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Plant microbiomes under root-knot nematode stress: from
parasitism effects to biocontrol strategies

HE Yongmei, TIAN Baoyu"

Fujian Provincial Key Laboratory of Cellular Stress Response and Metabolic Regulation, College of Life Sciences,

Fujian Normal University, Fuzhou, Fujian, China

Abstract: Root-knot nematode, among the most destructive plant-parasitic nematodes, poses a
severe threat to global agricultural production. The plant root microbiome is considered as the
“second genome” of host plant and plays an indispensable role in plant growth, development, and
stress response. Parasitism by root-knot nematode significantly disrupts the community structure
and function of root-associated microbial communities in plants. The disturbance of host
microbiome not only exacerbates plant pathological processes but also may induce cascade effects
through tripartite interactions among microorganism, plant, and nematode. This review
comprehensively elucidates the multifaceted impacts of root-knot nematode parasitism on the root
micro-ecosystem of host plant, particularly focusing on the variation in the structural and functional
characteristics of both the rhizosphere and endophytic microbiome, as well as their roles in the
occurrence of nematode diseases and maintaining plant health. Investigating the interaction
between pathogenic nematodes and plant microbiome on community level will not only advance
our understanding the intricate network among plant, nematode, and microorganism, but also
provide theoretical and practical insights for developing innovative strategies for controlling plant
nematode diseases.

Keywords: root-knot nematodes;
interactions; systems-based plant pathology; biological control strategies
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Figure 1 The life cycle of nematodes and the infection process of plants (referenced and created with BioRender.

com).
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Figure 2 The categories of plant root microbiome and the interaction with plants (referenced and created with

BioRendercom). AMF: Arbuscular mycorrhizal fungi; ISR: Induced systemic resistance; SAR: Systemic acquired

resistance; QSM: Quorum-sensing molecule; MAMP: Microbe-associated molecular pattern.
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of metabolites or direct
colonization in the
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» Causing systemic resistance
in the host plant
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Pathogenic
® bacterium

SAR
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X >
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« Adhesion = v:>

*Combined aggravating disease

* Secrete enzymes in cell walls (cellulose) to
enhance nematode invasion or toxin
production

* A variety of informational chemicals are
secreted to facilitate RKNs to find and locate
host plants tocauses disease

Figure 3 Response mechanism of plants and microbiomes to root-knot nematode infection. RKN: Root-knot

nematode.

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



4284

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

4 FTAARKT WA R E
S i d . %ok A B SR
B oy

4.1 RSB ERHI: NE—EFIF
BRI EYIEE% (SynComs)

Tl IR 25 22 U A= W B 16 2 48 A1 e i)
RBORADE] . & AR PG T, B
FEEZ35 W8 SANI o o =TI S o U N U MY D U
KA. Horh, FIFHZ dOR T A Y & e 2k
Ha A= 87 1 5 ke B A7 B R X S A A A mT LA
Wt 5 TEG s BRMKS, U
UEAITF= R AR e i AR s sh™,
i, MAARPRANG, QA5 2F AT R (B. subtilis) .
78 R R B (Talaromyces purpurogenus). % 7%
A B T R TR T 5 T 0 A s AR
ARG B AR IR RO R E R BT AE &R, AT
Xif £k PR AR R P R B R BB T RE S
P B R AU E A G P a0l e
HIEE o LU (Rhodopseudomonas)IE M1
A YRR R — R, AMREIR B E ARG, 8
REVI LR TG 3 A%, 5 A 2540 11
FAZE G T A A5 ) A 22 AR A5 2 s 1) & A I 4
w2 N R A S,
FRECH . R AR (R ), REA RO dE Py fid
B AN, PAAR TR fE A5 1 v AR ) B L 4
BEAEFR 0 RE ), R THAE Y X £ U SR g
FPN, RSN RE oA M R, R EERVE
ARBEL AL, M T E A i IR Sk i O R o A
T, PTREARZ BRI K T, e S M s
13 A ALY B (peroxidase, POX) FIIZK TR 2 iR fifk 2= Tt
(phenylalanine ammonia-lyase, PAL)SFHTPEAH G
(Ve FCSL, ok, Sk 2o 38 o 8 IR )
PSR IE . SR ISR e SERE Y K F . AT
A B3R A R R O AR W A A 2k LY T A2
ML B, AR IR AR S ARG A O R
BANT] 4y, AR AT LA S A v A ) e

>4 actamicro@im.ac.cn, 7 010-64807516

FIHEPURE 1, #E W SE SR AL A= 7= A Al 42 &
JEP Fe i LR LHER, — R TRUEY
1 AR 235 2 A W R 20 2 7 [ AR E B,
FEAEAR L S PR R T A= B R 0060
VTAESR, FET AR 2 G2 K XA 9
T W2 D B AR 2R ST ) -9 8- G2 T 4
M2 2 A0 BAE I OC R WS B, Al W0 3 DA
KRR 25 4 H i A W B A AU — A BULA
A B D ReRR T 0 BT R, AR T
A= B AE W S R E Z RI RV, T A A R
TIAEY R TE - LA A Z (A S A
TER M 5E 3 R G —FB A0 R, A %5k
MR AE YR PR BAR WA O E YA . %o
SRS Py RE al o DGR B, 3l 3 N T vk
oY F BT A R AE W) B 75 (synthetic microbial
communities, SynComs) ) 28 i PR AR PR A= 1)
HAE. SERAEY B BAE S . e RS L el
EA R T S VR W A= 7 18 A R0 W AN 2 5%
Jr1mP7, - SynComs Je: 46 i 12k i 1% LA BH 4 2 i
MY, HeREE LB R S5 N Tt 5 i
FRE U E YA A IE D REAL e TS, B 7EBIAL
o SEHL AR A W B R 0 R 2 T BEPY. Qiao
ZEOOE 3o BT 77 F DN 412 AR A 2 0 vk LA
AL T M A O T PR IR B M T L S TR
I 38 3 AR A I 55 3 501 LA o B R RO 40 o
TN E . Zhou SV LR MR | B B A
A5 P R A 2 SynComs, 3 i 7R %5 38 56 56
UE LR i R 3k 73%, BN R,
it B2 A R AT DA B AR R A K, R
WIER . AR S AR AR Y SERE IR &R
R, BERAMRPRGAEY ZFEYE, Bl g
HEF RN FEARAG P R 26 R B, A A iAo
PESHRIEHR A IEINATE . La SFUOU AR G5 LR Ak
YR th o B Z A B 4 S BOIE YR R 2 R T
PR, a8 ok X o6 Bk 4l A R 1 2 A @ Ak
SynComs #E17 i e FEGUE, UEBH A& BB 7% 7T LA
AT ELEE ARG, A a2k W R A
Wy B 0 52 1 5 22 A AL i 000 0 ) AR 4 4 o ) Uk



farmkMy %5 | k4R, 2025, 65(10)

4285

Yo Li S50 HTBEATLAR AR A BRI R AR 25 22 o
T i A IR B H L LD H L AR 4R
W LRI S5 X3 FE U A R AR ) B0
KEE YA YIS, MR H A4 H
I 5 AREE R HUR e A 56 A9 O B A A i
Yoo R UE,  HETO TR 45 4 Hu AR L
Lo Wi AL A T 58 MR — TR RO A 5% 17 (3 2R
YUK REIATE . KRR T E I — LB G 24
FHNTREBEEOR, MR E5L R YOS
FEHIEE SynCom, & JREHT (92 A= B il 77 1A= B
FMG, RS BRI BIR T RERT BT 10
42 EUHEVRRERGEEHNES
pi=

MREELR HUR AAEPIAR S5 H AP IR R ZS
MWIMBIAEIR 5, SFERYERZR, E5°
MW, R 2SR AR 7 AT
W) AR - IR ES LR (Y BA R A
AASTIRE, RERE YRS AR L KA R
I BOERR, I HIRES A R A2

—Jr i, AR R R S B Y (i
R 114 0 B R L BT ) P PRI A AR 2 2 A A I
%A ; — 2o 55 R Y id el 1 5a 4 5 SR )
Jo AR P 25 i) FR i) £ e HC 2 A T ) AR A7 20
PEMEEARENTAR G2, IMHIR 45 A +
Berh sk, S —Jrm, SR TR mAE Y Y
fEREARF | BUPE LA AR BB OER G o i ffe AR
PyetyE IRl Cana o AR AR ) | S i A
TR 3 1 5 B A ) B AR AR 45 2 R 4R
S LOTT0A03] B A W 3 T A Ao A AR S AR
Gk SRAL YA PINE, 4R A R AL R
GRE R AR BRI A ) RE S O R A 1Y
B ABILE] , SEAEY) A T 2 PR R, sk
B A A YA RN, SRS A
AR R, I EA LY BGE LR
LER AT AR BRIAST , BT X AR 45 48 A

FIBIPREE . BN, SRR Y RE A8 AR 13 Y
PR B 32wl B - A IR RE L DTS I £ HR A
FERTE IO AN, SRR PR A P £
FEVE IR E VA B T4 A 25 A, Dol I
AR PE S AL o f R AR B AL A T
Yty LA S RGNRE, SRR AR
1o IR ) 22 P 5 X B A TR AR DG
A 14 SR AT 4 6 AR 2 2 el (i kAT 10 R
WRBZEYHERR T &6 F 8 SRR L R Y
Gh, )2 S HYEF PR PR AR A S R G
M ZREPERRREYE, R RR S R |
LA AR 2 P A AN TRE, B TS AR ) 0 AR
SEECPPUIE | ARESL U Y A A2 LU AR
éﬁéﬁﬂiﬁ’f/ﬁ%[l6_17’42’65’103] S
43 ETHEVREMEDAEFNZRE
B SR

FAT, MREGLRAEYBHAaOTsE EEE
TEAREE R AR By sl AW b, ROV o 40 o
ARICARGE R AR, s OR3P R A FE R s 3
SRR AR S5 L B R AR B H R . SR, O
SRR R — SR P 2 5 T IREE & R
TRE A A, SRR MAAR A5 HU K AR A O SR BT
flhn, HErERN . RE. ME . 2K, ji T
S 2 R A 2k HUAR G A HE W) AR BOR 45 PN 2 TR 5T
ORI T AR T H . AT DS A AR T
HAEFAME R E w5, WA AN
BE R JoT £ A 2 A 200 A AR A ) AT AR 2k LR
Y By FE W) h AR, A AR A 4L R AL B 4 i
%[7,30,39,42,44,59—60,81,105] . E*Eéﬁéﬁﬁ{%% E/‘J ﬁ*& u
L R &t v ] S0 B FIA Jo 2T 24 I ik 4 T g 38 o
PEE S, X R IIX L I REAN R Al BEAT 9 R A5 2k
R IE A R 2 S T RS AU R G
i&%ﬂ$§[39,42,47,59—60] .

KRALK, BR AR 9 55 4w G ==
PR AL N NHL A A K R E ST

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



4286

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

TR, X R AU R
Y HNAEBAWS S THREZ AR AEUE
TR, SRR AR 45 L MU A I O TR, X
AR S5 2 U AR W B A S AR TR Y ) A
T o T AR LA pH S I AR ) [ A
PR M R [ RO P i R B 2R, AR A 0 2
b 2 RO AR ) v R B AR RS A, R
IR AU AN Rk, FESg b T s i e
A B v S I R A AL A AR I T R A
] B PR, TR AR 4 2 U Y K A 5
TR 13 PO R A X AR AS L dUR 52, 45
e B 10 Fh &R AT 2 08 HR 2 4k H B8
TR 25 U I A A, T o3 A1 3 ) ik 3 14
THYAR PR ECE o X at R AR AR N
AL TR B0 LU A T 4 SRR, AR T 3 3 b
(ELAE A X BERT IR AL B A fa BRAE ), AR
B H T JE B9 4 4325 5. JT (operational taxonomic
unit, OTU)7E L PIAE v 25 s A1), X —
SESUFIA 38 2 AR AT AR PN R TR AR S
[ R I RE AT B R AR 5 2k L ) s R
S b, A AUIE AR AR 45 2 iR 2 7R
2 A B S e AR BIDAR ARG, IR — A
B 45 £k MU Y A% S8 AR L A i AT B )T 2 0
P B R HLRIE . CHLER . AL
JE o VR LA B HAt A BLA) Bk B S A A= By
FE5 it 24 n ] 2 ol B AR A 2R U ) R
AT LR AR PN T 260 DR 1) A8 AR AR Ry i
HREE L MU A A (0 G R, ANAT DL L B2 [
R AT AT 4 AR B g, el H ETZR
Ha 2 7 500 04 A2 B ROCR T EL Ay i i R 1 R
[i) 205 A L B AR 2 4 L i AL B AL T IR S
PRI AR . Rk mT DLtk — 28 DA R 5O B 41
AR BE AW OY R, BIZREE L RR
PSRRI, Wl BmhEc T
ML A SR e AT 4 A B R N T3
Y& R

P4 actamicro@im.ac.cn, 7% 010-64807516

5 ATHEMRZAKFHRE
G FAREF LR -% -
DA A0 48 AR R AL 6 B T T Ik
P N7 -

H 2015 ELISK, i 05 AR (an 8 F il
A WIhRIC RN T RE 35S R R P LA K 7 5k DR 20 )
B & J o 7R AR RN 2R G /KT g i A i
YIRS S U0 U W2 A I 2 R A
AR B L T H SRR AN AR R AIEAR
SE LR AR e e T R ) SO B A AR ) 4
TR, A RS AN . B R R S TS A T Bk
(o3 AR AE . AR AL BB BALT, BT AN AR
ghek AUR Y S B R E Y S A Y . ks
Y15 1 £ VA KB 22 18] 19 2 R A B 45
T H RN 42475960161 - g Jp 2k AT
HH 2 H AR B FRIFSE N B IR 9T AR 45 2k UK
Y qnda] 52 AP AR S AR, DA TE A
W AR 3 0 U A A 7= B 9 5 AR AR R A
PR S FGE W BERE LS R, b I R R AR 4 2k
MBOR R . RIS 2 G S Al R
(4 RNA-Seq)! " *>810] D437 F 47 76 FR 45 2k HUJEK
PR R IR AL, A B T8 s R R
TRYLH ML, AR A P B VR il 2 55X
BB . BRI, LA RIEET R RRERK
S (AR 0 A 0 2L o AT X AR 2 4R R e
RIS A T (AR AL L ARG LR A BOR AL
il LA K FE AR Sk A 4 -2 SR -l A= 9 =22 1) ()RR ELAE
FASE R FHALHA T HRA R T 5

TERBE M 5 T, ITAE AT 5% DAR 25 &
AR YL XA P AR PR AR U WA | (R
P PR SMAEYNMHEERN LR, mE
) S LA A 9 20 %o 9 3 A 8 o iz AL i) A 9
P2 A DT T T EEANRESY . 45 5 & PIAR &5
2 R 2 B 3 O R AR A A ) TR VR
P, B A ) 2 R E S PR AR AR 25 28 i AR
(IR, 3] T S S50 8 4T R AL B R ) T



farmkMy %5 | k4R, 2025, 65(10)

4287

M Zou ST R WY, ARTRHE YA
FI8 A R UZE T R AR S 2 sl e AR SRR,
—SEAR PR B RE RS 7 AR BT L B Y, B
SRR S = 1| Kooy 17 1 US4l D 2 S S i
AT BIF ST 3 AR A5 2 AR Tt 3 SRR AR P9 A AR
S5 N BIA P  BE AT e S AR 45 AR U IR e R Ek
A, —Lef Y] fEid i R B SR el I
S G AREELR RGO 1 4247500116
SRINT, A OC TARES L R AR YA ) A= W 21 1Y
5T 4 RE o3 4R AR B MR N AT 20, T 22
W AR RS AR A, InER . A
VA R LA A il 7R BT
SEPR L, SeRiet A AR M G 23 i L K S
RE TR, Ew il R R AR
o B L BCHC A A 25 AL ) 2% B8 a4 i £ H AR A
K, R HIREE LR R e LA S S AR Z A
AR AR 4 DG T B OO
FERY], LAk ERCE R Z . YA ALY
REZHEME I & 1 sy, L il R M
IANRE SRS, el A S R RERE E
P DK b A A A S 4 AR D T e A
07 R AR T AN ZA MR TS At
R X AN [R) AR 5 2k HUIR Qe Am ) ol A 0 B9 F 2 1
BB B, =5 —HNE, Wik= AR
Mo PR =S A MU [R] )R B X A (Rl R 0T 5 45 4
PEAT RGNS — MR RS 255, DRTHE L
B PEESE . B, o TSR] R
T ARG A LA BCR R Ml Y A
PAEIRIE 22 RS2, AN [R50 3 e 24 Hh 0
AR5 2 AR YL i ol A W 45 4 2 A R AR
J5 A R AR — S0 b o
TR A HUR G AR oy — AR AT b, 25
b, RS AREE L dUR Y45 Fy JE AR S5 28
AR BRI B EE LA S B R R A 1 E
R ARG Dy B A 7 58 BB R T BESAR
45 2k R fR e M OC B W A T T RE Y S B A
BRI R UL, (R R ASIE]
(] LK 4 b FORE b 2 i R A 3 18] A AR 25 2 L=

Jefrif M AV R RER A, JUHERTE
IRPEH — RGN BUEY H AL, LIRA
[Fi) £ 99 1 o3 22 ] AR AR PR BIR ] A FH AL
Xt T B AR 45 2 HUR Gem ) o A R AR B e
SRR A -1 SR -2 L LA R R 22 T 4 2 2 A
A2, PRARAR S L o & AL, LA K
ZEFF BRI A SRR ) i R EL AT AR EE A R
AR AN EL

RIS A8 P 5 A A A T 538
H AR VIR S A B, T B2 X AR A 2k
MR Gy i A v A P A HIL A A 2
FRIODFTE o Li SV b X 26 AR A AR W 2 R v
AR AR B TR, AR AR PR 1
AR DA A B85 v 240 B i 2 2 0o A T 22 52 B AL
WA ES RS LR ARAREE) ALEuE +
HH A TR v P 2 2 5 R g R A 5 I 2 T A
K, AR B S8 ) 20 BRIV L5 I R B R A
F UM s ARG T B i HRRIAR 45 ) 1 v
gEd et B 1S, HeE b
Tl AR R NOR PR AR K S . I, X
T i AR A O LA R s 22 N A 2 R ) 0 A
®W, LAUR IS EAIR B Y H R L
FERPTLR ARG T 2R IR LA KL R R
P PSRBT o

AR — 2 X AN ) LR BT AR L duU iR
Qe A A A S AR IS, A B T
Tl A= Wy v AR AR AR IR B D PR R O 25
Wi PER, RITRGE L R G ad e P A% L ik
A= P ae v L LA B BE S Bl A W S A A o B
2R YA AR T A IR AP AR AT
M Bl 3 AT 5T G 2 AR 25 2 e B0 L
VA B A A O AEAR G AR AR BAR D) P A, O
SR IR R PRIt T 7 AL 2 O 9 A 2

AR, VTSR WG A AT Lo i
OrUREE AU R 5 . EERA AN, 2
FHE R IR, (e dEAE Y A K LR
TR R A SR, AR don]
VAT i B AR AR ) 0 R UK AR A ) oA 5 el

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



4288

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

ErE AR B, BF50 kBl ik
7 A I ST ) T ) 2 - BIOCRE L6 ol A W A
WNEE, JHEIE TARZEE B Yt Sk
. REEL AR R A 1 o IS B R ) Jo
s H AN TR )R SRR E AR Y R
i s fe AR SE LR AU R A A, AR S5 2R R
AR R e 2 7 23 5 WA AE WD AR 0 A ) TS s
MRS R BUR U E M, BRTEETEAI AL T4
BB, I E LTI . RRIE R GTR
B2 BV YL A 0 2 45 2 R A Al £
fifi b, gE—B 0PI i BRSO AR
JH X AR AR A= 0 2 0 Il ) e 4 AL ) R 1 B A
R BA MR EE 2 O A W) 2L IE 9 9 B )7 1)
A BT

FURT, X RS 2 U QAR P 1 2 ) A AT 5
TAER 53— AR BRAEAE T XA ) D e [N
Ao TN A AT T AR AR O R . B I 2
JUAFA KA IR A, R AR b 40 p A 2 40
b ]I S AR R Y R AT AR TR
YRR etk f AL 37 23 SRR, DA
e R A 5 el T A AR G . AR
™Y, sE T A RGP B
I 2% i fr) S A SIS 18215202 U R g A B R
BT —LE G IREE L RPTIEAC A D RESE N, X
S0 5L A AT A 2 9 R AR S Gl A W A K 1 4
JRCHE SR AR P X A BT AT, TERE
PRIKF XS R S A= W) D BE 4 2R GEtIE 52 TARA)S
SRAAXT R . X TR R W D RE AR R Z
KR T X B A Wy B A D S8 LR BB
A L2 (0 I P oA, IR A A 2 e A o
FEXT A A2 A6 A A B 1o G Befbmy
KT A R AE AN [ P9 A v b 9 1 BAR ME 5 5
FiT C M AL PN A B A O R XS A A, o X
A4 TR R 2SR A R B . RO
ZE— R A KT PR DAL AR
GIE STy S RV AW RF GO /AR JiS E S N
P2 2 G SR o LA S A R G A 2 58
FBOAYLEGEN, NP LY 6

P4 actamicro@im.ac.cn, 7% 010-64807516

FREFE R, TERERR R R GO 8 s i e
VIR TRe, PR CE YA AR e SR R L
JAEARGE L HUR YL A ) FIRE ) -2 H - A= AR
YER R RE RS, flhn, Li ZWh@d It
T W e B D RE T & Bk RS R . IRAk
RESETE . MHWEUR . RBA g R R DL B
fi] 2 S AR I A0 A R 1 e AR AR &5 13l A=
2 R R AR Tian Z5E0005 i 27 3 R 41 2 0
K, YIRS AR 5T 2 R A O
I RETE M 45 4 HUR YL P R S AR &5 vh R
£ TR EH —BIETREAY2F AN
AR D RE AT RN E B HE , (Hait NS,
Ff HGF 3k Se i A= ) S D RE A0 AR 45 28 HLEoh
DA A3 AE o Age e v i VR FH S 43U o 75
it — D IRABSE

TEMREE L By LY BE T, HED AR
24 2% HLAE WA ) A T i EE B — A B R Y
YIRe i ve A A B e R B T &, 20 T AEREA
K XA - B AR A AR O R
ISR o AR RVF 25 R, MY F A
Y56 AR — A BILAE Y sk D he ke
PR ERATT R, WASLER T A b5 il A= 9 5 0
ZEIPER, T2 Y- e - E 2 RE
AR EAE F 2% i —358 43000 fildn, A=
Y5 5L AR N A W 2 8] 6 FE SR
A A Y S8 A S 2 HUAE B T 0 1 IR B AR
FH LA K A= By ol 550 0 H A7 7 TR) 8 Y 3 AR
JRUCIST R, ok 5 B AE BE A OKSF A 58 4
WIAR 25 2 HUAR G o A v U W B AR Ak S A
Wy-1a A2k L K - W 2 TR B AR
HAEFML, A gh 2 d i SR Ay
AL DW R A N 5 MR 8528 B EUR AR SC I 9
BA DN Sk =9 NS 115 Al = I ST el Al = I S N
RIEA N T A B E B A Y e E , a3 T M
KoM FEAT 5RO WA SRR Y, Il A i
T FINIIE ke B S U B RO I 2 A A .
fin, La 251U i 0 vE RIS IER A T 6 BRAN
WA R A MRS L Z R I AN T A



farmkMy %5 | k4R, 2025, 65(10)

4289

IR, LA A5 B A AR 7 3 T 3 4
BLH ) LR ST A B IR o BT R S R . )
e i A rh BE A 1A 1 AR Bl A 0 2 B 2L
Ban, AE YAl BEE i o WA RE B4 fl 2 ) Tk £
PEA f WUEP A A, (R P A A
AW, SR SR S SO AR HRAR I U o BR
Fay s N A5 1 R AR T A LIS R AR
1] L BT 4% AR 4 A U T S5 SRt A, oK T
At — 22 BT AR 45 2 AR QAR W) e A2 Hh 7 A
Wy By e 2 AL ) B2 X AR S L R, A
AT AR A5 A SR R AR LA R S A SR R )
Il r JE AR /A S FR A 31 A AR AL A S Al
B SO B0 SRl 51 B2 R ) | DA N i R 7/ DD R 1K
AW BRI A AL E T L, TE A A
R LR H A= 5B 1R SRS

ZE EPNR, MREELCRR IR PR A
VIR E 2 YRR, AN IR A Y E
MZER S IRE, bl i ) - 2 A =5
VEM S B R P & e, BRI AR R 4
DRES AN AT R8e k. I, AT AR 45 2 -
PRAED EAERLED | e 0 B By 4 SR, AR A
TR R G0 RIS A 2R N AE SRR, B
ARV AR 2 R B AP A 3 R RE S BRI AL AR
IR S AN 7/ B e o A v S
SEATI R AR B S BTIA SRS, LUER TP
RS AT RS, fESha O AL AR
B hFEBAAO I AR R

1E# TR = A

kit . Zrid SCRRE T, 8B B UOCE;
MEE: BOFERn RS, CRH
) . B BOHR 2 e e

B A 25wk RATF WA

VB2 75 BN AFZEAT 0] ] BB 25 52 M A4S SC iy i
HETEMEMATFEF AN AR ARG
i K FH BioRender.com “F- 522, 45tk iz

P15 2 AR A AE T AR AR (B AGE

FilZ: L. https://biorender.com/license/academic).

S5 3k

(1] AR . R UG T - T R 22 4 T i A9 B K Bk
G [J]. AR R, 2021, 37(7): 1-2.

PENG DL. Plant nematode diseases: serious challenges
to China’s food security[J]. Biotechnology Bulletin,
2021, 37(7): 1-2 (in Chinese).

[2] KARSSEN G, WESEMAEL M, MOENS M. Plant
Nematology[M]. Wallingford: CABI, 2013: 74-108.

[3] Van der PUTTEN WH, COOK R, COSTA S, DAVIES
KG, FARGETTE M, FREITAS H, HOL WHG, KERRY
BR, MAHER N, MATEILLE T, MOENS M, deLa PENA
E, PISKIEWICZ AM, RAEYMAEKERS ADW,
Rodriguez-ECHEVERRIA S, van der WURFF AWG.
Nematode interactions in nature: models for sustainable
control of nematode pests of crop plants[J]. Advances in
Agronomy, 2006, 89: 227-260.

[4] Van den HOOGEN J, GEISEN S, ROUTH D, FERRIS H,
TRAUNSPURGER W, WARDLE DA, de GOEDE
RGM, ADAMS BJ, AHMAD W, ANDRIUZZI WS,
BARDGETT RD, BONKOWSKI M, CAMPOS-
HERRERA R, CARES JE, CARUSO T, de BRITO
CAIXETA L, CHEN XY, COSTA SR, CREAMER R,
MAURO Da CUNHA CASTRO J, et al. Soil nematode
abundance and functional group composition at a global
scale[J]. Nature, 2019, 572(7768): 194-198.

[S] BARROS FMDR, PEDRINHO A, MENDES LW,
FREITAS CCG, ANDREOTE FD. Interactions between
soil bacterial diversity and plant-parasitic nematodes in
soybean  plants[J]. Applied and Environmental
Microbiology, 2022, 88(17): €0096322.

[6] SONG LQ, PING XX, MAO ZC, ZHAO JL, YANG YH,
LI Y, XIE BY, LING J. Variation and stability of
rhizosphere bacterial communities of Cucumis crops in
association with root-knot nematodes infestation[J].
Frontiers in Plant Science, 2023, 14: 1163271.

[71 CAO Y, YANG ZX, YANG DM, LU N, YU SZ, MENG
JY, CHEN XIJ. Tobacco root microbial community
composition significantly associated with root-knot
nematode infections: dynamic changes in microbiota and
growth stage[J]. Frontiers in Microbiology, 2022, 13:
807057.

[8] MOLINARI S, LEONETTI P. Bio-control agents activate
plant immune response and prime susceptible tomato
against root-knot nematodes[J]. PLoS One, 2019, 14(12):
€0213230.

[9] JONES JT, HAEGEMAN A, DANCHIN EGJ, GAUR
HS, HELDER J, JONES MGK, KIKUCHI T,
MANZANILLA-LOPEZ R, PALOMARES-RIUS JE,
WESEMAEL WML, PERRY RN. Top 10 plant-parasitic
nematodes in molecular plant pathology[J]. Molecular
Plant Pathology, 2013, 14(9): 946-961.

[10] 5K 3e ). 7K v 8 5 MR A5 2k du A By B BT IR A BIFIE 5
FH[T. A=At L, 2023(7): 34-36.
ZHANG KQ. Zhang Keqin and the research and

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



4290

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

application of biocontrol fungi resources for root-knot
nematodes[J]. Life World, 2023(7): 34-36 (in Chinese).

[11] TOPALOVIC O, BREDENBRUCH S, SCHLEKER ASS,
HEUER H. Microbes attaching to endoparasitic
phytonematodes in soil trigger plant defense upon root
penetration by the nematode[J]. Frontiers in Plant
Science, 2020, 11: 138.

[12] TRIVEDI P, LEACH JE, TRINGE SG, SA TM, SINGH
BK. Plant-microbiome interactions: from community
assembly to plant health[J]. Nature Reviews
Microbiology, 2020, 18(11): 607-621.

[13] TOJU H, TANAKA Y. Consortia of anti-nematode fungi
and bacteria in the rhizosphere of soybean plants attacked
by root-knot nematodes[J]. Royal Society Open Science,
2019, 6(3): 181693.

[14] MANNAA M, SEO YS. Plants under the attack of allies:
moving towards the plant pathobiome paradigm[J].
Plants, 2021, 10(1): 125.

[15] TOPALOVIC O, ELHADY A, HALLMANN J,
RICHERT-POGGELER KR, HEUER H. Bacteria
isolated from the cuticle of plant-parasitic nematodes
attached to and antagonized the root-knot nematode
Meloidogyne haplalJ]. Scientific Reports, 2019, 9: 11477.

[16] MIGUNOVA VD, SASANELLI N. Bacteria as biocontrol
tool against phytoparasitic nematodes[J]. Plants, 2021,
10(2): 389.

[17] AYAZ M, ZHAO JT, ZHAO W, CHI YK, ALI Q, ALI F,
KHAN AR, YU Q, YU JW, WU WC, QI RD, HUANG
WK. Biocontrol of plant parasitic nematodes by bacteria
and fungi: a multi-omics approach for the exploration of
novel nematicides in sustainable agriculture[J]. Frontiers
in Microbiology, 2024, 15: 1433716.

[18] SHARMA N, KHANNA K, MANHAS RK,
BHARDWAIJ R, OHRI P, ALKAHTANI J, ALWAHIBI
MS, AHMAD P. Insights into the role of Streptomyces
hydrogenans as  the plant growth  promoter,
photosynthetic pigment enhancer and biocontrol agent
against Meloidogyne incognita in Solanum lycopersicum
seedlings[J]. Plants, 2020, 9(9): 1109.

(191 #H 8%, JrfEm, ik, ARIESE, 25, IR aT . =il &

DN PP BEAAE 25 AR W) R A4 ) 22 PR E 5 v 4 L i
JE[I]. WAl Bl2#, 2024, 65(2): 329-334.
HAN X, FANG JL, MENG SK, ZHU XY, LI N, WEN
HH. Application of high-throughput sequencing
technology in the study of microbial diversity of
medicinal plants[J]. Journal of Zhejiang Agricultural
Sciences, 2024, 65(2): 329-334 (in Chinese).

[20] LT JN, YANG WT, LI YT, HAN LJ, L1 GD, ZHANG AL.
Integration of transcriptome, metabolome and high-
throughput amplicon sequencing to compare the
performance of wild and cultivated Psammosilene
tunicoides to rteveal the beneficial plant-microbe
interactions for domestication[J]. Environmental and
Experimental Botany, 2024, 218: 105587.

[21] KUMAISHI K, USUI E, SUZUKI K, KOBORI S, SATO
T, TODA Y, TAKANASHI H, SHINOZAKI S, NODA
M, TAKAKURA A, MATSUMOTO K, YAMASAKI Y,
TSUJIMOTO H, IWATA H, ICHIHASHI Y. High
throughput method of 16S rRNA gene sequencing library

>4 actamicro@im.ac.cn, 7 010-64807516

preparation for plant root microbial community
profiling[J]. Scientific Reports, 2022, 12: 19289.

[22] RAY P, LAKSHMANAN V, LABBE JL, CRAVEN KD.
Microbe to microbiome: a paradigm shift in the
application  of  microorganisms  for  sustainable
agriculture[J]. Frontiers in Microbiology, 2020, 11:
622926.

[23] VINOTHINI K, NAKKEERAN S, SARANYA N, JOTHI
P, PRABU G, PAVITRA K, AFZAL M. Metagenomic
profiling of tomato rhizosphere delineates the diverse
nature of uncultured microbes as influenced by Bacillus
velezensis VBT and Trichoderma koningiopsis TK
towards the suppression of root-knot nematode under
field conditions[J]. 3 Biotech, 2023, 14(1): 2.

[24] GUO JW, MOHAMAD OAA, WANG XL,
EGAMBERDIEVA D, TIAN BY. Editorial: microbiome
associated with plant pathogens, pathogenesis, and their
applications in developing sustainable agriculture[J].
Frontiers in Microbiology, 2024, 15: 1423961.

[25] KRAUSE A, RAMAKUMAR A, BARTELS D,
BATTISTONI F, BEKEL T, BOCH J, BOHM M,
FRIEDRICH F, HUREK T, KRAUSE L, LINKE B,
McHARDY AC, SARKAR A, SCHNEIKER S, ALI
SYED A, THAUER R, VORHOLTER FJ, WEIDNER S,
PUHLER A, REINHOLD-HUREK B, et al. Complete
genome of the mutualistic, N,-fixing grass endophyte
Azoarcus sp. strain BH72[J]. Nature Biotechnology,
2006, 24(11): 1384-1390.

[26] KNIEF C, DELMOTTE N, CHAFFRON S, STARK M,
INNEREBNER G, WASSMANN R, von MERING C,
VORHOLT JA. Metaproteogenomic analysis  of
microbial communities in the phyllosphere and
rhizosphere of rice[J]. The ISME Journal, 2012, 6(7):
1378-1390.

[27] BROWN SD, UTTURKAR SM, KLINGEMAN DM,
JOHNSON CM, MARTIN SL, LAND ML, LU TS,
SCHADT CW, DOKTYCZ MJ, PELLETIER DA.
Twenty-one genome sequences from Pseudomonas
species and 19 genome sequences from diverse bacteria
isolated from the rhizosphere and endosphere of Populus
deltoides[J]. Journal of Bacteriology, 2012, 194(21):
5991-5993.

[28] TRUDGILL DL, BLOK VC. Apomictic, polyphagous
root-knot nematodes: exceptionally successful and
damaging biotrophic root pathogens[J]. Annual Review
of Phytopathology, 2001, 39: 53-77.

[29] MOENS M, PERRY RN, STARR JL. Root-knot
nematodes[M]. Wallingford: CABI, 2009: 1-17.

[30] SIKDER MM, VESTERGARD M, KYNDT T,
KUDJORDIJIE EN, NICOLAISEN M. Phytohormones
selectively affect plant parasitic nematodes associated
with Arabidopsis roots[J]. New Phytologist, 2021,
232(3): 1272-1285.

[31] QU L, DAI K, WANG J, CAO L, RAO ZC, HAN RC.
Microbial landscapes of the rhizosphere soils and roots of
Luffa cylindrica plant associated with Meloidogyne
incognita[J]. Frontiers in Microbiology, 2023, 14:
1168179.

[32] BERG G. Plant-microbe interactions promoting plant



farmkMy %5 | k4R, 2025, 65(10)

4291

[40]

[41]

[44]

growth and health: perspectives for controlled use of
microorganisms in agriculture[J]. Applied Microbiology
and Biotechnology, 2009, 84(1): 11-18.

TURNER TR, JAMES EK, POOLE PS. The plant
microbiome[J]. Genome Biology, 2013, 14(6): 209.
BERENDSEN RL, PIETERSE CMJ, BAKKER PAHM.
The rhizosphere microbiome and plant health[J]. Trends
in Plant Science, 2012, 17(8): 478-486.

MARKALANDA SH, McFADDEN CJ, CASSIDY ST,
WOOD CW. The soil microbiome increases plant
survival and modifies interactions with  root
endosymbionts in the field[J]. Ecology and Evolution,
2022, 12(1): 8283.

BULGARELLI D, SCHLAEPPI K, SPAEPEN S, VER
LOREN van THEMAAT E, SCHULZE-LEFERT P.
Structure and functions of the bacterial microbiota of
plants[J]. Annual Review of Plant Biology, 2013, 64:
807-838.

FENG YH, TIAN BY, XIONG J, LIN GQ, CHENG LJ,
ZHANG T, LIN BL, KE ZH, LI X. Exploring TAA
biosynthesis and plant growth promotion mechanism for
tomato root endophytes with incomplete IAA synthesis
pathways[J]. Chemical and Biological Technologies in
Agriculture, 2024, 11(1): 187.

LUNDBERG DS, LEBEIS SL, PAREDES SH,
YOURSTONE S, GEHRING J, MALFATTI S,
TREMBLAY J, ENGELBREKTSON A, KUNIN V, del
RIO TG, EDGAR RC, EICKHORST T, LEY RE,
HUGENHOLTZ P, TRINGE SG, DANGL JL. Defining
the core Arabidopsis thaliana toot microbiome[J].
Nature, 2012, 488(7409): 86-90.

TIAN BY, CAO Y, ZHANG KQ. Metagenomic insights
into communities, functions of endophytes and their
associates with infection by root-knot nematode,
Meloidogyne incognita, in tomato roots[J]. Scientific
Reports, 2015, 5: 17087.

LEI SN, XU XH, CHENG ZQ, XIONG J, MA RQ,
ZHANG LL, YANG XR, ZHU YX, ZHANG BH, TIAN
BY. Analysis of the community composition and bacterial
diversity of the rhizosphere microbiome across different
plant taxa[J]. MicrobiologyOpen, 2019, 8(6): ¢00762.
CHENG ZQ, LEI SN, LI Y, HUANG W, MA RQ,
XIONG J, ZHANG T, JIN LY, HAQ HU, XU XH, TIAN
BY. Revealing the variation and stability of bacterial
communities in tomato rhizosphere microbiota[J].
Microorganisms, 2020, 8(2): 170.

L1Y, LEI SN, CHENG ZQ, JIN LY, ZHANG T, LIANG
LM, CHENG LJ, ZHANG QY, XU XH, LAN CH, LU
CJ, MO MH, ZHANG KQ, XU JP, TIAN BY. Microbiota
and functional analyses of nitrogen-fixing bacteria in
root-knot nematode parasitism of plants[J]. Microbiome,
2023, 11(1): 48.

GAO M, XIONG C, GAO C, TSUI CKM, WANG MM,
ZHOU X, ZHANG AM, CAIl L. Disease-induced
changes in plant microbiome assembly and functional
adaptation[J]. Microbiome, 2021, 9(1): 187.

WEN T, XIE PH, PENTON CR, HALE L,
THOMASHOW LS, YANG SD, DING ZX, SU YQ,
YUAN J, SHEN QR. Specific metabolites drive the

[47] YERGALIYEV  TM,

deterministic ~ assembly of diseased rhizosphere
microbiome through weakening microbial degradation of
autotoxin[J]. Microbiome, 2022, 10(1): 177.

[45] HACQUARD S, GARRIDO-OTER R, GONZALEZ A,

SPAEPEN S, ACKERMANN G, LEBEIS S, McHARDY
AC, DANGL JL, KNIGHT R, LEY R, SCHULZE-
LEFERT P. Microbiota and host nutrition across plant
and animal kingdoms[J]. Cell Host & Microbe, 2015,
17(5): 603-616.

[46] ZHANG T, XIONG J, TIAN RC, LI Y, ZHANG QY, LI

K, XU XH, LTIANG LM, ZHENG Y, TIAN BY. Effects of
single- and mixed-bacterial inoculation on the
colonization and assembly of endophytic communities in
plant roots[J]. Frontiers in Plant Science, 2022, 13:
928367.

ALEXANDER-SHANI R,
DIMERETS H, PIVONIA S, BIRD DM,
RACHMILEVITCH S, SZITENBERG A. Bacterial
community structure dynamics in Meloidogyne incognita-
infected roots and its role in worm-microbiome
interactions[J]. mSphere, 2020, 5(4): €00306-20.

[48] ENGELBRECHT G, CLAASSENS S, MIENIE CMS,

FOURIE H. Screening of rhizosphere bacteria and
nematode populations associated with soybean roots in
the Mpumalanga highveld of South Africa[J].
Microorganisms, 2021, 9(9): 1813.

[49] ELHADY A, GINE A, TOPALOVIC O, JACQUIOD S,

SORENSEN SJ, SORRIBAS FJ, HEUER H.
Microbiomes associated with infective stages of root-
knot and lesion nematodes in soil[J]. PLoS One, 2017,
12(5): e0177145.

[50] HUANG K, JIANG QP, LIU LH, ZHANG ST, LIU CL,

CHEN HT, DING W, ZHANG YQ. Exploring the key
microbial changes in the rhizosphere that affect the
occurrence of tobacco root-knot nematodes[J]. AMB
Express, 2020, 10(1): 72.

[51] LAMELAS A, DESGARENNES D, LOPEZ-LIMA D,

VILLAIN L, ALONSO-SANCHEZ A, ARTACHO A,
LATORRE A, MOYA A, CARRION G. The bacterial
microbiome of Meloidogyne-based disease complex in
coffee and tomato[J]. Frontiers in Plant Science, 2020,
11: 136.

[52] DENNIS PG, MILLER AJ, HIRSCH PR. Are root

exudates more important than other sources of
rhizodeposits in  structuring rhizosphere bacterial
communities[J]. FEMS Microbiology Ecology, 2010,
72(3): 313-327.

[53] MIGUNOVA VD, TOMASHEVICH NS, KONRAT AN,

LYCHAGINA SV, DUBYAGA VM, D’ ADDABBO T,
SASANELLI N, ASATUROVA AM. Selection of
bacterial strains for control of root-knot disease caused
by Meloidogyne incognita[J]. Microorganisms, 2021,
9(8): 1698.

[54] LIU R, CHEN MF, LIU BL, HUANG KW, MAO ZC, LI

HX, ZHAO JL. A root-knot nematode effector
manipulates the rhizosphere microbiome for establishing
parasitism relationship with hosts[J]. Frontiers in
Microbiology, 2023, 14: 1217863.

[55] SUN XW, ZHANG R, DING MJ, LIU YX, LI L.

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



4292

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Biocontrol of the root-knot nematode Meloidogyne
incognita by a nematicidal bacterium Pseudomonas
simiae  MB751 with cyclic dipeptide[J].  Pest
Management Science, 2021, 77(10): 4365-4374.

TIAN BY, YANG JK, ZHANG KQ. Bacteria used in the
biological control of plant-parasitic nematodes:
populations, mechanisms of action, and future
prospects[J]. FEMS Microbiology Ecology, 2007, 61(2):
197-213.

SAAD AM, SALEM HM, EL-TAHAN AM, EL-
SAADONY MT, ALOTAIBI SS, EL-SHEHAWI AM,
ABD EL-MAGEED TA, TAHA AE, ALKAHTANI MA,
EZZAT AHMED A, SWELUM AA. Biological control:
an effective approach against nematodes using black
pepper plants (Piper nigrum L.)[J]. Saudi Journal of
Biological Sciences, 2022, 29(4): 2047-2055.
PARKHOMCHUK D, BORODINA T,
AMSTISLAVSKIY V, BANARU M, HALLEN L,
KROBITSCH S, LEHRACH H, SOLDATOV A.
Transcriptome analysis by strand-specific sequencing of
complementary DNA[J]. Nucleic Acids Research, 2009,
37(18): el23.

TOPALOVIC O, HUSSAIN M, HEUER H. Plants and
associated soil microbiota cooperatively suppress plant-
parasitic nematodes[J]. Frontiers in Microbiology, 2020,
11:313.

TOPALOVIC o, VESTERGARD M. Can
microorganisms assist the survival and parasitism of
plant-parasitic nematodes[J]. Trends in Parasitology,
2021, 37(11): 947-958.

HALLMANN J, QUADT-HALLMANN A, MILLER
WG, SIKORA RA, LINDOW SE. Endophytic
colonization of plants by the biocontrol agent Rhizobium
etli Gl2 in relation to Meloidogyne incognita
infection[J]. Phytopathology, 2001, 91(4): 415-422.
OLANREWAJU OS, GLICK BR, BABALOLA OO.
Mechanisms of action of plant growth promoting
bacteria[J]. World Journal of Microbiology and
Biotechnology, 2017, 33(11): 197.

TIAN BY, ZHANG CJ, YE Y, WEN JM, WU YM,
WANG HZ, LI HM, CAI SX, CAI WT, CHENG ZQ, LEI
SN, MA RQ, LU CJ, CAO Y, XU XH, ZHANG KQ.
Beneficial traits of bacterial endophytes belonging to the
core communities of the tomato root microbiome[J].
Agriculture, Ecosystems & Environment, 2017, 247:
149-156.

ZHOU QL, LI KM, JUN X, BO L. Role and functions of
beneficial microorganisms in sustainable aquaculture[J].
Bioresource Technology, 2009, 100(16): 3780-3786.
WOOD CW, PILKINGTON BL, VAIDYA P, BIEL C,
STINCHCOMBE JR. Genetic conflict with a parasitic
nematode disrupts the legume-rhizobia mutualism[J].
Evolution Letters, 2018, 2(3): 233-245.
DIAZ-MANZANO FE, AMORA DX, MARTINEZ-
GOMEZ A, MOELBAK L, ESCOBAR C. Biocontrol of
Meloidogyne spp. in Solanum lycopersicum using a dual
combination of Bacillus strains[J]. Frontiers in Plant

>4 actamicro@im.ac.cn, 7 010-64807516

Science, 2023, 13: 1077062.

[67] L1 G, LIU T, WHALEN JK, WEI Z. Nematodes: an
overlooked tiny engineer of plant health[J]. Trends in
Plant Science, 2024, 29(1): 52-63.

[68] YANG JK, TIAN BY, LIANG LM, ZHANG KQ.
Extracellular enzymes and the pathogenesis of
nematophagous fungi[J]. Applied Microbiology and
Biotechnology, 2007, 75(1): 21-31.

[69] LI J, ZOU CG, XU JP, JI XL, NIU XM, YANG JK,
HUANG XW, ZHANG KQ. Molecular mechanisms of
nematode-nematophagous microbe interactions: basis for
biological control of plant-parasitic nematodes[J]. Annual
Review of Phytopathology, 2015, 53: 67-95.

[70] HARKES P, van STEENBRUGGE JJM, van den ELSEN
SJJ, SULEIMAN AKA, de HAAN JJ, HOLTERMAN
MHM, HELDER J. Shifts in the active rhizobiome
paralleling low Meloidogyne chitwoodi densities in fields
under prolonged organic soil management[J]. Frontiers in
Plant Science, 2020, 10: 1697.

[711 ZHOU XK, MA L, YANG ZX, BAO LF, MO MH.

Rhizosphere-associated ~ microbiota  strengthen  the

pathogenicity of Meloidogyne incognita on Arabidopsis

thaliana[J]. Agronomy, 2024, 14(4): 664.

XEH . AP A 2k S AR I U E I SC R (D). )

P RL, 1995, 26(5): 226-228.

LIU ZM. The relationship between plant parasitic

nematodes and other pathogenic microorganisms[J].

Guangxi Agricultural Sciences, 1995, 26(5): 226-228 (in

Chinese).

[73] USMAN M, GULZAR S, WAKIL W, WU SH, PINERO
JC, LESKEY TC, NIXON LJ, OLIVEIRA-HOFMAN C,
TOEWS MD, SHAPIRO-ILAN D. Virulence of
entomopathogenic  fungi to Rhagoletis pomonella
(Diptera: Tephritidae)  and  interactions  with
entomopathogenic nematodes[J]. Journal of Economic
Entomology, 2020, 113(6): 2627-2633.

[74] AHMED W, DAI ZL, LIU Q, MUNIR S, YANG I,
KARUNARATHNA SC, LI SC, ZHANG JH, JI GH,
ZHAO ZX. Microbial cross-talk: dissecting the core
microbiota associated with flue-cured tobacco (Nicotiana
tabacum) plants under healthy and diseased state[J].
Frontiers in Microbiology, 2022, 13: 845310.

[75] KRAMER S, DIBBERN D, MOLL J,
HUENNINGHAUS M, KOLLER R, KRUEGER D,
MARHAN S, URICH T, WUBET T, BONKOWSKI M,
BUSCOT F, LUEDERS T, KANDELER E. Resource
partitioning between bacteria, fungi, and protists in the
detritusphere of an agricultural soil[J]. Frontiers in
Microbiology, 2016, 7: 1524.

[76] ZzZOU P, GUO YZ, DING S, SONG ZW, CUI HY,
ZHANG Y, ZHANG ZJ, CHEN XM. Autotoxicity of
endogenous organic acid stress in two Ganoderma
lucidum cultivars[J]. Molecules, 2022, 27(19): 6734.

[771 ADAMS AS, JORDAN MS, ADAMS SM, SUEN G,
GOODWIN LA, DAVENPORT KW, CURRIE CR,
RAFFA KF. Cellulose-degrading bacteria associated with
the invasive woodwasp Sirex noctilio[J]. The ISME

[72

—



farmkMy %5 | k4R, 2025, 65(10)

4293

(81]

(82]

(83]

(84]

(85]

(87]

(88]

Journal, 2011, 5(8): 1323-1331.

SUDAKARAN S, KOST C, KALTENPOTH M.
Symbiont acquisition and replacement as a source of
ecological innovation[J]. Trends in Microbiology, 2017,
25(5): 375-390.

LU P, SHI HL, TAO JM, JIN JJ, WANG SJ, ZHENG QX,
LIU PP, XIANG BK, CHEN QS, XU YL, LI ZF, TAN J,
CAO PJ. Metagenomic insights into the changes in the
rhizosphere microbial community caused by the root-
knot nematode Meloidogyne incognita in tobacco[J].
Environmental Research, 2023, 216(Pt 4): 114848.
SMITH TE, MORAN NA. Coordination of host and
symbiont gene expression reveals a metabolic tug-of-war
between aphids and BuchneralJ]. Proceedings of the
National Academy of Sciences of the United States of
America, 2020, 117(4): 2113-2121.

PROENCA DN, GRASS G, MORAIS PV. Understanding
pine wilt disease: roles of the pine endophytic bacteria
and of the bacteria carried by the disease-causing
pinewood nematode[J]. MicrobiologyOpen, 2017, 6(2):
e00415.

HUNTER PJ, PETCH GM, CALVO-BADO LA,
PETTITT TR, PARSONS NR, MORGAN JAW,
WHIPPS JM. Differences in microbial activity and
microbial populations of peat associated with suppression
of damping-oft disease caused by Pythium sylvaticum[J].
Applied and Environmental Microbiology, 2006, 72(10):
6452-6460.

JAISWAL AK, ELAD Y, PAUDEL I, GRABER ER,
CYTRYN E, FRENKEL O. Linking the belowground
microbial composition, diversity and activity to soilborne
disease suppression and growth promotion of tomato
amended with biochar[J]. Scientific Reports, 2017, 7:
44382.

RAAIJMAKERS JM, MAZZOLA M. ECOLOGY. Soil
immune responses[J]. Science, 2016, 352(6292):
1392-1393.

van ELSAS JD, GARBEVA P, SALLES J. Effects of
agronomical measures on the microbial diversity of soils
as related to the suppression of soil-borne plant
pathogens[J]. Biodegradation, 2002, 13(1): 29-40.
MENDES LW, TSAI SM, NAVARRETE AA, de
HOLLANDER M, van VEEN JA, KURAMAE EE. Soil-
borne microbiome: linking diversity to function[J].
Microbial Ecology, 2015, 70(1): 255-265.

ELHADY A, ADSS S, HALLMANN J, HEUER H.
Rhizosphere microbiomes modulated by pre-crops
assisted plants in defense against plant-parasitic
nematodes[J]. Frontiers in Microbiology, 2018, 9: 1133.
BAI B, LIU WD, QIU XY, ZHANG J, ZHANG JY, BAI
Y. The root microbiome: community assembly and its
contributions to plant fitness[J]. Journal of Integrative
Plant Biology, 2022, 64(2): 230-243.

FUJIMATSU T, TSUNO Y, OONISHI A, YANO T,
MAEDA H, ENDO K, YAZAKI K, SUGIYAMA A.
O-methylated isoflavones induce nod genes of
Mesorhizobium  ciceri and  pratensein  promotes
nodulation in chickpea[J]. Journal of Agricultural and
Food Chemistry, 2024, 72(33): 18465-18477.

[90] xeheses, J7 L, FE AR, ZE0HIR . MY - IR A WA

[91]

[92]

(93]

[94

[95

[96

[97

[98

[99

[100

]

]

]

]

]

]

—_—

A FH 45Uk T 5 3 J 0], A 400 2 B2 4R, 2023, 59(9):
1657-1664.

YUAN TL, WAN L, TANG WH, JIANG YN. Recent
advances in plant-pathogenic microbe interactions[J].
Plant Physiology Journal, 2023, 59(9): 1657-1664 (in
Chinese).

LEONI C, PIANCONE E, SASANELLI N, BRUNO

GL, MANZARI C, PESOLE G, CECI LR,
VOLPICELLA M. Plant health and rhizosphere
microbiome: effects of the bionematicide

Aphanocladium album in tomato plants infested by
Meloidogyne javanicalJ]. Microorganisms, 2020, 8(12):
1922.

WANG KH, McSORLEY R, GALLAHER RN. Effect
of Crotalaria juncea amendment on squash infected
with Meloidogyne incognita[J]. Journal of Nematology,
2004, 36(3): 290-296.

WANG DW, WANG J, SU P, DAI JP, TAN XQ,
ZHANG DY, LIU Y, CHENG FX. Effects of dazomet
combined with Rhodopsesudomonas palustris PSB-06
on root-knot nematode, Meloidogyne incognita infecting
ginger and soil microorganisms diversity[J]. Frontiers in
Microbiology, 2022, 13: 1021445.

ZHOU DM, FENG H, SCHUELKE T, de SANTIAGO
A, ZHANG QM, ZHANG JF, LUO CP, WEI LH.
Rhizosphere microbiomes from root knot nematode non-
infested plants suppress nematode infection[J].
Microbial Ecology, 2019, 78(2): 470-481.

NORABADI MT, SAHEBANI N, ETEBARIAN HR.
Biological control of root-knot nematode (Meloidogyne
javanica) disease by Pseudomonas  fluorescens
(Chao)[J]. Archives of Phytopathology and Plant
Protection, 2014, 47(5): 615-621.

LUAN L, JIANG YJ, CHENG MH, DINI-ANDREOTE
F, SUL YY, XU QS, GEISEN S, SUN B. Organism body
size structures the soil microbial and nematode
community assembly at a continental and global
scale[J]. Nature Communications, 2020, 11: 6406.

De SOUZA RSC, ARMANHI JSL, ARRUDA P. From
microbiome to traits: designing synthetic microbial
communities for improved crop resiliency[J]. Frontiers
in Plant Science, 2020, 11: 1179.

XU XM, DINESEN C, PIOPPI A, KOVACS AT,
LOZANO-ANDRADE CN. Composing a microbial
symphony: synthetic communities for promoting plant
growth[J]. Trends in Microbiology, 2025, 33(2): S0966-
842X(25)00006-X.

QIAO YZ, WANG ZD, SUN H, GUO HY, SONG Y,
ZHANG H, RUAN Y, XU QC, HUANG QW, SHEN
QR, LING N. Synthetic community derived from
grafted watermelon rhizosphere provides protection for
ungrafted watermelon against Fusarium oxysporum via
microbial synergistic effects[J]. Microbiome, 2024,
12(1): 101.

I, G, XVBG, =8, XTSI Y RE i
SR AT 25 TR R K T ) O D). R RE2Y, 2022,
53(8): 2506-2516.

MU P, JIN Q, LIU ZB, DENG YZ, LIU N. Application

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



4294

HE Yongmei et al. | Acta Microbiologica Sinica, 2025, 65(10)

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

on construction technology of synthetic microbial
communities in field of medicinal plant cultivation[J].
Chinese Traditional and Herbal Drugs, 2022, 53(8):
2506-2516 (in Chinese).

LA SK, LI JF, MA S, LIU XQ, GAO LH, TIAN YQ.
Protective role of native root-associated bacterial
consortium against root-knot nematode infection in
susceptible plants[J]. Nature Communications, 2024,
15: 6723.

LARTEY I, BENUCCI GMN, MARSH TL, BONITO
GM, MELAKEBERHAN H. Characterizing microbial
communities associated with northern root-knot
nematode (Meloidogyne hapla) occurrence and soil
health[J]. Frontiers in Microbiology, 2023, 14: 1267008.

NAROTHAM PRASAD BD, SUBRAMANYAM B,
LAKSHMIPATHI RN, ALI ANSARI R, RIZVI R,
SUMBUL A, MAHMOOD I, SUSHEELAMMA N,
RACHMI CM. Utilization of beneficial microorganisms
in sustainable control of phytonematodes[M]/
Management of Phytonematodes: Recent Advances and
Future Challenges. Singapore: Springer Singapore,
2020: 317-337.

D’ADDABBO T, TAVA A, ARGENTIERI MP, BIAZZI
E, CANDIDO V, AVATO P. Nematicidal potential of
sulla (Hedysarum coronarium L.) against the root-knot
nematode Meloidogyne incognita[J]. Plants, 2022,
11(19): 2550.

LIU WY, ZHANG WQ, CHENG HP, DING YX, YAO
BH, SHANGGUAN ZP, WEI GH, CHEN J. Rhizobia
cystathionine y-lyase-derived H,S  delays nodule
senescence in soybean[J]. Plant Physiology, 2024,
196(4): 2232-2250.

KLEETZ J, MIZZA AS, SHEVYREVA I, WELTER L,
BROCKS C, HEMSCHEMEIER A, AKTAS M,
NARBERHAUS F. Three separate pathways in
Rhizobium leguminosarum maintain phosphatidylcholine
biosynthesis, which is required for symbiotic nitrogen
fixation with clover[J]. Applied and Environmental
Microbiology, 2024, 90(9): €0059024.

CHEN H, ZHENG CY, QIAO YQ, DU SZ, L1 W,
ZHANG XQ, ZHAO Z, CAO CF, ZHANG WI. Long-
term organic and inorganic fertilization alters the
diazotrophic abundance, community structure, and co-
occurrence patterns in a vertisol[J]. Science of The Total
Environment, 2021, 766: 142441.

CHEN J, SHEN WIJ, XU H, LI YD, LUO TS. The
composition  of  nitrogen-fixing  microorganisms
correlates with soil nitrogen content during reforestation:
a comparison between legume and non-legume
plantations[J]. Frontiers in Microbiology, 2019, 10: 508.

FAN KK, WEISENHORN P, GILBERT JA, SHI Y, BAI
Y, CHU HY. Soil pH correlates with the co-occurrence
and assemblage process of diazotrophic communities in
rhizosphere and bulk soils of wheat fields[J]. Soil
Biology and Biochemistry, 2018, 121: 185-192.

I, oK vw B . U0 2 i AR 25 2ty B HCAR I A=
20 TR A 7 440 e R 1] S TR A 2 00 [0, AR 24,
2015, 55(12): 1573-1583.

TIAN BY, ZHANG KQ. Effects of nitrogen sources on
tomato root-knot nematode disease, root endophytic

>4 actamicro@im.ac.cn, 7 010-64807516

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

bacterial community structure and nifH gene[J]. Acta
Microbiologica Sinica, 2015, 55(12): 1573-1583 (in
Chinese).

AKHTAR M, MALIK A. Roles of organic soil
amendments and soil organisms in the biological control
of plant-parasitic nematodes: a review[J]. Bioresource
Technology, 2000, 74(1): 35-47.

OKA Y. Mechanisms of nematode suppression by
organic soil amendments: a review[J]. Applied Soil
Ecology, 2010, 44(2): 101-115.

B SR, EAV Y, 2 TT, EALE, MRAZ it AU A 1
DK R ARG L B e B AR R AR 0], AR
i, 2019, 38(8): 2450-2455.

LU HF, WANG YF, LI GY, WANG JG, LIN S. Effects
of nitrogen application rate and soil sterilization on root
knot nematode infecting tomato roots[J]. Chinese
Journal of Ecology, 2019, 38(8): 2450-2455 (in Chinese).
XMW, 5 S, BXLLER, BRAZ . A= Wy R R L e ] i
X 2 i A AR R AR B 52 R [1]. A4,
2019, 34(2): 198-204.

LIU YN, LU HF, ZHAO YM, LIN S. Effect of biochar
and nitrogen application rate on growth and water-
nitrogen use efficiency of tomato[J]. Acta Agriculturae
Boreali-Sinica, 2019, 34(2): 198-204 (in Chinese).
GIOVANNONI SJ, BRITSCHGI TB, MOYER CL,
FIELD KG. Genetic diversity in sargasso sea
bacterioplankton[J]. Nature, 1990, 345(6270): 60-63.
WARD DM, WELLER R, BATESON MM. 16S rRNA
sequences reveal numerous uncultured microorganisms
in a natural community[J]. Nature, 1990, 345(6270):
63-65.

SULTAN M, SCHULZ MH, RICHARD H, MAGEN A,
KLINGENHOFF A, SCHERF M, SEIFERT M,
BORODINA T, SOLDATOV A, PARKHOMCHUK D,
SCHMIDT D, O’ KEEFFE S, HAAS S, VINGRON M,
LEHRACH H, YASPO ML. A global view of gene
activity and alternative splicing by deep sequencing of
the human transcriptome[J]. Science, 2008, 321(5891):
956-960.

GONG X, QIAO ZH, YAO HF, ZHAO D,
EISENHAUER N, SCHEU S, LIANG C, LIU MQ,
ZHU YG, SUN X. Urbanization simplifies soil
nematode communities and coincides with decreased
ecosystem stability[J]. Soil Biology and Biochemistry,
2024, 190: 109297.

ZHU D, DELGADO-BAQUERIZO M, DING ],
GILLINGS MR, ZHU YG. Trophic level drives the host
microbiome of soil invertebrates at a continental
scale[J]. Microbiome, 2021, 9(1): 189.

MASSON AS, HO BICH H, SIMONIN M, NGUYEN
THI H, CZERNIC P, MOULIN L, BELLAFIORE S.
Deep modifications of the microbiome of rice roots
infected by the parasitic nematode Meloidogyne
graminicola in highly infested fields in Vietnam[J].
FEMS Microbiology Ecology, 2020, 96(7): fiaa099.
FENG ZW, LIANG QH, YAO Q, BAI'Y, ZHU HH. The
role of the rhizobiome recruited by root exudates in
plant disease resistance: current status and future
directions[J].  Environmental = Microbiome, 2024,
19(1): 91.



