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Identification of Plasmodiophora brassicae Wor. and Resistance
Assessment of Cabbage ( Brasisica oleracea var. capitata L. ) Germplasm

WANG Shen-yun' , WU Qiang®, WANG Hong', YU Li',LI Jian-bin' , DING Wan-xia'
(" Institute of Vegetable Crops, Jiangsu Academy of Agricultural Sciences/ Jiangsu Key Laboratory for
Horticultural Crop Genetic Improvement , Nanjing 210014 ;* Jiangsu Zhongjiang Seed Co. LTD , Nanjing 211500)

Abstract : Morphological identification and PCR confirmed that the Plasmodiophora brassicae is the pathogen
caused cabbage clubroot. Using European ECD identification system ,the pathogen was further identified as a physio-
logical strain coded as ECD17/31/13. Field trial of 88 cabbage germplasm artificially inoculated by ECD17/31/13
was conducted in village Huoshaoping( HShP) , Hubei Province,to assess their resistance nature to the clubroot. Af-
ter evaluation , their resistant phenotypes were leveled as highly resistant( HR) , resistant( R) , tolerant ( T) and sus-
ceptible (S). The results showed that among the 88 cabbage germplasm engaged ,one HR ,seven R and seventeen T
in seedling stage,and four HR ,four R, fifteen T in plant stage. Germplasm CR21 was the HR material which per-
formed the best in both stages stably. Materials CR55 and CR54 were found as the most susceptible. The disease in-
dex of CR55 and CR54 were 76. 19 and 75. 97 in seedling stage ,and 74. 10 and 81. 54 in plant stage respectively,
when the incidence rates of CR55 and CR54 were both 100% . The taxonomic and virulence evaluation on the patho-
gen of clubroot disease,and screening resistant germplasm in cabbage would provide clue to further understand the
phytopathological mechanism underlying and material for plant breeding.
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ance assessment

RS EHE:2016-01-25  1EEIEH:2016-03-17 ML HRR B H#3:2016-10-12

URL:http://www. cnki. net/kems/detail/11.4996. S.20161012. 0917. 026. html

EETE AR EZIR A R (CARS-25) 3 T4 BHE 4 0 H ( BE2013429) 5 L3R4 RO BHE A EAGH 349 3 [ CX
(13)2004 ]

S VEHWE T 10 H AR R QIR S 3 AL T . E-mail : wsyfairy@ 163. com

WAEIER A, W5 7 o) H R ST B IR G 5B AN E T o E-mail : jbli05S18@ 163. com



1124 Mo o fE

T ¥ 17 %
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brassicae Woron ) 5 | 2 1] — Pt 5 [l P9 58 R 1)
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BRI T7E LI AFTG AT A 15 ~20 4F 2 A, &
S22 75 R PR B S A A AR R E )
MARE Y BFgE AT R R SR Rk
FRG EWIBIG S B RO B IA AR TS S
FIF, ¢ BRAFAE SR B8 o) REURI A )™ 107 FH B ] 45 G Al [+)
R B A ) 7 A B I AR A AR A i
—, DRI, YR A T A S 2 S 5T 9 A 0 0 M A ) G
B RAFPIME IR

AAFPUME IR 1 S LA BT AS [R)AE BN
SN Hi AR b B B 2R3, S5 ZEAR I TR AR AR A
HUNp AL, E bR A Williams F1 ECD P&
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Table 1 The European clubroot differential set of P. brassicae and the binary system and decimal system of the parasitical

host
L= A E TR F kA
No. Identification host Binary system 2 Decimal system 2°
Yt /RN 20 (2 (B. rapa L. Sensu lato)
01 subsp. rapifera Metzger line aaBBCC 2 1
02 subsp. rapifera Metzger line AAbbCC 2 2
03 subsp. rapifera Metzger line AABBce 2 4
04 subsp. rapifera Metzger line AABBCC 2 8
05 subsp. pekinensis cv. Granaat 2 16
Yeta IRECR 38 K %Fﬁi—(B napus L. )
06 var. napus cv. Nevin line Dc101 2 1
07 var. napus cv. Giant line Dc119 2 2
08 var. napus L. line Dc128 2 4
09 var. napus cv. Clubroot Resistant Dc129 2 8
10 var. napus cv. Wilhelmsburger Dc130 2 16
Ye e K5 H 18 MIZERE(B. oleracea L. )
11 var. capitata cv. Badger Shipper 2 1
12 var. capitata cv. Bindsachsener 2 2
13 var. capitata cv. Jersey Queen 2 4
14 var. capitata cv. Septa 2 8
15 var. fimbriata cv. Verheul 2 16

ECD #4507 HES ], 453
slo%ﬂv#ﬁﬁ,lﬂjﬂo)o
13 .14 .15 5% F

Each ECD,ranging from 01 to 15, was corresponding to a specific cultivar which was represented by a decimal value(1,2,4,8

A TR N — AR (1,2,4,8,16) AL HEHIE (2,2,2,2,2) o ARIEXLEE AT /DD O TF 82X > 10% & 890,
/D 1670731, AT ZEH1E N0 +0 40 +0 +2/0 +0 +0 +0 +0/2 +2 +2 +2 +2, EIiZ/Nig ECD 19 05 .11 .12,

,16) or binary value(2,2,2,
2,2). The pathotype was determined according to disease index on each cultivar( marked values as specified if disease index >10% , or rather marked 0 if
disease index<10% ). For example , pathotype ECD 16/0/31 ,was translated into 0 +0 +0 +0 +2/0 +0 +0 +0 +0/2 +2 +2 +2 +2 by binary, meaning
that this pathogen was susceptible for hosts denoted as 05,11,12,13,14,15

1.2.1.2 RPER PCR il CR21 Fl CR54 AJgk
i S CR54 B 4121, R CTAB 3543 B HBUR 41
ZUR DNA, =20 CUKFADRAF& M, THE LRI
B 6 X5 4 (2 3) #E47 PCR 784, SUW AR & 50 ng
DNA,0.5 pL L FE5147,10 mmol/L f#) dNTPs, 10 x
PCR buffer 15U DNA R AR ; P W #2794 °C FiidE
P 4 min;94 °C 30 5,56 °C 1 min,72 °C 1 min, &35 >
R2 SEFHEMRMBERESR

Table 2 Cabbage germplasm and their basic information

TERIG , T 72 CIEM 5 min,4 CHRR

1.2.1.3 RIVEEERNHEE WM MRS
PR A VR B, R - (L B 1:1) IR,
B A oA E 1 x 1084 /g, pH HIHE 5.5 ~
6.5, A 32 JUUCEL (B K x T8 x 5 =54 em x
28 em x8 em) , FIFREEH L, N E T2 em
JE L E BEALHEL 3 E A,

5 e i BRI Ak 5 He i BRI ok 5 He TR BRIE Ak
Code Origin Shape Maturity || Code Origin Shape Maturity || Code Origin Shape Maturity
CRO1 eS| R L CR13 H A i i CR25 BRA i
CRO2 SRS 17 R CR14 H A it h CR26 far % 5] .
CRO3 H A i i) CR15 HA i CR27 i [ N B
CRO4 HA it i CR16 H A i o CR28 wHE N B
CRO5 H A i i CR17 H A e i CR29 XH N h
CRO6 HA @ L CR18 HA @ i CR30 b=oil i wh
CRO7 eS| 5 h CRI19 far 2% 5 h CR31 T E i rf
CRO8 HA it i) CR20 faf 22 o CR32 T E R R
CR09 H A 4] CR21 faf 24 Hh CR33 L RlES| N B
CR10 RIS i i) CR22 H 7 i h CR34 A N L
CR11 faf 2% 17] i) CR23 faf 2% 7] h CR35 H A 1] i
CRI2 HA @ i CR24 faf 2% R i CR36 HA @ ik
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5 He i BRI Bk P He YA BRIE Bk 5 He Y8 BRIE Ak
Code Origin Shape Maturity || Code Origin Shape Maturity || Code Origin Shape Maturity
CR37 HA @ ER CR55 T B CR73 HA @ wh
CR38 HA i el CR56 LRIES| 5] B CR74 HA i h
CR39 HA i i CR57 FE R i CR75 H7 [ i
CR40 H A i L CR58 H A B CR76 [ i
CR41 2l i i) CR59 L RlES| R H CR77 s ot
CR42 e i) CR60 HA N =) CR78 i [ h
CR43 HA it . CR61 H A N B CR79 faf 22 5] h
CR44 faf 22 i h CR62 EEN . CR80 H 7R i)
CR45 faf 2% i i) CR63 faf 2% L h CR81 fap 2% i
CR46 HA i el CR64 faf 2% N L CR82 R i i
CR47 HA i i CR65 faf 22 R h CR83 BRA i wh
CR48 HA i H CR66 H 7 R i CR84 TR i rf
CR49 Hp i L CR67 o R B CRS5 H A R wh
CR50 ] N 2l CR68 LRIES| 5] h CR86 HA 7] h
CR51 T E N h CR69 FE 5 . CR87 HA 5] rf
CR52 o R h CR70 EEN A CR88 13 i
CR53 G RlES| it h CR71 i [ )
CR54 b=oil i CR72 (BN i L

AR S A 2 90 % FE AR IR BSRICRE BE R TA] . <60 d, L3460 ~70 d S hEk; >70 d, BE#A

Maturity indicated the time when 90% of the heading cabbages were ready to be harvested after being planted. Denoted as early if maturity <60 d, denoted

as middle if maturity was between 60-70 d,denoted as late if maturity >70 d

*3 RATRME®LNE PCR 5|4
Table 3 PCR primers used for detecting Plasmodiophora

brassicae
ElL7E2 JF51(5'—3") e R PUN
Primer name Sequence Reference
ITS1 TCCGTAGGTGAACCTGCGG [20]
ITS4 TCCTCCGCTTATTGATATGC [20]
YPWprimer 3 AGGTGAACCTGCGGAAGGAT [20]
YPWprimer 4 TTCAGCGGGTAATCCTACCT [20]
PbITSI ACTTGCATCGATTACGTCCC [21]
PbITS2 GGCATTCTCGAGGGTATCAA [21]
PbITS6 CAACGAGTCAGCTTGAATGC [21]
PbITS7 TGTTTCGGCTAGGATGGTTC [21]
Plasmo-3 ATTTTCGAACCATCCTAGCC [22]
Plasmo-4 GGTCGCTTCGTTCAAGCTAT [22]
YPWprimer 1 GAAGATGCCCACGCCGTCGT [23]
YPWprimer 2 ATCTGTTCAGCAAAGCGTCGA [23]

R4 ARIR IR HIAE 25 C A4, KAl
JEFEHITE 15 C A4, R B HIAE 90 % A4, 7K
J B 3R (Hongland ) FHAH R JH pH {5 %] 5.5 ~6. 5,
FEFR0URT 2 d R,

Tn‘é)@m-iﬁ’%%} 2 D H R DI, PEEAR &R

WS R RGO, THER S TE R, AR ™ &
Eiaﬂéﬂj 4 AFRE ()

0 P ARFETCALA P KIS, A=K IEH

1 9% ERMR, HER/NT 2 5325 s iR
JHURRAT /NI

2 9 EMRM R, HBAR N 2L IR T 2 A%, S
MR TRA R L MR AR AR

3 9 EMARARA EOMR S EARC L, MR
Tk,

B1 EEARRITIER SRR E
Fig.1 Grading standards of the clubroot

resistance in seedling stage

KW (DR) = BIRHREL BARE x 100%
JTEFEEL(DI) = (0 x0 ZLRREL +1 x 1 FpREL +
2 X2 WIREL +3 x3 FARE) /3 x BRREL x 100
HEARBPE > 2o bRUE . 29% . DI = 0; =P (HR) ;0
<DI<5;HiK(R) :5 <DI<15; G (T) :15 < DI<
25895 (S) :DI >25,
1.2.2 RIS TE R IGE
1.2.2.1 BHEHAIEE WA TS LR
T [F) A= B/ INFP S R
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1.2.2.2 HERKHEREE At KB
KOBEEE £ H AR i F X FH M Xk 88 473 H i il i
BEIRHEAT HARIE A S . e M, TR B R
fiyRA) 14, 2014 45 A 24 HIEFh,6 H 14 HE
FE,20 BR—/NX BEALHES 3 Sk EE,8 H 24 H
HEFT 9 T R PR AT BRI R R AR (R 2) 0 F

0 P MRAAKIEHR JoMR

1 MR FARA K, 5B AR AR A
BN IR 5

2 AR EM AR UK, F
HE B 1A B A e g

3YCMARMFERAWERE, »H K AR, K
TR MIAR Z5AR - BH 5 0 e

4 G ARR PP, ERR R B,

FEARBE S Br i (Z B R R LR i E A
VORI H A& , %% . DI =05 Pt (HR) :0 < DI
10,50 (R) 110 < DI<20; it 95 (T) : 20 < DI<30;
YR (S) : DI >30,

2 BUbREIIR BRI B & AR
Fig.2 Grading standards of the clubroot resistance in adult stage

2 FHRE5HMH

2.1 HRMREEEE

2.1.1 TERMENFRBMERER @R
o A T L b AT B - A AR S 0 B AR BAR I R
PRHER AT, 7E 600 5 A 5t2% i AUsE T OUES , A 3 AR
Jed L ZUR N - 48 rh 43 B B IR BIR A 748 2 B EROE
B (I 3C) BB a1 2R i 122 i AT ) 981
P, 20 PRI T ERAHR 2.0 ~3.5 pm,
MARIE 2 73 2 B R R A8 7 1 % e, 4K
HEK(E3B)  (H M A3 532 A IR IR AR 45 i A
D VERI T ST (K 3A) . IWARIEH LA
M3 43 B B IR IR T 7ESME RN AR, 5

2 EERR I TR L - AME RN &, 2560 F
AT , B A0 W I DA 25 AR T T

2.1.2 RMBESFEE FAHC KRR E
() 6 Xt514 (3 3) 4T PCR §"# %+ CR21 1 CR54
SRR i B (R MR ZH 2R CR54 2% M Irh B o M 28
ZUPEATARZ I, TTS1-4 78 8% Ye FA SR YL 4 ) rpr 2 0]
s b KM R 0 R B, AN FAE2E R, YPWprimerl -
2. YPWprimer3-4 | PbITS1-2 | PbITS6-7 | Plasmo-3-4
X5 X5 IR ERGL FUE G 4R PCR 334 A7 78 22 57
(Kl 4), YPWprimerl -2 7EJ&Ye 144 600 bp A4
PRI 2 2 B, 1 AR Rl FE AR SRR Sl K281 B
FAMTBEIR | S W G 45 5 | AV Ay st B o ) G 0
PbITS6-7 7£ 500 bp ZEA7AbFE CR54 JERYARZ L g

AP EY B MR LU C BRI AL T
A ;Separated from soil, B Separated from the nodule organization, C;Single spore
B3 REERRATE 600 EAFERITTHMNELER (F2R 10 pm)

Fig. 3 Microscopy of clubroot resting spores in 600x optical microscope ( scale is 10 pm)
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PbITS6—7 Plasmo—3—-47

YKt M:600 bp Marker; kil 2 ~4 .1TS1-4,2 13 & CR21 1 CR54 AR YLMRAL 4 & CRS4 RYLFARA L (FiAT 51 P SRR )
VK3 5 ~7 . YPWprimerl -2 ; ki 8 ~ 10 : YPWprimer3-4 ; kil 11 ~ 13 : PbITS1-2 ;3Ki¥ 14 ~ 16 : PbITS6-7 ; 3kl 17 ~ 19 ; Plasmo-3-4

M denotes 600 bp Marker;Lane 2 and lane 3 denotes samples from noninoculated roots of CR21 and CR54 respectively while lane 4 denotes sample from

Pb-innoculated roots of CR54 ,and all PCR products from lanes 2-4 were conducted with primer ITS1-4. Samples from Lane 5-7 ,lane 8-10,lane 11-13,lane
14-16,lane 17-19 were the same as Lane 2-4 ,different primers were used as indicated YPWprimerl-2,YPWprimer3-4,PbITS1-2,PbITS6-7 ,Plasmo-3-4
B4 6357 CR21,CR54 KEHA CR54 BHIFIRALZ DNA B PCR Bl R

Fig.4 Electrophoresis of PCR products amplified from noninoculated roots and

roots innoculated with Plasmodiophora brassicae

A1 SRS A B, CRS4 AR RYLAR A 2Ly 18 ) R
KN 1 SRAERIAT A TE B Y 22 5, 52 M AG DU 45 2R
WA & B T AP A I, YPWprimer3-4 | PbITS1-2 |
Plasmo-3-4 iX 3 XJ 5| 9 A JB Y FILEEGLAR M b7 (1) 4R 21
Z1h PCR ¥ 445 RAFEW W 22 55 (BT 4) U BR 1
Wi HE A ZH DNA A b 77 76 AR b B 56 K 20 DNA |, 7] LA
4 8 FIASHI L DA D P A AE

2.1.3 fREBEEENEE RN ECD 45
FRGEF WA B KRR IR AR ) 25 LA b e A 7 2 3
ANFREE . Y@K 2n =20 BYMEL ECDOT J67%5

ECDO5 M3 5 &% , 1 EL ECDO5 % 1% 45 % i i
91.40,ECDO3 FE# R TEIEEN 4. 55, APURM KL
Yea fR 2n =38 AR ECDO6-10 H itk A i 32 435
SO Y AR 20 = 18 B9 H 5 #F RE, ECDIT
ECD13 \ECD14 458k H i &) /B , ECD12 458k H ik
A2 BRIBR R IE TR R 7. 58, MBUE, ECD15 P
KHEEARIRIR (K 4), GFREW S EZR
Jith B £E B /N R R ECD17/31/13 (8 ECD2 +0 +0 +
0+2/2+2+2+2+2/2+0+2+2+0) 80"
&

F4 FFHECD FREFEHS MNGRITIRINREE IR/

Table 4 Identification of HSP Plasmodiophora brassicae pathotypes by ECD system
Wy B ¥ g 5 N .
AL AT O T e
Identification No. of plants Binary Decimal

Total Disease index R/S

host 0% 1% 2% 39 system2 system2°
ECDO1 18 0 0 5 23 21.74 S 2 20 =1
ECDO02 22 0 0 0 22 0 R 0 0
ECDO03 21 0 0 1 22 4.55 R 0 0
ECDO04 23 0 0 0 23 0 R 0 0
ECDO05 1 0 5 25 31 91. 40 S 2 24 =16
ECDO06 2 2 2 18 24 75. 00 S 2 20 =1
ECDO7 9 2 5 11 27 55.56 S 2 2t =2
ECDO08 4 0 4 7 15 74.36 S 2 22 =4
ECDO09 5 4 5 3 17 45.10 S 2 2% =8
ECD10 10 2 3 7 22 43.94 S 2 24 =16
ECD11 12 0 4 2 18 25.93 S 2 20 =
ECDI2 18 3 1 0 22 7.58 R 0 0
ECD13 9 9 3 6 27 40. 74 S 2 2% =4
ECD14 18 1 2 2 23 15.94 S 2 2% =8
ECD15 25 0 0 0 25 0 R 0 0

2.2 AE#MERMFETIEEE R IFiE
N T HHER R IR SE RURR I F1 IR175 R 4

TELSRAW] , e 25 B2 AR M i A BNl O H 3 B9 SO
Tt 88 1 bk v B AT S BB R, BUAE BT IR D
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LA Gy Epu kRl 7 o AL RE, 17 40y T B4 R, K ERS5.76% JRTEHRB A A 2.29;

B 28.41% (£ 5), 1 Oy mdibhoBlE T i
lﬁlﬂ?ﬁﬂﬁ By RE, Hodr 3 03 BR AT RE, 2 )R
T MR 4 3 RER A R Y JE T iR
R SR R Bk BB A LA R, R R R
WA PUEM L 17 Byt B L, 7 03 i 3K 8 T

Mo AR 4 {3 R ER @ T WA, 5 Ak 6 1
IRERMBMLAE B v WA (3R 2) . CR21 itk

Pt i s i AT RHE CR54, &Rk %] 100% |, ik 1
FEBGREN 75.97 (£ 5) , ™ 55 WA R 09 15 H A
K2 AP BRIER AL 4355k A H A F KA,

H WX AR B HT b (5 55 S5 BRI A X R . CRI1S
1 CR43 3k H H A, CR54 3k B & K F, &5 KA
KF] 100% , B 1 50 55 A6 R0 ok R % A

F5 HEHHAMRKHBRREELETE
Table 5 Resistant evaluation of cabbage to Plasmodiophora brassica in seedling stage and adult stage
K% ) it 15 20 BUrESE ) R (% ) it 45 20 S
R Disease rate Disease index Resistance grade M Disease rate Disease index Resistance grade
Material Material
WO ORUMRI EE O UM W UMM W OSBRI m SRR mO bR
CRO1 55.71 66.70 30. 34 40. 40 S S CR45 67.78 79.21 41.11 50. 35 S S
CRO2 68. 89 78. 65 51.48 58. 11 S S CR46 77.55 87.19 54.73 55. 63 S S
CRO3 62.49 63. 33 39.02 37.92 S S CR47 81.52 96. 48 42.91 61.38 S S
CRO4 20. 48 22.94 8.31 9. 69 R HR CR48 91.58  100. 00 75.09 76. 81 S S
CRO5 74.44 76.23 41.11 41. 86 S S CR49 81.11 94. 81 48.52 49. 26 S S
CRO6 57.13 65.53 25.56 28. 88 S T CR50 48. 15 45.79 19. 37 22.98 T T
CRO7 80. 92 76.51 51.34 52. 88 S S CR51 54. 15 55.19 39.25 42. 69 S S
CRO8 26. 13 32.16 12. 11 12.94 R R CR52 53.58 56. 34 25.20 33.95 S S
CR09 75.08 86. 82 38.17 44. 83 S S CR53 94. 44 98. 25 63.70 68. 90 S S
CRI10 85.22 88.33 59.73 66. 67 S S CR54 100.00  100. 00 75.97 81.54 S S
CRI1 72.95 74.13 38.45 45.44 S S CR55 94. 06 94. 82 76.19 74. 10 S S
CRI12 50. 00 49. 89 19. 39 22.03 T T CR56 82.22 86.23 61.48 64. 65 S S
CR13 42.20 48. 15 15.27 28.79 T T CR57 73.07 82.70 38. 60 47. 46 S S
CR14 57.90 68. 33 38.17 39.58 S S CR58 72.22 68.79 39.63 41.73 S S
CRI15 100. 00 98.33 65.87 67.50 S S CR59 70.95 87. 19 35.32 39.07 S S
CRI16 89. 65 96. 48 45.89 47.92 S S CR60 63.21 69. 63 34.40 38.52 S S
CR17 24.58 38. 08 9.08 17.57 R R CR61 66. 68 65. 64 39.52 44. 66 S S
CRI18 90. 94 93.07 45. 81 55.15 S S CR62 51. 86 73.17 24. 85 35. 81 T S
CR19 24.02 30.93 12.20 13.24 R R CR63 42. 87 62.57 16. 44 31. 68 T S
CR20 34.57 44. 54 18. 40 20.03 T T CR64 37.52 67.11 15.95 44.76 T S
CR21 5.76 11. 84 2.29 4.23 HR HR CR65 53. 86 61.18 22.60 26.74 T T
CR22 43.34 47.17 16. 45 17. 69 T R CR66 59.29 69. 10 29. 62 35.01 S S
CR23 21.72 23.58 8.49 7.76 R HR CR67 62.42 79.39 25.32 54. 06 S S
CR24 86. 52 86. 91 46.92 60. 08 S S CR68 78.03 82.72 53.62 57.26 S S
CR25 55.76 67.36 20.76 47.16 T S CR69 80. 03 86. 67 63. 96 66. 67 S S
CR26 29. 15 38.48 11. 84 22.41 R T CR70 86.67  100. 00 68. 15 72.37 S S
CR27 55.71 60.72 31.83 38. 84 S S CR71 76. 67 88.33 49. 26 57.08 S S
CR28 43.20 50. 88 19.33 29. 82 T T CR72 64. 44 75.00 34.44 45. 65 S S
CR29 57.78 60. 37 34. 44 34.03 S S CR73 53.33 58.33 21. 11 30. 00 T T
CR30 63. 33 81.05 54. 81 63.33 S S CR74 53.23 63.55 21.20 25.39 T T
CR31 80. 48 94.74 57. 84 59. 21 S S CR75 65. 04 75. 88 34.52 41. 84 S S
CR32 53.33 67.28 34.67 34.54 S S CR76 69. 40 78.33 58.99 62. 08 S S
CR33 52.22 73.18 34. 81 37.20 S S CR77 65.56 70. 86 32.22 43.62 S S
CR34 58. 88 57.54 32.25 36.45 S S CR78 52.30 62. 04 26. 16 35.79 S S
CR35 60. 00 61.67 37.78 38.33 S S CR79 60. 04 69. 27 38.53 39. 66 S S
CR36 82.63 94. 64 56.47 74.07 S S CR80 56.02 71.23 28.03 41.97 S S
CR37 74. 44 86. 71 51. 11 63.99 S S CR81 45.48 64. 44 19.53 29.95 T T
CR38 78.49 87.23 45.50 56. 31 S S CR82 50. 67 62. 04 19. 19 28. 80 T T
CR39 63. 33 74.56 38. 89 46. 09 S S CR83 50.71 58.33 21.75 20. 83 T T
CR40 82.22 93. 06 59. 63 61.80 S S CR84 56. 06 63. 33 26. 00 26. 25 S T
CR41 93.10 98. 15 60. 61 63.91 S S CR85 51.04 56. 67 22.04 25.00 T T
CR42 79.97 94. 53 37.26 65.92 S S CR86 70.77 75.93 55. 81 56.53 S S
CR43 100. 00 98. 33 59.35 68. 06 S S CR87 74.36 94. 34 46. 81 66. 61 S S
CR44 72.22 79.01 40. 74 44. 43 S S CR88 15.56 21.09 5.93 9. 64 R HR
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Fig. 5 The comparison of disease incidence in seedling stage and adult stage
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Fig. 6 The comparison of disease index in seedling stage and plant stage
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