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Tk B AR, A AR M AR SR AR A S T AN F AR BATE R, ST AR A & R I ALY
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M P R B 1Ak AR Kk S 4 R (J2) A RAF A B M09 B 4k Sneb2562, 4 J2 A 2 24 h ey R F
79.25% ;5 A AR IE ARANBREAR S F AN FF FH LT AN EMNF WA E (Bacillus velezensis) ;
Sneb2562 4t 22 48 2 3 4 ) 2% R 97 04 wp Ao, AR R A G B AR ER BE B TR Bl e AR AR AL ), LA 2R UG 0 FORAY TR
F LB RAARERL(LB) &4.00% (P>>0.05), A& XKL R R F,Sneb2562 7T 2 Z M V& k1% )6 FINH
REHE MEBRBRERGEARY AN A50.27% F252.00% ;i Z Akt B E 8 m B Nk K S FHE T, 5184
Yo, ¥k @ Ae bk 8E A1 9 & 16.05% F7 63. 68% (P<C0.05) . b3, 2024 4 % 1k & 143X, 34 45 £ & 9, Sneb2562 53 %
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25 R AU, Sneb2562 st NAR 25 2% R gm W A) 69 By o AR A 53.73% , R AL By N AR AR B AR EE T L LB 4 A 3
Jm 25,18 em  29. 41 g(P<C0.05), %k, N A7 5 JLAF B Sneb2562 4t A 3 15 36 FRMR L & ko, LA TR B A #
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Abstract In order to screen microbial resources that can effectively prevent and control cucumber root knot
nematode disease, excellent strains were selected through in vitro nematicidal assays. The strains were identified
based on their morphological characteristics, physiological and biochemical properties, and determined by
molecular biology methods. The effects on nematode egg hatching rate and cucumber seed germination rate
were determined, and the control effects of the strains on cucumber root knot nematode disease were further
determined through pot and field experiments. The results showed that strain Sneb2562 displayed high toxicity
activity against second-stage juvenile (J2) of Meloidogyne incognita was screened from 52 bacterial strains
preserved in this study. After 24 h of treatment, the mortality rate of M. incognita J2 exposed to Sneb2562
reached 79.25%. Based on morphological characteristics, physiological and biochemical properties, and
molecular biology methods, the strain Sneb2562 was identified as Bacillus velezensis. B. velezensis Sneb2562
treatment significantly inhibited the hatching of nematode eggs, exhibited the capabilities to produce protease,
phosphatase, amylase, and solubilize phosphate. The germination rate of cucumber seeds treated with B.
velezensis Sneb2562 increased by 4. 00% compared with the LB control (P>0.05). The results of the pot
experiment showed that Sneb2562 significantly reduced the number of root galls on cucumber plants after
nematode infestation, with a root gall reduction rate and control effect of 50. 27% and 52. 00%, respectively.
Additionally, this strain significantly increased the height and fresh weight of cucumber plants, with the plant
height and fresh weight increasing by 16. 05% and 63. 68% compared to the LB control, respectively (P<<0.05).
In addition, the field trial results in the 1* field experiment of 2024 showed that the control effect of strain Sneb2562
on cucumber root knot nematode disease was 42. 03%. The fresh weight of cucumber plants treated with this
strain increased significantly by 4. 01% compared to LB (P<C0.05). The experimental results in the 2" field
experiment of 2024 showed that strain Sneb2562 had a 53. 73% control effect on cucumber root knot nematode
disease, and the plant height and fresh weight of cucumber plants treated with it were significantly higher than
LB, increasing by 25. 18 cm and 29. 41 g, respectively (P<<0.05). In summary, B. velezensis Sneb2562 can
effectively control cucumber root knot nematode disease, and has great potential for development and
application, and can be used as a new potential biocontrol resource for the biological control of this disease.

Keywords Meloidogyne incognita; Bacillus spp. ; identification; biocontrol effect
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MR BT A4 TR B RUME UM SR OB L 2
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O TR 45 28 R 9 B IR ROR |, B 7R F TR
5 2 MU 2k 00 By 45 1) Bl AR W B, LA O i TCAR 25
LR EYP R IR S %

1 HB5FE

1.1 ##

M3 52 Bk 41 B 2 1 Tk BE ARk K 2 A Jr 2k e F
FEIT A B AR . IR N T 1 R IR R 37 °CL a5 R
hy TR B P R R kL e R O AR A 4 U B
JIER R R A 6457 T b ut b g ROl R B A BR A
Al o AR R R O AR A A R, AT T AR P B T I
X P G B\ G R (1227997 E,41°59" N
R 235 2R U 2 o 7™ 1 B IR Hh R AR AL AE L
J5 & HUF S T I A 0 B IR AR L EAT DR e

56 T B A RS R (LB (I T &
T W B R A BR A | CER G D 8 R 3 B
T2 T T ARG D00 55 % R ey R I % R Y LT
O TG ) 55 R AL B~ 3 TR A U 8 TR
2T Y R A% 35 LA B R AR LY M R R
FECRIRE 0.1 g/L, &AL 0.2 o/L, B85 K 1 g/L,
BRBREE 0.5 g/L, iR — 44N 2 g/L, jEFE 5 g/L, 3
fif 15 /1) o B& LB #5353 121 °C& K K B 30 min
AhHA R 3R 31 121 °Ci B K 1 20 min,

1.2 HEEBEAREBREANG &

B BEIR A0 IS AL T LB SE A L 37 O B Ry
FR 12 ho BEEUE KRS R 40 BB VK 3R T 5 mL
LB W& #5322 v, 37 °C 200 r/min 8 % 35 3% 12 h,
AT AN T K B (A JE R 1< 10° CFU/mL) 31 LB
TRV B % R R T T MR AT SR 2k . B b
ARAHE L EEW 8 000 r/min B .0 5 min, B FF W,
0. 22 prn Fof LU S 2oF 108 A7 A , A 40 TR % T DR o
1.3 EAREEZRNREPBHENHE

PRI 1. 1 ik 28 15 3% 19 p 5 AL 46 2k U & i
M JRAR 2, 1% (w/V)ONaClO 4 # 3 min, L
K R 3 VK, kR B A A TG TR K I S A
BT 25 CA M Ak, WA I A0 10 e 7 AR 45 2k e J2
B, G K (ddHO) I8 5 = 5 W, F T R 4k
g By A O e A 40 B A G T R U Bk
10 F il 2% B BV, 6 1R K (ddHLOD I8 1 &8 T 75 1k
BT ORI AL B ]

1.4 FiGEAREL R J2HERHEIFIE
AN [R) Bt 38 40 B PR Bk & TR JIE R 400 pL fim A

24 fLAHF, B LN A 100 pL A9 2R B (2 30 451
T AR ZE LR B T2) I BN G i LB VAR K 3% S Ak P
(LBY X HE 24 FLARC T 25 “CREFR A8 N HE 5% 12
124 hi , 7ER L B 338 (SMZ-161-BLED, Ik FH *
e N & el /NI DI N UK -5 S TR S50 o e
BAEME S IC R M BE TS, T R R T SRR I

VAR S

FOTo R = A0 T 4k R B4 B 2R R B B X
100% ;

BIEFET 3= (AbH 28 R BE T 4% — X B 2k 2K
T35 /(100 — X R £k HUBET-%) X 100 % o

WH24h TR ARG L K EIT E =
80%0 LA LM TR AT B , B AL A 100 plL By ZE H
B (24 100 45 5 AR &5 £k e 12, H 4 1 06 o A TR
b AN 3R A
1.5 HE# Sneb2562HEE

SR FH B R0 48 75 8 TR PR Sneb2562 27 T LB -
M 1,37 CHEFF 12 hIE BUSL R V% e, U8 T 7 B4
T AR K i W] BE A8 B A8 2 ek . JF R A 22 QL £
R SR B A

AR5 R UL 2 TR 68 7 T )7 R AR 78 A R
F- ) %} B Bk Sneb2562 HE 4T B FE 4L L V-P 4 filr
fity AL AL ST R K R AR sl A
BEREL 1% ~7% (w/V)NaCl.pH 5. 7 % I H 4 4E
PR A AR R PRI E

2 7% Sutyak %" 7 4 B Sneb2562 1 1k P 41
DNA, f#i 1 51 ¥ 27 F (5'-AGAGTTTGATCCTG-
GCTCAG-3" ) ., 1492 R (5'-ACGGCTACCTTGT-
TACGACTT-3")Hl gyrA F(5'-CAGTCAGGAAAT -
GCGTACGTCCTT-3" ) | gyrA R (5'-CAAGGTA-
ATGCTCCAGGCATTGCT-3" )43 %" 4 Sneb2562
) 16S rDNA Fll gyrA J¥31 ,PCR ] WA & (25 pl)
ddH,O 8.5 pL, E T W51 ¥4 1 pl, 4 i 5 I 41
DNA 2 pl., 2X Tag Master Mix 12.5 pL. ¥ 3 2
¥+ 95 °C 148 ¥ 90 s394 ‘CAE 1 30 s, 55 ‘Cil &
30 s, 72 ‘CHEAH 50 s, P 30 ¥k ;72 "CHEAH 5 min,
P48 7 W) 28 1 %0 Brt IS W R KA I S L 26 R T
AW AR C D By A BR S WD o D 45 R AE
NCBIHE 2 47 Hoxd 40 4, AT MEGA 11 84 LA
Neighbor-joining ¥ 1 # R 4t & & # 1L # .
Sneb2562 1) 16S rDNA #l gyrA J¥ 5 # 58 £ Gen-
Bank, JR 15 3L K & 5
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1.6 Sneb2562 X EEIR KX B iR 45 & RO F 1L 19
A1)

B 400 pL Sneb2562 & WEuE WK T 24 fLAR  , &5
FLIMA 100 pLL (4 5 5 AR 25 2k He B 8 (2 15 200 KL
B, LA R JE T K (ddHLOD 1 LB W 4 5% 35 ik ik 2
(LBYSr i /E R X B A b B 3R T . % 24 FL Ak
BT 25 CEEMEAL , T 24 .48 h4» B AR = 5 i s
WL Z B A0 75 450, 158 B 0B A 20 AR AR X o 1) 550

I Ak 3 = O A 4 U8/ R I 850D < 100 %6 5

AH G I ) 8 = [ O BEOE 16 R — 4 B Ak 32D /
Xf HEIBEAL 3 ] <100 % .

1.7 Sneb2562 #J 4 BA 45 1% M ZE

I 2 pl B Bk Sneb2562 & B W B A B E A
fitg ) WL EEEG T e MY EE Y LT A B-1, 3%
REVERG LR L W AR A B RS I R 3R Ak
e BEASKEISE R B 3K . 28 CHiFE S d A, M
SR VR JA IR 75 A 3 I B ™ A, 8 A DULAIE B AR A )
B RR LA AH O T M o
1.8 Sneb2562 X BN HENFH FIHAKKEREK

B B 7E

b TR N NI N = 8l 9 s N L o |
0.5% (w/V)INaClO ¥ # 3 min, J& B 7K # 1k 3 It
Mgt T o #0192 IRD 3 T Sneb2562 & B W
(W 1< 10° CFU/mL) ¥ 0 40 ¥ 5 min, B B
T 5 B T & LR IR AR B SR I 4
L I 7E 45 B TG T K (ddHLO) 1 LB WA 85 37 Jit
(LBY i Bl 716 X B, B A b 3 3R &, B4
A 25K T o BB R LR T 28 CAR TG B 4
FUEINMTFRAKE=L/ 2 FRET AL,
FRICE VKRR M P RS AR, W& RR K
BE TR R SRR SRR B

R = CRFFFA40/25) X100 %
KHFIRB(GD =3(G,/D)
K GRS ¢t R R ZF80; DR AR R K& 2B
H],d.
1.9 Sneb2562 X B HNIRE L BB AN
R

Pk 3% £l B 10 0 L R /N AH I Y B R R, 0.5%
(w/V)INaClO {2 3 min, JC & 7K Wk 3 W5 Bl T o
A B 0 B RR - T 0 I I U AR Y By SR L
2, M TR A AR M T S KW R+
(Wyp wy=1:1DMF B4 cmX4 cmX9 cm)

o BRI KEWH — O, Bk ES KEE
Frt(wapwp:iw, =2:2: D ERFR G, 55498
BEAR 1 PR BOICHT ¥ 288 BE BL i 7E 25 °C .16 h
J6/8 his (iR = AT IEH KB B, fF B R4
We2hRhEWZE2RITFE, RHEREY K
Sneb2562 % W CH A 1 10° CFU/mL) 10 mL
VR RR 42 o 1 v TG AR, 43 1) DA A R K (HLOD |
LB AR F2 5 (LB) 1. 8% Bl 4 £ FLih 1 000 X
i T VR CAV VD JE A Ak 3 S X B (] B 2
FREE 28 dL J2 B 2 mL (29 1 000 45 J2) , B~ Ab B 5
WHEE BAEE IWRE . BB BEPLIE R T
25 °C .16 holi/8 h i 1Y i & vp I 47 1 W K IE 4
B, 30 d e I TR BR A0 BR L RR B T AR K R
fif o, A A BT TCAE AR 09 & 1 00, e AR A5 B,
TH AR 45 U0 IR A8 MR 25 48 BRI B R . R 4 48 Koy
Pebr Ul 090, ARG ;1 9%, AR AT DRSS ;2
G MR AT DB B NR S, EAR TR A 35, A
R — LB RAR S | BRI GG ;4 %, AR DL KAR
ZihE CEM MRS 59 ,50% R ARA MWL FR
WA ARG 6 K, BRI KRG TR, TH
FRAMRG WARAKLIE 8%, i A ERA ML
MR ;9 9, AW ARAMREE 109, Tl R
HR25 7™ A R TR T

R 45 U 1R R = [ O HE AR &5 00 — A B AR &5 %00 /
X HRARZ5 %]/ <100 % -

R 45 48 K= [ = (5% U MR B X & AR ERAMED /
G A RO e s AR AED 1 X100 %% 5

Bl 2k = [ O BEAR 45 48 20— 4b PRAR 25 45 850 /xF
HRAR 2548 % ] < 100 %0 .
1.10 Sneb2562 % B i %t 25 JIN 4R 45 & M 7% H 18 Ff

T 2024 4% 5 A5 AL T 44 e i T T R A
(122°56" E,41°06" N J7 M 45 2k HU & 9 48
R 2 R T R 28 1k E 56, 28K 4. 00 m, 22
/8] #E 0. 40 m, ¥ Bk (8] #E 0. 25 m, 4 28 F Al 24 12 £k
BWNH o [FAFE 6 H 281074 Ve B T 1 v XK 2R
THL KM AL 5 T A (122°357 E,41°44" N K 05 8
Y I S M A 2 Yk K8, 22K 6,00 m,
ZE A #E 0. 65 m, A8 A% [A] BE 0. 30 m, B 28 A 4H 24
12 B8NP o AP AL B 5 TR 1.9, 79 85 N4
g & Uk 0 B bk IR L BB Ak Y R X R
4y 1 AT RE AR AR B B R E AR 200 mL Sneb2562
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W 10X Hi B U (kB2 2y 1X 107 CFU/mL) L 43
B DL A& & T K (HLO) | LB WM 85 3% 3 (LB) |
1. 8% Bl 4k 18 2 FLIh 1 000X Hi B I CAVM) ¥ i
Ab 3R %R B AL PE 3R A A E A A KRR
B N X R AL A . AR FE 30 dJE L fF E R R
MRAZ R B AR R D A SR AR AT
B AR 10 & 0 15 B0, TF 5 AR &5 48 B i sk, 3T
HAXR 1.9,
1.11 HEFEItHH

K FH Excel 2021 Fil SPSS statistics 27. 0 % {4 %F
I KIS HEAT L4 BT, R Duncan’ s 81 52 1 22 1
(P<<0. 05) #4722 53 . & 1 40 M o

2 BERE5SMW

2.1 FAIRGES HAER MR T

Hi 2% 1 AT, 52 BRAH I & B DB WAL 3 24 h )5, %
RO MR 45 kR J2 RS IEBE TSR >80% A 2 #k
71%~80% MW R AR A 8 Bk, 61%~70% MY bR A
ARR . DLAN T & BE R AL B 24 hist 2 RS IEAE TS
R>80% SN & i bR fE L 5k 2 A B RR AT &0
20400 R TR AR R TR DR VROV R O AR S R R 2 R
T, B P R SR Bt 5 A N ] B 384 A0 i G 58 5 H:
t, Sneb2562 4b B 12,24 h if J2 K 1EFE T R 34 fix
B 23.46% .79.25% (F2) . I, A
Pk Sneb2562 Jh i 58 Xt G2 HE AT 5 221K 5

F1 2HAEMNEAREXBNRZHFIRETENE

Table 1 Bioassay of toxic activity of 52 bacterial strains against J2 of M. incognita %
K IEBET % BEIEFE T % K IEBET % KIEBET %
T kR Corrected RS Corrected T kR Corrected T kR Corrected
Strain mortality rate Strain mortality rate Strain mortality rate Strain mortality rate
12 h 24 h 12 h 24 h 12 h 24 h 12 h 24 h
8-8 34.48  86.21 |33-3 20.83  62.50 |42A 3.57 19.23 | 30W 9.81 12.09
Sneb2562  25.93  81.48 |36-11 7.14  60.71 | 29E 3.23 17.05 | 30U 3.69 11.33
43-2 20.69  79.31 |49-5 7.41 55.56 | 23E 3.83 16.35 | 28e 10. 34 10.71
29-4 14.29  78.57 |49-16 2.61  44.35 | 261 7.64 15.82 | 26T 13.24  10.14
47-1 14. 81 77.78 |53F 10.24  36.79 |30d 12.89 15.41 | 257 2.64 8.61
43-1 11.54  76.92 | 57F 8.38  31.36 |25k 1. 86 14.84 | 25W 2. 30 7.74
10-5 33.33  76.67 |30c 0.25 31.12 |30b 1.86 14.84 | 29f 2.14 7.34
52E 13.10  75.14 |25Q 21.52  29.80 |30R 13.10 14.29 |23H 3.33 7.05
10L 24. 31 74.26 |49P 11.22 28.30 | 26E 4.51 13.46 | 281 8.49 5.22
30-2 11.54  73.08 | 271 0.53  25.82 | 22K 0.26 13.25 | 10D 4.10 4.99
32-8 13.79  68.97 |29C 20.42  21.70 ||29a 15.95 12.95 | 30h 2.14 4.44
24H 22.32  65.14 |30a 1.86  20.33 |30T 10. 16 12.59 | 13N 0.00 3.85
29-5 11.11 62.96 | 30K 13.79 19.64 |30V 12.23 12.34 | 29W 2.46 2.04
R2 HFNHEKEXBRENEARELZRIR2OZRENSE
Table 2 The toxicity of fermentation filtrates of the selected strains against J2 of M. incognita
FETH Y B IR /%
ik Mortality rate Corrected mortality rate
Treatment
12h 24 h 12 h 24 h
LB 2.02+1.01° 4.39+1. 55
Sneb2562 25.01+£2.49° 80.76+2.40° 23.46+2.54 79.25+3.49
8-8 15.82+3.17" 68.31£5.23" 14.09+3.23 66.3546.16

LB, LB IR K 35 4  Sneb2562 , Wi ik Sneb2562 & BEE W 5 8-8. Fi bk 8-8 K FEUR L - Kt V- ¥ £ b 22

[R]85 A ] ZNE 7 B 3 78 48 Duncan”’ s iR 50 78 P<<0. 057K F 2R W ¥ . T,
Note: LB ,LB liquid medium; Sneb2562, fermentation filtrate of the selected strain Sneb2562;8-8, fermentation filtrate
of the selected strain 8-8. Data are presented as mean +SD. Different lowercase letters in the same column

indicate a significant difference at the P<<0. 05 level according to Duncan’s test. The same below.
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2.2 THE ¥k Sneb2562 L FE
H & 1A 40, Sneb2562 7F LB 8% 32 3 B i i
WV B RE BT R R w0 ) 5 6 OR & B 3R R

A BVE 5 R R O, SR TR W

Pk Sneb2562 5 24 [C Y (0 J5 B AR S 58 (0, 4 2 [ FH
‘I\EE—[%IPO

O D

= 20 um
B —

El1 Sneb2562EEMT (a) REZRGE (D)
Fig.1 Colony morphology (a) and gram staining (b) of Sneb2562

H1 2 3 Al 1, Sneb2562 HA ¥ K i I i Ak
FRIRE T, AN 7 I W A LS |, 2 fih 1 S 1w A1V P s g 5

PHM:  ZE pH 5.7 K& 1% ~7% (w/V) NaCl %4 F ¥
A4 K, AT 0 4 1 E Sneb2562 4 ZF AT & .

33 HE ¥k Sneb2562 [ 4 T8 A L 41

Table 3 The biochemical and physiological characteristics of strain Sneb2562

I H g5 R it [ g5 R

Item Result Item Result
F 3 21 Methyl red - 5| e i 56 Indole test -
V-Pik 4 V-P test + Fr iR #h Citrate -
1 fph il Contact enzymes + 1% (w/V) NaCl +
Sk i Oxidase - 3% (w/V) NaCl +
i 1k & Hydrogen sulfide - 5% (w/V) NaCl +
JE K3 7K f# Starch hydrolysis + 7% (w/V) NaCl +
W 2 i fk Gelatin Liquefaction + pH 5.7 +

TE 4" RIR R BB, -7 308 Sy B BN

Note: “4 " represents positive reaction, and “-”

i 16S rDNA T8I ¥ 53 B A4 2 T Sneb2562
) 16S rDNA R4k BW . Sneb2562 5 D1 3 17 2F i
¥ B (Bacillus velezensis) E. 78 % & # [R] I8 4 (& 2
(). M T HE— 1 E Sneb2562 B 53 2 b o7 , 4 2
T Sneb2562 ) gyrA J¥ 5 R 48k B W, Sneb2562 5
LS 3 2F M AT TR (B, velezensis) HA7 5 w8 1Y [A] U7
(K 2(h)). Sneb2562 ) 16S rDNA il gyrA 3 [H ¥
4] B # 28 GenBank % #ig &, & &5 4 0l N
PQ892074 F1 PV089818.,

B, 45 A/ 8

RN
RIS

ANESS S

fiE CIEL 1) A= 23 A Al 4

represents negative reaction.

(DM T HEY 2 CE 2) 501, ¥ Sneb2562 % &
N DI SEH ZE AT B8 (B. velezensis) o
2.3 Sneb2562 KB E R EAIREL HIPMWUM
A
&l 3 AT, Sneb2562 & T I ik Ak B 5 25 10 i)
1 7 R 235 4 L R Ak, 90 1] 23 B b 3 ] Y R
Tt AbBE 24 hit, TEE /K (ddHO) Fl LB {4
B AR B (LB) (59 0% 4k 2 43 il b 13.90% Al
13.08% . 5 LB, Sneb2562 % % I Wk b B 5 15
5 AR 45 4 5 B O Ak R AR 68. 88 %0 (P<C0. 05) 5 A B
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(@

8 Sneb2562 PQ892074

a5 Bacillus velezensis Bac125 PQ813859

81 Bacillus velezensis B40 PQ814034

- Bacillus amyloliquefaciens SGD LT745972

0

Bacillus amyloliquefaciens GD-2 MF977354

Bacillus subtilis ELA2001105 CP071043
97

i Bacillus subtilis FIAT-4 CP082924

100 | Bacillus licheniformis BioE-BL11 MN493718

Bacillus licheniformis KNU11 CP042252

9% ’ Bacillus pumilus ML211 KC692172

Bacillus pumilus ESR14 KC953600

0.020

JBEHES Genetic distance

(b

Pseudomonas fluorescens B-Exp9 LN651256

Sneb2562 PV089818

2 Bacillus velezensis NRRL B-41580 EU138622.1

100 | prcillus velezensis XJ1 PQ311672.1

100

99

Bacillus velezensis LM1 OP881940.1

o5 Bacillus amyloliquefaciens KCTC 1660T AF272015.1

| Bacillus amyloliquefaciens NRRL B-14393 EU138596.1

w00 [ Bacillus subtilis NRRL B-23049 DQ995271.1

| Bacillus subtilis B18 OP314264.1

100 [ Bacillus licheniformis KCTC 1918T AF272017.1

0.020

HAEIEES Genetic distance

I Bacillus licheniformis T25-10 KX670823.1

Bacillus altitudinis J1 0Q408169.1

El 2 Sneb2562#)16S rDNA(a)flgyrA EE (b)FINRFEELZEW
Fig. 2 Phylogenetic trees of strain Sneb2562 based on 16S rDNA (a) and gyrA gene sequences (b)

48 hit), Sneb2562 K i Ik W 1) B 5 A 45 4% L B 0% £k,
FR5.26% , ¥ 8 F LT ddH,O A1 LB b B 317 i %
R 77.58% (P<<0.05),
2.4 Sneb2562 £ R4S
AR, 15 9% 5 d I, Sneb2562 76 8 1§ ik
i e it R RS A A N 3R L B RE R A B W
Pl , Ui B Sneb2562 HL A 7 2 i B W2 iR 1l 0 K i
B RE 1 s A2 LT WU BG 47 2 5 . 3-1, 3 45 SRk
it o B RS I B 77 1 34 0 O I B A R A 0 R
Pk Sneb2562 WA 77 JL T I (47 4k R g . B-1, 3 K
W T % S B RE T

addH,0
30 olLB
. 25k BSneb2562 a .
< £
g2,
I 5 I5F a
& & 10 |
&3] sl b b
0 .
24 48

Kb FRRHE)/h Time after treatment

3 ARLENFEATRELANPPLE
Fig. 3 The egg hatching rates of M. incognita treated with

different treatments
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COF A ; (DBERRERE ; (OWEMEE; (OJLT FAEE; (e)p-1, 3% MG ; (DLFAEZRM; (OMBE; (e
(a) Protease; (b) Phosphatase; (¢) Amylase; (d) Chitinase; (e) -1, 3-glucanase; () Cellulase; (g) Phosphorus hydrolysis;

(h) Potassium hydrolysis

4 DUSEHTZF AT H Sneb2562 B4 4E BA 45 14

Fig. 4 The biocontrol characteristics of B. velezensis Sneb2562
LB PR 15 55 b B LB i % 27 48 $00r 5 4 2. 29
I 2. 44, 28 Sneb2562 kb HH i B IR 5 %2 2 15 B
2.57, 5 LBHILL , R ZF 4R ETHm 4. 800, R ZF & Ik
AR B I 4 T W 3 22 5 (P=>0. 05)

2.5 Sneb2562 & B ENFMFIEE R EKAZM

i 5 R 5% 4 7T %0, Sneb2562 & % i Ak FR AT 5
ER N\ R R = S G (E DO i R oa e e
R E TG Ewm ., §53%5d)5, LK (ddH,O) Al

AbFE Treatment

Sneb2562

5 AEGETHERMFERHEKBR

The growth of radicle in cucumber seeds under different treatments

Fig. 5

£4 FELETELHTHEREREKIER(0=75)

Table 4 The germination of cucumber seeds and radicle growth indices under different treatments

4k 3 & KRB JIE AR K JEE /em
Treatment Germination rate Germination index Radicle length
ddH,O 84.00+4. 00" 2.49+0.03" 2.5340. 64°
LB 82.67+6.11° 2.4440.02" 2.50£0.13"
Sneb2562 86.67+2. 31" 2.57+0.02° 2.6140.29°
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2.6 Sneb2562 XBERMENIRGE L RFHRARKD 38.00(P<C0.05) , #id 45 ¥l 1B 2 43 7 24 50. 27 % Al

o 61.12% , B 5043 % A 52.00% F162.00% . I 4h,

MRS Al M iR A4 J2 30 d J5 LU 5 LB Mt , Sneb2562 & [ W &b P 1 ¥ K M 3
7K CHLO) Fl LB WK 55 57 JE (LB &b B 1 AR 45 %5 it oy I KR =L BE B EE 4 0 B 16, 05% L 63.68%
43 51 Sk 110. 60 F1 101. 20, AR 2% 48 % 43 51 4 98. 00 (P<<0.05) , K M i &5 0 5 LB JC W 3% % & .
F194. 00, 4 Sneb2562 & ¥ W A1 B 4 7 22 (AVMD R, 78 204k 25 18 7, Sneb2562 %k B W fiE A %% By
A B ) TR B 9 AR 285 B0 4 M R AIR 2 55. 00 R 3R BN 25 28 A , I X 38 JTORS Bk 1 2 K HLA
43.00(P<<0.05) , AR 25 48 %5 53 Il B A% 4 48. 00 i HEAEH .

£S5 BHEGTARESENE RS % RBEIRKERNERIER(n=5)
Table 5 The control efficacy against cucumber root knot nematode disease and plant growth indices

under different treatments in pot experiments

25 R %R/ Y 558/ Y . i fi
wm s ORI e PR e BERRE e e ROFE
- Root galls e Control Shoot fresh Root fresh
Treatment  Root galls } Galling index ) Shoot length . Root length )
reduction rate efficacy weight weight
H,O 110. 60=+2. 30° 98.00+4.47" 16.2740.40° 4.35+0.42° 11.7340. 43" 5.82+0. 30°
LB 101.20+6.22"  8.50+5.62° 94.00+5.48  6.00 17.70+0.70° 4.26+0.49° 11.8140.41° 5.88+0.59°
AVM 43.0044. 74 61.124+4.29" 38.00£4.47° 62.00 30.2440.69" 14.9640.60" 10.8540. 44" 6. 1740. 44°

Sneb2562  55.00+4.64° 50.27+4.19" 48.00+4.47" 52.00 21.16+1.04" 11.7740.55" 11.12+0.44* 6.29+0. 42°

EAVM, 1. 8% BIZE i R FLIM 1 000 X Mkl NI,
Note: AVM, 1. 8% avermectin emulsifiable concentrate 1 000 X diluent. The same below.

2.7 Sneb2562 X B K3 HENIRE L RFH K HBA 4y 9 kg 52,78 F 55. 56 (P<<0.05) ;5 B % 43 9 M

B 44.93% H142.03% ,Sneb2562 5 AVM 4b H 1) B 5%

FH 2% 6 AT A1, 2024 4R 565 1 Wk H ] 56 25 SR 3R 0, T E 2SS [FEF, Sneb2562 % B W Ab BR Y 25 IR
e RAL A% 2 H H) 30 dJ5 /K (FLOO R LB WK BR A AR &F 8 L8 LB 5 4. 01% (P<<0. 05) , ¥k AR
I 4k (LB) 1Y AR &5 45 %73 51y 95. 83 F1 91. 67, B 4 K IR i FR 3 S 48 0 3. 95 % 4. 54 % F11.45% ,{H
PR 2 FL I 1 000X 7 BE MR CAVMD Fil Sneb2562 & B 22 F I RIK R F K. 2024 4565 2 7k M )X 5015 5
WAL P B TCRE A 09 AR 45 48 B0 LB ¥ 1 2% F B TR 25 R . e REE R 2 IR 30 d ),

x6 HEKEALELENERNREZRFEHENREERERNEKIER(n=12)
Table 6 The control efficacy against cucumber root knot nematode disease and growth indices of cucumber plants under different

treatments in field trials

. " %L/ . fif 5 / fif 5/
ﬁt .{—i ALI\IE ﬂ%gi‘ ﬁﬁ‘ﬁ l?o)‘ftr(f %%/Cm Sfoﬁ%ei ;Hét/(/cm ;%):T iiljgl
Location Treatment Galling index Shoot length o Root length o
efficacy weight weight
H,O 95.83+4. 17" 152.4845.51" 140.30+7.31" 10.38£1.67* 5.6541.02°
W I T RS R LB 91.674+4.17°  4.35  156.1148.74" 143.1945.04" 10.7041.18" 6.0340.99°
(2024-05) AVM  52.7848.67" 44.93  156.7047.34" 145.4145.30" 11.16%1.57" 6.20=0.93"
Sneb2562 55.56+6.36"  42.03 162.99+9.85" 149.41+6.49° 11.274+1.04* 6.29+1.13"
H,O 98.77+2.14* 146.7544.25° 156.56+7.53" 18.16=+2.72* 19.37+5. 44"
;T:lemﬁﬁmm LB 96.30+3.70° 2.50 147.6848.55° 158.32+6.74" 18.29-+1.65" 19.38+3.67"
(2024-06) AVM 46.91+5. 66 52.50 154.3246.40" 161.30+£8.24" 19.00+£2.41* 19.47+3.51°

Sneb2562 45.68+4.28" 53.75  172.86+6.52° 187.73+8.77* 19.23+3.84° 19.78+2.82°
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2025 4F 45 30 %

AVM 4b BEAGAR 25 35 8k 46. 91, Sneb2562 & i ik 4b
T M 45 45 B0 45. 68, ¥ B K T LB (96. 30)
(P<C0.05) ; Sneb2562 Bij &% b 53.75%, W& & F
AVM 1B (52.50%) . [AA, £ Sneb2562 & T
b Y B TAR bR 09 PR bR B Y W S T LB
(P<<0.05), 43 34 25. 18 cm . 29. 41 g; R K AR
fif § 5 LB i 2R L5 b, D3RI 2 MAT
Sneb2562 £ H [H] BE i A 24 By 16 B AR 45 4k g, Jf:
Al 0 (2 2 2 JTCRE A 1 2R 4

3 9% it

Wit 5 5 Tt S ) A B AR H R N TR AR A5 2k
fi 5 H 25 IR e 2g AR 2 1 A B A A bR
T g 2R P 2 MG B AR N S R A IR A 3
S iy 4 [R] R, BRI, D P 28 MR TR kA W R R
LA 9 B 36 10 ) X0k I X AR 45 4k LA B AR
G5 28 U E BT IR B E B I O 22— ZE AT
PRAE S 2B A5 I B b 9 A S4B 2 W P B 1 40 i &2
YA AR = W, J IR A B D s AL 2
— ¥ Tian %58 & B, DU 3T 2F AT 18 Bv-25
FEA W R A ALY 2- BRI L 3- P AR AR T R S-H
Fie W 3k g A S S e 2, 6- 0 H Sk gk
SN R R A5 2 ol X B AR . N 2ZE R
B S1-10 7= 42 1 2- F a4 5 2 BN e 7 MR 445 4k LA AR
S (%) BE 2 S MECT . EOR ZE AT B GIUBAM-2020
AR A AR 2- (256 - IRk 3D 2, 1R 3 152 46 % 7 7
HRZE L T2 A BOEHUR . Chen 86 PABI [ 2F
HL AT B MCCC 1K02966 % I i % 52 iR 48 2 R
FH i, L0 e AR 4 4R AT il % TR ZE Lt sk R 0
OO AL AR o AR BIF 5T kB DL 3E i 2 R A
Sneb2562 7E A Fh R BN B 47 1Y 5 AL T2 36 1k A i
B 7 Ak B A AR 1 b i R AR B T v T
154 R R AFSE o

25 M AT TA e 7 A B A A LR Bk B R S
T, Bl BRI A B B BRSEE R U R
(A NV T (T (2L 7/ REE [ 7 o R 0 3
PR, DUSE ST 25 M AT B P2-1 A 2 P RN 2T 4 2 il S
P, AT 2 fif A8 €0 0 B0 A AN B BE B B 22 E
K, fe it mam kA K., FIBEEEYHRE
P, i VE B MOAT T Y N-J3 B 0% 38 o /i B L i 4 AN
7AW Wk TR A5 T AR E A ARG L W R 2E LT
B CLB-17 g™ A= 2 11 it o8 5% 00 i ol 1% 1 il 2 42k

A R A R B R 3R Y, Margale!
SRR SE R W] B R IR I AR A S PR 0 Bl A
AR A, 5 AR BEA ) AR KA OG . AR R
PR DU ST ZF UAT B Sneb2562 16 43 1 2 1 I L 118 1
ity V€ By i IT B A W RE ), 2R ) AR R 1
FE b 5 I8 F B TORE AR A= K H A 2R BIL I 8 75 3 —
ST

A= 7 it O X R A Rt P O O A
AF AR P9 0 WL A 1 RN M S e AN [ S T 5 e
PR RBOR S Uk, AR5 AR By A e O U2+
Gy R o el el AR R LK ZF BT T Sneb207
(RS DNIER s ST o N g e s 5 el =i
Ji B8 K it . DL 3E T 2F AT T TB-68 ¥ AR Ak 3 XT
TR 45 26 U B AL TT G664 4901 PN I Y
1E B 5 UL 3T 2R IUAT B P87 AN [ il FH 5 = X A A £k
Hudp B A RO 19 5 K B, BT A D7 2Ry B IR AL
RT3k 96.5% , b w T AEMR 7 X o AR5
S5 R RV, VLS 28 MU 7 Sneb2562 & 8 I T AR b
PR TR PR, BEAT Ry 45 5 AR 45 2k g o e ROl
Az AR AL B B 6 2 HUE LR R A O
2, J5 22 AT LLJT R D3R 28 M AT 18 Sneb2562 1Y A [F]
Jiti FH 77k o AR 35 2 H g 1) B A0 R, DA PR T TR i
TR A 77 v 8 s A ) O =K

4 & it

M 52 41 TR R 0 e A5 B 1 AR T A R PR
R 45 28 U DU B 25 i AT 18 Sneb2562, 4h B 24 h i
BT AR EE L B I2 R IEAE T3 Ry 79. 257, 48 h Bl i
el 3k 77,58 %, HoAT 7 26 1 B B R R G L 0E
oy T R 5 g T, AN 52 e B RR 0 R MO AR A=
K, 2R I B 80k 52.00% , 2 Y ] 3R 56 B Rk 43
Wk 42. 03 % F153. 73 % , % B TAE bR A2 K B A 2 gt
Y FH , UL 3 301 28 AT 1 Sneb2562 75 B 14 B TUAR 45 26
HU T ELAT R R RS
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