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FUNGI ASSOCIATED WITH THE RUSTY ROOT DISORDER 

OF MUCK-GROWN CARROTS IN ONTARIO 

J.C. Sutton' 

Abstract 

Filamentous fungi recovered from c a r r o t  r o o t s  do not  appear t o  i n i t i a t e  
t h e  rus ty  root d i so rde r  of c a r r o t s  produced i n  soils  a t  t he  Bradford and 
Keswick marshes of Ontario. Species of Al ternar ia ,  Cylindrocarnon, 
Gliocladium, and Fusarium w e r e  recovered f requent ly  from c a r r o t s  grown i n  
e i s h t  f i e l d s  i n  the  marshes, but  i n  pathoqenicity tests f a i l e d  t o  produce 
symptoms o f  rus ty  root. NO f i lamentous fungus was- recovered c o n s i s t e n t l y  
from carrot roo t s  with symptoms of rus ty  root. Groups of fungi  found i n  
c a r r o t s  with and without rus ty  root w e r e  s i m i l a r ,  but  w e r e  recovered less 
f requent ly  from the  nonaffected ca r ro t s .  Although o t h e r  f a c t o r s  appear t o  
i n i t i a t e  rus ty  roo t ,  t he  filamentous fungi found i n  c a r r o t  roo t s  a r e  
probably important  i n  t h e  development of t h e  d isorder .  

Introduction 

A d i so rde r  of c a r r o t s  (Daucus c a r o t a  L. 
var. s a t i v a  DC.),  r e f e r r e d  to  as " rus ty  roo t"  
or "early w i l t "  (1) , has damaged a 
s u b s t a n t i a l  proport ion of t h e  c a r r o t s  grown 
i n  t h e  Bradford and Keswick Marshes of 
Ontario i n  r ecen t  years.  Affected c a r r o t s  
c h a r a c t e r i s t i c a l l y  show numerous rusty-brown 
la tera l  roo t s ,  profuse development of l a t e r a l  
r o o t s ,  misshapen o r  s tunted  t a p  r o o t s ,  and 
s t u n t i n g  and w i l t i n g  of t h e  fo l iage .  In  t h e  
f i e l d ,  c a r r o t s  with rus ty  r o o t  a r e  o f t e n  
d i s t r i b u t e d  i n  patches t h a t  appear l a r g e r  i n  
success ive  growing seasons. parsnip  

! 

(Pas t inaca  s a t i v a  L.) and d i l l  (Anethum 
m a y  a l s o  develop symptoms of  

Zusty root .  I n  c a r r o t s ,  s i m i l a r  d i so rde r s  
raveolens 

have- been observed i n  B r i t i s h  Columbia (2 ) ,  
Wisconsin ( 3 )  , Flor ida  (5)  , and t h e  
Netherlands (8 ) .  

The cause of rus ty  r o o t  i n  carrots grown 
i n  Ontario i s  not  known, but  some 
observat ions  have indica ted  t h a t  
microorganisms may be important  i n  t h e  
i n i t i a t i o n  or development of t h e  d isorder .  
Steam s t e r i l i z a t i o n  of a f f ec t ed  muck so i l  
prevented r u s t y  roo t  i n  c a r r o t s  subsequently 
grown i n  t h e  t r e a t e d  s o i l  (unpublished d a t a ) .  
Rusty roo t  d i d  not  develop on carrots qrown 
i n  a f f e c t e d  soi l  exposed t o  about 5 mi l l i on  
rads  gamma rad ia t ion  from a c o b a l t  60 source,  
bu t  s e r i o u s l y  damaged c a r r o t s  i n  con t ro l  so i l  
( D r .  S.G. Fushtey, personal  communication). 
Elsewhere, c a r r o t  d i so rde r s  s i m i l a r  t o  r u s t y  
roo t  have been a t t r i b u t e d  to  spec ie s  of 
Pythium (2,  3 ,  5). 
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To examine t h e  poss ib le  r o l e  of fungi i n  
t h e  i n i t i a t i o n  and development of r u s t y  roo t ,  
a d i agnos t i c  survey of t h e  fungi associa ted  
with roo t s  of c a r r o t s  grown i n  Ontario muck 
s o i l s  w a s  c a r r i e d  out .  

Materials and methods 

c a r r o t s  w e r e  sampled i n  one f i e l d  on each 
of e i g h t  farms d i s t r i b u t e d  widely i n  t h e  
Bradford and Keswick marshes on June 16 ,  July 
14 and August 1 4 ,  1972 (Table 1 ) .  Rusty r o o t  
had appeared dur ing  t h e  p a s t  3 years  on 
c a r r o t s  grown i n  seven of t h e  e igh t  sampled 
f i e l d s .  I n  f i e l d  7 (Table 1 )  t h e  d isease  had 
not  been observed i n  t h e  previous c a r r o t  crop 
grown i n  1968. Groups of c a r r o t s  were l i f t e d  
with some surrounding s o i l  from 8 t o  12 
random loca t ions  i n  an a rea  about 40 m diam 
i n  each f i e l d  and bulked. The same a reas  
w e r e  sampled a t  each sampling t i m e .  
Harvested c a r r o t s  w e r e  s to red  i n  p l a s t i c  bags 
a t  about 4 C f o r  3 t o  5 days before  p l a t i n q  
on agar media. The pH of s o i l  samples was 
determined by t h e  method of Schofield and 
Taylor ( 6 ) .  Samples of parsnip  and d i l l  with 
symptoms of r u s t y  root  w e r e  a l s o  co l l ec t ed  on 
July  1 4  from t h e  Bradford Marsh. 

To i s o l a t e  fungi ,  p ieces  of l a t e r a l  and 
t a p  roo t s  of  c a r r o t ,  parsnip ,  and d i l l  
showing var ious  degrees of rusty-brown 
d i sco lo ra t ion  w e r e  washed i n  t a p  water,  
su r f ace- s te r i l i zed ,  and p l a t ed  on agar  media. 
About 40 r o o t  p ieces ,  5 mm i n  length ,  w e r e  
c u t  from each root sample, immersed f o r  5-10 
seconds i n  70% a lcohol  and i n  0.5% NaOCl 
("Javex") , washed i n  s t e r i l i z e d  d i s t i l l e d  

water,  and p l a t ed  on water agar ,  pota to  
dextrose agar  (PDA) , corn meal agar  (Difco) , 
c a r r o t  agar,  and Martin medium ~ - M z  ( 7 ) .  
A l l  media except Martin RB-MZ w e r e  
supplemented with ch lo re t e t r acyc l ine  a t  0.1  
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Table 1. Location, s o i l  pH, and cropping h i s t o r y  of c a r r o t  f i e l d s ,  and r u s t y  roo t  s e v e r i t y  and sowing times 
f o r  c a r r o t  v a r i e t i e s  grown i n  1972 

Cropping h i s t o r y  
Rusty r o  t 

August 1 4 ,  1972 

P Carrot  var .  T ime  of 

i n  1972 
F i e l d  Location S o i l  grown i n  sowing r a t i n g  

no. of  marsh PH 1969 1970 1971 1972 

1 Keswick 5.9 onions c a r r o t s  onions Hipack Early May 3 

2 Bradford 5.2 l e t t u c e  c a r r o t s  onions Pioneer 318 Mid May 3 

3 Bradford 6.0 onions c a r r o t s  onions Hipack Mid May 1 

4 Bradford 5.7 c a r r o t s  onions c a r r o t s  Hipack Early May 2 

5 Bradford 6 .2  c a r r o t s  c a r r o t s  onions Hipack Mid May 3 

6 Bradford 5.2 onions c a r r o t s  onions Hipack Early May 

7 Bradford 6.3 onions po ta toes  l e t t u c e  Carousel Late Apri l  

8 Bradford 6.0 onions c a r r o t s  onions Hipack Mid May 

I n  area of f i e l d  sampled; o = none, 1 = l i g h t ,  2 = moderate, 3 = severe.  

mg/ml. P l a t e s  w e r e  incubated a t  22 C, and 
examined f r equen t ly  f o r  fungus growth. 
Addit ional  fungus i s o l a t i o n s  w e r e  made from 
t h e  samples co l l ec t ed  i n  August by gr indinq  
s u r f a c e- s t e r i l i z e d  root segments i n  a t i s s u e  
g r inde r  and prepar ing  d i l u t i o n  p l a t e s  with 
t h e  above media. The recovery of P thium 
from these  samples w a s  at tempted by us& 
method descr ibed  by Mildenhall e t  a l .  ( 3 ) .  

For d e t e c t i o n  of chyt r id iaceous  and 
mycorrhizal  fungi  about 0.5 g of  l a t e r a l  
roots from samples co l l ec t ed  i n  Ju ly  were 
f i xed  i n  formalin- acetic- acid- alcohol,  
c l ea red  i n  potassium hydroxide, and s t a ined  
i n  t rypan b lue  by t h e  method of P h i l l i p s  and 
Hayman ( 4 ) .  

The pa thogenic i ty  t o  c a r r o t  r o o t s  of 
fungi  recovered f r equen t ly  from t h e  r o o t  
segments w a s  examined by growing c a r r o t s  i n  
muck soi l  t h a t  was s t e r i l i z e d  and i n f e s t e d  
a r t i f i c i a l l y  with fungus propagules. Pluck 
s o i l  i n  which c a r r o t s  d i d  no t  develop r u s t y  
r o o t  i n  1972 w a s  co l l ec t ed  a t  t h e  Muck 
Research S t a t i o n ,  Bradford, Ontario,  i n  
September, 1972. The s o i l  w a s  autoclaved a t  
121 C f o r  30 min, he ld  a t  room temperature 
f o r  2 days,  then  reautoclaved f o r  an 
a d d i t i o n a l  30 min. Spores of  t h r e e  i s o l a t e s  
of Cylindrocarpon des t ruc t ans  (Zins.)  
Scholten,  t h r e e  i s o i a t e s  of Fusarium s o l a n i  
(Mart. ) Sacc., two i s o l a t e s o c ~  
sp. and two i s o l a t e s  of A l t e rna r i a-  a l t e r n a t a  
(Fr . )  Keissler w e r e  recovered i n  water  from 
c u l t u r e s  grown on mal t- ext rac t  agar. For 
each i s o l a t e ,  lo4 and lo5  spores were added 
pe r  g of  s epa ra t e  samples of t h e  autoclaved 
muck soil. In  spore  suspensions of 
Cylindrocarpon and Fusarium both macroconidia 
and microconidia w e r e  present .  Noninfested 
and i n f e s t e d  s o i l  samples w e r e  placed i n  1 6  
oz p l a s t i c  cy l inde r s ,  and seeds of c a r r o t  

'Gold Pak' w e r e  sown. The c a r r o t s  w e r e  grown 
a t  8-12 c f o r  4 weeks and a t  16-20 C f o r  a 
f u r t h e r  4 weeks; t h e  photoperiod w a s  16 h and 
l i g h t  i n t e n s i t y  200-240 UE / m-2,sec-1 . The 
carrot r o o t s  were then washed and examined on 
a d i s s e c t i n g  microscope f o r  d i s ease  symptoms. 

Results 

Rusty r o o t  symptoms w e r e  p r e sen t  on 
c a r r o t  roo t s  co l l ec t ed  a t  each t i m e  of  
sampling from each f i e l d  except  f i e l d  7 where 
no r u s t y  roo t  was found (Table 1 ) .  

The fungus genera recovered f r equen t ly  
from t h e  r o o t  segments of  c a r r o t s  wi th  
symptoms of r u s t y  r o o t  w e r e  A l t e rna r i a ,  
c l i n d r o c a r  on, Fusarium, Gliocladium, Mucor, 
a id  PenicHllium ( T a b l e  2 ) .  S p e c i e s f  
Penic i l l ium w e r e  abundant a t  each t i m e  of 
sampling. Fusarium and Mucor w e r e  recovered 
commonly only  i n  June a n d T I E c l a d i u m  only  i n  
Ju ly .  Cy l indrocarpon w a s  t he  predominant 
fungus Pound i n  Ju ly  and August, and 
Al t e rna r i a  appeared f r equen t ly  i n  r o o t s  
c o l l e c t e d  i n  August. 

Genera of fungi  found i n  roo t s  c o l l e c t e d  
from t h e  var ious  f i e l d s  where r u s t y  r o o t  
developed w e r e  s i m i l a r ,  but  t h e r e  w e r e  
q u a n t i t a t i v e  d i f f e r ences ,  e s p e c i a l l y  i n  t h e  
August samples. I n  t hese  samples, 
Cylindrocarpon was t h e  dominant funqus 
recovered i n  r o o t s  from fou r  f i e l d s ,  
A l t e rna r i a  i n  r o o t s  from two f i e l d s  and 
Penic i l l ium i n  r o o t s  from one f i e l d .  

The fungi  recovered from comminuted r o o t  
segments were gene ra l ly  similar t o  those  
found i n  i n t a c t  segments, but  y e a s t s  and 
spec i e s  of Penic i l l ium were notably abundant. 

1 
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Table 2. Frequency of recovery on agar media of fungi from segments of rusty and 
non-rusty carrot roots collected at different times in the growing 
season 

Percent root segments 1 

June July August 
Fungus 
genus Rusty' Non-rusty Rusty Non-rusty Rusty Non-rusty 

Alternaria 

Chaetomium 

Cladospri urn 

Cylindrocarpon 

Emericellopsis 

Fusari urn 

G1 iocl adi urn 

mcor 

Papulaspra 

Penicillium 

Pythi urn 

Rhizoctonia 

Rhizopus 

Stemphyli urn 

Trichocladi urn 

Trichoderma 

Verticillium 

Not identified 

0 

2 

0 

2 

2 

34 

0 

24 

0 

27 

6 

9 

6 

0 

4 

8 

0 

0 

0 

0 

0 

0 

0 

25 

0 

12 

0 

5 

8 

0 

0 

0 

5 

0 

0 

0 

3 

6 

6 

30 

4 

10 

14 

10 

4 

18 

4 

5 

0 

0 

0 

4 

6 

4 

0 

0 

0 

12 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 83 

2 0 

4 5 

42 8 

0 0 

8 8 

0 0 

0 0 

0 0 

16 8 

2 0 

9 4 

0 0 

2 0 

0 0 

0 0 

0 0 

2 0 

Percent root segments placed on five selective agar media yielding the 
fungi indicated. 

Samples collected in seven fields where rusty root appeared. 

samples collected in one field where no rusty root appeared. 
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There were no cons i s t en t  q u a l i t a t i v e  
d i f f e r e n c e s  i n  t h e  fungi  found i n  segments 
from rus ty-  and healthy-appearing po r t i ons  of  
t h e  roots from a f f e c t e d  ca r ro t s .  

Fungi found i n  carrots without  r u s t y  r o o t  
w e r e  similar t o  those  with r u s t y  roo t ,  bu t  
w e r e  fewer i n  number and w e r e  u sua l ly  
recovered less f r equen t ly  (Table 2 ) .  

Isolates of Fusarium, Cylindrocarpon, and 
A l t e r n a r i a  w e r e  i d e n t i f i e d ,  r e spec t ive ly ,  a s  
F. s o l a n i  (Mart.) Sacc. (18 i s o l a t e s ) ,  C. 
a e s t r u c t a n s  (Zins. ) Scholten (15 i s o l a t e g )  
and A. a l t e r n a t a  (Fr.) Keissler (14 
isolat&).  The isolates were from carrots 

co l l ec t ed  i n  most of t h e  e i g h t  f i e l d s  
sampled. 

In  pa thogenic i ty  tests, n e i t h e r  Fusarium, 
Cylindrocarpon, nor Gliocladium produced 
v i s i b l e  svmmtoms of d i s e a s e  i n  carrot roo t s .  
However, a i l 'we re  r e i s o l a t e d  on PDA from 30- 
60% of s u r f a c e- s t e r i l i s e d  segments of t h e  
carrot roots grown i n  so i l  i n f e s t e d  with 104 
o r  105 propagules/g. 

Chytrids w e r e  numerous i n  roots c o l l e c t e d  
i n  J u l y  from most f i e l d s ,  but  were r e l a t i v e l y  
few i n  roots from f i e l d s  3 and 5 (Tab le  1) .  
In  c o n t r a s t ,  50-100% of t h e  lateral  roots of 
carrots from f i e l d s  3 and 4 w e r e  mycorrhizal ,  
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whereas c a r r o t s  from t h e  remaining f i e l d s  
were only 1-12% mycorrhizal. 

Fungi recovered from a f fec t ed  parsnip 
roo t s  w e r e  A l t e rna r i a ,  Fusarium, Rhizoctonia, 
Elucor , and F t h i u m ,  and from t h e  r o o t s  of m Cyl in  rocarpon, A l t e rna r i a ,  and 
Penicil l ium. 

roo t s  w e r e  A l t e rna r i a ,  Fusarium, Rhizoctonia, 
Elucor , and F t h i u m ,  and from t h e  r o o t s  of m Cyl in  rocarpon, A l t e rna r i a ,  and 
Penicil l ium. 

Discussion 

Filamentous fungi recovered from c a r r o t  
r o o t s  do not  appear to i n i t i a t e  t h e  rus ty  
roo t  d i so rde r  of c a r r o t s  produced i n  tile 
Bradford and Keswick Marsh soils. N o  fungus 
specxes w a s  recovered cons i s t en t ly  from 
c a r r o t s  t h a t  developed rus ty  root .  There 
were marked d i f f e rences  i n  t h e  kinds and 
frequency of fungi recovered from a f fec t ed  
c a r r o t s  harvested at var ious  s tages  of 
development and from d i f f e r e n t  f i e l d s .  
Severa l  of t h e  fungi found f requent ly  i n  
carrot roo t s  w i t h  t h e  rus ty  appearance w e r e  
a l s o  found i n  healthy-appearing r o o t s  and i n  
t h e  r o o t s  of c a r r o t s  grown i n  a f i e l d  where 
rus ty  root  d id  not  develop. None of  t h e  
fungi commonly found i n  a f f ec t ed  r o o t s  
produced symptoms i n  c a r r o t s  grown i n  
s t e r i l i z e d  so i l  i n f e s t e d  with l a rge  numbers 
of propagules of t hese  fungi ,  and under 
environmental condi t ions  conducive to rus ty  
r o o t  development i n  carrots grown i n  a f f ec t ed  
s o i l .  

was not  found to be important  i n  
t h e  i n i t i a t i o n  and development of rus ty  roo t  
which may the re fo re  d i f f e r  from s i m i l a r  
d i so rde r s  of c a r r o t s  described previously (2, 
3, 5). The fungus was recovered inf requent ly  
even when spec ia l i zed  techniques f o r  Pythium 
i s o l a t i o n  were used. 

,Pypfum 

Although o t h e r  f a c t o r s  appear to i n i t i a t e  
rus ty  root, t h e  f i lamentous fungi found i n  
c a r r o t  roo t s  are probably important i n  t h e  
development of t h e  d isorder .  There w a s  an 
abundance of F. s o l a n i ,  C. des t ruc tans ,  and 
o t h e r  fungi in- c a r r o f  rEots showing many 
s t ages  of rus ty  roo t  development. The 
a b i l i t y  of  s eve ra l  of these  fungi t o  colonize  
carrot r o o t s  which subsequently remain 
symptomless i n d i c a t e s  a poss ib l e  involvement 
e a r l y  i n  r u s t y  r o o t  development. 

Crop sequences may inf luence  t h e  
prevalence and s e v e r i t y  of rus ty  root .  I n  
t h e  seven f i e l d s  where rus ty  r o o t  appeared i n  
1972, carrots and onions had each been grown 
during 1 o r  2 of t h e  previous 3 years  (Table 

1 ) .  I n  f i e l d  7, where no rus ty  r o o t  w a s  
found, c a r r o t s  had not  been grown dur ing  t h e  
previous 3 years ,  and onions w e r e  l a s t  grown 
i n  1969. Carrot var. Carousel grown i n  f i e l d  
7 i s  known to be suscep t ib l e  to r u s t y  r o o t  
( t he  l a t e  C.C. Filman, personal  
communication). 
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