInaasy

o 6 ' dq/ A g a A .
nniagdszaidraininanasludiui inavawdzininiwnisaiuqgulsn Pythium

a adAa v J = Y o d? a A d?/ A a 1 .
root rot lasF135Igelu 3eldireuuafiiis uaziavivainWosiialn (new obtained
indigenous antagonists) 7lASUNARINNNIINARDIN 2 Uaz 3 laun KUKL205 waz L@ad
Ujine 3 leloan wldsrwnuwnedszfiudszdnininiau (synergistic  effect) 209
RunIdiwannizaind1n luszuy DRFT wudt waliiduldauauydziunasld nande
nslfuuaiiisodfinyg (KUKL205) agninfaiissatnadon (T1) Tinalunsaannuguns
vaslnlaaud liuandrsmesdaannnisudsninmslasunurendjinddn 3 lalaan (12,
T3, T4) a9ui uaaslilauin mslisnnuvesdeuuaiiBsdjinsussmondjinddn 3 1o

' a A A X . ' ' o o @

laian lafidszaninmlunmsaiuqgulsaiiintu (synergistic effect) udatisla dwniuduns
windulavesdis wafildliseaadasnudszininwlunsaiqulsa Bnnanandanlasu
uislin nanda lunssndsnld KUKL205 Saaduizandjing A003 (T2) nandaganinld
KUKL205 tfiggadntden Tunensunullals KUKL205 saunuiasnUfing A018 uaz
A019 WanAaaaadadsdnufALNIEDa Walisunumsld KUKL205 1idgsadinadsd 39

Lﬁu"l,ﬁiwmiﬁﬂqam%ﬁ%mwﬁmuﬂ%ﬁwﬁu WUTING
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& a 6 ®) 1 a {
5. gazidgavadagduniduwannizilulsclosiluszuulaniislaalilsdnnla

L]

21nlA39IN15I98
Ao & o AN va L a a6 A A & o
nnlam Ao uaawsnldfe wesunidiwarinWsiidudszlorddsuon’dan
3zuuﬂ§ﬂ‘ﬁ°ﬂ@ﬂsﬂ%uua:vl,éfmumiﬂ@1aauﬂ‘sz%‘n%mﬂummauQsﬂimﬁﬂL‘u',wa<1sTﬂ
[ n:l' a tﬁq’ . g; v a wa =) 19 va
aaafiianiga Pythium spp. naluamwiasdfidnsuazluszuudaniislanlaildan uas

MmMIteduuniTadunidainanauan NI IWInauazTuall

AANIINAaadI

ﬁﬁ%‘fuaﬁuw%ﬁwmmﬁwﬁ@l%ajﬁLﬂuﬂiﬂwﬂmwuﬂgﬂﬁﬂ@ o'lailT@nn laan

¥
A Sy =

lassmyIeiide WwauuafSuwasnie Bacillus sp. (IUWNANANEMLNIITIAR LAz 16S
rRNA-PCR)  wazttasjindiwasniy Trichoderma harzianum 2 loloian uag
Gliocladium sp. 1 lalaan

i 51 ansazlalativasgauvafiiowannirluszuulgnislaslailddu Bacilus sp.
KUKL205 u#a1113 NA

mmﬁmﬂixﬁw%mwmimﬁ@ﬁ“ﬂmwuﬂgnﬁ“ﬂ@ng;il“ﬁﬁuLLa:mmmmmhmmﬂ'aéT’mIsmﬁnLuﬂ@ﬂ%%nﬁma%amwLLa:m@mﬁm
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ANN 5.2 é’ﬂﬂmziﬂiaﬁLLa:é'ﬂum:Iﬂiaaﬁ”wwaaL%aiwwmﬂﬂﬁ%ﬁlm:uuﬂgﬂﬁﬂ@zlvl,sﬂ%
A1 NR9VIY 400 LN (A) Gliocladium sp. A003 (B Waz C) Trichoderma
harzianum A018 &z 019 ANNAIAL LRILUKAIWIS PDA
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U
dyduazaaiawanne
INNINA8IEIBLIN LTwn1Id1T3lI IR NEae N1TUIHL AR T ENTAN
A 9 va = a o & A A A A a A .
Iuszuuﬂgﬂwﬂ@leuim@umaomNa@mmsmmamm‘nLsuwmﬁﬂwmﬂlﬁu@uﬂmumi
LB TLR? WﬂJ’j’lL%aa’]m@ﬂ‘iﬂ Pythium spp. mmmﬁﬂﬁtﬁ@kmmLmﬁ‘uﬁﬂaé'ﬂvlﬁnﬂmsl
o & | @ o o A ' AN va o
WiS UARNAIA Cos ﬁ]:LLammmﬂiﬂ"Lm;uLLimq@ mnm‘m@maﬂumuﬂmmmgﬂsmu
o A v & o o At A ' o A
anuyuwisaslialiidelfiduinaulunmriaszduvaslsailunananssdug daly aad
0 = NAFVNMIUNG (0%), 1 = swnﬁﬁgﬂﬁwmﬂmamu WniihanaldaniasuSimlaissn
(25%), 2 = dszanmaTanisvasnngniias inpauszdudinena (50%), 3 = i
d’mlmy'gnﬁnmm Q(ﬂLLa:Lu'nLﬂuﬁﬁwmmmﬁauwm (75%) Was 4 = swnﬁmﬁmmgﬂﬁﬁmﬂ
g; 1 & a :’ A o [ a a a A a s 6
Mnnnesukazihiduiihaaiiounue (100%) dniunmsdsilulssanTnmwdndanmin
(biocontrol products) N1 e luriaInae luﬂﬂimuqukﬂﬁﬂmeaaﬁ'ﬂaﬁﬂlmzuuﬂgﬂ
A 1 va A a s 6 d' o ' v 3; a = a a
Anlagluldan wuintinaanmainIvvingluiasaanans 4 sha Lidszansniwlunig
mqukmﬁﬂmeaaﬁﬂaé'@ﬁl,ﬁ@mm%a Pythium spp. 8nns ldgsnafaansiayLiulavas
A @ ' 2 o v o ae A, A o A e a A A
NTAINA? smwLLmn‘ummﬁ]ammum‘nmaaunuwwﬂﬂju@amm:ﬂgﬂimwuﬂ@nwﬂ@U
lildaunidraiu nefionafianngan 1) anuanizianzaszninege BCA AU Wy 2) seuy
NFT i u1303nw152auaa9 BCA Wm‘ﬁuazgaLﬁmwaﬁﬁ]:muqﬂmLﬁaLﬁﬂuﬁmwu
DFT  3) jduvuvasBwdadmaiainaidldideniaminzaunaziinnldluszuy NFT
a a 3 6 a n:l'n A o U =S
I@mawwzmwamnmmgmmum WP) azlUimz@aniinie inldasninisgadume
91RNTVBITINNTY 4) qmmwmaa%wﬁmﬁmsﬁ ArziNadanIINaga Ul ANTAINILATIH
IWTIZHAIINNITATIAROU (monitoring) ANNBETAA (survival) VBILTEINNTINRAATUYITUUIN
a ' ' Ada ' & A A ' o o a
Walaasluszuudan wudanuiifiaedsaaveasaunuaz lifletinowiadaudsdmnniia
=1 a 2 n:l' (Y = a % €3§ ] 1 < ] A
Weunudeyafisey luuaanvesdindadmainu g udatdrslsionw lussniimsdgnie
Q a AAa 1 d?/ = J a
ﬂaumwwuﬂsmmmwummagiamaamalm:uu (luaﬁia:aWﬁmaw1mswm) 974 8n
NMIGIATIIWLIUTEAINANFINITALAT LTI TaUATEIIINAT Leaa8ua31 Ll laanslada
NRANWNNIIN LA AT LﬁmLL@ild%awaﬂﬁmﬁmlumsazmzlﬁw;mmsﬁmvhﬁfu SIURY
o ¢ A A A AV v @ A o A A A
wugummwmeﬂwwvlmumimuLLW‘;LLm L3JFJ‘H;’]&J’TL]‘E::LN%ﬂ‘izﬁ‘ﬂ‘Eﬂ’]Wl%ﬂ’ﬁﬂ’J‘].IQ&JI?@]
mﬂL‘u'nmaaﬁﬂ&é’@lmwuﬂgnﬁﬂ@U"Lﬂ%au WUINMTITULUATISELIa AT (Plant Growth
Promoting Rhizobacteria) luszuutgniinlaslaldau Sunumidadydeyszdninmaese
wuafiisuufiing nmyld PGPR I@ﬂldaﬂumia:mUm@]‘mmsﬁﬂmma Wy halweaide
P . o v a & \ a '
wmwalﬂumimugﬂiﬂ Pythium root rot 28IHNRA aﬂmmezvl,uwuﬂsmmmmag
00784 PGPR lmzuuﬂgﬂﬁﬂﬂﬂsﬂﬁau FIUNIAQNINAAGIY PGPR fiaudgn wuin T
Wafdan1svenvadNdauaznaIyLAvlavainalnasa green oak lusniwiasdjuanis
annamsld PGPR ﬂgﬂLuﬁmmuﬂﬁumﬂéaﬂumm:mﬂﬁmmmiﬁﬂ@Umwﬂﬁwaaﬁq@

¢ & € A . L. P a A A o
Iumiamﬂawﬁummﬂﬂﬂm (disease incidence) LLﬂzLWNﬂqiL"ﬂifyL@UI@TQ\‘]W“E@]?U
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a a 6

. P 4 « o ¢ & A A '
ﬁ]qﬂﬂqjﬂ@aaﬂluﬁjuﬂ 2 uae 3 GﬁﬂLﬂuﬂ’]ivnﬁ']Uwuﬁqlsﬁa"ﬂau‘ﬂjﬂLT@]?’]ﬂWTTu@IViNI%

]
Aa

izuuﬂgﬂﬁﬂ@ﬂﬂ“ﬁau (Indigenous antagonistic microorganisms) ﬂ&lﬁ'ﬂﬂn’lwlumimqu
Iimwmmlmzuuﬂgﬂﬁﬂ@ﬂ&i‘l%ufm WU Wrasaasnie 3 laloian (A003, A018
Laz A019) Mn31wIu 60 lalaianfiuenldannunadse g maoi:uuﬂaﬂﬁﬂ@ﬂaﬂ%@u Y
ﬂizaﬂ%mwlumimuquL%amm@ﬂiﬂiuamwﬁmﬂﬁﬁ'amivlﬁa LLa:a@mm;umeaaIsﬂ
Pythium root rot maaﬁ'ﬂaé'@"lé‘lm:uuﬂgﬂﬁﬂ@ﬂ&i‘lﬁﬁu 5ﬂﬁ'&ﬂ'\1aﬁ7ﬂm§umnﬁ@@ﬂm
A oAV . o A A o o o o A & A A A
YAINTLAG LULANFNNUNTUNG FIMTUNITAITID TIUTINLAZAALRaNLTa UL AT A TN NT
& v o 1 1 ] va 1 ¥
Fa'launduduin 468 laloian anunasdngg maai:uuﬂgﬂﬁﬂ@ﬂﬂwu WU 138
A A ° a A a v & Aa o &
wwafise druau 9 lelaan Husdniamlunsduginausiyrenduloimenaungla
Taofilalaian KUKL205 ﬁLmﬂvl,@i”’mnlua:s:Lmuﬁﬂszaﬂ%mwlumiﬂuﬂ'&gaq@ﬁa 87.9
WasiFud é’m%%’uﬂi:%ﬂ%mwlmwuﬂgﬂﬁﬂ@ﬂ"hﬂ%u TaadsziiwdSoufsunuia
wuafisengaaiunnaiyidulanldsunsanouniud (SP007s) wudmisagnindacae
KUKL205 81313080A21831139204130 (disease severity) 1o tilaifSouifinunudsnlaled
mIagniudauaziin1sUgnisia (inoculated control) waiatnglafaunaTEINMIAgNLUEAGIE
a A A 1 v 1 = a 1 d‘y v o ) v Aa
wuanSoanNT 1 laa niNednd lunisnasasaini Lean1I9T98aUNITNYN %BLAA
anudunmulasld PGPR (KUKL205) Wud1 nsazadtaw ol B- 1, 3-glucanase WUIHA
Wultluwheniadernunisiialsa lunsrﬁmaaﬁﬁﬁ"ﬁ%’umm&gmuﬁmﬁammﬂﬁﬁwn@mﬂﬁ'ﬁ
ni8ad7fia (KUKL205 uaz SP007s) uaziimalanizasinglinazuaadfanysuvasionlssd
v . L A Al & ~ ' a
aananginihdsniinsUgniresnglsaiissadiaudien
fnfunminaassludind 4 niaglszaidvainianaaasludiut iNawauwdszaninaw
. A adg o £ & oo A A a & A
msmquim Pythium root rot I@ﬂ‘maﬂﬁqwu SN TauuATITY LAz aIIUAIINNT
w9ialwal (new obtained indigenous antagonists) N1 lATUNARINNNITNAREIN 2 LAz 3 lawn
KUKL205 uaztiandjinuannies 3 lalman anldsunuwiayszdudsz@nininsia
(synergistic effect) VaIRUNIHLVAMNANTAINGY lwszuy DRFT wud walaiduldanw
auydzIuiasli nande milfuuafiiodjilnyg (KUKL205) agnindaiinsadnaden (T1)
lﬁwaluﬂWia@ﬂawuguLLsamaaiiﬂvl@i”ﬁu,@i"l,&iLL@m@h\wmaﬁ@mnmsu%’ﬁﬁﬁmﬂfﬁwﬁuL%asw
Ujidndan 3 lalman (T2, T3, T4) a9un ugasliiiudn msldsaunuveadeuuaiise
a g a 1 Aa a A £ .
Ufinsuszandjinddn 3 laloan "l,sJﬁﬂizammwiumimuqﬂiﬂL‘wwu (synergistic
effect) u@nenal3iany synergistic effect nauaTIaw ldluaumssassumaasuidulavas
#7lunyswaT T2 (KUKL205 + antagonistic fungus A003) ldkatntinaavasduginia
nyWATNlTeuuafiSeUjinidgagades (T1)
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Bacterial antagonists increase growth promotion and natural defense response of lettuce
(Lactuca sativa L.) under hydroponics

Jaenaksorn T.%, Koohakan P.!, Pratuangwong S.?

! Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,
Thailand.
2 Faculty of Agriculture, Kasetsart University, Thailand.
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The 468 strains of endophytic and epiphytic bacteria were isolated from recirculating hydroponic
system. Of which, some strains were shown to be effective in inhibiting the in vitro growth of
Pythium sp., a cause of root rot of lettuce. Percent inhibition was between 87.9 and 65.8 which
strain KUKL205 showed the best potential equivalent to commercial strain Pseudomonas
fluorescens SPO007s in suppressing the target pathogen. The efficiency of seed treatment with
tested antagonist bacteria significantly gave better results in terms of seed germination, shoot
and root length compared to non-treated control. Seed treatment and mixed nutrient solution with
each antagonist exhibited good protection against disease (86.2% reduction). The accumulation
of B-1,3 glucanase, a defense-related enzyme was also greater in bacterial antagonist-treated
plants compared to control. Based on biochemical and 16S rRNA-PCR characterization, strain
KUKL205 obtained in this study was identified as Bacillus sp. To our knowledge, this is the first
report of induced systemic resistance under hydroponics with plant growth promoting
rhizobacteria.

Keywords: bacterial antagonist, endophytic and epiphytic bacteria, PGPR, lettuce, hydroponics

I ntroduction

Presently, Pythium causing root rot is areal problem in recirculating hydroponic systems.
Biological-based approach to hydroponic cultivation may probably provide a helping
hand in managing the root disease and maintaining a more sustainable and healthier
hydroponic crop ecosystem. Therefore the objective of this study wasfirst to evaluate the
four reported-beneficial rhizosphere bacteria, having high antagonistic potentia in
suppressing important pathogens, for their biological control of Pythium root rot of
lettuce (Lactuca sativa L.) in hydroponics compared with commercia product. Second,
isolation, screening and evaluating the in vitro antagonistic ability of new indigenous
endophytic and epiphytic bacteria from recirculating hydroponic system was conducted.
Third, the most beneficia indigenous isolate was further evaluated in lab-scale
hydroponics. Besides, B-1,3 glucanase, a defense-related enzyme was checked
accordingly.

Materials and M ethods

Evaluation of reported-rhizosphere bacteria for controlling Pythium root rot
of lettuce in hydroponics
1. Evaluation of four reported-rhizosphere bacteria for controlling Pythium
root rot of Cosgrown in NFT
This experiment was aimed to determine whether the beneficial rhizosphere bacteria
earlier reported to be the potential antagonists against severa pathogens of soil-grown



crops (1, 2) could retard the disease of hydroponic crops. Therefore, the ability of
Bacillus amyloliquefaciens (KP346), Paenibacillus pabuli (SWO01/4), Pseudomonas
fluorescens (SP007s) and B. lichiniformis (SP009s) for controlling Pythium root rot of
Cos grown in outdoor NFT was investigated. Treatments were arranged in CRD with
three replications of 9 plants. The pH and EC of NS was monitored daily. Antagonists
(OD 0.1, 120 ml) were applied directly into the NFT-nutrient solution at 2 days before
inoculation with 5x10° sporangium / ml of Pythium sp. Disease severity and crop growth
was weekly assessed. Besides, pathogen and BCAs surviva as well as potential of
antagonists was weekly monitored in NS while last check was made on root at harvest.

Results and Discussions

Regarding the NFT experiment, the pathogen-inoculated control significantly showed
mushy and sad root system compared to the non inoculated control. Besides, the soft to
slimy rotted portion of the root was easily separated from the inner core. Unexpectedly,
diseases severity of lettuce in the treatments added with either the tested beneficia
rhizosphere bacteria or bacterial bioproduct were not different from that in the pathogen-
inoculated control (Table 1). Figure 1 revealed that pathogen survivalsin NS of al tested
treatments decreased sharply in the 1%-2" wk. and continued to decrease till harvest.
Surprisingly, the BCAs survival could hardly be detected either from nutrient solution or
root. To sum up, the al tested BCAs did not improve disease control in NFT athough
the in vitro bi-culture was positive (Figure 2). In terms of crop growth, the tested
treatments did not significantly influence shoot height, leaf number, leaf size, root length,
shoot or root fresh weight compared to those of inoculated control (Table 2, Figure 3).
This might probably due to the incidence of having nil BCAs survival in the cropping
system. This finding was not in line with the other reports (1, 2, 3, 4) of which achieved
good result of using some rhizosphere bacteria for controlling damping-off caused by
Pythium aphanider matum.

Tablel Disease severity of Cos grown in NFT applied with 4 beneficial rhizosphere
bacteria and one commercia biocontrol product.

Disease severity”

Treatment ¥ week 2" week 37 week
Non-inoculated control 0 0 0
Inoculated control 1.05 3.50 2.56
T1 0.94 2.72 3.17
T2 0.80 2.89 3.00
T3 1.06 2.89 3.39
T4 111 2.83 2.67
T5 1.22 3.22 3.22

T Based on pathogenicity test, disease severity was assessed from incidence of brown root tips and percent total roots with brown
discoloration using increment scale of 0-5.
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Figurel Pathogen survival in NFT-nutrient solution during cropping.

Figure2 Bi-culture for rechecking the potential of BCAs (beneficial rhizobacteria) after
being added into the nutrient solution.



Table2 Growth and yield of Cos grown in NFT-nutrient solution applied with
beneficial rhizosphere bacteria and one commercial biocontrol product for
controlling Pythium root rot.

Growth (At 35 days) Yield (g)
Shoot  Leaf L eaf size (cm) Root Shoot Root
Treatment

height no. : length fresh fresh

(cm) Width — Length (cm) wt. wt.
Nonégr‘])tfgl' aed  joo1ly  193a  848a 11452 42.50a 03.82a 23.45a
'”é’gr‘]‘t' f(‘)‘fd 1069bc 119b 491 717b  643b  1003b  506b
T1 954bc 1170 450b 5.83bc  4.68b 751b  4.61b
T2 106lbc  12.1b 487b 6.40bc  4.90b 1017b  5.04b
T3 993bc  11.80 479 6.08bc  4.82b 950b  4.05b
T4 908c 103b 389 524c  57% 643b  2.51b
T5 1090b 1200 497b 632bc  5.90b 1151b  4.93b
(@Y 16.72% 25.37% 24.37% 21.30% 55.92% 130.92% 81.70%

TMeans within the column followed by the same letter are not significantly different according to DMRT (P<0.01)

Figure3 Growth at harvest of Cosin NFT-nutrient solution applied with 4 kinds of four
beneficial rhizosphere bacteria (T1, T2, T3 and T4) and one commercial
product (T5) for controlling Pythium root rot.



2. Evaluation of reported-rhizosphere bacteria for controlling Pythium root rot
of green oak grown in DRFT

2.1 Testing their ability for germination stimulation and growth promoting of
lettuce (green oak) seedling
Four reported-rhizosphere bacteria were tested for promoting the seed
germination seedling growth. Green oak seeds were disinfested with 10% clorox for 5
min. then soaked with distilled water 3 min. twice before soaking in antagonist
suspension of 10° cfu/ml for 10 min. and let them air-dried. Treated seeds were
separately checked for germination by blotter method. Rate of germination, root length,
stem height of seedlings were noted comparing with non-treated control.

Result

The efficiency of seed treatment with tested antagonistic bacteria significantly gave better
results under laboratory condition in terms of seed germination, shoot and root length
compared to that of the control (Table 3). Regarding this, seed treatment with
Pseudomonas fluorescens (SP007s) was the best.

Table3 Efficiency of seed treastment with four antagonistic bacteria as PGPR on the
germination and growth of green oak seedling under |aboratory conditi on.”

Laboratory condition

Treatment Seed germination Shoot length Root length
(%) (cm) (cm)
T1 (KP$46) 98b 4.43b 4.10b
T2 (SW01/4) 100a 4.43b 4.95a
T3 (SPOQ7s) 100a 5.47a 5.26a
T4 (SP009s) 98b 4.87b 4.98a
Control? 92c 3.48¢c 3.86c

V'Means of 10 replications. Meansin a column followed by the same letter are not significantly different according to DMRT.
2 Without seed bacterization.

2.2 Testing their ability against Pythium sp.
Four rhizosphere bacteria were tested for their ability against Pythium sp
using dual culture and mixed culture.

Result

Among the tested rhizosphere bacteria, Pseudomonas fluorescens (SP007s) was the best
in retarding the growth of Pythium sp. under dua culture and mixed culture (Table 4,
Figure 4).



Table4 Effect of antagonistic bacteria on growth of Pythium sp.

Treatment Growth inhibition of Pythium sp.(%)
T1 (KP$46) 55.56¢

T2 (SW01/4) 66.67b

T3 (SP007s) 75.00a

T4 (SPO09s) 62.00b

Control Oc

Figure4 Effect of Pseudomonas fluorescens (SP007s) on growth of Pythium sp.:1.
Dual culture (A), Control (B) 2. Mixed culture (A), Control (B)

2.3 Testing their viability in nutrient solution
Rhizosphere bacterium showing the highest ability from 1.1 and 1.2 was
selected. Then its viability (using 10° and 10° cfu / ml) was tested in flask containing 500
ml of hydroponic nutrient solution. During incubation (shaking condition for 1 month),
its viability was checked weekly.

Result

Regarding the viability of Pseudomonas fluorescens (SP007s) in nutrient solution, it
could survive up to 21 days, after that the cell amount decreased (Table 5).

Table5 Viability of Pseudomonas fluorescens (SPO07s) in nutrient solution.

Cell amount (cfu/ml)

O.D. 0 day 7 days 14 days 21 days 28 days

0.1 2.3x10" 3.1x10° 1.1x10° 2.3x10° 1.2x10°
0.2 3.2x10° 4.3x108 3.2x10° 6.1x10’ 2.1x10"




2.4  Evaluation of the selected rhizosphere bacteria for controlling Pythium root rot of
lettuce (green oak) grown in DRFT

Based on the result of the 2.1, 2.2, 2.3 experiment, Pseudomonas fluorescens (SP007s)
was chosen to evaluate the appropriate application for controlling Pythium root rot of
lettuce (green oak) in DRFT (Figure 4). Treatments [seed treatment (T1), application into
nutrient solution (T2), seed trt + application into nutrient solution (T3) and control] were
arranged in CRD with three replications of 20 plants. All tested treatments were
inoculated with 5x10° sporangium / ml of Pythium sp. The pH and EC of NS was
monitored daily. Parameters measured were disease incidence and crop growth.

Figure5 DRFT system for evaluating the beneficial rhizosphere bacteriafor controlling
Pythium root rot of lettuce (green oak).

Result

All tested methods of applying the Pseudomonas fluorescens (SP007s) into the DRFT
system could significantly reduce the disease incidence compared with that of control
(Table 6). Besides, combined method [seed trt + application into nutrient solution (T3)]
was the best on this regard. Crop growth result was in line with the disease incidence,
that is combined application gave the best result in terms of shoot and root length as well
as fresh weight (Figure 6).



Table6 Effect of Pseudomonas fluorescens (SP007s) on Pythium root rot of lettuce
(green oak) grown in DRFT.

Treatment Disease incidence (%)
Seed treatment (T1) 35¢c
Application into nutrient solution (T2) 25b
Seed trt + Application into nutrient solution (T3) 15a
Control 85d

Figure6 Growth and yield of lettuce (green oak) grown in DRFT added with
Pseudomonas fluor escens (SP007s).

Based on both experiments, it should be pointed out that the method of applying the
beneficial rhizosphere bacteria into hydroponic system plays the crucial role for
achieving their satisfying antagonist potential.

Isolation, screening and evaluating the in vitro-ability of new indigenous
endophytic and epiphytic bacteria from recir culating hydroponic systems

Indigenous rhizosphere bacteria were isolated, using seria dilutions and spread on
selective media in Petri dishes, from nutrient solution and root of hydroponic crops
collected from commercial hydroponics located in central region of Thailand.
Morphologically distinct bacteria were isolated and grown in pure culture on NA.

Result

468 isolates of miscellaneous endophytic and epiphytic bacteria are obtained (Table 1,
Figure 1) and some isolates are shown to be effective in inhibiting the in vitro growth of



Pythium sp. (Table 2, Figure 2). Percent inhibition is between 87.9 and 65.8 while isolate
KUKL 205 is the best potential to produce secondary metabolites for suppressing the

target pathogen.
Tablel Bacterial morphotypes on NA isolated from nutrient solution and plant parts
(root, stem, and leaf) grown in hydroponics.
Number
Group Bacterial isolate M or photypest of
isolate?
1 KUKLO001-057  Gray white, flat, circular, glint slimy 57
2 KUKLO058-080  Yellow, convex, glint slimy 23
3 KUKLO081-092  Gray white convex, circular, glint smooth surface, 12
undulate margins
4 KUKL093-119  Gray white flat, irregular, rough surface, lobatemargins 27
5 KUKL120-138  Gray white, convex, circular, lobate margins 19
6  KUKLI139-149 | jght brown, convex, circular, glint smooth surface 11
7 KUKL150-188  Gray white flat, filamentous 39
8 KUKL189-201  Yellow pale, convex, circular, glint smooth 13
surface, |obate margins
9  KUKL202-210  Ydlow pale irregular, glint smooth surface 9
10  KUKL211-225 | ight white oval, entire margins 15
11 KUKL226-253 Gray white, flat 28
12 KUKL234-274  Gray white, flat, circular, undulate margins 21
13 KUKL275-284  Gray white, circular, glint smooth surface 10
14 KUKL285-291  Gray white, convex, irregular, glint smooth surface 7
15  KUKL292-313  Brown yellow (soluble on medium), irregular 22
16 ~ KUKL314-533  Gray white, convex, glint, smooth surface 20
17 KUKLS534-346  Gray white, convex, circular, glint smooth surface, 13
spread colony
18  KUKL347-374  Gray white, irregular, smooth surface 28
19  KUKL375-400  White, flat, rough surface, undulate margins 26
20  KUKL401-415  Dark yellow, irregular, flat, smooth surface, entire 15
margins
21 KUKL416-447  Dark yellow, circular, undulate margins 32
22 KUKL448-454  Gray white, circular, umbilicate, rough surface, 7
undulate margins
23 KUKL456-468  Whitish cream, circular, convex, entire margins 14

T Comparison of bacterial morphotypes based on color and colony characteristics.

2 Total collected bacteria are 468 isolates.



Figurel Bacteria morphotypes on NA isolated from nutrient solution and plant parts
(root, stem, and leaf) grown in hydroponics

Table2 Inhibition of Pythium sp. by different antagonistic bacteria with dual culture
method under laboratory condition.

Bacterial Ir_1hibitior11/ % .
) Source diameter= Inhibition
isolate

mmy

KUKL357  Root of pak-khom-kaew 30.8 65.8°

KUKL432  Root of green spinach 30.8 65.8°

KUKL209  Root of butter head lettuce 30.8 65.8°

KUKL319 Leaf of pak-khom-kaew 20.5 77.3

KUKL210  Leaf of green oak 30.5 66.2°

KUKL205  Leaf of peppermint 10.9 87.9°

KUKLO77 Leaf of butter head 30.6 66.0°

KUKL189  Nutrient solution in green spinach culture 30.8 65.8°

KUKL344  Nutrient solution in butter head culture 40.0 55.6°

KUKL371  Nutrient solution in mint culture 30.6 66.0°

Control ddH,O 90 0°

TMeans calculated from 4 replications.



Figure2 Bi culture test of bacteria isolate (KUKL 205) shown to be effective in
inhibiting the in vitro growth of Pythium sp.

Evaluation of the new indigenous rhizosphere bacterium (KUKL 205) for
controlling Pythium root rot of lettuce in hydroponics

This experiment was conducted to determine the effect of KUKL 205, the newly-obtained
indigenous rhizosphere bacterium, on root rot of lettuce in DRFT compared to the
reported PGPR (SP007s) and the elicitor (salicylic acid). Besides, the accumulation of -
1, 3-glucanase, the defense-related enzyme, in the treated plants was assayed by the
laminarin dinitrosalicylic acid method (Pan et al., 1991; Buensanteai et al., 2007) during 6
days after pathogen-inoculation.

Result

All the bacterial treated-plants showed no symptom of root rot compared to the non-
treated plants (Figure 1). However, al the treatments had the same leaf SPAD value.
Regarding the defense-related enzyme, it was found that the accumulation of g-1, 3-
glucanase in bacterial antagonist-treated plants which were inoculated with Pythium sp.
were significantly greater than those in non-treated control (Figure 2). -1, 3-glucanase
activity of the KUKL205 treatment seemed to be in line with the SA and SP007s
treatments. However, the accumulation of this enzyme in the SA and SP0O07s treatments
were significantly higher than that in KUKL205 treatment on the 2™ and 3" day after
pathogen-inoculation (Figure 2).



Figurel Effect of bacterial antagonists (including an indigenous PGPR) as seed
treatment on Pythium root rot of lettuce grown in DRFT.
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Figure2 p-1, 3-glucanase activity of the antagonists-treated plants and non-treated
plants during 6 days after Pythium sp.-inoculation.



Conclusion

1. Directly applying the four beneficial rhizoshere bacteria and bioproduct into the
hydroponic nutrient solution gave unsatisfactory result in controlling Pythium root rot of
lettuce since their survival in the system was hardly detected.

2. Among the four tested rhizosphere bacteria, seed treatment with Pseudomonas
fluorescens (SPO07s) gave the best result in terms of percent seed germination and
growth of green oak seedling under laboratory condition. Seed treatment + directly
added into nutrient solution gave the best result in decreasing the disease incidence and
increasing the crop growth.

3. Based on biochemical and 16S rRNA-PCR characterization, KUKL205, the
newly-obtained indigenous rhizosphere bacterium, was identified as Bacillus sp. being
effectivein inhibiting the in vitro growth of Pythium sp.

4. The accumulation of B-1,3 glucanase, a defense-related enzyme was also greater
in bacterial antagonists-treated plants compared to control which was in line with disease
incidence.
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