v

WUUETURUINNS

Y

(Executive Summary)

1. Twazndeafisrfuwauanuiselasenisive
1.1 Foi309
mMaRaLuazaeneardndnTignsdsagauvsdvateaenug wazqaunsdnauasainiy
dmsunaniivinUasndouagldluguoy
Development and Transfering of Mixed Strain and Combined Microorganism and
Plant Extract Formulations for Food Safety of Vegetable and Farmer Community Use

1.2 YonnzIdY

37.05. g00R Useiiteeed AeYlIANY ANEINYAT  INT. 0-2942-8044
37.05. Uad AU AN INEN ANEINYAT  119.0-2942-8350
A3, gNatl Ny A LIANY ANEINYAT  INT. 0-2942-8044
A3, NIl WsTINIVing  anedvaigInen ANZINYAT  119.0-2942-8350

SA.AT. VINTTAU VRUA NIAIYINENFERSEILINADN AMLINYIANEAS INT. 0-2942-8036

weios. lanas olstu  edvAgiven ANZINYAT MUNGLEY 1N 0-3435-1886

n3. 3y UReud USEniesUfjUAnsnans (Wsswelng) 1in 1ns 0-2940- 6881-3

M3. AR B3I A1V TNENTIUNTE AnlEINeIeansuazinalulag
UNINYIRYFTIUAENS 3. 0-2564-4440

1.3 leSunuaanyuniside Uszdnl 2555 91wk 1,718,000 Um

588a1N1IT8 1 U ASue NINIAN 2555 B9 NINYIAL 2556

2. a3Ulasenside
LIS e NS ILasaevenndniurignsdnsagauniduatvaneiug uay
Aunsdravasatanyd nsundnisinUasndouazldluguyu Usenaudelaseinistes 3

1A59715 fo 1Asen1sgeedl 1 1509 NMINAU ARSI YeNadunsgvatvateiug wazgns

a

AUnISHaNa At UTUUTIgun ity Lasesnstos? 2 (593 Ussansamuainando

9

AsEnsANAANNANIANENUNTATE YIudeuda (U9) iiednmsunasdngin uaslaseinisges

a
Y
1 3 13949 Angamvesansansananuaun1eneInlun1sAIuANLLAIARIAYEN Fae 3

a

lasansiiingUszasdnanifednu iiveimundndousidonauqfunsdvatgansiug wazgns

RunIdnauivansanafiivniusednsamlunismivnulse uaziuasdngiivlussuunisuda
wuin lngudazlasansziimsfnuidaudseiuiUasiuauiessautoyaldedn ielagdiesd



(% 6

auinlauuTuldlumsiaungasndndud lnsudazlassnisaziinismaaeudssaniam

a

ada o [ v ¢ & acaa a a
ﬂ@ﬂﬂﬁiﬂ?ﬁ%‘wwuqlﬂ bYU ﬁ']‘EJWUﬁqLGU@ﬂﬁumsﬂmﬂﬂszﬂﬂﬁﬂWW?ﬂQIUﬂqiﬂ'ﬂU?’]NTiﬂLLagLLlIaQ

€

A =

M3y Y3aUsEANSAINYRIENTANAIINNYETTUYA LoeaustinIeasiinsusesy wassiuiu

Y

TIN50 NRUTEANS A nvesazlasing ewaunduansudndunansua

Y Y

e 3

a e v & a a6 v A da a a a' ° %]
ﬂau%iﬂﬂaqﬂﬁqﬂwuq LLasﬁ}aumam‘mmiaﬂﬂwsnwmﬂizawﬁquwem LLaSﬁWNqiﬂuql‘UIsﬁ

a 4A

luszuuniswdnfividnlaednslivsz@nsnim wazilugusssu uenandagldimuiianiy

3515 TANER usazAnwideyasusie veinssuisduY e esnndndusiunazgasi

q

= o dl 1 U % ﬂ! d‘ o a -7 ¥ 1 v d‘ v
Azilnalnazn1sinnuilaaeulanaeiu FeanunsaNnaziinansusluimuisesanlaiia s
Tudnwazdusaly

Usglewinlaannlasanis fie seuun1sdInnislsnnaswuasfnIivuuNaNaIuiiinis

THNARA U ONANIAUNIINA1YANYNUS LATANTIAUNIONANANTANANY NANNUNNUIUN
9 ] E]

q

wenfiudenen Fanuasnsanansatllldlade azain wagldlatuyntuneunisndniiy wag
WuUsnaeImsaanmUasnsdy SIunaduAnuaslasuiinsguduneeusuveinainiialy
waginaUseme  wazddneamlunisudsduiieannisiidrduanensandisdseina loy

aadmuiTlanntasinsasdulsslevisenunsnsanunsadmarnuideluldlunismuay

v

Ansirinlalaenss nuduaSuNISNEAT NTANNITINYAT Wasniieudus Naula vy

deganAUANNYNT NEUNYATNIANY wazrienuduiaula

unAngan lneauazunAngan1w1denge (Abstract)
unAnga

wuailiSeszuusinfiduasunisiasaivlavesiia (PGPR) 3 wila (Bacillus
amyloliquefaciens KPS46, Paenibacillus pabuli SWO01/4 w8y Pseudomonas
fluorescens SP0O0Ts); WUALIEAIUALLIAY (B. thuringensis KU52); uagansanaiy 2 vila
(AN9A1291: Tacca chantrieri WaEMUBUANENEIN: Stemona tuberosa) :ﬁﬁwmumimuqm
Tsasine 9 lufildvanevie; muauuuasdnsiivvesduvdosazdinlug; wazuuasdngdn
paddu widilsifinsiaundugranaundouldsuiassans nmmasgasnaulurdaasm
uardndiuasAUsznaufiuandaiy JaduAnwnmssuiuliuasliudsiuesauldngnsos
wewl 12 gns Miveaeuiilonanaztiluaninls 2 gadndeiu 7 n. vsren 9. awssayd wui
wandnsivdelud 2 gns MduniswauseninuuafiGedissuunniis 2 anewus
KPSA6+SWO01/4 71 1x10 cfu/ml w31 1:1; uwazuuafiBesyuusnuaniuLuaiiSonugs
Wiae SPO07s+BT KU52 dnsifenfiufiuansusn Tudiunauvedarsniguiuune Kaolin
Deshefix : SiO,: CaCOs : Lactose : CMC : FeSO, 80518 70: 8: 1:5: 14 : 1: 1 us5qhu
genanadndautuvuin 1 Alanfu 1AulY u gaumgiivies (28-32°0 w6 ifeu
(1x10 “cfu/ml) Tagldagniudn (1x10°cfu/ml) uazwiuly (1x10°cfu/ml) fiuszansnninan
Tun1sannsiialsn 5 wlla 19 1009 "@eAuineIn Pythium aphnidermatum, 91



‘1:1;’15’1&: Peronospora parasitica, 1Uﬁ;®5@L%a§uﬁL§8: Alternaria brassicicola, 13aLnan:
Xanthomonas campestris pv. campestris, Wagliway: Erwinia carotovora subsp.
carotovora); anuszyInsuuaidngivy 3 ¥ila (nueuledn, nusunseyin, maiansglan)
16 100%; uasiiinnandnazn 85% LeiTeuiisuiunismuaudeasiad (fungicides:
mancozeb + carbendazim + ediphenphos + copper hydroxide; insecticides:
cypermetrin + abamectin benzoate +_flubendiamide) NAR ST anauTT 2 GLE! Tiina
nsmvaulsanazuuadléinimauenlfidoiisiluudas treatment uay / vie nsléide
Wenusiazaiindanilu treatment ieatu Balundndu wansusinandts 2 gastl Sedniliiy
AnRanssueuleiundesmuioadfiudy 2 via (,3—1,3 glucanase way peroxidase) Feduwus
funsaanisvhanevesdngivasinfian uuafidermueidinsenlugnssauliuiu 12 ey
(1x10°cfu/ml) TnsUssgnaiduanadudioudl 6 vosninfuineu nsnuadsilsmuii 2
AATNANTENINMUATIETY SPO0TS+ATANANEIUNUBUAIENEIN LAy SPO07s+  a1sann
s aansiAnlsn (31-83%) uazuuasdngiiy (53-100%) nABATULTNNANER (21-22%)
I¢oghauansasadfidoiioudisutunisldanaiad o 2 granauilvnadfiandusudy
2 Uag 3 589310 2 gATHANKINTAUANEINY WagnUIgATHEN 2 gnIvadlinafviniiiey
ﬁ’umﬂ%’gmﬁalﬁm SPO07s lurauzfinisldlanizansanauuaumeneIn: ¥soanInam
wuiieneglasgnanidiinalunisauaulsauazunaiindi; wassiaeniunisldnauiu
SPOOTs  gmanaNvatIAuNIEnUANAnIiTLaransatnsTIuTRTunTsliusslovinonis
muAudngirlneinaunauetedsiu naenaulsifinansznusioulasdingsssuvId (e
aeudn uarsnumann) Tuneteldiueuvetssrinigdunisfisinsedlufiunasiiadi
adnauslagligniudsdeasiedidunsziaunilsaniounasdngfiefifinnsldsanlunis

0899 hazklatnandugitazimalulad NinglrvasluaenontasduasumAaLNensns wun

] [
ra w =

IFsunseensunasiduiidesnisvesnunsns Ineldndnsusivdnlnaifinmundusiaiunis
UftRveununsng tlendnfiusinuuudsduuasUaonsie
AAATY : NARTUNEUNTE FITT AN nelulad
Abstract

The potential useful of three plant growth promoting rhizobacteria-PGPRs
(Bacillus amyloliquefaciens KPS46, Paenibacillus pabuli SW01/4 , and Pseudomonas
fluorescens SP007s); one BT (B. thuringensis KU52), and two-plant extracts (bat
flower: Tacca chantrieri and non taai yak: Stemona tuberosa) have been reported to
control several diseases on multiple crops; insects on soybean and maize; and
insects on vegetables respectively, but the formulated compounds and effect of
compatible and combined agents on disease and insect control remain few studies.
Thus, after test for their compatibility with no in vitro antibiosis, twelve
combinations/formulated mixtures of these bacteria and plant extracts in various
carriers and ratios were examined in field-produced kale at Thoongkock, Suphanburi.
In two-consecutive field trials, two-newly combined formulations of PGPR strains
KPSA6 and SWO1/4 with 1:1 (each of 1x10" cfu/ml); and PGPR strain SP007s and BT



strain KU52 (1:1 each of 1x1013cfu/mt) formulated in a powder delivering system of
Kaolin : Deshefix : SiO,: CaCOs5 : Lactose : CMC : FeSO, with 70: 8 : 1 :5: 14 : 1 : 1
ratio, sealed in plastic bag (1 kg each) and stored at room temperature (28-32°C) for 6
months (1><1012cfu/ml), applied as seed treatment (1x10°cfu/ml) and foliar spray
(1><108cfu/ml), were most effective in reducing 5 diseases with 100% (damping off
caused by Pythium aphanidermatum, downy mildew: Peronospora parasitica,
Alternaria leaf spot: Alternaria brassicicola, black rot: Xanthomonas campestris pv.
campestris, and soft rot caused by Erwinia carotovora subsp. carotovora); population
of 3-insects (diamondback moth: Plutella xylostella, common cutworm: Spodoptera
mauiritia, \eaf eating bettle: Phyllotreta sinuata) with 100%; and increased vyield of
kale (85%), compared to chemical control (fungicides: mancozeb + carbendazim +
ediphenphos + copper hydroxide; insecticides: cypermetrin + abamectin benzoate +
flubendiamide). These two-combined formulations showed better control of disease
and insect than the individual strain and / or in integrated treatment of each strain
application. Moreover, they induced the highest activity of two-defense-related
enzymes (ﬁ—l,B glucanase and peroxidase) in level that correlated with those lowest
damage of plants by disease and insect. The bacteria survived consistently in
formulated compounds up to 12 months of storage (1x10 cfu/ml viability) although
population declined from 6 months. In this study, plant receiving mixture
formulations of PGPR SP007s+ Non Taai Yak and SPO07s+ bat flower had significantly
reduced diseases (31-85%) and insects (53-100%) and increased yield (21-22%),
compared to those plants treated with chemical that were the best results in the
second and third after two mixed formulations above respectively. Combined
formulations of strain SPO07s and Non Taai Yak or SP007s and bat flower resulted in
the same parameter assessed of the single SP0O07s formulation applied alone,
whereas these mixed formulations SP007s+ Non Taai Yak; and SP007s+ bat flower
showed better; and equivalent performance than Non Taai Yak; and bat flower
applied alone. Mixtures of biocontrol agents and naturally occurring bioproducts
demonstrate therefore, the benefit of integrated pest management for sustainable
production. The promised strains and botanical extracts did not inhibit naturally
occurred enemy (lady beetle: Menochilus sexmaculatus and assassin bugs: Sycanus
collaris) and the PGPR performed uniformity in soil and plant surface with no
inhibitory effect by fungicides or insecticides used in the experiments. Products and
technology were transfer and extend to farmer that the farmers accepted and
interested for their own use with conventional practices for sustained system and
safety vegetable product.
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