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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)

27



< A’ . R s ae | P '
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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
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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
¢8 PGPR mixtures HfanTsuidulanl total peroxidase unnninUszunts 18-20%  40-50%
Waz 16-18% (a13797 3) wazfifanysninlad total superoxide dismutase ¥NniTLszan o
28% 32-39% UAT28-36% (AT 4) MudIRU

W31 luns3u7% non-challenge control  HAanssuduladiosassiiadngasg
ARDATTUZLIRIVBINIINAR DY

59



09

§0°0 = d U edusiayip ueoyubls 1sea) ﬁaﬁ.&h&zﬁ.m?mm?_ucs,._as..c,ém:am_p\.sqms:me%:sjmnm:mr@ y
L]
m\w.Em_.FrE.,.mSanqawrm. a.mnr_,nc. U«..\IH
uwyusioad ‘Buisstiun WG| MEWELNLLUBUALAWERIE] WU Oy :wcnrazrrcw Jaewoyoydonosds omwc._m.easw a»h..c z rm.nmﬂor_umpwsr_um_\,@cgs.cm__wzﬂ:ww_ﬁcre asepixosad [€)0) reLuyLL
siIgns 'g=azg6N! Inmawe suaejenbyojfue snjoeg =eLEENI BMMALE,
PLB 2 RENCLBEPEEMULLULA L 2] RICrLLyIewn

L

nnmmz:.mmmmz_mn_wm nn‘@:@nwcmmmnwwc”mj leAuo9 aBusjieyd LLiety jonuco sbusiieyd-uou SerLey BY SLILLU £ ALBABULT %00|q 81aIdWID PEZIIOPUEI UIM (ELCJIE mwgms:_.rc:msﬁw:

188 orL AN Ve 106 99'y 20¢ vL'Z A% 65°€ “%as1
|ciuos
20812 2 09°GL 30’02 20694 q6L0¢ 5 85'01L qz290Z q.591 € 9681 BlEgll abus||eyo-uoN
q16€E q0£9z 965/ q 08¢z q622 q6v'0z dezZeee  BO00Z B 6902 e o8l |onuoo abuajeyd
B ey LY e 60'tY B Z0'LE R4 e Go'le B G6'/2 B 85S¢ (B rPee e99'1Z B 99'6l Semnpxiw Y4dod
Zadx3 hdx3 Zpdx3 Lidxa Zidx3 bitdxg Z#dx3 Ldx3 Zudx3 Lidx3
OVH 8Y 4 OVH 9¢ U OVH ¥Z 4 OVH ZL U OVHO U nLretEU
asepixosad jejo} asepxodad jejo3 asepixolad jejoy aseppxosad e10) LJasepixolad |ej0)
thcmmnwd._rw_ _.nm.hcmmaw._rw_ Zhrcmmm_mﬁ._rt wacomaw_@.rw_ zhwcmmamﬁ._r_u

HISHO4 WINROIBI0S

m‘wgcm_._whrc_w\%s,mr@cnwﬂ\m. 8¥-0 ﬁrﬁﬁnwnrﬂﬂq.rg\.wcwaiwmﬁr asepixoiad |ejo} ‘?Eﬁﬁmdxwwcemngdwrc@@mm SaInXIW  ¥dOd CEMRENM L} WELELWY



19

§0°0 > d U sousiayp weoyubis ises) \Easwawrma.._.\_.mvrmm?tcs:zrnavsm:aﬁm_.%ms:t?_ucs:uwmc\mn.?
A
m\w.._cm_.ﬁwrc_.,‘%s.mrcvawrm. vmmrzs 0<Ix
uigjosd Buyssuun __._.m.._mn..r:m_vaawwcwmapﬁsmasu wu 09s :wcrranrpcﬁ Japuwooydonosds _.,mw.cﬁ.ﬁasu. _..%c Z rm.mm&.vr_mwn.w_._.,rmmﬂ.@cres\w_m_k:oh#mh_uw_pr@ Q0s (0} _.nhhcw_.c_saw;
sigqns "g=q.€6NI w:.za_,u susyejenblojfwe snioeg =eLE6NI w:;zm L
Foo

_.ruwc ¢ RENCLAGCERBULLULY LE Z| [BILRLIUINBN
J/EGNI+BLEEN]I HdS9d arwu#\_”bnhcshﬁ:hh_.._nzﬂ jonuos sbus|eyo gLneLy |6Quod sbuajieys-uou Zenciy QU DLRLLU € RLBMOUSL[T %o0|q 8)o|dwod pazZiWopuUe! M [ELIIES mw_.,mmsc.rrc_._:._._ﬁwz

pew

G0'6 WS (A 99°e 66¢C 68°C BEP 89C e Sve 00a57
[[s7i1Hsl]
AN A q9.12 26Z¢€2 avy'zz  29e€Z Qi q05'€C 0ZZIZ  B¥PZZ B LOZZ abua|jeyo-uoN

q G8ve q60'9¢ qzele 9 4l'S2 498512 q0e'Ge qQESVe q6.1vc B ZSEC B /G'ZC  Jjoquod abuajeyd
e ceor B ZOCY B Gl'6E B 19'ZE B OSVE BgglE e 68'LE 2 V562 BZl'Ve e6lEC LS8InpIu Ydod

Tydxg Lydxa Zadx3 b#dx3 zidxy (FLle] Zidxg L#dx3 Zidxa b#dxa
OVH 8¥ U4 A0S [819) OVH 9¢ 14 QOS 1210} OVH 2 4 4OS [510) OVH 21 U4 4OS 110} LOVH 0 4,008 [&30} e Lftiey
ZWWCGm_wW‘Er.E wacmmmmdarms thcﬁmamﬁ._rf zwwcomam—w._rt ahhcemnmd._r.—m

nsyjou

w0108 rwm\wdcmﬁhrcp,\mmf»nmjﬁm.F__PK_\WCW;;_. aseInWSIPp spixciadns |10} \%P.rﬁm,_RWWCPMEKFFE?@MWCWFC#H sainpiw Hd9d MEENM 8L WDPFPS



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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9 & . G (¥ o e
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IN937a+IN937b" 1 0 05b 7 5 6.0b
n3733% non- 0 0 00¢c 0 0 00¢
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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 . . . - ™ . & {
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= o - ' e & 8
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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
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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
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A’ AA 3 x| 1
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o o o . [ [ o & \
Madulzanm 21-22%  §wilugeiuf 7 G0uf 10 mendamadanirawuimnde
l‘: - ] &l e -3 g s d‘ o " dl
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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
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challenge control fifianssuidules total SOD RwAuageth 9 uassnnniuzdamelu
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5.5.4 pathosystem 3zW3149LT8 Colletotrichum gloeosporioides Wz WINBH

554.1 Tsagauunsnlugvaanind i
HAWINTHUNT3W3E challenge control Usngunaiinanatugall AnwauzyUa
J A Lo A J’ @ (23 o L J’ £ o ) r dl
avilwiteiarSmiizadisodndonmoniimslgnioeuda 7 T deanudasunsf
[ 4 ar @ Gt = .:Ia |¢3’ (3 2y J = e [y :Y
alnfdpsnuldueduaznmiuunsiiowalngn Mlduanwinzihlsnsncdodn
L Ao = dw Ad:‘ LY Lg . =
wazsedy lupnhfvesnanwingialunssuisnnssdudas PGPR mixtures 1ina1n19ge
X doat - » o _dd o "
aevaniaidofiharsiiaainiosassudamigatninany uashhsdWaiINTIBINIT
venuaniwllaset
& & ' a & adAd v oW . a
PNWIMINARAITIFDIATINLTT WinTF lunssuiBAnszdudan PGPR mixtures §
wedidusanuguussaaslsatoaniensfidioidny Ussuim 60% usz 42% MendIns
ﬂgm'ﬁﬂ 10 T1 usz 14 Jugnuday WeaddsufoudunSnsilunssaiis challenge contral
4 P
(AWT 24 kAT A5 22)

a - a . o~
nnn 24 mmguusamﬂwu.a%umﬂ‘[uauuuawsn%ﬁﬂunﬁmi’s challenge control (nEUKAWINA1%
% ar da X o s aad Ry . f
treie) WisufivuiuanuiwussmifieduiuninsflunssAtAnszdudin PGPR mixtures (nauwna
Winsude) mr.mﬁamsﬂgm%a Collstotrichum gloeosporivides 14 1%
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A1979N 22 UszEnSniwvaaiZie PGPR  mixtures luﬂ’]?ﬂi:@}uW}'ﬂ‘ﬂW’lﬂﬁuﬂﬁuIiﬂtLauLLﬂiﬂIuﬁ

Ot J . N N L ¥ ™) o ™
mﬂﬂmmiﬂgnma Colletotrichum gloeosporioides 10 1% 1Las 14 T UATURIAL

ﬂ'ﬂm‘é‘mﬂm‘wuﬁmmguumaaTsﬂ ﬂ"nm%‘umas‘wm‘l‘ﬂ’amgmmmadiﬂ
TS m uwé’omﬁﬂgm%aw 10 M mmaé’amsﬂgm%a 14 %
dadn Auany ANaaLUE ALad dafe Aadnuod
Exp#1 Exp#l  THRDINT Exp#i Exp#l  vo@eams
naRed NaRay
93438 3250 35.00 3375a 65.0 67.5 66.25 a
challenge control
IN937a+INS37b" 11.50 16.00 13.75 b 375 40.0 38.75b
n3345% non- 0 0 0.00 ¢ 0 0 0.00 ¢
challenge control
LSDg s 6.76 10.32

o

“sUuuumimanashe Factorial with randomized complete block Utznaudae 3 n73u3T fia N7333% non-challenge control
037373 challenge contral Lm::nﬁu"‘s%ﬁmt@fuﬁ’:ﬂ PGPR IN937a+IN937b usian3saiail 5 4

vmﬂﬁuf IN937a= Bacillus amyloliquefaciens mﬂﬁuf IN937b=B. subtilis
"’1Jgnx%alﬁﬁuﬁﬁfﬂﬂﬁﬂwuﬁﬂa::‘u,muﬁamaqt%ﬂﬂ C. gloeosporioides (AuiTudu 10° ﬂﬂﬂ?fuﬂ)lﬁ'ﬁ‘auaw?n%rﬁqu
HEAUNTVY run-off '.ﬁuﬁuﬁﬂﬂuﬁﬁuLtaoﬁﬁm‘m%uﬁuﬁﬂE 85-90% LJwiam 24 Falas
"tﬂufhto.ﬁmﬂa:‘uﬁuﬁﬂ’nugmr:waﬂ'sml.auumﬂTuﬁuuNﬂw‘%n%ﬁwmnﬁqﬂmm'mma\a Fadrdnmriuandraiunag

g =X ' 1 - - » . . 17 =
AUNVLRAIDIANAUANANDEINBEAY Tauld least significant difference 1l P <8.05

5.5.4.2 8uloimiAvigasnunisdiuniulse
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L b

fianssudulod total  peroxidase wasnzdawnalunituATAnIzdudy PGPR

|

e

. -~ el a & v e g -
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>
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o =1 =) O A’ T
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asa LT ] . = o [ (3 i a ad
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o e < LY =y J J’du o a
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a - & o a o ¢ o |
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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. The aim of this study was to conduct on farm investigations
the consistency of PGPR-mediated protection against indigenous tropical diseases. In
the first study year, winter 2003 and rainy 2004 seasons, the experiments were
conducted in two locations in Bungphra District, Muang, Phitsanulok. The specific
hosts tested were cucumber (Cucumis sativus), pepper (Capsicum annuum var.
acuminatum) and tomato (Lycopersicon esculentum). In the second year, winter 2004
and rainy 2005 seasons, experiments were performed in three locations in Tapho
District and Watprig District, Muang, Phitsanulok. Pepper and cucumber were tested. In
the first year, 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 in winter of 2003. 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 in both years. In conclusion, compatible PGPR mixtures
(IN937a+IN937b) provided broad disease suppression against multiple diseases at

different locations.

Keywords: PGPR mixtures; induced systemic resistance; indigenous disease; different

grower locations
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1. Introduction

Several studies have shown that plant growth promoting rhizobacteria (PGPR)
can elicit induced systemic resistance (ISR) against diseases under field conditions
(Kloepper et al., 2004; Kokalis-Burelle et al., 2003; Kokalis-Burelle et al., 2002,
Raupach and Kloepper 2000; Zehnder et al., 2001). Most of them, however, were aimed
at evaluating the disease protection by PGPR against particular diseases in specific
crops. Moreover, almost all of the field trials were conducted at public institutional
research stations or at private company research farms. To date, there are no reports of
on-farm tests of PGPR for protection against multiple indigenous diseases.

In Thailand, a single crop grown naturally in the field may be attacked by
combinations of several kinds of diseases during growing season due to favorable
tropical conditions for pathogenic infection. Particular soil-borne disease (such as
bacterial wilt, southern blight and damping off) or air borne disease (such as
anthracnose, mosaic, yellow leaf curl and downy mildew) may dominate as the major
disaster on particular vegetable crops resulting in severe loss. Even the same crop
cultivated in different locations, the major disease would be different due to the
indigenous pathogen in the area.

Our previous demonstration field experiments indicated that one compatible
PGPR mixture (Bacillus amyloliquefaciens strain IN937a + B. pumilis strain IN937b)
elicited systemic protection activity against multiple diseases such as cucumber mosaic
disease caused by cucumber mosaic virus, tomato southern blight disease caused by
Sclerotium rolfsii, and long cayenne pepper anthracnose disease caused by
Colletotrichum gloeosporioides, both in rainy and winter seasons (Jetiyanon et al.,
2003). In addition, a single strain of IN937a had only one efficient disease suppression

against all those diseases in the rainy season. Based on these results, there is a strong
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interest among farmers in Thailand to adopt PGPR technology, and the current project
is aimed at moving toward this goal. Specifically, the aim of this study was to
investigate whether compatible PGPR mixtures (IN937a+IN937b) could consistently
express broad-spectrum protection against indigenous diseases in different on-farm
locations. We conducted a study to evaluate PGPR for systemic protection in
Phitsanulok, Thailand. Two growers in two different areas participated in the first year

of this project, and three in three areas did in the second year.

2. Methodology
2.1. Bacterial cultures

Two PGPR strains used in this study were Bacillus amyloliquefaciens strain
IN937a and Bacillus pumilus strain IN937b. They were obtained from the culture
collection of the phytobacteriology laboratory of Auburn University (Auburn, Alabama,
USA). Mixtures of those two PGPR strains provided consistent broad-spectrum
protection against mosaic disease, southern blight disease, and anthracnose disease
under experimental field in both rainy and winter seasons, while IN937a alone gave
systemic protection against those diseases only in the rainy season (Jetiyanon et al.
2003). In addition, those two mixing strains also significantly suppressed bacterial wilt
disease and damping off disease under controlled environment (Jetiyanon and Kloepper,
2002).

The bacteria were maintained in tryptic soy broth (TSB) (Becton Dickinson and
Company, Sparks, MD) supplemented with 20% glycerol at -80°C for long-term
storage. For experimental use, bacteria were transferred into TSB for 24 h. The
concentration was then adjusted in sterile distilled water to 10'" cells/ml for seed

treatment or 10° cells/ml for root treatment.
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2.2. Examination of soil properties

Soil samplings were randomly collected from each grower’s field. Certain
chemical and physical properties such as soil textures, soil pH, percentage of organic
matter, percentage of total nitrogen, available phosphorus, and available potassium,
were analyzed in the laboratory of Natural Resources and Environment Department,
Faculty of Agriculture, Natural Resources and Environmental Science, Naresuan

University, Phitsanulok, Thailand.

2.3. First Field Year Study

Experiments were conducted in two growers’ fields (fields A and B) in
Bungphra District, Muang, Phitsanulok, both in winter (November 2003 to February
2004) and rainy seasons (June to September 2004). Both fields were approximately 15
km apart from Naresuan University and previously cultivated vegetables including
tomato, cucumber, pepper, green kuang futsoi, chinese kale, and etc. Multiple crops
were cultivated in the same area. From personal interview with growers before starting
experiments, yellow leaf curl disease was previously a major disease on tomato which
sometimes resulted in no yield at the end of the season. This situation caused grower
quitting tomato production in that area. Mosaic symptom was a major disease on
cucumbers. For pepper plants, the major disease was either anthracnose or mosaic
symptom depending on the season. Recently, mosaic symptom is the major problem in
this area.

Each location consisted of three experiments, one each for cucumber (Cucumis
sativus L. cv. Thong), long cayenne pepper (Capsicum annuum L. var. acuminatum

Fingerh cv. 111 CHANY A) and tomato (Lycopersicon esculentum Mill. cv. Srida). The
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experimental design was a randomized complete block (RCB) with three treatments and
five replications. Treatments consisted of a nonbacterized control, individual Bacillus
amyloliquefaciens strain IN937a, and mixtures of B. amylofliquefaciens strain IN937a +
B. pumilis strain IN937b. Plots were 1 m wide by 10 m long. Each plot was separated 1
m, and 18 plants within were spaced at 50 cm. Plots were covered with white
polyethylene plastic film. Weeds were periodically eradicated either mechanically or by
hand.

Seeds of tested plants were soaked in 100 ml bacterial suspensions (10'' cells/mi
in total of either PGPR strain IN937a alone or IN937a+IN937b mixtures) maintained in
250-ml flasks and were then incubated in an orbital incubator shaker (100 rpm,
Gyromax 707, Amerex Instrument, Lafayette, CA) at 30° C for 60 min. They were
planted in a plastic seedling tray containing sterile soilless peat-based medium
(Klasmann-Deilmann GmbH, Geeste-Grofl Hesepe, Germany). The nonbacterized
control was soaked in tryptic soy broth (TSB) (Becton Dickinson and Company, Sparks,
MD). All seedling plants were maintained in the greenhouse. Four to five days after
seeding, each cucumber plant in the plastic tray was drenched with 10 ml of bacterial
suspensions (10° cells/ml in total of either PGPR strain IN937a alone or
IN937a+IN937b mixtures). At one month after seeding, each tomato and pepper plant in
plastic tray was drenched with the same amount of bacterial suspension (10® cells/ml).
Nonbacterized control plant was drenched with 10 ml of diluted TSB in sterile distilled
water (1 ml of TSB in 1.0 liter of sterile distilled water). Plants were transferred to
fields A and B in Bungphra District 7 days after soil drench. Liquid fertilizer (16-20-0)
was first applied on the transplanting day and 2 weeks after the first application. Liquid
fertilizer (7-13-21) was then utilized when plants first began flower set and was applied

again 2 weeks later. Each two meter long wood (2 inches in diameter) was used to
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support each cucumber plant, while each 1.5 meter long wood was used to support each
tomato and long cayenne pepper plant. Insecticide (methamidophos) was applied once

or twice during the plant’s vegetative growth to avoid the dispersal of insect pest.

2.3.1. Growth and yield of investigating plants

The length of the cucumber main runner of each plant, and the height of tomato
and long cayenne pepper plants were recorded one month after transplanting.
Marketable cucumber, long cayenne pepper, and tomato fruits were harvested from each
treatment until the end of the season. The fruit weight from each treatment was totaled

for statistical analysis.

2.3.2. Cucumber mosaic disease
Naturally-occurring mosaic symptom was observed every week after
transplanting and was recorded 35 days after transplanting. Disease incidence was

recorded as the number of symptomatic showing mosaic symptom on leaves.

2.3.3. Tomato yellow leaf curl disease

Naturally-occurring yellow leaf curl discase was observed every week after
transplanting and was rated for disease severity 60 days after transplanting. The number
of symptomatic leaves (yellowing and curling leaves) per plant was recorded. Disease

severity was calculated as the percentage of symptomatic leaves per plant.

2.3.4. Pepper mosaic disease

85



All plants were rated for disease incidence of naturally-occurring mosaic
symptom approximately two months after transplanting. Disease incidence was

recorded as the number of symptomatic plants showing mosaic symptom on leaves.

2.3.5. Identification of the casual agent of naturally-occurring diseases

Infected young leaves of cucumber, tomato, and long cayenne pepper were
collected and sent to Plant Genetic Engineering Unit, Kasetsart University, Nakom
Pathom, Thailand for identification of the possible causal agents. Polymerase Chain
Reaction (PCR) technique was used to identify Tomato yellow leaf curl virus, while
reverse transcriptase-PCR reaction technique was used to identify Cucumber mosaic

VIrus.

2.3.6. Statistical analysis

All data were analyzed by analysis of variance (ANOVA) and the treatment
means were separated by Fisher’s protected least significant difference (LSD) test at
P<0.05 and P <0.01. All statistical analyses were performed on SAS software (SAS

Institute, Gary, NC, USA).

2.4. Second Field Year Study

The study protocol was approved by Naresuan University Institutional Review

Board prior to the beginning of the study. Consent forms were obtained from all

participating growers. In winter (November 2004 to February 2005), experiments were

conducted in two fields (fields C and D) in Watprig District and one field (field E) in

Tapho District, Muang, Phitsanulok. However, in rainy season (June to September
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2005), one grower (field D) in Watprig District withdrew from our project due to
personal reasons, leaving two growers (fields C and E) in the experiments.

Tapho District and Watprig District were approximately 2 km and 20 km apart
from Naresuan University, respectively. From personal interview with growers in each
location, these two districts previously cultivated cucumber and long cayenne pepper as
the major vegetable crops. Downy mildew is the major disease on cucumber in all
locations. Mosaic symptom is a major disease on long cayenne pepper in fields C and E,
while bacterial wilt disease caused by Ralstonia solanacearum and southern blight
disease caused by Sclerotium rolfsii always occur as a minor disease in fields C and E,
respectively. However, bacterial wilt disease is the only major disaster on long cayenne
pepper in field D resulting in little or no yield at the end of the season. Only two
specific hosts, long cayenne pepper (Capsicum annuum L. var. acuminatum Fingerh cv.
111 CHANYA) and cucumber (Cucumis sativus L. cv. Thong), were tested. Since
PGPR mixtures (strains IN937a+IN937b) gave more consistent performance of disease
suppression in the first year compared to individual IN937a strain, they were selected
for testing their ISR ability in this year. There were two experiments (one for long
cayenne pepper and one for cucumber) in each location. The experimental design in
each grower’s field was randomized of treatments. Treatments consisted of
nonbacterized control with each grower’s traditional practices and plant induced by
mixtures of PGPR (strains IN937a and IN937b) with no fungicide and bactericide
application regulated by investigators. Nonbacterized control in each location was
separated from PGPR treatment, preventing contamination of pesticides from
nonbacterized field to PGPR field. The plot (1m wide) represented as replication of
treatment; however, the length of plot in each location was different due to having

unequal investigating area. Each plot was separated 1 m and each plant within the plot
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was spaced at 50 cm. Weeds were periodically eradicated either mechanically or by
hand.

Seeds of cucumber and long cayenne pepper were soaked in 100 ml bacterial
suspensions (10'! cells/ml in total of IN937a+IN937b mixtures), using the same
procedure mentioned above, and were planted in a plastic seedling tray containing
sterile soilless peat-based medium. Seeds in nonbacterized control were soaked in TSB.
All seedling plants were maintained in the greenhouse. Ten ml of bacterial suspension
(1()8 cells/ml in total of IN937a+IN937b mixtures) was drenched to each cucumber and
long cayenne pepper plant in a plastic tray 5 days and 1 month after seeding,
respectively. Nonbacterized control plant was drenched with 10 ml of diluted TSB in
sterile distilled water. Plants were transferred to the grower’s field 7 days after soil
drench.

In PGPR treatment, liquid fertilizers (both 16-20-0 and 7-13-21) were applied to
cucumber and long cayenne pepper plants as the time required which was similar to the
first year study. Insecticide {methamidophos) and/or Bacillus thuringiensis were applied
only at the plant’s vegetative growth. Growers in each location applied pesticides with
their own traditional ways. Each grower applied different types of chemical fertilizers to
their responsible fields. At least one fertilizer application (suitable for plant growth) was
applied during plant’s vegetative growth stage and at least two fertilizer applications
(suitable for plant production) were applied during plant’s production stage. The

practice was recorded and reported to the investigators every week.
2.4.1. Pepper mosaic, bacterial wilt, and southern blight diseases

Naturally-occurring mosaic symptom, bacterial wilt symptom caused by R.

solanacearum, and southern blight symptom caused by Sclerotium rolfsii on pepper
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plants were observed every week after transplanting and were recorded as disease
incidence throughout the season. Disease incidence was recorded on each plant. No
appearance of disease symptom was rated as healthy plant. Normally, each symptom
appeared notably on each infected plant leading to easier for differentiation of what type

of disease incidence.

2.4.2. Cucumber downy mildew disease

Naturally-occurring downy mildew symptom caused by Pseudoperonospora
cubensis on cucumber plants was observed every week after transplanting and was
recorded as discase severity throughout the season. In winter (November 2004 to
February 2005); the plot was rated once by walking through each plot. Disease severity
was rated on a six-level scale: O=no symptom, 1=10% of the whole plot showing
symptom, 2=25% of the whole plot showing symptom, 3=50% of the whole plot
showing symptom, 4=75% of the whole plot showing symptom, 5= 100% of the whole
plot showing symptom. In rainy season (June to September 2005}, disease severity was
rated systematically, at least 5 times along each plot depending on the length of the plot.

Marketable cucumber and pepper fruits were harvested until the end of the
season; however, the fruit weight from both treatments could not be performed for

statistical comparison due to harvesting practice in collective manner of the growers.

2.4.3. Identification of the casual agent of naturally-occurring pepper mosaic disease
Infected young long cayenne pepper leaves were collected and sent to Plant

Genetic Engineering Unit, Kasetsart University, Nakorn Pathom, Thailand for

identification of the possible causal agent by using Polymerase Chain Reaction (PCR)

technique.
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2.4.4 Statistical analyses
Disease incidence and severity were analyzed using an Independent Samples ¢-
test at P <0.05 and P <0.01. All statistical analyses were performed on SAS software

(SAS Institute, Gary, NC, USA).

3. Results
3.1. Chemical and physical soil properties

Soil textures from four locations (fields A, B, C and D) were silt loam, while
from field E was silt. Organic matters (OM) of all locations were ranging from 4.11 to
1.06. The percentage of total nitrogen (TN) in fields A (TN=0.16) and B (TN=0.13)
were 10 times greater than those in fields C (TN=0.01), D (TN=0.01), and E (TN=0.01).
Field E had the highest amount of available phosphorus (APho=13.01 ppm) which was
10 times, 3 times and 2 times greater than in field D, field B, and fields A&C,
respectively. Available potassium (APot) was varied among all locations ranging from
44.52-21.21 ppm. Soil pH was varied from moderately acid (field B=5.68), slightly acid
(field C=6.57, field D=6.32), neutral (field A=6.95) to slightly alkaline (field E=7.5).

3.2, First year study

3.2.1 Cucumber mosaic disease

In winter of 2003, mosaic symptom first appeared on some younger leaves 2
weeks after flower set. Susceptible plants slowly developed systemic disease throughout
the whole plant. In field A, cucumbers in PGPR treatments induced by mixtures of
IN937a+IN937b and a single IN937a strain showed significant reduction in mosaic

disease incidence (P<0.05), approximately 21% and 17%, respectively, compared to
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nonbacterized control. Both PGPR treatments gave similar protection against mosaic
symptom. Unfortunately, cucumber plants of all treatments in field B were infected.
Mosaic symptom in the rainy season of 2004 occurred on younger leaves one month
after transplanting. This was later than the previous season. PGPR mixtures gave
significant reduction of disease incidence (P<0.05) at least 30% in both locations
compared to nonbacterized control. Cucumbers treated with individual IN937a
generally provided lower disease incidence than those in nonbacterized control, but
significance was observed only in field B (Table 1).

In general, cucumbers in PGPR treatments had superior plant height and total
fruit weight than cucumbers in nonbacterized control. In winter of 2003, PGPR
mixtures provided significant difference (P <0.05) of plant height only in field B and of
total fruit weight only in field A compared to nonbacterized control. In rainy season of
2004, mixtures of IN937a+IN937b significantly (P <£.05) enhanced cucumber height
and yield increase in both locations compared with nonbacterized control, while IN937a
alone significantly enhanced yield increase only in field A. Even though, PGPR
mixtures provided greater plant height and yield of cucumbers than a single IN937a
strain, significant difference of total fruit weight was occurred only in field A in rainy of
2004 (Table 1).

Some aphids were spatially apparent underneath cucumber leaves in field A
throughout the season during winter of 2003. Cucumbers in field B, on the other hand,
were heavily infested by aphids during the late season. The appearance of aphids in
rainy season of 2004 was present later than in the previous season. During vegetative

growth, some cucumber leaves were damaged by diamondback moths.

3.2.2. Tomato yellow leaf cur! disease

9



In winter of 2003, yellow leaf curl symptom first appeared on lower leaves of
some tomato plants before flower set. However, in the rainy season of 2004, the disease
occurred on tomato leaves three weeks after transplanting, which was earlier than in
winter. Some susceptible control plants quickly developed systemic symptom
throughout the plant, causing severe stunting without any fruit production. Moreover,
severe infected leaves also had necrosis at the leaf edges. In both locations, PGPR
mixtures had significantly disease severity reduction (P 0.05) ranging from 22-30%
compared to nonbacterized control. A single strain of IN937a provided significant
reduction of disease severity only in field B during winter of 2003. In rainy of 2004,
PGPR mixtures gave better significant protection against yellow leaf curl disease than
in a single IN937a strain in both locations. Cucumbers in a single IN937a treatment had
similar disease severity as occurred in nonbacterized control (Table 2).

PGPR mixtures consistently enhanced both growth promotion and fruit yield of
tomato plants. The difference, compared with nonbacterized control, was significant
(P <0.05) across locations and seasons. However, IN937a alone only provided
significantly higher growth and greater yield on particular location and season. Tomato
in PGPR mixtures generally had greater plant height and yield than tomato in IN937a
alone, but significant enhancement of plant height only occurred in field B in both
scasons (Table 2). Whiteflies were spatially appeared underneath tomato leaves in both

scasons.

3.2.3. Pepper mosaic disease
In winter of 2003, some mosaic symptom first occurred on younger pepper
leaves in PGPR and nonbacterized control three weeks after transplanting. Systemic

disease symptom quickly developed in susceptible nonbacterized control plants. Pepper
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plants induced by PGPR mixtures showed significant lower mean mosaic incidence
(P =0.05) than those in IN937a alone and nonbacterized control in both locations, while
a single strain of IN937a had significant reduction of disease incidence only in field A
compared to nonbacterized control. Mean pepper height of all treatments were similar.
Both PGPR treatments significantly enhanced total fruit yield (P £.05) only in field A
compared to nonbacterized control. In general, pepper growth and yield in field B of all
treatments were less than those in field A (Table 3). Some whiteflies and aphids
appeared underneath pepper leaves.

In rainy season of 2004, there was an outbreak of thrips on pepper plants two
weeks after transplanting. The occurrence triggered severe curly top in both locations.
Most pepper plants were stunted and had no produces, resulting in no data available

from this season.

3.2.4 Causal agents of infected plants

Results from PCR and reverse transcriptase-PCR reaction techniques showed
that mosaic disease on cucumber was caused by Cucumber mosaic virus (CMV).
Yellow leaf curl disease on tomato and mosaic disease on long cayenne pepper were

caused by Tomato yellow leaf curl virus (TYLCV).

3.3. Second year study
3.3.1 Chemical application in nonbacterized control

Each volunteer utilized different kinds of pesticides for their responsible fields.
The application {ime and frequency use were varied among those volunteers in each

scason.
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3.3.1.1 Long cayenne pepper plot

In winter of 2004, most volunteers first applied insecticide during plant’s
vegetative growth stage and continued their applications until the flower set. Volunteer
in field C applied cypermethrin at 6 and 7 weeks after transplanting (WAT). Volunteer
in field D applied chlorpyrifos at 4, 5, and 6 WAT. Volunteer in field E applied dicofol
at 3,4, 6, and 7 WAT. In rainy of 2005, both volunteers in ficlds C and E applied
insecticide from the vegetative growth until the fruit set. Volunteer in field C apphed
cypermethrin at 4 and 9 WAT. Volunteer in field E applied 2 different insecticides
utilizing dicofol at 2 and 4 WAT, and applied dimethoate at 5, 6, 7, 10, and 11 WAT.

For fungicide application, mancozep was applied in field D at 4 and 6 WAT in
winter of 2004. No fungicide was applied in field C and E in both seasons.

Auxins-type hormone was applied in nonbacterized control of all locations.
Volunteer in field C applied hormone at 3, 5, and 6 WAT in winter of 2004, while
applied at 4, 5, and 7 WAT in rainy of 2005. Volunteer in field D applied hormone only
one time at 5 WAT in winter of 2004, Volunteer in field E applied hormone one time at

6 WAT in winter of 2004, while applied at 7, 10, and 11 WAT in rainy of 20

3.3.1.2 Cucumber plots

Volunteer in field C applied cypermethrin 3 times in both seasons. It was
applied during 3-6 WAT in winter of 2004, while was applied during 2-7 WAT in rainy
of 2005. Volunteer in field D applied chlorpyrifos at 4, 5, and 6 WAT in winter of 2004.
Volunteer in field E applied dicofol at 3 and 4 WAT in winter of 2004, while applied
dicofol at 2 and 3 WAT and then applied one more time with dicrotophos at 5 WAT in

rainy of 2005.
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For fungicide use to control downy mildew disease, volunteer in filed C applied
metalaxyl one time at 4 WAT in winter of 2004, while applied mancozeb two times
during 5-6 WAT in rainy of 2005. Volunteer in ficld D applied mancozeb two times
during 4-6 WAT in winter of 2004. Volunteer in field E applied 10% copper sulfate one
time at 6 WAT in winter of 2004, while applied two times during 5-7 WAT in rainy of
2005.

Volunteer in field C applied hormone 3 times during 3-5 WAT, while applied
two times during 2-3 WAT in rainy of 2005. Volunteer in field D applied hormone one
time at S WAT. No hormone was applied in field E in winter of 2004, but it was applied

one time at transplanting day and two more times during 2-3 WAT in rainy of 2005.

3.3.2 Long cayenne pepper diseases

In winter of 2004, two diseases occurred on long cayenne pepper plants in field
C of both treatments. One was mosaic disease caused by TYLCV (according to PCR
result) and another was bacterial wilt disease caused by Ralstonia solanacerum.
However, the major disease in this field was mosaic symptom. Mosaic symptom first
appeared on some younger pepper leaves five weeks after transplanting, and susceptible
plants Jater showed systemic disease. Some long cayenne peppers which were infected
by bacterial wilt first appeared a sudden wilt during flower set. Then, susceptible plants
showed systemic wilt and died during the fruit set. The stem vascular tissues of infected
bacterial wilt turned brown. Bacterial streaming, a whitish bacterial exudates, was
coming out from the cut infected long cayenne pepper stem when immersed in clear
water. The percentage of both disease incidences was higher overtime. Long cayenne
pepper induced by PGPR mixtures had significant lower mean percentage of mosaic

disease incidence approximately 40% than those in nonbacterized control at 11 weeks
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after transplanting (WAT). However, mean percentage of bacterial wilt disease
incidence was similar in both treatments. The total fruit yield of peppers in PGPR
mixtures was approximately 26% greater than those in nonbacterized control (Table 4).

Only bacterial wilt disease caused by R. solanacearum was a major disease on
long cayenne pepper in filed D. Initial bacterial wilt symptom appeared on some pepper
leaves during the fruit set. Then, several susceptible plants in nonbacterizd control
quickly developed systemic wilt in a short period of time and died during harvesting
time. Almost 100 percent of wilt disease incidence occurred in nonbacterized control
during the late season. Long cayenne peppers in PGPR mixtures slowly developed the
disease during mid-season, but the incidence quickly increased in the late season. At 11
WAT, mean percentage of bacterial wilt incidence in PGPR mixtures was significant
lower approximately 31% than those in nonbacterized control. The total fruit yield of
peppers in PGPR mixtures was approximately 70% greater than those in nonbacterized
control (Table 4).

The major disease in field E was mosaic symptom which first appeared on long
cayenne peppers leaves one month after transplanting. According to PCR result,
infected mosaic symptom was caused by TYLCV. A minor fungal disease, southern
blight caused by Sclerotium rolfsii, later occurred on some pepper plants in both
treatments. The fungal sclerotia and white mass of mycelia were observed around
infected stem base after the plant showing obvious wilt symptom. In general, peppers
induced by PGPR mixtures had significant reductions of both disease incidences
throughout the season compared to nonbacterized control. At 11 WAT, PGPR mixtures
provided approximately 55% lesser mean percentage of mosaic incidence than in
nonbacterized control. Peppers in PGPR mixtures also had 58% lesser mean percentage

of southern blight incidence than peppers in nonbacterized control. Additionally, total
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pepper fruit yield in PGPR mixtures was at least 20% greater than nonbacterized control
(Table 4). Approximately 20 pepper plants in PGPR treatments were totally damaged by
thrips during the mid season, causing barely fruit production. To avoid of thrips
outbreak in PGPR field, all damaged plants were taken out and destroyed.

In rainy season of 2005, the same diseases first appeared at similar time
after transplanting. Mosaic disease slowly developed on peppers in field C throughout
the season. Mean percentage of bacterial wilt incidence in nonbacterized control was
greater than in the previous season. In this season, pepper plant growth was slowly
developed. Plant height was smaller than those in the winter season. PGPR mixtures
provided significant reduction of both mean percentage of mosaic incidence (P <0.05)
and bacterial wilt incidence (P €0.01) throughout the season compared to nonbacterized
control. It also gave 30% greater total fruit yield than nonbacterized control (Table 5).
In contrast, mosaic disease quickly developed on peppers of both treatments in field E.
Southern blight disease incidence, however, slowly developed in this season. Mean
percentage of both disease incidences in PGPR mixtures were significant lower
(P =0.05) than those in nonbacterized control (Table 5). Total fruit yield in PGPR
mixtures was 11% greater than that in nonbacterized control. Some aphids and

whiteflies occurred spatially in the field.

3.3.3 Cucumber disease

In winter of 2004, the major disease occurring in all locations was downy
mildew disease caused by the fungus Pseudoperonospora cubensis. Three weeks after
transplanting, some small, pale yellow, irregular spots appeared on the upper surface of
the leaves. A typical sign of this disease can be observed in the early morning,

especially a downy growth of the sporophores of the fungus appeared on the underside
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of the spots. Downy mildew disease quickly spread from the lower to the upper plant’s
part of susceptible plants. At 5 WAT, mean downy mildew severity in all locations of
PGPR mixtures was significantly lower than those in nonbacterized control. Only
cucumbers induced by PGPR mixtures in fields C and D continued to have significant
protection through 7 WAT. Generally, cucumbers in PGPR mixtures had greater total
fruit yield than those in nonbacterized control, except cucumbers in field D which was a
little bit lower than nonbacterized control (Table 6). In rainy season of 2005, cucumbers
in PGPR mixtures in both fields C and E provided the same disease protection as
occurred in winter of 2004. In general, total cucumber fruit yield in PGPR mixtures was

greater than those in nonbacterized control (Table 7).

4. Discussion

Previous investigations reported that combinations of biological control agents
{BCAs) have reduced variability of disease protection (Guetsky et al. 2001; Guetsky et
al., 2002). Combining BCAs strains resulted in a higher level of protection (Dunne et al.
1998; Raupach, and Kloepper, 1998; Nandakumar et al., 2001; de Boer et al., 2003) and
also enhanced plant growth promotion (Raupach, and Kloepper, 1998; Nandakumar et
al., 2001; Siddiqui and Shaukat, 2002;). However, some investigations demonstrated
that combinations of biological control agents (BCAs) resulted in decreased biocontrol
efficacy relative to individual applications due to incompatibility of BCA organisms
{Leeman et al, 1996; Leibinger et al., 1997; Meyer and Roberts, 2002; Roberts et al.,
2005).

Our first year results showed that PGPR mixtures (strain IN937a+IN937b) most
provided mean disease severity or disease incidence lower than those in a single IN937a

strain. Plant induced by mixtures of PGPR strains IN937a+IN937b, in particular
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seasons, gave significantly lesser tomato yellow leaf curl severity and long cayenne
pepper mosaic incidence than IN937a alone. PGPR mixtures also gave lower cucumber
mosaic incidence in particular field than in a single IN937a strain. Results from this
study showed that diminished disease suppression did not occur in PGPR mixtures but
rather increased in the opposite direction relative to a single PGPR strain application.
This indicates that combining certain compatible microorganisms generally provide
increase disease protection with more consistent performance than those applied alone.
Moreover, an application of compatible PGPR mixtures would be more closely related
to natural situation which might broaden the spectrum of biological control activity with
reliability of control. Also, the specific adaptation of individual microorganism at
particular environment may result in diverse performance.

Eventhough one experiment of long cayenne pepper in fields A and B in rainy of
2004 was totally damaged by insect and no data were available, significant disease
suppression of mosaic symptom caused by TYLCV in PGPR mixtures also occurred on
peppers in fields C and E in both seasons of the second year study. PGPR mixtures also
significantly suppressed a minor southern blight disease in field E of both seasons.
Moreover, strains of IN937a+IN937b also significantly suppressed a major bacterial
wilt disease in field D in winter of 2004 and a minor bacterial wilt in field C in rainy of
2005. Qur previous in vitro antibiosis study showed that PGPR strains IN937a and
IN937b were not antibiotic against Ralstonia solanacearum, Colletotrichum
gloeosporioides, and Rhizoctonia solani (Jetiyanon and Kloepper, 2002). With our in
vitro antibiosis study of those two PGPR strains against Sclerotium rolfsii also showed
no antibiotic activity (data not shown), suggesting but not proving that the control
mechanism of naturally-occurring soil-borne pathogens in this study is not a direct

antagonism. These results could be interpreted that strains of IN937a+IN937b had
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ability of broad-spectrum activity for induced disease resistance against TYLCV, S.
rolfsii and R. solanacearum on long cayenne peppers at various environments with
consistent effectiveness.

In the second year study, each grower differently applied fungicide to control
downy mildew disease in cucumbers during symptomatic appearance. However, plants
induced by PGPR mixtures (strain IN937a+strain IN937b) generally had lower disease
severity in both seasons in all locations and at least two locations (fields C and D)
significantly suppressed downy mildew throughout the season when compared to
nonbacterized control. These results showed that PGPR mixtures had similar or better
performance on controlling downy mildew disease compared to fungicide used in
nonbacterized control.

Results from two consecutive years revealed that mixtures of compatible PGPR
strains (IN937a+IN937b) expressed most consistent disease protection throughout the
seasons against broad spectrum of naturally infested by indigenous Cucumber mosaic
virus, Tomato yellow leaf curl virus, Ralstonia. solanacearum, Sclerotium rolfsii, and
Pseudoperonospora cubensis at different grower’s locations, having various soil
parameters. This may be concluded that compatible PGPR mixtures had a potential
application for broaden disease suppression against multiple diseases at different
variability in environments with consistent performance. Moreover, our findings
presented here was also the beginning of transferred technology to genuinely
agricultural community. Therefore, suitable formulation and delivery system of PGPR
product which is similar to chemical application should be further investigated whether
grower would adopt this PGPR approach to be one of their practices or not. Finally, to

answer basic scientific question, we are investigating whether similar defense responses
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of plants induced by PGPR mixtures (strain IN937a+IN937b) are sharing among

different pathosystems.
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The Effect of Intervention on Knowledge and Awareness of Pest Management and Biological

Control Measures among Thai Farmers

Abstract

Pesticide use for pest management has become a serious problem in Thailand. Attempts to
promote the adoption of environmental-friendly measures have been so far disappointing. This failure
is likely to be due to the incompatibilities of innovation with the adopters. Therefore, an effective
intervention is highly essential to switch farmers from conventional to alternative practices. In this
study, Diffusion of Innovations Theory was used as a theoretical framework to (1) investigate the
effect of intervention on farmers’ knowledge and awareness; and (2) examine the relationship
between prior conditions and the change of knowledge and awareness of pest management and
biological control measures. This one-group, pre-post, quasi-experimental study consisted of a one-
day lecture/discussion and a field demonstration, with one-, three-, and six-month follow-ups. Plant
Growth Promoting Rhizobacteria (PGPR) was used as a case study of plant disease biological control
measure. We found that the intervention significantly affected farmers’ knowledge. In addition, the
gain of knowledge was consistent in farmers of different age, gender, educational level, and frequency
of pesticide use. However, the activities did not exhibit a significant effect on farmers’ awareness,
except a minor improvement in the awareness of pesticide harm. Changes of knowledge and
awareness persisted to at least six months. We conclude that our intervention had a significantly
positive impact on farmers’ knowledge of pest management and biological control measures. In
addition, farmers of different prior conditions were able to gain knowledge from our intervention,

which indicated that our intervention was suitable for farmers of various backgrounds.

Keywords Diffusion of Innovations, intervention, Plant Growth Promoting Rhizobacteria,

knowledge, awareness, Thailand, farmers
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Introduction

The use of chemical pesticides for plant disease control is inevitable in Thailand since its
climate is suitable for plant disease development. In addition, most Thai farmers believe that
pesticides are the only option for maintaining the quality and quantity of their produces. Most of the
pesticides used in the country are imported. During 1999-2004, the total quantity of imported
pesticides increased from 51,344 to 99,829 tons, causing the escalated values from 6,417.46 to
10,370.69 million Baht (Ministry of Agriculture and Cooperatives, 2005). The Ministry of Public
Health (2004) reported that such continuously misuse and overuse of pesticides cause dramatic
impacts on human health and the environment,

Concerns about the negative impact of modern agricultural practices, scientists all over the
world have been constantly trying to seek for more environmental-friendly methods other than
chemical pesticides to regulate plant diseases. Biological control measure is one of the promising
methods which have been studied for several decades. In recent years, microbial inoculant technology
involving plant-beneficial microorganisms such as Plant Growth Promoting Rhizobacteria (PGPR)
has drawn substantial attention from scientists around the world. PGPR is used for growth promotion
or “biofertilizers” (Kloepper et al., 1986; Lambert and Joos, 1989; Kloepper et al., 1989; Glick et al.,
1994; Zhang et al., 1996). The technique can also be utilized as plant disease suppression or
“biological control agent” (Van Peer, et al.,, 1991; Hebber, et al., 1992; Wei, et al., 1992; Lin et al.,
1995a; 1995b; Raupach, et al., 1996; Kim et al., 1997; Rodriguez and Pfender, 1997; Jetivanon and
Kloepper., 2002; Jetiyanon et al., 2003). This innovation seems to be a promising tool for sustainable
plant production.

One of the Thai Government’s policies in the Ninth National Economic and Social
Development Plan (2002-2006) indicated that the country must achieve sustainable development
including human and environmental resources. There are many strategies to accomplish the
aforementioned policies such as promoting environmental awareness in rural areas, supporting safe
agriculture and natural agriculture, and implementing appropriate innovations based on research

studies to change the sector toward sustainability (Office of the Prime Minister, 2001).
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However, numbers of initiatives from both governmental and non-governmental entities to
promote the adoption and diffusion of more sustainable agricultural technologies among farmers have
been so far disappointing. Expertences from a large number of projects indicated that the problem of
such failure lie in the incompatibilities of the innovation introduced with the adopters (Laper and
Pandey, 1999). Hence, for these interventions to be effective, they should be based on an
understanding of what induces the farmers to switch from conventional to alternative practices.

Diffusion of innovations is a complex process involving many factors other than the efficacy
of the innovation itself. Previous studies have confirmed that an array of micro- and macro-levels
factors, ranging from psychological, sociological, economics to political, also play a significant role in
determining the process of innovation adoption of the farmers (Polson and Spencer, 1991; Warriner
and Moul, 1992; Fujisaka, 1994; Shiferaw and Holden, 1998; De Souza Filho et al. 1999;
Daskalopouilou and Petrou, 2002; Schuck et al., 2002;).

Most of the study on agricultural research and extension to promote changes in the rural areas
of different contexts successfully utilized Diffusion of Innovations Theory as their theoretical
framework (Black and Reeve, 1993, Morris et al. 2000; Reece and Sumberg, 2003). Diffusion of
Innovations Theory considers an innovation as a product, process or way of doing things which is new
to the adopters (Roger, 1983). This theory, which may be categorized as one of the information flow
and process models {Garforth and Usher 1997), concerns the process of innovation uptake. In
addition, the theory delineates psychological and social characteristics of individuals who change
more quickly and those who are slow to change, as well as factors affecting the rate of change and the
relationship between the nature of an innovation and the dynamics of its adoption. Furthermore, it
postulates that prior conditions shape the disposition of potential adopters towards innovations. An
innovation-decision process moves the decision makers from initial awareness to eventual adoption or
rejection of innovation. This process is influenced by characteristics of the decision makers and the
innovation itself, as well as by communication channels and agents of change.

Several studies in the past chose Diffusion of Innovations Theory as a framework for
analyzing and understanding the rate of adoption. However, most empirical research investigated the

determinants of the rate of adoption by focusing on characteristics of the adopters and, in some cases,
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the characteristics of the innovation itself (Fliegel and Kivlin, 1966; Adesinal and Zinnah, 1993;

Adesina and Baidu-Forson, 1995; Batz et al., 1999). To the best of our knowledge, there has been no

study which examines in details the five-stage adoption process described by Rogers (1983). These

stages include (1) knowledge, (2) persuasion, (3) decision, (4} implementation, and (5) confirmation

(Figure 1). Each of these stages has particular determinants which Rogers believed would compel the

adopters to move from where they are to the next level. Once they are in the decision stage, the

adopters may either choose to adopt or reject the innovation. Even if they decided to adopt, they could

later on discontinue doing so. Therefore, the process itself is very dynamic.
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Purpose and Objectives
In this paper, we used the model of Stages in the Innovation-Decision Process as a specific
framework to discuss the first stage of the process, i.e., knowledge stage. More specifically, the
objectives of this study were: (1) to examine the effect of intervention on farmers” knowledge and
awareness of pest management and biological control methods; and (2) to examine the relationship
between prior conditions (i.e., age, gender, educational level, and frequency of pesticide use) and the
change of knowledge and awareness of pest management and biological control measures among

farmers.

Methods
This one-group, pre-post, quasi-experimental study was conducted between October 2004 and
May 2005, as part of an on-going project which attempts to move vegetable growers from heavy
chemical use to the adoption of PGPR technique. The study protocol was approved by Naresuan

University Institutional Review Board.

Study Area and Sampling Design

Phitsanulok is located in the lower-northern region of Thailand (Figure 2). The province has
the area of 10,815 sq km. The main source of incomes of its people come from agriculture, especially
rice and field crops. Even though merely 29.8 sq km of the province is used for vegetable cultivation,
its yields are among the most important exporting agricultural products of Thailand, particularly
pepper and tomato. The majority of farmer was found to use pesticides aggressively and without
proper protection (Kanato, 1998). Huaysungnoen and Yeesoonpan (1999) reported a significantly
lower level of acetylcholinesterase among farmers in Phitsanulok, compared with healthy volunteers
in the area (p<0.005). This indicated a high level of pesticide accumulation among those farmers

which, in turn, would be fatally harmful to their health.
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Figure 2 The map of Thailand, illustrating Phitsanulok in the shaded area

The Intervention

Public outreaches to announce the intervention were conducted by the research team one
month prior to the scheduling date. All farmers who expressed their interest were invited to join a
one-day lecture/discussion and a field demonstration at the Faculty of Agriculture, Natural Resources
and Environmental Sciences, Naresuan University. Transportation was provided for those who had
difficuity traveling to the location.
Innovation-Decision Process: The Knowledge Stage

The important concept of knowledge stage is that the way to speed up the decision to adopt is
to communicate information about new ideas. The aim of this stage is to gain initial awareness
through knowledge and understanding of the purpose and functioning of an innovation. The theory

postulates that once an individual is aware of a new idea, the time required for innovation-decision
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may be shortened. Studies in the past suggested that mass media, group meeting, and word of mouth
were the strategies that could be utilized to increase knowledge and awareness of the adopter.
However, Morris and associates (2000) found that only a small number of respondents who had heard
about the innovation through word of mouth correctly described its features. Furthermore, the success
rate of gaining awareness was affected by characteristics and prior conditions of the adopter such as

felt needs, social norm, and policy environment.

Method of Gairing Initial Awareness

Our one-day intervention consisted of two parts: (1) a lecture and group discussion by the
researchers/innovators, and (2) a field demonstration. These activities were aimed at increasing
knowledge and awareness of the innovation among participating farmers. The lecture/discussion was
designed to include three types of knowledge about the innovation: (1) awareness knowledge, (2)
how-to knowledge, and (3) principles knowledge. Awareness knowledge is defined as information
about the existence of an innovation, or “what is the innovation?” How-to knowledge is the
information on how to use such innovation properly, or “how does the innovation work?” Finally,
principles knowledge is the information required to understand the functioning principles of the
innovation. The lecture/discussion began with the principles knowledge including plant diseases and
disease control, as well as general information on Plant Growth Promoting Rhizobacteria (PGPR).
The lecture/discussion then proceeded to the existence of the innovation (PGPR) and how it worked;
the outcomes and advantages of PGPR in terms of plant growth promotion, disease resistance, and
environmental friendliness. At the end, the how-to knowledge was introduced and field demonstration
was carried out. All aspects of the lecture/discussion were made in lay terminology. During the
lecture/discussion and field demonstration, farmers were given opportunities to discuss their ideas

with the innovators and their peers.
The Measurements
The effects of the methods on awareness and knowledge gaining were examined using a brief

questionnaire which was administered by a group of trained interviewers at pre-intervention,
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immediately after the intervention, and at one, three, and six months after the intervention. The
instrument was pilot tested to assess its reliability and validity in a sample of farmers in Phitsanulok.
The results from pilot study suggested minor modifications to the tool. The revised questionnaire
comprised of ten questions on knowledge and ten questions assessing awareness of the farmers,

Farmers’ characteristics and prior conditions were also explored.

Data Analysis

Changes in farmers’ knowledge and awareness as a result of the intervention were analyzed
by Wilcoxon Sign Ranks or paired t-tests. Independent samples t-tests were utilized to assess the
differences in changed knowledge and awareness scores among farmers with dissimilar characteristics

and prior conditions. The level of significance was set at 0.05.

Findings/Results

The Participants

Thirty-two farmers showed up at the University on the intervention day and consented to
participate in this study. The majority of them were female (23, 71.9%). More than half (21, 65.6%)
had some primary school education. The rest (11, 34.4%) had at least some of secondary school
background. The average age of the participants was 44.3+12.9 years old (range 23-70).
Effect of the Intervention on Knowledge and Awareness

Farmers’ knowledge was assessed by means of a ten-question test. The results of their
knowledge at pre-intervention, immediately after intervention, and one-, three-, and six-month follow

ups are shown in Table 1.
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Table 1 Participants’ knowledge of pest management and biological control measures at pre-
intervention, immediately after intervention, and one-, three-, and six-months follow-ups

Number (per cent) correctly answered

Pre- Immediately One-month  Three- Six-month
Question intervention  after follow up month follow up
(n=32) intervention (n=14) follow up (n=12)
(n=32) (n=10)
1. When is the 20 (62.5) 27 (84.4)* 9 (64.3) 1(10.0)° 10 (83.3)
appropriate tirne for
safely harvesting
agricultural produce
after chemical
application?
2. Can some fungi, 23(71.9) 24 (75.0) 13 (92.9) 9 (90.0) 11(91.7)
bacteria, and virus in
the environment be the
cause of diseases in
plants?
3. Can plants be 10 (31.3) 16 (50.0)*" 6(42.9) 4 (40.0) 5417
induced against
diseases?
4. What is “biological 11 (34.4) 17 (53.1* 2143 3(30.0) 4 (33.3)
control?”
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Table 1 (cont.)

Number (per cent) correctly answered

Pre- Immediately One-month  Three- Six-month
Question intervention  after follow up month follow up
(n=32) intervention (n=14) follow up (n=12)
(n=32) (n=10)
5. Can some fungi, 13 (40.6) 26 (81.3)*" 10 (71.4) 5 (50.0) 12 (100.0)
bacteria, and virus in e
the environment be
beneficial to the
plants?
6. Is there any measure 24 (75.0) 28 (87.5) 12 (85.7) 7(70.0) 10 (83.3)
besides chemical
application to control
plant diseases?
7. What is “PGPR?” 1(3.1) 27 (84.4)*™ 11 (78.6) 7 (70.0) 10 (83.3)
. What is the benefit 5 (15.6) 27 (84.4)>" 13 (92.9) 9 (90.0) 11 (91.7)
of PGPR to the plants?
9. What is not the 5(15.6) 25 (78.1)*" 11 (78.6) 9 {90.0) 9(75.0)
benefit of PGPR to the
plants?
10. How should PGPR 4 (12.5) 30 (93.8)*" 14(100.0)  9(90.0) 10(83.3)
be applied to the
plants?
Total score+SD 3.63£1.98 7.7241.84>™ 7.21£1.80  6.22+2.28 7.67+2.39

? Wilcoxon Signed Ranks Test, compared with pre-intervention
® Paired Samples t Test, compared with pre-intervention

 Wilcoxon Signed Ranks Test, compared with immediately after intervention

* p<0.05 ** p<0.001
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Table 1 indicated that, at pre-intervention, the majority of partictpants (60-75%) accurately
answered questions 1, 2, and 6, whereas approximately 30-40% had already comprehended questions
3,4, and 5. Very few were able to answer questions 7, 8, 9, and 10, which were specific knowledge
regarding PGPR technique. Immediately after the intervention, every question in the test was correctly
identified by more than 75% of the farmers, except for questions 3 and 4, which were related to
general knowledge about pathogens and biological control where approximately half of the farmers
obtained correct answers. However, this was significantly higher compared to pre-intervention (50.0
versus 31.3% for question 3, and 53.1 versus 34.4% for question 4). Correspondingly, total
knowledge scores increased significantly (p<0.001) after the intervention. This level of knowledge
appeared to persist at follow-ups.

Before the intervention, the majority of participants exhibited positive feelings about the use
of pesticides (Table 2). For example, 34% agreed that “In general, pesticides do not harm the farmers
who apply them.” Even though most of the farmers (97%) believed that the residue of pesticides could
reside in the environment, half (50%) believed that the environment would be able to cleanse itself
rapidly, One-fourth of the farmers understood that the consumers would be safe ingesting these
produces, and about half (44%) belicved that pesticides were highly reliable. More than half of the
farmers were convinced that their current pest-control methods were trustworthy (75%), and the use
of pesticides was cost-effective (60%). Positively for the aforementioned reasons, only a few (34%)
agreed with the idea of replacing their current methods with an alternative, The intervention could not
significantly alter their awareness, except for the item 7, “Pesticide residues can be degraded rapidly
in the environment.” That is, significantly fewer farmers agreed with this statement (18.7% at post-
intervention versus 50% at pre-intervention, p<0.05). Approximately the same levels of awareness

continued to at least six months
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Table 2 Participants’ awareness of pest management and biological control measures at pre-
intervention, immediately after intervention, and one-, three-, and six-months follow-ups

Number (per cent) agreed or strongly agreed

Pre- Immediately One- Three- Six-
Statement intervention  after month month month
(n=32) intervention followup followup  follow up
(n=32) (n=14) (n=10) (n=12)
1. In general, pesticides do 11 (34.4) 7(21.9) 3(21.4) 8 (80.0) 4 (33.3)
not harnm the farmers who
apply them.
2. There should be some 27 (84.4) 25 (78.1) 12 (85.7) 8(80.0) 12 (100.0)
other alternatives to
pesticides.
3. Pesticides can be resided 31 (96.9) 28 (87.6) 12(85.7) 10(100.0y 12(100.0)
in the soil and environment
after application.
4. Pesticides are highly 14 (43.7) 16 (50.0) 7 (50.0) 5(50.0) 7(58.3)
reliable in controlling pest.
5. Pesticides are cost- 19 (59.4) 20 (62.6) 9(64.3) 6 (60.0) 8 (66.7)
effective.
6. Pesticide-contaminated 8 (25.0) 8(25.1) 6(42.9) 7 (70.0) 5(41.7)
vegetables can be consumed
without any harm.
7. Pesticide residues canbe 16 (50.0) 6 (18.7)*" 6(42.9)  4(40.0) 6 (50.0)

degraded rapidly in the

environment.
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Table 2 (cont.)

Number (per cent) agreed or strongly agreed

Pre- Immediately One- Three- Six-
Statement intervention  after month month month
(n=32) intervention followup followup follow up
(n=32) (n=14) (n=10) (n=12)
8. Currently, farmers 24 (75.0) 21 (65.7) 9(64.3) 4(40.0) 8 (66.7)
already have a good
measure for plant diseases
control.
9. Any alternative method 11 (34.4) 8 (25.0) 6(42.9) 3(30.0) 1(16.7)
does not affect the current
use of pesticides.
10. In general, farmers 22 (68.8) 16 (50.0) 10(71.4) 5(50.0) 6 (50.0)

appreciate their use of
pesticides for plant diseases
control more than any other

measures.

<o

*Wilcoxon Signed Ranks Test, compared with pre-intervention
* p<0.01

We grouped the awareness items into three domains, namely (1) awareness of pesticide harm,
(2) awareness of ineffectiveness to costs of pesticide use, and (3) awareness of alternatives to
pesticide use (Table 3). Higher scores indicated greater awareness of the issues under consideration.
Before the intervention, the participants showed moderate awareness levels in all domains, meaning
that they are indifferent of pesticide use. Immediately after the intervention, awareness of pesticide
harm increased significantly (p<0.05). However, their awareness of the ineffectiveness to costs of and

alternatives to pesticides remained the same after intervention. At one-, three- and six-month follow-
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ups, the same levels of awareness in all domains were reported. Interestingly, however, the farmers

exhibited significantly lower awareness of ineffectiveness to costs of pesticides at six-month follow-

up compared with post-intervention. This drastic drop of awareness had not been evident at all in one-

or three-month follow-up visits,

Table 3

intervention, and one-, three-, and six-months follow-ups

Domains of awareness among participants at pre-intervention, immediately after

Mean+SD score

Pre- Immediately One-month  Three-month  Six-month
Domain intervention  after follow up follow up follow up
(item number) (n=32) intervention (n=14) (n=10) (n=12)

(n=32)

1. Awareness of 11.93+1.94 12.07+1.87*" 11.43+£2.28 11.20+2.90 11.42+1.78
pesticide harm
(1,3r°,6,7)
2. Awareness of  4.87+141  4.48+1.40 4.79+1.81  430+1.70  2.50+0.67""
ineffectiveness to
costs of pesticide
use (4, 5)
3. Awareness of 10.00£1.70  10.45£1.99 10.08+2.47  13.20£3.94  11.08+1.44

alternatives to
pesticide use

(r°, 8,9, 10)

* Paired Samples t Test, compared with pre-intervention
® Paired Samples t Test, compared with immediately after intervention
¢ Reverted scale

* p<0.05
%% 5<0.005
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Factors Affecting the Change of Knowledge and Awareness:

We hypothesized four prior conditions to affect the level of knowledge and awareness among
farmers, i.e., age (under/over 40), gender (male/female), educational level (some primary/some
secondary school), and frequency of chemical use (frequent/non-frequent users). The results are

shown in Table 4,
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Education Educational level was a very important factor to distinguish prior knowledge and
awareness levels among farmers. Farmers who received at least some secondary school education
exhibited significantly greater knowledge and awareness of pesticide safety and alternatives to
pesticide use than those with primary school education (p<0.05).

Age At pre-intervention, awareness of alternative to pesticide use notably differed among
farmers of dissimilar age groups (p<0.005). Younger farmers were more aware of other options than
their older counterparts.

Gender With regard to gender, female farmers demonstrated considerably higher level of
awareness about harms of pesticides than males (p<0.05).

Frequency of Pesticide Use Frequent users were defined as those who reported applying
pesticides at least once per week. In this study, we found no statistical difference between knowledge
and awareness among frequent and non-frequent users.

The results from Table 4 indicated no statistical difference in the change of knowledge and
awareness scores across hypothesized variables. That is, farmers with different age, gender,
educational level and frequency of pesticide use were able to obtain knowledge and awareness from
this intervention. Note that the change in knowledge as a result of our intervention was more evident
than that of awareness. All farmers of different characteristics gained approximately fours points of
knowledge scores after the intervention. This increase was statistically significant across subgroups

(paired t tests, p<0.001, results not shown).

Conclusion, Recommendation, and Implications

In this study, our intervention had an only indiscernible impact on farmers’ awareness. This
may be because our intervention focused on providing farmers with information on pest management
and biological control measures. As evident from our study, this piece of information was highly
effective in changing farmers’ knowledge regarding this issue. Knowledge, however, is only part of
the picture when it comes to attitude or awareness formation. According to the tri-component model

of attitudes (Ajzen, 1988), attitudes consist of the cognitive, affective and conative components. The
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cognitive component of attitudes is formed by knowledge, direct experience and related information
about the object. The affective component is shaped by the person’s assessment (emotions or feeling)
toward the object. Finally, the conative component is shaped by the individual’s absolute and relative
intention to practice.

Providing information may cause a shift in farmers’ knowledge. However, the other elements
need to be taken into consideration if one would like to achieve awareness formation. For example,
previous studies had shown that hands-on experience and participatory activities were effective in
changing farmers’ perception and awareness (Wadsworth, 1990; Bacic et al., 2005). Likewise, regular
visits by change agents were proved to be effective in changing farmers’ awareness and intention to
adopt new technologies (Williamson et al., 1988; Polson and Spencer, 1991; Schuck et al., 2002).
Luckily, part of our on-going project included experiments in three vegetable growers’ fields. These
farmers can act as change agents in their communities. An in-depth interview with these farmers at the
six-month follow-up indicated that both the field owners and their neighbors somewhat learned about
PGPR, the innovation under consideration. They, in turn, were likely to be persuaded to adopt the
technology through experiencing firsthand what is actually happening in the field (data not shown). In
our opinion, this approach has an implication of being helpful in increasing awareness of innovations
in the future. Certainly, more work needs to be executed in our on-going project to be able to change
the awareness of the farmers, and to be able to move to the next stage of adoption process, i.c.,
persuasion.

At baseline, the farmers were indifferent about three domains of pest management measures,
1.e., harm, ineffectiveness to cost, and alternatives. The intervention could only change their
awareness of pesticide harm, the change that persisted to six months. We hypothesized that the
content of the intervention mainly emphasized the safety issues, but failed to discuss the other aspects
of pesticide use such as cost-benefit or alternatives thoroughly. Equally interesting, we found at the
six-month follow-up a drastic drop in the awareness of ineffectiveness to costs of pesticides. This
drop had not been apparent in one- or three-month follow-ups. One hypothesis would be that, the
interval between the three- and six-month follow-ups was too long to observe this dropping trend. In

addition, the months between our three- and six-month follow-ups (February and April) were the time
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for farmers to prepare the area for next crop season in Thailand. During this time, pesticide companies
oftentimes heavily engage in various promotional activities to increase their sales. For this reason, it
may be possible that intense advertisement emphasizing the benefits of pesticides is communicated to
the farmers, causing an unusual escalation in positive attitudes toward using pesticide beyond our
expectation.

We found that farmers with more years in school were more knowledgeable of pest
management and biological control measures than those with less schooling. We also found that
female farmers were more concerned about pesticide safety than male farmers. Additionally, younger
farmers were more aware of alternatives to pesticides than older ones. These findings confirm the
presupposition of Diffusion of Innovations Theory that prior conditions play an important role in the
process of adoption. However, we did not find at pre-intervention any statistical difference between
knowledge and awareness levels among farmers of different frequencies of pesticide use. This finding
may indicate that some factors besides knowledge and awareness were critical in distinguishing
farmers’ pesticide use behavior. In other words, they knew and were aware that pesticides were
harmful, but still used them. Data from our interview with 32 farmers on the intervention day revealed
that serious plant disease epidemic during that particular season was the main justification for them to
use pesticide aggressively (data not shown). We hypothesized, then, that lack of effective alternatives
was the main factor in determining the use of pesticides among these farmers.

The last issue concerns the applicability of the theory itself. Since Diffusion of Innovations
Theory was created in western culture environment, there is a possibility that the theory may not be
appropriately applied in Thai culture. Future studies should also address the issue about culturat
implications and applications of the theory.

We conclude that our intervention had a significantly positive impact on farmers’ knowledge
of pest management and biological control measures. This change was robust, and persisted at least
six months. In addition, farmers of different age, gender, education level and frequency of pesticide
use were able to gain knowledge from our intervention. This indicated that our intervention was

suitable for farmers of various backgrounds. However, our intervention was not enough to increase

132



farmers’ awareness of the issues, except a minor improvement in awareness of pesticide harm. This
result was consistent across farmers of different characteristics.

Gaining knowledge and awareness about the innovation helps a process of adoption. This
process, therefore, potentially increases a chance of successful technology diffusion. This study
showed that the innovators could arrange potential adopters to obtain an early exposure to the
technology regardless of the stage of its development. In this case, PGPR was still in its early

development stage when the study took place. Qur on-going study, therefore, will be a promising step

in introducing PGPR application.
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Abstract— Two consecutive years of field trials on different grower’s locations showed that
compatible Bacillus amyloliquefaciens strain IN937a and B. pumilus strain IN937b
consistently provided broad spectrum against multiple indigenous diseases. The objective of
this study was to 1nvest1%ate the similarity of early defensive enzymes induced by PGPR
mixtures (IN937a+IN937b) in different plant/pathosystems. Four plant/pathosystems
including tomato/Sclerotium rolfsii, 101(1Jg cayenne pepper/S. rolfsii, tomato/Ralstonia
solanacearum, and long cayenne pepper/Colletotrichum g oqosgloriozdes were tested. Each
plant/pathosystem was examined independently at least twice in the greenhouse with factorial
randomized complete block design, at least 5 replications. Treatments consisted of non-
challenge control, challenge control, and PGPR mixtures. The factor was the day before and
after challenge with pathogen, Peroxidase (PO) and superoxide dismutase (SOD) activities
were investigated. Disease incidence or severity of particular plant/pathosystem was recorded
at the end of experiments. The results consistently revealed that plants in all pathosystems
induced by PGPR mixtures had a significant reduction of disease incidence or severity
ga roximately 41-50%) compared to challenge control. Substantial elevation of PO and
BIE) activities in PGPR mixtures of all pathosifstems were found during early pathogen
inoculation compared to challenge control. Low levels of natural PO and SOD activities in
non-challenge control were found throughout the experiments. This indicated that PGPR
mixtures (IN937a+IN937b) elicited two early defensive enzymes, 1.e., PO and SOD, in
association with disease resistance in four different plant/pathosystems.

Keywords—early defensive enzymes, PGPR mixtures, peroxidase, superoxide dismutase
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