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Distribution and pathotype of Plasmodiophora brassicae in Sichuan and cultivar
resistance evaluation

Peng Yulong Huang Yun' Yang Hui
(College of Agriculture, Sichuan Agricultural University, Chengdu 611130, Sichuan Province, China)

Abstract: In order to investigate the distribution, pathotypes of Plasmodiophora brassicae in Sichuan
and cultivar resistance, the clubroot distribution was surveyed in the plant protection stations of each
county of Sichuan from 2014 to 2016. Williams system was used to identify the pathotypes of 22 P,
brassicae populations collected from different infested fields in Sichuan, 18 of which were selected to
evaluate clubroot resistance on nine normal cruciferous cultivars in the greenhouse. The results showed
that clubroots occurred in 89 counties of 19 cities in Sichuan, accounting for 50% of counties surveyed.
These counties were classified as extreme, high, moderate, low, limited clubroot distribution density and
no clubroot distribution, with 23, 7, 11, 16, 32 and 0 counties felling into each category. Eleven out of
89 counties had a relatively long disease history. Moreover, most counties with extreme and high club-
root distribution density or relatively long disease history were relatively concentrated geographically.
Pathotype 2, 4, 7 and 11 were identified in 22 populations. Pathotype 4 constituted for 77%, indicating
that it was the dominant pathotype in Sichuan. Geographical distribution of the pathotypes was ob-
served obviously in Sichuan. Resistance evaluation concluded that all the cultivars tested showed sus-
ceptible reactions to most of the populations tested, and 73% of the host-population combinations had a
disease index higher than (or equal to) 75.
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R Jib o 2 1 24 T AE R E P A 7 it v
2 2 ZE R E Plasmodiophora brassicae 5|
i, LSRR AR A MRAR R AR R, BH A5 25 X
TKA R FR ) WU (Hwang et al.,2012) . FA4E
F(1962) 1 U IE MR 2 DU )1 8 7 kA (AR
WL . AR AN (1990) Fl 3 kL (1995 ) B
FRAE TR e X B T AU 2 T AR BB S A
SfEE . P4 b EEE A0 X i E
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TE B FNER RO i AR T 7 4 R e v — I
k8 A RO BT EREE AZ R 3 . F T AR A7
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liams % 544 2 (Williams, 1966 ) F1 R Y AR [ 4 1]
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R o A BNFR R AT T %80, BRI 45 A B/ NR
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45(2013) 223 245 (2013) FIRFSE (2016) T 45
SR, DU R TR A HA& FA M B e b
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AR - Williams %50 25 3220 2 e 8 H i
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FRIE 0% A AR 5 1 9, 7B D /MR (/D1 1/3
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TR E=Y (5 BIRRBO AR EAE) > 100/ (F 2 £
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%1 Williams £ 32/NHLEFER R
Table 1 Williams pathotype identification system

SR HE VPP Pathotype
Differential host 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Jersey Queen + + + + - + - - + — — — — _
Badger Shipper -+ -+ = + - -  + o+ + o+ o+ -
Laurentian + + + + - - - + + - + + _ —
Wilhelmsburger + - - + - - - - 4+ + + -+ -

+ RSB SN 5 — FRRHUR R

Ll + FAAE Y S AT S IR
F IR 122 97T E N TR, 0 9 Fb
M+ FARMEY 75 £ (SRR LA ZEERH
W R 2 AN R LR AN TR R 20
18 KR A RE AT &, — A 162 N E AR

1.2.3

+ refers to susceptible reaction; — refers to resistant reaction.

A, Hod 3G TR PR, IR A RE A B /D Bk
RIS A FRATEE . FRATELE Y 159 Ak
HAEH A TR 18 EAEH G VH A AR BN 12 20 #
(13~19¥F) , Higx 141 125 3 4 20 BRAF MR . 4=
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2014—2016 4EJEAF 25 S s, AR 43 A T DY
JIAE 19T () FEER) 89 ANH-(IX (1) , & ALk
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g LG 5 S8 AN B (X T ) o Dy Bl 5 5 20 4~ B
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Table 2 Clubroot occurrence and distribution in Sichuan Province from 2014 to 2016

I R 4 A7 2 B 2 20 LS
ALK ZARiE= Clubroot distribution density scale Disease history type
Distibution "R ho R e XKL BUERL UL
County Extreme High  Moderate Low  Limited Re%e(t)trll\éely Re;a}llté\;tely Ifggﬁ?:&g
Fa 4L Aba 5 0 1 1 0 3 0 3 2
L+ Bazhong 0 0 0 1 1 0 1 1
F#S Chengdu 14 8 1 3 2 0 5 8 1
7 [H Deyang 5 3 2 0 0 0 0 3 2
%1 Dazhou 2 0 0 0 0 2 0 1 1
] ‘% Guangan 1 0 0 0 0 1 0 1 0
gga‘; eyuan 2 0 0 1 0 1 0 2 0
B Ganzi 9 1 0 2 1 5 1 7 1
SRl Leshan 6 2 1 0 0 3 1 3 2
fi"a”;gshan 12 2 1 2 4 3 0 10 2
¥ M Luzhou 2 0 0 0 1 1 0 2 0
JE 111 Meishan 5 5 0 0 0 0 1 3 1
44 FH Mianyang 8 0 0 1 2 5 0 8 0
ML Neijiang 1 0 0 0 0 1 0 0 1
%ﬁﬁua 3 0 0 0 1 2 0 3 0
27 Suining 1 0 0 0 0 1 0 1 0
M2 Ya’an 7 2 1 0 4 0 3 1 3
‘H IE Yibin 3 0 0 1 0 2 0 1 2
B Ziyang 1 0 0 0 0 1 0 0 1
41t Total 89 23 7 11 16 32 11 58 20

2.2 ABINFHETE

YRR BN AR 22 MR R AETE 248
5 H W %) 7F 3 Laurentian Fl1 Wilhelmsburger [ 45
WY A BOR P22 S o UM AR LX KD-X 2 XC X
X 2S00 FF TR IASE R AR P HE KD-L
XF Wilhelmsburger & ¥ AN 2% F1{H %F Laurentian £ &
PRAE R, T AR 18 AR M AR XT3 2 A~ 4 51 27
TR R E RN o BRI B SF X Jer-
sey Queen FEIA L AN A1, HoAx 21 A AR M R A
XF 2 AN GE R W %00 25 = 2 R B I Bk
MRHEAEIX 44500 3F F L IHTRIN 8 22 AR i

BRES S S Williams 25 45 7 5H1 11 5 443
ANF G HiH 77 % R e R A B S A Sy 45 AR BRI
T, BT 7 L5 A s FL U 75 A BN R o 3R
I B RE Y 14% 5 T A3 19 2 5 F 115 2 A BN R
A3 R TR B (3R 3) o XTERANER R B X 2 4>
FETE H W S8 5 2 RN AN 4 AR P B RE LX
KD-X . XC FI KD-L ¥R 4 [ DU 1148 7 1A g 1 5%
R BRI TR 2 A TEH H i A S AR I B 3K
P 18 AR B RE R AR I A Py 3BT, 2
HE I S 4 A B VR b e A A 22 5 (R 3)
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Fig. 1 Clubroot occurrence and distribution map in Sichuan Province from 2014 to 2016
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Table 3 Pathotype identification results of the 22 Plasmodiophora brassicae populations in Sichuan Province

AR PR R RE Y75 EWIEFEEL Disease index of the differential hosts N2 g
P. brassicae population Wilhelmsburger Laurentian Badger Shipper Jersey Queen Pathotype
KD-L 1.7 49.2 82.5 933 2
DP 65.1 354 52.6 35.2 4
D-X 81.7 91.7 60.4 65.0 4
DY 82.7 69.2 71.4 514 4
GH 84.0 85.0 71.5 37.0 4
LJ 50.0 71.3 62.4 66.4 4
LQ 63.3 95.0 80.4 73.3 4
PX-E 79.0 53.3 353 25.0 4
PX-H 70.0 86.2 43.5 48.3 4
PX-Q 38.1 81.2 554 69.3 4
PZ 50.0 85.0 85.0 92.1 4
QL 36.5 58.3 70.7 84.7 4
SL 58.3 84.7 44.8 44.2 4
SM 35.0 63.3 61.7 95.6 4
ST 76.7 73.3 68.3 66.7 4
WJ 73.3 90.0 85.0 74.4 4
XD 89.2 93.3 82.9 90.8 4
7T 65.6 84.8 80.6 65.3 4
LX 0.8 4.2 72.5 60.3 7
KD-X 0.8 2.1 77.1 83.3 7
XC 0.0 0.0 43.9 90.8 7
SF 54.6 66.6 67.8 0.0 11

23 mMHEIT SR
9 A BEMLE HR Py T 5 33 - AR R Rl i ) PUPEPAG A5 SRR, BirA (i o ox 26 R 22 A itk
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M AR R BB . Fra (R 159 /425 9w
JE B HEAEAL A TP R A 19 50K SRR I A
PZ FE 800 S A SE AN R Ab , Higy 158 IR

VR A 359 0 25 AR E (11.7<37 1% 46 £<100) , Hop
73% B HARLL 5 B IR B R T 8055 T 75, R 31
e B P (R 4)

x4 W& IMEE+FRIMEY RMRMARTIETHLER

Table 4 Clubroot resistance evaluation results of nine normal cruciferous cultivars in Sichuan Province

I 1l #6841 Disease index

HRI R . o | TRDT R

P. brassicae s s Jo i I K INEER

population Zfotff':ang L5 Qijfgﬁun Lia%ﬁqing thde:ng 'IEI 7 /i\@ﬁi Niup ail9 Hugngj in

Deyou 5 Xiyuan4 Gaolijinwawa  Chinese Chinese

cabbage cabbage
KD-L 80.0 41.7 100.0 100.0 100.0 83.3 - 70.0 91.7
D-X 83.3 50.0 83.3 100.0 95.0 66.7 91.7 83.3 96.7
DY 91.7 85.0 78.3 95.0 100.0 36.7 96.7 76.5 96.7
GH 100.0 933 91.7 98.3 95.0 80.0 98.0 91.2 95.0
LJ 93.3 60.0 91.7 93.3 91.7 68.3 80.0 90.0 96.7
LQ 100.0 93.3 96.7 96.7 98.3 81.7 84.6 - 98.3
PX-H 81.7 66.7 91.7 93.3 95.0 68.3 100.0 28.3 100.0
PZ 86.7 30.0 95.0 100.0 85.0 55.0 76.7 35 83.3
QL 78.3 15.0 88.3 96.7 81.7 76.7 91.7 71.9 88.3
SL 96.7 85.0 90.0 95.0 96.7 933 88.2 933 95.0
SM 61.7 31.7 31.7 81.7 63.3 70.0 88.3 56.7 55.0
ST 98.3 93.3 60.0 96.7 933 95.0 88.9 82.2 98.3
Wi 83.3 85.0 100.0 95.0 91.7 61.7 100.0 63.3 100.0
XD 31.7 30.0 60.0 95.0 75.0 85.0 68.3 60.8 70.0
ZT 58.3 40.0 81.7 100.0 71.7 51.7 65.0 100.0 75.0
LX 70.0 11.7 86.7 93.3 75.0 70.0 93.8 96.7 86.7
KD-X 73.3 16.7 96.7 100.0 100.0 93.3 90.0 66.7 96.7
SF 90.0 95.0 96.7 96.7 100.0 96.3 — 53.3 100.0

= NPCYETEAL R A REA RS D s R 54 T1008 . — refers to combinations without enough seedlings to investigate during

the resistance evaluation or untested combinations.
3 itig

ARUIAFEE R o, U BR R e A st
Z b AR 19 T O 54 AR B A, 800 A B
(DX DL A S0 50% , BB H FiH I 7E
VU A E R o ARk s L (X i) 47 584
PYIEAE 2000 4F 2 5 A OO BUR M . X AT RES
AT+ 224 R - RRA IR DL KR AR A
BA R (EVEAE,2011) o TR B, KR
et P e HE A B (DX ) LB s B (X ) 2
A EFART B 3k — 07 T B X — 28 B (X T17)
AR AR 2 B A AT RE -5 A 1 R0 S AT
K, T —I7 I, TG XF 2 8 (X D AZ
TR SR TR AT I TP DR T 2 )
GRUE /K 25 ) (AR VT HERE /K 22 ) T RER 32 X AR
iR e 2 B ) S AR A BIDIRAES 31 FE A T, AR
TEMEK ZR BEREAT ORI PR S BUAR A TR 7R A 4T 1]
(L RE 25 /446 (Chai et al. ,2014)

AR ALEEE 245 45 TSN 5 4R

ANF, I 2 A5 A L INRRZE DU 48 T R OB A
T35, 77% TR 8 2 Ty 45 AR BRIV T E]
H T2 A BN AE U4 e TS AE BN, 58
22 48 10 45 A — 50 (Chai et al., 20145 B i 45
2016) . HATE N K ZE08 (0 i i r A8 3542 210N
Fi341 4 45 (Chai et al.,2014) , 47 [E ] & R TAER
DI R PL 45BN A = S8, A BN
Fofr S v 8 5 G s T A S g A B N O IS o A 25 5
Fa A Lot e B X () A BN (2 5 1 745 ) A
X Z s PR 3 T A B NFR (45 R 11 45)
T, B B = 6 e A R A B, ST
NG4S R AL (229655 ,2012; Chai et al.,2014;
PRifhaE,2016) o P4 S v B 2 =™ X, (5
Fa b A v L s DX AN DU A TS A 3™
X, XSl X P 22 B (X i) 2Rl AR
Ko 1M A Hb PR IR T 4 R 22 85 A L (I T ) TR
AR R . ShaF =24
JEFEH W ATH W RS R R AP R AR R AR R S
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SRR, P I T A B A B A B INFRE DU 1 48 22
SIS A T RE S A B E R A R, A E
(I35 R AT RE 25 S B0 B b X AR ik B 5+ B
Jor H g %5 ar FEBURPERELL . Strelkov et al.
(2006) #1 Donald et al. (2006 ) 75 %} 11 4 K Fi A F]
STV A A B INF AT 4 BT ER BRI L
R VLI HERE (2009) KX 4755 (2013 ) ZE XS K IHIFL
L A SR IR S SRR 0 AR J b X A T2 B Vb 4
ERH LR T 14K A X Wilhelmsburger fik
Z BURPEAL , AR THARE N 2 4N JE75 H 5 % 5] 28 321
A SR B0, B 37 327 B[R] X6 AR e 7 24 B/ NFp e £
YEFI S 24tk

JUEHTHEIEAS b AR 10 18 AR I B R 1 3 Ok
VEANTA] , LS8 A 4 AN [R] 4 A B/INFP (H 9
W - FAERME ) SR 4 KA MR e B R 1 F B
JBR o BETIZ 9 AN A AR 28 R BE ML B, R AT
DU E AT BEAS /D i 88 AR EY R Y
DU A8 AN [v) el BB RC VR 1) AR i 1) SR LIS , /0 f AR
R B — L3 i 5 AR IR AT ARBRGL Y 5
AERHEFRAE X, A A 5 Ak 3 7 HH ) i 2% 2F
TP R EHE I AE AR B[] P g . Hwang et al.
(2013) J& BUAE B N I =L = A i A e MR K
ZYfE ) H A TR 1 10" AR AR AT, 1 A 56 235
W1, 73% 1 H AR LA 1R 1 48 B0 K F k55 1 75,
T B2 K I 184 T i) - 398 PR HIR A0 75 o, KR
FERR G R0 7= A o] BEAG R T AR I R 72 DU 145 & 4
[i] s 5 R E B A

AWFFE AT R DU R 2545 Bl i TAE S A Hh
PR E P TAERMEECH ST S E . (HEHT
HR I o3 A7 A5 Bl s Ay R 51 2 B &
NGB BE S SR — AL G IR TR &
I3 S BRI T S MR A R S VTAN , DAARAS B 5
I RAS G S o BEAh AR IR X 2R 7 (i — 26 43
A BRI B (X T AR AT AE BNV S |, SR 28
T S X3 ) A B NI B TR SR A — 20 5
2600 ) 1145 MR e £ B N o3 A5 B A A
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