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Abstract

Previous experiments indicated compatible mixtures of plant-growth
promoting rhizobacteria (PGPR) strains protected plants against multiple diseases
during both the rainy and winter seasons. Those results lead to the aims of this
research study as following: 1) to conduct on farm investigations the consistency of
PGPR-mediated protection against indigenous tropical diseases., 2) to study grower’s
knowledge and awarness for using PGPR as an integrated disease management, and 3)
to investigate carly plant defense mechanisms involved with disease resistance. Two
consecutive years were studied in grower’s fields. In the first study year, experiments
were conducted in two locations in Bungphra District, Muang, Phitsanulok. The
specific hosts tested were cucumber, pepper, and tomato. In the second year,
experiments were performed in one location in Tapho District and two locations in
Watprig District, Muang, Phitsanulok. Only two specific hosts, pepper and cucumber,
were tested. The results from both locations in the first year study indicated that most
cucumber and tomato treated with PGPR mixtures (Bacillus amyloliquefaciens strain
IN937a + B. pumilis strain IN937b) showed significant reductions (P <0.05) of mosaic
disease and yellow leaf curl disease compared to nonbacterized control. Additionally,
PGPR mixutures also showed significant suppression against pepper mosaic disease
in both locations at least one season. In the second year study, PGPR mixtures
significantly suppressed downy mildew disease in cucumber at least two locations and
most other indigenous diseases (mosaic, bacterial wilt, and southern blight) on long
cayenne pepper in all locations throughout the seasons compared to those in
nonbacterized control. Yield enhancement by PGPR mixtures was also observed. For
the second objective, a one-day lecture/discussion and a PGPR field demonstration
was conducted at Naresuan University for growers who were interested in disease
management and biological control measures. Farmers’ knowledge and awareness
were examined immediately before and after lecture/discussion and were follow-uped
with the same group until 6 months after lecture/discussion. The results indicated that
the intervention significantly affected farmers’ knowledge. Most knowledge persisted
to six months. However, the intervention could not create a significant difference on
farmers’ awareness, except a minor improvement in the awareness of pesticide harm.
For early plant defense mechanism involved with disease resistance, it was found that
total peroxidase activity and total superoxide dismutase in plants from all 4
pathosystems; including pepper/Sclerotium rolfsii, tomato/S. rolfsii, tomato/Ralstonia
solanacearum, and pepper/Colletotrichum gloeosporioides, rapidly increased and had
significantly greater activity than plants in non-bacterized challenge control following
pathogen infection. In conclusion, compatible PGPR mixtures (IN937a+IN937b)
provided broad disease suppression against several indigenous fropical diseases at
different locations. Additionally, plants induced by PGPR mixtures (IN937a+b) of all
4 pathosystems at least increased similar early plant defense mechanisms which are
peroxidase and superoxide dismutase Moreover, a one-day lecture/discussion and a
PGPR field demonstration could increase knowledge of growers, but the intervention
should be practiced several times to improve grower’s awareness of using PGPR as an
integrated method for vegetable disease management.
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5.2.4 HENTILATIEALTOEWARLIA

o A’ a4 =) 1 4 A
"iﬂﬂNﬂﬂ’]‘S’JLﬂT}:ﬁL‘Hﬂﬁ’]L%@Iiﬂi@Ul’HLﬂﬂuﬂ PCR WU mmﬂumumaawaa
-~ : o & a % o &
w:mammm:a’m'}ﬂmm“ﬂ IWINTRUANIINNITITIYIN88T091BD Tomato yellow leaf curl
. o o [ a \ o . o
virus (MMWHN 6) FRTULNAUA Reverse transcriptase-PCR LUNLIIULOIN N ALERIBINTT LU

. a v & L <
ATNAPNNIVINIRILVRILTD Cucumber mosaic virus (NN 7)

.:l ,-_-Y = a ar T 2 4=i [
AMMAN 6 NITATIIROULDE Tomato yellow leaf curl virus (TYLCV) Audsdafsiillulie
9 =l e ' = A‘v c!'n A:? a o
‘LU&J’J%LWRB\‘]‘HQOMZL‘UHLﬂﬁ Ls,a:hﬂ'l,‘umwaawsn"nmeL“ﬁaluamwmm“m@mnmuﬂaa
Uanusain®ansaiuitnis polymerase chain reaction (PCR) WAz Reverse transcriptase-

PCR laals coat protein-specific primers

M W H IG 26 3G 4G DG 3P

1000 bp
750 bp—

(CQHIVEY

784 M 91 marker TUN@ 1 kb- DNA

das W fin hiidu negative control #w3utlfjiTun PCR

499 H #fa Nzdlanalndlfiiln negative control swmIuUfAsen PCR

%04 1G fa u:L'TJamﬂﬁmemm‘:luﬂ”mmﬁmlunsmi%mugu \ansasauimetada TYLOY

(lae3% PCR)

H93 2G A0 unFamanugais mImovaniadeuiamaluiuivamsludu e
avamauielaa TYLCV (leu3E PCR)

789 3G Ao w:LﬁamﬂﬁLLﬁmmmﬂmﬁ”mmﬁaalunsw%%ﬁnsz@juﬁ’m PGPR mixtures g
arrareuela¥w TYLeV (Ine3% PCR)

489 4G Aa WinFihAuaasansluans ieasissauidalasy TYLCY (a3 PCR)

%83 DG As udanandaitelfa TYLCY

. = ar - LT LY & a . 3 o
483 3P fa dred1afldiniuaeasuialhis Watermelon mosaic virus (1o RT-PCR)
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M HC 3C DC
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9, 38n17lnal 9 laifinadonmy 11 (34.4) 8 (25.0) 6 {42.9) 3 (30.0) 1(16.7)

Lﬂﬁuml.ﬂmm'sflmﬁuﬁﬁmﬁmgﬂ-n

Lm:hﬂﬁwmmuﬁﬁwag@m

10. Teanwan vituwelalums 22 (68.8) 16 (50.0) 10 (71.4) 5 (50.0) 6 (50.0)
Yesruindalsnivlasldamand

ANNIIEau Y

*1 Wilcoxon Signed Ranks nesaulIouiivununawnsayTn
* P<0.01
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hﬁé’u"lﬁﬁ’m’m’mmnmﬂm 11 mfa“’ﬂna;uLLa:LLﬂammmzﬁﬁfnm aq@’w?ﬁwauwﬁ

i A

] o = a “ 1 a J a 9 | L d. et o
fidesmyidadagiooanidu 3 vadelun g a9l wadafl 1 anwarzndnifisiusuane

a4
o o oM e @ A

vasmsrndada T Waded 2 ﬂ'nummﬁfﬂu"imﬁumwu"l,aifj’m_}ulumﬂ'ﬁ’miﬁﬁﬂﬁ’ﬂgﬁ’ﬁ
warwatadi 3 fae mmm:ﬁffﬂLﬁmﬁ'umqLﬁanlﬁﬂﬁﬁﬁmﬂmmumﬂ'ﬁmsﬁﬁmﬁ'@lgﬁ“ﬂ
(@R 12) nzuswfiannduisueanfeemnuasminifsatuiatadingrfiuanniu fow
m‘sammu*jqrgtﬂ‘ﬁ’maumﬁmﬂum:wﬁﬂlm:é’umunmmnﬁ’aﬂ’aﬁwmuﬁm’mnﬂuﬁ
mﬂ'ﬁ'miﬁ’ﬁ'fﬂﬁ’ﬂgﬁ“ﬂﬁ‘hiLtmndwﬁ’u witdarhumsausuiufinuinanuesmminipaiy
a"um"m'uaam‘:ﬁﬁﬂﬁ'ﬂgﬁ'mﬁumn%uaﬂwaﬁﬁfﬂﬁ’lﬁ’m‘, (P<0.05) Wianpuifisururiaums
ST azha'l:sﬁmm’rmmmﬁfmﬁmﬁumﬁu'lajfi’unmm:mmmmﬁnLﬁmﬁ'umal.ﬁan
Tnudsasdszaufornunmeandinseusnldud, Lfia@‘mmuwammmwmwﬁhmamn
wadpaunsziofs 6 Waumendinseusy wuhanuazninawlngdaliuSouwlsaly

[ o

PNHANLTNINRINITAUTUN T -smL‘J’uﬂ’numwﬁmﬁmﬁuﬁﬂmuﬂwu AIREITANNA

9

dagiananasatailoddny (P<0.005) MENAINTOLTUUAT 6 LA

a a w o ar LU P o 0 8 A& v 4 . '
ﬂ'\'s’]\'lﬁ 12 WJ’ﬂ'aV\anLﬂU’m‘UﬂﬂNm:ﬂunmd ‘]LﬂU'Jﬂ'Uﬁ"ﬁﬂ'\'ﬂ]ﬂﬁﬂﬁﬁ’ﬂ’ﬂﬂ-ﬁ%ﬂﬂ??ﬂa‘U'ﬂJ 1“'5']\11']9%

NI9UTY MERAINTOUTUYIUN WAINTaUTY 1 1Ravw 3 tAau Uz 6 @ou auday

. =
AsunuaLaiy £ standard deviation

APUMIAUTH WAIMITOUSN  WARIMITAUTY  WAINTOUTY  WRINTTOUTY

wdeanuazwin (n=32) Fudt (n=32) 1\@aw 3w (n=10) 6w (n=12)
(n=14)

1. ATIWATERAN 11.93+1.94 12.0741.87" 11431228  11.2032.90 11.4211.78

duarusuanuves )

saidadazine

(1,3r,6,7)

2. ATWATIAUD 4.8741.41 4481140  4.79%1.81 4.30%1.70 2.5010.67""

Lﬁmﬁumﬁu'hjfj'm‘m

2a9n1stEIine

fayhn (4, 5)

3. AMUATIAUN 10.00%1.70 1045%1.99  10.08%2.47  13.2013.94 11.0811.44
Waarumadanlnf

Tinaunmimniiida

fingi

(2, 8,9, 10)

1% Paired Samples t Test nagauFuumiisuiufaumsusy
®14 Paired Samples ¢ Test wivuifipuiunovdnisousuriug
* Reverted scale

* P<(.05

** P<0.005
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¥ L 1 A A s
5.5 pllquinAzmeamdaiaflluud pathosystem Mngrfissnumdimniulia

5.51 pathosystem S2%Wi14 Sclerotium rolfsii uas uzliliaing

5.5.1.1 lsalausinnuusdame
A A o y . a o e W LY
mendsnTlgnige 1 Tu duluveasen S. roffsi LagLUhSadudsesddu
L7 1 LY J (=] [ J el o 9 F- |
ssdamemndun wuhisuleiweriadgedinaiinlddidrduduuurssnzidanalu
™ a @ w Y A add o
n3533% challenge control lmjm:'nﬁﬂﬂuﬂ'mmwmu:wamﬂlunssmﬁﬂgnm:qumn
r-1 W J L= o [ [} L r Q = A L
PGPR mixtures Sifulavuaasornadguirandeuddslalausveelldsuiinmiusesdrdn
o N A 4 - ad o Ao e [y
(NWH 18) esaniiaidavesnzilonalunssuit challenge control asauSiymidenuidn
JI r- .= o o4 ar s o A A J’ o
1%mmaﬂmnwmqumanwﬂﬂmu*mm cortex maawajmwmmsﬂgmm 3 7% V4
o & " - , A Ao v e
dunaaie M iunanoasansousdu LLmTusJ:mamﬂlunﬁmﬁngnns:qumﬂ PGPR
wuugasasareeditaarnsginnssyuidi llds corext vesRmEnkaY (MW 17)
o - & o
uzidanelunssayAT challenge control NIgasNTINARBILAAIDIMTIREIUSEUN T 58-66%
munanlanireus 4 T uazynduusasaninfodludn 2 Judewn lwunefvzsdanalu
o A [y R A - [ & [
nTUIEAnTzdusan PGPR mixtures WsAdemiAnii 256-33% nunasdgnitious? 4
a Y | o - & a Fy ™ a
T waziidwrudunuaassmaioniuin 50-58% mwmmsﬂgnmaum 6 I NN
. - aad [V . Y ' , A
NSNARDY wmmzwamﬂlunﬁmﬁm‘s:qumﬂ PGPR mixtures @nuniuealsalauiuif
a o & . N o ar [ a
Waninmsdiansveadian S. roffsi adn9liud Ny 57% uas 42-50% NEREINTT
P ar -~ ar a ol o - ad o
Ugnioe 5 T usz 6 Tu audau Lumﬂ%wmﬂunnu:wamﬂlunﬁxnﬁmuqu (N
o
18 was #1379 13)

A L2 & . v - ) _ W - o, ol L4
N 16 (duluuesiesy Sclerotium roffsii wsq;nn'mmnw:mamﬂ'lunﬁmﬁmuqu (MweEe) uRe

L4 Py . -~ L
nuuztﬁamﬂ'lun'nminm:ofuﬁ'm PGPR mixtures (nwu31) mwaamsﬂﬁm#a 1%




ﬁ I3 L L 1 -t = - Fg A =
A 17 frdudusnsasuzndiomaluntsuit challenge control uraseIMIUMBBAKaLiBiTuAD
» “ o & [ . d v
nonvinluauSiansi cortex vesfiy (mwde) Wipuifivuiussidemalunsiuitinszdude PGPR
. | X A \ P o & w o
mixtures NUARIDINTIIADUBILHOLEOUNEIWEIANITN TUDIEY cortex LANKBE (MWYM) MuKAINS

& -
ﬂ@nl'ﬁﬂ Sclerotium roffsii 3 1%
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P -l a - L4 . e & .
mnn 18 81“‘171“”')ﬂﬂngl’“ufﬂﬂ’l')nﬂﬂuamﬂ\iﬂuuz|.'.Uﬂlﬂﬁan“ﬂdﬂqSﬂﬁnl'ﬁﬂ Sclerotium roffsii
. o A, ~ ' & ¥ v om Y - Y
4 MU (n']"ﬂ“ﬁqﬂ) NUNBBUUBLEAIETINITINHIDE N TIALTINIVNIAUNWT (ﬂui"ﬂuﬂmﬂﬂﬂ"l“ﬂ'lﬂ'ﬂ‘r])
[ A w 4 w .. [V ar F 4 -
Winufipuiudidumusenmndivnasueads S. rofsi (Fudwrnis) muowsamsilanize 6 Ju




] a A A . 1Y o L ) A oa
@179 13 Use@nBniwuaais PGPR mixtures 'lumsm:qunzwamﬂmumuBﬂIﬂuLuwmm’m

v g A . " a o Y
MIUIIRNY DD Sclerofium rolfsii 5 14 AL 6 7% AU/

Swanduiiiien S wmmeniiier
nsyNag" muﬂé’amsﬂgmina 5 " muﬁé’anwﬂgmﬁ.’a 6

Exp#1 Exp#2  @uaay Exp#1 Exp# 2 aiaie
12t Rb 10 9 95a 12 12 120 a
challenge control
IN937a+IN937b" 5 4 45b 6 7 6.5b
n5303% non- 0 0 00c 0 0 00¢c
challenge control
L.SDgr 4,05 4,05

“TUuuun1IMaaBIfia Factorial with randomized complete block Ussnausas 3 N335 fia N¥3W3F non-challenge control

A aad r w ' s -y a . o
333 challenge control uaznTsNTENNIzdUMIY PGPR IN937a+IN937b uginznimnisdl 12 41 vmmeansadioday

&

2 A%
“suWuf IN937a= Bacillus amyloliquefaciens FoWWT IN937b=B. subtilis

FE R - @ da & . “ o & g
"denialdtuuzdamalashdnemnTiu PDA vwia 1.5 13X 1.5 s, Aflion S. roffsii 01 4-5 Tu Baruddiu
Y ' - w a o a d & e e o owod s
suinuesfie duesdamafiuassenmsfornidwiuiueuiiiule

' el “ o P 4 o e e = . an o
“Wusiadguasiiuouduuzidainaiugasain iz nnnisainmmaass SeanwIiuana 1w IRLRILERIR

] ¥ s a ﬂl b . . . <
anuuangad1siiiadAyds laold least significant difference 1 P <6.01

551.2 sulodiiAgitosrumssaumulse
Taosysumdnuinuzifonalunisudt non-challenge control  HfanTTy

18wl total peroxidase waz total SOD luﬂ’%mm‘::é’wﬁm:Lﬁ'uﬁmﬁnﬁfﬂﬂmumqmaa
N ﬁauﬁwmsﬂgm%am S. roffsii 'lﬁﬁnﬁm:L%amﬂwmmu%amﬂ'Lunsm"‘i‘ﬁﬁm:G}’u
¢1 PGPR mixtures (MuWug IN937a $ruiumuwus INo37b) daulnailfionsauianled
total peroxidase WRY total superoxide dismutase (total SOD) mnndwaﬂwﬁﬁuéﬂﬁtyl,ﬁa
Wisudfioy (P 6.05) AvuzilamalunssiAT challenge control Waz non-challenge control
msasmmaass lurmeAuzifainalunssud® challenge control FAansuvastinlmivg
gadlnansanuusBamalunssudt non-challenge control

fianssudulm total peroxidase Was total SOD maw:L%mnﬁ%'lummﬁ%ﬁm:sju
§78 PGPR mixtures U8znN3I33T challenge control ﬁ?%l“fﬂl;ﬁﬂd%%ﬂ’lﬂﬂ§dﬂ’15ﬂ§ﬂL%ﬂ S.
rolfsii 12-48 Falaseudsy uarfensruvandwloiassssfiadlulSinafinnnang
fsndmdlanSsufisuiuundamalunssands non-challenge control Tagvialuudn
unﬁamﬂlum‘m‘ﬁ%ﬁm:@juﬁaLl PGPR mixtures ifianyTudwiod total peroxidase
wnniusdiainalunyiuidd challenge control ataiiviudnety (P=0.05) TIRBINMTNARDY

51



Uszantk 18-20% 40-50% W&z 16-18% ﬂﬂﬂ“ﬁﬂﬂ’]iﬂﬁm%a 24 $2lug 36 T2las uns-48
#2Tn9 uERU (@13197 14) dwmsuianssudnlod total SOD twuuzidamelu
nsmﬁ%ﬁm:éjuﬁw PGPR mixtures ifantruraadulodaindannniuzidiamaly
N33W3T challenge control aENINtE&eTY (P=0.05) FIRBINIINARBIUTELIE 17-36%
28% 32-39% uax 28-36% Mewdanmlgnide 12 $alaa 24 Falug 36 Falua uas 48

TAlaNiIaU (0397 15)
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1 = ;
5.5.2 pathosystem S¥W319 Sclerotium rolfsii LAz WINTW

5521 [salausiriuwindsi
[ Py . o a @ a A o v A o A 4
wwwloes S. roffsii igIamaunINTRIMNARMenaIMIUgNIEe 1 9% thalbie
- | & a e Y \ o
PAIHFUNINTRININTTNAT challenge control Lm:nﬁm%ﬂns:ej'umﬂ PGPR mixtures 4
@ gt v J’ @ o [= s 1 -3 Qr = J’ a :‘ 3‘.- »
danuiduwlovaadendsndlamwiiiudng adrelsAmonssmsferdeluiufl 2 wuwuin
J" ‘d 3 :Y -Y-} AA Gt [ A’ .
\Watbawindf lunssuds challenge control f@anuLaRleTaTUARIBINTS necrosis VN
& [ 3 o A A) L ' ’ g e 3
lwasnseenldanudnafisedheis u,a:lumamamuuanwmxgmm Tuame
=3 hd ) o =) J‘ a A L .
mnmmnm'mmshmuwsn’nﬁﬁlunﬁm%wnszquﬁ‘au PGPR mixtures LAAIE1NNITAL
A d a o« 5 _ . & P . T - Y )
yaadaideoAniAnadniesyingg (wh 19) deuwuiiduninddinanndulunssuds
challenge control u,ammmsmzmmmawmﬂumamagwu‘lﬂr.laﬁ'mumuuwuaawsn
J‘ () (3 L o A ! 4/ ] A’ A 9+ L Y o ol
'ﬁhama'nﬂLs:f[ﬂuLam:mu'nmammqkmmﬁﬁmﬂ LeLaLE a1 UTBIATURTIN UL
dadun@d lusdulngfinwozgssan dnnatuluSmdidudiudrngaeenun
v A o A A @ a4 ] ) A‘ AAA LY &
PINAUNTUIIAR (DTN 20) 1wﬂm:‘nei'mumumwaawsnﬁﬁﬁlunssmﬁﬂni:qumtJ
A W o g 4 . o
PGPR mixtures fdunulsadwaniniszesenmsenvusdiiaiboilulyeiret quazly
= ;: ar r | o
wingesnsudunmiuilnga
a A o a
PnmInassdnyIwing®lunssuis challenge control YNR2INTINAKDILANY
P ar E3 a P ' e a '
aIMSLRLILUIEUN M 66-75% mwmmsﬂgnma 4 % Iﬂﬂﬂlumulmyﬁa%ﬂmaadgmm
b Y A o o ] d = J AAA Ly
ITSTE A1 ua:nnﬂuuama']nﬁmﬂﬂuan 2 usiau lwuwwwsn'ﬁﬁﬁlunﬁmﬁmszqu
[ . a r- ] . & o o P o
¢78 PGPR mixtures \ialsnifing 16-25% 1vis uazdwindninaasamakoifaain
1 4 »:l -3 cl’ ﬂdﬁl . . = [
2t lanfinsnivhlunssudshinssdudat PGPR mixtures tafidiudnisiinlsniion
i [] o Qe s el ; A s d
neEnsus R Yzanns 54.5% Wwez 42% MERaIL§Ne 5 uaz 6 3% aNEaY 1ie
= o ¢ 5§ a ot a d
whisnifsufudefidudnisiialsnlunssuds challenge controf (MW 21 wazens9f 16)

A z d | [ 3 a b L] : ol e
M 19 oxmsapreaiiaiiaiiuasnirspesfnfunwinddlunsnis challenge control MuwaINTT
. - o o A s d 5
ﬁgm%a Scierotium roffsii 2 % (Mwip) Iuunshduningdilunssuitfinszdudis PGPR mixtures
X A w v oa o de o X E
usspIMIMmessiaidaldntopuTnmnfenuie TV (nwun)
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o F S | a e vV & ' - A “ s w a A&
AMNA 20 onmImpreaioiainadidumudradunmasmaulldssdudnunueswingfiln
ad w % d o e o a & "
73935 challenge control (Mwge) Mulufifidswgasansndiduningi (nMwnae) uas Mwly
3 ' P | w -~ & . B A
dusevasidiuinanesnldudy (Mwar) MundImsdgnidie Sclerotium roffsii 4
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d_ . v o X d d - v -
AR 21 SnsunInshnuease M sAelunsTn3E challenge controt (nszuzde) 1WuuiAouRy
s a A P P aad v o . a
HurmduningiiiuansomsieluntsuiFanszdudrs PGPR mixtures (N3212971) AIEWAINT
ﬂgmﬁua Sclerotium roffsii 6 T4
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] a o & i v ooa A a oA oA
A1T19N 16 UsrENTNMWLBILTa PGPR mixtures 'L‘Lm"lTﬂit@luﬂiﬂ‘ﬁﬂﬁﬂﬂ%ﬂ’]uiiﬂIﬂulu’]ﬂLﬂﬂﬁ]'mﬁ’l‘s

& , T o . s
WnYateanTa Sclerotium roffsii 5 14 Uaz 6 1% ANUNEAL

Smouduiiiies S mmaniifion
nN7I3N35" ms.mé'am‘iﬂgmga 59u" mwé’am*xﬂgmga 6

Exp#1 Exp#2  @ndy Exp#1 Exp#2 Aady
nysuAE 11 11 110 a 12 12 12.0 a
chalienge control
IN937a+IN937b" 4 5 45b 6 7 65b
nT303% non- 0 0 0.0¢c 0 0 0.0c
challenge control
LSDys1 405 4.05

o

"3ﬂuuumswwnmﬁn Factorial with randemized complete block tznauds 3 n33u3% Aa 33035 non-challenge control

a oot ol . - by - ' @
n7345% challenge control waznTaiENnizdudin PGPR IN937a+IN937b waaenTIdEd 12 B FinTneapdednaion

&

26%
vmuﬁui IN937a= Bacillus amyloliquefaciens H’lﬂﬁuﬁ IN937b=8. subfilis

& o - o Y da A - A g »
"animaliiuwintthlamirinemTin PDA 1u1a 1.6 93X 1.5 9y, AlideT S. roffsii a7y 4-5 Fu Faruddu
v ' - v a d P o ¥ ow oA oA m ow Ao
Frudrvefis duwinfuaassimafsimiduisioduduiitiule

v 4 - v oo Aw d o & A e o | v a o
EHudnadgrosd i udunin T fuge a1 B R e9nNYIgeINMIeaay. Sae1onuTARANE A WARIA NATLIRITINITY

' \ “ o oA 5 - . A
umnmaamaﬁuummym Tasld least significant difference 1 P <6.01
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5.5.2.2 dulmifiAyatosiunisdmmulsn

mnwamsﬁ"’maomi‘nmaaawu'hw‘%n%ﬂﬂ'lunﬁu"a‘ﬁﬁm:@juﬁaU PGPR mixtures 3
minausuasdensinvasfansraiulaitiaassfiandoiu pathosystem vasuzia
e/S. rolfsii lapinanssuvaddulas total peroxidase Lﬁu%uaﬂwﬁﬁfyﬁﬁmuﬂi:mm 19-
26% (919197 17) uaz HRansruandulod total SOD tsduetnfitbédyyszanm 26-
28% (a131971 18) mwé‘qmsﬂgm%a 12 FalaaflouSsuifsuivusdonalunssa’ds
non-challenge control lunmueAinsndWnluns1udE challenge control Buiifansaes
8wl total peroxidase mnn'haﬂﬂaﬁﬁuﬁﬂﬁ'wﬁmaam'smammwé’am‘sﬂﬁm%a 36
Falas (9fl 17) wasdifantauvaadulos total SOD wandvatrafivodmdaluuninis
ﬂﬂﬂﬂﬂﬂﬂﬂ%ﬁdﬂ’]iﬂ%ﬂt%ﬂ 12-48 FalyadowSouifsutuundemalunssnis non-
challenge centrol (ﬂ’l‘i’ld'ﬁ 18)

Tmuﬁa”lﬂuﬁ’sﬁ%mmLﬁu"l*mj’ﬁ"’mawﬁﬂmaaw"‘sn%ﬂ’llunﬁu"‘i‘%ﬁm:@fuﬁaU PGPR
mixtures  azinduagaTaiuazsnnaedtidyioniouifsunuwingily
n3303% challenge control mmé’amsﬂg}mﬁa 24-48 Tl %aw‘%n%ﬂw'luﬂﬁﬁ%ﬁm:ﬁu
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5.5.3 pathosystem J=Wi7 Ralstonia solanacearum L&z UL BaNg

5531 Iseudondoiivuzdams

pInsAnadeiretundsmaiiinmnnindvitatsrendouunfite R
solanacearum ﬂﬁng’ﬁ'}n’hunﬁamﬂﬁgnﬁaﬁ Sclerotium rolfsii \TNAE IINHANTT
VIARBINIFDIATI WU sz anaunaduiiuLngomsluinuiududrinesidu
mwé’omsﬂﬁm"ﬁra 7 5w (Ml 22) edslsfieuusdamalunssuds challenge control
fWamnsresa Mg imsuiiseirerailuszesiiaidenn 'é'nﬁmnﬁuu.am
amsfigrmnasunnoln 3 Tudain ‘lwum:ﬁ@'fuu:t,ﬁamﬂ'luﬂﬁﬁ%ﬁm:@juﬁ'zzl PGPR
mixtures Sulofisudmaialsaios 50-58% IINEINITNARE (MWA 23 LA A1T197
19)
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NINN 22 mﬂ'ﬁmU'JIﬂlﬂ‘]‘ﬂ?’mgLiuu}'nUﬂ‘Jmhiﬂ"mﬁ’m (Qﬂﬁ'ﬁ‘ﬂ) 'llENW‘ﬁll:l.‘Llﬂmﬂluﬂﬁ!d‘lﬁ challenge

controlﬂ‘\mﬁﬂu-ﬂﬂ‘ﬁﬂglméﬂ R. solanacearum 7 ‘3'14.
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A15719N0 19 UszEndmweas PGPR mixtures 'Lumfni:@umtﬁaLﬂﬂﬁwuwﬂuiﬁﬂLﬁuvLﬁmﬁl,ﬁﬂmnmv

9 & . G (¥ o e
LAYNauuaTe Ralstonia solanacearum 7 1% WaS 10 TUAUF6LU

Sruwmaniifiea Smamaniiiisn
n3IN35" mundomalgnida 7 1w mandsninlgnida 10 Tu

Exp# 1 Exph2  @usdy Expé 1 Exp# 2 ARy
nsINAS 3 2 25a 12 12 120a
challenge control
IN937a+IN937b" 1 0 05b 7 5 6.0b
n3733% non- 0 0 00¢c 0 0 00¢
challenge control
LSDi 0 1.75 3.51

"Eﬂuuummmmﬁa Factorial with randomized complete block Usznaudae 3 n13u3% fis nT113% non-challenge control

e and : - v
n3733F challenge control uzN3T3TANIzUMY PGPR IN937a+IN937b udrrnasnindl 12 61
Vmuﬁ'u!:f IN937a= Baciflus amyloliquefaciens muﬁuﬁ IN937h=8. subtifis

& a . . . - ™ . & {

“Ugnizatviriufnlaslifioundandlilu soilless peat Mirevmdrduuziliamanszann 5 ipudiuns S 2 A1 Rald
= o - ' e & 8
WatnauusuinaTmuasuzdoma nawIMEIILUINADE R. solanacearum Aty 10 cellsim! 130101 50 mi
AanIEnd
X o o v o o & o e oo o ' w [ = ' '
uAnafinrasiuusufingnon R IMIgsIrmansd G168 nEINUANATINUAAIALRTLAAIDIAIULANG 19BN

fivudndny taold least significant difference i P <8.05

5.5.3.2 18ulaaiiifzagesiumsdiumulin
& & ' o & o«

VINWANINARDIIRBIATIWY T MemdInlgniTia R solanacearum 1 T
ssilamalunniifinszgudin PGPR mixtures uazuziiamalunssudt challenge control
e « . a & ' Ao o G - P W e
fifanTsudulod total peroxidase RuAuadlNbdlalToufisununssudT non-
challenge control aghe lsAmuuzianafinszdud iy PGPR mixtures fifanvsandulad

. ' A a2 [ A e o o
total peroxidase innniusdamalunssudt challenge control ammuﬂmﬂmuﬂizmm 12-
[ P s ¥ a o B
14% 25% W8z 20-28% NumaIMsLaniTa 4 W 7 U usz 10 Tuamusey
1l o & YRy s ' [ o o

wimendimnlagnie 4 ufsnswvasdulmidondrinduaaaiauday
undamanigansruiAdfiasiiszauaasfianssuiunniainiivegeuilaTouiiounu
n33u3% non-challenge control wzioinelunywiTAnIzdudss PGPR mixtures Hfanyau
\Bwlaal total peroxidase anRIBLITY LT 8-10% IWETEWINIUA 4 HeTufl 7 va9

A’ AA 3 x| 1
mitgnide lwvaefifensimdulsivssuzifainalunsnis challenge control agadatng
o o o . [ [ o & \
Madulzanm 21-22%  §wilugeiuf 7 G0uf 10 mendamadanirawuimnde
l‘: - ] &l e -3 g s d‘ o " dl

imanaasdnTINdidanandiantsvveaduloianasludarflndiBaeiu (@13797 20)
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AansTandwlod total SOD mamw‘ﬂamﬂ’lumm"‘a‘ﬁ'ﬁm:ﬁuﬁau PGPR mixtures
Lﬁu"ﬁfuamwmﬁau,a:Lmﬂemaﬂnaﬁﬁfuﬁwﬁ’tymwé’omiﬂgm%a 1 Fu deawFeufisudu
n33u3% challenge control  Uax non-challenge control  IwaaRusidamalunysnds
challenge control fifianssuidules total SOD RwAuageth 9 uassnnniuzdamelu
n3393F non-challenge contral aﬂﬂaﬁﬁfﬂﬁwﬁymmﬁomiﬂ@m%auﬁa 4 T wzdamealy
n3593% PGPR mixtures  3nalimaAnvashansiuidwlas total SOD wnninatnaed)
ﬁfuﬁwﬁm_,mwé’am'sﬂaﬁm%a 1410 JufisSoufsuiuundemnalunssud® challenge
control athalsiaufanssuduled total SOD vasuzdomerisaasnssyitfe PGPR
mixtures W8z challenge control nauaaadlwini 10 mwé’omsﬂgm%a uduzdiamail
nizduds PGPR mixtures Silafimudmianaivesfisnysuduled total SOD #anni
uzdlanalunssuds challenge control (A137197 21)

uzidainalunisai® non-challenge control Ffansmdwlsdronassiiaiugaas
ARDATZYLIATUDINTNANDY

66



L9

S0'0 S d U BousIeyIp Jueoyubis 1seat Easu.m%&a‘._.am?um?_Es::rnc&m:am._n‘.sqmszmerscssuwmcmm@ ’
Y
BEIUB[ILLUCRUALUNE LUALRA OV,
uiuzIoid BuysHUN ML NEIERITLLUBYALIAKE®] WU 0/ MEBLLARLLLY Jelowoioydondeds pBLMIL]RY] $16 Z LERENILALKILABLEULLBUNUNLINGLIT|ULS Sepxoied [E10) RELUBYIL
S4qns "g=q.E6NI InMALE susiogjenbyojfute snjoeg =BE6NI THMALE,
L

».nh..c Z RENELERMEBBULLULLK LEL Z) pOLretuzven

qZEENIHELEBN| HdDd m&.@:“snwc:npnwwcgs joauo abua|eyd ZLitLey |0Quod aBusjjeys-ucu gLiLtl gy gLty € ALBIELaL ¥oa1q adwon paziwopues Yim [euolies mw_.,mms:rrc:ns_._..ws

[ dlaed -

102 86°G 662 Sp'E Ly 8z'v 8c'9 S6'8 98’z 6EE 0995
|olpuco
gyl o8ELL  96G€L 02T 9G0EL  06LL  QZLEL 99027 BOgLL  EBlELL sBusjieya-uoN

q l6¢ce q5¢e¢e qsely q56'vy q.7°09 S RAA B g/.0L B 952 EglL¢l BGG'LL tonuco abusjey)
L ARA e 67 0V B ZEE9 B gy'09 B . 0L B G6'G9 B 6E'9C L lsee ezeel B E9'El JS|INXIW Hd9d

Zidx3 Lidx3 zHdxa Lydx3 Ladx3 za#dx3 Lidx3 Zadx3 L#dx3
ovaol 4 ova . ovaru ovai i LOvaou nglreesy
asepixolad |pjo) esep|xodlad jejo) asepixolad |ejo) asepixoiad jejoy Lasepixolad |ejo}
:rwcwmnmgrt awwcpmamgrt Zhwcpmawd._r.s E.w:mmam@_rt zwwcomawgrt
winiesoruelos

eluojsey m\w,_c@:wrcﬁ,mfearc#,m 01-0 CLEWILLLEBUIBLIZRERE SSEPIXCIod (€10} 0] MBTELUBURMITLUBWIU SSUNXIW HJDd PEREN 0Z UFLELW



89

S00=d _k asuasaylp edxyubis jses| \m._.nsm.ia.@rﬁn\ﬂ_.mﬂr.:mvr_._o:G.::r-.CqGG.:Fmﬂn.\_-w—,mS#‘m;r_bc_.o._._Whﬂ_._\m_.n.\_pa_a

.3
m.w.Em_.Frcﬁ..m_.__.arq:.m LRRLRW DYQ,
uelodd “Buisyun NRGLINOICALRLLULURLIWER] WY 096 :wcorm:rocm Jsjewojoydoinoads vmwc__\fasw _.,w; z rm.am\d?_umn.w;_.mmr.@crea.cmwanniwh_.ﬁcS.. JOs [ej0} ReLusUBL
sinans "g=q.g6NI w:kmE susjagjenbijolfwie snjiseg =BE6N| w:\?arﬁ

LY Z BENOLABMEEBULLULA LG Z) RELRLLUZBEN

L=

QLEBNI+ELEBNI ¥dOd nﬂwz\wuw:mmwurhﬁm: 043U00 SBUSIIEYD CLtELU [04UCO @BUSIIEYD-UO SLIELU BY SLIELU € BLBMEUILL YOOI SI9[dWO0 POZILIOPUE) UM [BLOIOE BYFERBULLUMANME
626 8861 LE'S 618 91’6 0s'y S9'9 9Ly SC'9 89S %as7
{0U0S
2PESY 2640V o GE'9Y selov 2LIEY 290 9952F  QSE6E B $5' v B ¥ 0ob abus|jeya-uon

qeroe  4646. 985 Livi q v0'6EL q2s'v0l ERTAVL R V= VA 1 4 eBZlLSY B9/0F  l0nucO abudjeyn
BO09LL BSYVOL EBESLLL B v6'v9l B Q9°0Z) BE80LL B62S9 (BESILY B Z2SY B0 LY JSanxiw J4dod

Z#dx3 bidx3 ZHdx3 p#dx3 Z#dx3 Lidx Z#dx3 Lidx3 Zudx3 b#dx3
Iva 0} U 0OS [210} ova .U aos 1ol IV ¥ U A0S 410} OvVa L W QOS e ,0Va0 U, d0S IE10) nkreetu
Rhwcﬁmam_ﬁarﬂ RFPCG_@—EWQ_F.E 3PP:PMQW6F_¢ ZthPmde._ _u_G Rhm._.:wmaw.ﬁ._ _...C

LWNJeaoBUBIOS BILUOJSiEY
m\w,_c@:wrc%s?q:\m 01-0 PLEUZLPLLBUIGLIZRECN SSEINWSIP SPIX0IAANS |20} (L NBINCLUBURMIELUBLIEY SIMXIW MO FRREN LZ UMLLLY



