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Abstract.--Within a sample of European beech, par t ia l  resis- 
tance t o  attack by the beecb scale, Cryptocoemcs fagCsugc2, 
was associated with a smooth bark which had a reaular. - 
vert ical  pattern in  i t s  surface 'growth l ines ' .  Such bark 
contained relatively l i t t l e  l igni f ied  outer parenchyma, and 
the main stone ce l l  layer was strongly developed. The 
'dimpling' symptom of infested stems was  brought about by 
locally reduced and abnormal xylem development. 

INTRODUCTION 

The bark structure of beech, Fagus spp. 
is of a type unusual among temperate hardwoods, 
since even in  old t rees l i v e  parenchyma t issue 
is present just  beneath the outer surface. It 
i s  t h i s  t i s sue  from which the beech scale, 
CryptocoactLs fagisuga Lind. obtains i t s  food 
supply. The relationship between the anatomy 
of t he  hos t  and feeding by the insect is of 
relevance t o  beech bark disease (BBD) for two 
reasons. F i r s t ,  i f  there are any ~natomical 
factors which can influence the avai labi l i ty 
of nut r i t ive  parenchyma tissues, they may 
determine whether o r  not infestation can 
become severe enough for  the fungal phase of 
BBD t o  develop (Lonsdale 1980a). Second, it 
is known tha t  abnormalities of t h e  host 
t issues can develop in response t o  feeding 
by the  insect ,  and it is possible tha t  these 
abnormalities may contribute t o  the 
pathological processes involved in  BBD. 

The effects,  i f  any, of host anatomy 
on susceptibi l i ty t o  scale feeding have 
received l i t t l e  attention, but it appears 
from the  work of Kunkel (1968) and Braun 
(1976'n)that  infestation i t s e l f  can affect  
bark structure t o  the extent tha t  feeding 
may be enhanced or  inhibited by different 
phases of the histological response t o  
attacks. Enhancement seems t o  occur a t  
l ea s t  f o r  a short time due t o  the formation o 
gall-like structures within the outer bark 
parenchyma, while inhibition occurs when the 
ce l l s  i n  and around t h i s  structure become 
necrotic (Kunkel op.  dt. ) . The formation 
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of a wound phellogen a t  some depth beneath 
the primary phellogen occurs i n  response t o  
feeding damage (Braun 1976h) and may serve 
further  t o  isolate  the outer parenchyma, thus 
causing extension of necrosis. A type o f  gal l  
formation in vouna trees and also necrosis 
were described over a hundred years ago by 
Hartig (1878, 1880). 

L i t t l e  information i s  available on the 
possibly variable influence on insect feeding 
of the a n a t q  of t rees which have never been 
previously infested, although it has b ~ e u  
observed by Ehrlich (1934) and by Kunkel 
(1968) that  the stone ce l l s  i n  outer bark can 
ac t  as  a barr ier  to s ty lar  penetration. It 
has alqo been observed by S . Fink (pers . corn. ) 
t ha t  t rees with rhytidome formation, exceptional 
i n  beech, are more or  less  resis tant  t o  attack. 
This applies particularly t o  the ' p e l  or  
rough-barked beech (Feucht 1910, Munch 1914). 
The findings of Wainhouse and Deeble (1980) 
indicated tha t  different genetic s trains of 
beecb may vary in  t he i r  susceptibility t o  
attack, and it is also a conrmon observation 
tha t  very young t rees  seldom become heavily 
infested. It be tha t  these differences 
a re  a t  leas t  in part related t o  anatomical 
factors. The external smoothness and apparent 
hardness of the bark have been regarded as  
factors  i n  susceptibility t o  attack (Eckstein 
1920, Bertelsmann 1913, Reichling 1920), and 
at tent ion has been dram i n  particular t o  the 
ro l e  of fissures i n  providing suitable s i t e s  
for  se t t l ing  o f t h e  insects (Thomsen, Buchwald 
and huberg 1949, Anon 1956). Surface growth 
of  lichens (Ehrlich 1934) or  of algae (Houston, 
Parker and Lonsdale 1979) may also enhsnce the 
build-up of colonies, while the fungus 
Asmdichaena rugosa Butin can ac t  as a physical 
bar r ie r  t o  feeding (Houston 1976. Houston e t  at. 
o p .  dt.). 



A s  f a r  as the health of t he  t r ee  i s  
concerned, there is uncertainty over the 
importance of  the s tructural  changes in  the 
bark as  reported by Kunkel (1968 and Braun 
1977). Both these authors considered tha t  
the deep necrosis of t he  type typical  of BBD 
could occur from scale feeding alone, and 
Braun (op. cit. ) suggested tha t  N. ooccitlea, 
though often present, was not essential i n  
the etiology of BBD. However, no evidence 
for  t h i s  has been obtained in  the absence 
of micro-organisms and so they cannot be 
ruled out a s  a factor i n  the development of 
deep bark necrosis. 

Another type of abnormal anatomy of 
infested stems i s  'dimpling' or  'pitting'.  
In th is  condition the surface of the stem hears 
depressions approximately one centimetre i n  
diameter and several millimetres deep. The 
f i r s t  report which seems t o  describe the 
symptom in  i ts current recognised form came 
from Thomsen e t  at. (op. cit.) i n  Denmark. 
The nature of  dimpling has received l i t t l e  
attention, slthough Parker (1974) suggested 
tha t  it i s  the resu l t  of callusine around the  - 
margins of s i t e s  where small bark necroses 
associated with scale feeding have extended 
as deeply a s  the vascular cambium. 

The objects of the present studies were 
t o  comare the  bark structure of t rees with 
appareitly different  degress of susceptibility, 
and t o  describe some of the anatomical abnormal- 
i t i e s .  caused by scale feeding. 

The bark surface was examined in  situ 
before and after removal of aleae and lichens. 
The characteristics noted were-as follows: 
general smoothness, shape and disposition of 
len t ice ls  and abundance, s ize and orientation 
of vert ical  'growth' l ines.  ( 'Growth' l i nes  
appeared t o  be associated with taugential 
expansion of  the phellem. ) 

The hark e n a t w  was examined by cutting 
15unrthick sections on a f r e e z i n ~  microtome - 
a f t e r  an embedding procedure involving s i x  
hours' irmersion i n  a 5% agar solution a t  45O~ 
Phloroglucinal/HCl and ~ u & n  Black were used 
t o  s ta in  l igni f ied  and suberised t issues 
respectively. Other s tains used m r e  acid 
fuchsin and s s f f s n i n l l i ~ h t  ereen. The - - 
characters recorded were the thicknesses of t he  
different t i ssue  layers and the extent and 
continuity o f  stone c e l l  layers. For examina- 
tion of 'dimples' the wood and/or bark in  t he  
affected zones were transversely sectioned a t  
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8-12 ilm af ter  a softening procedure in  a mixture 
of equal parts glycerol and ethanol (Jane 1956). 
Longitudinal sections were cut a t  2 ilm using 
glass 'Falph' knives ( ~ i n d n e r  and Richards 1978). 
The frequencies and sizes of different xylem 
ce l l  types were measured within the dimpled 
zone. 

The bark surface in  relation t o  susceptibility. 

This study was carried out on eight clones 
comprising the four most resis tant  and the four 
most susceptible clones present i n  a seed orchard 
experiment (D. Wainhouse pers. comm.). The trees 
were located a t  Hemsted Forest i n  Kent (23 years 
old) and Alice Holt Forest i n  Hampshire (20 years 
old). In order t o  minimise the presence of 
al terat ions induced by insect feeding, bark 
samples were taken from zones of stem beyond the 
l imits  of any heavy infestation. The replicate 
t rees,  numbering from four t o  ten per clone, 
showed much l e s s  variation within clones than 
between clones. In view of the subjective nature 
of the assessments and the s m a l l  number of clones 
available, the apparent differences between 
clones i n  bark surface morphology are expressed 
here in the form of the following observational 
summary. The general bark surface ( i  .e. 
excludrng len t ice ls  and 'growth l i nes ' )  varied 
considerably in smoothness, and trees in all the 
'susceptible' clones were rough, while the t rees  
i n  three of the four ' resis tant '  clones were 
smooth. One clone with Blmost t o t a l  absence of 
infestation was exdeptionally smooth. Variations 
i n  l en t i ce l  shape, s ize and abundance showed 
l i t t l e  association with resistance. The most 
consistent difference between resis tant  and 
susceptible clones was in the pattern of 'growth 
l ines ' .  These l ines  were present on a l l  t rees 
except on some replicate t rees i n  two of t he  
resis tant  clones. On the resis tant  clones the 
ver t ica l  l inear i ty  of these l i nes  was consider- 
ably more regular than on the susceptible clones. 

Severrrl t r ee s  i n  the above study showed a 
l inear  pattern of C. fagdsuga colonies and t h i s  
was associated with fissures i n  the epiphytic 
covering of algae and lichens. In these cases 
the epiphytic covering was apparently so thick 
and dense tha t  the fissures, apparently produced 
by expansion of the stem, were more favoured a s  
feeding s i t e s  than the general surface. 

Internal bark structure in  relat ion t o  s u s c e ~ t i -  
bility 

The data were obtained from three series  of 
trees: the eight  clonal t rees mentioned above, 



ten ' r e s i s t an t '  and 'susceptible' t r e e s  i n  a 
progeny t r i a l  whose genetic origin was different 
but unspecified, and f i f ieen plantation t rees  
which had been heavily infested by C. fagisuga. 

There was considerable var ia t ion i n  t he  
re la t ive  thicknesses of t he  al ternat ing layers 
of stone c e l l s  and unlignified parenchyma. AS 
with the bark surface features,  repl icated 
clonal t r e e s  showed much l e s s  variation in bark 
anatomy between individual t r e e s  than between 
clones. I n  par t icular ,  t h e  shape and extent of 
the sclerenchyma surrounding t he  heads of the 
sc le ro t ic  phloem rays was character is t ic  fo r  a 
given clone. Among both the clonal trees and 
t he  genet ical ly  unreplicated progeny trial 
t rees ,  t he r e  was a relationship between 
apparent suscep t ib i l i ty  and t he  s t ructure  of 
t he  outermost layers  of parenchyma and stone 
ce l l s .  In most t r e e s  there  were two or. three 
tangent ia l ly  oriented layers of l ign i f ied  
ce l l s .  The outermost of these usually 
a~oea red  poorlv defined and discontinuous i n  
t;&svers& section, while the  next l ayer  was 
usually more strongly defined and i n  some 
t r e e s  w a s  continuous over many millimetres of 
stem circumference. In t r e e s  classed as . - 
' r e s i s t an t ' ,  t h e  depth of d g n i f i e d  
parenchyma outside the w e l l  defined stone c e l l  
l ayer  was e i t he r  small compared with 
'susceptible '  t r e e s ,  o r  t he  outermost 
l i gn i f i ed  layer  was strongly developed. A 
few suscept ible  t r e e s  were atypical  i n  t ha t  
they had a very l imited depth of external 
parenchyma, but t he  'strong' stone c e l l  l ayer  
was l e s s  continuous and less well  defined 
than i n  t h e  more res i s tan t  t rees .  Examples 
of bark from a res i s tan t  and a susceptible 
t r e e  are  shown i n  Figure 1. 

An index was devised which incorporated 
the  measurements of parenchyma and stone c e l l  
layers  as  follows: 

where, as shorn i n  Figure 1, a+b and c are  
t h e  mean depths i n  urn occupied by the  
unl ignif ied and l ign i f ied  c e l l s  respectively 
in the  t i s s u e  external t o  the  'strong' stone 
c e l l  l ayer ,  and %Ll and %L2 are percentage 
values representing the degree of l ignif ica-  
t i on  within t h e  layers  designated. 

L1, L2, a.b,c: suberissd t issue 
values used t o  l ign i f i sd  tissue 
calculate index ' s o f t '  t i ssue 
for  Fig. 2 

Figure 1.--Drawings of transverse sections of 
bark from t rees  with apparently high (above) 
and low (below) resistance t o  attack. 

Figure 2.-Index values of the  depth and access- 
i b i l i t y  of outer parenchyma i n  t rees  with 
apparent high and low resistance t o  C. fagisuga 
attack. 



The evaluation of t h e  index was ca r r i ed  
out  f o r  bark samples from t h i r t y  t r e e s  and t h e  
r e s u l t s  a r e  shown i n  Figure 2. Replication of 
samples wi thin  t r e e s  was l imi ted  t o  between 
three  and f i v e  1 cm diameter bark d i scs ,  s ince  
i t  was es tabl ished t h a t  va r i a t ion  within 
individual t r e e s  was small. The suscept ib le  
t r e e s  gave higher  indices  than t h e  r e s i s t a n t  
t r ees .  The most obvious exceptions t o  t h i s  
were samples i n  which t h e  t angen t i a l  
boundaries o f  t h e  's trong'  stone c e l l  l a y e r  
were uneven; a score f o r  unevenness was 
recorded f o r  all samples b u t  was not  incorpor- 
a ted i n t o  t h e  index. 

Anatomical changes in  bark due t o  C. fcw'tsuqa 
a t tack 

Infes ted bark sec t ions  frequently showed 
g a l l  formation and/or necrosis  i n  the  outer  
parenchyma and sometimes a l s o  i n  t h e  
parenchyma deeper than t h e  ' s t rong '  stone 
c e l l  l aye r ,  t h e  g a l l s  were ,W0-500 ~m i n  
diameter i n  t h e  transverse plane. In addit ion 
t o  d iscre te  galls, the re  was usual ly  an 
abnormallv t h i c k  ohellem. suaaest inz  
st imulation o f  meEistematic activity i n  t h e  
phellogen. Wound phellogens were frequently 
formed wi thin  t h e  bark parenchyma. The g a l l  
t i s s u e s  were of ten t h e  s i t e s  of i n i t i a l  'spot '  
necrosis,  whi le  o ld  in fes ta t ions  were of ten 
associa ted wi th  necrosis i n  much o f t h e  outer  
parenchyma. This necrosis af fected the  
normal range of  feeding depths f o r  
C. fagis* s o  t h a t  heavy in fes ta t ion  could 
not  have been maintained. Such bark was 
usually f i s su red  however, and along t h e  
f i s su res ,  l i v e  parenchyma was present  near  
the  surface  and hence access ible  t o  
C. fagisuga. These feeding s i t e s  were often 
the  only a r e a s  of  continuing in fes ta t ion .  

The nature o f  'dimpling' o r    pit tin^' 

Sections incorporating both bark and wood 
of ten showed t h a t  a necrot ic  spot was present 
i n  t h e  bark parenchyma overlying a dimple. Such 
spots very r a r e l y  extended i n t o  t h e  phloem and 
vascular cambium. Thus dimpling did  not  usually 
involve cambial necrosis.  The wood showed a 
g rea t  reduction i n  annual r i n g  width i n  t h e  
centre o f  a dimple, and most of  t h i s  reduction 
was confined t o  one o r  two r ings .  The number 
of vessels  i n  t h e  in tensely  a f fec ted  zone was 
very low, and o f t en  they were absent. The 
c e l l s  i n  genera l  appeared undif ferent ia ted and 
parenchyma-like. They tended t o  form chains 
of ray-like appearance. The number of c e l l s  
across the  r i n g  width was a l s o  g rea t ly  reduced. 
Table 1 shows t h e  r e s u l t s  of  a survey of intense 
dimples, and P la te  1 shows a t ransverse  section 

of wood'in which a dimple had formed nine t o  t e n  
years  before the  sample w a s  taken and where 
abnormal wood formation had continued and l a t e r  
re- in tensi f ied .  

Table 1.--Dimpling : xylem c e l l  s i z e  
and number and r i n g  widtha 

Percentage of nonnal 

Mean values Values f o r  
f o r  t h e  most 

26 d i m l e s  in tense  dimole 

Total  c e l l  no. 36.3 

Vessel no. 3.6 

Mean c e l l  
diameter 

Ring width 24.9 

a data  r e l a t e  t o  t h e  most a f fec ted  annual r i n g  
i n  each dimple, compared with d u e s  i n  t h e  
heal thy zone of t h e  same r ing.  

b of t h e  26 dimples, 22 had no vessels  i n  t h e  
most a f fec ted  zone. 

P l a t e  1.-Transverse sec t ion  of a'dimple', 
showing abnormal and reduced xylem production. 

DISCUSSION 

The apparent r e l a t ionsh ips  between bark 
s t ruc tu re ,  ex te rna l  and i n t e r n a l ,  and suscep t ib i l -  
i t y  t o  C. fagisuga a t t a c k  seem re levant  t o  recent  
s tud ies  on genet ica l ly  determined res i s t ance  



(Wainhouse 6 Deeble 1980, Wainhouse, these  Proc.). 
If these  r e l a t ionsh ips  a r e  va l id  f o r  a wider range 
of  beech popula t ims it may b e  poss ible  t o  use 
them i n  developing se lect ion procedures, both i n  
t h e  fo res t  and i n  future  plant ing progranrmes. 
Observations of s ix -yea ro ld  stems suggest t h a t  
differences may a m e a r  at an e a r l y  s t aae  of  
growth (D. ~onsdai; ,  unpublished data): If 
r e s i s t a n t  trees can he  anatomically character- 
i sed i n  t h i s  way, it may he poss ible  t o  develop 
a workable method f o r  t h e  simple detection of 
t h e  des i red characters.  

The t ime  fac to r  i s  extremely important i n  
beech bark disease,  not l e a s t  with respect  t o  
t h e  onset of s u s c e p t i b i l i t y  i n  Cqptomcnrs 
at tack.  Perhaps some of these temporal e f fec t s  
could he  explained anatomically, and it is  
e s s e n t i a l  t o  take t h e  time fac to r  i n t o  account 
i n  any research which depends upon concepts of 
r e s i s t ance  and suscep t ib i l i ty .  

1 The ga l l - l ike  s t m c t u r e s  i n  t h e  hark 
pa renchpa  were somewhat l a r g e r  than t h e  
' c e l l  complexes' which Kunkel (1968) observed 
near  the  ap ices  of individual insec t  s t y l e t s .  
They a r e ,  on the  other  hand, considerably 
smaller t h a n  the  external ly  protuberant g a l l s  
described b y  Kartig (1880). It seems l i k e l y ,  
i n  m y  event ,  t h a t  they may enhance i n s e c t  
feeding, and, a s  such, a r e  of i n t e r e s t  i n  the  
population dynamics of C. fagisuga. Of 
s imi la r  i n t e r e s t  is  t h e  necrot ic  breakdown of 
t h e  feeding zones, noted previously by Kunkel 
(op. cit. ) and by Braun (1977). It does not 
seem t o  have been noted previously t h a t  t h e  
f i s su res  c h a r a c t e r i s t i c  of  s u p e r f i c i a l l y  
necrot ic  ha rk  provide s i t e s  f o r  r e s idua l  

1 C. fagisuga colonisation a f t e r  much of the  

1 
general ha rk  surface has become r e s i s t a n t  t o  
a t t a c k  h x  v i r t u e  of the  necrot ic  layers .  
This must b e  s e t  aga ins t  previous statements 

I (e.6. Anon 1956) t h a t  hark f i s su res  a re  s i t e s  
of i n i t i a l ,  r a the r  than res idua l ,  colonisa- 

I t i on .  This may b e  nearer t h e  t m t h  i n  t h e  
case of t h e  ' f i s s u r e s '  i n  dense and deep 
epiphytic growth observed during t h e  present 
s tud ies .  I n  e i t h e r  s i t u a t i o n ,  t h e  colonisa- 
t i o n  shows a ' l i n e '  pa t t e rn .  

i The na tu re  of 'dimpling' o r  ' p i t t i n g '  
I is  of i n t e r e s t  i n  r e l a t ion  t o  t h e  observation 

I 
t h a t  parenchyma feeders such as some adelgids 
and coccids produce plant  hormone-like 
compounds ( ~ a l c h ,  Clark and Bonga 1964). 
This has been suggested i n  t h e  case of 
C. fagisuga (Fink and Brauo 1980) and i s  a 
l i k e l y  explanation f o r  g a l l  fonaation i n  t h e  
bark. However, the  abnormal d i f fe ren t i a t ion  
of vascular  cambium occurs a t  some depth 
below t h e  feeding zone, and t h e  p o s s i b i l i t y  
must b e  considered 

t h a t  t h e  e f f e c t  may b e  an ind i rec t  one. In 
par t i cu la r ,  t h e  abnormalities a re  of  a type 
oPten observed i n  cambial t i s s u e s  exposed t o  
ethylene,  a gas which is produced by senescing 
t i s s u e  snch as occurs i n  t h e  necrot ic  feeding 
sites present i n  t h e  hark overlying dimples. 
Similar defects have been a r t i f i c i a l l y  induced 
i n  beech wood by implanting the  ethylene 
precursor 2. chloro-ethyl phosphonic ac id  l e t 0  
the  bark (Lonedale and Parker 1981). 

Dimpling i s  known t o  occur on o the r  t r e e  
species  infes ted by sca les ,  snch as a lde r ,  
sallow and ksh (c. Car ter ,  C.W.T. Young, 
D. Lonsdale, unpublished data) ,  but de ta i l ed  
s tudies  of Wlem abnormalities seem t o  have 
been confined t o  conifers,  such as Abiee spp. 
a t tacked by Adelgids (Bryant 1974) and Pinus 
pinaster attacked by Matsumcnts fey- 
(Carle,  Carde and Boulay 1970). The abnormal- 
i t i e s  i n  these  conifers  a r e  d i f fe ren t  t o  those  
observed on beech i n  t h e  present study h u t  it 
is  of i n t e r e s t  t h a t  t h e  abnormal production o f  
shor t  t racheids  with narrow lumens ser iously  
e f fec t swa te r  movement i n  t h e  xylem of Abies 
spp. ( ~ r y a n t  Op. cit. ) . A beech t r e e  with 
severa l  years '  heavy dimple formation might 
perhaps suffer  l o s s  of  water conductivity,  
and t h i s  could contr ibute  t o  t h e  s t r e s s  which 
seems p re requ i s i t e  f o r  Wectria a t t a c k  (Houston 
1973, Lonsdale 1980b). It is of  i n t e r e s t  i n  
this connection t h a t  necrot ic  spots  in t h e  bark, 
associa ted with dimples, m y  harbour N. coceinea 
(Lonsdale and Sher r i f f ,  these  proceedings). 

The h i s to log ica l  re la t ionships  between 
C. fagisuga and its host  a r e  re levant  to  s t r e s s  
and t o  l a t e n t  infect ion by Rectria a s  wel l  a s  
t o  r e s i s t ance  mechanisms both preformed and 
e l i c i t e d  by insec t  a t t ack .  Perhaps s tudies  of 
t h i s  type may he lp  t o  explain t h e  precise  
e t io logy  of  beech hark disease  which remains 
uncertain.  
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L'anatomie e t  l a  morphologie extgr ieure  
de l 'bcorce  du h e t r e  turent  6tudi6es en fonc- 
t i o n  des va r i a t ions  de s e n s i h i l i t b  de d i f fe r -  
ents  clones d 'arbres 3 l ' i n f e s t a t i o n  par l a  
cochenille du h@tre,  Cryptococcus fagisuga. 



ExtErieurement, l'ecorce des clones les plus 
resistants avait tendance B Btre plus lisse 
et montrait des 'lignes de croissance' soit 
peu nombreuses, soit ayant une forme reguliare 
et verticale. A l'intsrieur, les clones plus 
resistants differaient des clones sensibles 
par une epaisseur moindre etjou une quantite 
plus grande de cellules lignifiees dans le 
parenchyme tendre situs b 11ext6rieur de la 
principale barribre de cellules scl6reuse.s. 
C'est dans cette strate que l'insecte 
semblait s'alimenter et on propose l'hypothzse 
que l'alimentation n'a pas lieu facilement 
si la strate n'est pas arrivge 3 une certaine 
profondeur. Des observations analogues ont 
St6 faites sur des arbres dont l'origine 
gEn6tique n'6tait pas connue. 

Ltanatomie du bois fut Etudi6e afin de 
determiner la nature des lesions presentes 
sur les arbres envahis par les. faKisuKa. 
Les zones centrales des lEsions contenaient 
un ou deux anneaux annuels dans lesquels le 
uombre de cellules de xylbe Btait reduit 
consid6rahlement et dont des vaisseaux 
Etaient absents. Les cellules ressemb- 
ldnt au parenchyme et, en coupe trans- 
versale, formaient des chatnes rayonnantes 
traversant plusieurs anneaux annuels 
successif s. I1 se produisait g6nEralement 
une certaine quantitE de bois anormal durant 
plusieurs annEes et parfois les symptames 
intenses se praduisaient de nouveau sur 
l'emplacement d'une l6sion plus ancienne. 

ZUSAMMENFASSUWG 

Anatomie und PuBeres Erscheinungsbild der Bu- 
chenrinde wurden im Hinblick auf die unter- 
schiedliche AnfPlligkeit verschiedener Klone 
gegeniiber der Buchenwollschildlaus untersucht. 
KuBerlich neigten die resistenteren Klone zu 
glatterer Rinde und wiesen weniger oder regel- 
m;iBig senkrecht verlaufende "Wacbstumslinien" 
auf. Im Inneren unterschieden sich die resi- 
stenteren Klone von den anfdlligen durch eine 
diinnere undloder an verholzten Zellen reichere 
Parenchymscbicht auserhalb der Hauptsteinzell- 
schicht. Fiir die ErnShrune der LIuse scheint 
diese Parenchymschicht von Bedeutung zu sein 
und es wird angenamen, daB die ErnPhrung erst 
dann ohne Schwierigkeiten erfolgen kann, wean 
das Parenchym eine bestimmte Dicke erreicht 
hat. Xhnliche Beobachtungen wurden auch an 
unverklonten BBumen gemacht. 

Die Anatomie des Kolzes wurde untersucht, mn 
die anatomischen Ursachen fiir das "dimpling"- 
Symptom, Eindellungen am St- von lausbefal- 
lenen Buchen, zu klaren. Unter den zentralen 
Bereichen der Vertiefungen zeigten ein oder 
zwei Jahresringe keine GeflSe und eine stark 
verringerte Zahl an Xylemzellen. Die Zellen 
in diesem Bereich ihneln Parenchymzellen und 
hilden im ?uersrhnitt markstrahlihnliche Ket- 
ten iiber die Jahresringgrenzen hinwep;. Bis zu 
einem gewissen Grade erfolgt anormale Holz- 
bildung mehrere Jahre lang und in manchen FBI- 
len sind iiber ilteren Eindellungen starke 
frische Symptome zu beobachten. 
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