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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 KPS46 and
SWO01/4 with 1:1 (each of 1x1013cfu/ml); and PGPR strain SP007s and BT strain KU52 (1:1 each

of 1x10" cfu/ml) formulated in a powder delivering system of Kaolin : Deshefix : SiO,: CaCOs



: Lactose : CMC : FeSO,4 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 (1x1012cfu/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 mauritia, eaf eating bettle: Phyllotreta sinuata) with 100%; and increased yield
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,S
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 (1><109cfu/mt viability) although population declined from 6 months. In
this study, plant receiving mixture formulations of PGPR SPO07s+ Non Taai Yak and SP0O07s+
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 SPO07s 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.

Key words : microbial product, biological control, vegetable, technology



A135U8Y1309

%N
unAnge (n1wlne) n
UNARED (N19199N9Y) Y
UNinTau 1
A drLariiunveatlyw 1
ingUszasrvedlasansidy 2
swazBunauionlsisenindasimisuges 2
Uselgwifilesu 3
wihpnufitnamuddeluldussTovd q
TnssmAeiseeesi 1 5
- umih 5
- MIUIWISIUNSSUTLAET 09 7
- 52 eUdaluNTIvLaENANSITY 9

- pAUTI8LAYISaING 27

- ajunansideuavlaiauany 30

- UTIYNTY 33
Tnseniseidedoni 2 40
- uni 40

- mMsumwssanssuiietes a1

- 52 eUdAuNTIvLAENANSITY 43

- AAUTIBLATINTaING 60

- ajunansideuaslalauauwy 61

- UTIUUNTY 63
Tnsensiseidedend 3 66
- umih 66

- mMsumWssanssuiiedes 68

- 5usUAAN NN TINLAENANTITY 72

- pAUTI8LAYISaING 89




- ajunansideuavlalauaLy 89
- USTANUNTY 90
N1sHneUsITIUGURNsuasUssliuran1saiunuaevonmalulag 92

NIANUIN

96




A135085Yn1319

A51971 309 Wi

1 n37u3sNsldnandugdunIduazgnsadunsdnanivarsaianyly 10
nsdudanmaiaiguesdeannglsavesnzti #e33 dual culture uas
paper disc

2 wanIN13nTIvEUTINIUY ST INSUeAunISUUnvlundndmaidu 14
5388187 12 Loy

3 n35uIsnsldnandueigduniduazgnirfunidunauivarsananyly 16
anls

4 aldeselslunisuanasindsldmealuladivaulniuioudeutu 26
NITHARLUULANYDINEATNT

5 Snsnsmewndsveamusuledn S8 2 ndsanldSuasataaindu 47
A19AIENT 24, 48 wazT2 Falua wé’u’%ﬁmwmaaﬂm%’%ﬁjﬂu (leaf-
dipping method)

6 Sasmsdudanisiuenmns (Antifeedant index, AFl) vawmuouledn 48
Sy 2 Jeldsuansatmaindudnsnnifianududusiieg 7 24 4alu
wdasumsvaaamaaeuwuulilimiaden (no-choice test)

7 Snsnnsanevemueulein o 2 waeldsuasatnandudanamid 50
48 s ndausumneaedeedtnulurzilussiuideunnass

8 Sasmsanevosuaulednte 2 ndwnldsuies 8 thruringiensis 7 52
24,48 waz72  Falus ﬁé’qﬁumimaaﬂmﬁ%ajﬂu (leaf-dipping
method)

9 Fasmsmeveueuledne 2 ndsldsuidle Bacillus thruringiensis 53
7i 24, 48 uaz72 Filus TneTnululuseiuSeunnass

10 Usgsnsveaile Bacillus thuringiensis @newug KU52 levhuwa 54
fuansatnandeanasiienududuy 1.25 was 10% (W)

11 Ussmnsunasmgaztilunsiazduansi seninaduasin 1-7 Tuudasi 58
Wul,%a B. thuringiensis maﬁui KU52

12 Uszvnsusasingaziilundasduny szuineduanviil 1-7 Tuuvas 58
muauiliinslitadelag

13 AN dufiv u,azmié’uégqmm%aﬁuimmm3é’amaawﬁ 12 win 70

14 U85 N NUDIENTANNAINTINRUOUAENEIN NSINITNAGOUAY 76

vuounsEYinten 2 7 24 uay 48 92lus Ine389uly (Leaf - dipping)




A13URA1319

15

U5zANTNNVDIATANAINNTINUUDUAYNLIN HAINITNAADUNU
MIBUNTENRNTEN 2 71 24 uag 48 $3lus lagTnsduiianie (Topical
application)

7

16

a [ [ [y

U

Yo o a

yiinTo 2 71 24 uay 48 dlus ne339alu (Leaf - dipping)

78

17

a%ﬁﬂ’]W“U@\‘]%{m5?1'13?1?1@1/1‘14814@"18%8'1?1 NNIINANEFUNUNUBDY

a [ [ [y

U3 ANENTNVBIFATFNTANAVUBUAYVIYIN NAININAFDUNUNUDU

Y

N3N 2 7 24 uag 48 Tlus lnel5duiane (topical

@
o
N3¢
@
o

application)

79

18

LY

ansdudansnuems (Antifeedant index, AFl) ¥99MUBUNTERNTY
1 2 nasldgnsansanin vuowmeneIni 24 waz 48 F3l9 NAAUKUY

Tailinnaidan (no-choice test)

80

19

Wesidudnismevesmiueunssyinied 2 naaldsuninauvisnge i 24
waz 48 913 IaeT59ulu (Leaf - dipping)

81

20

6 @ s Yo o a % Y a 6 1 a
L“LJ’E)iL"?J‘LW]ﬂ’]iﬁ]’]ﬂsﬂaﬂﬁUSUﬂigmwﬂﬂﬁJV} 2 ‘ViﬁﬂlﬂiU‘VITVIL?,JUVW]'NG]VI 24

waz 48 $2lae Ine35dudanie (topical application)

82

21

Wesidudnismevesmiueunssyinuasnuaunszyen e 2 wad
LosunInwisnani 24 waz 48 Flus lne3aqulu (Leaf - dipping)

83

22

syauloulln199lanAdoUAILEITANANUDUANENYINTITLAUAIM
LUNTUF99)

89




a1350gn N

AWl i

1 anwauzidulowazlalaiveg Pythium sp., Alternaria sp., 11
Xanthomonas campestris pv. campestris, Pectobacterium
carotovorum subsp. carotovorum

2 waneUsEANSAINYRINARANNIRUNTSLUUNAN A AN NUSUAL AN 11
QauvIsnanasatairlunisdufinisaiguedsaineiu lsaly
eamesuse lsrvaulunes waglsanasyasnzii

3 I R e S R G N AR O R I ANV HY G DG RN R 12
AUV INaNasainivamsaduasuNIsOnNvsNAnAIn

4 fupounsudngduvidnauioann lnsgnsfenaniusenoudiong 15
wAnfusiiidoaunisnaaslutunon

5 anmuvasanseluggniad 1 18

6 anmuasaneluggmadl 2 18

7 msasivlnvesaztiluggniai 2 20

8 UNUAILARS Area under disease progress curve FAnTuainnsidn 22
Vﬁmw’e}u%a Pythium sp., X. campestris pv. campestris,
Alternaria sp. wa¥ P. carotovorum subsp. carotovorum izt
218 35 JU

9 HAKANINNTITNERTNanITRaUNIENaUAIEaneiUg uargns 24
AUNTIHANAN AR Y

10 feeeddudarIi wagddufsaiiy 43

11 N3afnaNsAIER3a rotary evaporator wagn13afindieds Soxhlet 44
extraction

12 fumeunisneaeuUszansamvesansatnaindudisaiasilunise 45
wuamariusnsivemsvemueulednty 2

13 FumeumsidsmueulednlusziuiesUfiing 46

14 a3ainAIAIIMEIURIEAT Soxhlet extraction Tagld ethanol 1Tu a6
fvinarany

15 nsnadeulsEAnsnnvesansatndnsandilunissudnisiuenms 48

Yasuaulenndy 2




a1350gn N

AWl v

16 nsduuasdngialagldnseuliivun 50x50 wwuRiuns wazn1sly 56
fudinnmilen

17 wuaadngefnyvesnztn 59

18 MydTIakLasing ity 59

19 wNUlATIAIIMINATIYDIETINAY stemona alkaloids 69

20 USinamuasiidrsaauszneude vueuludn vueunszyin nueu 85
nszyven uay sandainluusaveniinginuluusasnssuds ildgns
arsafianuounieveniUFouiisuiu nsuisdaiu nsldansad
wazHAnAugaunIdsIuiugasansaianuauneven

21 SnuarreinpztanuUameaesiianniudevEmauiangg 87

22 Wesdudnismevesmueunszyinde 4 ndnslienmsiieunayans 88

ANANUDUANNIINTITZZLIAIAIGE




