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AakBe T2 H 09 Ry I B R S AR (Bacillus firmus) 1E
HFE A fir T RIE 4 E: (Meloidogyne incognita) JEEH]
ARG o R DL B SE AR >1x10” CFU/g ol R MR A
(B. firmus, CGMCC No.1.2010 WP) 400 ~ 800 ~ 1200155 FK »
BL500 o/L SR /KEE] (fluopyram SC) FifE4,000 % k2%
gEm| > Al DU K /E Ry B IRAE - iR Eg T 2\ e
Bt S EHTCETT o FEFRR 60K BE A S 1 4 s A I8 -
4E SR HHIEZH 7174 33.6-42.8 nematodes/100 g soil » 1 B 58 5 F 5
T i P 4 B g R B PR R A 0 A1 A 52 20.8-30.881210.3-22.4
nematodes/100 g soil Z [ » W FHAH Y45 f 3 By L IRGH B A
HE LR (p< 0.05) o FHE HEEUHAIE PRAR S0 AR o0 47 8 1) e
[ GERBURH U AR L /1 7243.8-51.6% » T B2 58 2 F A%
B B A B R R A - A IS5 17.1-21.7%8211.2-18.8%
Z R AR e B A B R R 5 (p< 0.05) © #E—
S5y T B R R TR o PR 4B B R R i i T 4L Y R R 4 R
B3aR > 53 BIATFY58-61%E263.6-76.2% 2 & - FR#E DL F45 88
0 BERRESEIRRES (B. firmus, CGMCC No.1.2010 WP) £ HH &
B aEHIRE RSN -
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Iycopersicum) W EFpHE 2 —"9 > HEFHEER?Y - £+
TR RS 58 o IRIL A R PO DL LU K ~ R ~ dm iR S
TG WA AT R AR A SRR AR —
REEEY - EAEHTARBE EREBRERHNETEY
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GRERITECARY o BEE R S AR R AR I 8 D R B E I 5 |
HE o EE YT A VAR w0 AT AR B - 25
b - EHEPEEY TGRSR E - AR R ERT Ry £ 22
fYBESE » T A R IRIE AR (fumigant) @ A01,3- &G
(1,3-Dichloropropene - f&if#%1,3-D) » it F S5 FH I A A 47
a2 WIEGRBL (oxamyl) » B FHH B4R a8 - WIFRIREq
(fluopyram)” - {HE_FATEYR 4R 82012 B B L 2 - [NIE
15 BRI E AT BRI (RSO B2 T
A& & 077 A N E T3 B ARt 4t st me T RUZEY R
B W[ RALEREER Ay i F 2 B R BRI TRV RERE - B
£ RAFIIFERER « AstBi £ 20 B8 F AR E >1x10°
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G RRER - O ZE R N T a7 AR A e (M.
incognita) W[ TTM »
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>1x10° CFU/g TR IR (Bacillus firmus, CGMCC No.1.2010
WP) Ry BEEEER] - 52 S5 fy &S i MOR 2 A= P &R ~ 3%
wEMARY - W AMAEYER RS SRS HES
it AR « 2 EERIFERIS00 o/L I 7KEER] (fluopyram
SC, Bayer Crop Science LTD.) » {FFIf#HI{CHE FRAC 7 ~ C2 »
FAEHEENHE 0.2 L k4,000 % - (REBEZE G
VY BRFTE Y R E G RS (https://otserv2.tactri.gov.tw/
PPM/menu.aspx) HEETH 7% » R EBBE IR ERRE
BRI > TRREEA0 mL > BUE A BEEER00 LEER » JitiH
I ECRFT T8RO -

2. (IR HIRM— M B 50 B (A 2 TR 2L (Solanum
lycopersicum) 4fjt Ry Aaik B 2 GLaltErk o #6040t e e
Fyd-5RTE » TETHERMRIE B2 B EATEEZ L E
TETT -

3. AR S ¢ RSB B
(1) AFEERGRSEBF00L » NEMB N T — R = /N &

FH o Bt AFEEpR THE - FBERETE100 cm > FEHETIFE2(T »
PREE Fs45 cm o B35 18 Ao A 20E R R 1ET & o DL — AR

HYTAEH - RS RuliEE o SURERTRAE I SPRIER
IR EE  F—HERLIEF3.S m#lo 1 HERENE
HIEER H S S5 E 3R/ NE - &/ NE N AR 15-167%
HEttE bR (Fig. 1) -

(2) MR FTBF002 - M MR =5 — R =/ E i
FH o i Bephond: - SFRERETT100 cm > FFHE AT -
PREETSAS cm © 558 A A ME R R E & - DA— s
HOTEH - T HelialE o SURERTR A ISEREMR
IR REE - F—EFLIE3.S mBI &7 ERER/ N
AIENER H S5 S0 38R/ NE - F—/NE PN AR 15- 160K
fltErk (Fig. 2)

(3) HEHERGITBF003 - FeEMMmr e 40— F i = /N i
M o I BE 4N - FFREREE100 cm » FEE AT -
PREER545 cm © W35 E /A H2ME DR EE - D—FRREE
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Fig. 1. Design and treatment distribution of field trial No. BF0O1. This
experiment adopted a randomized complete block design (RCBD).
Where "A" indicated control group treated with water; "B" indicated
reference group treated with 500 g/L fluopyram SC 4,000-fold
dilution; "C" indicated test group treated with Bacillus firmus
CGMCC No.1.2010 WP 400-fold dilution; "D" indicated test group
treated with B. firmus CGMCC No.1.2010 WP 800-fold dilution; "E"
meant as test group treated with B. firmus CGMCC No.1.2010 WP
1,200-fold dilution.
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Fig. 2. Design and treatment distribution of field trial No. BF002. This

experiment adopted a randomized complete block design (RCBD).
Where "A" indicated control group treated with water; "B" indicated
reference group treated with 500 g/L fluopyram SC 4,000-fold
dilution; "C" indicated test group treated with Bacillus firmus
CGMCC No.1.2010 WP 400-fold dilution; "D" indicated test group
treated with B. firmus CGMCC No.1.2010 WP 800-fold dilution; "E"
meant as test group treated with B. firmus CGMCC No.1.2010 WP
1,200-fold dilution.
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ST o PI2EE B ABATE - SUBRIE A (0T | SHRAM o area
TR R AR EE o F—EEELUERS.S mE] 25 EstER NG
HilsEs A S0MERRER /N & > /N A o] FEAE 15- 167 buffer area E (atiemate)
ﬁ"(‘%ﬁ*ﬁﬁe (Fig. 3) ° E buffer area
4. AR ET - S REK T 2 EEHET (randomized buffer area A
complete block design, RCBD) » 5z SGmE i -
i (A) BIRLE - FEKEE - (B) BEBEERIL > %500 o/ D (atemate) buffer area
LIgIRHH 7K R - Fife4,000/% 5 < (C) ACGMCC No.1.2010 buffer area D
WP 400fFi eI - (D) BCGMCC No.1.2010 WP 800£% — P
R - (B) ACGMCC No.1.2010 WP 120015 F R ik
A o pR PRy NE RS S SR T I > FH DU S iR B R Y buffer area ¢
SRR T A T4 - 53 A i o SR B IO e s 5 buffer aren
OEE%E  HEEHEA 5 - B—ERREE L HEES
T > FIKIR A S BH O T SRR & uforaren |oereree A b uor area
FEEFE L op g TR 7225 nematodes/100 g soil AY3{HEERES/N@ A buffer area
REIEE - BEE RIS RN L SR b uitor oven .
—R > AR - FRREEE2S0 mL o A AT SR R
RERH - A - SEEERIES00 o/ LAIRE KRR P buffer area
R R B0k » INEMREEREIRFEMBEIR1IR buffer area A Gaternate)
PRS0 mL - TR AT I L R R d e PO B
&K
5. MRIGEB MRS | SRRTERE % o SR MEE L buffer area °
FHAE MM LRSS e EREE N T - B ERE R B buffer area
RS (EEL - Al — S8R B e g O(EEs - HeAR 8L buffor area e
BRIZEFEO-5 cm#F+ » BREEZES-15 cmHH ] 88 » R B2 /D
RE100 g8 - PWERE - FIHS R MM R IR EEE c LI
(Modified Baermann Funnel Method) » BV EA100 g » B buffer area B
60FL H 4887 b (T 2ok B 4R) - MR ERELY > BRE B o bufor area
EEARTRE - 5#824-36 iR WIS E R V4R 80P
R BEFTIS 2 4R aaiE A > BIAERS eI Rig I 4 biificiarea c
DUR B RIE% (Leica KL 300 LED, Japan) #E{T #2085k > FF E (atemate) buffer area
DABkST PR HU AR 83 B YL 228 EE (BX53, Olympus, Japan) uifer aren B
W22 > SUPRER E oy RIS RS R WA RS A
# (UC-90, Olympus, Japan) Fi1H5 508k AN E 45 £~ 85 SR D (atternate) buffer area
(DI ~ BHER TR M B R R - B o uifor aron S
Al PR EEE o AR 2 BARIE R4 C KR F
WFHHTT 7 S 0 P L BB 2 - AR B ufferarea

SRR TR - T EI SRR B I, = e R BEO0 0 AT 1 -
HRFER% - UJERFERIEFITIR 0 i Willmott ZE A (1977) #Y Fig. 3. Design and treatment distribution of field trial No. BF003. This

Ot > HESTRS AT E?%‘rf%ﬁ(?%@?‘j‘ﬂ*ﬁﬁ@ﬁﬁﬁﬁﬁrﬁm o Pl R experiment adopted a randomized complete block design (RCBD).
. N . Where "A" indicated control group treated with water; "B" indicated

o g & il E= .
AAPTRUR 7 B 2 AR uvéjjmgg MSHEHuFA reference group treated with 500 g/L fluopyram SC 4,000-fold
(2011) %ﬂﬂqPCRﬁ?fﬁﬁﬁﬁ%ﬁﬁ*E@ﬁﬁ” ° dilution; "C" indicated test group treated with Bacillus firmus
6. SR B > N E A ¢ e Mk EAEIR 4 B R B i ik E CGMCC No.1.2010 WP 400-fold dilution; "D" indicated test group
BER 170 > WA » AP S ER B RA 60T - EEH—?%@JE% treated with B. firmus CGMCC_ No.l.%OlO WP 800-fold dilution; "E
s _ e N meant as test group treated with B. firmus CGMCC No.1.2010 WP

EEE@QE%E%EE%ER/J\E$*$3{1&% ’ EU#%‘%%%@%Q 1,200-fold dilution.
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(1) HREEB4RTEBF00L » BEEEA2021F9H3H EM @ &
BB HIFOA6H ~ 9F13H ~ 9H20H B9 H 27 H & F it
SEET LK - (2) MR ERARFEBF002 » HEEUEAR 2021410
HIHEE - ©fE%73I110814H ~ 10521H ~ 10H28H
B H4H & BEEAEER 1T - (3) HRIEER4RSRBF003 » it
SR 20218 H10H EE - Ef&RSAIR8H13H ~ 84
20H ~ 8 H27HBI9H 3 H % i I Bt ZERI 1K -

H—EHE > AEZETA R EE R & 0 AR
RIS o (AR 2% 4R Bl (root-knot index) W& 43 £50-54%
04 FAR 2RI © 14 A i DB IR 2 2R AR B
PR AM1%-20% 5 28 FRA /D EIVIREES: - REEE
TR 2 21%-40% 5 34 FRA HEAREEE - RN E
TR 2 1941%-60% 5 440 FH %2 0IRREE - REEE
TR AIT61%-80% 5 SARFRA MR IRBE L > RBEEN
BIRZMI81%-100% « FTfFE KL » BRI (%, disease
severity, DS) E[/j562& (%, control rate, CR) ©
(1) P (%)= X GEHMRBAE B ESED, (GUBRAEEEL

X B R AR ) x 100 (%)
(2) B3B3 (%)= CH IG4H MR E - B AR MR TS T 4R 1
R E x 100 (%)

CFORETE AT - SUBRATISEOR > ThEC F R 2 S 1 - 5

TR B EE - BRI SR IT RS EI TE 5 534 (analysis
of variance, ANOVA) K ig/NeEEZFYE (least significant
difference, LSD, p= 0.05) Al -

m R

- B BT P T SRR SR A A ¢ (R T B 5 L S B

HAyMfilE (Fig.1, 2, 3) » WAakBanl oy il g —SE R iR B AR AL
AR - R E SR o R =P I e o B A S A E
TR AR 1 -

() HREREBRIEBE00L « &SRB RE IR - 25 8R4
CGMCC No.1.2010 WP 400f% ~ 800 E2 120065 e i
SHAYH ] T3 e da i T8O A £529.7 ~ 30.2 ~ 32.9 ~ 29.6
£133.7 nematodes/100 g soil © &K&RETIHT > SlBgHT & 2E7
T AR s B 5 (p>0.05) (Fig. 4) -

(2) HHERERRIEBF002 @ 45BN EIRAH - 25
CGMCC No.1.2010 WP 400f ~ 800f%E2 12005 Ml pa 1
SHEY EHE -3 s T 1 42,1 ~ 49.4 ~ 47.4 ~ 46.7
£142.8 nematodes/100 g soil » &E4R T4 - SlBa AT SE7]
P - BRI AR s U A2 B (p>0.05) (Fig. 5) -

(3) HEERRIEBF003 « 45 REUR IR - S5 EERIL -
CGMCC No.1.2010 WP 400£% ~ 800 £ 1200 % # F 1% iz HE
A A i 1 e 4R B s T80y 1) £931.8 ~ 33.4 ~ 39.6 ~ 39.7
£1142.8 nematodes/100 g soil o &8&RaETo3HT - kB < &E7

FREE - EERTAR BB A (0>0.05) (Fig. 6) ©

- oBRpE R R TR R EEH g - (EUE e RSB

HEEREEMI IR > HATAR > W BRI 1ATR 60K 3 T H R 1+
R ERAR 19 -

() HEEERITBE00L « $5REURE IR « 2 F R4 -
CGMCC No.1.2010 WP 400£% ~ 800111200 % F 1% iz
AH 0 P ] g s 805 11 33,6 ~ 10.3 ~ 20.6 ~ 20.8
8127.3 nematodes/100 g soil » &L&R 31T slba g &% 4
T B - A 1 48 e B L TR AR LR 72 5 (p< 0.05) (Fig.
4) o HE—Z AT E HRAH AV EERIBR BE AT ~ 12 T ERARER SR T
57 31529, 78133.6 nematodes/100 g soil » W& A ELEEE
T (p> 0.05) - 2 HEERIAANEERIPE AT - 1% T HE4REE
& 19057 71 530.28210.3 nematodes/100 g soil » Wi ELEE
E#EF (p< 0.05) © CGMCC No.1.2010 WP 400f&HifEik ik
R4V EETIPR B AT ~ 1% 1 4R B LT85 71 5 32.98120.6
nematodes/100 g soil » W ELEHEZ 5 (p< 0.05) - CGMCC
No.1.2010 WP 800 #if# Rz ERAH HYBERIBZ H AT ~ 1% 1338
48 BB E T1H 1 5529.68120.8 nematodes/100 g soil » fi
HHIZ =T (p< 0.05) - CGMCC No.1.2010 WP 1200 #7i
R TRAH SRR TR AT ~ 12 1 B840 8585 1B I 1 33.7
8127.3 nematodes/100 g soil » @i EEE =R (p< 0.05)
(Fig. 4)

R 4R 9EBF002 © 45 SRR EHIRAH ~ 25 8EmI4
CGMCC No.1.2010 WP 4001 ~ 8005 E2 12005 Fi e e 2
AHAY R IR s 180y 31 /42,8 ~ 22.4 ~ 323~ 30.8
£135.3 nematodes/100 g soil » &L&REF53 1T sllg g &% 4
PRI B - A 1 48 e B L TR AR L 72 5 (p< 0.05) (Fig.
5) o M i ERAH AV EE AR TR AT ~ 12 - IB 40 8 a5
57 31 F42.18142.8 nematodes/100 g soil » W& A ELEEE
FH (p> 0.05) - SEERIAANVEERFR AT - 1% AR ER
3 19057 Bl F549.48122 4 nematodes/100 g soil » WY& EL#
FFH (p< 0.05) © CGMCC No.1.2010 WP 4005t iz
TRAH RV EETIBR IR AT - 1% B4R Ak Rk B0y B Fed 7.48132.3
nematodes/100 g soil » W& HL#IZE 75 (p< 0.05) - CGMCC
No.1.2010 WP 800% #if iz ERAH Y BERIBR H AT ~ 1% 1338
48 B LIy 1 B546.78130.8 nematodes/100 g soil » fi#
HEIZ = (p<0.05) - CGMCC No.1.2010 WP 12001 ff
PR TR AR EERI PR TR AT ~ 12 1 B840 8585 1B B f42.8
£135.3 nematodes/100 g soil » @i H B E 2= (p< 0.05)
(Fig. 5)

H s Ea 4R 9EBE003 © 45 SRR B IR ~ 2 F 8R4
CGMCC No.1.2010 WP 400 ~ 800% £ 12005 i 2 i e
T AH Ay P e 33 e 3099 1 %37~ 12,6~ 19~ 30.8
81374 nematodes/100 g soil * &&&KEH 17 ERk S %
Z29514H ~ CGMCC No.1.2010 WP 4001 E2800 % #iF8 ki
TR AH Y 4 e L IRAH BLARE 72 5 (p< 0.05) (Fig. 6) ©
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Soil nematode number surveys of root-knot nematode in field trial
No. BF0O1. Where "CK" meant as control group treated with water;
"Fluopyram" meant as reference group treated with 500 g/L fluopyram
SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated
with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution;
“CGMCC 800x" meant as test group treated with B. firmus CGMCC
No.1.2010 WP 800-fold dilution; "CGMCC 1200x" meant as test group
treated with B. firmus CGMCC No.1.2010 WP 1,200-fold dilution;
"B" meant as before treatment; and "A" meant as after treatment.
Values followed by the same letter were not significantly different at
p> 0.05 according to LSD test, and err bars were SD.
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Soil nematode number surveys of root-knot nematode in field trial
No. BF002. Where "CK" meant as control group treated with water;
"Fluopyram" meant as reference group treated with 500 g/L fluopyram
SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated
with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution;
"CGMCC 800x" meant as test group treated with B. firmus CGMCC
No.1.2010 WP 800-fold dilution; "CGMCC 1200x" meant as test group
treated with B. firmus CGMCC No.1.2010 WP 1,200-fold dilution;
"B" meant as before treatment; and "A" meant as after treatment.
Values followed by the same letter were not significantly different at
p> 0.05 according to LSD test, and err bars were SD.
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A IRAH A BRI R B R - 1R TR ER SR 1Y
411 F531.86137 nematodes/100 g soil » W& A HEAE =
5 (p> 0.05) - 2FEERIHANEERIFRIRT - 1% T HEELRERE
L1853 71 B533.4E312.6 nematodes/100 g soil » Wi# HEEE
ZEH (p< 0.05) © CGMCC No.1.2010 WP 40015 F % %
THAH AV GERI PR IR AT ~ 1% T AR shad L1807 1l /539.68219
nematodes/100 g soil » [EHEBIE 25 (p< 0.05) - CGMCC
No.1.2010 WP 8005 #fR R A 2R 4H A ZERI R ER AT ~ 1% 1138
48 B2 as T1E 1 5539, 78130.8 nematodes/100 g soil » fi&
HHIZE =T (p< 0.05) - CGMCC No.1.2010 WP 1200f% #7i
TR FRAH SRR R BT ~ 18 T IR AR AR AR 1LY 1) £942.8
£i137.4 nematodes/100 g soil > &N HEHZE =T (p> 0.05)
(Fig. 6)
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R ERSRFEBE00L © 45 SRR EIRAH ~ 25 EEmI4H
CGMCC No.1.2010 WP 400 ~ 800£%£21200 %77 Fe g iz 1
AR AR R AR S RS 43 1 F543.8% ~ 12.1% ~ 16.7% ~
17.1%8321.9% - 8&KEeaTo3 07 » slBR TR & SR i 3 0 FE R
B HEAH EL R 2 F (p< 0.05) (Fig. 7) » #E—2H 53R
[ B BRI R a R AR > ERERS 55
PI4H ~ CGMCC No.1.2010 WP 400£% ~ 800£% 812005
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Soil nematode number surveys of root-knot nematode in field trial
No. BF003. Where "CK" meant as control group treated with water;
"Fluopyram" meant as reference group treated with 500 g/L fluopyram
SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated
with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution;
"CGMCC 800x" meant as test group treated with B. firmus CGMCC
No.1.2010 WP 800-fold dilution; "CGMCC 1200x" meant as test group
treated with B. firmus CGMCC No.1.2010 WP 1,200-fold dilution;
"B" meant as before treatment; and "A" meant as after treatment.
Values followed by the same letter were not significantly different at
p> 0.05 according to LSD test, and err bars were SD.
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R PR AR B TER 251 R72.5% ~ 61.9% ~ 61%E
50% = &4 ET53 4T - CGMCC No.1.2010 WP 400£%E2800

S
EmEREEHIREZEN A% » FEBEEZER (0> 0.05) Py
(Fig. 8) * z
(2) MEFER4RSTBF002 « &R RE IR - 2F 8/ - <
CGMCC No.1.2010 WP 400£% ~ 800fZEi 1200 %% i B ©
GHAY R AR S M 53 1 £551.6% ~ 18.8% ~ 22.2% ~
21.7%%128.3% » #8471 T BB 1R & BER R R Y RIS
[ B IR AR HLEHE 22 52 (p< 0.05) (Fig. 9) » #E—43H R
[FIZERR R R R EER  ERBRSHE
F4H ~ CGMCC No.1.2010 WP 400£% ~ 8001 12001% %
R R M AH IR FE 76253 5 F563.6% ~ 56.9% ~ 58%EH
45.2% - 84551537 » CGMCC No.1.2010 WP 400f%E2800  [El/\ ~ HIfEIEERH (BFOOD) MR ERaRN EH [ AFHE -
R R A R B e R AR 0.05 Fig. 8. Disease control surveys of root-knot nematode in field trial No.
f Tﬁﬁ/&&é—@ HAH7 e FRBEE (p> ) BF001. Where "Fluopyram" meant as reference group treated with
(Fig. 10) ° 500 /L fluopyram SC 4,000-fold dilution; "CGMCC 400x" meant
(3) M ER4RFTBF003 « &5 R AUREIHAT - 2284 - as test group treated with Bacillus firmus CGMCC No.1.2010 WP
CGMCC No.1.2010 WP 400£% ~ 800£2 811 20055 R E 400-fold dilution; "CGMCC 800x" meant as test group treated with
e i . B. firmus CGMCC No.1.2010 WP 800-fold dilution; and "CGMCC
ZH N (it (gl 1| £ N N N
sHAT PR PR DIE @EE%EJ%4Z% 13_'2% 17'3;7: 1200x" meant as test group treated with B. firmus CGMCC No.1.2010
19.7%E129.8% o R4 et53HT » sl Bi1% &5 SE7 R FHAY FE % WP 1,200-fold dilution. Values followed by the same letter were not
e B IR A B2 2 52 (p< 0.05) (Fig. 11) - #E—204 significantly different at p> 0.05 according to LSD test, and err bars
& B IRAH B 2 2 (p ) (Fig. 11) = #HE—H5747
K ERRE HRRGBORENLE > SRETS% were SD.

24 ~ CGMCC No.1.2010 WP 400£% ~ 800£E112001% 4
TR AR B AR IR E I a2 5 31 5576.2% ~ 63.2% ~ 58.1%E1
36.5% o LELREFSYHT » CGMCC No.1.2010 WP 400281800
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Fig. 9. Disease severity surveys of root-knot nematode in field trial No.
BF002. Where "CK" meant as control group treated with water;
fEt ~ HEERERT (BFOOD) A4k aR SR LA - "Fluopyram" meant as reference group treated with 500 g/L fluopyram
Fig. 7. Disease severity surveys of root-knot nematode in field trial No. SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated
BF001. Where "CK" meant as control group treated with water; with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution;
"Fluopyram" meant as reference group treated with 500 g/L fluopyram "CGMCC 800x" meant as test group treated with B. firmus CGMCC
SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated No.1.2010 WP 800-fold dilution; and "CGMCC 1200x" meant as
with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution; test group treated with B. firmus CGMCC No.1.2010 WP 1,200-fold
"CGMCC 800x" meant as test group treated with B. firmus CGMCC dilution. Values followed by the same letter were not significantly
No.1.2010 WP 800-fold dilution; and "CGMCC 1200x" meant as different at p> 0.05 according to LSD test, and err bars were SD.
test group treated with B. firmus CGMCC No.1.2010 WP 1,200-fold
dilution. Values followed by the same letter were not significantly
different at p> 0.05 according to LSD test, and err bars were SD.
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Fig. 10.Disease control surveys of root-knot nematode in field trial No.
BF002. Where "Fluopyram" meant as reference group treated with
500 g/L fluopyram SC 4,000-fold dilution; "CGMCC 400x" meant
as test group treated with Bacillus firmus CGMCC No.1.2010 WP
400-fold dilution; "CGMCC 800x" meant as test group treated with
B. firmus CGMCC No.1.2010 WP 800-fold dilution; and "CGMCC
1200x" meant as test group treated with B. firmus CGMCC No.1.2010
WP 1,200-fold dilution. Values followed by the same letter were not
significantly different at p> 0.05 according to LSD test, and err bars

were SD.
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Fig. 11.Disease severity surveys of root-knot nematode in field trial No.
BF003. Where "CK" meant as control group treated with water;
"Fluopyram" meant as reference group treated with 500 g/L fluopyram
SC 4,000-fold dilution; "CGMCC 400x" meant as test group treated
with Bacillus firmus CGMCC No.1.2010 WP 400-fold dilution;
"CGMCC 800x" meant as test group treated with B. firmus CGMCC
No.1.2010 WP 800-fold dilution; and "CGMCC 1200x" meant as
test group treated with B. firmus CGMCC No.1.2010 WP 1,200-fold
dilution. Values followed by the same letter were not significantly
different at p> 0.05 according to LSD test, and err bars were SD.
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Fig. 12.Disease control surveys of root-knot nematode in field trial No.
BF003. Where "Fluopyram" meant as reference group treated with
500 g/L fluopyram SC 4,000-fold dilution; "CGMCC 400x" meant
as test group treated with Bacillus firmus CGMCC No.1.2010 WP
400-fold dilution; "CGMCC 800x" meant as test group treated with
B. firmus CGMCC No.1.2010 WP 800-fold dilution; and "CGMCC
1200x" meant as test group treated with B. firmus CGMCC No.1.2010
WP 1,200-fold dilution. Values followed by the same letter were not
significantly different at p> 0.05 according to LSD test, and err bars
were SD.

MR AR EN A% - FRBEEER (0> 0.05)
(Fig. 12) °

7

EN I

TR 4R &R (Meloidogyne spp.) Fy¥H{EW)fE =M B B EERY
EEFF A S - TR RRAHT THERZ - RS
FEECHWE > DS WS ES - FHiiiE R EE
GRS ER - TR EZy - PEEAS T LEAZE
TR MEET NERGIRY) > H L8O > (RS 2R
FEARTR - TR HARR AR - TE8th EPRIHEAE B BAvmE - &
ZERBEL - FH > EERIGE LT - #EEKRER
HE) - HEVNEBERA R - RERPEEGER - TIRIEE
i1,3- &Pk (1,3-Dichloropropene) B 4T M IR A Al FE
HIREGRBNGEE BRI AE BR A R A TR -
T IE LI AR AR S MG (oxamyl) BERH: (fluopyram)
RAIATRE DR S ~ T 808 S B4 sl R Rr A RUB S s 8 > |
B 47 52078 S DA SR IR A - IR R o dTHAK
EM e R A o #0E DURD BB 2 R 47 #  (1
ag > AT R EEEEATATMEEAR R-ER) WE
P SR A ) A LR BE TR A I B o - DA
IR - SR s S B o B R AE PN AR e] DA



166 J. Plant Med.

MEhOHE M SR SR - DURSE A S A g
ERE"  Hoh B F R A YR G 83 6455 Bacillus
firmus ~ Purpureocillium lilacinum (=Paecilomyces lilacinus) »
BLK: Pasteuria nishizawae™® o

AW FE R EL R EfEARE >1x10° CFU/ga] JR M 2
(Bacillus firmus, CGMCC No.1.2010 WP) itz gen] » ek H i
FENARRESRER (Meloidogyne incognita) HIFTIARUR © 455REUR
CGMCC No.1.2010 WPFE =557 Y FH el st B 5240045 2800 £
AT IH (R - B ry 4 stk 18 (Fig. 4, 5, 6) « TEMRTEETE4R
&5 (Rotylenchulus reniformis) B G E » FIFHB. firmus (1.4x10
CFU/seed) 81 P. lilacinus (0.3% vol/vol of water) IS &TEA » 7]
DI f % B [ s B R D B 4R aa v 4h s ~ REakELON R -
A FT SIS A MR SR R B o A AWIZEAY =5 R R
Epah it - SR 1% & ST T A M P B R AH B 22 52 (p<
0.05) (Fig. 7,9, 11) » #EMEFFELIEHIEER (Fig. 8, 10, 12) ©
Rk S H Bacillus firmus B AR TR ~ MEELRKE
TR Z O (i ok (82 VAN B PRI IR AR SR RE )
RITAT R EEAR 2R 2 AR TR 4 d Y SRS 0775 1o ST 4 3 32 R Y 52
B [RRERERIVEB) I EAFIE T o DURCHI B 0N o7 i ve
77 - HEI ATl 4 s nI i L - DIRE R rp i as sl
B2 o B3O > Bacillus species BAFEHMEFURIVAES] (ISR,
induced systemic resistance)” » B. firmus Bk GAERE 5
BEREVEDUME » B KT E5E4E (Heterodera glycines) AR
g > TERBAERIETR VIR 4R 8% (Meloidogyne spp.) IR -
HE— I &R % B (GFP, green florescent protein) #5555
ity » RURTEEIRB. firmusBIIR T 4R AT B A ELEH AR 2 bk
A AT AR R 4R E Y ON > HEVA S3 R IIEEE ST « BCART-
qPCRFZ Ml » R 23R B. firmus B AL AUTEME L o] 5% 2R
B BITURN o B EESER LAY - SR BE Sk
(serine proteases) fER AV 4 MR HRRK T — B
HIB. firmus DS- 1Bk A 7] 7 4 4 @Al 2 H B Sep 1AVAES] » 7]
DA% fE e g s E &R -

& Bl > Bacillus firmusEig o] DAEAEYIIR 2 L4885 > W6
B TE i SbaR R 1TAE JT - T AT R BN 27 A M 4R mm iy
VEEJELINBRAYIEAL - RIETER AR AR s B AT Aba
AR -

5| RS

1. Anwar, S. A., and McKenry, M. V. 2010. Incidence and
reproduction of Meloidogyne incognita on vegetable crop
genotypes. Pakistan J. Zoology 42:135 - 141.

2. Bao, Y., Chen, S., Vetsch, J. and Randall, G. 2013. Soybean

yield and Heterodera glycines responses to liquid swine manure

10.

11.

12.

in nematode suppressive soil and conducive soil. J. Nematology
45:21 - 29.

. Castillo, J. D., Lawrence, K. S., and Kloepper, J. W. 2013.

Biocontrol of the reniform nematode by Bacillus firmus GB-126
and Paecilomyces lilacinus 251 on cotton. Plant Dis. 97:967 -
976. doi: 10.1094/pdis-10-12-0978-re

Choudhary, D. K., and Johri, B. N. 2009. Interactions of Bacillus
spp. and plants-With special references to induced systemic
resistance (ISR). Microbiol. Res. 164:493 - 513. doi: 10.1016/
J.micres.2008.08.007

Geng, C., Nie, X., Tang, Z., Zhang, Y., Lin, J., Sun, M., and Pen,
D. 2016. A novel serine protease, Sepl, from Bacillus firmus
DS-1 has nematicidal activity and degrades multiple intestinal-
associated nematode proteins. Sci. Rep. 6:25012. doi: 10.1038/
srep25012

Ghahremani, Z., Escudero, N., Beltrdn-Anadon, D., Saus, E.,
Cunquero, M., Andilla, J., Loza-Alvarez, P., Gabaldon, T., and
Sorribas, F. J. 2020. Bacillus firmus strain 1-1582, a nematode
antagonist by itself and through the plant. Front Plant Sci.
11:796. doi: 10.3389/fpls.2020.00796.

. Grabau, Z. J., Liu, C., and Sandoval-Ruiz, R. 2021. Meloidogyne

incognita management by nematicides in tomato production.].
Nematology 53:¢2021-55. doi: 10.21307/jofnem-2021-055
Greco, N., and D1 Vito, M. 2009. Population dynamics and
damage levels. 246 — 274pp. in Root-Knot Nematodes, eds Perry,
R. N. Moens, M., and Starr, J. L. 520 pps. CABI international.
doi:10.1079/9781845934927.0246

Hu, M. X., Zhuo, K., and Liao, J. L. 2011. Multiplex PCR for
the simultaneous identification and detection of Meloidogyne
incognita, M. enterolobii, and M. javanica using DNA extracted
directly from individual galls. Phytopathology 101:1270-1277.
Igbal, M., Dubey, M., Gudmundsson, M., Viketoft, M., Jensen,
D. F., and Karlsson, M. 2018. Comparative evolutionary histories
of fungal proteases reveal gene gains in the mycoparasitic and
nematode-parasitic fungus Clonostachys rosea. BMC Evol. Biol.
18:171. doi: 10.1186/s12862-018-1291-1

Jones, J. T., Haegeman, A., Danchin, E. G., Gaur, H. S., Helder,
1., Jones, M. G., Kikuchi, T., Manzanilla-Lopez, R., Palomares-
Rius, J. E., Wesemael, W. M. L., and Perry, R. N. 2013. Top
10 plant-parasitic nematodes in molecular plant pathology. Mol.
Plant Pathol. 14, 946 - 961. doi: 10.1111/mpp.12057

Koenning, S. R., Overstreet, C., Noling, J. W., Donald, P. A.,
Becker, J. O., and Fortnum, B. A. 1999. Survey of crop losses



13.

14.

15.

16.

17.

18.

19.

20.

in response to phytoparasitic nematodes in the United States for
1994. J. Nematology 31:587 - 618.

Kokalis-Burelle, N., Butler, D. M., and Rosskopf, E. N. 2013.
Evaluation of cover crops with potential for use in anaerobic
soil disinfestation (ASD) for susceptibility to three species of
Meloidogyne. ]. Nematology 45:272 - 278.

Mendis, H. C., Thomas, V.P., Schwientek, P., Salamzade, R.,
Chien, J.T., Waidyarathne, P., Kloepper, J., and De La Fuente,
L. 2018. Strain-specific quantification of root colonization by
plant growth promoting rhizobacteria Bacillus firmus 1-1582 and
Bacillus amyloliquefaciens QST713 in non-sterile soil and field
conditions. PLoS ONE 13(2):¢0193119. doi: 10.1371/journal.
pone.0193119.

Mendoza, A. R., Kiewnick, S., and Sikora, R. A. 2008. In vitro
activity of Bacillus firmus against the burrowing nematode
Radopholus similis, the root-knot nematode Meloidogyne
incognita and the stem nematode Ditylenchus dipsaci.
Biocontrol Sci. Technol. 18:377 - 389.

Regmi, H., and Desaeger, J. 2020. Integrated management of
root-knot nematode (Meloidogyne spp.) in Florida tomatoes
combining host resistance and nematicides. Crop Protection
134:105170.

Schrimsher, D. W. 2013. The studies of plant host resistance
to the reniform nematode in upland cotton and the effects of
Bacillus firmus GB-126 on plant-parasitic nematode. MS thesis,
Auburn University, Auburn, AL.

Shukla, N., Yadav, R., Kaur, P., Rasmussen, S., Goel, S.,
Agarwal, M., Jagannath, A., Gupta, R., and Kumar, A. 2018.
Transcriptome analysis of root-knot nematode (Meloidogyne
incognita)-infected tomato (Solanum lycopersicum) roots
reveals complex gene expression profiles and metabolic networks
of both host and nematode during susceptible and resistance
responses. Mol. Plant Pathol. 19:615 - 633. doi: 10.1111/
mpp.12547

Sikora, R. A. 1992. Management of the antagonistic potential in
soil agricultural ecosystems for the biological control of plant
parasitic nematodes. Annu. Rev. Phytopathol. 30:245 - 270. doi:
10.1146/annurev.py.30.090192.001333

Terefe, M., Tefera, T., and Sakhuja, P. K. 2009. Effect of
a formulation of Bacillus firmus on root-knot nematode
Meloidogyne incognita infestation and the growth of tomato
plants in the greenhouse and nursery. J. Invertebr. Pathol.
100:94 - 99. doi: 10.1016/5.jip.2008.11.004

Vol. 64 No. 4, 2022 167

21. Willmott, S., Gooch, P. S, Siddigi, M. R., and Franklin, M. 1977.
C.LLH. Descriptions of plant-parasitic nematodes. Commonwealth
Institute of Helminthology, U. K.

22. Xiong, J., Zhou, Q., Luo, H., Xia, L., Li, L., Sun, M., and Yu,
Z. 2015. Systemic nematicidal activity and biocontrol efficacy
of Bacillus firmus against the root-knot nematode Meloidogyne
incognita. World J. Microbiol. Biotechnol. 31:661 - 667.
doi:10.1007/s11274-015-1820-7

23. Zheng, Z., Zheng, J., Zhang, Z., Peng, D., and Sun, M. 2016.
Nematicidal spore-forming Bacilli share similar virulence factors
and mechanisms. Sci. Rep. 6:31341. doi: 10.1038/srep31341

ABSTRACT
Su, J. F., Wu, C. Y., Chien, L. Y., Lin, T. C., and Yen, J. H. 2022.
Bacillus firmus, CGMCC No.1.2010 WP, a potential biocontrol
agent against root-knot nematode of tomato in field. J. Plant Med.
64(4): 159-168.

“Corresponding author, E-mail: jhyen@nchu.edu.tw

This study evaluated the application feasibility of a strain of
Bacillus firmus, CGMCC No.1.2010 WP, to possess biocontrol
activity against root-knot nematode on tomato in greenhouse. Three
field trials were conducted in randomized complete block design
(RCBD). The B. firmus >1x10° CFU/g wettable powder 400-
fold, 800-fold, 1200-fold dilutions were used as test group. The
reference group was 500 g/L fluopyram SC of 4,000-fold dilution,
and sterile water was used as control. Soil nematode numbers of
root-knot nematode in the control groups were between 33.6 and
42.8 nematodes/100 g soil 60 days after the experimental treatment,
and the numbers in B. firmus groups and fluopyram groups were
20.8-30.8 and 10.3-22.4 nematodes/100 g soil, respectively. Those
numbers of nematodes of both treated groups were significantly
different from the control group (p<0.05). The disease severities in
the control groups were between 43.8% and 51.6%, and the disease
severities in B. firmus groups and fluopyram groups were 17.1-
21.7% and 11.2-18.8%, respectively. The disease severities of both
treated groups were also significantly different from the control
group (p<0.05). The disease control rates in the B. firmus groups
and fluopyram groups were 58-61% and 63.6-76.2%, respectively.
According to the above described results, the B. firmus CGMCC
No.1.2010 WP had the potential to control root-knot nematode on
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tomato in the fields.

Keywords: Meloidogyne incognita, root-knot nematode, Bacillus
firmus, Solanum lycopersicum, tomato, biological

control



