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B OE: (F%])] ORAREERLTHGHNEE L T4k 7T B (Fusarium oxysporum f. sp. niveum, Fon)3|
RG—HEELERE, EHTCEALEHRNG AR EME. [B69] B Le)s
RAAFER T ARG E L mmBABEAMNIER, A TFTHEMFRREGEE, ML EH
AL ZE R AR [ % 1R A 16S tRNA A B w5 F= 52 8F % K% & PCR 4K, 9474 H SynCom
Q A & NARAAR R 609 40 W BF R By R E F E 69 %%, 2T 16S rRNA A B 0 5 45 R 9A 7 AR AR IR
LA mEA RN, FFMEE BB SynCom R; 441 A A & H X A= 4% 71X 247 SynCom R
*F 8 INAE 2 R 09 7 76 R An Fon 8948 i M RA PR XI5 SynCom R F 4 A 09 4
AN, AR XRFARKIEN Z SynCom R F 4 @ skt A Keg e, [4 %] SynCom
Q REHET HRNMRARRMEA WAL LEM, & F4FH B (Chryseobacterium). ¥ 2B £ 2 H 5
(Sphingomonas). &% i /& (Rhizobium) 5 £ & RAR AR IR G &, -3 TARARG@E F/E, BIKT
ARTR Fon & ; ZidHdhAm R A IA Tk, # & T 3% KA # (Enterobacter ludwigii) LSQI .
K AT H (Acinetobacter pittii) LSQ3. N % #7 5 74T i (Bacillus velezensis) LSQ19 #= N % A7 5
Jo4F & (Bacillus velezensis) WB & /2 5 NAR Ao AR IR 2 74, 5+ K /F 7 E. ludwigii LSQ1.A. pittii LSQ3.
B. velezensis LSQ19 #= B. velezensis WB iX 4 /48 i 2 &%, 9 ) #£(SynCom R). /848 T £ H #= SynCom
Q. SynCom R &4 247 #4] Fon #94& K; @K &P, SynCom R f& M1 5 N4 £ 55 69 £k &,
BREREDE ST AME A E ludwigii LSQI1.A. pittii LSQ3.B. velezensisLSQ19 #= B. velezensis WB
BLAT 73R o RS Bl Am HAt 2 32 ) B A9 4 R R iRE & 9, B. velezensis LSQ19 #= B. velezensis WB
a9 Rt s IR B A e A K, AR TE 8] L R 6939 4] SATEAE A . [448 ] SynCom R #84 24z 4] 5
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Abstract: [Background] Fusarium wilt in watermelon, a serious soil-borne disease caused by
Fusarium oxysporum f. sp. niveum (Fon), reduces watermelon quality and yield worldwide.
[Objective] To determine whether a simple synthetic bacterial community has similar effects as
a complex synthetic bacterial community, we assembled a simplified synthetic bacterial
community for controlling Fusarium wilt in watermelon based on the screening of strains with
the plant and pathogen. [Methods] The 16S rRNA gene sequencing and real time fluorescence
quantitative PCR were employed to analyze the effects of SynCom Q on the abundance of
bacteria and Fon in watermelon roots and rhizosphere. Based on the results of 16S rRNA gene
sequencing, the bacteria colonizing the roots and rhizosphere were identified, and a simplified
synthetic community SynCom R was constructed. Pot experiments and antagonistic experiments
were carried out to evaluate the control effect of SynCom R on Fusarium wilt in watermelon and
the antagonistic activity of SynCom R against Fon, respectively. The physiological and
biochemical characteristics of four bacterial species in SynCom R were evaluated by plate
qualitative tests. The cross-feeding assay was employed to examine the effects of the four
bacterial species in SynCom R on the growth of each other. [Results] The application of
SynCom Q altered the structures of bacterial communities in watermelon roots and rhizosphere,
and Chryseobacterium, Sphingomonas, and Rhizobium were enriched in watermelon roots and
rhizosphere. SynCom Q increased the abundance of bacteria in the roots and rhizosphere and
decreased the abundance of Fon in the rhizosphere. The joint screening with the plant and
pathogen showed that Enterobacter ludwigii LSQ1, Acinetobacter pittii LSQ3, Bacillus
velezensis LSQ19, and Bacillus velezensis WB could colonize the roots and rhizosphere of
watermelon, and thus SynCom R consisting of E. ludwigii LSQ1, A. pittii LSQ3, B. velezensis
LSQ19, and B. velezensis WB was assembled. Compared with single bacterial species and
SynCom Q, SynCom R inhibited the growth of Fon. Pot experiments showed that SynCom R
decreased the incidence of watermelon Fusarium wilt, with higher disease control effect higher
than other bacterial communities. E. ludwigii LSQI1, A. pittii LSQ3, B. velezensis LSQ19, and
B. velezens's WB were capable of producing extracellular enzymes and had other physiological
functions. The cross-feeding assay showed that the metabolites of B. velezensis LSQ19 and
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B. velezensis WB promoted the growth of each other, while there was no significant inhibitory
or promoting effect between other bacteria. [Conclusion] SynCom R can effectively control
Fusarium wilt in watermelon and demonstrates a broad application prospect.

Keywords: community simplification; Fusarium wilt in watermelon; biocontrol; antifungal

activity

PN E ARS8k VT TR (Fusarium: oxysporum
f. sp. niveum, Fon)/Z P4 AL 2205 B, H
3 3o AR A 1 BRI A A A () B R A AT
PR, PPERCIR AR ZE LR R EE R, AT
K A is It S B8Ok E S e, ™
RPN LT, BN & R S
100% . 2= Bii6 2 B Fix & 0 A 0BG
Pe, ABHAR R TS . DIRMA Y 2
BRI T A P2 S — R A ) R
Ok, 2R A R AR BT, IR F
Y E BTG, © T R T F
FHAS P

A= ) B3 6 790 RT3 S 40 A A T Y AR
o, AT A AR B - R G A P RV 25 A B
BRI AL, IR A g e A K,
Hili B 2 601 KT 4 (Bacillus subtilis) . %% Y6 fi% B
Jifd 7 (Pseudomonas fluorescens) . £ %435 % #1
¥ & (Paenibacillus polymyxa) . 2k £ i 5 fifg
I (Pseudomonas chlororaphis) . fif5E ¥ 2 fA1AT
#i (B. amyloliquefaciens) . Ul 3¢ i 2F /1 41 &
(B. velezensis) . B 1 K % W@ (Trichoderma
asperellum) &5 A= B 76 7l € F 75 AL 2295 19
B IR,

T A YR BRAAAE Rt B A2 2 A W e
7%, BB TR T R JC A AR TE AR B B R
A, DT BR LA B DO RE A K, 3 A HH ]
A BRCR AT ED, B4k, ZA2NFHEAR
7R TARPR Z R0 f3 AR Wi 2ok &2 2 B R oC
F AL [F] O A ) o 52 90 D R R L O G

¥ (synthetic microbial community) & & T 4= &

SFHE BAEY A FEAR NS, AR 2 Sk
ZAC I . D RE PR SE B 09 AN [R] L
PEAE R SRR T LA B L AT IR A,
MR RCE S . g . WM. 57
TN A HLEHAS &R 2 T
A ) S A EAE T A ST B, — et
FAL A AR AL T4 S M R, A
A A HASE 1 G L AR g 5 p R U214
FH 6 2 ) T2 0 2 8 A A ) IR R, AT A
XA A s D get™, (HIREEr A b R
A LA E 19 7 AR AR FAR B 7O, o ] B
FE N R AR R R AT A AT JE s AR i L A
R DR AN R e s e el = A= 4 2
YHTR . AR A T 2 8] AR AR A T
AROETETEM PR RSAR N, X TR EAH
P TS T ) DA R 2R G

A PR ZH i AR P35 52 20 2 0T 45 Gk 2
WA T 6 A4l SynCom Q, 1
FE A A5 R AR PG TR 22903 18 R 2218 AR5
X PO TAEAR AR B FIAR P 20 R B2
T 16S rRNA &[5 I 5 1 & g 2 19 37 Al 2E A7
SynCom Q Y faift., FFA) 25 PRI ] Ak T A A o [
B EAE, LU A B 36 P TR 220 6 iU A 9 2
e & 5 S L A AL PRI AR R S

1S

1.1 #&

M4 2023 45 9 H i pa T H 115
K AR FORP R H 38, HEfb AN T -
pH 5.8, HL5% 202.0 us/cm, HHLH 35.9 g/kg,
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S 3.6 g/kg, AAEE 2.0 mg/kg, HALH
213.0 mg/kg. 2024 4 3 R rG e wbigE 1)
ARG . pH 7.2, HS% 110.8 ps/em, A
MUF 172 gkg. B 1.1 g/kg. AR 19.1 mg/kg .
R 80.0 mg/kg.

% FC % #1741 (Enterobacter ludwigii) LSQI .
7 B sl FT 5 (Acinetobacter pittii) LSQ3 . Wi JL
T J% #i (Chitinophaga sp.) LSQ14 . K #F &
(Agrobacterium sp.) LSQ16. Ul 3k 25 f AT 14
(Bacillus velezensis) LSQ19 43 & T {dt FE 74 I 1)
O EUS DL ST ZE 41 7 (B. velezensis) WB 43
TR R ) £ BRAEL AR, P TR 2 A
(Fusarium oxysporum f. sp. niveum, Fon)7J & T &
o B P JIAE R, FH 555 S R R 27 Il Ak 1 A A 5
T aE iR,

HEPE N SR B EET, FFFIR/RT
A AT FR 2 7 o
1.2 EHFE

Joa It L TR 8 R R T 5 4% T A 2 0 3 e
(potato dextrose agar, PDA)H% 37 5L Fl Lh 45 2078
% A 171 (potato dextrose broth, PDB)}5 32 3L, 41
P 5 % ok R 2 1 R K 5 I ¥ (tryptone soya
broth, TSB)Fs 73k, L 57325 BRI I+ A0
B I EELH . TSB ~F BB TR R TE Fik
JRE AR TR FRE D, B 1% 38 T
. R Alexandrovt®® ., FafZii D1 PUAITGAHL
g 355 5 P2T00 25 A TR R 0 LT R A B T
J1o RAMBRET R, AL ETER Y JLT R
it 12VF B-1,3-% ROBH BRI 15 R 5L, AR 4N
A U A h Bt 1) fig
1.3 FERHFIFNEE

FastDNA Spin Kit, MP Biomedicals 2\ F] ;
2xTaq Plus Master Mix, FRUMEREA YR A
FRZH] s PCR 514, A TAEY) TR L) R A
F2/N ] ; Fusaric acid, APEXBIO Al . 2¢0G5E &

PCR 1%, Applied Biosystems /] ; bR,
JEHH BB HARA PR v 5 96 %% , Olympus
ol ANV, RiESERE IR NARA PR
wl s B ZERAL, ARSI RHMER A FRA H
1.4 SynCom Q HyE £
1.4.1 #AEZ&F Fon BFEZFRAIE &

¥ Fon 3RP 3| PDA 55550 |, (28+1) °CHs3%
7d. TEREFREEHIIA 10 mL JCHE/K, FHICHR A
wem R, FZR RS ek LR, il
oA BRI B R 1.0x107 CFU/mL.
BB (E. ludwigii LSQ1. A. pittii LSQ3.
Chitinophaga sp. LSQ14 . Agrobacterium sp.
LSQl6. B. velezensis LSQ19. B. velezensis
WB)Zr 317 TSB 535 5 1(28+1) °C. 180 r/min
Bi9% 12 h, T E ODeoo & 1.0, FFiBE
1.0x10° CFU/mL, AR HLAFR A (RFL L),
il £ SynCom Q F¥J I &I o
1.42 ZFHiAE

R I TE 5555 W IR K2z A A bl 2 5 ARbK
2 BelE 2 S T, IR 15-30 °C, AHXT
TN 30.0%-75.0%. REwE 3 MEEE: (1)
SynCom Q, 7EIE K L3 ¥ il SynCom Q Fl
Fon 73l FEIFW; (2) CK, FEIE K 4
FRR NG R 855 35 5L R Fon 43 2R 1 252 (3)
H,O, ZE I, ANWIEM iR . - ab 3
F3INEE, BNEL 104, F4(10 cmx10 cm)
A LRRPEINET . PE RSB A LA,
#8P SynCom Q (1x107 CFU/g), 3 d J5## Fon
(1x10° CFU/g), SynCom Q %} JHHEHE 1 k. 4R
Fon 30 d JEMERAMRIGEOL . Gt (A DA
BIRRCR (A 2)P,

KR (Y)y=(h 25 M MR B L /AR AR L

1)x100 (H
b7 Y6 5505 (%) =[(OFF R 40 % 9 R —Ab PRAH K
I )% B4 K% 9 2R 1% 100 )
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1.43 #EmERE

1Y IR AR A A 22 R B A R 7 AR
HRBRFE S o WP NEE MR, RAMR R R L
FAs 3, BERERE 12 mm BRI L)EE XN
PR 3. WK SR EFSE G-
., 10000 r/min .0 5 min YCEMRR 3, —
HRATAR PR LT H T g e R e,
— oA E—80 °CHIF DNA 42 I, M b
1S, HRIARA 75% BRI 1 min,
P 1% ARNELIIHEE 30 s, Z/aHIHE
Kbk 10 K, HHRET-80 °CH T /54 DNA
PRI,

1.44 TIEBUOMRSH

1 1% 4 A (total nitrogen) 7 15K FHEIL K2 &
N5E , A %05 (available phosphorus) % &% FH£H
BRPTELEIEIE , B (available potassium)
R UGG EEITHED E , BRI )7 vE S 0
SCHR[27]

1.4.5 16S rRNA E[E ¥ 1 F M F F1 SCAS
%) EE PCR (real time fluorescence
quantitative PCR, RT-qPCR) %>

PG AR AR B At ity 2 B aR) & 10 B
PR AMIPREE Sh B DNA, FH5 4 799F (5'-AA
CMGGATTAGATACCCKG-3")f1 1193R (5'-ACG
TCATCCCCACCTTCC-3")¥ ¥4l 16S rRNA
FEHR) V5-VT KP4l i) PCR = PfE L igEE
HEWRARHHA PR FI Tllumina NovaSe-PE250
iR, SdRs iy JIEmPHEE, 9k
594 F ¥ 51 A8 {K (amplicon sequence variant,
ASV), f# FAZ WA B 45 /2 (ribosomal  database
project, RDP)X £E4> ASV #E475326 .

K RT-qPCR 773, 435IV 338F (5'-ACTC
CTACGGGAGGCAGCAG-3")#1 806R (5'-GGACT
ACHVGGGTWTCTAAT-3")*! | ITS-Fu-F (5-CAA
CTCCCAAACCCCTGTGA-3")F1 ITS-Fu-R (5-GC

GACGATTACCAGTAACGA-3)* K514, HT
AR FIAR B v 20 B A Fon A ZEXT 4252 . PCR
MWAKZ (20 uL): 2xTaq Plus Master Mix 10 pL,
Primer F (5 pmol/L) 0.8 uL, Primer R (5 pmol/L)
0.8 uL, DNA itz 1 uL, ddH,O 7.4 pL., PCR JZ
B4 A: 95 °CHIZEYE 5 min; 95 °CAEYE 30's; 4
58 °CiB:k 30's, Fon T 60 °CiB:k 30s, 35>
TEFR; 72 °CLIEA | min, A RT-qPCR K&l
KHPOCER PCR RS, Kl B> Hr ke 5
P51 CoAE, IR R ERT 2t AR AR PR
FR A AT Fon FOZE %
1.4.6 SynCom Q FX G BIHEXSFEE 574

23 Y . 4NTE . Fon Z [ HIAH EAEA,
N T HiE SynCom Q MFLE K, 53 BEAT S FEAR BUAR
bR e BB R AEVET . 3T 16S rRNA JEPIT
g5k, M SynCom Q L AEAR FIARER b AOAHXS
F R, IF LAAE S B ) AL (SynCom R,
E. ludwigii LSQ1. A. pittii LSQ3. B. velezensis
LSQ19. B.velezensis WB £H i) ik #ii 2 —14,
1.4.7 #5$1 Fon iX5E

K FHPEAR AT IR 5% 7295 34 SynCom R HH)
4 AFABE(E. ludwigii LSQ1. A. pittii LSQ3.
B. velezensis LSQ19 . B. velezensis WB), “—~
I B A ER 7 (-E. ludwigii LSQ1 . —A. pittii
LSQ3. —B. velezensis LSQ19. —B. velezensis
WB)JE 43 ml 4 ng 4 N EHELL A SynCom R,
SynCom Q Xf Fon FEHTLIGTEEY, ¥4 E. ludwigii
LSQ1. A pittii LSQ3. Chitinophaga sp. LSQ14 .,
Agrobacterium sp. LSQ16. B. velezensis LSQ19.
B. velezensis WB 43 %II7E TSB #5732 51 (28+1) °C.
180 r/min $55% 12 h, FFP15 % ODeo=0.8, “—14>
Y A e BR B R B . SynCom Rl SynCom Q #
F AR LB TR o ¥ Fon WPF(H AR 5 mm)
BT PDA gkt K ERREEE
B B SR LA 2 4 DR L, DIEE
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KRR RE, BAARRESE 3 . FRET
(28+1) °CHEFEAI R G SR 7 d, WELIF I & Fon
% HAE . %A (3)THE Fon A KNI

A KA (%)=[(X] B8 Fon T 75 B2 —4b H
Fon 7% B 42)/% I8 Fon W& ELA2]x100 (3)
1.4.8 Fon B FiFAIXIE

Fon 7£ PDA }5385E [(28+1) °CHiFE5d, HIUE
%7 5 mm ) Fon B PF% %% 100 mL PDB #5575
1, (28+1) °C. 180 r/min }555 72 h. RJ5#F Fon
S S/ bR RN Ut ) P2 W SEA (TR UR/ SO X b= 73 A o1 e =X
TR, sk o 2 R 1x10° CFU/mL.

¥ E. ludwigii LSQ1 . A. pittii LSQ3 .
Chitinophaga sp. LSQI14 . Agrobacterium sp.
LSQ16.B. velezensisLSQ19. B. velezensis WB 43
WHEFF TSB K55+, (28+1) °C. 180 r/min
BiF£72 he R BERAE 12 000 r/min £5.0> 15 min, |
TH 1 0.22 pm T gt g, 155 6 M Icduii
LB, Wk 7 NP SynCom R H1Y
4 /NP (E. ludwigii LSQI, A. pittii LSQ3,
B. velezensis LSQ19, B. velezensis WB), SynCom
R (E. ludwigii LSQI1 . A. pittii LSQ3 . B. velezensis
LSQ19. B. velezensis WB X 4 MHAE MY F IR
¥ [a] Fe YR 4), SynCom Q (E. ludwigii LSQI .
A. pittii LSQ3 . Chitinophaga sp. LSQ14 .
Agrobacteriumsp. LSQ16 . B. velezensisLSQ19 .,
B. velezensis WB iX 6 1~ HLEA A9 | 5 W 4% 7] LL A7)
RA), DA, K BaRJoam i EiE# S Fon
SHEATEFWEL, 1LIRSG, DL TSB iRAS
Fon ZrA: iR RIR A VE X RE(CK) . KRG
PIIMATCEMBEIE R, (28+1) °CHi 5% 24 h J5 H]
i WA A R B, B AR
3P, A () TR AT 2

7 WY S AW (%) =[ (W HE4L Fon 7
FE AP Fon #8115 & 0/ %F FE4H Fon 7+
A % %1% 100 4)

1.49 Fon HZBZHZZEMINZE

W e T R BR bR AE SR T LR G IR, L vk
JEh 80, 40, 20, 10, 5. 2.5 ug/mL #jt J] RV
W, 2milbrEmd. B 1.4.8 MR 6 4>
P, JFRISICANNE W, AR PDB
FEFR R I 101 LB TIR A . LA TSB 85 5%
35 PDB RiFREE 1:1 FCBIRA M/E R X IR
(CK). ikHe5rHh 7 AMALBE, [F] 1.4.8. 7E 40 mL
RARFWPINA 44 Fon HYH(EE 5 mm),
(28+1) °C. 180 r/min 3535 72 h, VUJZ H i it
PEIS AR R FRIETR . FH 2 mol/L ERFRIGHEFRIETR
itz pH 2.0, ELAZ W F A SRR
ZFRZEE, FIZHER 1 min 55 E 30 min, #
B IR IR, WA RAHLAELL 4 000 r/min .0
15 min, W BEWORTH . B TEE 95
YIH R CBREHEMMZE 5 mL. RALINM
JEIEEE IR 268 nm IWLIG(E, B ERE L
B T B R 1  E D
1.4.10  RIFEZENHIXT Fon & A< HIH B 520

435K E. ludwigii LSQ1., A pittii LSQ3 .
Chitinophaga sp. LSQ14 . Agrobacterium sp.
LSQl6. B. velezensisLSQ19. B. velezensis WB
R % 300 mL TSB P& g5, IHAE
(28+1) °CHEFE 5 d. BIFIGFRY A kin,
FEINHE] 3 s, [BIERAHE] 1 s)4 B #4Ffk 5 min,
T 150 mL 80% N E 2B % . KR AW 1E
5 000 r/min &.0> 10 min, Y& B, TENER
FERAXH (56+1) °CHe i 15 min BRIENER . K55l
AARIUY) E 2T 50 mL JCi ddH,0 R0, 5
SN T AALEE D[R] 1.4.8. ¥ 15 mL PDA K5 5R 3
5 0.5 mL AU IR &, DAPPAS 4 1 1 48
R EUI XS Fon MF5HLIGEDY, #E PDA -l
HUlEFD Fon WHF(EAE 5 mm), B P ET
(28+1) °CHigE 7 do LA EHEHUCIEY ATt
VERXTIE(CK). % 1.4.7 HAR3)iH5 Fon
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A KA
1.4.11 SynCom R HYIGIE &1L

PR Z AR A e 4k i) SynCom R
5¥1ts SynCom Q WIBRA . S 1.4.1 1
1.4.2 7 WA B R B OF 2R AT AR5, X504
N8 A AbFE . SynCom Q. SynCom R, “—~4
WIR” (—E. ludwigii LSQ1, —A. pittii LSQ3,
—B. velezensis LSQ19, —B. velezensis WB)ZH ji%,
) 4 ANBERE . XTHE(CK)R HO0. #4288 1.43 B9y
SRR PR - 8T, 4% 8] 1.4.4 B9 7 IE D E
A
1.5 ENMEAESEIEE SN E

# E. ludwigii LSQ1 . A. pittii LSQ3 .
B. velezensisLSQ19 . B. velezensis WB iX 4 > [#
¥R 2R 2 Alexandrov. B2t D1 A0 JCHL#E 1S
FrAk b, (28+1) °CHiFE 3-5 d, WMEHEGH
AR T RUR R B 1) B

¥ E. ludwigii LSQ1 . A. pittii LSQ3 .
B. velezensis LSQ19. B. velezensis WB i% 4 /N
PO AR B AR Uk . Al vETE R . LT
B B-1,3-4 ARG IR 75 3L |-, (28+1) °C
FigR 3-5d, WEHGE &S HA - AN RE )
1.6 RXIRFXE

FI 22 OESFRA A E. Judwigii LSQI .
A. pittii LSQ3. B. velezenss LSQ19. B. veezenss
WB X 4 MR ZEMMHEERXR., #
E. ludwigii LSQ1 . A. pittii LSQ3. B. velezensis
LSQ19. B. velezensis WB 43 HIlEFITE TSB K577
1, (28+1) °C. 180 r/min }%3% 12 h, 3945 ODsoo
% 1.0, 7500 r/min .0 15 min, 1533 4 45
B VS, 022 pm TR UESS T E . 7E
(28+1) °CHIZRAT T FHEGFR /BT {534 96 FList =
T AR AR A R R, LS 198 uL
b 3 TR (ARG TSB E X BR) A 2 ul X4k
A K TSB H 2 4 18 (ODe00=1.0). F5 40 HE

AT 10 REE
1.7 BRSTHR

X Excel 2021 Fi1 SPSS Statistics 27 &4
X E s AT BG40 A, i GraphPad
Prism 8.0.2 Fl OriginPro 2021 ¥ {2 .

2 BER54M
2.1 SynCom Q MM ERAFTERN

A

PER4h # 3 8 Fon 30 d J5, P9JRAR RN
AR SRR, AZE R WRIE LR 1 FR,
SynCom Q Ab 3P4 JIA, 2295 1Y & o 2R A8E0T B4
(CK)Ik o X B4 (CK) 3R BE Y B 8 /) O 5 i
R, BIFREET] 36.7%, 1 SynCom Q AIALFHEL
RIFFERA 10.0%, BiABCRIAS] 72.8%. 156H]
SynCom Q REAT X 7 ¥ P AR 2590 .
2.2 SynCom Q M FANRPRLIEF TS
=R

- R AR T A A A A R e R bl
BRI, B AEY SRR SERE . TER
JiE B 25 R0 TR B S S AR B - R R A 7 1 S E b 1
JEAy M, RWME 2 iR, T EY
(CK), SynCom Q Ab¥R$Zm 1 P4 /RARER L34
R (K 2A) A (K 2C) 15 &
2.3 SynCom Q X 74 JIVAR FN4R Pir 40 & &%
e Ak

H:T Bray-Curtis B9 F A2 45 5347 (principal
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Figure 1 Symptoms (A) and disease incidence (B) of Fusarium wilt in watermelon. Different lowercase
letters indicate significant differences between treatments (P<0.05), the same as below.
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Figure 2 Nutrient content of rhizosphere soil of watermelon. A: Total nitrogen content; B: Available
phosphorus content; C: Available potassium content. Student’s t test, ns: P>0.05, the same below.
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ANTRFEVE 0 FARBRAIHT; B: 3T Bray-Curtis B 25 (AR PR AN HEVE 10 AR AR AMHT s C: AT
Kl; D: ARG BE AR AR P A s AKCF 19 F 22 500 B B AN IR AR B P AR P2t 68 J /K 1 19 = 1 22 53
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Figure 3 Composition of bacterial communities in the watermelon root and rhizosphere in different
treatments. A: Principal co-ordinates analysis (PCoA) of bacterial communities in the watermelon root
endophytic based on Bray-Curtis distance; B: PCoA of bacterial communities in the watermelon rhizosphere
based on Bray-Curtis distance; C: Heat map of cluster analysis of bacterial genera in different treatments; D:
Analysis of differential abundance root endophytic bacteria at genus level in different treatments (*: P<0.05);
E: Analysis of differential abundance rhizosphere bacteria at genus level in different treatments (*: P<0.05);
F: Linear discriminant analysis of root endophytic bacteria at genus level in different treatments; G: Linear
discriminant analysis of rhizosphere bacteria at genus level in different treatments. R_CK: Root in the control

group; R_CQ: Root in the SynCom Q treatment group; S _CK: Rhizosphere in the control group; S _CQ:
Rhizosphere in the SynCom Q treatment group.
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Figure 4 Absolute abundances of bacteria and Fusarium oxysporum f. sp. niveum (Fon) in watermelon
root and rhizosphere. A: Absolute abundance of bacteria in the watermelon root endophytic in different
treatments; B: Absolute abundance of bacteria in the watermelon rhizosphere in different treatments; C:
Absolute abundance of Fon in the watermelon root endophytic in different treatments; D: Absolute

abundance of Fon in the watermelon rhizosphere in different treatments. Student’s t test, ns: No significance;
**: P<0.01; ***: P<0.001. The same below.
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Figure 5 Linear regression analysis of bacteria, Fon in the watermelon root and rhizosphere and disease
incidence. A: Linear regression relationship between absolute abundance of root endophytic bacteria and
absolute abundance of root endophytic Fon; B—E: Linear regression relationship between absolute abundance
of root endophytic Fon, absolute abundance of root endophytic bacteria, absolute abundance of rhizosphere

Fon and absolute abundance of rhizosphere bacteria and disease incidence; F: Linear regression relationship
between absolute abundance of rhizosphere bacteria with absolute abundance of rhizosphere Fon.
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Figure 7 Analysis of comprehensive antifungal ability. A, B: Inhibition rate of Fon mycelia growth in

confrontation experiments; C: Inhibition rate of cell-free supernatants on Fon spore germination; D: Effect of
cell-free supernatants on fusarium acid concentration in Fon mycelia; E: Inhibition rate of metabolite extracts

on Fon mycelia growth.
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Figure 8 Symptoms (A) and disease incidence (B) of Fusarium wilt in watermelon in different synthetic

communities treatments.
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Figure 9 Nutrient content in the watermelon rhizosphere soil. A: Total nitrogen content; B: Available
phosphorus content; C: Available potassium content. Tukey test. *: P<0.05.
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Figure 10 Physiological and biochemical characteristics analysis of 4 bacteria from SynCom R. Al: Potassium
resolving; A2: Nitrogen fixation; A3: Phosphate resolving; A4: Protease; AS: Amylase; A6: Chitinase; A7:
B-1,3-glucanase; B1: E. ludwigii LSQ1; B2: A. pittii LSQ3; B3: B. velezensis LSQ19; B4: B. velezensis WB.
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Figure 11 Effect of cell-free supernatants from the four bacteria on growth of each other. A: E. ludwigii
LSQI growth curve; B: A. pittii LSQ3 growth curve; C: B. velezensis LSQ19 growth curve; D: B. velezensis
WB growth curve.
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K AP0 E 5 F SynCom Q. 4 EAE K — 4
PRIGTARE(E 7)o [RIBT, XFBRmRCRE 7 5k,
gEIRRH], SynCom R AbFRZH 1) 74 JINAL 2295 11
RIRFALT SynCom Q Fle— 2 T R R F) TAT
HE(EL 8), Zi b, LW i A=A AR B iR SR
I, SynCom R J&— B ARAY R FE .

YR B PR AR AR AR, X
FEW) R R B AR S, P AR R L R
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. MANEE RIS, AR R A TR
WY AR, AR, B. velezensis
LSQI19. B. velezensis WB fE4 I Z RIS ,
WAEE NG . WEMEE. LT TR p-1,3-9 R hH
fitF (1 10), X SERGA] DARE MR LA A RE TR LT
LA RIS RGY), RIS F 7SI A A
WS, MR AT ECERS 5 B 35 20
E AR B REINH] Fon 4K, UEHANG IR
PR s F B B 3 T AR A R A R SG
R Re AR LY, Ry . B
A RN RE R A, AL T R B-1,3-3 2R
BEBE S A AT DA IS PR T, S AR
Bt R GE, YEaRMEY R s )1 ShowmtE, g
oY IH B B TR AR 1 6 . SynCom R AL,
A Z A - 28 USRS, (H IR
RO Z [ e, e ERALEE 4, &
e iE— 2 HER ABSY .

g5 BTIR, A S BT A IR I T AR
PiEAEd S, MAZHEZMERAS. B,
DI F0 S R AN TR R BRE b 41 25 0 A B RE, o
A H T BT B A s

4 Z

Jiti FH SynCom Q ei2% 74 JIAR FIAR PRAf A ETS
W25, i T 4Bk 1 & (Chryseobacterium) |
2 W B 7 J& (Sphingomonas) . AR ¥ T &
(Rhizobium) . &% 8 [X 17 J& (Devosi a) 1 A X 3=
B, FEAK TARBR Fon MR EE . Z8ad AR 4 A S I
HBEA T, E. ludwigii LSQL. A. pittii LSQ3.
B. velezensis LSQ19 Fil B. velezensis WB fE7EAHR
MM ES EEsd, ik, 8 6 A4 w4
SynCom Q fijfb. Ky 1 4 1~ 4l s 4 5 ) SynCom R,
SynCom R REREARCHLAIE] Fon A4, tHEE
A R BT 6 PG AR ZE W
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