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£, BADEFRRFZIRNATFIEARLEK. 2RERELW, FHAFH Sneb2550 = Sneb2556 f T Ik
b AR LE S, AR IRIBFE 5 H 56.02% F= 50.19%, JFHARHHRA K, HEKELEREEN, Fio
AT Sneb2550 A= Sneb2556 EARAL XN W E A X EHINB FTRER R, FREASHH
60.90% A= 52.63%, HEAT#HFRAARA K. [48] FIRAFH Sneb2550 #= Sneb2556 4845 A 2 By 74
FINB FTARG R RR TR ATNHERAER, HHFTRERRABOED G EREFTOBLETR.

KHIE: HAMREARR;, FRAE;, L5, AWML R

Screening, identification, and efficacy evaluation of Bacillus
strains for biocontrol of cucumber root-knot nematodes
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Abstract: Root-knot nematodes (Meloidogyne spp.) are widely distributed and highly destructive,
causing substantial economic losses in agricultural production. Biocontrol has been considered as
an effective measure for managing these pathogens. [Objective] To explore efficient and
eco-friendly biocontrol resources for controlling root-knot nematodes. [Methods] Bacillus strains
were isolated from soil via the serial dilution method. Strains with strong nematicidal activity
against Meloidogyne incognita second-stage juveniles (J2) were screened by in vitro bioassays. The
selected strains were identified based on morphological, physiological, and biochemical
characteristics, as well as molecular biological evidence. The biocontrol potential of these strains
was further evaluated by egg hatching inhibition assays, phosphorus/potassium solubilization tests,
enzymatic activity profiling, and antagonistic spectrum analysis. Additionally, pot and greenhouse
experiments were conducted to validate the biocontrol efficacy of strains. [Results] Among 189
bacterial strains isolated from 16 soil samples, strains Sneb2550 and Sneb2556 demonstrated
strong nematicidal activity against M. incognita J2, inducing the corrected mortality rates of
95.64% and 95.36%, respectively, after 24 h. Based on morphological features, physiological and
biochemical characteristics, and 16S rRNA gene and gyrB sequences, strains Sneb2550 and
Sneb2556 were identified as Bacillus proteolyticus and B. amyloliquefaciens, respectively.
Functional characterization showed that strain Sneb2550 produced protease and inhibited Fusarium
asiaticum, Trichothecium roseum, and Alternaria solani. Strain Sneb2556 produced protease and
amylase, solubilized phosphate, and suppressed F. asiaticum, Aternaria alternata, Botryosphaeria
dothidea, T. roseum, Colletotrichum gloeosporioides, and A. solani. Moreover, both strains did not
adversely affect cucumber seed germination and significantly promoted the radicle growth. Under
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pot conditions, Bacillus Sneb2550 and Sneb2556 significantly reduced root galls formation, with
the reduction rates of 56.02% and 50.19%, respectively, while promoting plant growth. Field
experiments showed that root irrigation with Bacillus Sneb2550 and Sneb2556 -effectively
controlled cucumber root-knot nematodes, with the control effects of 60.90% and 52.63%,
respectively, while promoting plant growth. [Conclusion] Bacillus Sneb2550 and Sneb2556
effectively controlled cucumber root-knot nematodes and promoted plant growth, providing new
potential resources for the biocontrol of root-knot nematodes.

Keywords: Meloidogyne incognita; Bacillus spp.; identification; biocontrol; cucumber
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% % IR (CK). K 24 FLAGEDE & F 25 °CHH
RIEFRAA D, B55E 24 h HBCE 24 LA, (AR
P SR (U FH T i B AR IR 5 PR /) IEE I
SERRAS/INL A B SR T - BORIAE I B, RS
i E AR HLR, HHPRE i shJo o iy e
ICNIET . B LR HUAE T ARG IR SR TR
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By, MACBES 3 W, HAE
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FET 3 b e W 2R LA R R R T 5 2k
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1.6.1 EFLE
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S AR ARSI . A ¥ 5 PR AR P
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1.6.3 DTEE

Z: M8 Sutyak ZEB 7, BEEUAN A0 5L R
ZH DNA. DIFEHZH DNA bkt , R 40
21 27F (5-AGAGTTTGATCCTGGCTCAG-3")/
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gyrB-F (5-GAAGTCATCATGACCGTTCTGCAY
GCNGGNGGNAARTTYGA-3' )/gyrB-R  (5'-AGC
AGGGTACGGATGTGCGAGCCRTCNACRTCN
GCRTCNGTCAT-3") 435l #E 47 16S rRNA JE K] A1l
B JFANY G, PCR P AR5 ul): L. F
WE 514 (10 pmol/L) 4 1 L, DNA FAR 2 uL,
2xTag Master Mix (Dye Plus) 12.5 pL, ddH,O
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~AF o
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inhibition rate-egg hatch, RIR-EH) fi*) 55 43 51l &
NRG)FAR ()R
EHR=HE/TEx100% (3)
RIR-EH=(EHRcx-EHR7)/EHRcxx100%  (4)
K. HE I B, TE A op %,
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1.8 F#k Sneb2550 F1 Sneb2556 i 1R
R AN B R M A
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A Rex N BRI IR R R V%2148, Ry AL P
TR P AR
1.10 E £k Sneb2550 F1 Sneb2556 % %
AT RN F iR & B9 52
PEPRIHE R TR ¥, BT 55 °CIRfL 30 min
JEWET o BB T A E TR 23 BT 5 mL B AR
Sneb2550 1 # £ Sneb2556 A & BF W (M = H
1x10" CFU/mL) 20 5 min, HUH & KR 73
i L i R O N e iy R S DS RT3
AR TC I G R ML (@=90 mm)H, 35 AR AE S
T8 O PR K G FR SR AL B X B, AR AR B 3 Uk
\E, BAEKE 20 KM BB R IUCE
28 CCHYTEIRIG AR b T B RE 35 . AbFE 24 h
Ja TGRSR L & 25 R 40, B 24 h Seit
VWK, Kig% 3 d GGt R & 28 Fh 74k, 10
KEER, RN E R R, RS R
% 2 %R (germination rate, GR) Fll # 1 1% 71 5 %L
(seed vigor index, SI)RY 15843 5] an 2> 2 (6) Fl 2y
KPR,
GR=GS/TSx100% (6)
SI=RLxX(DGS/DG) (7)
K. GS NEZEFFEL, TS MR, RL
HIRARK B, DGS iz K EZE, DG HAHR %
ZEREL
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BITREFHTHRNEKREKEELRE
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KEWT—OG, KRR EEA KT N
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RALE , VIS RICE K . LB 55 3R AR A X
WREH, R abPE 3 REE, B EE 3 R
B4y, AR 10 mL F#E Sneb2550 Al
B bR Sneb2556 & B (W A 1x10° CFU/mL),
JFAE 3 d Jedefeg HARSE L 12 By 1 mL
(21 500 2R T ARGE LR L 12) AL ER, 43 DL S5
JCRK . LB RiFR3EHHGE B 1000 5 A 1.8% B
PP R FLIEM, A 3 d JG R RS T AR5 2 i
J2 B 1 mL (2 500 £5F5 AR 254k dt 12) Ry Xt
WA, A PER S, BMESR 1 HRE.
HAEEE TREDES, RER25°C, LK
16 h, MW 8 h, AL, TR
MR KB, RKig% 30d Je, I TR R A9 Bk
L MR AREEEE ARG, DA SRS
AR IR R, MR 45 R (reducation of gall,
RO A @) 7R o
RG=(Gck—G1)/Gexx100% (8)

. Gex IXTHRZAM 255, Gr AL FRAAR
£
1.12 & #k Sneb2550 #1 Sneb2556 Xf &
JRFa 5 R & 2 w9 (8] fr 380t 3

MK T 2024 45 5 A 16 HAEIL T4
L T VR A T IR AL (122.518°E, 41.039°N) AL =
KM AT, iR KMETEEEY A, B
HRGELR Hudg A A 7™ 8

BORFF I 3 . WA AR T L 1.11
o BECYR, XENGE AT AR AL, )
HILLB R Sneb2550 FIEE % Sneb2556 & M ik (e
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FFLIMVERR X IR, R EAR 200 mL, B
AREPREE 3 WHE S, BAER S BRET, SR
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WRE . MREEE . R IREEE, AR
BOF A EI B, AHFSE R Bridge 25241
SYRFRMEGITRN : 0 9k, RARBIRTCR LA
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e 1 9%, MR DR/NRRSS; 2 9%,
JARERA T UL B /AR 4, AR SRR AR 4
39, AU B E KRS, FRA RS
B 4%, ARG GRS, s, £
WRAFLLTCS; 5, 50% RARIMBRES, FHIF
WG AERSS ;s 6 P, FARF M2 INE LML 57
s 7%, TR 80% XI#i ek 55, 8 %%,
RGO E; 9N, ERARCE ERM
A=A S 10 9, FRMREE 75K,
WR ARG 5E2TH K . ME5H8 % (gall index, GI)Fll
Bj7%4 (control efficacy, CE)Ai3.43 5l a2 = (9) Al

ARA0)FIR .
GI=X(Ndx Cd)/(TsxAd)x 100 9)
CE:(G[CK—G[T)/G[CK>< 100% (10)

Kb Nd AEGORREL, Cd MERFRE, T
R VE A EAREL, Ad REEPACERIE, Glox Xt
WARZEEEL, GIr WALFIARZS 4540
1.13 BBZI S SR

i i} Microsoft Office Excel 2010 4% {4 ¥ 47
BARSGETT, 151 SPSS statistics 22.0 #4:%) 156
B T80 041, {8 B GraphPad Prism 10.1.2
FAFHATIER . 1550 FH Duncan [ &2 AR 257
(P<0.05)#k1 722 55 b EVE 3T -

2 EREH

2.1 FARGEBEFFFEITERNS S
Uiiipeid

DL 4 [ 45 R R 1) 16 ) 1 AR 5 Sk 44
Bl SRR BER AT E T AT R A 4 S 4k
b, IR 189 PREFMIFT R 73 B . BRAFHYZF
PR TR B AR Y AR AF T 00 PR A b R 2 b T 48 Ui
FE T I-80 °CHKAR

PLAT BRI 189 RRZFFRAT I AR, LU
FETARGE S L 02 AR, TREXT J2 A = A hE
TR bR . I ZE R R, 2RO L e LT
WAL 24 h J5, XTSRS L L 12 IESET %R
KTF 90.00% MIERRA 40 ¥k, 81.00%-90.00% 1)
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HARAT 19 ¥k, 71.00%-80.00% FOHHRAT 8 £k,
61.00%—-70.00% FIEERA 17 ¥k, 51.00%-60.00%
HIERRA 14 Bk, 41.00%-50.00% HIRERA 12 Fk,
15.00%-40.00% M FEHRA 27 ¥k, 15.00% LT
PRIMRA 52 Pho SEHCH B A L3S WAL 3 R e
IR ZE LR 72 1 24 h FZIEAE TR KT 90.00%
[ 40 PRANDA R MR IEA TS 0% . 45 SRR, 8 BR4H
PR D R A T IR RO e 7 AR A4 I 02 1Y) 24 h A%
EAET R AT 90.00%, BIXIRg ARGl )2 4
R AL MR, o, Wtk Sneb2550 Al
Sneb2556 AbBEXT J2 AYARLE B G PEf ., 24 h %
IEFET K505k 95.64% F1 95.36% (= 1), KL
VEHUEFR Sneb2550 F1 Sneb2556 FHA TG EEHIZE .

2.2 TEi¥k Sneb2550 F1 Sneb2556 K14 E
22,1 HEEESEE

#F Sneb2550 7 LB K73 I A KAK I K
I, WYEAILAE, FJE; s Rva i,
FIE A 2GR s WACHFRR, RS
(Kl 1A-1C). TH ¥k Sneb2556 7E LB #5555 A=
KW R, WiEmEa, WHEE, §mg
B R, FE L CBHE T AR,
JE A (E 1D-1F),
222 HEAENLEELER

A PR AR AR RE AR R DU 25 SR BN, T RR
Sneb2550 X M | 2 WE A B e i Tk 2R B A FH
P, XFIALEE . ULEE . SRR (RE IR A7) .

®1 WEERLE RN ARG LRI RYR

Table 1 The nematicidal effect of fermentation filtrate of selected strain against Meloidogyne incognita J2
Strain Mortality in 24 h (%) Corrected mortality in Strain Mortality in 24 h (%) Corrected mortality in
24 h (%) 24 h (%)
CK 4.18+2.15n - 16P 84.43+4.64fghijklm 83.75:4.84fghijklm
Sneb2550  95.83+1.64a 95.64+1.71a 9E 84.13+2.93fghijklm 83.44+3.06fghijklm
Sneb2556  95.56+1.28a 95.36+1.33a 8G 84.11+1.49fghijklm 83.42+1.56fghijklm
16G 93.92+0.37ab 93.66+0.39ab 15D 83.80+3.61fghijklm 83.09+3.77fghijklm
15B 93.604+2.83abc 93.3242.95abc 16X 83.79+0.95fghijklm 83.08+0.99fghijklm
15A 93.2642.94abc 92.9643.07abc 8H 83.78+3.79fghijklm 83.07+3.95fghijklm
131 91.24+2.74abcd 90.85+2.86abcd 16E 83.5345.03ghijklm 82.8145.25ghijklm
8P 90.58+3.18abcde 90.1743.32abcde 15C 83.26+3.05hijklm 82.53+3.19hijklm
9C 90.58+0.81abcde 90.174+0.85abcde 16J 83.13£2.07hijklm 82.39+2.16hijklm
16H 89.27+3.68bcdef 88.80+3.84bcdef 6L 82.1446.35ijklm 81.36+6.63ijklm
14L 89.13£3.73bcdefg 88.65+3.89bcdefg 16T 82.03£1.78ijklm 81.25+1.861jklm
2A 88.69+3.14bcdefgh 88.20+3.28bcdefgh 16Q 81.79£3.12ijklm 81.00+3.261jklm
16D 88.23£3.34cdefgh 87.72+3.49cdefgh 14J 81.70£3.42jklm 80.90+3.57jklm
160 87.44+1.00defghi 86.90+1.04defghi 16L 81.67+1.01jklm 80.87£1.05jklm
SE 87.35+3.02defghij 86.80+3.15defghij 15E 81.63+0.17klm 80.82+0.18jklm
16K 87.20+0.98defghijk 86.64+1.02defghijk 16M 81.58+1.52klm 80.78+1.58klm
16W 86.96+2.94defghijkl 86.39+3.07defghijkl 16U 81.45£3.74Im 80.6443.90klm
16F 85.45+3.95efghijklm  84.81+4.12¢fghijklm | 16N 81.29+3.06Im 80.47+3.19Im
16R 85.44+1.25efghijklm 84.80+1.30efghijklm 16Z 81.09+£2.42m 80.27+2.53m
161 85.08+1.54efghijklm 84.43+1.60efghijklm 16Y 81.00£1.22m 80.17+1.27m
16C 84.99:+1.06fghijklm 84.33+1.11efghijklm

Data are mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s test. The same

as below.
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El1l EHKkSneb2550F1Sneb2556 9L ZSHFAE. A: HIHKSneb25507ELBIEFR4E EAIEZS: B: HitkSneb2550
L RGE(40%); C: FIRkSneb2550 BT HLEIE A ; D: FbkSneb2556fELBHi SR 2L EIIEAS; E: Witk
Sneb25564 >4 [GYL{f,(40%); F: HkkSneb2556:5 5 LA .

Morphological characteristics of strains Sneb2550 and Sneb2556. A: Morphology of Sneb2550 on LB
medium; B: Gram staining (40%) of Sneb2550; C: Transmission electron microscopy morphology of Sneb2550;

Figure 1

D: Morphology of Sneb2556 on LB medium; E: Gram staining (40%) of Sneb2556; F: Transmission electron

microscopy morphology of Sneb2556.

BRLZ= B . B OBE RN B Ak & BT M . R AR
Sneb2556 X AL Fe B R PH A, X SRBE LIl
B URE . AN . R PROK(BERRG).
B . BB A AL SR DI . B Ak
Sneb2550 FI Sneb2556 M4 LRHER S (F
DA RGN E T ) b O T 2 AT | A ik
K
223 OTFEEHER

N T i BRI B Bk Sneb2550 il Sneb2556
M52, X ERI 16S IRNA FE K 751 A7
W0 43 B I #) 2 BT Bk Sneb2550 Al Sneb2556 K
R REW., RN, SHEE Sneb2550 [A]i
PEf R  RAE 2 HAFR(Bacillus proteolyticus),

>4 actamicro@im.ac.cn, 7 010-64807516

B 5t 5 4 ORO077583.1, OM371062.1, 5
Sneb2556 [m] Y5 1 B = 1 f E B 2F 96T R
(B. amyloliquefaciens), * 5% 5 4 PP236930.1,
OR856022.1 (K 2A). [AIBF, I #k Sneb2556
(1) gyrB FER Y EHATIEIN i I E R R LT
B A5 BN, SER Sneb2556 [R5 e i 1Y)
R 1 TE Ky 2 AT B8 (B. amyloliquefaciens), & 5%
5o KP900934.1, MT793724.1 (& 2B), T ¥k
Sneb2550 Fll Sneb2556 (1) 16S rRNA & [K ¥ 51 |
gvrB FEHF A E 43 IHE3C GenBank BHEE , Hk
Sneb2550 i 16S rRNA FE 74154 PV093913;
# k Sneb2556 f 16S rRNA X [A JF 51 5 N
PV093914, gyrB F:FFI+5 8 PV104451,
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100 Sneb2550 (PV093913)
%Baciﬂus proteolyticus X51 (OM371062.1)
Bacillus proteolyticus IMH/B-1 (OR077583.1)

99Sneb2556 (PV093914)
89| Bacillus amyloliquefaciens FIAT-201 (PP236930.1)
Bacillus amyloliquefaciens SPR6 (OR856022.1)
Bacillus velezensis 2628 (MT611650.1)
6! Bacillus velezensis QT-50 (MT065778.1)
Bacillus subtilis ELA2001105 (CP071043.1)
99 Bacillus subtilis FIAT-4 (CP082924.1)
100| Bacillus licheniformis BioE-BL11 (MN493718.1)

Bacillus licheniformis KNU11 (CP042252.1)

100 ’Bacillus pumilus ML211 (KC692172.1)

Bacillus pumilus ESR14 (KC953600.1)

Pseudomonas fluorescens B-Exp9 (LN651256.1)

Sneb2556 (PV104451)
9

Bacillus amyloliquefaciens 6256 (KP900934.1)

9\ Baciltus amyloliquefaciens 3-5 (MT793724.1)

Bacillus velezensis ZF514 (OR909914.1)

Bacillus velezensis FQ-G3 (OP867064.1)

Bacillus subtilis QH-668 (MW401279.1)
26 Bacillus subtilis strain (0Q659395.1)

[Bacillus licheniformis BCRC 11702 (DQ309295.1)

Bacillus licheniformis FUA2147 (CP143960.1)

A
97
100 |
—
0.020
B
7
el 83
100]
—
0.050

Pseudomonas fluorescens VUN 10011 (AY642283.1)

B2 E#kSneb2550 F1Sneb2556 £ T 16S rRNAE E F5(A)FgyrBERFFIB) N RA L ER/ . K/
MEGA 7.05x {4 1 i 482 1% (neighbor-joining method) {4 i R4 & B W, FH-il 1 0007 &2 kA1 A (A
(bootstrap values), PPRIER G SHRE THES N o AR NRFIR BT RO s 2 5L
Figure 2 Phylogenetic tree of Sneb2550 and Sneb2556 was constructed based on 16S rRNA gene sequence (A)

and gyrB sequence (B). Phylogenetic trees were constructed using the neighbor-joining method in MEGA 7.0

with bootstrap values based on 1 000 replications. Gene accession numbers of bacterial strains are indicated in

parentheses. The scale bar represents the number of substitutions per base position.

PR, amat
P, 4ia o TEY (8 2),

TSR AE (B 1) RN A BEA {4
Y TR
Sneb2550 MfFEH 2 HIF (B, proteolyticus), Btk

Sneb2556 MFER I E(B. amyloliquefaciens).

R

2.3 ZFI4FE Sneb2550 F1 Sneb2556 %
B2 b & i 3t R 73 #R 45 2k FR DR 14 O HD )

i A B 25 R R W], Ab B 24 h )5
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ddH,O #1 LB &b 34 B IEAL 270 1 R 11.55% #11
11.23% (&l 3)o ZFfdFF1# Sneb2550 Fl Sneb2556
R 2 T L 37 ) i R 45 e i O B A 7 A X
IR0 R 76.92% F1 80.77%; AbFH 48 h i,
fi 25 1 2E /04T 8 (Bacillus proteolyticus) Sneb2550
N VE K3 ZF 9 4F B8 (Bacillus amyloliquefaciens)
Sneb2556 TR Pk A I L35 W% e AR 4 2k L D O
A AR 0K 4351 R 83.63% £ 84.80% (& 3).
2 TR, A Sneb2550 Hl Sneb2556 fiE

257 =mCK
- == LB a
S 50l =m Sneb2550 .
53,.3 Sneb2556 T
5 151 4
) a
S ==
S 10
.g
5
g0 b b b
) N ||
24 48

t/h

[El3  ZFHa4TE Sneb2550F1Sneb2556 & B% b 5& %t
R 3 1REE L R DR AL R A S2 M0

Figure 3 The effect of fermentation filtrate of
Bacillus Sneb2550 and Sneb2556 on eggs hatching

rate of Meloidogyne incognita.

Sneb2550

Sneb2556

e UL e e AT C A = e K N i
AbERES ] (9 2 T3
2.4 ZFHATE Sneb2550 F1 Sneb2556 A
AR A0 P BRI M AT

VS T i 0 R 7 O G 0 3 4 SR e
PR A& Sneb2550 1T LA7E FR [ A I 15 752 3 12k
B APE, T RE Sneb2556 1] DL AE 1 Wi AS I £ 77
FE M ARG I 45 27 L AR A 0 1% R 3
FerE B (& 4), I, PR Sneb2550 HoAT ™
FERYARE ST, Btk Sneb2556 HLA B A i
Fili . HEEBERE S, (HREAG MR, 7=
BRATRAE . JLT Rl ZF 4t Z B AE
2.5 ZFIAFE Sneb2550 F1 Sneb2556 Xt
H bR /REE s ER

PR IR I S5 R, BB Sneb2550 X
SPESREER O R RN i R B LA B A b
YEHT, IR KT 50.00%, Hik Sneb2556 %f
ChES LR TR . SER B DR . BRI
B L BT R B . S50 B0 B i R
a9 D TR LA BRI AE PUVE T, IR R T
53.87%, HAE R Sneb2556 X 3 A L B A
PRI RN 91.26% (£ 2). M8 2 F AT 1

El4 ZFB4TE Sneb2550F1Sneb2556; 3 B fE R AN 2 EE R 40N . A-B: AWE; C-D: f#4; E-F. WERAS
fitf; G-H: JUT Jufif; 1-J. £F4Ez0; K-L. HEABE; M-N: JERHE.

Figure 4

Detection of phosphorus-solubilizing potassium solubilizing and enzyme-producing activity of

Bacillus Sneb2550 and Sneb2556. A—B: Phosphorus hydrolysis; C—D: Potassium hydrolysis; E-F: Phosphatase;
G-H: Chitinase; I-J: Cellulase; K-L: Protease; M—N: Amylase.
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(Bacillus proteolyticus) Sneb2550 FIf# V€K ZEH0FT
W (Bacillus amyloliquefaciens) Sneb2556 X H: il
o I LT FLAT AN TR RR B A e/
2.6 ZFTEFFE Sneb2550 1 Sneb2556 Xf
=M FHE & B F20

Fp i I A R R, M 3d )55 LB
X HEAH EE, ZEA0FF 1R Sneb2550 Fil Sneb2556 %
P B B AR AR ARG, B T 27.92% Al
36.36%. 5 XM IRAH I, ZF AT Sneb2550 F
Sneb2556 ALBRJE , B JIRP 11 & ZF A FN AT
NI W EVEZE 7 (R 3). £5 Bk, ZF4EFT
B Sneb2550 FI Sneb2556 X # I+ i & TG
IREH,  HI W ek e AP AR AR

2 AT EISneb2550F1Sneb2556 % H 5 R B
HOHNEIE A

Table 2 Inhibitory effect of Bacillus Sneb2550 and
Sneb2556 on other phytopathogens

2.7 ZFIATE Sneb2550 F1 Sneb2556 Xt
RINEKRE K AEGAENEG R
FHLE RTRA AR

AL R LKW, AP 30d 55 LB X
WEAH L, ZEf0FF B Sneb2550 Fl Sneb2556 & %
WHEAR AL B RGN 5, BT bR MR . AE AR
BEEE . AR . ARMBEE Y W, ST
41.44% F1 31.79%. 147.69% K1 142.88%.
42.62% F1 20.41%. 33.18% H1 93.36% (& 4).
Ak, EXTHE LB AHLG, FPE Sneb2550 & TR
Sneb2556 & g I BT 4 T 2 40 SV AR A BE B
Wi, ARE B AL, AR EER0R 555
H 56.02% . 50.19% #1 60.53% (% 5). KL, %%
F 5 AF T 2 FAT T Sneb2550 F1 Sneb2556 Al A

Fz4 BEZFEZMET IF 18 T & Sneb2550 F1
Sneb2556;E R IR T | IR KA K HIF2 M
Table 4 Effect of fermentation broth of Bacillus

Phytopathogen Inhibition rate (%) Sneb2550 and Sneb2556 on cucumber plant growth in
Sneb2550  Sneb2556 pot experiments
Fusarium asiaticum 35.53£3.06  71.33+0.85 Treatments Shoot Shoot fresh Root length Root fresh
Alternaria alternata 0.00£0.00  71.66+2.94 length (cm) weight (g) (cm) weight (g)
Botryosphaeria dothidea 0.00£0.00 69 79+0.39 ddH,O 20.86+0.98¢c 8.55+0.50b 15.48+0.70d 2.39+0.17¢c
Trichothecium roseum 75744194 91264198 LB 18.75+£0.96d 5.41+0.64c 18.37+£0.93¢ 2.11+0.33¢
Colletotrichum glocosporioides  0.00£0.00  80.702.99 Sneb2550 26.52+2.13a 13.40+1.20a 26.20+1.08a 2.81+0.52b
Alternaria solani 567244 58  53.8741.16 Sneb2556 24.71+£2.12b 13.14+1.01a 22.12+1.40b 4.08+0.38a

*R3  ZFHIFTESneb2550F0Sneb2556%1 # I F#5
£ REKHIF

Table 3 The effect of fermentation broth of Bacillus
Sneb2550 and Sneb2556 on the germination and
growth of cucumber seeds

Treatments Germination Seed vigor Radicle
rate (%) index length (cm)
ddH,0 83.33+£10.41a  3.06+0.44a 1.58+0.17b
LB 81.67+11.55a  2.92+0.33a 1.544+0.04b
Sneb2550 80.00+5.00a 3.46+0.18a 1.97+0.11a
Sneb2556 83.33+£5.77a 3.57£0.51a  2.10+0.20a

x5 BEAMFZ M T S AT E Sneb2550 A
Sneb2556F7 /A 5 I\ F 75 IR &5 2% ARV A R

Table 5 Effect of fermentation broth of Bacillus
Sneb2550 and Sneb2556 on cucumber root knot

nematode disease in pot experiments

Treatments Root galls Reducing rate of
root galls (%)

ddH,O 106.40+5.18a -

LB 98.00+4.95b 7.89+4.65¢

Avermectin 42.00+4.47¢c 60.534+4.20a

Sneb2550 46.80+2.28d 56.02+2.14a

Sneb2556 53.00+3.24d 50.19+3.05b

http://journals.im.ac.cn/actamicrocn
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R I N 5 R4t £k s IR R R AR
2.8 ZETAAFE Sneb2550 F1 Sneb2556 %f
RBINFEHIRGZRFAAEGATR

HH B AR 25 S B, BN 4k 2= H ) 30 d
&, ddH,O 5 LB Xf FR AR 45 48 505351~ 92.36
F189.58, BaTAEIRZRAMIRAIHSETEECH 54.17 (3 6).
ZEAIFF I Sneb2550 F1 Sneb2556 & I ¥k HE 4R Ak
P NAIH G, AREEHEE IR 36.11 F143.75,
SERREDE TR, B 60.90% il 52.63%,
H 38 = TP e E b (41.35%) (3% 6). 5 LB
XTHREAH L, 28 ZFJFTF TR Sneb2550 Fil Sneb2556
KEERER G, TR ARE | REEE | M
PR A E R = 2 R, A n T 87.16%
M 85.19%. 58.07% Fl 27.14%. 12.98% i
58.75%. 7.54% F151.15% (3 6). K, HE
F, ZEAIFFH Sneb2550 F1 Sneb2556 1 A %4
BiiiA B IR AR L U, IR dF AR A K

3 W54 %

AR, A B A W PR HS R G ) R R UK
R I8 1) 2 b 2R R R, HArs
SR = 808 A R IIBI A0 l) AR 45 2 O 1) 2 By
AP BEUE, Y ETIE V)R AR R REAR E AL
{49 A B B A W o o AR 45 4% i ke B W 15
A 5T DN A SRR AR B A 8 v A3 B T BE S 2 B
X R T AR &5 £k L 32 ELA A R 4 T PR 1 Al R
Sneb2550 Fl Sneb2556. i £ JE A S RFAE A AL B
H A M54 16S IRNA LN FI gyrB FE K 41

ST, K5 BFE Sneb2550 Fil Sneb2556 43 1l % A
Ry it B ZE AT B (B. proteolyticus) ik JE ¥ 2F
fFFE (B. amyloliquefaciens). [N, 2 EEEXT
A 7 AREE L BRI B B I RIROCR , A
s AR &, REEIRAR A, BA
it AR5 BT 22 Tl I TR O BE D o 2R 1 2R AEAT
(B. proteolyticus) Sneb2550 F1 i JE ¥y 2F £ FT 18
(B. amyloliquefaciens) Sneb2556 £ i %5 Fll H [H] 5%
P ALREAT R I6 B N J7 MRS s, i
H 0 R i AR bR A . AR 2 R o i
JIEE T AR 45 2 HUip 19 28 1 B 16 B ARV A 109 A= Bl
gl 8

ZEAUFT R (Bacillus spp )TEBT BRI 3 . X
RS B R AT YR AR gAY A=
4 7 TR I o (0 i SO R R L, O
RADRM AT, AN, EmEe%ds, B
Z TR 2R AU 19 A B A T Ol BE A
ZEAUFTF I (B. amyloliquefaciens) HI03 X} 55 77 R 45
2 J2 B 24 h BLOESET AT 3k 77.3%, JFHoAl
DL ZZ A B0 Ak s e Rkl v nT 2
HIHRZEIE L, IR AL i, AbHE 60 d 5 1Y
MR Ry 75.7% 27, B 5 ZE AT R (B. firmus)
YB-1503 X R 5 REGE IR J2 /) 48 h FEIESET- AR
T3k 70.0%, FEAARFEAT TP 65.8%
DI ZEHIFT 1R (B. velezensis) TB-68 Jx TS W 5
WRAR S 2 L 12 FICIESET 30K 91.7%, BRIFF
LA 255 81.8%, X MHFLALZE Lk Ul Y & N 7
BT IR I 64.4% 2, B L E IR AE AT I

6 ZFTITEISneb2550F01Sneb2556 % B ik ¥t E I\ fE /7 iR 45 4k SR B HH (BIBA 2%
Table 6 Effect of fermentation broth of Bacillus Sneb2550 and Sneb2556 on cucumber root knot nematode

disease in field experiments

Treatments Root length Root fresh Fresh weight Shoot length Gall index Control
(cm) weight (g) (2) (cm) effect (%)

CK 8.49+0.83¢ 2.24+0.49d 150.50+11.26d  139.17+3.25¢ 92.36+1.20a -

LB 9.04+0.38¢ 2.82+0.09¢ 165.67+7.45¢ 159.00+6.03¢ 89.58+2.08a 3.01+2.26a

Avermectin 8.524+0.32¢ 2.53+0.16¢cd 160.33+8.66¢ 146.3344.63d 54.17+2.08b 41.35+£2.26b

Sneb2550 16.91+4.49a 4.46+1.10a 187.17£11.13b  171.00+10.12b  36.11+4.34d 60.90+4.70d

Sneb2556 16.73+£1.00b 3.58+0.50b 263.00+8.02a 240.33£3.50a 43.75+2.08¢c 52.63+2.26¢
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(B. methylotrophicus) NB-04 £ & &K 56 b XJ AR
LML 12 WML IESE T RN 84.9%, XI B4k
AR 78.6%, R F AR 45 Lk MU ) 72Kk Bl
TR 61.6%0, AHIEFY & B ER 1 ZFFFT A
(B. proteolyticus) Sneb2550 Fl i JE ¥y 25 0 #T B
(B. amyloliquefaciens) Sneb2556 | 15 J7 #R 452k It
ELAT B0 1 i % 35 P DA KOGT B ) A fig ) H A
WERHNHIVEN, JOf BARR S 2R S T AR
IR AGET 50.00%, FHEZAF T BiAR T 50.00%.
R, 8 F 2T TR (B. proteolyticus) Sneb2550
FFIER ZE AT (B. amyloliquefaciens) Sneb2556
Al T8RN Ty RS54 U A IR IR

ZEAOAT R AL A Z R B, AR
fil A e e BRI OREAL, T HLRE9E S AR Y
AP I B TR AR 45 4R B DL S A ZE AT
[E:] (Virgibacillus dokdonensis) MCCC 1A00493 ia
) 4- CIR IR B X e U B A R L SR L O
BEALAMEIVER], JF BLAE ik T AR A 4 A
AkaEE R, AR T X AR ZE 4 i BLAT 5 R AE
FHBH 22k 2 28 f0FT 1 (Paenibacillus polymyxa)
KM2501-1 7= 4 (3R k254 Jit cyclo(Pro-Phe)
JE—MHEARLRIEEY BT, Ho] fg o iR
28 M iz R R T T ZEAAT BRI (B cereus)
ARI156 BERS IR —LE SIS IR . L0 . IR
FAHSCI AL A, 5 A W) IR PUAR 45 4k iy 1=
YuB - E R ZE ST (B. subtilis) RB.DL.28 7= 4E
P14 e P Tk 5 0 Y i e 7 Ml R AR 45 2 e 02 )
A B E B MR, A58 & B R 1 2F
fAFT 5 (B. proteolyticus) Sneb2550 Flfi# T K 25 L
FF T (B. amyloliquefaciens) Sneb2556 X kg J5 AR 4%
2R 02 ELA e ) Ml R P Sk 2 A O
b, JFSACPRES ] S IEARSG . I, BFFIRA
YRR 25 H 2F {0 5 (B. proteolyticus) Sneb2550
FFIERY ZE AT (B. amyloliquefaciens) Sneb2556
PR L S AR U PR BT A
Bii6 B R 7 AR A 2 U (AL

ZEFAT B B r AT 2B A e 3, )
R I 26 B R VR RO Bl i & 36

AR R, VLS 2F fAT 18 (B. velezensis)
WB PR A K AR, B EA 4
KBS LA R0 R . A ae 07,
U1 33T 2E FEAT 12 (B. velezensis) ZF513 FEASALHE
JNE G, AkRbR R . 20, Hb b T
M o K AR R L UH: R A
o, AHRERTE T AhE AR P, B 2R AT
WA (B. siamensis) G19-1 BEM% 0 2 19 M BABAE AR Y
o b dRe e AREEE . Hb BT E . MRTELDL
Lok, HUERAESE . 8. B4R, 7R
Z 1 TAA G875 BB AR 1 6 o . b b5
DY i T E=S 150 5 S - A )
FFEE (B. tequilensis) YB-1145 HAG 50 B-1,3-H
WE . B, TAA RS CHLBERIRE ), AT
AR /NZR . R, BEED, RPFRE
M, fEREMBRGET, E AR
(B. proteolyticus) Sneb2550 F1 i JE ¥y 2F £ FT 18
(B. amyloliguefaciens) Sneb2556 i 35 44 il 25 JIAH
PREGME S . BEE A K IR SR, RS AR
AT (B. proteolyticus) Sneb2550 FIfi# GE K3 2F
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PR AE K A B TS PR B DL R AL I R 2
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657 FH A= 977 TR 700 T R A 3 AT ke 2 B 9 A 0 9
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A DA R i SR SR S R IR AR R AT
W (B. firmus) WP i@ 5 HERR AL B, 7E 25Kk 1 H ]
AT YRR #E A A, I BRI R
MAREELE AU, BIRCR T 45.00% ), iR 2
fAFF B (B. amyloliquefaciens) GHt-q6 i 13 #E AR Ak
B, 7E HH ) 250 X0 TR [l A 398 4 Hu iy e
1% B #AA N [F AR B2 il 7 T B 3k 3
43.42%, X BRI B AL 7.61% ™. AT
KIL, fiE 2T R(B. proteolyticus) Sneb2550
FFSER - (B. amyloliquefaciens) Sneb2556
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