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Abstract: [Objective] To isolate and screen antagonistic bacteria against Fusarium wilt disease from healthy

banana rhizosphere soil. [Methods] The bacterial strain antagonizing Fusarium oxysporum f. sp. cubense
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tropical race 4 (Foc TR4) was screened from banana rhizosphere soil using the plate confrontational culture
method. The antagonistic strain was identified by colony morphology, physiological and biochemical
characteristics, and phylogenetic analysis of multiple genes including 16S rDNA, GyrB, AtpD and GItB. The
effect of this strain on Foc TR4 hyphae growth and spore germination was analyzed by microscopic observation,
the antifungi spectrum was determined by the plate confrontation culture method, the biological control and
[Result] An
antagonistic strain of GD1-1 was screened with the inhibition rate of 72.5% on Foc TR4 hyphal growth and the

growth-promoting efficiency were tested by banana plant inoculation assay in greenhouse.

inhibition rate of 99.8% on Foc TR4 spore germination, which was identified as Burkholderia contaminans. The
strain GD1-1 could cause hyphal distortion, enlargement and malformation of Foc TR4 under microscope
observation. The strain GD1-1 possessed the broad-spectrum antibacterial activity with a good inhibitory effect
on the selected ten phytopathogenic fungi. The results of pot inoculation experiment showed that the strain GD1-1
successfully promoted the growth of banana seedlings and suppressed the incidence of banana Fusarium wilt
with the biocontrol efficacy of 55.6%. [Conclusion] The strain GD1-1 has the significant inhibitory effect on

Foc TR4 with a good control effect on banana wilt disease, and promotes the growth of banana plant. As a high-

quality source of biocontrol bacteria, the strain GD1-1 has certain potential for development and application.

Key words: Fusarium wilt of banana; Fusarium oxysporum f. sp. cubense; Burkholderia contaminans; Antifungal

effect; Biological control
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UL B E R A e e r A I o g e AR
bRtk B REEY BMEEN —ME R ER,
FEEMAAN ‘BB Musa acuminate AAA

Cavendish cv. Brazilian,

1.2 A&
1.2.1 #HRwEG5ERE REABBRIRARIED

BHEEPUR, W DR ORAT T NA B 5 (BTt
RREREERNE 5 g EEME 10 go NaCl 5 g, pH
7.2~7.4), 28 °C $53% 2 d J5 I FH i 2L R 2k 55 7732 3K
BBV o RN I EE 9215, ¥ Foc TR4 M &
PDA };9%3E, 7F 2.5 cm AbFEFH IS P4, 28 C
7% 5~7 d; LM Foc TR4 1E 9%t e . EE it
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XFHEZH HAT - A EH AT
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2) AL S S R CHE WA R G058 T
W 5 B0 AR B AR . 3) 8 TAEW - 5 e
DA i 1A 2 (K 20 DNA AR, LL 27-F/1 492-R,
GyrB-F/ GyrB-R. AtpD-F/AtpD-R. GltB-F/ GltB-R N
19 (3 1), 25434 16S rDNA. GyrB- AtpD Fl
GitB HEF 751 F PCR 4 38 =yt AT 0 7, 5 45
oy AAE NCBI #048 v gk 47 Ebxt, H MEGA
7.0 BAFLAARERE M EE R G R B

P = x 100%.

F=1 AKMXFRRS

Table 1 Primers used in this study

-
e S o
name Primer sequence (5'—3") Reference

27-F AGAGTTTGATCCTGGCTCAG [12]
1492-R GGTTACCTTGTTACGACTT

GyrB-F ACCGGTCTGCAYCACCTCGT [12]
GyrB-R YTCGTTGWARCTGTCGTTCCACTGC

AtpD-F  ATGAGTACTRCTGCTTTGGTAGAAGG  [12]

AtpD-R CGTGAAACGGTAGATGTTGTCG

GlitB-F  CTGCATCATGATGCGCAAGTG [13]
GlitB-R  CTTGCCGCGGAARTCGTTGG

123 #4#H GDI-1 A K bm&ayE s KPR
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BERIAIRE Colletotrichum musae, 130897 1% HH LR
AR 27 EF b A T8 A i A b TR A e o B
i BRI DR E 3 AR
m, K3 EE 3 K.
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Fig.1 The antifungal activity of strain GD1-1 against Foc
TR4
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WS R I, K77 LA H I 6 B T B 9, A1 T B A
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500 nm

A:NA H: 335, B Al C: it dL 4.

A: NA medium; B and C: Scanning electron micrograph.
2 HEIE DI-1 WEERS
Fig.2 Colony morphology of antagonistic strain GD1-1
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99 |Burkholderia contaminans LMG 233617 (JX986975.1/MK071616.1/NZ_MCAU02000004.1/MK225587.1 )

100 Burkholderia contaminans KNU17BI3T (MK212366.1/MK225588.1/MK225586.1/MK225587.1)

57
93
100

100

—
0.050

*GD1-1 (168 rDNA/GyrB/AtpD/GltB)

Burkholderia seminalis LMG 24067" (NR 042635.1/NZ_CABVPV010000110.1/HQ398427.1/HQ398475.1)
Burkholderia pyrrocinia LMG 141917 (NR 118075.1/NR_118075.1/HQ398426.1/HQ398474.1)
Burkholderia catarinensis 89" (NR 153664.1/MF148491.1/MF148489.1/MF148490.1)

Burkholderia fungorum LMG 162257 (HQ849081.1/HQ849194.1/HQ398436.1/HQ398484.1)
Burkholderia terricola LMG 20594 (HQ849104.1/HQ849215.1/HQ398459.1/HQ398507.1)
Burkholderia mimosarum PAS44" (AY752958.1/HQ849202.1/HQ398442.1/HQ398490.1)

Burkholderia nodosa  Br3437" (AY773189.1/HQ849204.1/HQ398444.1/HQ398492.1)

Burkholderia andropogonis IBSBF199" (KM083264.1/KM083387.1/KM083305.1/KM083346.1)

Pseudomonas chlororaphis ATCC 9446 (NR_114474.1/FJ652718.1/F]652664.1/NZ_CP061079.1

3 ET 16SrDNA. GyrB. AwpD M GiB EFEFFIMEE GD1-1 R LB
Fig.3 Phylogentic tree of strain GD1-1 based on concatenated sequences of 16S rDNA, GyrB, AtpD and GItB genes
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Fig. 4 Growth curve of the strain GD1-1 in NA culture
medium
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24 h i, B P GD1-1 (3G B ET ik 3] 1x10"°
CFU/mL.
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W, BRI s B E 4L, T B W I %
(B 5A); 32 Pk GD1-1 8] Foc TR4 & 22 H B
W T, 053 B 22 i KR M (] 5B).

2.5.2 x Foc TR4 » AT L% h BHkk
GDI1-1 K 157 5 Foc TR4 73 fil 7335 3%, 45
(18 6) %, IEH Foc TR4 71 71y #s &k 2
90.6%; % Wtk GD1—1 K& _FiE W mi i Foc
TR4 HEMFHRENN 1.5%, M FEH T
99.8%.
2.53
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Zd)pm

20 pm

A:Foc TR4 IEH H £/ 45: B: Hi#k GD1-1 2 Foc TR4 W £ I
A: Normal mycelia of Foc TR4; B: Deformed mycelia of Foc TR4 treated
with strain GD1-1.

5 E#E GD1-1 #I#] Foc TR4 F 224

Fig. 5 Inhibition of hyphal growth of Foc TR4 by the
strain GD1-1
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Different lowercase letters on the pillar indicated significant difference
between treatments (P<0.05, Duncan’s method).

6 &tk GD1-1 #lH Foc TR4 DEBFIFL
Fig. 6 Inhibition of conidial germination of Foc TR4 by
the strain GD1-1
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£4b7 Fol

A BRI 1A

C. musae

1 57Nl Focl L4 Fom

+GD1-1

BREMZNE  ROTTIR SN LRI

F. graminearum

TR RORGF, 0 FRIITE 75.0% LAEs XAk 7]
B A R AL R (R I ORAFAE 22 5, ot e LA
R R0y 78.0%, B IREALAN 71.3%.
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Fig. 7 Antagonistic effects of strain GD1-1 on different phytopathogenic fungi

&2 EH GD1-1 MAREEYHRREREMIHIER
Table 2 Inhibition of different phytopathogenic fungi by the strain GD1-1

W 5 % 5 WO %%
Pathogen Inhibition rate Pathogen Inhibition rate
R AR A i AL Fol 78.0+0.3a B ERZERIR 15 /M Focl 72.0+0.5bc
BRI C. musae 77.9+0.3a R L LA Fom 71.3+0.3bc
BRI A alternata 76.8+1.1a ARLLYR I F. incarnatum 69.9+0.5¢cd
J& B BT F. solani 76.4+0.9a Z EHMH C. cassiicola 67.9+0.2de
R T 4N E1L R Fob 73.5+0.4b RBBRIIE F. graminearum 66.1+2.6¢

DA P 28 A P AR IR, R RN B F R R 25 2% (P<0.05, Duncan’s 7).

1) Values were the means + SE and different lowercase letters indicated significant difference (P<0.05, Duncan’s method).

2.6 EME GD1-1 M EHEMEFRIBE S
K= W FARIE T T HPUH GD1-1 %
TREMBRHRTPI . 458 (B 8) &, {XH ddH,0
AbHE ) R Y BE AR AR AR K IE W, R R AT ) R WO
MR A EEFT Foc TR4 (1) B PG B A8 AR I 34k, BRZE
A, I T ST ) A B R REIR s T B R

GD1—1 AbFH 1y E PH B AR Ik 2 A0 2 R BR ZX AR 45 THI
B R . R G 45 R ( 9) KW, Foc
TR4 4b B (¥ B 75 #2995 1% $8 208 80.75, 1M 1R Ak
GD1-1 4b#J5 i U 7 R 5 45 2 1% %2 35.86, BiivA
RN 55.6% . BEIATE MR GD1-1 X & B Ak 2599
A BT I 2K
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P (B 11A) MIERZEEAA (B 11B) 45l n 1
48.8% 11 17.0%, Ut BHH & GD1-1 X & MK E A
BENMRAEER.

Btk GD1-1 R4 ot 3 (8 12) £,
Bk GD1-1 A[7E NKA ¥ 983t FAEK, WiE R EA
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gt A = B B ) RE D s B PR GD1-1 1E 2R i i -
PDA #5375 A iR e P Y B, SR A BA B
E 8 FEMHZRER 18 ¢

A
Fig. 8 Disease symptoms of banana Fusarium wilt
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Fig. 10 The growth of banana seedlings
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Fig. 12 The growth promoting potential of strain GD1-1



1

KA S5 TR RUASCE RIETE GDI1-1 B2 B 45 58 Jon] & FEAh 250 1 AL v ) 79

AT R IR JT; TR GD1-1 REfE CAS R34
1, HL GV A B R A Bt o s U R
PR RIRE ST AT UL, BIRR GDI1-1 AT WL A A
B ETCHLUE 7 5 i DL R P Bk SR T RE T,
WH B RN T,

3 WS

T AR bR - BE 4G R B, BFR 9t 4
EE 2 BB, LR A B R, 2HEPUE
i 16 1Y) EE BRYECY . AN T Mg R R AR AR B
Berp oy B RL  T 1 BRXY Foc TR4 BA R 4F 0
BRI GD1-1; @ H R E A AL
FRIEAN 2 B R PP 51 3 i, B Bk GD1-1 5 N
AL E /R8T Burkholderia contaminans, 1% # ££ )5
S0 AE 7 B R R AN R T B R ) s B e

VE AR SO R BB B & — A R AU i H R R A
ANTE 2B, PR N A v B RS T A (B,
cepacia complex, Bee)™, iz 0 A T /K I AIAE
Yoo A BT, CHRIE TR 2 FOE YR F
BAYHBIER, WBE K Mok R #i i
B BT 20, 20 2K 55900 e ik 22 00, TG 2
I A& o AR SCUESE R PR GD1-1 X5 B Ak 2595 I B
RN 55.6%, HA T IERAMEEH: (HiXEERE S
f Al AE V) S S BB A R
W5t .

AW R E R GD1-1 1] & F #1| Foc
TR4 W 224K, FER 2 WY, I 53 # 2o 4
TR o HTEE GD1-1 B3 & P45 ]
DLt — 2B m AL . O %8 22l E@ gt
2 b R BRI 90 3P 2241 5o B R A o A R AL, 4
W 2508 @ ik Sephadex-75pg. Sephacryl S-
100 247 43 B 2040 7 2240 S0 /KR8 B B. cepacia
CF-66 R EFBUH I, RIS PUAYIBR CFo6l, Bl 1%
W) )5t A% R R R 1 0T 2 — Tl TR Y B 1) i B T B
W&y, WA FHF AU TR TR E
IR A R ML BRRIE 7T, A AR A A 7 A i i s T
= W, KA Cepaciamide A 1 Cepacidine
A BT R IR, ) LA B A0 2 A At g2 S 2 B
VBRI 1 R IR A A P2 o B 2 AR AR SR A
R B U LA S SR B B B. pyrrocinia
WY6-5 HIFE R BV REAT T 0T, % HIs )
Ji 9 = FE g, AT IR kT B F. graminearum,
BERS TR A, alternata 55 8 FIAE Y)W JF 2 14 194
. Wang %Pl id HPLC HiR, 2 B %E 7Hw
FEIRTEEE B. pyrrocinia WPk Lyc2 B4 5 144 5

°A Occidiofungin

TR (1) 7= R A e ) = — MR L B 2
AfebR, B EA IR EGE B BB IR IR
O, WA AL R R, I8 e S0 SR AR
Bk, CLIB BB w2 A 0 B e, 5 5 2 550 BT
R, AR b B R B TR R TK -1 RS
JRBEEH B. vietnamiensis WPk JK—4 B A P2 2R84 1)
RE TR TS AR VS M, X /N2 A B TIOR8 R 2 A
BEMRAEEH. TSR 7 K IR0 E
JRIEB R AR B418 A [ % . M0 55 e ) A e
AR, AR &5 2 o T B RAFB & A ST 5
RILFE R GD1-1 AU R 2w B R P
SRV (A B vk, T LA AR AR PR
Bl Fe kiR B 70, X EE R AR AAEH; Wk
GD1-1 X & A =00 BA R 4F 1A B T3 AT &

5t
SE

[1] R, VRS IR 4. EERG YL HA% 5 A 8
J 3R R 22 A SR AT FE 0], b FE AR B X R,
2024, 45(10): 80-85.

[2] GARCIA R O, RIVERA-VARGAS L I, PLOETZ R, et
al. Characterization of Fusarium spp. isolates recovered
from bananas (Musa spp. ) affected by Fusarium wilt in
Puerto Rico[J]. European Journal of Plant Pathology,
2018, 152(3): 599-611.

[3] A, AAEM, 73, 5. AL AR B BBV R it
T2 A RO S AL K L 2 T BF e 2t Jg [0, A=
JER, 2022, 49(7): 2819-2837.

[4] %300, 7 A MR IR F I T T B0 R 1B Ak
JE[J]. > FAEYIE Fi, 2024, 22(24): 8270-8278.

[5] ZFHF, R, HlTy. TEMERI R A KB E
FUHUR[I]. Hera ROl R 2244, 2019, 40(5): 128-136.

6] JABHE, %, sk 5, & & RIS DU s g 2
TG L[] H LR 241, 2016, 43(6): 913-921.

(71 BER, KT, EET, & PIRE BRI
9T L2 AW B ALEE)]. fE 22 IR, 2017, 44(4): 835-
844.

[8] 24, WAEAR, HGHF, & HEDMZERKRANEREN
Ir B B E B AW TR e A SR (0], A R AR K A e R
2024, 45(2): 256-265.

[9] FEARR, PNE T, TRAGEE. KA 2 B R R T
Burkholderia contaminans ¥ 5% K J& J& 125 H0 i 5 K152
W[T]. F R AR, 2018, 45(2): 382-388.

[10] SHEN F, LIU Z, DU C, et al. Induction of resistance of
antagonistic bacterium Burkholderia contaminans to
postharvest Botrytis cinerea in Rosa vinifera[J]. Compu-
tational and Mathematical Methods in Medicine, 2022,
2022: 7134161.

[11] ZRF52k, SAp3E. & WANTE R 40 % € F MM, Jb st
AR, 2001.


https://doi.org/10.1007/s10658-018-1503-y
https://doi.org/10.7671/j.issn.1001-411X.201905062
https://doi.org/10.7671/j.issn.1001-411X.202308003
https://doi.org/10.1155/2022/7134161
https://doi.org/10.1155/2022/7134161

80 HErg AR K 24254k (https:/journal.scau.edu.cn/) 46 %

[12] SUKRAMA I D M, FRANCISKA J, SUARDANA I W. 316.

Evaluation of the bacteriocin produced by strain 9 lactic [25] HWANG J, BENSON D M. Biocontrol of Rhizoctonia
acid bacteria isolate for biopreservation[J]. Veterinary stem and root rot of Poinsettia with Burkholderia cepa-
World, 2020, 13(9): 2012-2019. cia and binucleate Rhizoctonia[J]. Plant Disease, 2002,

[13] SPILKER T, BALDWIN A, BUMFORD A, et al. Expan- 86(1): 47-53.
ded multilocus sequence typing for Burkholderia [26] HEO A 'Y, KOO Y M, CHOI H W. Biological control
species[J]. Journal of Clinical Microbiology, 2009, 47(8): activity of plant growth promoting rhizobacteria Burkhol-
2607-2610. deria contaminans AY001 against tomato Fusarium wilt

[14] JHa7E. A0 AR 4 dh 2800 52 S 86 5 v i 72 [T]. e and bacterial speck diseases[J]. Biology (Basel), 2022,
229k, 2016, 36(5): 108-112. 11(4): 619.

[15] SRM, Fidie, FHRVE, 55. 8 T e £ JTU Kl 29 1) [27] ZENEA, GebR, {E 2508, 5. S NA 2R IE DT Burkhol-
PUIk LB S AT [0]. R EY 23K, 2019, 40(11): 2189- deria gladioli L1-3 H’Jﬁj\%ﬁéﬂz& 7 95 2 A= 2R 0],
2196. 5537, 2022(12): 52-58.

[16] k&, KM, MMM, 5. sy Ehmit TR RN AL H R (28] HUAERTE, MYE, HIR W, &5, V2 e E /RS T CF-66 Hi
38 Relif $h UL SRR LD, AL S E AR, 2024, 51(10): VA D 93 5 A B A R A T 0. R A A AR
4089-4103. 2005, 45(5): 707-710.

[17] BRAEDS, 28, BSMEEE, 45, BB i b el 40 1 1 7% [29] Y =4, 28, iR R $E L Burkholderia contamin-
R SRRERE 1 M (7). AR E IR, 2018, 34(6): ans Xt BUBL 7 ] 1 K 5 KB IO PUNE T S []. B R
183-189. 2%, 2016, 37(2): 266-270.

(18] E3H, S 5, PR, 2 P (AN A Bacitius  130) BEOR, SRAER, BROEE, 4. LA SR R I WY G-
sp. dspS 4 B8 s 5 T IV AR T W B R LR 28 14 fO 9T 9 SRS M50 EOK A KAR AT FE]. o AR
[J]. £ %2 4 R 24, 2024, 15(4): 98-105. FH#, 2019, 52(9): 1574-1586.

[19] ZEMEHk, 25 K Ha, P A PH, 25, 1 BRAR R 2 IR R T 10 77 [31] WANG X Q, LIU A X, GUERRERO A, et al. Occidio-
Moy Y MORAS RIS AEARAG[T]. WiTT MR 4R, fungin is an important component responsible for the an-
2021, 38(6): 1297-1304. tifungal activity of Burkholderia pyrrocinia strain

[20] ZHANG H, BAI X, HAN Y, et al. Stress-resistance and Lyc2[J]. Journal of Applied Microbiology, 2016, 120(3):
growth-promoting characteristics and effects on veget- 607-618.
able seed germination of Streptomyces sp. strains isol- (32] M, A, MR, S NS BB LA
ated from wetland plant rhizospheres[J]. Current Micro- GR-39 E’]Tﬁ:&:ﬁ&i{@?%ﬁﬁ:%[] - E AT
biology, 2023, 80(5): 190. 247, 2024, 40(1): 167-177.

1] WS RERCED: R LR KA (et B3 MIOUT, WA, SRAGT, 5. 0L 5 IR KRR
55— HE L], ZEEAGEIR, 2020, 36(9): 1-2. 988 PN AE G O 2 e R R AR HT I AN D). AR M A E

[22] KR, SCRS, FRRIRE, 2. FLLP ks o 200 LA A %, 2023, S0(10): 44134432
B 5 T (Boc) 143 KR R 75 8 2 1 . 4 F [34] mFEox, BRHANN, LM, . WK IU SR bRl P e
ZPEI I, BUEHD IR, 2023, 63(9): 3616-36217. M8 E RAME R ERRI] WRRLFZ, 2022,

[23] PARKE J L, GURIAN-SHERMAN D. Diversity of the S4(7): 143-148.

Burkholderia cepacia complex and implications for risk (351 LN, AL, BRI, S R R o R 8 U BA18 of
assessment of biological control strains[J]. Annual Re- £ P DR BT AL 1] WAL A2, 2014,
view of Phytopathology, 2001, 39: 225-258. 33(5): 1066-1068.

[24] Y67, HHSF, 220N, 5. R4 5 RS FHAEMPa

PUIA LR 43 25 0], vh EFREEREE, 2001, 21(4): 313-

[REHE FASa]


https://doi.org/10.14202/vetworld.2020.2012-2019
https://doi.org/10.14202/vetworld.2020.2012-2019
https://doi.org/10.1128/JCM.00770-09
https://doi.org/10.3969/j.issn.1000-2561.2019.11.013
https://doi.org/10.11833/j.issn.2095-0756.20200814
https://doi.org/10.1007/s00284-023-03297-x
https://doi.org/10.1007/s00284-023-03297-x
https://doi.org/10.1007/s00284-023-03297-x
https://doi.org/10.1146/annurev.phyto.39.1.225
https://doi.org/10.1146/annurev.phyto.39.1.225
https://doi.org/10.1146/annurev.phyto.39.1.225
https://doi.org/10.3321/j.issn:1000-6923.2001.04.007
https://doi.org/10.1094/PDIS.2002.86.1.47
https://doi.org/10.3321/j.issn:0001-6209.2005.05.010
https://doi.org/10.7506/spkx1002-6630-201602047
https://doi.org/10.7506/spkx1002-6630-201602047
https://doi.org/10.1111/jam.13036
https://doi.org/10.3969/j.issn.0439-8114.2014.05.021

	1 材料与方法
	1.1 材料
	1.2 方法
	1.2.1 拮抗细菌的分离筛选
	1.2.2 拮抗菌GD1−1的鉴定
	1.2.3 拮抗菌GD1−1生长曲线的建立
	1.2.4 拮抗菌GD1−1对Foc TR4的抑制作用
	1.2.5 拮抗菌GD1−1的抑菌谱分析
	1.2.6 拮抗菌GD1−1对香蕉枯萎病的防效分析
	1.2.7 拮抗菌GD1−1的促生作用分析


	2 结果与分析
	2.1 拮抗菌的分离筛选结果
	2.2 拮抗菌GD1−1的形态鉴定结果
	2.3 拮抗菌GD1−1的生理生化和分子生物学鉴定结果
	2.4 拮抗菌GD1−1的生长曲线
	2.5 拮抗菌GD1−1的抑制作用
	2.5.1 对Foc TR4菌丝生长的影响
	2.5.2 对Foc TR4分生孢子萌发的影响
	2.5.3 拮抗菌GD1−1的抑菌谱

	2.6 拮抗菌GD1−1对香蕉枯萎病的防效分析
	2.7 拮抗菌GD1−1对香蕉植株的促生作用

	3 讨论与结论
	参考文献

