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Abstract.--Investigations were made of necrophylactic 
peridems which were found to delhit natural and experiment- 
ally induced cankers in American beech. Anatomical evidence 
is presented which supports the hypothesis that the necro- 
phylactic periderm is geerated fromrecent derivatives of 
the vascular cambium as well as from living cells of the 
bark tissues present at the time of vounding or infection. 

INTRODUCTION 

Woody plant periderms which arise as the 
result of mechanical injuries. insect. or ~ ~~~ - 
pathogen attack have been referred to as wound 
periderms (Bramble 1936, Tainter 1970) or ae- 
crophylactic peridenne (Mullick 1977, Soo 
1977). As a general rule, such a periderm 
provides a barrier which effectively limits 
the spread of pathogenic fungi through the 
bark tissues and prevents them from reaching 
the vascular cambium. As a result of peri- 
derm development in response to bark inju- 
ries, a certain degree of resistance to patho- 
gen invasion is imparted to the plant 
(Horsfall and Cowling 1980). 

Necrophylactic periderms have been shown 
or implicated to play a role in tree diseases 
such as chestnut blight (Bramble 1936). white 
pine blister rust (Struclooever and Riker 
igsi), Nectria canker of hakdwoods (Grant and 
Spaulding 1939). yellow-laminated root rot of 
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Dowglas-fir (Mullick 1977) and the beech bark 
disease of European beech (Bazzigher 1957, 
Bram 1976, Braun 1977, Fink and Braun 1980). 
Braun (1976) and Fiuk and Braun (1980) have 
suggested that the hark damage in European 
heech resulting from the feeding activity of 
the scale insect Cryptoeoccus fq i suga  Lind. 
allows the bark to dry and crack along the 
sclerified phloem rays to the vascular cambium. 
The presence of the rays themselves may also 
prevent the wound periderm from forming an 
uninterrupted barrier to the subsequent in- 
vasion of the beech hark by Nectria coccinea 
(Pers. ex Fr.) Fries. 

Necrophylactic periderm development has 
bear generally accepted as a major defense 
mechanism inwoodyplants (Horsfall and Cowling 
1980, Mullick 1977), hut few studies have been 
made of the ontogeny of the process. Tempera- 
ture (Marks and Minko 1970), light conditions 
(BPxger and Kozlowski 1972a), growth regulating 
substances (Borger and Kozlowski 1972b), plant 
water relations (Butin 1952, Puritch and 
MulMck 1975), and season of wounding (Grant 
and S~auldinp. 1939. Mullick and Jensen 1976) 
in&ce necrophyiactic periderm development. 
Differences in these environmental conditions 
may often account for the success or failure of 
the plant to defend itself against pathogen in- 
gress. With the exception of a study conducted 
by Ehrlich (1934), the role of the first exo- 
phylactic periderm in canker development, and 
the development of necrophylactic peridem in 
Ansa3cm heech (Fagus pandifoZia Ehrh.) have 
not been reported. 

The objectives of the present investigation 
were  to (i) describe canker formation on Ameri- 
canbeech resulting from mechanical injury and 
innatlation with Nectria coccinea var. f agk ta  
Lok.. Wats. 6 Ayers during each of the four 



seasons, (ii) compare necrophylactic periderm 
development in trees which are suscepti le 
with that in trees apparently resistantk to 
the beech bark disease, and (iii) describe 
two canker types of the beech bark disease 
resulting from natural infections on American 
beech. 

MATERIALS AND METHODS 

Seasmat i ~ a l a t i o n  study 

Twenty-four American heech, each 5 to 10 
cm in diameter, were selected at the Kingman 
Research Farm in Madhury, New Hampshire. One 
of four groups of six trees each was selected 
for treatment in each season. Treatments were 
initiated in the summer (8/23/79), fall (101, 
23/79), winter (1/16/80), and spring (411180). 
Trees for each treatment were harvested for 
anatomical study two years from the time of 
treatment initiation. 

Five whorls of 12 mm diameter wounds 
were inflicted on each of five trees in each 
group. Each whorl consisted of two wounds in- 
oculated with a three week old malt agar 
culture of a single-ascospore isolate of 
Nectria cocdnea var. faginata, a wound left 
uninoculated, and an area of the bark inocu- 
lated but left umunded. The wounds were 
inflicted by the removal 0f.a 12 mm diameter 
disc of periderm tissue. Wounds were approx- 
imately 0.5 mm in depth. All wounds were in- 
flicated the same day in a given season. 
Wounds to be inoculated were so treated from 
the top whorl to the bottom whorl after 0, 2 
days, 1, 2, and 4 weeks had passed, respec- 
tively, since the time of injury. These five 
trees were designated as the treatment trees. 

The remaining tree in each group served 
as a control for time of inoculation. This 
tree was wounded, by whorl, at the corres- 
ponding treatment time intervals. All wounds 
were inoculated imediately after being in- 
flicted. This tree was designated as the con- 
trol tree. 

Trees were inspected regularly for 
canker development over a period of two years, 
after which time they were harvested. Rep- 
resentative samples of uninoculated wounds, 

4 ~ n  thiestudy "apparently resistant" is 
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in forest stands which have been heavily 
damaged by the beech bark disease. The term 
should not be taken to imply actual resistance 
or tolerance. 

inoculated wounds, and healthy bark were sec- 
tioned to a thickness of 10 to 20 wm on a cryo- 
stat set at approximately -25 C. Sections were 
either stained with Toluidine Blue 0 or left un- 
stained, and mounted in glycerol on standard 
glass microscope slides. Small samples (1 X 1 X 
2 mm) of bark tissues were also fixed, dehydra- 
ted, infiltrated, and embedded in Spurr's epoxy 
resin (Kosakai 1973). Epoxy embedded tissues 
were sectioned at 3 to 5 ilm with an ultramicro- 
tome equipped with a glass knife. Sections 
were stained with Taluidine Blue 0 or left un- 
stained, and examined microscopically. 

Development of  NecrophyZactic peridem in 
American beech either susceptibte or appmentZy 
resistant to the beech bark disease 

Four pairs of American beech, each pair 
consisting of one tree susceptible and one 
tree apparently resistant to the beech bark 
disease, were selected for study. Two pairs 
were located at the Hubbard Brook Experimental 
Forest near West Thornton, New Hampshire, and 
two were located at the Bartlett Experimental 
Forest near Bartlett, New Hampshire. 

Trees selected as pairs were a maximm of 
2 m apart. Susceptible trees had obvious de- 
limited cankers on which evidence of fruiting 
by Nectria coccinea var. faginata could be 
found. The scale insect Cryptococcus fagisuga 
was present in moderate to low populations. 
Apparently resistant trees had no evidence of 
Gkering-or fruiting by N. coccinea var. 
faginata. An occasional individual scale in- 
sect was found on some of the apparently re- 
sistant trees. All trees were between 19.6 
and 30.0 cm in diameter (dhh). 

Four whorls of eight injuries per whorl 
were made between 0.5 and 2 m ahwe ground on 
the bole of each tree. Wounds were made by 
removing a 10 mm diameter disc of tissue 
approximately 0.5 mm in thickness from the 
bark. Susceptible trees were wounded where the 
bark was free of both primary causal agents of 
the heech bark disease. Wounds were inflicted 
on 18 and 20 September, 1981. 

Wounds of the top two whorls of each tree 
were left uninoculated; wounds of the bottom 
two whorls were inoculated with a 10 m di- 
ameter malt extract agar disc from a three- 
week old sinele-ascos~ore isolate of N. - 
coccinea var. faginata. Inoculations were made 
the same day as wounds were inflicted. Bark 
~am~les of "ounde of both treatments from all . - -  - -- 

trees were collected at approximately bimonthly 
intervals and analyzed for anatomical changes. 
The cryostat was used to prepare fresh tissue 
sections, and the ultramicrotome was used to 



prepare epoxy-embedded tissues, as described 
previously. 

Two canker e p e e  of the beech bark d<eease a 
American beech 

A large number of h r i c a n  beech growing 
in natural forest stands at the Hubbard Brook 
and Bartlett Experimental Forests were in- 
spected over a three-year period. Both re- 
search areas are classified as aftermath zones 
(Shigo 1970) with respect to the beech bark 
disease. The disease has been present in both 
areas for approximately thirty years. 

Bark samples were collected from healthy 
trees and from trees exhibitinn various 
degrees of cankering by ti. cocknea var. 
fagiMta. Sections of bark samples were pre- 
pared for microscooic examination as de- 
scribed previously; and anatomical character- 
istics were related to general canker appear- 
ance. 

RESULTS 

Neetria coccinea var. fagimta was able 
to incite cankera on American beech stems 
when applied to bark tissues from which only 
the first exophylactic peridem had been re- 
moved (Fig. 1). ALthough many cankers devel- 
oped, none grew larger than 3.5 cm in length 
or 2.2 cm in width. The slowest cankers to 
develop reached a maximum size within 12 
months after initiation. 

Figure 1.--Canker developuent around wounds 18 
months after being inoculated. Arrow indi- 
cates erumpent sporodochia of the fungus. 
Scale bar represents 5 m.5 

Frequency of canker development was influen- 
ced by the season ia which the trees were 
wounded and inoculated (Table 1). Twenty-two 
of the fifty wounds inflicted and inoculated 
in the fall resulted in cankers, compared with 
0, 1, and 4 of those inoculated in winter, 
wring, or summer, respectively. 

Table 1.-Effect of seasm o f  voundlne and 

s h y l e e t i c  p e r i d e m  had been r a v e d .  

Wunber of i w c v l s f e d  
vovnds farming cankers 

Season of vounding 
and InoculaLion 1re.tmenc treesa Central treesb 

spring  I 0 
s-er 0 1 
Poll 22 7 
Winter 0 0 

valve  represents t h e  number of wovnds formin8 
~Iokern from a toral o €  50 inoeWatod wounds: wounds 
Yerl i n f l i e f e d  the same day i n  e given season but i n o o r  
lafed  a f t e r  various cirrp intervals o€ up r. four veeks. 

valua represents oh= number of wvnda f a m n g  
cankers fro .  a total of 10 inoculated wounds. wounds 
were i n f l i c t e d  a t  various time inrervals  but t ~ ~ l r t e d  
i-dierely after being i n f l i e r r d .  

h e  time interval between wounding and 
inoculation influenced canker development 
(Table 2). The longer the time interval 
between wounding and inoculation, the fewer 
cankers developed. No wounds left uaimcu- 
lated resulted in cankers, nor were any 
cankers formed when inoculum was applied to 
nonwounded bark. 

Canker development on trees used as con- 
trols for the time intervals was also affected 
by season of inoculation. Again, most cankers 
occurred on wounds inflicted in the fall. 
Rowever, canker development became 
less frequent as the fall season progressed. 
even when wounds were inoculated immediately 
after being inflicted. Of the seven fall 
wounds resulting in cankers, only one of four 
wounded and inoculated after 15 November re- 
sulted in canker formation, compared with six 
of six wounds inflicted and inoculated prior 
to 2 November. No cankers developed from 
wounds inflicted and inoculated during the 
winter season. 

'FO~ all Finures: FEP = First exo~hvlac- - . - 
tic periderm, NP - Necrophylactic periderm. 
NZ - Necrotic zone, P - Phloem, PR - Phellem, 
S - Sclerified ~arenchvma. SPB * Sclerified 
phloem ray. 
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Table 2.-Effect of various time i n f e n a l s  
betwee" vovnding and inoeuletion of 
a~ctria coccima "a*. ,"ogimta on 
canker developrent Of American beech. 
Wovnds were arena of the bark from 
which only the firer exophylaetic 
peridern had been remved. 

m d s  fominll canker. 
Days between wounding Treerment Co~fro l  

and i a o d a r i o o  rreeea ~ I E E . ~  

%ach ~11ue  r e p r ~ e n f s  the number of umnds 
forning cankers from a total  of 00 inoculated wounds. 
A to ta l  of 10 rovnds were inf l icted i n  a given season 
and inoeulacad after each g i w n  time interval.  

valve represents the number of vovnds 
forming cankers from a rotel  of 8 inoculated wounds. 
h-o m u d s  were inf l ictad in a given searon and 
inoculated after each given ti- interval. 

Examination of tissue sections cut from 
two-year-old wounds which had resulted in 
cankers revealed that a well-develooed necro- - 

phylactic peridem had formed. This peridem 
consisted of a phellem from twenty to twenty- 
five cell layers in thickness (Pig. 2). A 
phelloderm could not be distinguished. The 
necro~hvlactic peridem was never observed 
to be-ihterrupted by the sclerified phloem 
rays. Rather, it always formed a continuous 
barrier between healthy and necrotic tissue, 
with the sclerified phloem rays separated 
completely from healthy tissues (Fig. 2). 
Large groups of sclerified parenchyma were 
cormonly observed as short bands centripetal 
to the sclerified phloem rays which had been 
separated from healthy tissue by the necro- 
phylactic periderm. 

Flealthy bark tissue was composed of long 
files of phloem cells (Pig. 3). The cells 
were uniform in size and shape. Bands of 
sclerified parenchyma were a cormon character- 
istic of this bark tissue. 

DgveZopent of necrop%Laotie periden in 
8usceptibZe mrd a p p m t Z y  resistant American 
beech 

The general appearance of one pair of 
American beech selected for study is shown 
in Figure 4. On close examination, many 
small delimited cankers were apparent on the 
susceptible tree. The bark of some cankers 
shows deep splits indicating infestation by 
the scale insect XylocOcnrZus betuZae @erg.). 
Even though the trees are touching at the 
base, one tree of the pair has no cankers and 
is considered to be apparently resistant to the 
beech bark disease. 

Figure 2.--Necrophylactic periderm delimiting 
the canker shown in Figure 1. The wound was 
inflicted in the fall and inoculated one 
week later. Note the shape of the sclerified 
phloem ray which has been delimited to the 
necrotic zone. Scale bar represents 40 vm; 
transverse section. 

Figure 3.--Appearance of phloem centripe'tal to 
the necrophylactic periderm. Note the long, 
even radial files of vascular cambium deriv- 
atives. Scale bar represents 20 pm; trans- 
verse section. 

Bark tissues behind wounds of both suscep- 
tible and apparently resistant trees eight 
weeks after injury appeared slightly discolored. 
Healthy bark tissues appeared light b r m  or 
tan, while tissues abutting the wound surface 
were dark red-brown. Tissues of wounds which 
had been inoculated appeared even darker, and 
the extent of the discolored tissues was larger 
than of wounds left uninoculated. No 



differences in wounds between susceptible and 
apparently resistant trees were evident. 

Figure 4.--Susceptible (right) and apparently 
resistant (left) American beech at the 
Hubbard Brook Experimental Forest. Scale 
bar represents 15 cm. 

The bark surface around wounds 20 weeks 
after wounds had been inflicted was smooth, 
with no evidence of cankering (Fig. 5 ) .  
Fruiting strvctures of N. coccinea var. 
fagi~ta were not observed when inoculated 
wounds were examined. Microscopic examination 
of wounded tissues revealed that the extent of 
the discolored zone had increased only 
slightly from that of the eight week old 
wounds. No anatomical changes were apparent 
in bark tissues at this time. 

Figure 5.--The appearance of a wound twenty 
weeks after being inflicted on the bark of 
a susceptible tree and inoculated with 
Nectria coccinea var. faginatu. No canker- 
ing is yet apparent. Scale bar represents 
5 mm. 

Significant changes in canker appearance 
and bark anatomy had occurred in tissues 
collected and examined 38 weeks after injuries 
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had been inflicted. Abundant sporodochia of 
N. coccinea var. fagzhta were obsemed (Fig. 
6). Anatomical changes in bark tissues behind 
both inoculated and uninoculated wounds were 
also evident (Fig. 7). A necrophylactic peri- 
derm was confluent with the first exophylactic 
periderm, and formed a continuous barrier 
between healthy and necrotic tissues. Neither 
sclerified phloem rays nor large groups of 
sclerified parenchyma interrupted the necro- 
phylactic periderm (Fig. 8). 

Figure 6.--Canker appearance 38 weeks after a 
wound was inflicted and inoculated with 
Flectria coccinea var. faginata. Sporodochis 
of the fungus are present (arrows). Scale 
bar represents 5 m. 

Figure 7.--Bark sectioned through a wound to 
show canker extent. The necrotic zone which 
has developed is delimited from the healthy 
tissue by a necrophylactic peridem, seen 
here as a narrow band (arrow). Scale bar 
represents 5 mm; transverse section. 

Two canker types of beech bark disease on 
American beech 

TWO distinct twes of bark cankers were . . 
evident on infected trees. Cankers restricted 
in size and defined in cross section by a 
distinct necrophylactic peridem were desig- 
nated as delimited cankers. Cankers not de- 
fined in cross section by a necrophylactic 



periderm were designated as diffuse cankers. 
Diffuse cankers were not restricted in size, 
and usuallv resulted in larxe necrotic areas. 
~opulatio& of C. fagisuga were la* on trees 
exhibiting either canker tme. This does not 
necessarily reflect past scale populations on 
those trees. 

Ptgure 8.--Section of tissue from the canker 
shown in Figure 7. Note that the groups of 
sclerified cells do not interrupt the con- 
tinuity of the necrophylactic periderm. 
Scale bar represents 100 vm; transverse 
section. 

Characteristics of delimited cankers, the 
most common type encountered, are shown in 
Pigures 9 through 14. Delimited cankers were 
small, usually no larger than 1.5 cm in 
length by 2.5 cm in width (Pig. 9). Theae 
cankers usually occurred singly, but occa- 
sionally two or more had coalesced. Evidence 
of fruiting by N. coccinea var. faginata was 
observed on most delimited cankers. Cankers 
were delimited by a distinct necrophylactic 
periderm which apparently always formed a con- 
tinuous protective sheath between the necrotic 
tissue and the healthy bark (Pigs. 10, 11). 

ligure 10.--Well defined necrophylactic peri- 
derm delimiting necrotic tissue from healthy 
bark. Note the bands of sclerenchyma devel- 
oping behind this periderm. Scale bar 
represents 1 mm; transverse section. 

Figure 11.--Exclusion of the sclerified phloem 
rays from the healthy bark tissues by the 
necrophylactic periderm. Scale bar repre- 
sents 300 um; transverse section. 

Evidence that the necrophylactic periderm 
of delimited cankers was continuous was demon- 

I strated by autoclaving bark samples containing 
cankers for ten minutes. After autoclaving, 

Figure 9.--Appearance of typical delimited 
cankers. Scale bar represents 15 m. 

- 
the entire canker, consisting of the necrotic 
bark tissue and the phellem of the necrophy- 
lactic periderm, could be easily separated as 
a single piece from the healthy bark tissue 
(Fig. 12). The necrophylactic periderm was not 
interrupted either by large groups of scleren- 
chyma or by the sclerified phloem rays. This 
periderm included a well-developed phellem 
twenty-five to thirty-five cell layers in 
thickness, and a single phellogen layer (Fig. 
13). A phelloderm was apparently lacking. 



Figure 12.-Appearance of the necrophylactic 
periderm entirely ensheathing the necrotic 
zone, or canker. Arrows indicate where 
the necrophylactic periderm formed centri- 
petal to the sclerified phloem rays. Scale 
bar represents 0.5 m. 

Figure 13.-Necrophylactic peridem showing 
sclerified phloem ray excluded from healthy 
tissue, a well developed phellem, and the 
phellogen (arrow). Scale bar represents 
50 um; transverse section. 

Bark tissues centripetal to the necro- 
phylactic peridem appeared similar to those 
of other healthy bark tissues, with the ex- 
ception of the arrangement of sclerenchyma. 
Often, bands of sclerified parenchyma were 
arranged so that they formed one to several 
sheets of tissue inmediately centripetal to 
the necrophylactic peridem (Figs. 10, 11). 
Other large groups of sclerenchyma were 
located in alignment with the sclerified 
phloem rays which had been excluded from 
the living bark by the necrophylactic peri- 
derm (Fig. 14). 

Diffuse cankers were observed on only a 
few trees. This canker type is more common 
in the killing front zone of the disease 
which is nov located in New York and Penn- 
sylvania. 

Figure 14.--Appearance of sclerenchyma centri- 
petal to the necrophylactic peridem, and 
the sclerified phloem rays. Compare the 
general shape of the sclerified phloem ray 
to that shown in Figure 2. Scale bar repre- 
sents 300 Um; transverse section. 

Active diffuse cankers may be recognized 
by the relatively large numbers of perithecia 
of N. coeciwa var. faginata on extensive areas 
of the bark, although the bark is not disrupted. 
Two tree boles were completely covered with 
perithecia, and the canker presunably involved 
the entire tree stem. In both instances, tree 
mortality had occurred within a few months 
after the initial observation. 

A necrophylactic peridem had not devel- 
oped in diffuse cankers (Figs. 15, 16). The 
bark area between healthy and necrotic tissues 
was often discolored in a random pattern, vith 
no distinct demarcation between these tissues. 
The exophylactic peridem, parenchyma, and 
phloem cells were killed before an anatomical 
response to the advancing pathogen had occurred 
(Fig. 16). 

Figure 15.--General appearance of bark at the 
canker margin. Perithecia of Nectl.ia 
coccinea var. fagiMta (arrow) are present. 
Scale bar represents 1 m ;  transverse 
section. 



Figure 16.--Extent of necrosis in the first 
exophylactic periderm (arrow). Note that 
no apparent anatomical barriers occur in the 
region between the discolored and healthy 
areas. Scale bar represents 200 m; trans- 
verse section. 

The seasonal inoculation study demonstrated 
that the fungus R. coccinea var. fQsinata can 
grow through healthy bark tissues and induce 
cankers, thereby acting as a parasite, but the 
fungus cannot directly penetrate the phellem. 
The fungus was most successful when wounds 
were inflicted and inoculated in the early fall. 
This agrees with the findings of Grant and 
Soaulding (1939). who studied the effects of 
Lason o? &undiig on canker development re- 
sulting from inoculation with another species 
of ~ e c k  on various species of hardwood?. 
Injuries made by the feeding activity of C. 
fagisuga may be more receptive to infection 
in the early fall, after the eggs have been 
laid and the adults have died. Ascospore 
and conidia discharge by N. mccinea var. 
faginata is also likely to occur during the 
fall, when mist climatic conditions are 
prevalent. 

For these reasons, it appears likely that 
early fall is critical in terms of beech bark 
disease development. Wounds have been made by 
the insect, the fungus is disseminating spores, 
and necrophylactic periderm is slow to develop 
in response to injury (Mullick and Jensen 
1976). Cankers developed as a result of inocu- 
lating wounds, but they had become delimited 
within two growing seasons by a well-developed 
necrophylactic periderm. Perrin (1979) and 
Lousdale (1980)- studied canker development on 
European beech resulting from inoculation of 
N. coccinea on trees stressed by high popula- 
tions of C fagisuga, and reported less severe 
cankering when the insect was not present or 
was remwed. Perrin (1979) suggested that it 
was the continued presence of ;ilatively high 
populations of C. fagisuga that ultimately re- 
sulted in the inability of the tree to limit 

canker size. European beech is apparently cap- 
able of limiting damage caused by n. mcoimu 
alone (Bazeigher 1957). The present study sup- 
ports this concept. Inoculated trees were free 
of C. fagieuga, and were not under the influence 
of any apparent stress factor. Damage resulting 
from infection by n. ooocinea var. fagiMta was 
limited and localized. 

A necrophylactic peridenn was initiated 
between 30 and 38 weeks after fall wounding and 
inoculation. This provided a 1 w g  period of time 
for the pathogen to become well established in 
bark tissues. However, it is unlikely that the 
fungus was active during this entire period, 
since cankers failed to develop from wounds 
inoculated in the late fall or winter. 

No apparent difference was observed in rate 
of necrophylactic periderm development between 
susceptible and apparently resistant trees. 
Necrophylactic periderm development is influ- 
enced by nenetic processes, but it was not 
possible to relate genetic differences to sue- 
ceptibility to the beech bark disease in this 
study . 

There was a substantial difference in canker 
characteristics between inoculated and uninocu- 
lated wounds. A clearly discernable canker de- 
veloped around inoculated wounds, and the necro- 
tic rezion of these cankers were approximatelY 
1.5 t&s the diameter of those reiilting fr& 
uninoculated wounds. Also, sporodochis of N. 
coccinea var. f&fD developed in abundance 
around inocul&A wounds. NO- dif ferences in 
characteristics between the necrophylactic peri- 
derms of inoculated and uninoculated wounds were 
apparent. 

The characteristics of the naturally induced 
delimited cankers were similar to those of 
cankers induced by mechanical wounding and inocu- 
lation. Sheets of sclerified parenchyma were 
arranged in layers centripetal to the necrophy- 
lactic periderm, and large groups of scleren- 
chyma developed in alignment with sclerified 
phloem rays now included with the necrotic tissue. 
The necroohvlactic oeridermhad develwed as a 
continuou~ protectik sheath, and was not inter- 
rupted by sclerified phloem rays. This obser- 
vation is not consistent with those of Braun 
(1976), but perhaps the European beech responds 
differently with respect to necrophylactic peri- 
derm formation. Specific comparative studies 
are needed. 

These investigations have led to the hy- 
potheses that the necrophylactic periderms pro- 
duced in response to mechanical injury or natural 
infections in American beech are generated from 
recent derivatives of the vascular cambium as 
well as from living cells of the bark already 
present at the time of wounding. This hypo- 
thesis is supported by two key anatomical ob- 
servations. First, the sclerified phloem rays 
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present in the necrotic zone centrifugal to 
the necrophylactic periderm were shaped as 
those in healthy bark (Figs. 11, 13). That is, 
the ray end closest to the vascular cambium was 
sharply pointed or tapered. Sclerified phloem 
rays were generally uniform in width except in 
this region. Secondly, the radial files of 
cells centripetal to bark cankers likely re- 
sulted from a rapid and uniform development of 
the vascular cambium. Stimulation of the vas- 
cular cambium to produce substantially differ- 
ent xylem cells in response to injury has been 
well explored (Mulhern, Shortle and Shigo 1979. 
Shigo and Marx 1977, Tippett and Shigo 1981). 
A different response, one involvinp, the phloem, 
is also apparently stimulated by cirtain-spe- 
cific conditions resulting from bark injury. 

The development of a necrophylactic peri- 
derm from existing cells in the bark tissue is 
also evident from Mullick's investigations 
(Mullick 1977, Mullick and Jensen 1973) and 
the present study (Figs. 7 and 9), but the 
development of an uninterrupted necrophylactic 
peridem in American beech may still depend on 
the ability of the vascular cambium to produce 
phloem derivatives capable of differentiating 
into a new phellogen. However, these events 
may only occur in those localized areas where 
sclerified phloem rays are found within a few 
cells of the vascular cambium (Pig. 7). 

In light of the work by Perrin (1979) and 
Lonsdale (1980), it may be rewarding to inves- 
tigate the influence of high populations of C. 
fagisuga on the vascular cambium. The insect 
may be capable of preventing the vascular caw 
bium from producing phloem derivatives which 
are in turn capable of differentiating into a 
necrophylactic periderm. Bark invaaion by N. 
coocinea var. fagimta may then be anatomi- 
cally unopposed by the host. Once the fungus 
reaches and kills the vascular cambium, its 
further progress in the bark tissue is usually 
not interrupted. 

Necrophylactic periderms provide a barrier 
which can effectively limit the spread of patho- 
genic fungi through bark tissues of woody plants. 
bowledge of the characteristics and development 
of necrophylactic periderms in American beech 
(Fagus grandifolia) would provide insight into 
the etiology of the beech bark disease, and may 
help to explain reported differences in suscep- 
tibility of American beech to this disease. The 
objectives of this study were to (i) describe 
canker formation on American beech resulting 
from mechanical wounds followed by inoculations 
with Nectria coccinea var. faginata during each 
of the four seasons, (ii) compare necrophylactic 

periderm development in Crees which are suscep- 
tible with that in trees apparently resistant to 
the beech bark disease, and (iii) describe two 
canker types of the beech bark disease resulting 
from natural infections. Nectria coccinea var. 
faginata was able to incite cankers on American 
beech stems when applied to bark tissues from 
which only the first exophylactic periderm had 
been removed. Most cankers developed from 
wounds inflicted and inoculated in the fall. Tvo 
years after wounds had been inflicted, the 
necrophylactic periderm which had developed con- 
sisted of a phellem twenty to twenty-five cell 
layers in thickness and a sinele laver af , 
phellogen. A phelloderm could not be distin- 
guished. The necrophylactic peridem was never 
observed to be interrupted bv sclerified ohloem . --.- 
rays. Anatomical changes in-bark tissues in 
response to wounds inflicted in the fall on 
susceptible or apparently resistant trees did not 
occur until after thirty weeks. No difference in 
time of initiation of the necrophylactic periderm 
was observed between susceptible and apparently 
resistant trees, or between inoculated and un- 
inoculated wounds. Two distinct types of natural 
bark cankers were evident on infected trees. The 
majority of trees examined had numerous small (2 
cm diam.) cankers which had become effectively 
delimited by a necrophylactic periderm. A few 
trees had large, diffuse cankers which were not 
delimited bv a necro~hvlactic oeriderm. The 
characterisiics of ti; naturaliy induced de- 
limited cankers were similar to those of cankers 
induced by mechanical wounding and inoculation. 
Sheets of sclerified parenchyma were arranged in 
layers centripetal to the necrophylactic periderm. 
The necrophylactic periderm developed as a con- 
tinuous sheath and was not interrupted by scleri- 
fied phloem rays. These observations have led to 
the hypothesis that the necrophylactic periderms 
produced in response to mechanical injury or 
natural infections are generated from recent 
derivations of the vascular cambium as well as 
from living cells of the bark already present at 
the time of wounding. 

Les pgridermes nkcrophylactiques sont 
une barriare efficace pour limiter le dQve1- 
oppement des champignons pathoganes dans les 
tissus de l'6corce des plantes ligneuses. 
La connaissance des propri6tQs et du d6vel- 
oppement des p4idermes nQcrophylactiques 
chez le hetre B grandes feuilles 
grandifolia) nous aiderait 8 comprendre 
l'ktiologie de la maladie de l'Qcorce du 
hê tre, et peut aider comprendre les dif- 
ferences connues dans la susceptibilitQ du 
httre 2 cette maladie. Les objectifs de la 
pr6sente Qtude sont: 1) de dQcrire la for- 
mation de chancres sur le h@tre par suite 



d'une blessure m6canique suivie d'inocula- 
tions avec le Nectria coccinea var. fapinaD* 
2 chacune des quatre saisona, 2) de comparer 
le d6veloppement de p6ride1mes n6crophylac- 
tiques chez les arbres qui sont susceptibles 
aveccelui chez les arbres apparamment r6- 
sistants B la maladie, et 3) de decrire deux 
types de chancres de la maladie de l'bcorce 
du hstre issus d'infections naturelles. Le 

coccinea var. faplnata produisait 
des chdncres sur les troncs de h@tres seule- 
ment lorsqu'appliqud sur de l16corce dont le 
premier periderme exophylactique avait 6t6 
enlev€. La majorit6 des chancres se devel- 
oppaient de blessures infligees et inoculees 
2 l'automne. D e w  ans aprss le moment de la 
blessure, le periderne nhrophylactique qui 
s'btait ddveloppd consistait en une assise 
de tissus subereux de 20 b 25 cellules 
d'Bpaisseur et d'une seule couche de 
phellogzne. On nla pu distinguer de phello- 
derme. On n'a not6 aucune interruption du 
pr6iderme ndcrophylactique par des rayons 
de phlo3me B cellules Bpaissies. Aucun 
changement anatomique dans les tissus de 
l'Bcorce ne sont apparus durant les trois 
semaines suivant l'apparition d'une blessure 
faite a llautomne sur les arbres susceptibles 
ou apparamment resistants. Aucune difference 
ne fut observke dans le moment de l'initia- 
tion du periderne ndcrophylactique entre 
les arbres susceptibles ou apparamment 
rdsistants, ou entre les blessures inoculles 
ou non. Deux types distincts de chancres de 

J'Ecorce d'origine naturelle ;tgient 
evidents chez les arbres infectes. 
La majorit6 des arbres exminbs avaient de 
nombreux petits chancres (2 cm dimatre) qui 
Etaient effectivement dElimitL par un phi- 
derme ndcrophylactique. Quelques arbres 
montraient de gros chancres diffus qui 
nt8taient pas dblimitEs par un tel ~driderme. 
Les caractares des chancres dClimit6s et 
d'arigine naturelle Btaient simFlaires b 
ceux des chancres par blessure m6canisue et 
inoculation. Des assises de parenchymi b 
cellules bpaisses Etaient disposbes en 
couches centripi?tes par rapport au ~6riderme 
nhrophylactique. Celui-ci se dBveloppait 
en une assise continue et nlBtait pas 
interrompue par des rayons de phlohe 3. 
cellules g~aisses. Ces observations nous 
amLnent B l'hypothzse de la formation de 
p6ridermes ndcrophylactiques en rBponse 
3. une blessure mdcanique ou B des infections 
naturelles et b son dBveloppement b partir 
de formations rBcentes du cambium vasculaire 
ainsi que de cellules vivantes dans l'dcorce, 
ddjB ~rEsentes au moment de la blessure. 

Wundperidermien kannen die Ausbreitung patho- 
gener Pilze im Rindengewebe von Holzpflanzen 
wirkunnsvoll benrenzen. Die Kenntnis der 
~igenszhaften uid der Entwicklung von Wund- 
peridermien b e i m  grandifolia k6nnte mit- 
helfen. die Atioloeie der Buchen-Rindennekrose - 
zu verstehen und gleichzeitig Resistenzunter- 
schiede gegeniiber dieser'guankheit zu erkla- 
ren. Die Ziele der vorliegenden Untersuchung 
waren: 1. Die Beschreibung der Krebsentwick- 
lung bei u s  grandifolia nach kiinstlicher 
Verwundung und nachfolgender Inokulation mit 
Nectria coccinea var. fa inata zu allen vier L Jahreszeiten, 2. ein Vergle~ch der Wundperi- 
dermentwicklung bei anfalligen und offensicht- 
lich gegen die Krankheit resistenten Buchen 
und 3. die Beschreibung von zwei Krebstypen 
im Zusamenhang mit der Buchen-Rindennekrose 
und natiirlichen Infektionen. -a coccinea 
var. faginata verursachte Krebse an Buchen, 
bei denen nur das SuQerste Rindenperiderm 
entfernt worden war. Die meisten Krebse ent- 
wickelten sich nach Verwundung und Inokula- 
tion im Herbst. Zwei Jahre nach der kiinst- 
lichen Verwundung war ein Wundperiderm aus 
einem Phellogen und 20 bis 25 Phellemzell- 
schichten entstanden. Ein Phelloderm war 
nicht zu beobachten. Das Wundperiderm war in 
keinem Falle von sklerotischen Baststrahlen 
unterbrochen. Anatomische VerPnderungen im 
Rindengewebe anfPlliger und offenbar resi- 
stenter Buchen als Folge der Verwundungen 
im Herbst traten erst nach 30 Wochen auf. 
Hinsichtlich des zeitliehen Beginns der Wund- 
peridermbildung waren zwischen anfalligen 
und offenbar resistenten Buehen keine Unter- 
schiede festzustellen. Auch beim Vergleich 
infizierter und nicht infizierter Wunden 
waren keine Unterscbiede zu beobachten. An 
natiirlich infizierten Biumen traten zwei 
deutlicb verschiedene Krebstypen auf. Die 
Mehrzahl der untersuchten BXume wies viele 
kleine (2cm 0) Krebse auf, die jeweils von 
einem Wundperiderm wirksam abgegrenzt waren. 
Wenige Baume zeigten groRe ausufernde Krebse, 
die nicht von Wundperidermien begrenzt waren. 
Das Aussehen der natiirlichen abgeprenzten 
Krebse Phnelte dem der Krebse, die nach 
kiinstlicher Verwundung und Inokulation ent- 
standen waren. Sklerencbymatische Zellschich- 
ten traten zentripetal zum Wundperiderm auf. 
Wundperiderm entwickelte sich in einer ge- 
schlassenen, nicht von sklerotischen Bast- 
strahlen unterbrochenen Schicht. Die Beob- 
acbtungen fiihrten zu der Hyothese, daQ Wund- 
peridermien als Fo1p.e mechanischer Verletzun- 
gen oder natiirlicher Infektionen aus jungen 
AbkEmmlingen des Kambiums wie aus lebenden 
Rindenzellen hervorgehen kSnnen, die zum Zeit- 
punkt der Verwundung schon vorhanden sind. 
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