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JIDMANUS NIKAJI : DEVELOPMENT OF FORMULATION AND
APPLICATION OF Bacillus subtilis FOR CONTROLLING SOFT ROT
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NATTHIYA BUENSANTEAI, Ph.D., 121 PP.

CHINESE MUSTARDY/Bacillus subtilis/SOFT ROT/Erwinia carotovora/

FORMULATION/APPLICATION/FTIR SPECTROSCOPY

The aim of this study was to develop formulation and application of Bacillus
subtilis strain CaSUTO007 to control soft rot disease in Chinese mustard (Brassica
juncea). The strain CaSUTO007 was cultured in 3 different media. It was found that
molasses supplemented with diamonium phosphate and yeast extract (MDY) gave the
highest concentration of bacteria at 1.30+0.16x10° cfu.mlI* after 48 hr. The CaSUTO007
was subsequently formulated into a spray dry starter formulation (JNOO7 bioproduct)
under a suitable air temperature. Then, the JNOO7 starter was cultured in 3 different
multiplication media, and the bacterial growth was monitored. It was found that the
MDY medium gave the highest concentration of CaSUTQO07 cells at 8.2x107 cfu.ml?
after 24 h with twice shaking at 6 h. A suitable ratio of the JNOO7 starter to the
multiplication medium was observed at 0.5 g per 1 liter, yielding the cell
concentration of 1.7x108 cfu.ml? after 24 h. Five different decontamination methods
were tested to reduce other microbial populations in the multiplication medium. It was
found that 250 ppm of potassium metabisulfite could reduce the contamination
significantly, having only 1.0+0.14x10! cfu.ml? of other contaminants compared to
none when the standard autoclave was used. The ratio of multiplied culture and

multiplication media was observed, and it was found that the ratio 1:10 gave maximum



bacterial cell at the concentration of 1.47+0.86x10% cfu.ml. The formulation was
further tested for its induced resistance ability against soft rot bacterial pathogen,
Erwinia carotovara pv. carotovora (ECC) in Chinese mustard, MAXO018 cultivar
under a greenhouse condition. The result revealed that seed soaking combined with
root dipping and foliar spray at 10, 20 and 30 days after planting with the
multiplication culture of JNOO7 at the ratio 1:50 showed the significantly highest
percentage of disease reduction at 92% compared to those of the chemical and
commercial Bacillus, which were only 69 and 27%, respectively. Biochemical
component changes in the treated Chinese mustard leaves were analyzed at 7 days
after the ECC challenged inoculation by FT-IR spectroscopy. The result revealed
higher amount of lipid and triglycerides (1739 cm™), lipids (1460 cm™), amino acid and
fatty acids (1406 cm™), R-sheet protein (1631 cm™), protein amide I (1642 cm™), and
amide 11 (1560 cm™).The biochemical changes were suggested to associate with pectin
and lignin accumulation, making the induced Chinese mustard more resistant to soft
rot disease. Therefore, the starter formulation SINOO7 of B. subtilis strain CaSUT007

can be effectively used to reduce soft rot disease.
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2.2.1 @UNINIBIU ( Taxonomy) V04 Bacillus sp.
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Division : Bacilli
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Family : Bacillaceae
Genus : Bacillus
Species : Bacillus subtilis

Binomial name : Bacillus subtilis
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agent tnatiNszansnimlumsleeisvselanuaiisalunmsesydimn awaasluy
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B. subtilis

v k4
MNA 1 anHULNITUVITY (competition) “lJ’ENLG?fﬂ B. subtilis

(“ﬁM : Bautista et al., 2014)
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A A Aax 3'/ Y A o ana dy I [} [}
Tuns arugulsans laed 5uusziugaauansialedInveure Isatludiulvglag
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Colletotrichum truncatum, Sclerotinia sclerotiorum, Macrophomina phaseolina \' 0 & Phomopsis
9
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woyaunsslfilnuonvareytiankanasUFIULHIOATNY (toxin) GUGIHIOM T 159
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Ugdnsuaazyiiatios Huaunaldmsldgaunisdfilnduaazasednnanisaiuguie
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v ¥
MNN 2 aNBULMINA10TIA (antibiosis) YOUTO B. subtilis
(ﬁm - https://lookfordiagnosis.com/mesh_info.php?term=antibiosis&lang=1)

a =3

{ 1 wa a
2.3.3 mstiluils@a (parasitism) ouuaiiSenlauantiailulsda (parasite) 1111/

A

Aa v o A Aaa g YN 1 o 9 A ) [ 0o <
wiyedhae T Induiuw la lunnin msldarvauTsaiy 63ludszauanudise
A Aaan o aAa ] 1 1 a d‘ a dy d‘
MmUY RNTOWVVMTMIA18TIA U WD 15 launAAUNINAINTOI R. solani 11D

) dy aA . 4 aa Y 1 o A 2~
AIUANAINFOUUANISY B. subdilis T1OWUF RB14-C uaza1sialn loanunauazdngie &l
4 [ 1 1 [ 1 o o
%071 flutolanil WUI1N15 1¥51UNUTENIN B. subtilis A18WUF RB14-C uaza1s flutolanil
A1N50aaM3 Ma15Al flutolanil 11nUnAndeely 375 lulasnsunenszors anaunaeiies
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o A dy [ 4 = YR
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14 ¥ 1
J0nve9desiyosi Cercospora cruenta, Uromyces vignae W& Oidium sp. WU B. megaterium
Y4 Y4 o g’.} 14 ¥
A1WUE HT-NK-460 122 B. brevis 810WU G TZ-CP-342 a111506 189015900 003a 0313051
. . Y - A o L3
C. cruenta, U. vignae W% Oidium sp. Ulﬂ’gN 97.22-100 11)o5 15 UA uaziiieonn B. subtilis 714 2 1o
Y o v J an 4 a o §
Tgranndmildnareiugduasd§Fve rifampicin o ldaanusiuaulszannsinuag
v Y
VUAUDIANG1I WU B. subtilis N3 2 loTman dmnsnannnuguussveslsn 1@ 35.85-65.52
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v o A Y
i 3 M3tluilsaa (parasitism) Vou¥e B. subtilis
(ﬁm : http://www.yourarticlelibrary.com/bacteria/useful-notes-on- parasitic-saprophytic-and-

symbiotic-bacterias/6791/)

2.3.4 ms¥minl#nan1ud1umuIsn (induced resistance) WFAIWITDAT19AY

aaa s

Y 1 o g v A Yo ) .. o Y-

Mumuasmsiatgveure s ldiie lasumstniinindasmes (elicitor) 111509114 Tae
9 dy Aa Aa d 3 o 9 = zij A A 1 da’ @ o

TdgounaiFeniilse lomidluainszqususonuaiiizomiariawisasniinszuiuns

v W zil A Y = = A

Hosruduesnnnsynsnuousoa g 15Ny arenszuaumInesuaiinielumad e (e
= A o 1 YA Y o = a A A

99 Usziiinasd, 2550) gawaliimsadiveu lednaza1sduniimetnilosauesve sy
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' E Y
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A A a A o w ' & v 1 A

110180 NAY (cork layers) tWDUNAQUIAZTINAUDLIUALNS NFEEUuFe TUSedauou 9 M3

v F
ALANOINUNIOI (gums) V2 6VTINITIT AU Tanazyinatode IsAuerianaznIsaig
¥ 7
abscission layer o1l 9In U UWT NTLVBUAD (Agrios, 1997) U31891UUD Shetty et al. (2009)
[ < ' 9

Anb1n15 19 B-1,3-glucan Fuiludruilsznouveu¥ost Seproria ritici awng Isalugaludin
=) 1A @ 4 4 A da! dy dy

a1a WU msazay callose lumivsaguazioulmi 3-1,3-glucansae MnIu wonINT 150 B,

[

subtilis §a3inuavsa Tumssni v fesnan 1w un1u15a (induced disease resistance) 198
a . . a A g 7 v o A Y YA a

MIWANATT toxic metabolite UWFHANT W5z Towt lunsdmimsonszquinianani
1 j‘ =) )

ﬁ’mmummaﬁ Rhizoctonia solani WQ& Sclerotinia sclerotrium (‘L!’d‘lj 1INNINT LazAMY, 2535)
dy 4 [ 4 =\ Aa A g .

UBNIAN IIUUNS a3 UNS (2557) Unsnaaovulsz@NTANV0L¥e Bacillus sp. o 1yian

CaSUT007 tagnsas1a lvan $110u 4 anuudulumsauaiumsnsyan Tavesis 32073

blotter method W31 10 Tstan CaSUT007 aznsas1a lyananududu 200 ppm Hilsz@nsam

' a <3 @ {
Tumsduaiumssenveaudn ANueITINAZANNFUBIAUNWNMARe1ld Idanga ay


http://www.yourarticlelibrary.com/bacteria/useful-notes-on-
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= a a 1 a a a A 9 % = a o
Anylszaninmuazna lnlumsduaSumansy@aulanndenszquludnmeamonanusg
A 1 I 9 dy [ @ =
MAX018 TugninIsuGounaass wuIMIngnaaa01¥e lo Teaa CaSUT007 SIuAUMTRA
9
Wunsaw1a ladn 200 ppm 119U 5 A5 IR RIawn P ansuANgINT Iy Laz
Y3130 geiiga Bargabus azAmE (2002) 51891014 B. mycoides strain Bac J. 1182
B. pumilus strain 203-6 1 sugar beet I EE RN AT TATRY peroxidase, chitinase (L0 ¢ B—l, 3-
dy v A ~ 1 A A . a % o Y A a
glucanase UONIINT GUT1891UNTLY I LUANITY Bacillus awyiaasasni Innsna
Y Y [
ANAIUNIU LA 1FU B subtilis, B. pasteurii, B. amyloliquefacieus, B. cereus, B. pumilus, B.
mycoides a2 B. sphaericus ¥3¥1waamiina lsauazanuiunsslumsnalinvesiesrale sia
1 k2 1
1&un Tsannanniest Tsanmannuuaiise Tdaeudessinily Tsalauni Tsaddunaslu
I 2 o ' Aa a
Tsd Wl udu (Kloepper et al., 2004) UoNINUU §33151891UN MISAY B. pumilus a3Tudulgn
Y
A1150aan30a 15A9171% 0 1958 Cucumber mosaic virus TNV BINAAA 1@ (Zehnder et al.,

2000)

microbes
MAMPs/DAMPS
chemical inducers

mobile signals
defense priming

phytoalexins
callose/lignin

M 4 Myrmih lfinanudumuIsn (induced resistance)
UNE https://www.researchgate.net/figure/271389442 figl Fig-1-Scheme-of-different-

types-of-systemic-resistance-The-systemic-acquired)
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Y o A FIR) 9 A ' i Y o Y ' Y A a
Tsaiateny lade Taseadvvesnynowetiviiats laun msaranaeunily (wax)
Y 49! d' [} a ?:I d' g’/ . dy 1 Y A ]
Truvume o numsmIzAaUa1iINITNTY cuticle VLB IR NENUNIUADNITUN
v dsl dal o ] 1 =\ o 1 j’ ~ Y o
nzgrILYeu¥e uonniiduriaazjlinvesthalulianudryaewe idviateniain
2 o P ' o s X v 1 o
lusrunsanuninveswivsadizaetosnumssenvesdloiyesi 1dernuiniu (ginas
~ ' Y A A 9 2 @ a 2 o ~ dy 1 A ]
voa 16T, 2554) Aau TATIaS NNNYATNUURAIYNFNTIUIZINATUNEIINNIFOND T AT
1 F
maeiilosnnyonalerialaosasaioonu gy 19U NMIHARAITHE S glycoprotein

J a = Y y . < 9
u,amau”lc]smmigaumﬁ”lmﬂ cutinase, cellulose (8% hemicellulase 1Wuau

Plant Defense Responses

, L Signal transduction J i t # Signal transduction ,
©

= g ow

w APRs
“ ﬁ
signal
transductian 7
related
<= SAR

PRs Enzymes |
Pathogen attacks
Wounding
Phytohormones
Chemicals
Stresses

Signal
transduction

Structural g
o roteins. < signal
: PRs

MW 5 nalana1nTaad19ueIN e (structural defensesmechanism)

(117 : Kumar, 2013 )
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2.4.2 nalpmazuai (biochemical defenses)
Y
wonnisaziosnuae Isaiviiatsainna lanalaseadaldudn Avdiadaans
[ = = a A g a 1 Ay A o 1 Y zil
dosnun1edund Taenmswanaisainduivaode laoas ietlosnuliliyegnaiy

Az lndui s

9
1

9 = =\ a dy Y o [V Y o Ay .
Mg easyandausonaiu lanineunasiaimsitinalevese (Agrios, 1997)
v Y

2421 @15ANANFNAATUNOUNITYNIG1111818 (pre-existing biochemical

v . k) 4 f A
defense) Taon Tz adaasmmlmodugamstiiatsveuye laa laun lusssumnansoy

[ ) a [ ¥ a [
aatdosarsmiuiiynuiye Tneasd (fungitoxic exudates) | U A FUINFHATIA 19815
g
Y
phytoanticipins ﬂEJ‘L!QﬂﬁgﬁﬁmWEJ‘LJ’EJﬂi]muﬁG]fETQﬁ’%}NW’Jf‘l hydrolytic enzymes LU chitinase U
) F

glucanase FIWTVIUYD 157 (Agrios, 1997)

v
=

= ~ 9 3 [ o . . .
2422 @13FIANNANFAT1IIUNA91011590191111818 (induced biochemical

1 [

A & v A oA 2 o - A g @ v
defense)tll@LT@I??]HJ’I?T‘I?TL!WGK WBILLINA ﬂluﬂluimimaQamﬂ‘mnmwaum%aa agauny
b
1 1 I
#15U190819V0 9T 0 (elicitor) 15U glycoprotein, fatty acid, carbohydrates i8¢ peptides Hudu
Y Y i1 9
Fﬂ’lﬂuuﬂzﬁ%}'l\‘lﬁ'lﬁslfﬂlﬂllllﬁglﬂﬂﬂgﬂﬁﬂ’]%ulﬁﬂﬂq@ﬂWiW@luﬂlﬁgﬁ'lﬁ'lfllﬁ?fﬂiiﬂtﬂﬂ
AIzUAIUMIRIUMUUIN U ATe1AIna1 1a1n 1) hypersensitive response ABINANITAY ol
) ] A ,i’ Y o [l <3 A Y 1 dy 1
GI'HLWuﬁﬂl’ﬂﬁl"b’aﬁﬂlcﬁﬂ!,GU'WITﬁ']fJ'l’)fJ'Nﬁ'Jﬂlﬁ'JLW@ﬂ@ﬁﬂuﬂ13ll1/‘|ﬁﬂﬁ$ﬂ']ﬂ“ll@\1lclff]ﬂﬂiﬁﬂ 2)
I o PN 4
salicylic acid (SA) 1 uday 1 Twsanafinaa1n HR e ldnszqunisuaasoonyoq
pathogenesis-related (PR) protein (Ryals et al., 1996; Maleck et al., 2000; Wang et al., 2006;
X 2
Vleesschauwer et al., 2008) 3) AIA314 reactive oxygen species (ROS) Fu U UAUDIULTN
A A é’ 1 a ~ A . 2 g a

vossnavu lumny 5 uivenuaIsnIn superoxide 18& hydrogen peroxide (H,0,) FUYUNY
[ Ay ° Y o = <3 dﬂg .

A010 157 lagnsagi IR HIUsaal A5 U (Thordal-Christensen et al., 1997; Shetty

v v’ . o q ¥ a s £
etal., 2009) 4) N9 319 nitric oxide (NO) WTiﬁLﬂﬂﬂ?i@WﬂﬂlﬂﬂL"’]fﬁavlgﬂﬂﬁgﬁﬂujﬂﬂ ROS g
o o

5) Msasa pathogenesis related proteins (PR proteins) UsznouaraTisAunazeulaying
wihnanvatelunszuaumId umuuesiy @ura Usznoan, 2554; Van Loon, 1997;

Chen et al., 2000)

2.5 MINszAUNMIRNAANNMUMY (IR inducers/ elicitors/ actvators)

Tunisnse mmi@%ﬂuﬂwW%m@mmmumummmm Iiﬂﬁ%%&ﬁ}ﬂﬂﬂ1ﬁﬂ
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s X X aA ) o ' X .
Uz Teml iyeaunglsn (FesmuaiiBense 1ie) druilsznovveusenalsa (coat protein
¥
9101254, glucan 1@ chitin 1INF¥BI)
Ig N A d’d U A \J a a a
251 WwoanuaNSanlguaniAlumsauaIuniswiaAula (plantgrowth
promoting rhizobacteria, PGPR) uazFnInANMUMUNY
3 1 aa o IR ' '
PGPR 1lunguueatuanzeranvalsaewug sadulvszegluana Pseudomonas,
I Y
Azospirillum, Azotobacter, Bacillus, Burkholderia, Gluconacetobacter W\ & Serratia wWudu Tag
' ' ' Y 2 A A A 1 dy ' 9 a a
PGPR daulngjaznueglnanusnasiniy nuanizemaill 91s5en5squmsnigay lnves
A 1 Y a A d%l Y a a A Ay Y A
Wy $relinandavoaiiygaiu nszuirums lumsnszdumsniayan Tavesisll 14 2 nefie
Yy 1 Y Aa a A Y 1 [
n9ase 1dun nszuaumslumsnszqumsniyan Tavesiy Tasniease laun sred00519
[ a 1 A d o o %
Woaresaluau Ideglusdiniulse Towii lddyawnsoir I 14 18unvu a¥adle
o a ' . o« . . . s !
TuTaswulinuNsnanais phytohormones 154 auxin, cytokinin, gibberellin (HUAY %800
a a A 4 4 . 1 o <
anuduTuvesoniauluiyannionandines 15Wes (siderophores) Fro1h1s1amman U1

a

A 9 S Y dﬂg 9y a a A 9
W%Mﬂiﬂwu"lmwmu Lm%ﬂi%‘ﬂ’)ufﬂimluﬂ']'iﬂi$ﬁ]uﬂii!ﬁﬂﬁﬂJLﬁ‘UIﬁ“U’ENWGHLmSﬁiNﬂM

@

A

v v Y 1 A ¥ A A a &

AN uazn1den laun saelunmsaaugulsany N lsansnmanndosiauneg Isans
d" a A A a an a0 Hq ¥ A a

vazirouuANGoa e 15ANY #aaa151UB U (antibiotic) N1F1un1sAIUALTIANY HAA

P ' o 7 ¥ B

u lasiNamsndosmivagadyourd 1@ 11 15ANY HAAEIT antifungal metabolites 13150

o o 4 Ad P ¥ L, o Vo o

finadsuasiquanindluilse Temivoude Tsaiai ldaumnsodosnumsunswusg wazns
o J a A J J . % o

Yo IUVEUT I5ANy 18 lnon1snanTiApS 13007 (siderophores) (M1 1A88139 LazAME,

Y v
2555) UONINUY 695518911 ¥D 9 Domenech A AL (2006) MWL B. subtilis 1AL B.
Y
licheniformis inalumsduaiuniswigmyulavesnsnuazuzinmad1e UonNI NI NISUY

1 4 o A A 1 1 o 4
ﬂGUWU‘ﬁfﬂ]}ﬂﬂiulcﬁamHﬂuaa‘c’lﬂlENLL‘Uﬂ‘VIL‘iEJ B. subtilis E7-17 ﬂﬁ)uﬂgﬂi’n\lﬂﬂﬂ1ii1m%ﬂﬁ1u

E]

=

a %’ @ 4 a [ 1 ]
aunsaildesiinsniaaulalda Tagldiminmae 3.12 nlanfu/Mu uana19ed19l]
v o @ aa o An A [] =\ a 4 a [ =~
wedaynananunssuasn lulimslduuaiiselfilng fe 1.75 Alansu/mdu nazluil 2008
. Y= a a v o Y a 9 1
Buensanteai 1aAny1M15HaveIn sy Tanazgmi ldimaanudumuas Tsalugayu
o A Y . . Y Y,
0211804 Taald extracellular proteome 910 B. amyloliquefaciens KPS46 1Ju@inszqu nazlu
A W Y o = A 9 & A = ~ 9 Y a
Hdam Idimstnuimaesounnuniouvesnunasssauiena lniinsgnszduldinaniu
v v . . & o v . 2
aunulaels B. amyloliquefaciens KPS46 111 uaIn329U (Buensanteai et al., 2009) 491N

a s X Yo = 9 & a a ¢ o
Aassal ey (2551) 1avimsdAneimslsounaiSeUfiny P. fluorescens d109WUg

Y o I~ @ ] °

SP007s L B. licheniformis Z‘TWEJW‘L!‘ET SP009s 3Jmm13ﬂ’qﬂmamamumiﬁﬂwuﬁ’uﬂzﬁm
Y &’ A A a 4 Y v  JdA a a J A

ﬂﬂﬂﬂ?ﬂlﬂf@ullﬂ‘VILSEJ‘]JQ‘ﬂﬂHW‘]J’J”I‘VN2fﬁEJ‘W‘LlljiJ‘]JiSﬁVl‘ﬁﬂTWijﬁiuﬂ1§ﬁﬂm’illﬂ15

n3yay Tauazaannuguusves Isanitaz 1d
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Kloepper et al. (1980) ttag Weller (1983) ﬂanmmaﬂmm Chickpea ‘Vlﬂaﬂﬂ’JfJ PGPR
ETW‘W'Ll‘ﬁB subtilis AF1 1Laig P. fluorescent RBT13 1%Nﬁﬂ1uﬂ1iﬁﬂaﬂﬂlﬂu"]ﬁ] Fusarium sp. ‘17]
Fuaungveslsaiion muﬂiz?m%mwcluﬂmﬂuwaﬂﬁﬂﬂ‘yuazmahﬂmﬁ’mmmnma

a £ o 4 = A a P A
HIDBUNUATIILUAAIDINIIATOUATOITINUALAINITOATIVNUNVTNIVIIN AT U UMY
Y
a a a 1 o 4
MsnTaAulauaznananveIne 1a LagWuINTD Serratia plymuthica ¥19WWF R1GC4
Y [
a5 deInuMsa18Y0UT0 Pythium ultimum FIEWNT0FNIIANUAIUNIUIUD ISR
(induced systemic resistance) Tunaann'ld
Y = % o Y Y a
Chunquan et al. (2000) 185 n15@nuIANNaINIT0 lumsFmiiinnuduniuliina

[

Y I
VUNULA9AB 157 root and crown rot NNAIN Pythium aphanidermatum 198A15 PGPR @13159
@ o Y a 9 @ A 9 [ @ 4 2 o Y A a

s ldinaanud uniununyla wu P, corrugata Aewug 13 amnsaynirlvingina
phenylalanine ammonia-lyase (PAL) G]NLTJ Ue m aqu (precursor) YBINTTUIUNITNITEAS
miﬂisﬂauﬁﬁmmgﬂuﬁwiaiﬁumd 114 9) 39U phytoalexins (JUAY UaZHAINAT
nszquAINaaIIT0eg lanelsEuia 16 11 1HUIREINY peroxidase (PO) 11AZ polyphenol

] Y ]
oxidase (PPO) Niwgnnszduliimsaswuuinienasnnild PGPR W lusgunm 2-5 Tu
¥ 2 ' Aa 9 X Y 2 ) A Ao qya
nalasyseneuans q nivaswvuniuniuna laanudumuvesisii i nyaunse
9
MUNMUABIYO P.aphanidermatum 81319 15718
. i ' 9 . .
Buensanteai et al. (2008) 112 Buensanteai et al. (2009) WU N5 1% B.amyloliquefaciens
J a Yo A = o < a 4 = a . .
gsedudsulioamaestinsdunsizilSuiuvesees luunswila Indole-3-acetic acid
A 3 1 a a a I~ 3 1 J I J
(IAA) ugaau Taove lildudsuas gy Ta laauinaiunat 30 e5idud uazamnsonszqu
o 4

THouvmaeslinsuanioonvoon o glucanase, peroxidase, phenylalanine ammonia lyase,

aaa

4 a
salicylic acid, jasmonic acid L& ® 8 Y FinosUnilosauieariaresialunszuIunig defense

mechanism GU’ENE]?Jm’d’ENLW61%@6@?1%@]6ﬂWSLSUWHﬁW"U@QLGHE]LL’UﬂTILiEJ X. axonopodis pv.

glycines aung lsnlugayunaniaed
. Y=t X o o A
Liang et al. (2011) ladnyIANEINITAVRY B. megaterium @1OWUT L8 N1y PGPR
) Y Y a L%I [ 1 A A a dy .
GIfﬂ‘L!”lﬂ?J”liJWW”lﬂﬁLﬂﬂﬂJuiuummm’eﬂiﬂTﬂmmﬂ@ﬂumﬂﬂmﬂwaﬁ P. aphanidermatum
1 A 9 . o J A A g a
WUIN LiJ'l’)‘lG]f B. megaterium SYNUT LS8 ?UW?Tﬂﬂl@QLL@Qﬂ?TWlﬂuIﬁﬂ ﬁ?ﬂ'ﬁﬂaﬂﬂ'ﬁlﬂﬂiﬁﬂ
Y ' A 72 & s2 o o v A o
llﬂﬂﬂ:]”lﬂ"lillllifﬂ 10 83.45 Lﬂ@il%’u@] 1ag 31.68 L‘]Jmmmsﬂ ANAIAU N 28 U
g‘/ dy a o Y] ~ a 4 1 A A Y Y j’ A A
muiumua%mm NYTA LIAYTUUN (2550) WUN NENNITEAUAIUFDUUANLTINTY 2
a ' @ 4
¥ia 1Aun Bacillus sp. @18 NWUT IN937atta e IN937b (plant growth promoting rhizobacteria:
a 4 ]
PGPR mixtures IN937a+b) ﬁﬂ%ﬂﬁmmmu”lcrnﬂﬂﬂamummaiuﬁ’uﬁ% 1% total peroxidase

v o 0.1

U tatal superoxide dismutase LW?J"UH?JEJNTJ@LTJ HazuINNIB YNNI E 1A ﬂ?ﬂﬂaﬂﬂ1i!ﬂﬂ



a ~

° X 2 aw . ~ A g & o
WMawuo e aMa UeNIINUNUITUDI Buensanteai ttazaaty 111l 2009 2'ld1Hroqaunio
o 4 2 o W 1 o 4
PGPR B. amyloliquefacien @18WUF KPS46 ¥niinuvaeslidruniuaenisdiinatove o
uUAE o X axonopodis pv. glycines ANWA 150 1UAYY FIn52AUN158519 Phytohormones
] v
jasmonate 11a¢ salisaylate W3 ounav o1 ldinan1sa$19 SAR uagdadayayra lu ISR
4 14 o 4
pathways (Vallad and Goodman, 2004; Buensanteai et al., 2009) UBNINY FIUUNT LAIIUNS
<} 1 o ] Aa Aa
(2557) 1in3AQAIAARIY Bacillus sp. 10 19staa CaSUT007 SINAUNITRANUAIONIALA lwan
9 ' % = = ' @ = aA
ALY 200 ppm TumsAugu Isanitaz luAnNaeI1da wu Anniaeddatians
] Y H v [ Y
salicylic acid (SA) IWUAUT 48 $2 119 HADANINY 4.27 pg ¢ fresh weight HazimanugIIu
a ¥4 & 0w . a 4 2 4 & "o
NATIN 96 ¥ 1u9 A1 5 VA5 phenolic compound UNTINVUUN 24 ¥ TU9 NN 2.35 pg
] Y 9 v v 9
gallic acid equivalent/mg dry mass 1Az UMSIANFIVUDNATIN 96 32 TwuFUAY UoNIINTIND
a 4 4 J o = = 1 = =
Wnszeenlsznovvessianielugaannmaenla wu Insazanved Inundsen (K)
= I o ' ~ A A 2 A
HUIMUA (Mn) tazivian (Fe) aAa1ad ANINNMTAZAUVDITIALUAALEEN (Ca) MWUTIVULND
~ o A a v Ao 0 o Voo o o A
neufeunuiylnd siquiaiilianudny lumsdsdyaransiauveseoulyd auzd
~ ! Y o JA A < A Y o &
uaassene i misradnsiinnuudasanednilesnuesnnmadniaisveare Isa was
dy Y 1 U a a a Y Y o = a9 ]
NN GadusnFIeauaIunTIyas o uaznszquliinniamerladuniuaeTin
H 9 9
uazimannFenuniize E. carotovora pv. carotovora hl@%}E)EJNilﬂizﬁﬂ‘ﬁjﬂW HonNI N
' A A a o = ' ' '
Marten ttagAaie (1999) 31891491 uuANB el Iy B. subslis B2g G30g 1ugiuunaia 9 1wy
¢ < o {
UNIYD E‘Tﬁl,!fll’maﬂﬂﬁﬂ’é)‘i (spore suspension) iagagniuaa (seed treatment) mmmmmm%
51 R. solani W8 F. oxysporum 19Wa® yazi@e1nuaiuisoduasumsnsy@yuIaueq
@ ° =) Y
muaziu nevala vazunannla
A X da v da wa 1 A ¥ A
NN FONANYINA DIV NABHUFUADANTAAUATUNT IFF 19115V INY
A 4+ YAy & A o ] wAa
paziiuie luTasnulinsdae wenuanFennaienug azmunisnadouauaualuns
I == a 4 o W A 1 o o Y A
AunuanGelfindairugulsad1Ayvealnsaid o aaoasunsnadaunssniiilvny

a a 9 a9 A d‘
L%itymuimmzﬂizquizuugumumummww (GRERNITY)
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]

d' == [ g A a o 9 1 = a a o a
MNN 1 LUANTYTIINUTAN 9 ‘ﬂmwamumﬂwmmiumimimmﬂmmz‘mmgu

Y A A
@nu‘ﬂ’luW%!W@ﬂ?UﬂNIﬁﬂ

=

= J t:' a a \J a
HUANLIY AN ‘]Ji3’GT‘Y]ﬁﬂ1W11—!ﬂ1§ﬂ’JU?;lﬂJiiﬂ/ﬁﬁlﬁiN

a2 a A 1/
ﬂTi!%’iﬂJm‘UIWIJi’NW‘U

@ [

B. subtilis CaSUT007 Hudnlenas  dugnlznds: Tsalulnd Tsnlugae
uaanN: 15a launil s1n1u
W3n: Isaueuunsa lud
A ; 1
wyasznanzvia: lsaninas Tsnluga
B. amyloliquefaciens KPS 46 0311293 9mans: BCA augulsalugayu
Tsaueuunsalua TsalSa sMv uag
SCLV Tsaiineay 15a159918; PGPR
Ina: BCA aruqulsaied Tsnad
1 I
gunin Tsaly'lvifuma@dn; PGPR; ISR
2
muazu: BCA muaulinlugaainde
FRERRE
. . . ] A A
B. licheniformis KS217 A 30 Tsﬂiugmmﬂmw (Pseudomonas
1ae Xanthomonas)
d (] 1
Bacillus sp. YP28 171 Tna anna: Tu'lvduwadn, S1dunin

Aaa = o
LUANLIY, Tﬁﬂlﬁﬂ?ﬁﬁn@l

1/ dy a @ 3‘; dy A 1 a a a A ) a 9 A
BCA = Lﬂf@ﬂgﬂﬂﬂﬂﬂﬂﬂﬁfﬂiiﬂw%, PGPR = mmim”ﬁmmumﬂmwmax ISR =¥NUIDUATUNIUNY

ey

d' (% = A o
n: aanlasangana 1szineand ; 2552

v
¢ o

2.52 @IRUATIZHNTNNIFNAAINAIHNIY (synthetic resistance inducer)
o s v o Y a Y I A o P )
msaeasizingmh naanuaumudluaseildunsignnainsasniissuy
Ay o A Y Y o dy A A a a
piigununalindesnwesnmsdihatsvousoa g Isaisiivaleyia 019
I
2.5.2.1 Benzo (1,2,3)-thiadiazole-7-carbothionic acid S-methyl ester (BTH) 11 u
[ 4 { a Y g}/
asaldunsgdNamnsanszdun1smna SAR Tagagduda catalase 11aY ascobate peroxidase
enzyme 1AANI11815 SA (Wendehenne et al., 1997) @nsanszduliinannudunivlaluiy
a £ ?1}/ g J ! 4 L2 A {
nagiauardudurens 15a lase19n319v219 oNIAT BTH SUNNATHAAI00AUDITUN
MR uTzULT oA UAIVEINY 13U phytoalexin biosynthetic enzymes, proteinase inhibitors,

hydrolytic enzymes, antiviral factors Lt 8 & pathogenesis—related (PR) proteins (Eikemo et al.,
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Y
2003) Anfoka, G. H. (2000) 5169114711899 1nW Y BTH 7 Tuneutlgnie 1a5a CMV-Y wumn
[ a J 14 A ] 1 dy A
gasImsinalinanad 12.5 ediua TasuziWome lindao1nsa1Lazn1sA1eveLiiome
Tunazlis1eUNUIHAIYN peach fruit TUE1582a19 BTH @1013000YUIAUHALAZ DA
a Ay gy Yy A o 4 .
N1510A 1A N5 Penicillium expansum laamunisriiauveaeu lay phenylalanine
Y
ammonialyase (PAL), polyphenoloxidase (PPO) ttag peroxidase (POX) laaau (Liu et al., 2005)
) = a a Y g’/ z 9y 9 S = a a =
Uswudalszaninwmsdugssnihaludnamanazansallssansningeda 10
o S aA A Y v A v 1w A
diadt uanuraulanedInsnnTzauANUATUMUTUNZIVOIMA HAZNIUAZITUAD IFNFNIN
broomrape (Orobanche cumana) Taane (Buschmann et al., 2005)
a a o 4 a
2522 n3aw1a lsan (salieylic acid, SA) TusdunsizduInINnIADLN TU
. L4 . . 3 s A 2 A
phenylalanine Tag1e1 193] phenylalanine ammonia lyase (PAL) SA 1 ugos IuuiiswHaniland
{ [ a a [ o 1 o
unumevesnumses Ay Tnmsdunsiziuas msviely msvudwazmsiter lesou
' ¥ o a < v o s A a
a19 9 Tl luiy saunsdsfiunumiduluenadedyaianioluzadie i yina
o = KX A o w Y A a
nszuaumItesnuaueeluiy SA Selunund iy lumsmumulsavesitsratesiia SA
= Y o 9 A @ glJ a 4 A o
Hunumlunsdniimsdiuniulsavesiy lagszdudinonssuveaon lal catalase N9
¥ o gl.: o YA A ~ 9 [ 9 1
wihfigate H,0, auu SA sz ldielinisazay 1,0, Naz lnszduszuuais q 1dun
[ 4 a
N5LUIUNITHI8TY MTFUATICHILE 11AaZN15INA hypersensitive cell death V1ANITANYIVD
b
1 ~ Y4
Siddiqui and Shaukat (2003) WUIUFOUUATIT0 P. aeruginosa @10WUT CHAO #10150N5LAU
¥ oA a & Ao o 1 Y g Ya v P ¢
Truziwamanan SA FuiluamsnaingyaenszUIUMINIZAU IHMAANNAIUNIUTUNY NIl
4 @ 14 o a a
NUNABDIVDI PIUUNS UAITUNT (2557) IMTANEINT ITNIAE lyananududu 200
1 [ ~ < ¥ == [ 14
ppm Tumsfanunasanninisnanwanaleennaiize B. subtilis a10WUF CaSUT007

Yt A

aunsanugy lsanitazvesinmamien)a laange

Q

'
AaAA o %

2.52.3 1N (thiamine) W38T B1 159 Thio-20u QaiunTmuzou)
I a A Aa 9o’ 9 v J a a = % I [
Wudariundinnuauisoazateinla eywusvesiadu B ieaesmiuaiuilsznou
TR y -
uaziiludrudrfiny lun15a319 pyrophosphate (TPP), coenzyme U991101a tagnsaozdilu i
9
51891191 15U 71519 thiamine A1u1305N IFHIAAA VA UMIUADMT 1Y 1A18U0 %D P.
L. dl? asy dy % o Y a [ =\ Y o dy L. .
viticola 335031 92 I 1dina HR 183910 UM sinyiiateve e P. viricola (Boubakri et
o g’} J g ]
al., 2012) N3 19 B-aminobutyric acid 1un156uden15senvesaosido P. viticola 1o {u
(Cohen, 2002)

o

o a . . I3 = A A AA g X
2524 ﬂiﬂﬂtﬂnuﬂ (]asmomc acid, JA) Lﬂumiﬁmm1maﬂ%uﬂﬁuﬁmwmﬁi1wu

O 9

4 o o X o a o J a
u,ﬁagmmmﬁmgﬁmi’ﬁmaw%ﬂﬁmslﬁlgﬂﬂﬂﬁumuﬂﬂmmwmmaaﬁ% W%ﬁ)ﬂﬁlﬂﬂ’]ﬂmmﬁ

. y Y : ¢ 2 ;
A4 9 linolinic acid 9NA319UYUIINTY lipid membrane VoudoFUIAdINITUIZYNYNI/AEY
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<3| ! o v v ' g o
Tl JA Fevzgndndeslidaaiuaies vealsn1a phloem 910111 JA 92 lilnszdumsvham

U4 R gene (Wasternack et al., 2006)

ady o qQya v . .
253 MIssINIANYmh]vRanNuMUMY (natural resistance inducer)
o Y] P a 4
Tudapiuiims ldasduasizin ldansssunaun s lumsaiuauIsaie iosnd
1 a a I'4 [ 1
aalnlumsdumulsa wu ladgu lalasu lalaled lnuwsanlss uazasanan ldaniiy

1 I v Aa ] A :&1 Y
L!ﬁVlﬂI@I"'IﬂuLll1!ﬁ"l3ﬁﬂﬂ1’]3Jﬂ'J13Ju1ﬁu1‘ﬂluﬂﬂﬂ1ﬂﬁ’]ﬁlf@llﬂﬁ']ﬂ 317190

1 a

laTamuiluaiswanas Tulamsanazifueywuiueslaauiidanyordiave

U

%’ . g‘/ 1 S I 4 [} 9 a 1
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1. %24 4000-3100 cm” @91 1¥R)IAAIINNITAANANITIVDI OH (3400 cm' ) 1A NH
Stretching mode (Amide A ~ 3300 cm’ 18 Amide B ~ 3030 cm’ )

2. %79 3100-2800 cm’' mig\mﬁuuﬁwm C-H Stretching vibration Y99 CH; CH, 5]%;’@
AIINMIPANAUILAIUDINgN Ty

3. %729 1800-1500 cm” N15QANAUUTIVDI Amide T 1Az Amide T voIngu T1/5au
Tagm NIz 061989811150V 0N A secondary structure 409 1151 191 alpha-helix , beta-sheet,
turn 593 11JD9nyC=0 910 ester groupoa lusiu

4. 29 1300-1500 cm™ M13IQANAUIIUDS C-H bending vibration Y04 CH’ CH’ & 9ifin
vinnsganaunaaveangy Tuiin 5911174 Stretching vibration COO- 911 Amino acid side
chains

5. %79 1230 cm” 1HA9INN1TAANAULAIVDI P=0 asymmetric stretching vibrations Y04
phosphodiester, free phosphate 1482 monoester phosphate c?"iqd’;uslﬁajlﬁﬂmﬂmi@ﬂﬂﬁuuﬁwm

DNA/RNA Polysaccharide backbone structures
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6. %23 1200-900 cm™' (NAIINNITYANAUUAIVDI PO” 91N nucleic acid Hag WIn C-OC

C-O-P stretching vibrations UBININ oligo-polysacharide MU MAITU TATATOUGIUNEIUY

M9 2 LEAAIANHAZVOINITPANAULAIDUNI UTAYIAS T Tuana

Wavenumber (cm’)

Assignment

~ 3307
~2959

~2927

~2876

~2857

~1739-1744
~1700-1600
~1631
~1653
~1682
~1541
~1452
~ 1391

~1236

~1152

~1080

N-H and O-H stretching vibration : polysaccharides, protein

CH, asymmetric stretch :mainly lipids

CH, asymmetric stretch: mainly lipids, with the little contribution from
proteins, carbohydrates, nucleic acids

CH, symmetric stretch: mainly proteins, with the little contribution
from lipids, carbohydrates, nucleic acids

CH, symmetric stretch: mainly lipids, with the little contribution from
proteins, carbohydrates, nucleic acids

Ester C=0 stretch: lipid, triglycerides

Mainly Y(C=0) associated with protein as the amide I band

3-sheet protein secondary structure

Ol-helix protein secondary structure

Turn

Amide II (protein N-H bend, C-N stretch)

CH, Bending: lipids

COO- symmetric stretch: amino acid side chains, fatty acids
Asymmetric stretching: mainly nucleic acids with the little
contribution from phospholipids

CO-0O-C asymmetric stretching: glycogen and nucleic acids

PO-’ symmetric stretching: nucleic acids and phospholipids
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