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Abstract

This research was conducted to isolate and screening the potential rhizobacterié in
hydroponics for controlling Pythium root rot disease. Initially, the bacteria were isolated from
the rhizosphere of some vegetable grown in three kinds of hydroponic growing system
namely;' nutrient film technique (NFT), dynamics root floating technique (DRFT) and
substrate culture. Secondly, the isolates were testing for their ability to inhibit mycelia
growth of Pythium sp. around 30 percent in dual culture test. Lastly, the selected isolates
were tested their efficiency to control Pythium root rot disease in the growing system. The
results showed that 465 isolates were collected from this experiment. There were 85 isolates
that could inhibit mycelia growth of Pythium sp. and did not harmful to the tested seedlings
such as seed germination or root growth. Application of the selected isolates to lettuces
grown in NFT indicated 6 prominent isolates that found in this experiment. They were R10/1,
R10/3, Bh 019P, Bh 020K, ETO 046 and ECCB 051 which could reduce root rot disease and
might be promote plant growth. The potential isolates mentioned above were maintained for
further study. Although it is useful resource for developing biological control agent for
hydroponic crops, further research such as repeated testing to cohfirm their efficiency,

identification the potential isolates and so on, should be done for user benefit.
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Gesanann adrdlsfinulunimmeasslugnwnisignadenudn  Bacilus  subtilis  &1819WUg
FZB44 du1saanAnaidaviaiiiasainisaldiiiefauiiausu rhizosphere bacteria @1el
#ugiuanainsnuzidemaignlussuulgnitaloalailfn Sulwgiudinisdudiunis

a  a o4 o A & Aa A ,
L@ﬁ‘ﬁyL[ﬂ‘UImﬂ]@\‘]WT@uLu@\qu@qﬂL’ﬁ’ﬂLL‘UﬂWLTﬂ quumtﬂummﬂﬂ’]i‘ﬁ;uLLi\ﬂlﬂx‘lTi‘ﬂ



. .
dvsulutlszmalne lgannsAnsitesdulag wavaund uarBndguns (2548 n) s
UsrAnsnntesdondndusinilane lufiaenansluanil 16ud wlndnefaes T. harzianum usy
B. subtilis wuin Ssz@niamlunisaouauisalélusziunile wnnzlunsdinfinaninleall
' Z’/ Yy o/ 6" o/ J ¥ o = & Y v Y a 1
suusaniiy waensldnRnsfourifananazsiasAnilafagunnasanudnduion el
1nsranSaaimnflugrseanududuniguivllenaduiuamesesnitld  duiiauladnd
nmmnaseBaufiaulss@nininaesdandndnuaiiu rhizobacteria waslaloan uanld
ansrntlgniinlagladldfu  luniseouanlsamnuinesdnadafiinainid@e P. myriotylum

1o

¥
WUl Anannlduananeny wanarnifanudnludnadaunsaiia iy Tuiig butterhead
a oy ) . o i a a PRPNI aa
fv3nAae rhizobacteria lelaiansinany azinaasuALIANANIINITNITAILAN (WINHNNA
LazBNBqUNT 2548 1) wanalFiFunednaninuazanailuldlfeesnisinign rhizobacteria
Auenlanszunlgnitalae el mugalsasmnuilussuulgnisssnana
atidlsfimn  endsemeiunislfuefiFeluniseounalsalussuulgnivalas 145
% = R dl 9 373 %3 | g | o 9/ dil = o’ =l a o
LLmzmgmqmwimmqm@nmﬂqwmu uwifitadnfiduuieslaeudunisdgnivlusiu A
Azl gannnissauaaas Weller (1988) wudnfuuafiFevaneiaiushiidnaninlunisdy
mimmuimﬂ%qﬁ% anidu Agrobacterium, Alcaligenes, Amorphosporangium, Arthobacter,
Azotobacter, Bacillus, Cellulomonas, Enterobacter, Erwinia,  Flavobacterium, Hafnia,
Micromonospora, Pseudomonas, Rhizobium, Serratia, Streptomyces Wa< Xanthomonas

A o oo 1 wal a oo 1 1§ dil as o a [ % rdl
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alnsaluazlaniunigiag
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wrun1sasiunulsenaulilnag 2 Tunau Aa
1. msuenuazAndenuuafl FuaawugniAnaniw (isolation and screening procedures)

2. nmagevlsz@vnnluszuntlgnialaelaildfu (testing the efficiency in hydroponics)

& < o o o v sala o
TUAAUT 1 NTUENURSARLAANLLATILFARIENUSNHANEN N
1. dszinminssruutlgnuszanuiinazdnliiiusiaesing
RATUENUAZEILITINANEWUE rhizobacteria WAz endophytic bacteria
anvrfudgnitalagld 14 luanngamwaniuas uazdsdandalufallaihiv 400
Alawms a1nszuvLlgnuy nutrient film technique (NFT), deep flow technique (DFT),
dynamics root floating technique (DRFT) u’?‘m:uuﬂgnLLwﬁf‘i’a@ﬂgﬂ (substrate culture)
¥ v 1
s sRuaE ey 3 ue Tgazishufusiedraiuinauly (eafy vegetables) fiaatineiifiu
@ o . | dlnl [ o A ol/
saggnifiuindlundesifauduuazazinnisuanuiam Ganaieluingan 24 Talua
| 4 n .
2. ANTLENLUANITILAAINWT (rhizobacteria)
o ] " . . = 1 e A’
P1nsuenlae®d surface dilution plating AINsIEaziatnlAtt Al
AMsuENLLAT BaATaLAENIIN (root colonizing bacteria) laannstindaaengsnTan
Fravnmnuazaadastitlua anndugudean 1 nsu ldualwdinduikeinge Swaw 10
¥ o = o o A . =< v 8 o ) =
ml. WEIINNER AN FLIdq1 (dilution series) AUTNAINIENTY 107 W1 diluents NAYNH
g 10%, 10°, 107, 10° Tdmnzde luawsidaamaaiiasine lur Tryptone Soya agar
(TSA), Pentose Tryptone Yeast Glucose agar (PTYGA), Nutrient agar (NA) a8z King's
medium B (KB) Unimalifluingn 24 dalue uanimeldiiFga uazfiusnedeldlu NA
o w A aa : . . o P , ¥
slant §1vSUNNsuENULAT BERRAsN (thizoplane bacteria) Taenssirsnivaliatinluin
LA X y | B o .
nfuilaginda aniduein suspension NiAlUuen@alnedEnasiAeaiy root colonizing
bacteria daunnsuenuuATGaAseuAsesniely (endophytic bacteria) laannstiisaniv
doufwAgannnisuan rhizoplane bacteria uwdn ldsin@efiafnaaesand 10% uaz
lalmsaulessanlas 36% uaan 60 waz 30 Aund sudfy antudiesneinduils
- 4 A ¥ o4, X 2 o ) ° o v
e sasniaiiglluslutinnduilisinmge andiin suspension fiin1siaeans uaa
4%!, ) = s =l a d} s 1 4 a A
wsdawReatunsueniuefFelugowans) iarluunesined WazanIsueniuANEeann

dourasianilgniBuanisen| :n (extorhizosphere) welugnsazaneamemsi idignitadon



o 4 = a o o’dld o/
3. meAadenLUAFaa e uEIAAnan wlunsatuanTsa
o’ dgll ¥ dl 4 1 2’/ o s

31 mefauanidessiu lelaianiiuanliudsraieazgniiunfnuen
.i’ & s ] & & -3 I A ] =3
e dnfinasaefiduinnenuazanuanamnresimeasusisall Iaanswizudn
FRINARIUAILINNTZANENIANIAGAE suspension FaduLATFausazlalaan nFemeuiy
safaetinduiiunissinga lelnanfuaninansgnunieay (detrimental effects) faie
nagavazgnAneaniuluiiesiy

3.2 lalnanfidunisAvuanidassiuuds azgniiumagawlsy@nanin
TunnsfiuganiaaTyredde Pythium sp. lanW in vitro Tagasaunaniefidusiduds

madryreadulaluanmsidaa@edon (dual culture test) U1AIMNS PDA FININT 1

e AR - V2P Sy > 2 IURLNAS
WLUANLTENARAY quieim.o, :

RN NN Y g > 5 URAINRS

5 .
WATNANNRTITA o Nommimenem é

st e A\ P i > 2 IURLNRAT

mwd 1 leezunsunimeaeudlsz@nsninaesuaiFudfined luntsdudennsiasobiule

294118 Pythium sp. $aeRa dual culture test

& - - 2
Tunaudl 2 maneaaulszAnimwlussuudaniglnelalldmu
ala o rdldv n==l| v :// dl o a e
upAFasneiug IR Ananvduenlfandunewi 1 azgminumegeinlssdvsmm
‘Luma‘muqm‘immmﬂqﬁLﬁmmmﬁ@ Pythium sp. 11 near commercial scale hydroponic
soufugnefugnagan (testing strain) 1 @1efufAa dne¥ug R10 NHseudn Tl nanw
TunsrauaulsasINRNTIRAANETE P. myriotylum (WsMNNIA, 2548)

1. wirannnsfnseszuugnitelae 4 Ruuun NFT Salszneulisanss
Ugnile (gullies) 18 379 AINENITNAT 3 LUAS Faazarunsalgnivalétlszann 10-12
Bwse luuAszssaztlsznaudaasyuuansansasaenidudassiaiu nmegeLuiazasy

a a ‘ = a 17 g’/ =1
azanunsanaaaLlszdnsnnaesiuaiiGaldnieas 4 lalaan ussinnmegeLganILAN
filgniTa (inoculation control) wazaAauAslitlgnita (healthy control) sewviavum 6

a ¢

ViIANUAT 8z 3 91



2. RanageuR 4 lAuAdnadn (ettuce) Wugralszina Liunaaiug oak
leat, butterhead ¥a cos TufluiughfiangnAunanluszuy NFT nsvisndosuuaneaay
o zl/ :’I dl o Aﬂl 9 9 b3 :’/ 4=‘I o 1
nszin 2 afa AFed 1 aznseiilledefundiaedszuuilgn uazaien 2 aznseindaunnstgn
@ Pythium sp. Huaan 1 §lnnef IneldansuaiuseauuaiiBe (bacterial suspension) AIH
s 10° cfuml 3uneu 5 Badans safitfnnlausinita aansduasinnisgnida Pythium sp.
amnlsasnuinlaalddonaesdulasense  Pythium  sp. annududulszann 10°
a as dl a 4 AS‘ 1 =
propaguls/mi 131104 5 Radans saniFnnlaumniaaisazatanldluszndianimaans asll
nsUsuen pH waz EC Ieg ludasimnzansanisasyiiuinrasiinaaniaan
3. mafiudeyauaziiuiinus dayaniairunisiaoymuin endiviu Sty
A 1 Ls 1 [~3 (= o « % 9 9 9
vifasunadurnAudnataamsn azgnifuiiudsrdamndiand ndsandhesunanagesuy
1gn dayantesnulsn lud dnsinisdinlen uazaouguusssesnsiinlea azifiuyn 3,5 ez 7
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]
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1. auulaldannuanle

ala = n‘l ¥ a o/ :’« d” o d’l’ 1 S
LUAT Baas NN danneudas luesaiininisuande Lt w.A. 2549 - 2550 AN
szuinlgnivalaeldldfuunusine 3 szuuldun stuu nutrient film technique (NFT), fvu
dynamic root floating technique (DRFT) wazsruurlgniudanign (substrate culture) AN

seaziasaLanalilu Table 1-3

Table 1 Amount of rhizobacteria isolated from NFT"

Source Habitat” Number of isolates Year
Butterhead root colonizing bria 43 2006
Red corral endophytic bacteria 50 2007

rhizoplane bacteria 54 2007
root colonizing bacteria 14 2007
Total 161

1'growing condition outdoor; location Chachoengsao, Thailand
Z separated by isolation method - year of isolation

Table 2 Amount of rhizobacteria isolated from DRFT"

Source Habitatz' Number of isolates Year’

enophytic bacteria
rhizoplane bacteria 8 2007
root colonizing 10 2007
Frillice endophytic bacteria 20 2007
rhizoplane bacteria 10 2007
root colonizing 10 2007
Red oak endophytic bacteria 13 2007
rhizoplane bacteria 5 2007
root colonizing 5 2007
Nutrient solution extorhizosphere 23 2007
Total 112

l’growing condition outdoor; location Samuttprakarn, Thailand
2 separated by isolation method 2 year of isolation
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Table 3 Amount of rhizobacteria isolated from substrate culture

Source Habitat” : Number of isolates
Tomato” endophytic bacteria 1 2007
rhizoplane bacteria - 2007
root colonizing - 2007
substrate extorhizosphere bacteria 13 2007
Tomato® endophytic bacteria 34 2007
rhizoplane bacteria 27 2007
root colonizing 25 2007
substrate extorhizosphere bacteria 26 2007
Japanese cucumber” endophytic bacteria 33 2007
rhizoplane bacteria 3 2007
root colonizing 16 2007
substrate extorhizosphere bacteria 14 2007
Total 192

1/growing condition net greenhouse; location Ladkrabang Bangkok, Thailand
2/growing condition outdoor; location The Royal Project Khonghoi Chiangmai, Thailand
o separated by isolation method 4 year of isolation

v
N

AuuLUAREs s n R uenleluasel Hlszanns 400 Telaian (465) aniaen

Qe

1iiasine IHun Anade azdema uasumnangyu flgnluszulgnialaglildmuuunsiie
aasnuanlelrianiisneanilainnnsfusnenly stock culture 1@aaAI T INAlUTaENNg

o/ & = o/ =) v ¥ o
Jan1sdngig AnszmAlulatinsinems 01U ATUIAENTLABNINANIIANIITANANTTZL

a

1 o
(nMAnwan) Ngaui 20 € Tugdee9e nsinag (nutrient  broth) HANNALTETARA 25%

a

b

<

aal ) o o A Aaa o 18 o ' o \
LLUﬂV]L?ﬂLLﬁﬂ:IlﬂI‘ﬁL@VW]Lﬂ‘U?ﬂ‘H’TQﬁﬂﬂL@@ﬂL@qL’ﬂW’]Z Iﬂi@u'ﬂﬂ@ﬂﬂmz1m“ﬂqﬂuluLLm@$MQ@ﬂqq

9 ~ Aa v . . ° o A av
ElﬂLQuﬂTmﬂlﬂﬁLLUﬂ“ﬂL?ﬂLT'\ﬂﬁ"ﬂUﬂﬁ‘ﬂ\?ﬂ'}ﬂlu (endophyﬂc bacterla) qgﬂqﬂqTﬂﬂL@@ﬂL'ﬂquﬂlﬂ

%’ o/ | n=’il d’/ X . o :’z a a ¥
dnfulULAAZANUe NSRS (replication) FatiutFuiaewuafiGadiasauasasnielu Ty

'
o ' =

: ° R P ) Aa . < Y o Y &
LLAIRNTA ﬂqﬂﬂqzquqﬁﬂﬂ'\m@ QQﬂﬂu’ﬂ’]\?QQﬂ'JqLLUﬂVlL?ElIuﬂQNﬂu‘] %qulﬂNﬂﬂluﬂ']?‘lﬂNq‘ﬁ\‘l

A aa

a A a a P p =< o - A A o
AN ?J‘V]Nl]?za“ﬂﬁﬂqwLu@\jqqﬂui"]ﬂﬁquﬂﬁﬂquLﬂUﬂ?ziﬂmu‘ﬂﬂﬁLLUﬂwL?ﬂluﬂ@quu

ARWIN9NN (Hallmann et al., 1997)
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2. NMTAALABNLLANLS £I

Aa Aa o
NINARDLILLLIAN LTENH Elﬂquluﬂqﬂﬂuﬂﬂﬂﬂﬂum@ﬂqW”fli?ﬂwm

bacteria)

NANLNIWEURNN in vitro

(antagonistic

‘EmﬂﬁmsmflﬁmﬁﬂnmnmmmmmlumwummsmzymmLﬁulwfmﬁ@ P.

aphanidermatum Waz P. myriotylum l#Usznnns 30 wefiaus nasnaumnulliduisdung

nagevlusulesidusinissan nasasyaasadunazanluszazndn uanelilu Table 4-6

Table 4 Bacterial isolates from NFT and their properties to inhibit Pythium spp in dual culture

System NFT

Plant Butter head Red coral

Isolation details

Fungal colony mhlbmon (%)

Locatton Chachoengsao

Plant btoassay

Year 2006—7

name habitat media PA1 PA2 PM1 shoot root seed
Bh019P  colonizing KB @ 7t - ool - - 10.0
Bh 020K  colonizing PTYGA  35.29 W 31.9 . -- = 10.0
ERC 004 endophytc ~ NA ~35 7T N89S <~ 8952 W40 221 933
ERC 007 endophytic ~ NA 36.67 3667 3667 313 216 967
ERC 029 endophytic’ / TSA— .~ 8571 35241 . 3574... 316 163 967
ERC034 endophytc ~ NA 3 365~/ %8 79 3238 335 225 10.00
ERC039 endophytc  TSA-| - 3190 (3381 ~ 3381 374 278 10.00
ERC 044 endophytc KB 3286  33.81 33.81 297 217 933
ERC 048 endophytic = NA D406/ ohe0 [ =/ eusrmsy, {s) 7.0
RRC 007 rhizoplane = KB 32.86 3048 3286 360 237 10.00
RRC 016 rhizoplane .~ TSA | 3048 3381 ~ 3333 . 357 212 10.00
RRC 034 rhizoplane =~ NA 31. 90 3238 3048 319 192 10.00
RRC 051 rhizoplags —. NA*UJLD (351 ¢32.387 7 4048~ 38 //194 1000
control 0.00 0.00 0.00 3.47 2.41 9.33

Media: TSA = t ryptone soya agar; NA = nutrient agar; KB = King's medium B; 'PTYGA = pentose

tryptone yeast glucose agar

% Fungal colony inhibition was compared with control: PA = test with P. aphanidermatum ; PM = test
with P. myriotylum

Z Plant bioassay was tested on vegetable seeds (n=30) and reported in term of soot length, root length

(cm) and number of germinated seed (average to10) value in the parenthesis indicated seedling toxicity.

Namiﬁmﬁ@mmﬂﬁG‘mmmnﬁmﬁﬁ@m@uﬁ“ﬁlumﬁué«é@ Pythium sp. anI in
vitro Suan 161 lelmaniuenlfanadamaefian uszisnpeseaiignluszuulgnitalal
Wanuuy NFT wionikludandnasi@ans duuefiGefifaadnildnanmanua 13 lelaan tng
HuuuafiGeiuenldananitmmesian 4w 2 lelnanléud Bh 019P uaz Bh 021K 1w
LAt Gaaaiuenldanaelumnisaneseadiua 7 lelaan tdud ERC 004, ERC 007, ERC
029, ERC 043, ERC 039, ERC 044 uaz ERC 048 uazuenlfiarnfiosinanuau 4 lelman laun

RRC 007, RRC 016, RRC 034 l\az RRC 051 (Table 4)
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Table 5 Bacterial isolates from DRFT and their properties to inhibit Pythium spp. in dual culture

System: DRFT Plant: Cos, Red oak, Frillice Location: Samuttprakarn Year: 2007
Isolation details Fungal colony inhibition (%)" Plant bioassayz'
name habitat media PA1 PA2 PM1 shoot root seed
ECO 001 endophytic PTYGA | 31.98 32.86 3048 | 3.00 2.05 9.33
ECO 002 endophytic PTYGA | 27.92 27.62 2667 | 3.71 2.37 9.33
ECO 003 endophytic PTYGA | 2893 27.62 J906 1343 240 8.33
ECO 004 endophytic TSA 31.98 30.95 3143 | 2.92 213 9.67
ECO 005 endophytic TSA 30.46 29.52 3048 |282 2.09 10.00
ECO 006 endophytic TSA 29.44 30.00 29.05 | 279 1.78 9.67
ECO 008 endophytic TSA 29.95 30.95 3095 |3.58 227 10.00
RCO 001 rhizoplane TSA 33.50 30.00 2714 | (2.58) (0.77) 7.67
RCO 003 rhizoplane TSA~"_.+2944 P0EL. 2952 | 263 1.00 10.00
RCO 004 rhizoplane TSA 29.44 28.57 2762 | (3.03) (1.53) 8.00
RCO 007 thizoplane /7 TSA~Labal\||/// 2162~ ~ 28.10. | 2.46 150 8867
ERO 001 endophytic PTYGA | 20.30 21.90 2333 | (3.49) (2.91) 9.67
ERO 002 endophytic . TSA | 0543 7429 - 7048 N 210 e
CF1010 colonizing PTYGA |20.30 21.43 2095 | 328 1.33 7.00
EFI 001 endophytc | PTYGA 2843 2905 osyiO) 24\ 157 900
EFI 002 endophytic PTYGA | 29.44 27.14 2714 | 295 1.59 8.67
RF1 001 thizoplane’ .~ PTYGA | 2944 . 2667 o8 il 177 800
SSFI 001 extorhizosphere  TSA 38.58 36.67 36.19 (2.24) (0.75) 8.67
SSFI 003 extorhizosphere - TSA 3198 2857 . 2952 1305 144 = B67
SSFI 007 extorhizosphere — PTYGA | 30.46 28.10 30.95 3.10 1.88 8.67
SSFI 008 extorhizosphere - TSA 31.47 2005 3048 | (2.62) (1.08) 800
SSFI 009 extorhizosphere ~ TSA 29.95 27.62 2857 |(2.40) (0.85) 7.67
SSRO 001 extorhizosphere - TSAL- .| 3147 - 3048 . 3095, /315 211 933
SSRO 002 extorhizosphere ~~ PTYGA | 28.43 29.05 29.52 (363) (0.99) 6.00
SSFICO 001  extorhizosphere. PTYGA | 3249 3048 2952 |(2.81) (0.86) 833
SSFICO 002 extorhizosphere ~ PTYGA | 29.95 27.14 2857 | (2.75) (1.26) 8.33
SSFICO 003 extorhizosphere  PTYGA. | 3046 3048 #2952 |362 211 8.67
SSFICO 005 extorhizosphere ~ PTYGA | 29.44 28.57 30.00 | 3.47 1.88 6.67
SSFICO 006 extorhizosphere ~ TSA 24.87 23.81 2420 |@o8) (119 BH3
SSFICO 008 extorhizosphere ~ TSA 30.96 28.10 2952 | (2.23) (0.83) 8.0
control 0.00 0.00 0.00 3.47 2.41 9.33

Media: TSA = tryptone soya agar; NA = nutrient agar; KB = King's B medium; PTYGA = pentose

tryptone yeast glucose agar

¥ Fungal colony inhibition was compared with control: PA = test with P. aphanidermatum ; PM = test
with P. myriotylum

? plant bioassay was tested on vegetable seeds (n=30) and reported in term of soot length, root length
(cm) and number of germinated seed (average to10) value in the parenthesis indicated seedling

toxicity.
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N@m?ﬁmﬁﬂmmﬁEﬁﬂmmmﬂﬁmﬁu@mamﬁluma‘ﬁu;ﬁﬁ@ Pythium sp. Tugnm in
vitro s 112 leTnianfiuenifannadnnes walsn uaz Fandfdgnlussuugniialoalald
RuuLy DRFT wimildlusminaymstsnis Iduueiidefidamadfidnenindiuay 30 lols
1o TenfluuuediSaaafiuenlidainnnelumnadnaes s1u9u 7 Teloan 18ud lalnan ECO
001, ECO 002, ECO 003, ECO 004, ECO 005, ECO 006 uaz ECO 008 1lunuafidafiuanls
anfnrnadnred anwau 4 laltian ldunlalsen RCO 001, RCO 003, RCO 004 Az RCO
007 dhuvefiGefuenldanaelusnadasalan 2 lelnan lHurlalzian ERO 001 waz
ERO 002 fluuuefiGefiuantgannsnadoflawd 1 lelaan 1dudlelaan cr 010 1y

=

AR GeRuenldanniglusnadeiiaiad 2 lalnay tEurlelnan EF 001 uay EF 002 {u
wuefBefuenlganniosnadefiaad 1 lalnan Wurlelaian RF 001 waz WhuwuafiFaiiuan
hanngnsazataanainis 13 lalaan Idunlelaan SSFI001, SSFI 003, SSFI 007, SSFI 008,
SSFI 009, SSRO 001, SSRO 002, SSFICO 001, SSFICO 002, SSFICO 003, SSFICO 005,
SSFICO 006 waz SSFICO 008 (Table 5)

v ¥
or A

o A ol A e o . .
N@ﬂqTﬂﬂL@@ﬂLLUﬂV]L?ﬂLﬂlﬁ]?ﬁﬂwmmﬂ@m@“umeLuﬂq?ﬂUﬂqmﬂ Pythium sp. sLu@fqu n

1 o/

vitro 41ua 192 lelmaniuenldanuzdems wazunsnadiiu lgnludastgnianniiy

q

walulatnszaauindudranmmsaranszale nsamne uazlasanianateuesmes A, el

Sa A Al

uuefideinemadiddnenimdaun 42 lalnan TaafluuneiiGaeaiueanidainanelumn
wzidamAdnuaw 9 lalgan 1dud lalaan ETO 005, ETO 023, ETO 024, ETO 031, ETO 036,
ETO 039, ETO 042, ETO 046 uae ETO 047 WuuuafGeduenidainismnuzidemadiuou 3
lalaian WWurilelman RTO 075, RTO 079 uay RTO 081 ihununiidefuanléfagilgniilgn
wzidawaduou 18 lalnian lAudlalsian SSTO 001, SSTO 002, SSTO 003, SSTO 004,
SSTO 007, SSTO 010, SSTO 012, SSTO 013, SSTO 014, SSTO 027, SSTO 053, SSTO 055,
SSTO 057, SSTO 062, SSTO 063, SSTO 065, SSTO 068 UAE SSTO 073 LA FeTuanld
anmelusnuaanadiu 7 lalnan Eudlaloan ECCB 031,ECCB 046, ECCB 050, ECCB
051, ECCB 054 La% ECCB 056 uaz iusuafiGeiuanifanniaglgniilgnumsnardislu 5 la
Tnan Hudlalaan SSCCB 021, SSCCB 022, SSCCB 023, SSCCB 024 lay SSCCB 059
(Table 6)
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Table 6 Bacterial isolates from substrate culture and their properties to inhibit Pythium

spp. in dual culture

System: Substrate Plant. Tomato Location: Ladkrabang, BKK and Cheangmai Year: 2007

isolation details Fungal colony inhibition (%)ﬂ plant bioassayz’
name habitat media PA1 PA2 PM1 shoot root seed
ETO 005 endophytic TSA 59.05 60.00 58.10 4.10 272 9.00
SSTO 001 extorhizosphere ~ TSA 63.33 66.19 62.86 412 2.92 8.00
SSTO 002 extorhizosphere ~ TSA 56.19 58.57 57621 (4.10) (1.99) 767
SSTO 003 extorhizosphere TSA 48.57 49.05 49.05 4.70 2.83 9.33
SSTO 004 extorhizosphere ~ TSA 57.14 56.19 56.67 428 2.31 6.00
SSTO 007 extorhizosphere ~ PTYGA 54.29 50.00 49.05 (3.13) (1.71) 5.33
SSTO 010 extorhizosphere KB oot R R e 4000 41.90 4.70 363 9.00

SSTO 012 extorhizosphere
SSTO 013 extorhizosphere ©~ KB 1+ 5048 5000  60.00
SSTO 014 extorhizosphere 56.19 57.14 56.67 490 3.27 9.00

KB 5238 5238 5476 (430) (2.88) 833
KB
KB

ETO 023 endophytic? #/ —KB—— .11 6143 - (60006048 \\451 256 9.0
KB
KB

'50.48 /~50.00  50.00 472 2.82 7.00

ETO 024 endophytic 67.14 6476 6476 405 296 8.33
SSTO 027  extorhizosphere ~ KB 3388\ L aeop--1T2@8.) (A3) (229) 783
ETO 031 endophytic TSA 69.05 69.05  69.05  4.96 3.25 8.67
ETO 036 endophytc ~_ TSA a5 CHAIbE s 8¢ 2488 341 167
ETO 039 endophytic TSA 61.90 60.95 6143 521 3.63 8.67
ETO 042 endophytic . - TSA . | 5048 . 49.52" o4y Y4ebl 383 9.33
ETO 046 endophytic PTYGA 70.48 7238 7286 453 3.00 9.00
ETO 047 endophytic. /T PIYGA | 6143 65747 [/6180.| ~424 260  7.33
SSTO 053 extorhizosphere ~ TSA 62.38 63.81 62.38 3.98 2.95 9.00
SSTO 055 extorhizosphere TSA. | 4714 4571 . 4810 (845) (1.78) 9.00
SSTO 057  extorhizosphere ~ TSA 48.10 4857 - 4857 ~ 320  2.61 9.67
SSTO 062 extorhizosphere TSA |~ 62.86° - 60.95 sbusA f(2.70) (1.82)  10.00
SSTO 063  extorhizosphere.  PTYGA 27.62 2857 3095 339 267 8.67
SSTO 065 extorhizosphere “BINGA 7 [o] 944.76 7) 1\42.38 .42 86 3.95 2.94 9.00
SSTO 068 extorhizosphere ~ PTYGA 43.81 43.81 4429 @ (3.09) (1.78) 8.67
SSTO 073 extorhizosphere ~ PTYGA 4429 44.76 3.07 2.05 967 44.29
RTO 075 rhizoplane PTYGA 41.43 4048 4143 3.00 235 9.33
RTO 079 rhizoplane PTYGA 4052 4810 4821 357 22t W00
RTO 081 rhizoplane PTYGA 44.29 4333 4571 | (3.08) (1.85) 8.33

control 0.00 0.00 Q00| 326 28 9.33

Media: TSA = tryptone soya agar; NA = nutrient agar; KB = King's B medium; PTYGA = pentose

tryptone yeast glucose agar

4 Fungal colony inhibition was compared with control: PA = test with P. aphanidermatum ; PM = test
with P. myriotylum

? plant bioassay was tested on vegetable seeds (n=30) and reported in term of soot length, root length

(cm) and number of germinated seed (average to10) value in the parenthesis indicated seedling toxicity.
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Table 6 (continue)

System: Substrate ~ Plant: Tomato  Location: Ladkrabang, BKK and Cheangmai Year 2007
isolation details Fungal colony inhibition (%)” plant bioassayz’

name habitat media PA1 PA2 PM1 shoot root seed
SSCCB 021  extorhizosphere = PTYGA 5333 60.95 61.90 331 21 9.67
SSCCB 022  extorhizosphere ~ PTYGA 64.29 67.14 67.62 3.65 2.95 9.67
SSCCB 023  extorhizosphere  PTYGA 61.90 53.33 54.29 3.36 2.87 9.33
SSCCB 024  extorhizosphere PTYGA 52.38 50.00 53.81 3.73 2.70 10.00
ECCB 031 endophytic TSA 55.24 53.81 3.76 1.99 8§33 5524
ECCB 040 endophytic TSA 33.33 29.52 30.95 (2.77) (1.74) 10.00
ECCB 046 endophytic KB 69.05 65.24 68.57 312 2.82 9.33
ECCB 050 endophytic KB 60.95 57.62 58.10 3.19 2.30 10.00
ECCBO051  endophytic TSA " LBy BB gD, 7238| 323 288  10.00
ECCB 054 endophytic TSA 52.38 51.90 51.90 3.01 2.14 9.33
ECCBOBE. endophytic 7/ TSA- LN un62////4BA0_ 4508 303 177 833
SSCCB 059  extorhizosphere PTYGA 69.52 70.48 69.52 3.06 1.52 6.67
control 0_-Ur20.00 S.U7-090__f 0.00 [\\3.40 2.66 9.67

Media: TSA = tryptone soya agar; NA = nutrient agar; KB = King's B medium; PTYGA = pentose

tryptone yeast glucose agar

v Fungal colony inhibition was compared with control: PA = test with P. aphanidermatum ; PM = test

with P. myriotylum
Z Plant bioassay was tested on vegetable seeds (n=30) and reported in term of soot length, root length

(cm) and number of germinated seed (average to10) value in the parenthesis indicated seedling toxicity.
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Qﬁnﬁoa@gmszwumﬁmﬂnﬁ

2. vagavlszAnimnwuuadiselussuulgniginelaldau

nsmagaulszAvisnmassuueiiaelussuulgnitalae a4y nasinlussuinlgnuu
NFT Q7%49% 4 crop e HuuaTBaamsniafuenldannemidelunin 41w 5 lelnanldun
Bh 019P, Bh 020K, ERO 002, ETO 046 uax ECCB 051 naaassansulelmaniildinesealy
Taamsuunna (2548) aruau 5 lalman'léiud R10, K16, G20, G44 waz G53
2.1 ﬂﬂ?ﬂgﬂﬂ%ﬂﬁl 1(nINJIAN — BIMIAN 2550)
wnnmesesluinadnsalsn nrulda  uaximmefian  leelduueiizealalnan
R10/, R10/2, R10/3 ua K 16 lénadail

2.1.1 gm3INNATIALAZAINTULIS

a ooy =

ludnadawaldanudl  nesuRaTvERfeLLRT GanmnLsas lalaian
wafidelalnan R10/1, R102 uaz R10/3 funliamazdananmudemnaiissainisamn
whlauuin e Lﬁmmﬂﬁmm'ma;ul,l,a‘wmnmﬁm’imé’hnd”uma‘uﬁ%mmmﬁﬂgﬂéﬂmmm:ﬂmm
Mimsneaes TnglataanisanpAsnguasiqassdud 11 Hundamsilgnide WHud lats
an R10/1 saeaanldun R10/2 uay R10/3 TaadAIAdqsquusaviniy 2.2, 23 usy 2.3

ANaAL T NgaAIuANLgNisialAIATINUISITBINTI AN AlsAWAAL 3.9 (Table 7)

Table 7 The incidence-and severity of root rot disease in red-oak treated by various

rhizobacterial isolates (crop.1: Jul — Aug 2007)

(e

i rfi;%culation

Bactérial isolate

9 11

0.0 0.4 (3.3 1.4 2.0 22

R10/1

R10/2 100 =0 13 21 23
R10/3 100 00 08 09 12 17 23
K16 100 00 09 14 21 23 29
control (ﬂzgm%ﬂ) 100 00 17 24 28 32 39
control (lsitlgnide) 0 00 00 00 00 00 00

" Disease incidence was evaluated at eleven day after inoculation

= Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotten root, 3 = rotten root and temporary wilt, 4 = rotten root and
permanent wilt and 5 = died plant
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Tuinadaraulga wudnlinalwinwesdeatuiuadasnlfpranssunsnvsaseuLAf Gy
[} i ¥
WAsINAT  ArfiAnnguusIesnsialsasnndnssidiamuANiitgni@ia aannsseiluAnany
puusaransinlsaludnadansuldan 11 44 wdenisdgnimanudn nesndsivisasaauuaiiGe
wasnivelelaian R10/3 HAuguussrasnisiinlsnaigaminiu 1.9 luaneiqganiunuilgn
3 a a G| dl 1% | a
delAauguusaesnsialsady 3.9 doulalaianauy lud R10/2, K16 usy R10/1 Hen

ANNIULINTBNNSAATIAWINAL 2.1, 2.1 wAT 2.3 MNATGL (Table 8)

Table 8 The incidence and severity of root rot disease in green-oak treated by various

rhizobacterial isolates (crop 1: Jul — Aug 2007)

Disease seyerity in each day after inoculation
R10/1 100 007 07 08 114\ 20 23
R10/2 100 BOEE S V089~ 12 \\{8 21
R10/3 100 DOV \TDLNOEE~N Yy 1.9
K16 100 0.0\ OF =/ QUM 1] 2.1
control (ﬂgnﬁ@) 100 AN 2 24 .29 39
control (laitlgnide) 0 pmanaP ) 00| D<0q & q¢¢ 00

Y Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotten root, 3 = rotten root and temporary wilt, 4 = rotten root and
permanent wilt and 5 = died plant

daluinadaimmedian wudinssudanvisasaeuuanGelaloan R10/1 uaz K16 &

wlinfiaviosananud@emeduilasanisasnuirlawnitléunnigs  TaalA1ANuguusTes
a (P o o d‘ dl ‘3‘/ a

naialsn Wiy 2.1 uaz 2.2 auanay TuaneiigartuANnlgnielAANIuLsNT8INIs

WinleAiniy 3.8 (Table 9)
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Table 9 The incidence and severity of root rot disease in butterhead treated by various

rhizobacterial isolates (crop 1: Jul — Aug 2007)

R10/1 100 00 08 08 10 17 21
R10/2 100 00 08 10 14 21 2.8
R10/3 100 00 02 04 09 19 27
K16 100 00 06 08 12 16 22
control (ﬂqnﬁ?ﬂ) 100 0.6 14 = 2.8 3.0 3.8
control (lsitlgnie) 0 00 /00~ 00 00 00 00

¥ Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotten root, 3 = rotten root and temporary wilt, 4 = rotten root and
permanent wilt and 5 = died plant

2.1.2 NRTRLTALATHARGR
NRAUNINIT Y LIIUAZHANER HANATLNIUNMINAAFDFULATNAKAG
snresianeny 6 dlainudnludnadssaldsnivEnsaauuaiiGelelnan R10/1 azvinlil
dminaasefuuasiANARGINIINgINIBRNT AeWinAL 222.1 nfu sedssnliiud R10/3 14
a P [ d’ol o/ dl ' ¥ (PR o/ d’ ' aa all
HANARTINWINAL 184.9 niN Iaefiunuiniafe siasuminiu 24.7 nf T9gandIngsuasAILANT

Tdilgnitesiae (Table 10)

Table 10 Yields and fresh weight of red-oak treated by various rhizobacterial isolates (crop

1: July — Aug 2007)

R10/1 9 222.1 24.7
R10/2 9 157.4 175
R10/3 9 184.9 20.5
K16 8 170.5 21.9
control (ﬂqm%a) 9 168.1 18.7
control (lsitlgnide) 8 174.9 21.9
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uwannnsdsziluminaniadusesuludousine neadd ldud s wazen

= v a

i o/ [ %3 [ a 1 %’ o
wudnlugiuatsiuaessnasmealdnlunsssianvisnsuiuanEelalaan R10/1 udazfinmin

1 G S ]

1 Addll dl ] dy o/ o/ aa
§ININTINITOU MN9UgNITR (19.1 nFN) wsif laifAonuuansineiunieada ludiuaassn

) adad Ay aa P o ' A o 1
WUQWﬂ??NQﬁV]V]?WQQHLLUF’]V]L?H‘I@‘E%L@V] R10/1 NuquuﬂQQﬂQQﬂT?NQﬁ@u’] VI‘VHﬂ’]ﬁ“LJQﬂL‘n@ (55

nFu) Wi i ANNLANFAN T UNINATR [y (Table 11)

Table 11 Average fresh weight and head diameter of red-oak treated by various

rhizobacterial isolates (crop 1: Jul — Aug 2007)

: Average fresh weight , .&
erial isolate Head diameter”

"{

. shoot 10Ot

R10/1 19.1a 55w 23.7 ab

R10/2 13.6a 3.9a 20.5 ab

R10/3 16.2 a 443 19.6 b

K16 15.2 a A 20.0b

&

Control (Ugniie) 16.5a 43a 30.0a
Control (lxitlgniTa) 14.8a 46a 24.7 ab

¥ Data were collected at harvesting day
Values with the different letter within a column are significantly different (P < 0.05)

ac =l

Wenadaniuldainudn nesdsnvisnsaauuaAnGulalaan R10/1 aginliRumlin
Y a A aad = sl Ay Y a8 o
ARRIBFUUATNANARGINGINTINITAWT SANDNNITNTDAILANT ltlgniTiasian Taaduwin 31.6

NFN UASNANARFINVINGL 284.6 NN ANAAL (Table 12)

Table 12 Yields and fresh weight of green-oak treated by various rhizobacterial isolates

(crop 1: Jul — Aug 2007)

'Né'ngisqgfiveqﬁptqp'gs:‘\i Totai;{séiei )

284.6 31.6

9
R 10/2 9 140.7 15.6
R 10/3 8 176.8 22.1
K16 8 174.3 21.8
Control (ﬂ@jm%@) 5 53.7 10.7
Control (itlgnide) 9 153.6 17.1
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LAZAINNITILATIZUNINAD A VBIANMARUINTNAAUDIRIFAU WAZIIN WU AP

a a9 I~ :

= (2] a a = %’ o | ad dy
nruldannIadaauunfzelelaan R10/1 @:Nu'\ﬂuﬂéx‘iﬂ'ﬂﬂﬁ‘i‘NQﬁﬂQU@ﬂJ‘Vlﬂ@ﬂL‘ﬁ'ﬂ@ﬂ’NN

U

)}

o a

TudAy TpufAEIMITNAAaNsN WAZIINWINAL 23.2 WAY 8.4 N5 ANNATAL AUNTINAD

o

mmuﬁ ﬂ']?ﬂﬂnmﬂummuuﬂmmmu WAZSINYINAL 7.2 WaY 2.5 NFN ATNANAL ‘J‘"JNE]\?N

b o/ O

‘Hu’Wﬂ‘ﬂNWNVli‘MﬂJﬂ'J’l’e]El’NNuilﬂ’]ﬂﬂJ‘Vl’Nﬂ el u@nmnumwudmwﬁnammmummmm

Av

@ oA a v o o a a aa Ay wmy
ﬂ?ui’ﬂﬂﬂﬂ?ﬂﬂQﬂLLUﬂ‘V]L?ﬂ R10/1 quﬂﬂquqﬂuﬂ'ﬂ VlEJ'UW]']ﬂu‘V]'N@ ﬂ??NQﬁﬂQU@Nﬂl‘LN‘lﬂ

Ugnidasiae (Table 13)

Table 13 Average fresh weight and head diameter of green-oak treated by various

rhizobacterial isolates (crop 1: Jul — Aug 2007)

~ Bacterial isolate

R10/1

R10/2 12.2:ab 35b 20.9 b
R10/3 17.2 ab 49 ab 22.2 ab

K16 164 ab 5.4 ab 21.0b
Control (ﬂgm%@) 72 b 2.5Db 195D
Control (lsitlgnide) 19.4 ab 6.2.ab 24.4 ab

¥ Data were collected at harvesting day
Values with the different letter within a column are significantly different (P < 0.05)

o

danludnadnimmesian wudn nssudaniinnsaaaudeuuaiFe lalaan R10/3
szl ndinuan@nsangeniinssnitaug laefinandnsanuiniu 2728 nfu e

Lﬂ?‘ﬂuLﬁﬂuﬁummﬁ%mu@uﬁﬁmiﬂqnﬁﬁqﬁmamammuwﬁﬁu 182.3 N5 (Table 14)
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Table 14 Yields and fresh weight of butterhead treated by various rhizobacterial isolates

(crop 1: Jul = Aug 2007)

Bacter ~ ved plants  Totalyield (g)  Fresh wt./plant (g)
R 10/1 9 2104 17.5
R 10/2 9 228.4 20.3
R 10/3 9 272.8 23.5
K 16 9 218.5 18.3
Control (ﬂqmﬁy'@) 9 182.3 15.9
Control (laitlgnide) 9 270.1 23.9

wazannsatassiinuinanafesesuluauie 1esinadanNata wudiludn

v o g o/

afninmefiandiureisfuresnssidannaaausiuwuafiGelelaan R10/3 udazfitmings
I add‘l dl o dw a g e o =3 1= ] o/ aa v
nanssuABauT Minnnslgniaie TaefiAnwiady 23.5 nin uddlusiaauuansaiuneada iy
add‘l [ [ | aa =) | o
n993ABAU (15.9 niN) uarludauaeasnuaznsayninyud) YnssuasliiiAauansneiung

A0/ (Table 15)

Table 15 Average fresh weight and head diameter‘of butterhead treated by various

rhizobacterial isolates (crop 1:Jul - Aug 2007)

i S e

F
i

- Bactenal isolate —$ @?}% diameter”
RIOA 1753 58a 22.2a
R10/2 20.3a 51a 20.0a
R10/3 235 & 6.8a 24.3a
K16 18.3 a 59a 218 a
Control (ﬂgm%@) 15.9 a 4.4 a 18.9 a
Control (livlgnite) 23.9a 6.1a 24.3a

¥ Data were collected at harvesting day
Values with the different letter within a column are significantly different (P < 0.05)
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v
o/

2.2 n1eUgnAseh 2 (WgPRnIe 2550 — Nns1AN 2551)
Mnmeaesludnadnsalsn wazimmesian IaelduuaiiFelaloan R10/1, G20,
G44 uay G53 anasail
2.2.1 gRsNaAnlsALATAINTUL
Tunadmealdanudn nesudsnvismnsanuanzelalaan G44 uay G20 &
wilinnazdasanpudemedfiasainisamnuintausinldange Trafinnuguisseslsamiam
° o/ dl OI 1 aal dl dy dl al g ] o Qdd‘ = v
1.7 Uaz 1.9 MNRIAL T9ANdInssntsAruANNlgniiateilAnminiu 3.1 deunssansnvismsiae

wuaiFelelaen G53 uaz R10/1 AAaduguussaestsailu 2.3 uaz 2.9 mudsiu (Table 16)

Table 16 The incidence and severity of root rot disease in red-oak treated by various

rhizobacterial isolates

(crop 2: Nov 2007 — Jan 2008)

SR e

o

: 'Bé'c"i‘e{igl‘ isolate

g

R10/1 03 | 14 2.9
G20 100 D1 AR08 g /aBallilnac o 2Bl 19
G44 100 DA\ TSI L& ~1} 1.7
G53 100 B o e | A3, 228 23
Control (ﬂ@m%@) 100 0.8 1.4 4.3 25 7 3 3.1
Control (lsitlgnide) 0 00. 00 /700 00 /00 00

¥ Disease incidence was evaluated at eleven day after inoculation

= Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

= = % a

Wdnadntmmafiaatinudn nssudanvisasauuaizelalaan G20 uay G44 e

&

ANUUSITRINTinlsAAaudN9an AaRAIYINTL 2.0 uaY 2.4 ANATAL AINGINITNIDBAILAN
= 1%

NUgniedeliAwindy 3.8 dounsssnanvisasaauuaTiGalalaan R10/1 uay G53 NAAMN

quuserealsatly 2.8 (Table 17)
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Table 17 The incidence and severity of root rot disease in butterhead treated by various

rhizobacterial isolates (crop 2: Nov 2007 — Jan 2008)

-,}_?‘; s i

R 10/ 100 0.7 1.4 2.3 2.3 22 2.8

G 20 100 03 10 17 18 20 20
G 44 100 00 09 14 16 14 24
G 53 100 07 17 23 23 28 28
control (ﬂqnﬁgfa) 100 0.3 2.1 T 3.3 3.8 3.8
control (lairlgnide) 0 00\ 00/ 00 00 00 00

" Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

2.2.2 NRIUIAUIAUAEHANGR
v a a a 1 o o 2 ei = v aa
NAUNSRTIRLIALATHARER  WLAN N aRAEATaRANYITAsALILLIATTE

laltian G20 azfiminansasulesnanangafigaiianfauiauiundingsuidadus Miing

dgnitia Taeduiwin 43.3 N3N uaz HaNARIINWINAL 519.7 Nfu AMUARIAL (Table 18)

Table 18 Yields and fresh weight of red-oak treated by various rhizobacterial isolates (crop

1: Nov 2007 — Jan 2008)

' Bacteﬁai isolate No. of survived Fresh wt./plant (g)

R 10/1 12 270.4 22.5

G20 12 519.7 43.3
G 44 12 341.5 28.5
G 53 12 273.7 22.8
Control (ﬂqm’%@) 11 183.1 16.6
Control (lsitlgnite) 11 746.6 67.8
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| o

annsAszinatAAininaadssiesiuludiusig o wudnludnadaisnldn

o

NvIma saauwuaiiizelalaian G20 qvuu'munmmu LazIn ENﬂ’JWﬂTi‘}J'Jﬁ’rJu’] wmmsﬂam‘n@

(35.4 uaz 7.9 nfu) Lme"LumﬂuLLmnmqnummﬁmﬁuﬁunsa‘mﬁmuawﬂqnw@ (14.1 uaz

25 n5N) atnelsAmunLdInNITRfaswLAT Y G20 a1l utinanansiu azni AN

al

’01 o d‘ Py a A " e aa o ad dl | d’l’ dy 1
uwunamLaaﬂmmumLwﬂum'\nummnmnunssmﬁmuawiuﬂ@unLm@u@nmnwmmmmm

ﬂl 3 < o/ o b i ' 1
W Anniududuaessesainnssuisaiuanilitgnidadas (Table 19)

Table 19 Average fresh weight and head diameter of red-oak treated by various

rhizobacterial isolates (crop 2: Nov 2007 — Jan 2008)

Average fresh weight..... — Head diameter *
e i m

S s — . : ' r _—1

B erial isolate -

‘ rQPE O be 2‘?&% after raising
R10/1 18.1b 43Db 19.6 a 18.4 b (1.2)
G20 35.4 ab 7.9ab 20.0 a 23.3 ab 3.3
G 44 23.4Db 2.1 b 20.9 a 22.0 ab 1.1
G 53 19.3b 36D 17.7 a 18.8 b 1.1
Control (ﬂ@m%@) 13.3 Db 2.5(0 18.0 a 18.5b 0.5
Control (“hiﬂzgm%ﬂ) 54.3a 136 a 239a 29.3 a 5.4

¥ Data were collected in the day before and after inoculation
Values with the different letter within.a column are significantly different (P < 0.05)

Wuinadatmaefaanudn  nesuasnvensnauupdGalalaian G44 uar G53 azi

v

’ol o/ 1 = 1 a A o o/ o o o
mvlunamm'aﬁuuamamangqm’mssmﬁfauj IﬂﬂﬁUﬁﬂuﬂ 51.4 BT 51.7 NTURATNANAL WAL

a e [ o o di' = o dld d’l’
HANARTINININY 736.2 LAY 725.9 AU AINATAL LNQLLE‘EIULVIFJUﬂU‘]!ﬂﬂ’JUF’}NVINﬂ’]?ﬂQﬂL‘H@

v
o

FINUMTNAAFADFUAEN 21.6 NTU LAY NANARTINWINAL 299.4 NFN (Table 20)

1265




Table 20 Yields and fresh weight of butterhead treated by various rhizobacterial isolates

(crop 1: Nov 2007 — Jan 2008)

Bacterial isolate  No. of ,sugyﬁyg}d plants  Totalyield (g) Fresh wt./plant (g)
R10M | 12 259.8 18.5
G20 11 379.1 26.6
G 44 12 736.2 51.4
G 53 1 725.9 51.7
Control (ﬂgm%@) 6 299.4 21.6
Control (laitlgnite) 12 1227.9 88.5

v !
aInNIsAAszinsatsuminamadosesuludouse wudlufinadniinnasian

= v

fvmuuuaiiGelelaian G44 uay G53 udasiinwingandnnssuanau Mnisgnie lay

o¥

v
o/ o a o

FUIMTNAARFUNNTL 51.4 WA 51.8 AFU ATNAIAU LAZHENENAATIAWNAL 10.0 UaY 8.8

Add‘l dl

¥ mNA1AL waldfipaanuansefumisadiaidunssudsany Manasgnite udilauinves

o & ' o ANESA
najuRsauAeudnes Iuiaessessannsnnsruanlilgnite (Table 21)

Table 21 Average fresh weight ‘and head diameter of butterhead treated by various

rhizobacterial isolates (crop 2: Nov 2007 — Jan 2008)

g

L oY
Bacterial isolate b\ A s
: R0 RIS Byl raiing
R 10/1 185D 32¢ 23.6'b 258 ab 2.2
G 20 26.6 b 5.0.bc 24.5 ab 26.7 ab 2D
G 44 51.4b 10.0 ab 25.5 ab 29.2 ab 37
G 53 51.7b 8.8 abc 22.9Db 26.1 ab 3.2
Control (ﬂgnf‘f@) 216 b 34c 23.8 ab 236 Db (0.2)
Control (hivlgnite) 88.5a 14.7 a 26.3 a 30.1a 3.8

Y Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)
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2.3 msﬂgnﬂ%\aﬁ 3 (§43AN 2550 — 1NIAN 2551)
mnmasesludnadnsalsn muldn wastimmefian TeelduuadiGelalsan
G44, ERO 002, Bh 019P wax Bh 020K 1534@5\‘1‘&
2.3.1 fRIIN9ARTTALAZAINTUI
ludnadasaldanidn nendaTvaRsiuLeT Bonsniians 4 lelnan
1&uri Bh 020K, Bh 019P, G44 ez ERO 002 Huusliufiazdasanaanadameiiesainisasn
whlaun e Teaflaouguussaasisa windu 0.7, 0.8, 0.9 UaY 1.2 AMNAAL Femndngo

pauANNUgniTeTeliANwinfiL 3.0 (Table 22)

Table 22 The incidence and severity of root rot disease in red-oak treated by various

rhizobacterial isolates (ecrop 3: Dec 2007 — Jan 2008)

5 T =
i SR (17 7

\after inoculation

al isolate

0.3 0.4 0.8 0.9 09 0.9

G 44

ERO 002 100 0.8 .07 0.8 131 1.1 1.2
Bh 019P 100 W ARASAGR 0.7 0.8 -08 0.8
Bh 020K 100 B 0.7 0.7 0.6 0.7
Control (ﬁqu%@) 100 1.1 1.4 2.2 2.7 2.7 3.0
Control (laitlgnide) 0 0000770 00. /00 00

Y Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

nsUsziuanuguiitesnaialseludnadaniuldail 11 4 udinisgniae

Wudn nesuAsIvIRMRaLuATBaRsnievs 4 lalaanldun Bh 020K, Bh 019P, G44 ua

ERO 002 fuualiufiazdaaanmnuidemeiiinsannisasnuirlauils Tnefianuguuseres
ISP [P

1 o’ o o g °I 1 . i j g
T3A WinAL 0.7, 0.8, 1.2 WaT 1.3 MUAFL TeRndinssdiasuAnTlgniTedeliA ity 3.0

(Table 23)
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Table 23 The incidence and severity of root rot disease in green-oak treated by various

rhizobacterial isolates (crop 3: Dec 2007 — Jan 2008)

Disease severity in each day after inoculation

- Disease -
Bactorfalisolate =~ = 05 _
L ~ incidence (%) B e e
nas 1 3 o 5
G 44 100 07 09 11 11 12 1.2
ERO 002 100 09 08 09 1.1 1.1 13
Bh 019P 100 03 01 09 06 06 08
Bh 020K 100 04 06 07 03 03 07
Control (1gnita) 100 PG, 2.9 29 30
Control (latlgnia) 0 00 00/ 00 00 00 00

Y Disease incidence was evaluated at eleven day after inoculation

= Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

WEnasaAasan NUINNIsHAETYIIR AL ATIG I AsanNTYie 4 lelsanlsun Bh
019P, G44, Bh 020K Waz ERO 002 Huwslifuiazdasaspaai@ameiiiasanizasinuila

wihlduiy Tnelaoiuguussaasisa Wiy 0.4, 0.6, 0.7 UAE 1.1 ANNATHL FeAndnssadn

éd. e

ALANTILgNTETHAWYINAL 2.3 (Table 24)
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Table 24 The incidence and severity of root rot disease in butterhead treated by various

rhizobacterial isolates (crop 3: Dec 2007 — Jan 2008)

. Disease severity in each day after inoculation
Disease _ - T

incidence (%)

,; 1 2 5 7 9 11
G 44 100 06 04 06 04 04 06
ERO 002 100 08 03 02 07 08 11
Bh 019 P 100 06 02 04 04 04 04
Bh 020 K 100 07 04 07 07 07 07
Control (ﬂgm%a) 100 0.9 0.8 2.2 2.2 22 2.3
Control (livlgnide) 0 0.0\ /0000 00 00 00

Y Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

2.3.2 n3ATYRLIALATNANAR
Y a_ a = P 2 @ & o v o al
nasunnsasyiRuinuarnandn  wudidnadaisaldavizaneauuanizy
lalsan Bh 019P fHuawinansesuussnan@ngendingssisour. seaaannassdsasLANlal
Ugnitie Taeflminsiasiu 77.8 nfu uaz HARARIINWINGL 700.2 nFu TWniznsuaEALANT

Ugniaaiunntinansiesiuines 47.5 uaRANARINIYINAY 427.1 NN (Table 25)

Table 25 Yields and fresh weight of red-oak treated by various rthizobacterial isolates (crop

1: Dec 2007 — Jan 2008)

Bacterial isolate No. of survived plants Total yield (g) Fresh wt./plant (g)4
G 44 9 534.6 59.4
ERO 002 9 592.1 65.8
Bh 019P 9 700.2 77.8
Bh 020K 9 674.2 74.9
Control (ﬂ@m’%@) 9 4271 47.5
Control (lirlgnite) 9 734.5 81.6
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nnmsmsinatadtivingaedesesuludousie wudiludoudnsiuaesdn

= k%

adasalfalunssudznyisadauwueiGalalaan Bh 019P aziinutinasadnvindu 62.7 niu

o/

] o aa aa d’l’ d’ a 3; o dl = o ndd‘
wAnsNafuMeatAfiunssasAILANLgNITe Tl winanadaifien 37.6 nfu Tunssadsh
a % aa n’l’ o Y o1 % o dl dl I I e aa o aca
visaseuumnGelalaian Bho1op # deldAniwinanedefifieuvindun1adfdunssains
| & o 2 o D oA a X A v aa
pauAnliitgnidieses  santedaflawnamssiuiiiaduunniigadon  daulalaanfiddnenin
saaasnnlaunlalaian Bn 020K ERO 002 uaz G44 dsldanisasgyiulniieuwiniun1eads

Aulaldian Bh 019P ui (Table 26)

Table 26 Average fresh weight and head diameter of red-oak treated by various

rhizobacterial isolates (crop 3: Dec 2007 —Jan 2008)

o
i

Baptgﬁ‘al isolate o
raising

G 44 48.2 abc 32.4 abc 7.1
ERO 002 53.9 abc 11.8a 29.3 ab 31.7 bc 2.4
Bh 019P 62.7 a INEG 29.3ab 35.6 a 3.7
Bh 020K 60.7 ab 14.2a 27.0b 34.3 ab 7.3
Control (ﬂ@m%@) 376¢ 9.94a 29.0 ab 291 ¢ 0.1
Control (kignide) = 66.6a 15,03 31.0a 35.0 ab 3.9

Y Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)

Aca a

Tudnadansuldanudn. nssuashvisnsatuuafiGuiaasaniany 4 lalaan Bh 019P,
Bh 020K, ERO 002 Ay G44 aziimminassesulssnanansendeguilenouiauiuge
pauANRENIsUgnTe Taeinandnsoniniy 823.3, 794.7, 785.2 uay 708.0 NN AINAIGL

Tuansiigaarupuniinisgniielfnan@nsanwiniu 607.4 nfu (Table 27)
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Table 27 Yields and fresh weight of green-oak treated by various rhizobacterial isolates

(crop 1: Dec 2007 — Jan 2008)

otal yield (g)  Freshwt/

G 44 708.0 78.7

9
ERO 002 9 785.2 87.6
Bh 019P 9 823.3 91.5
Bh 020K 9 794.7 88.3
Control (ﬂqm’%@) 9 607.4 67.5
Control (laitlgnite) 9 969.4 107.7

ANNNSAATIZIIMNa TR A INMTnaaaae e ludauaeddfu wazsninwudn taldan
Bh 019P, Bh 020K way ERO 002 way G44 NArumingmefeiyiaiy 73.7, 70.5, 69.8 uay

62.4 NN ANAAU atelsfimnalsluansiaiuneaiifiunssaseuT (Table 28)

Table 28 Average fresh weight and head diameter of green-oak treated by various

rhizobacterial isolates (crop 3: Dec 2007 — Jan 2008)

S e o FT .

. g v%ié " Hea erég
Bacterial isolate | T4 Y =g o v

R . (e @ ffsng

G 44 6244 16.2.ab 28.0b 34.4 ab 6.4
ERO 002 69.8 a 17.4 ab 29.6 ab 34.6 ab 5.0
Bh 019P 73.7a 17.8 ab 30.3 ab 36.2a 5.9
Bh 020K 7054 17.8.ab 28.7 ab 35.8a 7.1
Control (Ugnia) 55.0 a 12.4b 29.1 ab 30.3b 1.2
Control (kitgnie)  85.8a 219a 31.1a 36.4a 5.0

¥ Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)
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doludnadninmesian wudimnnesads Ikandni kiAeaunnsafiuuinin (Table 29)

Table 29 Yields and fresh weight of butterhead treated by various rhizobacterial isolates

(crop 3: Dec 2007 — Jan 2008)

, V‘Bfaéferiai isolate No. of survived plants  Total yield (g) Fresh wt./plant (g)

G 44 9 574.5 54.3
ERO 002 9 494.9 46.0
Bh 019 P 9 660.1 60.1
Bh 020 K 9 597.3 53.4
Control (ﬂzgm%@) 9 546.5 49.3
Control (hirlgnite) 9 663.4 59.4

annsaessinnatadmdnaniady e ludaudierasdnade lud aduuay

910 wuIn ludonaasansulsiilAnuuansaiy (Table 30)

Table 30 Average fresh weight and head diameter of butterhead treated by various

rhizobacterial isolates (crop 3: Dec 2007 — Jan 2008)

| | ey er' |/ raising
G 44 954 27.1 ab 33.0.ab 5.9
ERO 002 46.0a 9.0a 26.4 ab 30.1 be 3.7
Bh 019 P 60.1 2 13.3a 277 a 33.2a 5.5
Bh 020 K 53.4a 13.0 a 24.8b 30.1 be 5.3
Control (ﬂ@nf‘%@) 49.3a 11.54 27.2 ab 28.8¢ 1.6
Control (livlgnide) 50.4 a 143 a 27.7 a 31.8ab 4.1

" Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)
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2.4 ma‘ﬂqnﬂ%\aﬁ 4 (uNgAN — HuAN 2551)
wnmeaacludnadaisaldn rulda uasimmefian Tnalduuanielelnan
Bh 019P, ETO 046, ECCB 051wz RTO 081 ¥uassil
2.4.1 89 NAAAIALATAYINTUL
lutnadmsaldanudn nendsivingaauuafiGelelaan Bh 019P way
ETO 046 Ruwslifardsuanmnudemeiiemnisamnuinlausils Tefianuguusedse
Winu 1.4 uaz 1.8 ANNANAL é’iﬂﬂdﬁﬂ;mmuauﬁﬂgm’%ﬁqﬁmwhﬁ'u 3.7 lelaianfiddnanin

098911 1A ECCB 051 uay RTO 081 TeilAnAdNgunsseaisaviniu 2.3 (Table 31)

Table 31 The incidence and severity of root rot disease in red-oak treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

08,0 08 0 9 00 S R
R

él: isolate
Bh 019P 100 03/ WIOMEL )48 3a2 e 12 14
ETO 046 100 P GONT ABIIUNA~ 18] 1.8
ECCB 051 100 U3nel \C o 23] 23
RTO 081 100 el iallDhe, S2pf 23
Control (ﬂqm‘%@) 100 1.3 1857 280980 @ gF 37
Control (lsitlgnide) 0 00 .00 /700 00 /00 00

Y Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant
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a I a o/ o G (23 el' o/ o/ dl’l
nsdszifiuArmnuguusaasnsiialsaludnadanulda 1 11 44 ndinsdgniae
Wuqn nesuAanvismsqawuAiFelalaian Bh 019P Sunltunazdiuanmnu@enie asan

Tsasnuinlauninldunnige Taalaouguusaaaslsaminiu 1.4 FeendinssaisArLANNEAT

winfiu 3.6 daunssadtaws] MvEasaauuAnFeiiA1ANIULsITeslsAiniL 2.7 (Table 32)

Table 32 The incidence and severity of root rot disease in green-oak treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

, Disease severity in each day after inoculation
Disease = :

,’Ba’c:terial isolate J (0-5)2"" '
- incidence (%)

a5 L 9 1"
Bh 019P 100 03 03 09 08 14 14
ETO 046 100 TNNBE L2 NN\ 23 27
ECCB 051 100 Y= A 13 12 (—1.8 \\24 27
RTO 081 100 RE/ OB YLB R<1.9 W 27
Control (ﬂqm‘%@) 100 18 1.9 2.9 2.7 3.4 3.6
Control (laitlgnide) 0 ¥ 0.0 ~0.8) 00

Y Disease incidence was evaluated at eleven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
~ permanent wilt and 5 = died plant

o o/ o/ 1 a A H
Tufnadainmadian wusinssuasaninsnauupiGulalaian B 019P Huwilinnay
datanANideeduiiasanlsamnni tauni lienas sesasnlédunleldiean ETO 046, RTO
081 waz ECCB 051 laaflAnnuguussresisaviami 1.1,1.2, 1.7 48 1.8 ANd1gaauANivi

A od o
nsgnitiadelAiniy 3.3 (Table 33)

-34-




Table 33 The incidence and severity of root rot disease in butterhead treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

Disease severity in each day after inoculation (0-

. 4 Disease
Bacterial isolate e 5
incidence (%)

: 1 3 5 7 9 11
Bh 019 P 100 02 03 00 00 10 11
ETO 046 100 02 01 01 0.1 1.1 1.2
ECCB 051 100 06 08 09 1.1 18 1.8
RTO 081 100 03 08 09 10 19 17
Control (Ugni1a) 100 03 26 30 33
Control (laitgniTa) 0 0.0\ /00 00 060 00 00

¥ Disease incidence was evaluated at efeven day after inoculation

Z Disease severity was average from total disease rating (0-5) of plants in each treatment; whereby 0 =
healthy plant, 1 = brown root, 2 = rotted root, 3 = rotted root and temporary wilt, 4 = rotted root and
permanent wilt and 5 = died plant

2.1.2 msEsyliulanasaNEs
2 a a a 1 dlsi % o Y o 2
mMasunsasydulnuasnandmnudn leloaniisluwduntldiadniealdn
WLaNARNA LSLA ECCB 051, ETO 046 Way Bh 019P Tnaiinanansinvindy 561.3, 557.7 waz

526.0 NFM ANNAAL TN TR ALAN UGN TINNANARTINVIIAL 499.2 NFW (Table 34)

Table 34 Yields and fresh weight of butterhead treated by various. rhizobacterial isolates

(crop 4: Jan — Mar 2008)

T %Zi%% Y ol *J y

Bacterial isolate  No. of survived plants

L
8 :

we%d«{g}ww Fresh wt./plant (g)

Lo
.},:ﬁﬁar;zéb‘

Bh 019P 9 526.0 58.4
ETO 046 9 557.7 62.0
ECCB 051 9 561.3 62.4
RTO 081 9 368.1 40.9
Control (ﬂqm’%@) 9 309.1 34.3
Control (lsitlgnide) 9 499.2 55.4
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anmadszdiuwiminaadssieduludousine Wi &1 uazan wodaly doudndu
esnadmsalfnlunssAsivinfauuuniiGelelaian ETO 046, Bh 019P uaz ECCB 051
ftniedtliuansefiuneadintunssisauanlsidgnide Taefldwindu 453, 44.4 uay
40.0 N3 (nssaiapauAlsitlgnideiAuwinty 42.4 nf) lugauaessinnudn nesidaTivandae
wuefiZulelnian ECCB 051 ftwilngendnnsmizaud (22.4 nfi) anmestarunmmamamia

TSwfufganudnssudsnveasaauuanGalalaan ETO 046, Bh 019P waz ECCB 051 Hauim

NN 25.8, 25.3 UAT 25.3 [URNATAINANAL (Table 35)

Table 35 Average fresh weight and head diameter of red-oak treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

P B .

Weight e diameter *

b

Bacterial isolate

SQ{@* e rOO:f X ONXer raising
Bh 019P A s —)—§ 08 noa 253 3.0
ETO 046 45.3 16.7a 229a 25.8 ab 3.0
ECCB 051 40.0:a b 22.4a 2163 253D 3.7
RTO 081 31.0 bc 99a 2064 23.7 be 3.1
Control (ﬂz.gm%@) 257¢ 8.7a 21.2a P06 ¢ 0.1
Control (lsitlgnide) 424 1312 227 a 28,6 a 5.9

¥ Data were collected in the day before and after inoculation
Values with the different letter within @ column are significantly different (P < 0.05)

Tunasaniuldanudn nesuRsnvisnsanuanGelalaan ETO 046 arnnliiNan@s
gaN9NsTNAT N se9aNnliun ECCB 051, Bh 019P uaz RTO 081 tnainan@nsasiviniu
088.4, 788.6, 753.6 WAT 640.2 niu mua AL lalman ETO 046, ECCB 051 waz Bh 019P

o © v . o = v a n‘a‘ ac dl 1 d’l’ v d] = a | e
ﬂﬂﬂﬁlﬂﬂ@ﬂﬂ?uiﬂﬂ&lN’&N@[ﬂﬂﬂﬂfl’mﬁ‘ﬁ‘ﬁd’lﬁﬂ’lu@NV]IN‘L]QI‘]L‘D@WJEI TINNANRATINNINY 687.1

N3u (Table 36)
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Table 36 Yields and fresh weight of green-oak treated by various rhizobacterial isolates

(crop 4: Jan — Mar 2008)

Bacterial isolate  No. of survived plants  Total yield (g) Fresh wt./plant (g)
Bh 019P 9 753.6 83.7
ETO 046 9 988.4 109.8
ECCB 051 9 788.6 87.6
RTO 081 9 640.2 73.1
Control (ﬂgm%@) 8 418.9 52.4
Control (laitlgnite) 9 6871 76.3

= 1'% I

ANNNTALAINZIINA DR L UA L TBIR U LT NI BN I msaeLLaREe laldian ETO

D

046 M ladanTulena finasiatyiuinfinign Taefliminanedasiaiiviniy 88.9 nin Tage
ndnsnaiiauauldignideatinedifdrdgnieana (58.7 niN) sesmamnldurlalaian Bh

019P ua¥ ECCB 051 feilsnuinanadasaimndy 67.7 way 67.1 (Table 37)

Table 37 Average fresh weight and head diameter of green-oak treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

i i B P

Bactgijial isolate

% oot o v raising
Bh 019P 65,7 b 18,04 27.72 2.4
ETO 046 88.9a 209 a 278 a 2.0
ECCB 051 67.1 ab 20.5a 27.7a 1.9
RTO 081 53.8 bc 17.3a 26.4 ab 1.3
Control (ﬂgmf%@) 38.7¢ 18.7 @ 24.4b (0.3)
Control (hitlgnie) 8.7 be 17.6a 28.0a 3.9

Y Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)

dauludnadntimmefiaanudinssanshvisnssauuaiiGe lalaan Bh 019P azld
NAKARTINGIgA WAL 10011 nfu laugendngarcuanililgnidedelinan@nsouiyiniy

890.6 NN (Table 38)
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Table 38 Yields and fresh weight of butterhead treated by various rhizobacterial isolates

(crop 4: Jan — Mar 2008)

', "Ba@l@?ifafltispfé? ~ No. of survived plants  Total yiel iy - Freshwi/plant(g)
BhO1OP | 9 | 1001.1 91.9
ETO 046 - 9 810.9 74.1
ECCB 051 9 855.1 75.9
RTO 081 9 885.2 60.3
Control (ﬂqm%@) 9 554.7 48.0
Control (laitlgnide) 9 890.6 79.8

a ¢ aa g o/ dl [} v ] } o o v 1o v
mnm‘mmmwmmnmmu’munmLfaaﬂmamulumumaqmmmﬂmm 16w ansiu

P Y a

wazsn NudnluEnadntRAeflaadanaesatfulaInssdannaauLuAR Fe laTaian Bh

= %’ o | add‘ o/ = | o a o d' '
019P RZNUNUNFINTINTTHIDB U (91.9 NTU) LATNAINNLANFANNNUNINADF ummuawiu

Ugnitie (79.8 niu) sasasnnldurlelainn ECOB 051 uaz ETO 046 (Table 39)

Table 39 Average fresh weight and head diameter of butterhead treated by various

rhizobacterial isolates (crop 4: Jan — Mar 2008)

enhance

Bh 019 P 919a 194 a

3.1
ETO 046 74.1abce  16.0ab 22.1a 24,5 ab 2.4
ECCB 051 75.9 ab 19.1.ab 22.7a 24.7 ab 2.0
RTO 081 60.3 bc 15.8 ab 215a 24.4 ab 2.9
Control (ﬂgm%@) 48.0 c 13.6 b 22.0a 227 b 0.7
Control (hmgm‘%a) 79.8 ab 19.2 ab 22.2a 2558 8.3

¥ Data were collected in the day before and after inoculation
Values with the different letter within a column are significantly different (P < 0.05)
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aflsguazdIanTnNanIsIas

1. msuenuazAndanuuaiBefidnanwlugnw in viro
wuefdemnannfieilsnenulilunanisiselunell T41uu 465 lalaian Taauen

W1ANNLFI RSN (thizosphere) °11fa<1ﬁﬂuwmﬁmﬁﬂqﬂlu@:uuﬂ@nﬁﬂmﬂiﬂ%ﬁuuuu

sinae 1w 1) rhizosphere 123fnadniimiAafian wazisalinfignluszuutlgnuuy NFT

s1uau 161 Telaian 2) rhizosphere 1aainadnnaa Aawad uazisaldantlgnluszuutlgnuuy

DRFT 41uas 112 lalaian 3) rhizosphere 1nsuzidawme uazumnandjijumlgnluseuugn

@ 9

wuiifagugn 41uau 192 lalaian n1siidesianisuenanszuutlgnuuusne du fiie

'3

Faensasuma nvategesaaiuguuaFefazinanfnmse uaziludcunurasaneiug

q
]

LA Beansniteiidunannszunlgnitalagladldmiu Tudiuou 465 lalaianiiuenunlail e

ﬁﬁmmmﬁ@uLﬁmﬁuﬁqm’mmmm“lumsﬁuﬁqmm?‘tymmL% Pythium spp. ANMRA1IAZIN

winsslufialdun . aphanidermatum uaz P. myriotylum Tatidaidaniananizlalaaniided
wlefifudnnsfudanisiaigaasidulsrasdesamafananlitszain 30 ulefifusd uu

dy dgl 1 [ . @A o A -
AMUNTLALNLTATIN (dual culture) senaufunanismaaaunluRsiuianasaulusra sy

nn [Buuad e itaoauiRicenana Souau 85 lelaian udauauiingdd laisian ERO 002 &

Usr@anininluntssuslFatnelaniaw Aaanisadiuts P, aphanidermatum = WAL P.

o

myriotylum \éunnndn 50% lunguuuaiiFudiuau 85 lalsan finiadaddnaanil

wuAfiGedlFannszuutlgniun DRET unfign Andudndou 26.8 wafiiusf sasaaunliun

Q

ssunnuuiifanuian uaztiasignluszun NFT Andludndau 21.9 uay 8.1 wefiiust musifu

pralsag/13lunnsen 40

~ =

¢=II 2 0 o A = dl 1 Qs = ]
ﬂ’]ﬁ“‘/l‘lﬂﬂ'muﬂmmsi’ﬂuﬂ’]ﬁ‘ﬂﬂL@‘ﬂﬂLL'i_lﬂ‘VlL HNANAIMNANENTN TagNANTENANNAN

wlefiFuinnstudeildgennniin (Usyanns 30%) Aeiliflasannnalnlunizatuaulngdais toe

v
t%

a A = % o ] | 3| a ¢ o tg .
wuafliFatuiagdaadunanaedne idu nisiflulfindiugeanugisalnanse (major
pathogen) N13dfuARUNITIAT YR INY Taanasfufan121a3 2291141415389 (minor

pathogen) WianisnszuiitliiAnAnuituniy (Waller, 1988; Thomashow, 1996; Whipps,

o .
] 9/

2001) Fuumnyaduaniznindulfindfugesmguanusifinatiaaag a1ainlidin

q

'
as = 3

lannauuadi Geffldnaaimlugiuaug asndes uananifdsasudnlsz@niamlunig
pAUANTRAMALSATUANW in vitro T aidesdinnuduiusiunisdudenisiialsaluanimn
ulaarlgn (Williams and Asher, 1996) aginslsfimunisdnidandaedgnisdendns finadniludn

dgll 9 dl =l dl 1 a dl QI:I/
LLEIﬂIuLU@ﬂmuW@ZL@@ﬂL@']L@qubL@IsﬁL@VW]ﬂ']ﬂ’l']llﬁﬂﬁlﬂ']W@@ﬂN'W']ﬂbL@IGHL@VWILLEIﬂvLﬂVNﬁNm
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= o

Teflduaunn uazlunane] unesesi idisnstiidunisdnaenlulesduiduiu deluny
NARDIUAY Paulitz et al (1992), Rankin and Paulitz (1994), Williums and Asher (1996), Inam-
ul-Hag et al. (2003) W&z Coombs et al. (2004) wugu arnsiuasninisdnaenieanizlals

anTaNgAaenu Paulitz (1997) #e91udn I8MN1sAARaNLUATIBEIIRTINNTILEILAINAIT

'
ya oo

dgnlusruudgnivalaglail4Auniy Quebec dszina Canada annissausananefugan -
600 lalawan wudn Tlalaanfiniunisaaiaanluiiessu anIw in vitro a1u9 35 lalaan

] = A o 4 , .
LACIRALNEN 5 l1@1:57“;@‘1/] NelunrsAnaanluanaw in vitro

Table 40 Summarized number of the selected rhizobacteria isolated from hydroponics

during year 2006-2007

System Habitat Total isolates ~* Selected isolates ° Percent
NFT - root colonizing 57 2 3.5
endophytic 50 7 14.0
rhizoplane 54 4 74
extorhizosphere -- -- -
Sub total 161 13 8.1
DRFT root colonizing 41 1 2.4
endophytic 23 11 47.8
rhizoplane 25 5 20.0
extorhizosphere 23 13 56.5
Sub total 112 30 26.8
Substrate root colonizing 68 - --
endophytic 30 16 53.3
rhizoplane 41 3 7.3
extorhizosphere 53 23 43.4
Sub total 192 42 21.9
Total 465 85 18.3
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Table 41 Efficiency of selected rhizobacteria for disease suppression and growth

promotion in lettuce grown in NFT

D D D
R10/1* v v 7
R10/2 v v v
v v v v v v 7
v 7 v v 7
2 | R0/ ND v
G20 v ND 4
G44 v, ND v
G53 ND v
3 | Gas v v v
Bh 019P* Y & v v v
Bh 020K* VA v v
ERO 002 " v 4
RPYTR\ AN ER i T ITRICE | YRS
m——— AR AV 7% AL o GV
oo \NWN LN N IR e
RTO 081 X 4

Parameters: D= disease suppression equal to. 20% or more, G1= average fresh weight higher
than inoculation control with significant, G2= total yield higher than healthy control, G3= average
fresh weight equal to healthy control in statistic

* indicated the potential isolated in each crop

ND= Not determined

v 1

nsilgnaied 2 naasulaelduuaiiGelelaen R10/1, G20, G44 uaz G53 Toavise
weidelalnansananadluitamagey a1 2 Afs feludumeunistiendt uaz 1 dlend
feunnsignide mantsnmuanslifiudnlelnan G20 uaz G44 HuuatiiiazanPaNugULs
a v £ a 4 ' o A o dfl’ ' 1R é’ ' o aa
gaansiAnlsald uaslinananRndNssNATau inanistgniaie wilddsiuuanseiunans
dl a a :’, o o 24 o g ' 4
SeRansaunannuananlagsin feandnadn welda uazmnefian wudd leloian Ga4 1

o/

naRARTANYY Feiudaienlelnanilineaaulunisignaissiel lunsdlaes R10/1 Uy
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ms1eNuan 1 dayauusiiGaiansniie lelaaniiuanunainszuy NFT

FudAudaaene
Fudtusnsatine
AAuLdu 4-5

s ; Culture Media collection % inhibition Average

isolate name Habitat Isolated No. PA1 | PA2 | PM2 | shoot | root | seed
ERC 001 endophytic bacteria TSA PM 8 0.00
ERC 002 endophytic bacteria TSA PM8 0.00
ERC 003 endophytic bacteria TSA PM 8 0.00
ERC 004 endophytic bacteria NA PM8 35.71 39.05 39.52 3.40 2.21 9.33
ERC 005 endophytic bacteria NA PM8 0.00
ERC 006 endophytic bacteria NA PM 8 0.00
ERC 007 endophytic bacteria NA PM8 36.67 36.67 36.67 3.13 2.16 9.67
ERC 008 endophytic bacteria NA PM8 0.00
ERC 009 endophytic bacteria TSA PM8 0.00
ERC 010 endophytic bacteria KB PM8 0.00
ERC 011 endophytic bacteria KB PM 8 0.00
ERC 012 endophytic bacteria KB PM 8 0.00
ERC 013 endophytic bacteria TSA PM8 0.00
ERC 014 endophytic bacteria TSA PM 8 0.00
ERC 015 endophytic bacteria TSA PM8 0.00
ERC 016 endophytic bacteria KB PM 8 0.00
ERC 017 endophytic bacteria KB PM8 0.00
ERC 018 endophytic bacteria KB PM8 0.00
ERC 019 endophytic bacteria KB PM8 0.00
ERC 020 endophytic bacteria KB PM8 0.00
ERC 021 endophytic bacteria KB PM8 0.00
ERC 022 endophytic bacteria KB PM 8 0.00
ERC 023 endophytic bacteria TSA PM8 0.00
ERC 024 endophytic bacteria TSA PM 8 0.00
ERC 025 endophytic bacteria TSA PM8 0.00
ERC 026 endophytic bacteria NA PM8 0.00
ERC 027 endophytic bacteria NA PM8 0.00
ERC 028 endophytic bacteria TSA PM 8 0.00
ERC 029 endophytic bacteria TSA PM8 35.71 35.24 35.71 3.15 1.83 9.67
ERC 030 endophytic bacteria TSA PM8 0.00
ERC 031 endophytic bacteria KB PM8 0.00
ERC 032 endophytic bacteria TSA PM8 0.00
ERC 033 endophytic bacteria NA PM8 0.00
ERC 034 endophytic bacteria NA PM8 32.38 33.33 32.38 3.35 2.25 10.00
ERC 035 endophytic bacteria NA PM 8 0.00
ERC 036 endophytic bacteria TSA PM8 0.00
ERC 037 endophytic bacteria TSA PM8 0.00
ERC 038 endophytic bacteria TSA PM8 0.00
ERC 039 endophytic bacteria TSA PM8 31.90 33.81 33.81 3.74 2.78 10.00
ERC 040 endophytic bacteria TSA PM 8 0.00
ERC 041 endophytic bacteria TSA PM8 0.00
ERC 042 endophytic bacteria TSA PM 8 0.00
ERC 043 endophytic bacteria NA PM38 0.00
ERC 044 endophytic bacteria KB PM8 32.86 33.81 33.81 2.97 217 9.33
ERC 045 endophytic bacteria KB PM8 0.00
ERC 046 endophytic bacteria KB PM8 0.00
ERC 047 endophytic bacteria KB PM8 0.00
ERC 048 endophytic bacteria NA PM 8 3476 | 3429 | 3476 _
ERC 049 endophytic bacteria KB PM 8 0.00
ERC 050 endophytic bacteria KB PM 8 0.00
RRC 001 rhizoplane bacteria TSA PM8 0.00
RRC 002 rhizoplane bacteria TSA PM8 0.00
RRC 003 rhizoplane bacteria TSA PM8 0.00
RRC 004 rhizoplane bacteria TSA PM8 0.00
RRC 005 rhizoplane bacteria TSA PM 8 0.00
RRC 006 rhizoplane bacteria TSA PM8 0.00
RRC 007 rhizoplane bacteria KB PM8 32.86 30.48 32.86 3.60 2.37 10.00
RRC 008 rhizoplane bacteria KB C 0.00
RRC 009 rhizoplane bacteria NA PM8 0.00
RRC 010 rhizoplane bacteria NA PM8 0.00
RRC 011 rhizoplane bacteria NA PM 8 0.00
RRC 012 rhizoplane bacteria NA PM8 0.00
RRC 013 rhizoplane bacteria TSA PM8 0.60
RRC 014 rhizoplane bacteria TSA PM 8 0.00
RRC 015 rhizoplane bacteria TSA PM8 0.00
RRC 016 rhizoplane bacteria TSA PM 8 30.48 33.81 33.33 3.57 212 10.00




ANSINNUIN 1 (5iR)
f . Culture Media collection % inhibition Average
isolate name Habitat Isolated No. AT PAZ | Pz | Shoot | root | oo
RRC 017 rhizoplane bacteria TSA PM8 0.00
RRC 018 rhizoplane bacteria TSA PM 8 0.00
RRC 019 rhizoplane bacteria TSA PM8 0.00
RRC 020 rhizoplane bacteria NA PM 8 0.00
RRC 021 rhizoplane bacteria NA PM8 0.00
RRC 022 rhizoplane bacteria NA PM8 0.00
RRC 023 rhizoplane bacteria NA
RRC 024 rhizoplane bacteria KB
RRC 025 rhizoplane bacteria KB
RRC 026 rhizoplane bacteria TSA
RRC 027 rhizoplane bacteria TSA
RRC 028 rhizoplane bacteria TSA
RRC 029 rhizoplane bacteria TSA
RRC 030 rhizoplane bacteria TSA
RRC 031 rhizoplane bacteria TSA
RRC 032 rhizoplane bacteria TSA
RRC 033 rhizoplane bacteria NA
RRC 0347 ~"""|rhizoplane bactéria. NA® Bl32.38¢ - +|'3.186667| . *1:92. 10,
RRC 035 rhizoplane bacteria NA
RRC 036 rhizoplane bacteria NA
RRC 037 rhizoplane bacteria NA
RRC 038 rhizoplane bacteria NA
RRC 039 rhizoplane bacteria NA
RRC 040 rhizoplane bacteria NA
RRC 041 rhizoplane bacteria TSA
RRC 042 rhizoplane bacteria TSA
RRC 043 rhizoplane bacteria TSA
RRC 044 rhizoplane bacteria TSA
RRC 045 rhizoplane bacteria NA
RRC 046 rhizoplane bacteria KB
RRC 047 rhizoplane bacteria KB
RRC 048 rhizoplane bacteria NA
RRC 049 rhizoplane bacteria NA
RRC 050 rhizoplane bacteria NA
RRC 051254 . |rhizoplane bactéria: ENA p 3238} 80.48' . '3.28 |7 494 | 10:00
RRC 052 rhizoplane bacteria NA i
RRC 053 rhizoplane bacteria NA PM9 0.00
RRC 054 rhizoplane bacteria TSA PM9 0.00
CRC 001 root colonizing bacteria TSA C 0.00
CRC 002 root colonizing bacteria TSA C 0.00
CRC 003 root colonizing bacteria TSA (o] 0.00
CRC 004 root colonizing bacteria NA c 0.00
CRC 005 root colonizing bacteria NA c 0.00
CRC 006 root colonizing bacteria NA c 0.00
CRC 007 root colonizing bacteria NA C 0.00
CRC 008 root colonizing bacteria NA C 0.00
CRC 008 root colonizing bacteria NA C 0.00
CRC 010 root colonizing bacteria NA (o4 0.00
CRC 011 root colonizing bacteria NA C 0.00
CRC 012 root colonizing bacteria NA C 0.00
CRC 013 root colonizing bacteria NA 9] 0.00
CRC 014 root colonizing bacteria NA o] 0.00
#KB (King's medium B agar)
#NA (Nutrient Agar)
#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
I 751
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Asenuan 2 dayauusiiFaiansnie lelaaniiuenunainszuy DRFT

Judifudnatng 2550
Fuduandiatine

z ; Culture Media collection % inhibition Average

e U Isolated No. S Az | R T e T Tk T
ECO 001 endophytic bacteria PTYGA PM 12 31.98 32.86 30.48 3.00 2.05 9.33
ECO 002 endophytic bacteria PTYGA PM 12 27.92 27.62 26.67 371 237 9.33
ECO 003 endophytic bacteria PTYGA PM 12 2893 27.62 29.05 3.43 2.40 8.33
ECO 004 endophytic bacteria TSA PM 12 31.98 30.95 31.43 2.92 213 9.67
ECO 005 endophytic bacteria TSA PM 12 30.46 29.52 30.48 2.82 2.09 10.00
ECO 006 endophytic bacteria TSA PM 12 29.44 30.00 29.05 2.79 1.78 9.67
ECO 007 endophytic bacteria TSA PM 12 152
ECO 008 endophytic bacteria TSA PM 12 29.95 30.95 30.95 3.58 2.2 10.00
RCO 001 rhizoplane bacteria TSA PM 12 33.50 30.00 27.14
RCO 002 rhizoplane bacteria TSA PM 12 6.60 --
RCO 003 rhizoplane bacteria TSA PM 12 29.44 28.57 29.52 2.63 1.00 10.00
RCO 004 rhizoplane bacteria TSA PM 12 29.44 2857 27.62
RCO 005 rhizoplane bacteria TSA PM 12 711
RCO 006 rhizoplane bacteria TSA PM 12 8.12
RCO 007 rhizoplane bacteria TSA PM 12 31.47 27.62 28.10 2.46 1.69 8.67
RCO 008 rhizoplane bacteria TSA PM 12 3.55
CCO 001 root colonizing bactena TSA Cc 1.62
CCO 002 root colonizing bactenia TSA C 2.03
CCO 003 root colonizing bacteria TSA C 1.02
CCO 004 root colonizing bacteria TSA e 1.02
CCO 005 root colonizing bacteria PTYGA Cc 1.02
CCO 006 root colonizing bacteria PTYGA C 1.52
CCO 007 root colonizing bacteria PTYGA C 2.03
CCO 008 root colonizing bacteria PTYGA C 254
CCO 009 root colonizing bacteria PTYGA C 3.05
CCO 010 root colonizing bacteria TSA C 203

# KB (King's medium B agar)

#NA (Nutrient Agar)

#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)

Sewaam -
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ANTINHUIN 2 (FR)

FudiAudradng 2550
Yuduendiadne
. . Culture Media collection % inhibition Average
MEEN DHIRS i Isolated No. ST AL R et oot 5o
CRO 001 root colonizing bacteria KB c 12.69
CRO 002 root colonizing bactera KB Cc 1.02
CRO 003 root colonizing bactena PTYGA Cc 203
CRO 004 root colonizing bacteria PTYGA Cc 10.66
CRO 005 root colonizing bacteria PTYGA Cc 7.61
ERO 001 endophytic bacteria PTYGA PM 12 20.30 21.90 23.33
ERO 002 endophytic bacteria TSA PM 12 95.43 74.29 70.48 3.44 210 8.67
ERO 003 endophytic bacteria TSA C 355
ERO 004 endophytic bacteria TSA (o] 10.15
ERO 005 endophytic bacteria TSA (o] 406
ERO 006 endophytic bacteria TSA o] 7.1
ERO 007 endophytic bacteria KB C 5.58
ERO 008 endophytic bacteria KB C 863
ERO 009 endophytic bacteria KB Cc 6.60
ERO 010 endophytic bacteria PTYGA (o] 2.03
ERO 011 endophytic bacteria PTYGA C 457
ERO 012 endophytic bacteria TSA C 3.05
ERO 013 endophytic bacteria TSA (& 2.03
RRO 001 rhizoplane bacteria PTYGA PM 12 3.0
RRO 002 rhizoplane bacteria PTYGA PM 12 203
RRO 003 rhizoplane bacteria PTYGA PM 12 203
RRO 004 rhizoplane bacteria TSA PM 12 3.05
RRO 005 rhizoplane bacteria PTYGA PM 12 457
#KB (King's medium B agar)
#NA (Nutrient Agar)
#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
I "
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woloanams - Isolated No. BT T FRE | THE [T iot T ol
CFl 001 root colonizing bactena PTYGA [o] 203
CFl 002 root colonizing bacteria PTYGA C 21
CFI 003 root colonizing bacteria PTYGA C 558
CFI 004 root colonizing bacteria PTYGA (o] 6.60
CFI 005 root colonizing bacteria TSA C 14.72
CFl 006 root colonizing bacteria TSA Cc 457
CFl 007 root colonizing bacteria TSA o] 7.61
CFl 008 root colonizing bacteria TSA (o] 6.09
CFI1 009 root colonizing bacteria TSA (o] 3.05
CF1 010 root colonizing bacteria PTYGA Cc 20.30 21.43 20.95 3.28 1.33 7.00
EFI 001 endophytic bacteria PTYGA PM 12 2843 29.05 28.10 3.22 1.57 9.00
EFI 002 endophytic bacteria PTYGA PM 12 29.44 27.14 27.14 2.95 1.59 8.67
EFI 003 endophytic bacteria KB C 6.09
EFI 004 endophytic bacteria KB C 761
EFI 005 endophytic bacteria KB C 355
EFI 006 endophytic bacteria KB C 355
EFI 007 endophytic bacteria KB Cc 3.05
EFI 008 endophytic bacteria KB Cc 254
EFI 009 endophytic bacteria PTYGA C 254
EFI 010 endophytic bacteria PTYGA | &1
EFI 011 endophytic bacteria PTYGA C 11.17
EFI 012 endophytic bacteria PTYGA C 4.06
EFI 013 endophytic bacteria PTYGA C 6.60
EFI 014 endophytic bacteria TSA c 355
EFI 015 endophytic bacteria TSA Cc 5.58
EFI 016 endophytic bacteria TSA (o] 254
EFI 017 endophytic bacteria TSA C 4.06
EFI 018 endophytic bacteria TSA Cc 6.09
EF1 019 endophytic bacteria TSA C 457
EFI1 020 endophytic bacteria PTYGA C 203
RFI 001 rhizoplane bacteria PTYGA PM 12 29,44 26.67 26.19 3:13 1.77 8.00
RFI1 002 rhizoplane bacteria TSA PM 12 5.08
RFI1 003 rhizoplane bacteria TSA C 4.57
RFI1 004 rhizoplane bacteria TSA (o] 1.52
RF1 005 rhizoplane bacteria TSA Cc 558
RFI 006 rhizoplane bacteria PTYGA C 457
RFI 007 rhizoplane bacteria PTYGA Cc 6.09
RFI 008 rhizoplane bacteria KB C d.93
RF1 009 rhizoplane bacteria KB C 10.15
RFI 010 rhizoplane bacteria KB C 8.63
#KB (King's medium B agar)
#NA (Nutrient Agar)
#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
I 7 ¢
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WA Hakdal Isolated No. PA1 | PA2 | PM2 | shoot | root | seed
SSRO 001 extorhizosphere bacteria TSA PM 12 31.47 30.48 30.95 3.15 2.11 9.33
SSRO 002 extorhizosphere bacteria PTYGA PM 12 2843 29.05 29.52
SSRO 003 extorhizosphere bacteria PTYGA C 203
SSRO 004 extorhizosphere bacteria PTYGA C 203
SSRO 005 extorhizosphere bacteria PTYGA C 355
SSRO 006 extorhizosphere bacteria TSA C 1.02
SSRO 007 extorhizosphere bacteria TSA C 7.61
SSRO 008 extorhizosphere bacteria PTYGA (o] 3.55
SSRO 009 extorhizosphere bacteria PTYGA o] 203
SSRO 010 extorhizosphere bacteria PTYGA (o] 203
SSRO 011 extorhizosphere bacteria KB C 8.12
SSRO 012 extorhizosphere bacteria KB C 6.09
SSRO 013 extorhizosphere bacteria KB C 761
SSRO 014 extorhizosphere bacteria TSA C 10.15
SSRO 015 extorhizosphere bacteria TSA C 10.15
SSRO 016 extorhizosphere bacteria TSA C 1117
SSRO 017 extorhizosphere bacteria TSA Cc 3.05
SSRO 018 extorhizosphere bacteria TSA Cc 4.06
SSRO 019 extorhizosphere bacteria TSA C 6.09
SSRO 020 extorhizosphere bacteria TSA C 863
SSRO 021 extorhizosphere bacteria KB Cc 1.02
SSRO 022 extorhizosphere bacteria PTYGA C 863
SSRO 023 extorhizosphere bacteria PTYGA C 9.64
#KB (King's medium B agar)
#NA (Nutrient Agar)
# PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
[ 41510 &
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isolate name Habitat Isolated No. PA1 | PA2 | PM2 =y
SSFICO 001 extorhizosphere bacteria PTYGA PM 12 3249 30.48 29.52
SSFICO 002 extorhizosphere bacteria PTYGA PM 12 29.95 27.14 28.57
SSFICO 003 extorhizosphere bacteria PTYGA PM 12 30.46 30.48 29.52
SSFICO 004 extorhizosphere bacteria PTYGA PM 12 203
SSFICO 005 extorhizosphere bacteria PTYGA PM 12 29.44 28.57 30.00
SSFICO 006 extorhizosphere bacteria TSA PM 12 24.87 23.81 24.29
SSFICO 007 extorhizosphere bacteria TSA PM 12 152
SSFICO 008 extorhizosphere bacteria TSA PM 12 30.96 28.10 29.52
I 1161 ¢
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i ; Culture Media collection % inhibition

isolate name Habitat Isolated No. AT PA 2
SSF1001 extorhizosphere bacteria TSA PM 12 38.58 36.67
SSF1002 extorhizosphere bacteria TSA PM 12 1.02
SSFI003 extorhizosphere bacteria TSA PM 12 31.98 28.57
SSF1004 extorhizosphere bacteria PTYGA PM 12 711
SSFI1005 extorhizosphere bacteria PTYGA PM 12 12.18
SSF1006 extorhizosphere bacteria PTYGA PM 12 10.66
SSFI1007 extorhizosphere bacteria PTYGA PM 12 30.46 28.10
SSF1008 extorhizosphere bacteria TSA PM 12 3147 29.05
SSF1009 extorhizosphere bacteria TSA PM 12 29.95 27.62

# KB (King's medium B agar)

#NA (Nutrient Agar)

#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
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isolate name Habitat Isolated No. PAT | PA2 | PM2 | shoot | root | seed

ETO015 endophytic bacteria KB PM 6 38.10

ETOO016 endophytic bacteria KB PM 6 0.00

ETO017 endophytic bacteria KB PM 6 0.00

ETO018 endophytic bacteria KB PM 6 0.00

ETO 019 endophytic bacteria KB PM6 0.00

ETO 020 endophytic bacteria KB PM 6 0.00

ETO 021 endophytic bacteria KB PM 6 0.00

ETO 022 endophytic bacteria KB PM 6 0.00

ETO 023 endophytic bacteria 61.43

ETO 025 endophytic bacteria

SSTO 026 extorhizosphere bacteria KB PM6 0.00

SSTO 027 extorhizosphere bacteria KB PM 6 3333 31.90 32.38

SSTO 028 extorhizosphere bacteria KB PM 6 0.00

SSTO 029 extorhizosphere bacteria KB PM6 0.00

ETO 030 endophytic bacteria TSA PM 6 0.00

ETO 031 endophytic bacteria TSA PM & 69.05 69.05 69.05 4.96 3.25 8.67
ETO 032 endophytic bacteria TSA PM 6 0.00

ETO 033 endophytic bacteria TSA PM 86 0.00

ETO 034 endophytic bacteria TSA PM 8 40.48

ETO 035 endophytic bacteria TSA PM 6 0.00

ETO 036 endophytic bacteria TSA PM 6 4429 4476 43.81 4.85 3.41 7.67
ETO 037 endophytic bacteria TSA PM 6 0.00

ETO 038 endophytic bacteria TSA PM 6 0.00

ETO 039 endophytic bacteria TSA PM6 61.90 60.95 61.43 5.21 3.63 8.67
ETO 040 endophytic bacteria TSA PM6 0.00

ETO 041 endophytic bacteria

ETO 043 endophytic bacteria
ETO 044 endophytic bacteria
ETO 045 endophytic bacteria

ETO 047 endophytic bacteria

ETO 048 endophytic bacteria PTYGA PM6 0.00

ETO 049 endophytic bacteria PTYGA PM6 0.00

ETO 050 endophytic bacteria PTYGA PM 6 0.00

ETO 051 endophytic bacteria PTYGA PM 6 0.00

ETO 052 endophytic bacteria

SSTO 054 extorhizosphere bacteria

SSTO 055 extorhizosphere bacteria TSA PM 6 47.14

SSTO 056 extorhizosphere bacteria TSA PM 6 0.00

SSTO 057 extorhizosphere bacteria TSA PM 6 48.10 48.57 48.57 3.20 2.61 9.67
SSTO 058 extorhizosphere bacteria TSA PM 6 0.00

SSTO 059 extorhizosphere bacteria TSA PM 6 46.19

SSTO 060 extorhizosphere bacteria TSA PM 6 0.00

SSTO 061 extorhizosphere bacteria TSA PM 6 0.00

SSTO 062 extorhizosphere bacteria TSA PM6 62.86 60.95 60.48_
SSTO 063 extorhizosphere bacteria PTYGA PM6 27.62 28.57 30.95 3.39 2.67 8.67
SSTO 064 extorhizosphere bacteria PTYGA PM 6 0.00

SSTO 0865 extorhizosphere bacteria PTYGA PM6 44.76 42.38 42.86 3.95 2.94 9.00
SSTO 066 extorhizosphere bacteria PTYGA PM6 55.71 52.86 52.86 3.62 2.11 8.67
SSTO 067 extorhizosphere bacteria PTYGA PM 6 0.00

SSTO 068 extorhizosphere bacteria PTYGA PM 6 43.81 43.81 44.29

SSTO 069 extorhizosphere bacteria PTYGA PM 6 0.00

SSTO 070 extorhizosphere bacteria PTYGA PM6 0.00

SSTO 071 extorhizosphere bacteria TSA PM 6 0.00

SSTO 072 extorhizosphere bacteria PTYGA PM 6 0.00

SSTO 073 extorhizosphere bacteria PTYGA PM6 43.33 4429 4476 3.07 2.05 9.67
SSTO 074 extorhizosphere bacteria TSA PM 6 0.00

RTO 075 rhizoplane bacteria PTYGA PM6 41.43 40.48 41.43 3.00 2.35 9.33
RTO 076 rhizoplane bacteria PTYGA PM 6 0.00

RTO 077 rhizoplane bacteria PTYGA PM 6 0.00

RTO 078 rhizoplane bacteria PTYGA PM 6 0.00

RTO 079 rhizoplane bacteria PTYGA PM6 49.52 48.10 49.52 3.57 2.21 10.00
RTO 080 rhizoplane bacteria PTYGA PM6 0.00

RTO 081 rhizoplane bacteria PTYGA PM 6 44.29 43.33 45.71

RTO 082 rhizoplane bacteria PTYGA PM 6 8.10
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isolate name Habitat Isolated No. PA1 | PA2 | PM2 | shoot oot | seed

RTO 082 rhizeplane bacteria PTYGA PM6 8.10
RTO 083 rhizoplane bacteria TSA PM#6 38.10
RTO 084 rhizoplane bacteria TSA PM 6 31.43
RTO 085 rhizoplane bacteria TSA PM6 34.29
RTO 086 rhizoplane bacteria TSA PM 6 24.29
RTO 087 rhizoptane bacteria TSA PM 6 26.67
RTO 088 rhizoplane bacteria TSA PM6 35.71
RTO 089 rhizoplane bacteria TSA PM6 35.24
RTO 080 rhizoplane bacteria TSA PM6 35.71
RTO 091 rhizoplane bacteria TSA PM6 0.00
RTO 092 rhizoplane bacteria TSA PM6 0.00
RTO 093 rhizoplane bacteria PTYGA PM6 0.00
RTO 084 rhizoplane bacteria PTYGA PM6 0.00
RTO 095 rhizoplane bacteria PTYGA PM 6 0.00
RTO 096 rhizoplane bacteria PTYGA PM6 0.00
RTO 097 rhizoplane bacteria PTYGA PM6 0.00
RTO 098 rhizoplane bacteria PTYGA PMé6 27.62
RTO 099 rhizoplane bacteria PTYGA c 0.00
RTO 100 rhizoplane bacteria KB PM6 4476
RTO 101 rhizoplane bacteria KB PM7 0.00
CTO 102 root colonizing bacteria KB PM7 0.00
CTO 103 root colonizing bacteria KB PM7 0.00
CTO 104 root colonizing bacteria PTYGA PM7 0.00
CTO 105 root colonizing bacteria PTYGA PM7 0.00
CTO 106 root colonizing bacteria PTYGA PM7 0.00
CTO 107 root colonizing bacteria PTYGA PM7 0.00
CTO 108 root colonizing bacteria PTYGA PM7 0.00
CTO 109 root colonizing bacteria PTYGA PM7 0.00
CTO 110 root colonizing bacteria PTYGA PM7 0.00
CTO 111 root colonizing bacteria PTYGA PM7 0.00
CTO 112 root colonizing bacteria PTYGA PM7 24.29
CTO 113 root colonizing bacteria TSA PM7 26.67
CTO 114 root colonizing bacteria TSA PM7 0.00
CTO 115 root colonizing bacteria - TSA PM7 0.00
CTO 116 root colonizing bacteria TSA PM7 0.00
CTO 117 root colonizing bacteria TSA PM7 0.00
CTO 118 root colonizing bacteria TSA PM7 0.00
CTO 119 root colonizing bacteria PTYGA PM7 0.00
CTO 120 root colonizing bacteria PTYGA PM7 0.00
CTO 121 root colonizing bacteria PTYGA PM7 0.00
CTO 122 root colonizing bacteria PTYGA PM7 0.00
CTO 123 root colonizing bacteria PTYGA (o] 0.00
CTO 124 root colonizing bacteria PTYGA PM7 0.00
CTO 125 root colonizing bacteria PTYGA PM7 0.00
CTO 126 root colonizing bacteria KB PM7 0.00

#KB (King's medium B agar)

#NA (Nutrient Agar) :

# PTYGA (Peptone tryptone yeast extract glucose agar)

# TSA (Trypticase soy agar)
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isolate name Habitat Isolated No. PA1 | PA2 | PM2 | shoot | root | seed
SSTO 001 extorhizosphere bacteria TSA PM6 63.33 66.19 62.86 412 2.92 8.00
SSTO 002 extorhizosphere bacteria TSA PM6 56.19 58.57 57.62
SSTO 003 extorhizosphere bacteria TSA PM6 48.57 49.05 49.05 4.70 2.83 9.33
SSTO 004 extorhizosphere bacteria TSA PM6 57.14 56.19 56.67 4.28 2.31 6.00
ETO 005 endophytic bacteria TSA PM6 59.05 60.00 58.10 4.10 272 9.00
SSTO 006 extorhizosphere bacteria PTYGA PM6 0.00
SSTO 007 extorhizosphere bacteria PTYGA PM6 54.29 50.00 49.05
SSTO 008 extorhizosphere bacteria PTYGA PM6 19.52
SSTO 009 extorhizosphere bacteria KB PM6 0.00
SSTO 011 extorhizosphere bacteria KB PM6 0.00
SSTO 012 extorhizosphere bacteria KB PM6 5238 52.38 54.76
SSTO 013 extorhizosphere bacteria KB PM6 50.48 50.00 50.00 4.72 2.82 7.00
SSTO 014 extorhizosphere bacteria KB PM6 56.19 57.14 56.67 4.90 3.27 9.00
# KB (King's medium B agar)
#NA (Nutrient Agar)
#PTYGA (Peptone tryptone yeast extract glucose agar)
#TSA (Trypticase soy agar)
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