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Research progress in the mechanism of rhizosphere
micro-ecology in regulating the occurrence of clubroot
disease in Chinese cabbage
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Abstract: Chinese cabbage clubroot is a common soil-borne disease caused by Plasmodiophora
brassicae Woron, which mainly damages the roots of Chinese cabbage. Rhizosphere is the most
active key micro-domain of plant-soil-microbiome interaction, and the microbial imbalance in
rhizosphere is a primary factor leading to soil-borne diseases. Deciphering the interaction
mechanism between rhizosphere micro-ecology and soil-borne diseases is beneficial for finding
safe and effective ways for the control of soil-borne diseases by rhizosphere microorganisms,
disease-inhibiting substances, and functional metabolism. This paper introduced the relationship
between rhizosphere micro-ecology and the occurrence of Chinese cabbage clubroot and
expounded the mechanism of rhizosphere microorganisms in regulating the occurrence of
clubroot disease in Chinese cabbage from the harm of the disease, rhizosphere microecology,
and biocontrol strains. This review is expected to provide a theoretical basis for the control of
clubroot disease in Chinese cabbage, improve soil health, and maintain the rhizosphere
microecosystem stability.
Keywords: Chinese cabbage;
microorganisms

clubroot disease; rhizosphere micro-ecology; biocontrol
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The infection cycle of Plasmodiophora brassicae.
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Figure 2 Mechanism of rhizosphere microecology regulating clubroot disease of Chinese cabbage.
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JELAE A R ) I AR O S S0 DR B e Ak
S —5 AT E
3.1 %[FEH

K% & & B HT 5 2 00 b7 16 4% RN
TR o ARSI 35w SRR
Z ML S5 TR T B IA v R4 AR
o K KR ® . K B K % (Trichoderma
longibrachiatum) . %4 K% (Trichoderma viride)
F4 R K 25 (Trichoderma hamatum)#B 42 1+ {4 2L
RS BT B R, W R A
RN PR B B — B2 it 1 1 SRR i &
RYREAL, g m; [, R S
Pt , HEC G AOR B35 5 T b, 1
DG RcR s 51.34%1, B 45" 1 20k
RIGHF T 45 LW, 8 mg/L RLA/KIN LI 3 d
Je, PR R B R A B - RN 1 SR Rh - R
TH DB s 48 ) 2 SR IR, X AR i 1) B
RN 91.71%, FFfli =R EE N 41.83%. A
Jiti FH S X AR 5 UAE T SRR PR A W v b A
TR L R A = 2 R 2R, AR o 4
ik T 45.40% (P<0.05), MR E] 63.00%! 4,
2o (0, R B T 1 SRR e TR AR IR A A 1 K R R
25.30%, FFAEIRE S0 8 1 SRR b R 4 A
WL 56.70%!1%61,
3.2 HEFFAE

BTN RS A R 2 . B A, AE
FRYEI ™, 7636 B A AT B o 9 A= 2 7
s, SHEWE BV R . WARER -5 h
AR R ZHEB AR, AR T HAE LT
FEFH , FHPIAR PR A B (plant growth promoting
rhizobacteria, PGPR)EAE JE A8 ) A= 4 A0 400 i1 5
SRS T A G A 22, H v ZE AT TR AN R S
BRI 7E B LA s R Az P s, H
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[E] 5514 T A= P e PR R 2EF61FF 7 (Bacillus subilis)
B — B G it B SR AR i e s B A AR
FrERE S [FIRHA BE s AL S,
B i I SOR .  E T i, BRI B
45.84%, £ FHICHERE RAREE A, ~FRIBIARCR AT
ik 73.84%", WFIREM, ANELZEAUAT R NCD-2
Tk 2 6 B AR o 1 s 6 AR R Ay
TIREAR 47.70%F1 51.60%, X 7] RE K gkl vE 2§
FRFFER NCD-2 77 A= B A =F I 3 AE A
PSR i IR AR i o3 v A e B/ )
T3 — TS E S, 7RIS AR AR AT,
MR ZERIAF B XF-1 77 A 0 3 B 28— 7 THI 3 3
TR IR SR I BRI  AA E FET, AR
B KK 83.90% (P<0.05); —J5 i, i
1 5 ] TR R /K A% TR {5 5 38 % 1 5 T A 0 7 A 95
WU ARG AT AE R, IR 2R AT
(Bacillus cereus) MZ-12 X [ 3 M3 i i (0 PR IR A
T RATRIER, TSR R 73.40%, [RlETH,
A P SRR SR R T s L 64.00%7, LAk,
FE— I R, it P T v 1 {1
REAT RO D A2 K 11 SAR b 1 ™ B R, (ELX
BEWAS 0 - LR
3.3 £BH%E

A= B TR TR g 7™ A B TR 40 BT R A4 L 2R
SERBIPURAER, AERETR AR TR T A2 B
JEEA, o R AT 5 o B0 A Rk
PrAE R, T LAEA YR IR 5 T B
%, @A R R, WO R SP12 M%
TOIECAE RS TR D74 ] S 25 B AR s 1) &0 23 559
TEFEEL, KRR 50.0%F01 41.7%, FitEdE
BT BIFEAR 20.3%F1 19.4%M0 ) F s 25 MU 1
R bR £ b o B B B bR K 4 R R
(Sreptomyces griseoruber) A316 MEEE T AlO,
T2 PR TR AR OGT 1 SRR oA 1) 2 PN K B a0y o
72.80%7F1 67.20% , 1M1 K HH /)N X G 56 H B AR T

ik 68.50%F1 56.70% , H. 7T 43 51l fifi 1 3 Bz [ A
PRI 96.10%F1 64.90% . 55— I H 7] 12 36 3¢
B, Jti 0 E 15 % XY25T Al DLGEfi + e
fb, WmtEENURMA . B, MEsE, i
WaGR L AL TR A S A SR R R
e FEAEAERKERT, A0E 2R SR
JE T, B 2R R, X SR AR
B3R 69.4%, EF] T 2 p il fE .,
34 EEEAR

T B ) FH B — A B B A AR PR B A T X
FISEAR B 1A — e ROR , (HU N P 3 S2brA:
P ARMES B UACR, FIRE G TE RBIA 3
ML i S A% . Zhang %5057 [ ja) iR 56 vh
DAL T A B AN B E R B — TR R | R 1B N E A
F DR DB TR 1 32 i RUAR s (1) 5 i,
LRI R, BUAE AT T8 (Lysobacter  antibioticus)
13-6 . LA FT 6 (Lysobacter capsici) ZST1-2 il
AR ZE AT 1 (Bacillus cereus) BT-23 2H i) B
BEAL IR (30 B it AL Y
FEHEIN, B X BRZH SN 146.50% , AR e
R 65.78%, A= A —jit AL HZH 43 B3
15.55% . 7.09%F1 31.59%; HLAHHF B 13-6 Al
RN BT-23 J& 7152 A BRI b HA 30 2
S T At AL BRA, MR Bk
58.32%, P BL— it AL IR 43 IS AN 8.09%
il 24.13%; EHABITE 13-6 FIBAE T #
ZST1-2 JENE &R FIALBRL (137 B S5 4 B
— i A B A 24 U0 R 2 25 5, AR e B ALk
45.54%, B it AL FRZE 23 I FEAIE 4.69%
F113.15%. SR 55— 500 HH [RIH6 W A B, s A
B FIA B ZF AT T 5 TR TR AR i i 1 B 580y
40.17%, FW5 Bt 43I BEAIK 4.00% 1 0.17%),

—URFR RN, BT e I RN
FE R A2 2k, AU P AR B R AN e 7 A A
IBTIRRCR o SR, M4k e B B ik 5 E HUIE |
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A WA HLUIE RN A W) B o Bk 1 s, 2R Bl iR
ROR AT I, g S FE OB R,
HEZEF S, AR S R RSB . AR 21
FF TR 45 G i 1 2 25 AR S g i 56, 42
SR, BRI R 73.84%, BE
T it VTR R T i A W A R i
R 1 FH TE]/INDCAIE S, 2R R ARl o 2 LA
B R TE RS 2 /AT 1 (Bacillus amyloliquefaciens)
S5 B APUIEHE T, X AR e Y & A | s
Fow B B ER], AR ZE A A HLUIE AL
HEIBTIARORIE 81.52%, fIE b 2 AUFT B+ L
NE LD F A B VR R IE B 75.00%, FSRA ) a5t
MG &R EHRm, W IEEN 10%-30%.

25 L RTIR B LR B TR TE AR A8 B PR 451
X EESRAR M BT TR — e ROR , SR R G TR
ATl FHOXF P SR R g %) o7 A5 B it B A Y 2 4
Tt A R & 38 ARt 85 2R 1 S XL AT B2 AN [
Ae B B 2 TR A R e A FOM B AP R o
I, A2 B TR 8 N A2 5 T R0 1 SR i 1) 97 48T
REI AT Z MBS B R MR, J8 R 2 G W &R
XoF 1 SR s 1) B 4 000 R R BB AT =z Al ) B A
AR SO BSOS R MG INsREA% . 75 4h, £
S A PUIE A= 0A HLIE RN A= 9 5t e B (o FH
B VAR AT S 2 G, 3 AT GRS R R A e
AHUIE A= 1A HUIE B B I i A P A+ 38 5% 4
EF) TIHATVERT, A B TR A B Y S O A
KHAELA, TR MR ARG, A%
2 LR BT A T BRI T AR B A A ke B ) 3
G, BFAARIGAEITERR PR & 986 AN R A= 2500 .
SR, SULAE WA T o] 52 e S ool 11 Jre AT s oA
H, T IRA

4 RZ

AL B R AR S IR R G EAR

HMZEG R, WA EHEWRIE Z R
AL B AR R | R A R A A
R B AR AL, XS AR AR B S . 2R [R]
VER, FeZPB AR E 1 L AU AR
SE T FAERHEY) A SR )
21181675 7T NN 1 = L AN 7/ L =0 1 71 O
ISR b 1) 2%t B Pt EL PR P it A 24
S I Y I 5 DR A AR LT, BRI 38 U
o LRI WIBG .

A7 i e I AR I — R R I
WA IR, TR YRR TE R R ) - S )
S YAER. RNy, TIERMCEY 2R . AL
) RE S 4E R K AR S R GV A AR 4+
e FERRKWELERNR, HYAREE A
[F) Gl A= P R A L, X S A W T S L
AHEAE FATEZE R S0A P ARV () RS P AR ) fit
B HEE CHAEH . MY . HIEMBEYZ
[ A EAE AR R 2%, X B bR TP B AR
[ (2 3 1 1 . R ESh S AT AR RE 11,
iR, IR PR A . IR
X 2R 1 2 A AR PR A: W) Z 4 A8 Ab 2 S 30
#49% (R. solanacearum) . 22 12 J% (Phytophthora
nicotianae) fl 4 25 % (Fusarium vascular)%§ +1%
) e A B R, DA A,
IR . RIS A R, AR TR &R 1
AR . R SRS RGN IR EN,
GG . R VEEIH S 2 i T Y B
WG, KAl RRE A 3 PR R 2 R I A W TR R
Xt A E AR A R P AR
M b 9 149 B 96 AN 8 VA PR T B — A A 7 B L TR
KB, X BTG AR T A B AR ) HE VR X 2
il B ILIS ER p  DL P A B FAR B 41 B 2K
B fE 3R 5 M A W) 5 3R 7 (biological control
agents, BCAs)#ATAYI PG, J Al frgifl i
T ERIPLEP,
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HHT, A3 56 (I SRAR M B I M A58 SOk
Z, B ZE P E R . A IERE
FRGEAE . Sk K. it A= 9 B 590 A AR A Pl
NE . KR EHOR SR, H 3 X R i
Xt 11 38 7 AR 5 )7 93 5 SR 1) 5% )y T A 7
TERUNIESE . ASBFSE B BA I N P U &
FESE, AR 3R 2R S 2 e AT T 4
SEVENY, A4S T M2 Rl SR 80 T,
SHCH R A Tl 5 5 DT AR s EL AT e T o
WL AR S T, A BB BAR I R
[Fi) 288 78 1 S 30 A R I FH T DR g 1 358 3 i
WH, HE T CRAZREEAMR) U, Xt
BN E MG SRR I 0 B T6 5 T AR N R
Mo SR, IR . T8 EAEY M RRUE Y
[E1) %) R B AR P 4 2 o 5 o 114 A N
JEWMELRY o MR RO L AR A N R A
o AR R R I S S B 1 B A sCR T |
e AN [ (A AR R i A R B A 7 A Z2 R 1 4
WY, A BT AR R R E, b
W EUESE, MR R I YIE A - P
() AR RE A M AR B B R4 S5 s ik
Yy, BARBRTE . A 25 G Y AR 2R A I TERR
FRA AR PRI OC R B AT ARNTERE, AR
RO PSR RS ) 4 T VR, )
SIS A R VE R, DA E SR
(R R A 3o A E 2 DL DR AP 11 SRR i 46
AR T E—05E

ARSI SEAR M 1) 155 L kAR AR Bk
AEASHLE K A B T B iR A A T T 2R3 [
I, R — S5 E P 0 L (1) 40
TS 55 P SEAR MR A DSR40 TR . 9 A TR RTAR
BRANER , I FH X e A= 5 B 7 AR PR FIAR 4 35 0 L
A R S RS B RE R B R R E 5 (2) £
Pl M BB N S B S A HMUIE . 9
A HUAE N AR ) 5 e 55 1 T A e FH AT DA B 1 JF

Ke— AW A MG, EAMRPRG A
Yo, Pl FL SR o 5 (3) 7E BRI |
AR . L RBCTT . 555 T A
RABIIE, M A PR Tk Az B T 1A 7 2
Wi, PR ILAEINASCR . 75h, BA
A BT 0 0 B R — I g BFER R T, (HRE
F AR A= D B I 75 LR O T8 i 2t — 2
AITSE: (1) Ed s | Z RN AR
WA 2 MR B A 2 S BOR SO N Z3 5 R 45 5%
RO MR R WUEY - LIE-AE Y R A S
R (2) Buk& M MRPRBUEYH R R RER
R SR 5 (3) 2R X LE AR My il
PSRRI BRI B PLI 5 (4) FESCIR A TF A
SR AZ B TP SE  MARAR . RRE AL 1B
T AR = (A 257 5 (5) 4 HE ) 1 S AR
i A B AR B IR T i o 2 SR BB 3 SR
FEES G B AL | 00 7 2 At B 3 Fi i
FRA AT LAFEAS B A S2 BT 11 SRR M 1) 45
VEX/bip R
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