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Abstract. --Observrttions of t he  mycoflora of beech hark 
infested with Crptococacs fagisuga suggested that Neotria 
coccinea can colonise s i t e s  on and in the outer tissues, and 
that  invasion of i m e r  bark could l a t e r  develop. Although 
these s i t e s  harboured fungi antagonistic t o  N .  coecinea, 
experiments suggested tha t  it is well adapted under some 
circumstances t o  escape serious competition. 

INTRODUCTION 

Despite the prominence of canker diseases 
in forest  pathology research, l i t t l e  attention 
has been paid t o  the pre-infection ecology. of 
t he  organisms involved. In  most cases, our 
knowledge corresponds t o  an idealised cycle 
whose most significant stages are t he  
in i t ia t ion  of the infection and the production 
of infect ive propagules. This simple concept 
i s  valid only where these prop@es can 
a l ight  on a s i t e  where susceptible host 
t issues a r e  available for  infection during 
the l i f e  of these propagules, and there are 
clearly many cases where these conditions are 
not fu l f i l l ed .  Their fulfilment may be 
obstructed by seversl possible barr iers  and, 
i n  Nectria diseases of beech. a t  leas t  three 
Such barr iers  can be recognised. 

Before defining these barr iers  it is 
important t o  hear i n  mind the relat ive parasi t ic  
strengths of Nectria species, as well as t he i r  
relat ive f i tnesses t o  ex is t  outside the parasi- 
t i c  niche. For example, N .  ditissima seems able 
t o  invade unstressed beech bark more aggressive- 
l y  than N .  coccinea ( ~ a r k e r  1974), while 
N .  cinnuberim apparently includes s t ra ins  
ranging f r o m  those which can cause perennating 
cankers on hardwoods t o  others which are purely 
saprophytic. 

The most obvious barr ier  t o  infection is 
the in tac t  outer bark of the stem. For the 
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more parasi t ic  NectPia species, leaf scars may 
be a point of weakness i n  the barrier through 
which infection may occur. This certainly 
applies t o  twig canker of apple caused by 
N. gabligem (Wiltshire 1921) and may apply in 
the case of 8.  ditissima on the  twigs of beech. 
No evidence exists  for  t h i s  mode of entry for  
the l e s s  specialised parasites, N. coccinea and 
N. cinnabarina, suggesting tha t  some form of 
injury i s  necessary for  the barr ier  t o  be 
breached. For N .  coecinea, t h i s  i s  apparently 
achieved by the wounds caused by the beech sca?e, 
CYyptococcus fagisuga (Ehrlich 1934). 

Once in  direct contact with the i m e r  bark 
tissue, the fungus encounters adaitional barriers 
formed by the l iving ce l l s  i n  response t o  attack. 
For N. d i t i s s i m  and wssib lv  for  some strains of 
N .  cinnabarina, t h i s  resista&e can probably be 
overcome, a t  l ea s t  at certain times of the year. 
For N. mccinea, however, it seems that  invasion 
of the t issues is soon delimited by host response 
( ~ a r k e r  1974, Perrin 1979) unless the t r ee  is 
infested t o  the point of s t ress  by C. fagisuga 
(Iiouston 1973, Lonsdale 19808, Perrin 1980) or  i s  
othenrise stressed (~onsdale  op cit.) . 

Thus, the relat ive psrasi t ic  weakness of 
N. coccinea imposes on it a aependence on agents 
which can not only break down the t r ee ' s  pre- 
existing barr iers  but can also impair i t s  ab i l i ty  
t o  form barr iers  i n  response t o  attack. In these 
respects, C. fagisuga seems t o  be a dual agent. 
Heavy infestations of C. fagisuga, however, 
generate a th i rd  possible kind of barrier: an 
ecological barr ier ,  or more precisely an eco- 
system which must be negotiated by N .  coccinea. 
The commonly observed discoloration of the 
insects '  waxy secretion a t t e s t s  t o  the presence 
of a dense microflora and microfauna, an eco- 
system which w i l l  be encountered by the 
propagules of any canker fungus alighting on the 
bark. In other words, it seems unlikely that 



beech bark disease is consequent upon the 
simple process of Nech.ia spores alighting on 
the bark surface and h e d i a t e l y  giving r i s e  
t o  invasion of the tissues. The corollary i a  
tha t  t h i s  disease involves some form of 
persistence, saprophytic or  otherwise, on o r  
near the bark surface. 

These arguments prompt the  questions: 
'Where i s  N. coccinea before it invades the 
bark tissues; how does it survive out of the 
parasitic environment, and why is it the 
characteristic invader of beech bark rather  
than other weak parasites? It i s  t o  these 
questions t h a t  t he  present work was directed. 

EXPERIMENTAL 

Characterisation of the bark wcoflora 

Preliminary observation of beech bark, 
heavily infested by Cryptococcus, suggested 
that  three main possible niches of la ten t  
colonisation by N. cocccinea could be 
characterised. They were: a )  colonies of 
the insect i t s e l f  (i .e. insects plus wax) 
b)  the bark surface around the colonies and 
c )  superf icial  necroses produced within the 
bark as a r e su l t  of mass feeding by the 
insects. These s i t e s  are i l lus t ra ted  i n  
Figure 1. 

op: original  phellem,wpd : wound 
periderm, drp: disrupted necrotic 
parenchyma, c f :  5. fagisuga wax, hs: 
bark surface near wax, ip: ' island' 
of parenchyma. dp: deep tissue of 
cortex & phloem, pm: phloem, spr: 
sclerot ic  phloem ray 

Figure 1.--Illustration of possible sites9of 
la ten t  coloniration by N. coceinea on beech 
bark undergoing prolonged and severe 
Cryptococcus-attack (drawn from a t . s ) .  

Small  fragments of insect colony material, 
of t he  bark surface layers and of necrotic 
phelloderm t i ssue  were plated out on 2% malt 
extract agar (MA) and on t ap  water agar contain- 
ing 250 UM vinclozolin, a fungicide which can 
t o  some extent select  for  Nectria (D. Lonsdale 
& M. Turton unpublished1). The samples were 
collected from t h i r t y  t o  forty-fiveyear-old 
beech plantations in Alice Holt and Ween 
Elizabeth Forests in Hampshire, southern 
England. Care was taken t o  avoid sampling any 
material which might have come from typical  
Nectria lesions of the inner bark. Fmgi grow- 
ing on the isolation plates were identif ied a t  
leas t  t o  genus wherever possible, and a f u l l  
l i s t  w i l l  be published elsewhere. 

In order t o  examine the  fungus flora more 
sensitively, individuals of C. fagisuga from 
t rees  with various intensi t ies  of infestation 
were plated on 0.01% yeast extract agar (YEA). 
The insects were ei ther  removed from colony 
debris using a wet sieving technique 
(D. Wainhouse personal communication) o r  
individually picked from the t rees  using a 
tripod-mounted dissecting microscope. The 
agar plating of bark and insect material was 
f e l t  t o  be a limited method of gaining insight 
into the nature of the beech bark microflora, 
and so direct  observations of fungal develop- 
ment on infested bark were made. The hark was 
taken i n  July 1982 from trees a t  Queen 
Elizabeth and Marden Forests i n  southern 
England, representing a range of infestation 
catagories, and 25 mm discs were incubated on 
moist t issue paper a t  room temperature (19 - 
27OC for  three weeks. During th i s  period the 
dominant fungi developing from the insect 
colonies were examined using the high power 
of a dissecting microscope. The individual 
insect plat ing and the bark disc incubation 
are reported i n  more de ta i l  elsewhere 
(Lonsdale, these Proc.). An additional 
survey of dominant species of the qco f lo ra  
was carried out by microscopic examination of 
f'ungal f ru i t ing  masses which had developed 
under natural conditions on infested bark at 
Alice Holt, Queen Elizabeth and Marden Forests. 

For present purposes, the direct  o b s e m -  
tions and the isolation data are  summarised in  
a descriptive form (Table 1 ) .  This excludes 
the mrny genera of hyphontycetes which seemed t o  
occur only occasionally, and it also excludes 
yeasts and bacteria. It must also be emphasised 
that  the ro le  of the bark microfauna seemed t o  
be very important i n  relation t o  grazing of the 
fungal colonies and dissemination of propagules, 
but no quantitative data could be gathered 
concerning these effects .  

University of Bath undergraduate industr ial  
placement report. 



Among the f'ungi l i s t e d  i n  Table 1, 
~ d O ~ p 0 r i W I I  C k Z d o s p ~ h ~ d e s  (Fres. ) de Vries 
was usually the most frequent and abundant of 
the dematiaceous species which caused blacken- 
ing of t he  insect wax, although RmnichZoridium 
subuktwn de Boog was dominant on some trees. 
It may be noted here tha t  blackened wax was 
more wettable than fresh wax, a characteristic 
which could influence the micro-environment 
of the bark. VerticiZZim t e n n i i  Viegas, a 
known entomophagous species (Petch 1948) was 
a lso  a very dominant component of the iqyco- 
f lora but was dependent on the presence of 
massed insect  colonies (Lonsdale, these Proc.). 
Nech-ta viriciescens Booth was a lso  noteworthy 
fo r  its frequency. Nectria coccinea, 
however, was infrequent, yet it was one of 
only three species found in all the three 
niches: insect  colony material, the bark 
surface and necrotic flecks in t he  phello- 
dern. The other species were C. ckZdospo~ 
*ides and V. Zscanii. It was also found i n  
preliminary work tha t  8. coccinea 
a r t i f i c i a l l y  introduced on t o  infested bark 
readily grew and formed micro-conidia 
(Plate  1) . 
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Many other fungi which were observed occurred 
with too low a frequency or  abundance t o  be 
associated with a particular niche. Most 
cnmnon among these were n"ich0denna viride, 
TAchothecim sp., FusaPium avmacewn, 
Attemzaria atternata, Stemphgtim botqjosm, 
Pyrenochaeta sp., (an un-named species), 
C a w t h y r i m  sp., Epicocmun sp., and several 
yeasts and yeast-like fungi including 
Aureobasidium puttuZans. Bacteria were 
frequently isolated, but were visually 
inconspicuous on the natural substrates. 

Plate 1. --N. coccinea growing and forming 
micro-conidia on Cqptococcus-infested beech 
bark, fallowing a r t i f i c i a l  inoculation 
(scanning electron micrograph, X 2 250) 
(copyright; Long Ashton Research Station) 

In v i t ro  interactions of some beech bark fungi 

The recognition of those fungi which seemed 
t o  be dominant colonisers of scale-infested 
bark suggested two l ines of enquiry into 
possible fungal interactions. These were: a )  
interactions between N. coccinea and dominant 
or frequent bark fungi and b)  between 
C. cladosporioides (apparently the most 
dominant fungus) and other bark fungi. These 
other fungi were t o  include N. coccinea and 
several of the commoner species i n  the myco- 
flora. 

Tne in  Vitro interactions were observed on 
agar challenge plates, with the opposing 
inocula on 6mm diameter blocks cut from young 
cultures on 2% MA placed 4cm apart on 15cm3 
85m diameter plates. The i n i t i a l  medium used 



was 2% MA, but other media were used to represent a 
wider range of nutrient concentrations, perhaps 
bearing some relationship to the variations in 
nutritional status occurring on the bark surface. 
These media contained a mineral/amino-acidjthiamine 
base (Elliott 1972) with the addition of 0.2, 0.4, 
0.6, 0.8 and 1.0% sucrose of 1% tyndallised citrus 
pectin (sigma Chemical Co. Inc., St Louis, MO, 
u.S.A.) as carbon source. Pectin was felt to be of 
some interest in relation to colonisation of 
internal niches in the bark tissues. 

The results of these challenge tests are 
summarised in Table 2. The strong inhibition of 
N. coccinea by F .  tateritiwn on malt and sucrose 
agars was noteworthy, as was the total compati- 
bility of N. coccinea with C.  chdosporioides. 
It was also of interest that V. Zecanii, a dominant 
fungus on mass C. fagisuga colonies, was able to 
cause lysis of N. coccinea, and that the degree of 
lysis was dependent upon the concentration of 
sucrose in the basal agar medium. To examine the 
effect further, a series of similar challenges 
was set up between these two fungi using sucrose 
concentrations of 0, 0.5, 1.0, 1.5, and 2.0$. 
Five replicates were set up for each concentration 
and incubated at 20O~. 

Three different effects were evident after 
the opposing mycelia met. Most striking of these 
was virtually total lysis of the Nectria colony 
(Plate 2a). Individual hyphae of V. Zecanii grew 
alongside those of N. coccinea and the latter 
became devoid of contents (plate 2b). This 
extreme lysis only occurred on the 0.5% sucrose 
medium as shown in Table 3. Secondly a partial 
lysis occurred at 0 and 1.0% sucrose and on one 
replicate at 2.0%. The third effect was a 
surface overgdh of N. ooccinea by V .  lecanii,  
this occurring at all sucrose concentrations, 
even where lysis was only partial or absent. 

hble 3.--is of R. by V. Zemii 
on agar challenge plates 

Svcmae eoncentration-in bwal =dill. 

0.0 0.5 1.0 1.5 2.0 I 

Mean radiua or 
lytic m e  25 d.ya  
ener meeting or 0.0 20.0 0.0 0.0 0.0 
colonies (4 

l n e  ahan a t e  %-ere= only to tbe intense form or lyaia 

Plate 2a.--Lysis of a culture of N. coccinea 
by V. Zecanii 

Table 2.--Summary of agar challenge tests between N. coccinea and other fungi 

Degree of inhibition of N .  coccinea 

Malt Basal medium plus sucrose 
Test fungus 

0.2% 0.2% 0.4% 0.6% 0.8% 1.0% 

N. coceinea 0 - - - - - 
Acrenwniwn sp. + + + + + + 
P. k z t e r i t i m  +++ + ++ + + + 
Fgrenochaeta sp. + + + + + + 
V .  Z e c d i  NT + ++ ++ ++ +++ 

Interaction in contact 
zone between colonies 

Pectin 

1.0% 

- free intergrowth 

+ slight intergrowth 

0 no intergrowth 

+ no intergrowth (sucrose) 

++ Nectria lyaed and 
overgrown on sucrose 

0 free intergrowth 



ccanpletely uninhibited and vhich freely inter-  
grew with C. ~Eadospon'oidee at both nutrient 

Plate  2b.-%ha2 interaction between 
i?. aw~iqea fwider Whae) anrl tr. Z M 4  
shW&f& Idas of eontent Mom t h e  hyphae 
Of IY. uof3cinea (x. 3250) 

Com%mrtive compatibilitx of 8. oocciwa and 
o t h r  h r k  f u n d  w i t h  C. c ~ i % o t ' d a s  

me challenge t e s t s  and much preliminary 
Hark had sham tha t  N. aooeinea and 
C. eh&pa~-&&~%%s ceuld intetgrow freely on a 
Datlge oT &gar media, including t h e  basal medium 
sup@.em&eB with eeseral $ucrorPe cenwntra- 
ti-. The d o m i w e  of ~ d o s p a p i m  on 
~ ~ e ~ , r s - i n f e s t e d  beech hwk and its 
grea&kr intense ~ o a p e t i t i a a  foy QuCrients 

t h e  g ~ w t h  of fungi which %re 
ccm~patihla with it at  the expense of t h e i r  
p&=tial antagenists. WI order t o  compere 
tk$ sac-s of 1P. cw~t'nm with that of other 
Wit fuu& in  €he presence of C. e I u & p ~ ~  
~ d m .  Ba low nutrient oenoenaations, two 
series  of chrtllenge inoCwLetions were se t  up. 
The first aenies involved 'colony opposition' 
c&I.lm(gt.s on 0.1 and 0.01% yeast extract 
(B~.&o &&oratories, Detroit. lT.8.6.) a m  
~YPA),  5mm diameter~inoculm.discs being 
placed 4cm apart on the plates, before 
incubation a t  20°c. The second series  
involved the  inoculation of the t e s t  P n g i  
on to 'lmm' cultures of C. ctadosporioidss 
on 0.01% YEA and on 0.21 CruDtwocars colony 
-2 whivh con€ained a susp&sion of insect' 
bodies @us wa&. Zhe 'lawn' cultures were 
iaocubte4 after t w e e  SLifferent establish- 
issnt periods. 

In €ha ' p r e - e s t a M i ~ t '  cWllenges on 
D.01 TEA and on 0.S CfA tho grmitA of €he test 
M was me*stzmd by phimscw*C inspection of 
the plates at i n % e m s  6f 16, 25 an& 30 a y s .  
Four ditrerent &&mt'e epeeies w e  incl&d 
i n  t h i s  ex@rinrent. The r e u l t s  a re  s h m  i n  
%able 5 an& represeat t he  PBtnrrti&~ Of p w € h  
raGe of each tatit fbn&w, as c a q a ~ e d  with i ts 
growtA in  ~ ~ x e n i c  c d t m .  m e  m h  raa 
of F. Z a ~ ~ m  w a s  mmcea significantly 
more than the rates  of 811 three British 
iPBctda sat. %is was gf part iul lar  Imtwest 
i n  view of the ~ s d t f a l i y  ant&pnistic effect  
of P. ha&wWvn! upan Pt. cw&sa. 
Ye&i~ZZ-dyot h?&+ 'w&s also BC i n w e s t  in 
t h i s  respect, a d  it was  m e  btmxgiy idhibit- 
ed than i?. &nm, at least on the six+-02.8 
lrtwns. Pte $rew€h i n  a x d c  c d % m  was in my  
case lolr~h slower than tga;t Of IY. &Bdnsll, The 
growbh of the ii. knericw isolate  of b l . ~ ~ d W c ?  
wr. f & &  vas m W e 8  m e  than that 59 t he  
Britiah ke&e spp. with BQS* c~nbSnEtiWs 02 
lewn .s@ sad nuerient mebium. Over the ea t i re  
renee of embinstimas, t he  onlg %meus which 
'&larated tk preachlce bf ~ ~ p r d ~ l  %Marly 
as well 88 t he  British 40cWa isolates was the 
C S 3 m ~ s t i s  sp. 

Table 4.-Inhfhltlon of the W M  of fungi challenped -1n.f 
g. clld-~l.idea in 10" "Wlent eondiu="= 

innzo'rim, preamsc or Repenon of 

reat onsw C .urrr OOIMY cont.rr Infergratll 
ILL  to.+.r.+rr) I*/-> 14-1 

N. hCR :,y 0 + 
0 

r. Istelltlu. a2 :.? * - 
- 

F. 1.fcrltlun 6. ::y - - - -  
Y. w e b  Op:? . - 
V Ies~nii F3 t? - 

. - -  
Plrenechact. n* :,? 0 

0 

The msdts of the 'caony opposition' 
Wlem are sumwised in  %ble 4 an& 



Table ?.--Growth of some beech bark fungi through CZadDsporiwn lawn cultures 
i n  low nutrient conditions 

Growth rate: reduction (percent) of axenic rate Axenic growth 
Age of lawn (days) 0.01% YEA+ 0.2% CfAt ra te  (nun day-I 
a t  introduction 6 13 20 6 1 3  
of t e s t  fungus 

20 
YEA+ CfAt 

Test fungus 

N. mccineu ACR 

N. uirtdescens F3 

N. di t iss ina EJP 

N. ooccinea var. 
faginata 3 3  

F. loteritium EL 

Pyrenochaeta F3A 

V. Zecmzii CF1 

Cervrtocystis PCM 

+ 0.01% yeast extract agar t Cryptococcus agar 

Analysis of variance, following angular transformation of the data for each lawn age, 
showed overall significant differences between t e s t  species (p c 0.005) within each 
lawn age, values followed by the same l e t t e r  did not d i f f e r  a t  the 5% level  i n  Duncan's 
New Multiple Range Test (Steel & Torrie 1960). 

Comparative roles of different Nectrda spp. 

The above Bata suggested tha t  
N. mccinea may be ecologically favoured 
on bark dominated by C. clodosporiuides, 
and the more limited data for  
N. viridescens and for  N. ditissima 
provided s i n i l a r  evidence for  these 
species. The log inoculations, described 
below, indicated that  N. viridescens has 
no abi l i ty  t o  parasi t ise  beech bark and 
that  i t s  presence in natural lesions i s  
probably due t o  secondary colonisation. 
Nectria ditissima, however, i s  a more 
aggressive parasi te  i n  unstressed bark 
than i s  N. coccinea ( ~ a r k e r  1974) and i f  
it i s  ecologically favoured on Crypto- 
coccus-infested beech bark, it should be 
expected t o  occur as  a major cause of 
beech bark disease. 

In order t o  study further the 
interactions between N. d i t i s s i m  and 
C. ck&spon'a'&s a series  of challenge 
plates was s e t  up on the basal medium 
agar amended with 1% autoclaved pectin 
or sucrose at  0.2, 0.6 and 1.0%. In a l l  
tbese challenge t e s t s  N. ditissima 
suppressed t h e  growth of C. ckzdospor- 
wides  and, on the pectin agar, it 
overgrew the l a t t e r .  These findings 
indicated t h a t  N. ditissinia and 
N. coccinea differ  i n  the i r  interaction 

with C. ckzdosporwides, but they gave no 
reason t o  assume that  N. ditissimr might 
thus be at a relat ive disadvantage. 

FunRal interactions in  the phytowrasitic 
environment 

The typically dominant s tatus of 
N. caccinea in beech bark lesions indicated 
that  t h i s  fungus i s  well adapted t o  the 
parasi t ic  invasion of stressed host t issues.  
A number of other fungi have, however, also 
been isolated from the bark lesions, some of 
them frequently, and three of these were 
selected fo r  a series  of bark inoculations 
designed t o  t e s t  a )  the i r  a b i l i t i e s  t o  invade 
stressed t i ssue  in the i r  own r ight  and b )  
the i r  interactions with N. coccinea in  lesions. 
A t  the seme time a number of isolates  of 
N. mccinea from niches i n  or  on the  outer 
bark were tested for  t he i r  a b i l i t y  t o  form 
lesions. In order t o  standardise the  plant 
material, detached logs were used in  p r e f e r  
ence t o  standing C. fagisup-infested trees.  

Tne logs, one metre i n  length, were 
obtained from a forty-nine year-old beech 
plantation. In order t o  minimiee difference 
i n  rates  of drying-out and t i ssue  senesence, 
they were selected for  s imilar i ty of diameter 
and t h e i r  cut ends were sealed with a la tex  
emulsion. 



Inoculation was performed using a bo l t  
wound and cling-film wrapping technique as  
described by Lonsdale (1980b), using i n  each 
case approx. 0.1 g of an inoculum consisting 
of a 3% maizemeal/sand cul ture  (Butler 1953) 
of the  t e s t  fungus. The cultures had been 
grow a t  20°c i n  250cm3 Ehrlenmeyer f lasks  
over a period of two t o  four weeks, depend- 
ing on t he  growth rate of  t h e  fungus. 

Each l og  received inoculations a t  four 
points around its circumference at each of 
e i ther  two o r  th ree  positions along its 
length, and each treatment was repl icated 
between s i x  logs and between a l l  longitudi- 
nal inoculation positions. Incnb a t ion  took 
place out-of-doors during the  winter and 
spring of  1980/81, with t he  logs held i n  a 
n e a r v e r t i c a l  position and supported above 
a concrete surface by na i l s  driven i n to  one 
of the  cut  ends. 

The treatzients and the  fungi used were 
as follows :- 

a )  N. mccinea pathogenicity t e s t s  with 
four 'outer bark' i so la tes  of t h e  
fungus, and a mixture of i so la tes  
obtained from inner bark lesions: 

BC1 from the  bark surface of a 
C. f e euga - in f e s t ed  beech. 

CW2 from a colony of C. f e s u g a .  

F2 from a necrotic fleck i n  t he  
phelloderm of an infested beech. 

F3 as  M, from another beech t r e e .  

~ ~ 4 / 2 / 1  les ion mixture containing 
t h r ee  i so la tes .  

b) Mixed inoculations ( i  . e .  a t  one wound 
s i t e )  : 

N. coccinea m / 2 / 1 ,  mixture of three 
bark lesion i so la tes  i n  combination 
with each of t he  following fungi - 
N. viridescens L1, a lesion i so la te  
of t h i s  frequently occurring hark 
surface fungus. 

Warium tater i t ium C, a bark les ion 
i s o l a t e  of t h i s  ubiquitous beech bark 
fungus and known antagonist of 
N. cocdnea. 

Pyrenochizeta sp. F3, an i so l a t e  from 
a necrot ic  f l eck  of the  type possibly 
u t i l i s e d  by N. coccinea during l a t en t  
infect ions.  

C )  'challenget inoculations between 
N. coccinea LM/k/2/1 and each of the  
fungi named i n  ( b ) ,  with t he  inoculation 
points  4cm longitudinally apart. 

The assessment of each log took place when 
at l e a s t  one les ion could be detected by 
preliminary probing, a stage reached by a l l  t h e  
logs within a four-week period i n  May-June 1981. 
The measurements of les ion lengths and breadths 
(Table 6) shared t h a t  all the  N. cocdnea 
i so l a t e s ,  whether obtained from bark lesions, 
necrotic flecks, the bark surface o r  from 
C. fagisuga colonies, were able t o  invade 
s t ressed beech bark t i s sue .  None of the  o ther  
fungi had t h i s  ab i l i ty .  

Table 6.--~esion developent  following single- 
species inoculations on beech logs 

Lesion Lesion 
Inoculant fungus length width 

(nnn) (mm) 

N. ooccinea m4/2/1 61.7 i 29.5 19.9 t 12.1 

N. coccinea BU 60.8 i 25.6 16.5 + 8.1 
N. coceinea CW2 70.8 + 46.7 12.6 1 j.6 

N. c o m i n ~ a  F2 70.4 + 34.6 18.2 1 10.1 

N. m c d n e a  F3 56.4 + 27.7 12.9 + 3.9 

F. ta ter i t ium C 9 . 0 *  6.3 6 . 5 1  2.9 

PyrenochuetaspF3 9 . 3 i  4.4 6 . 3 1  3.4 
control  8.0 i 2.7 5.0 + 2.7 

mean w lues  are  followed by 95% confidence 
intervals .  

A t  the time when the  lesions were measured, 
a s e r i e s  of bark plugs was removed from a l l  zones 
of each lesion and plated out on 2% MA for  isola- 
t i o n  of micro-organisms. The re-isolation 
frequencies of the inoculant fungi i n  the  mixed 
species and 'challenge' inoculations are  shown 
in  Figures 2a and 2b together with mean les ion  
dimensions. These date shar t ha t  despite t h e  
i nab i l i t y  of F. k t e r i t i m ,  N. viridescens and 
%renochaeta sp. t o  colonise the  bark t i s sues  as 
primary invaders, they were able  t o  colonise 
t i s sue  freshly invaded by N. coccinea. They did 
not reduce t he  invasive a b i l i t y  of N. mccinea 
but they did reduce t he  frequency with which i t  . 
was re-isolated from colonised t i s sue .  Thus, in  
the lesions a r i s ing  from mixed inoculations of 
N. coccinea and F. tateritium, only 17% of 
attempted re-isolations from the  central  zones 
yielded N. mccinea, compared with 42% f o r  
F. Zateritium. It could not be judged whether 
this reduced recovery of N. mccinea was par t ly  
the resu l t  of competition on the isolat ion 
plates .  

( 'Controls '  were s e t  up using a s t e r i l i s e d  
maizemeal/sand mixture ) . 
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F i g u r e  2a.-- L e s i o n  s i ze  and r e - i s o l a t i o n  o f  
i n o c u l a n t  f u n g i  i n  n ixed  i n o c u l a t i o n s  on 
beech  l a g s .  The diagrams  show mean l e s i o n  
l e n g t h s  and b r e a d t h s  ( l e r r  lOnm f a r  t h e  
i n o c u l a t i o n  h o l e s ;  b a r s  i n d i c a t e  95% 
c o n f i d e n c e  l i m i t s ) .  Each diagram is  s p l i t  
t o  show r e - i s o l a t i o n  f r e q u e n c i e s  f o r  
N.  c o c c i n e s  ( b e l o w )  and f o r  t h e  o t h e r  - -  
i n a c u l a n t  f u n g u s  ( a b o v e )  a s  i n d i c a t e d  by 
l a b e l s .  

The detection of Nectria coccinea on t h e  
surface of scale-infested beech hark i n  the  
small necrot ic  flecks within such bark 
supports t he  idea t h a t  l a t en t  colonisation 
i s  involved i n  beech bark disease. The f ac t  
t ha t  i so l a t e s  taken from these outer  bark 
s i t e s  were pathogenic on logs a l so  supports 
t h i s  view. It seems unlikely, however, from 
the  sampling and observational data, that 

N .  c o c c i n e s  

N. c o c c i n e a  i n o c u l a t i o n  p o i n t  

c h a l l e n g e  fungus  i n o c u l a t i o n  p a i n t  

Figure 2b.-- Lesion d i m e n s i o n s  and  r e - i r o l a t i o o  o f  
i n o c u l a n t  f u n g i  i n  c h a l l e n g e  i n o c u l a t i o n s  on 
beech  l o g s .  Oata are p r e s e n t e d  as f a r  F i g u r e  2a 
u i t h  t h e  a d d i t i o n  o f  n a r k e r s  f a r  t h e  t u o  
i n o c u l a t i o n  s i t e s .  C o n f i d e n c e  i n t e r v a l s  for  
l c r i o n  b r e a d t h  r e f e r  o n l y  t o  t h e  ' N .  c o c o i n e a '  
e n d s  o f  t h e  l a r i a n s .  - -  

N coccinea i s  a major component of the  
c a ~ l a n e m i c r o f l o r a ,  and Purther work w i l l  
be necessary t o  determine whether a l i nk  
ex is t s  between its colonisation of the  outer 
bark and i t s  invasion of deeper t issues .  In 
par t icular ,  t h e  development of be t t e r  select ive 
i so la t ion  methods would show whether the  
apparent infrequency of occurrence Of 
N. coccinea i s  due i n  par t  t o  competition on 
t he  cul ture  medium from Fusariwn kzteritiwn o r  
other  antagonists. Cotter (1977) found t h a t  a 
Fusarim sp. was much more readi ly  i so la ted  
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from per i thec ia  of  N. coccinea var. faginata 
on Fagus grrmdifozia than w a s  Nectria i t s e l f .  
The present  work represents a preliminary 
cham- te r i sa t ion  of t h e  ecosystem which 
N. coccinea must negotiate i n  order t o  gain 
access t o  inner  hark t i s s u e .  It i s  i n t e r e s t -  
ing  t h a t  t h e  fungus, a t  l e a s t  i n  VitPo, seems 
t o  grow much b e t t e r  than its most obvious 
competitors i n  t h e  presence of  Ckdospor im 
clsdosporioides,  a very dominant member of  
t h i s  ecosystem. It remains unclear t o  what 
extent  t h e s e  'most obvious competitors ' ,  
t h e  antagonis t ic  F. lateritim and the  
mycoparasitic VerticiZZiwn Zecanii, may 
suppress N. coccinea on t h e  bark.  The 
e f f e c t s  of sugar concentration on t h e  
mycoparasitic a b i l i t y  of V. Zecwlii were 
of   articular in te res t .  and helve8 t o  
emphasise t h e  need t o  Aders tand  t h e  
temporal and s p a t i a l  nu t r i en t  gradients  t h a t  
occur on t h e  bark. 

The l o g  inoculations drew a d i s t i n c t i o n  
between those  Puagiwhich can invade s t r e s s e d  
host  t i s s u e s  and those which a r e  secondary 
colonis ts  of l e s ions .  Although some 
secondary co lon i s t s  may have a powerful 
i n h i b i t o r y  e f f e c t  on t h e  growth of o ther  
fungi, as is t h e  case with F. kteri t im, 
t h e r e  seems l i t t l e  doubt t h a t  t h e  a b i l i t y  
of N. coccinea t o  a c t  as a pioneer invader 
must o f t en  enable it t o  escape such inhibi -  
t i o n .  This  can a l s o  be concluded from t he  
findings of Gotwols, Blanchard & Short le  
(1980). Whether secondary colonisa t ion of 
l e s ions  could  reduce t h e  a b i l i t y  of 
N. coccinea t o  p e r s i s t  t o  t h e  f r u i t i n g  s t age  
i s  not  c l e a r  b u t  it has often been i s o l a t e d  
from o ld  l e s ions .  

The p resen t  f indings a r e  consis tent  
with t h e  i d e a  t h a t  N. coccinea occurs on the  
hark, t h a t  it i s  ecological ly  favoured i n  
t h i s  environment and t h a t  it can read i ly  
exp lo i t  t h e  inner  bark when s t r e s s  i n  t h e  
t r e e  becomes s u f f i c i e n t l y  severe. The r a r i t y  
of N. ditissiim and of  t h e  more pathogenic 
s t r a i n s  of N. cinnabarina o r  of o ther  canker 
m g i  in t h e  necrot ic  bark of scale-infested 
beech is n o t ,  however, explained by these  
data. The explanation might b e  simple; f o r  
example, t h e  re luctance of  N. ditissima t o  
fonn micro-conidia i n  cu l tu re  may suggest 
a l s o  a l a c k  of a b i l i t y  t o  achieve adequate 
d i spe r sa l  on the  bark i n  conditions where it 
cannot produce sporodochia o r  pe r i thec ia .  It 
is worth no t ing  t h a t  infect ion of apple l ea f  
sca r s  by t h e  s imi la r  twig canker fungus 
N. gaZZigena can be inhibi ted  by saprophytes 
i n  the  o u t e r  s c a r  t i s s u e  (~winburne 19731, an 
effect  which can be used in  hiocontrol  
procedures (Corke & Kunter 1979). These 
outstanding questions c l e a r l y  demand more 
de ta i l ed  observat ional  and experimental work 
and they h igh l igh t  the  importance of  under- 
standing n o t  only t h e  processes of  patho- 
genesis b u t  a l s o  t h e  ecological  in te rac t ions  
upon which pathogenesis may of ten depend. 
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Une htude de mise en cu l tu re  de l ' i c o r c e  
du h e t r e  envahie par l a  cochenille Cryptococ- 
cus faaisuga a rev616 l a  presence du Nectr ia  
coccinea dans l e s  t r o i s  niches suivantes:  (1) 
les colonies  du Cryptococcus, (2) l a  su r face  
de 1'8corce 3, proximite de ces  colonies,  e t  
(3)  des points  nEcrotiques dans 1 'Qcorce 
extQieure des a rb res  envahis depuis lang- 
temps. Ceci indique l a  poss ib i l i td  que l e s  
maladies de l 'bcorce du he t re  comportent un 
b l h e n t  d ' infect ion l a t e n t e ,  bien que le N. 
coccinea n ' a i t  pas sowent  i t 6  is016 pend<nt 
c e t t e  btude. 

Parmi l e s  nombreux a u t r e s  champignons 
prhsents su r  ou dans l lEcorce,  seules  les 
deux espsces suivantes 6 ta ien t  presentes  
dans tou tes  l e s  susd i t e s  niches: Cladosporium 
cladosporioides,  dominant dans de v i e i l l e s  
colonies de Cryptococcus, e t  Ver t ic i l l ium 
l e c a n i i ,  abondant parmi l e s  f o r t e s  in fes ta -  
t i o n s ' i n s e c t e s .  D'autres champignons 
souvent i sa lEs  sont: Ramichloridium subulatum, 
Pyreoochaeta sp., Nectria viridescens,  Mucor 
spp.. Acremonlum spp., Penicil l ium spp. e t  

Des essais de provocation i n  v i t r o  e t  3, 
d i f fg ren tes  concentrations de sucre,  en t re  5. 
coccinea e t  des champignons o rd ina i res  de 
1'Ecorce demontrent que deux esp&ces, 1. 
l e c a n i i  e t  E. l a t e r i t ium,  sont antagonis tes  
a c c h a ;  l a  premizre s e r a i t  fortement 
mycoparasitaire. Un essai de taux de crois-  
sance sous conditions de f a i b l e  n u t r i t i o n  
denontre que l a  croissance de t r o i s  espOces 
bri tanniques de Nectria obtenues de 1'Ecorce 
du he t re ,  21 t r ave r s  l e s  cu l tu res  "en 
pelouse" de C. cladosporioides e s t  moins 
inhibee que c e l l e s  de F. l a t e r i t i u m  e t  de 1. 
l ecan i i .  La v a r i s t 6  nord-ambricaine, g. 
coccinea Var. f a ~ i n a t a  est plus fortement 
i n h i b d e q u e  l e s  i s o l a t s  bri tanniques.  

L' inoculation de baches de h'2tre 
d&ntre que les i s o l a t s  d e x .  coccinea 
obtenus des susd i t e s  niches dans 1'Ecorce 
ex t s r i eu re  sont capables de provoquer l a  
n k r o s e  de l 'bcorce ,  contrairement 21 F. 



lateritium. g. viridescens et Pyrenochaeta 
sp. Toutefois, ces autres champignona sont 
capables de coloniser les tissus envahis par 
N. coccinea et de rgduire la frsquence avec - 
laquelle cette espsce est r.6-isolge. 

Isolierungen von Buchenrinde, die von der Bu- 
chenwollschildlaus (Cryptococcus fagisue) be- 
fallen waren, ergaben, da8 - coccinea 
in den folgenden Nischen anzutreffen war: 
1. Lauskolonien, 2. Rindenoberflache in der 
Umgebung von Lauskolonien, 3. Nekrosen in der 
auberen Rinde von langer befallenen BZumen. 
Dies deutet darauf hin, daB, obwohl N. coccinea 
wahrend der Untersuchun~ nicht hiufzTisoliert 
werden konnte, der Pilz latent vorhanden und 
Teil d e s  Krankheit~kom~lexes ist. 
Von den vielen in und auf der Rinde ilorhandenen 
Pilzen waren nur die folgenden zwei Arten in 
allen drei Nischen anzutreffen: Cladosporium 
cladosporioides, ein Pilz der hauptsachlich von 
alten Lauskolonien isoliert wurde, und u- 
cillium lecanii, der in gro8em Urnfang in Be- 
reichen mit intensiver Verlausung anzutreffen 
war. Andere haufie isolierte. aher nirht i~ a l -  
len drei Nischen vertretenen Pilze sind: W- - 
chloridium subulatum, Pyrenochaeta sp., Nectria 
viridescens,ar spp.. Acremonium spp.,-- 
cillium spp. und Pusarium lateritium. 
In Dualkulturen ewischen fl. coccinea und haufig 
vorkomenden Rinden~ilzen auf Nahrboden mit un- 
terscbiedlichem Zuckergehalt erzab sich. da8 
sich V. lecanii und z. lateritik antaponistisch 
N. coccinea verhielten. V. lecanii wirkt offen- 
Far als starker Mykoparacit. Wachstumsversuche 
bei niedrixem Nilhrstoffaehalt zeiaten. da0 drei - .. . 
englische Nectria spp. von BuchenrindebeimDurch- 
wachsen von C. cladosporioides-Kulturen weniper 
gehemmt wurden als 5. lateritium und x. I-. 

coccinea var. faeinata aus Nordamerika 
wurde starker gehemmt als die Isolate aus Gro0- 
britannien. 
Inokulationsversuche an Stammabschnitten zeigten, 
da61. coccinea-Isolate aus den obenerwahnten 
Nekrosen in der XuBeren Rinde im Geeensatz zu 
F. lateritium, N. viridescens und Pvrenochaeta - 
sp. Rindennekrosen henrorrufen konnten. Aller- 
dings waren die letztgenannten Pilze in der 
tage, von Necfria coccinea befallenes Gewebe zu 
besiedeln. Die Reisolierbarkeit von 3. coocinea 
ging dadurch zurilck. 
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