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Table 1. Effect of germination and contaminated rate of Chinese kale seed with different coating method
by three Bacillus strains B. amyloliguefaciens WG 6-14 ~ B.subtilis TKS 1-1 and B.megaterium

SP 4-17
Seed treatment Strains Seed Xanthomonas campestris pv. Bacillus
method germination campestris Xcc contaminated
rate contaminated (%)
(%) (%)
Soaking TKS1-1 84" 0° 96°
SP4-17 84° 0° 100°
WG6-14 90° 0° 100
CK 36.5¢ 61.4° 0°
Spray TKS1-1 84° 0° 100
SP4-17 88 0° 100
WG6-14 86™ 0° 100
CK 28¢ 30° 0°
Coating TKS1-1 64.2° 0° 100
SP4-17 67° 0° 100
WG6-14 66.6° 0° 100
CK 23¢ 20.5° 0°

* Means followed by different letter within days are significantly different by Fisher’s LSD test at P<0.05.
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Fig. 1. Population dynamics of Bacillus amyloliquefaciens WG 6-14 ~ B.subtilis TKS 1-1 and
B.megaterium SP 4-17 on Chinese kale seed(Brassica alboglabra Bail. var. acephala Dc,
cultivar:Taichung No.1) after application different dressing method.
A total of 1 gram seed were sampled from each treatment, the survival count of test bacteria was
determined by dilution plate method.
Bars indicate standard deviation.
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Table 2. Effect of germination and contaminated rate of new harvest Chinese kale seed with different
drying time by treated three Bacillus strains B. amyloliquefaciens WG 6-14 ~ B.subtilis TKS 1-1
and B.megaterium SP 4-17

Seed treated Strains Seed germination Xcce Bacillus
time rate contaminated contaminated
(%) (%) (%)
Room TKS1-1 64" 0 100
Temperature SP4-17 56° 0 100
dry WG6-14 494 0* 100
CK 35.3° 21° 0
50°C TKSI1-1 78° 0? 100
dry 30min SP4-17 80.4° 0* 100
WG6-14 77.8° 0 100
CK 74.6° 65.2¢ 0
50°C TKSI1-1 76° 0* 100
dry 60min SP4-17 82.7° 0? 100
WG6-14 73.1° 0? 100
CK 40° 32° 0
50°C TKSI1-1 84.6" 0? 100
dry 90min SP4-17 82.9° 0? 100
WG6-14 57.1° 0* 100
CK 32.5¢ 44.25¢ 0

* Means followed by different letter within days are significantly different by Fisher’s LSD test at P<0.05.
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JEREFRE 731 B 30 ~ 60 Jz 90min » HEEAE KL WG 6-14 FRERSLE AT » 90min (&AHEF A
3x10%cfu/ml (YE & - HZ R SP 4-17 K TKS 1-1 o TKS 1-1 fEfE T 27 B 2o s pe TR s B i 2
5> SP 4-17 HE & AIPERE PRI RS IR o SR ERis A M R & S AR B A B B = B ]
YEFFAE 1.5%10%cfu/ml DL_E > B 50°C HYRRER B (st B R AE T R AR 1 A B B S R A A1
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Fig. 2. Effects of different treatment times on the population dynamics of Bacillus amyloliquefaciens WG
6-14 ~ B.subtilis TKS 1-1 and B.megaterium SP 4-17 on Chinese kale seed(Brassica alboglabra
Bail. var. acephala Dc, cultivar:Taichung No.1) at 50°C.
Bars indicate standard deviation.
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F=RERE R G ST 60%2L | o SR R AR S 2P SR K - 1F 1.3-16% 28 » HAlfs
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BB S BRI IR R R S48 SR AT © R R R T & S AR R S A o 2 i H LR AE
100% » HEIEHEARELE -



8 EPEEEN RIS R — =

R= ~ NIEIRZRS RS e B T P R B A s o
Table 3. Effect of germination and contaminated rate of old Chinese kale seed with different drying time
by treated three Bacillus strains B. amyloliquefaciens WG 6-14 ~ B.subtilis TKS 1-1 and
B.megaterium SP 4-17

Seed treated Strains Seed germination Xcc Bacillus
time rate contaminated contaminated

(%) (%) (%)
Room TKS1-1 66.7"" 0* 100
Temperature SP4-17 37.3¢ 0 100
dry WG6-14 56 0* 100

CK 1.3 21° 0
50°C TKSI-1 52° 0* 100
dry 30min SP4-17 58.7° 0* 100
WG6-14 49.3° 0 100

CK 13.3¢ 24° 0
50C TKS1-1 64 0* 100
dry 60min SP4-17 38.7° 0° 100
WG6-14 61.3%® 0* 100

CK 16° 26 0
50°C TKS1-1 68 0 100
dry 90min SP4-17 74.7% 0* 100
WG6-14 64 0* 100

CK 4° 34.6° 0

* Means followed by different letter within days are significantly different by Fisher’s LSD test at P<0.05.
N
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D arEE P - DA 1R B SR R e T M e e H S R - X s R R A 250
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T B = 2 R BRI R bR+ DAY T VRS - B2 EENE R N - 5 e HR RS
SARIDLE ST R T BN B S sl URKELE Trichoderma spp. ~ 2577 #(5 Gliocladium spp. ~
T Sreptomyces spp. BAZE AR EE B. subtilis ~ B. megaterium E2 B. cereus R[5 64 e LA
(Rhizoctonia solani ) » 1F i HfR =& FES R EERIBH G - L4 Bacillus mycoides CHT2402
i 3 T 4 e R A HE AR R YRR o R A o R P B AN A B SR AT 2 Kodiak
Serenade Kz Sonata #) »  YieldShield (B.pumillus GB34)E[Ifi AsfE TR » fj B.subtilis E1 B.
megaterium HYE &7 i Companion FIA S FIEFIRFE R < (5 EAICATF 6 2 Jo [ fd i By DA R MERY
s B AN E sl E A T AU R S R R E R A B B+ K4l ERIR R
.

TEMER B S HTH B RN AR 0 - FEPIRE JT98AVE bk WG6-14 ~ TKS1-1 & SP4-17 1
BEE PARERENRHERENE - A 2 IHHEBERE A » 2022) « AR EIEHHE R T
AEAE F Py T ZEHIVE IR > RSP AR R @A s e AR BLAE B 1 Tturink A W] ¥#45¢ Xanthomonas
oryzae % Pseudomonas |lachrymans S8 4715 R 4T » WG6-14 Kz TKS1-1 {EW9E % > FiaIhse .
BHEARHEY P AETEYE iturin A FYEL - FREEHIHREREI S E TR E D0 -

FrEgfE AR R T W R E R B SR DU T A A (i FiY R E R
R REZEE R o PP E A S oS S T AR 2 B E o W R S A B DL
WG6-14 (EiE+ FE SRS  HIL AR A g B T F 2R (& EEE 7=
EAREE I - fefE T ERs 2 B ESERAR » oL R E B AL TE T » IMRRZERE(ERK
e BAS R - — MR AT SRR BOETTHEEE R - PEEE )T N DIEZ SR TR AL & 2h
ER - TR AR BGERAE T o RS EBFTHIEA 2 D77 DURHE 3 o] i (R 133 H(EA - e
P ARl B FE st KA E R LR S T & - R B A /e 5 e i R B - 1
SHEEEF P EEEEEREIT 100% » iU EE 5 R E e ek fE T b
1x10°cfu/seed DL R » HACORRFHRHE > EZEIRE FAT > B B RIS o (2SR B m A R
T EREREIES o s ERERE SRS WG 6-14 s 0 H2UR TKS 1-1 - SP 4-17 fI]
i - BURHIH SYB agar YRR T EAVEHEE DL WG 6-14 U & -

AR HE TSR SR B S (o A AR R RTR: - TR DR B SRR RN E A 52°CHY
sz B o ARG ERLL 50°C R BRI S Rk 2 SR T o SRR RS R BN M E T
RS AR R R A 4ERAE 1.5%10%fu/ml DL E - SR SOC AR EDEE R Ek I E B A
AR o PR TR T S H AR A S BRI B L BRI (AR B i 55 I ] s AR FE B A&y A
o DUERKRAERFITE  ARIEEINEMTA R ENEEWE - DIESUESRE  E8EE
HIAE IR - NAfE Pl A5 TP RS ARt - ASBRPmilel s = FkAE 2 i e iBiE RN A fil 1
AR o AR R RE T R A e R BRI

MR35 202 b 2 )7 S ERIE 7% PAfd BRI P85 2P 32 84-90% = R FEEE AT 64% »
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(B =FRpR R34 R B R B IREHAY 23-36% > (HIRFJTZUE S0C NP 30min BfE 13527 RA1H
PEASR > A EIEER RS SR 25% b o M TERETEAT S AT RECFEN(E - WEEER
AR TR R R SRR AR SRR AR - DURITE 7B 2RI 7] & S B R Y T S 2 FR e 8 PR - T
—ELE TR MR SR(RAYIEY) o T e EE L BRI AT £ i3 (Polythylene glycol - PEG)#EfT
S (Priming) » (TSR A HIASF— 2 - MHEMEEEER > —RAGRREES

MEEREE G EENRREER EFE = B ERIER R Y E AR K S T hE
o - Al ER T EC G Rl R FfE e B G AU A - S g e R - DS H T
DIBUKRE TR - GB35 R . A 2REE TR  PTAERSCRER - HE
Gy KA B eI e i H T BT 20 A T SRR RGNS HH A BN S
TEAEEE > EEEREE T REWNE > SRR - AR ARy sl i EE
BHEES > HAEERPUENER T T3 2P R A UE 28R - SRR TR TRHE - £
50°C T ENEHZ IR R [FIRFFE T - & BRI B A AR T R AT4ERFAE 10° efwml LB SR 50°C
NEZERR RS T LTS SRR B EBESE A R E R T8
T2 P i R Tl TR BURIRE B R VB T - ARAC ] JE PR AH B S fUAR B A V) SR e PR T3 B2 2

e\

1 #1981 GETFRBERINE HERETH 23:157-168 -
2188 1988(a) TAALRIEERPIANTIE B 38(7): 48-51 ¢
3 B 1988(b) GETFICRHRERITATEATN  H29-43  BRSRmEN BT & HiE

&
435S - BEEY  1987(a) ENRMERRRFLE AP AT TR RERE  EAgT

29: 422 (fE5E) -

5.EFEE ~ RS 1987(b) [ - BURGE - §F - SREET R BRERE 2 EOERE  ERE
29: 421-422 (%) -

6.551EE ~ ZHEES 1988 ERMMBREHE R A6+ FACRIEREEGH EAgT]

30: 245-258 -

TRRIEAL ~ LR ~ GEl 2022 HFYOIREEMEEME HERE T HEEE 2 asiiis =
PR RIGITsE s 157:61-75 ¢

QBN ~ BB - BIEHE - PHETS - ZXHZE 2004 R/LEN SIS EEEYIREN arIk &
PBAfER] H 69-86 BEIEAVIEMEXBREIEGHEN ZhEEEN RS 121 5% -
95 - MRE R - BB 1994 @O+ EREEE T2 HEME HEAgT

36: 333-339 -
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Discussion on Different Methods of Treating Kale
Seedswith Bacillus spp. and Thelir Inhibitory
Effects on Black Rot bacteria®

Chein-Wei Chen®” and Dean Der-Syh Tzeng

ABSTRACT

Cabbage black rot is an important disease of cruciferous vegetables worldwide. It can spread over long
distances through seeds and cause serious damage around the world. At present, chemical control and
seed disinfection cannot effectively control the occurrence and spread of this disease, and drug resistance
has also developed in cabbage black rot bacteria (Xanthomonas campestris pv. campestris). Therefore,
biopesticides are a new way to control this disease. This study intends to screen Bacillus spp. that is
antagonistic to black rot bacteria and apply it to cruciferous vegetable seed treatment to reduce the
probability of black rot bacteria being transmitted through seeds. The collected Bacillus spp. strains were
cultured against black rot bacteria, and three strains, WG6-14 (Bacillus amyloliquefaciens), TKS1-1 (B.
subtilis) and SP4-17 (B. megaterium), were screened out with the strongest antagonistic ability. Three
strains of WG6-14, TKS1-1, and SP4-17 were further used to treat kale seeds to establish seed dressing
technology. The results showed that spraying, soaking and coating treatments can inhibit black rot fungi
on seeds; 50°C hot air drying treatment has no effect on seed germination, and the bacterial content on
each seed is above 3x10°%fu/seed. The heat resistance of the strains showed that after hot air drying at
50°C for 90 minutes, the number of bacteria on the seeds was higher in WG6-14 and TKS1-1 than in
SP4-17. The results show that using Bacillus bacteria to treat kale seeds can effectively reduce the
microbial load on the seeds, maintain a high bacterial number of Bacillus, and improve the seed

germination rate.
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