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INTERACTIONS AMONG BIOTIC VARIABLES AFFECTING 
COCHLIOBOLUS SATIVUS AS A PATHOGEN OF CEREALS' 

J. T.Mills 

Abstract 

Present  knowledge of seedl ing  b l i g h t  and common r o o t  r o t  d i seases  of 
c e r e a l s  caused by Cochliobolus s a t i v u s  i s  reviewed with p a r t i c u l a r  
r e fe rence  t o  e t io logy and control-ractions known t o  occur between C. 
s a t i v u s  and o the r  fungi are described and poss ib le  i n t e r a c t i o n s  between t h g  
pathogen and faunal  and v i r a l  va r i ab le s  discussed.  I t  i s  suggested t h a t  
a l l  va r i ab le s  t h a t  may a f f e c t  d isease  incidence f i r s t  be examined and then 
narrowed down t o  s p e c i f i c  modifying f ac to r s .  The use of s e l e c t i v e  
chemicals may a s s i s t  i n  determining how b i o t i c  va r i ab le s  modify common r o o t  
r o t .  

Introduction 

Cochliobolus s a t i v u s  (It0 E Kurib.) 
Drechsl. ex Das-[conidial state, 
Helminthosporium sativum Pam. King & Bakke, 
syn. B i  o a r i s  so ro  in i ana  (Sacc. i n  Sorok) 
Shoem-e ma& causal  orcranism of four  
important d i seases  of ce rea l s :  - black point  
(kernel  smudge) , seed l ing  b l i g h t ,  l e a f  
b lo tch ,  and common root  rot. It is the l e a s t  
svec ia l i zed  of  the v i r u l e n t  and wrevalent 
Helminthosporium species  preseht on 
graminaceous hos t s  ( 1 1 ) .  Fusarium culmorum 
(W. G. Sm.) Sacc. and o the r  Fusarium spp. 
(20 )  a r e  o f t e n  associa ted  w i t h  C. s a t i v u s  i n  
common r o o t  r o t .  Black p i g t  be 
cont ro l led:  seedl ing  b l i g h t -  can be p a r t i a l l y  
con t ro l l ed  w i t h  seed treatment fungicides: 
b u t  at tempts t o  con t ro l  common roo t  rot ,  
s tud ied  f o r  40 years  i n  Canada, have been 
less successful .  Studies on common r o o t  r o t  
a r e  extremely d i f f i c u l t  because of the 
ex i s t ence  i n  so i l  of numerous complex 
i n t e r r e l h t i o n s h i p s  among b i o t i c  and a b i o t i c  
var iables .  This r e p o r t  summarizes present  
knowledge of t h e  d iseases ,  w i t h  emphasis on 
b io t ic  and a b i o t i c  i n t e r a c t i o n s ,  and proposes 
poss ib l e  areas f o r  fu tu re  research.  

THE MICROFLORA OF SEEDS AS RELATED TO THE 
&ED-BORNE PATHOGEN 

C. s a t ivus ,  with Al t e rna r i a  sp. and o the r  
" f i e r d  fungi", is a common component of the 
a i r- spora  which invade developing heads of 
cereal p l an t s  (22 ,  25). The invasion i s  
mainly dependent on t h e  weather during t h e  
time the kernels  are developing and maturing 
(13). In  t h e  s w a t h ,  other fungi,  inc luding 
Trichothecium sp. and Stre tom ces 
("harves t  fungi")  (31) a-um EE: 
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(" s torage  fungi") ( 8 )  a l s o  may i n f e s t  the 
seeds. The b a c t e r i a ,  yeas t s  , fungi , 
nematodes, and v i ruses  known t o  occur i n  
ba r l ey  have been listed by Pepper & Kiesling 
(33). Many fungi could d i r e c t l y  or 
i n d i r e c t l y  a f f e c t  C. s a t i v u s  on the g ra in  
(Fig. 1 ) .  I n t e r r e l a U o n s  occurr ing  among C. 
s a t i v u s  and o the r  fungi,  i n s e c t s ,  mites, an8  
-mental va r i ab le s  i n  s to red  g ra in  have 
been inves t iga t ed  by Sinha e t  al .  (39). 

Machacek e t  al.  (24) found t h a t  seed 
samples heavi ly  i n f e s t e d  with C. s a t i v u s  
o r ig ina t ed  mainly i n  the M a r i t i m e - P r o m  
Quebec and Manitoba. C. s a t i v u s  usua l ly  
disappears from seed of wheat and ba r l ey  
wi th in  3 years ,  b u t  may survive  i n  heav i ly  
i n f e s t e d  samples as long as 9 years  (23) as 
mycelium i n  the pe r i ca rp  (36). 

THE INFESTED SEED I N  SOIL 

Barley seed in fe s t ed  with C. s a t i v u s  has 
dormant mycelium i n  t h e  l & u n a , l e a ,  
per icarp ,  and lod icu le s  and ungerminated 
spores  between the lemma, palea ,  and pe r i ca rp  
(25). Because seed-borne C. s a t i v u s  invades 
t h e  plumule and r a d i c l e  whire t h e y e  s t i l l  
under t h e  h u l l ,  i n  heavi ly  i n f e s t e d  seed the 
pathogen is soon w e l l  es tabl i shed.  I f  such 
seed is sown, seedl ing  b l i g h t  may develop, 
with brown s t r e a k s  on t h e  c o l e o p t i l e s  and 
leaf sheaths ,  and may cause t h e  death of  
seedlings.  Such i n f e s t e d  seeds have an 
a t t endan t  microflora t h e  components of which 
are dependent on the age of "e seed and i ts  
h i s t o r y ,  i.e. t h e  growing and storage 
environments. The fungi i s o l a t e d  from seed 
f r e s h l y  sown i n  soil are seed fungi. Both 
Christensen (9) and Mead (26) found t h a t  t h e  
so i l  microflora does not  have a marked e f f e c t  
on seedl ing  b l i g h t  a r i s i n g  from n a t u r a l l y  
in fec t ed  bar ley  seed. The fungi isolated 
from f re sh ty  produced r o o t s  of  wheat and 
ba r l ey  i n  normal so i l  are so i l  fungi ,  e.g. 
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Figure 1 .  Possib le  interactions among Cochliobolus sotivus and other fungi on cereol seed and in  soi l ;  numbers refer t o  L i terature cited; __* = 
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P thium Fusarium, C l indrocarpon spec i e s ,  
not  seed f L g i  ( 3 4 )  . However, it 

appears t h a t  seed-borne fungi  can reduce the  
c o l e o p t i l e  s t r eak ing  caused by C. s a t i v u s  
( 1 0 ) .  When su r f ace- s t e r i l i z ed  wheat seeds 

w e r e  inocula ted  s e r i a l l y  with C. s a t i v u s ,  
E icoccum n i  rum Lk. and Al t e rna r i a  
tgnuissima -& W i l t . ,  s t r eak ing  caused by 
C. s a t i v u s  w a s  reduced by the an tagon i s t i c  
ac t ion  o E. n i  rum on t h e  pathogen and by 
s t imu la t i zn  Gf t h s t  by A. tenuissima.  
Csut i  e t  al .  (10) a l s o  found That t he  fungus 
which is appl ied  f i r s t  t o  t h e  h o s t  dominates 
fungi  inocula ted  l a t e r ,  which remain 
secondary. 

Vo la t i l e  fungic ides ,  e.g. Panogen PX, 
have been t e s t e d  ( 4 5 )  as seed t rea tments  but  
they have no t  given complete con t ro l  of t he  
pathogen probably because of their i n a b i l i t y  
t o  a f f e c t  deep-seated in fec t ions .  A more 
promising approach is t h e  use of s e l e c t i v e  
systemic fungicides t h a t  can k i l l  t h e  
pathogen without  a l t e r i n g  poss ib l e  b e n e f i c i a l  

- 

e f f e c t s  
and o t h e r  fungi. 

SOIL-BORNE C. SATIVUS E F. CULMORUM AND 
COMMON ROOT ROT 

t o  t h e  seedling-from Al t e rna r i a  spp. 

Eusarium culmorum i s  commonly a s soc i a t ed  
with C. s a t i v u s  i n  common roo t  r o t  i n  Canada. 

I n  c e r t a i n  a r eas ,  f o r  example northwest 
Alberta,  g .  culmorum i s  t h e  dominant 
pathogen. This fungus, which has the dual  
r o l e  o f  c rop  pathogen and post- harvest  
co lon ize r  of  cereal s tubble ,  i s  prevalent  i n  
the t o p  6 inches of t h e  soi l  and has 
pronounced competi t ive saprophyt ic  a b i l i t y  
( 3 )  

C. s a t i v u s  occurs widely i n  so i l  o r  on 
stubL3.e m o v e r w i n t e r i n g  conid ia  which a r e  
kept  dormant by t h e  ac t ion  of s o i l  
f u n g i s t a s i s  (40). Conidia germinate under 
t h e  inf luence  of exudates from the crown, t h e  
subcrown in ternode ,  and poss ib ly  the crown 
r o o t s  (S.H.F. Chinn, personal  communication). 
Chinn has found t h a t  conid ia  more than  1/8 
inch away from t h e  crown w i l l  no t  germinate. 
On the Canadian p r a i r i e s  t h e  subcrown 
in ternodes  u sua l ly  become in fec t ed  i n  May o r  
e a r l y  June; i n f e c t i o n  subsequently extends to 
the crown where spo ru l a t i on  occurs by late 
Ju ly  o r  e a r l y  August and conid ia  drop to the 
s o i l  and a r e  l a t e r  mixed by c u l t i v a t i o n  
(S.H.F. Chinn, personal  communication). 
P lants  a f f ec t ed  by root r o t  occur a t  random 
throughout t h e  crop. I n  t h e  post-heading 
phase of p l an t  growth, premature b leaching  of 
the e a r s  and s t raw can occur. A t  Saskatoon 
Chinn (7) has s tud ied  invas ion  of wheat 
seedl ings  by fungi  o the r  than  C. s a t i vus .  
Possibly symptomless invas ion  -of h e a l t h y  
p l an t s ,  e.g. by Penic i l l ium spp., i n t e r f e r e s  
with subsequent invas ion  by C. sa t ivus .  

Control has  been attempted w i t h  seed  
fungic ides  , by fungic ida l  p e l l e t s  placed near 
t h e  subcrown in ternode  (29) , w i t h  var ious  
s o i l  amendments, and by c e r t a i n  c u l t u r a l  
p r ac t i ce s ,  e.g. incorpora t ion  of s t r a w  i n t o  
s o i l .  These at tempts have m e t  with l i t t l e  o r  
no success.  

Bu t l e r  ( 3 )  has presented information on 
mic ro f lo ra l  antagonism which has explained 
d i sease  anomalies b u t  t h i s  has achieved 
l i t t l e  i n  terms of d i sease  cont ro l .  H e  l is ts  
846 references  on m o t  r o t s  of which t h r e e  
a r e  concerned with i n t e r r e l a t i o n s  between 
r o o t  r o t  and i n s e c t s ,  and one w i t h  nematodes. 
I t  is as i f  t h e r e  has  been an unwri t ten  
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agreement t o  inves t iga t e  roo t  r o t s  s o l e l y  i n  
terms of fungi. In sec t s ,  mites, nematodes, 
and o the r  microfaunal components may a f f e c t  
i n d i r e c t l y  o r  d i r e c t l y  root  r o t  incidence.  
These components, m o s t  abundant i n  t h e  top  6 
inches of  t h e  s o i l ,  a r e  mostly microf lora l  
grazers  and some a r e  known t o  feed and breed 
on Al t e rna r i a  and o the r  fungi (30 ) .  

VIRUSES AND COMMON ROOT ROT 

Conceivably, root invasion by C. s a t ivus  
and E. culmorum and t h e  random d i g t r i b u t i o n  
of common roo t  r o t  across a f i e l d  might be 
r e l a t e d  to  a v i r u s  in fec t ion ,  with o r  without 
evident  symptoms, t h a t  predisposes p l an t s  t o  
roo t  r o t  i n fec t ion .  some examples of p l an t  
v i ruses  which may a f f e c t  t h e  incidence of 
common r o o t  r o t  are as follows: 

Soil-borne v i ruses  -- Wheat soil- borne mosaic 
v i r u s  (mv) and o a t  mosaic v i rus  ( O W )  a r e  
known t o  have a se r ious  e f f e c t  on y i e l d s  of 
cereals i n  the USA (19)  bu t  have not  been 
repor ted  i n  Canada. In  Ontario, wheat sp indle  
s t r e a k  mosaic v i r u s  (WSSMV) i s  known t o  cause 
s i g n i f i c a n t  l o s ses  i n  y i e l d  of winter  wheat 
( 4 1 ) .  S imi lar  agents may be involved i n  t h e  
transmission of t h e  th ree  v i ruses .  It has 
been suggested t h a t  t he  root- inhabit ing 
fungus P o l  m xa raminis Ledingham could be 
t h e  vecto*V b V  (41). Once it 
was thought t h a t  Helminthosporium spp. w e r e  
associa ted  with transmission of t h e  r o s e t t e  
form of WMV (27). 

Seed-borne v i ruses  -- Chiko (5,  6 )  found 
seed-borne bar ley  s t r i p e  mosaic v i r u s  (BSMV) 
i n  22% and 34% of t h e  2-row bar ley  f i e l d s  
surveyed i n  Manitoba i n  1970 and 1971, 
respect ive ly .  The incidence of diseased 
p l an t s  i n  these  f i e l d s  genera l ly  var ied  from 
a trace t o  5% b u t  i n  c e r t a i n  f i e l d s  up t o  50% 
of t h e  p l an t s  were af fec ted .  Apparently no 
determinations have been made t o  check 
whether BSMV i s  a predisposing f a c t o r  i n  
common root  rot. 

Aphid-transmitted v i ruses  -- Smith (42) 
suggested th a t  aphid- transmitted bar ley  
yellow dwarf v i rus  (BYDV), widespread on t h e  
Canadian p r a i r i e s ,  could be a predisposing 
f a c t o r  i n  common roo t  rot. This hypothesis  
w a s  based on New Zealand da ta  i n d i c a t i n s  
increased pathogenicity of Fusarium a n i  
Rhizoctonia roo t  r o t t i n g  fungi on wheat 
p l an t s  previously in fec t ed  with BYDV. Scot t  
(38) s tud ied  t h e  in t e rac t ions  between BYDV 
and C. s a t i v u s  i n  o a t s  and durum wheat i n  
1 l l i n Z . s  i n  labora tory  and f i e l d  experiments. 
H e  found t h a t  r o o t  r o t  symptoms were more 
severe  under f i e l d  than under labora tory  
condit ions.  I n  BYDV-infected p l an t s  roo t  r o t  
symptoms were de tec t ab le  e a r l i e r  and were 
more severe than i n  v i rus- free  p lants .  
S imi lar ly  more fungi w e r e  i s o l a t e d  from BYDV- 
i n fec t ed  p lants .  

Leafhopper- transmitted v i ruses  and 
mycoplasmas -- Aster yellows causal  agent 
(AYCA) and o a t  blue dwarf v i r u s  (OBDV) occur 

on wheat, o a t s ,  and bar ley  i n  Canada and can 
r e s u l t  i n  s i g n i f i c a n t  y i e l d  losses. The 
a s t e r  leafhopper (Macrosteles f a sc i f rons  
s t h )  is the  chief  vector  of AYCA and t h e  
only known vec to r  of OBDV. No determinations 
have been made t o  check whether AYCA o r  OBDV 
a r e  predisposing f ac to r s  t o  common r o o t  r o t .  

Mite- transmitted v i ruses  -- Wheat s t r e a k  
mosaic v i r u s  (WSMV) i s  t ransmit ted  by t h e  
wheat c u r l  m i t e  (Aceria t u l i  ae  Keifer )  and 
is found only i n  m n d e a t  growing 
areas  of Ontario, Alberta,  and Saskatchewan. 

In  summary, there is considerable 
evidence f o r  increased s u s c e p t i b i l i t y  of 
v i rus- infec ted  p l an t s  t o  roo t  rot ( 1 2 ,  32, 
43, 46). Some of the v i rus  and mycoplasma 
d i seases  occurr ing  on cereals i n  Canada are 
of widespread occurrence i n  wheat, ba r l ey  and 
o a t s  (OBDV, BYDV, AYCA) , o the r s  occur i n  
r e s t r i c t e d  a reas  o r  on p a r t i c u l a r  cereals 
(WSMV, WSSMV, BSMV) . No determinations have 
been made to  check whether any of these  
d i seases  are predisposing f a c t o r s  i n  common 
r o o t  r o t  of cereals i n  Canada. 

SOIL MICROFAUNAL COMPONENTS AND COMMON ROOT 
7.m- 
XWL - 

Evidence f o r  t h e  involvement of 
microfauna i n  t h e  common root  r o t  d isease  
syndrome has been presented by Hanson e t  a l .  
(18) who found t h a t  t h e  b luesrass  b i l l b u a .  
Calendra parvula (S heno horus arvu1;s 
Gyllendal) , was wrdely- inpeas tern  
North Dakota, Nebraska, Minnesota and o t h e r  
north- central  S t a t e s  of t h e  United S ta t e s .  
This weevil a t t acks  t h e  lower internodes of 
stems and sometimes t h e  roo t s  of sp r ing  
wheat, bar ley ,  and grasses ,  weakening t h e  
p l an t s  and making them more vulnerable t o  
a t t a c k  by roo t  r o t  organisms. A l s o ,  it 
provides avenues of entrance f o r  t hese  
pathogens, and both adu l t s  and l a rvae  of t h e  
insec t  car ry  fungi and b a c t e r i a  i n  and on 
t h e i r  bodies. So f a r  t h e r e  have been no 
r epor t s  of  involvement of t h i s  i n s e c t  with 
common roo t  rot on the Canadian p r a i r i e s .  

Burrage and Tinl ine  (2) a t  Saskatoon 
t r e a t e d  wheat seed with gyma BHC, a l d r i n ,  
and heptachlor and found i n  f i e l d  tests t h a t  
r o o t  r o t  f requent ly  w a s  g r e a t e r  i n  p l a n t s  
from untrea ted  seed than i n  those  from seed 
t r e a t e d  with most of t h e  i n s e c t i c i d e s  t e s t e d ,  
poss ib ly  because of damage t o  t h e  unt rea ted  
p l an t s  by wireworms. However, wireworms, 
while l o c a l l y  abundant, a r e  not  a problem i n  
most f i e l d s  on t h e  Canadian p r a i r i e s  (S.H.F. 
Chinn, personal  communication) . 

Some microfaunal types are found i n  most 
wheat f i e l d s ,  f o r  example, Collembola, m i t e s ,  
and nematodes. They are mobile, have a 
discontinuous d i s t r i b u t i o n  i n  s o i l ,  and can 
inc rease  quickly t o  l a r g e  numbers i f  a 
s u i t a b l e  food source is present  (28). 
In t e rac t ions  t h a t  could occur between 
microf lora l  and microfaunal components i n  a 
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Figure 4. Theoretical pothways showing how the insecticides DDT and a ldr in  could af fect  incidence of root ro t  of cereals. 

development of common roo t  r o t  i n  s o i l  a r e  
probably governed by only a few of t hese  
f a c t o r s  which vary with t i m e .  Control of 
common root  r o t  can b e s t  be achieved a t  t h e  
s t age  of invasion of t h e  hos t  (Fig. 3 ii). 
We need t o  concentrate on the  modifying 
f a c t o r s  and in t e rac t ions  among them, so t h a t  
any recommended management p rac t i ces  w i l l  not  
i n d i r e c t l y  favor t h e  fungus. Fig. 4 shows 
two examples of how pes t i c ide  management 
p rac t i ces  may a f f e c t  roo t  r o t  v i a  s eve ra l  
poss ib l e  pathways. Se lec t ive  and wide- 
spectrum pes t i c ides  have already been used 
(16)  f o r  s o r t i n g  o u t  causa l  agents of s o i l -  
borne p l an t  d iseases .  Each p a r t  of each 
i n t e r a c t i o n  i n  t h e  pathways could be 
monitored i n  t h e  labora tory ,  e.g. changes i n  
microfaunal populations. S imi lar ly  increases  
i n  S t r e  tom ces when p lan t s  a r e  sprayed with 
2 ,  4 = i & k i d k e  checked out  using media 
s e l e c t i v e  f o r  Streptomyces. Once val ida ted  
i n  t h e  labora tory ,  i n t e rac t ions  may be 
s tud ied  i n  bar ley  o r  wheat f i e l d s  with a 
known h i s t o r y  of severe root  ro t .  Replicated 
s t r i p s  of ba r l ey  o r  wheat could be t r e a t e d  
with pre-emergence o r  post-emergence 
he rb ic ides ,  i n s e c t i c i d e s ,  aca r i c ides ,  and 
fungicides.  Microf lora l  and microfaunal 
populations and v i rus  occurrence should be 
monitored a t  i n t e r v a l s ,  and roo t  r o t  a t  
maturi ty.  I n  this way, involvement of 
microfauna and v i ruses  i n  roo t  r o t s  may be 
determined. This information may lead  t o  a 
p r a c t i c a l  means of cont ro l .  Once t h e  d i sease  
is con t ro l l ed  success fu l ly ,  t reatments can be 
modified where necessary to n u l l i f y  poss ib le  
harmful ecologica l  e f f e c t s .  I f  microfauna 

and v i ruses  a r e  not  found t o  be involved then 
w e  can look a t  t h e  o t h e r  (Fig. 3 ii) 
modifying var iables .  
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