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H 5

H ¥ (Brassica oleracea L. var. capitata) kBl A\ 3% dm & F 0 DA St 585 b B AR e By e s
A B R S B 1A £ 4 T A 1 RSP $94 7,000~ 8,000 hae 45 > 1054F 4 B & % 399,174 ton >
i FEAEMAENEG B SAMEFE ARG HEK - ZhhEH® - 1055
PR B A AR (A P 2 8,644 ha » [T A5 8E N H 5 AR FE [T T8 s 2,653 ha » il 2 B4R HIF530.7% » &
REHENEREY 2 — BRiEZEHELE T ZERE H A Hh K HE i RE270%
B 3% et AN B Ry e B 2R HE 5 75 0K HURE AT &y 2 MRS AE ; 1T 27 47 BHE > H #5228 i
REEHAIRM A ERGEoniE  HEEHLE AR EEET K - BE a2k
FrUTAEZ IR R S ERAME - Il EREEBRE - HE w2 B SRR
B 7 BB - HAT > AGEENHE et 29k - Al ERHERSELENHET
H o KREREARER  RAE T H 228 5@ 5 B B Z 7 H #E £  mfE® o

HEE A (8 B 2 BRUN TR IS £Y80~90°K » - th fditE 1Y H BE 5 S B LA ~ kB3 B 7R s
CTHEEZEEEREY MEREEItEEENHTERNGZIRERGE - BRRERFZEH
M HEEENFEEREE RN WHIEEE RN EREREERAKENEE - EREKRE
KM BEFHEREXE BARMEZTHESENS  BEHRGEHBEBILEE - SElEE
HI B2 - NI B AL SHEYI REE M — e BRI - #5853
R ERY S 4E - & H AT 78 e AR AR

HRTE A $1 A VIR S p i AR BRI - A E 20y sl B ik F B 22 5 25 5 o 17 [ e B 128
B ZE Lt 88 > PRI AN E H 20 > HE2EREANHM BRI ESTAER - A
B T AR ) PR B 3 e A AR TR AH E BAFT - BRIV BSUAE I BRI RR LA A B - SRS TR - AT DL B
TR A BRI £ 3 T AR 4y - Bk B AT o] 44 7 B RS A4 210 o TR AR
ARG bR B TE BB S R EE - FREREEEFN - WG SR EEM S Y 2R ZE
tn 0 AR BE SR ) BB BT AR MR S AR R~ RIS E - BEREEY) B RE M B - B4
BREEEARHE > SEYE RIRERGE R RSEEN S RS Rt -

B 3T FIT & 158 1 AV R 8 Trichoderma asperelloides TCTr-668E #% » A EIANE S IRAYHE
i o BLR LB S A5 B Bacillus amyloliquefaciens Tcba05 @ & &y 2 B e HE B I A KHgETE b
A V) e B SR AL HURE AV IR - TRAL IR 2F fEAR & Teba05 ke A5 A & R TCB102-B7HI ¥ H &
S B AR BHEMNE B AR REIET ER 2825 HEkE AR - fiE
ARSI E h BEAREYEY > 5] DNEEY) R E e O

BN ARG IR A BB SR & 24 RIIE - ASBH 9T B 28 T 38 e AR B R S AU B 2B W)
Bk R B - W A HEE S BB R TSR A U7 0% » 4R as = S A HRER > EEHER
FHEEHRE - WS HEREEE T EEEHE - RUEBEERESAE R
R Z Bl e EM S LR A S EMN A S A BN H B E EA R E iR -
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MELER A
— > IBEMMEY EE 2 & E
(— i BV 7 % P AR ) < i R
G e B 75 L N A1 2 AR R RN B S 7 I B A gk D Y R AR 3 i I 2R RE
1.1 B R R i 228
A ER B P R R fE A R FE AL AT A LLobk L BR R LIRS it T IR A AR B
1% » HU10 g B N0 A 90 mIy i B /K Mg Hi T - DR AN FEZ U E 7Y 60°C HYZK08 18130 min »
HREFIL mIHIEHEREI A mIERFE KSET - REFIIRBEL R > f&&k#
10720 75 Y BURE 100 pl> 359 5] 3K A LA (Luria-agar, Difco) I it B 72 28°C & )5 4E R £ 2~3
hr» &GP B AV EE -
2. 75 IV 53 A T E
H - 528 o P A 258 HH SR EY AR ) TR P o T s T AR A A T MR o DARE CR R RR Y
e o BETA AN AR TR E B0 AR IR VS B — 5 0 BN & 3 s 57 Y Blood
Agar Plate (BAP) (TSA with 5% Sheep Blood)IflliRES &5 > i B 1A 28°C EIRFE T ES&E 48 hr >
ORI B EE L2 BE -
3. AW E M A AE
RERTEEZ M AEYERETAELEE > UHEE -—FH%EEE5 mAYLB
(Luria-Bertaini broth, Difco) Broth£% % 15 1% » 5 LB Broths H{H! 500 pIZ i SEBEEE = §5 -
T 1% £ B W 8% £ 2 B % 289 (Rock-P, CCM FERTILIZER Sdn Bhd)Es &AL b » &R E 4K
% DUSHEE A OO IT AR R & B 0T o BEDUER B BOATRAS MEER - W AR
(ng/ml/day) - Bk i =85 - BEOE ok ~ Bk B2 80 R Bk B 880 AL 2 fic 05 2 IR AR e B8 075 (07
A 4R 5% AFS3183-1) » [h4 - Bl &5 R B EE (bromophenol blue) iY77 Bk S 4) (Dissolve
Phosphorus Agar, DPA) » K HIGK B MR TR AR _F > 824 hrig R 5% B EE S A AL
B -
457 FRBE R RE T 0 A MIE
A8 AT BT SE STk e 2L 5080k 6 (amy lase) ~ Fi5 B 47 i 1 (lipase) ~ 2 (i (protease)
L4 2 (cellulase) & P~ B B £ 41020 OHIBA B MR EL R M BRE U B — 7% > P
AR b REORIE R - R B RER - EFEEREOE A AE - 2HE
2 {E FF&| (degradation zone) °
5. 915 EF < J# T
B EIT 2L~ B R 0 MBEBEZREMENEFRETEREE  BE2HERRH
(Xanthomonas campestris pv. campestris) ~ 17 i % (Rhizoctonia solani £ Pythium
aphanidermatum) ~ £ B % B£45% (Fusarium oxysporum f. sp. conglutinans) & H BZ #X & %
(Pectobacterium carotovorum subsp. carotovorum)3 5f& i R & 1 T SRS HUHER - HiE
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975 R, G A 7 T R S D B 4 2R R AT A1 5 A o SR B AR W e ik s A B 2 7
BB K/N -
(= )BUAE Y B ik 8 7 B/ ) o 5 BHIER
FIH AL U 28 2 (AR VIR E FH 16SH% i BS RN ABE g fig i (gy rB) & (R H#ETT 70 T 2E W)
e - HR Byl B 35 B B 52 AR W) o & ER Ao (National Center for Biotechnology
Information, NCBI)EE 3 » 3l #E 77 BRI S BE MR 8 248 10 B 14 500 m & i BT 088 PR Mt o
1. 16SHZHE # RN A Jjg fift B (gy rB) B X 8 i
fil1 B % B 228 B Mk 2 DNARE A > 75 DL o] 3 i 4 16S 4% M #8 RNA 2 5] - %f primer
27F/1492R - EdJiefii ik N5 [ ¥ gyrB-41F/gyrB-44R 3 | #E{TPCRIZJE » fR4E Brosius
SR FII I 27F 8 1492R B 41 16S rRNAGE FH 5 7% > BTN 2 51 T8 £47 10 uM
53BN APCRE S IEY) » 4AKZ EREFE20 pl> #EFTPCREZIE » K JE (& (4F 360 51 2 (e 14 B
94°C -5 min > 94°C-30 sec > 57°C-45sec > 72°C-1 min 30 sec > $£:30{FE i > F & FF #1772
C-7 min 1{ETEEE - FEHIEY) & E41,400~1,500 bp » £l fH gyrB-41F/gyrB-44R - $t %f
Bacillus/E B fE #E 7 7fERM §5 7 - FZFERIE R © 95°C -5min > 95°C -60 sec * 55°C -60 sec * 72
C-1 min 30 sec » L 30(EEEE » A& #E1T72°C-10 min YEEE - TEHIEY EFE 51,200
bp™ o WAHFHILTF -
27F : 5' -AgAgTTTgATCMTggC TCAg- 3'
1492R : 5-TACggYTACCTTgTTACgACTT-3'
gyrB-41F : 5°-gAAgTCATCATgACCgTTCTgCAYgCNggNggNAARTTYgA-3’
gyrB-44R : 5-AgCAgggTACggATgTgCgAgCCRTCNACRTCNgCRTCNgGTCAT-3’
Frfs 2 B —M R BR&ZHRER S AEYRHEA DA IR A SHETE FEE SRl
FECHENCBIEEITELH4E R » e HEHEEY -
2. 5B 500 m Ik B Ak 0 # H0AN 5
A EELILB - NB (Nutrient Broth, Difco) 52 PDB (Potato Dextrose Broth, Difco) S5 L i i
BRI EAE B BRI R A » B E RN B — &% 9 Hl# LB - NBi PDB
brothH » 2L28°C ~ 125 rpmisi ZR A bR T #E 1 THE & > BERF 6hrHiUER 120 > Ml ODgoof Y BU(H
EEEUBE TR 1% > PRl ORI AES R -
(EVHEERE ~ B BUR 2 /NS E A AR W) B8 2 (2 4 = 5l
LLEEE Ry i ZOUEB R 2 A EE - oilEEHERZY - AR EFUER
A P R /NS > T BE - i By & T 25 - I FH STE AR ) LR BLFE TCB203~ TCB207 »
TCB237 ~ TCB263 TCB298 » &L LB &3 K% » 7r Al L100fE MR FE N HE G F 25k 2
R EDR = /NSRS > Kb A REE > SN SRS > HRAERIZLUEEKE
oo FEIR > BEEECGHREH A RER  RERSEEE L E M 1M - FFEMR%L5
REAGHEITIRE % - FEIR - HE2IR R ERE R - HEAREE R - PRI
R E R R EE MR -
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IR 7S 5555 7l s 258 LA 8% 2 iR AL R 2F F9A% B TcbaO5 ~ TCB9407EL 2F f #£ TCB102-B7
F=TEMAEYEN > SHEHERR R BT ED A o R A BB R R 2 30
Rerh o BB aTE TR S R a R M1 - SRV ET A A HEE T LUIE
{977 =53 A1l j#E 3 Tcha05 ~ TCB940781 TCB102-B745 36 ik » i 3% B fitk B /K R B 2 S I 4 - it
ST R AT 710 of% » 1 H B T TE SO MR R E 1 10° cfu/mIfy H & BIE R E
(X. campestris pv. campestris)E ik TCXCCOL4H & #0% % 377 ## - FiE iz FR IS e S
10015 i e - B & 5 %Y £y (ODego = 0.3) » 57 ##1& AU & §Z - FHIFIE T 16T X PDA L >
BERI0CHEEM T REREE24 > AR ELPDA E 2 3574 - BIEFH R RSN
AN TE T E R -
(=) H EE R ey T S B A B 45 5t s

AR B E P 37 i 2B 7 ) A T R o B BE SR Dy e A 5l - SBeny HEE
T8 Ry E M AR Z P 255 > sl 2 HESH E 1% 15K » B4A & F Tcba05 ~ TCB9407Ed
TCB102-B75 & I 1% 2 (W 4= 1) B4R 10065 M B > B & G 4H SR AdH PR 3> IS 4H R —EE 1 -
B WSS 2 ETEY > SEEMME 200 - H106-9H 4H 4G - FHEEITIRIEEL
R R > U HEEEEE - FEL1R > AR SRR R R T H B R R E
PR E - HERGHERERET 5/ EHEE20HE » SHEMESH M o KR
HITE ST Fyddl > 0 REH © 1 R HEMBEE2EEL-5% 2 EFHEBEE2EE6~25% 31 &
J75 I AR AL 2 BE25~50% ;5 4 #5 [IfE G 2 BEAFRS0%LA | o PRI E =2 (W mEfs < fs
B | (A4 A EEH)*x100% -
S REREMRER RSN EYRE EA N ERB R

AERER T 20164 11H (73 4F 8210 1% I B g $48 /K B BE ks o e 88 o ik s B > S s
TRk o I SR AR ROHE Stk B (A R Z B AR ETTH R o R EI5
Fil i B > L FE B IEAH 1 (N F AR E )~ fE 17 1& ~ TCB207-100X ~ TCB237-100X 1 TCB298-100X
LSfEEE ~ HLUREH BRI AT - FE IR IEREIR ; AR H LR 2 2004 DA
b WS 2 AR EEE - RIBRE AR > ETREaMREEEHE > REH
HE © HEEHEAE RIS - PRG0S A SRk B2 BA R 3 2 M R A« BE4h o
DA M A= 845 ~ 1817 & AE R IR - ss BTHPEEE > A DUV B8 52575 it a5 BLek fT i
A= WA s e A Ry

m R
— BEEREMEVERE 2GR EREE
(— s B A 2 0 A P 2
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LT 8 R R 2 2B
KRB e Ao AT B FE 1LY L3 > & 60 C AR TE30 minfk - FYLABFE A FHkEEH
S0k (it LR BRIk - € ot 4 - 458 P A 288 2 B R 2R A 108K 0 43 1] &5 TCB203 ~ TCB204 -
TCB205 * TCB206 ~ TCB207 ~ TCB208 - TCB215 - TCB237 ~ TCB239  TCB240 ; 145
¥ A R A 16 i > iRk SR 106k > 43 B B TCB261~ TCB263~ TCB264a~ TCB 264b~ TCB265 -
TCB266 ~ TCB267 ~ TCB268 * TCB269 * TCB270 ~ TCB271 ; {5511 T e A 26 i > 15
PRIk > 43 5 B TCB298 ~ TCB304~ TCB305~ TCB306+ TCB307-1- TCB310~ TCB311-1 -
TCB312 ~ TCB313 » & 7530fk -
25 &M S A I E
HRF A 5 B P i BE Y BORR T AR W ik B DARS IR G U BE — % 1% - BERE 5% F
If1 Sheep Blood# ¥4k |- 48348 hri & % N B A7 M 1AV ##% /5 TCB203- TCB207 -
TCB237~ TCB215~ TCB239~ TCB240~ TCB263~ TCB264a~ TCB264b- TCB266~ TCB267 -
TCB268 ~ TCB271 ~ TCB298 ~ TCB305 ~ TCB307-1 ~ TCB312% 17k i ik - Higk
BRI MO B S R o BN TR e
3B E M o3 A I E
HRF FIT B 228 A i 20 HL R BB MURF M A L7RR B AR > BT VA BREMENE - BASB AR ~
ERAE —Fr R > FTEA R ECER - FrA ERSEE AR R B b R = §5 R R
B - B SRS AL - WRER SRR B A BRI G B E AT > PR AR DUSHED R #ETTK
BB E BT ORI 1TRR R R A KOS R & & - B B = 55 A =
SRTEE R HIARE R EAEM 0 Hp DI TCB2985K B 5 (B £ » JE 14 7] % 4357.38
pg/ml/day ~ Bl $2 52 L 45 B 45 SR8 115 TCB298 AL A &M » m[##31.60 pg/ml/day ~ i
e 5% 1 8 BL 0 M4 SR A TCB203B1 TCB237 B A & 1 » 43 31 4.26 pg/ml/dayEi182.56
pg/mi/day ~ BEGE G ERE MG RE TR EAEM > ATCB267 /s 0 1 2 196.63
pg/ml/day °

TCB203 TR

&l — ~ TCB203 MR BHEN S A Bh i =85 2 7AW AR I 48 /N 2 i LAS R
Fig. 1. The hydrolysis of tricalcium phosphate by strain TCB203 inoculated on soluble phosphorous plate
at 28°C for 48 hr.
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Fo— ~ 17 BRii BAE PRAGUS W M (g/mI/day) S5t 2 45 5%
Table 1. The phosphate solubilizing activity by 17 heat-resistance strains.

Strains Tricalcium phosphate  Aluminium phosphate  Iron phosphate Phosphate powder
TCB203 1941.80 -t 4.26 23.78
TCB207 680.91 - - --
TCB237 573.85 - 182.56 13.65
TCB215 219.98 - - -
TCB239 450.29 - - -
TCB240 453.69 - - -
TCB263 681.97 - - 1.52
TCB264a 162.17 - - --
TCB264b 498.63 - - -
TCB266 - - - 10.7
TCB267 - - - 196.63
TCB268 35.88 - - -
TCB271 9.73 - - 4.38
TCB298 4357.38 31.60 - 23.21
TCB305 110.10 - - -
TCB307-1 122.88 - - -
TCB312 - - - -
Control? - - - -

! Indicated the detected data lower than control.
2 Use water as the control.

457 FRBE R T 0 A MIE

I7TRER B PR TR ~ FEE - EOE KRB R o RE TR > &8 E3R1% - Bl
ZERBLER > WE—= - TENELEEREES BEREE - LE%ELEIEL
B EREEAR)BERT - i EE(LRE 1 > HE{Amylaser45 5 - DITCB207HY =3
e fE > BB 0T 2 2.74; 53 7 Lipasefy 45 5L » {8 5 TCB207H A 47 i 5 5 + [H] f # 7£ Protease
Fz Cellulasefy 73 #4552 » AIILL TCB203 K TCB237HY 22 Bl i (F » SR4H S fE Bl 45 SR sp 6

A B I B 228 2 LTRR TS BAEE R - &C FHOATE B oy R BE R BE 10 M 1% - (A TCB203 »
TCB207 ~ TCB237 ~ TCB263 ~ TCB298t: 5 B ik 2 7 il /i 14 39 72 500 (ug/ml/day) 2L I >
A B 1 DL 0 5y i 22 A8
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TCB298
Cellulase

@ — ~ PR R R T (A (B)IEE (C)EE 1 E (D) =1 e 48 /NI A R4S R -
Fig. 2. The hydrolysis activity of 4 kinds of enzyme by screened strains inoculated on the plate at 28°C for
48 hr. (A) Amylase, (B) lipase, (C) Protease, (D) Cellulase.

T 17 PRINBAE RO 4 TR 2RAE ) 2 B (LA L BUES R

Table 2. The average diameters of 4 enzyme hydrolysis zone test of 17 heat-resistance strains.

Strains Amylase Lipase Protease Cellulose
TCB203 1.66b* -~ 2.49 1.12c
TCB207 2.74a 1.31 1.25b —
TCB237 2.33a — 1.42b 2.29b
TCB215 — - -
TCB239 — — — —
TCB240 — — — —
TCB263 — — 1.41b 1.21c
TCB264a 1.11c — — —
TCB264b 1.13c — — —
TCB266 — — — —
TCB267 — — — —
TCB268 — — - —
TCB271 — — - —
TCB298 — — 1.59b 3.24a
TCB305 — — — —
TCB307-1 1.22c — — —
TCB312 — — — —
Control? — — — —

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
ZIndicated no hydrolysis zone production.
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5.4 4= P R B [ B T

DA IbE S B S T 82 s[5 B A 17~ A Bt B - 45 4 P. aphanidermatumy JHI 5450 77
Fi A BRI IS E 4 2 BE ) - W HE S BRI TURET - DITCB237HY 8 R aef: »
B &R 1% 0T 251.1% - H R B TCB207 » B &R HIHI% £548.9% > Ho &7 B Pk B (K72 10% L4
™ o FEHEEH T2 Rhizoctonia solanifilGR 455 > TCB20781 TCB2371HY & 4% fl il %59 Fy
44.4% » HERTE PR B RN 10%LL T o TR 40 B F 5 PUllEt 5 i > TCB203 ~ TCB2638
TCB298%f H 85 S 63 B s J6d o 4111 A1l 25 s 5 > 1 TCB207 5 TCB237 % Wy 4 1 95 Ji 2L
BIEPUALE - TCB207 ¥ 52 & 9 B 8K &g 95 2 #1018l B 1% 57 A1l 7] % 25.34+0.93 cm ¢
10.33+1.15 cm ; TCB237.Z flIil f& B 1K 73 1l 7] 72 33.23+1.74 cm 3 33.23+1.74 cm » 455 LA
TCB237#: TCB207{& 52 » JuI ¥ S G s 2 M filfE L &3 ecmPL | -

T~ SPRERE 3 H B R H B EARIHPREGER

Table 3. Mycelial inhibition rate of 5 tested strains against 3 pathogenic fungi on cabbage.

Mycelium growth inhibition of plant pathogens (%)*

Strains : - - -
F. oxysporum f. sp. conglutinans Rhizoctonia solani
TCB203 4.4 9.3
TCB207 48.9 44.4
TCB237 51.1 44.4
TCB263 0 0
TCB298 8.9 15

! Inhibition (%)=[(Diameter of treatment mycelial growth - diameter of control mycelial growth) / diameter of control
mycelial growth]x100%.

6. 16SHZ I B RN AZE jjg fiF i gy r BL [R 8 7E

ARl et ¥116S rRNAK gyrBE A P41 » FIH & A2 F—M5 [ 1545 &5 & HGH
[ FEPCR¥T [ 5t B B ik 1 i HH B — 1 i |7 B > MBS — 1k 7 R KRG SR KRR R
PCREVZHIFEEBEEVFI RO ARATHEITH REF B &R 2% FyIth
FE 4 B 4 Y # i (Z 2 Fr (National Center for Biotechnology Information, NCBI)& R}
B o T T o 8 E4S B TCB203 5 Bacillus megaterium (EKZEAIARE ) ~ TCB207
FyBacillus velezensis ~ TCB23781TCB2638% £ {/5 & Bacillus sp. CGFIEfEHE) - TCB298 5
Paenibacillus taichungensis (i fARE — 2 fl) (R ~ £ F) -
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0~ 5 PREERERZ 16S IRNA ZEfy 1 Be8il NCBI X ErEE Rt BEEL #45IR
Table 4. The results of 16S rRNA sequences analysis of 5 tested strains compared with representative
sequence in NCBI Nucleotide database.

. 16S rRNA
Strains o : ;
Identification Accession no. Identity%

TCB203 Bacillus megaterium MF687401.1 98.3
TCB207 Bacillus sp. AB918712.1 97.0
TCB237 Bacillus sp. CP027061.1 98.4
TCB263 Bacillus sp. KY312756.1 97.0
TCB298 Paenibacillus taichungensis NR044428.1 99.3

=T SHREEREPRZ gyrB gene  GEFF R BB NCBI L HEE &R EILB4E R
Table 5. The results of gyrB gene sequences analysis of 5 tested strains compared with representative
sequences in NCBI Nucleotide database.

. gyrB gene
Strains - : ;
Identification Accession no. Identity%

TCB203 Bacillus megaterium CP018874.1 93.5
TCB207 Bacillus velezensis CP015911.1 99.0
TCB237 Bacillus sp. AB936836.1 99.0
TCB263 Bacillus sp. KY673628.1 99.3
TCB298 Paenibacillus taichungensis KT318609.1 99.1

(MR AR G4 e k) & H  a Bk
1. A8 500 m I B A9 H# ORI
AR BN R AR BB AL > & LB~ NBN PDBE A BN B » B H FH R E —
B Y& PERE Y Lol = fE5 mI g R sVE b > DL28°C ~ 125 rpmiB i s R(; N f TR E -
B 61N B EASE I S B Y O Do BB G RE 5% o &K 42/ NB A ESURE A HI4E SR 1% > TLSRRE I
LLLB mediumfy B (8 5 s > 48 25 FRRE R 2 1 PG T B0 S 8 45549 1] 2 10° cfu/ml
DL E - [NBR PDBS 5% 2 A 45 5 - #{E fR K - {% TCB20381 TCB207 1Y & & 722 10°
cfu/ml > HEREFRIG(EFA 107 cfu/mILL T » &85 5t LILB medium By 3 B B0 L a1
B ZHEHRERN(E=) -


https://www.ncbi.nlm.nih.gov/nucleotide/KY312756.1?report=genbank&log$=nucltop&blast_rank=3&RID=DT7UWU3C015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_044428.1?report=genbank&log$=nucltop&blast_rank=2&RID=DT7G1YY7014
https://www.ncbi.nlm.nih.gov/nucleotide/1045028655?report=genbank&log$=nucltop&blast_rank=4&RID=XA57PJ03014
https://www.ncbi.nlm.nih.gov/nucleotide/645910219?report=genbank&log$=nucltop&blast_rank=7&RID=XA5RZSX3015
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Fig. 3. The detected ODgy value of 5 strains cultured in (A) LB ; (B) NB ; (C) PDA media.
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Fig. 4. Pot treatment test from left to right, is control, TCB207 and TCB237 in (A), and the control,
TCB237, TCB263 and TCB298 in (B), respectively,
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Table 6. The growth of seedling after application of 5 microbial strains for 6 times. The number of leaves,
plant height and stem width were recorded.

Strains No. of Leaves Plant height (cm) Stem width (cm)
Control 7.890.6¢" 14.23+1.29c 3.4+0.59
TCB203 7.89+0.93abc 17.33+1.06ab 4.27+0.76a
TCB207 8.89+1.27ab 17.62+2.00a 4.42+0.46a
TCB237 9.33t1.12a 17.64+1.63a 4.57+0.45a
TCB263 8.89+1.17ab 17.39+1.65a 4.32+0.47ab
TCB298 9.33%1.22a 16.96+1.44ab 3.82+0.51ab

! Means within a column followed by the same letter are not significantly different at 5% by LSD test
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Fig. 5. The growth of cabbage cultivar Taichung No. 2 in greenhouse small-scale planting trial (A) The
treatment of TCB207, TCB237 and control. (B), The cross section of the control and strains
TCB237, TCB207 and TCB298.
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Table 7. Results of microbial agent treatment on cabbage Taichung 2 in greenhouse small-scale trial.

Treatments Weight of above  Root fresh Single ball Single ball Single ball
ground (Kg) weight (g) weight (Kg) height (cm) width (cm)
Control-water 1.449b" 70.882b 0.717b 12.122ab 15.611ab
Control-Bio-tech 3 1.407b 70.777b 0.810b 10.733b 15.167ab
TCB203 1.303b 80.715a 0.798b 12.133ab 15.167ab
TCB207 1.330b 76.807ab 0.747b 11.933b 15.500ab
TCB237 1.728a 93.323a 1.030a 13.217a 16.000a
TCB263 1.127b 48.533d 0.447c 10.767b 14.333b
TCB298 0.840c 60.453c 0.397c 10.433b 12.400b

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 6. Germination of cabbage seed pre-contaminated with Xanthomonas campestries pv. Campestries.
(A) The contaminated control (left) and treated with TCB102-B7 (right). (B) The cabbage seeds
harboring Bacillus sp. TCB102-B7 germinated successfully.
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Table 8. Percentage of seed germination. The seeds were pre-infested with Xanthomonas campestris pv.
Campestris and further harboring 3 Bacillus spp. as treatments.

Strains Cabbage seed germination ~ 2XCC infested seed Bacillus sp. harboring seed

(%) (%) (%)
Control 32b! 72a 0
Tcba05-100x 90a 0 96a
TCB102-B7-100x 92a 0 100a
TCB9407-100x 92a 2b 100a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
2 XCC means Xanthomonas campestris pv. campestris
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Fig. 7. The occurrence of cabbage black rot disease with the treatment of water as a control (left) and the
Bacillus sp. TCB102-B7(right).
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Table 9. Disease incidence and disease severity of cabbage black rot control by Bacillus spp. fermentation
solutions in field trial.

Treatments Cabbage black rot disease incidence (%) Cabbage black rot disease severity (%)
Control 85.67b" 45.05b
Tcba05-100x 36.67a 9.17a
TCB102-B7-100x 25.45a 6.25a
TCB9407-100x 40.25a 10.00a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 8. The occurrence of cabbage black rot disease in control group (A) and with the treatment of
Bacillus sp. (B)
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Fig. 9. The effects of microbial agent on cabbage. (A) Appearance of cabbage head, (B) Cross section of
cabbage head. Treatments from left to right are the control, TCB298 and conventation cultivation.
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Table. 10. The field trial of the application of microbial agents on “Tsuchiu’ cabbage in the field at
Xizhou township

Weight of above  Root fresh Singlehead  Single head  Single head

Treatments ground (Kg) weight (g) weight (Kg)  height (cm) width (cm)
TCB207 3.118a" 45.257a 1.967ab 13.667a 16.354a
TCB237 3.163a 42.053b 1.997ab 13.667a 16.358a
TCB298 3.222a 41.895b 2.142a 13.833a 16.763a
Conventional control 3.007a 43.452ab 1.873ab 13.667a 14.321a
Control 2.682b 33.432c 1.617b 13.000a 14.527a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 10. The occurrence of cabbage black rot disease in control group (A) and with the treatment of
Bacillus spp. (B).
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Fig. 11. The head size of cabbage with each treatment in field trial (A) and cross section of cabbage head

(B).
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Table 11. The effects trial of application of microbial agents on “Tsuchiu’ cabbage the field trial at Shuili

township.

Treatment Weight of above Root fresh Single head Single head Single head

ground (Kg) weight (g) weight (Kg) height (cm) width (cm)
TCB207 2.50a" 39.70a 1.74ab 13.00b 16.23ab
TCB237 2.76a 37.08ab 1.95a 14.67a 17.68a
TCB298 2.69a 36.61ab 1.88a 13.83ab 15.21b
Conventional 2.50a 36.55ab 1.62ab 13.58ab 15.43b
Control 2.10b 37.35ab 1.42b 13.78ab 14.22¢

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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The Evaluated of Functional Microbial Agents
Application for the Cabbage Cultivation and
Black Rot Disease Control*

Chien-Chih Kuo?, Tian-Hsin Chuang?,
Chien-Wei Chen* and Chung-Ta Liao®

ABSTRACT

The aim of this study are to screen and introduce growth-promoting, disease
protecting microbial agents for cabbage integrated crop and diseases management. In this
study, we isolated and screened about 30 microbial strains from the two soil samples in
Lianhuachih and Wushe area. According to the blood agar test, phosphate-solubilizing
analysis and 4 kinds of enzyme decomposition analysis, five strains were selected for
further study. The five strains were selected based on the phosphate solubilizing activity
that was 500 pg/ml/day at least, the antagonistic spectrum against 5 types of pathogen
fungi and bacteria of cabbage. The result show that TCB237 could inhibit 4 kinds of
pathogens. Based on the sequences of 16S rRNA and gyrB genes comparison with
GenBank database. Strain TCB203 was identified as Bacillus megaterium, TCB207 as
Bacillus velezensis, TCB237 and TCB263 as Bacillus spp. TCB298 as Paenibacillus
taichungensis. The cell density of each strain cultured in LB medium could reach 10°
cfu/ml, thus LB medium was selected for microbials fermentation.The five strains were
applied on cabbage for six times in field trials and the leaves number, plant height and
root length were recorded. We founded that the growth of cabbage with treatment of strain
TCB237 was better than other treatments. In addition, we applied the 3 Bacillus sp.
microbial agents Tcba05, TCB102-B7 and TCB9407 on seeds inoculated with X.
campestris pv. campestris, the results showed that no black rot pathogen was detected
with the treatment of strain Tcba05 and TCB102-B7, suggesting that soaking the seeds
with microbial agents can reduce the black rot disease occurance in seedling stage.
Application 3 Bacillus sp. microbial agents Tcba05, TCB102-B7 and TCB9407 on
cabbage Taichung No.2 in the field trial in summer. The disease severity of black rot with
treatment of strain TCB102-B7 by root irrigation and leaves spraying was 6.25%, while
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the treatment with TcbaO5 and water as the control were 9.17% and 45%, respective. It
showed pre-irrigation and spraying could inhibited the black rot disease severity
effectually. TCB237 which had phosphate-solubilizing characteristic had the potential to
development the microbial pesticides, which would integrated into cabbage cultivation
system, to be the plant protection materials which environment friendly.

Key words: cabbage, microbial agent, Bacillus sp.
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