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SEED INFESTATION OF FLAX IN ALBERTA WITH 

THE FUNGUS CAUSING BROWNING OR STEM-BREAK 

A. W.  Henry’and C. Ellis’ 

Abstract 

seed samples of four varieties of f l a x  (Linum usitatissimum L.) from 
d i f f e r e n t  p a r t s  of Alberta were examined b y t i f i c i a l  c u l t u r e  on pota to  
sucrose agar f o r  t he  presence of t he  browning o r  stem-break fungus 
Pol s ora  l i n i .  In fe s t a t ion  w a s  de tec ted  i n  seed of each of  t h e  four  i d d h  G l t a ,  Raja, Redwood, and Redwing, with t h e  incidence of 
i n fe s t ed  samples ranging from 16  t o  40%. Clean samples were obtained from 
widely separated p a r t s  of t he  province bu t  most commonly from the  d r i e r  
areas.  

Introduction 

Browning o r  stem-break of f l a x  has been 
known f o r  about half  a century. I t  w a s  f i r s t  
reported i n  I re land by Laffer ty  i n  1921 (6). 
H e  described t h e  d isease  and proved it was 
caused by a fungus. Jn North America it 
would appear taiat tile d isease  has been 
present  f o r  a s  long a period as i n  Europe, 
though not recogr!zed a s  the  same u n t i l  a f t e r  
Laffer ty’s  r epor t  from Ireland.  I t  was f i r s t  
reported i n  Canada from Saskatchewan i n  1923 
(1) though col lec ted  the re  a s  e a r l y  a s  1920 
( 3 ) ;  it w a s  reported i n  Alberta i n  1926 ( 7 ) .  
Additional  e a r l y  r epor t s  from Canada and t h e  
united S t a t e s  may be found i n  references by 
Flor  (2 )  and Henry (2,3,4). 

The dual  name which Laffer ty  gave t h e  
d isease  ind ica t e s  t he  two types of symptoms 
produced. Browning r e f e r s  t o  brown blotches 
which develop on a l l  above-ground p a r t s  and 
which are most conspicuous while t he  p l an t s  
a r e  s t i l l  green. Stem-break on t h e  o ther  
hand ind ica t e s  a tendency of some af fec ted  
p l a n t s  t o  break over j u s t  above the  s o i l  
surface.  Brown l e s ions  tend t o  develop most 
prominently on stems and leaves but they may 
also be found on f l o r a l  p a r t s ,  such a s  sepals  
and seed capsules. I n  f a c t  t h e  seed i t s e l f  
may be at tacked,  contaminated and damaged i n  
varying degrees. I t  is with t h i s  l a t t e r  
e f f e c t  t h a t  w e  are ch ie f ly  concerned here. 

CAUSE AND METHODS OF TRANSMISSION 

The causal  organism w a s  described by 
Laffer ty  (6)  as an imperfect fungus which he 
named Pol s ora l i n i  n. gen. n. sp. i n  1921. 
Recentl*tFperfect state of t h i s  
fungus w a s  found i n  New Zealand by Sanderson 
on wild Aust ra l ian  f l ax ,  Linum marginale A. 

Cunn. ( 8 ) .  H e  described t h i s  as a new 
ascomycete which he named Gui na rd ia  
Sanderson sp. nov. H e + u n m  
cu l tu re s  from ascospores w e r e  similar to  
those from conidia and could i n f e c t  
cu l t i va t ed  f l a x  and produce symptoms similar 
t o  those r e su l t i ng  from conidia l  i n fec t ions .  

The conidia l  or imperfect  s t age  of t h e  
fungus is t h e  one commonly found i n  North 
America on cu l t i va t ed  f l a x  (Linum 
usitat issimum L.) I t  is charac ter ized  
abundance of s ingle- cel led  hyaline oval  t o  
cy l ind r i c  conidia i n  t i n y  creamy masses on 
t h e  surface  of t h e  brown l e s ions  on the host .  
Diseased t i s s u e s  p l a t ed  on pota to  sucrose 
agar  normally y i e l d  white yeas t- l ike  colonies 
which soon tu rn  shiny black. These colonies  
produce a g r e a t  abundance of conidia bu t  only 
a l imi ted  amount of mycelium. Occasionally 
va r i an t  colonies cons is t ing  mainly of  
mycelium a r e  formed i n  cu l tu re  bu t  t hese  are 
not  t he  t y p i c a l  form of t h e  fungus (4). 

Transmission of the causal  fungus from 
year t o  year is made poss ib le  mainly by t h e  
use of i n fe s t ed  seed or by e s t ab l i sh ing  a 
crop i n  c lose  a s soc ia t ion  with d iseased 
residues of a previous crop. Primary 
in fec t ion  i s  i n i t i a t e d  by inoculum on or i n  
such seed o r  res idues  and i s  followed by t h e  
production of conidia which produce secondary 
in fec t ions  during w e t  periods throughout t h e  
growing season. Conidia are dispersed  by 
various agents such as wind, d r i f t i n g  r a i n  
and i n s e c t s  t o  l i v i n g  f l a x  p l a n t s  i n  t h e  
v i c in i ty .  Under favorable weather condi t ions  
t h e  d isease  tends t o  become more severe as 
t h e  season advances due to  t h e  continued 
production of conidia and possibly t o  an 
increase  i n  s u s c e p t i b i l i t y  of t h e  hos t  with 
age. 

Crop C l in i c ,  P l an t  Industry Division, 
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Seed-borne inoculum i s  i n  an e spec ia l ly  
Deceased. favorable pos i t i on  f o r  e s t ab l i sh ing  in fec t ion  
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i n  a new crop s t a r t e d  from in fes t ed  seed. 
However much of t h e  inocuium on t h e  surface  
of t he  seed may f a i l  t o  i n i t i a t e  i n fec t ion  
because it is inact iva ted  ( 5 )  by s o i l  
microorganisms o r  by chemical ac t ion  i f  t h e  
seed i s  t r e a t e d  with fungicides. However 
internally- borne inoculum i s  o f t en  present  i n  
contaminated seed and i s  l i k e l y  to survive 
and prove e f f e c t i v e  i n  d isease  i n i t i a t i o n .  
The pathogen can survive i n  in fe s t ed  seed f o r  
a t  l e a s t  3-4 years  under farm s torage  
condit ions.  Therefore t h e  use of i n fe s t ed  
seed i s  an e f f i c i e n t  means of e s t ab l i sh ing  
numerous in fec t ion  centers  from which 
secondary spread throughout a crop may occur. 
Moreover the  d i s t r i b u t i o n  of i n fe s t ed  seed 
through commercial channels is bound t o  occur 
and t h i s  can r e s u l t  i n  t he  rapid  and se r ious  
spread of t h e  pathogen over a wide area. 

The direct loss from seed i n f e s t a t i o n  may 
be subs t an t i a l .  Not only is the  y i e ld  of t h e  
crop grown from such seed l i k e l y  t o  be 
reduced b u t  i t s  q u a l i t y  a s  w e l l .  The seed 
from a diseased crop i s  l i k e l y  t o  be in fe s t ed  
and i ts  value f o r  propagative purposes 
lowered appreciably. The main purpose of t h e  
present  study w a s  t o  determine t h e  extent  of  
i n f e s t a t i o n  of Alberta f l a x  seed with 
Polyspora m. 

Materials and methods 

The seed examined cons is ted  of 118 
samples; 28 were obtained from seve ra l  
Alberta Municipal Seed Cleaning P lan t s  and 90 
from t h e  Federal Distr ict  Seed Analyst, P l an t  
Products Division, CDA, Edmonton, Alberta. 
These samples w e r e  from widely sca t t e red  
d i s t r i c t s  of Alberta and included seed of  
four  v a r i e t i e s ,  m Q S t  of them (82%) being of  
t h e  Noralta var ie ty .  

1% of t h e  seeds i n  a sample w e r e  i n fe s t ed ,  
such a seed l o t  could e s t a b l i s h  a very l a rge  
number of i n fec t ion  cen te r s  per acre. 

However c lean  samples were obtained from 
a l l  p a r t s  of t h e  province surveyed (Figure 2) 
and a l l  samples received from some areas were 
found t o  be clean. 

Discussion 

The most alarming f a c t  brought ou t  by t h e  
da t a  i n  Tables 1 and 2 w a s  t h a t  a high 
percentage of samples of seed of a l l  four  
major v a r i e t i e s  t e s t ed ,  namely Noralta, R a j a ,  
Redwood, and Redwing, proved t o  be in fe s t ed  
with Polyspora a. 

With t h e  exception of Redwing these  are 
r e l a t i v e l y  new v a r i e t i e s  which have become 
widely grown and d i s t r i b u t e d  i n  Alberta,  t h i s  
being e spec ia l ly  t r u e  of Noralta. Moreover 
t h e  seed samples t e s t e d  are believed to  have 
or ig inated  on Alberta farms. I t  i s  poss ib l e  
the re fo re  t h a t  t h e  use of seed of any of 
these  v a r i e t i e s  t h a t  w a s  not  t e s t e d  and found 
f r e e  from Pol s ora l i n i  could r e s u l t  i n  t h e  
wider distid&ii-ome pathogen. 

Table 1. Incidence of Polyspora l i n i  i n  f l ax  seed 
samples supplied by f ive  Alberta Municipal 
Seed Cleaning Plants* 

No. of 
samples Samples Range of 

Flax No. of yielding infested infes ta t ion 
variety samples P. l i n i  ( % I  ( % I  

Noralta 20 5 25.0 0-20 

Raia 6 1 16.6 0- 2 

2 0 P o l  s ora l i n i  was detected by p l a t ing  Redwood 
100 - d T e d s  from each samde on 

28 6 a c i d i f i e d  pota to  sucrose agar. When ik fe s t ed  Total 
or surface  contaminated seeds are incubated 
on t h i s  medium f o r  5-7 days t y p i c a l  colonies  * 
(Figure 1) of P. l i n i  are produced t h a t  can Located a t  Alliance, Blackie, Falher, Nanton, usual ly  be i z e n m e d  without t h e  a i d  of a and Pembina. 
microscope. 

Results 

The r e s u l t s  of t h e  survey are given i n  
Tables 1 and 2 and are i l l u s t r a t e d  i n  Figure 
2. They show t h a t  f l a x  seed from widely 
separated p a r t s  of Alberta w a s  i n fe s t ed  with 
t h e  browning or stem-break fungus, t h e  
percentage of i n fe s t ed  samples per  v a r i e t y  
ranging from 16.6% t o  40%. A s  indica ted  by 
t h e  map, i n f e s t a t i o n  w a s  most common i n  
samples from western and c e n t r a l  Alberta and 
least common i n  the dry southeastern pa r t .  
I n  the western p a r t  it w a s  noted i n  samples 
as f a r  south as Claresholm and as f a r  nor th  
as Falher i n  t h e  Peace River area. 

The percentage of i n fe s t ed  seed p e r  
sample w a s  not  p a r t i c u l a r l y  high but  i f  only 

Table, 2. Incidence of Polyspora l i n i  i n  f lax  seed 
samples supplied by the Federal D i s t r i c t  
Seed Analyst in Edmonton 

No. of 
samples Samples Range of 

Flax No. of yielding infested infes ta t ion 
variety samples P. l i n i  (%)  ($1 

~~ 

Noralta 55 17 31.0 0-9 

Raja 16 6 37.5 0 -2 

Redwing 5 2 40.0 0-3 

Redwood 14 3 21.4 0-1 

Total 90 28 
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Figure 1. Isolates of Polyspora l ini from infested seed of Noralta flax 
growing on potato sucrose agar. The shiny black colonies are 
typical of the pathogen. 

While t h e  da ta  do not  show di f ferences  i n  
reac t ions  t o  P. l i n i  among t h e  four v a r i e t i e s  
reported on \ e r e w e  have reason t o  be l ieve  
t h a t  such d i f ferences  e x i s t .  F ie ld  
observations f o r  ins tance  ind ica t e  t h a t  
Noralta is highly suscept ib le  and t h a t  R a j a  
possesses some res is tance .  I t  must be 
recognized however t h a t  P. l i n i  is a va r i ab le  
fungus (4), probably E o n m i n g  of many 
d i f f e r e n t  races? so t h a t  r e s i s t ance  t o  one 
race may not necessar i ly  mean r e s i s t ance  t o  
a l l  races. Among o the r  v a r i e t i e s  it has been 
noted t h a t  extreme reac t ions  have been 
reported,  e.g. Bison as highly suscept ib le  
and R i o  a13 highly r e s i s t a n t .  

It might be noted t h a t  t h ree  of t h e  
v a r i e t i e s  examined here,  Noralta,  R a j a ,  and 
Redwood possess considerable r e s i s t ance  t o  
r u s t  and w i l t  fungi. I t  would seem t h a t  t h e  
browning and stem-break fungus has become 
s u f f i c i e n t l y  important i n  Alberta t o  warrant 
t h e  incorporation of r e s i s t ance  to  it i n  new 
v a r i e t i e s  t h a t  may be developed. 

USE OF UNXNFESTED SEED I N  THE CONTROL 
OF THE DISEASE 

The 'use of c lean  seed can play a major 
role i n  t h e  cont ro l  of t h e  browning and stem- 
break disease.  While our inves t iga t ions  show 
t h a t  many samples of Alberta farmers' seed 
are in fe s t ed  with the. causal  fungus, they 
also show t h a t  t h e  majori ty a r e  clean. Hence 
it is poss ib le  t o  obta in  clean seed i n  
Alberta. 

I f  a farmer has t o  purchase seed t o  

1 .t- 
\ 
\ 

1. 
t 

0 Source of 1 or 
more infested 
samples 

more uninfested 
samples. 

0 Source of 1 or 

. 
Figure 2. Distribution of Alberta flax seed samples examined for infes- 

tation with Polysporo l in i .  

e s t a b l i s h  a crop he should be su re  t h a t  he 
obta ins  c lean  seed. H e  should then be ab le  
t o  grow h i s  own seed f o r  an i n d e f i n i t e  period 
with the  expectat ion of producing crops f r e e  
from t h i s  disease.  

I f ,  on t h e  o the r  hand, a farmer has 
in fe s t ed  seed he would be w e l l  advised t o  
sel l  it f o r  commercial purposes and buy c lean  
seed w i t h  which to  s tar t  h i s  next  crop. 

Clean seed i s  more l i k e l y  t o  be 
obta inable  from areas which have a dry  r a t h e r  
than  a moist climate. 

Visual examination of f l a x  seed is not  
s u f f i c i e n t  t o  d e t e c t  i n f e s t a t i o n  with g. 
l i n i .  A c u l t u r a l  test such a s  t h a t  used I n  

inves t iga t ion  is necessary and could be 
made q u i t e  r ead i ly  i f  seed t e s t i n g  
l abora to r i e s  were provided with t h e  necessary 
equipment and q u a l i f i e d  personnel. 

ADDITIONAL CONTROL MEASURES 

The use of c lean  seed is an e s s e n t i a l  
con t ro l  measure and might i n  c e r t a i n  
circumstances be s u f f i c i e n t  by i t s e l f ,  but  
o the r  supplemental measures, such as crop 
ro t a t ion ,  seed treatment,  and t h e  growing of 
r e s i s t a n t  v a r i e i t e s  when s u i t a b l e  ones are 
ava i l ab le  should be prac t i sed .  
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