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BEERL B UUR B Z &K JJE (Bacillus thuringiensis, Bt) » BaT HAHE(FY)2E & R AN I B
SRR DU EER 1T (Bt subsp. aizawai, Bta) Bl JJE (Bt subsp. kurstaki, Btk) 2 Siff
2 K[E] 5 Sh B (Bta A603 ~ Bta Ab12 ~ Bta ABTS1857 ~ Btk E911 k. Btk ABTS351) {ikz, - FI[F
A HHE S E (polymerase chain reaction, PCR) #EfT{ts{as IR RM] - & Al AT A /A
(phosphate solubilization) ~ 15|IL% -3- 2% (indole-3-acetic acid, IAA) ~ {x§&#)'&E (siderophore) ~ 1-
R BRI I5E - FRIEHR M (1-aminocyclopropane-1-carboxylate deaminase, ACCD) ~ & | & 47 fi# i
(chitinase) Kz B-1,3- &5 BE/KHEG (B-1,3-glucanase) SFHEN » FEHAALHT - SFRMEERTE
Bk > A TAA R - TABEN B LU FE A PR R ARG ~ 5T Bl - BHRRE R - BUEY)
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HGEEAE - SRR
T B BEERIR A RE R i i 2 ) 5 B S P
B RS REBRAZ 2R - KEL
ERERT  MEVBEZFRESER
FrRBEA - A B a R -

&k J1& (Bacillus thuringiensis) & T #7 H
i 4 i B 2R 0 AT DABH S AR Mo &
Sh - BRI EE Y RAVIREIAHE (plant
growth-promoting rhizobacteria, PGPR) "
52— HHIHAT %1 2 PGPR FH Aeromonas
spp. ~ Azoarcus spp. ~ Azospirillum spp. ~ Azo-
tobacter spp. ~ Bacillus spp. ~ Clostridium spp.
K Pseudomonas spp. 25 J& 19 4 I - PGPR £E
BRCEE A& - HEON G HAEE A EY)
{67 B 52 0 B0 5] Ik -3- Z % (indole-3-acetic
acid, IAA) Fz#r$5 A (siderophore) » S7[FE(K
HIRFEGERR " o DL PGPR 4l H ik Hli#
ZRETERYS - e R O o
A ZESEH > FE2F AR & (Bacillus spp.)
FEHE BB IR HEEYE - B
YEREE© > EBELUSE - BFEEE T
EEEYESER Y NEEEY LR
SRS 2 EEIE - YRR BRI R A
AR Y R S iRm O i E
DA & R S B ] DLk = (B E R R —
8% FrEEd 2 IEEWE > sRFE R
SRR A SR AR R AP - T LAR]
WEYEENI Y FRAERYE RS
IRHR > WEHZ (fengycin) ~ FHZR (surfac-
tin) 2 iturin FIHIHIRERE EE O

WAEVIIERE S ZYIRERR T EIBESE 51

GO A E IR R
AET 5% R A PEDUR ] ISR (induced sys-
temic resistance) » PARE{ES &4 O o

Ry T RET ok ST AE A Bk LS MY S R
B AWt Fe et Bl ek I E R AR ET TR A
FARRBEAAL A > IR AR 2 1- R AR
A Bt - #2 % B2 B% B (1-aminocyclopropane-
1-carboxylate deaminase, ACCD) &34 ~
5% -3- 2% (IAA) & & -~ /5H% (phosphate
solubilizing) ~ % #k¥7)'H ~ %% | H 77 it i
(chitinase) ~ fRZZ53f#ME (urease) ~ EHHE T
fift g (protease) ~ A5'E 77 gl (lipase) ~ ¥ %
12 [F N (nitrate reductase) 5z & ALY (cyanide)
ARl WERET &k DB 2 M B ~ R [E B
JEERIE P > TAA MR R 7 R B R BIE T -
AR R B Z FEHUBCR « TRk - AIE
HOEREFTHE O - A E - R~ /W
=N T EEMHAERER » DU
WS ~ RIS I B e AR R - 7 FH R
A sHhaR DR R RS A
RIBE - LT e B AER
MRS LR 26k JE - R E MmN
JEE FH & -

FORIEL i
— ~ (AR TR PR S

Bl 2 B ER - AhERFTIE (Ba-
cillus thuringiensis subsp. aizawai, Bta) JJEEHT
&k JJ B (B. thuringiensis subsp. kurstaki, Btk)
A2 5 FEE PR - H ot Bta A603 ~ Bta
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Ab12 ~ Btk E911 53 A E Bz BT /086 -
Btk ABTS351 ~ Bta ABTS1857 R 5 B4l H
PAUTR ARG < i & ek S b

MRz NEEL FEHNE
(Bta) Ab12 60% (30,000 DBMU/mg) WP ( &]
BT (BFEELEM M) - AR
77 & (Bta) ABTS1857 48.1% (35,000 DBMU/
mg) WG (7K BRI ) (G )
[ By & 77 & (Btk) E911 60% (30,000 DBMU/
mg) WP (1R E 3% ) K JE I & /1 & (Btk)
ABTS351 23.7% (16,000 ITU/mg) WP ( &8 52
B) F o A kA -

o~ BRI R A R R A R
il

DA —ME5 [ BT DR ER I
Mr o ARl ELFE T EEBE (phytase) ~ P& 14 B R
1% (acid phosphatase) ~ % §% %7 ‘& (sidero-
phore) ~ 15|U% -3- Z,i% (ipdC) ~ 1- BFEIRN
Wt - BN HEEE (accd) ~ 5T B 7l (chitB
I chit36) ~ B-1,3- #j %j 2 1 /K fi# 1§ (B-1,3-
glucanase) ~ W5 = 44 & N i (aiid) B2
SUEZE A (zmaR Fl orf2) FHER 4229 .

=~ BN A BN RS
=il

(—)1- & 55 B N Pt - 3 8 i i e
(ACCD) 115 B

ftc £ Penrose E1 Glick (2003)®” > 75
EBURETT > i AESUE PRIt DA Nutrient

broth (NB) (beef extract 0.3% ~ peptone 0.5%)
J&1E > FLL DF medium (& 0.5 M ACC) 8
M 1- BEERWPE - =2 F] ACCD fE 1%
& “E a-ketobutyrate 7 fEJF » KA EEH
aEE

(%) Wl -3- Z1% (IAA) & &5 Hr

fic #2 Gordon #i Weber (1951)* 22
FAERRETT - HElERL DL E
5T (ODgy) #E 17 5% dm & M - 3l PA 98% TAA
(indole-3-acetic acid, Sigma-Aldrich Inc., Sten-
heim, Germany) FyfER - Fll FH EL LR A ER K
HitlmEL - sTREEREL IAA HIRE -

(=) WS TES A
{{¢ $% Pikovskaya (1948)°" > J5 % »
sl EPRESE FY 30°C Pikovskaya’s medium

(PVK medium) 1 B2 2 S HA(LEES
DUHIER IR > 7AWRRE ST -

(P9) WP 2 35 TE AL

fic 4% Schwyn B2 Neilands (1997) >~
JiE o B AL E RS Y Chrome azurol S
(CAS) BB » EATHRWE G T B
SR 2aEl -

(fo) 3T E oy el 2 35 TR 5 A

% % Rojas-Avelizapa®™ % A > J7 %
& it 5k B Bk DL Colloidal chitin agar plates
(NaNO, 0.3% ~ MgSO, - 7H,0 0.05% ~ KH,PO,
0.1% ~ chitin 1% - Bacto agar 1.5%) #7775



1T BB - M TR
SRALTT -

N

(AN) IRFE ST R Z 56 18 53 B

i Mora™ S A 2 777k » kel itk
S 5 mL Trypticase soy broth (TSB) (5 uM
NiCl, 10 mM Urea) 1 - &85 « B0 - %
4L 30 pL Solution A (urea 2 g ~ 95% ethanol
2 mL ~ H,0 4 mL) EHEE » FH0A 470 uL
Solution B (KH,PO, 0.1% - K,HPO, 0.1%
NaCl 0.5% ~ phenol red 0.002%) 5 =R & K
& 72 h (37°C) » BZIBIR 2 281k » EBH
B E S RO AL (BHEZRREE -
iz ) - RIFORBARER RS -

(&) EAE R Z ST B

{ici Abdel Galil®” 22 J55% - BHEEEREIR
LA Gelatin agar plates (K,HPO, 0.2% -
0.1% ~ peptone 0.5% -~ gelatin 1.5% - agar 1.5%)
HEFTIEMEMT - EbRESE 24 £ 48 h (30°C) »
BRECAEELEEL  DHABRESEY
filil 2 oy o] -

glucose

(J\) N5 el 2 35 18 53

%7 Kumar®™ % A2 J5ik o BEalH Tk
Ll Tween 80 agar plates (peptone 1% ~ NaCl
0.5% ~ CaCl, - 2H,0 0.01% -
80 1%) MTTEEZREME T - Bk E 24 &
48 h (30°C) » BIEZERIUEYIES - LLH
BTHE'E 7 file il 2 o e

agar 2% ~ Tween

WIHAYIFERE 2 DIRERRTTADEE 53

(Ju) WAL 5 b

%% Lorck™ 2 17k » ke bR S
7> Trypticase soy agar (TSB 3% ~
0.45% ~ agar 1.5%) > 3ff 7F £ # M - 2 o
it A& F Cyanide solution (picric acid 1% »
Na,CO, 2%) ZJE4K » 558 7 d (30°C) - §izZ
B 28 GHEOhEOEENS
QiR FoRBEARIEMAR -

glycine

(1) BrmRE s e 3 51

HEEREFE R 5 mL Nitrate broth (pep-
tone 0.5% ~ meat extract 0.3% ~
trate 0.1%) | » $Z& 24 h ~ B BJER » &5
S A B0 Reagent A (0.8% sulfanilic acid in 5N
acetic acid) 5z Reagent B (0.6% N,N-Dimethyl-
ARG
S HBAE » HEERTFRA EZAIIA
DEFEY - I HBE L -

potassium ni-

1-naphthylamine in 5 N acetic acid)

VY ~ gk 77 A B I

DUNA 5885 - o3 BUH0AA [ Bl R &
(NaCl 1% ~ 2% ~ 4% 2 6%) #ELTHIE - BR
JE€ 0.05% {F R0 > (i FURSR B B0
(filter paper disc agar diffusion method) #E17
B FERPERAE T > BIEMIEERZ
HAERN

FEE LT[R B R FEERIE (2% K 4%)
T BRUE TAA KRR SRR o DUEE
TRIE 0.05% {F R IRAE - #FRIEI = ()
Fe= (7)) #EfTalln -
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T~ Bk T L i R IR B

S NA Bk - DURAREEIRR IO -
AETT SR AR B T REAE s S B H B A
e BLER R A R A B R R SR e
B2 2 W B SRR R i 2 Pectobacterium caro-
tovorum subsp. carotovorum (Z13 ; ZF F1EY)
FEUEE ) ~ Xanthomonas campestris (Xc17
ZFEIEY) © FEAERE) ~ Xanthomonas camp-
estris pv. campestris (Xcc78 ; Z¥ FAEY) : HEE)
KA &R KT 8 42 8 2 Erwinia chrysan-
themi (Ech ; ¥ £/FY) : [EESH ) - SRR E

Rhizoctonia solani °

N R TE BRI A R B iR
FH L R b

5 H & 3 3% (Brassica rapa var. chi-
nensis, chinese cabbage) ~ /)N &= JI\ (Cucumis
sativus, cucumber) ~ U ZE TZ (Phaseolus vul-
garis, snap bean) - %t F Solanum melongena,
eggplant) 28 EL (Nicotiana tabacum, tobacco)
T FoalBa{EY) - DLE BL&R 15 Bta Ab12 Y
i Bl 7 & (Bta ABTS1857 ~ Btk E911 K Btk
ABTS351) plim Ryst B Sep] - sl Balss 25 Mk
1,000 f5{% R » DIUKPEIE R ¥HHE4E -

(—) P e L R 5

dRFEE 5 FIEY) (BEE3 - /&
TR~ TUZE -~ G R ) oyl L tER
TEREMR - EREERE 2 X K41 E

A& MEERE R EEE > P&k
FH{eEEY AR Z R -

(%) AR SR SRR AR AL R

AR A S T3 R - BRIGY E
SRR > EREERE 1
& 14d Zt% > MEFE O RYRRERE -
sHEER TR A SRR 2 R -

(=) Bk v T B RHE RTRASR

AREE AR ol DUt sER D E R
MR > ERFEENA 1R - W RIHC & HE
TERE (1% FRZR ) SELIRHAE ( S REAHEAC 43
%) BRE - A4 L{E H 2 1% - I EAERERE
sl ) E AR B YA R 2 s -

(P9 ) 8% 70 v B 16 R Pl e T s B 2 L
kg

AR E R > Rl LU T E R
M A Bt A YR R SRR 4HE E. chry-
santhemi (Ech) ~ P. carotovorum subsp. caroto-
vorum (ZL3) ~ BJFHE X. campestris (Xc17)
B¢ X. campestris pv. campestris (Xcc78) > TEHF
I 1 X RGN BERER 2T F
Bzt > AR o BRR (%) =/
R HEEE A < 100 -

L B EGERRHELRZ
FH PR

2014 £ 12 HE 20153 HiE 0 1F



5 Fo s TIHAD - HETTER )RR E SR HEE
(Brassica oleracea var. capitata) 7 [H 5 z5# -
A E > SR 2 8 g 21T 817
12 % » 48 i - 4 518 o IE#6k /) Bta
Ab12 % BT € (Bta ABTS1857 ~ Btk E911
J¢ Btk ABTS351) fiinfibad » slBais & ke
1,000 & pz 3 » DIKER R HR4H - HEHE
fE1% 1 wk 1% - BRI A 2 X - H#HEE
PP 3 wk o s ERHARS 6 P FH AR
wa H VSR - R R H EEBEEKE -
FHEER N RE T EE B -

I\~ BRAET T

ABAT GRS - LGTREPIgEBERE
7= 1% > {#H FH SPSS (statistical products and
services solutions) & #UAGHES T8 S AT
(ANOVA) » LL P < 0.05 BEEREAE - ELE S

WAEVIIEREC 2 IRERR TEIESE 55

M B OREEMZE > B Tukey’s studen-
tized range test (HSD) #E{TEHZME -

i e
— ~ BRI (e 2 B AR DA R

£ HH PCR fglll » fEakaR 1 RS
BIREFEYERNAR - GFEHEIEES (phy-
tase) ~ fi& 14 1% B [ (acid phosphatase) ~ fi% §%
Y& (siderophore) ~ 5[ -3- 2% (ipdC) Kz 1-
RIEIRGE - FRELRLREER (accd) TR (%
— ) [EFER A A HIHEEER -
TSR (chitB 71 chit36) ~ B-1,3- #&%
WE/K i (B-1,3-glucanase) KAk 4R &L
Bl (aiiA) AR © BRT Bta A603 5 - B B

N E R A FEA (zmaR fl orf2) (F22) ©

Z<— ~ LU PCR & B 4 32 BX O B ¥k (Bacillus thuringiensis subsp. aizawai » Bta A603 ~ Bta
Ab12 ~ Bta ABTS1857) M [E & & JIH ¥k (Bt subsp. kurstaki » Btk E911 ~ Btk ABTS351)

REEYE R FIEER

Table 1. Results of PCR for the detection of plant growth promotion genes in Bacillus thuringiensis
(Bt) subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857) and Bt subsp. kurstaki (Btk

E911, Btk ABTS351)

) Phosphate solubilisation gene Siderophore
Bt strain - . ipdC gene  accd gene
Phytase Acid phosphatase ~ synthesis gene
Bta A603 -+ + + + +
Bta Ab12 + + +
Bta ABTS1857 + + + + +
Btk E911 + + + + +
Btk ABTS351 + + + + +

1 e .
) “4”: positive reaction.
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= BRI AR L A EFSHR

LA Pikovskaya’s 558 EOHIE 5 fh 2 HYEF
NEE - RS S A EROR
G D REE AR S|k -3- 2 (IAA) » BIFR
¢ Bta A603 ~ Bta Ab12 ~ Bta ABTS1857 ~ Btk
E911 } Btk ABTS351 IEFF » IAA A= ik & &
By 20.67 + 1.54 pg/mL ~ 11.36 + 2.20 pg/mL ~
13.30 + 2.99 pg/mL ~ 14.69 + 3.16 pg/mL f
27.40 + 1.63 pg/mL » H DL Btk ABTS351 2
TAA BRI RS ~ Bta A603 X2 5 fE{iE
RN PR R ) 1- REIEAE - 2
BEHR 28 (ACCD) MiBPyE R (=) -

=~ MEIE R LBt

S5mEREIEERE AR T E RS
Ay > P EE 42 2 7% B Bl K Bta A603 ~

Bta Abl12 ~ Bta ABTS1857 ~ Btk E911 } Btk
ABTS351 JIE /> >  1.17 £ 0.08 mm ~ 1.09 +
0.08 mm ~ 0.82 + 0.20 mm ~ 1.02 + 0.06 mm
520.96 + 0.13 mm > EH 1L Bta A603 HfE >
Bta Ab12 K7 5 &k JJREPREE 72 h JRZE 70
frle st Bl - SR B e s (B
MELE » RRERARE TR ER - H
v DL Btk ABTS351 #z f£ » Btk E911 ¢ Bta
ABTS1857 K~ 5 # /1B tA B0 LS 7 EE
JEE o RE AR AR R Bl e T B AR 5 BB
A AR DR R B fEEbY R R R
EAEEOE NS - BEE e (M) -

VY ~ gk 7 e s B A

M B R M B RS - 0.05% BE R
FERE > @R EERAERBFY A 4mm ;5 1
Ko 2% EEYERE > $5945 3 mm DL b 4% EE

<= ~ DL PCR i B & 2 & O B #k (Bacillus thuringiensis subsp. aizawai > Bta A603 ~ Bta
Abl12 ~ Bta ABTS1857) N [EHi &k NE kK (Bt subsp. kurstaki » Btk E911 ~ Btk ABTS351)

ZINE R R A

Table 2. Results of PCR for the detection of antimicrobial genes in Bacillus thuringiensis (Bt)
subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857) and Bt subsp. kurstaki (Btk E911,

Btk ABTS351)
. Antifungal genes Antibacterial gene
Bt strain
chitB  chit36  B-1,3-glucanase  orf2 zmaR aiiA

Bta A603 +0 + + - - +

Bta Ab12 + + +

Bta ABTS1857 + + + + + +

Btk E911 + + + + + +

Btk ABTS351 + + + + + +

1 Py . . .
)“4”: positive reaction; “~: negative reaction.
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==~ BYEER DR PR (Bacillus thuringiensis subsp. aizawai > Bta A603 ~ Bta Abl12 ~ Bta ABTS1857)
K EEE BR DEIRK (Bt subsp. kurstaki * Btk E911 ~ Btk ABTS351) 2 AHs ~ 1- IREIER T -
HERRRREE ~ IR -3- ZBE N EREME &
Table 3. Phosphate solubilisation, ACCD, IAA, and siderophore reactions in Bacillus thuringiensis
(Bt) subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857) and Bt subsp. kurstaki (Btk
E911, Btk ABTS351)

Bt strain Phosphate solubilisation ACCD TAA (ng/mL) Siderophore
Bta A603 +9 =) 20.67 + 1.54” ab” =0

Bta Ab12 + - 11.36 £2.20b -

Bta ABTS1857 + - 13.30+£2.99b -

Btk E911 + - 14.69+3.16 b -

Btk ABTS351 + - 2740+ 1.63 a -

! «y”: positive reaction; “~”: negative reaction.

? The concentration (mean + SD) of TAA in each culture medium was determined by comparing with a standard
curve.

? Values which are followed by the same letter are not significantly different at a level of 5% according to Tukey’s
studentized range test.

7=P0 ~ 8FER JIEIKK (Bacillus thuringiensis subsp. aizawai » Bta A603 ~ Bta Ab12 ~ Bta ABTS1857)
K EHETERJIBEKE (Bt subsp. kurstaki » Btk E911 ~ Btk ABTS351) Z [RE ARG ~ 2T EHD

fElg « ERBOMERS - IEED RN ELY RIE
Table 4. Urease, chitinase, protease, lipase, and cyanide reactions in Bacillus thuringiensis (Bt)
subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857) and Bt subsp. kurstaki (Btk E911,

Btk ABTS351)
Bt strain Cyanide Urease Chitinase® (mm) Protease Lipase
Bta A603 — ++ 1.17+£0.08 — —
Bta Ab12 - ++ 1.09 +£0.08 - -
Bta ABTS1857 - +++ 0.82£0.20 - -
Btk E911 - +++ 1.02 £0.06 - -
Btk ABTS351 - N 0.96 +£0.13 - -

D «_: negative reaction.

? Urease reaction: ++ moderate, +++ strong, ++++ very strong.
? Concentrations of chitinase (mean = SD) were determined using the filter paper disc agar diffusion method.
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FEBE AR RTTFEE] 1 mm 5 6% B2
R > BRNHEE 2N ER - BRNER RS
TAA [RZ 5T IREEATET - BERERY 0.05% ETE
& ($HHE2H ) BF 0 IAA A8 S A 10 pg/mL
PAE 5 A5 2% BOREH - TAAVAERCE S 6
pg/mL PL b5 1F 4% SR > #E
TAA 4 pRHARE [ > JEFE{E7 2 pg/mL >
B H th Btk ABTS351 8K [F] » £ & A
7.75 pg/mL o FA[ERE R 2 SR B
NEE R R S MEE AR (£F Btk
ABTS351 {F /= 2 5 Bl B ik A B 1
A MAEFEBEERERERE &5
HEEEEZR > BrERE g EHkE
ETAA 7R -

& AT A [F EE R B (0.05 ~ 2 AT 4%)
MBET > B EE LR RS RREG o 1 EE S
= AT EE R AN PR 22 4 B /) > & of DL Bik

E911 YR 2R 7 s M A i ~ A [F R
R (R -

1o~ fk T R A S B A IR A AR

7 R O RS [ A B B A TR
H o 5 b Z R E AR ELERE N E E. chry-
santhemi (Ech) YR &5 T > HIHIBUER i
% By Btk ABTS351 ; B P. carotovorum subsp.
carotovorum (Z13) ¥l 2 455t > fH RS
Bta A603 ; Hi BB B X. campestris (Xc17)
Z HHIRp &5 SR I R A 4 HY )E Bta
ABTS1857 ;  Ei X. campestris pv. campestris
(Xce78) 2 455 » HIlJZ Btk ABTS351 i 4f
(FRN) » EEIE E R SGIZE 2
IFf 4% 5% - %45 Btk ABTS351 5 Il &5 5%
Btk ABTS351 BLELER 1 2F & AR /7 A B IF

KA B EH D #k (Bacillus thuringiensis subsp. aizawai * Bta A603 ~ Bta Abl12 ~ Bta
ABTS1857) M[EHTER D& kK (Bt subsp. kurstaki » Btk E911 ~ Btk ABTS351) FAN[E &5

B (FAL3M 0.05 ~ 2~ 4%) ¥ IAA RIRE DB 2 &
Table 5. Effects of different salt concentrations (NaCl 0.05, 2, 4%) on IAA and urease production
by Bacillus thuringiensis (Bt) subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857) and Bt

subsp. kurstaki (Btk E911, Btk ABTS351)

) IAA (ug/mL) Urease

Bt strain

0.05 2 4 0.05 2 4
Bta A603 11.04 £0.21 Aa” 742+120Ba 2.86+0.47Cb ++? ++ ++
Bta Ab12 13.11+0.70 Aa  6.42+098Ba 2.45+0.41Cb ++ + +
Bta ABTS1857 1005+ 1.45Aa 642+043ABa 2.45+0.41Cb +++ + +
Btk E911 1094+ 126Aa 8.59+0.81Aa 323+039Bb  ++++ +++  +++
Btk ABTS351 12.10+ 1.17Aa 10.09+ 148 Aa 7.75+0.96 Aa e e +

Y Values (mean + SD) within a row (uppercase letters) or within a column (lowercase letters) that are followed by

the same letter(s) are not significantly different at a level of 5% according to Tukey’s studentized range test.

? Urease reaction: + weak, ++ moderate, +++ strong, ++++ very strong.
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7N~ DUB A% B 88 48 50% B &, &4 )2 B8R 1) B ¥k (Bacillus thuringiensis subsp. aizawai > Bta
A603 ~ Bta Ab12 ~ Bta ABTS1857) [ [& £ & /1 & #k (Bt subsp. kurstaki > Btk E911 ~
Btk ABTS351) 5 #1118 %) #% J& & (Ech : Erwinia chrysanthemi ~ ZL3 : Pectobacteium
carotovorum subsp. carotovorum ~ Xcl17 - Xanthomonas campestris ~ Xcc78 *
Xanthomonas campestris pv. campestris) 2 3R
Table 6. Using the filter paper disc agar diffusion method to examine the inhibition of plant
pathogens (Ech: Erwinia chrysanthemi; ZL3: Pectobacteium carotovorum subsp.
carotovorum; Xcl7: Xanthomonas campestris; Xcc78: Xanthomonas campestris pv.
campestris) by Bacillus thuringiensis subsp. aizawai (Bta A603, Bta Ab12, Bta ABTS1857)
and Bt subsp. kurstaki (Btk E911, Btk ABTS351) strains

Inhibition zone (mm)

Bt strain

Ech 713 Xcl7 Xcc78
Bta A603 1.48+0.21 a" 3.55+0.13a 295+0.57a 345+033a
Bta Abl12 2.07+0.13a 343+027a 2.52+044a 2.88+0.24a
Bta ABTS1857 1.71+£0.14a 3.29 £ 0.08 ab 320+021a 2.98+0.26a
Btk E911 2.02+022a 270 £0.18b 2.67+038a 329+044a
Btk ABTS351 2.25+020a 3.32+0.07 ab 293+023a 3.89+0.14a

" Values in the same column that are followed by the same letter are not significantly different at a level of 5%
according to Tukey’s studentized range test.

e ERESEAEHRNIE
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Fig. 1. Effects of Bacillus thuringiensis (Bt) subsp. aizawai (Bta Ab12, Bta ABTS1857) and Bt
subsp. kurstaki (Btk E911, Btk ABTS351) on the leaf growth of different crops.
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Fig. 2. Effects of Bacillus thuringiensis (Bt) subsp. aizawai (Bta Ab12, Bta ABTS1857) and Bt
subsp. kurstaki (Btk E911, Btk ABTS351) on the fresh weight of different crops.
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Table 7. Fresh weight of Chinese cabbage (Brassica rapa var. chinensis) treated with Bacillus

thuringiensis subsp. aizawai (Bta Ab12, Bta ABTS1857) and Bt subsp. kurstaki (Btk E911,
Btk ABTS351) products by foliar spraying and root drenching

Fresh weight (g)

Bt products - — -

Foliar fertilization Root drenching
Bta Ab12 46.68 +£2.40 159.73 £9.80
Bta ABTS1857 54.24 +4.04 147.12 £ 8.90
Btk E911 52.88 +1.50 157.36 + 18.49
Btk ABTS351 59.50+7.53 156.25 +10.33
Control 43.38 £6.39 121.80 + 14.48
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Fig. 3. Effects of Bacillus thuringiensis (Bt) subsp. aizawai (Bta Ab12, Bta ABTS1857) and Bt subsp.
kurstaki (Btk E911, Btk ABTS351) on the suppression of bacterial disease severity caused by
Ech (Erwinia chrysanthemi), ZL3 (Pectobacteium carotovorum subsp. carotovorum), Xcl7
(Xanthomonas campestris), and Xcc78 (Xanthomonas campestris pv. campestris) in Chinese

cabbage (Brassica rapa var. chinensis).
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Fig. 4. Effects of Bacillus thuringiensis (Bt) subsp. aizawai (Bta Ab12, Bta ABTS1857) and Bt
subsp. kurstaki (Btk E911, Btk ABTS351) on the fresh weight of cabbage (Brassica oleracea
var. capitata) as determined through field testing.
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Characterization Assay of Multifunctional Bacillus
thuringiensis Strains with the Ability to Enhance
Plant Health

Fei-Ting Hu', Sheueh Kuo', Mi-Hau Tsai', Ching-Chou Tzeng'*

Abstract

Hu, F. T., Kuo, S., Tsai, M. H., and Tzeng, C. C. 2016. Characterization assay of multifunctional Bacillus
thuringiensis strains with the ability to enhance plant health. Taiwan Pestic. Sci. 1: 50-69.

In this study we investigated several properties of Bacillus thuringiensis (Bt) strains
with good pest killing effects, such as plant growth promotion, pathogen suppression,
etc. After performing PCR on five strains of Bt (subsp. aizawai [Bta] A603, Bta Abl2, Bta
ABTS1857, and Bt subsp. kurstaki [Btk] E911, and Btk ABTS351), we detected genes for
phosphate solubilization, indole-3-acetic acid (IAA), siderophore, 1-aminocyclopropane-
1-carboxylate deaminase (ACCD), chitinase, and B-1,3-glucanase. Physiological analyses
showed that (1) all strains could produce IAA, phosphorus solubilization, urease, chitinase,
and nitrate reductase, and (2) IAA and urease in high salinity were secreted. The results of
pot experiments further indicated that Bt could enhance the plant growth, improve root
development, increase the efficiency of fertilizer, promote salinity tolerance, and reduce
pathogen invasions. Finally, we found that Bt was efficient at increasing the fresh weight of
cabbage in the field. In summary, this study confirmed that Bt can confer multiple benefits
to agriculture, such as, suppressing plant pathogens, alleviating soil salinity stress, and

improving the health, quality, fertility, and productivity of crops.

Key words: Bacillus thuringiensis, plant growth promotion, microorganism inhibition,

multifunctional microorganism.
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