
Etiology of Cephalosporium stripe in relation to the expression of resistance in cultivars of winter
wheat (Triticum aestivum L.)
by Joseph Brian Morton

A thesis submitted in partial fulfillment of the requirements for the degree of DOCTOR OF
PHILOSOPHY in Plant Pathology
Montana State University
© Copyright by Joseph Brian Morton (1979)

Abstract:
Systemic spread of the vascular pathogen, Cephalosporium gramineum was characterized relative to
anatomical and developmental features of its winter wheat (Triticum aestivum L.) host. The pattern of
foliar chlorotic striping and the distribution of fungal cells in vascular bundles within consecutive
nodes were examined at various growth stages of winter wheat. Pathogen movement appeared to be
restricted by xyIem maturation gradients between internodes, within nodes, and within leaves.
Restriction of symptom development above that imposed by maturation gradients was exhibited by the
winter wheat cultivar Crest LRC 40, This response was attributed to increased gelation and gummo-sis
within the xyIem and/or to inhibition of fungal speculation. A descriptive model was developed that
related pathogen invasion and colonization to symptom expression. All evidence suggested that this
pathogen is incapable of actively penetrating living cells at any time during the disease cycle. The
number and pattern of vascular bundles in different winter wheat cultivars and the temporal association
between pathogen colonization and symptom induction formed the basis for a disease index rating
system. Leaves were quantitatively rated on a scale of one to eleven, with one denoting one stripe per
leaf and eleven denoting complete chlorosis. Both the movement and distribution of C. gramineum and
the disease index rating system have practical implications in a germplasm development program. The
first emphasizes the need to separate rate of disease development from rate of host development in
evaluating winter wheat genotypes. The second provides a valuable tool for monitoring symptom
expression within and among plants of different genotypes.

The pattern of stripe formation on Cephalosporium gramineum infected flag leaves of the susceptible
winter wheat cultivar Marias was closely correlated with depression of relative water content,
conductance, net photosynthesis, and chlorophyll content. All measurements were made in the field
from paired healthy and infected plants. Regression analysis indicated that all four physiological
parameters were interrelated, providing evidence that stripe formation coincides with localized
restriction of lateral water movement, reduction in transpiration rate, suppressed photosynthetic
activity, and loss of chlorophyll. Chlorosis around colonized vascular bundles is therefore attributed to
effects of localized water deficits rather than a diffusible toxin. Highly significant correlations between
all four parameters and the disease index suggested that visual scoring of infected leaves is an accurate
indicator of physiological effects of symptom expression. The influence of pathogenesis on vegetative
and reproductive growth patterns was followed throughout the ontogeny of three winter wheat
cultivars, Marias, Crest LRC 40, and P.I. 278212. Internode elonaation was inhibited, but leaf
exnansion remained unaffected by disease. Differential responses between stem and leaves was
ascribed to the relationship between pathogen movement and host xyIem maturation gradients. Spikelet
number was unaltered, seed number was reduced in Marias and P, I . 278212, and thousand kernel
weight was sharply reduced in Marias and P. I . 278212 but only moderateIy reduced in Crest LRC 40.
Thus, the effects of this disease are not pronounced until after anthesis during grain filling. Duration of
photosynthesis, as measured by averaging COg exchange of ten flag leaves of each cuI -tivar over a 35
day period after anthesis, appeared to play a major role in seed weight reduction. Both Marias and P.I.



278212 are highly susceptible to Cephalosporium stripe based on reduction in seed weight, whereas
Crest LRC 40 is more resistant.

Seven winter wheat cultivars representing established varieties, as well as selections from the USDA
World Collection, were examined to identify possible phenotypes expressing resistance to
Cephalosporium gramineum. Two types of resistance were observed: (l) exclusion of the pathogen
such that successful colonization was prevented and (2) restriction of systemic spread of the pathogen
following successful colonization of the host. The former was expressed as a reduction in the
percentage of diseased plants. The latter was expressed as a reduction in the percentage of diseased
tillers per infected plant and also as a reduction in the rate and severity of disease development. Both
types of resistance were expressed independently. P.I. 278212 exhibited a low infection percentage, but
was rapidly and completely invaded after successful ingress. Crest LRC 40, on the other hand,
demonstrated a high percentage of diseased plants, but showed restricted infection between tillers and a
moderate rate of systemic invasion. Each phenotype may be identified and evaluated separately if
seeding rates are set to permit recognition of individual plants. Maximum resistance would be attained
if both types of resistance were incorporated into a single agronomical Iy desirable genotype. Infection
among plants occurred only in soils undergoing frost-heaving, suggesting that root breakage was
essential for ingress of the fungus into the host. Differential responses between cultivars to pathogen
exclusion could not be attributed to gross changes in either propagule levels in the soil or root mass.
Cumulative effects of microhabitat interactions between the soil-root interface or differential responses
to woundhealing are suggested as possible explanations for dissimilarities between cultivars. 
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ABSTRACT

Sys temic  spread o f  the  v a s c u la r  pathogen,  Cephalospor ium gramineum 
was c h a r a c t e r i z e d  r e l a t i v e  t o  ana tom ica l  and deve lopmenta l  f e a tu r e s  o f  
i t s  w i n t e r  wheat (T r i t i cum aes t ivum L . ) h os t .  The p a t t e r n  o f  f o l i a r  
c h l o r o t i c  s t r i p i n g  and the  d i s t r i b u t i o n  o f  funga l  c e l l s  in v a s c u la r  
bundles w i t h i n  c o n s e c u t i v e  nodes were examined a t  v a r io u s  growth stages 
o f  w i n t e r  wheat .  . Pathogen movement appeared t o  be r e s t r i c t e d  by x y Iem 
m a tu r a t i o n  g r a d ie n t s  between in t e r n o d e s ,  w i t h i n  nodes, and w i t h i n  
leaves .  R e s t r i c t i o n  o f  symptom development above t h a t  imposed by 
m a tu r a t i o n  g r a d ie n t s  was e x h i b i t e d  by the  w i n t e r  wheat c u l t i v a r  Crest  
LRC 40, Th is  response was a t t r i b u t e d  t o  inc reased g e l a t i o n  and gummo- 
s i s  w i t h i n  the  x y Iem a n d /o r  t o  i n h i b i t i o n  o f  funga l  s p o r u l a t i o n .  A 
d e s c r i p t i v e  model was developed t h a t  r e l a t e d  pathogen in v a s io n  and 
c o l o n i z a t i o n  t o  symptom e x p r e s s io n .  Al I ev idence  suggested t h a t  t h i s  
pathogen is  in capab le  o f  a c t i v e l y  p e n e t r a t i n g  l i v i n g  c e l l s  a t  any t im e 
d u r ing  the  d isease  c y c l e .  The number and p a t t e r n  o f  v a s c u l a r  bundles 
in  d i f f e r e n t  w i n t e r  wheat c u l t i v a r s  and the temporal  a s s o c i a t i o n  
between pathogen c o l o n i z a t i o n  and symptom i n d u c t i o n  formed the  bas is  
f o r  a d isease  index r a t i n g  system. Leaves were q u a n t i t a t i v e l y  ra ted  on 
a sca le  o f  one t o  e le v e n ,  w i t h  one d e n o t in g  one s t r i p e  pe r  l e a f  and 
e leven  d e n o t ing  complete  c h l o r o s i s .  Both the  movement and d i s t r i b u t i o n  
o f  Cy gramineum and the  d isease index  r a t i n g  system have p r a c t i c a l  
i m p l i c a t i o n s  in a germplasm development program. The f i r s t  emphasizes 
the need t o  separa te  r a t e  o f  d isease  development f rom ra te  o f  hos t  
development in  e v a l u a t i n g  w i n t e r  wheat geno types .  The second p rov ides  
a v a lu a b le  t o o l  f o r  m o n i t o r i n g  symptom e xp ress io n  w i t h i n  and among 
p la n t s  o f  d i f f e r e n t  genotypes.

The p a t t e r n  o f  s t r i p e  fo r m a t i o n  on Cephalospor ium gramineum i n f e c ­
ted f l a g  leaves o f  the s u s c e p t i b l e  w i n t e r  wheat c u l t i v a r  Mar ias was 
c l o s e l y  c o r r e l a t e d  w i t h  dep ress io n  o f  r e l a t i v e  w a te r  c o n t e n t , conduc­
tance ,  net  p h o to s y n th e s i s ,  and c h l o r o p h y l l  c o n te n t .  Al I measurements 
were made in the f i e l d  f rom p a i red  h e a l t h y  and in f e c t e d  p l a n t s .  Reg­
re s s io n  a n a l y s i s  i n d i c a t e d  t h a t  a l l  f o u r  p h y s i o l o g i c a l  parameters were 
i n t e r r e l a t e d ,  p r o v i d i n g  ev idence  t h a t  s t r i p e  fo r m a t i o n  c o in c id e s  w i t h  
l o c a l i z e d  r e s t r i c t i o n  o f  l a t e r a l  wa te r  movement, r e d u c t i o n  in t r a n s ­
p i r a t i o n  r a t e ,  suppressed p h o t o s y n t h e t i c  a c t i v i t y ,  and loss  o f  c h l o r o ­
p h y l l .  C h lo r o s i s  around co lo n iz e d  v a s c u la r  bundles is  t h e r e f o r e  
a t t r i b u t e d . t o  e f f e c t s  o f  l o c a l i z e d  w a te r  d e f i c i t s  r a t h e r  than a d i f ­
f u s i b l e  t o x i n .  H ig h l y  s i g n i f i c a n t  c o r r e l a t i o n s  between a l l  f o u r  p a ra ­
meters and the  d isease  index  suggested t h a t  v i s u a l  s c o r in g  o f  i n f e c te d  
leaves is  an a c c u ra te  i n d i c a t o r  o f  p h y s i o l o g i c a l  e f f e c t s  o f  symptom 
e x p r e s s io n .  The in f l u e n c e  o f  pa thogenes is  on v e g e t a t i v e  and re p r o ­
d u c t i v e  growth  p a t t e r n s  was fo l l o w e d  th roughou t  the  ontogeny o f  th ree
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w i n t e r  wheat c u l t i v a r s ,  M a r ias ,  Cres t  LRC hO, and P. I . 278212. I n t e r -  
node e l o n a a t i on was i n h i b i t e d ,  but  l e a f  exoansion remained u n a f fe c te d  ' 
by d ise ase .  D i f f e r e n t i a l  responses between stem and leaves was 
a s c r ib e d  t o  the r e l a t i o n s h i p  between pathogen movement and hos t  x y Iem 
m a tu r a t i o n  g r a d i e n t s .  S p i k e l e t  number was u n a l t e r e d ,  seed number was 
reduced in Mar ias  and P, I . 278212, and thousand ke rne l  w e ig h t  was 
s h a r p l y  reduced in  Mar ias  and P. I . 278212 but  o n ly  m o d era te Iy reduced 
in Cres t  LRC 40. Thus,  the  e f f e c t s  o f  t h i s  d isease a re  not  pronounced 
u n t i l  a f t e r  a n t h e s i s  d u r in g  g r a i n  f i l l i n g .  D u ra t ion  o f  p h o to s y n th e s i s ,  
as measured by a v e rag ing  COg exchange o f  ten  f l a g  leaves o f  each cuI  -  
t i v a r  over a 35 day p e r io d  a f t e r  a n t h e s i s ,  appeared t o  p la y  a major  
r o l e  in seed w e ig h t  r e d u c t i o n .  Both Mar ias and P . I . 278212 a re  h i g h l y  
s u s c e p t i b l e  t o  Cephalospor ium s t r i p e  based on re d u c t i o n  in  seed w e ig h t ,  
whereas Crest  LRC 40 is  more r e s i s t a n t .

Seven w i n t e r  wheat c u l t i v a r s  r e p r e s e n t in g  e s t a b l i s h e d  v a r i e t i e s ,  . 
as w e l l  as s e l e c t i o n s  f rom the  USDA World C o l l e c t i o n ,  were examined t o  
i d e n t i f y  p o s s i b l e  phenotypes e xp ress in g  r e s i s t a n c e  t o  Cephalospor ium 
g ramineum. Two types o f  r e s i s t a n c e  were observed:  ( l )  e x c l u s i o n  o f  the 
pathogen such t h a t  s u c cess fu l  c o l o n i z a t i o n  was p reven ted  and (2) re s ­
t r i c t i o n  o f  sys tem ic  spread o f  the  pathogen f o l l o w i n g  success fu l  
c o l o n i z a t i o n  o f  the h o s t .  The fo rmer was expressed as a r e d u c t i o n  in 
the percen tage  o f  d iseased p l a n t s .  The l a t t e r  was expressed as a 
re d u c t i o n  in the  percen tage  o f  d iseased t i l l e r s  per  i n f e c t e d  p l a n t  and 
a l s o  as a re d u c t i o n  in  the ra te  and s e v e r i t y  o f  d isease development.  
Both types o f  r e s i s t a n c e  were expressed in d ependen t ly .  P . I . 278212 
e x h i b i t e d  a low i n f e c t i o n  pe rcen tage ,  bu t  was r a p i d l y  and com p le te ly  
invaded a f t e r  s u ccess fu l  i n g res s .  . Cres t  LRC 40, on the  o th e r  hand, 
demonstra ted a h ig h  percen tage o f  d iseased p l a n t s ,  bu t  showed r e s t r i c ­
ted i n f e c t i o n  between t i l l e r s  and a moderate ra te  o f  s ys tem ic  in v a s io n .  
Each phenotype may be i d e n t i f i e d  and eva lua ted  s e p a r a te l y  i f  seeding 
ra te s  are se t  t o  p e rm i t  r e c o g n i t i o n  o f  i n d i v i d u a l  p l a n t s .  Maximum 
r e s i s t a n c e  would be a t t a i n e d  i f  both types  o f  r e s i s t a n c e  were in c o rp o ­
ra ted  i n t o  a s i n g l e  agronomica l  I y  d e s i r a b l e  genotype .  I n f e c t i o n  among 
p la n t s  occur red  o n l y  in s o i l s  undergoing f r o s t - h e a v i n g ,  sugges t ing  
t h a t  r o o t  breakage was e s s e n t i a l  f o r  ing ress  o f  the  fungus i n t o  the 
h o s t .  D i f f e r e n t i a l  responses between c u l t i v a r s  t o  pathogen e x c lu s io n  
could  not  be a t t r i b u t e d  t o  gross changes in e i t h e r  p ropagu le  le v e ls  in 
the s o i l  o r  r o o t  mass. Cumulat ive e f f e c t s  o f  m i c r o h a b i t a t  i n t e r a c t i o n s  
between the  s o i l - r o o t  i n t e r f a c e  o r  d i f f e r e n t i a l  responses t o  wound­
h e a l i n g  are  suggested as p o s s ib le  e x p la n a t i o n s  f o r  d i s s i m i l a r i t i e s  
between c u l t i v a r s .



INTRODUCTION

Cephalospor ium gramineum, causa l  agent  o f  Cephalospor ium s t r i p e ,  

i s  the  o n l y  funga l  v a s c u la r  pathogen o f  w i n t e r  wheat .  Consequen t ly ,  

s tudy  o f  the  fu n g u s , the  w i n t e r  wheat  h o s t ,  and most o f  a l l ,  the  h o s t -  

pathogen i n t e r a c t i o n  is  r e q u i r e d  t o  c h a r a c t e r i z e  e t i o l o g i c a l  and 

e p i d e m io lo g i c a l  r e l a t i o n s h i p s  o f  t h i s  d ise ase .

The Pathogen, Most s t u d ie s  on the  b io l o g y  o f  (X gramineum have 

concerned ( I )  i t s  m o r p h o lo g i c a l ,  c u l t u r a l ,  and n u t r i t i o n a l  h a b i t  t o  

d isease  inc idence  and deve lopment,  and (2) i t s  a b i l i t y  t o  c o lo n i z e  and 

i n h a b i t  p l a n t  res idues  in the  s o i l .  The f i r s t  a f f e c t s  the  pathogen 's  

c a p a c i t y  t o  s p o r u la t e  and invade the  h o s t ' s  v a s c u la r  ne tw o rk .  The 

second i n f l u e n c e s  the  pa thogen 's  o v e r w in te r i n g  a b i l i t y ,  which de te rmines 

inoculum p o t e n t i a l  in  the  s o i l  f rom one g rowing season t o  the  nex t .

£ .  gramineum is  an im p e r fe c t  fungus be long ing  t o  the o rd e r  

M on i l i a l e s  and. the  f a m i l y  Moni I i a c e a e .  Th is  c l a s s i f i c a t i o n  is  based on 

s p e c u la t i n g  s t r u c t u r e s ,  in  wh ich c o n id io p h o re s  a re  sepa ra te  w i t h  loose 

c l u s t e r s  o f  h y a l i n e ,  o ne -ce l  led c o n i d i a  produced in a s l i m e , m a t r i x  at 

the  t i p s .  More r e c e n t l y ,  however,  t h i s  fungus has been renamed 

Hymenula c e re a l  is  E l l .  & Ev. o f  the f a m i l y  T u b e rc u la r ia c e a e  because i t  

produces c o n i d i ophores packed t i g h t l y  t o g e t h e r  i n t o  a s p d rod o c h iurn under 

c e r t a i n  env i ron m e n ta l  c o n d i t i o n s .  Th is  f r u i t i n g  s t r u c t u r e  can deve lop 

in the  l a b o r a t o r y  as w e l l  as in the  f i e l d .

Cy gramineum grows s lo w ly  on a s o l i d  medium, w i t h  the optimum tem­

p e r a tu r e  f o r  s p e c u la t i o n  around 15°C. In a s im p le  l i q u i d  medium
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c o n s i s t i n g  o f  g lu c o s e ,  NaNO^, and KgPO^, abundant  c o n i d i a I p r o l i f e r a t i o n  

occurs  by f i s s i o n  and budd ing.

In i t s  s a p r o p h y t i c  phase,  Ĉ. gramineum is a poor c o m p e t i t o r  in  the 

sol  I . Other fu n g i  such as I r I ch od e rm a  s p . , Peni c i l l i u m  s p . , and 

Fusar ium culmorurrt are much more e f f i c i e n t  c o lo n i z e r s  o f  p l a n t  re s id ue s .  

Hence, s u r v i v a l  o f  gramineum between seasons in the s o i l  is  c o n t i n ­

gent  upon sys tem ic  in va s ion  o f  the hos t  d u r in g  i t s  p a r a s i t i c  phase.

A f t e r  i n g r e s s , c o n i d i a  move p a s s i v e l y  w i t h  the  t r a n s p i r a t i o n a l  s t ream.

In t h i s  way, £.  gramineum e v e n t u a l l y  c o lo n i z e s  a l l  t i s s u e s  o f  the w i n t e r  

wheat  p l a n t , f rom the  culm and leaves t o  the  glumes, and awns o f  the 

head. Since Cephal o s p o r i urn s t r i p e  is  a s im p le  i n t e r e s t  d isease  in 

which i n f e c t i o n  o f  p l a n t s  occurs o n l y  once d u r in g  the  growing  season,  

i t  must r e l y  upon the  s t r a w ,  s t u b b le ,  and c h a f f  remain ing a f t e r  h a rv e s t  

f o r  inoculum c a r r y o v e r  and d i s s e m in a t io n .

The host  range o f  C_. g ra m jneum is  q u i t e  broad w i t h i n  the  f a m i l y  

Gramineae, when a r t i f i c i a l  i n o c u l a t i o n s  w i t h  l i q u i d  c o n ! d i a l  suspensions 

a re  employed. Under f i e l d  c o n d i t i o n s ,  however, w i n t e r  wheat  is  the  

most common h o s t .  B a r le y ,  o a t s ,  and rye  a l s o  have been r e p o r te d  t o  be 

n a t u r a l l y  i n f e c t e d  in some areas .

The Hos t . The c o n d i t i o n s  under which w i n t e r  wheat is grown make 

i t  p a r t i c u l a r l y  s u s c e p t i b l e  t o  i n f e c t i o n  by £ .  gramineum. I t  is  a f a l l -  

sown crop and e s t a b l i s h e s  some t i l l e r s  and a d v e n t i t i o u s  r o o t  growth 

p r i o r  t o  onset  o f  dormancy in the w i n t e r .  V e r n a l i z a t i o n ,  which occurs
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d u r in g  the  w i n t e r  months , i s  a p r e r e q u i s i t e  f o r  f l o w e r i n g .  In the 

s p r i n g ,  f r o s t - h e a v i n g  c o n d i t i o n s  c o i n c i d e  w i t h  h igh  inoculum le v e ls  in 

t h e  s o i l .  Thus,  i n f e c t i o u s  p ropagu Ies o f  iC. gram?neurn a re  p resen t  

around i n f e c t i o n  s i t e s  c re a te d  by r o o t  breakage o r  wound ing.  S p r in g -  

sown crops do no t  enco u n te r  these c o n d i t i o n s ,  and hence escape i n f e c t i o n

The Host -Pathogen I n t e r a c t i o n . Most o b s e rv a t io n s  on h o s t  response 

t o  pathogen in va s ion  have been made e i t h e r  l a t e  in the  i n f e c t i o n  process 

o r  in  n o n - v e r n a I ized w i n t e r  wheat s e e d l i n g s .  In bo th  in s ta n c e s ,  o n l y  

even ts  o c c u r r i n g  in the  i n f e c t e d  leaves were examined e x t e n s i v e l y .  The 

c h l o r o t i c  and n e c r o t i c  s t r i p i n g  o f  leaves and l e a f  s h ea ths ,  severe 

s t u n t i n g ,  and b l i g h t e d  heads are symptoms a t t r i b u t e d  t o  im p o s i t i o n  o f  

w a te r  d e f i c i t s .  Accumula t ions  o f  funga l  c e l l s ,  gums, and g e ls  were 

suggested as the  causq o f  v a s c u l a r  d y s f u n c t i o n ,  which in  t u r n  prevented  

the  v e r t i c a l  and l a t e r a l  t r a n s p o r t  o f  w a te r .

The s tudy  o f  hos t  responses in  r e l a t i o n  t o  d i f f e r e n c e s  observed 

between w i n t e r  wheat c u l t i v a r s  has been l i m i t e d  t o  w h i t e  head counts in 

i n f e c t e d  rows and y i e l d  d a ta .  Whi le  these  parameters showed t h a t  d i f ­

f e r e n t i a l  responses between c u l t i v a r s  e x i s t e d ,  they  d id  ho t  revea l  the  

s p e c i f i c  phenomena t h a t  caused these  d i s p a r i t i e s .

The o v e r a l l  purpose o f  t h i s  t h e s i s  was t o  i d e n t i f y  and eva lua te  

p heno typ ic  responses o f  s e le c te d  w i n t e r  wheat c u l t i v a r s  wh ich  responded 

d i f f e r e n t i a l l y  t o  i n f e c t i o n  by C_. gram! neum. In so d o in g ,  i t  was 

■necessary t o  f o l l o w  d isease  development th roughou t  the  ontogeny o f  the
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h o s t . Th is  approach p ro v ide d  the  o p p o r t u n i t y  to  examine c l o s e l y  the 

dynamic n a tu re  o f  the  hos t -pa thogen  i n t e r a c t i o n  ove r  t im e a g a in s t  the 

background o f  d i f f e r e n t  hos t  geno types .

Chapter  one r e l a t e s  m ic r o s c o p ic  movement and d i s t r i b u t i o n  o f  

gramineum w i th macroscopic  f o l i a r  symptom development th roughou t  the 

ontogeny o f  two d i f f e r e n t i a l l y  respond ing  w i n t e r  wheat  c u l t i v a r s .

Chapter  two r e l a t e s  f o l i a r  symptom development w i t h  p h y s i o l o g i c a l  

e f f e c t s  o f  pa thogenes is  on growth and y i e l d  o f  th ree  d i f f e r e n t i a l l y  

respond ing  w i n t e r  wheat  c u l t i v a r s .

Chapter  t h r e e  re-examines the  r o l e  o f  r o o t  wounding on pathogen 

i n g r e s s ,  i d e n t i f i e s  t h r e e  p heno typ ic  responses a t t r i b u t e d  t o  two types 

o f  r e s i s t a n c e ,  and e va lu a te s .d e p lo y m e n t  o f  t h i s  r e s i s t a n c e  in a germ- 

plasm development program.



CHAPTER I

RELATIONSHIP BETWEEN FOLIAR SYMPTOM DEVELOPMENT AND THE 

MOVEMENT AND DISTRIBUTION OF CEPHALOSPORIUM GRAM I NEUM 

THROUGHOUT THE ONTOGENY OF. ITS WINTER WHEAT 

(TRITICUM AESTIVUM L . ) HOST
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!NTRODUCTtON

Cephatospor turn gramineum N i s i kado & I ka ta  (= Hymenula ce r e a l is  Et I .

& E v . ) ,  a f a c u l t a t i v e  s o i l - b o r n e  pa thogen ,, is  the  causa l  agent  o f  the 

o n l y  r e p o r te d  funga l  v a s c u la r  d isease  o f  w i n t e r  wheat ,  C e p ha lo s po r ium 

s t r i p e .  I t  has a wide hos t  range w i t h i n  the Gramineae, bu t  envi ronmen­

t a l  c o n d i t i o n s  r e s t r i c t  i n f e c t i o n  t o  f a l l - s o w n  crops o r  p e r e n n ia l s  (4 ,15)  

The pathogen e n te rs  the  v a s c u la r  system o f  the  roo ts  th rough wounds made 

by f r o s t  heav ing  o f  the  s o i l  o r  by wireworms (4 ,1 9 ) .  Subsequent ly ,  t h e  . 

fungus moves s y s t e m i c a l Iy  th rough the  v a s c u la r  ne twork  and is  co n f in e d  

t h e r e  u n t i l  the  hos t  is moribund ( 2 1 ,2 2 ) .  The ra te  and e x t e n t  o f  

d isease  development is dependent  upon th e  movement and m u l t i p l i c a t i o n  o f  

con i d ia in t h e  x y Iem ( 4 ,2 1 ) .

Symptoms appear i n i t i a l l y  as d i s c r e t e  n e c r o t i c  or  c h l o r o t i c  s t r i p e s  

on leaves and l e a f  shea ths .  U l t i m a t e l y ,  coalescence o f  these s t r i p e s  

r e s u l t s  i n  c h l o r o s i s  and nec ros is  o f  a l l  f o l i a r  t i s s u e  f o l l o w e d  by 

b l i g h t i n g  o f  the heads ( 3 , 4 , 1 2 ) .  Nodal d i s c o l o r a t i o n  appears as f o l i a r  

symptoms become more e x te n s i v e  (3 ) .

Co lonized v a s c u l a r  bundles are d i s c o lo r e d  and become occluded w i t h  

c o n i d i a ,  m y c e l i a ,  and ge ls  ( 3 , 4 , 2 0 , 2 1 ) .  I n t e r r u p t i o n  o f  the  l a t e r a l  

f l o w  o f  w a te r  has been suggested as the cause o f  s t r i p e  fo r m a t i o n  (16, 

2 0 ,2 1 ) .  Whi le  the even ts  le a d in g  t o  impa irment  o f  l a t e r a l  wa te r  t r a n s ­

p o r t  a re  u n res o lv e d ,  i t  i s  known t h a t  c o l o n i z a t i o n  by the  pathogen p re ­

cedes f o l i a r  symptom development (2 1 ) .  In a d d i t i o n  t o  o c c lu s io n  by the
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fungus and b y -p ro d u c ts  o f  the  hos t -pa thogen  i n t e r a c t i o n ,  a po lysaccha ­

r i d e  produced by gram?neum in  c u l t u r e  has been hypo thes ized  as a 

majo r  c o n t r i b u t o r  t o  v a s c u la r  d y s f u n c t i o n  (1 6 ,2 0 ) .

To d a te ,  s t u d ie s  o f  the  r e l a t i o n s h i p  between pathogen l o c a l i z a t i o n  

and f o l i a r  symptom e x p res s io n  have in v o lv ed  a n a l y s i s  o f  leaves f rom 

f i e l d - g r o w n  p la n t s  l a t e  in  the  season o r  f rom n o n -v e rn a I i z e d , wound- 

i n o c u la te d  s e e d l in g s  in  the  greenhouse (2 0 ,2 1 ) .  Even though in f e c te d  

leaves a re  obvious i n d i c a t i o n s  o f  the  hos t -pa thogen  i n t e r a c t i o n ,  they 

s t i l l  r e p re s e n t  o n l y  a p o r t i o n  o f  the  i n t e g r a t e d  v a s c u la r  ne twork  w i t h i n  

the  e n t i r e  p l a n t  body.  Fu r the rm ore ,  a n o n -v e rn a I i zed w i n t e r  wheat p l a n t  

i s  an a t y p i c a l  p h y s i c a l  and chemica l  env i ronment f o r  C_. gramineum, s ince  

( i n f e c t i o n  n o r m a l l y  occurs  in the  s p r i n g  long a f t e r  v e r n a l i z a t i o n  has 

o c c u r re d .  In t h i s  s tu d y ,  t h e r e f o r e ,  we examined d isease  development in  

Cy g ra m ineum i n f e c t e d  w i n t e r  wheat under n a t u r a l  f i e l d  c o n d i t i o n s  us ing  

c o n t r o l l e d  inoculum l e v e l s .  The r a t e  and d i s t r i b u t i o n  o f  the  pathogen 

were f o l l o w e d  in  r e l a t i o n  t o  the  deve lopmenta l  growth s tages o f  w i n t e r  

wheat .  To a id  In s e l e c t i n g  r e s i s t a n t  genotypes f o r  an ongoing germplasm 

development program (1 2 ) ,  a s tan d a rd i zed  d isease  index  r a t i n g  system 

based on ana tom ica l  f e a t u r e s  o f  a wheat l e a f  and on p a t t e r n s  o f  movement 

in  r e l a t i o n  t o  symptom e x p res s io n  was a l s o  developed.
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MATERIALS AND METHODS

H i s t o l o g i c a l  p r o c e s s in g . Standard p a r a f f i n  methods were .used in 

p re p a r in g  exc is ed  l e a f ,  node, and in te r n o d e  segments f o r  l i g h t . m i c r o ­

scop ic  ana lyses  (9 ) .  The segments Were f i x e d  in FAA (40% fo rma ldehyde- 

g l a c i a l  a c e t i c  a c i d - e t h a n o l  5=5:90 v : v : v )  f o r  48 hou rs ,  dehydra ted  in a 

graded s e r i e s  o f  t e r t i a r y - b u t y l  a l c o h o l  s o l u t i o n s ,  embedded in  p a r a f f i n  

( P a r a p la s t ,  S c i e n t i f i c  P r o d u c t s ) ,  so f tened  in a g ly c e ro l -w a te r -T w e e n  20 

s o l u t i o n  (30 :69 :1  v : v : v )  f o r  5 days,  and f i n a l l y  f r o z e n  in d ry  ice  t o  , 

p reven t  t e a r i n g  o f  the  p a r a f f i n  away f rom the t i s s u e  segments d u r ing  

s e c t i o n i n g .  T ransverse  s e c t i o n s  10-11 uM t h i c k  were c u t  w i t h  a Model 

820 Microtome (American O p t i c a l )  and p laced on g lass  s l i d e s  coated w i t h  

Haupt 's  adhes ive  (2% g e l a t i n )  . A f t e r  d i s s o l v i n g  the p a r a f f i n  f rom the  

s e c t i o n s  in x y le n e ,  they  were s ta in e d  w i t h  S a f ra n in  (1.0% aqueous) and 

Fast  Green (0.5% e t h a n o l ) .

F i e l d  p l a n t i n g  and i n o c u l a t i o n  p ro c e d u re s . Al I c u l t i v a r s  in t h i s  

s tudy  were p l a n te d  in  a randomized b lo c k  des ign  w i t h  f o u r  r e p l i c a t i o n s  

a t  the  Montana A g r i c u l t u r a l  Exper iment  S t a t i o n  near Bozeman, Montana.

The rows were 3 * I m long and spaced 30.5 cm a p a r t .  Each w i n t e r  wheat 

l i n e  was p la n te d  in  e a r l y  September a t  a r a t e  o f  200 seeds per row.

E a r l y  p l a n t i n g  f a c i l i t a t e d  r o o t  growth wh ich  maximized i n f e c t i o n .  Twenty 

grams o f  oa t  k e r n e ls  i n f e s t e d  w i t h  £'. g ramineum were added as an inocu ­

lum source w i t h  the  seed (11 ) .  I n o c u la t i o n  occur red  n a t u r a l  Iy  in  the 

s p r in g  c o i n c i d e n t  w i t h  f r o s t  heaving .



I

P la n t  m a t e r i a l s . The d isease  index r a t i n g  system f o r  measur ing 

symptom s e v e r i t y  was developed us ing  s i x  w i n t e r  wheat c u l t i v a r s  which 

demonstra ted d i f f e r e n t i a l  y i e l d  responses when in f e c t e d  w i t h  gram?- 

neum. Mar ias ( C . l .  17595) and Lancer (C. 1. 135^7) were h i g h l y  suscep­

t i b l e ,  W in a l ta  ( C . l .  13670) and Crest  L ine  Row Component (LRC) 40 

(MT 7579) were i n t e r m e d ia t e ,  and P . I . 094424 and P . I . 278212 were 

r e s i s t a n t  (1 2 ) .  Mar ias  and Crest  LRC 40 were used t o  compare the  move­

ment and d i s t r i b u t i o n  o f  (X gramineum w i th symptom e x p res s io n  in  i n f e c ­

ted  t i l l e r s .
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RESULTS

Disease index  r a t i n g  system f o r  e v a l u a t i n g  symptom s e v e r i t y . A 

system f o r  r a t i n g  'symptom s e v e r i t y  was developed f o r  a l l  w i n t e r  wheat 

leaves re g a rd le s s  o f  t h e i r  p o s i t i o n  on a p l a n t  o r  g en o ty p ic .b a c k g ro u n d .  

Ten leaves f rom each o f  s i x  c u l t i v a r s  were s e le c te d  randomly f rom d i f -  

f e r e n t  l o c a t i o n s  on p r im a ry  t i l l e r s  a t  head ing .  Each l e a f  e x h i b i t e d  a 

d i f f e r e n t  s t r i p i n g  p a t t e r n  rang in g  f rom one d i s c r e t e  s t r i p e  t o  complete 

c h l o r o s i s .  Leaves were photographed on a s l i d e - v i e w i n g  b o x , which 

p rov ided  the  b a c k l i g h t  i l l u m i n a t i o n  necessary  t o  d i s t i n g u i s h  t r a n s l u c e n t  

appear ing  ve ins  f rom the  more opaque lamina .  Hence, ve ins  assoc ia ted  

w i t h  c h l o r o t i c  s t r i p e s  cou ld  be i d e n t i f i e d  r e a d i l y  ( F ig u re  1-1) A seg­

ment o f  each l e a f  was ex c is e d  f o r  h i s t o l o g i c a l  p rocess ing  and subse­

q u e n t l y  examined f o r  ( I )  ana tom ica l  compar isons o f  v a s c u la r  bundle 

d i s t r i b u t i o n  between c u l t i v a r s ,  and (2) i d e n t i f i c a t i o n  o f  v a s c u la r  

bundles c o lo n i z e d  by £ .  gramineum and t h e i r  d i s t r i b u t i o n  r e l a t i v e  t o  the  

e x te r n a l  s t r i p i n g  p a t t e r n  bn i n t a c t  leaves .

P a t r i c k  (13,14) c l a s s i f i e d  wheat  l e a f  v a s c u la r  bundles i n t o  th ree  

c a t e g o r i e s . The o rd e r  o f  e a r l i e s t  t o  l a t e s t  m a tur ing  and o f  l a r g e s t  t o  

s m a l le s t  bund les were:  the  median b u n d l e , the l a t e r a l  b u n d le s , and the

in te r m e d ia te  bundles ( F ig u re  1 -1 ) .  In t h i s  s t u d y , the  bund le  types in 

each l e a f  were i d e n t i f i e d  and the  number o f  each d e te rm ined .  F ive 

l a t e r a l  bundles were observed c o n s i s t e n t l y  on each s id e  o f  the  median 

bundle in a l l  c u l t i v a r s .  The number o f  in te rm e d ia te s  ranged f rom 33 t o
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F ig u re  1-1. C h l o r o t i c  s t r i p i n g  p a t t e r n  on a Cephalospor ium gramineum
i n f e c t e d  w i n t e r  wheat l e a f  and an i l l u s t r a t i o n  o f  a t r a n s ­
verse s e c t i o n  o f  t h a t  l e a f  showing the d i s t r i b u t i o n  o f  
v a s c u la r  bundles c o lo n i z e d .  M = median v e i n ,  L = l a t e r a l  
v e i n ,  and I = i n t e r m e d ia te  v e in .  Ten l a t e r a l  bundles were 
always observed in a l l  wheat leaves examined.
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k3 per  l e a f  between c u l t i v a r s  as w e l l  as between leaves w i t h i n  each 

c u l t i v a r .

The d i s t r i b u t i o n  o f  c o lo n iz e d  v a s c u la r  bundles was c l o s e l y  r e l a t e d  

t o  the  p a t t e r n  o f  e x t e r n a l  s t r i p i n g .  Small  q u a n t i t i e s  o f  the fungus in 

v a s c u l a r  bundles o f  both  the  stem and leaves produced no v i s i b l e  damage 

t o  s u r round ing  t i s s u e s .  With inc reased  p ropagu le  l e v e l s , however,  d i s ­

r u p t i o n  o f  p r o t o p l a s t s  in phloem and mesophy lV c e l  Is b o r d e r in g  the  

v a s c u l a r  bundles was d e te c ted  (F ig u re  I - 2 A - C ) . Gels and gums appeared 

concom i tan t  w i t h  increased c o l o n i z a t i o n  by the fungus and appearance o f  

c e l l u l a r  dege ne ra t io n  in re g ions  p rox im a l  t o  the  i n f e c t e d  v a s c u la r  

bund le s .  A marked decrease in c h l o r o p l a s t  numbers w i t h i n  a f f e c t e d  meso­

phyl I c e l l s  was a s s o c ia te d  w i t h  e x t e r n a l  m a n i f e s t a t i o n s  o f  c h l o r o t i c  

s t r i p e s .  Zones o f  t i s s u e  d i s r u p t i o n  coa lesced  when a d jac e n t  v a s c u la r  

bundles were c o lo n i z e d .

Each s t r i p e  appeared t o  r e s u l t  f rom l o c a l i z e d  v a s c u l a r  d y s fu n c t i o n  

caused by funga l  c o l o n i z a t i o n .  Hence, the s t r i p i n g  p a t t e r n  was used as 

an i n d i c a t i o n  o f  the  e x t e n t  o f  s ys tem ic  i n f e c t i o n  by £.  gramineum 

th roughou t  t h e  l e a f  v a s c u la r  system. The d isease  index  q u a n t i f i e d  the 

spread o f  these  c h l o r o t i c  s t r i p e s  on a l e a f .  A range o f  one t o  e leven 

was chosen, s in c e  a l l  wheat leaves possessed a s i n g l e  median ve in  and 

ten  l a t e r a l  v e i n s . The in t e r m e d ia te  bund les ,  being numerous and v a r i ­

a b le  between leaves ,  were no t  i n c l u d e d . However, s in c e  the  in te rm e ­

d i a t e s  a d ja c e n t  t o  a l a t e r a l  bund le  became i n f e c t e d  soon a f t e r



X

F igu re  1-2. The p a t h o l o g i c a l  e f f e c t s  o f  v a s c u la r  bundle  c o l o n i z a t i o n  by
Cepha lospor ium gramineum in  i n f e c t e d  w i n t e r  wheat leaves.  A)
An u n in fe c te d  v a s c u la r  bundle.  B) An i n f e c t e d  v a s c u la r  bundle 
in  the  e a r l y  s tages o f  c o l o n i z a t i o n .  Some mesophyl l  d e t e r i o r a ­
t i o n  is  e v i d e n t  (a r ro w ) .  C) An i n f e c t e d  v a s c u la r  bundle in 
l a t e  stages o f  c o l o n i z a t i o n .  Ex tens ive  d e t e r i o r a t i o n  o f  phloem 
(a rrow) and s u r round ing  mesophyl l  c e l l s .  Bars rep resen t  50 
mi c r o n s .
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c o l o n i z a t i o n  o f  the  l a t e r a l ,  s t r i p e s  induced by them were rep resen ted  

w i t h  "the l a t e r a l  bund le .  A sco re  o f  one denoted a s i n g l e  s t r i p e  on a 

l e a f ,  wh ich  cor responded  t o  i n v a s io n  o f  a s i n g l e  l a t e r a l  bundle  and 

a d ja c e n t  i n t e r m e d ia te s .  A score  o f  e leven  i n d i c a te d  comple te  c h l o r o s i s ,  

which corresponded  t o  funga l  e s ta b l i s h m e n t  in. most ,  i f  no t  a l l ,  v a s c u la r  

bundles o f  a l e a f .

Sys temic movement o f  C. gramineum between c o n s e c u t i v e  nodes. A node 

is  the  o n l y  reg ion  o f  the  wheat  stem where l e a f  t ra c e s  i n t e r c o n n e c t  t o  

form a v a s c u l a r  cont inuum w i t h  the r e s t  o f  the  p l a n t .  As such,  i t  is  a 

c r i t i c a l  re g ion  f o r  s u ccess fu l  sys tem ic  movement o f  the  fungus acrope- 

t a l l y  in  the p l a n t .  Each success ive  node rep resen ts  a temporal  g r a d ie n t  

both w i t h  respect ,  t o  the  e x te n t  o f  i n f e c t i o n  and the  e x t e n t  o f  hos t  deve­

lopment.  Consequen t ly ,  the focus o f  a t t e n t i o n  was on c o n s e c u t i v e  nodes 

o f  w i n t e r  wheat  culms a t  v a r io u s  deve lopmenta l  growth s tages .  .

F i f t y  randomly s e le c te d  d iseased p la n t s  o f  the  s u s c e p t i b l e  c u l t i v a r  

Mar ias were tagged in the  s p r i n g  when stem e lo n g a t i o n  o f  the  main t i l l e r s  

began. O bse rva t ions  were r e s t r i c t e d  t o  the  developmenta l  s t a g e s .between 

p e n u l t im a te  l e a f  emergence and a n th e s i s  (Peeke's s c a le  7-5 t o  10.5) ( 10 ) .  

A t  each o f  f i v e  c o l l e c t i o n  dates co r re sp on d ing  to  a change o f  0 .5  on the  

Feeke's s c a le ,  ten main t i l l e r s  were ha rves ted  and the upper f o u r  leaves 

o f  each ra ted  f o r  symptom s e v e r i t y .  Each l e a f  and i t s  node o f  a t t a c h ­

ment were then exc ise d  and c u l t u r e d  on a c i d i f i e d  cornmeal agar (HCMA). 

(D i f c o )  t o  t e s t  f o r  the  presence o f  the  fu n g u s . Each nodal segment



extended f rom the  apex o f  the  i n t e r n o d a l  lacuna below the  node t o  midway 

i n t o  the  p.uIv jn us  above the  node. Th is  was termed the n ode -pu lv inus  

segment t o  d i f f e r e n t i a t e  i t  f rom the p u l v i n u s - i n t e r n o d e  segment, which 

c o n s i s te d  o f  the  remainder  o f  the p u l v in u s  and 0 .5  cm o f  the  in te rnode  

above.  Both segments were exc is ed  f rom the  upper two v i s i b l e  nodes a t  

each growth s tage and c u l t u r e d  on HCMA to  dete rm ine  the  l e a d in g  edge o f  

funga l  advancement.

A l though  the  crowns o f  a l l  t i l l e r s  examined were invaded s ys tem i -  

c a l l y  by Cy gramineum as dete rm ined  by both  v i s u a l  b l i g h t i n g  and funga l  

i s o l a t i o n  f rom the  lowermost leaves ,  the  r a t e  o f  movement th roughou t  the  

e n t i r e  t i l l e r  a p p a r e n t l y  was a f f e c t e d  by the  s tage o f  hos t  development 

( T a b l e - 1 -1 ) .  At  growth  s tage  7 -5 ,  the  fungus had advanced o n l y  as f a r  

as the  f o u r t h  node ( the  node im m ed ia te ly  above the c rown).  Only two 

nodes were v i s i b l e  a t  t h a t  t im e ,  the t h i r d  being in  a j u v e n i l e  stage o f  

development as judged by the  d iamete r  o f  stem and p u l v i n u s .  The fungus 

had p rogressed i n t o  the  t h i r d  node by growth s tage 8,  a t  wh ich  t ime the 

second node was v i s i b l e ,  bu t  s t i l l  immature.  Th is  p a t t e r n  o f  advance­

ment c o n t in u ed  th rough to  the  f l a g  node (node I in  Table 1 -1 ) .

Res is tance  t o  fun g a l  advancement was observed in  immature node­

pul  v inus  segments;  For example,  a t  g rowth  s tage 9 .5 ,  when the  head was 

a lm ost  ready t o  emerge f rom the  " b o o t " ,  the  fungus was i s o l a t e d  f rom 

o n l y  one edge o f  the  f l a g  n o d e - p u l v i nus segment. I t  d id  no t  emerge f rom 

the  p u l v in u s  edge o f  the  segment. In a d d i t i o n ,  the fungus was not

15
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TABLE 1-1. R e la t i o n s h ip  between f o l i a r  s t r i p i n g  p a t t e r n s  and
movement o f  Cephalospor ium gramineum in  c o nsecu t i ve
leaves o f  
d I f f e r e n t

i n f e c t e d  Mar ias w i n t e r  wheat  
deve lopmenta l  growth s tag e s .

p la n t s  a t

L e a f - / 7-5.

a /S e v e r i t y  Score—

Feekes s c a le —̂  

8 .0  8 .5 9 .5 10.5

I O O O O 1 . 4 * - /

2 O O O % 2 .0 * 4 .4 *

3 O 1 .7 *  . 4 . 1 * 6 . 9 * 10.1*

4 2 . 3 * 9 .4 *  9 - 9 * 10.8* 11.0*

a /— Each va lue  re sp re sen ts  the  mean o f  ten t i l l e r s  a t  each 
growth  s ta g e .  Each l e a f  was ass igned  a s e v e r i t y  sco re  
based on the  number o f  s t r i p e s  v i s i b l e  on a s c a le  f rom 
one t o  e le v en .  I = one s t r i p e / l e a f ,  11 = t o t a l l y  b l i g h t e d  
l e a f .

— Each growth s tage is rep resen ted  by the Feekes s c a l e ,  which 
p a r t i t i o n s  w i n t e r  wheat  development i n t o  a num er ica l  sca le  
f rom I t o  11.

— Leaf  I re p re s en ts  the  f l a g  l e a f ,  l e a f , 2 the p e n u l t im a te  
l e a f ,  lea f .  3 the  t h i r d  l e a f  below the f l a g ,  and l e a f  4 
t h e  f o u r t h  l e a f  below the  f l a g .

—̂ A s t e r i s k  i n d i c a t e s  s u c c e s s fu l  i s o l a t i o n  o f  the  fungus 
f rom.nodes c u l t u r e d  on a c id  cornmeal agar .
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d e te c ted  in the  p u l v i n u s - i n te rnode segment above the  f l a g  node.

To examine t h i s  phenomenon more c l o s e l y > ana tom ica l  f e a t u r e s  o f  

the node and p u l v i n u s  and the p a t t e r n  o f  fu n g a l  movement w i t h i n  these 

reg ions  were s t u d i e d .  Successive  nodes and leaves o f  a t tachm en t  were 

exc ise d  f rom s i x  p r im a ry  t i l l e r s  o f  Mar ias  a t  each growth  s tage and 

processed f o r  h i s t o l o g i c a l  e x a m in a t io n .  S e r i a l  s e c t i o n s  were cu t  f rom 

the  base o f  each node t o  midway through the p u l v i n u s .  Presence o f  the  

fungus in n o d e -p u lv in u s  re g ions  and leaves o f  a t tachm en t  was e s ta b l i s h e d  

by m ic r o s c o p ic  i d e n t i f i c a t i o n  o f  c o n i d i a ,  m y c e l i a ,  ge l  a c c u m u la t io n s ,  o r  

any co m b ina t io n  o f  the t h r e e .

A node is  composed o f  v a s c u l a r  bund les  and i n t e r c o n n e c t i n g  x y Iem 

s t ra n d s  f rom the l e a f  o f  a t tachm ent  as w e l l  as f rom the  two leaves 

im m ed ia te ly  above.  P a t r i c k  (13) c l a s s i f i e d  v a s c u la r  bund les in each 

node a c c o r d in g  t o  t h e i r  l e a f  o f  o r i g i n .  They can be i d e n t i f i e d  by ( I )  

m o rp h o lo g ic a l  c h a r a c t e r i s t i c s ,  (2) p o s i t i o n  r e l a t i v e  t o  o t h e r  bund les ,  

and (3) p a t t e r n  o f  b ra nch in g  th rough  the  node (F igu res  .1-3,  1 -4 ) .  Al I 

o f  the  v a s c u l a r  bundles o r i g i n a t i n g  in the l e a f  o f  a t tachm en t  (d e s ig ­

nated L) a re  c o n t in u ou s  and n on -b ranch ing  th rough the node,  a l though  

" b r i d g i n g  s t r a n d s "  fuse  w i t h  them. They are r e a d i l y  d i s t i n g u i s h e d  by 

t h e i r  d i s t i n c t i v e  s i z e  and shape w i t h i n  the  node , L a t e r a l  v a s c u la r  

bund les  o r i g i n a t i n g  in the  l e a f  above l e a f  L (des igna ted .  L I )  a re  c o n t i ­

nuous th rough  the  node and fuse  w i t h  o t h e r  x y Iem t r a c e s  o n l y  near the  

base o f  the  node. They a re  i d e n t i f i e d  by t h e i r  autonomy r e l a t i v e  t o
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F ig u re  I - 3. I l l u s t r a t i o n  o f  the v a s c u la r  bundle  types and t h e i r  course 
th rough a w i n t e r  wheat node. Redrawn f rom P a t r i c k  (13) .
L = l a t e r a l  and in t e r m e d ia te  bundles f rom l e a f  o f  at tachment  
(LA),  LI = l a t e r a l  bundles f rom l e a f  above LA, L2 = l a t e r a l  
bundles o f  second l e a f  above LA, BS = b r i d g i n g  s t ra n d  n e t ­
work ,  PP = p i t h  p le xus .  A-C r e f e r  to  reg ions  o f  the node 
shown in c r o s s - s e c t i o n  in  F ig u re  1-4.



F igu re  1-4. L ig h t  m ic rog raphs  o f  c r o s s - s e c t i o n s  th rough a w i n t e r  wheat node in f e c te d  
w i t h  Cepha lospor ium gramineum, showing v a s c u la r  bundle types and t h e i r  
d i s t r i b u t i o n  a t  l e v e l s  A-C i n d i c a te d  by arrows in  F igu re  I ~3 . L = l a t e r a l  
bundles f rom l e a f  o f  a t ta ch m e n t ,  LI = l a t e r a l  bundles f rom l e a f  above le a f  
o f  a t t a c h m e n t , L2 = l a t e r a l  bundles f rom second l e a f  above l e a f  o f  a t t a c h ­
ment, I I = i n t e r m e d ia te  bundles f rom l e a f  above l e a f  o f  a t t a c h m e n t , BS = 
b r i d g i n g  s t r a n d  ne twork ,  PP = p i t h  p lexus .  Arrows i n d i c a t e  c o l o n i z a t i o n  
by Cephalospor ium gramineum. Bars rep resen t  50 mic rons .
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o th e r  bundles and the " b r i d g i n g  s t ra nd  n e tw o rk "  t h a t  l i n k s  wi th ,  e n t e r i n g  

l e a f  t r a c e s  t o  i n t e r c o n n e c t  l e a f  and stem bund les !  L a te r a l  bundles o f  

the  l e a f  above LI (des igna ted  L2) were d i f f i c u l t  t o  d i s t i n g u i s h  r e a d i l y ,  

s ince  they  fuse  w i t h  the " b r i d g i n g . s t r a n d  ne tw o rk "  and the  p i t h  p lexus 

near the  top  o f  the node.  The p i t h  p lexus  connects w i t h  the  b r i d g i n g  

s t r a n d s , making the x y Iem ne twork  con t inuous  among a l l  v a s c u l a r  bundles 

w i t h in the  node (13) .

. When £ .  gramlneum was i d e n t i f i e d  in a s p e c i f i c  bund le  in one node, 

i t  o f t e n  cou ld  be t r a c e d  t o  the  same bundle in the  node below and the 

node above.  For example,  i f  the  fungus was observed in a l a t e r a l  LI 

bund le  in a node, i t  wou ld be found a l s o  in an L2 o r  p o s s i b l y  a l i n k i n g  

s t ra n d  in the node below and in an L bundle  In the node above.  Thus, 

v e r t i c a l  movement o f  the fungus was f o l l o w e d  f rom one node t o  the  next  

a t  each growth  s tag e .  I t s  d i s t r i b u t i o n  w i t h i n  each node cou ld  then be 

r e l a t e d  t o  d i s t r i b u t i o n  in o t h e r  nodes.

Systemic advancement o f  C_. gramjneum at .  v a r io u s  growth  stages was 

c l o s e l y  a s s o c ia te d  w i t h  xylem m a tu r a t i o n  g r a d ie n t s  between nodes,  x y Iem 

s t rand  d i f f e r e n t i a t i o n  w i t h i n  nodes,  and xylem s t rand  d i f f e r e n t i a t i o n  

w i t h i n  le a v e s , The grass  stem matures v e r t i c a l l y  in  a m u l t Inoda I 

f a s h i o n ,  e . g .  b a s i p e ta l  Iy- f rom the top  o f  one node t o  the top  of. the. 

node im m ed ia te ly  below (F igu re  I - 5 A ) (1 7 ) .  The le a f  a t  each node matures 

b a s i p e ta l  Iy  f rom the  t i p  t o  the  base . o f  the  l e a f  shea th ,  w i t h  the 

median bundle d eve lo p ing  f i r s t ,  f o l l o w e d  by the l a t e r a l  bund les ,  and
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F igu re  l _5- I l l u s t r a t i o n  o f  x y Iem m a tu r a t i o n  g r a d ie n t s  in a w i n t e r  wheat 
p l a n t . A) V e r t i c a l  m a tu r a t i o n  g ra d ie n t s  in the i n te rnoda I  
re g io n s .  B) V e r t i c a l  m a tu r a t i o n  g ra d ie n t s  w i t h i n  the f l a g  
n o d e - l e a f  j u n c t i o n  o f  the p u l v i n u s .  S ix  phases are re p re ­
sented,  I = f l a g  l e a f  emergence, 6 = f u l l  m a t u r i t y  o f  a l l  
t i s s u e s  a f t e r  head ing.  Both A and B were redrawn f rom P r a t t  
(1 7 ) .  F i l l e d  areas i n d i c a t e  immature t i s s u e s .  C) Redrawn 
f rom P a t r i c k  (1 4 ) ,  t h i s  shows the sequence o f  v a s c u la r  
bund le  d i f f e r e n t i a t i o n  w i t h i n  a node. L = l a t e r a l  bundles 
o f  l e a f  o f  a t t a c h m e n t , LI = l a t e r a l  bundles f rom l e a f  above 
l e a f  o f  a t t a c h m e n t , I l  = i n t e r m e d ia te  bundles f rom le a f  
above l e a f  o f  a t t a c h m e n t , L2 = l a t e r a l  bundles f rom second 
l e a f  above l e a f  o f  a t t a c h m e n t , BS = b r i d g i n g  s t ra n d  n e tw o r k , 
PP = p i t h  p le x u s .
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f i n a l l y  by the  s m a l l e r  i n te r m e d ia te  bund les (14 ) .  The l a s t  reg ion  t o  

mature between nodes is  the stem p o r t i o n  a t  the  area o f  i n s e r t i o n  i n t o  

the p u l v i n u s  a t  the n o d e - l e a f  j u n c t i o n .  This m a tu r a t i o n  sequence is  

n u m e r i c a l l y  p a r t i t i o n e d  into,  f i v e  phases (F ig u re  I -5B)  (17) . M a tu ra t io n  

o f  xy Iem s t ra nd s  w i t h i n  a node is  acropet.a I . The d i f f e r e n t i a t i o n  

sequence f o r  d i f f e r e n t  bund le  types i s  the  same through the  node, bu t  

i t  is  i n i t i a t e d  f i r s t  a t  the  node base . The L, L I ,  and L2 bundles 

mature f i r s t  bu t  are not  in te r c o n n e c te d  u n t i l  d i f f e r e n t i a t i o n  o f  the 

b r i d g i n g  s t ra n d  ne twork .  The p i t h  p lexus  deve lops i n d ep e nd e n t l y  o f  t h e . 

o t h e r  xy lem s t ra n d s  and is  l a s t  t o  mature (F igu re  I - 5 C ) ( 14 ) .

£ .  gramineum c o n s i s t e n t l y  invaded nodes o n ly  a f t e r  m a tu r a t io n  o f  

the xylem s t ra nd s  lead in g  i n t o  them. Moreover ,  the fungus demonstrated 

s e l e c t i v i t y  f o r  bund le  types dependent  upon t h e i r  sequence o f  deve lop ­

ment w i t h i n  each node. The o rd e r  o f  in g ress  fo l l o w e d  c l o s e l y  the o rd e r  

o f  d i f f e r e n t i a t i o n .

Fungal p rb pagu Ies were f i r s t  d e te c ted  in nodes a t  phase 5 (F igu re  

( -5B) o f  the v e r t i c a l  m a t u r a t i o n  g r a d i e n t . Th is  s tage o f  d i f f e r e n t i a ­

t i o n  was c h a r a c t e r i z e d  most o f t e n  in  node 3 a t  growth s tage 8,  node 2 a t  

growth stage 8 .5 ,  and node I a t  growth stage 9 .5 .  H i s t o l o g i c a l  examina­

t i o n  o f  these node -pu Iv in u s  segments v e r i f i e d  the m a tu r a t i o n  g r a d ie n t  

among bundle  types .  The L, L I ,  and L2 bund les appeared t o  be f u l l y  

mature th rough  the node.  Much o f  the b r i d g i n g  s t ra nd  network  and the 

p i t h  p l e x u s , however,  were s t i l l  j u v e n i l e .  A l though much o f  the
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cy top lasm o f  these v e sse ls  had d isappeared ,  the  c e l l  w a l l s  were not  

I i g n i f i e d .  In the v a s c u l a r  bundles o f  the  stem in the p u l v i n u s ,  the 

metaxylem elements  were s t i l l  u n d i f f e r e n t i a t e d  whereas the  p r o t o x y Iem 

e lements had l o s t  t h e i r  p r o to p la s m ic  c o n te n ts  and the  c e l l  w a l l s  were 

becoming l i g n i f i e d  (F igu re  I - 6 ) .

Con id ia  and o c c a s i o n a l l y  myce l ia  were de te c ted  o n l y  in  the la rge  L 

bund les  o f  these nodes.  Rare ly  were any s igns  o f  the  fungus e v id e n t  in  

LI o r  L2 bund le s .  The fungus was never found in the b r i d g i n g  s t rand  

ne tw o rk ,  the  p i t h  p le x u s ,  o r  v a s c u la r  bundles o f  the  stem above the 

node.  I n t e r e s t i n g l y ,  £.  gramjneum was never found in v a s c u l a r  bundles 

u n t i l  a l l  o f  the  vesse l  e lements  w i t h i n  them had f u l l y  matured .

The p a t t e r n  o f  pathogen d i s t r i b u t i o n  f rom f u l l y  mature nodes i n t o  

d ev e lop ing  nodes above a t  each growth s tage o f  w i n t e r  wheat  development 

i l l u s t r a t e s  the r e s t r i c t i v e  i n f l u e n c e  imposed by both  the  v e r t i c a l  and 

the  l a t e r a l  m a tu r a t i o n  g r a d ie n t s  (Tab le 1 -2 ) .  For exam p le , node 3 a t  

g rowth  stage  10.5 i s  e x t e n s i v e l y  c o lo n i z e d  in a l l  bundle  types  and 

l i n k i n g  s t ra n d s .  Once the fungus had p en e t ra ted  i n t o  the  p i t h  p l e x u s , 

i t  was ab le  t o  invade a l l  bundles in the  node. A f t e r  the  fungus had 

s u c c e s s f u l l y  c o lo n i z e d  a l l  o f  the  bundle  t y p e s , i t  was a f f o r d e d  open 

channe ls  i n t o  a l l  o f  the  bundles o f  node 2 d i r e c t l y  above.  I f  no 

r e s t r i c t i o n s  were imposed on v e r t i c a l  o r  l a t e r a l  movement, the fungus 

should have invaded most o r  a l l  o f  the  L, L I ,  L2 b u n d le s ,  the b r i d g i n g  

s t ra nd  ne tw o rk ,  and the  p i t h  p lexus  o f  node 2 c o n c u r r e n t l y .  Only some
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F igu re  1-6. L i g h t  m ic rographs  showing x y Iem d i f f e r e n t i a t i o n  in 
response to  a m a tu r a t i o n  g r a d ie n t  in  the stem o f  a 
w i n t e r  wheat p l a n t . B r i g h t - f i e l d  o p t i c s  o f  A) mature 
and C) immature v a s c u la r  bundles in the stem o f  the 
p u l v i n u s .  F lu o re scen t  o p t i c s  o f  B) the same mature 
and D) the same immature v a s c u la r  bundles showing 
the e x te n t  o f  l i g n i f i c a t i o n  in  vessel  c e l l  w a l l s .
Bars re p re sen t  50 m ic rons .
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TABLE 1-2. D i s t r i b u t i o n  o f  Cephaiospor ium gramineum in each bundle 
type  w i t h i n  c o nse cu t i ve  nodes o f  two w i n t e r  wheat 
c u I t i va rs  a t  d i f f e r e n t  growth stages.

Proport ion of  Bundles Colonized—̂

MARIAS CREST LRC 40

Growth
(Peekes

Stage
sca le )  L '

Bundle Type—̂

LI U  6 BS PP

Bundle Type 

L LI L2 S BS PP

7-5
NODE 1.7 0 . 8 0 0 . 1.2 0. 2 0 ' 0

NODE 3 O ' 0 0 0 0 0 0 0

NODE 2 O 0 0 0 ' 0 0 0 0

NODE I ’ O 0 0 0 0 6 0 0

8.5
NODE 4 2 .0 I .2 0 . 7 0 ' 1.3 0 .8 0 .3 0

NODE 3 . 1 . 5 0 .5 0 0 1.0 0. 2 0 0

NODE 2 0 0 0 0 0 0 0 0

NODE I 0 0 ' 0 0 0 0 . 0 0

9-5
NODE 4 3 . 2 2 . 5 2.1 I .2 2.1 1.5 0 . 5  " 0

NODE 3 ■ 2 . 3 2.1 1.5 0 . 5 ■ VO '0.5 0 .3 0 '

NODE 2' ■ 1.2 0 . 8  . 0 . 2 0 ' 0 . 3 0 0 0

NODE I 0 0 0 0 0 0 0 0

10.5
NODE 4 ' 4 . 0 3-5 3.2 2. 2 2 . 5 1.8 1.3 1.0

NODE 3 3-9 3.3 2. 7 2 .0 1.5 1.0 1.0 0. 2

NODE 2 2 .0 1.7 1.2 0 .3 I .0 1.0 I .0 0

NODE I ! • I 0 . 4 0 0 0. 2 0.2 0 0 ,

—̂ Proport ion of  vascul ar  bundles colon I zed w i t h i n  each bundle type.  Each 
value represents the mean of  6 t i l l e r s .  ' I  = 0-25% bundles col oni ze d,
2 = 25-50% bundles c ol o ni z ed ,  3 “ 50-75% bundles col oni ze d,  4 f 75"100% 
bundles c ol oni ze d.

—̂ Bundles i d e n t i f i e d  by l e a f  of  o r i g i n  in r e l a t i o n  to each node. L = l a t e ­
r al  bundles o f  l e a f  above l e a f  o f  i n s e r t i o n ,  L2 = l a t e r a l  bundles of  the 
second l e a f  above l e a f  o f  i n s e r t i o n ,  BS -  br i dgi ng strand network,  com­
pr i sed of  I nt erme di at e  bundles from the l e a f  above l e af  of  i n s e r t i o n ,
PP “ p i t h  p le x us , a r i s i n g  Independently w i t h i n  the node.

-^Node 4 Is the lowermost node and node I is the f l a g  node.
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o f  the  L, L I ,  and L2 bundles and the  b r i d g i n g  s t rands  l i n k e d  t o  them 

were c o lo n i z e d ,  however,  and the  p i t h  p lexus  was c o m p le te ly  f r e e  o f  the  

pa thogen . A d d i t i o n a l  c o n s t r a i n t  was in  ev idence  f o r  the  bund les between 

node 2 and the  f l a g  node (node I ) ,  f o r  o n l y  seve ra l  L bundles were 

s p a r s e l y  c o lo n iz e d  in the  l a t t e r .  Consequent ly ,  the  fungus was observed 

moving up an i n f e c t e d  stem in a s e q u e n t i a l  temporal  p a t t e r n  between 

nodes and between the bundle  types in each node r a t h e r  than in  a r a p i d , 

unordered p ro g r e s s io n .

The p a t t e r n  o f  pathogen d i s t r i b u t i o n  observed h i s t o l o g i c a l l y  b e t ­

ween nodes was m i r r o r e d  macroscop ic a I  Iy  in the  p a t t e r n  o f  s t r i p e  f o r m a - . 

t i on (Tab le I - 1) . At each c o n s e c u t i v e  growth s tage a f t e r  7 -5 ,  the 

average number o f  s t r i p e s  on., leaves a t ta c h ed  t o  r e c e n t l y  matured nodes - 

d id  no t  exceed two s t r i p e s ,  whereas the  leaves im m ed ia te ly  below 

averaged between f o u r  and ten s t r i p e s .  Leaves f u r t h e r  down the stem 

were u s u a l l y  c o m p le te l y  b l i g h t e d .

Thus,  the  movement and d i s t r i b u t i o n  o f  C_. gramineum is c l o s e l y  

a s s o c ia te d  w i t h  the  x y Iem m a tu r a t i o n  g r a d ie n t s  o f  d ev e lop ing  w i n t e r  

wheat p l a n t s .  V e r t i c a l  movement in  the  stem is  l i m i t e d  by the  b a s i p e ta l  

m a tu r a t io n  g r a d i e n t  between nodes; movement between v a s c u l a r  bundle 

types  i s  r e s t r i c t e d  by the  a c ro p e ta I  and l a t e r a l  d i f f e r e n t i a t i o n  o f  L, 

L I ,  L2, b r i d g i n g  s t r a n d s ,  and p i t h  p le x u s ;  and movement w i t h i n  the  L 

bundles i s  re g u la te d  by the  s e q u e n t ia l  d i f f e r e n t i a t i o n  o f  median, l a t e ­

r a l ,  and i n t e r m e d ia te  bundles o r i g i n a t i n g  in  the  le a v e s .
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D i f f e r e n t i a l  responses o f  two c u l t i v a r s  t o  spread o f  C. gramineum. 

Mar ias and Cres t  LRC 40 were compared w i t h  respec t  t o  t h e  ra te  o f  symp­

tom e x p ress ion  th roughou t  t h e i r  g rowth  and development.  Cres t  LRC 40 

was chosen because i t  appeared t o  possess some mechanism by which 

complete b l i g h t i n g  o f  a l l  leaves occu r red  l a t e r  than in  Mar ias  w i t h i n  

the  same t im e  span (Chapter  3 ) .  Consequent ly ,  h i s t o l o g i c a l  s tu d ie s  

s i m i l a r  t o  those per formed on Mar ias were conducted t o  de te rm ine  any 

v i s u a l  d i s s i m i l a r i t i e s  wh ich  m ight  c h a r a c t e r i z e  t h i s  phenomenon. Iden­

t i c a l  sample s i z e s  and h a r v e s t i n g  dates were used , s in c e  bo th  Mar ias and 

Crest  LRC 40 have the  same heading d a te s .  The fungus invaded the

d i f f e r e n t  bundle  types o f  Cres t  LRC 4 0 1s nodes in t h e  same sequence

observed in M a r ias ,  but  i t s  r a t e  o f  i n v a s ion  lagged c o n s id e r a b l y  (Table

1- 2 ) .

To d i s c e r n  d i f f e r e n c e s  in hos t  response t o  pathogen c o l o n i z a t i o n ,  

c o n ! d i a l ,  m y c e l i a l ,  and ge l  accum u la t io ns  were q u a n t i f i e d  in c o lo n iz e d  

v a s c u la r  bundles by r a t i n g  each on a sca le  o f  one t o  t h r e e  i n d i c a t i n g  

t r a c e  (1-30% v e s s e l s /b u n d le  f i l l e d ) ,  moderate (30-70% v e s s e l s /b u n d le  

f i l l e d ) ,  and abundant  (70-100% v e s s e l s /b u n d le  f i l l e d )  q u a n t i t i e s .  The 

number o f  v e s s e ls  in  each v a s c u la r  bund le  w i t h i n  a node ranged f rom a 

minimum o f  24 in LI bundles upward t o  139 in L bund les .  No t y l o s e s  were

ever  observed in i n f e c t e d  v e s s e l s ,  r u l i n g  them out  as a s i g n i f i c a n t  hos t

response.  Only those nodes a t  v a r io u s  growth  stages in wh ich the fungus 

had progressed  i n t o  the  LI and L2 bund les ,  but  had not  y e t  invaded the
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p i t h  p le x u s ,  were s c o r e d .

S u b s t a n t i a l  d i f f e r e n c e s  in c o n i d i a ,  m y c e l i a ,  and ge l  accum ula t io ns  

appeared t o  e x i s t  between Mar ias  and Cres t  LRC 40 (Table 1 -3 ) .  I f  

Mar ias  was assumed t o  lack  any c a p a c i t y  f o r  a c t i v e  r e s t r i c t i o n  o f  

pathogen movement, then Crest  LRC 40 possessed the  a b i l i t y  t o  e l i c i t  

g r e a t e r  gel  p r o d u c t i o n ,  i n h i b i t  con i d i a I  p r o l i f e r a t i o n ,  o r  a combina­

t i o n  o f  bo th .
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TABLE I - 3 . React ion  o f  two w i n t e r  wheat c u l t i v a r s  t o  
i n f e c t i o n  by Cephalospor ium gramineum as 
r e l a t e d  t o  accum u la t ion  o f  g e l s ,  c o n i d i a ,  
and m yce l ia  w i t h i n  the lumina o f  i n f e c t e d  
Vascu la r  bund les .

Ex ten t  o f  Accumula t ion—̂

. C u l t i v a r Gels Coni d i a Myce I i a

Mar ias 1.0 2 .4 1.1

Cres t  LRC hO 2.2 I .2 1 .8

a /— Each va lu e  re p re s en ts  the mean o f  42 nodes.  Readings 
o f  a l l  L and LI bundles in each node were averaged.  
Only nodes in wh ich  gram? neum had not  y e t  p ro g r e s ­
sed i n t o  the  p i t h  p lexus  were scored.  I = t r a c e  
amounts (1-30% v e s s e l s / b u n d l e ) ,  2 ■= moderate amounts 
(30-70% v e s s e l s / b u n d l e ) ,  and 3 = abundant amounts 
(70-100% v e s s e l s / b u n d l e ) .
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DISCUSSION

Al I hos t -pa thogen  i n t e r a c t i o n s  may be c h a r a c t e r i z e d  by examining 

components o f  the  d isease  pyramid s i n g l y  and t o g e th e r  ( 2 ) .  Th is  s tudy 

p laced  equal  emphasis on p a t h o l o g i c a l  e f f e c t s  o f . C. gramineum on the 

hos t  and on p h y s i o l o g i c a l  and m o rp h o lo g ic a l  e f f e c t s  o f  the  w i n t e r  wheat 

hos t  on pathogen movement. The temporal  r e l a t i o n s h i p  between these two 

components was i n v e s t i g a t e d  by f o l l o w i n g  d isease  development d u r ing  the  

ontogeny o f  i n f e c t e d  wheat p l a n t s .  Both d isease  development and hos t  

development a re  i n i t i a t e d  w i t h i n  a s i m i l a r  t ime f rame,  s in c e  f i e l d  

i n f e c t i o n  in Montana occurs  a t  one t i m e - - i n  the s p r in g  when s o i l  heaving 

causes ro o t  breakage ( 4 , 1 5 ) .  The exposed xylem elements p ro v ide  s i t e s  

f o r  pass ive  e n t r y  o f  conTdia i n t o  the r o o t s .  Hence, d is ease  onse t  is 

concom i tan t  w i t h  i n d u c t i o n  o f  stem e lo n g a t i o n  in w i n t e r  w h e a t . .

Our s tud y  con f i rm ed  e a r l i e r  r e p o r t s  t h a t  p a t h o l o g i c a l  e f f e c t s  in  

and around i n f e c t e d  v a s c u la r  bundles d id  no t  occur  u n t i l  a f t e r  abundant  

c o l o n i z a t i o n  by £ .  gramineum. Consequen t ly ,  a s e q u e n t ia l  r e l a t i o n s h i p  . 

between in va s ion  and c o l o n i z a t i o n  by the  pathogen and f o l i a r  symptom 

e x p ress ion  was observed.  The fungus was d e tec ted  p r i o r  t o  e x te r n a l  

symptom deve lopment ,  bu t  c h l o r o t i c  s t r i p i n g  was r a r e l y  v i s i b l e  in vascu­

l a r  re g ions  devo id  o f  the  fungus .  Impairment o f  l a t e r a l  w a te r  t r a n s p o r t  

r e s u l t i n g  f rom v a s c u la r  d y s fu n c t i o n  has been p o s tu la te d  as the  mechanism 

o f  s t r i p e  fo r m a t i o n  ( 1 6 ,2 0 ,2 1 ) .  Phloem and mesophy l l  d e t e r i o r a t i o n  

w i t h i n  and around a bu n da n t l y  co lonized,  v a s c u la r  bundles cou ld  be a
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m a n i f e s t a t i o n  o f  l o c a l i z e d  w a te r  s t r e s s  caused by r e s i s t a n c e  t o  w a te r  

movement t o  these c e l l s .  As ad jacen t  v a s c u la r  bundles became i n f e c t e d ,. 

the  reg ions  o f  t i s s u e  d egene ra t ion  ove r lapped .  U l t i m a t e l y ,  when a l l  

bundles were c o lo n i z e d ,  the  l e a f  became b l i g h t e d .

Th is p a t t e r n  o f  pathogen movement in  r e l a t i o n  t o  symptom exp ress ion  

formed the  bas is  f o r  a d isease  index r a t i n g  system. Each s t r i p e ,  rang ing  

f rom one t o  e leven  per l e a f ,  i n d i c a t e d  the  e x te n t  o f  i n f e c t i o n  th rough a 

node and i n t o  i t s  l e a f  o f  a t t a c h m e n t . Th is  d isease  index  may be a u s e fu l  

t o o l  f o r  v i s u a l l y  m o n i t o r i n g  the  ra te  and e x te n t  o f  pathogen spread up­

ward th rough an . i n f e c t e d  w i n t e r  wheat p l a n t .  I n d i v i d u a l  read ings may 

then be extended t o  a p o p u la t i o n  o f  p la n t s  w i t h i n  a s i n g l e  c u l t i v a r  f o r  

e v a l u a t i n g  d i f f e r e n t i a l  responses between genotypes as w e l l  as s e l e c t i n g  

p l a n t s  f rom a s e g r e g a t i n g  p o p u la t i o n .

Many elements  o f  the  £.  gram!neum-w i n t e r  wheat i n t e r a c t i o n  a re  

unique in compar ison t o  o th e r  v a s c u la r  pa thogen-hos t  i n t e r a c t i o n s .  Wi th 

respec t  t o  the  h o s t ,  w i n t e r  wheat is  an annua l ,  herbaceous monocot , and 

i t  d i f f e r s  s i g n i f i c a n t l y  f rom Woody monocots such as banana and d i c o t s  

which a re  s u s c e p t i b l e  t o  o t h e r  v a s c u l a r  pathogens.  The v a s c u la r  bundles 

o f  wheat  la ck  a cambium f o r  secondary growth and thus remain as d i s c r e t e  

bundles o f  f i x e d  s i z e s  excep t  in the  nodal  r e g i o n s , where they  form an 

in t e r c o n n e c t i n g  n e tw o r k . Traces f rom the  l e a f  o f  a t tachment  pass unbran­

ched th rough  the  node and i n t o  the  in te r n p d e  below. The v a s c u la r  bundles 

in the l e a f  are o f  s i m i l a r  s i z e s  t o  t h e i r  c o u n te r p a r t s  in the  stem. Thus ,
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movement o f  the  fungus f rom seve ra l  v a s c u la r  bundles in t h e  stem upward 

i n t o  t h e  l e a f  r e s u l t s  in l o c a l i z e d  s t r i p e s  in the  reg ions  o f  c o l o n i z a ­

t i o n .  No v i s i b l e  e x t e r n a l  ev idence  o f  p h y s i o l o g i c a l  d i s o r d e r  caused by 

w a te r  s t r e s s  was found in asymptomat ic  re g ions  o f  the  l e a f .

In d i c o t s ,  on the o t h e r  hand , the  p e t i o l e  bundles branch f rom the 

i n t e r c o n n e c t i n g  v a s c u la r  ne twork  o f  the  stem and are much s m a l l e r  i n .  

s i z e .  Whereas l o c a l i z e d  o c c lu s i o n  in stem bundles does no t  a l t e r  wa te r  

f l o w  s i g n i f i c a n t l y ,  e x te n s i v e  d y s fu n c t i o n  in the p e t l o l a r  bundles r e s u l t s  

in  a lmost  a t o t a l  c u t o f f  o f  w a te r  f l o w  ( 6 , 7 ) .  Consequen t ly ,  v a s c u la r  

d iseases  a s s o c ia te d  w i t h  these p l a n t s  o f t e n  e x h i b i t  g e n e r a l i z e d  w i l t i n g  

r a t h e r  than d i s c r e t e  c h l o r o t i c  p a t t e r n s  around in f e c te d  bundles (7 ) .

W in te r  wheat  is a l s o  d i s t i n c t i v e  in i t s  requ irem en t  f o r  a v e r n a l i ­

z a t i o n  p e r io d  t o  i n i t i a t e  f l o w e r i n g .  In compar ing symptom development 

w i t h i n  w o u nd - in o c u la te d  v e r n a l i z e d  and non-verna.l  i zed w i n t e r  wheat 

p l a n t s ,  Bruehl  (4) observed t h a t  the  l a t t e r  were r e s i s t a n t  t o  s t r i p e  

f o r m a t i o n . He suggested t h a t  " i t  i s  p robab le  t h a t  the fungus is not 

p a r t i c u l a r l y  a c t i v e  u n t i l  the  hos t  passes a c e r t a i n  s tage o f  deve lop ­

men t" .  In our  s t u d i e s ,  we found t h a t  s t r i p e  fo r m a t i o n  in n on -y e rn a I i zed 

w i n t e r  wheat was e v id e n t  o n l y  in the  mature  o u te r  leaves (Chapter  3 ) .  

Whi le  We ise 's  (21) o b s e rv a t io n s  re g a rd in g  events le ad ing  to  symptom 

development w i t h i n  m a tu r ing  leaves is  s i m i l a r  t o  o u r s , h i s  exam ina t ion  

o f  o n l y  a s p e c i f i c  o rgan ,  the  l e a f ,  d id  not  r e f l e c t  the  impact  o f  hos t  

ontogeny on d is ease  development.
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The unique n a tu re  o f  _C. q ra m lneum as a p l a n t  pathogen was d i s c o ­

vered a f t e r  s t u d y in g  the  mutual i n t e r a c t i o n  o f  hos t  ontogeny and pathogen 

movement. The speed o f  funga l  growth and s p e c u l a t i o n ,  the  s t r u c t u r e  and 

f u n c t i o n  o f  vesse ls  in the  p l a n t ,  and the  speed o f  hos t  response a l l  

i n t e r a c t e d  t o  de te rm ine  the  ra te  and e x te n t  o f  sys tem ic  i n f e c t i o n .  In 

t h e  h i g h l y  s u s c e p t i b l e  c u l t i v a r  M a r ias ,  s ys tem ic  movement was r e s t r i c t e d  

by the  s tage o f  v a s c u l a r  d i f f e r e n t i a t i o n .  Since the  fungus cou ld  not  be 

d e te c ted  in v a s c u la r  bundles in  which any o f  the  i n d i v i d u a l  vessel  

e lements r e ta i n e d  p r o to p la s m ic  components, i t  a p p a r e n t l y  lacked any 

c a p a b i l i t y  t o  p a r a s i t i z e  l i v i n g  c e l l s .  Vessels in  t h e i r  j u v e n i l e  s tage 

o f  d i f f e r e n t i a t i o n  are l i v i n g  c e l l s  s ince  they  c o n ta in  i n t a c t ,  m e t a b o l i -  

c a l  Iy  a c t i v e  p r o t o p l a s t s .  In the mature s t a t e ,  however,  they  become 

devo id  o f  the  p ro top lasm  and nuc leus and thus may be cons ide red  as non­

l i v i n g  c e l l s .  The pathogen was ab le  t o  invade these n o n - l i v i n g  vessels  

r e a d i l y .

Other aspects  o f  d isease  e t i o l o g y  s u b s t a n t i a t e  the i n a b i l i t y  o f  jX 

gramineum t o  p e n e t r a te  l i v i n g  c e l l s .  These in c lu de  the  pathogen 's  

requ irem en t  f o r  r o o t  wounding f o r  s u c c e s s fu l  ingress  and i t s  r e s t r i c t e d  

presence w i t h i n  the  xylem u n t i l  a f t e r  a l l  o t h e r  p l a n t  t i s s u e s  lose 

b i o l o g i c a l  a c t i v i t y .

Bateman ( I )  r e c e n t l y  p a r t i t i o n e d  p l a n t  pathogens i n t o  th ree  c a te ­

g o r i e s :  p a r a s i t i c ,  p e r t h o p h y t i c , and s a p r o p h y t i c .  The f i r s t  ob ta in s

n u t r i e n t s  f rom l i v i n g  c e l l s  d i r e c t l y ,  the  second d e r i v e s  i t s  food f rom
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c e l l s  k i l l e d  in advance o f  c o l o n i z a t i o n ,  and the  t h i r d  seeks i t s  food 

f rom n o n - l i v i n g  c e l l s  a f t e r  c o l o n i z a t i o n .  The p a r a s i t i c  h a b i t  o f  C_. 

gramineum does not  f i t  i n t o  any o f  these conven ien t  d i v i s i o n s .  R a th e r , 

t h i s  pathogen e x h i b i t s  c h a r a c t e r i s t i c s  common t o  both pe.rthophytes and 

sap rophy tes ,  s in c e  i t  p a r a s t izes f u n c t i o n a l l y  n o n - l i v i n g  c e l l s  t h a t  a re  

an i n t e g r a l  p a r t  o f  a l i v i n g  system. A l though  o th e r  v a s c u la r  pathogens,  

n o t a b l y  Fusar ium and V e r t i c i  I l i u m , a re  a l s o  r e s t r i c t e d  t o  x y Iem th rou g h ­

ou t  the  l i f e t i m e  o f  the h o s t ,  they  possess the  a b i l i t y  t o  p e n e t ra te  

l i v i n g  c e l l s  o f  the  ro o t  t o  i n i t i a t e  i n f e c t i o n  (8 ,1 8 ) .

A d e s c r i p t i v e  model f o r  £ .  gramineum movement and d i s t r i b u t i o n  

th rough a node and above i n t o  the  stem and l e a f  of.  a t tachment  is  p resen­

ted here based upon the  ev idence  f o r  developmental  sequence o f  bundle  

types w i t h i n  each node, the m a tu r a t i o n  g r a d i e n t  between nodes,  and the  

sequence o f  i n v a s ion  among bund le  types a f t e r  i n i t i a l  ing ress  i n t o  a 

node. As a node deve lops^ the  fungus ga ins  ingress  f i r s t  i n t o  the  la rge  

L bund les w i t h i n  wh ich  a l l  o f  the  vesse l  e lements a re  f u l l y  mature .  The 

fungus s u bsequen t l y  moves i n t o  the  LI bundles near the  base o f  the  node 

a f t e r  m a tu r a t i o n  o f  the b r i d g i n g  s t ra n d  network  wh ich i n te r c o n n e c ts  them 

w i t h  the  L bund les .  With the  a c ro p e ta I  m a tu r a t io n  o f  a d d i t i o n a l  b r i d ­

g ing  s t r a n d s ,  the  fungus ga ins  access t o  the  L2 bundles near the  apex 

o f  the  node. Since the  p i t h  p lexus deve lops in dependen t ly  o f  a l l  o t h e r  

bund le  t y p e s ,  c o n ta c t  must be made w i t h  the  b r i d g i n g  s t ra n d s  be fo re  the  

fungus can invade i t .  A f t e r  success fu l  c o l o n i z a t i o n  o f  the  p i t h  p l e x u s ,
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the fungus has ready access t o  a l l  o t h e r  v a s c u la r  bund les and l i n k i n g  

s t ra nd s  thoughout  the node which  u l t i m a t e l y  leads t o  comple te  sys temic  

i n v a s io n .  Macroscopica 11y, t h i s  sequence-appears as i n i t i a l  d i s c r e t e  

s t r i p e s  (L bund le s )  on le aves ,  f o l l o w e d  by s lo w l y  w id e n ing  s t r i p e s  as 

the  a d ja c e n t  i n t e r m e d ia t e  bundles become invaded.  S t r i p e s  may coa lesce  

depending upong th e  p a t t e r n  o f  L bund le  c o l o n i z a t i o n  in  the  node. Even­

t u a l l y ,  a l l  l a t e r a l  and i n t e r m e d ia te  bundles become c o lo n i z e d  and b l i g h ­

t i n g  occurs .  Th is  sequence i s  r e p e a t e d . i n  each node and l e a f  o f  a t t a c h ­

ment as the fungus moves upward in the  p l a n t .

Th is  model has im p o r ta n t  p r a c t i c a l  a p p l i c a t i o n  t o  a germplasm 

development program. Because p f  the  c lo s e  temporal  a s s o c i a t i o n  between 

symptom e x p ress ion  and xylem m a tu r a t i o n  g r a d i e n t s ,  a l l  p a r e n ta l  and 

progeny l i n e s  r e q u i r e  c lo s e  m o n i t o r i n g  o f  head ing dates so t h a t  s e l e c t i o n  

f o r  ] a t e - m a t u r i n g  genotypes is  not  f a v o r e d .  Fu r the rm ore ,  s e l e c t i o n  f o r  

d i f f e r e n t i a l  responses t o  symptom development i s  e f f e c t i v e  o n l y  a f t e r  

head in g ,  s in c e  symptoms dp no t  appear on the  f l a g  l e a f  u n t i l  head 

emergence.

The r a t e  o f  s ys tem ic  spread o f  £ .  gramineum may be a f f e c t e d  a t  two 

l e v e l s .  The f i r s t ,  wh ich i s  r e l a t e d  t o  the  c a p a b i l i t y  f o r  g a in in g  suc ­

c e s s fu l  in g ress  i n t o  new t e r r i t o r y ,  is  governed by the  r a t e  o f  growth 

and m a tu r a t i o n  o f  xylem t i s s u e  as .d iscussed above f o r  M a r ias .  The 

second, which i s  r e l a t e d  ^ o . the  a b i l i t y  o f  the  pathogen t o  overcome host
I

defenses a f t e r  s u c c e s s fu l  i n g re s s ,  is governed by g e n e t i c  d i f f e r e n c e s
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between w i n t e r  wheat c u l t i v a r s .  Such an i n t e r a c t i o n  appeared to  e x i s t  

in Crest  LRC 40, wh ich  de layed complete  sys tem ic  i n f e c t i o n  by the fungus 

much longe r  than d id  Mar ias .

Two responses which cou ld  e l i c i t  t h i s  r e a c t i o n  are ( l )  the p h y s i ­

c a l  b lockage o f  v e r t i c a l  a nd /o r  l a t e r a l  movement o f  con i d ia by t y l o s e s ,  

gums, and g e l s ,  and (2) the s y n th e s is  o f  an i n h i b i t o r y  substance which 

s lows s p e c u l a t i o n .  The f i r s t  has been im p l i c a te d  as a re s i s t a n c e  

mechanism in seve ra l  v a s c u la r  d iseases  (7 ) .  However, u n l i k e  most o f  

these  h o s t - v a s c u l a r  pathogen i n t e r a c t i o n s ,  no t y l o s e s  o r  vesse l  c o l l a p s e  

were observed in ve sse ls  i n f e c t e d  w i t h  £.  gramineum ( 5 , 7 ) .  Moreover,  

both g e l a t i o n  and gummosis were r a r e l y  de te c ted  in advance o f  c o n ! d i a l  

i n v a s io n ,  but  occur red  s im u l t a n e o u s l y  w i t h  o r  subsequent  t o  fungua l  

p r o l i f e r a t i o n  in i n f e c t e d  ve s s e ls .

Crest  LRC 40 e x h i b i t e d  inc reased g e l a t i o n  and gummosis as compared 

t o  M a r i a s . I t  is  p o s s i b l e  t h a t  these r e a c t i o n s  p rec luded  o r  re ta rded  

the  l a t e r a l  movement o f  con i d ia f rom c o lo n i z e d  L and LI bundles i n t o  the  

b r i d g i n g  s t r a n d  network  and p i t h  p le x u s ,  which would l i m i t  sys temic  

spread i n t o  a l l  bundles o f  a node. Movement o f  £ .  g ramineum i n t o  t h i s  

i n t e r c o n n e c t i n g  ne twork  o f  x y Iem s t ra nd s  lagged c o n s id e ra b ly  behind the  

m a tu r a t i o n  g r a d i e n t .

The apparen t  i n h i b i t i o n  o f  c o n i d i a l  p r o l i f e r a t i o n  w i t h i n  c o lo n iz e d  

bundles o f  Cres t  LRC 40 suggested  an i n t e r a c t i o n  a t  the  m o le c u la r  l e v e l .  

P o s s i b l y ,  a t o x i c  compound is s y n th e s iz e d  by the  c u l t l v a r  which i n h i b i t s
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s p o r u l a t i on s u f f i c i e n t l y  t o  r e t a r d  sys tem ic  i n f e c t i o n .  Since e i t h e r  or  

both  o f  these phenomena may be r e s p o n s ib le  f o r  the r e t a r d a t i o n  o f  sys te  

m ic in vas ion  by £ .  gram? neum,. each must be sub jec te d  t o  r ig o ro u s  b i o ­

chemical  ana lyses t o  de te rm ine  t h e i r  r e l a t i v e  ro le s  in  pa thogenes is .
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CHAPTER I I

PHYSIOLOGICAL EFFECTS OF CEPHALOSPORIUM STRIPE ON GROWTH AND 

YIELD OF WINTER WHEAT (TRITICUM AESTIVUM L .) CU LTI VARS
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INTRODUCTION

A l t e r a t i o n  o f  w a te r  r e l a t i o n s  has been i m p l i c a t e d  in the  i n t e r a c ­

t i o n  between the  v a s c u la r  pa thogen, Cephalospor ium gramineum, and i t s  

w i n t e r  wheat hos t  (5 ,6 )  . Al I o f  the  d isease  symptoms, wh ich  inc lude  

b l i g h t e d  leaves and heads, s tun te d  p l a n t s ,  and g re a t  Iy  reduced y i e l d s ,  

are responses t h a t  can be a t t r i b u t e d  t o  d i s r u p t i o n  in w a te r  economy 

( 1 4 ,2 1 ) .  Diseases o f  w i n t e r  wheat caused by ro o t  and c r o w n - i n f e c t i n g  

fu n g i  have o c c a s i o n a l l y  been confused w i t h  Cephalospor ium s t r i p e  

because o f  t h e i r  resemblance t o  the w h i t e  head s tage o f  d isease  deve lop 

men t  ( 2 ,5 ,2 2 )  . In such i n s t a n c e s , symptoms were a ssoc ia te d  w i t h  wa te r  

d e f i c i t s  imposed as a r e s u l t  o f  severe i n f e c t i o n  (22) .

Most a t te m p ts  a t  d e f i n i n g  the d isease  p h y s io lo g y  o f  the Cephalo-  

spor ium s t r i p e - w i n t e r  wheat  i n t e r a c t i o n  have been i n d i r e c t .  Weise (31) 

h i s t o l o g i c a l l y  e v a lua ted  pathogen movement r e l a t i v e  t o  f o l i a r  symptom 

deve lopment . He observed t h a t  i n v a s io n  and c o l o n i z a t i o n  by the  fungus 

preceded in d u c t i o n  o f  f o l i a r  s t r i p e s .  Moreover (Chapter  I ) ,  the re  

seemed t o  be an a s s o c i a t i o n  between the appearance o f  gums and g e l s ,  

which accumula ted as funga l  c o l o n i z a t i o n  became more e x t e n s i v e ,  and the  

d i s r u p t i o n  o f  phloem w i t h i n  v a s c u la r  bundles and mesophyI I c e l l s  s u r ­

round ing the  v a s c u l a r  bund les .  S t r i p e s  appeared in c o n j u n c t i o n  w i th  

c e l l  c o l l a p s e  in these  r e g io n s .  Examinat ion  o f  eos in  dye t r a n s p o r t  in  

exc ised  i n f e c t e d  leaves revea led  t h a t  both v e r t i c a l  and l a t e r a l  t r a n s ­

l o c a t i o n  o f  w a te r  were i n h i b i t e d  in symptomat ic  re g ions  (27 ,31 ) •  Some
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i n v e s t i g a t o r s  have suggested t h a t  accum u la t io ns  o f  a low m o le cu la r  w e ig h t  

p o l y s a c c h a r id e  produced by C_. gramineum in c u l t u r e  is r e s p o n s ib le  f o r  

s t r i p e  f o r m a t io n  (2 4 ,2 7 ) .  Others have im p l i c a te d  a t e t r o n i c  a c id  t o x i n ,  

Gramin in A, in v a s c u l a r  b row n ing ,  a l t h o u g h  they  do not  p o s t u l a t e  a mode 

o f  a c t i o n  ( 18.).

The o n l y  a t te m p t  t o  d i r e c t l y  de te rm ine  the  e f f e c t s  o f  pathogenes is  

on the  w a te r  r e l a t i o n s  o f  w i n t e r  wheat i n f e c t e d  w i t h  C_. gramineum was 

conducted by S pa ld ing ,  e t  a I (27 ) .  They measured the  r e l a t i v e  m o is tu re  

c o n te n t  o f  a l l  reg ions  o f  w i n t e r  wheat shoo ts  a f t e r  head ing and found 

t h a t  d e s i c c a t i o n  was more pronounced in d iseased than in  h e a l t h y  t i s s u e s .  

T h e i r  s tu d y ,  w h i l e  s u b s t a n t i a t i n g  t h a t  w a te r  d e f i c i t s  are induced d u r in g  

p a th o g e n e s is , d id  not  e v a lu a te  the  p h y s i o l o g i c a l  e f f e c t s  o f  these  w a te r  

d e f i c i t s  on the  hos t  th rou g ho u t  d isease  development o r  de te rm ine  whether 

the  d isease  syndrome was due w h o l l y  or  in p a r t  t o  w a te r  s t r e s s .

The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  o b ta in  a more comprehensive 

a n a l y s i s  o f  d isease  p h y s io lo g y  in r e l a t i o n  t o  symptom e x p ress ion  and t o  

de te rm ine  i t s  a p p l i c a t i o n  t o  s e l e c t i o n  f o r  d isease  r e s i s t a n c e .  The 

e f f e c t s  o f  pa thogenes is  on p l a n t  m e ta b o l i c  p rocesses,  on p l a n t  growth 

p a t t e r n s ,  and u l t i m a t e l y  on y i e l d  components f rom the  onset  o f  stem 

e lo n g a t i o n  through the  g r a i n  f i l l i n g  p e r io d  were examined in severa l  

d i f f e r e n t i a l l y  respond ing w i n t e r  wheat  c u l t i v a r s .



MATERIALS AND METHODS

Three w i n t e r  wheat c u l t i v a r s ,  Marias ( C . I . 17595), Cres t  Line Row 

Component (LRC) 40 (MT 7579),  and P . l .  278212 were used in  t h i s  s tud y .  

They were p la n te d  in e a r l y  September, 1978 a t  the Montana A g r i c u l t u r a l  

Exper iment  S ta t i o n  near Bozeman, Montana in a randomized b lo c k  des ign 

w i t h  f o u r  r e p l i c a t i o n s .  Each c u l t i v a r  was seeded in p a i re d  rows 3.1 m 

long and spaced 7 1 cm a p a r t .  To on,e row was added 20 grams o f  oa t  k e r ­

ne ls  i n f e s t e d  w i t h  Ĉ  g ram!neum (20) s im u l t a n e o u s l y  w i t h  the  seed.  A 

seed ing r a te  o f  200 seeds per row was used t o  maximize the  number o f  

i n f e c t e d  s e e d l i n g s .  In the s p r i n g ,  d iseased p la n t s  were i d e n t i f i e d  in 

each row by s t r i p i n g  on lower leaves and l e a f  sheaths and the  main t i l ­

l e r s  were tagged.  Each row was th in n e d  manua l l y  u n t i l  i n f e c t e d  p la n ts  

were spaced a t  l e a s t  15 cm a p a r t . Seed l ings  in a d ja c e n t  check rows 

were s i m i l a r l y  th in n e d  so t h a t  e ve ry  i n f e c t e d  p l a n t  was p a i re d  w i t h  a 

h e a l t h y  p l a n t .

R e la t i v e  w a te r  c o n te n t  (RWC), conductance ,  net  p h o t o s y n t h e s i s , and 

c h l o r o p h y l l  co n te n t  were measured t o  e v a lu a te  the p h y s i o l o g i c a l  r e l a t i o n ­

sh ips  between w a te r  s t r e s s  and symptom e xp ress io n  a t  v a r io u s  degrees o f  

s t r i p i n g  on f l a g  leaves o f  d iseased w i n t e r  wheat  p l a n t s .  RWC and conduc­

tance were used as i n d i c a t o r s  o f  w a te r  s t r e s s  the fo rmer  being a measure 

o f  t o t a l  w a te r  p o t e n t i a l  in a l e a f  and the  l a t t e r  being  a measure o f  

t r a n s p i r a t i o n a l  b e h a v i o r . Net p h o to s y n th e s is  and c h l o r o p h y l l  con ten t  

were used as i n d i c a t o r s  o f  t o t a l  p ho toass i m i l a t o r y  a c t i v i t y .  For each
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i n f e c t e d  f l a g  l e a f ,  a h e a l t h y  f l a g  l e a f  was sampled c o n c u r r e n t l y .  Thus, 

a l l  f o u r  parameters could  he expressed as p e rcen t  o f  c o n t r o l  t o  cancel 

ou t  env i ronm en ta l  f a c t o r s  common t o  both h e a l t h y  and d iseased p la n t s  in 

the  f i e l d .  I m p l i c i t  in the r e s u l t s , t h e r e f o r e ,  was the  assumpt ion t h a t  

observed d i f f e r e n c e s  a re  caused p r i m a r i l y  by p a t h o l o g i c a l  responses.  

Symptom s e v e r i t y  (number o f  s t r i p e s  per  l e a f )  was based on a d isease 

index  r a t i n g  system p r e v i o u s l y  des c r ibe d  (Chapter  I ) .

Leaves were sampled between 9 a.m. and noon on ca lm,  c l e a r  days.  On 

each sampl ing d a te ,  between ten and f i f t e e n  i n f e c t e d  and h e a l t h y  f l a g  

leaves were e v a lu a te d .  The leaves ranged in symptom s e v e r i t y  f rom one 

s t r i p e  t o  complete c h l o r o s i s .  U l t i m a t e l y ,  ten leaves o f  each s e v e r i t y  

r a t i n g  were ana lyzed  f o r  a l l  f o u r  p h y s i o l o g i c a l  param ete rs .  For one 

sample p o p u l a t i o n ,  measurements were made in the  f o l l o w i n g  sequence: Net 

p h o to s y n th e s i s ,  conduc tance ,  and r e l a t i v e  w a te r  c o n t e n t .  C h lo ro p h y l l  

c o n te n t  was dete rm ined  f rom a d i f f e r e n t ,  though equal s i z e d ,  sample 

p o p u l a t i o n , s in c e  RWC d e te r m in a t i o n s  were d e s t r u c t i v e .

Net p h o t o s y n t h e s i s . Carbon d i o x i d e  f l u x  was measured on a t tached  

leaves in the  f i e l d  us in g  a p o r t a b le  c lo sed  system adapted f rom a t e c h ­

n ique  developed by C legg,  e t  a I (9 ) •  ThS sample chamber was c o n s t ru c te d  

o f  t u b u l a r  p l e x i g l a s s  w i t h  a d iam e te r  o f  2 .6  cm and a le ng th  o f  19 cm. 

The i n t e r n a l  volume t o t a l l e d  100 cmX The chamber c o n s i s te d  o f  two h a l ­

ves sea led  by c l o s e d - c e l l  i n s u l a t i o n  tape (F igu re  I l - I ) .  Thus,  when 

both  ha lves  were clamped t o g e t h e r ,  a t i g h t  seal  was o b t a in e d .  Glass

45



46

t u b in g  0 .6  cm X 2 .5  cm was a t ta c h ed  t o  two p o r t a l s  p o s i t i o n e d  in the  

upper h a l f  o f  the  tube and sea led  o f f  by rubber serum b o t t l e  caps.  Gas 

samples were taken in p l a s t i c  s y r in g e s  (B*D m u l t i f i t ,  10 m l)  i n s e r te d  in 

the two g la s s  tubes .  The sample chamber was mounted a t  one end in a 

b u re t  clamp h o l d e r  a t ta ch ed  t o  a metal  r i n g s t a n d . The ang le  o f  the 

sample chamber was c o n t i n u a l l y  a d ju s te d  so t h a t  the l e a f  b lade  was p o s i ­

t i o n e d  p e r p e n d i c u la r  t o  the  su n 's  i n c i d e n t  rays .  With bo th  ha lves  o f  

the  chamber clamped t i g h t l y  a t  one end , t h e r e  was a s u f f i c i e n t  gap t o  

i n s e r t  a l e a f  f rom the  o p p o s i t e  e n d , A 10 ml a l i q u o t  o f  gas was c o l l e c ­

ted  p r i o r  t o  s e a l i n g  the  l e a f  w i t h i n  the  sample chamber t o  rep resen t  

i n i t i a l  COg le v e l s  around the  l e a f .  The chamber was then clamped shu t  

w i t h  a s e l f - c l o s i n g  s p r i n g  brass  t e s t  tube  w i r e  c la m p , and a f t e r  two 

m in u tes ,  a second 10 ml a l i q u o t  o f  gas was taken f rom w i t h i n  the  chamber. 

The ha lves  o f  the chamber were l e f t  open a few minu tes  between l e a f  

measurements t o  a l l o w  e q u i l i b r a t i o n  w i t h  ambient  a i r .  A f t e r  gas samp­

l i n g ,  the  s y r in g e s  were s t o r e d  f o r  2 -3  hours in a c o o l ,  shaded c o n t a i n e r  

u n t i l  they  cou ld  be t r a n s f e r r e d  t o  the  l a b o r a t o r y . The gas samples were 

i n j e c t e d  i n t o  a Beckman IR 215 I n f r a r e d  Gas A na lyze r  t o  de te rm ine  t h e i r  

COg c o n c e n t r a t i o n s .  A c a r r i e r  gas o f  known COg c o n c e n t r a t i o n  (320 u l / l )  

was passed th rough the  system a t  a r a t e  o f  11/min.  A s i x  inch d r y in g  

column packed w i t h  d r  r e r i t e  was i n s e r t e d  between the  i n j e c t i o n  s i t e  and 

the  IR a n a l y z e r .  The IR a n a ly z e r  was c a l i b r a t e d  to  read f rom 0 t o  

200 u l / l  COg us in g  s tanda rd  gases a t  170 u l / l  and 320 u l / l .
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F igu re  I 1-1. P le x i g l a s s  t u b u la r  chamber f o r  measur ing carbon 
d i o x i d e  exchange in  w i n t e r  wheat leaves in  the 
f i e l d .  Two gas samples were c o l l e c t e d  in p l a s t i c  
10 ml s y r in g e s  a t  the  beg in n ing  and end o f  a two 
minute  i n t e r v a l  and b rought  back t o  the l a b o r a t o r y  
f o r  i n j e c t i o n  i n t o  an IR gas a n a ly z e r .
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D i f f e r e n t i a l  CC^ c o n c e n t r a t i o n s  were reco rded  as peaks on a Beckman 

Model 9.3500 Reco rde r . Peak h e ig h t s  were measured t o  d e te rm ine  d i f f e r e n ­

t i a l  CO2 a s s i m i l a t i o n  ra te s  between p a i r e d  h e a l t h y  and d iseased le a v e s .

In c o n v e r t i n g  u l / 1  COg t o  mgCOg/dmZ/hr, l e a f  area  measurements were 

es t im a te d  us ing the f o r m u la ,  .905 L X W  where L =  l e a f  leng th  and W = 

w id t h  o f  the l e a f  midway f rom the  t i p  (1 6 ) .

Conductance. D i f f u s i v e  r e s i s t a n c e  t o  w a te r  vapor loss was measured 

w i t h  a d i f f u s i v e  porometer  (Model LI 60 ,  Lamda Ins t ruments  C o . , L i n c o ln ,  

Nebraska) . The recommended p re c a u t io n s  were observed t o  reduce sampl ing 

v a r i a t i o n  (17) • The w ide a p e r t u r e  vapor  cup ( 1 X 2  cm) was used in 

these s t u d i e s .  Three read ings  were taken f rom the a d a x i a I l e a f  s u r f a c e ,  

near the  base,  in the  m id d le ,  and near the  t i p .  The mean represen ted 

an e s t i m a t i o n  o f  o v e r a l l  d i f f u s i v e  r e s i s t a n c e  f o r  each l e a f .  Readings 

were made a f t e r  c o m p le t io n  o f  p h o t o s y n t h e t i c  measurements,  which a l lowed  

a t  l e a s t  30 minutes  f o r  a l e a f  t o  r e t u r n  t o  a s t e a d y - s t a t e  c o n d i t i o n .

Leaf  conductance,  wh ich was p r e f e r r e d  t o  d i f f u s i v e  re s i s t a n c e  

because o f  i t s  d i r e c t  c o r r e l a t i o n  w i t h  net  p h o to s y n th e s i s ,  r e l a t i v e  

w a te r  c o n t e n t ,  and t r a n s p i r a t i o n  r a t e ,  was c a l c u la t e d  f rom the  fo rm u la ,

C = I Z r gd where r gd i s  the  a d a x ia l  l e a f  d i f f u s i v e  r e s i s t a n c e .

R e l a t i v e  w a te r  c o n t e n t ; A f t e r  d i f f u s i v e  r e s i s t a n c e  had been measu­

red ,  the  leaves were severed below the  I i g u l e .  A h e a l t h y  l e a f  was 

•pa i red w i t h  an i n f e c t e d  l e a f ,  and both  exc ise d  leaves were immed ia te ly  

sealed  t o g e th e r  in a smal l  p l a s t i c  bag,  which was p laced on ice  in a



ches t  c o o l e r .

kS

In the  l a b o r a t o r y ,  a s p e c i f i c  sequence f o r  h a n d l in g  each l e a f  was 

employed t o  m in im ize  sampl ing  e r r o r .  Only one l e a f  was removed f rom the  

bag a t  a t im e ,  the  i n f e c t e d  l e a f  f i r s t .  Removal took  p lace  w i t h i n  an 

enclosed  chamber l i n e d  w i t h  s a tu ra te d  paper towels  t o  m a in ta in  h igh  

h u m id i t y .  Four 1.5 cm segments were cu t  f rom each l e a f  us ing a p r e - c u t  

tem p la te .  One segment was f rom the basa l  r e g io n ,  two f rom the  m idd le  

r e g i o n ,  and one f rom near the  t i p  o f  each l e a f .

Each l e a f  segment 's  f r e s h  w e ig h t  was dete rm ined  im med ia te ly  a f t e r  

e x c i s i o n  and s u bse q ue n t l y  wedged between two s t r i p s  o f  w a t e r - s a tu r a t e d  

o p e n -c e l l e d  p o l y u re th a n e  foam. T h is  appara tus  (F igu re  I 1-2) was modi­

f i e d  f rom Catsky (8) t o  work w i t h  square wheat l e a f  segments ins tead  o f  

l e a f  d i s c s .  I t  c o n s i s te d  o f  a square p l e x i g l a s s  t r a y  which enc losed a 

2 .5  cm l a y e r  o f  p o l y u re th a n e  foam. At 2 cm i n t e r v a l s ,  a 1.5 cm X I cm 

deep t rough  was cu t  f o r  p o s i t i o n i n g  the  l e a f  segments . A f t e r  i n s e r t i o n  

o f  a l l  l e a f  segments,  an opaque square p iece  o f  g lass  0 .5  cm t h i c k  was 

cen te red  over the  foam. I t  s u p p l i e d  enough downward p ressu re  to  ensure  

t h a t  a l l  cu t  edges o f  the  l e a f  segments were in d i r e c t  c o n ta c t  w i t h  

w a te r .  The e n t i r e  appara tus  was then p laced  in a c l e a r  p l a s t i c  chamber 

c o n t a i n i n g  2 .5  cm o f  w a te r  and sealed w i t h  a I id  t o  m a in ta in  h igh  r e l a ­

t i v e  h u m id i t y .  The l e a f  segments were incuba ted a t  room tempera tu re  

under i l l u m i n a t i o n  o f  350 ergs /cm^ f o r  t h r e e  hours .

Tu rgor  w e ig h t  was ob ta in ed  by removal o f  each segment w i t h  f l a t
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F ig u re  I 1-2. P o lyu re thane  foam dev ice  f o r  s a t u r a t i n g  1.5 cm 
X 1.5 cm segments cu t  f rom h e a l t h y  and CephaIo-  
s p o r i urn gramineum i n f e c t e d  w i n t e r  wheat leaves.
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t i p p e d  f o r c e p s , p re s s in g  i t  between s i x  la y e rs  o f  Whatman No. I f i l t e r  

paper f o r  30 seconds , and we ig h ing  i t .  Leaf  segments were incubated a t  

70°C in a m e c h a n ic a l l y  convected  d r y in g  oven f o r  24 hours and d ry  

w e igh ts  de te rm ined .

R e la t i v e  w a te r  co n te n t  was computed using the f o r m u l a :

(Fresh Weight  -  Dry Weig h t ) / (Turgor Weight  -  Dry W e ig h t ) .

C h lo r o p h y l l  c o n t e n t . C h lo r o p h y l l  was e x t r a c te d  f rom a separa te  

p o p u la t i o n  o f  p a i re d  h e a l t h y  and d iseased leaves using  A rn on 1s p roce ­

dure ( l ) .  O p t i c a l  d e n s i t y  read ings  o f  the  c h l o r o p h y l l - a c e t o n e  superna­

t a n t  were ob ta in ed  f rom a Beckman Model 25 Scanning Spec t rophotometer .  

C h lo r o p h y l l  co n te n t  was computed as m i l l i g r a m s  o f  c h l o r o p h y l l  per  u n i t  

l e a f  a rea.  Leaf  area was e s t im a te d  as. d esc r ibe d  above.

;
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RESULTS

Cephalospor ium gramineum i n f e c t e d  f l a g  leaves d id  not  e x h i b i t  

g e n e ra l i z e d  w i l t i n g  t y p i c a l  o f  o th e r  v a s c u la r  d iseases ( 11) .  Rather ,  

r e d u c t io n s  in w a te r  c o n t e n t ,  w a te r  vapor d i f f u s i o n ,  COg uptake,  and 

c h l o r o p h y l l  c o n te n t  were I i n e a r l y  c o r r e l a t e d  w i t h  success ive  increases 

in the number o f  c h l o r o t i c  s t r i p e s  per  i n f e c t e d  l e a f  (F ig u re  11-3) .  Th is  

and the  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n s  between a l l  o f  the parameters 

w i t h  respec t  t o  symptom s e v e r i t y  (Tab le I I - 1) suggested t h a t  the  e f f e c t s  

o f  v a s c u la r  d y s f u n c t i o n  led t o  l o c a l i z e d  w a te r  d e f i c i t s  o n l y  in  the 

reg ions  around h e a v i l y  c o lo n i z e d  v a s c u la r  bund les .  Non- i nvaded p o r t i o n s  

o f  the  l e a f  c o n t in u ed  t o  f u n c t i o n  in a normal manner.

No change in net  p h o to s y n th e s is  was observed u n t i l  a f t e r  f o l i a r  

symptoms appeared.  The compensation p o i n t ,  where COg uptake is  balanced 

by COg e v o l u t i o n , was a t t a i n e d  when g r e a t e r  than 90% o f  the v a s c u la r  

bundles in a l e a f  were c o lo n i z e d .  In co m p le te ly  b l i g h t e d  leaves ,  COg 

exchange was expressed as a n e g a t i v e  v a lu e .  Thus, as symptom s e v e r i t y  

inc reased ,  r e s p i r a t o r y  a c t i v i t y  rose in r e l a t i o n  t o  p h o to s y n th e s is  u n t i l  

i t  p redominated.

The consequences o f  w a te r  imba lance,  a long w i t h  the  depress ion  o f  

p h o to s y n th e s i s ,  can s i g n i f i c a n t l y  i n h i b i t  p l a n t  growth p a t t e r n s  and 

y i e l d  p o t e n t i a l .  Responses which measure these e f f e c t s  on v e g e t a t i v e  

growth i n c lu d e  in te r n o d e  e lo n g a t i o n  and l e a f  expans ion .  Responses i n d i ­

c a t i v e  o f  a l t e r a t i o n s  in r e p r o d u c t i v e  development i n c lu d e  the  number o f
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F igu re  I l - ] .  The r e l a t i o n s h i p  between s t r i p e  f o r m a t io n  in 
Cephalospor ium gramineum in fe c t e d  f l a g  leaves 
and net  p h o to s y n th e s i s ,  r e l a t i v e  wa te r  c o n t e n t , 
conductance,  and c h l o r o p h y l l  c o n t e n t . Symptom 
s e v e r i t y  was based on the number o f  s t r i p e s  per 
l e a f .  I = one s t r i p e  per  l e a f ,  11 = complete 
c h l o r o s i s .  Each p o i n t  i s  the mean o f  ten  leaves.

4 4 I 1 4 - 1  I I I I  tI I I I 4 I I I 4 . 4 : r

SYMPTOM SEVERITYSYMPTOM SEVERITY

O
O

</> O

P
E

R
C

E
N

T O
F 

C
O

N
TR

O
L)



TABLE I 1-1.  C o r r e l a t i o n s  between net  p h o to s y n th e s i s ,  
r e l a t i v e  wa te r  c o n t e n t ,  conductance ,  and 
c h l o r o p h y l l  c o n te n t  in CephaIospor i urn 
gramineum i n f e c t e d  f l a g  leaves o f  the  
s u s c e p t i b l e  w i n t e r  wheat c u l t i v a r  Mar ias .

C o r r e l a t i o n  C o e f f i c i e n t —̂

& B C D

I I Co LO

C
OC
T

v VO C
O

C
D I I I — —— .96 .97

O J I ------- — — — — .96

—̂ C a lc u la te d  f rom the  mean va lues  re p resen ted  in 
F igu re  11-2.

—̂ A = ne t  p h o to s y n th e s i s ,  B = r e l a t i v e  w a te r  c o n t e n t , 
C = conduc tance ,  and D = c h l o r o p h y l l  c o n t e n t .



s p i k e l e t s  formed per head , the  number o f  f l o r e t s  f e r t i l i z e d  per head, 

and the  e x te n t  o f  g r a i n  f i l l i n g .

In te rnode  e l o n g a t i o n  was s e v e r e l y  r e s t r i c t e d  c o n t i n u o u s l y  t h rou g h ­

ou t  development o f  the two c u l t i v a r s  Mar ias and P . I . 278212 (Table 11-2) .  

S tu n t i n g  was more pronounced d u r in g  e lo n g a t i o n  o f  the i n te r n o d e  between 

the  p e n u l t im a te  and f l a g  nodes and o f  the  pedunc le ,  sugges t ing  t h a t  the 

cu m u la t i v e  e f f e c t s  o f  d isease  were most severe  d u r in g  head emergence.

The response o f  Crest  LRC 40 r e f l e c t e d  a more moderate inc rease  in r a te  

o f  pathogen spread .  U n l i k e  stem e l o n g a t i o n ,  th e re  were no s i g n i f i c a n t  

e f f e c t s  o f  pa thogenes is  oh l e a f  areas in any o f  the  w i n t e r  wheat c u l t i ­

va rs  (Table I | - 3 ) •

The heads o f  tw en ty  p r im a ry  t i l l e r s  o f  each c u l t i v a r  were examined 

t o  de te rm ine  the e f f e c t s  o f  d isease  development on the  y i e l d  components,  

s p i k e l e t s / h e a d ,  g r a i n s /h e a d , and g r a i n  w e ig h t  ( thousand k e rn e l  w e i g h t ) /  

head.

No change in sp ike  l e t  number among the  t h r e e  c u l t i v a r s  i n d ic a te d  

t h a t  the  movement o f  £ .  gramineum had no t  p rogressed enough in  the e a r l y  

s tages o f  v e g e t a t i v e  growth t o  evoke a s t re ssed  c o n d i t i o n  (Tab le I 1 -4 ) .

By the  t im e  o f  f l o w e r i n g ,  however,  d isease  s e v e r i t y  had increased 

s u f f i c i e n t l y  t o  impose w a te r  s t r e s s  on l a t e  m atur ing  f l o r e t s  loca ted  

near the apex and base o f  the  heads. The most d rama t ic  e f f e c t  observed 

was a r e d u c t i o n  in g r a i n  w e igh t  a t  p l a n t  m a t u r i t y .  Thus,  the  p e r iod  o f  

g r a i n  f i l l i n g  between f l o w e r i n g  and senescence appeared t o  be most .
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TABLE 11-2.  Percen t  r e d u c t i o n  w i t h  respec t  t o  h e a l t h y  c o n t r o l s  
o f  c o n s e c u t i v e  in te r n o d e  lengths  o f  w i n t e r  wheats
i n f e c t e d w i t h Cephalo s p p r i  urn gramineum.

C u l t i v a r 1-4 1-3

In te rnode—̂  

1-2 1-1 Peduncle Mean

Marias 3 5 ^ 34 32 42 41 37

Crest  LRC 40 4 6 11 17 16 11

P . l .  278212 28 28 27 47 40 35

— In te rnodes  are numbered f rom below the  f l a g  node ( I - 1) down- . 
wa r d .

—̂ Mean percen t  r e d u c t i o n  f rom h e a l t h y  c o n t r o l s  based on a sample 
s i z e  o f  50 p r im a ry  t i l l e r s  o f  each c u l t i v a r .
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TABLE 11-3, E f f e c t  o f  Cephalospor ium gramineum i n f e c t i o n  on 
l e a f  areas o f  t h r e e  w i n t e r  wheat c u l t i v a r s .

Leaf  Area (cm^)—̂

' Flag Leaf P e n u l t im a te  Leaf

C u l t J v a r In fe c te d Hea I thy In fe c te d Hea I thy

Mar ias 23.3 23.9 19-3 . 21.2

Crest  LRC 40 17.1 18.0 20.5 20.8

P . l .  278212 33.5 . 34.1 30.8 31.6 .

—̂ The mean o f  
observed a t  
sons between

ten  leaves .  
P =  .05 using 
h e a l t h y  and

Non-s i g n i f l e a n t  d i f f e r e n c e s  were 
a p a i red  T - t e s t  f o r  a l l  compar i -  

i n f e c t e d  leaves .
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TABLE I 1-4. The e f f e c t s  o f  Cephalospor ium s t r i p e  symptom development 
on w i n t e r  wheat  y i e l d  components and t h e i r  r e l a t i o n s h i p  
t o  the  d u r a t i o n  o f  p h o to s y n th e s is  o f  f l a g  leaves f o l l o w i n g  
a n t h e s i s .

Percen t  o f  Hea l thy  C o n t r o l —̂

C u l t i v a r
S p i k e l e t s /

Head
Seeds/

Head
Thousand 

Kernel  Wt.
D u ra t ion  o f  , 

P ho tosyn thes i s—

Marias
C /IOOa- 96b 31a 35a

Crest  LRC 40 100a. 100a 65b 72b

P. 1. 278212 100a OLnCO 33a 27a

"^Mean o f  20 p r im a ry  t i l l e r s .

^M e a n  percen t  ne t  p h o to s y n th e s is  over  a 35 day p e r io d  f o l l o w i n g  
a n th e s i s  f rom the da ta  p resen ted  in F igu re  11-4 .

~  For each column, va lues  w i t h  the same l e t t e r  are not  s i g n i f i c a n t l y  
d i f f e r e n t  a t  P -  .05 ,  ac c o rd in g  t o  Duncan's m u l t i p l e  range t e s t .
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s e r i o u s l y  a f f e c t e d  by pa thogenes is .  I t  is  d u r in g  t h i s  s tage  o f  p la n t  

development t h a t  symptom e xp ress io n  i s  m an i fes ted  on the  f l a g  l e a f ,  the 

pedunc le ,  and the  head (Chapter  3 ) .

To m o n i t o r  the r a t e  o f  p h o t o s y n t h e t i c  impa irment  in  r e l a t i o n  t o  

in c re a s in g  symptom s e v e r i t y ,  net  p h o to s y n th e s is  was measured a t  f i v e  day 

i n t e r v a l s  f rom the f l a g  leaves o f  ten p r im a ry  t i l l e r s  o f  each w i n t e r  

wheat c u l t i v a r  f o r  35 days f o l l o w i n g  a n th e s i s . Measurements were then 

te rm in a te d  because o f  h a i l  damage. Both Mar ias and P. I . 278212 e x h i b i ­

ted a sharp d e c l i n e  in p h o t o s y n t h e t i c  a c t i v i t y  concomitan t  w i t h  the 

increase  in c h l o r o t i c  s t r i p e s  (F ig u re  11-4) .  By th ree  weeks a f t e r  

head ing ,  the f l a g  leaves were c o m p le te ly  b l i g h t e d  and pho tosyn th es is  

was t o t a l l y  suppressed.  The f l a g  leaves o f  Crest  LRC 40,  however,  con­

t in u e d  t o  show p h o t o s y n t h e t i c  a c t i v i t y ,  even 35 days a f t e r  head ing,  

a l though  b l i g h t i n g  e v e n t u a l l y  oc c u r re d .  The c lo s e  a s s o c i a t i o n  between 

v i s u a l  in dex ing  o f  s t r i p e  development and ne t  p h o to s y n th e s is  subs tan ­

t i a t e s  the  c lo s e  c o r r e l a t i o n  between the  two parameters i l l u s t r a t e d  in 

F i gure I l - j .

The d u r a t i o n  o f  p h o tosyn th a te  p ro d u c t i o n  by the  f l a g  leaves o f  each 

c u l t i v a r  was e s t im a te d  by ave rag ing  the d e c l i n e  in net  pho tosyn thes is  

over t h e  35 day p e r io d  (F igu re  I 1 -4 ) .  CO2 exchange was assumed to  be 

ze ro  a f t e r  complete f o l i a r  b l i g h t i n g  o c c u r r e d , even though th e re  were 

i n d i c a t i o n s  o f  some r e s id u a l  r e s p i r a t o r y  a c t i v i t y .  Much o f  the lack  in 

g r a i n - f i l l i n g  in d iseased p la n t s  as compared w i t h  h e a l t h y  ones can be
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F igu re  11-4. R e la t i o n s h ip  between s t r i p e  fo rm a t io n  and net  pho to ­
s y n th e s i s  in  Cephalospor ium gramineum i n f e c t e d  f l a g  
leaves o f  t h re e  w i n t e r  wheat c u l t i v a r s .  Ten leaves 
o f  each c u l t  I v a r  were m on i to red  f o r  35 days a f t e r  
heading.  Symptom s e v e r i t y  was scored by the number 
o f  s t r i p e s  per  l e a f .  I = one s t r i p e  per  l e a f , 11 = 
complete c h l o r o s i s .  V e r t i c a l  bars rep resen t  one 
s tandard  d e v i a t i o n .

MARIAS

CREST LRC 40

P.1.278212

DAYS AFTER HEADING
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p robab ly  be a t t r i b u t e d  t o  the  e f f e c t s  o f  d isease  development a f t e r  

f l o w e r i n g  (Table 11-4) .
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Disease- induced  p l a n t  w a te r  d e f i c i t s  may be genera ted by a l t e r a t i o n  

in the  t o t a l  p l a n t  w a te r  p o t e n t i a l  e i t h e r  d i r e c t l y ,  as in  the  case o f  

inc reased  r e s i s t a n c e  to  wa te r  movement w i t h i n  the w a te r  c o nduc t ing  s ys -  

tern, o r  i n d i r e c t l y  as in  the  case o f  t o x i n - i n d u c e d  changes in membrane 

p e r m e a b i l i t y ,  which a l t e r  s o lu te  p o t e n t i a l s  w i t h i n  a f f e c t e d  c e l l s  (12 ) .  

Wh i le  v a s c u la r  d y s f u n c t i o n  in Cv g ram?neum in f e c t e d  p l a n t s  has been 

im p l i c a te d  in d isease  symptomatology ( 6 , 2 4 , 2 7 , 3 1 ) ,  a t o x i n , Graminin A, 

a l s o  has been suggested  as a cause o f  symptom deve lopment.  Graminin A 

caused v a s c u l a r  d i s c o l o r a t i o n  and some c h l o r o s i s  when i t  was a dm in is ­

te re d  t o  h e a l t h y  p l a n t s  ( 18 ) .

The r e s u l t s  o f  t h i s  s tudy  suggest  t h a t  a t o x i n  does not  p lay  a 

ma jo r  r o l e  in  d isease  development .  The l i n e a r  r e l a t i o n s h i p s  between 

symptom e xp ress io n  and ne t  p h o to s y n th e s i s ,  r e l a t i v e  w a te r  c o n t e n t ,  

conductance ,  and c h l o r o p h y l l  c o n t e n t ,  as w e l l  as the  s i g n i f i c a n t  

c o r r e l a t i o n s  between the  f o u r  parameters th roughou t  p ro g r e s s i v e  s t r i p e  

f o r m a t i o n ,  i n d i c a t e  t h a t  o n l y  pronounced l o c a l i z e d  e f f e c t s  develop 

a round e x t e n s i v e l y  c o lo n i z e d  v a s c u la r  bund les .

The d e c l i n e  in RWC and conduc tance,  which is  c o n t r o l l e d  p r i m a r i l y  

by stomata I r e g u l a t i o n  ( 4 , 1 2 , 2 8 ) ,  i n d i c a t e d  l o c a l i z e d  i n t e r n a l  wa ter  

s t r e s s .  Since both o f  these parameters were s i m i l a r l y  a f f e c t e d  by 

d isease  development ,  the  main f a c t o r  caus ing wa te r  d e f i c i t s  appeared t o  

be reduced w a te r  s u p p ly .  A d i f f u s i b l e  t o x i n  t h a t  a l t e r e d  membrane



p e r m e a b i l i t y  would have r e s u l t e d  in  a poor c o r r e l a t i o n  between RWC and 

conductance due t o  abnormal s tomata I opening o r  c l o s u r e  (1 2 ,2 8 ) .  I t  

remains u n c le a r ,  however,  w he the r  the  decrease in conductance immedi­

a t e l y  preceded o r  o c cu r red  s im u l t a n e o u s l y  w i t h  the  drop in RWC,. s in c e  

sm a l l  temporal  d i f f e r e n c e s  a s s o c ia te d  w i t h  the  appearance o f  each new 

c h l o r o t i c  s t r i p e  were d i f f i c u l t  t o  d e t e c t . I f  d i f f u s i v e  r e s i s t a n c e  

inc reased c o n c u r r e n t l y  w i t h  the  d e c l i n e  in RWC, t o x i n  a c t i v i t y  co n f in e d  

t o  the  reg ion  around each c o lo n iz e d  v a s c u la r  bundle  cannot  be ru led  out . 

c o m p le te ly .  I t  i s  d o u b t f u l ,  however,  t h a t  the low m o le c u la r  we igh t  

t e t r o n i c  a c id  d e r i v a t i v e  i s o l a t e d  by Kobayashi and Ui (18) would be so 

s p e c i a l l y  r e s t r i c t e d .  The temporal  a s s o c i a t i o n  between accum ula t ion  o f  

funga l  c e l l s ,  g e l s ,  and gums w i t h  i n t e r n a l  c e l l  c o l l a p s e  and e x te r n a l  

c h l o r o s i s  (Chapter  I ,  3 1) suggests t h a t  the  low m o le c u la r  w e ig h t  p o l y ­

saccha r ide  i s o l a t e d  f rom c u l t u r e  e x t r a c t s  o f  JC. gramineum would be a 

more l o g i c a l  i n c i t a .n t  o f  r e s t r i c t e d  l a t e r a l  w a te r  movement (2 4 ,2 7 ) .

Net p ho to s y n th e s is  can be suppressed by pathogen- induced wa te r  

d e f i c i t s  in two w ays . The f i r s t  i n v o lv e s  an inc rease  in stomata I r e s i s ­

tance ,  which r e s t r i c t s  both the  outward d i f f u s i o n  o f  w a te r  vapor and th e  

uptake o f  carbon d i o x i d e  ( 4 ,2 8 ) .  The second in vo lves  l o c a l i z e d  d i s r u p ­

t i o n  o f  c h l o r o p l a s t s , which would e f f e c t i v e l y  a l t e r  the  photochemica l  

mach inery  o f  a l e a f  such t h a t  the  H i l l  r e a c t i o n ,  p h o to p h o s p h o r y la t i o n ,  

and the  r e d u c t i v e  pentose phosphate c y c l e  are i n h i b i t e d  ( 4 ) .  Based on 

the h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n s  between net  p h o to s y n th e s i s ,  RWC,

63
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conductance ,  and c h l o r o p h y l l  c o n te n t  w i t h  respec t  t o  s t r i p e  fo r m a t i o n ,  

both responses a re  in v o l v e d .  Lawlor  (19) dete rmined t h a t  pho tosyn the ­

s i s  in  wheat may be c o m p le te l y  suppressed a t  a wa te r  p o t e n t i a l  o f  o n l y  

-.18 ba rs .  Thus,  l o c a l i z e d  w a te r  s t r e s s  due t o  b lockage o f  l a t e r a l  w a te r  

t r a n s p o r t  ou t  o f  c o lo n i z e d  vesse ls  cou ld  be r e s p o n s ib le  f o r  the  drop 

in p h o t o s y n t h e t i c  a c t i v i t y .

The l i n e a r  r e l a t i o n s h i p s  between symptom s e v e r i t y  and the f o u r  

p h y s i o l o g i c a l  parameters p ro v ide d  i n d i r e c t  ev idence  t h a t  an i n t e r a c t i o n  

between success ive  leaves was no t  a s i g n i f i c a n t  hos t  response.  The 

p e n u l t im a te  and f l a g  leaves o f  15 p r im a ry  t i l l e r s  o f  the  s u s c e p t i b l e  

c u l t i v a r  Mar ia s  were examined f o r  d e c l i n e  in net  p ho to s y n th e s is  and RWC 

in r e l a t i o n  t o  symptom s e v e r i t y .  Both leaves responded as p re d ic te d  

f rom the  r e l a t i o n s h i p s  shown in F igu re  I I - 3 .  Thus, each l e a f  responded 

in dependen t ly  o f  o t h e r  leaves on a d iseased t i l l e r .  V e r t i c a l  movement 

o f  w a te r  in the  culm was e v i d e n t l y  no t  im pa i red ,  s ince  w i l t i n g  in leaves 

not  y e t  invaded or  in the  e a r l y  s tages o f  i n f e c t i o n  was no t  observed.  

Such a response ru le s  ou t  h igh  m o le c u la r  w e ig h t  substances as c o n t r i b u ­

t o r y  toward w a te r  imbalance in t h i s  h o s t - v a s c u la r  pathogen i n t e r a c t i o n ,  

s in c e  the  e x t re m e ly  s h o r t  vesse l  e lements in the  nodal reg ions  (Morton ,  

unpub I , o b s e r v . ) would g r e a t l y  f a c i l i t a t e  a w i l t i n g  response s i m i l a r  t o  

t h a t  observed in elm t r e e s  t r e a t e d  w i t h  the h igh  m o le c u la r  w e igh t  t o x i n  

produced by C e r a t o c y s t i s  u Imi (3 0 ) .

The c o l l e c t i v e  d i s r u p t i v e  e f f e c t s  o f  Cepha lospor i urn s t r i p e
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development on the p h y s i o l o g i c a l  processes o f  a wheat l e a f  were accu­

r a t e l y  r e f l e c t e d  in the  l e a f ' s  symptom s e v e r i t y  s c o r e . Th is  i n d i c a t e s  

t h a t  the  d isease  index r a t i n g  system is  a v a l i d  i n d i c a t o r  o f  v i s u a l  

d isease  s e v e r i t y .  In compar ing net  p h o to s y n th e s is  w i t h  symptom deve­

lopment c o n c u r r e n t l y  in  t h r e e  c u l t i v a r s ,  the c lo s e  r e l a t i o n s h i p  t h a t  

e x i s t e d  between the p h y s i o l o g i c a l  measurements and v i s u a l  s c o r in g  o f  

symptom e xp ress io n  makes e i t h e r  method s u i t a b l e  f o r  d e l i n e a t i n g  c u l t i v a r  

d i f f e r e n c e s  in  d isease  s e v e r i t y .  E v a lu a t io n  o f  germplasm f o r  re s i s t a n c e  

t o  Cepha lospor i urn s t r i p e ,  t h e r e f o r e , does no t  r e q u i r e  the  more complex 

and t ime-consuming p rocedures in v o lv ed  in measur ing p h y s i o l o g i c a l  r e s ­

ponses,  Ra the r ,  a d i r e c t  v i s u a l  s c o r in g  o f  symptom s e v e r i t y  a f t e r  

heading s u f f i c e s  t o  a c c u r a t e l y  r e f l e c t  the  h o s t ' s  p he n o typ ic  response 

t o  i n f e c t i o n .

M o n i t o r i n g  d isease  development a t  severa l  s e q u e n t ia l  o n to g e n e t i c  

s tages o f  hos t  development was u s e fu l  in  p a r t i t i o n i n g  the p h y s i o l o g i c a l  

e f f e c t s  o f  pa thogenes is .  Invas ion  by £ .  gramineum produced no v i s i b l e  

e f f e c t s  on l e a f  expans io n ,  ye t  caused a severe r e d u c t i o n  in in te rnode  

e l o n g a t i o n .  Both would have responded s i m i l a r l y  i f  hormone imbalances 

(11) o r  g e n e r a l i z e d  wa te r  s t r e s s  (4 ,11 )  were i n v o l v e d .  The d i f f e r e n t i a l  

responses e l i c i t e d  in the stem and leaves may be a t t r i b u t e d  t o  the 

temporal  and sp a c ia I  r e l a t i o n s h i p  between pathogen movement and hos t  

x y Iem m a tu r a t i o n  g r a d ie n t s  (Chapter  l ) .  By the t im e  x y Iem in  a l e a f -  

node j u n c t i o n  reaches m a t u r i t y ,  the  l e a f  has c o m p le te ly  expanded. Thus,
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the  pathogen is  e f f e c t i v e l y  p reven ted  f rom invad ing  the l e a f  be fo re  i t  

has a t t a i n e d  maximum s i z e .  I f  the  e f f e c t s  o f  pathogen c o l o n i z a t i o n  on 

hos t  w a te r  ba lance  r e s u l t  f rom l o c a l i z e d  l a t e r a l  r e s t r i c t i o n  o f  wa te r  

movement, then th e re  is  no o p p o r t u n i t y  f o r  w a te r  s t r e s s  t o  be imposed by 

the  pathogen in a d ev e lop ing  l e a f .  Pathogen in va s ion  o f  stem va s c u la r  

bundles above a node,  however,  occurs d u r in g  i t s  p e r io d  o f  e l o n g a t i o n , 

so t h a t  reduced growth in  t h a t  i n te r n o d e  may be caused by cu m u la t ive  

w a te r  s t r e s s - i n d u c e d  l o c a l i z e d  e f f e c t s  around c o lo n iz e d  v a s c u la r  bundles 

Undoubted ly ,  s o u r c e - s in k  r e l a t i o n s h i p s  i n v o l v i n g  the p a r t i t i o n i n g  o f  

photoass im i t a t e s  between leaves and in te rnodes  d u r in g  t h e i r  re s p e c t i v e  

p e r iod s  o f  dominant  growth a l s o  p lay  a r o l e  in the d i f f e r e n t i a l  response 

between p l a n t  organs (23 ) .  Ip f a c t ,  t h i s  c o m p e t i t i o n  f o r  pho tosyn tha te  

may be more r e s p o n s ib le  f o r  the  severe r e d u c t i o n  in e l o n g a t i o n  o f  the 

uppermost  In te rn q de  and pedunc le  than pathogen c o l o n i z a t i o n  o f  the  stem. 

For the f i r s t  15 days a f t e r  a n t h e s i s ,  the  top  in te rnode  competes f o r  up 

t o  50% o f  a s s i m i l a t e s  f rom the  f l a g  l e a f  (7 ) •  F o l i a r  s t r i p i n g  increases 

so r a p i d l y  in  a s u s c e p t i b l e  c u l t i v a r  t h a t  a f t e r  15 days,  o n l y  10% o f  the  

f l a g  l e a f  is  s t i l l  a c t i v e l y  p h o to s y n th e s i z i n g , the reby  s e v e r e ly  reduc ing  

the  supp ly  o f  p h o tosyn th a te  to  bo th  the top  in te rno d e  and t o  the ped­

u nc le .  The moderate response by Cres t  LRC 40 may be due in p a r t  t o  

c o l o n i z a t i o n  o f  fewer  bundles in the  i n t e r n o d a l  reg ions  and a l s o  in p a r t  

t o  more l e a f  area a c t i v e l y  p roduc ing  pho tosyn th a te  d u r in g  the f i r s t  few 

weeks a f t e r  h e a d in g .
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The e f f e c t  o f  Cephalospor ium s t r i p e  i n f e c t i o n  on d i f f e r e n t  s tages 

o f  head development p in p o in t e d  the  p e r io d  in which, pa thogenes is  most 

s e v e r e l y  a f f e c t e d  y i e l d  p o t e n t i a l .  F u l l  e x p ress ion  o f  s p i k e l e t  number 

per  head i s  c o n t i n g e n t  upon the  d u r a t i o n  o f  p h o t o s y n t h e t i c  area oh 

lower leaves (.10). The i n a b i l i t y  o f  d isease  t o  a l t e r  t h i s  y i e l d  compo­

nent  suppor ted  v i s u a l  and h i s t o l o g i c a l  ev idence t h a t  pathogen movement 

and d i s t r i b u t i o n  was l i n k e d  t o  hos t  m a tu r a t i o n  g r a d ie n t s  (Chapter  I ) .  

S o u rc e -s in k  r e l a t i o n s h i p s  between c o n s e c u t i v e l y  expanding leaves and 

the d i f f e r e n t i a t i n g  head a p p a r e n t l y  kept  apace w i t h  s t r i p e  fo r m a t i o n .  

Complete g e n e t i c  e xp ress io n  o f  g r a in  number per  head is  dependent  upon 

su c c es s fu l  s e l f - f e r t i l i z a t i o n  o f  each mature f l o r e t .  Since f l o r e t  deve­

lopment p rogresses  f rom the  m idd le  o f  the  head toward each end ( 3 ) ,  the  

l o c a t i o n  o f  any a b o r t i v e  f l o r e t s  i s  an i n d i c a t o r  o f  the s tage du r ing  

f l o w e r i n g  a t  which d e t r i m e n t a l  e f f e c t s  o f  pa thogenes is  are f e l t  the most 

Reduct ion in seed number occur red  o n l y  a t  both ends o f  the  heads,  i n d i ­

c a t i n g  t h a t  w a te r  s t r e s s  caused by d isease  was in t ro d u c e d  o n l y  du r ing  

l a t e  a n t h e s i s .  S u b s t a n t i a l  r e d u c t i o n  o f  ca rbohyd ra te  s to rage  in the 

g r a in s  o f  each d iseased head suggested t h a t  the most severe  e f f e c t s  o f  

pa thogenesis  a re  expressed between f l o w e r i n g  and senescence, when g r a i n  

f i l l i n g  takes  p la c e .  Th is  v e r i f i e d  e a r l i e r  re p o r t s  which concluded 

t h a t  y i e l d  r e d u c t i o n  r e s u l t e d  f rom p a t h o l o g i c a l  responses l a t e  in  hos t  

development ( 1 5 ,2 5 ) .  The f l a g  l e a f ,  pedunc le ,  and head c o n t r i b u t e  up t o  

80.% t o  ca rb o h y d ra te  p r o d u c t i o n  f o r  g r a i n  f i l l i n g  (1 3 ,2 9 ) ,  most o f  wh ich
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accumulates  w i t h i n  the  f i r s t  f o u r  weeks a f t e r  a n th e s i s  (2 6 ) .  I t  is  not  

s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  the  decrease in net  p h o to s y n th e s is  concomi­

t a n t  w i t h  an inc rease  in f o l i a r  s t r i p i n g  o f  d iseased f l a g  leaves was 

l a r g e l y  r e s p o n s ib le  f o r  the  d ra m a t i c  d e c l i n e  in thousand ke rne l  w e igh t  

o f  two s u s c e p t i b l e  c u l t i v a r s .  In a d d i t i o n ,  t r a n s p o r t  o f  a s s im i l a t e s  t o  

the  head was undoub ted ly  a f f e c t e d  a long  w i t h  i n h i b i t i o n  o f  p ho tosyn the ­

s i s ,  both f rom the  s t a n d p o in t  o f  reduced ca rbohyd ra te  s y n th e s i s  and a l s o  

because o f  e x te n s i v e  phloem d i s r u p t i o n  in  c o lo n iz e d  v a s c u la r  bundles 

(Chapter  I ) .

Seed w e ig h t  r e d u c t i o n  is  v i s u a l l y  m an i fes ted  as reduced seed s i z e .  

Consequent ly ,  seed s iz e  may be a u s e fu l  s e l e c t i o n  t o o l ,  p a r t i c u l a r l y  

when sc re e n in g  la rg e  b u lk  o r  r e c u r r e n t  s e l e c t i o n  p o p u la t i o n s .  S e le c t i n g  

on the  bas is  o f  seed s i z e  could  be an e f f e c t i v e ,  y e t  s im p le ,  means o f  

i d e n t i f y i n g  and e v a l u a t i n g  re s i s t a n c e  t o  Cephalsopor ium s t r i p e  in w i n t e r  

wheat germplasm.
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CHAPTER I I I

IDENTIFICATION OF RESISTANCE TO CEPHALOSPORIUM STRIPE IN 

SELECTED WINTER WHEAT (TRITI CUM AESTI VUM L . )  CULTI VARS
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One o f  the  most p o t e n t i a l l y  damaging pathogens- o f  w i n t e r  wheat 

(T r i t ?cum a e s t i vum L . ) ,  e s p e c i a l l y  in reg ions  p r a c t i c i n g  m onocu l tu re ,  is  

Cephalospor ium gramineum, the  causal  agent  o f  Cephal o s p o r i urn s t r i p e .  I t s  

p o t e n t i a l  f o r  economic d e s t r u c t i o n  is r e f l e c t e d  in s tu n te d  p l a n t s ,  

b l i g h t e d  leaves and heads,  and reduced y i e l d s ,  which can reach 50% or  

g r e a t e r  ( 1 0 ,1 8 ) .  £ .  gramineum is a f a c u l t a t i v e  s o i l - b o r n e  p a r a s i t e ,  

which o v e r w in te r s  as a saprophy te  w i t h i n  i n f e c t e d  p l a n t  res id ues  c a r r i e d  

over f rom the  p re v io u s  crop ( 3 , 4 , 2 2 , 2 3 ) .  Here i t  can remain v i a b l e  in 

the  s o i l  f o r  up t o  two years  by p roduc ing  a b road-spec trum a n t i f u n g a l  

a n t i b i o t i c  ( 4 ) .  C u r ren t  c o n t r o l  procedures have been o r i e n t e d  toward 

crop r o t a t i o n ,  re fu s e  d e s t r u c t i o n ,  and d ee p -p low ing ,  a l l  o f  which serve 

t o  reduce s o i l  inoculum le v e l s  ( 3 , 1 1 , 1 7 , 2 4 ) .  Late p l a n t i n g ,  which m i n i ­

mizes ro o t  growth  and hence i n f e c t i o n  s i t e s  a v a i l a b l e  t o  the  pathogen,  

a l s o  has been recommended ( 1 1 ,1 7 ) .  These c u l t u r a l  p r a c t i c e s  a re  not  

always dependable,  however,  s in c e  they  r e l y  upon f a v o r a b le  c l i m a t i c  con­

d i t i o n s  f o r  su c c es s fu l  im p le m en ta t io n  and a re  i n f lu e n c e d  by economic 

f a c t o r s  w i t h  respec t  t o  a l t e r n a t e  c r o p s . The most e f f e c t i v e  and d e s i ­

r a b le  c o n t r o l  method would be p l a n t i n g  o f  r e s i s t a n t  v a r i e t i e s .

D i f f e r e n t i a l  hos t  s u s c e p t i b i l i t y  was f i r s t  noted by workers in 

Japan (.24). However, t h e i r  o b s e rv a t io n s  were based on w i n t e r  wheat 

m a t e r i a l s  p la n te d  in n a t u r a l l y  i n f e s t e d  f i e l d s  where inoculum and v i r u ­

lence l e v e l s  were unknown. In the  Un i ted  S t a t e s , Bruehl  (3) i d e n t i f i e d
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f o u r  v a r i e t i e s  as r e s i s t a n t  to  C e p ha lo s po r ium s t r i p e  us in g  hypodermic 

i n o c u l a t i o n s  o f  a l i q u i d  coni  d i a l  suspens ion  i n t o  wheat culms above the  

crown, but  they  proved t o  be s u s c e p t i b l e  in the  f i e l d  under c o n d i t i o n s  

o f  n a t u r a l  i n f e c t i o n  (1 9 ) .

U n t i l  the  development o f  oa t  ke rn e l  inocu lum,  g e n o ty p i c  d i f f e r e n c e s ,  

e s p e c i a l l y  in  la rge  p o p u la t i o n s ,  were d i f f i c u l t  t o  assess in the f i e l d . 

Th is  tech n iq ue  c a l l e d  f o r  a d d i t i o n  o f  a d e f in e d  q u a n t i t y  o f  oa t  ke rne ls  

i n f e s t e d  w i t h  jX  gramineum i s o l a t e s  o f  known v i r u l e n c e  w i t h  the  seed a t  

p l a n t i n g  (12 ) .  Mathre and Johnston (14) used t h i s  inoculum t o  screen 

over 1000 hard red w i n t e r  wheat c u l t i v a r s  f rom the  ma jor  w i n t e r  wheat 

growing  areas o f  the  w o r ld .  A l though  most o f  these c u l t i v a r s  were o f  

h igh  o r  i n t e r m e d ia te  s u s c e p t i b i l i t y ,  some p rom is in g  sources o f  r e s i s ­

tance were d is c o v e re d .  None o f  the c u l t i v a r s  t e s t e d ,  though ,  were 

immune t o  the  d isease .

The majo r  c r i t e r i o n  f o r  e v a l u a t i n g  s u s c e p t i b i l i t y  t o  Cepha lospo r ium 

s t r i p e  has been r e d u c t i o n  in y i e l d  p o t e n t i a l  ( 3 , 1 0 , 1 4 , 2 4 ) .  Other t e s t s  

have in c lu ded  genera l  v i s u a l  d isease  read ings  ( 3 , 2 4 ) ,  d isease  readings 

e a r l y  in  hos t  development measur ing the. p r o p o r t i o n  o f  d iseased t i l l e r s '  

( 1 2 ,1 4 ) ,  and read ings  l a t e  in hos t  development measur ing the number o f  

w h i t e  heads (1 2 ,1 4 ) .  These parameters  p ro v ide d  I n f o r m a t io n  necessary t o  

d i f f e r e n t i a t e  c u l t i v a r s  across a graded s e r i e s  which extended f rom e x t ­

reme s u s c e p t i b i l i t y  t o  h igh  re s i s t a n c e  ( 3 , 1 2 , 1 4 , 2 4 ) .  However, these 

c r i t e r i a  d id  not  revea l  the s p e c i f i c  p he n o typ ic  response(s) expressed by
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each genotype w h ich ,  i f  recogn ized ,  m igh t  a l l o w  more d i s c r e t e  c l a s s ! f i  

c a t i o n  o f  c u I t i v a r s  i n t o  s u s c e p t i b l e ,  i n t e r m e d ia t e ,  and r e s i s t a n t  ca te  

g o r i e s .

The purpose o f  t h i s  work was t o  i d e n t i f y  the types and c a u s a t i v e  

a c t i o n  o f  Cephal o s p o r i urn s t r i p e  r e s i s t a n c e  e l i c i t e d  by s e le c te d  w i n t e r  

wheat c u l t i v a r s .  Phenotyp ic  e x p res s io n s  o f  r e s i s t a n c e  were eva lua ted  

in r e l a t i o n  t o  im po r tan t  f a c e t s  o f  the  hos t -pa thogen  i n t e r a c t i o n  and 

t h e i r  v a lu e  as s e l e c t i o n  t o o l s  in  a germplasm development program.
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MATERIALS AND METHODS

The seven hard red w i n t e r  wheat  c u l t  Wars  chosen f o r  t h i s  s tudy 

v a r i e d  in t h e i r  s u s c e p t i b i l i t y  t o  Cephalospor ium s t r i p e  and in  t h e i r  

agronomic c h a r a c t e r i s t i c s .  Based on y i e l d  r e d u c t i o n s ,  Mar ias  ( C . l .  

27595) and Lancer ( C . l .  23547) were ra ted  as h i g h l y  s u s c e p t i b l e ,  W ina l ta  

( C . l .  13670) and C . l .  07638 were ra ted  as i n t e r m e d ia t e ,  Crest  L ine Row 

Component (LRC) 40 (MT 7579) and P . l .  094424 were ra ted  as modera te ly  

r e s i s t a n t ,  and P . l .  278212 was ra ted  as h i g h l y  r e s i s t a n t  (1 4 ) .

Unless o th e rw is e  s p e c i f i e d ,  a l l  t e s t s  were conducted a t  the  Montana 

A g r i c u l t u r a l  Exper iment  S ta t i o n  near Bozeman, Montana. The c u l t i v a r s  

were p la n te d  in e a r l y  September o f  1977 and 1978 a t  a seeding ra te  o f  

200 seeds per 3.1 m row. Each row was spaced 30.5 cm a p a r t .  A s p l i t  

p l o t  e xpe r im en ta l  des ign  w i t h  f o u r  r e p l i c a t i o n s  was used, in  wh ich 

t re a tm e n ts  compr ised the  main p l o t s  and the  c u l t i v a r s  made up the  sub­

p l o t s .

Inoculum c o n s i s te d  o f  e i t h e r  i n f e s t e d  oat  ke rne ls  o r  a l i q u i d  

c o n i d i a l  suspens ion .  The fo rm er  was prepared by i n o c u l a t i n g  au toc laved  

oa t  k e rn e ls  w i t h  a conce n t ra te d  c o n i d i a l  suspension o f  £ .  gramineum, 

in c u b a t in g  them f o r  2~3 weeks,  and then a l l o w i n g  them to  a i r - d r y  (12) .  

The oat  k e rn e ls  were added s im u l t a n e o u s l y  w i t h  the seed a t  the t ime o f  

p l a n t i n g .  The l i q u i d  inoculum was prepared  by growing the  fungus in 

shake c u l t u r e  composed o f  m o d i f i e d  E c k e r t ' s  medium (2 0 ) .  One' l i t e r  o f  

IO^ c o n id i  a/ml  was added t o  each s id e  o f  a 3-1 m row by d i r e c t l y  pou r in g



the  inoculum i n t o  a s o i l  s l i c e  a f t e r  c u t t i n g  a l l  o f  the  ro o ts  w i t h  a 

sharp  k n i f e .  Thus , two l i t e r s  o f  inoculum were added t o  each row.

P o p u la t i o n s  o f  £ .  gramineum in f i e l d  s o i l  were q u a n t i f i e d  by d i l u ­

t i o n  p l a t i n g  on s e l e c t i v e  green wheat  agar (21 ) .  S o i l  samples were 

c o l l e c t e d  f rom the rh iz o s p h e re  o f  M a r ias ,  Cres t  LRC hO, and P. I . 278212. 

S ix  r e p l i c a t e s  were o b ta in ed  f rom s i x  d i f f e r e n t  rows p la n te d  in  a rando­

mized b l o c k  d e s i g n . Twenty gram subsamples were a g i t a t e d  in a Waring 

B lendor w i t h  2Q0 mis o f  d i s t i l l e d  w a te r  f o r  20 seconds and subsequen t ly  

d i l u t e d  t o  10~3 and 10~4. Colony counts were read a f t e r  5 days incuba­

t i o n  a t  22°C.

Phenotyp ic  e x p re s s io n  o f  r e s i s t a n c e  t o  Cephalospor i  urn s t r i p e  was 

sco red a cco rd in g  t o  ( I )  the  number o f  t i l l e r s  per  row e x h i b i t i n g  d isease 

symptoms 30 days a f t e r  head ing ,  (2) the number o f  t i l l e r s  per p la n t  

e x h i b i t i n g  d isease  symptoms 30 days a f t e r  h e a d in g , and (3) the  ra te  and 

s e v e r i t y  o f  d isease  symptoms a t  p e r i o d i c  i n t e r v a l s  b e fo re  and a f t e r  

head ing.  Symptom s e v e r i t y  Was ra ted  on a s c a le  o f  one t o  e le ven ,  w i t h  

one d e n o t ing  a s i n g l e  s t r i p e  on a l e a f  and e leven i n d i c a t i n g  complete 

c h l o r o s i s  (Chapter  I ) .  To i d e n t i f y  responses w i t h i n  i n d i v i d u a l  p l a n t s ,  

i n o c u la te d  rows were th inn e d  manua l l y  in  the  s p r in g  so t h a t  m i t i g a t i n g  

e f f e c t s  o f  d i f f e r e n t  seed ing ra tes  were p r e v e n te d :

Root growth o f  M a r ias ,  Crest  LRC 40, and P. I . 278212 was measured by 

d isp lacem en t  in  w a te r  and by d r y  w e ig h t .  S ing le  seeds o f  each c u l t i v a r  

were p la n te d  in a sandy- loam s o i l  c o n ta in ed  w i t h i n  P o l y v i n y l  c h l o r i d e

78
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p ipe  s e c t i o n s  30.5 cm long and 3•8  cm in d i a m e t e r . Four r e p l i c a t i o n s  o f  

f i v e  p la n t s  each were a r ranged in a randomized b lo c k  d e s ig n .  The 60 

p ip e  s e c t i o n s  were enc losed  in a re c tan g u la r - s ha p e d  e n c lo s u r e ,  the  

f l o o r s  and s ides  o f  wh ich  c o n s i s te d  o f  2 .5  cm wide s ty ra foam  t o  remove 

tem pe ra tu re  e f f e c t s  around the edges.  The p la n t s  were grown f o r  60 days 

in  an e nv i ronm en ta l  growth chamber a t  5 /20^0  ( d a r k / l i g h t )  w i t h  a 12 hour 

p h o to p e r io d  (3 .8  X IO^ e rgs /cm ^ /sec  combined incandescen t  and c o o l , 

w h i t e  f l u o r e s c e n t  l i g h t ) .  A f t e r  two m on ths , the s o i l  and ro o ts  were 

removed f rom the  p ipe  s e c t i o n s  by a p p ly in g  g e n t l e  p ressu re  t o  one end. 

Much o f  the  s o i l  was f i r s t  removed by c a r e f u l  washing w i t h  w a t e r , a f t e r  

which the  roo ts  were soaked in 0.05% sodium hexametaphosphate f o r  f i v e  

days. Calcium c h l o r i d e  was then added u n t i l  the  ro o ts  f l o a t e d  t o  the 

s u r fac e  (H. Ferguson, persona l  comm.). The roo ts  were c o l l e c t e d ,  washed 

again by a g i t a t i o n  in w a t e r ,  and then p laced  in a w a t e r - f i l l e d  separa ­

t o r y  funne l  wh ich  was connected t o  a 10 ml p i p e t t e  by rubber  t u b in g .

Th is  a l low ed  the  d e te r m i n a t i o n  o f  r o o t  d isp lacement  in  w a t e r .  Dry 

w e igh ts  were ob ta ined  a f t e r  i n c u b a t in g  the roo ts  in a d r y i n g  oven a t  

70°C f o r  two weeks.
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RESULTS

• Phenotyp ic  e x p res s io n  o f  r e s i s t a n c e . The m a n i f e s t a t i o n s  o f  Cephalo- 

spor ium s t r i p e  r e s i s t a n c e  were examined on a p o p u la t i o n  b a s i s  (pathogen 

e x c lu s io n  between p l a n t s )  as w e l l  as on an i n d i v i d u a l  p l a n t  bas is  (pa tho ­

gen r e s t r i c t i o n  w i t h i n  p l a n t s ) .  The c u l t i v a r s  examined in  t h i s  study, 

demonstra ted a d i f f e r e n t i a l  response t o  the  in c idence  o f  d iseased t i l l e r s  

w i t h i n  i n o c u la te d  rows (Tab le I I I - 1) .  A l though  an a lm os t  t w o - f o l d  d i f - .  

f e ren c e  in the  number o f  i n f e c t e d  t i l l e r s  was observed f o r  each c u l t i v a r  

between 1977 and 1978, the  comparat ive  d i f f e r e n c e s  between c u l t i v a r s  

remained the  same. Mar ias and Lancer were c l a s s i f i e d  as s u s c e p t i b l e .  

Cres t  LRC hO and W in a l ta  were i n t e r m e d i a t e ,  and C. I . 07638,  P . I . OShhlb, 

and P . I . 278212 were r e s i s t a n t  both y e a r s .  Thus , env i ronm en ta l  e f f e c t s  

on i n f e c t i o n  between p la n t s  d id  not  obscure  in h e re n t  g e n e t i c  d i f f e r e n c e s  

between c u l t i v a r s .

F ive  c u l t i v a r s  were employed t o  examine responses w i t h i n  p la n t s  t o  

i n f e c t i o n  by g ram!neum. T h i r t y  p l a n t s  o f  each c u l t i v a r  were ra ted 

f o r  the in c id e n c e  o f  i n f e c t i o n  among t i l l e r s  o f  i n d i v i d u a l  p l a n t s . Crest  

LRC 40 was the o n l y  c u l t i v a r  which possessed the  c a p a b i l i t y  t o  p reven t  

sy s tem !c in va s ion  o f  a l l  t i l l e r s  w i t h i n  each p la n t  (Table I I I - 1) .  . In 

a l l  o f  the  c u l t i v a r s ,  l a t e  d ev e lop ing  t i l l e r s  occur red because o f  

spacing e f f e c t s .  Some o f  these t i l l e r s  d id  not  express d isease  symptoms, 

which could  account  f o r  much o f  the  v a r i a t i o n  among c u l t i v a r s . However, 

the s i g n i f i c a n t  re d u c t i o n  in d isease  in c idence  among t i l l e r s  w i t h i n
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TABLE I l l - J . . D i f f e r e n t i a l  responses o f  s e le c te d  w i n t e r  wheat  c u l t i v a r s  
t o  the  in c id en ce  o f  i n f e c t i o n  by Cephal o s p o r i urn gramineum

Pathogen E xc lus ion Pathogen R e s t r i c t i o n

D i seased Ti I le rs /Rcw—/ Diseased T i l l e r s / P l a n t

C u l t i var 1977 1978 1978

Marias 4 2 a - / 77a 99a

Lancer 45a — —

Crest  LRC kO 26b 53b 66b

W in a l ta 25b 49b 96a

C. I .  07638 15c —

P. I . 094424 9c 27c 93a

P . I . 278212 5c 15c 90a

a /— Values a re  rep resen ted  as mean percen tages o f  h e a l t h y  c o n t r o l s  across 
f o u r  r e p l i c a t i o n s .

— For each co lumn, va lues  w i t h  the  same l e t t e r  are no t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  P = .05 ,  a cco rd in g  t o  Duncan's m u l t i p l e  range t e s t .
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p la n t s  o f  Crest  LRC 40. cannot  be a t t r i b u t e d  t o  t h i s  e nv i ronm en ta l  e f f e c t  * 

s in c e  many o f  the  e a r l i e r  m a tu r ing  t i l l e r s  were a ls o  d i s e a s e - f r e e .

Three r e p r e s e n t a t i v e  c u l t i v a r s  were s e le c te d  t o  examine responses 

w i t h i n  p l a n t s  wh ich cou ld  lead t o  a r e d u c t i o n  in the r a t e  and e x te n t  o f  

symptom e x p r e s s io n .  Mar ias and P . I . 278212 were chosen because they  

rep resen ted  the  extremes o f  r e s i s t a n c e  t o  pathogen e x c lu s i o n  between 

p l a n t s .  Crest  LRC 40 was s e l e c t e d , no t  o n l y  because o f  i t s  i n t e r m e d ia te  

r e a c t i o n  t o  i n f e c t i o n  between p l a n t s ,  bu t  a l s o  because o f  ev idence t h a t  

i t  r e s t r i c t s  s t r i p e  fo r m a t i o n  on f l a g  leaves d u r in g  the  f i r s t  month 

a f t e r  head ing (Chapter  2 ) .

Since the dynamics o f  t h i s  hos t  response were more d i f f i c u l t  t o  

q u a n t i f y  a c c u r a t e l y ,  v a r i e d  approaches were taken t o  f o l l o w  symptom 

development w i t h i n  i n f e c t e d  p l a n t s . The r a t e  o f  s t r i p e  fo r m a t i o n  was 

mon i to red  by s c o r i n g  the  uppermost f o u r  leaves o f  p r im a ry  t i l l e r s  f o r  

symptom s e v e r i t y  f rom th re e  weeks p r i o r  t o  heading u n t i l  two weeks a f t e r  

heading (F ig u re  I I I - 1 ) .  The e x te n t  o f  symptom development was d e t e r ­

mined by s c o r in g  t h i r t y  i n f e c t e d  p la n t s  o f  each c u l t i v a r  one month a f t e r  

head ing.  The s e v e r i t y  read ings f o r  the  uppermost f o u r  leaves o f  a l l  

t i I  I e r s  w i t h  in  each p l a n t  were averaged,  so t h a t  a mean s e v e r i t y  r a t i n g  

was o b ta in ed  f o r  each p l a n t  (F igu re  I I 1 -2 ) .  Measurement o f  h e ig h t  

r e d u c t i o n  and y i e l d  per formance in r e l a t i o n  t o  h e a l t h y  c o n t r o l s  p rov ided  

i n d i a t i o n s  o f  d i f f e r e n t i a l  responses t o  d isease  s e v e r i t y  between 

c u l t i v a r s  (Tab le  I I 1 -2 ) .
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F igu re  M I - 1 .  The r a te  o f  f o l i a r  s t r i p e  fo r m a t io n  on the upper f o u r  
leaves o f  p r im a ry  t i l l e r s  f rom th re e  w i n t e r  wheat c u l - 
t i yaps i n f e c t e d  w i t h  Cephalospor ium gramineum. Symptoms 
were q u a n t i f i e d  us ing  a s e v e r i t y  index measur ing the 
number o f  s t r i p e s  per  l e a f .  I = one s t r i p e  per  l e a f ,
11 = complete  c h l o r o s i s .  Leaves numbered f rom f l a g  l e a f  
( L i )  downward t o  f o u r t h  l e a f  ( L 4 ) . A = M a r ia s ,  B = Cres t  
LRC 40, C = P . l .  278212.

Days before — Headlag — Days after



F igu re  I I 1-2. The d i f f e r e n t i a l  responses o f  th ree  w i n t e r  wheat
c u l t i v a r s  to  i n f e c t i o n  by Cephalospor ium gramineum 
one month a f t e r  head ing.  The uppermost f o u r  leaves 
o f  a l l  t i l l e r s  w i t h i n  each o f  30 p l a n t s / c u l t i v a r  
were scored f o r  symptom s e v e r i t y .  These readings 
were averaged i n t o  a mean s e v e r i t y  score  f o r  each 
p l a n t .  S e v e r i t y  was based on the number o f  s t r i p e s  
per  l e a f .  I = one s t r i p e  per  l e a f ,  11 = complete 
c h l o r o s i s .  A = M a r ias ,  B = Cres t  LRC hO, C = P. I . 
278212.
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TABLE I I 1-2. E f f e c t ' o f  i n f e c t i o n  by Cepha iospor?um 
gramineum on h e i g h t  and y i e l d  o f  t h re e  
w i n t e r  wheat  c u l t i v a r s  in 1978.

Percent Reduc t ion—̂

C u l t i v a r He ight Y ie ld

Marias 3 7 a - / 73a

Cres t  LRC 40 I lb 34b

P . I . 278212 35a 79a

/
— Mean percentages w i t h  respec t  to  h e a l t h y  

c o n t r o l s  across  f o u r  r e p l i c a t i o n s .  Ten 
heads f rom i n f e c t e d  main t i l l e r s  were 
ha rves ted  w i t h i n  each r e p l i c a t i o n .

L /

— For each column, va lues  w i t h  the  same 
l e t t e r  a re  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
P = .05 ,  a cc o rd in g  t o  Duncan's m u l t i p l e  
range t e s t .
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A f t e r  s u c c e s s fu l  in v a s io n  o f  the hos t  o c c u r r e d , bo th  Mar ias  and 

P . l .  278212 were e q u a l l y  s u s c e p t i b l e  t o  r a p id  sys tem ic  movement o f  C_. 

g ramme urn th rou g ho u t  the  v a s c u la r  n e tw o r k . By f o u r te e n  days a f t e r  

head in g ,  the  f l a g  leaves o f  the  p r im a ry  t i l l e r s  o f  i n f e c te d  p la n t s  o f  

both c u l t i v a r s  were n e a r l y  b l i g h t e d .  A s i m i l a r  temporal  p a t t e r n  o c c u r ­

red in a l l  o t h e r  t i l l e r s  o f  these  p la n t s  , as ev idenced by the e x te n t  o f  

symptom deve lopment a month a f t e r  head ing .  In M a r i a s , 29 out  o f  the  30 

p la n t s  e x h i b i t e d  t o t a l  b l i g h t i n g .  The remain ing  p l a n t  was a lmost  as 

h e a v i l y  a f f e c t e d , w i t h  a mean s e v e r i t y  r a t i n g  o f  10. P . l .  278212 d i f ­

fe re d  o n l y  s l i g h t l y  f rom M ar ias ,  as 93% o f  the i n f e c t e d  p l a n t s  had 

average s e v e r i t y  r a t i n g s  between 9 and 11. Both o f  these c u l t i v a r s  

s u f f e r e d  s u b s t a n t i a l  h e ig h t  and y i e l d  r e d u c t i o n s .

Crest  LRC 40,  on the  o th e r  hand, l i m i t e d  the  r a t e  o f  symptom exp res ­

s io n  t o  the  e x t e n t  t h a t  o n l y  the  lowermost  leaves o f  p r im a ry  t i l l e r s  were 

b l i g h t e d  14 days a f t e r  head ing .  Both the  p e n u l t im a te  and f l a g  leaves 

averaged s e v e r i t y  sco res o f  less than 5, i n d i c a t i n g  t h a t  less than 

h a l f  o f  each l e a f  expressed f o l i a r  c h l o r o s i s .  I n t e r e s t i n g l y ,  the  speed 

o f  s t r i p e  fo r m a t i o n  on the  f o u r t h  l e a f  was s i m i l a r  t o  t h a t  observed on 

the  f o u r t h  leaves o f  the two s u s c e p t i b l e  c u l t i v a r s .  Only as the  patho­

gen moved up the  p l a n t  d id  l o c a l i z i n g  responses become more e f f e c t i v e .

The e x te n t  o f  d isease  development in  a l l  t i l l e r s  o f  Crest  LRC bO a month 

a f t e r  heading was a l s o  g r e a t l y  reduced as compared t o  Mar ias and P . l .  

278212. Most o f  the  p la n t s  d is p la y e d  mean s e v e r i t y  r a t i n g s  between 3



and 6. In p a r t ,  these  lower scores were due t o  the s i g n i f i c a n t  number 

o f  d i s e a s e - f r e e  t i l l e r s  w i t h i n  each p l a n t .  The moderate response by 

Crest  LRC 40 t o  h e ig h t  and y i e l d  r e d u c t i o n s  f u r t h e r  s u b s t a n t i a t e d  t h i s  

c u l t i v a r ' s  t o l e r a n c e  t o  the p h y s i o l o g i c a l  e f f e c t s  o f  pa thogenes is .

Mechanisms o f  r e s i s t a n c e . Two types o f  r e s i s t a n c e  appear t o  be 

i n v o lv e d  in the  e x p ress ion  o f  the th re e  phenotypes i d e n t i f i e d  in t h i s  

s t u d y . The f i r s t ,  wh ich  is  e x e m p l i f i e d  by P. I . 278212, p reven ts  the 

s u c c e s s fu l  i n v a s ion  and c o l o n i z a t i o n  o f  the fungus, in  above-ground 

v a s c u l a r  t i s s u e s .  I t  i s  termed pathogen e x c lu s i o n .  The second , which 

is  e x e m p l i f i e d  by Cres t  LRC 40, c o n f in e s  the  pathogen among t i l l e r s  o f  

i n d i v i d u a l  p l a n t s  and i n h i b i t s  growth and s p e c u la t i o n  w i t h i n  the vascu­

l a r  network, a f t e r  the fungus has i n i t i a t e d  pa thogenes is .  I t  i s  termed 

pathogen r e s t r i c t i o n .  H i s t o l o g i c a l  ev idence  t h a t  g e l a t i o n ,  gummosis, 

o r  i n h i b i t i o n  o f  s p e c u la t i o n  a c t i v i t y  c u r t a i l  pathogen movement was 

p resen ted  in Chapter I .

Since £ .  gramineum i s  a s o i l - b o r n e  pathogen,  e x c lu s io n  o f  the  fungus 

between p la n t s  may be due w h o l l y  o r  in  p a r t  t o  s o i 1 - rh izosphe re -pa thogen  

i n t e r a c t i o n s .  Thus,  the  r o l e  o f  r o o t  wounding as a p r e r e q u i s i t e  f o r  

s u c cess fu l  in g ress  o f  the fungus i n t o  the hos t  was re -examined .  I n c i ­

dence o f  i n f e c t i o n  between p la n t s  o f  M a r ia s ,  Crest  LRC 40, and P. I .

278212 was e v a lua ted  in  s o i l s  s u b jec te d  t o  d i f f e r e n t  env i ronm en ta l  

regimes both in the  greenhouse and in the f i e l d .

The i n f l u e n c e  o f  s o i l  m i c r o f l o r a  on i n f e c t i o n  in a c o n t r o l l e d

87
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env i ronment  in which mechanical  r o o t  breakage d id  no t  occu r  was s tud ie d ,  

by t r a n s p o r t i n g  s o i l  f rom the  f i e l d  i n t o  the  greenhouse , where h a l f  o f  

i t  was- h e a t - s t e r i l i z e d .  The th ree  w i n t e r  wheat c u l t i v a r s  were p lan ted  

in a randomized des ign  w i t h i n  each s o i l  t r e a t m e n t ' b lock  w i t h  f o u r  r e p l i ­

c a t i o n s .  To approx im a te  seed ing and inoculum ra tes  in  the f i e l d ,  70 

seeds and 7 grams o f  i n f e s t e d  oat  ke rn e ls  were added t o g e t h e r  in  each 

I meter  row. In n e i t h e r  s o i l  t r e a tm e n t  was any s u b s t a n t i a l  i n f e c t i o n  

observed (Tab le I I 1 -3 ) .  Hence, the  s o i l s  t e s te d  in t h i s  s tud y  d id  not  

appear t o  c o n ta in  m ic roorgan isms capab le  o f  p romot ing  i n f e c t i o n  by .£. 

gram? neum.

The p o s s i b i l i t y  o f  ro o t  damage due to  s o i l  heaving in the  f i e l d  was 

e l im i n a t e d  by s p r i n g  p l a n t i n g .  M a r ias ,  Cres t  LRC 40, P . I . 278212, and a 

s p r in g  wheat ,  Lemhi , wh ich is  s u s c e p t i b l e  t o  Cephalospor i  urn s t r i p e  when 

a r t i f i c i a l l y  i n o c u la t e d ,  were p la n te d  w i t h  oat  ke rne l  inoculum in  mid-  

A p r i l  o f  1977 a t  the  Montana A g r i c u l t u r a l  Exper iment  S t a t i o n  near Boze­

man. A randomized b lo c k  des ign  w i t h  f o u r  r e p l i c a t i o n s  was used . S o i l  

assays o f  r h i zosphere p ropagu le  l e v e l s • i n d i c a t e d  t h a t  p o p u la t i o n s  o f  

up t o  5 X IO^ conid. ia pe r  gram o f  s o i l  were presen t  d u r in g  the  f i r s t  

month a f t e r  p l a n t i n g .  Even w i t h  these  h ig h  inoculum l e v e l s ,  less than 

2% i n f e c t i o n  was e v i d e n t .  The w i n t e r  wheat  c u l t i v a r s ,  be ing in a non- 

v e r n a l i z e d  c o n d i t i o n ,  expressed symptoms o n l y  on the  o u t e r ,  o l d e r  leaves 

o f  the few p la n t s  t h a t  became d is e a s e d . .

To s u b s t a n t i a t e  the  above f i n d i n g s  under c o n d i t i o n s  where v e r n a l i -
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c o l o n i z a t i o n  would o c c u r , the  th re e  w i n t e r  wheat c u l t i v a r s  were p la n te d  

w i t h  oat  ke rn e l  inoculum in e a r l y  September o f  1977 a t  Bozeman, Montana 

where severe w i n t e r  c o n d i t i o n s  assured adequate roo t  breakage in the 

s p r in g  f rom s o i l  f r o s t  h e a v in g ; and a t  Dav is ,  C a l i f o r n i a  in November o f  

1977, where a m i l d  w i n t e r  d i d  not  c r e a te  the s o i l - f r e e z i n g  c o n d i t i o n s  

r e q u i r e d  f o r  s o i l  heaving but  d id  a l l o w  f o r  p l a n t  v e r n a l i z a t i o n .  Whi le 

e x te n s i v e  i n f e c t i o n  between p la n t s  was observed among c u l t i v a r s  a t  

Bozeman, no i n f e c t i o n  was apparen t  a t  Davis (Table i l l - 3 ) .  Assuming 

t h a t  s o i l  f r o s t  heaving causes ro o t  b reakage,  these data  p ro v id e  e v i ­

dence t h a t  r o o t  wounding is  necessary  f o r  success fu l  pa thogenes is  by C_. 

gramirieum.

Th is  be ing the case,  two mechanisms are e n v i s io n e d  which might  

a f f e c t  the  number o f  p l a n t s  e x p res s in g  d isease  symptoms: ( I )  p h y s i c a l

and s t r u c t u r a l  d i f f e r e n c e s  in ro o t  morphology o r  number, and (2) b i o ­

chemical  i n t e r a c t i o n s  between the  hos t  and funga l  p ropagu le s  in the 

rh i z o s p h e r e .  The f i r s t  would a f f e c t  the  number o f  p o t e n t i a l  i n f e c t i o n  

s i t e s  in the  ro o ts  a v a i l a b l e  t o  the  pathogen,  and the  second would a l t e r  

the  inoculum p o t e n t i a l  in  the s o i l  around the  r o o ts .

H i s t o l o g i c a l  exam ina t ion  o f  roo t  c r o s s - s e c t i o n s  us in g  s tandard  

embedding, s e c t i o n i n g ,  and s t a i n i n g  p rocedures (Chapter  1 ,9)  and mea­

surements o f  r o o t  mass by d isp lacem en t  in  w a te r  and d ry  w e ig h t  d id  not  

revea l  any la rge  d i f f e r e n c e s  in gross anatomy o r  in the  e x t e n t  o f  ro o t  

growth  between M a r ia s ,  Crest  LRC 40, and P . I . 278212. The number o f
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TABLE I I I - ] .  E f f e c t  o f  d i f f e r e n t  s o i l  envi ronments  r e l a t i n g  to  roo t  
i n j u r y  o r  breakage on the  percentage o f  p l a n t s  i n f e c te d  
w i th  Cephalospor ium gramineum.

Test Marias

% Diseased Ti  I I e r s /Row— 

Win t e r  Wheat

Crest  LRC *fO P . I . 278212

Spr ing  Wheat 

Lemhi ■

' % % % % '
GREENHOUSE

S t e r i I e  S o i l 2 I O O

N o n - s t e r i Ie soi  I I O I I

FIELD .
Spr ing  p l a n t e d , I O O 2
Bozeman, Mont.

F a l l  p la n te d , 77 53 15 —

Bozeman, Mont.

Fal I p l a n t e d , O O O - -
Davis,.  C a l i f .

—̂ Values are rep resen ted  as mean percen tages o f  f o u r  r e p l i c a t i o n s .
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ro o ts  produced by p l a n t s  o f  each c u l t i v a r  were not  counted d i r e c t l y ,  bu t  

the lack  o f  any d i s s i m i l a r i t i e s  in t o t a l  r o o t  mass would suggest  t h a t  

p h y s i c a l  d i f f e r e n c e s  in  r o o t  growth p a t t e r n s  do no t  p lay  a s i g n i f i c a n t  

r o l e  in  a f f e c t i n g  i n f e c t i o n  percen tages between p l a n t s .

To de te rm ine  i f  these  c u l t I va rs  e x h i b i t e d  a d i f f e r e n t i a l  response 

t o  mechanical  r o o t  b reakage,  i n f e c t i o n  percentages were ob ta ined  f rom 

oa t  ke rn e l  i n o c u la te d  rows exposed o n l y  t o  n a t u r a l  r o o t  wounding in t h e  

f i e l d  and f rom oat  k e rn e l  i n o c u la te d  rows in  which a l l  o f  the  roo ts  were 

m anua l l y  severed w i t h  a sharp k n i f e  in  the  s p r in g  a f t e r  n a t u r a l  r o o t  

wounding had o c c u r re d .  N e i t h e r  t re a tm e n t  d i f f e r e d  s u b s t a n t i a l l y  f rom 

the  o th e r  (Table I I 1 -4 ) ,  dem ons t ra t ing  t h a t  maximum r o o t  breakage 

p ro ba b ly  occu r red  among a l l  c u l t i v a r s  in the s p r i n g ,  re g a rd le ss  o f  p h y s i ­

ca l  f a c t o r s  such as r o o t  leng th  o r  r o o t  t e n s i l e  s t r e n g t h .

Inoculum l e v e l s  in  the  r h i zosphere o f  M a r ia s , Cres t  LRC 40, and 

P. I . 278212 were m on i to red  in the f a l l  and s p r i n g ,  when p ropagu le  le v e ls  

are h ig h  under n a t u r a l  f i e l d  c o n d i t i o n s  (2 2 ) .  Wheat in  each row was 

in o c u la te d  w i t h  20 grams o f  i n f e s t e d  oat  k e r n e l s .  A l though propagu le  

l e v e l s  v a r i e d  f rom 4 X IO^ t o  I X IO^ per gram o f  s o i l ,  no a p p re c ia b le  

d i f f e r e n c e s  between c u l t i v a r s  were observed which cou ld  account  f o r  the 

d i s p a r i t i e s  in  pathogen e x c lu s i o n  between p la n t s .

The e f f e c t  o f  v a r i o u s  inoculum le v e ls  on d i f f e r e n t i a l  c u l t i v a r  

responses t o  i n f e c t i o n  between p la n t s  was examined by add ing known 

q u a n t i t i e s  o f  i n f e s t e d  oat  k e rn e ls  as an inoculum source t o  s o i l  w i t h
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TABLE I I 1-4. E f f e c t  o f  d i f f e r e n t  i n o c u l a t i o n  procedures in 
the  f i e l d  on the percen tage  o f  t i l l e r s  i n f e c ­
ted w i t h  Cephalospor ium gramineum among th ree  
w i n t e r  wheat  c u l t i v a r s  in 1978.

a /Percen t  I n f e c t i o n -

N a tu ra l  wounding—̂  Root s l i c e  ^ Root s l i c e  £—
C u l t i v a r  & oa t  k e rn e ls oat  ke rn e ls l i q u i d  inoculum

Marias 75 79. 76

Cres t  LRC 40 48 52 77

P . I . 2/8212 21 17 76

a /— Mean percentages o f  t i l l e r s  i n f e c t e d  per row across  f o u r  
rep I i c a t i o n s .

—̂ Rows in o c u la te d  w i t h  20 grams o f  i n f e s t e d  oat  k e r n e l s . 
Wounding due s o l e l y  t o  s o i l  f r o s t  heaving in  t h e  s p r i n g .

— Rows in o c u la te d  w i t h  20 grams o f  i n f e s t e d  oat  k e r n e l s .  In 
a d d i t i o n  to  r o o t  breakage f rom s o i l  heav ing ,  ro o ts  were 
severed on both s ides  o f  each row w i t h  a sharp k n i f e  in  l a t e  
March. No a d d i t i o n a l  inoculum was added.

d /  '— Un inocu la ted  rows s l i c e d  on both s ides  in  l a t e  March w i t h  a 
sharp  k n i f e .  Immediate ly  a f t e r  se ve r ing  r o o t s ,  two l i t e r s  
o f  IO^ c o n i d i  a/ml  were poured i n t o  the  s o i l  s l i c e .
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no p rev ious  h i s t o r y  o f  c ropp ing  t o  w i n t e r  w h e a t . Under c o n d i t i o n s  o f  

n a t u r a l  r o o t  wound ing,  a p o s i t i v e  c o r r e l a t i o n  e x i s t e d  between inoculum 

d e n s i t y  and the percen tage  o f  t i l l e r s  i n f e c t e d  per  row (Table I I 1 -5 ) .

The d i f f e r e n t i a l  responses- between c u l t i v a r s ,  however,  d id  not  change. 

The same responses were noted when two i s o l a t e s  o f  the  fungus were used,  

one o f  m i l d  v i r u l e n c e  ( i s o l a t e  #5) and one o f  h igh  v i r u l e n c e  ( i so la te .  

#17).  Thus,  an inoculum d e n s i t y  o f  20 grams o f  oa t  k e rn e ls  per  3 . I m 

row, which produced up t o  I X IO^ propagu les  per  gram o f  s o i l  in the  

s p r i n g ,  cannot o v e r r i d e  the re s i s t a n c e  mechanism a f f e c t i n g  pathogen- 

e x c lu s i o n .  Only when two l i t e r s  o f  l i q u i d  inoculum co nce n t ra te d  t o  IO^ 

co n i d ia /m l  were added immed ia te ly  a f t e r  m anua l l y  s e v e r in g  the  roo ts  

in the  s p r i n g  was the  d i f f e r e n t i a l  response between c u l t i v a r s  o b l i t e r a ­

ted (Tab Ie I 11-4) .
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TABLE 111-5.  E f f e c t  o f  Cephalospor ium gramineum
inoculum d e n s i t y  on i n f e c t i o n  o f  t h re e  
w i n t e r  wheat  c u l t I va rs  o f  d i f f e r i n g  
s u s c e p t i b i I i t y .

% Diseased Ti  I I e r s / R o w ^  

Inoculum D e n s i t y —̂

C u l t i v a r 5 gms 10 gms 20 gms

Marias 39 57 73

CreSt LRC 40 30 38 50

P. I . 278212 14 18 24

a /— Mean percentages o f  f o u r  r e p l i c a t i o n s ,  

h /
— The q u a n t i t y  o f  oa t  k e r n e ls  i n f e s te d  w i t h  C_. 

gramineum app l  ied w i t h  the  seed t o  a 3« I m row.
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Three p heno typ ic  responses t o  Cepha lospor Ium s t r i p e  by s e le c te d  

w i n t e r  wheat c u I t i v a r s  were i d e n t i f i e d  in  t h i s  s tudy .  The f i r s t  is  

expressed as a re d u c t i o n  in  the  number o f  d iseased p la n t s  in  a popu la ­

t i o n .  S o i l  c o n d i t i o n s ,  the  ro o t  system o f  the  h o s t , and i n f e c t i o u s  

p ropagu Ies o f  the  fungus i n t e r a c t  in  a manner which exc ludes  the  pa tho ­

gen f rom ing ress  i n t o  the  h o s t . The second causes a r e d u c t i o n  in the  

number o f  d iseased t i l l e r s  w i t h i n  p l a n t s  and the  t h i r d  reduces the ra te  

and s e v e r i t y  o f  d isease  development .  Both o f  these l a t t e r  responses 

involve,  h o s t - f u n g u s  i n t e r a c t i o n s  a f t e r  s u c cess fu l  ing ress  such t h a t  the 

pathogen is  r e s t r i c t e d  w i t h i n  the  h o s t .  Based on the  d i f f e r e n t i a l  

responses among c u l t i v a r s ,  the e x c lu s io n  and r e s t r i c t i o n  types  o f  r e s i s ­

tance  a re  independent  o f  each o th e r .  P . I . 278212 i s  h i g h l y  r e s i s t a n t  in  

i t s  a b i l i t y  t o  exc lude  the pa thogen, e . g .  a low percen tage  o f  p la n t s  

become i n f e c t e d , y e t  i t  i s  h i g h l y  s u s c e p t i b l e  t o  sys tem ic  movement o f  the  

pathogen,  e .g .  a l l  t i l l e r s / p l a n t  become diseased and i n f e c t e d  p l a n t s  a re  

s e v e r e l y  b l i g h t e d .  Cres t  LRC 40, however,  i s  s u s c e p t i b l e  t o  pathogen 

e n t r y ,  e .g .  most o f  the p l a n t s  become i n f e c t e d ,  but  i t  i s  modera te ly  

r e s i s t a n t  t o  sys tem ic  movement o f  the  pathogen,  e . g . . low percen tage o f  

t i l l e r s / p l a n t  become in f e c t e d  and the leaves and heads o f  d iseased p la n t s  

a re  o n l y  m odera te ly  b l i g h t e d .

In h e a y i l y  seeded rows, the  percen tage  o f  t i l l e r s  i n f e c t e d  in  a row 

r e f l e c t e d  the  percen tage  o f  p l a n t s  i n f e c t e d / r o w  f o r  those c u l t i v a r s  in
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which, most o r  a l l  o f  the  t i l l e r s  in each p l a n t  were d iseased .  In the 

case, o f  Cres t  LRC 40, though,  the percen tage  o f  t i l l e r s  i n f e c t e d / r o w  

r e f l e c t e d  d i f f e r e n c e s  t o  i n f e c t i o n  not  o n l y  between p l a n t s ,  but  between 

t i l l e r s  o f  each p l a n t  as w e l l .  T h e r e fo r e ,  the  in t e r m e d ia te  between 

p l a n t  r e a c t i o n  t o  pathogen i n f e c t i o n  by Cres t  LRC 40 may a c t u a l l y  be a 

s u s c e p t i b l e  response, which was b iased  toward a more r e s i s t a n t  phenotype 

because o f  e r r o r s  in d i s t i n g u i s h i n g  re d u c t i o n s  in d iseased t i l l e r s  per  

p l a n t ,  In o r d e r  t o  e f f e c t i v e l y  d i f f e r e n t i a t e  a l l  t h re e  phenotypes in 

CU I t i v g r s  such as Crest  LRC 40,  lower seeding ra tes  a re  re q u i re d  so 

t h a t  i n d i v i d u a l  p l a n t s  cou ld  be d i s c r i m i n a t e d .  Th is  would p a r t i t i o n  

pathogen e x c lu s io n  responses f rom pathogen r e s t r i c t i o n  responses.

R es is tance ,  as m an i fes ted  by low i n f e c t i o n  percentages between 

p l a n t s ,  was f i r s t  a t t r i b u t e d  t o  ro o t  a nd /o r  crown reg ions  o f  the w i n t e r  

wheat p l a n t  (13 ) .  Several  c u l t i v a r s ,  which were r e s i s t a n t  when a r t i f i ­

c i a l l y  i n o c u la te d  th rough  the  r o o t s ,  expressed s u s c e p t i b i l i t y  a f t e r  . 

stem i n o c u l a t i o n s .  Reduc t ions In i n f e c t i o n  percen tages ,  concomitan t  

w i t h  reduced inoculum d e n s i t i e s ,  f u r t h e r  i n d i c a te d  t h a t  the f a c t o r ( s ) 

gove rn in g  re s i s t a n c e  was in h e re n t  t o  the  ro o ts  o r  crown. Res is tance t o  

r o o t  i n j u r y  a n d /o r  r e d u c t i o n s  in  r o o t  mass do not  appear t o  be major  

f a c t o r s  i n f l u e n c i n g  the number o f  p o t e n t i a l  i n f e c t i o n  s i t e s  a v a i l a b l e  

t o  the fungus .  Mathre and Johnston (13) dete rmined t h a t  the  optimum 

p e r io d  f o l l o w i n g  r o o t  i n j u r y  in wh ich  c o n i d i  a can s u c c e s s f u l l y  ga in  i n ­

g re ss  i n t o  the ro o ts  i s  one day.  P o s s i b l y ,  c u l t i v a r s  may respond
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t o  the  ra te  o f  w o u nd -h ea l ing ,  thus a f f e c t i n g  the in c id ence  o f  roo t  

i n f e c t i o n  by c l o s i n g  o f f  i n f e c t i o n  s i t e s .  O t ieno  (15) observed high 

le v e ls  o f  c o n i d i a  p ro x im a l  t o  r o o ts  and ro o t  h a i r s  p r i o r  t o  i n f e c t i o n  

o f  s e e d l in g s  germ ina ted  on p e t r i  p l a t e  c u l t u r e s  o f  C_. gramjneum. S im i ­

l a r  l o c a l i z e d  pocke ts  o f  c o n i d i a  were observed nex t  t o  roots  c o l l e c t e d  

in the  f i e l d  e a r l y  in  the  s p r in g  (Mor ton,  unpub l ished  o b s e r v . ) .  Th is 

d i s t r i b u t i o n  o f  i n f e c t i o u s  p ropagu Ies cou ld  be a l t e r e d  s i g n i f i c a n t l y  

I f  c u l t i v a r s  d i f f e r e d  in t h e i r  c a p a c i t y  t o  s y n th e s iz e  the  m uc i lag inous  

c o a t i n g  a round the  r o o t s ,  which m igh t  serve t o  c o n c e n t ra te  propagul.es 

around p o t e n t i a l  i n f e c t i o n  s i t e s .  The a b i l i t y  o f  l i q u i d  coni  d i a l  sus­

pensions t o  o v e r r i d e  the  r e s i s t a n c e  response t o  pathogen e x c lu s io n  cou ld  

be a t t r i b u t e d  t o  h igh  c o n c e n t r a t i o n s  o f  p ropagu les  in the  immediate 

v i c i n i t y  o f  r o o ts  a t  the  t im e  o f  wounding.  Whi le  t h i s  s tudy  f a i l e d  t o  

d e l i n e a t e  ma jo r  changes in the  s o i I - r o o t -p a th o g e n  i n t e r a c t i o n ,  the  

r e s u l t s  do not  r u le  ou t  s m a l l e r ,  more s i g n i f i c a n t  l o c a l i z e d  e f f e c t s  

w i t h i n  m i c r o h a b i t a t s  in and around the  s o i l - r o o t  i n t e r f a c e .

Reduc t ion  in the  percen tage  o f  t i l l e r s  i n f e c t e d  w i t h i n  p la n t s  was 

observed o n l y  in  Crest  LRC 40, wh ich  was a l s o  unique in i t s  a b i l i t y  t o  

r e s t r i c t  v e r t i c a l  and l a t e r a l  movement o f  C.. gramineum th rou g ho u t  i t s  

v a s c u la r  ne twork  (Chapter  I ) .  I f  the  c lose  a s s o c i a t i o n  between pheno- 

types  is  more the c i r c u m s t a n t i a l ,  then the  same responses which s low 

down movement o f  the  fungus in  the culms and leaves o f  i n f e c t e d  t i l l e r s  

m igh t  a l s o  be re s p o n s ib le  f o r  r e t a r d i n g  sys tem ic  i n v a s ion  o f  the  fungus
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between t i l l e r s .  L i m i t i n g  in vas ion  between t i l l e r s  o f  a p l a n t  may be 

lo o s e ly  ana lagous t o  the  dwarf  bunt  (T i I l e t l a  c o n t r o y e r s a ) - w i n t e r  wheat 

i n t e r a c t i o n ,  in wh ich  r e s i s t a n c e  i s  expressed by i n a b i l i t y  o f  the  fungus 

t o  s u c c e s s f u l l y  c o lo n i z e  the. growing p o i n t  b e fo re  the  onset  o f  stem 

e lo n g a t i o n  (6 ) .  In the  cas-e o f  the  Cepha lo spo r |um s t r i p e - w i n t e r  wheat 

i n t e r a c t i o n ,  the  fungus  may need t o  e n t e r  the  v a s c u la r  system o f  each 

t i l l e r  p r i o r  t o  a r e s t r i c t i v e  hos t  response ,  The crown re g ion  o f  a w i n ­

t e r  wheat p l a n t  i s  a complex a gg rega t ion  o f  compressed nodes. ( 1 6 ) ,  which 

the  fungus  must t r a v e r s e  in  o rd e r  t o  invade deve lop ing  t i l l e r s .  The 

complex l i n ka ge s  and s h o r t  vesse l  e lements would i n f l u e n c e  pathogen 

movement and d i s t r i b u t i o n  in themse lves .  An a c t i v e  hos t  response would 

impose a d d i t i o n a l  b a r r i e r s  t o  the  pathogen.

D i f f e r e n t i a l  responses between c u l t i v a r s  t o  percen tage  o f  d iseased 

p l a n t s  and t o  l o c a l i z a t i o n  o f  pathogen movement have been i d e n t i f i e d  in 

o th e r  v a s c u l a r  w i l t  d iseases ( 1 , 8 ) .  I t  is  d o u b t f u l ,  however,  t h a t  the 

mechanisms r e g u l a t i n g  p heno typ ic  responses a re  the same. Whereas o th e r  

v a s c u la r  pathogens o f  herbaceous annuals, such as Fusar lum oxysporum 

and V e r t i c i n i u m  d a h l i a e ,  are capab le  o f  a c t i v e l y  p e n e t r a t i n g  the  roo t  

system o f  t h e i r  r e s p e c t i v e  hos ts  a t  d i f f e r e n t  o n to g e n e t i c  s tages o f  

development ( 7 ) ,  £ .  gramineum p a s s i v e l y  e n te rs  the  w i n t e r  wheat r o o t  . 

system o n l y  a f t e r  i t  has been in j u r e d  by s o i l  heaving c o n d i t i o n s  in the  

s p r i n g .  None o f  the  responses r e l a t e d  t o  hype raux iny  such as t y lo s e s  

f o r m a t i o n ,  vesse l  c o l l a p s e ,  o r  c e l l  p r o l i f e r a t i o n  (.2,5) have been



observed in the  v a s c u la r  ne twork  o f  w i n t e r  wheat  p l a n t s  i n f e c t e d  w i t h  

C_. gram?neum, Such s i g n i f i c a n t  d i f f e r e n c e s  in v a r io u s  f a c e t s  o f  d isease  

e t i o lo g y -  suggest  t h a t  Cephalospor ium s t r i p e  cannot  be compared r e a d i l y  

w i t h  o th e r  v a s c u l a r  d ise ase s .  I t  f o l l o w s ,  t h e r e f o r e ,  t h a t  the  mecha­

nisms a n d /o r  the  i n h e r i t a n c e  o f  r e s i s t a n c e  may a l s o  no t  be comparable.

Many a s p e c ts  o f  Cephalospor ium s t r i p e  e t i o l o g y  have re le vance  t o  

germplasm e v a l u a t i o n ,  e s p e c i a l l y  in  the  c o n t e x t  o f  s e l e c t i o n  p ro c e d u re s . 

Y i e l d  re d u c t io n s  have o f t e n  been measured by h a r v e s t i n g  a l l  p la n t s  

w i t h i n  i n d i v i d u a l  rows ( 1 0 ,1 2 ,1 4 ) .  T h is  p rocedure  obscures pheno typ ic  

d i f f e r e n c e s  expressed as percen tage  o f  p la n t s  i n f e c t e d ,  percen tage o f  

t i l l e r s  i n f e c t e d  w i t h i n  p l a n t s ,  and a l t e r a t i o n s  in  t h e  r a t e  and s e v e r i t y  

o f  symptom development .  Al I o f  these phenotypes a re  lumped t o g e th e r  i n ­

t o  a s i n g l e  measurement. E a r l y  v i s u a l  d isease  read ings  have been r e c o r ­

ded a t  a g iven  t im e in  the  f i e l d  w i t h o u t  regard  t o  d i f f e r e n t i a l  heading 

da tes between c u l t i v a r s  ( 1 2 ,1 4 ) .  T h is  s c o r in g  p rocedure  f a i l e d  t o  

account  f o r  these  d i f f e r e n c e s  in m a tu r a t i o n  r a t e s ,  wh ich a re  c l o s e l y  

a ss o c ia te d  w i t h  symptom deve lopment ,  re g a r d le s s  o f  s u s c e p t i b i l i t y  t o  

d isease  (Chapter  I ) .  For example,  Mar ias  and P . l .  2 /8212 a re  e q u a l l y  

s u s c e p t i b l e  t o  sys tem ic  i n v a s io n  by £ .  gramineum a f t e r  su c c es s fu l  i n f e c ­

t i o n  has o c c u r re d .  When symptom s e v e r i t y  is  eva lua ted  w i t h o u t  knowledge 

o f  heading d a te s ,  the l a t e r  m a tu r ing  P . l .  2 /8212 would appear t o  be more 

r e s i s t a n t  than the  e a r l i e r  m a tu r in g  M a r i a s . In a germplasm development 

program, t h i s  would have, two ma jo r  drawbacks.  F i r s t ,  i t  would obscure

99
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g e n o ty p i c  d i f f e r e n c e s  a s c r ib e d  s o l e l y  t o  an a c t i v e  hos t  response s i m i l a r  

t o  t h a t  e x h i b i t e d  by Crest  LF̂ C MO... S e c o n d l y , . i t  would f a v o r  the  s e le c ­

t i o n  o f  l a t e  m a tu r in g  c u l t i v a r s  a t  the  expense, o f  the  more agronomica l  Iy  

p r e f e r a b l e  e a r l y  m a tu r ing  c u l t i v a r s .  The w h i t e  head read ings  made seve­

r a l  weeks a f t e r  head ing (12,14) more a c c u r a t e l y  r e f l e c t  g e n o ty p ic  d i f ­

fe ren c e s  in hos t  response t o  d isease  in c id en ce  between p l a n t s .

The i d e n t i f i c a t i o n  o f  d i s t i n c t  p heno typ ic  responses t o  i n f e c t i o n  by 

C. gramineum e s t a b l i s h e s  the groundwork w i t h  which p a r e n t a l  m a t e r i a l s  

and subsequent  s e g r e g a t i n g  p o p u la t i o n s  may be more c a r e f u l l y  screened 

f o r  d i f f e r e n t  m a n i f e s t a t i o n s  o f  r e s i s t a n c e .  Both pathogen e x c lu s io n  and 

pathogen r e s t r i c t i o n ,  be ing  in d ependen t ly  expressed ,  m igh t  be e f f e c t i v e l y  

combined t o  produce a s u p e r i o r  genotype w i t h  the maximum p o t e n t i a l  t o  

p re v e n t ,  as w e l l  as check ,  i n f e c t i o n  by £ .  gramineum.

I f  t h i s  goal i s  t o  be a t t a i n e d ,  each phenotype must be recogn ized 

s e p a r a t e l y .  To examine d isease  in c id en ce  between p l a n t s , w h i t e  head 

counts o r  t a l l y s  o f  the  number o f  d iseased p la n t s  per  row must be made. 

Disease in c id en ce  between t i l l e r s  w i t h i n  i n f e c t e d  p l a n t s ,  however, must 

be enumerated on space -p la n te d  m a t e r i a l s .  Both o f  these phenotypes 

shou ld  be app ra ised  a t  l e a s t  one month a f t e r  head ing ,  when d isease  

symptoms, a re  f u l l y  expressed .  Y ie ld  per formance may be used t o  measure 

c u I t i v a r  responses t o  symptom s e v e r i t y ,  bu t  o n l y  i f  i n f e c t e d  p la n ts  

w i t h  in  a row are. examined.  More d e f i n i t i v e  gauging o f  t h i s  phenotype 

would i n c lu d e  e v a l u a t i o n  o f  seed s i z e ,  wh ich  r e f l e c t s  the  e x te n t  o f
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g r a i n - f i l l i n g  a f t e r  a n t h e s i s , ■h e i g h t  r e d u c t i o n ,  o r  the. r a t e  o f  sym ptom  

development on f l a g  leaves us ing  a d isease  index r a t i n g  system.

Mathre (unpub. r e s u l t s )  observed up t o  90% i n f e c t i o n  in  i n o c u la te d  

rows p la n te d  t o  a s u s c e p t i b l e ' c u l t i ' v a r  a t  a seed ing r a t e  o f  a pp ro x im a te ly  

50 seeds per  3.1 m row, sugges t ing  t h a t  reduced seeding ra te s  are not  

m i t i g a t i n g  wi th ,  respec t  t o  i n f e c t i o n  between p l a n t s .  T h e r e fo r e ,  by 

s p a c e - p l a n t i n g ,  i d e n t i f i c a t i o n  o f  each phenotype and e v a l u a t i o n  o f  

c u 1 1 iv a r  responses a re  f a c i l i t a t e d .  Screening f o r  p a r e n ta l  m a t e r i a l s  

r e q u i r e s  s p a c e - p l q n t i n g ,  so t h a t  phenotypes a re  w e l l  d e f i n e d  p r i o r  t o  

c r o s s in g .  In a d d i t i o n ,  p ed ig ree  a n a l y s i s  and e a r l y  g e n e ra t i o n  t e s t i n g  

c u r r e n t l y  employed a t  Montana S ta te  U n i v e r s i t y  (12 ,14)  n e c e s s i t a te s  

space -p la n te d  progeny rows. There is  some q u e s t io n  whe the r such an 

approach i s  the  most e f f e c t i v e  method f o r  i n c re a s in g  r e s i s t a n c e ,  however,  

s in c e  the  g e n e t i c s  o f  Cephalospor ium s t r i p e  i n h e r i t a n c e  are unknown.

I f  r e s i s t a n c e  is  q u a n t i t a t i v e l y  expressed ,  then l a t e r  g e n e ra t i o n  t e s t i n g  

o f  progeny p o p u la t i o n s  may be more r e l i a b l e .  In such a program, some 

s e l e c t i o n  p ressu re  may be a p p l i e d  on e a r l i e r  b u l k  progeny p o p u la t i o n s  

by sc reen ing  f o r  seed s i z e ,  wh ich  s e le c t s  f o r  d i s e a s e - f r e e  p la n t s  as 

w e l l  as p l a n t s  more t o l e r a n t  t o  d isease  development .  Th is  approach 

would keep p o p u la t i o n s  manageable over a number o f  s e l f Ing g e n e ra t i o n s .  

Screen ing f o r  seed s i z e  may a l s o  be e f f e c t i v e  in a r e c u r r e n t  s e l e c t i o n  

program, shou ld  s t a b l e ,  g e n e t i c  m a l e - s t e r i l e  sources in  w i n t e r  wheat be 

developed which cou ld  f a c i l i t a t e  o u t - c r o s s i n g .
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SUMMARY AND CONCLUSIONS

The e t i o l o g y ,  o f  Cephalospor ium  s t r i p e  was examined th roughou t  the 

deve lopmenta l  growth  s tages  o f  seven w i n t e r  wheat c u l t ! v a r s , which were 

d i f f e r e n t i a t e d  on the  b as i s  o f  the  i n f l u e n c e  each had on v a r io u s  stages 

o f  the  d isease  c y c l e . The maximum e x p re s s io n  o f  d isease  symptoms i s  

governed by o p t im a l  c o n d i tons f o r  two b i o t i c  components,  the  hos t  and 

the  pa thogen , and f o r  two a b i o t i c  components, the  s o i l  and the  atmos­

phere.  Thus,  the  d isease  c y c le  may be p a r t i t i o n e d  t e m p o r a l l y  and 

s p e c i a l l y  i n t o  two se ts  o f  i n t e r a c t i o n s .  The f i r s t  takes p lace  in  e a r l y  

s p r i n g  w i t h i n  the  r h i zosphere and is  i n f l u e n c e d  by even ts  su r round ing  

the  h o s t - p a t h o g e n - s o i l  system. The second takes  p la ce  th roughou t  the  

remainder o f  the  g rowing season w i t h i n  the  p l a n t  and is  i n f l u e n c e d  by 

the  hos t -pa thogen  i n t e r a c t i o n .

E xc lus ion  o f  the  pathogen,  such t h a t  the  percen tage o f  d iseased 

p la n t s  per  row is reduced,  is a type  o f  r e s i s t a n c e  which may be i n t r i ­

c a t e l y  a ss o c ia te d  w i t h  events in the h o s t - p a t h o g e n - s o i l  system. Root 

mass, wh ich wou ld a f f e c t  the  number o f  i n f e c t i o n  s i t e s  a v a i l a b l e  t o  the  

pathogen,  and p rdpagu le  l e v e l s  in the  r h j z o s p h e r e ,  wh ich  would a f f e c t  

inoculum p o t e n t i a l , were not  s i g n i f i c a n t l y  d i f f e r e n t  between c u l t ! v a r s .  

These r e s u l t s ,  however,  do no t  r u l e  out  the  p o s s i b i l i t y  o f  less d i s c e r ­

n i b l e  d i f f e r e n t i a l  responses such as th e  r a t e  o f  wound -hea l i ng  in ro o ts  

o r  l o c a l i z e d  p ropagu le  l e v e l s  in  the  v i c i n i t y  o f  the  r o o t - s o i l  i n t e r ­

face .  Any i n f l u e n c e  on even ts  a s s o c ia te d  w i t h  ro o t  b reakage,  wh ich  is

“j
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e s s e n t i a l  f o r  ing ress  o f  the  pathogen i n t o  the  r o o t  sys tem, would, a l s o  

a f f e c t  t h i s  t ype  o f  r e s i s t a n c e .  Of the  c u I t i v a r s  examined,  R , I . 278212, 

P . I . 094424, and C. I . 07638 were r e s i s t a n t  t o  d isease  by e x c lu d in g  the  

pathogen w h i l e  M a r ias ,  Lancer,  Crest  LRC 40, and W ina l ta  were suscep­

t i b l e .

R e s t r i c t i o n  o f  the  pathogen,  such t h a t  e i t h e r  d isease  in c idence  

among t i l l e r s  o f  i n f e c t e d  p la n t s  is reduced o r  the  r a t e  and s e v e r i t y  o f  

symptom e x p ress ion  i s  c u r t a i l e d ,  re p re s en ts  a type  o f  r e s i s t a n c e  asso­

c i a t e d  w i t h  events in the  hos t -pa thogen  system. In a l l  c u l t i v a r s ,  the  

sys tem ic  movement o f  Cr  gramineum was l i m i t e d  by m a tu r a t i o n  o f  the  x y Iem 

ne twork .  At no t im e  was the fungus observed p e n e t r a t i n g  immature,  

l i v i n g  vesse l  e lemen ts .  In the  case o f  Cres t  LRC 40,  however,  a d d i t i o ­

nal  c u r t a i l m e n t  o f  the  pathogen was e v id e n t  between t i l l e r s ,  v e r t i c a l l y  

up the Culm, and l a t e r a l l y  in  the  leaves .  Th is  a c t i v e  hos t  response 

was though t  t o  r e s u l t  e i t h e r  f rom l o c a l i z a t i o n  o f  funga l  c e l l s  by g e l a ­

t i o n  o r  gummosis, f rom i n h i b i t i o n  o f  coni  d i a l  p r o l i f e r a t i o n ,  o r  a combi ­

n a t i o n  o f  these  two phenomena.

Cr  gram? neum invades the  v a r io u s  v a s c u la r  bund le  types o f  each 

node and i t s  l e a f  o f  a t tachment  in  the  same sequence. T h is  r e p e t i t i v e  

p a t t e r n  o f  c o l o n i z a t i o n  is  v i s u a l l y  apparen t  in  f o l i a r  s t r i p e  f o r m a t i o n .  

The pathogen was r a r e l y  observed in V as c u la r  bundles e x h i b i t i n g  no 

symptoms. Hence, c h l o r o t i c  s t r i p e s  were c l o s e l y  a s s o c ia te d  w i t h  p r o l i ­

f e r a t i o n  o f  the  fungus w i t h i n  c o lo n iz e d  v a s c u la r  bund les .  Reduct ion in
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r e l a t i v e  w a te r  c o n t e n t ,  conduc tance,  net  p h o to s y n th e s i s ,  and c h l o r o p h y l l  

c o n te n t  were d i r e c t l y  c o r r e l a t e d  w i t h  s t r i p e  f o r m a t i o n .  Taken t o g e t h e r ,  

t h i s  da ta  suggests- t h a t  fun g a l  c o l o n i z a t i o n  and p r o l i f e r a t i o n  i n t e r a c t s  

w i t h  the  hos t  t o  cause l o c a l i z e d  v a s c u la r  d y s fu n c t i o n  around and w i t h i n  

i n f e c te d  bun d le s ,  wh ich  in  t u r n  i n h i b i t s  the  p h y s i o l o g i c a l  a c t i v i t y  o f  

a d jac e n t  phloem and mesophy11 c e l l s .

t h e  development o f  a d isease  index r a t i n g  system, wh ich q u a n t i f i e d  

the  number o f  c h l o r o t i c  s t r i p e s  on a l e a f  a t  a g iven  t im e ,  a l lowed  

e xpe r im en ta l  r e l a t i o n s h i p s  between symptom development and p h y s i o l o g i c a l  

a c t i v i t y  o f  i n f e c t e d  leaves t o  be m on i to red  th roughou t  the  ontogeny o f  

the h o s t  p l a n t s .

I d e n t i f i c a t i o n  o f  the  two types o f  r e s i s t a n c e  t o  Cephal o s p o r i urn 

s t r i p e  and t h e i r  subsequent  e f f e c t s  on the  hos t -pa thogen  i n t e r a c t i o n  

have im p o r ta n t  a p p l i c a t i o n s  in  a germplasm development program. Exc lu ­

s io n  o f  the  pathogen and r e s t r i c t i o n  o f  the  pathogen a re  independent ly  

expressed among c u l t i v a r s .  Th is  is  no t  s u r p r i s i n g  i f  each e x e r t s  i t s  

i n f l u e n c e  a t  d i f f e r e n t  t imes d u r in g  the  d isease  c y c le .  Each phenotype 

should be recogn ized  and e v a lua ted  s e p a r a t e l y  when sc reen ing  f o r  paren­

t a l  m a t e r i a l s ,  bu t  s e le c te d  t o g e th e r  in  seg reg a t ing  p o p u la t i o n s  so t h a t  

bo th  types  o f  r e s i s t a n c e  are combined t o g e t h e r  i n t o  a s i n g l e  genotype.

F o l i a r  symptom e xp ress io n  p rov ides  a powerfu l  s e l e c t i o n  t o o l  f o r  

e v a l u a t i n g  a l l  p he n o typ ic  responses,  s in c e  i t  a c c u r a t e l y  r e f l e c t s  the 

p h y s i o l o g i c a l  s t a t e  o f  the l e a f .  Thus , more com p l i ca ted  and t ime
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consuming measurements o f  p h y s i o l o g i c a l  a c t i v i t y  such as p ho tosyn th es is  

and w a te r  d e f i c i t s  a re  unnecessary.

S e l e c t i o n  procedures must be used wh ich  recogn ize  t h a t  the  ra te  o f  

symptom development is  a f f e c t e d , no t  o n l y  by a c t i v e  r e s i s t a n c e  to  the  

pathogen movement, bu t  by the  h o s t ' s  m a tu r a t i o n  g r a d ie n t s  as w e l l .  

Recording head ing dates  and making s e l e c t i o n s  a t  a s ta n d a rd i z e d  i n t e r v a l  

a f t e r  head ing would ensure t h a t  the  m i t i g a t i n g  in f l u e n c e s  o f  hos t  

development a re  removed f rom c o n s i d e r a t i o n .
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