
VOL. 53, NO. 4, CAN. PLANT DIS. SURV. DEC. 7973 191 

RHIZOPHYDIUM GRAMINIS (CHYTRIDIALES): MORPHOLOGY, HOST 

RANGE ,AND TEMPERATURE EFFECT 

D.J.S. Bar; 

Abstract 
Rhizo h dium qraminis ,  an o b l i g a t e  p a r a s i t e  of r o o t  c e l l s  was found i n  

soil-winter wheat growing a r ea s  of Ontario.  I n  l abo ra to ry  t e s t s  
an i s o l a t e  from wheat grew abundantly on ba r l ey  (Hordeum vu lqa re ) ,  
Aqropyron repens,  Bromus iaponicus ,  C i q i t a r i a  s anqu ina l i s ,  Elvmus 
canadensis ,  Lolium perenne, and Zea m a s  but poorly or no t  a t  a l l  on o a t s  
(Avena s a t i v a )  , 13 o the r  spec i e s  of Gramineae and 9 commercial p l a n t s  i n  
o t h e r  f a m i l i e s .  R. r aminis  was a l s o  found i n  Ontar io  on s i x  
nonqraminaceous hosts, Tw: i s o l a t e s  from Plantaqo major f a i l e d  t o  i n f e c t  
wheat. The morphology of 2. graminis  i s  d iscussed  and a non-sexual o r i g i n  
of t h e  r e s t i n g  spores  i s  suggested. The fungus grew between 5 and 21 C 
with optimum about 15-19 C. 

Introduction 

I 

I 

The chyt r id iaceous  fungus Rhizophvdium 
qraminis  was f i r s t  repor ted  by Ledingham (3 )  
on roots of  wheat and Panicum from Onta r io  
and Massachusetts. More r ecen t ly ,  MacFarlane 
(4) found t h i s  fungus on c e r e a l s ,  g r a s se s ,  
Chenopodium, S t e l l a r i a ,  and tobacco i n  
Zngland. I n  Ontario,  g. qraminis  was one of  
four  zoosporic fungi  commonly found 
a s soc i a t ed  with wheat sp ind l e  s t r e a k  mosaic 
v i r u s  (1). The p o s s i b i l i t y  of it being a 
vec to r  o f  WSSM v i r u s  prompted f u r t h e r  
i n v e s t i g a t i o n  on morphology, d i s t r i b u t i o n  i n  
Ontario,  hos t  range, and temperature e f f e c t .  

Methods 

Rhizophvdium s r amin i s  Ledingham was found 
on t h e  roots of win ter  wheat s eed l ings  grown 
i n  so i l  from var ious  f i e l d s  a t  15-18 C f o r  3 
t o  4 weeks. To i n c r e a s e  t h e  number of 
f r u i t i n g  bodies and t o  make roots e a s i e r  t o  
examine microscopica l ly ,  t h e  roots of 
s eed l ings  removed from t h e  soi l  were r i n sed  
i n  t a p  water, t h e  young p l a n t s  pot ted  i n  sand 
and watered with ha l f- s t r eng th  Hoagland's 
so lu t i on .  The f r u i t i n g  bodies were u sua l l y  
abundant a f t e r  a f u r t h e r  2 t o  3 weeks a t  15- 
18 C. Previous f a i l u r e  t o  f i n d  t h e  fungus on 
roots of p l a n t s  grown i n  sand (1) can be 
a t t r i b u t e d  t o  temperature which occas iona l l y  
exceeded 29. c. 

The fungus was t r ansmi t t ed  t o  o t h e r  
s eed l ings  by growing s eed l ings  around an 
i n f e c t e d  wheat p l an t  i n  sand i n  a 4-inch po t  
f o r  2-3 weeks. The t e s t  s eed l ings  were then  
r e p o t t e a  i n  sand. The fungus has  been 
maintained on wheat i n  t h i s  manner f o r  over 4 
years .  H o s t  range and temperature 
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experiments  were done wi th  an  i s o l a t e  from a 
mixture of soils c o l l e c t e d  from wheat f i e l d s  
near  Brantford,  Ontario.  

Observations and results 

Morpholoqy 

Rhizophydium qraminis  occurs  on root 
h a i r s  and epidermal cells  of wheat, bar ley ,  
and c e r t a i n  g r a s se s  and weeds. I t  i s  
recognized by s p h e r i c a l  sporangia on t h e  
s u r f a c e  of root c e l l s  (Fig. I), or by t h e  
cup-shaped wa l l s  of empty sporangia fo l lowing  
zoospore r e l e a s e  (Fig. 2 ) .  The hos t  c e l l  is 
pene t r a t ed  by a f i n e  germ tube  which grows 
i n t o  a spa r ing ly  branched r h i z o i d  (Fig. 2) 
whi le  t h e  e x t e r n a l  zoospore c y s t  en l a rges  and 
becomes a sporangium. The empty sporangia 
and rh i zo id s  c l e a r l y  d i s t i n g u i s h  t h e  fungus 
from t h e  protozoa or from PVthium sporangia 
which a r e  a t  t imes  s u p e r f i c i a l l y  s i m i l a r  t o  
t h e  g lobular ,  e x t e r n a l  sporangia of  3. 
graminis .  

Sporangia of a l l  i s o l a t e s  t h a t  I have 
examined from Ontar io  were t y p i c a l l y  
sphe r i ca l ,  6-36 um diam and occas iona l l y  
ovate.  Larger sporangia,  r epo r t ed  up t o  100 
um diam (3), were no t  seen on e i t h e r  f r e s h l y  
c o l l e c t e d  p l a n t s  or on p l a n t s  grown i n  sand. 
A t  matur i ty  sporangia r e l e a s e  zoospores by a 
sudden bu r s t i ng  of a t h i n  a p i c a l  po r t i on  of 
t h e  sporangium wal l .  The zoospores, which 
s w i m  away immediately, vary  from sphe r i ca l ,  
2-2.5 pm diam t o  e l l i p t i c a l ,  2x3-1.5X4 pm and 
have one l i p i d  body, 0.5-1.5 p m  diam, and one 
p o s t e r i o r  f lage l lum.  The f l age l l um l e n g t h s  
of f i v e  i s o l a t e s  d i f f e r e d  a s  fol lows:  10-12, 
12.5-14, 13-15, 14-15.5, and 15-16 p m .  The 
measurements inc lude  t h e  very  f i n e  and 
d i f f i c u l t - t o- s e e  whiplash end 1.5 p m  i n  
length .  

Rest ing spores a r e  10-18 p m  diam and have 
a hyal ine  or very p a l e  brown o u t e r  wal l  0.5- 
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Figures 1-3. Rhizophydium graminis on root hairs of wheat. 1) Mature sporangium; 2 )  Empty sporangium following discharge of zoospores, note the 
rhizoids inside the root hair; 3) T w o  thick-walled resting spores. A l l  figures at the magnification shown in F i g .  3. 

1 .O p m  t h i ck  and a hya l i ne  inner  wa l l  0 .5  p m .  
The o u t e r  w a l l  i s  a t  f i r s t  smooth but  becomes 
roughened when mature (Fig.  3 ) .  I have no t  
been a b l e  t o  confirm e a r l i e r  observa t ions  (3) 
t h a t  r e s t i r g  spo re s  r e s u l t  a f t e r  f u s ion  of 
rh i zo id s .  Although root h a i r s  u sua l l y  a r e  
i n f ec t ed  by many l a r g e  and smal l  t h a l l i  with 
i n t e r l a c i n g  rh i zo id s ,  I be l i eve  r e s t i n g  
spores a r e  asexual  because o f t e n  a s o l i t a r y  
r e s t i n g  spo re  was seen without  any s ign  of 
fu s ion  t o  an ad jacent  c y s t  o r  r h i zo id .  

Temperature e f f e c t  on qrowth 

The maximum temperature measured among 
t h e  roots i n  sand c u l t u r e  was 20-21 C;the 
es t imated  optimum growth, based on t h e  
abundance of sporangia,  was between 15 and 19  
C. The fungus a l s o  grew a t  5 C which was t h e  
lowest  temperature t e s t e d .  Rest ing spo re s  
occurred a t  5 t o  2 1  C and were exceedingly 
abundant a t  20-21 C. 

Surv iva l  

The fungus has  survived 9 years ,  t h e  
l o n g e s t  per iod  t e s t e d ,  i n  a i r- d r i ed  soi l  
s t o r e d  i n  a greenhouse i n  which t h e  
temperature v a r i e d  from about  15 t o  30 C. 

D i s t r i b u t i o n  

I n  1971 B. graminis  was recovered from 15 
out  of 19 s o i l  samples c o l l e c t e d  i n  wheat 
f i e l d s  i n  southern  Ontario,  inc luding  t h e  
fo l lowing  count ies :  E lg in ,  Haldimand, Huron, 
Kent, and Lincoln. I t  has  been recovered 
from soil  a t  t h e  Cen t r a l  Experimental Farm, 
Ottawa, and a t  Amherst I s l and  i n  Lake 
Ontario.  It is  t h e r e f o r e  probably p r e sen t  i n  
a l l  wheat growing a r e a s  of Ontario.  I n  
add i t i on ,  it was found i n  muck so i l  i n  which 
vegetable  c rops  had been grown f o r  many yea r s  
from t h e  Bradford Marsh, Simcoe County. 

Host ranqe 

P l a n t s  were recorded a s  su scep t ib l e ,  

l i g h t l y  i n f ec t ed  o r  r e s i s t a n t  t o  an i s o l a t e  
of E .  qraminis  from wheat. 

Suscep t ib l e  - Suscep t ib l e  s p e c i e s  were 
i n f ec t ed  a t  l e a s t  a s  s eve re ly  a s  cv. Kent 
win ter  wheat: mature sporangia were abundant 
on epidermal c e l l s  and r o o t  h a i r s  and t h e  
fungus was ab l e  t o  s u b s i s t  on t h e  test  p l a n t  
a f t e r  removal of t h e  i n f e c t e d  wheat p l a n t  
from the  pot .  Suscept ib le  p l a n t s  inc ludsd  
w in t e r  wheat (Triticum aest ivum L. cv. Kent) , 
durum wheat (2. durum Desf. cv. Ramsey) , 
ba r l ey  (Hordeum vulqare  L. cv. Vantage) , 
f i e l d  corn  (a  may^ L. cv. Dekalb) , sweet 
corn (Zea maw var .  ruqosa Bonsf .) , pe renn ia l  
r y e  g r a s s  (Lolium perenne L.!, Aqropyron 
repens (L.) Beauv. , Bromus j apon icus  Thumb. , 
D i s i t a r i a  s a n q u i n a l i s  (L.) Scop. , and Elvmus 
canadwnsis L. 

L ight  i n f e c t i o n  - Ligh t ly  i n f e c t e d  p l a n t s  
had a few mature sporangia on r o o t s  and 
pos s ib ly  only  succumbed t o  E .  qraminis  
because of t h e  f avo rab l e  t e s t  cond i t i ons .  
The fungus e i t h e r  d id  not  su rv ive  o r  was 
ba re ly  d e t e c t a b l e  on t h e  t e s t  p l a n t s  when t h e  
i n f e c t e d  wheat p l a n t  was removed from t h e  
pot. Spec ies  included i n  t h i s  ca tegory  were 
cabbage (Brassica o l e r acea  var .  c a p i t a t a  L. 
cv. Golden Acre), cress (Lepidium sat ivum 
L.) , r i c e  (Orvza s a t i v a  L. cv. Blue Bonnet) , 
l e t t u c e  (Lactuca s a t i v a  L. cv. Grand Rapids) , 
Aqropyron trachycaulum (Link) Malte. , Avena 
byzantina K. Koch, &. sterilis L., Bromus 
inermis  Leyss.,  Festucn rubra  L. ,  Holcus 
l a n a t u s  L., and Hordeum bulhosum. 

R e s i s t a n t  - P l a n t s  were considered 
r e s i s t a n t  i f  encysted zoospores f a i l e d  t o  
develop i n t o  mature sporangia.  I t  i s  
i n t e r e s t i n g  t o  no t e  t h a t  w i th in  t h e  genus 
Avena, wild o a t s  (5. f a t u a  and 5. barba ta)  
and t h e  c u l t i v a t e d  v a r i e t i e s  S t o r m n t  and 
Garry were completely r e s i s t a n t ,  whereas on 
cv. C l in t l and  60 a few abor ted  sporangia  
were seen wi th  t h e i r  germ tubes  walled-off by 
h o s t  p lug  mater ia l .  I n  c o n t r a s t ,  t h e  wild 
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g r a s s e s  A. b z an t i na  and A. s t e r i l i s  were 
l i g h t l y  infect:d. R e s i s t a n t  p l a n t s  included 
o a t s  (Avena s a t i v a  L. cv. Stormont, Garry, and 
C l in t l and  60),  m e t  (Beta v u l q a r i s  L.)  , green  
bean (Phaseolus v u l q a r i s  L. cv. Ha rves t e r ) ,  
pa r s l ey  (Pe t ro se l i nug  crispum ( M i l l . )  Mansf. 
cv. Moss C u r l ) ,  Avena barbata B r o t . ,  Avena - f a t u a  L., Dac tv l i s  glomerata L. ,  and= 
p r a t e n s i s  L. 

I n  add i t i on  t o  t h e  hos t  range t e s t s  
recorded above, E .  graminis  has  been found on 
a number of occas ions  on p l a n t s  o the r  t han  
wheat. I n  a sample of muck (organic)  so i l  
from t h e  Bradford Marsh, R. qraminis  grew 
abundantly on barnyard g r a s s  (Echinochloa 
c r u s - q a l l i  (L.) , Beauv.) , purs lane  (Por tu laca  
o l e r acea  L.) , and common groundsel  (Senecio 
v u l q a r i s  L . ) ,  which grew from- 
inadver t en t l y  c o l l e c t e d  with t h e  soil .  The 
fungus grew on wheat grown i n  t h i s  so i l  but  
no t  on cabbage, c a r r o t  (Daucus c a r o t a  L:), 
c e l e r y  (Ap ium qraveolens  L.) , l e t t u c e ,  onion 
(Allium L.) , pars ley ,  tomato 
(-rsicum esculentum M i l l .  ) , o r  Oenothera 
b i enn i s  L. 

On two occas ions  i n  1973 R. qraminis  was 
found on p l a n t a i n  (Plantaqo major L.) from 
Vineland and Po r t  Colborne. On each occasion 
a t t emp t s  t o  t r a n s m i t  t h e  fungus t o  wheat were 
unsuccessful .  

R.  aminis  was found on f i v e  o t h e r  
o c c a s i o n r i n  1973 on t h e  fo l lowing  g r a s s e s  
and weeds c o l l e c t e d  i n  Ontario:  Aqropvron 
revens,  r ed roo t  pigweed (Amaranthu s 
retroflexus L.) , shepherd 's  purse (Capsel la  
bursa-Das tor i s  (L.) Medic .) , wild s t rawberry  
(Fraqar ia  v i rq in i ana  Duchesne) and Polvsonum 
a v i c u l a r e  L. 

These f i nd ings  sugges t  t h e r e  a r e  hos t  
s p e c i f i c  s t r a i n s  of E .  qraminis  because t h e  
i s o l a t e  from wheat s eve re ly  i n f ec t ed  only 
graminaceous p l a n t s  whereas t h e  fungus 
occurred n a t u r a l l y  on non-graminaceous weeds 
from s e v e r a l  l oca t i ons .  Moreover, t w o  
i s o l a t e s  from Plantaao  major f a i l e d  t o  i n f e c t  
wheat under favorable  tes t  cond i t i ons  i n  t h e  
1 abora tor  y . 

A s ea rch  of t h e  l i t e r a t u r e  shows t h a t  
a p a r t  from t h e  r a t h e r  s ca r ce  r epo r t i ngs  of E. 
graminis  (1, 3, 4), a spec i e s  of Rhizophvdium 
has been found p a r a s i t i c  on E r i ca  g r a c i l i s  i n  
Switzerland ( S ) ,  and i n  Germany E. 
pate l la r iurn  was repor ted  p a r a s i t i c  on 
c o r t i c a l  cells  of cabbage (2 ) .  However, most 
s p e c i e s  of Rhizophvdium occur  on a lgae  i n  
aqua t i c  h a b i t a t s  or have been i s o l a t e d  on 
pine pol len  or o t h e r  b a i t s  from soil .  
Severa l  have been grown i n  pure c u l t u r e  on 
chemical ly def ined  media but a l l  a t tempts  by 
t h e  au thor  t o  grow g. qraminis  on a lgae ,  p ine  
pol len ,  or i n  pure c u l t u r e  have, so f a r ,  
f a i l e d .  
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