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OB oA 20 A& A TE 9 T B (Fusariumoxysporum f. sp. cucumerinum) 5| B2 1) AL 3 , % 5 il 298 A 72,
AW iR TR LRI AU 5 T RS S R X — R BO&AE  ZE 38 MO AR T TR 2995 I 2E B pe 1) (i JRE AR AR AR
Br -39 it Y 10 AR 35 PR A5 2/ B8 (Bacillus pumilus)2-1.2-9.8.9.12.10+8-1.9-2, #& A1 1% J& (Flavo-
bacterium sp.)2-2, ZL¥K 1% J& (Rhodococcus sp.)20+6-5, TlhT B J& (Microbacterium sp.) 10+5-5. 18 3z ~F- O IRE 977 32 15X
5, RILE K 8.9 12 CETEFFH IR , 10+5-5 (RlUFF B J D B8 AT Rl S 7@ JJ B AR o VIRUEILAEB 8 77, 8 ik
PRIk 5 100 8 0 T 4 i) e o 81 T35 77 KA/ A K BRI BT T A L3 e, 5 3 TR AR BT 4L AL B (SOD . POD L CAT -
APXO) T AR AH SR (PALPPOD LT i B 14 S A 35 2 S S5 P UM AR DCTR AR o 45 RAR I, 75 A& K B L3 o e o
AL B R RR SOD CAT 5 P e k255 SR I S 7o 1 K B 338, 5 FL TR 8.9 12 X6 A SR T - 3 o 110 3 JTAh 25096 2E B
BRI, 73 IE 57.56%71.35%65.41%. 45 I, A 5 1 Ab 38 n] S5 35 A AR DA By SR AR & A2, a3 i 448 o
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Investigation of the biocontrol efficacy of antagonistic bacteria against

cucumber wilt disease

Liu Chenxi, Li Jinyang, Zhang Jingwei, Wang Jiaxin, Zhang Xinyu, Wei Jinpeng

(College of Horticulture and Landscape Architecture, Heilongjiang Bayi Agricultural University, Daging 163000, Heilongjiang, China)
Abstract: Cucumber Fusarium wilt, a soil-borne disease caused by Fusarium oxysporum f. sp. cucumerinum (FOC), pos-
es a significant challenge to cucumber production. Biological control, as an environmentally friendly and sustainable strat-
egy for plant disease management, offers an effective approach to address this issue. Therefore, this study selected 10 can-
didate antagonistic strains from isolated biocontrol bacteria in the rhizosphere soil of healthy plants in the plots where con-
tinuous cucumber wilt disease occurred, including Bacillus pumilus 2-1, 2-9, 8, 9, 12, 10+8-1, 9-2, Flavobacterium sp.
2-2, Rhodococcus sp. 20+6-5, and Microbacterium sp. 10+5-5. Through plate confrontation assays, strains 8, 9, 12 (Bacil-
lus sp.) and 10+5-5 (Microbacterium sp.)can effectively inhibit the growth of the FOC. To verify their biocontrol poten-
tial, the above strains and Fusarium oxysporum f. sp. Cucumerinum were respectively inoculated into pre-cultivated steril-
ized and unsterilized continuously cropped cucumber soil. Disease resistance-related indices were determined, including
the activities of antioxidant enzymes (SOD, POD, CAT, APX), phenol metabolism-related enzymes (PAL, PPO), chitin-
ase, as well as lignin content in cucumber plants. The results showed that inoculation with biocontrol bacteria in non-steril-
ized soil significantly enhanced SOD and CAT activities compared to sterilized soil. Moreover, strains 8, 9, and 12 exhibit-
ed outstanding control efficacy against cucumber Fusarium wilt in non- sterilized soil, reaching 57.56%, 71.35%, and
65.41%, respectively. In conclusion, biocontrol treatments significantly activated the plant antioxidant and phenolic metab-
olism pathways, thereby enhancing disease resistance. This study provides efficient biocontrol microbial resources for the
green control of cucumber Fusarium wilt and offers technical support for sustainable cucumber production.
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4 )N (Cucumis sativus L.) &% [ 5 ZL 15 521
Wz — fE T E R AR AR )2, 9F B Wi
s B EEZAE 2 M AR, RRAE I K%
E& SRR EBAL, AR E &, B A A A
HHE AR B, 12 4 B A5 0 A A, 7™ R 1) 2 3 IK
(AR A = Al 2 2 B TGE MR LU K A1)
LA A AR ) B ALY (Fusarium oxy-
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LBEBRAGFEAE T e AN Ty it v . 22530 ] L2 1) 22
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AT R PERAIG B TR, 220 RT3 20, SR T , I A7 AE XS
fili AR 5 RS RN 5K vy AT R S W) SR SIC it JoT S5 ik
AU B TTCRE 225 R 11 S i 22 7 R R Re e
R ia A 2R A KIS TR AR A TS R 8L L 5
VR P A B0 24 1 S R U5 T 00 ot Ao 1) 128 5 A7
FERSAS i IR B AR SR R BR Y . AW iE v kb
e ARG, AT @RI AERR
g, T BT R I, TR AR M B 7 1R (Strep-
tomyces spp.) ~ K% & (Trichoderma spp.) B¢ 5 i ¥
(Bacillus spp.) BE A7 2% B AR 2 ST 25 95 9 175 4
Hso

ARG 2 0 T AR T 1 B S T (E I AT
() A 7 R AR AT 7 T8 B M 22 e S 7 V8 RIUR AN E 56
) B o 3K 32 HEYE T AR SR AR P R AR T % e R
BT SR AE A X R 58 S BB S5 A (AR 2
pHD Y% 3 55 22 51 ] 3% 52 i fE DA 808 B, 78 R A% B
BYIRETT HAFAE — €M RBRMEY . BT 0k, EH5 A
FH B TG A b e 1 42 B R AR AR B 33 v ) B9
SE MR AE P B R B, 38 3k~ ARORT OR V7 JE 10 Bk
AR A, ELFHE LA AT B 8 (Bacillus pumilus)2-1.2-9.
8.9.12.10+8-1.9-2, i % J& (Microbacterium sp.)
10+5-5, 2L 3R 1% J& (Rhodococcus sp.)20+6-5, BT [

J& (Flavobacterium sp.)2-2. 14 “F-HR X IR 57 1% H $
PR TR AR, 20 sl e M B T35 77 K B /A K TR 1Y)
T ICEAE e rh i I e B 1 5 2 TR AR B 28k
fif (SOD. POD. CAT. APX) . i} 2% 1R i} #H 5C i
(PAL.PPO) . JLT Joit g i M S AR i 31 &5 &, i ik Y
A7 I A B IR, 2 1) A B Rk 5 9 40 B HAR
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Table 1 Name of 10 species of biocontrol bacteria

B4 5 Strain number Rk Name

8 LEHUFF B Bacillus pumilus

9 LEHUAF B Bacillus pumilus
12 I W& Bacillus pumilus
2-1 I JE Bacillus pumilus
2-2 WA E & Flavobacterium sp.
2-9 T B E Bacillus pumilus
9-2 T B JE Bacillus pumilus
10+5-5 AT B & Microbacterium sp.
10+8-1 LB 8 Bacillus pumilus
20+6-5 ZLERE )& Rhodococcus sp.

1.3 #itEY

PRIG 1% BT 4 52 G Al B RO RS
Bk et ST o KNP AT 55 cCilimiR
i, 4k 2212960 4 h, 28 °CHEZE, H: A JE #EFh . AN S
W BERGRZ , (e g e AR K.
1.4 R

R FH S AROT R 28 56 AR 0 410 B 2 % B R 20 o
At o 335 2L A 1) B T, 55 3 1 A K IR ik A B
TR A, FL R % 4 RRAR BT B, 4 BN AR B 8 (R
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FREJE 8B B ORI E 9 VAR B 12CGF
AT BB 12) B 10+5-5 (AT & 8 10+45-5)
XU R T G 2 i el R G

TR 50 [A) (R 457 1 7R QL )RR 28 25~28 °C. K
FK B 5 A K B P Bl E LA R R T, Hh s B
12 AL, 4G KB IR (CKL, AR A K
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b (P, A R R, 2955 FL B ) LA K 8 4H A iy 1A Adb B
(4 K 28 70 FF 18 I 181 R 89+ 12 FNAHURT 4 I 18 ik
10-+5-5 FPh T KR /AR KR D o 38R 58
SEBENLE T, ARALEE 20 F (AR S A 8 ecm)
REZEPIAE 1 ARBERG T, 3511 240 &L 20 IRED) S
HHE.

T TR AEKE 14d BFQ M 100D, [ %
Aib P 2H VAR B2 Fh 25 B (ODeow=1.0) A B 1 2 9
FMIE 2 7 RIFATHIRAZ G, LUAH [R9 F5E 42 Fh 3
Fili 2255 93 i TR ARV, F TR R e A 24 h S, FRIK
PR A BT T o BT A B 28R FEAR U7 Nk AT
TR AR IR R 20 mL B T 50 R A B A B b
7d 5, B RE AR RO S L, T SRR I FR B S B TR A
H R REAK ST R 2 584 I E A
it o SEAT B0V T VR WU S, S PRI E N 3 IR
T (R E S 2 RAERIE AR
1.5 753k
1.5.1 Bg#H& (DEPHE RS/ 500 mL —
FMHEIN 200 mL LB R AR; 7755, KB 8 % 0
B A o B R R R T = AR, T 28 °Cs
180 r-min' #}R3% 15 7% 48 h, SR 5 LA 4000 r-min™ &0
10 min, 3% E35 W, PAJC 1 /K B B W AR UTIE , ¥4 &
B R ODew N 1.0 B 1 Sy A= b7 B B8 W, Wk 508 3]
1x10° CFU-mL", I T-4%Fh .

(27 Ji TR 708 ) % « 2 IO 289 9 L 1R FOC 4%
BT PDA PR L, BT 28 °CHs #4153 7d, H
KR AR IR, 3T FLE UM T PDA
WiRRE % b, T 28 °C. 180 r-min ¥R % 5% 72 h,
WREEIEE] 1x10° CFU-mL", /E A i B i e A At
152 BEHBRERMNZ PRI BEEUA B
PR PR 223 N LB WA RS IR 5L, B T IHIRRR K (28 °C,
180 r- min )R B 9% 72 h, KR B ODeoo 14
£ 1.0 A58 JC B AT L AR ) HCEE TR 2599 1 B 1%
T PR A PDA AR, 20 BT X 10 L 2E B B
FINEEAS S mm KLEEMEL T L & TBEEe=
T8 10~15 min J& , XT AR & T 255 R B 2 em A,
DU B2 R0 5B ) PDA SFARAE At R, BT 28 °C
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THIRER TR 72 h, BNEHRE 3 IR ¥ EE . K
A [ S5 V) 7 3% B A 7 T T R

T I ZE 95 155 20 bR e, 0 e TOREAR 5 1 44
TS EREE 2 2 FHZEE 3 Z: M
HI EEEUE R 4 9 M3t

T EE=Y (5 90w Eo< & AR D/ G &
S B i AR AED <100,

B17 Y6 RS/ Yo= R REUI 1% 48 25— A 3% 1 FE 50/
Xof R 1 8 2503100
153 A AR E KA & DYk e
- A AL B (SOD) 1% 11, 31 FH T 61 K oy
58 1 AL Y (POD) & MR, 57 H o i T2 0 g
SE RN T A AL A B (CATO WG PR F 24043
I FE R E HUIA R AL S (APXOVE . &
{8 He S550 771600 5E it iy 2K T AR 2 (PAL)
Z By EALEE (PPO) G . S I8 T IF IR 25200 J5 320
LT REEE T . 2 BRIP 500 50 5 1 AT
EOE.
1.6 BUESHR

K Excel 2021 BT 848 g1t 5 B R Hil1E K
1 SPSS26.0 34T XK 2 ANOVA J7 % 43 #1, K
F Tukey %47 2 & LW 40 0, B35 1 KF P<
0.05.

2 HR5

2.1 ERHERSHEMEE R IF

SRR IR RIS 25 R (] 1,58 2)3R B, 9 PRiF ik
Az 85 TR T ) BR 2R B E TE 25%~90% , R 2 AT B
J& (Bacillus pumilus) 8912 Mt i J& (Microbac-
terium sp.) 10+5-5 HIHI B 221k 70% L _E, H A Gt
B 10+5-5 TR AT I8 F 87.5%, 1M 2 AT B
J& 12 BN RIA B 89.3% . & K B R IA B
70% A bR RARAE N AE BT B PR, T 5 e il .
22 AREEFEEMOENS EETIZRRNEZER
RIBE AR

9 B AR 7 B AR IR B YR S8R W T L TR AR B
BRI AR 20 Sl Fb T AR KB A LA K R EAE .
S5 R BN FEAK R i 2F A B E 1 8,912
X BN R 2 5 1 B a0 g Ik B 57.56% -
71.35%+65.41% (2,3 3), 75 KB + 1 3 A 2
I IR 15 T8 20 M PR AIK T 47.31.44.89.41.01 &1 57
ME3, RO, BwRAEKELEDEARKE T
By, 5B\ FOC ALBRAHLE , 20 | #Fh 4 Fp/E
77 A 320 B ik A T TR AR () 1 R 4, $ v 1 o
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Fig. 1 Plate confrontation morphology of ten candidate biocontrol bacteria against the cucumber wilt pathogen
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Table 2 Plate antagonism results of 10 candidate biocontrol bacteria against the cucumber wilt pathogen

Regmp  DoreiE o HhER s L Ragmap  DOCRE MR

Test strain Colony Inhibition Test strain Colony Inhibition Test strain Colony Inhibition

radius/cm ratio/% radius/cm ratio/% radius/cm ratio/%

CK 2.73+0.30 a 2-1 2.51+0.14 a 8.1+0.8 d 10+5-5 0.34+0.09 ¢ 87.5+6.5 ab
8 0.61+0.16 ¢ 77.7+4.6 b 2-2 1.9240.14 b 30.4+3.2 ¢ 10+8-1 1.86+0.11 b  31.842.4 ¢
9 0.65+0.12 ¢ 76.1+3.8 b 2-9 2.03+0.13 b 26.7+2.8 ¢ 20+6-5 1.9940.10b  27.1423 ¢

12 0.37+0.09 ¢ 89.3+3.9a 9-2 1.95+0.10 b 28.5+1.8 ¢

W ARNG FRERIRAE 0.05 K EREE. TR,

Note: Different small letters indicate significant difference at 0.05 level. The same below.

10+5-5

B2 RRELFGTEMERRNRNEEROERERYRR

Fig. 2 Biocontrol effects of inoculated biocontrol bacteria on cucumber wilt under unsterilised soil conditions

TR R il 22975 R o HT &l 4 AT 5 W], 8 K S AT OROK T - 4
23 AEEELCENBNERTEAEEEN b, 55808 FOC 4B L, ffh A By B 1 535
S e 7R ST AL EEE . Horb, ROK
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Table 3 Antagonistic effects of different treatments on
cucumber wilt disease inoculation (unsterilised soil )

4k 7 IR GRS DIREEVE N

Treatment Disease index Control efficacy/%
CK 0.00+0.00 e
FOC 80.77+2.96 a

8 34.28+2.80 bc 57.56+5.42 b

9 23.77£2.55d 71.35+3.46 a
12 28.57+£2.60 ¢ 65.41£5.81 ab
10+5-5 57.50+£2.86 b 29.59+3.12 ¢

FOC

R 12 A1 10+5-5 B0 3 AR PR ) SODL CAT ¥
PR E AR B 3, T HE Pl 8.9 B RN 35 I APX ¥
PERER A RO B B o AR AR K 3 Bepp A= B B
PR T S0 R A P E A R G, 318 R AR X A 5 PR 4
Pihe )1, AR BOK b T 9
24 ARIEREACER R NEKRE 21X 518 X B
AR

1B 6 A 7 BTN, 75 K BR 1 HE R A K 1 148
b, UBMEE D FOC, fEAKR &KW J5 PPOPAL i 1435 &
K TR AR B S B E e T AR PPO 5

10+5-5

3 RELFHTEMERENRIEEROEHIERYR

Fig. 3 Biocontrol effects of inoculated biocontrol bacteria on cucumber wilt under sterilised soil conditions

F4 TEEHELEMNHENAERNBRMRCREAL)
Table 4 Antagonistic effects of different treatments on
cucumber wilt disease inoculation (sterilised soil)

Ab B IR R DIFEEVE S
Treatment Disease index Control efficacy/%
CK 0.00+0.00 d
FOC 81.40+3.64 a

8 34.09+3.18 ¢ 58.57+3.45 a

9 36.51+3.11 ¢ 54.80+3.42 a
12 40.39+3.06 ¢ 51.00+3.08 a
10+5-5 56.07+3.25 b 30.58+2.81 b

PAL 51, Forh 3 9 A1 10+5-5 2 B B MR AE R K B
LS ORI 3 A bR O 7E K B e
PE R RE AR PAL 35 M B0 80OR & 0 2, AR BT R bR 12 7E
K T B SRR PPO TR RO R A B .

25 AREHEGESENERLT REsE A
20

R0 B 52 29 AR B JE I L LT
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Lo IR, R, 1B X PL B R R A T TR
A RBAER . HIE 8 I %, M F FOC AbFR 1)
REAR LT o B vis v S 2 o T A b3 . PR K
B g, A AR B PR 8.9+ 12 BB AR LT R
T ) R AR T 64.96%+55.19%55.71% , X
AT B8 BT A B B A o $E A AR DU 1 DR
T 5 9 DR R AR e B S5 R LT B R 2
7 A Y
26 FARIEHELEMNERNEXRKRZSENE
M

HH B 9 BT, BRMORS JiR pE R B A R e T A
KRR &, & A B A B R R R & R R
T B e A i) FOC Ab3 . 76 R K g,
CK 7k, itk 9 A FE MR A T 3R & i k. 7EK
B, R AR 8. 10+5-5 IR MR AR T & & B
fiX, B FOC AL 373 7 i 2 BEAIK T 25.94%25.81%
b3 & R B b A B TR e 98D A R 52 3 1R
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Note: Different small letters indicate significant difference among different treatments at 0.05 level. The same below.
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Fig. 4 Effects of different treatments on the activity of antioxidant enzyme (unsterilised soil)
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Fig. 5 Effects of different treatments on the activity of antioxidant enzyme (sterilised soil )
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Fig. 6 Effects of different treatments on the activities of phenol-related metabolic enzyme Cunsterilised soil)
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Fig. 7 Effects of different treatments on the activities of phenol-related metabolic enzymes (sterilised soil )
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Fig. 8 Effects of different treatments on chitinase activity
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Fig. 9 Effects of different treatments on lignin content
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