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Abstract: [Objective] We compared the microbial communities in the rhizosphere of plants
with different genotypes and explored the relationship between microbial community and
soil-borne disease occurrence, aiming to reveal the underlying mechanisms by which
rhizosphere microorganisms assist plants in defending against pathogen invasion. [Methods] A
pot experiment was conducted with the soil experiencing severe continuous cropping obstacles
to compare the microbial communities in the rhizosphere of a susceptible watermelon variety
‘zaojia 8424’ and a resistant variety ‘xinong 8’ to Fusarium wilt. Furthermore, the relationship
between microbial community and the occurrence of Fusarium wilt was explored. [Results]
The resistant watermelon variety exhibited significantly lower disease index and pathogen
(Fusarium oxysporum f. sp. niveum, FON) abundance than the susceptible watermelon variety.
Although no significant difference was observed in the bacterial and fungal alpha diversity in
the rhizosphere between resistant and susceptible varieties, the microbial beta diversity
showcased significant difference between the two varieties. Moreover, both bacterial and
fungal community composition was significantly correlated with pathogen abundance. Linear
discriminant analysis effect size (LEfSe) further revealed that the resistant watermelon variety
enriched more potential antagonistic or plant growth-promoting taxa represented by
Actinobacteria and Rhizobiaceae in the rhizosphere. Interestingly, Fusarium was also enriched
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in the rhizosphere of the resistant variety, mainly composed of unclassified Fusarium and F.
solani. Notably, the co-occurrence network of microorganisms in the rhizosphere of the
resistant variety exhibited higher complexity and stability than that of the susceptible variety,
with an increase of 18.18% in average degree and the nodes and edges dominated by
Actinobacteria. [Conclusion] The watermelon varieties resistant and susceptible to Fusarium
wilt demonstrate different microbial community composition in the rhizosphere. The
enrichment of beneficial microbial taxa and interconnected co-occurrence network of the
resistant variety contribute to plant defense against the pathogen invasion. This study
disentangles the relationship between rhizosphere microbial community and soil-borne disease
occurrence, providing important information and a theoretical basis for preventing and
managing soil-borne diseases.

Keywords: watermelon Fusarium wilt; resistant variety; Actinobacteria; microbial co-occurrence
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1 AEIFHEAT N Emin s M RR LR RESR ﬁ%ﬁz\ﬂﬁ”ﬁ“T d Bl (variety) . B} H(stage)
e HoA2 B A F (interaction) 25 R 2 % 3 M R AI52 0. A: 445 A (NH, -N) & & B: S A(NO; -N) & &, C:
AT TEA HLER(DOC) % & D: L IFEREAi I 3 % (SBR). 218424 %%/T,._,\ﬁnnﬂ‘ XN8 F R . 4 week
9 week 73| FR PN ARG 28 4 JEIFNEE 9 Ji. A5 CER MRl | IHI K A2 AR FH S w2 25 1ok
SF(F**: P<0.001); “n.sfURTC . E M. AR TR P<0.05 K LR B E. IREFFRNI4NER
AR e 1% 22
Figure 1 Rhizosphere soil properties in watermelon varieties resistant and susceptible to Fusarium wilt at
different sampling stages. The results (P-values) of two-way ANOVAs show the effects of variety, stage, and
their interaction on soil properties. A: Ammonium nitrogen (NH, -N) content. B: Nitrate nitrogen (NO;3 -N)
content. C: Dissolved organic carbon (DOC) content. D: Soil basal respiration rate (SBR). ZJ8424 represents
the susceptible variety, and XN8 represents the resistant variety. 4 week and 9 week indicate the 4th and 9th
weeks after transplanting watermelon seedlings, respectively. The asterisks (*) indicate the significant effects of
variety, stage, and their interaction (***: P<0.001); The “n.s.” represents the non-significant effect (P>0.05).

Different letters indicate significant difference among different groups at P<0.05. The error bar shows the
standard error of four replicate pots.
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L 1 1 1

718424 XN8
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218424 XN8
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718424 XN8 Initial soil

2 FEMAAREERNBRGMRBERANRFEDREREERE A HUBYRE A 26 1S
8% B: WA IR RIS T S i AP TR T3 rboi 5K FON R, REZEmii i H5 80 4 JR ik
1153t 218424 RFIFR LA, XNS AARHUHG HFh. Initial soil fEFIXIGHTHILE +. 4 week 1 9 week 43
RV INE R ARG 26 4 FARIZE 9 JH. 85 (R I 3 K LA AR FH R M) 4 2 35 /K F- (%2 P<0.05;
wxk: P<.001). AN[FETFEHRCERTE P<0.05 KV LR BE. RZEFFR 4 DEEWRHERZE

Figure 2 Disease index and the abundance of pathogen FON in watermelon varieties resistant and susceptible
to Fusarium wilt at different sampling stages. A: Disease index of watermelon varieties resistant and
susceptible to Fusarium wilt. B: The abundance of pathogen FON in rhizosphere soil of watermelon varieties
resistant and susceptible to Fusarium wilt at different sampling stages. Wilt disease incidence was assessed at
the 4th week. ZJ8424 represents the susceptible variety, and XN8 represents the resistant variety. 4 week and 9
week indicate the 4th and 9th weeks after transplanting watermelon seedlings, respectively. The asterisks (*)
indicate the significant effects of variety, stage, and their interaction (*: P<0.05, ***: P<0.001). Different letters

indicate significant difference among different groups at P<0.05. The error bar shows the standard error of four
replicate pots.
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(K 4, P<0.001), 3&BIFEYIAR bRX ok ) HoA o

I B ZHEPE(E 4, P<0.05).
MEMER o ZHMEGERIEE) SRR

FURERERN . F—20iE 42 PERMANOVA %
KRR ARPR R MR B SRR A B
AISZI (& 4, P<0.01), FHHA 4 52 2 AR K
THEE: R=0.209; EH: R=0.119) (&l 4).
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HEARE B ZAEE 505 5 A TR B 3 A DG
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(F 1, 4078 : Mantel’s r=0.343, P=0.001; FLH# 5 9a S TR 1Y T B B SRR B A DG, IR RS g
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Figure 3 The bacterial (A) and fungal (B) alpha diversity in rhizosphere soil of watermelon varieties resistant
and susceptible to Fusarium wilt (based on ZOTU richness and Shannon index) at different growth stages.
7J8424 represents the susceptible variety, and XN8 represents the resistant variety. 4 week and 9 week indicate
the 4th and 9th weeks after transplanting watermelon seedlings, respectively. The asterisks (*) indicate the
significant effects of variety, stage, and their interaction (**: P<0.01; ***: P<0.001); The “n.s.” represents the

non-significant effect (P>0.05). Different letters indicate significant difference among different groups at
P<0.05.

P4 actamicro@im.ac.cn, & 010-64807516



W AR | R, 2024, 64(8) 2891

A
Bacteria Bacteria
om 150 -, PERMANOVA
1.00 b —— ' Variety: R=0.209"
Ae. - § .. 1.00 - Stage: R>=0.154' e
o L Ny L ' Interaction: R>=0.078 n.s.
] e . S o050l e i
§ 0.00 =S A = a ; & W [/
= 'S ~%~_ . PERMANOVA = 0.00 L L &
. @® : ~Stage: R*=0.425"" < VER T ’~f§_°@gc. B2 =0
~1.00 | T T, ~0.50 M AR e '® ! Initial soil
‘ ‘ = x=c ‘/:S‘[ress: 007‘ —1.00 ! & |/ ' ‘ Stress:‘ 0.07 _. Sl
~1.00 0.00 1.00 2.00 “1.00 0.00 100 200 o 28
NMDS1 NMDSI
B .. .
Fungi Fungi m Initial soil
1.50 F - T . 4 k
B - PERMANOVA 10 |-olE e | Stress: 0.08| @ 4 wee
100k L Stage: R*=0.369 3 P L A 9 week
g . '
o | ! fish Y i i
g 050 T " h ol g 0.00F 4 1o ) .
4 0.00 A &ps Wb R = —a 8.7, A
o "Af’@@.ﬁ‘@ #u Y AR
o " o 'g' | -100f < .7 PERMANOVA
—0.50 F i g ) ko W Variety: R*=0.119"
& g - = Stage: R*=0.150""
100" 1% Stress: 0.07 - Interaction: 8°=0.077 n.s,
—1.00 0.00 1.00 -1.00 0.00 1.00 2.00
NMDS1 NMDSI1

4 BHEREAMAEURIRTIRMAEA)MEE(B) p ZHEMEERET Weighted UniFrac 25 EH
NMDS 53#771 PERMANOVA #38)  ZJ8424 AR Sl ; XN8 FLFRHTH% M. Initial soil XK AT
wihh L. B A FIE B B2 FRos s w0 ih LEEAE N B B 2R, ARSI G L. S RBien
FTEARACRA G it RO AN, 55 o U Rl . I I A2 BAE TS B (2 25 MK F- (%2 P<0.05; %+
P<0.01; ***: P<0.001); “n.s.”fX3RICE %W

Figure 4 The bacterial (A) and fungal (B) beta diversity in rhizosphere soil of watermelon varieties resistant
and susceptible to Fusarium wilt (non-metric multidimensional scaling (NMDS) analysis and permutational
multivariate analysis of variance (PERMANOVA) test based on Weighted UniFrac distance). ZJ8424 represents
the susceptible variety, and XN8 represents the resistant variety. The left panels of figures A and B represent the
B-diversity including the initial soil samples, and the right panels do not include the initial soil. The different
colors and shapes represent the different varieties and sampling stages, respectively. The asterisks (*) indicate
the significant effects of variety, stage, and their interaction (*: P<0.05; **: P<0.01; ***: P<0.001); The “n.s.”
represents the non-significant effect (P>0.05).
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Figure 5 Community composition of bacteria (A) and fungi (B) in rhizosphere soil of watermelon varieties
resistant and susceptible to Fusarium wilt at different growth stage (relative abundance>1%). Bacterial taxa were
analyzed at the phylum level (Proteobacteria were further divided into Alpharoteobacteria, Gammaproteobacteria,
and Deltaproteobacteria), and fungal communities were analyzed at the class level. ZJ8424 represents the
susceptible variety, and XN8 represents the resistant variety. The asterisks (*) indicate the significant effects of
variety, stage, and their interaction (*: P<0.05; **: P<0.01; ***: P<0.001); The “n.s.” represents the non-significant
effect (P>0.05). Different letters indicate significant difference among different groups at P<0.05.
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Figure 6 Biomakers of microbial taxa in rhizosphere soil of watermelon varieties susceptible and resistant to
Fusarium wilt identified by LEfSe analysis at the genus level. A: Bacterial biomarkers in rhizosphere soil of
watermelon varieties susceptible and resistant to Fusarium wilt. B: Fungal biomarkers in rhizosphere soil of
watermelon varieties susceptible and resistant to Fusarium wilt. C: The relative abundance of all
Fusarium-affiliating ZOTUs in the rhizosphere soil of watermelon varieties susceptible and resistant to

Fusarium wilt. The analysis integrated samples from both the 4th week and 9th week. ZJ8424 represents the
susceptible variety, and XN8 represents the resistant variety.
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Figure 7 Visualized networks of bacterial and fungal co-occurrence patterns in rhizosphere soil of watermelon
varieties susceptible and resistant to Fusarium wilt. A: Visualized networks of bacterial and fungal co-occurrence
patterns in rhizosphere soil of the susceptible variety. B: Visualized networks of bacterial and fungal
co-occurrence patterns in rhizosphere soil of the resistant variety. C: The relative abundance of major microbial
taxa to which nodes belong in the co-occurrence network in rhizosphere soil of watermelon varieties susceptible
and resistant to Fusarium wilt. D: The relative abundance of major microbial taxa to which edges belong in the
co-occurrence network in rhizosphere soil of watermelon varieties susceptible and resistant to Fusarium wilt. The
relative abundance of different microbial taxa in network nodes or edges is determined by calculating the
proportion of nodes or edges belonging to specific microbial taxa in the total number of nodes or edges in the
network. The different color represents bacterial and fungal taxa at phylum level. Node size is proportional to the
degree of connection. The edges in green and red represent co-occurrence and mutual exclusion patterns among
taxa, respectively. ZJ8424 represents the susceptible variety, and XN8 represents the resistant variety.

http://journals.im.ac.cn/actamicrocn



2896

ZENG Qing et al. | Acta Microbiologica Snica, 2024, 64(8)

JE S AR PR GUAE I 2%, TTRRAT IR T 1 5 28 TE
TR R X5 2 5P as ] —2L,
R R 35 7 PO an AR PR i P i 7e
HAEK (B 7C. D).

3 Wik

3.1 PO INH BT 5 B 2 ) AR PRI 1 B
Y& LRI I N 4%

R B G A W A R 00 7 0 18 <565 — T B 2
) RE 2 18 1 AR 2R 0 M B He 9% R G AR S
YA Az F S AR HE B B L) AR BR i A
UL A B 3z (2 YeP20, ABIFSE R v i i
WU 235 65 AL ) 0 U 20 28 SO0 000 AR AR B it T
TR RIS TR AR 3 kA E IR E
KM A 7 2R, XA [R] S Fh AR B 4 S B
AR W) 22 FEAE DL AR BRI AE WA AT T L3R
WHIE . ZEREH, B s Fh B BAR A RS 228
JAFEEE, JF W RER T PR 5E FON F 12,
X5 H B R AUAH— B [, B AR bR
TULEE P T T A Vi A A A o 25 o X SR AR
W — DR S T AR BRI ) Pl BE A A 50 )t o LA
Fa FAEY EAEAEAR PR e R h G LB W)
3t W (1 LA P DA R A A (g 20 e,
Mantel Fl Spearman AHIC/r 45 SRR, HFRH
B A L R VR 415 FON F2 58 5 g A6, 1
T o ZH%E 5 FON FBEUELERUES IE ARG,
RN A RERE AL o ZH%TERHE LR
AR R N R, AR R B
A YIRS H B AR Z A TR 4E R R AR S R G
ZEINRETREELEEN, XATEEH TREZSR
FEFEH R 45 T S E Y,

AN FIAR BRI W) 2R R AR EAE T, T8 i e B2
AR AN B W 48 5 R DL W PR 78 Ak Fn 4
1w FEINRERY . AR b, SR SR
P S AR PR ELAT T A T ) 48 O Bk T

<l actamicro@im.ac.cn, & 010-64807516

ROPBEERAAEEAE R LU, eI, 7E5k T
P 1 B R A % A 1 438 v o O 5 B R R e
(A SR I 2 1320 R, A ST 4 H A
A PR T e 1 5 24 5 2 R R L BB Y B
HAERIEASED, S IH0E A FR PR A
TET5 AT BB B M RRUE o B I AR ) I 2% 5 ek e
4 e EPUE, A B R G R e YE T Be4E
R EBARAE 22— P b A AR PR A e 1 1Y
28 5 Z VR RN RSUE 1k P BB A A T 4R e A P 1Rl
FEAE, $emB s grae )1, ImdemrE F4E
WX AL 450 AR AR AE N A AR e i ik o
32 MEmMIRIRE SN XM EDLRH
I EREZE

5755 55 55 D TR A A A O A DG B A 0k T
B AL A A R A R 2%
SEOATA R LI, i A i E AR TR A
(IR AR . 805K IR RS ERED A o-
ST T 2 (G435 R TR A 2 B PR R R ) ) o
B RO O B FEHUVE A, v LU 534t
RS VI TERE YA 2 A8 N T T A P 4L
I3 6 7 RO ka8 PR 38 RO BE Gt E
A B R R R AR W A B AR
F I 90%7), Cha FEHFFEHGE T + 5k 5 i
FPE S4-7 P2 A — BB IRSS L AE A& T LR
AL ] T B RIVE Y BRA- B AL,
RS DA I AT 3 2o s R g T A D TR A i
M= A FEUER . Ban, MOKRS 532 H ok i N
il 2R TR K A £% B TR (Streptomyces misionensis)
B 27 4 32 B AN S M [ AT = A ma A
KALHEN, angkaii . mIvkC A 1-2d 50N
Be-1-FR BRI 28, ARG 1 AR e
(Magnaporthe oryzae)i# 22 £ KB i i i AIF 5
R IRAE VY JRA A 3% A 1 458 v niy T AN WK B 25 TR
(Sreptomyces ahygroscopicus) 769 T ¥k & I 1=
Yy, 85 8 A L5 R SR IR A B AL



BHE S| AR, 2024, 64(8)

2897

il AR AR A 20 & i R 10 AR 9 ik — 25 TR
T2k T A2 PO A AR B i A 4 e B0 ) 4% v ) O
SRS, DU SRR PR 113 & S A2 e
HBE ] REAE A Y Fh IK 3l 5 AR PRl 2 W
Fa g AHCARG I IR AR o BEAh, AR TR S — SR
T o BIER N AE R, E e il
PRI AR T, Refm a7 AR . 2R bR
SER AR W T A B F AR 5% 29 W A D s
JEC G A Y AHIESE A BT SRR PR 3 AR
Jed TR BH A e R AT 2 BE AR TR PR E T 7E
AR W B TR O RN A SR S A R
SRR 243 1 0 0 R R A AR S SR
PR AT AT 100 22 AR S ) e 3, R I8 i AR o v
A LRI R AR BRI P LB R 2% R 1
HEAEM . BRAF RS P AT PR EHE, e —
REEFWREY™ ) HAR R A FR bR 0 &
AR 2 I B it PP AR o 7 D A 5 i R o B A1 i
Lozt LA UL T B db RN T B FON HA7 B
b AR A FR TR A A I Bl 2 AR Bk
A=W S A g U E Y A

F3A, SAE U SRR B A 3 el s R D TR
FON (35 2R, (H00 s R AL Br 4 70
R AR = BE R TR S A, I B R DU
RS T RN 3 28k TR AR L X 5 Z ET Y
WG, SRR AH EL , (a5 8 TR bR i )
R LB BT, I B R DU R R T T (F.
verticillioides)F1 i Bz 4 70w oM RS, B TR
W22 L R AT /NRR B A, DR IEAS [R] A 24
: SR R N SR G N ]
B E R b, Z AT AR E & B S
g v A3 B R A AR B0 i T TR AT LA 0 DR TR
3B SRS Y RGP, AT LME
SRR R AFENREM L, I, FFAE T PO iR
FrigdlE FON 4] vT REid i A FEFs Ve R AMmRH
IR R I ETE . BRISHUERSE, TERRE A T

BRI AT VE A SR E P R S WA, it
1 2% 14 T AE P 99 I L B s I T (Colletotrichum
tofieldiae) TERI B T A g 78, DAITTAS KAt iR
EERS B oA YRR R (AR S BN F
KA BRI, X se R e 51k A A
AN TR S0 DA K e AT A 5 A W) A 40 AR EAE TR
PUEIT A Frdi % &5 LTk, JATMZE SRR T
PG b Pl AT G I S 3 PR AR AR BRSO P
WM, FEEE R WMAEY ML, FEA
(GRS N (1) N - & 7/ S O i g e

4 Hip

ASBIETE A i 208 0 g R 74 T A 25
DU AR MR BRI VIR E T T HLBEIE ST, 4B
T LA PR R AR AR B - BT R A
I AR TRl 2R W e v 2 BURISE BRI 28 A G R ol i
P 6 AL 40 TR B2 i g 5 A A R B L5 ok
AR Z B IR R, BE— R TR R
S TR AR FON S 70 TR S B i AR B i 4R 19 5%
SEEI A M SR AE AL IR o D T (R e R R Y
TETEAE ] o AW ST 4 R M AR - I I - A 2 T
PR EAE AR Dl s AR B R B
i TR Bt T HE BRI, AR E A A R IR
PE— 2L IR PO bl Pl e 5 0 G B Gl A 2R
YU F T 2 8] 1R PR 2RO 2 B B AL

&5 3k

(1] BOpTEs, SHTE. TIRRUEY S5 1EY AL & 2 ],
TR BEBE T, 2017, 32(6): 593-600.

HUANG XQ, CAI ZC. Soil microbes and control of
soil-borne diseases[J]. Bulletin of Chinese Academy of
Sciences, 2017, 32(6): 593-600 (in Chinese).

[2] TRIVEDI P, DELGADO-BAQUERIZO M, TRIVEDI
C, HAMONTS K, ANDERSON IC, SINGH BK.
Keystone microbial taxa regulate the invasion of a
fungal pathogen in agro-ecosystems[J]. Soil Biology
and Biochemistry, 2017, 111: 10-14.

http://journals.im.ac.cn/actamicrocn



2898

ZENG Qing et al. | Acta Microbiologica Snica, 2024, 64(8)

(3]

Fh, RFm, R, mEE, WHR LHEREAG)
Yy: WE5E s i MOAE S AR E P e R RI]. &
HE2E 4R, 2021, 58(1): 14-22.

WEI Z, SONG YQ, XIONG W, XU YC, SHEN QR.
Soil Protozoa:
biocontrol of soil-borne diseases[J]. Acta Pedologica
Sinica, 2021, 58(1): 14-22 (in Chinese).

KRAKE, S, Fh, WS, skmsl LR
Yrdly L] T E B A ARl 2021,
S51(1): 1-11.

ZHU YG, PENG JJ, WEI Z, SHEN QR, ZHANG FS.
Linking the soil microbiome to soil health[J]. Scientia
Sinica (Vitae), 2021, 51(1): 1-11 (in Chinese).
ZHALNINA K, LOUIE KB, HAO Z, MANSOORI N,
da ROCHA UN, SHI SJ, CHO H, KARAOZ U,
LOQUE D, BOWEN BP, FIRESTONE MK,
NORTHEN TR, BRODIE EL. Dynamic root exudate
chemistry and microbial substrate preferences drive

research methods and roles in the

patterns  in  rhizosphere microbial community
assembly[J]. Nature Microbiology, 2018, 3: 470-480.

PHILIPPOT L, RAAIJMAKERS JM, LEMANCEAU
P, van der PUTTEN WH. Going back to the roots: the
microbial ecology of the rhizosphere[J].
Reviews Microbiology, 2013, 11(11): 789-799.
CARRION VIJ, PEREZ-JARAMILLO J, CORDOVEZ
V, TRACANNA V, de HOLLANDER M,
RUIZ-BUCK D, MENDES LW, van IJCKEN WF]J,
GOMEZ-EXPOSITO R, ELSAYED SS,
MOHANRAJU P, ARIFAH A, van der OOST ],
PAULSON JN, MENDES R, van WEZEL GP,
MEDEMA MH, RAAIJMAKERS IM.

Pathogen-induced activation of disease-suppressive

Nature

functions in the endophytic root microbiomel[J].
Science, 2019, 366(6465): 606-612.

WM, BB, MM, B, shuim, KA. ALY
A A AR S TR S R M A AR A S SR ). AR
YIZ R, 2023, 31(4): 22667.

ZENG Q, XIONG C, YIN M, GE AH, HAN LL,
ZHANG LM. Research progress

functions

on ecological

and community assembly of plant
microbiomes[J]. Biodiversity Science, 2023, 31(4):
22667 (in Chinese).

GE AH, LIANG ZH, XIAO JL, ZHANG Y, ZENG Q,
XIONG C, HAN LL, WANG JT, ZHANG LM.
Microbial

watermelon rhizosphere after soil

assembly and association network in
fumigation for
Fusarium wilt control[J]. Agriculture, Ecosystems &
Environment, 2021, 312: 107336.

<l actamicro@im.ac.cn, & 010-64807516

[10]

[12]

[14]

[16]

(17]

SANCHEZ-CANIZARES C, JORRIN B, POOLE PS,
TKACZ A. Understanding the holobiont: the
interdependence of plants and their microbiome[J].
Current Opinion in Microbiology, 2017, 38: 188-196.
MENDES LW, MENDES R, RAAIJMAKERS M,
TSAI SM. Breeding for soil-borne pathogen resistance
impacts active rhizosphere microbiome of common
bean[J]. The ISME Journal, 2018, 12(12): 3038-3042.
MATSUMOTO H, FAN XY, WANG Y,
KUSSTATSCHER P, DUAN J, WU SL, CHEN SL,
QIAO K, WANG YL, MA B, ZHU GN, HASHIDOKO
Y, BERG G, CERNAVA T, WANG MC. Bacterial
seed endophyte shapes disease resistance in rice[J].
Nature Plants, 2021, 7(1): 60-72.

SONG Y, LING N, MA JH, WANG JC, ZHU C,
RAZA W, SHEN YF, HUANG QW, SHEN QR.
Grafting resulted in a distinct proteomic profile of
watermelon root exudates relative to the un-grafted
watermelon and the rootstock plant[J]. Journal of Plant
Growth Regulation, 2016, 35(3): 778-791.

HUixe, ki, 230, RIE%E, AR, BER. o
9t PCR A -3 VYIRS 29 3 1A R A A 1],
PRI 241, 2018, 45(4): 921-922.

XIAO JL, ZHANG Y, L1 JG, ZHU FY, WEI L, LIANG
ZH. Establishment of real-time PCR system for
quantitatively detecting Fusarium oxysporum f. sp.
niveum in soil[J]. Journal of Plant Protection, 2018,
45(4): 921-922 (in Chinese).

IHRMARK K, BODEKER ITM, CRUZ-MARTINEZ
K, FRIBERG H, KUBARTOVA A, SCHENCK ],
STRID Y, STENLID J, BRANDSTROM-DURLING
M, CLEMMENSEN KE, LINDAHL BD. New primers
to amplify the fungal ITS2 region: evaluation by
454-sequencing of artificial and natural
communities[J]. FEMS Microbiology Ecology, 2012,
82(3): 666-677.

LAFOREST-LAPOINTE I, PAQUETTE A, MESSIER
C, KEMBEL SW. Leaf bacterial diversity mediates
plant diversity and ecosystem function relationships[J].
Nature, 2017, 546: 145-147.

CAPORASO JG, KUCZYNSKI J, STOMBAUGH 1,
BITTINGER K, BUSHMAN FD, COSTELLO EK,
FIERER N, PENA AG, GOODRICH JK, GORDON JI,
HUTTLEY GA, KELLEY ST, KNIGHTS D, KOENIG
JE, LEY RE, LOZUPONE CA, McDONALD D,
MUEGGE BD, PIRRUNG M, REEDER J, et al.
QIIME allows analysis of high-throughput community
sequencing data[J]. Nature Methods, 2010, 7(5):
335-336.



| MAEYIEEIR, 2024, 64(8)

2899

[19]

[20]

(23]

[24]

[25]

[26]

EDGAR RC. Search and clustering orders of
magnitude faster than BLASTI[J].
2010, 26(19): 2460-2461.

EDGAR RC. UNOISE2: improved error-correction for
INlumina 16S and ITS amplicon
bioRxiv, 2016. DOI: 10.1101/081257.
PRUESSE E, QUAST C, KNITTEL K, FUCHS BM,
LUDWIG W, PEPLIES J, GLOCKNER FO. SILVA: a
comprehensive online resource for quality checked and

Bioinformatics,

sequencing[J].

aligned ribosomal RNA sequence data compatible with
ARBI[J]. Nucleic Acids Research, 2007, 35(21):
7188-7196.

KOLJALG U, LARSSON KH, ABARENKOV K,
NILSSON RH, ALEXANDER 1J, EBERHARDT U,
ERLAND S, HOILAND K, KJOLLER R, LARSSON
E, PENNANEN T, SEN R, TAYLOR AFS,
TEDERSOO L, VRALSTAD T, URSING BM.
UNITE: a database providing web-based methods for
the
fungi[J].
1063-1068.
SHANNON P, MARKIEL A, OZIER O, BALIGA NS,
WANG JT, RAMAGE D, AMIN ND,
SCHWIKOWSKI B, IDEKER T. Cytoscape: a
software for

molecular identification of

The

ectomycorrhizal

New Phytologist, 2005, 166(3):

environment integrated models of

biomolecular interaction networks[J].  Genome
Research, 2003, 13(11): 2498-2504.

FAUST K, RAES J. Microbial interactions:
networks to models[J]. Nature Reviews Microbiology,
2012, 10: 538-550.

BARBERAN A, BATES ST, CASAMAYOR EO,

from

FIERER N. Using network analysis to explore
co-occurrence patterns in soil microbial
communities[J]. The ISME Journal, 2012, 6(2):
343-351.

BASTIAN M, HEYMANN S, JACOMY M. Gephi: an
open source software for exploring and manipulating
networks[C]. Proceedings of the third International
Conference on Weblogs and Social Media, 2009, 3(1):
361-362.

STRINGLIS IA, YU K, FEUSSNER K, de JONGE R,
van BENTUM S, van VERK MC, BERENDSEN RL,
BAKKER PAHM, FEUSSNER I, PIETERSE CMJ.
MYB72-dependent coumarin exudation shapes root
microbiome assembly to promote plant health[J].
Proceedings of the National Academy of Sciences of
the United States 2018, 115(22):
E5213-ES5222.

of America,

(27]

[29]

[32]

[34]

[35]

KWAK MJ, KONG HG, CHOI K, KWON SK, SONG
JY, LEE J, LEE PA, CHOI SY, SEO M, LEE HJ,
JUNG EJ, PARK H, ROY N, KIM H, LEE MM,
RUBIN EM, LEE SW, KIM JF. Rhizosphere
microbiome structure alters to enable wilt resistance in
tomato[J].  Nature 2018, 36:
1100-1109.

XU, A, WS, M AR B Al Py e v v
FIWF SR (D). U F I, 2021, 61(2): 231-248.
LIU JW, LI XZ, YAO MJ. Research progress on
assembly of plant rhizosphere microbial community[J].
Acta Microbiologica Sinica, 2021, 61(2): 231-248 (in
Chinese).

ZENG Q, YIN M, FU LB, SINGH BK, LIU SY, CHEN
H, GE AH, HAN LL, ZHANG LM. Green manure

substitution

Biotechnology,

fertilizer
via

for potassium promotes

agro-ecosystem multifunctionality triggering
interactions among soil, plant and rhizosphere
microbiome[J]. Plant and Soil, 2023, 498: 431-450.
HASSANI MA, DURAN P, HACQUARD S. Microbial
interactions within the plant holobiont[J]. Microbiome,
2018, 6(1): 58.

XIONG W, LIR, RENY, LIU C, ZHAO QY, WU HS,
JOUSSET A, SHEN QR. Distinct roles for soil fungal
the
suppression of vanilla Fusarium wilt disease[J]. Soil
Biology and Biochemistry, 2017, 107: 198-207.

CHEN S, QI GF, LUO T, ZHANG HC, JIANG QK,
WANG R, ZHAO XY. Continuous-cropping tobacco
caused variance of chemical properties and structure of
bacterial network in soils[J]. Land Degradation &
Development, 2018, 29(11): 4106-4120.

YUAN MM, GUO X, WU LW, ZHANG Y, XIAO NJ,
NING DL, SHI Z, ZHOU XS, WU LY, YANG YF,
TIEDJE JM, ZHOU JZ. Climate warming enhances
microbial network complexity and stability[J]. Nature
Climate Change, 2021, 11: 343-348.

GAO C, XU L, MONTOYA L, MADERA M,
HOLLINGSWORTH J, CHEN L, PURDOM E,
SINGAN V, VOGEL J, HUTMACHER RB,
DAHLBERG JA, COLEMAN-DERR D, LEMAUX
PG, TAYLOR JW. Co-occurrence networks reveal

more complexity than community composition in

and bacterial communities associated with

resistance and resilience of microbial communities[J].
Nature Communications, 2022, 13: 3867.

CHEN WQ, WANG JY, CHEN X, MENG ZX, XU R,
DUOIJI DZ, ZHANG JH, HE J, WANG ZG, CHEN J,
LIU KX, HU TM, ZHANG Y/J. Soil microbial network

http://journals.im.ac.cn/actamicrocn



2900 ZENG Qing et al. | Acta Microbiologica Snica, 2024, 64(8)
complexity predicts ecosystem function along enables watermelon Fusarium wilt resistance[J]. Microbial
elevation gradients on the Tibetan Plateau[J]. Soil Biotechnology, 2024, 17(3): e14435.

Biology and Biochemistry, 2022, 172: 108766. [41] KUKLINSKY-SOBRAL J, ARAUJO WL, MENDES

[36] VIAENE T, LANGENDRIES S, BEIRINCKX S, R, GERALDI 10, PIZZIRANI-KLEINER AA,
MAES M, GOORMACHTIG S. Streptomyces as a AZEVEDO JL. Isolation and characterization of
plant’s best friend?[J]. FEMS Microbiology Ecology, soybean-associated bacteria and their potential for
2016, 92(8): fiwl19. plant growth promotion[J]. Environmental

[37] HERRSE, MM, ARk, SRiT, SRR P Microbiology, 2004, 6(12): 1244-1251.

W ZREE . DhRe et R AEA BT B E i I[J].  [42] FESTA S, MACCHI M, CORTES F, MORELLI IS,
A4, 2023, 63(5): 1930-1943. COPPOTELLI BM. Monitoring the impact of
CUI XW, LIN XR, LI JB, ZHANG H, HAN YH. bioaugmentation with a PAH-degrading strain on
Diversity, functional characteristics, and different soil microbiomes using pyrosequencing[J].
environmental remediation potential of stress-tolerant FEMS Microbiology Ecology, 2016, 92(8): fiw125.

actinomycetes[J]. Acta Microbiologica Sinica, 2023, [43] LIU JJ, SUI YY, YU ZH, YAO Q, SHI Y, CHU HY,
63(5): 1930-1943 (in Chinese). JIN J, LIU XB, WANG GH. Diversity and distribution

[38] CHAJY, HAN S, HONG HJ, CHO H, KIM D, KWON patterns of acidobacterial communities in the black soil
Y, KWON SK, CRUSEMANN M, LEE YB, KIM JF, zone of Northeast China[J]. Soil Biology and
GIAEVER G, NISLOW C, MOORE BS, THOMASHOW Biochemistry, 2016, 95: 212-222.

LS, WELLER DM, KWAK YS. Microbial and [44] mlf, FIRW, SorE, =X, KA HEUR
biochemical basis of a Fusarium wilt-suppressive soil[J]. HLER AL BN I Rt R [J]. U P ik, 2014,
The ISME Journal, 2016, 10(1): 119-129. 41(10): 2143-2148.

[39] FEE, fREE, MM, BLK, Bk, GREL, GAO XM, WANG JG, MA LG, YUN XF. Research
2, WI/NE, WME, SR ARuKAE, XD K advances on the mechanism of pathogenesis and
TN AR E OsiRt-1 B4 58 % 58 M 6F R 900995 1) B allelopathy of Fusarium oxysporium[J]. Microbiology
TRTERII]. M=, 2016, 43(5): 1009-1018. China, 2014, 41(10): 2143-2148 (in Chinese).

WANG ZZ, XU T, YUAN SS, LIAO HD, YANG YZ, [45] SAJEENA A, NAIR DS, SREEPAVAN K.
ZENG XD, L1Y, HU XC, LIU Q, ZENG JR, ZHU YH, Non-pathogenic Fusarium oxysporum as a biocontrol
LIU XM. Identification of an endophytic actinomyce agent[J]. Indian Phytopathology, 2020, 73(2): 177-183.
OsiRt-1 isolated from rice and its effect against rice [46] HIRUMA K, GERLACH N, SACRISTAN S,
blast disease[J]. Microbiology China, 2016, 43(5): NAKANO RT, HACQUARD S, KRACHER B,
1009-1018 (in Chinese). NEUMANN U, RAMIREZ D, BUCHER M,
[40] GE AH, LI QY, LIU HW, ZHANG ZK, LU Y, LIANG O’CONNELL RJ, SCHULZE-LEFERT P. Root

ZH, SINGH BK, HAN LL, XIANG JF, XIAO JL, LIU
SY, ZHANG LM. Streptomyces-triggered coordination
between rhizosphere microbiomes and plant transcriptome

<l actamicro@im.ac.cn, & 010-64807516

endophyte Colletotrichum tofieldiae confers plant
fitness benefits that are phosphate status dependent[J].
Cell, 2016, 165(2): 464-474.



