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Abstract: [Objective] Watermelon fusarium wilt, caused by Fusarium oxysporum f. sp. niveum (Fon-
1), is a serious disease that causes significant yield loss and threatens the development of watermelon in-
dustry. Effectiveness of chemical pesticides in control of watermelon fusarium wilt is currently not satis-
factory. Thus, there is an urgent demand to explore other effective strategies. This study aimed to screen
out effective antagonistic strains for biocontrol of watermelon wilt disease. [Methods] Antagonistic
bacterial strains were isolated from watermelon rhizosphere soil. The antagonistic effect of the isolated

strains on Fon and other pathogenic fungi was detected using a plate confrontation test. Pot experiments
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were conducted to investigate the biocontrol capacity of the bacterial strains against watermelon wilt
disease. Growth- promoting activity of the antagonistic strains was also explored in terms of plant
height, leaf number, dry and fresh weights of both aboveground and underground parts of the plant. The
obtained antagonistic bacterial strains were identified using molecular tools and biochemical assays.
[Results] The strain K5 had a significant impact on hyphae in dish, and the inhibition rate of Fon-1 was
75.31%. K5 had a significant inhibitory effect on seven other watermelon and melon crop pathogens in
dish. The potted experiments showed that the K5 had a good antagonistic effect on Fon, with a control
effect of 78.95%. The pot experiment showed that K5 had a 78.95% control effect on Fon-1, and had a
significant growth- promoting effect. The plant heights, leaf numbers, aboveground and underground
dry weights, root lengths, and aboveground and underground fresh weights increased significantly,
while there was no difference in stem thickness. Analysis of phylogenetic trees showed that the strain
K5 was Pseudomonas aeruginosa based on the 16S rDNA and rpob gene sequences. Biological charac-
teristics analysis revealed that K5 produced siderophores and hydrogen cyanide. It also had enzymatic
activities such as cellulase, chitinase, and f-1-3 glucanase. Moreover, the genes related to hydrogen cya-
nide, phenazine- 1-carboxamide, and nitropyrrolin were amplified from the K5 genome. [Conclusion]
In summary, K5 had a good control effect on watermelon wilt disease and promoted the growth of wa-
termelon seedlings. It will be a highly potential strain for developing a biocontrol agent.
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Table 1 Primers for antibiotic gene detection related to pseudomonas aeruginasa K5
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DAPG PhIF GAGGACGTCGAAGACCACCA 745
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PRN PrnF CCACAAGCCCGGCCAGGAGC 786
PrnR GAGAAGAGCGGGTCGATGAAGCC
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HenR ACGATGTGCTCGGCGTAC
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Fig. 1 Inhibitory effects of selected strains on Fon

K5 0T 78 TR 295 B PRIkl 4 FH B 2. (1 2) . 4 Fon-1

Sof FRZH P 250242 4 27.33 mm I (& 2-A) , K5 %6} 76 I

Fi 25995 T PRI )P 351 - 21X £ 8.63 mm (] 2-B) , [IIL

PR IE 75.31%.

222 HHRKSHOAKRERBA LG R @
AR =4 AR BB MR 2 TEAS , RINE KS 5

PUALHE 1) B 22 1 300 B 22 L o AR T R T B 2

W24 B AR 45 i A (B 3-A) , =0 o] L 22 H IR K
s M ERHE RS (E 3-B) o X R4 1 220678
FEVER VAR VCRBORAERK S (A 3-
C~D). Xf MR 22 HATFI{H L 3.57 um, 5P ik 2
J5 W 2 BT YMEZ) 5.49 um. AT 2 BRI ZE
SRPKS AH G 2 B AR S0 IR W 41 p<
0.000 17K b2 7 B2 (B 3-ED.



7 1BH53E , 55 19N 90 TE P Pseudomonas aeruginosa (1% 7€ X M 2 A= 1E H 1561

A NXTIESB N K5 AbHE.
A is control and B is K5 treatment.
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Fig. 2 Inhibitory effect of strain K5 on Fusarium wilt of watermelon
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A-B are mycelium morphology of K5 treatment group; C-D are mycelium morphology of FON-1 group. Bar of A and C = 500.00 um, and Bar of
B and D = 50.00 pm; E is the significant difference analysis of hyphal diameter. **** p<0.000 1.
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Fig. 3 Morphology of Fusarium wilt by K5 treatment in watermelon
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Fig. 4 Inhibitory effects of K5 on a variety of pathogens
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Table 2 KS in inhibition rate of pathogens in dish

P o 5 JER T 7 4 K5 S BRAL & 12

Pathogenic bacterium Colony radius of the control Colony radius of the K5 ffﬁii;lon rate/%
pathogen/mm treatment/mm
JRZEJE 2 HRALER . solani 19.31£0.25 A 2.50+0.000 1 B 99.99+0.00
Z AU C. cassiicola 27.90+0.92 A 6.09+0.11 B 85.88+0.20
WAL E F verticillioide 21.77+0.58 A 5.70£0.17 B 83.41+0.49
RAVERA KL AT F oxysporum f. sp. melonis 20.58+0.22 A 7.84£0.18 B 70.46+1.27
it I % P. melonis 28.5140.71 A 3.38+0.22 B 96.63+0.88
G 5EER M. phaseolina 30.51+0.20 A 12.46+0.27 B 64.43+0.94
JRZEIRIENA 1 C. orbiculare 27.75+0.41 A 5.21+0.16 B 89.26+0.71

L AFIR S F R RTE p<0.01 AP EZ R R,

Note: Different capital letters indicates extremely significant differences at p<<0.01.
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Fig. 5 Disease control effect of strain K5 on watermelon seedlings in greenhouse pot experiment
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Fig. 6 Growth promotion effect of strain K5 on watermelon seedlings
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Table 3 Physiological indexes of watermelon in growth promotion test by strain K5
PR - p K Mo EFREEE  MURPREESE M EERE NI RE ZEH
Qb Plant Root Fresh mass of Fresh mass of Dry mass of Dry mass of Stem
K Number .
Treatment height/ length/ aboveground underground aboveground  underground diameter/
of leaves
cm cm part/g part/g part/g part/g mm
X 21.36+£3.78 b 5.80+0.63 b 20.28+6.99b  11.41+2.59 b 0.72+0.38 b 1.41£0.25 b 0.061+0.034b 3.87+0.55 a
Control
BIRKS 36.69+4.19a  7.90+0.74 a 28.68+10.25a 14.43+£2.13 a 1.42+0.74 a 1.74+0.26 a 0.142+0.064 a  4.09+0.37 a
K5 treatment
L DIIES 7177 36.21 41.42 26.47 97.22 23.40 132.790 5.68

Growth rate/%

L AFPNGFEERORTE p<0.05 KF EEREE.
Note: Different small letters indicates significant differences at p<<0.05.

5.68%36.21%41.42% . 26.47%97.22%  23.40% «
132.78% , 2 BH T Pk K5 0 74 T4y i i A= A FH B 2 o
24 HHEKS 5 FEIZRN

4 16S rDNA Hl rpob H K (1)l 7 45 - 5 GenBank
o B SRR R P A EA T RS BB, BIPR KS 16S
rDNA 5 i 2R M i (P, aeruginosa) (HQ537785.1+
AB680318.1.AF094713.1.LC069033.1) ] 7 J5 #H 124
& 15 N 100% ; rpob 5 (P aeruginosa,
CP092846.1) [ [F] J5 AHBLEZ 24 100% . F1| F MEGA
11 504 F 2 T Bk K5 1 16S rDNA (& 7-A) il rpob 3
(B 7-BORI RFA K EW TR, FHRKS 5 P, ae-

ruginosa & N — 453 > CE 7D, Bt UL KS # f 2 4
Pseudomonas aeruginosa.
2.5 BHEKSBIEMISFEFIE
BRI PR KOS 78 W8 4k 2R 56 - [ &R 56 L R e WL I
36 JUT 0 R FH AR 41 4 3 W6 L p-1-3 6 SR W g
U VHON R EG A 2 IPHPE (B 8) o i PR vl F= A
WEERER AT [ R LB E T, A 4 4E R L
TR B B-1-3 % R HERG AR, AR AR R VA
B AR A MBI R 1 (R D
2.6 EHEKSIEIREKEXERRY 1S
LT PR KS 1) 5= R O AR, mT4 38 HE SUR
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HNZM2021-K5
HQ537785.1 kB i B HQS537785.1 Pseudomonas aeruginosa
AB680318.1 4% E S il B AB680318.1 Pseudomonas aeruginosa
100 AF094713.1 42 ¥ fl 7 AF094713.1 Pseudomonas aeruginosa
74 LC069033.1 4 £ LA B LC069033.1 Pseudomonas aeruginosa
AF094721.2 Pl " fl 7 AF094721.2 Pseudomonas alcaligenes
HG004394.1 5 A {5 51 iU 1 HG004394.1 Pseudomonas aestusnigri
86— D84007.1 A1 M *i}u # D84007.1 Pseudomonas amygdali
MG722805.1 T FEH1 0 1E MG722805.1 Pseudomonas syringa
99| FHM190230.1 458U 5/ 5§ HM190230.1 Pseudomonas corrugate
88| |AB680568.1 AR HL)iU 1% AB680568.1 Pseudomonas fluorescens
100'LC462170.1 ZY6AB S 5§ LC462170.1 Pseudomonas fluorescens
AB675635.1 #li B ZE AT I AB675635.1 Bacillus subtilis

0.02

B 99MF962536.1 R A MF962536.1 Pseudomonas abyssi

87| LHG004394.1 W&t {5 5 /il i HG004394.1 Pseudomonas aestusnigri
B680567.1 F=Hg i i B AB680567.1 Pseudomonas alcaligenes
100100HM 19023 1.1 P~ - fL F HM190231.1 Pseudomonas alcaligenes
88/D84007.1 A/ I D84007.1 Pseudomonas amygdali

FM201274.3 DRI E FM201274.3 Pseudomonas baetica

99/AJ537601.1 B MM BRI 1E AJ537601.1 Pseudomonas antarctica
06'KX186936.1 Tt {5 it 1 KX186936.1 Pseudomonas antarctica

100 [HNZM2021k5
CP092846.1:750338-751469 i £ 5 iU B CP092846.1:750338-751469 Pseudomonas aeruginosa
99,CP031876.1:6220927-6222058 #i £&F i i CP031876.1:6220927-6222058 P. aeruginosa
CP031878.1:6210924-6212055 4 4%l 5 CP031878.1:6210924-6212055 P. aeruginosa
100/ CP093395.1:3847713-3848844 4 %E {5 L il B CP093395.1:3847713-3848844 P. aeruginosa
94/CP093013.1:1990668-1991799 444 H1Jl 5 CP093013.1:1990668-1991799 P. aeruginosa
97'CP033084.1:3819983-3821114 #iZHE 5 fl i CP033084.1:3819983-3821114 P, aeruginosa
——AB192294.2 Ft# E A AB192294.2 Bacillus subtilis

100,

—

0.050

7 %ETF 16S rDNA 0 rpob EFEFHHIE KS REA BN
Fig. 7 Phylogenetic trees of strain K5 based on 16S rDNA and rpob gene sequences

A. f-1-3 T FENERERT I BE 7R3 ; B. WEER KA BT 7RI ; C. HON IRAERT 7RI D. 21 4R S AR I G IR 35 E. RCHURE 56 2 B R A F. LT g
SERIREL G A LB S E I IR A L [ R e R
A. f-1-3 glucanase assay medium; B. Ferriophilic test medium; C. HCN validation medium; D. Cellulase detection medium; E. Inorganic phospho-
rus solution identification medium; F. Chitinase identification medium; G. Organophosphorus hydrolysis identification medium; H. Nitrogen fixation
identification medium.
& 8 Bk KS FEMSEHFN

Fig. 8 Biological characteristics of strain KS
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R4 EHKS EPFRFERNER
Table 4 Detection results of biological characteristics of
strain KS

Fa#x Indicators 45 Resuit
&4 3% Siderophore +
K Auxin -
Z Nitrogen fixation +

i ICHLI% Solubilization of inorganic phosphorus +
fi# 4 L1 Solubilization of organic phosphorus -
fi#t4 Solubilization of potassium -
£1 4L 3 Cellulase +
JUTJ5ils% Chitinase +
S-1-3 F T WEREG -1,3-glucanase +
4 f& Hydrogen cyanide +
E T B, < B

Note: “+” positive, “~” negative.

HCN (587 bp) Wy - 1- H Bt i (PCND (2000 bp) 1
% 1 25 3 X PRN(786 bp) , {H AR 3718 HH gy 82 - 1- 32
I (1100 bp) F 2,4- — 7, 5k 3 8] 2K = (2,4-DAPG)
(745 bp) FHIIE R (E9) o K438 Hi i 1 BLE FEI
J  HES I e 46 SR 5 D a6 v v 51 A B RS R R — B
PEITE 98% LA b, B G I R Jy By B i 2 [A]
F B Ui BH 12 51 P mT DA A 0 o {1 ER B B KSR
4 PP AR AR SCTE D R R G o %45 R B KS
BRI AT = A SR S W R - 1- FE TG Jhe R A L s B 2%

BE
DL2000ycsative HON  PCA PCN DAPG PRN

2000 bp
1500 bp

9 E#k K5 EE PCR 4 1.0%IR A5 R EEAT AL vk Bl
Fig. 9 PCR detection of genes for biosynthesis of HCN,

PCN and PRN in Pseudomonas aeruginosa strain K5

3 W ®

PO AR 7 X SR 2 SRR, it DL i A7
FEIEVRRRASELR ™. AR5 LI s A MR
HeEpg/b , S B EINER, DR, B3
A M E YRR HARE R IR ) IR AR
HEFA. BRF LR Y B E E Hor A

]z, VF 2 DIRE 2 R 00 2 A P RE mT A3 iR B
AT ETE T, I Re r= A 2 PR AR = P fe i3 A
IR . AR A S AR = B i A2 S ox
PR5E A e BLAT DAYk 55995 IR B PR AHE 7T I
TEAE - 438 BRI B —PROGH 78 JTORE 22003 B 0 ) 4 FH BH
P R AR (KS) , 3T 16S tDNA Fll rpob 3 K] 7 51 &R
BradEA 3 B 7 I 12% B 0 2% AP B T R R

B FR L T 8 R VR 2 AR AN DU AR E IR, B
HAB IR R, Bk KS 5 AR e
— W HLAG A RO LB 0 R, [ U RE )
AT v AR AT IR B W SR R D AR g AR A AR
KB, BRI PR KS B AR AR AE F AT e 7 AR X e )
JRAHIG . HBAh , KS B HumAF ARG, IR 20
T R ECER Wy BR - 1 - FH B i FR A L g B 38 =28
PO Y PR R, HOAE 2 R 1 R B2 v ] A
IRV . HeAb , B BRI TR 3 T 7 A T R - 1- R TR
TiF ML gt B 2R iR 0 S U TR 2% R 2,4- — T i TR R =
Py S5 01, KOS A0 HC At 149 41 7 B B A [ S RT BEAF AE 0y R -
1- PPk e AR L % B 22 S5 L B P 5 1 & B A% .
BB P A R kAR L AT 4 R e AN 1 A o A0
I JER B ) AR K Y KS IR A PR AR R R R, B R 4
e LT BN B-1-3 7 5 08 e 0 1 5 2R T I
22 2K E 2R 2R HON ] Bl Bl 52 4 1) s Jir 1
(4 ™, 5 T M T S g% L S R A X
L6 il 5 VF AT AR B 22 () S5 A 1 TR 22 AN R BE AT b AR
e, T ES 2 B7 V6 3 5 BAE T o 3X ik T B A A
L HLE, 77T 7K 7 B4R/ T KS B pkiEE T
PO B B T S S AR SE AR

AR 77 BRI TE R IR B U ) L AT S B AR
T B G PURCR o A R B0 T T MLLR W 170 IR =
Fiti T AR B, HLAZ R R 0 B TIOR - DL A REAR 1A 58
rh A5 B TR, 205 11008 5 K A Z B AIK 70%~80%"
i 23 A ERL O B Be1-20 (2 gt I AR K, HOGHEH R4 B
Tl 2295 FEIAE T BT V6 RN 52.34% M. AR Z T, KS
XF P IS &) A 208 1) 3 AR 7 ¥R AR T IA 78.95%
B A, TR R KS T 78 T4 e A4 A R B 3, LAk 3
bk 2O I B ARG b b (O 5 R R
R (PO R S R AR R T, JUHAE L R 5
AYERBTIRIRE . 456 KS X 2 MR
JE B BT ISR A, R R A E A& Y
FIEIHE 70 Ja 8275 i3k — 5 Bk F A 97 248, IR
FAEATT GO AR 22005 TR 1 40 1 BT A ML, DAE Zh 7 IR,
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