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FUNGI ASSOCIATED WITH SEEDS OF RAPE, TURNtP RAPE, FLAX, 
AND SAFFLOWER IN WESTERN CANADA, 1968-73' 

0. Allan Petrie 

Al te rna r i a  b ras s i cae  and g. raphani  were t h e  only important path genic  
Al t e rna r i a  spp. i s o l a t e d  from seeds  of o l e i f e rous  Brass ica  spp. c u l t  va ted 
i n  western Canada. I n  4 of 5 yea r s ,  95% or more of Saskatchewan seed 
samples of g. campest r is  ( tu rn ip  rape) were i n f e s t e d  by one or both of 
these  pathogens, and l e v e l s  wi thin  samples increased from 3.6% i n  1969 t o  
9.0% i n  1972. g. campest r is  samples had higher l e v e l s  of g. brass i cae  than  
of A. raphani.  B. napus (rape) seed  conta ined considerably lower l e v e l s  of 
both Al t e rna r i a  species .  The h ighes t  i n f e s t a t i o n  l e v e l s  occurred i n  seed 
from nor thern  A l b e r t a ,  nor thern  and e a s t e r n  Saskatchewan, and northwestern 
Manitoba. I n  heavi ly  i n f e s t e d  seed of g. campestris 73% of t h e  a. -- brass i cae  and 90% of t h e  A. ra  han i  occurred on t h e  seea surface .  Storage 
o f  in fe s t ed  seed f o r  6-8 Gnths'at  25 C reduced t h e  l e v e l s  i n f e s t a t i o n  
by more than 50%. There appeared t o  be  no c o r r e l a t i o n  between amount of 
seed i n f e s t a t i o n  and reduct ion i n  seedl ing s t and  i n  l abora to ry  or 
greenhouse tests. Fusarium roseum 'Acuminatum' and B o t r v t i s  c inerea  were 
less prevalent  than t h e  A l t e r n a r i a  spp. on Brass ica  seed. 
was t h e  most abundant pathogen on flax-usitat+ssimuE) 'seed, but  
A l t e rna r i a  -, g. roseum 'Acwninatum', and g. canerea were a l s o  
important.  A. ra han i  and A,. brass i cae ,  although non-pathogemic on f l a x  
seedl ings ,  we% fou:d i n  20-30% and 1-3% r e spec t ive ly  of t h e  Saskatchewan 
f l a x  seed samples. I n  saff lower  (Carthamus t i n c t o r i u s )  samples, Alternaria 
carthami occurred on up t o  95% of un t r ea t ed  seed and 76% of surface-  
d i s i n f e s t e d  seed; p o t r v t i s  c i n e r e a  and g. roseum were found on LAP t o  20% of 
t h e  seeds  i n  some samples, and & ravhani w a s  found I n  two of seven lots .  

of 

P o l  s ora 

A l t e r  a r ia  b ras s i cae  e t  A. raDhY4 o n t  d t &  les S e U l S  champignons 
c r w i f e r e s  Dathoaenez i m m r t a n t s  du aenre  x l t e r n a r  a isoles des  a r a i n e s  de 

.(Brassica spp. ) olQagin&%s cultiv(5es dans l * a u i s t  du Canada. Quatre 
annBes su r  c inq,  au moins 95% des W h a n t i l l o n s  de g ra ines  de g. c a m e s t r i s  
(navet te)  provenant ae l a  Saskatchewan on t  B t e  i n f e s t &  pa r  l * u n  de ces 
champignons pathogenes ou les deux a l a  f o i s ,  e t  l e s  n i w a u x  d ' i n f e s t a t i o n  
des Bchant i l lons  o n t  passe de 3.6% en 1969 a 9% en 1972. Les Cchant i l lons  
de g. cam estris d t a i e n t  davantage i n t e s t e s  par 8. brass i cae  que par  A. 
r a  hani.  'Us g r a i n e s  de g. ~a us (colaa)  e t a i e n t  beaucoup moins in fe s tBes  
pa! les deux especes d * A l t e r t a d k  On a trouvC les f o r t s  niveaux 
d t i n f e s t a t i o n  dans les  g ra ines  provenant du nord de l 'A lbe r t a ,  du nord e t  
de l ' e s t  de l a  Saskatchewan e t  du nord -wes t  du Manitoba. Dans les g r a i n e s  
fortement in fe s tCes  de  g. campestris, on a t rouve 73% de g. brass i cae  et 
90% de  a. raphani  sur  l e s  teguments des  gra ines .  L'entreposage des  g ra ines  
i n f e s t e e s  pendant 6 a 8 mois a 25OC a r e d u i t  les niveaux d ' i n f e s t a t i o n  de 
plus  de 50%. I1 semble n'y a v o i r  aucune c o r r e l a t i o n  e n t r e  l ' importance de 
l ' i n f e s t a t i o n  des g ra ines  e t  l a  reduct ion des  peuplements des p l an t s  
susmentionnes dans les  e s s a i s  en l a b o r a t o i r e  ou en serre. Fusarium roseum 
tlAcuminatum' e t  b o t r v t i s  c ine rea  e t a i e n t  moins abondants que Al t e rna r i a  
spp. sur  les g ra ines  de Brassica.  PolvsDora lini C t a i t  l e  champignon 
p a t h o g h e  l e  p lus  rCpandu s u r  les g ra ines  de l i n  ( a m  usi ta t i ss imum),  
mais Al t e rna r i a  l i n i c o l a ,  F r seum t'Acuminatum' e t  B. c i  e ea e t a i e n t  
Cgalement abondants. h S G ' s k ' i n f e s t a i e n t  pas  les-plant: i e  l i n ,  on a 
trouvC 8. ra hani  e t  A. b a s s i c a e  dans 20 a 30% e t  1 a 3% respectivement 
des echan t i i l ons  de g r b l i n  provenant de l a  Saskatchewan, Dans les 
echan t i l l ons  de carthame (Carthamws t i n c t o r i u s ) ,  on a t rouve  Alternsria 
carthami su r  pres  de 95% des  g ra inas  non traitees e t  s u r  76% des g r a i n e s  
des in fec tees  en su r face ;  on a trouvQ W t r y t e  c i  e rea  e t  E .  roseum s u r  pr&s 
de  20% des g ra ines  d e  c e r t a i n s  Bchant i l lons ,  h a p h a n i  dans 2 lo ts  s u r  
7. 

p lus  

155 

There a r e  few recent  papers i n  t h e  transmitted with seed of rape, t u r n i p  rape,  
l i t e r a t u r e  which descr ibe  i n  d e t a i l  t h e  f l a x ,  or safflower i n  western Canada. 
extent  t o  which fungal pathogens a r e  Vanterpool (1 5 )  reported Alternaria hrass icae  

(Berk.) Sacc. as t h e  only pathogen i s a l a t e d  
from rapeseed samples produced i n  
Saskatchewan i n  1948. However, by 1959 t h e  

1 Contribution N ~ .  560, Research Station, l ist  of species obtained fxom t h i s  source had 
Agriculture Canada , Saskatoon, Saskatchewan, grown appreciably and included species  of S7N 0x2. Alternar ia ,  Bo t rv t i s  cinarea Pers .  , Fusarium 
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acuminatum Ell. & Ev. , Mycosphaerella 
b r a s s i c i c o l g  (Duby) Lind. , Rhizoctonia spp. 
and Rhizopus spp. (16 , 17). Four yea r s  later 
it was r epo r t ed  (18) t h a t  seed from t h e  1963 
r a p e  c rop  c a r r i e d  "unusually high" l e v e l s  of 
A. bra s s i cae  and l e s s e r  amounts of _A. rauharA 
Groves & skolko.  McDonald (7) i s o l a t e d  A. 
b r a s s i c a e  from 14 of 25 samples of r e g i s t e r e d  
rapeseed grown i n  Manitoba i n  1956. The 
h ighes t  l e v e l  of i n f e c t i o n  found i n  any 
sample was 4%.  The most r e c e n t  s t udy  of  
pathogens found on f l a x  seed i n  western 
Canada w a s  t h e  1971 r e p o r t  of Henry and E l l i s  
(5) from Albe r t a  , which d e a l t  exc lu s ive ly  
wi th  Polyspora lini Laf f .  

The work descr ibed  h e r e  w a s  undertaken to 
determine the  e x t e n t  and s i g n i f i c a n c e  o f  
i n f e s t a t i o n  of rape  and t u r n i p  r ape  seed by 
fung i .  I t  was s t a r t e d  i n  1968 and l a t e r  
expanded t o  i nc lude  a n  examination of seed  of  
f l a x  and saf f lower ,  c ruc i f e rous  weeds, and 
garden c r u c i f e r s .  The occurrence o f  
A l t e r n a r i a  spp. on garden c r u c i f e r  seed 
e n t e r i n g  Canada's p r a i r i e  provinces from 
B r i t i s h  Columbia and abroad (11) and t h e  
t r ansmis s ion  of Leptosphaeria maculans 
(Desm.) Ces & Not. on c r u c i f e r  seed (12) have 
been r epo r t ed  previous ly .  

samples were p l a t ed  each  year  from 1968 t o  
1971, w i th  over 1000 being examined i n  1970 
(Table 1 ) .  R e l a t i v e l y  few were p l a t ed  i n  

1572 and 1973. F ive  yea r s '  da t a  were 
obta ined  from Saskatchewan farm samples, four  
f o r  t hose  from Alber ta ,  and t h r e e  f o r  t hose  
from Manitoba. The c u l t i v a r s  of  r a p e  and 
t u r n i p  r ape  changed dur ing  t h e  course of t h e  
s tudy  w i t h  t h e  advent  of l o w  e r u c i c  a c i d  
t ypes .  By 1970, Echo and Targe t  had become 
t h e  e s t a b l i s h e d  c u l t i v a r s  of t u r n i p  r a p e  and 
rape ,  r e spec t i ve ly .  Small amounts of s e v e r a l  
a d d i t i o n a l  ones were grown i n  1971. I n  1972, 
however, an a b r u p t  change t o  t h e  l o w  e r u c i c  
t ypes  Span (2. campes t r i s )  and Zephyr (g. 
napus) took p lace  (14) . 

seed  from t h e  1973 western Canadian 
coopera t ive  rapeseed v a r i e t a l  tes ts  was a l s o  
secured  t o  permi t  a c l o s e r  comparison of seed 
i n f e s t a t i o n  of t h e  d i f f e r e n t  c u l t i v a r s .  Data 
from f i v e  r e g i o n a l  coope ra t i ve  tests i n  
Saskatchewan c rop  d i s t r i c t s  5, 8 and 9 
provided a comparison of funga l  i n f e s t a t i o n  
l e v e l s  on t h e  g. campes t r i s  c u l t i v a r s  Echo, 
Span, and Torch, and t h e  2. napus c u l t i v a r s  
Target ,  Zephyr, and Midas f o r  1973. I n  some 
i n s t a n c e s  seed  of t h e  t u r n i p  r ape  l i n e  R- 500 
( 'Yellow Sarson'  ) was a l s o  p l a t e d  f o r  
comparison. 

Materials and methods 

Samples of rape  (Brass ica  napus L.) and 
t u r n i p  r ape  @. campes t r i s  L.) seed were 
ok t a ined  from t h e  P l a n t  Products  Div is ion  o f  
Agr i cu l t u r e  Canada and from t h e  Canadian 
Gra in  Commission. A l a r g e  propor t ion  o f  
samples i n  t h e  f i r s t  group r ep re sen t ed  
Foundation or C e r t i f i e d  seed, whereas t h o s e  
i n  t h e  second were drawn from growers'  
commercial seed e n t e r i n g  count ry  e l eva to r s .  
The seed  o r i g i n a t e d  i n  a l l  p a r t s  of t h e  rape-  
growing a r e a  of western Canada. Over 100 

F l ax  (Linum us i ta t i ss imum L.) samples 
grown i n  Saskatchewan and Alber ta  were 
obta ined  from t h e  P l a n t  Products  l a b o r a t o r i e s  
a t  Saskatoon and Edmonton. Three yea r s '  d a t a  
were obta ined  f o r  Saskatchewan, with A lbe r t a  
samples being l im i t ed  t o  27 from 1969. A 
t o t a l  o f  seven  s a f f l ower  (Carthamus 
t i n c t o r i u s  L.) s e s d  samples were secured from 
s e v e r a l  sources, i nc lud ing  p l a n t s  p u l l e d  i n  a 
fa rmer ' s  f i e l d .  F lax  c u l t i v a r s  p l a t e d  were 
p r i n c i p a l l y  Noral ta  and Redwood 65, wi th  
smaller numbers of Norland, Raja, and o the r s .  
The s a f f l ower  samples were n o t  i d e n t i f i e d  t o  
c u l t  i va  r . 

Table 1. Number and source of growers' seed samples p l a t e d  f o r  de tec t ion  of pathogenic fungi 

Turnip rape Rape 
(Brassi  ca campes tri s )  (Brassica napus) Tota l  

Brassi  ca 
Year Sask. A l t a .  Man. Sask. A l t a .  Man. samples Flax Safflower 

1968 36 47 6 22 0 30 141 0 0 

1969 172 48 0 133 0 0 353 144* 0 

1970 513 200 19 264 3 28 1,027 107 6 

1971 219 11 34 0 0 19 283 0 1 

1972 10 0 0 22 0 0 32 61  0 

B.  campestr is  

Tota l s  1,315 

B. napus 

520 1,836 312 7 

Includes 27 Alberta samples. 
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With t h e  exception of those of safflower 
whicn were p la t ed  with forceps,  unt rea ted  
seeas were picked up 15 o r  20 a t  a time by 
means of a vacuum p la t e  seeder and deposited 
on V 8  j u i ce  agar containing 40 pFm rose 
bengal and 100 ppm streptomycin s u l f a t e .  For 
each of t h e  f i r s t  few hundred samples, 300 
seeds were p la t ed  but  t h i s  w a s  reduced t o  200 
f o r  t h e  remaining ones. The apparatus w a s  
d i s in fec ted  with a lcohol  halfway through each 
sample and between samples. After 7 t o  10 
days' incubat ion under d i f f u s e  l i g h t  a t  room 
temperature, a record was made of the  fungi  
present .  Colonies were rou t ine ly  examined 
microscopically a t  a magnification of 40X. 
Fresh subsamples from seed l o t s  y i e ld ing  high 
l e v e l s  of c e r t a i n  fungi were su r face  
d i s i n f e s t e d  i n  10% Javex (0.6% a v a i l a b l e  
ch lo r ine  on d i lu t ion )  f o r  20 min and pla ted  
t o  determine l e v e l s  of i n t e r n a l  in fec t ion .  

The e f f e c t  of s torage  of Brassica seed on 
su rv iva l  of t h e  two p r inc ipa l  Al t e rna r i a  
pathogens was a l s o  studied.  Sixty- six  
heavily i n f e s t e d  samples w e r e  p l a t ed  a second 
t i m e  6 t o  8 months following t h e  f i r s t  
p l a t ing .  I n  t h e  i n t e r v a l ,  t h e  samples were 
s to red  a t  room temperature i n  t h e  labora tory .  

I n  order  t o  obta in  an i nd ica t ion  of t h e  
e f f e c t  of seed-borne fungi on emergence, 
na tu ra l ly  i n f e s t e d  seed w a s  p l a t ed  untrea ted  
on moist f i l t e r  paper and was a l s o  sown i n  
pots  of sand o r  sandy loam s o i l ,  20  seeds t o  
a p l a t e  o r  pot ,  with a t  l e a s t  f i v e  
r ep l i ca tons .  The p l a t e s  rere assessed a t  1 0  
days, whereas pots  were usual ly  kept  f o r  2 t o  
3 weeks and seedl ing stand counts made a t  
l e a s t  once a week. For comparison with 
na tu ra l ly  i n f e s t e d  seed, samples of span and 
Zephyr rape  were heavi ly  inocula ted  with 

spore suspensions of Al t e rna r i a  s ~ p .  and sown 
i n  s o i l .  Po t s  were moistened t o  f i e l d  
capaci ty  from rese rvo i r s  below as required.  

Results 

1. Saprophytic funs i  encountered 

The most common 10 o r  12 saprophytes i n  
t h e  rape,  t u r n i p  rape, f l a x  and safflower 
samples were remarkably similar. Al t e rna r i a  
a l t e r n a t a  (Fries)  Keissler, Cladosporium spp. 
and Penic i l l ium spp. were, with a few 
except ions , che most prevalent,  usual ly  
occurring i n  over 80% , and o f t en  over 90%, of 
t h e  samoles v la ted  i n  a aiven year. 
Epicoccuk sp.; Arthrinium sp., -RhizopuG sp. 
(and r e l a t e d  genera) , Stemphvlium spp. , 
miscellaneous pycnidia l  fungi,  Fusidium spp. , 
Gonatobotrys sp. and a few o t h e r s  normally 
were found less o f t en ,  but  t h e  f i r s t  t w o  
occasionally appeared i n  over 70% of a yea r ' s  
seed l o t s .  Rhizopus and r e l a t e d  genera were 
usual ly  found i n  from 1 1 3  t o  112 o f  t h e  
samples. 

2 .  Pathoqenic Al t e rna r i a  species 

Those p a r a s i t i z i n g  Brass i ca -  spp. were 
l imi ted  t o  &. brass i cae  and &. raphani;  &. 
brass i c i co la  (Schw.) Wil tshi re  was no t  
recovered from any of t h e  more than 1800 
samples. An i n t e r e s t i n g  saprophyt ic  
Al t e rna r i a  which somewhat resembled 8. 
brass ic icola  occurred i n  c r u c i f e r ,  f l a x  and 
s af flower samples . 

Each year,  with t h e  exception of 1969, 
95% o r  more of t h e  Saskatchewan 2. 

Tab le  2. P r e v a l e n c e  of A l t e r n a r i a  brassicae (A.b.) and A .  r a p h a n i  (A . r . )  i n  s e e d  samples of B r a s s i c a  spp. pro- 
duced i n  Saskatchewan 

% of s e e d s  i n f e s t e d  p e r  sample 

% of samples  i n f e s t e d  
H i g h e s t  r eco rded  i n f e s t a t i o n  

One or  One o r  
Average 

Year A . b .  A .r .  b o t h  A.b .  A.r. T o t a l  A.b. A . r .  b o t h  

B r a s s i c a  c a m p e s t r i s  

1968 88.9  86.1  97.2 2 .9  3 .3  6 .2  10.0 15 .7  23.7 
1969 85.7  63.4 87.4 2 .3  1 . 3  3 .6  18 .0  13 .0  28.7 
1970 92.4 71.5 96.3  5.2 1 .2  6.4 27.5 11.0 29.0 
1971  

1972 
91 .3  72.2 94.5 5 .6  2 .1  7 .7  25.2 49 .1  55.3  

90.0  100.0 100.0 5.9 3.1 9 .0  11 .4  8.1 12.9  

B r a s s i c a  n a p u s  

68.2 90.9  1 .0  0 .8  1.8 6.7 4 .0  10.4  

53.7 61.9  76.9 0 . 6  0.9 1 . 5  4 .7  10.7 12 .4  

1968 86.4 

1969 

1970 63.3  

1972 36.4 
62.5 80.7  1.1 0.9 2.0 18 .0  10.0 19.0 

68.2 17.3  0.4 1.1 1 . 5  3 .3  1 3 . 3  13.3  
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Table 3. Prevalence of A l t e r n a r i a  brassicae and A .  r a p h a n i  in B r a s s i c a  c a m p e s t r i s  seed samples produced in 
Alberta 

- 
% of seeds infested per' sample 

% of samples infested 
Averaqe 

~ 

Highest levels -- 
One or One or 

Year A . b .  A . r .  both A.b.  A . r .  Total A.b .  A . r .  both 

1968 51.1 55.3 68.1 0.9 1.1 2.2 10.5 10.0 16.2 

1969 66.7 72.9 81.3 2.5 4.4 6.9 15.0 29.0 41.3 

1970 70.9 69.0 84.2 3.4 1.8 5.2 25.5 22.0 28.0 

- 

- 

Table 4. Prevalence of A l t e r n a r i a  brassicae and A .  r a p h a n i  in B r a s s i c a  seed samples produced in Manitoba 

% of seeds infested per sample 
~~ ~~~ ~~~~~ 

% of samples infested Highest levels 
Average -- 

One or One or 
Year A . b .  A . r .  both A.b.  A . r .  Total A . b .  A . r .  both - 

B r a s s i  ca c a m p e s  tris 
1968 83.3 33.3 83.3 3.8 0.3 4.1 10.7 1.3 10.9 

1970 79.0 42.1 79.0 2.1 0.4 2.5 7.5 1.5 9 .o 
1971 76.5 53.0 85.3 2.3 0.8 3.1 11.9 8.1 15.3 

B r a s s i c a  n a p u s  

1968 36.7 10.0 43.3 0.1 0.1 0.2 0.7 1.0 1.3 

1970 10.7 25.0 32.1 0.1 0.2 0.3 1.5 1.3 1.5 

1971 15.8 15.8 26.3 0.1 0.1 0.2 0.5 1.2 1.2 

campest r i s  samples were i n f e s t e d  with one or 
both pathogenic A l t e r n a r i a  spp. (Table 2 ) .  
FEwer of the 2.  napus samples w e r e  a f f ec t ed ,  
t h e  decrease being more pronounced i n  t h e  
inc idence  of A. brass icae .  Resul ts  on a 
laseeds per sample" basis followed a similar 
t r end .  To ta l  i n f e s t a t i o n  of g. napus seed 
lo t s  remained c o n s i s t e n t l y  low, whereas a f t e r  
an  i n i t i a l  decrease,  a t r end  toward higher 
l e v e l s  was evident i n  t h e  t u r n i p  rape 
samples. I n  t h e  most heavi ly  d iseased 
sample, a 1971 lot of t u r n i p  rape ,  55.3% of 
t h e  seeds y i e lded  a pathogenic Al ternar ia .  
I n  Alber ta  seed, t h e  inc idence  of  A. 
b rass icae  w a s  much lower r e l a t i v e  t o  z. 
raphani and to  t h e  Saskatchewan samples 
(Table 3 ) .  Nevertheless,  a pathogenic 
Al t e rna r i a  w a s  recovered from over  80% of t h e  
seed lots i n  2 of the 3 years.  The Manitoba 
data  are presented i n  Table 4. 

I n  Table 5, a l l  the Saskatchewan samples 
are grouped i n t o  f i v e  a r b i t r a r y  i n f e s t a t i o n  
s e v e r i t y  ca tegor ies .  The d i s t r i b u t i o n  of  B. 

napus samples having A. bras s i cae  and &. 
raphani were remarkably a l i k e ,  i n  about 3 %  of 
them more than 5% of t h e  seeds were a f f ec t ed .  - B. campestris seed lots ca r ry ing  ,A. raphani  
had heavier  i n f e s t a t i o n s ;  7% of t h e s e  were i n  
t h e  t w o  higher ca t egor i e s .  However, none of 
t h e  preceding pa i r ings  approached t h e  2. 
campestris - _A. bras s i cae  combination i n  
t h i s  regard;  i n  over 35% of t h e s e  5% o r  more 
of t h e  seeds yie lded the  pathogen. 

Next t o  Polvspora &it Al te rna r i a  -- l i n i c o l a  Groves & Skolko was t h e  major 
pathogen on f l a x  seed i n  Saskatchewan (Table 
11) .  Nevertheless,  i t s  importance decl ined 
considerably over the period of study ( T a b l e  
6 ) .  The prevalence of A. raphani and A. 
bras s i cae  i n  f l a x  samples was su rp r i s ing .  
Although t h e  l a t t e r  was uncommon, t h e  former 
occurred a t  low l e v e l s  i n  over 30% of t h e  
1970 seed l o t s  and i n  2 7 1  o f  those from 1969 
(Table 6 ) .  Although highly v i r u l e n t  on 

Brass ica  spp. ,  i s o l a t e s  of t h e s e  t w o  spec ie s  
a i d  not  cause appreciable  damage t o  f l a x  ' '-I--------- 
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Table 5. Percentage of Brass ica  seed samples in each of five infes- 
tation severity categories (Saskatchewan samples) 

~- ~ 

Categories 
( %  of seeds infested per sample) 

A l t e r n a r i a  Brassica 10 and 
species species 0 <1 1-4.9 5-9.9 over 
~- ~ 

A .  b r a s s i c a e  B .  campes t r i s  9.2* 10.1 45.3 21.2 14.2 
B.  napus 39.8 26.6 30.5 2.7 0.2 

A .  raphani B .  campes t r i s  29.0 23.3 40.7 5.0 2.0 

B .  napus 37.1 29.9 30.3 2.3 0.5 

* 
Figures represent all samples plated from 1968 to 1972 inclu- 

sive. 

Table 6. Extent of infestation of Saskatchewan flax seed samples by selected 
fungi 

Fungal species 

A 1  t e r n a r i a  A1 t e r n a r i a  A1 t e r n a r i a  Fusari  um B o t r y t i s  
Year 1 i n i  co la  raphani  bras  s i  ca e roseum c i n e r e a  

4; of samples  i n f e s t e d  

1969 49.6 27.4 0.9 27.4 8.6 

1970 41.5 30.2 2.8 34.0 18.9 

1972 24.6 19.7 1.6 23.0 13.1 

% of s e e d s  p e r  sample i n f e s t e d  ( avg )  

1969 5.5 0.2 <0.1 0.3 0.1 

1970 3.7 0.3 (0.1 0.3 0.2 

1972 0.5 0.2 (0.1 0.2 0.2 

h i g h e s t  i n f e s t a t i o n  recorded (% o f  s e e d s  i n f e s t e d )  

1969 72.0 2.0 0.5 5.0 1.5 

1970 46.0 4.5 1.0 2.0 2 .o 
1972 5.0 1.6 0.5 1.3 4.0 

seed l ings  i n  pa thogenic i ty  tests. Both were 
a l s o  found i n  1969 f l a x  samples from A l b e r t a  
(Table 7) :  &. l i n i c o l a  was much less 
prevalent  I n  t h a t  province as a whole than it 
was i n  Saskatchewan i n  1969. 

Xsolates resembling &. l i n i c o l a  i n  
c u l t u r a l  and c o n i d i a l  morphology occurred i n  
both rape  and t u r n i p  rape  seed lo t s  from 
Saskatchewan. I n  1968, 3.4% of Brass ica  
samples y ie lded such i s o l a t e s ,  and i n  1969 
and 1970, r e spec t ive ly ,  2.6% and 1.0% were 
in fe s t ed .  Generally 0.5% o r  less of the 
seeds i n  a sample bore  t h e  fungus. It w a s  
not  de t ec t ed  i n  1971 o r  1972 seed. 
Inocula t ion  tests were n o t  conducted to 
confirm t h e  i d e n t i t y  of t h i s  species.  

1 59 

The l e v e l s  of A l t e rna r i a  c a r t h a m i  
Chowdhury encountered i n  some saff lower  
samples were indeed s t r i k i n g  (Table 8 ) .  I n  
1970 l e a f  l e s ion ing  caused by t h i s  A l t e rna r i a  
was genera l  and severe  throughout 
Saskatchewan. 3. raphani was i s o l a t e d  from 
two of t h e  seven seed l o t s  bu t  4. bras s i cae  
was n o t  de tec ted .  

The 1969 and 1970 da ta  f o r  t u r n i p  r ape  
seed i n f e s t a t i o n  by Al te rna r i a  spp: i n  
Alber ta  are grouped i n  Table 9 according t o  
a g r i c u l t u r a l  repor t ing  area  (ARA) . The sou th  
t o  no r th  progression is perhaps n o t  
surpr is ing .  However, t h e  sha rp  decrease i n  
&. bras s i cae  i n  t h e  Peace River  region (ARA 
7)  should be noted. This was again  observed 
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Table 7. I n f e s t a t i o n  of 27 Alberta 1969 f l a x  seed samples by fungal  pathogen:; of  f l a x  and rape 

- 
Agricu l tura l  Al te rnar ia  Al te rnar ia  A 1  t e r n a r i a  Fusarium B o t r y t i s  

repor t ing  a r e a  l i n i c o l a  raphani b r a s s i  cae  roseum c inerea  - 
% o f  samples i n f e s t e d  

1-3 0.0 0.0 6.7 6.7 13.3 

4-7 41.7 25.0 8.3 58.3 58.3 

1-7 18.5 11.1 7.4 29.6 33.3 

1-3 

4-7 

1-7 

% o f  seeds  p e r  sample i n f e s t e d  (avg) 

0.0 0.0 <0.1 

3.1 0.1 10.1 

1.4 0.1 (0.1 

<0.1 

0.7 

0.3 

0 .1  

1.0 

0.5 

h ighes t  i n f e s t a t i o n  l e v e l  recorded (% o f  seeds i n f e s t e d )  

1-3 0.0 0.0 0.5 0.5 1 .0  

4-7 23.5 0.5 0.5 2.5 6.0 

1-7 23.5 0.5 0.5 2 . 5 6.0 - 

Table 8. Pathogenic fungi  p resen t  i n  Saskatchewan saff lower seed samples, 1970-71 

Fungi presen t  and % of seeds a f f e c t e d  p e r  sample 

Sample and A1 t e r n a r i  a A 1  t e r n a r i  a Bot r y  t i s Fusari  urn 
l o c a l i t y  Treatment* carthami raphani c inerea  roseum -- 

c-1 S D  36.7 0.0 3.3 0.0 

UT 94.7 0.0 8.3 2 .0  (Rosthern) 

c-2 UT 4.5 0.5 4.5 20.0 
( Saskatoon ) 

c-3 
(Saska toon) 

c-4 
(Elrose)  

UT 26.0 0.0 5.3 0.0 

c- 5 UT 
(Briercrest) 

SD 2.0 0.0 10.5 0.0 

U T  19.5 1 .5  17.5 0.0 

3.6 0.0 0.0 11.8 

C-6 SD 76.0 0.0 0.5 0.0 

UT 95.0 0.0 0.5 0.5 (Balcarres)  

c-7 S D  51.7 0.0 0.0 0.0 

UT 71.7 0.0 0.0 0.0 (Lake Lenore) 

* 
S D  = sur face- dis infes ted ;  UT = unt rea ted .  

i n  t h e  few 1971 samples examined. The 
average i n f e s t a t i o n  l e v e l s  i n  t h r e e  Peace 
River samples were A. bras s i cae  0.7%. and A. 
raphani 14.3%. I n  c o n t r a s t  t h e  averages f o r  
e i g h t  samples from ARA 6, were 9.0% and 4.0%, 
r e spec t ive ly .  I n  Saskatchewan t h e  incidence 
of A l t e r n a r i a  on Brassica seed increased 
along an approximate southwest t o  no r theas t  
a x i s  (Table 1 0 ) .  The t r ends  f o r  t h e  f l a x  
samples f o r  t h e  two provinces may be seen i n  

Tables 7 and 11. Brassica seed l o t s  from 
southern  Manitoba were :Largely f r e e  of 
pathogenic fungi  but. i n f e s t a t i o n  w a s  
appreciably h igher  i n  t.he northwest (crop 
d i s t r i c t s  10 t o  1 4 ) .  

High l e v e l s  of A. b r a s s i c a e  and ,A. 
raphani  occurred i n  samples from t h e  1973 
cooperative v a r i e t a l  tests t h a t  had been 
loca ted  i n  crop d i s t r i c t s  5, 8 ,  and 9 i n  
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Table 9. Average i n f e s t a t i o n  l e v e l s  o f  A l t e r n a r i a  
b r a s s i c a e  (A.b.) and A .  r aphan i  (A.r.) i n  
seed  samples of Brass ica  campes t r i s  from 
A l b e r t a  

Average % of  seeds  i n f e s t e d  p e r  sample 
A g r i c u l t u r a l  - 

r e p o r t i n g  1969 1970 
a r e a  A.b. A . r .  T o t a l  A.b. A . r .  T o t a l  

1-2 0.6 0.2 0.8 0.3 0.2 0.5 

3 1.1 0.6 1 . 7  0.9 0.2 1.1 

4 1.0 2 .1  3.1 4.2 1.1 5.3 

5 3.1 1 .3  4.4 3.6 1.4 5.0 

6 8.3 9.7 18.0 9.6 2.3 11.9 

7 0.9 9.3 10.2 1.1 3.2 4.3 

P r o v i n c i a l  
avq 2.5 4.4 6.9 3.4 1 . 8  5.2 

Saskatchewan (Table 12) .  More A. raphani  w a s  
found on g. campest r i s  than  on g .  napus. The 
same was t r u e  of A. bras s i cae ,  although t h e  
d i f f e r ences  were much less marked. The 
r e s u l t s  agreed with t h c s e  obtained f o r  t h e  
farm samples (Table 1) , with t h e  exception o f  
t h e  wide d i f f e r e n c e s  here  i n  amounts o f  &. 
bras s i cae  and &. raphani  found on 2. napus. 
Had the  g .  campestris e n t r i e s  i n  Table 12 
inc luded the  l i n e  R-500 ( 'Yellow Sa r son ' )  the 
o v e r a l l  spec i e s  average would have been 
considerably higher,  f o r  R- 500 seed c a r r i e d  
s u b s t a n t i a l l y  g r e a t e r  amounts of A l t e rna r i a .  
Dif ferences  i n  l e v e l s  oi i n f e s t a t i o n  between 
t h e  s tandard  c u l t i v a r s  of each Brass ica  
spec i e s  occurred b u t  they  were n o t  c o n s i s t e n t  
from s t a t i o n  t o  s t a t i o n .  

Table 13 shows t h e  e f f e c t  of s u r f a c e  
d i s i n f e s t a t i o n  on l e v e l s  of A l t e rna r i a  i n  151 
Brass ica  s eed  samples, mcst of which were g. 
campestris. On an  average, 72.8% of t h e  A. 
b r a s s i c a e  and 90.0% of t h e  ;. raphani  
occurred on t h e  Seed surface.  Af t e r  6 t o  8 
months storase of seed an averase of 47.2% of 
t h e  o r ig ina l -&.  b ra s s i cae  and 5'i. 1% of t h e  A. 
raphani  remained. 

s eed  germination and seed l ing  emergence 
appa ren t ly  were n o t  d i r e c t l y  r e l a t e d  t o  t o t a l  
seed  i n f e s t a t i o n  by pathogenic A l t e rna r i a  
spec i e s .  Twenty-six samples n a t u r a l l y  
i n f e s t e d  with 3. bras s i cae ,  A. raphani ,  or 
both were p l a t e d  without  pretreatment on 
f i l t e r  paper moistened with s t e r i l e  water. 
On a n  average,  17.9% of t h e  seeds  pe r  sample 
c a r r i e d  a pathogenic A l t e rna r i a ,  t h e  range  
being 10-27%. Considering a l l  samples, an 
average of 94.6% of t h e  seeds  germinated, 
3.2% of t he  s eed l ings  subsequently died,  and 
16.2% e i t h e r  d ied  be fo re  or a f t e r  emergence 
or e x h i b i t e d  d i sease  symFtoms b u t  survived 
u n t i l  t h e  test was concluded. When t h e  
amount of A l t e r n a r i a  i n  each sample w a s  
matched with t h e  number of s eed l ings  of t h a t  
sample k i l l e d  o r  e x h i b i t i n g  some d i so rde r ,  no 

by geograph ica l  area 

I I 

Avg % o f  seeds  p e r  sample 

d i s t r i c t  A .  b r a s s i c a e  & A .  r aphan i  

1 9 6 9  1970 1971 

sou th  1-4 2.9 0.4 

West c e n t r a l  7 0.6 1 .8  2.4 

Cen t ra l  6" 1 . 9  2.7 4.7 
8B** 1 . 5  4.6 9.6 

E a s t  c e n t r a l  5A* 4.4 4 .O 
5B** 4.4 4.1 9 .8  

Nor theas t  8A 4.7 7.7 11.4 

North c e n t r a l  
and n o r t h e a s t  9A 4.6 10.0 6.3 

Northwest 9B 4.7 7.0 

c r o p  i n f e s t e d  by bo th  
Region 

P r o v i n c i a l  avg 3.6 6.4 7.7 

* 
Southern p a r t  o f  t h e  reg ion .  

**  
Northern p a r t  o f  t h e  reg ion .  

c o r r e l a t i o n  could be recognized. Again, when 
n a t u r a l l y  i n f e s t e d  seed w a s  sown i n  sand o r  
s o i l ,  seedl ing  emergence and s u r v i v a l  
appeared t o  be completely unre la ted  t o  l e v e l  
of A l t e r n a r i a  i n  t h e  sample. I n  t h e  so i l  
tests,  amounts of i n f e s t a t i o n  ranged from 
1.9% t o  27.0% and wi th  t h e  except ion  of  a few 
samples, f i n a l  emergence was genera l ly  close 
t o  90%. When seeds of rape  and t u r n i p  rape 
were heavily inocula ted  with spo re s  of  A. 
raphani  or &. bras s i caa  and sown i n  s o i l ,  txe 
reduct ion  i n  s t and  due t o  &. raphani  i n  a 
r ep re sen ta t i ve  exDeriment w a s  amroximate lv  

L ^  

1 5  i n  both 2. cam-es t r i s  and B. napus; 
t r a s s i c a e  reducedp t h e  s tand  b? no more than  
8 % .  

3. Fusarium roseum, B o t r v t i s  c ine rea  and 
o t h e r  species 

Fusarium roseum Lk. emend. Snyder & 
Hansen ( l a rge ly  'Acuminatum') w a s  found, 
u sua l ly  a t  l o w  l e v e l s ,  i n  20.3% of a l l  t h e  
Saskatchewan t u r n i p  r ape  samples and i n  13.6% 
of t hose  of rape  p l a t ed  from 1968 t o  1972 
(Table 14).  It was somewhat more common i n  
f l a x  seed l o t s  (Table 6) . Three years '  da t a  
f o r  Brass ica  seed from Alber ta  and Manitoba 
a r e  presented i n  Table 15. g. roseum 
occurred i n  58.3% of t h e  f l a x  samples from 
Alber ta  ARA's 4 t o  7 i n  1969 (Table 7 ) .  It 
was found i n  f o u r  of seven saf f lower  samples 
from Saskatchewan (Table 8 ) ;  i n  samples from 
Saskatoon and Briercrest, 20.0 and 11.8% of 
t h e  seeds were i n f e s t e d ,  respect ive ly .  

A few f u s a r i a  i s o l a t e d  from seed  were 
used t o  inocu la t e  r ape  and f l ax .  Some of t h e  
f l a x  i s o l a t e s  i n f e c t e d  Brass ica  spp. i n  
add i t i on  t o  f l a x ,  while o t h e r s  were n o t  very 
v i r u l e n t  on e i t h e r .  Cul tures  from seed  of 
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Tab le  11. P r e v a l e n c e  and i n c i d e n c e  of i n f e s t a t i o n  o f  Saskatchewan f l a x  s e e d  s a m p l e s h y  r a p e  and f l a x  pa thogens ;  
3- year  a v e r a g e s  (1969, ' 7 0 ,  ' 72 )  by c r o p  d i s t r i c t  

- 
Pol yspora  A1 te rnar ia  A1 t e r n a r i  a A l t e r n a r i a  F u s a r i  um B o t r y t i s  

Crop d i s t r i c t  l i n i  l i n i c o l a  r a p h a n i  brassicae roseum c i n e r e a  

1 

2 

3-4 

5 

6 

7 

8 

9 

O v e r a l l  

1 

2 

3-4 

5 

6 

7 

8 

9 

Overall 

80.0  

75.9 

66.7 

88 .0  

76.1  

89.0  

85.2  

100.0 

81.0 

2.9 

1 .6  

2.2 

2.8 

2.4 

3.2 

2.8 

5 .3  

2.6 

~ ~~- - ~~~ 

P e r c e n t a g e s  of s e e d  samples i n f e s t e d  (avg) 

44.2 

11 .9  

5.6 

53.0 

36.1 

37.7 

67.5  

60.7 

24.2 

24.7 

22.2 

26.6 

16 .3  

26.9 

18.4  

39.3 

48.5  25.8 

Average i n f e s t a t i o n  l e v e l s  

2.0 0 .2  

1 . 5  0 .2  

<0 .1  0.3 

3.8 0 .2  

0.3 0 .1  

0.2 0 .4  

8 . 6  0 . 1  

7 .5  0 .3  

3 .3  0 .2  

0.0 

2.2 

0.0 

0.0 

2 .8  

0.0 

4 .8  

0.0 

1.8 

0.0 

<0.1 

0 .o 
0.0 

<0.1 

0.0 

<0.1  

0.0 

<0.1 

40.8 

29.6 

16.7  

15 .5  

17.9 

20.7 

26.7 

32.2 

28.1 

0.4 

0 . 2  

0 .1  

0 .1  

0 .1  

0.2 

0 .3  

0 .2  

0 .2  

3 .3  

1 .9  

0.0 

13 .7  

12.4  

1 4 . 5  

31.2 

1 4 . 3  

1 3 . 5  

0.1 

0 .1  

0.0 

0 .1  

0.1 

0 . 1  

0 .7  

0 .1  

0 .2  

rape  and t u r n i p  rape f requent ly  a t tacked 
f l ax .  

B o t r y t i s  c inerea  Pers. i s o l a t e s ,  whether 
from Brassica,  f l a x ,  or  safflower seed were 
highly v i r u l e n t  on c r u c i f e r  and f l a x  
seedl ings .  The percentages of Saskatchewan 
Brassica seed samples n a t u r a l l y  i n f e s t e d  i n  
t h e  4 years  1968-71 were 1.7, 3.0, 1 .2  and 
1.4, respect ively .  The highes t  percentage of 
f l a x  samples a f fec ted  w a s  18.9 i n  1970, and 
t h e  lowest ,  8.6 i n  1969 (Table 6 ) .  
Generally, t h e  l e v e l s  of i n f e s t a t i o n  within 
samples were low. I n  1969, over 58% of t h e  
f l a x  seed l o t s  from more nor the r ly  p a r t s  of 
Alber ta  had Bo t ry t i s ,  with up t o  6% of t h e  
seeds y ie ld ing  t h e  pathogen (Table 7 ) .  
safflower too o f t en  c a r r i e d  considerable 
B o t r y t i s ,  much of which w a s  within t h e  seed 
c o a t  (Table 8 ) .  

S c l e r o t i n i a  sclerotiorum (Lib.) de Bary 
was a n  infrequent  contaminant of Brassica 
seed l o t s  and was n o t  found i n  those  of f l a x  
o r  safflower.  only f i v e  samples, a l l  of 
which w e r e  2. napus, y ie lded Sc le ro t in i a  ou t  
of a t o t a l  of over 1800. 'Ihree of these  

T a b l e  1 2 .  E x t e n t  o f  A l t e r n a r i a  brassicae and A .  
r a p h a n i  i n f e s t a t i o n  of B r a s s i c a  s e e d  from 
f i v e  Saskatchewan r e g i o n a l  var ie ta l  tests, 
1973* 

B r a s s i c a  species 
and c u l t i v a r  A .  brassicae A .  r a p h a n i  T o t a l  

- 
B. campestris (avg)  10.8  6.4 17 .2  

Torch 

Echo 

Span 

10.5 8 .3  18.8 

11.1 5.0 1 6 . 1  

1 0 . 8  5.9 16.7  

B. napus  (avg)  9 .6  1 . 9  11 .5  

T a r g e t  9 .5  1.8 11 .3  

Zephyr 

Midas 

11.1 2.0 1 3 . 1  

8 .2  1 .9  10.1 

* 
The f i v e  l o c a t i o n s  were Melfort, P a r k s i d e ,  

Lake Lenore ,  Ke lv ing ton  and Somme. The seed w a s  
p l a t e d  u n t r e a t e d .  



I 
I 

VOL. 54, No. 4, CAN. PLANTDIS. SURV., DEC., 1974 

Table 13 .  Ef fec t  of sur face- dis infes ta t ion  on l e v e l s  of  A l t e r n a r i a  
i n  151 Brassica seed samples 

- 
Average % of seeds with A l t e r n a r i a  spp. 

Treatment A. b r a s s i c a e  A .  raphani Tota l  - 
Untreated 8 .1  4.9 13.0 

D.isinf ested* 2.2 0.4 2.6 

% of t o t a l  Al te rnar ia  
Within t h e  seed c o a t  27.2 10.0 20.0 

On t h e  seed sur face  72.8 90.0 80.0 

163 

* 
10% Javex (0.6% a v a i l a b l e  C 1  on d i l u t i o n ) ,  20 min. 

Table 14.  Prevalence of Fusarium roseum i n  t u r n i p  rape and rape seed samples produced i n  Saskatchewan 

Brassi ca campes tri s Brassica napus 

I n f e s t a t i o n  l e v e l  (%)  I n f e s t a t i o n  l e v e l  (%)  
% of samples 

Year i n f e s t e d  Avg Highest i n f e s t e d  Avg Highest 

1968 19..4 0.1 1.0 13.6 <o .1 0.3 

% of samples 

1969 11 ..1 0.1 3.3 9.0 <0.1 1 .0  

1970 20.3 0.2 6.0 14.8 0.1 1.0 

1971 26.5 0.2 2.9 

1972 50.0 0.3 1.0 32.0 0.2 1.0 

Overal l  20.3 0.2 6.0 13.6 0.1 2.5 

represented  1968 seed from Saskatchewan. I n  
fou r  of  t h e  f i v e  i n s t ances ,  t h e  fungus grew 
o u t  from a seed ,  r a t h e r  than  o r i g i n a t i n g  from 
a sc l e ro t ium i n  t h e  sample. A s  no i n t e n s i v e  
s ea rch  f o r  sc1eroti .a  w a s  undertaken, it is 
p o s s i b l e  t h a t  t h e  amount of Sclerotinia 
p re sen t  might have been cons iderably  
underest imated.  However , most s c l e r o t i a  
l i k e l y  were removed when t h e  seed  was 
c l  ean ed . 

The r e s u l t s  from t h e  1973 rapeseed 
v a r i e t a l  tests f o r  Fusarium, B o t r y t i s  and 
s c l e r o t i n i a  were a s  follows: g. sc lero t iorum 
qrew from 0.5% of t h e  seeds from one of  t h e  
53 seed  lots, a Winnipeg sample. NO 
s i g n i f i c a n t  i n f e s t a t i o n  by t h e  o t h e r  t w o  
pathogens w a s  det.ected i n  samples from 
Winnipeg, Saskatoon , and Beaverlodge. 
However, s t r i k i n g  amounts occurred i n  some of 
t h e s e  from f i v e  r e g i o n a l  t e s t s  i n  
Saskatchewan (Table 16 ) .  A sample of Span 
from Kelvington c a r r i e d  17.4% Fusarium, and 

one of Torch, 7.5%. A Torch sample from Lake 
Lenore had 6.0% i n f e s t e d  seed. Levels  
approaching t h e s e  were r a r e l y  encountered i n  
growers' seed dur ing  5 yea r s  of  p l a t i n g .  Few 
samples of g .  napus were in fe s t ed .  B o t r v t i s  
was also much more common than  usual ,  
occurr ing  i n  high percentages of seed l o t s  of 
both spec i e s  (Table 16).  Surf ace- 
d i s i n f e s t a t i o n  e l iminated  almost a l l  of t h e  
Fusarium and Bo t rv t i s .  

Polyspora &&& occurred i n  67.51, 88.7%, 
and 86.9% of t h e  Saskatchewan f l a x  samples 
from 1969, 1970, and 1972, r e spec t ive ly .  The 
corresponding average l e v e l s  of i n f e s t a t i o n  
per sample were 1.1%, 4. 2%,  and 2.6% and t h e  
h ighes t  l e v e l s  encountered i n  any seed lot ,  
14.5X, 22.5%, and 14.71. Of t h e  samples from 
Alber ta ,  33 .3% of those  from ARAIs 1 t o  3 and 
91.7% of t hose  from AM'S 4 t o  7 c a r r i e d  2. - l i n i .  S l i g h t l y  more than  58% of a l l  t h e  seed 
lo ts  were in fe s t ed .  About 29% of t hose  
p l a t e d  by fienry and E l l i s  (5) had t h e  
pathogen. Presumably t h e i r  samples were 
produced i n  1970. 
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Table 15. Prevalence of  F u s a r i u m  r o s e u m  i n  B r a s s i C a  seed samples produced i n  Alberta and Manitoba 

- 
Alberta Manitoba - 

I n f e s t a t i o n  l e v e l  ( % )  I n f e s t a t i o n  l e v e l  ( % )  
% of samples 

Year i n f e s t e d  AV9 Highest i n f e s t e d  AV9 Highest 
% of samples 

- 
1968 8.5 co.1 0.3 2.8 (0.1 0.2 

1969 31.3 0.1 0.7 

1970 26.7 0.8 2.5 13 .O 0.1 1 .0  

1971 9.4 <0.1 1.0 - 

Table 16. Extent  of seed i n f e s t a t i o n  with F u s a r i u m  r o s e u m  and B o t r y t i s  c i n e r e a  i n  Saskatchewan rapeseed 
v a r i e t a l  tests, 1973 (avg of 5 locat ions" ) 

I n f e s t a t i o n  l e v e l  ( % )  

no. samples p l a t e d  Fungal spec ies  % samples i n f e s t e d  Avg Highest 
B r a s s i c a  spec ies  and 

- 
B.  c a m p e s t r i s  ( 1 4 )  F .  r o s e u m  78.6 3.2 17.4 

B .  c i n e r e a  50.0 0.6 3.0 

B.  n a p u s  (13) F .  r o s e u m  

B .  c i n e r e a  

7.1 

42.9 

<0.1 

0.4 

0.5 

1 .5  

* 
The d a t a  f o r  t h r e e  c u l t i v a r s  were averaged f o r  each of t h e  two spec ies  a t  each l o c a t i o n  ( s e e  t e x t ) .  

D iscuss io n 

s e v e r a l  examples have been provided of 
t h e  high prevalence and inc idence  of c e r t a i n  
pathogenic A l t e r n a r i a  spp. o f t e n  encountered 
on seed  of o i l s e e d  crops ,  of which Al t e rna r i a  
carthami on saf f lower  i s  perhaps t h e  most 
s t r i k i n g .  By i t s  very abundance, seed 
i n f e s t a t i o n  would seem to  be s t rong ly  
impl ica ted  a s  a prime source of e a r l y  spr ing  
i n f e c t i o n s  i n  t he  f i e l d .  This  may be t h e  
case,  but conclus ive  proof has y e t  t o  be 
obtained.  I n  add i t i on ,  c e r t a i n  f a c t o r s  which 
would t end  t o  minimize t h e  harmful e f f e c t s  of 
seed contamination have been i d e n t i f i e d .  By 
simply s t o r i n g  Brass ica  seed from one crop 
year t o  t h e  next  one may reduce the  v i a b l e  
inoculum by 50% o r  more under c e r t a i n  
condi t ions .  However, t h e  r a t e s  of dec l ine  of 
i n f e s t a t i o n  l e v e l s  may be  much less a t  
tempera tures  below 25OC, t h e  approximate 
average tempera ture  p reva i l i ng  dur ing  t h e  
p re sen t  experiment. From the seed s to rage  
r e s u l t s  it is  a l s o  apparent  t h a t  t h e  
t a b u l a t e d  i n f e s t a t i o n  da t a  underest imate t h e  
l e v e l s  p re sen t  when t h e  seed w a s  harvested.  
A f e w  months delay between ha rves t  and t h e  
time t h e  seed was p l a t ed  was unavoidable. I t  
may a l s o  be  noted t h a t  r o u t i n e  c l ean ing  of 
t h e  seed  probably e l iminated  a cons iderable  
propor t ion  of t h e  more seve re ly  d iseased  
seeds i n  many samples. 

Another important  cons ide ra t ion  is t h e  
f a t e  of seed-borne incculum after t h e  s eed  is 
sown i n  s o i l .  It would appear from t h e  few 
experiments conducted t h a t  t h e  l e v e l s  of  
A l t e r n a r i a  n a t u r a l l y  occurr ing  on Bras s i ca  
seed may f r equen t ly  be suboptimal f o r  t h e  
induct ion  of symptoms and t h a t  t h e  s o i l  
microf lora  might reduce t h e  inoculum's 
e f f ec t ivenes s .  The l a t t e r  appears t o  happen 
i n  t h e  case  of Polyspora lini on f l a x  seed 
( 4 ) .  The r e s u l t s  of Richardson's  s tudy (13) 
of A l t e r n a r i a  brassicico&! and A. b r a s s i c a e  
i n  t h i s  regard  i s  even m o r e  pe r t i nen t .  H e  
concluded from the  r e s u l t s  of a f i e l d  t r i a l  
t h a t  n a t u r a l  seed i n f e s t a t i o n  had no e f f e c t  
upon emergence i n  t he  ca se  o f  e i t h e r  
pathogen. It is  f e l t  t h a t  t h e  e f f e c t  of seed 
i n f e s t a t i o n  upon es tabl i shment  of A l t e r n a r i a  
i n  t h e  subsequent c rop  r e q u i r e s  cons iderable  
f u r t h e r  s tudy.  

The e f f e c t  of fung ic ida l  t r ea tmen t  of 
Brassica seed was n o t  examined, but  a s  t h e  
bulk of t h e  A l t e rnd r i a  inoculum w a s  
s u p e r f i c i a l ,  it would b e  r e a d i l y  accessable 
t o  chemicals. M i l l s  and Wallace ( 8 )  inc luded 
rapeseed i n  a n  eva lua t ion  of  a number o f  
fung ic ida l  formulat ions.  The production of 
c lean  seed i n  areas such as southern  Manitoba 
which have been producing . r e l a t i ve ly  d i sease-  

! i I -l---7-- --- 
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f r e e  seed i s  ano the r  p o s s i b i l i t y  t o  be 
considered.  The developnent of c u l t i v a r s  
r e s i s t a n t  t o  a l t e r n a r i a  b lack  spot  i s  a 
worthwhile ob jec t ive .  g. napus appears  t o  
possess  g r e a t e r  r e s i s t a n c e  t o  t h e  d i s e a s e  
than  B.  campestr& (2, 3, 6, ?), and it 
ce r t a iK ly  had l e s s  A l t e r n a r i a  seed  
contamination i n  t h i s  study. The saprophyt ic  
development of  some Fathogens, p a r t i c u l a r l y  
3 .  raphani  , i n  a s soc i a t i on  wi th  
nonsuscept ib le  h o s t s  may a l s o  be a f a c t o r  i n  
t h e i r  dissemination worthy of cons idera t ion .  

apparent  i n c r e a s e  i n  Fusarium roseum 
on Bras s i ca  seed (Tables 14 and 16) an- 
c o n s i s t e n t l y  wide pxevalence on f l a x  seed may 
be  s i g n i f i c a n t .  Poo t ro t  of c r u c i f e r s  i n  
which t h e  'Acuminatum' type  of  g .  roseum i s  
a l s o  a major p a r t i c i p a n t ,  showed a 
s u b s t a n t i a l  i nc rease  between 1970 and 1972 
(10) and Fusarium-ghizoctonia r o o t  rot of 
f l a x  has  t e e n  t h e  main problem caus ing  
i n q u i r i e s  i n  t h e  s p r i n g  from farmers i n  
r e c e n t  years .  I t  al.so has  been shown t h a t  a t  
l e a s r  a few v a r i a n t s  of g .  roseum 
'Acuminatum' have wide h o s t  ranges among 
o i l s e e d  crops  grown on t h e  Canadian p r a i r i e s .  

I t  i s  thought t h a t  B o t r v t i s  c ine rea  h a s  
g r e a t  p o t e n t i a l  importance i n  some a r e a s  due 
t o  i t s  high v i ru l ence  on a l l  t h e  o i l s e e d  
crops  s tud i ed  and the  f a c t  t h a t  it can be 
widespread i n  some yea r s  (Tables 7 and 16). 
I n  Europe it i s  a major cause of s e e d l i n g  
l o s s e s  i n  f l a x  ( I ) .  Although Rhizoous was 
grouped wi th  t h e  saprophyt ic  spec i e s  i n  t h i s  
paper,  it t o o  can cause an imFortant  seed and 
pre-emergence seed l ing  r o t  of rape,  a s  
Vanterpool (16) has  poin ted  out .  
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