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TEE LI R 3 W Rl o b et R R I B T Tt KR N T R AN TR B Y 25 S AR OS5 (Plas-
modiophora brassicae Woronin) R I 7 - V% 1 » 73 M8 B 76 /K R B S8R BT v 1) 3800 1 25 57 SO0 28008 B FE R [R) &5
K 3 P AL A FE S AR Y AR R AR B K DR AL B S I L T K SR B P AT 2 R e . SR EW A
TR BT A R AR R 5 R, HL R B S A AT B R RO B B A6, 4 1L 10° 1101 1107107,
1074 /g WA B Rl 277 B M AR B R R R 4 B R 9. 5196 .19, 88% .44, 31% .63, 65%.76. 00% . ME G H
B AR 0 R R8N 5. 33 %4 .15, 00% .20, 67 % .43, 33% 45,00 % 5 75 A KR 38 % ~ 115 % B JE R | F
K A SR 422 PR s BT U 2 B8 R LR DA A KR D 77 V0 R R AR I R SR R R MR IE R I 5 em
B A RR 9 R IK 20, 43 %0 FEESE I 10 om B A AR R B3R IA 10,23 % 5 FE/K IS E Wi b 43 B A 375. 0 mg/L
B HE WP, 250.0 mg/L BIZHE R WP, 25.0 mg/L BF M SC, 125. 0 mg/L MM SC F 262. 5 mg/L
i) BAS651F SC, H:Bi AR 7 B3k 96.65%0 . 94.19% . 87.93% . 80. 18 % 1 88. 02 %6 , {H JiF FH 771 12t 1) 96l bt e SC

1 BAS651F SC X K HEE AL EMEM.
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AE PR T 4 2 A R 0 LA AT R K B A (R R
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12 RHBEAFEZANGEE

R B B A 7 A TR W A S R
Castlebury 281 [ J7 16 3+ Ry VE BC k.

HU 10 g i AR i 20 40, F G T K Uk 4 s U
A0 mLK K KRR, 4 )20
gL BB B A L 50 mL B0 %, 800 r/min &
> 10 min, FPCVE, W L3, 3 100 r/min &0 15
min, 3 FIER L BOCITHE; I 10 % IR &R 4 20 mL
BIFULHEEY . 3 100 r/min B0 10 min; Al A 50 mL
KA KEIF VLY, 3 100 r/min &0 10 min, M
YEEE 3., BUTIEMA 5 mL Bk, %25, H

3RO 5 A A VR Y PR AL DL E K T
Bl 1054 /mL, 4 CRAER.
1.3 HEEE

AR B Y B KA H A SIS 4
o) LR R T A M 3 B L A - TR A A
b EEETR AT K T R AR R AR R I 5 it
PRZE MAFFHIEE K,
1.4 1R B Y SRR A

P 1 AT IR0 BT 4G I % 3 5 M 7 1 v K
gt ol . 00 7E & P AT, R 12 AN, A
AbFR 30 fk .

x®1 HEEMEFEBKERRIEIEMKLEIEIT"
Table 1 Design for confirmation of water carrying the pathogen
PLg:l e £ 951 Fod oy = BEE
Treatment Crop Substrate Culture style Watering
1 K HZF Chinese cabbage J& % + Humus G K TSB TR E K CW
2 K HZ Chinese cabbage K &5+ SH B IR TSB ToAR i K CW
3 K F13% Chinese cabbage K5+ SH LS R TSB BILC T #ik YCW
KT s S L SN
4 K F13% Chinese cabbage Im)&jﬁ.i?ﬁ@i 1074 /g EGW K TSB TARM K CW
SH with 10° spores/g
5 H 5 Cabbage JE % + Humus B R TSB TCAR R K CW
6 H i Cabbage KE L SH fEGL IR TSB AR K CW
7 I #% Cabbage KW 5+ SH e GE IR TSB ML E K YCW
K # W 1074 e e e . . .
8 i Cabbage KE R LA ER 1001 /g L5 K TSB AR K CW
S H with 10° spores/g
S 9 457 b T 5 A
0 K13 Chinese cabbage KU L SH REFSHUER 10T/ TR A CW
Floating on SW with 10° spores/g
HH v/l 2 Sl 92
10 K HZ Chinese cabbage K &5+ SH R J](’/Eﬂ? AT K T B K CW
Floating on KSW
. i B S 2 J,Bi':‘,".f i
11 K EI3% Chinese cabbage KT FE5E + SH Rl }ﬂii A {Lﬂ‘(h— i TARM K CW
Floating on YCW
12 K HZ Chinese cabbage K &5+ SH AR K5 ToAR i B K CW

Floating on SW

2 e

D1~8: 454 B Traditional nursing; 9~ 12: 2% & i Floatation nursing; SH: Sterilized humus; TSB: Traditional seedling bed;

SW . Sterilized water; KSW: Water collected from a floatation culturing system of Shalang Township, Kunming; YCW: Water col-

lected from a floatation culturing system of Yanshan Township; CW . Clean water without Plasmodiophora brassicae.

1.5 KIZEFNEEEHZEM

B 1 % 114 AR e R 7 B T R A 7 K 8 R R A
B R 20 VR T R B I K RS i R R P A A
HH10°, 101,107 ,10°,107 4> /g, P A 432 Ffr M3 b o5
PRTZKORIES B 4 B 5 23 PO TR
1.6 iREEM

AR 1T AT KX BE s AR ER 2~ 5 43 ok LR i
e AT B P 10,107 ,10°,10° 4 /mL 1Y B &2 52
HERARIEAN (R D, RSk E R 77 %80T,
TEAE R AE K B R DL TZS-1 - 58 K 43I0 A CHfr 71
FEAACAR AT BN W 7= ) W 0 4 8 % K = AR 1k I I
ik AT IO 975 T 78 - B TR VR R FE A 7T V0K iR

17 TEEKEERBEUR

K TZS-1 - 58K 43 0 &2 A3 5 + 18 v i &
K, BibiE+ 5HEPURHEAS G50 % WHNE A, IF
Fie TZS-1 37K 53 D 2 A0 20K, S T 33 s 3 o 1
e LA RS K i 20.30,40.,50,60 g/cm’ £b
FOANAE TR T K o3 o A R Ay A K B
38%.58%.77% .96 % .115%

e K gt AR P L TZS-1 4 338 7K 3 I £ A3 W )
A 98 B K i AR A T B sk D AR 2 ol AR s kb T8 T B
K. TEF H M —563% 1074 /g B9 B 42 A AR
WA TR, KRG 0AEE AR ME L5 cm
F1 10 cm AL FEFR R H SEM T
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1.8 WZEHFTHE

L 8 G 1) s T AL - A2k PR VRO 9 R b K Y TR
HOM 1074y /mL, PR AR R 2550 . fF K SR
A TERAD HEETHE A L, 255 A
U843 A A 2 51 R 2 50 %0 FRUNE e SC CHT T AT J 4
AR 254 BR S T 77 ) L 125, 0 mg/Ls 10 % &R Mk
SCOHT LA R 4 A R A FR A ) 7 ), 25. 0 mg/Ls
75% HWE WPCH & B 1 A W) B TR )
i), 375.0 mg/L; 504 Z W R WPLH A TLH
fedi — ] A B A E D, 2500 0 mg/Ls 53%
BAS651F SC [ B R (tp ED A BRA R ™ 5 1,262, 5
mg/L; UIAHIZG 28 pIRT IR,
19 BAESRRESSHEITHF

Oy Yhn e S B AR R AT Y 5 vk L 4% AL B Y T4
il 40 d J5 TR L 10 SR IT G TR 9 e I e A
R RIS, TR EE 3 K4
R0 2 R I 18 B S AT B IE 5% e e R DPS
AR RS 7. 05 B LSD ¥, Ho & A [A] &b 3 2 Ja]
) 25 5 0

2 ZHRESMH

B 7K 5 1R PR B 2 1

R EE LW fEA P 1.2.5.6.12 T, 3R
IR r BTN AR I TR, DR S R S8 R S AR AR
e AR R AE R IE R (R 2).

*2 FAELERMFENERENRFEREY

Table 2 Disease incidence and disease index of clubroot disease of

21

cruciferous crops after different treatment

Aib 7 RIRH % 9o 155 4 %
Treatment Disease incidence Disease index
1 0. 00 0. 00
2 0. 00 0. 00
3 47.34 b 12.22 b
4 94.52 a 23.35 a
5 0. 00 0. 00
6 0. 00 0. 00
7 12.52 d 2.13 ef
8 20.94 cd 4,30 de
9 43.75 b 8.81 ¢
10 29.57 ¢ 6.30 cd
11 29.64 ¢ 6.05 cd
12 0. 00 0. 00

DAR/NG F 8RR 0. 05 KF2FEECFRRD . The dif-
ferent lowercase letters show significance at 0. 05 level (the

same as following tables).
12 2 TR0, 4 PR Ao T S L ML R A TR
R AR R 38 AR R R G b R P SR R R R

(O, QAL B 4 FOAL PR 8 ¥ N H R 10° /g
SEAL PR HTE O K I3, JE S R O I 4 B0
Bk 23.35 F1 4. 30, N E W Z R B E. AHE 10
11 KA 2 AR Y T 56 R K T B
WRIE TR R K 6 L b, AbEE 3 FAbEE 7 AR LB E
T 3 M K TR K SR H R 2 B Ak Y A AR i
e, R A5 (Rb B 3) ) i 35 & T H i (b3
. AbF3.7.10.11 Y45 R R, 00 L B AR Wb
WIS 2 AT B 3 M 0 T AR K X 4 A AR T
22 KESTHRERENER

TR0 4 S SR I A TR T BRI  Eie R
B SE TR T 0 18 Y BB R a3 i 2
WM, FLEVEE A R s TR
Wit . L 10°.10,10°,10° 1074 /g Fl T 4 43 Al s
0BRSS K B BB AL BIOR 1 SR0 R R )
Wk 9.51% .19, 88% .44. 31 % .63. 65% .76. 00% ,
WG HE Koy A 1. 36,4, 33,12, 19,19. 59,23, 60;
BEEWAHE KA EKREN 5. 33%.15. 00%,
20. 67 % .43. 33 % .45. 00 % » 9 1% 8 £ 53 5l 2k 0. 76,
3.50.4.68.10.19.,12. 00,
23 FHEAKRESEARENXER

R4 R R, AT FOKGEE B3 B e R
IS KR AT R AR I D A T Y
BT N E . 7E BEE T B K & 4 B 10,107,
10° 10" 4~ /mL B, #& Fl 40 d J5 Bk &9 R4 0 0
0.00% . 8.36% . 17.34% . 37.67 % .5 15 48 £ 5 31
H70.00, 1.19, 3.39. 9,27, 7EG& T B /K B 1>
10 AS/mL B9 4 B b, W AT & BB 01 B A Rk .
AT fig S f T R A R R I, R A SRR RO
B g D A
24 tEEKEMFREEGEBEESNZMN

TR0 25 R AR o R A R S R K
RN B 5 K SRR I B B E R (3 3).,
- AR SR AR AR R 5 i TR B R B AR i
R R ZRAERE, EEEHRE S cm 4, £
GARBEEBEBEEREZHMEFETRELNN y=
—0.0392% + 2.964x — 30.575,R*= 0.874 8; +
Bk SWEREZEMEE RN y=
—0.0112*40. 7402 —8. 116 ,R*=0. 887 2, 7EHHES
JRETE 10 em Kb, 458 5 oK 55 R & 2 22 18] 4L
XN y=—0.0182>+1. 4662 —23. 236 ,R* =
0. 664 8; -4 7 /K 5 55 955 1% 5 B0 = 1) 1 £y O R =
K y=—0.0032"+0. 2462 —3. 904 ,R*=0. 612 4,
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Table 3 Soil water content and disease incidence of
clubroot disease of cruciferous crops

R R S EEE R 5 cm HIFR S5 HEEES 10 cm

#KE/%  Distance 5 cm between Distance 10 cm between

Water plant and pathogen plant and pathogen
content
1 Il 1 Il
38 2.23 b 0.33 b 0.00 ¢ 0.00 b
58 9.00 b 1.30 b 0.00 ¢ 0.00 b
77 20.43 a 2.93 a 10.23 a 2.37 a
96 8.07 b 1.13 b 4.17 b 0.87 b
115 4.70 b 0.70 b 0.00 ¢ 0.00 b

D T :&%%F/% Disease incidence; Il -l #5 %L Disease index.

M 3 AT AT, 2 4 3 K i O 3800 LA BRI B
JEB 5 cm I AE R AN 2. 2300, RTESE BN
0.33; fE[FFE T &K MARE BN 10 cm B,
R UL A s B MR . R WAE 38 57K £ 3800, AH B
AR R AAERK 10 e &b SR I T A RE Bl K 3% 30
£ 10 cm &b, Y& RIEKETR 77000 96 o B, BE
B A 5 em M 10 em B9 A BR 5 08 0 . H DL EE B 9

W5 em ARG R E. RIS KER 775,
PHBSE T 5 em MY AH PR & G F 3k 200 4300, BB
10 e W AH Bk & 06 % R 10, 23%, T 85 K&
115 Yo mf A AT BE B 06 T 5 em Ak i RE A 22 06 ELIR 1
B EAR T RS K 58 % ~96 % FRAE Bk, 1 I B
5 TR 10 oo F R AR U)K 97
25 WEHHIRMFEHEENR
ORI 45 LWL 375 me/L WA EH G WP
B 16 SR B i 4 35 96. 65 %0, HAF K IR AE KR BA A
FlEgm s Hyoh 250 me/L 2 HE R WP, Biia s8R
ik 94.19% AR T A AL B 22 IR B E (R O . N
FHZG50 5 B 36 80 Z 08 19 26 & 4 B . R e SC
BRI, 25. 0 mg/L B IR RS BE v 3587, 93 %,
5375.0 mg/LIZH R WP bR R EZER.
A, O SC F1 BAS651F SC Xf Kk [ 38 4 K 5%
Wi A A, 24 50 b B )5 R R 2 1 2B 18 RN BIOR R R
FEK S5 TR I RORUASAE) RE H

F 4 REME 73R PR 59 B 8 SR
Table 4 Control effect of different fungicides on clubroot disease of cruciferous crops
il i/ (me/L) BRTE/ Y s 5 2 B iACR/ %
Fungicides Dose Percentage of diseased root Disease index Control efficiency

Xt g CK - 50.13 a 11.35 a -

‘B ¥ WP Chlorothalonil WP 375.0 2.68b 0.38b 96. 65
Z W R WP Carbendazim WP 250. 0 4.61 b 0.66 b 94.19
S FEM SC Cyazofamid SC 25.0 7.99 b 1.37 b 87.93
JUE M SC Fluazinam SC 125.0 12.85 b 2.25 b 80.18
BAS651F SC 262.5 9.53 b 1.36 b 88.02

3 i B 4% . SEH T 2009 4E R 2010 4E P& T = Eg AL

B ZEZRME Plasmodiophora brassicae 5|
B AR W 0 2% AR o e TR A I LT O
A3 o ARG B L R HE AR 0 KA TR AR 2 iR
fedk ., FERA 20 L RN G IR TP 55
HH AR K BEAR B g AR, 5 3 K Jie — LB E L (H EA
21 TH 20 J s 17 0 & A T AR TR R LA 2 R R )
AT A AR R BE 43 A1, G LT R X AR 2R DR
ARACHE D 1 fe Ay 7 7R H R B B R
N Ut Bl 0 J5T A8 A A AR S A 92 e A4 o
Y IR AL . B MR AL AR Ok B
15 R I M e R B, KO T R R
hEMEENEE B RN, K2 HCE B
() 0 A v L B S U e . XS R T
AN T) s B 3 0] J5 350 A7 1Y) IS T 5 B K R B Ak A1 Y
T A E MK b B G IR A K

ELI S AN B W] T T A DX B 0 S 5 i 1 98 1R UK R
PR HR R R 3 2 A3 b DL B J] 30 3t DX i 2
TOAR i D7 s AE AR R A 2 AR FloRE Y 5% 46 T
ZETT SR 54 4l A A MR b g T 56 s LAk A
FURE I R e A AR I o A T A A TR R
2 BT 20 i BRR T A AR A AR PR A 2R S
WG, BT R OK G T 52 56 5 PR OB R A 0 OB
YR S B R A A AR M o S AR e T
KR e BT T T v Bk 34 R AR i A AR A
E RS R e e S NI R R ATTRER
TR REHEETE . A SRR A AN A B
AR T T 2 M R R TR o o S AL Y P 2 —

AT R KA At 2 AR i T A i Y T R 2
— o TERR A A DX, AN S i B 2 8] E Bk K T2 E
B B R0 3l T EL R R P A R OK TR R R
S o B T8 2 0 Bk BORE AT 5 B S 5% 4 I T A
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PP X Se 75 g 1 At I K PR b K E AR, DA
IR 7 9 TR 1 4 9 5 kAR T AR AR Y
Ko F3—J7TH RN #A w7y =2 8 % W) &
B — R B R B B S A A SR ] )
B JEHE NI B B KR B F A
TR B W W R A R T AR M v A, B
B2 BB R . AR A5 R AR K SR
AR i A o R 32 I R D A 3 g i =, B
DL TR T o A BROK B 8 R0 B TR GE s LA TR
T T o A B PR DR E K 3 RO AR A
.

e KR S A R B O G, AR
SERRWT, HHEF KRR 38 %0 ~ 115 %0 95 B I A Bk
5 em B K AR AR 4 800 5 7 B EE AR AR 10 em L
e 5K mAE 115 Yo i, MIAE MR R & . 2 Fi it g 2%
LY AR R R 77 V0N R I e B L o
M RE S MR B A R IR . 2= M X B AR AE 5 —
10 AT 45 32 W 2%, AR5 A FIAR i B8 19 A5 45
TG EHMETE R WAATEXFIHE, U
16 F PR WA B i 107 A4S/ mL SRR AT EE A O
WiER MR TG B . X e 5E5 T mn, i
A 9 TR A T 1 5 TR A B R T b Y & AR A e T
TEW] & FAR A i b 5 B R85 A SA 6. Ak
5 i 4 A B R B AR 0, T AT K I B Bl I
b, 75 it A DA — i 9 K A5 48R A T 28 4 B R OK
AR T AL BB NI 7 . W AR
DAAS ] TR 12 19 46 B 07 MR Be v il e v, T AR A
TS HFEA TS B0 TR AR T4 11
SIYEG FEERTE B W, DU T R - B ) T =
FEM T K b 67T R T bR ELEE S ) R
=R R IPNIS Py S S Icis R (4 F F L NS B ]
. 25 b TR, 78 [ 4R 3 5T, dn RO TR 599 1 1
o RV AR [] B A 2 b, O 1 S P 1Y AL T B AR
TR B W

A 50 SR 48 R o p A AL B e, SR T AR
A K R T 100% 1 B bR, HE R A HLR
WK RE 1ok, P A B EERZ . K H
() 22 7 BOHR 1 AL S8 0 3 260 [ A 5 & B 1
L B TR AT s T B 10 A5, K SR I R
B 10 em B, J55 5T A IR 7K S A0 V0 A 2 e R Ak 5 G D 1R
A B A AR R Tl 2, R R AR AN, R IAF 10 em
0 BT AT A 42 i s 77, BRAR 2R 0 10 ) S 36 i T J i
U . R R B BRATEE AR, R SRR R YT

JEFE I I8 20 em PAAb . SC T 1 5 K F1 S8 1 [H) #E
BRI IE Z 2 &, B Rr e s A TR R B B

YT IRTEE WA R T A 25, ISR E
b AN AR PO 22— AR X 5 R R A
TR F VI R AR 0 14 B I8 R R AT T A3 AT , 45 R R
375.0 mg/L A WIE WP Biia & R_R 7T ik 96. 65 %,
XL A AR LE R B IR AR 78. 8 iR £
BEAR TR L AB R 22, 7 35 0 RS AR TS R 8, e I
TEA R Tt F Ak A 24 70002 By v AR s £ B 5 47 B
PEE A k.
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Water-mediated dissemination and chemical control of

clubroot disease of cruciferous crops

YU Xiao-kun' WU Yi-xin® MAO Zi-chao®> HE Yue-qiu'?

1. College of Plant Protection ,Yunnan Agricultural University s Kunming 650201,China;
2.College of Agronomy and Biotechnology Yunnan Agricultural University .
Kunming 650201 ,China

Abstract By planting a susceptible Chinese vegetable in the seedling bed irrigated with Plasmodio-
phora brassicae Woronin contaminated water from floatation culturing system (FCS) and inoculated
with the resting spores of the pathogen, the pathogenicity was analyzed in water and soil, the spread
distance of the pathogen and clubroot disease severity in the soil with different water contents and irriga-
ted with different resting spores water was investigated, and chemicals were screened in the FCS for the
disease control. The results showed that FCS inoculated with the pathogen favored the disease spread,
and disease severity was positively related to the inoculum number. Disease incidences were 9. 51 %,
19.88%, 44.31%, 63.65% and 76.00% in FCS and 5.33%, 15.00%, 20.67%, 43.33% and 45.00%
in traditional soil culturing system when 10°, 10", 10°, 10°,10" spores/g were inoculated onto Chinese
cabbage respectively. Chinese cabbage became diseased when it was seeded in the culture substrate with
38%-115% water content, but the culture substrate with 77% water content best benefited the disease.
When the plants growing in the substrate were 5 cm and 10 cm far from the pathogen, the disease inci-
dence were 20. 43% and 10. 23% respectively. The active ingredient of 375. 0 mg/L chlorothalonil WP,
250. 0 mg/L carbendazim WP, 25.0 mg/L cyazofamid SC, 125. 0 mg/L fluazinam SC and 262. 5 mg/L
BAS651F were applied to the FCS, they could control 96. 65%., 94. 19%, 87. 93%, 80. 18% and
88.02% of the disease, respectively, but fluazinam SC and BAS651F inhibited the plant growth when
their concentrations were used in this experiment.

Key words clubroot disease of cruciferous crops; Plasmodiophora brassicae Woronin; dissemina-

tion; chemical control
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