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FOREW ORD

In  1927 there appeared  in  E astern  E ng land  a  new  disease affecting elm  trees, 
w hich has since spread extensively and  caused conspicuous, if  ra th e r  local, 
dam age.

T he elm s a re  im portan t tim ber-producing  trees, an d  a lthough  they are 
usually  grow n along hedgerow s ra th e r than  in w oodlands, the ir econom ic 
im portance is such th a t the F o restry  C om m ission decided, in 1928, th a t 
investigations were desirable in to  the characteristics o f  th is new disease.

T hese studies have been continued  ever since by M r. T. R . Peace, now  the 
C om m ission’s C hief R esearch Officer, and  th is B ulletin p resents the results 
o f  his w ork.

F O R E S T R Y  C O M M IS S IO N , 
25, Savile R ow , 

L ondon , W .l.
January , 1960



CO NTENTS

I N T R O D U C T I O N

C hap ter
1.  T H E  A P P E A R A N C E  A N D  B E H A V I O U R  O F  T H E  D IS E A S E

2. T H E  H I S T O R Y  A N D  D I S T R I B U T I O N  O F  T H E  D IS E A S E

3. O T H E R  D I S E A S E S  O F  EL M  . . . .

Verticillium  W ilt . . . . .
Cephabsporium  W ilt . . . .
Phloem  N ecrosis . . . .
B acterial Infections . . . .
N eclria  D ieback  . . . .
D ieback  o f E lm s in N o rth e rn  E ngland and  in Scotland 
D ro u g h t . . . . . .
A u tum n C olo ra tion  . . . .

4. V A R I A B I L I T Y  I N  P A T H O G E N  A N D  H O S T  .

V ariation  in Ceratostomella itlmi .
V ariation  in H o st R esistance 

Differences between Elm Species 
T he Possibility o f  N atu ra l R esistance .
Selection and  B reeding for R esistance.

D iscussion . . . .

5. T H E  P R O G R E S S  O F  T H E  D I S E A S E

Progress in the Individual Tree 
Recovery and  its Basis 
C ase H istories o f  Individual Trees

Progress in L ocal Populations 
T he Effect o f  E nvironm ent 

Progress over the C oun try  as a W hole 
T he E arlier Surveys 
T he L ater Surveys 
P ast and  F u tu re  T rends

6.  T H E  C O N T R O L  O F  T H E  D IS E A S E

E conom ic Justification

M ethods o f C ontro l 
Felling .
Prun ing  .
Q uaran tine
Selection and  B reeding 
Spraying against Scolylus  
C hem otherapy

7. S U M M A R Y  A N D  C O N C L U S I O N S

Page
1

10

10
10
10
10
11
1
1
1

1
11

12
12
13
15

16

16

16
16
18
20
30

31 
31 
31 
36

38

38

38
38
39
39
40 
40 
40

40

R E F E R E N C E S 42

iv



THE STA TU S AND D E V E L O P M E N T  OF 

ELM D ISE ASE  IN BRITAIN

IN T R O D U C T IO N

Few  tree diseases can have received m ore a tten tion  
than  the disease o f  elm s caused by the fungus 
Ceratostomella ulm i (Schwarz) Buis. B oth in E urope 
an d  in  A m erica it has been the subject o f  m any 
varied investigations and  experim ents. M uch w ork 
has been done on  the causal fungus, and  its relation  
to  the bark  beetles, w hich are  its chief vectors. 
E fforts have been m ade to  con tro l the disease by 
felling infected trees, by insecticidal spraying, and  by 
systemic fungicides.

Surveys have given a  g rea t deal o f  in form ation  on 
the spread o f  the disease. W ork  on  selection and  
breeding o f resistan t elms has proceeded to  the po in t 
w here a  num ber o f clones are  available fo r field 
testing. Viewing the p le thora  o f  lite ra tu re  a lready 
accum ulated, one m ight question  the possibility o f 
add ing  anything w orthw hile to  o u r know ledge o f  the 
disease.

H ow ever, the discovery o f  the disease in  B ritain  in 
1927, and  its persistence here until now  (1959), have 
provided certain  unique opportun ities fo r its study. 
I t is the results o f  this, w ith certain  necessary refer
ences to  E uropean  an d  A m erican w ork, th a t are 
p resented  here.

There are  two factors w hich specially favoured the 
investigation o f the disease in  B ritain. F irstly  it was 
decided very early  in 1928 th a t e rad ication  was im 
possible, and  from  then  on  no fu rther large-scale 
phytosariitary m easures were taken. A ppeals to 
ow ners to rem ove seriously affected and  dead trees 
m et w ith little response, so th a t th e  disease has run  
a  m ore o r  less un in terrup ted  course, subject only to  
th e  norm al interferences com m on to any trees grow 
ing in a highly popu la ted  land. Secondly, the au th o r’s 
first assignm ent on jo in ing  th e  staff o f  the Im perial 
F orestry  Institu te  in  Ju ly  1928 was a  survey o f  the 
disease o n  behalf o f  th e  Forestry  C om m ission. 
A lthough after 1928 w ork on  it was restricted, annual 
surveys were continued w ith som e w artim e in te rrup 
tions un til 1949, and  a repeat survey was m ade in 
1955. All the surveys were carried  ou t by the au tho r, 
so th a t the disease has been under the eye o f  a  single

observer fo r th irty-one years. These two factors have 
thus perm itted  the collection o f com parative da ta  on 
the behaviour o f the disease, bo th  in individual trees 
and  in the elm  popu la tion  as a  whole.

A p art from  the survey w ork a  few o th er aspects o f 
the disease were investigated. These are  discussed 
briefly a t ap p ro p ria te  poin ts in the text. F rom  1935 
to  1938 the au th o r was fo rtuna te  to  have w ith him  
in B rita in  two A m erican w orkers, D . E. P arker o f 
the U .S. B ureau o f  E ntom ology and  P lan t Q uaran 
tine, and  J. M. W alter o f  the D ivision o f  Forest 
Pathology o f  the U .S. B ureau o f  P lan t Industry. 
T he ir m ain assignm ent in England was the study o f 
the disease u nder m ore natu ra l conditions than  then 
existed in  th e  U nited  States, w here attem pts a t 
e rad ication  w ere in progress. They w orked in close 
co llabora tion  w ith the au thor, and  w ith their kind 
consent som e o f their results and  observations are 
quo ted  la ter in this Bulletin.

A cknow ledgm ents are  due to  the U nited  Slates 
D epartm en t o f  A griculture fo r perm ission to  publish 
som e o f the in form ation  collected by M r. Parker and  
D r. W alter, while they were w orking in G reat 
B ritain . T hanks are  also due to  M r. W. R . D ay  and 
M r. W . H . G uillebaud, w hose advice and  encourage
m en t were available th roughou t the earlier surveys, 
to  D r. W alter an d  M r. P arker fo r their co llaboration  
during  their stay  in  this coun try  and  fo r their willing
ness to  allow  their results to  be quoted , and  to 
num erous landow ners, in p articu lar L t.-C ol. E. R. 
P ra tt, o f  R yston  H all, D ow nham  M arket, N orfo lk , 
fo r perm ission to  w ork on their estates. The m anu
scrip t has been read  by Miss W ent, M r. H. M. Hey- 
broek, and  M r. J. S. M urray, all o f  w hom  m ade 
valuable corrections and  suggestions.

T he w ork carried  o u t in the different years is 
sum m arised in Table 1 below. E xcept in 1928, when 
the w hole sum m er from  m id-July onw ards was 
devoted to  the disease, the surveys usually occupied 
8 to  16 days. They were seldom  started  before mid- 
A ugust and  were usually com pleted by the th ird  
week in Septem ber.

I
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Chapter 1 

THE APPEARA NCE AND BEHAVIOUR OF THE DISEASE

E lm  D isease and  its causal fungus have been so well 
an d  frequently  described, th a t details a re  unnecessary 
here. Full illustrated  descrip tions can  be found  in 
F orestry  C om m ission Leaflet 19 (A non. 1958), in a  
U .S. D ep artm en t o f  A griculture C ircu lar (W alter, 
M ay & C ollins 1943), and  in  a  C anad ian  D e p a rt
m en t o f  A griculture publication  (M cC allum  and  
S tew art 1951).

T he disease is a  vascular w ilt caused by the fungus 
Ceratostomella ulm i (Schw arz) Buis. This fungus has 
recently been transferred  to  the genus Cercitocystis 
by M oreau (1952) under th e  nam e Ceratocystis ulm i 
(Schw arz) M oreau, b u t the o lder better-know n nam e 
will still be used here. I t  has also been know n as 
Ophiostoma ulmi (Schw arz) N annf. T he conidial 
stage, w hich was discovered first, is Graphium ulm i 
Schwarz.

T he fungus exists in  the vessels o f the w ood o f 
elms m ainly in  a yeast-like form , w hich can increase 
by budding, and  w hich is d istribu ted  rap id ly  by the 
m ovem ents o f the sap stream . T he fungus also m akes 
mycelial grow th th rough  dead w ood, bu t appears to 
have great difficulty in  grow ing th rough  live sum m er 
w ood from  one an n u a l ring  to  the next, a  p o in t o f 
g reat im portance in its behaviour and  effect on  the 
tree, and  one w hich will be dealt w ith m ore fully 
later.

T he fungus produces a  toxin in the vessels, w hich 
stim ulates neighbouring parenchym a cells to  form  
tyloses and gum , w hich partia lly  block the vessels. 
T he toxin also acts directly on  the leaves causing 
som e w ilting (D im ond 1947; Feldm ann, Caroselli & 
H ow ard  1950). T he effect o f the fungus is thus a 
com bination  o f  poisoning and  w ater restriction. 
Typically it causes w ilting o f the foliage on affected 
branches, follow ed by yellowing and  brow ning o f the 
leaves, and  often, though no t alw ays, by dieback of 
the twigs and  branches. I t  is som etim es difficult to 
tell from  the appearance o f  a  tree in la te  sum m er, 
when the external sym ptom s are  fully developed, how 
m uch perm anent dam age has been done. T he fungus 
is capable, though this rarely happens, o f killing a 
small o r m oderate sized tree in one season, so th a t the 
am oun t o f  injury can vary from  death  to  com plete 
lack o f  perm anent dam age. In  fact the fungus has 
been isolated from  the cu rren t year’s w ood o f trees, 
w hich show ed no external sym ptom s a t all. I t  is

probab le  th a t the m ore severe injuries are  the result 
o f m ultip le infections, the tree  being infected in m any 
places in th e  sam e year.

T he disorganized cells can  be seen in section as a 
ring  o f  dark  brow n  spots in th e  spring w ood, o r 
longitud inally  as d iscontinuous brow n streaks. These 
m arkings a re  o f  considerable d iagnostic value.

They norm ally  appear only in  those years when 
the tree was infected, though  occasionally in  years 
follow ing infection, if the fungus succeeds in crossing 
from  one annua l ring  to  the next. They a re  n o t 
produced  in  rings w hich w ere fo rm ed p rio r to  in 
fection. T herefore, subject to  the  proviso  th a t ac t
ively infected trees m ay som etim es fail to  show  
external sym ptom s, they do  indicate years w hen the 
tree  was actively diseased. Ceratostomella  can  be 
cu ltu red  fo r several years a fter infection  from  rings 
show ing m arkings, and  often  a fter the tree has 
ceased to  show  external signs o f  disease.

T he fructifications are  o f tw o kinds, black flask
shaped  perithecia (the perfect stage) and  th in  black, 
sheaf-like corem ia (the conid ial stage); bo th  are 
ab o u t 1mm. high and  bear m inute spores a t  the top  
in ro u n d  drops o f  m ucilage. B o th  form s are  p ro 
duced only in  sheltered m oist s itua tions and  p a rti
cularly  on  the surface o f  the w ood u nder dead  bark  
w hen it is starting  to  lift, and  in  galleries o f elm  bark  
beetles. In  B rita in  W alter (1939b) found  th a t bo th  
types o f  fructifications w ere p roduced  abundantly  
in  su itab le  places on  the tree, b u t th a t corcm ia 
usually  appeared  on  newly dead m ateria l a  few weeks 
before perithecia. H e also found  th a t whereas 
corem ia w ere produced  all th rough  th e  year, except 
in intensely co ld  periods, perithecial p roduction  
ceased com pletely fo r 4  to  5 m onths during  the 
w inter. T hus there is always an  ab u n d an t supply of 
spores, b u t they are  produced  in  a  position  w here 
they can n o t readily  reach the open and  becom e 
airborne. In  any case, since w ounds are  necessary 
fo r successful infection (Sm ucker 1937), the chances 
o f infection by a sparse em ission o f a irbo rne  spores 
are  relatively low. E xperim ents have proved  th a t 
infection by airbo rne  spores is possible (Sm ucker 
1935), b u t it is certainly no t the no rm al m ethod, no r 
is it likely to  have m uch influence on  the spread- 
behaviour o f the disease.

T ransm ission  by roo t-grafts, o r th ro u g h  a com m on
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ro o t system , has been recorded  several tim es in  the 
field (V errall and  G rah am  1935). A  very clear case 
was observed in  E ngland  by W alter. T his occurred  in 
an  a rea  w here experim ental inoculations w ere being 
carried  ou t. T hree weeks a fter w ilt sym ptom s had  
developed on  an  inoculated  tree A , sim ilar sym ptom s 
appeared  on tw o neighbouring  sm all trees X  and  Y, 
w hich w ere eigh t an d  nine feet respectively aw ay 
from  A . E xcavation  revealed th a t all th ree trees had  
a  com m on ro o t system . T ypical d iscolorations were 
found to  be con tinuous all a long  the connecting 
roo ts betw een A  an d  X  and  Y. C u ltu ring  from  any 
position  yielded a  brow n type o f  Ceratostomella  
ulmi, w hich was the one used in the orig inal inocula
tion , and  w hich had  no t been isolated from  any 
na tu ra l cases in the area in  question. T his m ethod  o f 
transm ission  does o f  course necessitate th a t the 
fungus shall have reached the base o f  the tree  first 
a ttacked .

T hough  it is n o t suggested th a t transm ission 
th rough  the roo ts is an  im p o rtan t fac to r in  the spread 
o f  the fungus from  tree to  tree, i t  certain ly  does occur 
in B ritain , w here m any lines o f  elm s in  hedges o r 
sm all copses have undoubted ly  arisen  as suckers on 
a com m on ro o t system. T his m ethod  o f local spread 
m ay som etim es have been responsible fo r the ra th er 
spectacu lar collapse o f  g roups o f  elm s, th a t often 
took  place in  the earlier years, b u t it has p robably  
had  little effect on  the w ider spread o f the disease.

T here  is no d oub t th a t th e  m ajo r agents o f spread 
in B ritain  are  the tw o E lm  B ark  Beetles, Scolytus 
scolytus F. an d  Scolytus multistriatus R atz . B oth 
these insects breed freely in  th e  bark  o f  elm s w eak
ened by any  cause. A lthough  d rought, flooding, 
w indfall, etc., often m ake elms suitable fo r beetle 
breeding, trees w eakened by E lm  D isease have 
certainly fo r m any years p rovided the beetles w ith 
the bu lk  o f  their breeding sites, so th a t the disease 
has probably  h ad  a  m ajo r effect on  the bark  beetle 
population .

T he tw o beetles have been fully described in 
Forestry  C om m ission B ulletin N o. 8 (M unro  1926), 
and  Scolytus scolytus also by F isher (1931, 1937). 
T heir behaviour in  rela tion  to  Elm  D isease has been 
dealt w ith in  m any papers, bu t particu larly  by 
Fransen (1939a). In  A m erica transm ission is m ainly 
by Scolytus multistriatus, which was inadvertently  
im ported  early in this century, and  by  a  native bark  
beetle Hylurgopinus rufipes E ichh. T he relationship  
o f  these insects to  the fungus has been dealt w ith by 
P arker et al. (1947). I t  is know n th a t the fungus 
frequently fructifies in the larval galleries in infected 
elms, and  th a t 20 to  70 per cent o f the beetles 
em erging from  such trees m ay carry  spores. I t  is the 
hab it o f the beetles to  feed for a  sh o rt period  before 
breeding in the twig crotches o f  healthy o r relatively 
healthy elms, and it is at this time th a t infection takes

place. I t  has been suggested th a t feeding beetles tend 
to  fly h igh  an d  th a t therefore feeding an d  infection 
is com m oner in  ta ll trees (F ransen  1939a). C ertainly 
it is the case th a t infection o f  elm  hedgerow s and 
very sm all trees is relatively less com m on. E xperi
m ents and  observations, too  num erous to  m ention, 
have proved  th a t Scolytus  beetles are  n o t only 
capable o f  carry ing  the fungus from  infected to 
uninfected trees, b u t th a t they are  in practice the 
principal m eans o f  spread.

V iolent local ou tbreaks o f  the disease can often be 
traced  to  sources o f  large num bers o f infected 
beetles (Lim ing, R ex and  L ayton 1951). Such sources 
m ay be a  standing  infected tree, a  felled log, o r a 
pile o f  firew ood (P late 33). O ccasionally such m at
erial m ay no t have been infected w ith the fungus a t 
the tim e o f  felling, bu t m ay have reached this condi
tion  la ter ow ing to  the breeding activities o f infected 
beetles. N um erous instances o f spread o f  this nature 
from  an infection centre have been recorded in 
G rea t B rita in  by P arker, W alter and  the au thor.

It has often been suggested, bu t definite p ro o f is 
lacking, th a t the beetles prefer fast, succulent grow th 
fo r their feeding. C ertainly their feeding a ttack  is not 
confined to  healthy vigorous trees. T he observed 
fact th a t vigorously grow ing trees tend  to  be m ore 
seriously affected by the fungus than  slow grow ing 
ones, is p robab ly  n o t correlated  w ith the degree o f 
infection by feeding beetles, bu t to  the effect o f the 
toxin  and  sap  flow in terrup tion  on shoots with a 
high w ater dem and (Parker, Tyler, W elch and  Pope 
1947).

T he generations o f the beetles are com plex and 
vary from  year to  year. Some overw inter in various 
stages o f  developm ent in the bark , and  emerge the 
follow ing spring. Beetles from  this emergence, which 
takes place from  M ay to July, breed to  produce not 
only som e individuals w hich pupa te  and  emerge 
la ter the sam e year, bu t others which overw inter. The 
beetles o f  th e  late sum m er emergence, which is at its 
height in  A ugust, produce only an overw intering 
brood . Local variations in clim ate, even on two sides 
o f  the sam e log, m ay cause big differences in the rale 
o f  developm ent o f  the beetles, and  it is really  only 
possible to  say th a t they m ay emerge at any tim e from  
M ay to  O ctober, and  th a t the earlier emergences 
are m ostly o f overw intering beetles, while the later 
ones are  m ostly o f beetles which have hatched and 
developed during the sam e sum m er. H igh tem pera
tures in  the spring o r sum m er hasten emergence and 
stim ulate breeding. A n increase in beetle population  
therefore follows any ho t period. Conversely low 
spring o r sum m er tem peratures delay emergence and 
restrict breeding, and  thus have a depressing effect 
on the beetle population .

D utch  w ork on inoculation  o f  elms has proved 
th a t infection is m ost effective in m id-sum m er
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(W esterdijk  &  B uism an 1929). T his, o f  course, 
suggests th a t the  early  em erging beetles a re  probably  
m ore im p o rtan t as carriers o f  the fungus, th a n  those 
appearing  la te r in  the  year. Even if  infection were 
equally  possible a t  all seasons, the earlier infections 
w ould natu ra lly  be m ore  serious, since they have 
longer to  develop. T here  is n o  evidence th a t th e  fungus 
continues to  spread  in  live w ood during  the w inter.

T he  fac t th a t external sym ptom s do  n o t usually  
app ea r till June  is p robab ly  a  reflection o f  the tim e

needed fo r th e  fungus to  develop, fo llow ing its 
inocu lation  in to  the tree by infected beetles. W ilting  
observed by  W alter on  M ay 23rd  in  1936, m ay have 
resu lted  from  th e  successful recrudescence o f  an  in 
fection o f  th e  previous year, n o t from  a  fresh  beetle 
infection. F ransen  (1935) also no ted  the appearance  
o f  the  disease in  th e  absence o f  beetles. A ctive 
ex ternal sym ptom s w ere recorded  by th e  a u th o r  on  
3rd  June , 1939; b u t m ore typically they  first ap p ea r 
ab o u t m id-June.

Chapter 2 

THE H ISTOR Y AND D IST R IB U T IO N  OF THE DISEA SE

History
T he first record  o f  the disease was m ade in Picardy 
in F rance in 1918 (G uyo t 1921). I t  was a ttrib u ted  to 
toxic gas o r  to  som e effect o f the 1914-1918 w ar, bu t 
th e  descrip tion  o f  the sym ptom s m akes it quite clear 
th a t E lm  D isease was involved. T he first reco rd  fo r 
H olland  (Spierenburg 1921) was m ade in  1919, b u t 
m arkings were visible in the 1917 ring. In  Belgium 
(A non. 1925) it was said  to  have been under investi
gation  since 1919. In  G erm any (A non. 1922) it was 
possibly recorded in  1920, though  a suggestion was 
m ade a t  the tim e th a t the lack  o f  foliage was due to  
over-blossom ing; a  m ore definite record  was given 
for 1921 (Pape 1924).

C ertainly the disease seems to  have appeared  very 
generally in north-w est E urope a t the end o f  the first 
w orld w ar. In view o f  the wide range o f  the early 
discoveries it is likely th a t its real in troduction  to  
E urope was a t a  considerably earlier date. W hence it 
cam e is still a m atte r o f  surm ise. T he m ost likely 
explanation  is th a t it is endem ic som ew here in 
eastern A sia on  one o f the resistant, b u t n o t im m une, 
species w hich are  native to  th a t region, and  tha t, im 
ported  to  E urope, by w hat m eans is unknow n, it 
found far m ore susceptible host elm s and  possibly 
m ore efficient vectors, th an  had  h itherto  been avail
able to  it.

A t the outset there was considerable argum ent as 
to  the cause o f  th e  disease. T he ra th e r frequent 
occurrence o f  bacteria in dead  and  dying elm  w ood 
led to  the suggestion th a t they were responsible and  
Brussoff (1925) claim ed to  have perform ed successful 
inoculation experim ents w ith his so-called M icro
coccus ulmi. H ow ever, Graphium  (Ceratostomella) 
ulm i had already been isolated (Schw arz 1922). The 
first really satisfactory inoculation  experim ents were 
reported  from  G erm any in 1927 (W ollenw cber 1927).

A  full descrip tion  o f  the early  h istory  o f the disease 
is given in one o f  the first A m erican papers (C lin ton 
and  M cC orm ick 1936).

Such was the position  w hen th e  disease was first 
recorded in  G rea t B rita in  in 1927. T he sym ptom s 
h ad  been well described, and  the cause was know n 
w ith reasonable  certain ty , though  th e  bacterial ex
p lanation  o f  B russoff had n o t been entirely  dis
proved and  there rem ained the possibility th a t m ore 
th an  one disease was concerned. I t  had  been 
observed th a t the disease som etim es killed trees very 
rapidly . I t  was generally assum ed th a t trees which 
h ad  n o t yet succum bed w ould  do  so later. A t th a t 
tim e there  was no  real in fo rm ation  on  the fate 
aw aiting a ttacked  trees, n o r was it possible to  foretell 
the  ra te  o f  the spread  o f  the disease, since new records 
w ere generally m ore likely to  be discoveries o f areas 
already  infected, b u t n o t previously visited, than  
evidences o f  spread. N o th ing  was then  know n ab o u t 
th e  m eans o f  transm ission o f  the fungus. Evidence 
had  been produced  th a t som e species o f  elm  were 
m ore resistan t th an  o thers, b u t th e  in fo rm ation  was 
very vague.

H ow ever, w ithin a  very few years, m ore definite 
inform ation  becam e available. T he bacterial concept 
was given up  as a resu lt o f  iso lation  o f  Graphium  
ulmi from  B russoff’s m aterial (S tapp 1928). T he 
fungus was found  fru iting  in  Scolytus  galleries and  
the suggestion was im m ediately m ade th a t bark  
beetles m ight be vectors (M archal 1928). A  year 
la ter the  fungus was isolated on  and  in beetles 
(Betrem  1929), and  by 1931 the w hole sto ry  o f  the 
connection  betw een th e  fungus an d  these insects was 
m ore o r  less established (F ransen  1931). A  year la ter 
the perfect form  o f  the fungus, Ceratostomella ulmi, 
was p roduced  in mixed cultures, and  by inoculations 
w ith tw o heterothallic strains o f  Graphium ulmi
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(B uism an 1932). T hus w hile the au th o r  was dis
covering the  best m ethods fo r the  long term  study o f  
E lm  D isease in  the field, E u ropean  w orkers were 
p roducing  the rem ainder o f  the basic know ledge, on 
w hich fu rth er study  could  be founded. T his co in
cidence o f  tim ing provided  a  fo rtu n a te  s ta rt, to  w hat 
w ould  otherw ise have been a  very difficult assign
m ent.

T o  study  all the fu rth er w ork  o n  th e  disease is 
beyond  th e  scope o f  th is B ulletin. O nly such refer
ences to  la te r w ork  will be m ade as a re  needed to 
give the  necessary background  to  the surveys carried  
ou t in  B ritain .

T he disease was first recorded in B rita in  a t 
T otteridge in  H ertfo rdsh ire  in  1927. In  1926 a  row  
o f  ab o u t fifteen elm s a long  a  ro ad  there had  died 
suddenly a n d  h ad  been rem oved. D efo lia tion  was 
said  to  have proceeded very rapid ly , so th a t som e o f 
the trees becam e leafless in  a  week. In  the  follow ing 
sum m er a  large elm  in  a  nearby  garden died, show ing 
th e  sam e external sym ptom s. Because o f  the possi
bility o f  E lm  Disease, this tree was also felled. O n 
exam ination  it  show ed definite in ternal sym ptom s 
o f  E lm  D isease. A no ther tree  in  the sam e neighbour
h o o d  show ed yellowing o f  the crow n, and  was also 
found  to  have th e  typical b row n  m arkings o f  the 
disease, from  w hich th e  fungus was successfully 
cu ltu red ; so th a t this tree, situated  on  T otteridge 
G o lf C ourse (P late 32) m ust be regarded as the first 
definitely proven  case in  B ritain  (W ilson and  W ilson 
1928). W hen the au th o r  first visited th e  area in  1928 
there was still evidence to  show  th a t som e trees 
o th er th an  elms, as well as shrubs, were included in 
the w idespread deaths, w hich h ad  taken  place along 
the ro ad  in 1926. Subsequent experience in  o th er 
areas has suggested th a t this rap id  and  m ore o r  less 
sim ultaneous death  o f  a  w hole row  o f  trees and  
shrubs, no t all elms, was m ore likely due to  a leak  o f 
illum inating  gas th an  to  E lm  D isease. T hus it m ay 
m erely have been coincidence th a t the a tten tion  which 
was draw n to  T otteridge by the death  o f a  w hole row  
o f  trees resulted in  the discovery o f  genuine Elm  
D isease in  tw o o th er elm s, one in  a  garden  and  the 
o ther on  the golf course. I t  is quite possible th a t the 
h igh popu la tion  o f  beetles b red  from  the gas-killed 
trees m ay have assisted in  the developm ent o f  the 
local ou tb reak  o f  E lm  D isease w hich subsequently  
occurred.

I t  was observed a t  this tim e th a t the go lf course 
tree show ed m arkings in  th e  1926, as well as in the 
1927, annual ring  o f  its w ood. I t  is in teresting  th a t 
suckers from  this tree were 15-20 ft. high by 1945 
and  perfectly healthy.

These trees, how ever, were certainly n o t th e  first 
cases. T here is strong  evidence th a t the disease was 
present in th e  coun try  well before 1927. In  1928 
several ou tb reaks were noted , w hich were said

locally to  have been active fo r 3 to  5 years. In  one 
case, a t  Cowes in  the  Isle o f  W ight, diseased trees 
h ad  been presen t fo r 15 years. T his im plies the 
existence o f  E lm  D isease in 1913, b u t there was an  
unusually  heavy Scolytus  a ttack , an d  it is possible 
th a t the  earlier cases m ay have been due only to  
Scolytus  beetles killing trees w eakened by som e 
o th er cause. B o th  in  Essex an d  in  the Isle o f  W ight 
dead  elms, som e o f  w hich h ad  been dead  a t  least two 
years judg ing  by tw ig deterio ration , were present 
im m ediately ad jacen t to  diseased ones. A ssum ing 
th a t they  also d ied o f  the disease, this w ould mean 
th a t th e  fungus had  been presen t fo r a t  least fou r o r 
five years p r io r  to  1928. In  a  few cases trees were 
found  w ith  typical m arkings in  rings m uch earlier 
than  1927. Evidence will be given, w hen the question 
o f  recovery is u nder discussion, w hich strongly 
suppo rts th e  suggestion th a t m arkings are  form ed 
only in years w hen the tree is actively attacked ; 
though  such an  a ttack  m ay n o t necessarily p roduce 
any  external sym ptom s. U nfortunate ly  no special 
study  was m ade o f  rings w ith m arkings, n o r were 
p roper records kep t o f  all the  cases w hich w ere by 
chance observed in  the course o f  o th er w ork. B ut 
am ong  those th a t were recorded the m ost rem arkable 
was the early  discovery o f  a  tree  a t  K ettering , which 
show ed c lear m arkings in  the 1912, 1913 and  1914 
rings. In  trees from  n ear N ew m arket the fungus was 
isolated from  th e  1923 ring, an d  in  one tree from  
T otteridge, w here the disease was first recorded in 
1927, typical m arkings show ed in the 1918 ring, bu t 
failed to  yield the fungus. These observations suggest 
th a t the disease m ay have taken  a  long tim e to  build 
up  to  a stage w here it a ttrac ted  public a tten tion . In 
this connection  it m ust be rem em bered th a t the C on
tinen tal reports  w ere w ith one exception records o f 
actua l ou tbreaks, no t o f the position  o f  the m arkings, 
so it is p robab le  th a t there also the presence o f the 
disease greatly  an tedated  its discovery. Indeed, 
m arkings in  years earlier th an  1918 have been recor
ded by Liese (1952).

In  the early  sum m er o f  1928, the F orestry  C om 
m ission started  a  survey w hich was centred  on 
T otteridge and  conducted  by M r. Jam es M acdonald . 
T his led to  the discovery o f several o ther cases in the 
vicinity. T his stage had  been reached by the m iddle 
o f  Ju ly ,a tw h ich  tim e the au th o r jo ined  the staff o f the 
Im perial F orestry  In s titu te  a t  O xford, and  started  to 
w ork on  E lm  D isease fo r the F orestry  Com m ission. 
A  few reports o f  suspected E lm  D isease had  already 
been received from  o th er parts  o f  England, and  the 
scope o f  th e  survey was im m ediately w idened to  
cover these areas. T he discovery o f  the disease in 
places as far ap a rt as L ittleham pton  in Sussex, 
K idderm inster in W orcestershire, and  SwafTham in 
N orfo lk  obviously rendered detailed local d istri
bution  surveys o f  less value, and from  then on the



8 F O R E S T R Y  C O M M I S S I O N  B U L L E T I N  33

surveys w ere conducted  on  a  m uch  w ider basis.
T he d a ta  collected on  these surveys p rovide the 

m ain  basis fo r th is B ulletin. A  sum m ary o f the da ta  
collected up  to  1932 has a lready been published 
(Peace 1932), and  up  to  1948 a  fairly wide d is tribu 
tion  was given to  a series o f  m im eographed  annual 
reports  on  the disease; b u t no  general review o f  the 
surveys as a  w hole has previously been m ade.

A t no  stage have the surveys been sufficiently 
detailed to  give an  exact p icture o f  disease d is tribu 
tion  in B ritain . O nly by th e  com parison  o f  n a tio n 
w ide periodic surveys w ould it have been possible to  
speak w ith confidence o f  the ra te  o f  spread or 
geographical progress o f the disease. C ertainly it was 
m uch less com m on in m ost areas in 1928, than  it is 
now (1959). B u t it  w ould be rash  to  say th a t it 
has m ade any  w ide extensions o f  its range since 1928. 
It m ay have done so, b u t equally its ap p aren t first 
appearance in a new area m ay merely indicate th a t 
an attack , w hich was already  there, had  becom e 
sufficiently violent an d  w idespread to  a ttra c t a tten 
tion. I t is the a u th o r’s opin ion th a t the disease 
s ta rted  som ew here in the sou th-east and  spread 
north  and  west, an d  th a t this spread was n o t com 
pleted w hen the survey first started  in  1928. T h a t is 
an assum ption  fo r w hich there can now  be no proof.

N ow  (1959) the disease is generally present all 
over E ngland sou th  o f  a  line from  C hester to  H ull, 
an d  over the w hole o f  W ales, w herever elm  occurs. 
As fa r as E ngland and  W ales areconcerned , therefore, 
all the m ajo r elm  areas are  infected. In  the no rthern  
p a rt o f E ngland elm  is o f m uch m ore sporad ic  
occurrence, and , no d o u b t partia lly  as a result o f 
this, th e  disease is m uch less com m on. I t  has been 
found in a  num ber o f  areas, including one a few 
miles sou th  o f Carlisle, and  an o th e r in the extrem e 
n o rth  o f  N orthum berland . T he last m entioned o u t
break extends over the bo rder and  form s p a rt o f 
w hat was a  quite serious ou tb reak  in the C oldstream - 
K elso-Jedburgh area. N orthw ards from  this ou tb reak  
the disease can be found  very sporadically  as fa r as 
the ou tsk irts o f  E dinburgh, b u t it has never been 
observed in Scotland west o f  a  line from  E dinburgh 
via Peebles and  G alashiels to  H aw ick. In  1955 a 
single case, confirm ed by culturing, was found  in an  
avenue o f  elm s betw een Inverkeith ing  and  C ow den
beath  ju s t n o rth  o f  the F irth  o f  F o rth . As fa r  as 
could be ascertained Scolytus beetles had  never been 
recorded in Scotland, un til the appearance o f S . 
destructor in conjunction  w ith the E lm  D isease o u t
break in the C oldstream -K elso  area, w here it was 
abundan tly  present. S . destructor was also found 
associated w ith m ost o f  the ou tbreaks in  the n o rth  
o f E ngland. T he m ore northerly  cases in Scotland 
have no t been in a  suitable condition  fo r beetle 
breeding, and  ra th e r cursory  exam ination  has yielded 
no evidence o f feeding galleries, though they may

well have been present. I t  seems possible, indeed 
p robab le , th a t th e  d is tribu tion  o f the vector beetle is 
th e  m ain  fac to r lim iting  th e  spread o f  th e  disease in to  
Scotland, w here there are  certain ly  enough  elm s in 
th e  low land  regions to  sustain  an  ou tb reak . T he elms 
in  th is a rea  a re  p redom inantly  Ulmus glabra (wych 
elm ), w hich is generally considered to  be highly sus
cep tib le; so th a t th e  lack  o f progress o f the disease 
can n o t be a ttrib u ted  to  the resistance o f  the elm 
species involved. T he d is tribu tion  o f  the disease in 
the n o rth  o f  E ngland  and  in Scotland is show n in 
Fig. 1.

T here is no published  reco rd  o f  the disease in Eire 
and  N o rth e rn  Ireland , b u t H eybroek  (personal 
com m unication) has recently  observed the disease 
in m any places in E ire. In  early  Septem ber 1952 the 
au th o r  m ade several long tou rs in N o rth e rn  Ireland , 
b u t failed to  see any sym ptom s a t a tim e o f  year when 
they w ould have been m ost readily detected. M aterial 
show ing clear m arkings was received from  G uernsey 
in 1929. A  few active cases were observed by the 
au th o r  in Jersey in 1954.

N early  all the  survey figures, w hich appear la te r in 
this paper, refer to  the m ain  a rea  o f  a ttack , the 
sou thern  h a lf o f  England. O ver the rest o f  the in
fected area elm  is only locally a tree o f im portance.

In  n o rth e rn  E ngland, Scotland and  W ales the 
disease has done a little dam age to  a  genus, w hich in 
any case plays a  very sm all p a rt in  the general tree- 
scape. Only on the eastern  B orders, w here England 
m arches w ith Scotland, had  the disease behaved in 
a t all the  sam e catastroph ic  fashion, as it did in so 
m any areas in the sou th  o f  England.

O ver th e  period  during  w hich th e  disease has been 
under observation  in E ngland, it has spread widely, 
o r  possibly been discovered widely, in E urope, and 
it is now  know n over the w hole o f  the C on tinen t with 
the exception o f  N orw ay, F in land  and  possibly 
G reece (A non. 1947). Its latest extension appears to  
have been in to  sou thern  Sweden (M athieson 1950) 
and  in to  D enm ark  (G ram  1955). T he extent o f its 
spread  in to  w estern A sia is n o t know n. I t  was first 
recorded in  the  U nited  States in  1930 (M ay 1930) 
and  in  C anada  1944 (Pom erleau 1946). Since then 
the disease has spread  over nearly  all the n o rth 
eastern  States as far west as Illinois and  as fa r south  
as Tennessee, w ith an  isolated centre in  C olorado  
(Swingle, W hitten  and  Y oung, 1949; H olm es 1956). 
In  C anada, the disease, w hich orig inated  as a  separate 
ou tb reak  from  those in  th e  U n ited  States, is lim ited 
to  the provinces o f Q uebec and  O ntario  in  the valleys 
o f  the St. Law rence and  O ttaw a R ivers and  spo rad i
cally to  the n o rth  o f  Lakes E rie an d  O ntario  (M c- 
C allum  and  S tew art 1951; H olm es 1956). C ertain  
aspects o f  its transm ission  to  and  spread w ithin these 
countries will be considered la ter in connection with 
its behaviour in B ritain.
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F i g u r f  1. Map showing the known distribution of Elm Disease in the North of England and South Scotland, 1959.



10 F O R E S T R Y  C O M M I S S I O N  B U L L E T I N  33

Chapter 3 

OTHER DISEASES OF ELM

It is no p a rt o f this Bulletin to  give a general review 
o f  diseases o f  elm . T here are, how ever, a  num ber o f 
organism s a ttack ing  elm s and  non-living agencies 
affecting them , th e  sym ptom s o f  w hich are  n o t 
unlike those o f  E lm  D isease due to  Ceratostomella  
ulmi. These are  briefly described below.

Vcrticillium Wilt
T he fungus Vertictllium albo-atrum  R einke & 

B arth, is a  com m on cause o f vascular w ilt in  broad- 
leaved trees, particu larly  m aples. Verticillium dahliae 
K leb. m ay also som etim es be involved. Verticillium  
is com m onest o n  young plants in  th e  nursery, 
particularly  a fter transp lan ting . I t  is quite often fatal. 
I t can  a ttack  o lder trees to  w hich it usually  does m uch 
less dam age. I t  causes brow n streak ing  in  th e  w ood, 
bu t in elm  the m arkings are  m uch pa le r an d  less 
well-defined than  those caused by Ceratostomella  
ulmi. T he external effect on  the tree, how ever, is very 
sim ilar to  th a t caused by C. ulmi, though  it is n o rm 
ally less violent.

As a  cause o f  disease in elms Verticillium  has 
a ttrac ted  som e a tten tion  bo th  on  the C ontinen t 
(M eer 1926; G oidan ich  1935) an d  in the U nited  
States, w here it has done appreciable dam age to  quite 
large trees (M ay & G rav a tt 1951). Even there it is 
far less im portan t th an  Ceratostomella  E lm  D isease.

In B ritain  Vcrticillium  has been recorded definitely 
on elm on  only one o r tw o occasions, and  ever then 
it was associated w ith only very slight dam age. I t  
is possible th a t it m ay also occur in  trees show ing no 
external sym ptom s, as it  certain ly  does in  som e 
species o f m aples o f the genus Acer.

Ccphalosporium Wilt
A nother w ilt disease o f  elms, w hich is confined to 

the U nited  States, is caused by a  fungus now  called 
Dothiorella ulmi, bu t originally identified as a  
Cephalosporium, because it p roduced  in  cu ltu re  
spores typical o f th a t genus. T he w ilt sym ptom s are 
essentially sim ilar to  those o f  true  E lm  D isease, bu t 
the streak ing  in the w ood is m uch m ore diffuse and 
w atery. A t one tim e th is disease a ttrac ted  consider
able a tten tion  (G oss & F rin k  1934; C reager 1935; 
M cK enzie & Johnson  1939; M ay & G rav a tt 1951), 
b u t it was never regarded as approach ing  the 
Ceratostomella  disease in  im portance. I t  was, how 
ever, considered  to  be m ore serious than  Vcrticillium

w ilt (Johnson  1937). B u t o f  recent years it has 
a ttrac ted  no  a tten tion  in the U nited States, and  iL has 
never been found  in B ritain .

Phloem Necrosis

In  the U nited  States a  virus disease, know n as 
Phloem  N ecrosis, is regarded  as equally if no t m ore 
im p o rtan t th a n  Ceratostomella  E lm  D isease. Its 
d is tribu tion  there is generally m ore w esterly than  
th a t o f E lm  D isease, b u t th e  tw o do  overlap . I t  takes 
the form  o f  a  g radual decline in  the health  o f  the tree, 
b u t in  large trees p a rt o f  the crow n m ay be affected 
before the rem ainder. T he foliage a t the tips o f  the 
highest shoo ts is first affected, th e  leaves d rooping  
because o f  induced cu rvatu re  o f  the petioles, and  the 
leaf-blades, w hich often  becom e stiff an d  brittle , 
tu rn ing  up  a t  the m argins. T he leaves then  w ither and  
fall, possibly partly  as a  resu lt o f  the d ea th  o f  the 
roo ts. T he ph loem  o f  th e  larger roo ts and  near the 
base o f  the tru n k  tu rn s yellow and  then  brow n. 
Infected  trees invariably die. T he virus is carried  by 
insects, so th a t p reventative spraying to  stop  insect 
feeding is a  possible, th ough  expensive, m ethod  o f  
contro l. F u ll descriptions o f  the disease have been 
given by Swingle (1942) an d  by Swingle, W hitten  & 
Y oung (1949).

I t  occurs on the native A m erican species Ulmus 
americana and  U. alata. F o rtuna te ly  it has no t 
reached E urope, and  it is n o t know n w hether 
E u ropean  elm s w ould prove susceptible.

B acterial Infections
T he com paratively  short, dark , isolated streaks in 

elm  twigs, w hich often arise in  connection  w ith dead 
side twigs, o r b roken  tw ig stubs, usually  yield 
bacteria on  culturing. Indeed in  som e trees bacterial 
streaking, n o t apparen tly  associated w ith any 
external sym ptom s, can  be quite extensive (W ester- 
dijk &  B uism an 1929). E lm s in this cond ition  have 
occasionally  been found  in B ritain . B acteria are  
quite com m only found  in  a p ro p o rtio n  o f the cul
tures m ade from  trees infected by Ceratostomella, 
an d  it was this no d o u b t th a t led B russoff (1925) to  
believe th a t the disease was bacterial in  origin. T here 
is in fact no  evidence th a t these undoubted ly  com m on 
bacterial infections have any pathological signifi
cance.
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Nectria Dieback
Sporadic twig o r even branch dieback associated 

w ith the fungus N ectria cinnabarina (Tode) F r. is 
fairly com m on b u t never serious in  B rita in . T he 
fungus form s cankers on  twigs an d  o n  branches 
occasionally  up  to  arm  thickness, qu ite  often  girdling 
them . T here  a re  seldom  m ore  th an  tw o o r  three 
gird led  twigs o n  an  indiv idual tree  so th a t the 
dam age, w hich first show s as w ilting an d  w ithering 
o f  the foliage, is n o t very striking. I t  can  be m istaken 
fo r a  localized infection by Ceratostomella; bu t even 
if there  is occasionally  confusion, N ectria  d ieback 
is too  uncom m on fo r this to  p roduce  any  serious 
e rro r w hen large num bers o f  trees a re  under investi
gation . M ore  careful exam ination  o f  individual trees 
will always show  w hether N ectria cinnabarina is 
present. T he salm on p ink , p in -head  fru it bodies, 
w hich a re  quickly produced  in g rea t quantities on 
the dead bark , a re  very easy to  detect.

T his fungus is now here serious as a  cause of 
disease on  elms, bu t un fo rtunate ly  the first o f  the 
D u tch  selections resistan t to  Ceratostomella ulm i, 
Ulmus “ C hristine B uism an” , tu rned  o u t to  be 
abnorm ally  susceptible to  N ectria, an d  has been 
m ore o r  less discarded o n  this account. T he dam age 
on this variety  is sufficiently serious to  cause obvious 
disfigurem ent and  very unshapely  grow th. Testing 
fo r resistance to  Nectriacinnabarina  is now  p a r to f  the 
D utch  elm  breeding program m e. T he Siberian elm , 
IS. pum ila  an d  its variety  U. pum ila pinnato-ramosa, 
b o th  o f  w hich have the advantage o f  being resistant 
to  Ceratostomella ulmi, have also been fo u n d  to  be 
abnorm ally  susceptible to  N ectria cinnabarina (Buis
m an  1935; Jacques 1944). These varieties a re  also 
subject to  fro st injury, and  there m ay well be som e 
connection  between this and  N ectria  a ttack .

Dieback of Elms in Northern England and in Scotland
As soon  as the surveys were extended northw ards, 

elm s, usually  Ulmus glabra, w ere often found  show ing 
sparse, unhealthy-looking  foliage and  generalized 
d ieback. I t  was clear th a t these w ere n o t cases o f 
infection  by Ceratostomella, though  th a t fungus does 
occasionally  cause very sim ilar sym ptom s. N o  o ther 
pa thogenic  fungi o r  bacteria could  be isolated and  the 
cause o f  the disease rem ains a m ystery. T he decline 
o f  affected trees is usually  very slow  indeed, so th a t 
they m ay rem ain  m any years in an  obviously sickly 
condition . T his persistence o f  affected trees probably 
m akes the disease appear m ore serious than  it 
actually  is. In  the regions w here it  occurs it certainly 
adds considerably  to  the difficulties o f  E lm  Disease 
survey, an d  p robab ly  im pairs its accuracy.

Drought
D rought, causing p rem atu re  yellowing and  shed

ding o f leaves, was a  serious confusing factor in the 
surveys in som e years. T his was particularly  the case 
in 1933, 1934, 1938, 1940 an d  1947.

Autumn Coloration
E xperience suggested th a t the surveys ought no t 

to  be started  till m id-A ugust, by w hich tim e m ost 
cases had  developed visible sym ptom s. I t  was 
usually  possible to  com plete the surveys by the th ird  
week in Septem ber. A fter th a t tim e there was som e
times difficulty, particu larly  on large old trees, in 
distinguishing E lm  D isease from  p rem atu re  autum n 
colouring, which, however, often took  place on 
branches th a t were already slightly affected by the 
disease, and  occasionally on  branches partially  
g ird led  by Nectria.

Chapter 4 

VARIABILITY IN PATH O G EN AND H OST

Before dealing w ith the progress o f  the disease in 
individual trees and  in  elm  populations, it is desirable 
to  consider how  fa r this m ay be affected by variations 
in pathogenicity  o f  the fungus and  in the suscepti
bility o f  the host.

Variations in Ccratostomella ulmi
C ulturing  the fungus from  a large num ber o f  diseased 
elm s clearly show ed it to  be very variable in  appear
ance. V ariants also appeared  as m u tan t sectors in 
existing cultures (W alter 1937). W alter &  M ay (1937)

recorded a  strikingly different form  w ith brown" 
mycelium , isolated bo th  in E ngland and  in the U nited 
States. In  tw o English trees the brow n m arkings in 
th e  w ood were accom panied by less well-defined 
streaks o f  fa in t crim son. Iso lations from  these trees 
yielded an  unusually  yellow and  rapidly  grow ing 
form  o f  C. ulmi, w ith m ore th an  usually abundan t 
p roduction  o f yeast-like bodies in  culture.

T yler and  P arker (1945) reported  considerable 
differences in pathogenicity , w hich ranged from  
m oderately  viru lent to  virulent, am ong variants o f
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the fungus. O ne exceptional stra in  was practically  
non-pathogenic. F rederick  and  H ow ard  (1951) also 
found  varia tion  in  pathogenicity , as well as in 
physiological behaviour, betw een different isolates 
o f  the fungus. Swingle (1950) found  a  stra in  th a t was 
highly v iru len t to  the norm ally resistan t elm  
“ C hristine B uism an” . H ow ever, W alter (unpubl.), 
w orking in E ngland, found  no  significant variation  
am ong the isolates he  tested, w ith the exception of 
one v irtually  non-pathogenic  strain .

In  view o f this som ew hat conflicting evidence, it is 
a lm ost im possible to  estim ate w hat influence, if  any, 
the variability  o f the fungus has on its local o r 
general behaviour.

Variations in Host Resistance 
Differences between Elm Species

Surprisingly little exact in fo rm ation  exists on  the 
relative susceptibility to  Ceratostomella ulm i o f 
E uropean  elm  species. In  m ost countries the obvious 
presence o f the disease on  all the species an d  vari
eties com m only occurring o r  p lan ted  suggested th a t 
relative resistance was hard ly  a  m atte r o f  p ractical 
im portance, and  from  an  early stage selection and  
breeding fo r resistance was based m ore on  a search 
fo r resistan t individuals am ong generally susceptible 
species and  on  the use o f resistan t A sian  elms, than  
on such variations in  specific resistance as exist 
between E uropean  species.

In  sou th-east England, w here the earlier disease 
surveys were particu larly  concentrated , the elm  po p 
u lation  is a  com plex m ixture o f several species and  
their hybrids (M elville 1944; R ichens 1955). E arly  
difficulties in identification led the au tho r, perhaps 
unfortunate ly , to  ab an d o n  practically  all effort to 
identify diseased elms, so th a t during the long period 
covered by the surveys very little  in form ation  was 
collected on varietal susceptibility. Such inform ation  
as was collected, together w ith th a t from  o ther 
observers and  o ther countries, is set o u t below. Some 
o f  this is observational; bu t o f those quo ted  below, 
W esterdijk, L edeboer and  W ent (1931), W ollenw eber 
(1931), W ent (1938), W alter (1939a) and  Sm ucker 
(1941) based their results on  inoculations, though  o f 
course susceptibility to  inocu lation  m ay differ from  
th a t to  n a tu ra l infection. W alter’s inoculations were 
carried  o u t a t O xford in 1937. R einoculation  o f the 
surviving trees by the au th o r in 1939 substantially  
supported  W alter’s results. T he B ritish elm s are 
dealt w ith below  on  the basis o f Melville’s classifica
tion, as adap ted  by C lapham , T utin  and  W arburg  
(1952).

Ulmus glabra Huds., Wych Elm
This species, w hich is the com m on elm o f  the west 

and  north , is certainly frequently  infected. M elville 
(1944) regarded it as the m ost susceptible o f  the

B ritish elm s. M an k a  1(953) found  it the  m ost sus
ceptible species in  Po land . W esterdijk  et al. (1931), 
W ollenw eber (1931) an d  W alter (1939a) all recorded 
it as very susceptible on  inoculation . T he fastigiate 
variety, var. “ fastig ia ta” L oud ., w hich is very 
occasionally  p lan ted , does som etim es display a  quite 
high degree o f  resistance (W esterdijk  e t al. 1931; 
N oell 1935), bu t th ree  young trees inoculated  in 
B rita in  proved  to  be highly susceptible. A  golden
leaved, fastig iate variety  seems to  be distinctly m ore 
resistan t. B u t these fastig iate form s a re  slow  grow 
ing an d  o f  no  value fo r general p lanting . T he 
attrac tive  w eeping form , var. “pen d u la” (Loud.) 
R ehd . is certain ly  highly susceptible, being com 
m only  and  often  severely attacked .

X Ulmus hollandica Mill.
T his elm  is very variable, b u t a ll its form s are  

presum ed to  be  hybrids betw een U. glabra  an d  U. 
carpinifolia. U. hollandica belgica R ehd ., w hich con 
stitu ted  quite a  large p ro p o r tio n  o f  the roadside elm 
plan tings in  H o lland , p roved  unfo rtunate ly  to  be 
very susceptible (B uism an (1935). W esterdijk  e t al. 
(1931), W ollenw eber (1931) an d  W alter (1939a) all 
found  it m oderately  susceptible on  inoculation .

T he H un tingdon  elm , U. hollandica  var. vegeta 
(L oud.) R ehd ., on  the o ther hand , has always had  a 
repu ta tion  fo r resistance. W ollenw eber (1931) found  
it highly resistan t on  inocu lation , w hile W alter 
(unpub l.) considered it th e  m ost resistan t elm  occur
ring  com m only  in B ritain . N oell (1935), how ever, 
found  th a t its resistance was n o t m ain tained , and  the 
a u th o r  has com e across a  considerable num ber o f 
infected trees, som e o f  w hich w ere quite badly 
dam aged . A b o u t 60 trees o f  this variety  were p lan ted  
a t Schiedam  in H olland  in  1917. O nly 10 rem ain , 
m ost o f  the o thers having succum bed to  the disease. 
T he losses am ong U. hollandica belgica in the sam e 
place over th e  sam e p e rio d  were, how ever, appre
ciably heavier (H eybroek, personal com m unication). 
T he au th o r also carried  o u t inoculations on a  few 
trees o f  th is variety, w hich resulted  in considerable 
dam age to  them . Its  resistance is therefore no t 
sufficient to recom m end it fo r general use.

Ulmus procera Salisb., English elm
M elville (1944) regarded this species as relatively 

resistant, b u t W ollenw eber (1931) found  it very 
susceptible to  inoculation. W esterdijk  et al. (1931) 
considered th a t it show ed m ore individual varia tion  
in resistance th an  m ost o ther species. Sm ucker (1941) 
found  it less susceptible th an  U. americana. I t  is 
certainly quite com m only  infected in n a tu re  in 
B rita in .

Ulmus stricta Lindl., Cornish elm
This elm  and  its varieties, in particu lar th e  Jersey 

elm  var. sarniensis (L oud.) M oss, have been widely
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plan ted  in B ritain  as street and  p a rk  trees, m ainly on 
accoun t o f  their a ttractive short-b ranched  habit. 
They have generally been regarded as relatively 
resistan t (M elville 1944). W alter (1939a) found  the 
Jersey elm  the m ost resistan t o f  the lim ited range o f 
species an d  varieties he  tested  by inoculation . In  the 
field in  B rita in  there are  m any o f these elm s still 
healthy, som e having recovered from  earlier a ttacks. 
N evertheless num erous cases o f  severe infection are  
know n, an d  this elm  is even m ore suspect than  the 
H un tingdon  elm  fo r general use.

Ulmus coritana Melv.
T his species has been distinguished only relatively 

recently, and  no  in form ation  is available on  its 
relative resistance.

Ulmus carpinifolia Gled., Smooth-leaved elm
T his species, once know n as U. nitens, is certain ly  

qu ite  frequently  a ttacked. W esterdijk e t al. (1931) 
found  som e form s o f  it very susceptible. Sm ucker 
(1941) classed it w ith  U. americana  as highly sus
ceptible. O n the o th er hand , W ent (1938) found  th a t 
tw o o f  its varieties, var. dampieri R ehd , an d  var. 
wredei R ehd. were appreciably  resistant.

Ulmus plotii Drucc
T his is ano ther elm  w hich has been clearly dis

tinguished only com paratively  recently. Melville 
(1944) regards it as fairly resistan t; b u t inoculation  
experim ents on  a very sm all scale by th e  au th o r 
indicated  a  m oderate  degree o f  susceptibility.

Ulmus diversifolia Melv., Small-leaved elm
T his species, som etim es know n as U. minor, is 

certain ly  often  infected. W alter (1939a) included a  
m ixed popu la tion  o f  seedling elms, generally strongly 
characteristic o f  this species, in his inoculation  
experim ents. T heir susceptibility was very variable, 
bu t m any trees were badly injured.

Foreign Elms and Related Trees
A m ong o th er species, Ulmus americana L., the 

m ost im portan t elm  in A m erica, is p robab ly  m ore 
susceptible th an  any o f  the E uropean  species 
(W ollenw eber 1931; W alter 1939a). M ost A sian 
species, in particu lar U. pum ila  L., U. pum ilapinnato- 
ramosa H enry  and  U. wallichiana Planch., a re  highly 
resistant (W esterdijk et al. 1931; Sibilia 1933; 
B uism an 1935; W ent 1938). Inoculations o f  a few 
trees o f  U. pum ila  and  U. pum ila pinnato-ramosa  in 
B ritain  caused no  external sym ptom s, though  exten
sive streak ing  occurred in the w ood, and  there seems 
to be no d o u b t th a t they really are  highly resistant. 
U nfortunately  their grow th in o u r clim ate is slow, 
and  they are  subject to  considerable w inter dieback. 
They seem m uch m ore suited to  countries w ith a

h o tte r sum m er clim ate, such as Italy .
W ollenw eber (1931) found  Zelkova  serrata M ak. 

susceptible to  inoculation  w ith C. ulmi. Zelkova  is a  
genus very closely related  to  Ulmus. A lthough 
several species, in particu lar Z . carpinifolia K . K och, 
have been p lan ted  quite widely in parks and  gardens 
in  B rita in , no  n a tu ra l infections have been 
recorded. H ow ever, Z . carpinifolia is p robab ly  re
sistan t (H eybroek, personal com m unication).

A  specim en o f  Z . serrata  in  a collection  o f  elms, 
m ost o f  w hich developed E lm  D isease, rem ained 
qu ite  unharm ed. I t  is possib le o f  course th a t it is 
unattrac tive  to  Scolytus  beetles, and  was thus never 
infected. Sm ucker (1941) found  the W ater Elm , 
Planera aquatica W alt., an  A m erican relative or 
Ulmus very rarely p lan ted  in  B ritain , also susceptible 
to  Ceratostomella. T he  H ackberries, Celtis spp . are 
p robab ly  resistan t (H eybroek, personal com m uni
cation).

T he lim ited evidence available suggests th a t 
Scolytus  beetles m ay have som e preferences am ong 
elm  species, though  they are  probab ly  capable o f 
feeding on  all o f  them  (F ransen  1939b). In  nature  
such preferences m ight well render the course o f the 
disease very different from  its theoretical behaviour 
based on  reactions to  inoculation .

I t  is clear th a t none o f the elm  species o r  hybrids 
occurring  naturally , o r com m only p lan ted  in B ritain , 
is really  resistan t to Ceratostomella. I f  any o f  them  
are  p lan ted , som e losses from  the disease are a 
definite possibility. I f  elm s are  being p lanted , and  if 
resistan t selections are  n o t available, it is p robably  
better to  choose the species on  the basis o f  grow th 
and  form , ra th e r th an  on  th e  relatively slight differ
ences in resistance th a t do exist.

The Possibility of Natural Resistance.
W hen th e  disease was a t  its height in the early 

nineteen-thirties, it was obvious tha t, even in areas 
w here over 50 per cent o f  the elm s had been killed, 
a  sm all num ber o f  trees rem ained com pletely un 
affected. I t  was though t th a t these m ight be naturally  
resistan t individuals, and  in  1938 a  num ber were 
selected by D r. W alter and  the au th o r fo r testing. 
Very heavy inoculations o f  spore suspensions into 
chisel cuts ro u n d  the stem , m ade in  the sum m er o f 
1939, p roduced  in  m ost cases only slight foliage 
yellowing. T his appeared  to  suppo rt th e  idea th a t the 
trees w ere resistant, and  in 1939 m ore trees were 
selected. Inocu lations in th a t year, repeated in 1940, 
show ed clearly th a t m any o f  the trees were in fact 
susceptible. T he pro ject was abandoned  after 1940 
because o f  w ar-tim e difficulties, though  vegetatively 
p ropagated  stocks o f  som e o f  the m ore prom ising 
trees were carried on for fu rther testing. D etails o f 
these trees and o f  their reaction to  inoculation are 
given in T able 2. W here several trees appear under
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the sam e key le tter there was usually  good evidence, 
except a t R yston , th a t they were all o f  th e  sam e 
clone, though  in fact separate  records were kep t fo r 
each o f them .

F o r m any years the elm s a t S tansted  form ed a  very 
strik ing  group  o f apparen tly  resistan t trees am id the 
devastation  su rrounding  them . They w ere in  an  area 
w here m ore than  50 per cen t o f the elm  popu la tion  
had  been killed; in their im m ediate vicinity the death  
ra te  was even higher. They survived inoculation  
w ithou t developing significant sym ptom s. They were 
in fact used as an  illu stra tion  o f  na tu ra l resistance 
in  an  U .S. D epartm en t o f  A griculture  C ircu lar 
(W alter, M ay & C ollins 1943). T here is no doubt, 
however, th a t they died o f E lm  D isease du ring  the 
w ar years, p robab ly  as a  result o f fresh natural 
infection.

A  few o f the m ost a ttrac tive  clones were p ropag
a ted  vegetatively fo r fu rth er testing. A  num ber o f 
young plants, m ostly  on  their own roots, were 
trea ted  in 1940; fu rther inoculations on  m uch older 
an d  larger trees, established in the field, were carried 
o u t in 1948 and  1949, T he results o f these experim ents 
a rc  given in T able  3. T he figures in brackets indicate 
the num ber o f  trees used in each case.

In  view o f  these results the p ro jec t was finally 
abandoned .

A round  1949-50 the disease did considerable 
dam age in the Isle o f  Sheppey in  K ent. Indeed  this 
appears to  have been its las t recorded “ fiare-up” . 
A  very attractive vase-shaped tree, p robab ly  a  form  
o f  U. glabra , in  E astchurch  churchyard  was found  
to be quite free from  the disease, and  was propagated  
fo r testing. I t  proved on  inoculation  to  be highly 
susceptible.

T here is thus considerable d o u b t w hether the su r
vival o f  som e elm s com pletely unharm ed in  areas 
once heavily a ttacked  has anything to  do w ith their 
resistance to  the fungus. Indeed, the fact th a t som e 
trees have been severely attacked , have recovered 
and  have then rem ained healthy, po in ts in the sam e,

som ew hat negative, direction. Possibly fu rth er 
investigation o f the feeding behav iour o f  Scolytus 
beetles m ight th row  m ore light on  this m atter. For 
the m om ent it rem ains quite unexplained.

Selection and Breeding for Resistance
T he very rap id  progress o f the disease in n o rth 

west E urope, particu larly  in H olland , and  la ter the 
very general high susceptibility o f  Ulmus americana 
in  th e  U n ited  States, quickly drew  a tten tion  to the 
need fo r resistan t form s. In  A m erica, where w ork 
s ta rted  in  any case m uch la te r th an  in H olland , the 
high and  un iform  susceptibility o f  the A m erican elm  
delayed progress, b u t the D utch , w orking on a m uch 
w ider selection range, have achieved prom ising 
results w hich have been reviewed by W ent (1954) and  
la te r by H eybroek  (1957).

T he first successful result o f the D u tch  w ork was 
represented  by Ulmus “ C hristine B uism an” , an  elm 
o f  high resistance to  Ceratostomella, and  o f quite 
attractive, though  ra th er floppy habit, b u t which 
unfo rtunate ly  proved very p rone to  a ttack  by 
Nectria cinnabarina. T his susceptibility is found 
also in  B rita in ; som e o f  the relatively large trees 
m ain tained  in  the nursery fo r p ropaga tion  were very 
badly a ttacked  by this fungus. N evertheless som e o f 
the trees in troduced  in to  B rita in  ju s t before the war, 
an d  p lan ted  in various parts  o f  the country , have 
m ade quite satisfactory, though  n o t particularly  
rapid , g row th w hen site conditions w ere good. In 
one case only has infection by Ceratostomella  been 
found  on this elm  in B ritain . This was in a  p lan t cut 
back  fo r layering; m any o f  its shoots were dying 
back, and  typical m arkings were abundan t.

T he second D u tch  in troduction , Ulmus “ Bca 
Schw arz” , a  clone o f U. carpinifolia, was tested for 
resistance to  N ectria  as well as to Ceratostomella. It 
was in troduced  in to  B ritain  after the war, and a 
num ber were p lan ted  in  an  area where the disease 
was still rife. They are  still in the course o f  establish
ment. U nfortunately  this clone has a  po o r shape, with

I N O C U L A T I O N S  O F  V E G E T A T I V E  P R O G E N Y  O F  N A T U R A L  S E L E C T I O N S
T a b l e  3

Location
Key

Letters
Effect o f  Inoculation

1940 1948 1949

Stanstcd, Essex E.B. None to moderate (5) 
attack

— —

Elsenliam, Essex M.B. Moderate (1) attack

Studley, Oxford M.H. Slight to moderate (3) 
attack

None to slight (5) 
attack

Slight to moderate (4) 
attack

Qucndon, Essex R.T. None to moderate (7) 
attack

None to severe (5) 
attack

—

Note:  Figures in brackets indicate number  o f  trees used.
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a pronounced  tendency to  p roduce large, unbalanced  
branches, w hich tend  to  b reak  in  high winds o r  under 
the w eight o f  snow. F o r  this reason  it can  hard ly  
be considered fo r w idespread planting , how ever good 
its resistance.

i t  has now  been realized th a t, p rovided resistance 
reaches a reasonable  level, o ther characters such as 
habit, lea f size (the D u tch  favour large-leaved elms), 
and  resistance to  exposure should  also be taken  in to  
account. Tests are  now  being carried  o u t on selec
tions and  hybrids w hich a re  well above average in 
resistance, b u t which do n o t all reach  th e  high level 
dem anded earlier. E leven o f  these selections have 
recently been in troduced  in to  B rita in , and  are  being 
tested under conditions o f heavy n a tu ra l infection, 
in so fa r as these can now  be provided. M any o f these 
selections a re  highly vigorous and  o f  good habit. 
They include:

U. hollandica vegeta x carpinifolia (3 clones). 
O ne o f  these is now  being p ropagated  in 
H olland under the nam e “ C om m elin” .

U. puniila pinnato-raniosa  x hollandica vegeta 
(1 clone).

U. carpinifolia, selfed (2 clones, in one o f these 
the paren t tree was U. “ Bea Schw arz” )

U. carpinifolia x carpinifolia “ Bea Schw arz” 
(2 clones).

U. “ C hristine B uism an”  open po llinated  (1 
clone).

U. wallichiana x carpinifolia (1 clone).
U. wallichiana x U. glabra  “ fastig iata” (I clone). 

A p art from  the investigation o f supposed naturally  
occurring resistance, described above, very little 
w ork has been done in  B ritain  on  selection fo r 
resistance, and  none on breeding. W alter selected 21 
individuals show ing resistance above average from  
the 320 seedlings show ing predom inantly  Ulinns 
diversifolia characters, which he inoculated in 1937.

These were tested  fu rther by the au tho r, bu t in  none 
was resistance sustained and  the las t was finally 
abandoned  in  1953.

Betw een 1951 and  1953 fo u r trip lo id  clones o f 
U. glabra, raised  in  Sweden, were inoculated in 
B ritain  to  tes t their susceptibility to  Ceratostomella. 
A ll fo u r proved susceptible.

Discussion

I t  is clear therefore  th a t there  is varia tion  bo th  in the 
pathogenicity  o f  the fungus and  in the susceptibility 
o f  the tree, though  the com paratively  slow  progress 
o f  selection and  breeding arises largely from  the 
extrem ely low  percentage o f  resistance in m ost o f 
the elm  popu la tions initially  available. T hough  no 
experim ents have been designed expressly to throw  
light on  this po in t, there is a t present no evidence tha t 
different elm s vary in resistance to  different stra ins o f 
th e  fungus. I f  this were the case it w ould obviously 
greatly  com plicate the w hole m atter o f  resistance 
testing, and  m ight render suspect m any o f  the results 
a lready achieved. A lthough  m ost w orkers have used 
m ixed sources o f  inoculum  they have certain ly  never 
tried  to  include, even if  it w ere possible, all the 
variants o f  the fungus.

Involved as we are  w ith a fungus know n to p ro 
duce varian ts o f  differing pathogenicity , we m ust be 
prepared  fo r ap p aren t b reakdow ns in  resistance in 
clones, w hich otherw ise appeared  to  have been ade
quately tested. This alone gives us a good reason for 
abandon ing  the idea o f  p lan ting  a lim ited num ber o f 
clones o f  apparen tly  very high resistance, in favour 
o f  the use o f  a  large num ber o f  clones, the resistance 
o f  w hich m ay be o f  a lesser degree. T he w hole 
question o f  p lan ting  elm s, w hether old varieties o r 
new  selections, viewed in the light o f  the present 
com paratively  low level o f a ttack , will be discussed 
later.

Chapter 5 

THE PRO GR ESS OF THE DISEASE

Progress in the Individual Tree

Recovery and its Basis
F o r som e years after the disease was discovered, it 

was assum ed th a t all trees attacked  w ould sooner o r 
la ter die. T he extrem e virulence o f the disease in its 
earlier m anifestations certainly gave suppo rt to  this 
view. In B ritain , however, it was suspected in 1929, 
following the second survey, th a t trees were “ recover
ing”  from  the disease, though  the reasons for such

recovery were quite unexplained.

In  G erm any recovery was reported  a t quite an 
early  stage by W ollenw eber and  R ichter (1930), 
though they regarded it as confined to  young trees. 
They no ted  th a t elm s w hich had “ recovered” could 
be reinfected by inoculation.

In  H olland , w here the disease received m ore 
intensive study than  in o th er E uropean  countries, 
recoveries were not easily delected because o f the
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pro m p t rem oval o f  diseased trees as p a r t o f  a  
declared policy o f  phy tosan itary  eradication , and  
possibly also because o f  the high, uniform  suscepti
bility o f  som e o f  the clones th a t h ad  been used there 
fo r roadside  planting .

F o r th e  sam e reasons the possibility o f  recovery 
received scan t a tten tion  in  th e  U nited  States, w here 
in  any case the high susceptibility o f  the A m erican 
elm  rendered  it less likely to  recover. N evertheless, 
one case o f  recovery was no ted  by M ay (1931) soon 
after the disease reached A m erica, while Sm ucker 
(1940) observed 97 p e r cen t recovery in  inoculated  
A m erican elms. D im ond  (1948), w riting ab o u t 
chem otherapy, sta ted  th a t recovery was infrequent, 
bu t com m oner in trea ted  trees.

B o th  in  the U nited  States an d  in  H o lland  em phasis 
on  the possibility o f  recovery w ould have w eakened 
the case fo r the destruction  o f  diseased trees, w hereas 
in B rita in  such a  possibility supported  the official 
policy o f  laissez fa irs , and  a very varied elm  p o p u la 
tion  m ade its occurrence likely.

T he reasons fo r the phenom enon o f  recovery only 
gradually  becam e apparen t. In  1932 th e  au th o r 
cu ltu red  the fungus from  tw o trees th a t had  show n 
no  active external sym ptom s since 1928. In  1935 he 
found  th a t successful sym ptom -producing  inocu la
tions could  be m ade using the fungus isolated from  
trees w hich no longer show ed external evidence. 
F ransen (1935, 1937) confirm ed th a t the fungus 
could  rem ain d o rm an t bu t alive in the tree fo r periods 
o f  up to nine years w ithou t causing any external 
sym ptom s. T he sam e phenom enon was observed a t 
ab o u t the sam e tim e in the U nited  States (A non. 
1938), and  it was po in ted  o u t th a t in an  erad ication  
program m e this w ould th row  d oub t on  the value o f 
scouting for external sym ptom s only. Sm ucker (1938), 
inoculating elm s under greenhouse conditions, found 
th a t only 2.6 per cent o f those show ing active 
external sym ptom s, as a  result o f  inocu lation  in one 
year, redeveloped sym ptom s the follow ing year, 
ap p aren t evidence th a t the fungus had  difficulty in 
m oving from  one annual ring  to  the next. L ater he 
confirm ed th a t successful inoculations could  be m ade 
w ith the fungus isolated from  the  annual rings o f 
earlier years in w hich it h ad  been lying do rm an t 
(Sm ucker 1940). H is results w ere supported  by 
W alter (unpubl.), w ho found  th a t approxim ately 
7 per cent, o f  very heavily infected young  A m erican 
elm s developed sym ptom s the second year. W ith 
U. stricta  the percentage o f recurrence was nil.

Inoculations clearly show  th a t the d iscoloration  
in the w ood is norm ally  lim ited to  the year in  which 
the fungus was in troduced . W alter (unpubl.) inserted 
inoculum  on  w ooden pegs in to  holes bored in the 
stem , so tha tearlie rrings were infected, and  found  th a t 
the spread w hich did take  place in the o lder rings was 
very lim ited, and  had  no  pathological significance.

O ne exceptional case was recorded as a  result o f  the 
heavy inocu la tion  o f  the large elm  tree “ R .T .” a t 
Q uendon. T his inocu la tion  was m ade in 1938, bu t 
the m arkings extended 30 ft. up the tree  in the 1937 
ring, th ough  they w ere m uch m ore extensive in the 
1938 ring. H ow ever, dissection o f  a  large num ber o f 
trees by W alter an d  P arker gave m ore and  m ore 
evidence th a t norm ally  only those years w hen the 
disease was active in  the tree gave ring  m arkings, and 
th a t th e  m arkings w ere usually, though  n o t always, 
associated w ith external sym ptom s o f  injury, som e
times very m ild. R ecurrence o f  the disease in a tree 
m ust therefore involve either a fresh infection o r  the 
ou tw ard  m ovem ent o f  the fungus from  one ring  to 
the next. T he low  percentage o f  recurrence found  by 
W alter and  Sm ucker suggested th a t crossing-over o r 
this na tu re  did n o t often take place. W alter (unpubl.) 
carefully exam ined 16 A m erican elm s in w hich the 
disease had  redeveloped. In  five there m ay have been 
fresh infections; in six the cross-over had  been aided 
by insect w ounds; only in th e  rem aining five did it 
appear th a t the fungus had  crossed unaided.

These results w ere la te r e laborated  by Banlield 
(1947), w ho found  th a t recurrence o f  the disease 
depended m ainly on the fungus having reached the 
roo ts, w here crossing-over was relatively easy. W here 
infection was lim ited to  the crow n, he found no cross
over a t  all, w hereas ab o u t 50 per cent o f trees 
infected dow n to  the roo ts redeveloped sym ptom s. 
I t  was found  also th a t the probability  o f  crossing-over 
increased w ith tree size. This m ay partially  account 
fo r th e  very low percentages recorded by Sm ucker 
(1938) and  by W alter (unpubl.), bo th  o f w hom  were 
w orking on nursery trees. C rossing-over was found 
to occur in all cases o f  trees over 15 inches in dia
m eter (Banfield, R ex and  M ay 1947), bu t they were 
o f  course dealing w ith highly susceptible A m erican 
elm s. B uchanan  and  Sm ucker (1942) exam ined the 
possibility th a t the fungus could reach the cu rren t 
ring  by m eans o f  the feeding scars o f  Scolytus 
beetles, b u t were unable to  ob tain  any clear evidence 
th a t this occurred. Field evidence, collected in 
B ritain , and  discussed fully below, appears to  indi
cate th a t even in  large trees the percentage o f  re
developm ent in this country  is low.

F u rth e r evidence on this m atte r was provided by ■ 
experim ents on  spraying elms w ith insecticides to 
p ro tec t them  from  Scolytus feeding, and  consequently  
from  infection by Ceratostomella ulm i (Peace 1954). 
These were carried  ou t a t Folkestone and  A ldenham  
during the years 1948-50. T he results o f all the 
experim ents are  sum m arised in T able 4.

T he fact th a t in bo th  sprayed and  unsprayed trees 
the percentage o f  sym ptom  developm ent is higher in 
those trees th a t did not have sym ptom s the previous 
year than  in those th a t did, hardly  suggests a  high 
percentage o f  cross-over. Spraying clearly reduced
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E F F E C T  O F  S P R A Y I N G  E L M S  W I T H  I N S E C T I C I D E S  O N  S Y M P T O M  R E C U R R E N C E
T a b l e  4

Type o f  Tree Treatment Total No. 
o f Trees

Trees showing active 
symptoms in year o f treatment

No. %

Trees showing symptoms in previous year Unspraycd control 56 25 45
99 99 t )  99 99 99 Sprayed 53 • 13 25

Trees not showing symptoms in previous year Unspraycd control 59 33 56
99 99 99 99 9 9 99 99 Sprayed 116 33 28

the am o u n t o f disease, w hich it  could only do by 
preventing fresh infection; bu t again the sim ilarity  
o f the figures in the second and  fou rth  lines o f  the 
table  suggests a very low ra te  o f  cross-over. These 
experim ents were carried  o u t on  street and  park  
trees 20-30 ft. high, in  which, according to  A m erican 
experience (Banfield, Rex, and  M ay 1947), there  
ough t to have been a fairly high ra te  o f recurrence.

Case H istories o f Individual Trees
A selection o f case histories is set ou t in  T able 5. 

Som e o f these are  illustrated  by serial pho tographs, 
alw ays taken  from  the sam e direction. R ecords and  
pho tographs were all m ade in A ugust o r Septem ber 
o f the year nam ed. I t  will be quickly appreciated  from  
the table th a t there is no stan d ard  pattern  o f develop
m ent and  therefore no way o f sum m arizing the 
behaviour o f  elms as regards recovery and  disease 
redevelopm ent. M any m ore case histories were col
lected, bu t even if they were all included in the table, 
no  general p a tte rn  w ould em erge, fo r too  m any 
variables are  involved in  the developm ent o f  the 
disease. W e shall consider la ter the average behaviour 
o f sm all and  large popu la tions o f elms. G roup  
behaviour does show  certa in  general trends, larger 
num bers infected in  one year, m ore severe sym ptom s 
on the average in an o th e r and  so on, b u t these results 
a re  still based on the highly erratic  individual be
haviour o f the trees m aking up  the popu la tion .

In all the surveys and  observations a  purely visual 
m ethod has been used to  arrive a t the various 
severity gradings for cu rren t year’s sym ptom s. These 
gradings are no t am enable to exact description, bu t 
nevertheless an effort has been m ade below to 
define them .

Very slight: Only sm all twigs affected, over no t 
m ore than  one-fifth o f the w hole 
crow n. N o  possibility o f perm anent 
dieback.

Slight: Only sm all twigs affected o r  infection
lim ited to  one o r two sm all branches. 
Twig injuries m ay be scattered over 
m ost o f the crow n. U nlikely th a t per
m anen t dieback will occur.

M oderate: Sm all tw ig injuries scattered  over
the w hole crow n, o r  m ore com m only  
several m inor o r  one o r  tw o large 
branches a ttacked . A lm ost certa in  
th a t som e dieback w ill ensue.

Severe: M ore th an  one-th ird  o f  the crow n
attacked , an d  a t  least th ree large 
branches involved. Q uite certa in  th a t 
dieback will follow.

In practice assessm ent depended m uch m ore on  a 
rem em bered m ental p icture, than  on  any question  o f 
definition. I t  m ust be borne  in m ind th a t v irtually  
all the severity ratings recorded in th is p ap er were 
m ade by the au tho r.

A ssessm ent for cu rren t year’s sym ptom s was con 
fined to  th a t p a rt o f the crow n th a t cam e into lea f a t 
the beginning o f the year. I t  was perfectly possible 
therefore fo r a  tree to  be recorded  as slightly, very 
slightly o r even n o t a ttacked  w hen it  was carry ing  a 
g rea t deal o f  dead  w ood resulting  from  the activities 
o f  th e  fungus in  previous years. T he dead w ood only 
cam e in to  the assessm ent o f the la te r surveys, and  
then  it was considered separately from  the cu rren t 
year’s sym ptom s.

M any records w ere collected o f  trees w hich 
show ed active disease fo r one o r tw o years and 
thereafter rem ained quite free. In  T able 5, elm  
N o. 6 a t Foulden , the elm  a t S tow m arket, and  the 
C ottage elm  a t K enn ing ton  are  exam ples o f  this. 
T here were num erous cases o f  a constan t a lte rnation  
o f active disease and  recovery; tree N o. 23 a t R yston 
(Plates 58-70) is a  no tab le  exam ple. In  som e trees, 
such as T row bridge N o. 3 (Plates 41-50), the years o f 
active disease p reponderate , w hereas in o thers, such 
as Bridge E nd  N o. 45, they a re  separated  by long 
periods o f freedom .

T here are  several instances o f rem arkable  recovery 
from  severe injury, These are best illustrated  by the 
p lates; F ou lden  N o . 17 (Plates 34—40), T row bridge 
N o. 3 (Plates 41-50) and  R yston N o. 23 (Plates 
58-70) are  good exam ples. T here are  instances o f 
sudden, severe disease and  even death  follow ing a 
long period  o f  com parative freedom . B oth E lm  N o. 4 
a t T o tteridge  (Plates 2-4) and  the tree in  the B otanic



C
A

SE
 

H
IS

T
O

R
IE

S
 

OF
 

IN
D

IV
ID

U
A

L
 

T
R

E
E

S

E L M  D I S E A S E  I N  B R I T A I N 19

u
j
09
<

H

£561 £ £ £  1 1 1 1 £ £  £  £ 1 1 £ 1 £ 1 1 1 1 1 £

6L61 VS R « £ £ 1 1 1 Q& i/i t/i 1 1 1 1 1 1 1 1 1 1 1

8b6I i i £ £ £ 1 I V)> M s s 1 q 2 1 £ 1 1 1 1 £ £

Z>61 i i 1 1 1
1 1 1 £  £  £ 1 1 1 1 1 1 1 1 1 1 1

m i £ £ 1 1 1 1 1 Ph c o £ £ 1 £ 2 1 1 1 1 1 1 1 £

m i £ 2 R s R £ £ * 2 £ £ 1 £  1 £ 2 1 1 C/1 1 1 2

W6I 1 1 £ £ £ £ £ 04 w £ £ 1 ^ £ £  £ 1 1 C/1 1 £ 1

EL61 1 1 £ £ £ R vs 0̂ w5 £  £ 1
r**»

£ w 1 1 1 1 1 1

z w t 1 1 1 1 1 i i 1 2 £ £ 1 1 1 1 1 1 1 1 1 1 1

m i 2 £ R s R £ £ p! 2 £ 2 1 2 £ £ 2 1 ' £ 1 co £

0P61 c/3 I/) 2 2 £ £ £ 1 ifi C/1 t/3 1 1 £ 2 z 1 S £ Q £ 1/1

6E61 £ £ £ c o £ £  CO co c/3 £ 1 £  1 £ Z 1 £ £ co £ C/1

8E6I „ 2 2 £ £ iV ‘Oh C/l w- 0̂ 2  £  £ £ </] £  Z £ £  £ M vs C/1

ZE61 1 1 2 £ £ £  £ (2 M M s £ £  Z £ 2  w] 2 £ 2

9E61 1 1 2 £ £ £  £ 04 R s S £ l—( V) co Z I/) (/)>■ C/l 75 £ 1

5E6t 1 1 M£ £ R R
+

Otf c/) t/) On 1 p; £  1 <A

-f-s 2 £ 1

LE61 1 1 2 * £
+  

£  £ e* s M M

1
c4 1 £ £  1

+
£

i -t- 
£  £ £  co 1

EE6I 1 1 2 £ £ £  £
1

p$ 1 1 1 1 1 £ £  1
1

£
+
£ - h « 2 1

3E6I 1 1 Z  £_■ £  £
+
at 1 1 1

i
£ 1 £ £  1

1
£ ^ £ — £ 1

I £6 1 1 Z  1 1 £  £ ai 1 1 1 1 1 £ £  1 - £ £ h 2 1

0E6I 1 1 Z ~ ~ +  + oC 1 1 1 £ 1 £ £  1 £ £ 1 1 1

6E61 1 1 z z « Z Z 1 1 1 1 1 1 £  1 Z £  U5 1 1 1

8 l 51 1 1 z z z z z
•-}-c/) 1 1 1 + I i ‘

-b 
^  1 z

-I- -1-
C/l C/1 1 1 1

Ye
ar

 
of 

In
sp

ec
tio

n:

Tr
ee

 
N

o.

C
as

ew
ic

k,
 L

in
cs

. 
(N

o.
 5

)
(N

o.
 7

) 
..

Fo
ul

de
n,

 N
or

fo
lk

 
(N

o.
 1

7) 
..

„ 
(N

o.
 9

) 
..

 
., 

(N
o.

 6
) 

..

K
en

ni
ng

to
n,

 B
er

ks
 

(C
ot

ta
ge

) 
„ 

(S
ch

oo
l)

Lo
ng

st
ow

e,
 C

am
bs

. 
..

Tr
ow

br
id

ge
, 

W
ilt

s 
(N

o.
 3

) 
..

„ 
(N

o.
 

1
).

. 
„ 

(N
o.

 4
) 

..

St
ow

m
ar

ke
t, 

Su
ff

ol
k

C
am

br
id

ge
 

(S
t. 

Jo
hn

’s 
C

ol
le

ge
) 

„ 
(B

ot
an

ic
 

G
ar

de
n)

Br
id

ge
 

En
d,

 B
ed

fo
rd

 
(N

o.
 4

5)
„ 

„ 
„ 

(N
o.

 4
7) 

..

Be
df

or
d 

(S
t. 

Jo
hn

's 
Ro

ad
) 

..

To
tte

rid
ge

, 
H

er
ts

, 
(N

o.
 4

) 
..

„ 
(N

o.
 6

2) 
..

R
ys

to
n,

 N
or

fo
lk

 
(N

o.
 2

)
„ 

(N
o.

 2
3) 

..

M
ar

sto
n 

Th
ru

ss
el

, 
Le

ic
es

te
r 

(N
o.

 1
)

p  2  .

*  S  2

•5 u  >
°  > t=! cd O 
w  a  C  
-C  cd y
•5P o y 
w Z h

g  *c
I  . >
a  c  ^  
S o  3
W5 Q , * °

> I e‘*-*</) 3fj O
“ | a

I .ifi 5/3
(/J 4> D

> . « >  
La > *
0) o  <• >c/3 <

cd ^
aS i S
.sPi
« 2 U 
C  QT3 
O *- *7 »
c  Ocd w
■0’S 2 
■8 2 “
*y >̂ "0
.S-c.fi
««.a.a■-1 j= x:

•S *  *
Q U O
« 5 1 3  *  2o 2 2 — •“  
o ^

■ g . 2 £a U U

C 00
o . S

.£  On

^  — to-a
s s

“ “E CT\
La «—

-r 25-e

£ E o o

rt u  u  u w * -
cd cd 

^  w ’S
</5 t/) U (U l»
13 «i* u u 

> ,’■£ ^  
> c  c
—— I . *
E - l - l  <

3  3  . T3

— — “O rt3  3  CJ 2  o y D.-1-
> > 2  3

• - • - D U  
w  i / l  U  I I
O O C l  Oh CU {-̂

- r i n d 1

P
O
a
E

■° 3. reO tt>

1/3 *° rtO O 3 
Z 2 Q

Z S Q



20 F O R E S T R Y  C O M M I S S I O N  B U L L E T I N  33

G ardens a t  C am bridge (Plates 56-57) suddenly 
developed quite severe sym ptom s after long periods 
dur ing w hich they h ad  only som etim es show n very 
m ild signs o f  the disease. H ad  it  been possible to 
pho tog raph  a  large num ber o f healthy  elm s on  the 
chance th a t they w ould la ter becom e infected, m ore 
exam ples w ould be availab le  o f  sudden disease 
developm ent. As it was, serial pho tog raphs were 
norm ally  started  only o f  trees w hich initially  show ed 
active sym ptom s. Tw o cases, the St. Jo h n ’s College 
tree a t C am bridge and  N o. 2 a t R yston  (Plates 51-55), 
o f  trees w hich show ed rap id  disease developm ent 
follow ed by death  are  included in the table. Such 
behaviour was frequently  observed in the nineteen- 
th irties w hen th e  disease was a t its height, b u t there
after it becam e less and  less com m on.

In  all these yearly com parisons it is necessary to  
rem em ber th a t the severity o f a ttack  is certain ly  a  
reflection o f  the am oun t o f beetle feeding w ith its 
consequent infection, and  o f  the subsequent effect 
o f  the sum m er clim ate on  the developm ent o f  the 
disease, as well as o f the susceptibility o f th e  tree. In  
m any cases it is p robab le  th a t the reaction  o f the tree 
is the least im p o rtan t o f  these three factors.

In  view o f  such variable behaviour it is obviously 
very difficult to  prophesy  the fu ture o f  any particu lar 
infected elm . O nce the tree is so w eakened th a t 
Scolytus  beetles s ta rt to  breed in the tru n k , it is 
norm ally  beyond hope, bu t a few recoveries have 
been recorded  even from  this extrem e condition . 
T he possibility o f  p run ing  infected trees to  rem ove 
diseased o r dead  w ood and  to p rom o te  recovery is 
discussed a t a  la ter stage.

Progress in Local Populations
In  the early days areas were visited prim arily  because 
the disease had  been reported  from  them , so th a t a t 
the beginning notes tended to  be m ade on the m ore 
v iru lent local ou tbreaks. As the surveys becam e m ore 
exp loratory  in character, they natu rally  extended to  
places w here the disease was less v iru len t; bu t there 
was still a tendency to  select fo r study areas w here the 
disease had  reached a  m oderate  level. N o  disease- 
free localities were included. T hus all the  records up 
to  and  including 1946 refer to  localities deliberately 
selected because the disease was present there. They, 
therefore, show  local trends o f  developm ent, w hich 
to  som e extent m ay have a  w ider application . B ut 
they th row  no light a t all on the general level o f  the 
disease over the country  as a whole, o r fo r th a t 
m atte r over any large section o f it.

F o r purposes o f in ter-annual com parison  all the 
elms in a  given area were classified as “ disease-free” 
if  they show ed no active sym ptom s, “ diseased” if 
they show ed active sym ptom s o f  the cu rren t year, o r 
“ dead” . In  som e o f the earlier surveys, the trees were

n o t p lo tted  o r  m arked  in any  way, so th a t the 
num ber observed tended to  vary  from  year to  year, 
largely according to  visibility, w hile trees w hich were 
felled dropped  from  th e  co u n t w ithou t record . F o r  
the sake o f  continu ity  it was necessary to  carry  on 
these surveys in  th e  sam e w ay as they had  been 
started , b u t they a re  obviously m uch less accurate 
th an  surveys o f better-recorded  groups.

T o  get m ore exact records, row s o f  elm s o r  easily 
p lo tted  groups were deliberately chosen, so  th a t 
exactly the sam e trees were assessed each year, and  
record  k ep t o f  those rem oved. Even by th is m ethod  
there was som e varia tion  in num bers. T rees w ere 
som etim es felled fo r reasons o ther th an  disease, and  
occasionally fresh trees w ere b rough t in to  the survey. 
In  cases w here individual records w ere k ep t fo r each 
tree, it  was possible to  add  the category o f  “ recover
ies” to  the  th ree listed above.

T he results o f  som e o f  these surveys are  set o u t in 
F igures 2-17. T he (a) “ d ead” , (b) “ dead plus 
actively diseased” , and  in  som e cases (c) “ dead plus 
actively diseased p lus recoveries”  are  show n on  the 
graphs as percentages o f the to ta l num ber o f  trees 
observed. F ro m  these graphs it is possible to  follow  
the general trend  o f  the disease in  each o f  the 
selected areas. In  the earlier, less accurate  surveys the 
percentage o f  dead often falls w ith tim e, because 
dead  trees th a t had  been felled ceased to  be counted . 
In  the m ore accurate  counts this is n o t the case, 
because dead trees rem ained on  the records even 
after they had  been felled. In  areas w here “ recoveries” 
w ere separately no ted , th e  to ta l figure fo r dead, 
diseased and  recoveries canno t fall, since once a  tree 
has becom e diseased it is bound  to  be in  one o f these 
th ree categories. Only the percentage o f  “ diseased” 
can vary bo th  up  and  dow n. D uring  and  a fter the 
1939-45 w ar visits were n o t m ade every year, so th a t 
there are  som e gaps in the records.

Som e details o f  the localities subject to  periodic 
survey an d  illustrated  in the tex t figures are  given in 
T able  6.

T he behaviour o f the disease in  local populations, 
like th a t in individual trees, is extrem ely variable 
and  can n o t be fitted in to  any overall pa ttern . 
N evertheless, various po in ts, som e o f m ore than  
local interest, em erge and  are  discussed below.

T he first three areas (Figs. 2-4) lay in  the west 
o f Essex, w hich was one o f the w orst affected areas 
in  the early  days o f the disease. T he recorded deaths 
were as high as 38 per cent, 42 per cen t and  52 per 
cent respectively, and  since these figures take  no 
account o f dead elm s previously rem oved, the actual 
death  ra te  was probably  appreciably higher. T hus, 
ab o u t h a lf  the elms, in these areas w here elm  was the 
p redom inan t tree, perished in th e  first few years o f 
severe a ttack . In  this p a r t o f th e  coun try  disease 
reached its peak  in  1931, a  p o in t w hich shows



P l a t e  1. Large e lm  at Qucndon, Essex, which 
escaped attack  and was therefore tested for 

resistance. E l m  R.T. 1944.

P l a t e  2. Elm  N o. 4, Totteridge. 1936, very 
slight active symptoms.

P l a t e  3. Elm N o. 4, Toltcridgc. 1937, 
m oderate active sym ptoms.

P l a t e  4. Elm N o. 4, Totteridge. 1940, 
m oderate active sym ptoms.

(P l a t e s  2-4. T ree N o. 4, T otteridge, H ertfo rdsh ire . A tree frequently show ing slight chronic
sym ptom s.)



P l a t e  5. 1937, m o d e r a t e  a c t iv e  s y m p to m s . P l a t e  6. 1938,  s l igh t  active s y m p t o m s

P l a t e  7. 1941, n o  ac t iv e  s y m p t o m s ,  r e 
c o v e r in g .

P l a t e  8. 1948, n o  a c t iv e  s y m p t o m s ,  r e 
c o v e r in g  b u t  d e a d  w o o d  st il l s h o w s .

P l a t e s  5-8. Elm  N o. 1, M arston  Thrussel, Leicestershire.



P la t e  9.  1938,  s l ig h t  a c t iv e  s y m p t o m s . P late  10. 1941, m o t l c r a l e  a c t iv e  s y m p t o m s .

P l a t e  11. 1949, v e ry  s l igh t  a c t i v e  s y m p t o m s .  P l a t e  12. 1955,  n o  a c t iv e  s y m p t o m s ,  a  c o m 
p le t e  re c o v e r y .

P l a t e s  9-12. Elm N o. 5, Casewick, L incolnshire, A Jersey Elm.



P l a t e  13. 1938,  m o d e r a t e  a c t i v e  s y m p t o m s P l a t e  14. 1939,  n o  ac t iv e  s y m p t o m s ,  r e 
c o v e r in g .

P l a t e  16. 1945, m o d e r a t e  a c t iv e  s y m p t o m s .P la t e  15. 1940, s l igh t  a c t iv e  s y m p t o m s .  T h e  
th in  fo l i ag e  w a s  n o t h i n g  t o  d o  w i th  th e  

d isea se .

P l a t e s  13-17. Elm  N o . 7, a t Casewick, Lincolnshire. A tree w ith norm ally ra ther sparse
foliage.



P l a t e  17. Elm No. 7, Casewick. 1955, no 
active sym ptoms, recovered, but Still rather 

thin.

Plate 18. Elm No. 47, Bridge End. 1941, 
m oderate active sym ptoms.

P l a t e  19. Elm N o. 47, Bridge End. 1943, 
severe active symptoms.

P la t e  20, E l m  N o .  47 ,  B r id g e  E n d .  1944,  no  
ac t iv e  s y m p t o m s .

P l a t e s  18-22. Elm  N o . 47, a t Bridge E nd, near Bedford. A  small tree beside a stream .



P l a t e  21 Elm No. 47. Bridge End. 1948, no P l a t e  22. Elm No. 47, Bridge End. 1955, no
active sym ptom s, recovering. active sym ptoms, alm ost com pletely re

covered.

P l a t e s  21-22. Elm  N o . 47, B ridge  E nd, Bedford.

P l a t e  23. Elm No. 4, Trowbridge. 1935, n o  P l a t e  24. Elm No. 4, Trowbridge. 1936,
active sym ptom s, recovering from earlier severe active sym ptom s,

attacks. It was severely pruned in 1933.

P l a t e s  23-2S, Elm N o. 4, a t  T row bridge, W iltshire. A Jersey Elm  in an  avenue.



P l a t e  25. E l m  N o .  4,  T r o w b r i d g e ,  c o n 
t i n u e d .  1937 ,  s l igh t  a c t iv e  s y m p t o m s .

P l a t e  26. 1938, no  ac t iv e  s y m p t o m s ,  r e 
co v e r in g .

P l a t e  27.  1 9 4 1, m o d e r a t e  a c t iv e  s y m p to m s . P l a t e  28.  1949, s l ig h t  a c t iv e  s y m p t o m s ,  
b u t  h a s  r e c o v e r e d  f r o m  e a r l i e r  a t t a c k s .

P lates 23-28, continued. Elm  N o. 4, at T row bridge, W iltshire, A Jersey Elm  in an avenue.



P l a t e  29. 1938. A severe outbreak at Holt in Cheshire, typical o f the m ore active period o f the disease. Despite 
t h e i r  apparently  dead condition several trees in this group m ade rem arkable recoveries.

P l a t e  30. 1943. E lm s(E .B .) at Stansted, Essex, which were thought to  have natural resistance, and which 
survived heavy inoculations unharm ed They later succum bed to natu ral infection.



P l a t e  31. E l m  a t  Studley, O x f o r d ,  w h ic h  
e s c a p e d  a t t a c k  a n d  w a s  t h e r e f o r e  te s t ed  fo r  

re s i s ta n c e .  Elm M .H . 1939.

Plate 32. Tree on the G o lf  Course at Tot
teridge, H ertfordshire. The first definite 
recorded case o f  the Elm Disease in Britain, 

1928.

P l a t e  33. 1945. An elm in fec te d  by  bee t les  
f r o m  a  s aw m i l l  log  pile .

P l a t e  34. Elm N o. 17, Foulden, N orfolk. 
1937, m oderate active sym ptoms, following 

several years o f repeated attack.

( P late  34 is o n e  o f  the series t h a t  c o n t in u e s  overleaf.)



P l a t e  35. [438, moderate active symptoms 
again.

P la te  36 . 1939, n o  a c t iv e  s y m p to m s ,  r e 
c o v e r in g .

P l a t e  37. 1940, m oderate active sym ptom s P l a t e  38. 1941, no  active sym ptoms, rc-
again. covering.

P lates 34-40, continued . Elm  N o. 17, Foulden, N orfolk .



Plate 39. Elm  N o. 17, Foulden. continued. P l a t e  40. Elm No. 17, Fouldcn. 1955, no
1943, no active sym ptom s, still recovering. active sym ptom s, a nearly complete recovery.

P l a t e s  3 4 -4 0 ,  co n tin u e d . E lm  N o . 17, F o u ld e n , N o rfo lk .

P late 41. Elm No. 3, Trowbridge. 1934, P l a t e  42. Elm No, 3, Trowbridge, 1936, no
slight active sym ptom s. active sym ptom s, recovering.

P l a t e s  41-50. E lm  N o. 3, T row bridge, W iltshire. A Jersey Elm in a n  avenue.



P l a te  43 . 1937 , m o d e ra te  a c t iv e  s y m p to m s . P l a t e  44. 1938, m oderate active sym ptom s 
again.

P l a t e  45. 1940, severe active sym ptoms, 
heavily pruned as a result o f  previous attacks.

P l a t e  46. 1941, m oderate active symptoms, 
but has m ade considerable recovery growth 

since the previous year.

P l a t e s  41-50, continued. Elm  N o . 3, T row bridge, W iltshire. A Jersey Elm  in an avenue.



P l a te  47 . 1942, m o d e ra te  a c t iv e  s y m p to m s  
a g a in .

P l a t e  4 8 . 1944, s l ig h t a c t iv e  s y m p to m s .

P l a t e  50 . 1955, n o  a c t iv e  s y m p to m s , a  n e a r ly  
c o m p le te  re c o v e ry , b lit  s till a  s m a ll I rcc  c o m 

p a re d  w ith  its  n e ig h b o u rs .

P l a t e  49 . 1949, n o  a c t iv e  s y m p to m s ,  re 
c o v e r in g , b u t its to p  d ie d  in a  sev e re  a t ta c k  

in  1948.

P l a t e s  41-50, continued. Elm N o. 3, T row bridge, W iltshire. A Jersey Elm in an  avenue.



P la te  5 1 . 1935, m o d e ra te  a c t iv e  s y m p to m s , P l a te  52. 1936, sev e re  a c t iv e  s y m p to m s .

P l a t e  53 . 1937, m o d e ra te  a c t iv e  s y m p to m s  
a n d  a  lo t  o f  d e a d  w o o d .

P l a te  54 . 1938, m o d e r a te  a c t iv e  s y m p to m s , 
to p  c o m p le te ly  d e a d .

P lates 51-55. E lm  N o .2 , R y s to n . N o rfo lk , A  fo rm  o f  U lm u s c a rp in ifo lia . 

(P late 55 a p p e a rs  o p p o s ite .)



P l a t e  56. Tree i n  Botanic G ardens, C am 
bridge. 1940, no active sym ptoms, recovering 

from  a scries o f very slight attacks.

P late  55 . E lm  N o . 2 , R y s io n ,  c o n t in u e d .  
1939, sev e re  a c t iv e  s y m p to m s ,  nearly d e a d ;  
t h e  tre e  w a s  c o m p le te ly  d e a d  a  y e a r  la te r .

P l a t e  57. Botanic G ardens, Cambridge, 1948, 
m oderate active sym ptom s, the  to p  is dead.

P l a t e  58. Elm No. 23, Ryston, N orfolk, 
probably Ulm us hollandica vcgclu, 1931, 

m oderate active sym ptom s.

( P l a t e s  56-57. T ree in B otanic G ardens, Cam bridge. A form  o f Ulmus carpinifolia. In m ost 
years, when it showed any active sym ptom s at all, this tree only displayed a scattering of

yellow foliage.)



P l a te  6 0 . 1933, m o d e ra te  a c t iv e  s y m p to m s .P l a te  59. 1932, n o  a c t iv e  s y m p to m s ,  re 
co v e r in g .

P l a te  61 . 1934 , sev e re  a c t iv e  s y m p to m s . P l a te  62 . 1935 , no  a c t iv e  sym ptom s, re 
c o v e r in g .

P l a t e s  58-70, continued. T ree N o. 23, R yston, N orfo lk , p robably  U lm us hollandica vegeta. 

( P l a t e  58 appears on preceding page.)



Pi a t e  63. 1936, no active s y m p to m s ,  still 
recovering.

P la te  64. 1937, n o  a c t iv e  s y m p to m s ,  re c o v ery  
c o n t in u in g ,  b u t  d e a d  to p  s till s h o w s .

P l a t e  65. 1938, v e ry  s lig h t a c t iv e  s y m p to m s . P l a te  66 . 1939, n o  a c t iv e  s y m p to m s , r e 
c o v e r in g .

P l a t e s  58-70, continued. T ree N o. 23, R yston, N orfo lk , probably  U lm us hollandica vegeta.



P l a te  68 . 1941, s e v e re  a c t iv e  s y m p to m s .Pi ate  67. 1940, n o  a c t iv e  s y m p to m s ,  s p a rse  
fo liag e  is n o t  d u e  to  d is e a s e .

P l a t e  69. 1944, n o  a c t iv e  s y m p to m s ,  b u t  
th e re  h a s  b e e n  a  lo t o f  d ic h a c k  s in c e  1941.

P l a t e  70 . 1948, n o  a c t iv e  s y m p to m s , a lm o s t  
c o m p le te  re c o v e ry , e x c e p t t h a t  th e  tre e  h a s  
lo s t its  c ro w n , a n d  is th e re fo re  q u i te  a  d i f 

fe re n t s h a p e .

P l a t e s  5 8 -7 0 , continued. T ree N o. 2 3 , R yston, N orfo lk , probably U lm us ho lland ica  vegeta.



P l a te  71. 1936, five y e a r s  a f te r  th e  d is e a s e  was first 
re c o rd e d  in 1931.

P l a te  72 . 1941 , th e  tre e s  h a v e  g ro w n  a  lo t  d e s p ite  th e  d isea se .

P l a t e  73 . 1955 , o n e  re c e n t r e p la c e m e n t  c a n  b e  seen  
ju s t  to  th e  r ig h t  o f  th e  p e ra m b u la to r .  M o s t  o f  th e  e a r l ie r  
re p la c e m e n ts ,  s e v e ra l o f  w h ic h  a r e  in c lu d e d  in th e
p h o to g r a p h ,  h a v e  n e a r ly  c a u g h t  u p  w ith  th e  o r ig in a l

t r e e s .

P l a t e s  71-73. W ar M em orial A venue o f Jersey Elms a t T row bridge, W iltshire. This avenue 
was subject to periodic careful p run ing  o f  diseased limbs and  rem oval o f a  few o f the w orst
diseased trees. Every tree in the avenue has show n active sym ptom s a t least once.



P la tf  74 . 1938 , le f t - c c n tre  tre e  s h o w s  sev e re  a c t iv e  
s y m p to m s ;  r ig h t -c e n tr e  tre e  s h o w s  n o  a c t iv e  s y m p to m s .

P l a te  7 5 . 1943, lc f t - c e n tre  tre e  sh o w s n o  a c t iv e  s y m p to m s ,  s till re c o v e r in g ; r ig h t-  
c e n l re  tre e  s h o w s  n o  a c t iv e  s y m p to m s .

P late  76 . 1944, le f t - c e n tre  tre e  has b e e n  fe lle d ; 
d e s p ite  its  re c o v e ry  it w a s  s till  u n s ig h t ly ;  r ig h t-c e n tre  

tre e  s h o w s  sev e re  a c t iv e  s y m p to m s .

’ l a t e s  74-76. E lm s beside the river C am  on  S tourbridge C om m on, C am bridge, T he tree on 
the left never developed the disease at all.



E L M  D I S E A S E  I N  B R I T A I N 21

>
0
D
l/i
J
<
D
2
2

a
UJ
nJ
<
H

O
H

H
U
UJ
0
D

J
<
U
O
nJ

to

Ci.
p

.Q 

hi ^

u. aOj . 
•© =:

. I S

<3
£

13
cd *• -
O " *

O
D«
3
O

T3
2 - d  E

jjCC

" cd

"  1/5 
U-cHt 

.0
i/i CJ

E  -  - 3  “  *> *

0>
o
W5

„ a
" 3 

O
i—a

w»
3

■* 5  °  2  Si— cd ■—
cd D. t/) cd _ ,  O, <o . 73 _  cd a )  Jg C
“> c - a  g  a

.S - J S  c ct/5 —  '
p £ - S  e  a

M 1/1 f l . -

u >>«D u  *-■ C wgpisr o.s
jd  ,£> <u cd >*

°  °  £ £ -  0> 4> C «-» n  
3  3  3  fll 
c = ? « l i l

13
3
O

E  ~. c  a»
c/5 i n

a a >,t/i 1  m 
1 / C/5O 4> £- u- W) 4> -t-* t- 5

• o  JS-O-riu a>7 
.N
C/5 O 1/5
E *  E 
.3 0.2
• a  0  13 
flj 3  O
E 3 £a  t“ 

t*- > (m
O cd O 
o  a> a)
3  7  =
O 3 u 
>  O >

< Q <

N
*1/5

I

. E
T3 3  
5 13 2 w 

Ecd c  
60
C O
O

’cd C 
C5.2 M
S o . 2
<D qj

o ‘

u
J
0

H

o
- j

,&0 ©

I— l/l i/l to

7 7 7 7
O O - ' O  r*“j rn r*i to 
C\ O n O n On

vmo <r»\0 V5
7 7 7 7 7
O  O  ON ON — • rn r*t r*N rn 
O n O n ON O n O n

On to in vnvn Ntinirnnm 
I l I l , l  
00 NO 00 00 CO C-l HI f*5 H"> CO 
On ON On On On

&  *  w U PQ 
*  *  8   ̂

Ul " w - a
••C/5 * C

u  UJ 13 UJ 
O .  O y  
0« Jn wi M
= si>  c - a
y  c u f l t  

Z D c o Q

i S j r  *3
• 2 >  E

X >  -  a
8  . g  : ut/5 51 . . „
3  So e  Si  «

“ - ■ C X - ' g l  

§ " § « ■ §  gX o  W c  c  
3  «- «  O

f f l h O U J

M  ^  . 
n £  w

f i c o  
^  ™ c  
| u  j

-  y i  
c  —  oCj o  ■ — 
13 CL *
3 E 3̂
o * c  «  

U , > U

X)
, E

o• Q.
E

*o
cd
O

cd
00c
o

2  £ 
•a cd 
n  oo 

>;? §  
E " “
3  ,

— ^ * r  3 '
cd o  cd
E . >c/2 < S  E

<  in

O n t o  m — o CO SO NO OO
O O N t O O c o  o o  < o  — t o  oo s o  o t "  r -CO -H —1 NO CN o n  - h  N£> ON CN —  VO •“ < (N

O  NO 0O NO O O - O n I ^ <N T t  <N 0 0  ON <N O '
o n  t o  tj-  c o m  oo t}- to  cn O n r~- o  t o  t o ■ to  (N

CN ~ CN •—> •—i ~  (N

co to 
»o «o 

I I 
ON t o  CO *rt  
O n O n

E ^
Cd u

• C  c
c k o  O£ > j~  3 W5

J <

<N rO Tl- to  SO r -  00 O n O



PE
R 

CE
NT

 
PE

R 
C

EN
T

22 F O R E S T R Y  C O M M I S S I O N  B U L L E T I N  33

Y E A R
F ig u re  2. Survey data from Newport, Essex (190-389 trees).

ACTIVELY
DISEASED

DEAD

ACTIVELY
DISEASED

D E A D

1930 31 32 33 34 35 36 37 38 39 4 0  41

Y E A R
F ig u r e  3. Survey data from Ugley, Essex (56-145 trees).

43 44 45
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d ea rly  on the graphs, and  thereafter declined to  a 
level w here it was obviously present each year, bu t 
d id  com paratively  little  dam age. I t  is tem pting to  
suggest th a t the earlier a ttacks killed all the  m ore 
susceptible elm s, and  th a t the disease is now  a ttack 
ing trees sufficiently resistan t to  recover from  th e  less 
severe injuries to  w hich they are  periodically sub 
jec ted ; b u t it  m ust be adm itted  th a t there  is little

8 0  r

supporting  evidence fo r this supposition . A m ong 
these Essex areas, N ew port show s a  subsid iary  peak  
in  1936, an d  U gley in  1936 and  1937. These years were 
peak  years in  a  num ber o f  o th e r areas, 1936 a t 
B ridge E nd  (Fig. 5) and  F ou lden  (Fig. 11) and  
1937 a t  T row bridge (Fig. 7). T his phenom enon o f 
an  initially  very severe attack , follow ed by a  slow  
decline, was n o t confined to  w est Essex. I t  occurred

ACTIVELY 
DISEASED 

D EAD

1931 32 33 3 4 35 3 6 3 7 38 3 9 4 0  41

Y E A R
F ig u re  4. Survey data from  Stanstcd, Essex (48-103 trees)

43 4 4 45

ACTIVELY
DISEASED

1936

Y E A R
F ig u r e  5. Survey data from Bridge End, Bedford (36-60 trees).
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in  several o th er areas w here the a ttack  developed 
rapidly  in the early  nineteen thirties. U nfortunately , 
few o f  these w ere the subject o f  surveys, b u t the 
co u n t m ade in  C am bridge (Fig. 9) is in fact in such 
an area. In  this case, m ost o f  the dam age had  occur
red  before 1939, w hen the survey started , and  is 
reflected in the high percentage (31 per cent) o f  dead 
trees. D uring  the period  o f  the survey, the disease 
tended to  decline, an d  by 1946 only one tree 
(representing 2 per cent) was show ing active sym p
tom s.

T he som ew hat erratic  g raphs fo r these three Essex 
areas a re  to  som e extent a  reflection o f  the inaccurate

survey m ethods; it  is quite certain , how ever, th a t 
m ore careful collection o f  results w ould  still have 
show n th e  disease a t its heigh t in 1931, and  thereafter 
declining. A  different s ta te  o f  affairs existed a t 
B uxted (Fig. 6), w here rig h t up  to  1945, w hen the 
survey was abandoned , th e  disease was m aking 
steady and  con tinuous progress, so th a t by then  66 
per cen t o f  the trees h ad  been killed. T his was a 
locally violent ou tb reak  in a  p a r t o f  the country  
w here elm  is n o t a tree o f  p rim ary  im portance. T here 
w ere o ther places w here the disease progressed in  
this steady and  dam aging m anner, b u t such behav
iou r can n o t be regarded as typical.

u

c c
LU
Q_

1930 31 32 33 34 35 36 37 38

Y E A R
F i g u r e  6. Survey data from Buxtcd, Sussex (230-231 trees).

IOOr -

42 43 44 45
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ACTIVELY
DISEASED

DEAD

ACTIVELY 
DISEASED

■'£ DEAD
____

1931 32 33 34 3 5 36 37 38 39 4 0  41 42 43 44 45 46 47 48 49 55

Y E A R
F ig u r e  7. Survey data from Trowbridge, Wilts (80-98 trees).
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In  o th er areas the disease m ade slower, b u t never
theless very definite, progress in  th e  nineteen-thirties, 
bu t levelled off before i t  h ad  becom e nearly so 
dam aging as a t B uxted. F ou lden  (Fig. 11) is a  good 
exam ple o f this. H ere  the disease reached a peak  in 
1936, then  a still h igher level in  1940, an d  thereafter 
declined. T his area  p rovided a  n u m b er o f  exam ples o f 
quite spectacu lar recovery from  severe injury. Indeed 
the ra te  o f  recovery was so high th a t in  1949, a t the 
end o f  the survey, while 75 per cen t o f  the elm s had  
had  the disease som etim e during  the preceding 
tw enty-one years, only 14 per cen t had  succum bed to

it. T he  1940 peak  w hich was p rom inen t a t Foulden 
also occurred  in  o th er areas, fo r instance U gley 
(Fig. 3), T row bridge (Fig. 7), and  Casew ick (Fig. 14).

A t F ou lden  th e  highest percentage show ing active 
disease was 46 p e r cen t in  1940. A t T row bridge 
(Fig. 7) w here there  was an  even stronger tendency 
to  recovery, 90 per cen t w ere actively diseased in 
1937, 64 per cen t in 1940, and  70 per cen t in  1948, 
yet th e  dea th  ra te  w hen the survey was closed in 1955 
was only 18 p e r cent. T he avenue o f  Jersey elms, here 
surveyed, was p lan ted  as a  m em orial a fter the first 
W orld W ar, and had 19 per cent diseased when it

Y E A R
F i g u r f  8. Survey data from  G reat H inton, Wills (141-150

trees).

ACTIVELY DISEASED

DEAD

ACTIVELY 
DISEASED

DEAD

Y E A R
F ig u r e  9 . Survey data from Cambridge (59-61 trees).
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was first inspected in 1931. A  policy o f p run ing-ou t 
diseased w ood each  year an d  replacing only very 
severely a ttacked  trees was adop ted , so th a t in  effect 
the trees listed as “ dead” are  really  those rem oved 
because they were considered beyond hope o f 
recovery. Inclusion o f  the  replacem ent trees is 
responsible fo r the increase in  the num ber o f trees in 
the survey. In  this case, it is know n th a t every elm 
in the avenue has displayed active sym ptom s a t least

their com panions. T he significance o f  the behav iour 
o f  th e  disease in  this avenue will be considered 
further, in  view o f  its bearing on  questions o f  contro l.

A no ther a rea  w ith a high recovery ra te  was Bridge 
E nd  (Fig. 5), w hen a  peak  o f  56 per cen t show ing 
active sym ptom s was reached in  1943; b u t there  were 
no  deaths, and  w hen the survey was abandoned  in 
1945 only 8 per cen t show ed active sym ptom s. The 
1943 peak  no ted  here also occurred  a t Longstow e

ACTIVELY 
D ISEASED 

D EA D

Y E A R
F i g u r e  10. Survey da ta  from  Longstowe, Cam bs. (37 trees).

Y E A R
F i g u r e  11. Survey data  from  Fouldcn, N orfolk  (92-95 trees).

once during  the tw enty-four years o f  observations; 
m ost trees did so on a num ber o f  occasions. Y et the 
final effect on  the avenue as a w hole has proved 
surprisingly slight (Plates 71-73). T he trees are p ro 
bably sm aller th an  they w ould have been w ithou t 
dieback due to  the disease and  the resu ltan t pruning. 
T he m ore recent replacem ents cause som e uneven
ness, but the earlier ones have nearly caught up w ith

(Fig. 10) and W im pole (Fig. 15).
Several o f the surveys were conducted  in areas 

w here the disease never reached even a m oderate  
level. G rea t H in ton  (Fig. 9) is an exam ple. The 
avenue o f  Jersey elm s a t  Casewick (Fig. 13) is 
ano ther. A t Casewick, how ever, the elm s did display 
the sam e characteristic  o f  a high percentage infection 
over the period as a  whole, accom panied by a high
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1936 37 38 39 4 0  41 43 44 45 46

Y E A R
F i g u r e  12. Survey data from W im pole, Cambs. (A) (274-283 trees).

Y E A R
F i g u r e  13. Survey data from  Casewick, Lincs. (A) (102 trees).

RECOVERIES

ACTIVELY
DISEASED

DEAD

RECOVERIES

ACTIVELY
DISEASED
D EA D

ra te  o f recovery, as did the sam e species a t T row 
bridge. A t Casewick, a lthough the percentage o f 
active disease in any one year never rose above 30 
per cent, the  p ropo rtion  th a t had  the disease a t least 
once reached the high figure o f 61 per cent. Luben- 
ham  (Fig. 16) is ano ther exam ple o f very slow

progress. O ver a period o f  16 years the percentage 
o f  trees th a t had  developed the disease rose only 
from  14 per cent to  29 per cent and  the death  rate  
from  2 per cent to  5 per cent. A shorne (Fig. 17), 
which was surveyed for only a few years, showed 
very little advance, though the disease rose to  a
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80

Y E A R
F ig u r f  15. Survey data from Wimpole, Cambs. (B) (59-60 trees).

RECOVERIES

ACTIVELY
DISEASED

DEAD

:: :  r e c o v e r ie s

ACTIVELY 
DISEASED

DEAD
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distinct peak  in 1948. T he trees w ere generally in good 
health  w hen the survey started , so th a t there was no 
suggestion th a t they w ere survivors from  an  earlier 
attack . T he 1948 peak, here displayed, also occurred  
a t  T row bridge (Fig. 7), and  L ongstow e (Fig. 10).

T here is no  d o u b t th a t a  m ore ran d o m  m ethod  o f 
selection o f  survey areas w ould have b rough t in far 
m ore places w here th e  disease progressed very 
slowly a t a  low  intensity, an d  w here the final dam age 
was very slight. In  1937, feeling quite correctly  th a t 
the au th o r’s survey areas w ere too  sm all to give an

abso lu tely  typical p ictu re  o f  disease behaviour, 
W alter an d  P a rk e r surveyed the extensive elm 
avenues in  B lenheim  P ark  near O xford, T here are 
p robab ly  few places in B rita in  w here one could  find 
nearly  2,600 elm s so arranged  th a t they could  be 
easily m apped . T he survey actually  included 2,590 
elm s. I t  certain ly  prov ided  a  very clear exam ple o f  a 
low  intensity  o f a tta ck . In  1937, 97.5 per cen t were 
healthy, 1.7 per c en t show ed active sym ptom s and  
0.8 per cen t were dead ; by 1946 th e  p ro p o rtio n  free 
had  only fallen to 94.7 per cent, 3.6 per cent were

u

ceL
U J
C L.

RECOVERIES

ACTIVELY
DISEASED
D EAD

1939 45 4b

Y E A R
48 55

F i g u r e  16. Survey data  from  Lubcnham , Leicester (152-176 trees).
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RECOVERIES

ACTIVELY DISEASED 

D E A D
1945 46

F i g u r e  17. Survey d a ta  from  Ashorne, W a rw ic k  
(229-278 trees).
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actively diseased, an d  1.7 per cen t dead.
It m ight be th o u g h t th a t the very low  level o f  

a ttack  recorded here was due to  th e  m uch larger 
num ber o f  trees included. T he o th er survey areas 
w ere adm ittedly  selected because they initially 
show ed disease. I t  could  be argued  tha t, if  they had  
been extended to  include 2,000 to  3,000 instead o f 
50 to  300 elms, they  also w ould  have given m uch 
low er figures o f  diseased an d  dead. In  a few places 
this m ight have been true. A n extension o f  th e  k ind 
envisaged, how ever, could  have b rough t Ugley, 
S tansted  and  possibly N ew port all in to  the sam e 
g roup ; the sam e could  have happened  w ith the tw o 
W im pole areas, an d  Longstow e. M ost certain ly  it 
w ould  have com bined the two Casewick counts. 
These com binations w ould obviously have m ade 
little  difference in the general recorded  level o f 
disease. G enera l observation  a ro u n d  the areas 
actually  surveyed suggested th a t they w ere quite 
typical o f  the m uch larger num bers o f  elm s in their 
im m ediate vicinity, an d  th a t likewise the low  in ten
sity o f  disease a t  B lenheim  was actually  a  true  
reflection o f  conditions in th a t p a rticu la r locality.

In som e places the disease m ade very slow  progress 
du ring  the survey, a lthough  it had  reached quite 
high intensity before the survey started . T his was the 
case in bo th  the W im pole counts (Figs. 12 and  15) 
and  in the larger survey a t Casew ick (Fig. 14). In 
all these areas, how ever, deaths slowly rose to  quite 
a high level.

Several o f  the individual tree records show ed a 
sudden onset o f  severe disease and  som etim es death , 
after long periods o f exposure to  disease, during 
w hich they were, a t  the w orst, only mildly affected. 
T he sam e phenom enon is displayed on a larger scale 
by the sm all popu la tion  a t Longstow e (Fig. 10). 
In 1943 35 per cen t o f  the elms show ed active disease, 
bu t none had  died. T hereafter the disease fell to  a  
very low  level o f  activity, only to  rise again  in  1948, 
w hen 43 per cen t w ere actively diseased. T his had  
resulted by 1955 in  the death  o f 16 p e r cen t o f the 
trees, a lthough  by then the disease level had  again 
fallen. Som e o f  the la ter local epidem ics, such as tha t 
experienced in  the Isle o f  Sheppey in  K ent, ab o u t 
1949-50, m ust have been o f  the sam e nature. T he 
disease had  certainly been present in  th a t a rea  for 
m any years previously.

I t  is clear, therefore, th a t local populations show 
variations in  behaviour a lm ost as great as those 
found  betw een individual trees, and  th a t there is 
only lim ited evidence o f  anything m ore th an  a  local 
pa ttern  o f  behaviour. I t  will be seen later, w hen the 
position  over the country  as a w hole is considered, 
th a t there is som e significance in the “ peak” years 
w hich w ere always experienced sim ultaneously in 
m ore than  one o f  the survey areas, and  in the general 
tendency o f  the disease to  m ake m uch slow er p ro 

gress o r  even to  decrease in  virulence since the 
nineteen-thirties.

The Effect of Environment
I t  is an  obvious possibility th a t the differences in 

disease behav iour betw een local popu la tions and  
betw een individual trees m igh t be due to variations 
in  environm ent. Several suggestions have been m ade, 
linking the disease w ith clim atic ca tastrophes such as 
d rough t, b u t this aspect has been less stressed than  
w ith m ost o th er tree diseases. In  general, w orkers 
have taken  the view th a t Ceratostomella ulm i is 
prim arily  a pa thogen  n o t dependent on favourable 
external circum stances. H ow ever, B urger (1938) con
sidered varia tions in  the severity o f  th e  disease in 
different regions o f  H o lland  to be due to  differences 
in soil.

T he au th o r  noted a t an  early  stage the extrem ely 
w ide range o f  conditions under w hich the disease 
occurred. Active cases were observed on heavy clays 
and  on  dry sands, and  even in  the m iddle o f a  stream  
w here all th e  roo ts appeared  to be under w ater. 
L a te r it  was observed th a t recovery also took  place 
regardless o f  soil type. F oulden , w here som e o f the 
m ost spectacu lar recoveries occurred, was on dry 
san d ; B ridge E nd , an o th e r area  w ith a  high recovery 
rate, was on  clay. In  fact, v irtually  no  evidence has 
been found  to connect individual o r local variations 
in  disease severity and  behaviour w ith th e  soil con
d itions u nder w hich th e  trees were growing.

T here is no  doub t, o f course, as will be discussed 
later, th a t clim ate, and  in particu lar the sum m er 
tem perature , does m arkedly  affect the course o f  the 
disease. B ut the clim ate is sufficiently uniform  over 
th e  m ain  elm  area  in E ngland  to  affect all localities 
in  the sam e way and  roughly  to the sam e degree. 
Sum m er tem peratures therefore  p roduce variations 
in the disease level as betw een one year and  ano ther 
over th e  coun try  as a  w hole, ra th e r th an  local 
varia tions in  any one year.

T here is a t least one o ther instance w here environ
m en t seems to  p lay a  pa rt. N o  serious ou tb reaks have 
ever developed in  really  large tow ns. F o r  instance 
th e  disease has been found  a t various tim es in 
R egen t’s P ark , in K ew  G ardens, in  K ensington 
G ardens, on T oo ting  C om m on an d  in o th er parts 
o f  L ondon , b u t there has been no  fu rther spread 
from  the one o r  tw o trees initially  a ttacked  in  each 
case. I t  seems possible, though  no  investigation  has 
been m ade on this po in t, th a t th e  beetles will n o t 
to lerate  po llu ted  conditions, so th a t the m eans o f 
fu rther spread  is lacking. A t any ra te  elm  p lan ting  
is certainly safer in  large cities th an  elsewhere. I t  is 
also possible th a t extrem e exposure m ay interfere 
w ith beetle feeding, so th a t elm s very near the coast 
m ay be less liable to  infection. N o  evidence on this 
p o in t has been collected in B rita in .
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Progress over the Country as a Whole 
The Earlier Surveys

A fter each o f  th e  surveys p rio r to  1947 an  effort 
was m ade to  evaluate the disease over the coun try  as 
a  whole, w ith p articu la r reference to  those areas in 
the sou thern  h a lf  o f  E ng land  w here elm s predom in
ate. These estim ates o f  disease progress w ere based 
to  som e ex ten t on the local surveys discussed above. 
I t  seem ed p robab le , how ever, th a t these w ould no t 
give an  overall p ictu re  w ith any degree o f  accuracy, 
an d  general observations m ade on  journeys from  
one survey area  to  ano ther, and  in  th e  course o f o ther 
w ork , w ere also used. O n th is basis th e  position  was 
sum m arised  each year as being m uch worse, slightly 
better, etc., th a n  th e  previous year. These adm ittedly  
ra th e r  vague estim ations have been used to  p roduce 
a rough  g raph  show ing the average progress o f 
the disease in th e  years 1928-55 (Fig. 18). In  this 
g raph , therefore, a  rise in th e  do tted  line indicates 
th a t the disease was getting w orse and  a  fall th a t it 
w as getting  better, the  ra te  o f de terio ra tion  o r  im 
provem ent being ind icated  by the steepness. F igure 
18 has also been used to  show  a  possible re lationship  
betw een the disease level and  sum m er tem perature. 
T his will be discussed la te r in  th e  bulletin . T he 
in form ation  fo r 1948 onw ards com es from  the la ter 
m ore accurate  surveys. F ro m  the graph  it will be 
no ted  th a t the disease reached a  peak  in 1931 and  
again  in 1936 and  1937, since w hen it has irregularly  
and  slowly declined. T he peaks in  1931, 1936, 1937, 
1940 and  1943, w hich appeared  in  the records o f 
som e o f  the local elm  popu la tions discussed above, 
ap p ea r clearly as general peak  years. T his g raph  m ay 
be taken  to  apply to  the  sou thern  h a lf  o f E ngland. 
In fo rm ation  from  o th er parts  o f  B rita in  w as too  
m eagre and  irregular to  be taken  in to  account.

I t  is perhaps a  defect o f  the earlier surveys th a t 
a p a rt from  the special study o f  individual trees, no 
records were kep t o f the severity o f the disease on the 
trees observed, so th a t trees o f  all severity classes 
were lum ped together. H ad  the g raph  been based on 
severity o f  sym ptom s as well as on the num ber o f 
trees show ing them , there is no d o u b t th a t th e  fall 
in level a fter 1937 w ould appear m ore m arked. T here 
has been a slow bu t definite decrease since then  in the 
num ber o f  trees displaying active sym ptom s, bu t 
there has also been a m uch m ore m arked  decrease in 
the num ber o f  trees w ith severe o r m odera te  sym p
tom s, as com pared w ith slight o r very slight. T he fact 
th a t the disease is fa r  less conspicuous now  than  in 
the nineteen-thirties is due m ore to  the reduction  in 
severity o f  sym ptom s th an  to  the reduction  in 
num bers actively diseased.

The Later Surveys
In  1947 it  was decided to  in troduce a  new m ethod  

o f  survey involving a  nearer approach  to  random

sam pling. R o ad  rou tes were selected to  include som e 
o f  the m ajo r elm  areas. T he rou tes described below 
a re  those used in 1948 and  thereafter. They cover all 
th e  areas visited in  1947 w ith the add ition  o f  18 new 
plots.
R oute  1. S tarting  a t  B asingstoke, it passed th rough  
p a rt o f  n o rth  H am pshire, sou th  Berkshire, and  across 
cen tra l W iltsh ire an d  Som erset to  B ridgw ater; thence 
it  tu rn ed  sou th  an d  ended a t  T au n to n  in Som erset. 
Route  2. S tarting  a t  B risto l, it w ent northw ards 
th rough  G loucestershire, W orcestershire and  S hrop
shire  to  E llesm ere; thence it tu rned  north -east to 
N antw ich in C heshire, and  then sou th-east through 
Staffordshire an d  W arw ickshire to  B anbury  in no rth  
O xfordshire.
Route  3. S tarting  a t  R eading  in B erkshire, it w ent up 
the T ham es valley to  O xford, an d  thence th rough  
p a r t o f  O xfordshire and  sou th  N ortham p tonsh ire  to 
N orth am p to n .
Route 4. S tarting  a t  M arke t H arbo rough  in sou th 
west Leicestershire, i t  w ent across N o rth am p to n 
shire to  B edford, an d  thence to  C am bridge; it then 
tu rn ed  north-w est to  H un tingdon  and  ended a t 
S tam ford  in  the extrem e sou th  o f L incolnshire.
Route  5. S tarting  a t  D ow nham  M arke t in west 
N orfo lk , it sw ung across th e  no rth  o f th a t county  to 
N orw ich and  then dropped  sou th  across Suffolk to 
C olchester in Essex; it then tu rned  west across Essex 
and  H ertfo rdsh ire  to  end a t H atfield.

T he plo ts w ere selected by driving ten miles from  
the s ta rt an d  then  going on m ore slowly till an area 
w ith m ore than  ten elms, all w ithin a reasonably 
sm all com pass, was located. T he sam e process was 
repeated  after tw enty miles had  been reached and so 
on. I f  no  su itable area  was found  w ithin the first live 
miles, no  p lo t was m ade. T hus the first p lo t had to 
lie betw een 10 and  15 miles from  the starting  point, 
the second between 20 and  25 miles and  so on. In 
this way, a p a rt from  an occasional om itted  plot, 
none could  be m ore than  15 miles from  the next o r 
nearer to  it th an  five miles. T he elms in each plo t 
w ere then  m apped  so th a t they could be recognised 
as individuals in fu tu re  years, and  assessed according 
to the schem e given below.

Current Year's Symptoms 
N one 
Very slight 
Slight 
M oderate 
Severe 
D ead

Dead Wood 
None
A small am ount 
I  dead 
|  dead 
£ dead 
D ead

T he evaluation  o f  cu rren t y ear’s sym ptom s was a 
m atte r o f  personal observation , bu t all the surveys 
were carried  o u t by the au thor.

This new  type o f  survey, in itiated  in 1947, and  
extended in 1948 to  include a larger num ber o f plots, 
was repeated  in 1949, and  then  stopped  ow ing to
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pressure o f  o th er w ork. I t  was again  repeated  in  1955, 
th ough  by then there  was som e d o u b t in a few places 
as to  th e  fate  o f trees th a t had  disappeared since 
1949. In  1947, 58 p lo ts w ere surveyed, giving a  to ta l 
o f  1,416 elm s; in  1948 a  fu r th e r 18 p lo ts w ere added, 
b ringing the to ta l to  76 and  the to ta l o f  elm s to 
1,837. T he sam e  76 plo ts w ere reviewed in 1949 and  
1955. Inev itab ly  there  was som e loss each year o f 
elm s felled fo r various reasons, often unconnected 
w ith the disease. T o  coun terbalance this, som e new 
trees w ere b rough t in to  the survey. These were always 
sm all elm s falling w ithin the area originally p lanned, 
bu t ea rlie r considered too  sm all to have separate 
identities. N o  additions w ere m ade in 1955. T hus 
there was som e altera tion  in the num ber o f  trees 
included in the surveys each year, and  in the identity 
o f  the trees recorded. These changes are  set o u t in 
T able  7.

T he  results o f  these surveys a re  set o u t in Tables 
8 to  11. In th e  first three tables, when individual 
trees are  u nder consideration , th e  num bers falling 
into different categories are  expressed as percentages 
o f  the to tal. In  T able  1 1, w here whole p lots are  con 
sidered, the ac tua l num ber in each category is given. 
In general it will be noted th a t the disease was m uch 
w orse in 1948 than  in 1947, th a t the position was 
som ew hat better in 1949, and  th a t by 1955 the disease 
was righ t back to  the low  level o f 1947. These results 
have been used to  com plete the g raph  show ing the 
varia tion  in disease level from  year to  year (Fig. 18).

In  1947 the percentage o f  trees show ing active 
sym ptom s was low, b u t w ithin th a t low figure the 
p ro p o rtio n  show ing m oderate  and  severe sym ptom s 
was unusually  high as com pared  w ith subsequent 
years. This was p robab ly  due to  the very h o t 
sum m er o f  1947, w hich tended to  accen tuate  the 
sym ptom s on those trees th a t h ad  been infected. 
Possibly the sam e h o t sum m er, by encouraging the 
breeding o f Scoly/us beetles, was also responsible for 
the increase in the num ber o f trees actively diseased 
in 1948 as com pared w ith 1947.

C onsidering dead w ood (T able 9), it is clear th a t 
the ra th er severe injuries often suffered by those

trees th a t w ere infected in 1947, left an  afterm ath  in 
the num ber o f  cases show ing dead  w ood in 1948. 
S light cases often  recover the follow ing year w ithout 
any developm ent o f  dead  w ood. In  1949 there was a 
fu r th e r increase in  th e  cases show ing dead w ood, 
presum ably  as a result o f  th e  m ore active a ttack  in 
1948, bu t it is noticeable th a t the p ro p o rtio n  o f  trees 
w ith a  lo t o f  dead  w ood had  fallen, w hich reflects 
the low er level o f individual severity in 1948, as 
com pared  w ith the h o t sum m er o f 1947.

T he sam e tendency fo r 1948 to  develop a lo t o f 
new  cases an d  1949 to  show  a lo t o f  dead  w ood is 
illustrated  by T able  10, w here the tw o classes o f 
sym ptom s a re  com bined. T his tab le  also show s tha t, 
while the general position  was resto red  by 1955, there 
were then  fewer active cases and  m ore trees show ing 
dead w ood than  in 1947, fu r th e r evidence o f the 
gradual decline o f  the disease. M ore surprising  is the 
com paratively  large num ber o f  disease-free plots and 
o f  p lo ts show ing only dead w ood in 1955 as com 
pared  w ith the earlie r years. A dm ittedly  75 trees 
know n to have had the disease had  been rem oved 
since 1949, though  it is quite certain  th a t m any o f 
these were felled fo r reasons o th er than  disease 
dam age. Even allow ing for these, however, the 
increase in disease-free and  disease-inactive p lots is 
distinctly  encouraging.

T hese la te r surveys inevitably give a  d istorted  
p ic tu re  as regards the very low percentages o f dead 
elms. A lthough these are  true figures for the elms 
still stand ing  in 1947, they take  no accoun t o f  elm s 
felled because o f  the disease in earlier years. It is 
a lm ost certain  th a t the disease has on the average 
killed m ore than  10 per cent o f the elm  tree popu la
tion over the sou thern  h a lf o f  E ngland. T o som e 
extent th is loss has been m ade good by new elms 
arising m ainly from  hedgerow  suckers, and  the final 
effect o f  the disease on o u r elm  popu la tion , except 
in a few o f the w orst afflicted areas, has really been 
surprisingly sm all. These replacem ent elms, being 
young, are  o f  course small and  do no t yet really take 
the place o f  the m uch larger elm s which succum bed. 
T he general effect o f  the disease on o u r elm popula-

C H A N G E S  I N  N U M B E R S  O F  E L M S  S U R V E Y E D
T a b l e  7

1947 1948 1949 1955

Trees felled since previous survey:
Possibly because of Elm Disease ..  . .  ..  ........................... 3 17 75
Probably for other reasons — 40 51 274

Young trees freshly included — 37 31 -

Total number of elms in survey 1,416 1,837 1,800 1,451

Total number of plots surveyed 58 76 76 76
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T a b l e  8

Active Symptoms 1947
1948 1949 1955

1947 plots All plots 1947 plots A ll plots 1947 p/oAs All plots

% % % % % % % % 0/ o/ /o /« V  V/o /o V  V/o /o
None 88 77 76 83 83 89 90

Very slight 3 9 9 9 8 5 5
Slight 4 7 8 4 4 3 2
Moderate 3 3 3 2 2 1 1
Severe 1 2 2 — 1 1 1

Total with symptoms, as above 11 21 22 15 15 10 9

Dead 1 2 2 2 2 1 1

G rand Tolal 100 100 100 100

1 9 4 7 - 5 5  S U R V E Y — D E A D  W O O D

T a b l e  9

% <v/O 0//a °//o °//o % O/ (1/ 
/o  /a n //o °//o 0/

/o % O/
/o

O'
/o

None 87 84 82 81 80 84 85

A small amount 
i  dead 
i  dead 
J dead

7
3
2

9
3
2

8
3
3
2

11
3
2
1

10
4
2
2

6
6
2
T

6
5
2
1

Total with dead wood, as above 12 14 16 17 18 15 14

Wholly dead 1 2 2 2 2 1 1

G rand Tolal 100 100 100 100 100 100 100

1 9 4 7 - 5 5  S U R V E Y  —  C U R R E N T  Y E A R ’ S S Y M P T O M S  A N D  D E A D  W O O D

T a b l e  10

Symptoms 1947
1948 1949 1955

1947 plots A ll plots 1947 plots / / /  p/»Av 1947 p/,jAv All plots

% % V/« % °//II % «/ / o
None 82 71 70 74 74 80 82

Currcnt year’s only 5 13 12 6 7 3 2

Dead wood only 6 5 6 10 9 8 8

Current year’s and dead wood .. 6 9 10 8 8 8 7

Dead 1 2 2 2 2 1 1

Total ........................... 100 100 100 100 100 100 100
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Symptoms 1947 1948 1949 1955

None 6 5 6 15

Current year’s only 5 7 4 4

Dead wood only 5 4 9 11

Current year’s and dead wood ........................... 42 60 57 46

Total ............................................................................. 58 76 76 76

tion  an d  on  the con tinued  use o f  elm s is discussed a t 
a  la te r stage.

T he new m ethod  o f  survey was ad o p ted  in th e  hope 
th a t it m ight give a  m ore co rrec t evalua tion  o f  the 
general position . I t  is therefo re  o f  som e in terest to 
com pare  it w ith  the results o f  th e  earlie r surveys. 
T here  appeared  to  be tw o possibilities. T he earlier 
survey areas w ere selected originally  because the 
disease was active w ithin them . A t th e  tim e o f  their 
selection they a lm ost certain ly  had  a  w orse incidence 
o f  disease th an  the average th ro u g h o u t the country . 
I t  m igh t be th a t this position  still persisted as late 
as th e  m id-nineteen forties, so th a t th e  o ld  p lots 
w ould  still show  higher disease percentages th an  the 
new  ones. O n th e  o th er hand , in  som e o f  them  the 
disease appeared  to have ru n  its course an d  it was 
therefore possible th a t they m ight give a  low er 
percentage o f  actively diseased trees than  th e  general 
average, though  o f  course still a  h igher percentage 
o f  dead  ones. F o r  com parative  purposes percentage 
figures fo r free, actively diseased an d  dead  trees were 
p repared  by to talling  all th e  figures fo r the o ld  areas 
re-surveyed in  1945 an d  1946. O ne abno rm al a rea  
was deliberately om itted. T his was B lenheim , w here 
th e  percentage o f infected trees was very low  a n d  the 
to ta l num ber so large th a t it w ould have com pletely 
outw eighed all the o ther areas together. Percentages 
fo r the rem ainder are  set o u t in  T ab le  12 in  com 
parison  w ith the 1947 figures from  the new survey.

I t appears from  this table  th a t by 1945 the old 
p lo ts had  reached  a disease level a t w hich they were 
roughly representative o f  the m ain elm  area  as a 
w hole. T he h igher percentage o f  dead trees in the 
o ld  p lots arises from  the length  o f tim e they had  been 
u nder observation . D uring  this period  all trees w hich 
d ied were no ted  and  rem ained on  th e  records. T he 
fact th a t the death  percentage o f  8 p e r cen t given fo r 
th e  o ld  surveys in the table  is low er than  the estim ate, 
given above, o f over 10 per cen t fo r the coun try  as a 
w hole, can  be a ttribu ted  to th e  fact th a t m any o f the 
o ld  surveys were s ta rted  a fter 1931, and  therefore 
failed to  record the num erous deaths th a t occurred 
up to , and  including, th a t year. However, allow ing

fo r th e  differences in percentages dead, the figures 
fo r the  o ld-type surveys in  1945 an d  1946 are  on the 
sam e general level as those fo r the new -type survey 
in 1947.

I t  is clear from  T ab le  7 th a t the num ber o f  elms 
felled fo r reasons o ther than  E lm  D isease in recent 
years fa r  exceeds the disease losses. T his is so, even 
if we assum e th a t all those trees previously having 
active disease o r  a substantial quan tity  o f  dead wood 
were felled fo r those reasons. I t is alm ost certain 
th a t m any o f  the trees placed in the first line o f the 
table, “ Trees felled possibly because o f Elm D is
ease” , w ere in fact cu t dow n fo r o ther reasons. The 
design o f  the new survey does, how ever, bring  in a 
very definite bias. All the p lo ts were along roads, 
m ost o f them  m ain  roads, and  in such places felling 
fo r road  w idening, house-building and so on is 
likely to  be a t a  h igher level than  in places well away 
from  ro ad  influence. B ut a good deal o f  the felling 
was certain ly  fo r tim ber purposes, and  even if we 
a ttrib u te  half o f  it to  the roadside siting o f the plots, 
it w ould  still be true  to  say th a t m an  is rem oving far 
m ore elm s th an  the disease. T his is now also the case 
in  H o lland , though  in  the n ineteen-thirties the d is
eased trees rem oved as p a rt o f  the san ita tion  p ro 
g ram m e definitely outnum bered trees felled for o ther 
purposes (W ent 1954).

C O M P A R A T I V E  P E R C E N T A G E  O F  T R E E S  
S H O W I N G  A C T I V E  S Y M P T O M S  IN

1 9 4 5 , 1946  A N D  1947
T a b l e  12

OUl Survey New
Survey

1945 1946 1947

% % %
Free 77 84 88
Actively diseased 15 8 11
Dead 8 8 1

Tolal number of trees involved 1,756 1,291 1,416
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Past and Future Trends
T he observed varia tions in  the level o f the disease 

in B ritain, based partia lly  on th e  survey figures, and  
partially  on the com parisons w ith previous seasons, 
which w ere recorded each year, a re  show n in Fig. 
18. A p art from  this it was clearly ap p a ren t th a t the 
severity o f the sym ptom s developing in  those trees 
which had becom e infected depended to  som e extent 
on the sum m er clim ate. In  h o t sum m ers, w hen the 
tran sp ira tion  ra te  was high, the sym ptom s tended 
to  be severe, and  it was no ted  during  the course o f 
the surveys th a t in som e cases there  was a  tendency 
for peaks in the  num ber o f  trees infected by Elm  
D isease to  occur in years follow ing h o t sum m ers. 
T his was certainly the case w hen the high peak o f the 
disease in 1948 follow ed the exceptionally h o t sum 
m er o f  1947. T his p robably  reflects th e  favourab le  
inlluence o f the h o t w eather on  the beetle population , 
in  som e years, no tab ly  1940 and  1943, disease peaks 
follow ed w arm  w eather in the spring and  early 
sum m er o f the sam e year. T his again is likely to  be 
an  indirect effect, depending on  a clim atically con
tro lled  increase in  the beetle popu la tion . In  o rder 
to  show  bo th  these effects, the m ean  m onthly  
tem peratures a t tw o m eteorological sta tions, one a t 
O xford and  the o ther a t  C am bridge, w ere used. 
These two sta tions can be taken  as representative o f 
the area w here the E lm  D isease surveys were carried  
ou t. T he figures actually  used were the deviations 
from  average o f  the m ean m onth ly  tem peratures. 
T he figures fo r the tw o sta tions were first added 
together and  then  to talled  fo r the m on ths o f A pril, 
M ay and  June and  again for the m onths o f July, 
A ugust and  Septem ber. T he form er w ere taken to  
represent spring tem peratures, w hich m ight affect 
beetle breeding and  therefore E lm  D isease in the 
sam e year, the la tte r to  represen t the sum m er tem p
era tures, the effect o f which on  the disease w ould no t 
be ap p aren t till the following year.

These deviations are  also  show n graphically  in 
F igure 18, w hich shows a certain  m easure o f  co r
respondence between the peaks and  dips in the g raph 
thus created, and  th a t fo r the annual level o f  the 
disease. In som e cases, how ever, a  peak  in tem pera
ture show s a  year o r even m ore before a peak  in 
disease level. T his m ay m ean th a t a  build-up in the 
beetle popu la tion , tak ing  m ore th an  one year to 
develop, is triggered off by a ho t season. T his could 
arise because the increased severity o f the injury on 
those trees th a t were infected in the ho t sum m er 
w ould provide greater breeding facilities fo r beetles, 
w hich w ould then  cause increased num bers o f 
infections in the follow ing years.

If it is assum ed th a t the general level o f the disease 
rose to  a peak a round  1936 and  then fell, the devia
tions o f the disease level in each year above and 
below this general trend are  significantly correlated

w ith  the sum m er tem peratures o f th e  previous year, 
b u t n o t w ith th e  spring  tem peratures o f  the same 
year. N evertheless there a re  several cases w here high 
spring  tem peratures have been im m ediately followed 
by a  rise in  the disease level. Peaks in the tem pera tu re  
curve a re  le ttered  A , B, C, etc., an d  the peaks in  the 
disease level, w hich m ay be connected  w ith them , A ’, 
B ’, C ’, etc. S im ilarly depressions in the tem peratu re  
curve a re  lettered  M , N , O, etc., and  the  possibly 
resu ltan t depressions in  disease level M \  N ’, O ’, etc.

I t  is obvious, how ever, th a t even the im m ediate 
fu ture course o f  the disease can n o t be fo reto ld  
m erely by a study  o f tem peratures. On the o ther hand  
there is a  strong  p robab ility  th a t a  peak  year will 
follow  a period  o f exceptionally h o t spring  o r  sum 
m er w eather. T here  m ust certain ly  be o th er factors 
affecting the year to  year level o f  th e  disease, besides 
the indirect effect o f  clim ate on  the beetles th a t carry  
the causal fungus.

A p a rt from  these annua l varia tions in the disease, 
there  has certain ly  been a  general decline in the 
disease level since 1937. Since th is is m ore a m atte r 
o f a  reduction  in severity o f  a ttack  th an  o f a  fall in 
num bers affected, it does n o t app ea r as clearly as it 
should  from  the survey figures. T o  the au tho r, w ho 
over th e  survey period  developed an  “ eye” for 
diseased elm s, the decline is abundan tly  apparen t. 
In the early  years up  to  1931 the disease was so 
v iru lent th a t it frequently  reached the headlines o f 
the national press, and  led to  m any som ew hat ill- 
founded  prophecies o f  the eventual ex tinction  o f  the 
elm  in B rita in . D uring  th e  rest o f the decade and 
even la ter, th e  disease had  a h ab it o f suddenly 
flaring-up in  a new  locality. E ach tim e this happened 
it  p roduced  requests fo r advice an d  often  an  alarm ist 
sto ry  fo r the local press. Since the w ar, on the o ther 
hand , the disease has a ttrac ted  practically  no  a tten 
tion , the occasional occurrence o f sym ptom s being 
regarded  alm ost as p a r t o f norm al elm  behaviour. 
E nquiries reaching the au th o r ab o u t the disease now  
num ber only one o r  tw o each season.

L ittle  in fo rm ation  is available on  the long-term  
behaviour o f  th e  disease in  o th e r countries. W ent 
(1954) to o k  the view th a t in H o lland  the disease was 
n o t decreasing and  w ould eventually  wipe o u t all 
their elm s. In  the U nited  States it was progressing 
steadily  in m any areas up  to 1945, despite active 
efforts to  con tro l it by felling, w hich w ere no t 
abandoned  till 1940. Z entm yer, H orsfall an d  W allace 
(1946) found  th a t its p rogress w as steady and  
arithm etical, a  quite different s ta te  o f  affairs from  
o u r experience in  E ngland. In  A m erica the  disease 
is still increasingly active on the m argins o f its range 
as it m oves in to  new areas (A non. 1956; C am pana 
& C arte r 1957). O n th e  o th e r h an d  M anka (1954) 
states th a t the  disease has decreased in the  Polish 
province o f Poznan since the period  1947-49. In
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m ost parts  o f th e  C on tinen t m uch less is heard  o f 
the disease now  than  before the 1939^15 w ar, and  it 
is a lm ost certain  th a t there  has been a general reduc
tion  in severity. In  m ost countries this canno t be 
a ttribu ted  to  con tro l m easures, and  it certainly 
appears th a t in  E urope the disease is generally on the 
decline. I t  is a  g rea t p ity  th a t m ore accurate  in fo r
m ation  is n o t available.

T he outcom e in A m erica m ay be different, since 
they have an elm  popu la tion  o f h igher and  m ore 
uniform  susceptibility and  one grow ing under ideal 
clim atic conditions fo r the developm ent o f this 
particu lar disease.

U nfortunately  there is no certa in ty  th a t the decline 
in B ritain  will con tinue o r  even th a t the disease will 
rem ain a t  its p resen t to lerab le  level. T his m eans th a t 
the p lan ting  o f  new elm s is still fraugh t w ith a 
degree o f  risk  w hich we canno t estim ate. Even if  we 
argue th a t the disease has declined because it has 
a ttacked  and  killed all the  m ost susceptible trees, it 
is clear th a t by new  p lan ting  we m ay p rovide a 
fresh batch  o f  susceptible individuals.

A ctually  the above assum ption is n o t supported  
by the facts. T rials, described above, o f  supposedly 
resistant, surviving elm s were very disappointing. 
P lantings, such as the avenues a t T row bridge and  
C asewick, w hich are  alm ost certainly clonal, show ed 
enorm ous varia tions in severity o f a ttack  between 
individuals. This m ust have depended on som e cir
cum stance o ther than  the inheren t resistance o f the 
tree. T rees have survived unharm ed in heavily 
infected areas and  then suddenly succum bed when 
th e  peak  o f the local a ttack  had  passed. O ther trees 
have been nearly killed by the fungus and  have then 
recovered, som etim es despite fresh infections. In  
fact, even w ith o u r considerable know ledge o f the 
disease, we still canno t say how  it will behave in the 
fu ture in the individual tree, let alone in the elm 
popu la tion  as a  whole.

I t  w ould be m ore reasonable to  suggest th a t earlier 
a ttacks have w iped o u t those individuals in which 
there  was a  tendency for the disease to  recu r w ithout 
necessarily involving fresh beetle infection, and  in 
w hich therefore repeated annual dam age eventually 
led to  death . L acking exact in fo rm ation  on the 
m ethod  o f infection in the trees under observation , 
none o f the survey da ta  can really th row  light on this 
idea. I t is hard ly  possible th a t it can  be the m ajo r 
fac to r in the observed reduction  o f the disease.

A no ther possibility is th a t there has been a general 
low ering o f the average virulence o f the fungus. This 
is m ore probab le  than  the idea m ooted  above, th a t 
there has been a rise in the average resistance o f  the 
elm  popu la tion , bu t its probability  rests only on the 
general trend  o f events. D etailed  investigation 
im m ediately throw s d oub t on its validity. Since 1945, 
a  num ber o f inoculation  experim ents have been

carried  ou t, using various stra ins o f  the fungus, 
iso lated  m ostly  from  slightly a ttacked  elm s in the 
vicinity o f  F am h am , Surrey. These have invariably  
produced  strongly  developed disease sym ptom s, 
w hen inocu la ted  in to  susceptible young elms. Even 
now  one can  still find v io lent m anifestations o f the 
disease on  individual trees in natu re , though  the last 
recorded extensive local ou tb reak  was in 1949-50. 
U nder these circum stances it is difficult to  believe 
th a t the fungus really  is losing its virulence.

A very feasible explanation  o f the reduction  in the 
disease has been suggested to the au th o r by M r. 
Jam es M acdonald . In  the early  days o f  the disease 
in B rita in  dead an d  dying elm s were often left 
standing  fo r long periods, because no san ita tion  
m easures were in force, and the m arket fo r elm 
tim ber was sa tu ra ted . W ar-tim e tim ber shortages 
entirely  a ltered  this position . N early  all severely 
diseased o r dead  elm s w hich were still fresh enough 
fo r beetle breeding were felled either fo r tim ber o r 
firewood. A fter the w ar the m arket fo r elm  tim ber 
rem ained good, and  there has been m uch less tend
ency to  leave dead and  dying trees standing. In  any 
case once a reduction  in  the beetle population  had 
been initiated, it w ould tend  to  becom e continuous, 
since each reduction  in the num ber o f diseased trees 
w ould decrease the num ber o f beetles, and  each 
reduction  in beetles w ould decrease the num ber o f 
new infections. I t  is very possible therefore th a t the 
beetle population  m ay be falling in concert w ith the 
disease.

U nfortunately  no com parative num erical studies 
o f varia tions in the beetle popu la tion  from  year to 
year are  available. W e have therefore no means o f 
checking w hether there has in fact been a fall in the 
num ber o f Scolyius beetles. In  the au th o r’s opinion 
it is a lm ost certain , on circum stantial evidence, tha t 
such a reduction  has taken  place. Even if we assum e 
such a reduction , it w ould nevertheless be rash to 
assert th a t it provides the sole explanation  o f the fall 
in the num ber o f trees diseased, and  o f the severity o f 
the sym ptom s on  them .

E lm  still ranks as one o f o u r com m onest and  best 
hedgerow  trees, and  there is a  steady dem and fo r its 
tim ber. If, as seems desirable to  m any, there is a 
revival in hedgerow  planting, elm  should  play a 
considerable part. This is n o t only because o f  its 
inheren t suitability and  tim ber value, bu t also be
cause in m any places it can be raised cheaply, sim ply 
by letting  existing hedgerow  suckers grow up into 
trees. T his course w ould alm ost certainly lead under 
present conditions to  som e o f the resu ltan t trees 
being attacked by the disease, a  very few o f them  
seriously. This p robability  need n o t deter anyone 
from  hedgerow  planting, though  it does still throw  
doub t on  the advisability o f  using elms fo r form al 
avenues, where the loss o f  a single tree can disfigure



38 F O R E S T R Y  C O M M I S S I O N  B U L L E T I N  33

the  w hole layout. W hether a w idespread recrude
scence o f hedgerow  elm s m ight lead to  a  redevelop
m en t o f the disease in a v iru len t form , is a  question 
th a t could  be answ ered only if  we knew  m ore exactly

w hy the disease has decreased since 1937. Since the 
num ber o f  hedgerow  elm s could  be increased com 
paratively  cheaply, the risk o f  an  upsurge o f  the 
disease is p robab ly  w orth  taking.

Chapter 6 

THE CONTROL OF THE DISEA SE

Economic Justification
C on tro l m easures m ust o f course alw ays be related  
to  their cost, their effectiveness, and  the m oney w hich 
they save. T he first tw o considerations vary accord
ing to the m ethod  used, and  are  therefore  dealt w ith 
under m ethods o f con tro l below. B ut it is pertinen t 
here to  exam ine w hat exactly we should  achieve if 
we could  bring E lm  D isease under fu ll con tro l. W e 
m ight consider two slightly unreal extrem es, a  coun 
try w here the disease wipes o u t v irtually  every elm  
and  an o th e r w here som e m ethod  o r  m ethods o f 
con tro l save them .

In the first coun try  there is a  substan tia l loss o f 
am enity, w hich m ay have quite a high m onetary  
value; there is a  sm aller loss in  th a t a  useful tim ber 
genus can  no longer be p lan ted  because o f  the 
disease risk, bu t p rovided the elm s die over a  period 
there should  be little  loss o f tim ber. D iseased o r 
freshly dead  elms can  be utilized ju s t as well as 
healthy ones.

T he country  w here contro l has been entirely  suc
cessful has, o f course, preserved its am enity ; it can 
continue to  p lan t elms, and  it can  m arket its existing 
elm  tim ber over a  longer period. B ut it  m ust weigh 
virtually  the en tire  cost o f  contro l against the p re 
servation  o f  am enity o r  the ability  to  continue to 
grow  elms.

In the U nited  States, w here elm  is a  m ost valuable 
shade tree, and  w here trees fo r shade a re  really 
required , o r in H o lland  w here elm  is the tree m ost 
resistant to  exposure in som e o f the seaside districts, 
high expenditure on  con tro l m ight be justified. In 
B ritain  w here elm  is a valuable, bu t surely no t 
essential, p a rt o f  o u r landscape, heavy expenditure 
w ould be less easy to  justify.

In any case, the argum ent set o u t above assum es 
th a t the contro l proves successful. I f  it is n o t fully 
successful, it m ay m erely serve to  spread the effect o f 
the disease over a longer period  than  it w ould have 
taken  if unhindered. T he final result m easured in loss 
o f  elms m ay well be the sam e.

Methods of Control
B oth  the early  ravages o f  the disease and  the im p o rt
ance o f  elm  in n o rth e rn  tem pera te  regions stim ulated  
a g rea t deal o f  w ork  on con tro l. A  considerable 
num ber o f  m ethods have been investigated, b u t they 
are  discussed briefly below  only  in so fa r as they are 
applicab le  to  B ritish  conditions.

Felling
Q uite na tu ra lly  w hen the disease first appeared  as 

a serious cause o f  dam age to  elm s in E urope, it was 
assum ed th a t the p ro p e r action  was to  fell all diseased 
elms. T his was a ttem pted  on  a  ra th e r haphazard  
basis in m any countries, b u t was accepted as official 
policy in  H o lland  to  the extent o f  felling all m oder
ately and  badly diseased elm s, and  also fo r a  tim e in 
G erm any. A fter the disease had  reached the U nited  
States, on  unbarked  tim ber im ported  from  E urope, 
erad ica tion  was a ttem pted  there.

In  B rita in , it was decided during  the sum m er o f 
1928 th a t the disease was too  w idespread fo r erad ica
tion  to  be possible, b u t felling o f  diseased trees as a 
vo lun tary  m easure was still recom m ended. By the 
au tu m n  o f  1928 even th a t p ractice was u nder criti
cism , on the very reasonable  grounds th a t we did 
n o t then  know  w hat the fate o f  infected trees m ight 
be. T he phenom enon o f recovery becam e ap p aren t 
in 1929, and  led to  the abandonm en t o f all recom 
m endations to  fell, except fo r such trees as were 
obviously beyond hope o f recovery. T he desirability 
o f  felling badly diseased trees becam e m ore obvious, 
when the m eans o f  transm ission by Scolytus  beetles 
was discovered and  it was ap p a ren t th a t such trees 
were p o ten t sources o f infected beetles. T he present 
recom m endations given in Forestry  C om m ission 
Leaflet 19 (A non. 1958) a re  th a t elm s should  no t be 
rem oved till they a re  dead  o r unsightly, bu t th a t in 
parks and  gardens and  w ith stree t trees efforts should  
be m ade to  rem ove dead  w ood and  thus lessen beetle 
breeding.

I t  is quite certa in  th a t had  the felling o f  diseased
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elm s been practised  on  a  large scale in  B rita in  our 
losses, resulting in  this case indirectly  from  the dis
ease, w ould have been m uch higher th an  the direct 
loss th a t has occurred . F o r  we can hard ly  assum e th a t 
the policy w ould  have been com pletely successful a t 
an  early  stage, so th a t the fungus w as eradicated . 
A m erican an d  D u tch  experience suggests th a t e rad i
cation  is im possible. D ifficulties o f  detection and  the 
w idespread occurrence o f  elm s in out-of-the-w ay 
places m ake it  clear th a t to  a ttem p t such a task  
w ould have been ou trageously  expensive, and  th a t it 
w ould  have been certain  to  fail. P artia l e rad ication  
o f  diseased elm s w ould  certain ly  have lessened the 
in itial fury o f  th e  disease. I t  w ould, how ever, have 
been a  constan t task , the abandonm en t o f  w hich a t 
any  stage m ight well have resulted  in an  im m ediate 
upsurge. In  the course o f such m easures it  is certain  
th a t a g rea t m any elms, w hich have now  recovered, 
w ould  have been felled.

T he D u tch , follow ing a policy o f felling, designed 
no t to  erad icate  the disease, bu t m erely to  slow  up 
its progress, have lost tw o-th irds o f their elm s (W ent
1954). I t  is n o t entirely  fa ir to  com pare their experi
ence w ith ours, because the conditions in H o lland  
a re  obviously different. T heir street p lantings were 
nearly  alw ays clonal stocks, w hich were though t to  
show  uniform  and  often  low resistance to  the fungus. 
T his hypothesis rem ains unproven , as does the sug
gestion th a t B rita in  has escaped lightly because its 
elm s are  genetically very m ixed an d  therefore very 
variab le  in their resistance. Evidence has already 
been presented th a t these ideas do n o t fit in w ith the 
know n behaviour o f the disease in  B ritain . The au th o r 
is p repared  to  hazard  th a t the D u tch  w ould have 
m ore elms left alive and  stand ing  today, if they had  
restricted  their felling to  dead and  really  severely 
dam aged trees. B u t this is an  individual view and  
there are  o thers w ho ho ld  firmly th a t the practice 
o f  san ita tion  m easures will lead to  a  g reater survival 
in the end.

In  A m erica there is disagreem ent as to  the effect 
o f  the felling policy th a t was follow ed until 1940. 
Z entm yer, H orsfall and  W allace (1946) consider th a t 
it had  little effect. M arsden (1953), while agreeing 
th a t its abandonm ent as a  na tional policy was 
inevitable, feels th a t it is still a  w orthw hile m easure 
for any tow nship really interested in its elm s. H e 
supports this suggestion by com paring  the progress 
o f  the disease in two tow ns w ith slightly differing 
con tro l program m es, a  doubtful basis o f argum ent 
in view o f  the w ell-known erratic  behaviour o f  the 
disease.

In  som e parts  o f  the  U n ited  States very active 
san ita tion  program m es are  still in progress (A non. 
1956). T here is so little in form ation  available on the 
possibility o f  recovery o f  A m erican elms, th a t it 
w ould obviously be rash to  suggest th a t it w ould have

been b e tte r to  fell only severely infected and  dead 
elms. I t  is qu ite  certa in  th a t such a policy w ould have 
saved a  g rea t deal o f  m oney.

T here is definite evidence, how ever, th a t severe 
infections do take  place im m ediately a round  accum u
lations o f  m ateria l su itab le  fo r beetle breeding. This 
has been no ted  on  num erous occasions in B ritain  
(P late  33), the  sources varying from  stand ing  dead 
trees, o r  logs in tim ber yards, to  piles o f  elm firewood. 
A s recently as 1957 a  sm all b u t violent ou tb reak  was 
observed a round  a  large dead  elm  th a t had  been left 
stand ing . T his phenom enon  o f  in tense local spread 
from  a  source o f infected beetles has been described 
on  a m ore exact basis in A m erica (P arker et al. 
1947; L im ing, R ex and  L ay ton  1951). T here is 
certain ly  stro n g  evidence here fo r the avoidance o f 
such foci o f  in fection  by the early  rem oval o f dead 
trees, and  if  possib le  o f large dead  lim bs, and  by the 
storage o f elm  firew ood in closed sheds o r  well away 
from  elms. B u t th a t is a  very different m atte r from  
th e  w holesale felling o f all diseased elms.

Pruning
Elm  disease can be a rrested  by p run ing  provided 

the infection is n o t fa r advanced (Zentm yer, H orsfall 
and  W allace 1946). L ate infections, w hich do no t 
progress very  fa r before the end o f the sum m er, are 
the easiest to  deal w ith in this way. T here is consider
able doub t, how ever, w hether such infections w ould 
prove seriously dam aging to  the trees in any case, 
since they are  a lm ost certain  to  recover naturally  
the follow ing year. I t is the early, severe infections, 
w hich canno t be contro lled  by p run ing  ou t diseased 
w ood, th a t are m ost likely to  cross over and  continue 
as active cases the follow ing season.

W here pruning  is tried, and  it could  be attem pted  
on sm all trees o f  special value, it should  be done so 
th a t all the w ood show ing m arkings in the curren t 
year is rem oved. In som e cases this m ay involve 
cutting  o u t parts  o f the tree w hich are  no t show ing 
active external sym ptom s, so th a t the final dam age 
to  the tree m ay be substantially  greater than would 
have been caused by the disease, if  it had  been left 
a lone.

Quarantine
I t  is obviously desirable th a t any elm -grow ing 

country , w hich is still free o f Elm D isease, should 
endeavour to  p revent its im portation . This is p rob
ab ly  best done by a  com plete proh ib ition  on the 
en try  o f  elm s o f any kind, fo r even supposedly 
resistan t varieties m ay carry  the disease in a  sup
pressed form . In  B ritain  such action  was taken in 
1926, very soon after the alarm  had been raised on 
th e  C on tinen t. I t  is now  know n, o f  course, th a t the 
fungus was already p resen t in B ritain  a t th a t time. 
This proh ib ition  rem ained in force until 1949, since
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there was alw ays the possibility  th a t som e stra in  o f 
the fungus m ight arise a b ro ad  w hich was m ore v iru 
lent than  those we already possessed. Lackingevidence 
o f  any such occurrence, the ban  was lifted, so th a t 
elm s could  be im ported  under licence, b u t only from  
E urope, m ainly in o rder to  allow  the easy en try  o f 
any disease-resistant clones th a t m ight be p roduced  
in H olland. T he continued p roh ib ition  on im port 
from  countries outside E u rope  was designed m ainly 
to  prevent, if possible, the en try  o f Phloem  necrosis, 
the serious virus disease now  w idespread in  the 
cen tral U nited States.

Selection and Breeding
T he possibilities o f selection and  breeding for 

resistance, and  the w ork  th a t has a lready been done, 
m ainly in H olland , has a lready been discussed. 
A ccounts o f the D u tch  w ork  have been given by 
W ent (1954) and  H eybroek (1957).

Som e o f the m ost recent D u tch  selections are  being 
tested u nder conditions o f n a tu ra l infection in 
B ritain . These are  clones w hich have show n a  fairly 
high experim ental resistance, b u t have occasionally 
succum bed to  inoculation . I t  is expected th a t they 
will p rove sufficiently resistan t in the field to be used 
w ith safety. Som e o f them  appear to  be trees o f very 
good form , and  they m ay eventually  prove very 
useful fo r p a rk  and  stree t p lan ting , w here the re la
tively high cost o f specially p ropagated  clonal stocks 
w ould be justified. They can hardly  be expected to  
replace o u r hedgerow  elms, so m any o f w hich arise 
spontaneously  from  suckers, aided by m an  only to  
the extent th a t he does n o t cu t them  back in the 
course o f hedging. B ut it is surely reasonable  to  take 
a risk o f disease w ith trees th a t have cost us nothing 
to  p lant, p rovided we have resistant stocks available 
fo r sites w here we m ust use and  pay for new plants. 
It is to be hoped th a t the D utch selections will event
ually allow  us to  p lan t along streets and  in avenues 
w ithou t the present possibility o f  disease-caused 
gaps.

Spraying against Scolytus Beetles
Since the spread o f the fungus is a lm ost entirely

due to  Scolytus beetles, it shou ld  be possible to  
con tro l the disease indirectly  by m easures against 
these insects. T here  is even less hope o f  erad icating  
the  beetles th an  there is o f  stam ping o u t the fungus, 
and  so con tro l w ork has been largely aim ed a t 
p reventing  the beetles feeding on  elm s and  infecting 
them . P racticab le  m ethods have been e labo ra ted  in 
the U n ited  States (Swingle, W hitten  &  Y oung 1949; 
M cC allum  & S tew art 1951; W elch & M atthysse
1955) an d  a re  being used  there on  a  lim ited scale. 
O ne m ethod  involving tw o sprays, one in  the early  
spring and  the o ther in  th e  sum m er, was tried  on 
quite a  large scale in  B rita in  (Peace 1954). T he 
results w ere generally, b u t n o t consistently, success
ful, b u t the cost was £1 per tree per year fo r trees 
only 20-30  ft. high. Since spraying o f  this n a tu re  is 
purely  protective, it  w ould have to  be repeated  every 
year. A n expenditu re  o f  £1 p e r year is too  m uch to  
charge against any norm al tree, so th a t the m ethod  
appears to  be o f  little  practical use, though  it could  
be adop ted  to p ro tec t sm all individual trees o f high 
o rnam en ta l o r sentim ental value.

Chemotherapy

A good deal o f w ork  has been done in A m erica on 
the possibility  o f  con tro lling  the fungus by injecting 
system ic chem icals in to  elm s o r  w atering  them  on to  
th e  g round  over the ro o ts  (Zentm yer, H orsfall & 
W allace 1946; D im ond  et al. 1949; P o tte r 1956). 
A  num ber o f substances have given quite good 
results in sm all trees, bu t in  larger trees they have no t 
been so successful. M cC allum  and  S tew art (1951) 
considered th a t these m ethods could  n o t yet be 
recom m ended fo r general use. R ecen t advances in 
the study o f system ic fungicides, especially in th e  use 
o f antib io tics, do  suggest som e fu tu re  possibilities; 
bu t in any case the question  o f  cost again  arises. This 
is also a p rotective m easure w hich to  be effective 
w ould have to  be applied every year. T he cost is 
likely to  be o f the sam e o rder as th a t fo r spraying, 
som ew here in the region o f  £1 per tree per year. Such 
a cost is so high th a t it inevitably restricts the m ethod  
to  individual sm all trees o f very special value.

Chapter 7 

SU M M ARY AND C O N C L U SIO N S

This Bulletin is m ainly devoted to  describing the 
surveys in B ritain  o f Elm  D isease caused by the 
fungus Ceratostomella tilmi. These were started  in 
1928, and continued w ith som e in terrup tions until 
1955. T o  provide the necessary background  a brief 
description o f the disease is given, followed by a

consideration  o f its h istory  and  d is tribu tion  w ith 
particu lar reference to  B ritain . Very sh o rt descrip
tions are  given o f o th er diseases o f  elm, w hich m ight 
be confused w ith th a t caused by Ceratostomella  
ulmi. V ariability  in  the fungus and  differences in 
resistance in the host a re  described, w ith particu lar
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reference to  their influence on  the general behav iour 
o f  th e  disease. T he progress o f  th e  disease as dis
closed by th e  surveys is considered in  re la tion  to  (a) 
the individual tree, w here the  phenom enon o f  re
covery is particu larly  discussed, (b) local populations, 
and  (c) the  coun try  as a whole. A  final section is 
devoted to  m ethods o f  contro l.

I t  is concluded th a t the disease has declined e rra ti
cally, b u t continuously , since 1936-37, n o t only in 
the num ber o f  elm s affected, b u t also m ore p a rticu 
larly  in  the severity o f  the dam age caused. I t  is 
believed th a t this reduction  has also occurred  on  the 
C on tinen t. T he reasons fo r the decline are  n o t 
properly  understood , and  there is evidence against 
its being due either to  loss o f  virulence by the fungus 
o r  to  th e  h igher resistance o f  the surviving elms. I t  
m ay be connected w ith  th e  w artim e clearance o f 
diseased elm s fo r tim ber an d  firew ood an d  the 
favourab le  post-w ar m arket, w hich still m akes the 
felling o f  dying elm s an  econom ic possibility. This 
m ay have led to  a reduction  in  suitable breeding sites 
fo r Scolytus beetles, and  consequently  in the num ber 
o f  infections w hich they cause. A t the m om ent m an 
is rem oving elms, by felling them  fo r tim ber and  to 
c lear g round  for road  w idening o r building, m uch 
faster th an  the disease is killing them . D espite  its 
early  violence the to ta l effect o f  the disease on  the 
elm  popu la tion  has been surprisingly sm all. T he to ta l 
loss p robably  lies som ew here betw een 10 and  20 per 
cent o f  tree elm s, and  this is being m ade good by the 
grow th o f  young sucker elm s in hedges. O nly in a 
few localities has the disease m aterially  altered the 
landscape.

In  view o f the very frequent recovery o f  a ttacked

elm s, the au th o r is convinced th a t the loss w ould 
have been m uch higher if a  policy o f  felling diseased 
elm s had  been p u t in to  ac tion  in B ritain , instead o f 
one o f  v irtua l laissez fa ire  th a t was adopted . I t  is 
possible th a t w idespread felling was a m istake in 
H o lland , and  even in  A m erica.

T here  is no  certa in ty  th a t the disease will continue 
to  decline, bu t equally  there is no reason  to  expect 
a  resurgence. I f  the presen t level o f  a ttack  rem ains 
constan t, establishm ent o f  elm s in hedgerows, 
especially by the cheap m ethod  o f encouraging 
suckers to  grow  up, is perfectly reasonable. P lantings 
in  avenues o r a long streets m ay be disfigured by loss 
o f  indiv idual trees. Such p lantings m ight perhaps 
aw ait the field testing o f D u tch  resistant selection now 
in progress. Som e o f  these will p robab ly  provide elms 
o f  good  form , w ith the h igher level o f  resistance neces
sary fo r sites w here each tree has an individual 
value.

C on tro l shou ld  be lim ited to  the rem oval o f  elms 
w hich are  dead, nearly  dead o r unsightly, since these 
m ay ac t as centres o f spread for infected beetles. 
W here possible dead  limbs, w hich serve the sam e 
role, should  also be rem oved. U nbarked  logs and 
elm  firew ood should  never be left in the vicinity of 
living elms. These precautions should  lessen the 
possibility  o f  severe local outbreaks.

T he disease m ay long continue as a m inor nuisance, 
bu t unless it com pletely changes its present trend of 
behaviour it will never bring  ab o u t the disaster once 
considered im m inent. Indeed in o rder to  wipe ou t 
m ost o f  the elm s in B rita in  it w ould have to  achieve 
an  even h igher level o f virulence than  it did in its 
w orst years in the nineteen-thirties.
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