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CROWN ROT OF APPLE TREES IN NOVA SCOTIA' 

R.G. Ross and C.O. Gourley 

Abstract 

Crown ro t  o f  app le  trees caused by Ph t o  h t h o r a  cactorum is  r e p o r t e d  
f o r  t h e  f i r s t  t i m e  i n  Nova S c o t i a .  The e x h d - s  n o t  known 
b u t  t h e  fungus is widespread i n  o rchard  soi ls .  I n  a t t e m p t s  t o  i s o l a t e  P. 
cactorum by i n s e r t i n g  d i s e a s e d  bark  i n t o  p e a r  f r u i t  a d i v e r s i t y  o f  f u n v i  
was ob ta ined .  P. cactorum w a s  i s o l a t e d  from t h e  bark  of  a p p l e  trees 
e x h i b i t i n g  t h e  s e p t o m s  o f  crown r o t  and w a s  pathogenic t o  app le  bark.  
Penc i l l ium expansum produced cankers  on a p p l e  s e e d l i n g s  and detached twigs.  
Fusarium oxysporum caused cankers  on t h e  la t te r .  

Introduction 

I n  Nova S c o t i a  t h e r e  have been s e r i o u s  
losses i n  r e c e n t  y e a r s  o f  young a p p l e  trees 
from crown or root troubles which d i d  n o t  
appear  t o  be due t o  unfavorab le  s o i l  or 
climatic condi t ions .  No e x t e n s i v e  survey  of 
losses w a s  done b u t  i n  some o r c h a r d s  up t o  
25% of  t h e  trees had d ied .  Most losses 
occur red  i n  o r c h a r d s  j u s t  coming i n t o  b e a r i n g  
and inc luded  trees on bo th  s e e d l i n g  
r o o t s t o c k s  and t h e  Mall ing series o f  c l o n a l  
r o o t s t o c k s .  The syndrome o f  a f f e c t e d  trees 
w a s  s imilar  t o  col lar  or  crown r o t  caused by 
Ph t o  h t h o r a  cactorum (Leb. and Cohn.) 
*ich has not h e r e t o f o r e  been 
r e p o r t e d  on a p p l e  trees i n  Nova S c o t i a .  Many 
f u n g i  were encountered when a t t e m p t s  were 
made t o  i s o l a t e  p. cactorum from s o i l  and 
from dying  trees. 

The f u n g i  i s o l a t e d  and some s t u d i e s  on 
t h e i r  p a t h o l o g i c a l  c h a r a c t e r i s t i c s  a r e  
r e p o r t e d  i n  t h i s  paper .  

Isolation of fungi 

Attempts t o  isolate  P. cactorum from 
d i s e a s e d  areas o f  roots a n d c r o w n s  of  a p p l e  
trees by i n s e r t i n g  s t r i p s  o f  bark  i n t o  t h e  
f l e s h  of  a p p l e  or p e a r  f r u i t s  were 
unsuccess fu l .  Numerous rots  developed i n  t h e  
f r u i t s  and i s o l a t i o n s  o n t o  po ta to- dext rose  
a g a r  (PDA) y i e l d e d  a d i v e r s i t y  of fungi .  
Bark from 4- t o  5-year-old Wayne a p p l e  trees 
on s e e d l i n g  r o o t s t o c k  c o l l e c t e d  i n  September 
1969 and i r r i g a t e d  i n  running t a p  wate r  f o r  2 
davs b e f o r e  be ina  i n s e r t e d  i n t o  near  f r u i t s  
y i e l d e d  Moni l in ia  * f r u c t i c o l a  (Wint.) Honey 
( I M I  164415) , Botryospher ia  ob tusa  (Schw.) 
Shoem., Fusarium roseum Lk., B o t r y t i s  sp., 

C o n t r i b u t i o n  No. 1 4 4 9 ,  Research 
S t a t i o n ,  Canada Department o f  A g r i c u l t u r e ,  
K e n t v i l l e ,  Nova S c o t i a .  

and Moni l in ia  l a x a  (Alderh. and Ruhl.) Honey. 
However. bark  from t h e s e  trees c o l l e c t e d  i n  
October b u t  n o t  i r r i g a t e d  b e f o r e  i n s e r t i o n  
i n t o  p e a r  f r u i t s  y i e l d e d  A l t e r n a r i a  a l t e r n a t a  
(Fr.) Keissler Bot r  t i s  c i n e r e a  P e r s . ,  
Fusarium oxyspohnn A t . ,  Trichoderma 
sp. ,  Fusarium s o l a n i  (Mart.) App. and W r .  and 
C tos o r a  a m b C S a c c .  S i m i l a r l y  hark 
& d k ? f  I n  October from 8 - t o  9-year-old 
McIntosh trees on MM104 r o o t s t o c k  v i e l d e d  

Gray ( I M I  158108+alternata, and a 
bacterium. I n  June and J u l y  1970, bark from 
t h e  Wayne and McIntosh t rees,  which w e r e  
l o c a t e d  i n  widely s e p a r a t e d  o r c h a r d s ,  and 
from Spar tan  a p p l e  trees on s e e d l i n g  
r o o t s t o c k  i n  ano ther  o rchard  y i e l d e d  on ly  2. 
expansum when i n s e r t e d  i n t o  a p p l e  f r u i t .  

Inoculation experiments 

I n  1969, Ph t o  h t h o r a  cactorum was 
i s o l a t e d  from dec- c o l l e c t e d  from 
t h e  ground and fro; a p p i e s  on lower l imbs and 
i n  c o n t a c t  w i t h  t h e  ground i n  t h e  Wayne and 
McIntosh orchards  and i n  s e v e r a l  o t h e r  
o rchards  i n  which t h e  trees had no apparen t  
crown or r o o t  t r o u b l e s .  Subsequently i n  1 9 7 0  
s o i l  samples from t h e  i n f e c t e d  r o o t  and crown 
zones of  t h e  Wayne and McIntosh t rees were 
puddled i n  sha l low pans and apple  f r u i t  from 
t h e  prev ious  y e a r ' s  c rop  were p laced  on t h e  
s u r f a c e .  P. cactorum was i s o l a t e d  from t h e  
so i l  from- t h e  PlcIntosh orchard  b u t  n o t  from 
t h e  Wayne orchard .  

I n  September 1970, a s e l e c t i v e  medium ( 2 )  
was used t o  i s o l a t e  P. cactorum from d i s e a s e d  
bark.  I t  contained-cornmeal a g a r  (Di fco ,  1 7  
g / l i t e r )  supplemented w i t h  p i m a r i c i n ,  
p e n i c i l l i n  "G"-potassium and polymixin B 
s u l p h a t e  a t  100 ,  50, and 50 ppm, 
r e s p e c t i v e l y .  S t r i p s  of d i s e a s e d  bark were 
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i r r i g a t e d  i n  running t a p  water f o r  a t  least  2 
days ,  and s e c t i o n s  p l a t e d  on t h e  medium. 
I s o l a t i o n s  were a t tempted  from 19 trees of  
v a r i o u s  c u l t i v a r s  on a v a r i e t y  o f  r o o t s t o c k s .  
P. cactorum w a s  i s o l a t e d  from 4 tress. One 
w a s  a NcIntosh on MMl04 r o o t s t o c k  i n  t h e  
o r c h a r d  r e f e r r e d  t o  above, and t h e  o t h e r  3 
w e r e  Greening on M V I I  r o o t s t o c k  from another  
o rchard .  The Wayne trees d i d  n o t  y i e l d  p. 
cactorum. 

- 

S e e d l i n g s  

On March 31, 1971, dormant I- year-old 
B e a u t i f u l  Arcade a p p l e  s e e d l i n g s  were removed 
from s t o r a g e ,  t h e i r  r o o t s  washed f r e e  of 
s o i l ,  and a l o n q i t u d i n a l  i n c i s i o n  about  10 mm 
long  and 2 mm deep w a s  made w i t h  a flamed 
s c a l p e l  i n  t h e  stem j u s t  above t h e  r o o t s .  
Groups of  t h e s e  s e e d l i n g s  were i n o c u l a t e d  
w i t h  g. cactorum from cornmeal a g a r  o r  w i t h  
p. expansum o r  F. ox s orum from PDA by 
i n s e r t i n g  a 3 mm a g a r  plYuq'containing fungus 
mycelium under t h e  f l a p  of  bark  which was 
p r e s s e d  down and h e l d  i n  p l a c e  w i t h  a s i n g l e  
l a y e r  o f  masking tape .  Cont ro l s  c o n s i s t e d  of 
s e e d l i n g s  w i t h  a p l u g  of  s teri le a g a r  mcdium 
i n s e r t e d  under  t h e  f l a p  and s e e d l i n g s  i n  
which no i n c i s i o n  w a s  made. Excess roots 
were c u t  o f f  and t h e  s e e d l i n g s  pruned back t o  
about  30 c m  of stem. They w e r e  then  p o t t e d  
i n  a mix ture  o f  so i l ,  p e a t  and sand (1:Z:l) 
p l u s  n u t r i e n t s  i n  15 c m  c l a y  p o t s  so  t h a t  t h e  
i n c i s i o n s  w e r e  below t h e  s u r f a c e  of t h e  
mixture.  The p o t t e d  s e e d l i n g s  were p laced  i n  
t h e  greenhouse and watered t w i c e  d a i l y .  

One month a f t e r  t h e  i n i t i a l  i n o c u l a t i o n ,  
inoculum c o n s i s t i n g  of  a g a r  p lugs  of P. 
cactorum w a s  p laced  over  t h e  i n c i s i o n  f l a p  of  
f o u r  s e e d l i n g s  t h a t  had been i n o c u l a t e d  w i t h  

and f o u r  t h a t  had been i n o c u l a t e d  
sporum. The so i l  was withdrawn 

from around t h e  o r i g i n a l  p o i n t  o f  
i n o c u l a t i o n ,  t h e  t a p e  removed, a p lug  of  
inoculum p l a c e d  over  t h e  i n c i s e d  a r e a ,  
r e t a p e d ,  and t h e  s o i l  rep laced .  S i m i l a r l y  
inoculum of  P. ex ansum and F. ox s orum w a s  
p l a c e d  o v e r  t K e  & seedrings '  y n i t i a l l y  
i n o c u l a t e d  w i t h  P. cactorum. T h i s  procedure 
w a s  r e p e a t e d  on a- d ' i f fe ren t  group of  f o u r  
s e e d l i n g s  2 months a f t e r  t h e  i n i t i a l  
i n o c u l a t i o n .  Four i n o c u l a t e d  s e e d l i n g s  f o r  
each fungus were l e f t  und is tu rbed .  

Two s e e d l i n g s  i n i t i a l l y  i n o c u l a t e d  w i t h  
g. ex ansum and t w o  i n o c u l a t e d  w i t h  P. 
c a c t k  n o t  l e a f  o u t .  They were removgd 
and examined 35 days a f t e r  i n o c u l a t i o n .  
Suckers  w e r e  coming up from t h e  roots of  t h e  
P. expansum s e e d l i n g s  b u t  n o t  from t h e  r o o t s  
o f  t h o s e  i n o c u l a t e d  w i t h  p. cactorum. The 
i n o c u l a t e d  a r e a  of  one P. ex ansum i n o c u l a t e d  
s e e d l i n g  w a s  s u r r o u n d e d - b y k n  canker  2 8  
mm i n  l e n g t h  which almost e n c i r c l e d  t h e  s t e m .  
Underneath t h e  canker  was a concave a r e a  o f  
brown decayed t i s s u e  ex tending  almost through 
t h e  stem. The o t h e r  s e e d l i n g  had a canker  45 
nun long which e n c i r c l e d  t h e  stem b u t  w a s  n o t  
sunken. The t w o  P. cactorum i n o c u l a t e d  
s e e d l i n g s  had decayed- areas about  40 mm long 

- 

Figure 1. 
A) agar plug, B) Fusarrum oxysporum, C) Penrci l l rum exponsum, 

D) Phytophthoro coctorum. 

Beautiful Arcade opple seedlings 1 month after inoculation. 

g i r d l i n g  t h e  stems. 

One month a f t e r  t h e  i n i t i a l  i n o c u l a t i o n s ,  
damage from g. ex ansum was more s e v e r e  t h a n  
from p. cacto;.iimime-TFTqure 1 ) .  p. cactorum 
c a n k e r s  w e r e  n o t  sunken and u s u a l l y  n o t  
e x t e n s i v e ,  a l though  cankers  on a few o f  t h e s e  
s e e d l i n g s  h a l f  e n c i r c l e d  t h e  stems. P. 
expansum cankers  w e r e  sunken w i t h  d e f i n i F e  
margins and were about  13 mm wide and up t o  
25 mm lonq.  I n c i s i o n s  on t h e  s e e d l i n g s  
i n o c u l a t e d  w i t h  F. oxysporum appeared t o  b e  
completely hea lez .  

F ive  months a f t e r  t h e  i n i t i a l  
i n o c u l a t i o n s  a l l  s e e d l i n g s  were removed from 
t h e  p o t s  and examined. Except f o r  some 
s l i g h t  c a l l o u s i n g  where p. expansum had been 
p l a c e d  over  P. cactorum i n o c u l a t i o n s  t h e r e  
were no obvious  d i f f e r e n c e s  between s e e d l i n g s  
t h a t  had been i n o c u l a t e d  w i t h  P. cactorum 
a l o n e  and s e e d l i n g s  where a t  1 and- 2 months 
inoculum of  p. ex answn or  F. ox s orum had 
been p laced  on P. cEctorum c a i i k e h w i s e  
p l a c i n g  g. caFtorum on wood i n o c u l a t e d  w i t h  
P. - ex ansum o-s orum had no obvious  
e f  f k o s t  s e d i & i n o c u l a t e d  w i t h  p. 
cactorum a lone  appeared h e a l t h y  e x c e p t  f o r  a 
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brown f i lm  of dead t i s s u e  over previous ly  
cankered a reas ,  which r ead i ly  sloughed o f f  
reveal ing  heal thy  t i s sue .  Where complete 
g i r d l i n g  had occurred t h e  r o o t s  below t h e  
canker were usual ly  dead and new roo t s  had 
developed above t h e  canker. Considerable 
c a l l u s  t i s s u e  had formed around t h e  deep 
sunken p. ex ansum which resembled 
those  a l r ~ c r ~ ~ ~ ~ ~ r s D e a d  wood extended 
through 2/3 of t h e  stem and t h e  core was 
brown or d iscolored  f o r  2 o r  3 cm above and 
below t h e  cankers. Seedlings inoculated with 
F ox s orum appeared t o  be completely healed 
5' u t  -+-- on i s s e c t i o n  t h e r e  was o f t en  a shallow 
a rea  of  d i sco lo ra t ion  below t h e  a reas  of 
inocula t ion .  

I s o l a t i o n s  f o r  p. expansum and r. 
ox s orum w e r e  made on PDA and f o r  P. 
c a % k m  on t h e  s e l e c t i v e  medium ( 2 ) .  O n l y 3  
of t h e  36 seed l inas  inoculated with P. 
cactorum yie lded P.-cactorum on reisolatio:. 

o were seedlings-where P. ex ansum had been 
:aced over P. cactoruiii c h t  1 month 
and t h e  o theF w a s  a seedl ina  where P. - 
expansum had been added a t  months. P. zs;xizsumofwas r ead i ly  r e i s o l a t e d  from tEe 

su r face  cankers and from t h e  
i n t e r n a l  decayed o r  d iscolored  a reas  of a l l  
seedl ings  i n  which it had been placed. F. 
ox s orum w a s  recovered from t h e  discolorgd * elow t h e  inocula t ion  po in t  from about 
2/3 of t h e  seedl ings  inoculated with t h i s  
organism. 

Detached twigs 

On January 27, 1971, te rminal  shoots  from 
dormant apple trees were c u t  i n t o  14 cm 
lengths  and inoculated by replac ing a 3 mm 
bark d i s c  with a d i s c  of  fungus mycelium i n  
t h e  agar medium used i n  inocula t ing  seedl ings  
(4). Four shoots  of each c u l t i v a r  were 
inocula ted  with p. cactorum and one with p. 
expansum and F. oxysporum. The experiment 
was repeated-  on twigs co l l ec t ed  Apr i l  1,  
1971, except t h a t  two shoots  of each c u l t i v a r  
w e r e  used f o r  each of t h e  l a t t e r  two fungi. 
Each inoculated twig w a s  placed i n  a metal  
capped tes t  tube conta in ing 4 cm of water and 
incubated a t  room temperature. Controls  
cons is ted  of twigs; with steri le agar plugs. 
Four weeks a f t e r  inocula t ion  t h e  l e s ion  
lengths  (Figure 2 )  w e r e  recorded and t h e  
twigs t h a t  had been inoculated with P. 
cactorum w e r e  l a i c 1  on t h e  surface  of tlie 
P t o  t ora- selec t ive  medium. Af ter  4 days 
*e along t h e  shoot from which p. 
cactorum emerged t o  form a colony was 
measure . I s o l a t i o n s  from P. ex ansum 
F. ox saorum-inoculated shoo t s  w k i  
FDA in: s ince  sunken cankers with d e f i n i t e  
margins were formed by these  funqi it was 
poss ib l e  t o  measure t h e i r  length.  

On t h e  Ph t o  hthora s e l e c t i v e  medium p. 
cactorum grew-iots except two of 
MM104 inocula ted  i n  January. Uninoculated 
and inocula ted  shoots  of MM104 standing i n  
water became heavily colonized by a v a r i e t y  
of fungi whereas shoots  of t h e  o the r  
c u l t i v a r s  w e r e  r e l a t i v e l y  f r e e  of t hese  

3 

Figure 2. L e f t  - Lesion produced by Phytophthoro coctorum on Beou- 
t i fu l  Arcade opple shoot. The bark has been removed to show internal 
discoloration. Right - Canker produced by Penic i l l ium expansum on 
Mclntosh apple shoot (arrows delimit edges of canker). 

colonizers .  With a few shoots  it took longer 
than 4 days f o r  P. cactorum t o  emerge and 
t h e i r  measurements were no t  included i n  t h e  
average length  of colonies  aiven i n  Table 1 .  
P. ex ansum and ox s orum were a l s o  
read&iolatedE'fr&edges of t h e  
cankers produced by these  organisms and 
i s o l a t i o n s  from t h e  lesioned a reas  which 
extended i n  t h e  wood a t  var ious  d i s t ances  
from t h e  d e f i n i t e  sunken cankers were usual ly  

o r  t h e  appropr ia te  fungus. p o s i t i v e  

Discuss 

These 
of apple 
m e s e n t  

on 

i n v e s t i s a t i o n s  show t h a t  crown r o t  
trees caused by p. cactorum is 
i n  Nova Scot ia .  A s  i n  B r i t i s h  

bolumbia (5 )  it appears t o  be confined t o  t h e  
near ground l e v e l  por t ion  of t h e  tree. I n  
some areas  P. cactorum causes trunk cankers 
t o  above gFound p a r t s  of apple trees ( 1 )  but 
t h i s  type of canker has not  been i d e n t i f i e d  
i n  Nova Scot ia .  This prel iminary work does 
not  g ive  any ind ica t ion  of t h e  ex ten t  of t h e  
d i sease  o r  what mooor t ion  of tree los ses  - -  
might be due t o  P. cactorum. I t  does, 
however, show t h a t t h e  fungus i s  widespread 
and po in t s  ou t  t h e  danger of using roots tocks  
suscept ib le  t o  p. cactorum ( 3 ) .  

In  at tempts t o  i s o l a t e  P. cactorum by 
p lac ing bark samples i n  pear o r a p p l e  f r u i t  a 
number of fungi was obtained.  This method 
obviously i s o l a t e s  only t h e  organisms most 
aggressive i n  t h e  f r u i t .  I t  i s  i n t e r e s t i n g  
t h a t  i n  pear  f r u i t s  an e n t i r e l y  d i f f e r e n t  
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Table 1. Length (mm) of  l es ions  and cankers on apple shoots  4 weeks a f t e r  inocula t ion  with 
fungi associated with crown r o t  

~ ~~ ~~ 

Phytophthora cactorum Penici l l ium expansum Fusarium oxysporum 

Cul t ivar  Lesion Colony emergence* Canker Lesion Canker Lesion 

McIntosh 

Cortland 

Red Spy 

Gravenstein 

Beautiful  Arcade 

MM 104** 

McIntosh 

Cortland 

Red Spy 

Gravenstein 

Beautiful  Arcade 

MM 104** 

81 

15 

48 

79 

100 

108 

125 

81 

123 

44 

67 

126 

January 27 inocula t ions  

84 11 

23 6 

43 6 

-73 6 

84 9 

30 30 

Apr i l  1 inocula t ions  

103 2 1  

119 20 

104 18 

1 1 4  17 

88 10 

110 15 

10 

7 

8 

8 

9 

138 

111 

81 

76 

140 

76 

120 

9 1 2  

11 16 

7 8 

14 10  

4 10  

13 90 

6 45 

7 8 

4 9 

10 24 

4 5 

7 126 

* 
Distance along shoot t h a t  P. cactorum emerged on c u l t u r e  medium. 

Shoots of MM 104 were heavily colonized by o t h e r  fungi .  
** 

group of fungi was recovered from i r r i g a t e d  
Wayne bark i n  September than from non- 
i r r i g a t e d  bark i n  October 1969.  In  1970 when 
apple f r u i t s  w e r e  used, P. ex ansum was the  
only organism recovere3 f h a s e d  trees 
i n  t h r e e  d i f f e r e n t  orchards. 

When P. rpansyrn was inoculated i n t o  
Beaut i fu l  &ca e app e seedl ings ,  it was an 
aggressive wood invader,  suggesting t h a t  it 
may be a primary o r  secondary p a r a s i t e  which 
decays t h e  wood followinq o r  p r i o r  t o  i n i t i a l  
i n fec t ion  by P. cactorum. F. ox s orum 
caused some drscolora t ion  of The c h  
d id  not  cause a d e f i n i t e  canker. The Nova 
Scot ia  i s o l a t e  of P. cactorum was pathogenic 
on t h e  seedl ings  bEt a f t e r  5 months most 
cankers had healed. Welsh ( 5 )  found t h a t  
high s o i l  moisture i s  necessary f o r  crown r o t  
development. With increas ing  temperatures i n  
t h e  greenhouse durinq t h e  spr ing  months, 
a l t e r n a t e  wett ing and drying of t h e  upper 
l aye r s  of t h e  s o i l  i n  t h e  pots may have 
a r r e s t e d  d isease  development. This may have 
a l s o  a r r e s t e d  t h e  penet ra t ion  of p. expansum. 

The d a t a  on t h e  detached twig 
inocula t ions  (Table 1 )  suggest  t h a t  wood 
taken i n  A D r i l  is  more suscep t ib l e  t o  
invasion by P. cactorum and p. expansum than 
wood c o l l e c t e a  i n  January. With t h i s  
technique F. ox s orum and P. exoansum 
produced def init: Eunken cankers  and invaded  
t h e  wood beyond the  edges of these  cankers. 
The high s u s c e p t i b i l i t y  of ME1104 t o  P. 
cactorum (3) may i n  some way be corre la tgd  
w i t h  i ts  s u s c e p t i b i l i t y  t o  secondary 
invaders. 
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