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RACES OF PLASMODIOPHORA BRASSICAE INFECTING 
CRUCIFER CROPS IN CANADA' 

0. W. A yers 

Abstract 

The sc reen ing  of isolates of Plasmodiophora b r a s s i c a e  Wor. has  
i n d i c a t e d  t h a t  a t  least s i x  races of  t h e  organism are presen t  i n  t h e  soi ls  
of Canada. D i f f e r e n t i a l  d i s t i n c t i o n  of c lubroot  inocu la  showed t h a t  races 
2 and 3 w e r e  t h e  most c o m n  v a r i a n t s  i n  isolates from t h e  M a r i t i m e  
provinces and t h a t  race 2 w a s  t h e  most p reva len t  b io type  i n  d i seased  t i s s u e  
samples from Quebec. Race 6 w a s  t h e  only pathogen v a r i a n t  i n  two spore 
samples from B r i t i s h  Columbia and i n  one sample from Ontar io.  Local ized 
i n f e s t a t i o n s  of races 1 ,  6 ,  and 6A were e s t a b l i s h e d  f o r  Quebec. S c a t t e r e d  
i n f e s t a t i o n s  o f  race 1 w e r e  demonstrated f o r  t h e  M a r i t i m e  Provinces whi le  
race 4 was found i n  t w o  c lubroot  t i s s u e  samples from Pr ince  Edward I s land .  
The s o l e  d i s t i n c t i o n  of race 7 w a s  i n  a spore sample from Wisconsin, U. S. 
A. The rutabaga v a r i e t y  York proved r e s i s t a n t  t o  races 2 ,  3 ,  6,  6A, and 7 
and f o r  t h i s  reason i s  considered r e l a t i v e l y  secure  from c lubroot  i n f e c t i o n  
when p lan ted  i n  most c r u c i f e r  growing areas of  Canada. The prevalence of 
race 2 i n  Quebec and t h e  M a r i t i m e  Provinces p r e s e n t s  a chal lenge to Cole 
c rop  breeders  as no genes f o r  r e s i s t a n c e  t o  t h i s  race have been found i n  
Cole c r o p  l i n e s  bred €or  r e s i s t a n c e  t o  o t h e r  races of  g. b r a s s i c a e .  

Introduction 

Evidence of  phys io log ic  s p e c i a l i z a t i o n  i n  
t h e  c lubroot  organism Plasmodiophora 
b r a s s i c a e  Wor. w a s  advanced by Honig (2)  i n  
1931, and s i n c e  t h a t  t i m e  o t h e r  workers 
throughout  t h e  world have demonstrated 
v a r i a t i o n  i n  t h i s  pathogen by means of 
r e a c t i o n s  ob ta ined  on var ious  s tocks  of 
d i f f e r e n t i a l  c r u c i f e r s .  Walker (6)  found 
t h a t  two t u r n i p  v a r i e t i e s  had d i f f e r e n t  
c lubroot  r e a c t i o n s  i n  England than  when grown 
i n  Wisconsin, U.S.A. Lammerink (3)  d i s-  
t inguished  s i x  races of t h e  organism 
occur r ing  i n  N e w  Zealand, and Seaman, Walker, 
and Larson (5) con t r ibu ted  t o  knowledge on 
pathogen v a r i a t i o n  i n  Wisconsin, U.S.A. I n  
s t u d i e s  repor ted  i n  t h i s  paper a more e x a c t  
method of  i d e n t i f y i n g  races of  t h e  c lubroot  
organism has  been developed than  t h a t  
descr ibed  earl ier  ( 1 ) .  This  has been 
achieved l a r g e l y  by c a r e f u l  s e l e c t i o n  and 
propagat ion of d i f f e r e n t i a l  seed s tocks  f o r  
homozygosity i n  d i s e a s e  r e a c t i o n  when exposed 
t o  what are considered t o  be s p e c i f i c  races 
of t h e  organism. The method used t o  assess 
v a r i a t i o n  i n  t h e  pathogen is e s s e n t i a l l y  
similar t o  t h a t  descr ibed  by W i l l i a m s  (7), 
who used f o u r  d i f f e r e n t i a l s  and c l a s s i f i e d  16 
p o s s i b l e  h o s t  r e a c t i o n s .  The au thor  has 
added an a d d i t i o n a l  d i f f e r e n t i a l  h o s t  t o  
f a c i l i t a t e  d i s t i n c t i o n  of c e r t a i n  d i f f e r e n c e s  
i n  i n o c u l a  ob ta ined  i n  t h e  Maritime Provinces 
of Canada. Data assembled by t h e  au thor  were 
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based on an assessment of v a r i a t i o n  i n  
inocula  gathered over t h e  per iod  1959-71. 
More than 160 spore samples were screened f o r  
v a r i a t i o n ,  and t h e  r e a c t i o n s  of 6 8  
r e p r e s e n t a t i v e  samples are repor ted  i n  t h i s  
paper. 

Materials and methods 

Clubroot t i s s u e  samples f o r  s t u d i e s  on 
pathogen v a r i a t i o n  were ob ta ined  from var ious  
c r u c i f e r  growing areas throughout Canada with 
t h e  major p o r t i o n  of samples c o l l e c t e d  i n  t h e  
M a r i t i m e  Provinces and Quebec. Spores were 
water e x t r a c t e d  from i n f e c t e d  r o o t  t i s s u e s  
using a Waring Blendor. This procedure was 
followed by coarse  f i l t e r i n g  and c e n t r i f u g i n g  
t o  remove h o s t  t i s s u e s  and s o i l  p a r t i c l e s  to 
t h e  e x t e n t  t h a t  spores  could be r e a d i l y  
d e t e c t e d  upon microscopic examination. Spore 
counts  w e r e  made wi th  a b r i g h t  l i n e  
haemocytometer, and inoculum w a s  introduced 
and thoroughly mixed with sandy loam 
c lubroot- f ree  s o i l  a t  t h e  rate of  6.1 x l o 7  
spores  p e r  c m 3  of so i l  medium. These 
a r t i f i c i a l l y  i n f e s t e d  s o i l  samples w e r e  
s t o r e d  a t  3E°F(3.3'C), u n t i l  screened f o r  
pathogen v a r i a t i o n .  D i f f e r e n t i a l s  used i n  
race  s t u d i e s  were cabbage (Brass ica  o l e r a c e a  
L. var .  ca i t a t a  'Danis B a  l h e a  an 
'Badger S& rutabhaga ( B r % s i c z  

M i l l .  'Laurent ian , 
-ger', and ' D i t m a r s  S2';. 
Pathogen v a r i a t i o n  s t u d i e s  w e r e  conducted i n  
t h e  greenhouse using 2- inch earthenware p o t s  
p a r t i a l l y  f i l l e d  with i n f e s t e d  soil. For 
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each i n f e s t ed  s o i l  sample, d i f f e r e n t i a l s  were 
planted a t  t he  r a t e  of 12 t o  16 seeds per  pot 
with four pots  per  c ruc i f e r .  Pots  w e r e  sunk 
i n  sphagnum moss, regulated i n  moisture 
content  t o  allow s u f f i c i e n t  penet ra t ion  of 
c a p i l l a r y  water f o r  germination of seed. A t  
t he  two-leaf s tage  of seedl ing  development 
s o i l  moisture was ra i sed  t o  above s a tu r a t i on  
l eve l s  f o r  a period of 48 hr ,  following which 
t he  contents  of each 2-inch pot  were embedded 
i n  clubroot- free s o i l  i n  a 4-inch pot. 
Temperatures were maintained a t  7O0F(2I0C) 
during t he  course of t he  experiments and 
p l an t s  were scored f o r  clubbing 30 days a f t e r  
seeding. Forty p l an t s  of each d i f f e r e n t i a l  
from each inoculum series were assessed a s  
follows : ( 1 ) no symptoms, (2 )  nodulation , 
( 3 )  r e s t r i c t e d  sphaeroid clubbing, ( 4 )  
un re s t r i c t ed  clubbing. The f i r s t  two 
ca tegor ies  were r a t ed  zero f o r  d isease  index 
s ince  nodulat ion caused l i t t l e  o r  no p l an t  
damage. P lan ts  showing no r e s t r i c t i o n  i n  t he  
development of t y p i c a l  clubroot  d i s t o r t i o n  
were given a r a t i n g  of 100, i r r e spec t i ve  of 
whether symptoms were s l i g h t ,  moderate, o r  
severe. This l a t t e r  c l a s s i f i c a t i o n  was based 
on the  au thor ' s  experience t h a t  a l l  such 
p l a n t s  lack genes f o r  res i s tance .  

The system of c l a s s i f i c a t i o n  of races  
shown i n  Table 1 is a t  variance with t h a t  of 
W i l l i a m s  ( 7 )  i n  t h a t  an add i t i ona l  
d i f f e r e n t i a l ,  Ditmars 52 rutabaga, was used 
t o  d i s t i ngu i sh  reac t ions  of mixtures of races  
2 and 3 from those of race  2 alone. Seven 
main d i f f e r e n t i a l  reac t ions  a r e  shown ou t  of 

a poss ib le  16 l i s t e d  by W i l l i a m s .  Race 5 and 
races  8 t o  16 w e r e  no t  encountered by t h e  
author i n  t he  course of s t ud i e s  on pathogen 
var ia t ion .  

Table 1. Differential reactions to infection by races 
of Plasmodiophora brassicae 

Reaction* to race** 

Differential 1 2  3 4  5 6 t 7  - 
Cabbage 

Danish Ballhead + + + + - + + 
Badger Shipper - + - + - - + 

Rutabaga 
Laurentian + +  + +  - -  - 
Wilhelmsburger + - - +  - -  - 
Ditmars S2 + -  + +  - -  - 

* + indicates susceptibility, - indicates resis- 
tance. 

** 
Races 4 and 5 according to Ayers (1) have been 

redesignated according to Williams (7). Races 1, 2, 
3, and 6 were classified similarly by both authors. 
Race 7 was designated by Seaman et al. (5). 

Race 6A is distinguished from races 6 and 7 by 
a restricted sphaeroid clubbing of roots of Badger 
shipper. This cultivar is resistant to race 6 and 
fully susceptible to race 7. 

Table 2. Race Classification of isolates of Plasmdiophora brassicae on five differential crucifers 

Percentage infectiont on differential hosts 

source of isolates Cabbage Rutabaga 

Isolate Province and Variety Danish Badger Lauren- Wilhelms- Ditmars 
NO. district Crucifer (where known) Ballhead Shipper tian burger 52 Race 

i 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

Prince Edward Island 
Winsloe 
Greenfield 
Mermaid 
South Melville 
POWnal 
Murray Harbor 
Waterside 
Kingston 
Summerside 
Montague 
Upton 
Souris 
Riverdale 
Argyle shore 

Morel1 
Tracadie 

Vernon River 
York 
Loyalist 
Fredericton 
Clyde River 
Souris 
Cornwall 

Nova Scotia 
Nappan 
Nappan 
Nappan 
Port Howe 
Linden 

uigg 

Roll0 Bay 

Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Turnip 
Rutabaga 
Cabbage 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Cabbage 

Cabbage 
Rutabaga 
Rutabaga 
Rutabaga 
cabbage 

Wilhelmsburger 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Greystone 
Ditmars 52 

Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Wilhelmsburger 
Laurentian 
Laurentian 
York 

Badger Shipper 
Wilhelmsburger 
Laurentian 
Laurentian 

98 

72 
86 
98 
100 
100 
100 
100 
100 
100 
100 
98 
100 
100 
100 
100 
100 
100 
100 
100 
95 
100 
100 
95 

93 
100 
100 
100 
100 

100 
91 

100 
88 
98 
100 
100 
100 
100 
100 
0 
14 
100 
100 
100 
88 
80 
100 
100 
100 
91 
83 
94 
0 
0 

88 
0 
22 
65 
96 

100 
100 
90 
88 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
70 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 
58 
90 

0 
100 
100 
100 
0 

100 
100 
0 
0 
0 

100 
2 
0 
0 

100 
100 
100 
0 
0 
0 

100 
0 
0 

100 
0 

100 
0 
90 
100 
100 

0 
100 
100 
100 
75 

4 
2+3 
2 
2 
2 
2+3 
2 
2 
2 
2+3 
3 
3+2* 
2 
2 
2 
3+2 
2 
2 
2+3 
2 
4 
2 
2t3 
1 
1 

2 
1 
1t2* 
1t2* 
2+3 

i 

I I I 
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Table 2 (ctd.) 

Percentage infection? on d i f f e r en t i a l  hosts  

Source of i so l a t e s  Cabbage Rutabaga 

I so l a t e  Province and Variety Danish Badger Lauren- Wilhelms- Ditmars 
NO. d i s t r i c t  Crucifer (where known) Ballhead Shipper t i a n  burger 52 Race 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 

43 
44 
45 

46 
47 
48 

49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

64 

65 
66 

67 
68 

Marshville 
Truro 
Parrsboro 
Cole Harbor 
Wallace 
Hastings 
Brentwood 
Bras Door 
Leicester 
Berwick 
Heatherton 
St .  Joseph 

New Brunswick 
Upper Burton 
Naskwaaksis 
Moncton 

Moncton 
sussex 
Marysville 

St .  Martin 
Ste. Clot i lde  
St .  R6mi 
P l e s s i sv i l l e  
Beaupr t  
Neuville 
Ste .  Edwidge 
Ile O'Orleans 
Eaie St .  Paul 
Levis 
Duvernay 
Mascouche 
Rivisre  Guelle 
ate-Foy 
St .  Nicoles 

Ontario 
madford 

Br i t i sh  Columbia 
ma t ing  
Cordova Bay 

Wisconsin 
Wisconsin 

Quebec 

U.S.A. 

RIitabaga 
Rutabaga 
Rutabaga 
Cabbage 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Rutabaga 
Cabbage 
Cabbage 

Rutabaga 
Cabbage 
Brussels 

sprouts 
Cabbage 
Rutabaga 
Rutabaga 

Cabbage 
Cabbage 
Cauliflower 
Cabbage 
Cabbage 
Cabbage 
Rutabaga 
Cabbage 
Cabbage 
Cabbage 
Rutabaga 
Rutabaga 
Rutabaga 
Cabbage 
Cabbage 

Cabbage 

Cabbage 
Cabbage 

Cabbage 
Cabbage 

Laurentian 
Laurentian 
Laurentian 

Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 
Laurentian 

Laurentian 

Laurentian 
Laurentian 

Laurentian 

Laurentian 
Lawentian 
Laurentian 

Badger Shippt 

100 
80 

100 
82 

100 
100 
100 
100 
100 
100 
100 
100 

59 
100 

100 
100 
100 
100 

100 
96 
96 

100 
86 

100 
100 
100 
100 
100 
100 

92 
100 

98 
100 

100 

98 
98 

100 
3 3  100 

48 
58 
10 
0 
0 

100 
98 
80 

100 
8 

100 
100 

40 
100 

20 
42 
2 1  
78 

6 
50-r** 
40-r** 
92 

100 
100 
100 
100 
100 

65 
98 
62 

100 
95 
65 

10 

2 
4 

90-r** 
100 

1ou 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

70 
100 

100 
100 
100 
100 

0 
0 
0 

100 
100 
100 
100 
95 

100 
100 
100 
100 
100 
100 
100 

0 

0 
0 

0 
0 

2 
0 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

70 
0 

0 
0 
0 
0 
0 
0 

52 
0 
0 
0 
0 
2 
0 

30 
0 

0 

0 
0 

0 
0 

100 
0 

100 
100 
100 

0 
0 

100 
42 

100 
2 
2 

22 
0 

100 
100 

82 
6 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
6 
0 
8 
0 

0 

0 
0 

0 
0 

3+2* 
2 
1 
3 
3 
2 
2 

3+2 
2+3* 

3 
2 
2 

2+3 
2 

3+2* 
3+2* 
1+2* 

2 

6 
6A 
6A 
2 
2 
2 

2+1* 
2 
2 
2 
2 
2 
2 
2+1* 

2 

6 

6 
6 

6A 
7 - .. 

Infect ions  of 10% and under were not c l a s s i f i ed .  

Indicates  lower spore load of component i n  r a c i a l  mixture. 

r indicates  r e s t r i c t ed  sphaeroid type bf clubbing. 

* 
** 

Results 

Clubroot d i f f e r e n t i a l  r e a c t i o n s  obtained 
with 68 r e p r e s e n t a t i v e  i s o l a t e s  of t h e  
organism are presen ted  i n  Table 2. R a c e  2 
proved t o  be t h e  most p reva len t  pathogen 
v a r i a n t  i n  isolates from t h e  M a r i t i m e  
Provinces whi le  race 3 was a l s o  shown t o  be 
common t o  t h i s  area of  Canada. I n  Quebec 
race 2 was a l s o  t h e  most common v a r i a n t ,  
whi le  races 1 ,  6, and 6A w e r e  p r e s e n t  t o  a 
lesser e x t e n t .  Race 6 was t h e  only v a r i a n t  
i d e n t i f i e d  i n  spores  samples from B r i t i s h  
Columbia and Ontar io.  S c a t t e r e d  i n f e s t a t i o n s  
of r a c e  1 were i n d i c a t e d  f o r  t h e  Maritime 
Provinces.  Race 4 was found i n  two i s o l a t e s  
from Pr ince  Edward I s l a n d ,  while  race 7 was 
i d e n t i f i e d  i n  a spore  sample from Wisconsin, 
U. S. A. Difference i n  i d e n t i t y  between 
races 6A and 7 w a s  based on symptom 
express ion  on Badger Shipper cabbage. Race 7 
caused u n r e s t r i c t e d  clubbing while  race 6A 
caused a r e s t r i c t e d  sphaeroid d i s t o r t i o n  of 
r o o t s  a t  ground l e v e l .  

Without t h e  use  of D i t m a r s  S2  as a 
d i f f e r e n t i a l ,  mixtures  of races 2 and 3 would 
probably have been c l a s s i f i e d  as race 2 .  The 
author  was a b l e  t o  i s o l a t e  race 2 from 
r e p r e s e n t a t i v e  mixtures  o f  races 2 and 3 
us ing  Badger Shipper cabbage; s i m i l a r l y ,  race 
3 w a s  i s o l a t e d  from race 2 us ing  D i t m a r s  52 
rutabaga. Fur ther  evidence t h a t  mixtures  of 
races 2 and 3 are so c o n s t i t u t e d  i s  apparent  
i n  r e a c t i o n s  ob ta ined  with York, a rutabaga 
v a r i e t y  s e l e c t e d  a t  Charlot te town i n  1964 f o r  
r e s i s t a n c e  t o  races 2 and 3 .  This v a r i e t y  
w a s  exposed t o  a l l  inocu la  under test between 
1964 and 1971 and complete r e s i s t a n c e  t o  
clubbing w a s  shown where inocula  were 
c l a s s i f i e d  as r a c e s  2 o r  3 o r  a s  mixtures  of 
t h e s e  races (Table 3 ) .  

I n  tests with samples des igna ted  as 
mixtures  of races 2 and 3 ,  moderate t o  l o w  
i n f e c t i o n  percentages were encountered 
f requent ly  i n  e i t h e r  t h e  Badger Shipper  o r  
D i t m a r s  S2 d i f f e r e n t i a l s ,  thus  ind ica t . ing  
t h a t  two races were p r e s e n t  and t h a t  t h e  
spore  load of one w a s  i n s u f f i c i e n t  t o  cause 
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Table 3. Clubroot suscept ib i l i ty  i n  
York rutabaga exposed t o  
c l a s s i f i e d  representat ive 
i s o l a t e s  l i s t e d  i n  Table 2 

Race Reaction* 

1 

1 + 2  

2 

2 + 3  

3 

4 

6 

6A 

7 

* + ind ica tes  suscept ib i l i ty ,  
- ind ica tes  res i s tance .  

f u l l  i n f ec t i on  i n  one o r  o the r  of these  
c ruc i f e r s .  A p a r a l l e l  s i t u a t i o n  was 
encountered with mixtures of races  1 and 2 i n  
a small p l o t  a rea  a t  t h e  Experimental Farm, 
Nappan, N.S. Badger Shipper cabbage grown i n  
t h i s  land segregated race  2 ( I s o l a t e  26,Table 
2 )  , while Wilhelmsburger rutabaga grown i n  
c lo se  proximity segregated race  1 ( I s o l a t e  
27)  , and Laurentian rutabaga became in f ec t ed  
with both races  ( I s o l a t e  28). However, 
i s o l a t e  r eac t i ons  ind ica ted  t h a t  race 2 spore 
load was minimal i n  comparison with t h a t  of 
race  1. 

Attempts t o  segregate poss ib le  components 
i n  I s o l a t e s  1 and 21 w e r e  no t  successful .  
Inoculum from Badger Shipper and 
Wilhelmsburger grown under exposure t o  these  
spore samples caused heavy in f ec t i on  i n  a l l  
d i f f e r e n t i a l s .  These i s o l a t e s  were the re fo re  
c l a s s i f i e d  a s  race  4. N o  f u r t h e r  occurrences 

of t h i s  race  have been demonstrated i n  
s t ud i e s  conducted a t  Charlottetown. 

Gene pools f o r  r e s i s t ance  t o  races  1 ,  2 ,  
3, and 4 were demonstrated i n  four  t u r n i p  (B. 

v a r i e t i e s ,  and clubroot  react iEn % ak ’p re sen t ed  i n  Table 4 toge ther  with 
reac t ions  of s i x  add i t i ona l  c ruc i f e r s .  The 
r e l a t i v e l y  broad type of r e s i s t ance  of t u r n i p  
v a r i e t i e s  under test i nd i ca t e s  t h a t  such 
s tocks  would be po t en t i a l l y  usefu l  i n  c ross  
breeding with York rutabaga t o  obta in  progeny 
r e s i s t a n t  t o  a l l  races  c l a s s i f i e d  i n  t h i s  
paper. The broccol i  s e l ec t i on  B-0-23 (N.Y.) 
showed r e s i s t ance  t o  races  1 and 3 and 
complete s u s c e p t i b i l i t y  t o  race  2.  The 
wr i t e r  has t e s t e d  numerous l i n e s  of Cole 
crops and has not  encountered any genes f o r  
r e s i s t ance  t o  race  2.  

Discussion 

The i d e n t i f i c a t i o n  and d i s t r i b u t i o n  of 
races  of the  clubroot  organism as determined 
i n  s t ud i e s  conducted by t h e  author should 
provide a usefu l  guide t o  those  engaged i n  
breeding f o r  clubroot  r e s i s t ance  i n  rutabagas 
and Cole crops. York, a purple t o p  rutabaga 
s e l ec t ed  f o r  clubroot  r e s i s t ance  a t  
Charlottetown and r eg i s t e r ed  f o r  commercial 
production i n  1964, has proven r e s i s t a n t  t o  
races  2 ,  3, 6 ,  6A, and 7. It is now 
extens ive ly  planted i n  a reas  of Eastern 
Canada where races 2 and 3 a r e  t h e  preva len t  
biotypes of t h e  pathogen. The York v a r i e t y  
has thus replaced Laurentian because of t he  
high s u s c e p t i b i l i t y  of t he  l a t t e r  t o  races  2 
and 3. Wilhelmsburger rutabaga, although 
possessing s imi l a r  r e s i s t ance  t o  t h a t  of 
York, i s  not  i n  commercial t a b l e  s tock 
production, l a rge ly  because of i ts  green t op  
and heavy root  system. York is suscept ib le  
t o  races  1 and 4 bu t  these  pathogen va r i an t s  
a r e  not  of widespread occurrence; i f  t h e  York 
va r i e ty  i s  planted i n  a r o t a t i o n  of 5 o r  more 

Table 4.  Reaction t o  clubroot races 1, 2 ,  3, and 4 i n  tu rn ips  and other  c ruc i fe rs  

Percentage clubbing* 

Crucifer Variety Race 1 Race 2 Race 3 Race 4 

Turnip Meet jeslander 2.5 0 .o 0 .o 10 .o 
Turnip Halflange 70K 30 .O 0 .o 7.5 6.7 

Turnip 

Turnip 

Broccoli 

Cabbage 

Rutabaga 

Rutabaga 

Rutabaga 

Halflange G e l e  

Novitas 

B-0-23 (N.Y. 1 

Badger Shipper 

Wilhelmsburger 

Laurentian 

York 

10.0 5.0 7.5 0.0 

5.0 0.0 0.0 12.5 

17.5 100.0 20.0 

0.0 100.0 0.0 97.5 

95 .O 0 .o 0.0 100 .o 
95.0 100.0 100.0 100.0 

77.5 0.0 0.0 100.0 

Rutabaga Ditmars 52 80.0 0.0 100.0 100.0 
~ 

* 
Based on numbers of p lan ts  clubbed of40examined per crucifer- race exposure. 
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years r e s i s t ance  should be maintained i n  most 
a reas  f o r  many years .  
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Badger Shipper cabbage was o f f i c i a l l y  
.named and re leased  i n  1959 by the  Universi ty 

of Wisconsin. In  s t ud i e s  reported here in ,  
t h i s  v a r i e t y  proved r e s i s t a n t  to unre s t r i c t ed  
clubbing when exposed t o  races  1 ,  3 ,  6, and 
6A. A broccol i  l i n e  showed r e s i s t ance  t o  
races  1 and 3. No Cole crop l i n e s ,  including 
s tocks  of cabbage, caul i f lower ,  and broccol i  
obtained from breeding s t a t i o n s ,  have shown 
any r e s i s t ance  to race  2 i n  screening t r i a l s  
conducted a t  Charlottetown. The importance 
of f ind ing  Cole crop r e s i s t ance  to t h i s  race 
i s  apparent i n  r e s u l t s  tabula ted  i n  Table 2, 
wherein 49 ou t  of 68 i s o l a t e s  of P. b rass icae  
under test were found to hargor race  2 
inoculum. To obta in  r e s i s t ance  to race  2 i n  
Cole crops,  breeders must cont inua l ly  search 
f o r  r e s i s t a n t  germ plasm i n  these  crops o r  
poss ib ly  r e l y  on i n t e r spec i e s  c rosses  to 
e f f e c t  a t r a n s f e r  of race  2 r e s i s t a n t  genes 
from t u r n i p  and rutabaga. 

In  l imi ted  screening of i s o l a t e s  from 
Ontario and B r i t i s h  Columbia, race  2 was not  
encountered and t h e  spore samples t e s t e d  were 
c l a s s i f i e d  a s  race  6. In  Ontario Reyes (4) 
i d e n t i f i e d  four i s o l a t e s  from cabbage and 
caulif lower as race  6 and one from rutabaga 
a s  race  2. The presence of race  6 i n  B r i t i s h  
Columbia was es tab l i shed  by Williams and 
Walker (8) and Williams (7). As t he  common 
rutabaga v a r i e t i e s  a r e  r e s i s t a n t  to race  6, 
c lubroot  would not  appear to be a s  ser ious  a 
rutabaga production problem i n  B r i t i s h  
Columbia a s  i n  a reas  of Canada where races  2 
o r  3 a re  prevalent .  

With t he  exception of i s o l a t e s  designated 
a s  r a c i a l  mixtures, most i s o l a t e s  showed 
marked indiv idual  homogeneity when subjected 
t o  race  d i f f e r e n t i a t i o n .  In  t h e  extensive 
t e s t i n g  of i s o l a t e s  from Prince Edward Is land  
over the  period 1959-71, t he  author found 
l i t t l e  change i n  pa t t e rn s  of race  i n f e s t a t i o n  
i r r e spec t i ve  of whether i s o l a t e s  were 
obtained e a r l y  o r  l a t e  during t h i s  period. 
Extensive p lan t ings  of r e s i s t a n t  York 
rutabagas i n  Prince Edward Is land  may, i n  
time, r e s u l t  i n  changes i n  r a c i a l  pa t t e rn s  of 
i n f e s t a t i o n  a s  t h e  fungus adapts  to t h i s  
var ie ty .  

I am g r a t e f u l  to those  who forwarded 
samples of clubroot  i n f ec t ed  root  t i s s u e ,  and 
to M r .  J. N. Richard f o r  t e chn i ca l  s e rv i ce  
rendered during t h e  course of t h i s  
inves t iga t ion .  
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