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Introduction

D. A. BU R D EK IN
Forest Research S ta tion , Alice H o lt Lodge, Wrecclesham, Farnham, Surrey, GU10 4L H , U.K.

D u tch  elm  disease is one o f th e  m ost im p o rtan t tree  
diseases th a t has been  found  in  the n o rth e rn  hem i­
sphere. I t  was first recognised in  1919 in  P icardy  in  
F rance  and  d u ring  th e  follow ing two decades it 
becam e epidem ic th ro u g h o u t E u rope  and  N o rth  
A m erica. I t  w as called ‘D u tc h ’ elm  disease as a  
tr ib u te  to  th e  in tensive research  p rogram m e u n d er­
tak en  by D u tch  scien tists a t th a t tim e. I t  was soon 
estab lished  th a t the  disease w as caused by a  fungus, 
Ceratocystis ulmi, and  was transm itted  from  diseased 
to  healthy  elm s by th e  elm  bark  beetles Scolytus 
scolytus an d  Scolytus multistriatus. I t  is perhaps 
in teresting  to  n o te  th a t there  is still som e argum ent 
ab o u t the ‘co rrec t’ scientific nam e fo r the fungus and  
the D u tch  p refer to  use the nam e Ophiostoma ulmi. 
T h is is n o t the place to argue th e  p ros and  cons o f 
fungal nom enclature , m erely to  n o te  th a t scientists 
can n o t alw ays a g re e !

T he epidem ic o f  D u tch  elm  disease in th e  first 
h a lf o f  th is century  was very dam aging  to  the elms 
o f E u rope  and  N o rth  A m erica bu t was m uch less 
d ram atic  th a n  the devastating  epidem ic which 
occurred  in E urope d u ring  the 1970s. A n upsurge o f 
the  disease started  in th e  late 1960s in B rita in  and 
soon spread to  m any w estern E u ro p ean  countries. 
A  very active research  program m e was in itia ted  in 
B rita in  ab o u t th is tim e follow ed by a  resurgence o f 
activ ity  in H o lland . Follow ing a classical series o f 
studies in B rita in  it was established th a t a  different 
stra in  o f  the fungus, term ed the aggressive strain , 
had  been in troduced  in to  E u rope  from  N . A m erica, 
p robab ly  in the  late 1960s. T he  aggressive stra in  
was considerab ly  m ore dam aging to  E u ropean  elms 
th an  the non-aggressive s tra in  w hich was probably  
responsib le fo r the earlier epidem ic.

By th e  m id 1970s the aggressive stra in  o f C. ulm i 
had  been found  in  several E u ropean  coun tries and 
a  num ber o f  scientists in  these countries becam e 
involved in  research  on the disease. I t  becam e clear 
th a t a co-o rd inated  E u ropean  program m e o f  research  
was urgently requ ired  and  th a t an  ideal o p p o rtun ity  
existed fo r the E u ro p ean  E conom ic C om m unity  in 
Brussels to  assist in  th is  goal. Since 1977 th e  E EC  
has provided funds fo r an  annual research sem inar o f

scientists involved in  research  on  D u tch  elm  disease 
w here research  results and  contro l m ethods could 
be freely discussed. A  series o f  rem arkab ly  successful 
m eetings have been held since th a t tim e in  B ritain , 
H o lland , G erm any  an d  the C hannel Island of 
G uernsey. T he papers in  th is B ulletin  a re  those 
presen ted  a t the 1982 m eeting held in  G uernsey and 
they represen t a un ique collection  o f papers on  m any 
aspects o f th is com plex problem .

In  ad d itio n  to  p rov id ing  support fo r the co ­
o rd in a tio n  o f  research  program m es in  E urope, the 
E E C  has also m ade a very im p o rtan t co n tribu tion  
to  the E u ro p ean  research  program m e. F unds were 
m ade  available fo r the em ploym ent o f  ad d itiona l 
scientists to  w ork  on  the p roject. Tw o w ere em ployed 
in B rita in  to  w ork  on  various aspects o f the fungus 
and  the insect, one in  H olland  to  w ork  on  fungal/ 
host re la tionsh ips and one in  W est G erm any  to 
s tudy  the b a rk  beetle.

T he papers w hich appear in th is Bulletin sum ­
m arise  the results o f recent research  undertaken  by 
scientists from  six m em bers o f the E uropean  
C om m unity . It is, o f course, im possible to m ake a 
com prehensive review  o f  the achievem ents o f  the 
overall research  program m e in a  sho rt in troduction . 
H ow ever a  few highlights can be m entioned  and  a 
num ber o f im p o rtan t conclusions can  be reached.

T h ree  m ain  approaches to  th e  con tro l o f D utch  
elm  disease have been investigated during  the past 
decade and  these a re :

(a) con tro l o f the elm  b ark  beetle

(b) con tro l o f the fungus

(c) selection and  breeding o f resistan t elms.

T he trad itio n a l m ethod  o f contro lling  the disease 
has been by san ita tio n  felling, the cu tting  and 
d estruction  o f  dead  o r dying elm s so th a t the source 
o f  the b reeding beetles is elim inated . T his m ethod  
o f  contro l has been tried  in m any countries and  has 
m et w ith  varying degrees o f  success. Som e exam ples 
o f  successful and  no t so successful san ita tio n  felling 
a re  presen ted  in  the first section o f th is Bulletin. 
W here valuable ind iv idual trees a re  a t risk techniques
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fo r the in jection  o f  chem ical fungicides o r perhaps 
biological agents such as bac te ria  have been 
developed.

A num ber o f stud ies o f  the elm  bark  beetles in 
E u rope  has given a  m uch g rea te r insight in to  the 
cond itions governing the activ ity  o f  the beetle. 
T he m eans by w hich the beetle is a ttrac ted  to  dead  
and  dying elm s is now  m uch better understood . 
T he chem ical n a tu re  o f the a ttrac tan ts  (pherom ones) 
produced  by Scolytus scolytus has been identified. 
These chem icals have been used in the  field to 
m on ito r beetle popu la tions w here contro l opera tions 
a re  in progress.

S tudies o f th e  fungus have followed tw o m ain  
d irections, one tow ards a be tter understand ing  of 
the effects o f  the fungus o n  th e  host tree  and  the 
o th er involving a  de ta iled  study  o f  the variability  
o f  the fungus. A  clearer p ic tu re  is now  em erging 
o f the m echanism s by w hich th e  fungus can  invade 
and  kill th e  vascular tissues o f  the host.

T he stud ies o n  the  variab ility  o f the fungus have 
considerable im plications fo r the selection and 
breeding o f  elms. As a  result o f  recen t stud ies it is 
clear th a t a t least two form s o f  the aggressive s tra in  
exist, one invading E urope from  the west and  the 
o th er from  the east. U n til there  is a c learer view o f 
w here the fungus orig inated , the possibility  o f 
finding fu rther varian ts m ust rem ain  open.

W hilst th e  patho log ists and  entom ologists have 
been a t a  peak  o f  research  activ ity  during  the past

decade, th e  long term  selection and  breeding p rog­
ram m e fo r resistan t elm s has continued  in H olland. 
Selected new clones a t least m oderately  resistant 
to  the aggressive s tra in  o f C. ulm i have been released 
to  the nursery  trade . A  num ber o f prom ising  elm 
clones have been p lan ted  in  a  series o f trials in m ost 
m em ber states o f  th e  E u ropean  C om m unity. 
N ew  collections o f  po ten tia lly  resistan t elm s have 
been m ade in A sia.

W hat conclusions can be d raw n  a t th is stage in  the 
research  p rogram m e?

In  o rd e r to  safeguard existing elm  populations 
from  th e  ravages o f  D u tch  elm  disease a vigorous 
san ita tio n  felling p rogram m e can m arked ly  reduce 
th e  im pact o f  th e  disease. V aluable elms, e.g. in 
im p o rtan t streets and  parks, can  be pro tected  from 
infection  by the in jection  o f  chem ical fungicides and 
perhaps also o f  biological agents such as bacte ria . 
A  num ber o f  factors bo th  clim atic and  biological 
can  affect th e  ra te  o f  p rogress o f the disease and 
these factors a re  now  m uch better understood .

In  fu ture p lantings o f  elm, th ere  is an  im p o rtan t 
place fo r elm s res is tan t to  the disease. N ew  clones 
a re  being in troduced  w hich n o t only show  resistance 
to  D utch  elm  disease bu t are  also suited  to  particu lar 
environm ents (e.g. exposed situations, u rban  and 
ru ra l ro ad  sides, etc.). A t the sam e tim e it is vitally 
im p o rtan t to  ensure th a t we have a full know ledge 
o f the variab ility  o f  the fungus so th a t new clones 
do  no t fall p rey  to  new  fungal strains.
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The Dutch elm disease control campaign in Guernsey, 
Channel Islands, 1976-1981

G. F. RILEY
Plant H ealth Officer, S ta tes o f  Guernsey

Im portance o f the elm to Guernsey

A pprox im ate ly  80 per cen t o f  the to ta l num ber o f 
trees on  th e  Island o f  G uernsey  consist o f  elm  trees, 
estim ated  to  num ber som e 200,000. T he  elm s are  
varieties o f  the sm ooth-leaved elm  Ulmus carpinifolia. 
A t least tw o types a re  presen t. O ne varie ty  w hich is 
very com m on o n  th e  Island is var sarniensis, the 
G uernsey elm . A lthough  certa in ly  slightly m ore 
res is tan t th a n  com m on English elm  Ulmus procera, 
it  is undoub ted ly  susceptible to  D u tch  elm  disease 
(D E D ) an d , a lthough  disease in itia tio n  is slower, 
the sym ptom s can spread  very rap id ly  w ith in  the 
tree once it has becom e infected. T he o th e r m ain 
type on  the Island appears  to  be a form  o f  the 
C on tinen ta l elm  Ulmus carpinifolia. T o tal destruc­
tion  o f  the elm  pop u la tio n  in  the Island w ould result 
in  a m ajo r change to  the Is land ’s general landscape, 
and  a  g rea t red u c tio n  in  th e  landscape value of 
m any areas.

T ourism  is a  very im p o rtan t p a rt o f  the Is lan d ’s 
econom y, and  on  ecological and  aesthetic  grounds, 
the im portance  o f  the elm  to G uernsey canno t be 
over-em phasised. A gain, as th e  m ost im portan t tree 
species in the Island , the elm s have a g rea t value 
in  sheltering  large areas o f the Island from  strong  
w inds. H o rticu ltu re  is one o f  the m ain  industries 
in the Island  econom y, and  th e  loss o f  elm s w ould 
lead to  a  g rea t reduction  in shelter from  the w ind 
generally, and  could have a  m ajo r effect on  the cost 
o f  heating  glasshouses. In  1976 it was estim ated tha t 
fo r each m ile per hou r m ean w ind-speed increase, 
the  annual cost o f  such heating  w ould increase by 
approxim ately  £ i  m illion. T hus it becam e essential 
th a t con tro l m easures against D E D  should be 
im plem ented in  an  a ttem p t to  slow the spread o f the 
disease, and  th a t rep lan ting  schem es should be 
carried  ou t before the m ajority  o f  the tree  cover in 
the Island  was lost.

B rief history of the D utch elm disease campaign

T he Island G overnm ent becam e concerned a t the 
progress o f  the  disease in the U nited  K ingdom  in 
the early  1970s, and  a t the identification  and spread

o f the disease in  Jersey from  1974 onw ards. A  
prelim inary  am oun t o f  surveying and  volun tary  
observation  was th en  undertaken  in  G uernsey.

In  1976 a n  Is land-w ide survey was carried  ou t by 
the S tates C om m ittee  fo r H orticu ltu re , w ith the 
help o f  parish  constables who reported  details o f 
suspect trees. I t was un fo rtu n a te  th a t severe d rough t 
cond itions in th a t year m ay have m asked sym ptom s 
o f  the  aggressive s tra in  o f the elm  disease fungus 
Ceratocystis ulmi; trees suffered from  and  were 
w eakened by the d rough t, and  H oney fungus 
Armillaria mellea  w hich is w idespread in G uernsey, 
was considered  th e  m ain  agen t causing the death  
o f the elms. It is alm ost certa in  th a t the aggressive 
stra in  reached the Island in 1976 w hen such abnorm al 
d rough t cond itions induced p rem atu re  senescence 
m asking the presence o f  the aggressive s tra in  which, 
from  the p a tte rn  experienced in  the U nited  K ingdom  
and  Jersey, alm ost certain ly  had a  high incidence 
in  late sum m er. In  th e  U n ited  K ingdom  the ho t 
w eather was very favourable for elm  bark  beetle 
breeding and  huge popu la tions built up. T his 
phenom enon o f  beetle breeding in drought-stressed 
trees certain ly  occurred in G uernsey. N evertheless, 
a t  th is  tim e we had the benefit o f experience gained 
elsewhere, and  w ere able to  p repare contingency 
m easures w hich could be pu t in to  effect im m ediately 
the disease was identified.

C onfirm ation  o f the presence o f  the aggressive 
s tra in  was m ade by the B ritish F orestry  C om m ission 
in A ugust 1977, and M r.B . J. W. G re ig o f  the F orestry  
C om m ission visited the  Island to  help in the assess­
m ent o f th e  situa tion , and  confirm ed th a t the 
contingency plans were sensible and  should effec­
tively m inim ise disease spread.

It becam e clear th a t to  d istinguish  betw een the 
aggressive and  non-aggressive stra ins in  the situa tion  
w hich then  existed was an  unnecessary exercise. 
N o t only w ould the necessary tests have caused 
delays, bu t if  trees infected by the non-aggressive 
stra in  o f C. ulm i had  been left stand ing  they would 
have provided ideal breeding grounds for the beetles. 
T he to ta l num ber o f  trees felled in th is year was 
1,136 ; these w ere considered  diseased, o r had
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beetles b reeding in  them . T he cost o f  the felling 
p rogram m e was approxim ately  £20,000, equating  
to  an  average cost o f  felling and  bu rn ing  o f  ju s t 
u n d e r £18 per tree.

T he Island G overnm ent then  had  to decide 
w hether a com plete con tro l cam paign was to  be 
pu t in to  o pera tion . W e had  the benefit o f the 
experience gained elsewhere, particularly  in East 
Sussex and  Jersey. It was estim ated  th a t left u n ­
checked a  substan tia l p ro p o rtio n  o f the  G uernsey 
elm  popu la tion  w ould probably  be killed w ith in  
seven years, and  replacem ent trees w ould take at 
least 15 years to  have any pro tective o r scenic effect. 
H ow ever a fac to r in  G uernsey’s favour is th a t as an 
Island it is in alm ost to ta l iso lation , and  thus the 
a rea  involved w ould generally enable early  detec tion  
o f infection  to  be m ade.

T he follow ing policy was therefore  laid before the 
Island P arliam en t:

1. th a t the ban  on  the im porta tion  o f  unbarked  
elm  w ood be con tinued  under existing leg isla tion ;

2 . th a t tem porary  legislation be in troduced  to  ban 
the felling o r lopping o f  elm  trees w ithou t 
perm ission, and to  d irec t ow ners to  in form  the 
au tho rities  w hen elm  trees w ere felled (th is was 
m ainly to ensure th a t no possible source o f infec­
tion  was left on the site);

3. th a t p rov ision  be m ade in its budget for £50,000 
to  cover contro l m easures in 1978;

4. th a t a  tree replacem ent program m e be investigated 
and  th a t the S tates w ould m eet the full cost o f 
providing prescribed trees used for the replace­
m ent o f  elms destroyed.

T his was accepted by the G overnm ent. A  special 
co -o rd inating  sub-com m ittee was set up  com prising 
representatives o f the C om m ittee  fo r H orticu ltu re  
(overall con tro l), the  B oard  o f A dm in istra tion  
(felling o f trees, etc.), and  the Island D evelopm ent 
C om m ittee (tree  replanting), w ith  the overall 
execution o f the cam paign u nder the P lan t H ealth  
Officer. T hus an  effective liaison was established, 
w ith a great deal o f em phasis being placed on the 
need for public co -opera tion  in repo rting  suspect 
trees; therefore  public re la tions and  education  
becam e an  essential p a rt o f the exercise, so th a t the 
m inim um  am oun t o f  legislation could be brought 
in to  being.

Thus, in 1978 there  was a system atic survey to 
identify diseased trees, followed by san itary  felling. 
2,318 diseased trees w ere identified. T he ir felling, 
w hich was carried  ou t th roughou t the sum m er, 
was com pleted in January  1979. Felling was u n d er­
taken  by the S tales W orks D epartm en t a t a  to tal

cost o f  £46 ,705 , a n  average o f  £18.65 per tree. 
T rees w ere felled, rem oved fo r burn ing , and  stum ps 
debarked  fo r th is cost.

A lthough  ro o t transm ission  is a  significant factor 
in  the spread  o f  the disease because so m any o f the 
Island  elm s a re  in  hedgerow s and  in  narrow  lanes, 
effective severance is difficult and  expensive, and 
except w here a particu larly  fine stand  o f  elm s is 
involved, it is n o t p ractical.

In  ad d itio n  to  th e  1978 survey, a  com prehensive 
study was m ade o f  the trees in  a  q u a rte r  o f a  mile 
band across the Island, ind icating  the species o f tree  
and  soil cond itions, together w ith an  aerial survey 
to  p rov ide a pho to g rap h ic  study  o f  the contours. 
T he objective was to  p rov ide  full in fo rm ation  to  
assist w ith th e  tree  rep lan ting  program m e. In  1978 
over 5,000 saplings w ere prov ided  free o f  charge.

T he policy accepted by th e  S tates fo r 1979 was 
th a t prov ision  o f  £ 100,000 should  be m ade  to  deal 
w ith an  estim ated  4,000 infected trees in  th a t year. 
T he  num ber o f  infected trees found  in  1979 was in 
fact 1,375. A lthough  it appeared  th a t th e  contro l 
m easures w ere having a positive effect, it was felt 
th a t a  th o rough  exam ina tion  should  be carried  ou t 
to  ascerta in  the precise reason  fo r the reduc tion  in 
the num ber o f infected trees. A gain it was decided 
to invite M r. G reig , C h ief F o res ter w ith the Forestry  
C om m ission’s Patho logy  B ranch to visit the  Island 
in  Septem ber 1979 to  m ake a critical assessm ent.

The disease situation

A lthough  there  w ere no tab le  infection  centres, the 
overall disease level o n  th e  Island in  1979 appeared  
to  be low, and  the  m ajo rity  o f  diseased trees d is­
covered th a t sum m er w ere a t  o ld  infection sites 
reco rded  in  1978. W here severe ou tb reaks were 
seen, th e  trees w ilted very rapid ly , and died quickly 
once th e  in itia l in fection  had  becom e established, 
subsequent sp read  was generally th rough  ro o t 
transference o f  the  disease. Twig sam ples were 
collected from  th irteen  sites o n  the Is lan d ; o f the 
nineteen isolations, seventeen w ere typical in grow th 
ra te  and  m orphology  to  the N o rth  A m erican  stra in  
o f  Ceratocystis ulmi, and  two were identical to  the 
non-aggressive form .

Breeding activity  by the elm  bark  beetle appeared  
to  be low in  the Island during  the sum m er, and only 
on  one site w ere trees found in  w hich beetles were 
a ttem p ting  to  breed in dying trees. Previously 
(in 1977) beetle b reeding had  been, in  con trast, very 
extensive in diseased trees and  logs. S im ilar situa­
tions were found  in E ast Sussex and  H ove in 1978.

2
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T he losses in  o th e r B ritish contro l a reas w ere also 
generally  less in  1979:

1978 1979

Brighton 266 173
Hove 416 298
Edinburgh 326 233
East Sussex 9,083 7,730

T he  cost o f  the elm  disease contro l p rogram m e 
in G uernsey  fo r 1979 was £34,000 (£22.87 per 
diseased tree  felled). T he policy accepted  by the 
S tates for 1980 was th a t p rov ision  should  again  
be m ade  fo r £ 100,000 based on  a n  estim ate  o f
3,000 infected trees for th a t year; 2,241 elm s were 
found  to  be infected and  w ere felled a t a  cost o f 
£70,000. N ew  varieties o f  res is tan t elm , ‘P lan tyn’, 
‘L obel’, ‘D od o en s’ and  ‘G roeneveld ’ w ere im ported  
from  H olland  to  be m on ito red  and  grow n under 
supervision. Pherom one beetle traps o f  im proved 
design w ere set up  to  enable accura te  m onito ring  
o f  beetle flight and  o f th e ir popu la tion . T he policy 
accepted  by the S tates fo r 1981 was th a t p rov ision  
should  be m ade fo r £150,000 based on a n  estim ate 
o f  5,000 infected trees for th a t year; 2,298 trees 
w ere felled a t a  cost o f £95,000.

T hus it can  be seen th a t du ring  the five years 
since the in troduc tion  o f  the elm  disease control 
cam paign G uernsey has lost 9,374 elm  trees rep re­
senting approxim ately  4.7 per cent o f  the estim ated  
elm  popu la tion . In keeping losses to such a  low level 
the cam paign has achieved a rem arkab le  success. 
It is thus w orthw hile exam ining the factors involved, 
and  in  p a rticu la r the fu ture  lines o f  developm ent 
needed in  o rd e r to  keep this contro l.

Co-operation for control

T he san ita tio n  program m e rem ains the basis for 
contro l th rough  th e  felling o f  diseased trees as soon 
as possible after infection, in p a rticu la r those trees 
in  w hich disease is identified in June and  July. 
W herever possible, tim ber from  felled elm s is 
im m ersed in w ater for a  period  o f  twelve m onths, 
then  salvaged. T his trea tm en t is often  no t practical 
due to  difficulty o f sites o r size o f trees, nevertheless 
it is an  a ttem p t to overcom e political objections to 
burning. T here  are  how ever m any difficulties to  be 
overcom e in  felling trees o n  an  island w hich offers 
m any m iles o f  narrow  lanes w ith trees grow ing on 
the banks, cliff land (alm ost inaccessible som etim es), 
and  built-up areas w hich necessitate the trees being 
felled in segm ents p rio r to  rem oval. These factors 
co n trib u te  significantly to  costs.

W e have in troduced  new techniques follow ing the 
setting  up o f the E EC  project on D utch  elm 
disease. T h is project has been invaluable in enabling

us to  benefit from  the expertise to  be found w ithin 
th e  E u ro p ean  C om m unity. W e have in troduced  
beetle m on ito ring  and  beetle trapp ing , using traps 
baited  w ith  pherom ones. W e are  using arboricide 
in jection  p lus pherom one to  reduce the beetle 
po p u la tio n ; the experience gained in  1981 will be 
p u t to  good use in  1982. A n ap p rec ia tion  o f clim atic 
factors and  a  know ledge o f  the biology o f  the beetle 
a re  im p o rtan t fo r th e  successful app lica tion  o f this 
m ethod . W hile we still consider th a t it is the overall 
p o p u la tion  o f  elm  th a t m ust be p ro tec ted , we intend 
to  experim ent w ith fungicides on individual trees. 
W e are  also in terested  in evaluating  the possible 
b iological con tro l m ethod  o f  using the bacteria  
Pseudomonas spp. W e will con tinue to  follow  the 
progress o f resistan t elms, and  m ain ta in  a close 
liaison w ith  the research  w ork being carried  on 
elsewhere.

Between 1978 and 1982, 34,144 forest trees o th er 
th an  elms have been supplied free o f charge to  the 
public, and  the dem and shows no sign o f decreasing. 
T w enty species are  involved, and  care is taken  that 
no  one type predom inates. T he m ost popu lar appear 
to  be silver b irch , m oun ta in  ash, sweet chestnut, 
evergreen oak , pop la r and willow. Advice is given 
as to  the ir su itability  for the site. A  free stake and  a 
bag o f  fertiliser are  provided.

T he suppo rt from  the public o f  G uernsey in 
repo rting  suspect diseased trees has been a funda­
m ental reason  for success, bearing  in m ind the 
difficult geography o f  the Island. Significantly this 
was greatest in  1981, ind icating  tha t they ju s t do 
no t w ant to  lose th e ir elm  trees. Such co-opera tion  
in a closely knit com m unity  is a  delicate affair 
indeed. D etailed  explanations as to  why the cam ­
paign is necessary, a ttend ing  to individual sites 
w here the loss o f a  tree poses a p a rticu la r problem , 
o r delaying the felling (in  particu lar w here farm ers 
have stand ing  crops) by m utual agreem ent, and 
above all notifying the ow ner o f a  tree p rio r to felling, 
sounds stra igh tforw ard  until one gets involved in 
boundary  disputes follow ing centuries o f the N orm an  
law o f inheritance!

A dequate  legislation is now in force to  enable the 
necessary ac tion  to  be im plem ented, but it has not 
yet been necessary to  use it. It is w orthy o f note that 
perm ission to lop or fell an elm  m ust be ob tained , 
and  also th a t w hen an  elm  tree falls o r d ies th is m ust 
be reported . T he object here is to  avoid piles o f 
logs left to act as beetle-breeding sites. We are 
to leran t o f non-diseased elm w ood being used as 
fuel du ring  the w in ter m onths, but will not have 
such w ood exposed during  the sum m er m onths.

It is in teresting  to  note tha t the Island o f Sark 
has also decided to  take m easures to  pro tect their 
elms, including the felling o f diseased trees during 
the w inter m onths. In  the sum m er we co-operate
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by installing beetle traps and  help w ith  disease 
identification  if  requested . T hus one o f  the  sm allest 
independent Islands in E u rope  also benefits from  
the expertise and  research  sponsored  by th e  EEC .

T he fu tu re  cam paign  m ust now  be considered  as 
an  a ttem p t to  reduce the loss o f  elm s th rough  the 
m easures already  ind icated , w hile always being 
cognisant o f research  being carried  on  by larger 
countries, and  by the in te rna tiona l co -opera tion  we 
have already  been fo rtu n a te  enough  to  have received 
th rough  the E E C  D u tch  elm  disease project.

D isease con tro l is o ften  unpred ic tab le , and  
although  the island situ a tio n  offers m any advantages, 
o th e r factors can com e to bear. T he spring  and  early  
sum m ers o f the last five years have been no to riously  
coo l; in the context o f  the elm  disease ou tb reak  
we have yet to experience a  p ro longed  spell o f ho t

w eather in  A pril/M ay , and  the consequent effect 
on  beetle flight. I t  is reasonable  to  believe th a t fresh 
in fection  along o u r sou th-east coastal s trip  in  1981 
cam e from  Jersey in  th e  late sum m er o f  1980, 
w here the contro l cam paign  has been abandoned , 
and  w hen the w eather conditions were op tim um  
fo r the beetle to fly o r be blow n across. Such late 
sum m er infections a re  n o t ap p a ren t un til the 
follow ing year.

T hus th ere  can be little  g round  fo r com placency, 
and  each year m ust be assessed o n  its ow n m erits. 
H ow ever th e  Island o f  G uernsey  is fo r tu n a te  in 
having the political w illpow er to  con tinue the 
cam paign, w ith public co -opera tion  to  an  ex tra ­
o rd in a ry  degree, and  is fo rtu n a te  to still have the 
tree  cover so necessary fo r the Island and  w hich 
for m any years to com e only the elm  can  provide.
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Introduction

T he com m onest tree in  Jersey is the elm , in  p a rticu la r 
th e  Jersey  elm  ( Ulmus carpinifolia v ar sarniensis). 
T h is was p lan ted  in  large num bers d u ring  the early 
a n d  m iddle p a r t o f the 19th century , m ainly  as a 
w indbreak  fo r the num erous o rchards in  the Island 
a t th a t tim e and  also as a  supplem entary  cattle  
fodder. T herefore, th e  g rea ter p ro p o rtio n  o f  these 
elm s a re  situa ted  along the hedgerow s th roughou t 
th e  Island  and  fo rm  a n  im p o rtan t p a r t o f  the 
Is land ’s scenery. A  survey in 1975 estim ated  tha t 
o f  a  to ta l o f 500,000 trees, som e 40 per cent w ere 
elm s and  thus m ore th an  th a t p ro p o r tio n  o f trees 
in the hedgerow s w ere elms. T he loss o f  these elms 
w ould have a  d isastrous effect bo th  on  the agricu ltu re  
o f  the Island and  also on  the scenic a ttra c tio n  o f  the 
coun try  from  the tou rist po in t o f  view.

Recognition o f the elm disease outbreak in Jersey

T he aggressive s tra in  o f  Ceratocystis ulm i was first 
identified in  Jersey on  th e  20th June 1974. In  July 
1974 it was found  in  a  g roup  o f trees h a lf a  m ile 
sou th  o f Jersey A irp o rt and  also in a  g roup  o f  trees 
ad jacen t to the n o rth  boundary  o f th a t a irp o rt. 
A  helicop ter survey o f  Jersey a t th a t tim e showed 
a tongue o f infection  reaching two miles east o f  the 
a irp o rt and  also a  small infected a rea  in  the east 
o f  the Island , bu t separa te  from  the first area.

T he S tates’ au tho rities w ere notified o f the 
presence o f  the aggressive s tra in  o f  C. ulm i in  Jersey 
and  w ere advised o f the seriousness o f the s itua tion  
w ith  the im plications it had  for the elm  population  
o f  Jersey. A lthough the disease was n o t identified 
until June  1974 the extent o f  its spread a t th a t tim e 
ind icated  th a t it m ust have been present in 1973 
and  the cond ition  o f the trees sou th  o f  the a irp o rt in 
1974 show ed th a t in all p robability  these trees were 
orig inally  infected in 1972.

W ith  the identification  o f the disease in 1974 
steps w ere tak en  using th e  D estructive Insects and 
Pests (Jersey) Law, 1960, and  on  the 5th D ecem ber, 
1974, the D utch  E lm  D isease (Jersey) O rder, 1974, 
becam e Law. T h is Law  applied to  infected elms

only and  th is res tric tion  in  au tho rity  was to  have a 
significant effect on  the cam paign  in  the follow ing 
years.

The elm disease control campaign

T he san ita tion  felling o f  diseased elms began in 
January  1975. In itia lly  the cam paign was ru n  jo in tly  
betw een the D epartm en t o f A griculture and F isheries 
and  the D epartm en t o f  Public B uilding and  W orks. 
T he A gricultural D epartm en t, using their P lant and 
B ulb Inspectors, took  o n  the responsibility  fo r sur­
veying and  m ark ing  infected trees and  generally 
im plem enting the Law. The D epartm en t o f Public 
B uilding and  W orks h ired  con trac to rs to  fell and 
dispose o f  the trees and  supervised their operations. 
F ro m  the s ta rt o f the cam paign  all the infected trees 
w ere com pletely destroyed by burning. D uring  the 
first two years the trees w ere taken  to  two sites, one 
in  the west and  one in the east o f the Island and then 
burn t. L ater m ore and  m ore o f the trees were burn t 
on  o r near the place w here they were felled until by 
1981 only a sm all volum e o f  w ood was burn t a t one 
official site. In itially  four con trac to rs were em ployed 
to fell the  trees, one o f these proved unsatisfactory 
and  the num ber was reduced to three.

In  1976, discussions took  place betw een both 
C om m ittees and it was agreed th a t the cam paign 
could  be ru n  m ore efficiently by one C om m ittee 
and  as the legislation was vested in the C om m ittee 
for A griculture  and  F isheries th a t C om m ittee took 
on  full responsibility  for the cam paign forthw ith . 
F o r the next two years the cam paign was run  by the 
A griculture and F isheries D epartm en t using their 
staff from  the P roduce and  Bulb Inspection  Section. 
T he jo b  o f felling the diseased elm s was allocated 
to  a variety  o f  tree felling con trac to rs and  although 
this spread the w ork load it m ade contro l o f  the 
opera tion  m uch m ore difficult. As well as carry ing 
ou t the survey the inspectors now had to m on ito r 
the felling and  disposal o f the trees; all th is in 
ad d itio n  to  the ir o ther duties.

In  1979 a t the suggestion o f  the C om m ittee  for 
A griculture and Fisheries, the D epartm en t o f Public
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B uilding and  W orks took  over the com plete contro l 
o f  the cam paign although  the legal au th o rity  for it 
rem ained w ith the C om m ittee  for A griculture and 
F isheries. R esponsibility  fo r the D utch  elm  disease 
contro l o p era tion  was transferred  to  the Public 
W orks’ D epartm en t o n  the 1st M ay 1979. M r. P. 
Perree w ho had been involved w ith the san ita tion  
felling cam paign as a P roduce Inspecto r was 
appo in ted  Supervisor, D utch  elm disease. In  ad d itio n  
th ree Field Officers w ere also em ployed a t the sam e 
tim e. T hese la tte r had backgrounds in  farm ing in 
Jersey and were thus fam iliar w ith the local coun try ­
side. T hus for the first tim e since the D utch  elm 
disease cam paign started  in  Jersey we had personnel 
w ork ing  full tim e on  it.

A t th is stage it was decided th a t the w ork should 
continue th ro u g h o u t the year, th a t identification  
and  m ark ing  o f infected trees w ould be done during  
the w in ter as well as in  sum m er and  au tum n . A fter 
two m on ths’ in itia l tra in in g  the team  began w ork in 
the field in  July 1979. T he Island was d iv ided  into 
14 sections using a 1 :5000 m ap. Tw o covered very 
little land a rea  so th a t effectively there  w ere 12 
sections each ab o u t 17 sq km . T h ree  con trac to rs 
were appo in ted  and  one Field Officer a ttached  to 
each. E ach co n trac to r was given four sections in 
w hich to  operate .

Both the surveyors and  the con trac to rs sta rted  in 
the west o f the Island and m oved eastw ards follow ing 
the prevailing w ind. In th is way it was hoped th a t 
the chance o f  em erging beetles flying against the 
d irec tion  o f the felling o p era tion  m ight be reduced. 
T h is appeared  to  be the case as the density  o f  the 
beetle popu la tion  was found to increase as the 
con trac to rs m oved east, w ith  a  very heavy infestation  
am ongst elm s a t the extrem e eastern  edge o f  Jersey.

W hen the Field Officers com pleted the ir first 
survey, usually by m id-July, they  re tu rned  to  the 
west and  s ta rted  a  second survey. They spent an  
hour o r so each day w ith the ir con trac to rs, during 
w hich tim e they checked th a t the w ork was being 
carried  ou t satisfactorily . W hilst on site they 
surveyed the im m ediate vicinity for newly infected 
trees w hich w ere felled there and  then. D uring  the 
w inter, in between checking the activities o f the 
con trac to rs, the Field Officers carried  ou t a th ird  
survey and  also debarked  elm  stum ps w here they 
knew the beetle popu la tion  had been high.

W hile carry ing  ou t these surveys the Field Officer 
carried  a m ap on w hich to  p lo t the location  and 
num bers o f infected trees. T h is in form ation  was 
transferred  to  a  m aster p lan  w hich was copied  and 
given to the con trac to r. Infected trees identified in 
the a rea  w orked by the co n trac to r w ere m arked  in 
a  different co lour to  those m arked  on the general 
surveys. A fter the section had  been com pleted the

num ber o f  trees w ere coun ted  o n  th e  m ap  and  the 
co n trac to r paid for th a t num ber.

A t the beginning o f each  season (i.e. June) a  price 
per tree  was agreed w ith  the con trac to rs. T he price 
was £6.00 per tree  in 1975 and  £12.40 in  1981. 
T h is sum  was paid  to  th e  co n trac to r fo r every elm  
he felled over 6 inches (15 cm) d iam eter a t the base. 
H ow ever, he was obliged to  rem ove every infected 
tree, even those u n d er 6 inches d iam eter, and  had  
to  burn  every p a rt o f  each tree felled. H e was to  be 
responsible for any dam age he m ight cause. T he 
D epartm en t replaced any broken  fence w ith a  stake 
and  w ire fence. E ach co n trac to r was requ ired  to  fell 
and  burn  every infected tree  which had been m arked  
as such on a 1 :5000 grid  square  m ap and  had  to  
leave the a rea  clean before being paid.

T he success o f the system  can be m easured  by the 
fact th a t only six trees colonised by beetles w ere 
found by the first survey o f 1980. I t  had  been 
estim ated th a t som e 4,000 trees w ould succum b to 
the disease th a t year th rough  ro o t transference o f 
the fungus. N evertheless the p rospect o f  a d ram atic  
reduc tion  in  the to tal num ber o f infected trees 
seem ed hopeful. H ow ever tow ards the end o f July 
w idespread aerial infection  o f  elm s was seen to be 
tak ing  place. W hen m apped  it was ap p aren t th a t 
the infection was m uch denser in  som e areas than  
in  o thers. T hese areas w ere checked ou t and  a  
num ber o f stacks o f  elm  tim ber were discovered. 
A lthough  the Law  gave us no au th o rity  to  search 
p roperty  in the course o f ou r surveys, by chance 
and  in  som e cases th rough  in fo rm ation  received, 
we discovered 40 stacks. E ach stack  was certified 
by the S tates’ E ntom ologist as being colonised by 
beetles and  was burn t. T he S ta tes’ E ntom ologist 
gave it as h is op in ion  th a t an  average stack contained  
a  q u a rte r  o f  a m illion beetles, th a t in  som e cases 
the first b rood  had  already em erged and  th a t the 
beetles in  the stacks w ere in  the process o f  p roducing  
a second b rood  th a t season. In  ad d itio n  to  cut and  
stacked logs a num ber o f cases were found  w here 
the trees had  been felled, the branches rem oved and  
the trees left to  becom e h idden  by nettles, bram bles, 
etc. T he num ber o f  diseased elms in Jersey felled 
from  1975 to  1981 is given in the table below :

Year Trees felled

1975 7,500
1976 4,500
1977 3,700
1978 6,000
1979 9,500
1980 12,500
1981 14,500
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In  an  a ttem p t to  persuade people to  co -operate  
in  D u tch  elm  disease con tro l a  publicity  cam paign 
w as set in  m otion . A  pam phle t was produced  
show ing in  sim ple term s w hat the disease was, w hat 
it d id , how  it sp read  and  also how  to p revent 
stacked  tim ber being colonised by the b a rk  beetles. 
T hese pam phlets w ere d is trib u ted  to  parish  halls, 
schools, garages, to  farm ers th ro u g h  the  F a rm ers’ 
U n ion , even to  the  W om en’s Institu tes . O ver two 
weeks advertising  tim e was bough t on  C hannel 
T elevision and  a  full page taken  up w ith  the local 
paper. T h is was done in D ecem ber 1980, all to  no 
avail. T h ro u g h o u t th e  w in ter o f  1980/81 m ore 
stacks w ere discovered. T he publicity  cam paign was 
repeated  in  June  1981. R eac tion  to  bo th  cam paigns 
was nil.

In  D ecem ber 1980 an am endm ent to th e  Law  was 
p roposed  w hereby the Public  W orks D epartm en t 
w ould have to  be notified w ith in  four days if  healthy  
elm s w ere felled so th a t officers o f  the D ep artm en t 
could check th e ir w hereabouts and  w hether they 
had  been trea ted  in  such a  w ay as to p revent the ir 
being colonised by the b a rk  beetle. D iscussions 
betw een the C om m ittee for A griculture  and  F isheries 
and  th e  Public  W orks D epartm en t and  the Law 
D ep artm en t w ent on  fo r twelve m onths bu t before 
any  final decision  was taken , events in tervened.

Because o f the ap p aren t success o f the san ita tion  
felling in  1979/80 it was estim ated  th a t the num ber o f 
trees to  be felled during  1980/81 w ould be consider­
ably less th an  in 1979/80 and  th a t the to tal num ber 
includ ing  those lost th rough  ro o t transm ission of 
C. ulm i w ould be less th an  5,000.

By au tum n  1980 it was obvious th a t th is w ould n o t 
be the case, th e  num ber rose to 14,500 and  the 
m oney budgeted  fo r 1981 had  to  be increased , 
bring ing  th e  to ta l to  £150,000. T h is m oney was 
exhausted  by N ovem ber 1981 w ith  som e 10,000 
trees still to  fell. T he estim ated  num ber o f trees to 
be felled during  1982 rose to  25,000 w ith  an  expend i­
tu re  o f  £300,000. W ith  an  annual infection  ra te  o f
25,000 it was calculated  tha t, if th is ra te  was m ain ­
tained , all the  rem ain ing  elms w ould be lost w ith in  
seven to  eigh t years and  w ithou t a san ita tio n  felling 
cam paign th is period  w ould be four to  five years. 
T h is  m eant th a t over the next eight years, n o t allow ­
ing for increased costs, the expend itu re  w hich w ould 
be incurred  w ould be in the reg ion  o f  £2 J m illion 
w ith  a n  increase a t the m ost o f fou r years in the life 
o f  th e  elm  popu la tion  o f Jersey.

D uring  the first years o f  the con tro l opera tio n  
th e  infection  ra te  was 3.75 per cent, w hich if  m ain ­
ta ined  w ould have given a  period  o f approxim ately  
th irty  years before the elm  popu la tion  d isappeared ; 
th irty  years du ring  w hich replacem ent p lan ting  w ith 
o th e r species could am elio rate  the effect on the

landscape caused by th e  loss o f 40 per cent o f  the 
Is land ’s tree  p o pu la tion . T he annual cost o f contro l 
up to  1978 was in  the reg ion  o f £40,000. T he present 
infection  ra te  (1981) is 20 per cent, w ith an  annual 
cost in the reg ion  o f  £300,000. T he felling and 
d isposal cost per tree  rose from  £6.00 in 1975 to  
£12.40 in 1981.

In  view o f  the estim ated  expend itu re  o f  a t least 
£ 2£ m illion d u ring  the next eigh t years, and  taking 
in to  account th a t th e  period  left fo r replacem ent 
trees has decreased from  th irty  to  eight years the 
Public W orks C om m ittee  advised the S tates o f 
Jersey to  ab an d o n  san ita tio n  felling as from  June 
1982. O nly those trees identified as being infected 
before June  1982 w ould be felled. T h ereafte r the 
Public W orks D ep artm en t holds itself responsible 
only for rem oving any infected elm s bordering  
roadsides th a t constitu te  a hazard . T he m oney 
saved by d iscontinu ing  the san ita tio n  felling will 
be used to  boost a rep lan ting  p rogram m e, bo th  by 
supplying trees and  advising landow ners in the care 
o f  trees a fte r p lan ting  as well as the care o f  such 
parcels o f w oodland as exist in  Jersey.

Methods o f utilising elm timber

In  view o f  the oppo sitio n  from  a section o f the 
p o p u la tion  to  the destruction  o f  elm  w ood and  the 
u nderstandab le  feeling th a t by burn ing  elm s we were 
destroying a valuable resource, various m ethods o f 
utilising elm  tim ber w ere considered:

1. Temporary storage

T o im m erse in w ater for a  period  o f six m onths. 
T h is was a n o n -s ta rte r as, a p a rt from  reservoirs, 
Jersey has no suitable a rea  o f  w ater and  the Jersey 
N ew  W aterw orks C om pany L im ited w ere no t in 
favour o f using th e ir reservoirs for this purpose.

2. Production o f  charcoal

A lthough  th is  was a possibility it w ould appear 
th a t there was no ready  m arket e ither in Jersey or 
the U nited  K ingdom . In  ad d itio n  charcoal from 
elm  w ood is no t o f  a  particu larly  high quality.

3. Setting  up a sawm ill

T his appeared  to  hold ou t m ost prom ise especially 
as the proposal was th a t the mill be set up w ith in  the 
P rison  g rounds and  th a t it w ould be operated  by 
p risoners. H ow ever, a lthough  such a mill was a 
viable p roposition  to  p roduce planks and  firew ood 
w hile the num bers o f elm s being felled w ere high, 
w ith  the eventual d isappearance  o f the elm s the 
quan tity  o f available tim ber o f  o th er tree species
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w ould be too  sm all to  ju stify  th e  cost o f  such a  mill. 
T h is coupled  w ith  the fact th a t th e  public was already  
investing som e £ i  m illion  annually  in  the cam paign 
led the Public  W orks D ep artm en t to  the conclusion 
th a t it could  n o t ju stify  th e  expend itu re  o f  £80,000 
requ ired  to  establish  the mill.

Other methods o f elm disease control

In  Jersey we have considered  th ree  ad d itiona l 
m ethods o f  con tro lling  the disease, one by con tro l­
ling the beetle and  tw o by con tro lling  the fungus.

1. Cacodylic acid

T his chem ical is used to  reduce the beetle popu la tion  
by killing elm  trees, a ttra c tin g  beetles to  them  and  
then  inh ib iting  the ir ability  to  b reed  (see O ’C allaghan 
this volum e). T h is m ethod  is a n  a id  to  san ita tion  
felling and  possibly if it had  been  available in  Jersey 
in  th e  early  years o f  the disease there  it m ight well 
have been a  useful too l. H ow ever, by the tim e it 
d id  becom e available it was felt th a t it w ould have 
little  overall effect w here beetles w ere breeding in 
the ir m illions in  cu t tim ber, a  situ a tio n  over w hich 
we had  little  con tro l.

2. C eratotect injection

In  Jersey a t the p resen t tim e there  a re  som e 120,000 
elm s w ith in  an  a rea  o f  50 square m iles (130 k m 2). 
T he in jection  o f C era to tec t is a  lengthy process 
requ iring  specialised equ ipm ent. It is n o t effective 
if  the p ro p o rtio n  o f  crow n infection  exceeds 5 per 
cent. W e considered  th a t w ith  120,000 trees spread 
over 50 square  m iles we should  be unable  to identify  
a  5 per cent infection  and  trea t it in  any th ing  o th er 
th an  a sm all num ber o f  cases. A dded  to  th is was 
th e  necessity o f ob ta in ing  a large am oun t o f equ ip ­
m ent together w ith  tra ined  opera to rs  if we w ere to  
tre a t enough trees to  m ake the expend itu re  in tim e 
and  m oney w orthw hile. T h is m ethod  was rejected 
therefo re  as a  m ajo r tool in  the fight against D u tch  
elm  disease bu t it w ould seem  to have a p lace in 
trea ting  individual trees o f particu la r value.

3. Trichoderma viride

A  sm all quan tity  o f  th is fungus was sent to  Jersey in  
F eb ruary  1981 from  a firm  in  G uernsey. I t  was sent 
for experim ental use to  M r. B radshaw , P lan t 
P atho log ist a t the H ow ard  D avis Experim ental 
F a rm  in Jersey. C on tact was m ade w ith D r. R icard  
in  Sweden w hose organ isa tion  produces the fungus 
in  pellet form  for inocu lation .

Trichoderma viride is a  biological con tro l agent 
w hich is in troduced  as pellets in to  holes drilled into 
the tree. T he pellets con ta in  hyphal fragm ents as

well as spores. In  ad d itio n  50 per cent o f  the pellet 
consists o f  food m ate ria l plus acid  and  buffer to  
in h ib it bacteria l ac tio n  w hich m ight kill the fungus.

F ro m  the in fo rm ation  we w ere given ab o u t 
Trichoderma it seem ed th a t it had  m uch to  recom ­
m end it:
(a) I t  is said  to have no dele terious effect on  the 

tree  in w hich it lives.
(b) I t is claim ed th a t it will rem ain  in  th e  tree  for 

up to  ten  years.
(c) T he m ethod  o f seeding the tree using a  2 inch 

(10 m m ) auger a t 4  inch (10 cm) in tervals a long a 
spiral a round  the tru n k  causes a  m in im um  of 
dam age.

(d) A  tree o f say 18 inches (45 cm) d iam eter can  be 
trea ted  in  20 m inutes.

It was decided therefore  to  field test elm s w ith 
Trichoderma b o th  as a cu rative and  as a  p reventative 
trea tm en t. In  M arch  1981 a  num ber o f  individual 
elm s know n to be infected w ith  C. ulm i w ere trea ted , 
and  during  the sum m er o f 1981 two field tria l areas 
w ere laid  dow n, one in  the west and  one in the east 
o f  the Island. These two areas a re  o f approxim ately  
210 acres (85 ha) and  120 acres (48 ha), and  90 per 
cent o f  all trees w ith in  them  w ere seeded w ith 
Trichoderma. In  1982 we used pellets n o t only o f 
Trichoderma bu t also o f  Scytalidium  w hich produces 
the an tib io tic  scytalid in  and  w hich is said  to  inh ib it 
o r  destroy  C. ulmi.

T he m ethod  o f seeding a  tree  is sim ple and  trees 
dow n to 2 inches (5 cm) d iam eter can  be trea ted . 
U sing a  2 inch (10 m m ) auger, a  hole is bored  to  the 
cen tre  o f  the tree and  thereafter, using a  battery- 
opera ted  hand  drill, holes a re  drilled in to  the 
cam bium  a t intervals o f  4 inches (10 cm) in a  spiral 
a round  the trunk . T he fungal pellets a re  in troduced  
in to  the holes using a  special app lica to r invented 
by the head  o f  ou r field team . E ach  hole is sealed 
w ith  bitum en. Seeding o f  the trees can only take 
place w hile the trees a re  do rm an t as the m ovem ent 
o f  the  sap breaks up  and  ejects the pellets before 
th e  hole can be sealed. T herefore  seeding m ust take 
place betw een N ovem ber and  M arch.

T he first th ree  elm s treated  w ere 40-50 feet 
(12-15 m) high w ith  d iam eter a t b reast heigh t o f 
18 inches (45 cm). They w ere m arked  as being 
infected in  July 1980 and  w ere trea ted  w ith  Tricho­
derma in  F eb ruary  1981. A t th a t tim e sta in ing  o f 
the  cam bial layer was observed a t the base o f  the 
trees and  sections o f the w ood w ere sent to  the 
F o res t R esearch S tation  a t A lice H o lt L odge w here 
the fungus was identified as the aggressive s tra in  o f 
C. ulmi. D u ring  the spring o f 1981 these trees cam e 
in to  leaf and  rem ained  so until leaf fall in the au tum n. 
T he leaves w ere o f a good co lour though  no ticeably  
sm aller th an  norm al and th is plus the absence o f
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leaves o n  branches th a t had  d ied  com pletely, left 
th e  trees w ith a  th in n e r crow n than  norm al. A  to tal 
o f  20 infected trees w ere trea ted  during  F eb ruary  
a n d  M arch  1981. T he trees described above were 
still living a  year later

I t  is in  m y op in ion  too  early  to  com e to any 
definite conclusion as to  the  effectiveness o f  Tricho­
derma  as an  agent to  com bat C. ulmi. H ow ever, it 
can  be said  th a t trees infected w ith  th e  disease in 
1980 an d  w hich in  o u r experience we should have 
expected to  find dead  soon  a fter th e  leaf flush in 
sp ring  1981, rem ained  alive th ro u g h o u t the sum m er 
o f  1981. W hether these trees will con tinue  living 
du ring  th e  spring  and  sum m er o f  1982 rem ains to 
be seen, bu t ou r in itia l results w ith Trichoderma gave 
us cause to  be optim istic .

W ith  the abandonm en t o f  the san ita tio n  felling 
in  m id-1982 it is expected th a t the num ber o f 
infected trees will rise  rap id ly  d u ring  the  next two 
years. T herefo re  the Jersey au tho rities considered 
th a t if possible an  alternative elm  d isease contro l tre a t­
m ent should  be offered to  the public and  th a t this 
should  be the use o f Trichoderma. H ow ever it was 
decided th a t indiv iduals w ishing to take advantage o f 
the trea tm en t for the ir elm  trees should p a y fo r its  cost. 
Two schem es a re  ru n  side by side. In  the first 
schem e team s from  the Public W orks D epartm en t 
seed trees a t  a  fixed charge per tree. T he second 
schem e is only open to  bona fide  grow ers w ho a re  
sold pellets a t cost and  instructed  in  the m ethod  o f 
seeding th e  trees.

Conclusion

F ro m  Jan u ary  1975 un til June  1982 the S tates o f 
Jersey carried  o u t an  Island-w ide san ita tion  felling 
cam paign  in  a n  a ttem p t to  contro l the spread o f 
D u tch  elm  disease. F ro m  M ay 1979 w hen respon­
sibility  fo r the cam paign was taken  over by the 
D ep artm en t o f Public B uilding and  W orks a highly 
efficient o p era tion  was m oun ted . T h is was possible 
because we w ere able to  look back and  learn  from

the successes and  failures o f  the previous five years, 
plus having the to ta l com m itm ent to  th e  opera tio n  
o f  the Supervisor o f the D u tch  elm  disease cam paign 
and  his th ree  F ield  Officers.

It is my op in ion  th a t th e  failu re  o f  the felling 
cam paign has been due to  th ree  factors:
1. O ur lack o f  success in convincing the populace 

and  in p a rticu la r the farm ing com m unity  o f  the 
necessity o f carry ing  on  a felling cam paign.

2. T he  failu re  o f  the au th o rities  a t the beginning 
o f  the cam paign  in  1974 to  grasp  the nettle  
firmly by the hand  and  place a  com plete  ban on 
unlicensed tree  felling th ro u g h o u t Jersey.

3. T he escalation  in  the dem and  fo r w ood as fuel. 
D u rin g  the past two years the m arket fo r firew ood

has increased greatly . T he use o f  chainsaw s has 
m ade felling trees and  converting  them  into logs so 
easy com pared  w ith  th e  previous m ethod  o f felling 
w ith axe and  saw th a t the  ra te  o f  tree felling can  be 
increased w ith  less physical effort than  previously 
was the case. In  ad d itio n  farm ers have learn t to 
recognise early  in fection  in the ir trees and  have been 
felling before o u r team s have been able to  m ark 
them . T he p ro duc tion  o f firew ood logs has also 
con tribu ted  to the increase in the beetle population . 
Logs sto red  in  subu rban  gardens furnish  breeding 
g rounds for the beetle and  the chance o f finding 
these logs is rem ote.

T he Trichoderma trea tm en t cam e to ou r notice 
a t a  tim e w hen we w ere beginning to  feel doub ts 
as to  the success o f san ita tion  felling in  Jersey. 
I f  we w ere to  have any chance o f  saving even a 
small p ro p o rtio n  o f the elm s in Jersey clearly some 
o th er m ethod  had  to be found . W e considered tha t 
trea tm en t w ith Trichoderma show ed the g reatest 
p rom ise and  so we chose it. Only tim e will tell 
w hether we have chosen  wisely o r not.

Editor's Note. It should be emphasised that treatment 
of elms with Trichoderma has not, at this stage, been 
investigated in controlled experimental field trials.
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Control of Dutch elm disease in Britain

B. J. W. GREIG and J. N. GIBBS
Forest Research Station, Alice H olt Lodge, W recdesham , Farnham, Surrey, GU10 4LH , U.K.

Introduction
D utch  elm  disease (D E D ) has had  a  devasta ting  
effect o n  the landscape o f so u th e rn  B rita in . T he last 
full F o restry  C om m ission survey in 1S78 indicated  
th a t 70 per cent o f the 23 m illion elm s over 6 m  tall 
had  been killed (G ibbs, 1979). By 1981 it was 
probab le  th a t ab o u t 20 m illion trees had  d ied, w ith 
only som e populations o f  the E ast A nglian sm oo th ­
leaved elm  Ulmus carpinifolia  and  C o rn ish  elm  
U. carpinifolia var cornubiensis surviving. In  m ost 
counties very few large elm s rem ain , a lthough  there 
is considerab le  regenera tion  o f young elm  suckers.

In  n o rth e rn  B rita in , w ith  an  estim ated  popu la tion  
o f  7 m illion  elms, disease developm ent has generally 
been m uch slower, a lthough  ra tes o f  sp read  in  som e 
cities and  ru ra l a reas have been sim ilar to those 
experienced in  the south .

Control in southern England
In  the early  1970s, a  num ber o f  local au th o ritie s  
sta rted  con tro l p rogram m es, but for various reasons 
m ost w ere abandoned  after a few years. T he only 
long-running cam paigns have been in B righ ton , 
H ove and  E ast Sussex. These contro l p rogram m es 
w ere sta rted  in 1971, so it is now possible to  review  
the results achieved in  the past decade. A lthough

the techniques have been refined over the years, 
the essentials o f  the p rogram m e rem ain  the sam e 
as w hen contro l was in troduced . T he th ree m ain  
elem ents a re : (a) san ita tio n  felling, (b) p revention 
o f ro o t g raft transm ission  and  (c) restric tion  of 
m ovem ent o f  elm  tim ber. Supplem entary  con tro l 
m easures include fungicide injection, and  the 
prun ing  o f diseased branches. T he results from  these 
contro l a reas will be considered separately as 
B righ ton  and  H ove p rov ide exam ples o f  concen­
tra ted  u rb a n  elm  populations, w hile E ast Sussex is 
largely a ru ra l a rea  w ith  a  m ore  scattered  elm 
popu la tion .

Brighton and Hove

T he to ta l elm  popu la tion  fo r B righ ton  and  H ove 
is a round  30,000 and  th is accounts fo r a h igh 
p ro p o rtio n  o f  the trees in  the tw o boroughs. In  
B righ ton  there a re  extensive p lantings o f English 
elm  Ulmus procera in the tow n cen tre  w hile the 
H ove parks a re  dom inated  by H un tin g d o n  elm  
U. x hollandica. In  bo th  tow ns m ost o f the  stree t 
trees a re  e ither W heatley elm  U. carpinifolia var 
sarniensis o r H un tin g d o n  elm. T he  losses th rough  
D u tch  elm  disease a re  given in  T able 1, fo r B righton 
from  1971 to  1981 and  fo r H ove from  1974.

Table 1. Dutch elm disease losses in Brighton and Hove

Year Brighton Hove

No. of 
trees

Percentage of
remaining
population

No. of 
trees

Percentage of
remaining
population

1971 17 0.08 _ _
1972 78 0.39 _ _
1973 90 0.45 - -
1974 28 0.14 34 0.34
1975 228 1.15 100 1.00
1976 121 0.61 100 1.01
1977 574 2.95 395 4.04
1978 266 1.41 416 4.43
1979 173 0.93 298 3.32
1980 253 1.37 310 3.58
1981 160 0.87 169 2.02
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T he losses p rio r to  1975 w ere low. F ro m  1975 
onw ards th ere  have been annual fluctuations, bu t 
ap a rt from  1977 no d ram atic  increase has occurred . 
T he 1977 figures w ere high, partly  because they 
include som e trees w hich w ere infected in 1976, 
bu t in  w hich th e  sym ptom s w ere m asked by the 
d ro u g h t o f th a t year. Since 1975 the m ean  annual 
loss for B righton has been 1.3 per cent o f  the 
rem ain ing  popu la tion  and  fo r H ove 2.7 per cent. 
D esp ite  a cum ulative loss o f 9.9 per cent in B righ ton  
and 18.2 per cen t in  H ove, m ost o f  the im p o rtan t 
am enity  p lan tings a re  still in tact. In  H ove, m any o f 
th e  losses have been in  sem i-w oodland a reas of 
E nglish elm  on  the w estern b oundaries  o f the tow n. 
T he loss o f these elm s is only o f  m in o r consequence, 
fo r they were in  difficult a reas fo r disease contro l and 
w ere always a  reservo ir o f  infection th rea ten ing  the 
elm s in  the tow n  centre.

T he con tro l cam paign centres o n  the p ro m p t 
felling and  destruc tion  o f diseased trees. Felling is 
ca rried  ou t by specialist tree  gangs o f the P arks 
D epartm en ts and  m ost diseased trees a re  now  
felled w ith in  a  few days o f  being rep o rted . All 
p rivate  trees a re  felled free o f  charge. In  ad d itio n  
financial assistance is given to  p rivate  ow ners in  a  
th ree  m ile buffer zone on  th e  w estern boundary  of 
H ove. T he w hole felled tree is b u rn t; none is sold 
fo r tim ber o r firew ood. In  ad d itio n , stum ps are 
d ebarked  dow n to g round  level.

In  recent years ro o t g raft transm ission  o f  the 
disease has been a m a jo r problem , accounting for 
a  large p ro p o rtio n  o f the losses. Som e a ttem p t has 
been m ade  to  reduce th is by trenching  o r in jection  
w ith  m etham  sodium .

M ovem ent o f  elm  tim ber in to  the  a rea  is p ro ­
h ib ited  as B righ ton  and  H ove, together w ith parts  
o f the A dur D istric t to  the west, a re  covered by the 
D u tch  Elm  D isease (R estric tion  on the M ovem ent 
o f  Elm ) O rder 1978. Large w arning signs have been 
placed a t the ro ad sid e  on  the boundary  o f the 
contro l zone. C ontinu ing  problem s have been 
created  by the in troduction  o f  firew ood from  
diseased elm s felled in  W est Sussex. F igure 1 
illustrates the spread o f D E D  am ong stree t trees 
in H ove in  1979. Tw enty-eight trees w ere infected 
from  beetles em erging from  a  single stack  o f elm  
logs. T h is one instance accounted fo r 16 per cent 
o f  the trees killed by th e  disease in  the tow n in th a t 
year. Publicity  to th is m a tte r has been given in the 
local press and  on  rad io . In  1982 th ere  is to  be a 
‘Log A m nesty’, in  w hich the local au tho rities  offer 
to  replace elm  logs w ith suitable alternatives such 
as oak  o r beech.

T he prun ing  ou t o f diseased branches has often 
been successful, especially w hen restric ted  to  trees 
show ing only the early  sym ptom s o f the disease.

^  S ite  of in fec ted  a D iseased  elm s

Figure I. Spread of Dutch elm disease from an 
infected stack of elm logs in Hove, 1979.

In  m ost years som e 30 trees have been saved by 
early  pruning.

P rotective and  curative fungicide in jection  w ith 
L ignasan has been carried  ou t in  B righ ton  for 
several years w ith  variable success. Since 1977 the 
F orestry  C om m ission has conducted  m ost o f  its 
fungicide injection trials in H ove and  the neigh­
bouring  tow n o f S horeham  in the A dur D istric t. 
In  an  experim ent w ith L ignasan (carbenadzim  
hydrochloride) 100 trees w ere protectively injected 
annually  from  1977 to  1981. In  Shoreham , w here 
diseased elm s have no t always been felled prom ptly , 
over h a lf the injected trees d ied  w ith in  the five-year 
period  and  82 per cent o f  non-trea ted  trees becam e 
diseased. In  H ove, w here p rom p t san ita tion  felling 
has been carried  ou t only tw o contro l trees and 
one injected tree d ied  betw een 1978 and 1981. These
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results, illustra ted  in  F igure 2, show  th a t L ignasan 
is n o t effective w here con tro l program m es a re  lax 
and  is unnecessary in  a reas w hich have a really 
effective san ita tio n  con tro l program m e.

M ore encourag ing  results have been  ob ta ined  w ith  
curative injections o f C era to tec t, con ta in ing  th ia-

Figure 2. Results from Lignasan protective injections 
in Shoreham and Hove from 1977-1981.

bendazole (TBZ) hypophosph ite . Som e results from  
experim ents in  H ove a re  show n in  T able 2 (from  
G reig  and  Coxwell, 1983). O f 29 trees injected 
betw een 1978 an d  1980, 24 (82.7 per cent) have 
recovered, fou r a re  still diseased (in  1982) and  one 
has d ied , w hereas 90 per cent o f contro l trees were 
killed.

T he ‘recovered’ trees rem ained  healthy  in  sub­
sequent years an d  by 1981, vigorous new  grow th 
had virtually  obscured the orig inal diseased branches. 
These results show  th a t trees can be cu red  o f  D E D  
by C erato tec t, p rov id ing  th a t trea tm en t is carried  
ou t in  the early  stages o f  infection . C era to tec t will 
n o t p revent ro o t g raft transm issions o r carry-over 
infections from  the previous season.

Bio-assays from  twigs collected a t various intervals, 
show ed th a t the fungicide was present in  a  high p ro ­
p o rtio n  o f  the sam ples d u ring  the sum m er and  
au tu m n  follow ing injection, and  was well d is tribu ted  
th ro u g h o u t the crow n. Fungicide was present in 
ab o u t h a lf the sam ples du ring  the follow ing season, 
bu t little activ ity  rem ained  a fter tw o years. Some 
foliage phyto tox icity  occurred  in  certa in  years, 
especially on  po llarded  W heatley and  H un tingdon  
elms, bu t generally the trees regained  full foliage 
th e  next year.

A  volun tary  organ isa tion , “ Save-the-Elm s C am ­
paign” has played a m ajor p a r t in  a lerting  the public 
to  the  im portance  o f the local elm  popu la tion , by 
m ounting  exhibitions and publicity  drives. V olun­
teers have also been active in  surveys fo r diseased 
trees and  in early  years carried  ou t m uch o f the 
felling o f privately ow ned trees.

T o co -o rd inate  policy betw een the local au tho rities 
involved, regular m eetings are  held w ith  rep resen­
tatives from  B righ ton  B orough C ouncil, H ove 
B orough C ouncil, E ast Sussex C ounty  C ouncil, 
W est Sussex C ounty  C ouncil, A du r D istric t C ouncil, 
“ Save-the-Elm s C am paign” and  th e  F o restry  
C om m ission.

T he annual costs o f D u tch  elm  disease con tro l 
a re  curren tly  a ro u n d  £10,000 fo r each B orough. 
I f  contro l was abandoned , it is estim ated  th a t the 
to tal cost o f  felling and  rem oving th e  elm s in  
B righton and  H ove w ould be in  the o rd e r  o f 
£1,500,000.

East Sussex

T he aggressive stra in  o f Ceratocystis ulm i was first 
confirm ed in E ast Sussex in 1971 and  the C ounty  
C ouncil im m ediately began a  con tro l cam paign. 
A pproxim ately  one th ird  o f the C ounty  was desig­
nated  a  D E D  contro l area. W ith in  this a rea  it was 
estim ated  there  was a  popu la tion  o f  80,000 pre­
dom inately  English elms. M ost o f these elms 
occurred  in  farm land  and  a round  villages, a lthough
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Table 2. Results from thiabendazole hypophosphite injection trials 1978-80

Year Total No. of 
trees injected

No. of trees
which
recovered

No. of trees
remaining
diseased

No. of trees 
which 
have died

1978 4 4 0 0
1979 11 8 2 1
1980 14 12 2 0

Totals 29 24 4 1

Proportion of 
overall total

82.7% 13.8% 3-5%

6,000 u rb an  elm s w ere p resen t in E astbourne. 
M ost o f  these elm s w ere in  p riva te  ow nership  and 
th e  C oun ty  C ountil agreed to  p rov ide  sufficient 
funds to  fell and  rem ove all diseased elm s a t no cost 
to  the ow ners. R evenue from  the sale o f  tim ber 
w ould be offset against the C ounty  C ouncil costs.

F ro m  1976 to  1979, the C oun tryside  C om m ission 
supported  the  contro l program m e by giving a g ran t 
to  cover h a lf the  annual costs o f  the cam paign. 
T he C oun tryside  C om m ission g ran t was w ithdraw n

in 1980 due to  financial cut-backs. As th e  C ounty  
C ouncil was unable to  p rov ide  funds for the en tire  
p rogram m e, the  con tro l zone w as reduced  in  area. 
T he new  inner contro l zone covered the m ain 
concen tra tion  o f  elm s in  th e  h ea rt o f  the a rea  and 
included the C uckm ere Valley and  E astbourne. 
T he  new  contro l zone was slightly less th an  h a lf  o f 
the old a rea  (see F igure 3). T able 3 show s the 
annual losses fo r the  new inner zone from  1971 
to -date .

Figure 3. Map of East Sussex showing control zones.
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Table 3. Number of diseased elms felled in sanitation 
control programmes in East Sussex inner control zone

Year DED losses

1971 46
1972 339
1973 385
1974 680
1975 1746
1976 1009
1977 1742
1978 2507
1979 3283
1980 2721
1981 1844

16302

T here  a re  no firm  figures for the num ber o f  elms 
in the inner con tro l zone. E stim ates suggest th a t 
a round  40 to  50 per cen t o f the po p u la tio n  has been 
killed. D esp ite  these high losses, the im pact o n  the 
landscape has n o t been g rea t and  m any im p o rtan t 
scenic features rem ain . U ndoubted ly  there  has been 
considerable recru itm en t o f young elm s in to  the 
popu la tion  over the past ten  years, w hich to  som e 
extent com pensates fo r th e  trees killed by D E D .

T he program m e is contro lled  by a full-tim e 
D E D  supervisor, plus th ree field officers from  A pril 
to  N ovem ber, w ho have a rea  responsibilities. All 
felling is carried  ou t by approved con trac to rs and 
the tim ber is sold by tender. T he cost o f the p ro g ­
ram m e for 1981/82 was £77,000 and  the incom e 
from  sale o f tim ber £12,500.

T here  has been a  m ajo r rep lan ting  program m e 
com plem entary  to  the san ita tio n  felling and  up  to
10,000 trees o f various genera have been planted  
annually  in  the contro l a rea  for the past six years.

Control in northern Britain

N o com prehensive area-related  survey o f the elm  
popu la tion  o r o f the level o f disease has ever been 
carried  ou t in this p a rt o f the country . Scattered  
surveys in  parts  o f n o rth e rn  England and  Scotland 
in  w hich elms w ere particu larly  com m on, show ed 
elm  densities o f a round  100 trees per k m 2 (G ibbs 
and  H owell, 1974; R edfern , 1977). F rom  these 
d a ta  a very tentative figure o f  seven m illion elms 
over 6 m in height can be suggested fo r n o rth e rn  
B ritain .

W hen the aggressive s tra in  was first recorded in  
no rthern  B ritain , it was suggested th a t various 
factors m ight be expected to reduce the ra te  o f 
disease developm ent in th is area. These included 
the generally sm aller elm  popu la tion  and  the

p reponderance  o f  wych and  W heatley elm  (G ibbs 
and  H ow ell, 1974; R edfern , 1977). A tten tion  was 
d raw n  to the possible effects o f  the generally  coo ler 
c lim ate o f  n o rth e rn  B rita in  on th e  activ ity  o f  the 
elm  bark  beetles. M uch valuable research  on this 
top ic  has now  been carried  ou t and  form s the subject 
o f  a separa te  p resen ta tion  to  th is m eeting  (K irby, 
1983).

R ecently  considerab le  in terest has been  aroused  
by th e  d iscovery th a t if  the inner b a rk  o f a  dying 
elm  is colonised by the fungus Phomopsis oblonga 
then  breeding by bark  beetles is p revented  (W ebber, 
1981). I t  appears th a t P. oblonga is m ore  likely to  
exert an  effect in n o rth e rn  B rita in  than  it d id  in the 
sou th  (W ebber and  G ibbs, 1983).

D a ta  have been ob ta ined  fo r the years since 1977 
from  a  num ber o f  plots con ta in ing  individually  
m arked  trees, and  they show  th a t ra tes  o f disease 
developm ent have generally been slow er in  n o rth e rn  
B rita in  th an  fu rth e r sou th . In  1977 six 1 k m 2 plots 
w ere established in Scotland. T he aggressive stra in  
o f C. ulm i was present in all o f  the plots, and  there  
w ere no co-o rd inated  con tro l efforts. C um ulative 
losses th rough  disease increased only from  1 per 
cent in  1977 to  3 per cent in 1980. These losses w ere 
very small com pared  w ith the loss o f trees by o th er 
causes, such as hedge clearance. N o t all the  p lo ts in  
n o rth e rn  B rita in  tell the  sam e story  how ever. In  one 
ru ra l p lo t in  north-w est E ngland, the cum ulative 
loss increased  from  2 per cent in  1977 to  65 per cent 
in  1980, and  even in som e u rb an  plots w here a 
reasonable  a ttem p t a t san ita tion  felling has been 
m ade, losses increased during  the sam e period  from  
less th an  1 per cent to over 20 per cent.

Northern counties o f  England

A  num ber o f local au tho rities in  n o rth e rn  E ngland 
began contro l program m es in  the mid-1970s. 
In  1976 a  N o rth e rn  C ounties W orking  G ro u p  on 
D E D  was established to  co -o rd inate  the  contro l 
m easures in  the area. T he G ro u p  produced  a  C ode 
o f P ractice for local au tho rities to  assist th e  m anage­
m ent o f contro l p rogram m es. Som e schem es w ere 
supported  by C ountryside C om m ission grants, bu t 
this suppo rt was w ithdraw n  in 1979. A fter a  few 
years m ost au thorities abandoned  th e ir p rogram m es 
due to  financial difficulties, usually w hen the num ber 
o f diseased trees increased from  a  few hund red  to 
several thousand . By 1982 only W est Y orksh ire , 
T yne and  W ear and  a  few tow ns and  cities still 
continued w ith  active san ita tion  program m es.

In  cities such as M anchester and  Liverpool m ost 
o f the elm s have now died  and disease spread w ith in  
these u rban  popu la tions has been as rap id  as th a t 
in the south . In  M erseyside th e  aggressive stra in  
was first recorded  in 1973 and  a survey in  1974
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estim ated  th a t the re  w ere a ro u n d  18,600 highw ay 
elm s in  th e  county  (M arshall and  D aw kins, 1981). 
D u tch  elm  disease becam e a  m ajo r p rob lem  in  1974 
and  a  p rog ram m e w as im plem ented to  rem ove 
d iseased elm s to  ensure public  safety. N o  funds w ere 
m ade  available to  fell privately  ow ned elm s. T he 
disease sp read  rap id ly  from  1976 onw ards. I t  proved  
no t to  be possible to com plete  the annual felling 
p rogram m e and  m any diseased  trees w ere left 
stand ing  fo r well over a  year, w ith  d isastrous 
consequences. T ab le  4 show s th e  num bers o f  trees 
felled annually  an d  expend itu re  on  D E D  from  
1975/76.

Table 4. Elm tree losses and expenditure due to the 
incidence of Dutch elm disease on Merseyside (from 
Marshall and Dawkins, 1981)

Year DED
expenditure
£

Number 
of trees 
felled

1975/76 40,000 (estimate) 600 (estimate)
1976/77 50,000 (estimate) 860 (estimate)
1977/78 150,000 2,100
1978/79 167,000 2,700
1979/80 216,000 2,400
1980/81 216,000 (estimate) 2,100 (estimate)
1981/82 250,000 (estimate) 2,000 (estimate)

Total £1,089,000 12,760

By the end  o f  1982 it is estim ated  th a t less th an
6,000 elm s will rem ain  and  m ost will p robab ly  be 
dead  by 1985. T o ta l expend itu re  by 1982 will have 
exceeded £1 m illion and  the final cost will be in the 
o rd e r o f  £1.75 to  £2.00 m illion.

T he m ajo rity  o f  the M erseyside elm s could have 
been saved by an  effective san ita tio n  felling p rog ­
ram m e, based on the  B righton and  H ove m odel. 
T he costs o f  such a  p rogram m e w ould have probab ly  
been betw een £100,000 and  £150,000, instead o f  the 
£1 m illion  incurred  to-date .

In  con trast to  M erseyside, reasonably  successful 
cam paigns have been conducted  in  W est Y orkshire. 
Local au th o rity  trees a re  in  general p rom ptly  
rem oved and  100 per cent felling g ran ts a re  now  
given to  p rivate  ow ners. By follow ing th e  recom ­
m ended C ode o f P ractice, annual losses in  highw ay 
trees have been kep t to  u n d er 3 per cent a t a  cost o f 
only £23,000 fo r the past 6 years. A  sim ilarly  
successful cam paign has also been carried  ou t in 
Tyne and  W ear. T able 5 show s the annual losses 
for W est Y orkshire.

Scotland
T he first reco rd  o f  the aggressive stra in  o f  C. ulm i 
in Scotland was from  G lasgow  in 1975 (R edfern , 
1977). T he h o t sum m ers o f 1975 and  1976 w ere very

favourab le  fo r bark  beetle  developm ent and  the 
disease quickly  becam e w idespread in th e  eastern  
p a r t  o f the  C en tra l L ow lands (R edfern , 1977). 
By 1981, D E D  was presen t in  m o s t low land ru ra l 
areas , bu t was n o t significant n o rth  o f Tayside. 
T he m ost n o rtherly  reco rd  o f the aggressive stra in  
is from  K ingussie in  the H ighland  R egion.

Table 5. Elm tree losses in West Yorkshire due to Dutch 
elm disease

Year D ED losses

1975 138
1976 402
1977 1200
1978 3300
1979 2000
1980 1  acnn
1981 } 4500

Selective contro l m ainly  in u rb an  areas is practised 
in  m ost regions w here the disease is present, bu t 
a ttem pts a t con tro l have largely been ab andoned  in 
the B orders and  D um fries and  G allow ay Regions. 
Im p o rtan t popu la tions o f  elm s occur in several 
Scottish  tow ns and  cities. F o r  exam ple, there  are  
a ro u n d  26,000 elm s in E d inburgh  and  an  effective 
san ita tio n  felling program m e has restric ted  total 
losses to  a round  5 per cent since 1976. T able 6 
shows the disease figures fo r G lasgow , D undee and 
E d inburgh .

Table 6. Dutch elm disease losses in three Scottish cities

Year Number of trees killed by DED

Glasgow Dundee Edinburgh

1975 32 _ _
1976 10 33 -
1977 18 33 123
1978 22 53 326
1979 31 31 233
1980 100 35 298
1981 80-100 36 435

The overall situation in 1982

M ost o f the elm  popu la tions o f  sou thern  England 
w ere engulfed by the D E D  epidem ic o f the 1970s 
and  only th ree a reas have m anaged to  con tinue w ith 
long-running contro l cam paigns. In  the n o rth  
M idlands and n o rth e rn  England w here there  were 
b e tte r chances o f con tro l th an  in the sou th , only a 
few au tho rities  still continue w ith contro l m easures. 
In  Scotland, w here th ere  a re  fewer defendable 
populations o f elms, several local au thorities have 
continued  w ith  active con tro l cam paigns.
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Dutch elm disease control in the Netherlands

J. K. WATER  
D utch P lant Protection Service, Wageningen, The Netherlands

PAPER 4

A fter the serious epidem ic in the 1930s w hen huge 
losses o f  elm  occurred , D u tch  elm  disease (D E D ) 
alm ost d isappeared  from  th e  N etherlands in  the 
1950s. F ro m  th a t tim e th e  p lan ting  o f  new  elm 
clones, o f  field elm s and  la te r o f disease resistan t 
clones, w as un d ertak en . In  1972 the aggressive 
stra in  o f  Ceratocystis ulm i was found  fo r the first 
tim e in  H olland . A fter five years th is s tra in  was 
isolated from  sam ples from  all parts  o f the coun try ; 
a  new epidem ic o f  the disease had  been confirm ed.

In  th e  years before 1978 there  w ere sm all san ita ­
tion  cam paigns in  som e infected areas. A fter 1976 
it was clear th a t the d isease had  becom e a  serious 
problem . Im pressed by th e  enorm ous im pact o f  the 
disease in  so u thern  England the governm ent 
sta rted  a san ita tion  cam paign th ro u g h o u t H olland . 
T here  was a  fa ir chance o f  success, as th a t country  
is geographically  iso lated  by the sea to  the n o rth  
and  w est, and  by th e  fact th a t there  a re  no t so m any 
elm s in  the n o rth e rn  p a r t o f G erm any and  in 
Belgium . T he objective was to  slow dow n the 
epidem ic in  th e  diseased areas, and  to  p revent an  
epidem ic developing in the areas w ith less disease.

T he  cam paign was based on  a  D E D  A ct o f  the 
P lan t P ro tec tion  Law  by w hich all w ilted and  dead 
elms and  also elm  logs m ust be destroyed  o r de­
barked . In  o rd e r to  o b ta in  the help o f the public 
and  to  speed up the rem oval o f trees ow ned privately, 
100 per cent financial su p p o rt was prov ided  by the 
governm ent. T he o rgan isa tion  was in the hands of 
th e  P lan t P ro tec tion  Service (PD ) and  the S tate 
F o res try  Service (SBB). T he P D  m arked  the position  
o f  all elm s ou tside tow ns on  m aps (1 : 10,000) and 
tw ice a year P D  officers m ade  a  health  assessm ent 
o f those trees. U rb an  au th o rities  w ere responsible 
for elm s in the ir area . T he SBB ob ta ined  in fo rm ation  
on  w ilted o r  dead  trees and  they rem oved them  as 
quickly as possible.

T his schem e sta rted  in  1978 on  a  large scale 
th ro u g h o u t the country . T he goal was to  rem ove 
a  tree w ith in  a  m on th  o f  it being m arked  by a  PD  
officer. B ut th a t was n o t easy to  achieve in  the 
beginning. T here  was a  lot o f  adm in is tra tion , and 
there  w ere no t enough  felling gangs in the sum m er

period . In  1979 and  1980 it was done faster and 
there  w ere m ore officers to  inspect the felling and 
to  ensure p ro p e r debark ing . A fter fou r years there 
is now  a good w orking organisation .

T he results a re  presen ted  in  the table. T he num ber 
o f  trees felled in  tow ns is om itted  from  this table. 
In  to ta l, ab o u t 15-20 per cent o f  ou r elm s have been 
lost. T he average loss is h ighest in  the size category 
> 40 cm d iam ete r a t b reast height.

Dutch elm disease control campaign in the Netherlands

Campaign
year

Number of 
felled trees 
with subsidy

Subsidy 
costs 
x F 1000

Diseased trees 
(%  total elm 
population)

>1978 7 5,997 7
1978 168,000 9,065 13.4
1979 149,000 7,850 3.4
1980 139,000 7,805 3
1981 78,400 4,715 2

580,000 (approx) 35,432

F =  Dutch florins.

In  the cam paign  th ere  w ere m any regional 
com parisons w hich show ed th a t the basis o f the 
cam paign was effective. In  regions w here we started  
la ter and  w orked  less efficiently m any m ore  trees 
w ere rem oved and  the decrease in disease occurred  
la ter th a n  in regions w here the cam paign was m ore 
efficient and  s ta rted  earlier. I t  is now  possible to 
analyse the basic  elem ents fo r a successful san ita tio n  
cam paign. T hese include:

100 per cent subsidy on  the felling costs, including 
trees from  u rb an  areas.
O ne o rgan isa tion  to  be responsible for contro l 
(and for th e  law).
A  D E D  law fo r the rem oval o f  all w ilted and 
dead  elms.
S tric t inspection  o f  the felling place to  prevent 
the re ten tion  o f logs w ith  b ark  for use as firew ood. 
A fter four years (1982) it seems th a t the cam paign 

is successful and  the governm ent has been advised
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to  con tinue  in  the sam e m anner. In  ou r op in ion  
there a re  no good a lternatives available. I f  san ita tion  
is stopped  we will lose m ost o f o u r elm  in a  sh o rt 
period . T he rem oval o f dead  trees fo r safety reasons, 
and  also the rep lan ting  program m es, will cost large 
sum s o f  m oney. T he a lternative  o f low ering the costs 
by reducing the subsidy fo r elm s u n d er private  
ow nership  is n o t likely to  be so effective as ind iv i­
duals will be less co-operative. A no ther a lternative 
is to run  the cam paign  only in  the w estern counties 
w here the elm  is m ost im p o rtan t. B ut th is is also 
no t so efficient because a lo t o f  firew ood w ith  bark  
can  be tran sp o rted  by p riva te  persons from  the

area  w ithou t a san ita tio n  cam paign in to  the contro l 
zone.

U n til now  the cam paign has been based only on 
san ita tion  and  was n o t supported  by o th e r m ethods, 
such as trap  trees o r fungicide in jection  program m es. 
H ow ever the P lan t P ro tec tion  Service is now  also 
involved in  small trials w ith  the trap  tree  technique, 
fungicide injections, and  beetle flight observations 
w ith  pherom one traps th ro u g h o u t the w hole 
country . In  the fu tu re  there  is the possibility  o f 
using a technique o f biological con tro l w ith bacte ria  
and  o f in troducing  new  elm  clones from  the 
resistance breeding program m e.
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Dutch elm disease in Denmark

A. YD E-A N D ER SEN  
The Danish P lant H ealth Board

D enm ark

T he a rea  o f D en m ark  is ab o u t 43,000 k m 2, i.e. twice 
the size o f  W ales and  th e  sam e size as T he N e th e r­
lands. D en m ark  is su rrounded  by th e  sea except to 
the sou th  w here the boundary  line betw een D enm ark  
and  the G erm an  F edera l R epublic is ab o u t 60 km. 
T he d istance betw een the G erm an  n o rth  coast and 
the D an ish  sou th  coast varies from  1 to  60 km.

T he tem pera tu res in  the spring  and  early  sum m er 
are  the follow ing in D en m ark :

Month Mean Average maximum
temperature temperature
°C °C

May 11.0 c.14.0
June 14.5 c.17.5
July 16.6 c.19.5

The D anish elms

T here a re  tw o indigenous species: Ulmus glabra  
H uds. (wych elm ), by fa r the m ost com m on elm  
in D enm ark , and  U. laevis Pall. (E u ropean  w hite 
elm), w hich is found  only in  a  few localities. A m ong 
the in troduced  species, U. carpinifolia G leditch 
(E uropean  field elm ) is m ost com m on; o th e r elm 
species a re  rare .

In  the forests the elm  has been considered  a weed 
for the last two cen turies and  consequently  has been 
cut dow n a t an  early  stage w hen found . T oday  it 
usually can be found  only in the fringes o f  the forests 
and  in  neglected forests. In  the ru ra l a reas the elm  
is found , e ith e r alone o r m ore com m only in m ixture 
w ith  o th e r broad leaved  trees, a ro u n d  60 per cent 
o f all farm steads and  houses standing  in  th e ir own 
grounds. T he elm  is frequently  p lanted  in  shelter- 
belts and  often  used as a  roadside  tree ; in som e 
countries nearly  50 per cent o f  the roadside trees 
are  elms. In  th e  tow ns, the elm  is p lanted  in  parks 
and  along streets; thus, in the m unicipality  o f 
C openhagen  ab o u t 25 per cent o f the p a rk  and 
ro ad sid e  trees a re  elms.

The elm b ark  beetles

Scolytus scolytus F . and  S . m ultistriatus M arsh , 
have only been found  in a few localities, w hereas 
S. laevis C hap. has been found all over the country  
(see F igures 1 and  2).

Figure 1. Occurrence of Scolytus scolytus F. in 
Denmark (After Esbjerg and Beyer, 1979)
■  Up to 1976 •  1977 -  1978

Figure 2. Occurrence of Scolytus laevis Chap. in 
Denmark (After Esbjerg and Bejer, 1979)
▼ Up to 1970 ■  1971 -1976  •  1977 -1978
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D utch elm disease

Past and present

A part from  a single ou tb reak  n ear C openhagen  in 
1955 D utch  elm  disease had  n o t been observed in 
D enm ark  before 1978, bu t d isco loura tion  o f  the 
xylem ind icating  a ttacks o f Ceratocystis ulm i 
(Buism.) M oreau  has been observed in  annual rings 
form ed in 1968 and  afterw ards. H ow ever it has no t 
been possible to  isolate the  fungus from  the annual 
rings m entioned.

F ro m  1978 till the  end o f 1981 scattered  a ttacks 
have been observed in  alm ost all counties. In  all 
the  cases investigated th e  a ttack  was m ade by an  
aggressive stra in  o f  the  fungus, bu t irrespective o f 
th is the disease m ay show  acu te  o r ch ron ic  sym p­
tom s. W hen infected th rough  ro o t grafts, the  
infected elm  as a  ru le dies in  the course o f one 
grow ing season; w hen infected by th e  action  o f 
elm  bark  beetles, the course m ay be the sam e, bu t 
som etim es elm s infected in  th is  way m ay, a lthough  
enfeebled, survive a t least 3 years.

T he first severe infections appeared  in  ab o u t 1978, 
and  the long-distance spread from  the first infected 
elm s has been o f  extrem ely lim ited  extent. T he local 
spread, m ainly th rough  ro o t g rafts betw een neigh­
b ouring  elm s has, on  th e  o th e r han d , in  som e places 
been extensive.

T he fact th a t all the  first infections occurred  ab o u t 
1978 an d  w ere caused by an  aggressive stra in  o f 
C. ulmi, com bined w ith the geographical position  
o f  the in fection  centres (see F igures 3 and  4) and  
the p roh ib ition  against im porta tion  o f unbarked  
elm  w ood w hich has been in  force since 1956, 
suggests th a t D u tch  elm  disease was b rough t to  
D en m ark  from  the sou th  by im m igration  o f  disease- 
carry ing  elm  b a rk  beetles.

The fu ture

T here  will be a  perm anent risk  o f  the  im m igration  
o f  disease-carrying elm b a rk  beetles from  the south  
in years w ith  a  clim ate favouring the flight o f  the 
beetles. T his im m igration  m ay cause scattered  
ou tb reaks o f D u tch  elm  disease sim ilar to  those 
a t present.

T he slow long-distance spread o f the disease in 
D enm ark  canno t be explained as a consequence o f 
long d istance betw een the  elm s, o r o f  resistance in

th e  m ost com m on elm , wych elm , b u t one o f the 
follow ing circum stances m igh t p rov ide  som e 
exp lana tion :
1. T he disease ou tb reak  is only in its early  stages 

and  in  a  few years the s itua tion  m ay be sim ilar 
to  th a t presently  occurring  in, fo r exam ple, the 
sou thern  p a r t o f  E ngland.

2. T he slow sp read  will con tinue  in  the fu ture  as a  
consequence o f :
either
S . laevis being a m uch less efficient vector th an  
S. scolytus and  S . m ultistriatus. N o  evidence 
exists so far to  suppo rt this assum ption ; 
or
th e  no t in frequen t occurrence o f  Phomopsis 
oblonga (D esm .) T rav. in  the b a rk  and  w ood o f 
wych elm s affected by D u tch  elm  disease, w hich 
m akes these elm s less suitable as b reeding places 
for elm  b a rk  beetles; 
or
the  frequent occurrence o f  Pseudomonas fluor- 
escens (T revisan) M igula in  th e  xylem o f  wych 
elm , a  bacte ria  w hich seem s to  inh ib it o r prevent 
the g row th  o f C. ulmi.

Conclusion

P lan t diseases o th er th an  D utch  elm  disease and  o f 
a  h igher econom ic im portance  to  agriculture, 
h o rticu ltu re  and  forestry  a re  found  in  D en m ark  and 
from  an  environm ental po in t o f view the elm  is no t 
an  indispensable a lbeit valuable tree. C onsequently  
the M inistry  o f A griculture decided to  absta in  from  
the in troduction  o f special legislation on  D u tch  elm 
disease, involving expenditu re  for the public as well 
as fo r th e  private  sector. C onsequently  th ere  is no 
com pulsory contro l, w ith  the exception o f  the 
p roh ib ition  against th e  im porta tion  o f  unbarked  
elm w ood.

W ith  the aim  o f delaying the spread  o f  the disease, 
thus gain ing tim e fo r a p lanned rep lacem ent o f 
the elms w ith  o th er broadleaved species, san itary  
fellings a re  recom m ended.

W ith  the aim  o f  avoiding fu tu re  d isasters it is 
fu rtherm ore  recom m ended to  cu t elm s in  mixed 
stands w hen necessary th innings a re  undertaken  
and  to  desist from  new p lan ting  o f  elms.
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D UTCH ELM DISEASE IN  D EN M A RK

Figure 3 Occurrence of elm bark beetles in Denmark in 1981 (After Harding and Ravn, 1982)
A  ■!>■ scolytus at localities with Dutch elm disease A S. scolytus at localities without Dutch elm disease
•  S. laevis at localities with Dutch elm disease O S. laevis at localities without Dutch elm disease

S. multistriatus at localities with Dutch elm disease
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PAPER 6

Evaluation of the trap tree technique for the control of 
Dutch elm disease in northwest England

D . P. O’CALLAGHAN and C. P. FAIRHURST
D epartm ent o f  Biology, University o f  Salford, Salford, M 5  4 W T , U.K.

Introduction
D u tch  elm  disease (D E D ) has decim ated  the elm 
populations o f  E u ro p e  and  N o rth  A m erica in  recent 
years. T he disease organism , Ceratocystis ulmi 
(B uism an) C. M oreau , is spread from  tree to  tree  
by b a rk  beetles (C o leop te ra ; Scolytidae). In  B rita in  
tw o species have been show n to be involved, 
Scolytus scolytus (F .) and  Scolytus m ultistriatus 
(M arsham ), th e  large and  sm all elm  b a rk  beetles 
respectively (G ibbs e t a!., 1977). M ore recently 
an o th e r species, Scolytus laevis (C hapuis), has been 
reported  from  n o rth e rn  B rita in  (A tkins et at., 1981). 
This species has been repo rted  as a  vector o f  D E D  
in S candanavia  (L ekander e t al., 1977; G ibbs, 1978).

Because the disease is vectored by bark  beetles, 
it can  be held  a t to lerable levels by tim ely rem oval 
and  destruction  o f  diseased elms th a t serve as beetle 
breeding sites and  reservoirs o f disease (G ibbs, 1978; 
Sinclair, 1978). T his process is generally know n as 
san ita tio n  felling and  form s the backbone o f  any 
D E D  con tro l program m e. It has been used w ith 
success by a num ber o f  com m unities in the U SA  
(M iller et al., 1969) and  in B rita in  (G reig and  G ibbs, 
1983 this volum e and  R iley, 1983 this volum e).

R ecent w ork  a t the S tate  U niversity  o f N ew  Y ork 
has led to  the developm ent o f  the trap-tree technique 
to  augm ent and  enhance san ita tio n  procedures 
(O ’C allaghan et a!., 1978). Briefly, th is technique 
involves the killing o f  elm s w ith the arboric ide  
cacodylic acid  and  baiting  them  w ith pherom one 
to  induce m ass a ttack  by S . m ultistriatus w hose 
b rood  fails to  develop w ith in  the trea ted  trees 
(O ’C allaghan et a!., 1980). T hus diseased elms, 
usually liabilities to  D E D  contro l p rogram m es, can 
be tu rned  in to  assets capable  o f  abso rb ing  large 
num bers o f  beetles and  preventing the ir reproduction . 
T his paper describes th e  background to the technique 
and experim ents to  test the applications o f  th is 
technique to  the s itua tion  in  no rthw est B ritain.

M ateria ls and methods
S tudy areas
Two sites in  M erseyside C ounty  were selected for the 
tr ia ls ; (A) the so u th e rn  p a rt o f  the C ity o f L iverpool

and  (B) the tow n o f  S o u thpo rt in the M etropolitan  
B orough o f  Sefton, 26 km n o rth  o f  L iverpool 
(F igure 1). E ach site encom passed abou t 6.5 k m 2 
and  was div ided in to  approxim ately  equal treatm ent 
and  check a reas separa ted  by a  buffer zone about
0.8 km  w ide. T he two areas jo in tly  contained  about
3,000 elm s o f  w hich 1,200 w ere diseased o r dead at 
the beginning o f 1980.

Tree treatm ent

In  1980 diseased elm s, (m ore th an  30 per cent o f the 
crow ns w ilting), w ere trea ted  w ith  cacodylic acid 
(R A D -E -C A T E  35<R1)*, and  in  1981 w ith e ither 
cacodylic acid  o r m onosodium  m ethanarsonate  
(SILV ISA R  550<R)t o r V IC H E M  120 S1LV ICID E 
(R))*. T he chem icals, d ilu ted  o r undilu ted , were 
applied  by pressure in jection  in to  the bole, o r 
topically to  axe-frills a t w aist level (1 m). N o  frills 
w ere used during  1981. N o  a ttem p t was m ade to  
quantify  the am oun t o f  chem ical applied , bu t the 
frills w ere filled tw ice to  the po in t o f run-off. 
Between 1,000 and  2,500 ml o f chem ical were 
applied to  each tree by pressure injection.

O ne hundred  and  th irty  seven elms w ere treated  
in  1980 and  87 in  1981. In  1980 som e o f the trees 
w ere baited  w ith  com ponents o f the aggregation 
pherom one o f  S. scolytus, 4-m ethyl-3-heptanol and 
(-)-Iim onene (Blight et al., 1980) d ispensed separ­
ately by diffusion from  2.5 ml polyethylene snap 
top  vials. In  1981 all trees w ere baited w ith 4-m ethyl-
3-heptanol only, released from  C O N R E L W * hollow 
fibre d ispensers as used in the U nited S tates (C uthbert 
and  Peacock, 1978; L anier, 1981). Indiv iduals o f  all 
com m on elm types were trea ted : Ulmus procera 
(Salisb.) (English elm ); U. glabra  (H uds.) (wych 
elm) and  U. carpinifolia var sarniensis (L oud.) R ehder 
(W heatley elm).

* Vineland Chemical Company Inc., Vineland, New 
Jersey, U.S.A. 

t  TSI Company, Flanders, New Jersey, U.S.A.
% Albany International, Needham Heights, M assachu­

setts, U.S.A.
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Figure 1. M ap of Merseyside County showing, shaded, the treatment (T) and check (C) areas within the 
Liverpool and Southport sites of the trap tree trials in 1980 and 1981.

Sam pling procedures
Sam pling schem es w ere devised to  evaluate the 
success o f  the trea tm en ts regard ing  the a ttra c tio n  
o f beetles to  the trea ted  trees, and  regard ing  the 
inhib ition  o f beetle developm ent w ith in  the treated  
trees. T rees w ere felled and  a  p ro p o rtio n  o f the bark  
surface a rea  (BSA) exam ined (abou t 10 per cent 
du ring  1980 and  betw een 5 and  10 per cent during

1981). D iscs 10-20 cm long w ere cu t a t one o r two 
m etre  intervals from  the bole and  branches to  the 
po in t w here they w ere less th a n  5 cm  in d iam eter. 
T he num bers o f  a ttacks (penetra tions to sapw ood) 
and  b rood /m aternal galleries w ere assessed and  the 
num ber o f  live larvae determ ined  by bark  dissections. 
T hese d a ta  w ere converted  to  num bers per square 
m etre  (m a) o f  BSA.
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A  num ber o f  un trea ted  contro l trees close to  bo th  
trea tm en t a reas w ere felled and  sam pled in a  sim ilar 
m anner. In  1980 only W heatley  elm s w ell-infested 
w ith  beetles w ere stud ied  in  L iverpool, bu t in 
S o u th p o rt a  m ore  ran d o m  selection o f  trees was 
available fo r analysis. In  1981 con tro l trees w ere 
selected during  June and  July (a t the tim e o f  tre a t­
m ent) in  an  effort to  eq u a te  th e  exposure to  beetles 
o f  b o th  trea ted  an d  u n trea ted  elms. T rees in w hich 
the disease caused rap id  and  a lm ost to ta l (90 per 
cent) w ilt over a  sh o rt (2 week) period  w ere selected 
as contro ls, as th e ir decline was as rap id  as th a t 
caused by cacodylic acid  and  m onosodium  m ethan- 
a rsona te  treatm ents.

M ost o f the trap -trees w ere a ttacked  by both  
Scolytus scolytus and  S . m ultistriatus and  in 1981 
it was decided th a t th e  a ttacks m ade by bo th  
species should  be reco rded  separately.

D utch elm  disease rates

T he D E D  ra tes w ere assessed by a  survey listing all 
elms in each location , first in M ay and  again  in 
A ugust. Sym ptom s th a t appeared  before July 1 and 
w hich were extensive w ere considered to  be previous 
year infections. Sym ptom s th a t appeared  after July 1 
and w hich w ere restric ted  to  single lim b systems 
were generally considered  to be cu rren t year 
infections.

Results

W ith in  48 hou rs o f  in jection  w ith cacodylic acid 
the trees began to w ilt show ing 100 per cent crow n 
kill w ith in  one week. T ree dea th  followed rapidly , 
usually w ith in  th ree  weeks. T he sub-cortical tissues 
becam e d ry  and  m o ttled  in appearance  soon a fter 
injection, and  becam e com pletely d iscoloured and 
very dry  any  tim e from  th ree  weeks post injection 
onw ards. T h is brow n d isco loura tion  is alm ost 
invariably due to  the ac tio n  o f the sap rophy tic  
fungus Phomopsis oblonga (D esm .) T rav. (G ibbs, 
personal com m unication) th a t colonizes the inner 
bark  o f dying elm  trees (W ebber, 1981). Som etim es, 
if the chem ical does n o t d is tribu te  evenly w ith in  a 
tree only parts  o f the tree die and  strips o f  living 
tissue m ay be found  betw een the dead  portions, but 
this eventually  (over the  sum m er) dies also. T he 
effects o f m onosod ium  m ethanarsona te  seem to  be 
identical to  those o f cacodylic acid . T he chem icals 
do n o t m ove in to  any  parts  o f a  tree th a t w ere dead  
o r colonized by beetles p rio r to injections.

In  general there  w ere m ore beetle a ttacks on all 
trees in 1980 th an  in  1981. T here  seems to be a clear 
ind ication  th a t con tro l trees w ere a ttacked  m ore 
readily in bo th  years despite  the difference in  beetle

abundance  (Tables 1, 2 and  3). T he m ost m arked  
effects w ere in  wych elm  in  1980 and  on  English 
elm s in  L iverpool in 1981. H ere  the ra tio s  o f  a ttack  
on  con tro l versus trea ted  trees w ere 6:1 and  9:1 
respectively.

Table 1. The number of attacks and the number of larvae 
per maternal gallery on cacodylic acid treated and un­
treated trees in Liverpool and Southport during 1980. 
The figures represent attacks by both the large and small 
elm bark beetles.

Elm species/ 
type of 
treatment

Number of Average 
trees number of 
sampled attacks/m 2

Number of
larvae/
gallery

Wheatley
Treated
Control

17
11

45.6a
123.5b

2.17a
14.18b

English
Treated
Control

10
7

40.8c
34.5c

4.71c
8.65c

Wych
Treated
Control

17
5

12.94
78.6c

2.23d
15.24c

Within each species (i.e. for each pair of figures, read 
vertically) totals followed by different letters are signi­
ficantly different; P<0.05. Totals followed by the same 
letter are not significantly different.

Table 2. The number of attacks and the number of larvae 
per maternal gallery of Scolytus scolytus (Ss) and 5. multi­
striatus (Sm) on cacodylic acid treated and untreated trees 
in Liverpool during 1981.

Elm species/ 
type of 
treatment

Number 
of trees 
sampled

Average 
number of 
attacks/m2

Number of
larvae/
gallery

Ss Sin Ss Sin

Wheatley
Treated
Control

8
4

2.7a ].4a 
14.1b o.9a

1.69a 2.05a 
15.34b 15.14b

English
Treated
Control

6
4

1.6c 1.4b 
15.9d 10.8c

0.64c o.71c 
8.10d 11.33d

Wych
Treated
Control

4
3

0.7c 1.4d 
10.4f 0.0c

0.23c 0.08c 
13.63r 0 .00r

Wilhin each species (i.e. for each pair of figures, read 
vertically) totals followed by different letters are signi­
ficantly different; P<0.05. Totals followed by the same 
letter are not significantly different.

25



FORESTRY COMMISSION BULLETIN No. 60

Table 3. The number of attacks and the number of 
larvae per maternal gallery of Scolytus scolytus (Ss) and 
S. multistriatus (Sm) on cacodylic acid treated and 
untreated trees in Southport during 1981.

Elm species/ 
type of 
treatment

Number 
of trees 
sampled

Average 
number of 
attacks/m 2

Number of
larvae/
gallery

Ss Sm Ss Sm

Wheatley
Treated 3 3.9a 0.0a 3.63a 0.00a
Control 2 3.5a 0.1b 10.08a 22.09b

English
Treated 6 0.8b 0.1c 2.91b 1.10c
Control 3 0.8b 0.01c 9.53b 11.67d

Wych
Treated 7 1.4<= O.ld 0.84c LON
Control 2 0.5c 0.0c 11.95d O.OOf

Within each species (i.e. for each pair of figures, read 
vertically) totals followed by different letters are signi­
ficantly different; P<0.05. Totals followed by the same 
letter are not significantly different.

A nalysis o f  the two beetle species separately 
indicates th a t th is effect is due predom inantly  to 
the activ ity  o f S . scolytus. F rom  the d a ta  available 
for S. m ultistriatus it seem s possible th a t it has a 
ra th e r different pa tte rn  o f behaviour as its density  
o f a ttack  on contro l trees was h igher than  th a t on 
treated  trees in  only two o f six com parisons 
(Tables 2 and  3).

B rood galleries w ere form ed equally well in bo th  
treated  and  contro l trees, bu t those in con tro l trees 
w ere m ore successful as seen by the num bers o f 
progeny produced per gallery (Tables 1, 2 and  3). 
In  all treated  trees in each location  th roughou t both  
years fewer progeny were recorded  per gallery than  
in  the contro l trees. These differences in  the num bers 
o f  larvae per gallery betw een treated  and  contro l 
trees w ere statistically  significant (%2; P < 0 .0 5 ) in  
m ost instances. T he b rood  productiv ity  o f S. 
multistriatus was significantly low er in all trea ted  
trees com pared w ith contro l trees (Tables 2 and  3).

In  S ou thpo rt the D u tch  elm  disease rates showed 
a consistent decline th roughou t the trial period. 
T his trend  was no t evident in L iverpool, w here an 
increase was recorded in 1980, due probably  to  a 
backlog of san ita tion  felling (Table 4).

Discussion

In agreem ent w ith the results o f the A m erican trials 
o f the trap-tree  technique (O ’C allaghan et al., 1980), 
the num ber o f larvae per m aternal gallery is sub-

Table 4. The Dutch elm disease rates* in the Merseyside 
test areas.

Year Liverpool areas Southport areas

Check Treatment Check Treatment

1979 17 19 39 23
1980 77 32 33 19
19811 44 16 28 12

♦Rate =  Percentage of trees healthy at the beginning of 
the year that became diseased during the year. 

-f-1981 =  Subject to confirmation in spring of 1982.

stantially  reduced  in  cacodylic acid trea ted  trees in 
M erseyside (Tables 1, 2 and  3). In  m any respects 
how ever, there  a re  m ajo r differences betw een the 
B ritish  and  A m erican  tr ia l results. F irst, O ’C allaghan 
(1982) has show n th a t o f 302 dead  elm s exam ined 
in  the M erseyside area , only 20 per cent w ere fully 
utilized by beetles for breeding and  over 50 per cent 
had  no beetle galleries a t all. T his large betw een-tree 
varia tion  poses difficulties fo r experim ental design 
and  in te rp re ta tio n  o f results, and  a  th ird  year o f 
trials is needed fo r tho rough  replication . Secondly, 
differences in  clim ate m ean  th a t the tim ing of 
cacodylic acid is significantly m ore difficult in  
B ritain . In  the U .S .A ., elm  bark  beetle flight periods 
a re  easier to p red ic t and  diseased elm s can  be 
trea ted  im m ediately before o r during  beetle flights, 
w hich is ideal for dense a ttack  (L anier, personal 
com m unication). In  n o rth e rn  B rita in  how ever, there 
w ere relatively few flight days (days w hen  the 
m axim um  tem pera tu re  equals o r exceeds 22°C). 
T hese a re  difficult to  p red ic t and  average only 20 
betw een M ay and  Septem ber w ith considerable 
year to year varia tion  (F a irhu rs t and  K ing, 1983 th is 
volum e). I t happens therefore , th a t som e weeks m ay 
elapse betw en the trea tm en t w ith  cacodylic acid  and 
the onset o f  clim atic cond itions suitable fo r beetle 
flights.

A n ad d itiona l fac to r in the M erseyside tria ls is 
the presence o f  the sap rophy tic  fungus Phomopsis 
oblonga. T his fungus can  m ake th e  inner b ark  
unsuitable for beetle breeding (W ebber, 1981). T here 
is also evidence to  suggest th a t P. oblonga can  lim it 
beetle a ttacks to  a  p a rticu la r tree  o r parts  o f  trees 
(O ’C allaghan, 1982). T he results o f  the present study 
suggest th a t trees trea ted  w ith  cacodylic acid are 
colonized rap id ly  by P. oblonga and  the  characteristic  
zone lines (W ebber, 1981) were recorded  on  m ore 
than  90 per cent o f  sam ples taken  in 1981. In  
add ition  it has been show n th a t cacodylic acid 
prom otes the grow th o f P. oblonga in vitro (E dw ards, 
1981). I t  seems reasonab le  to  suggest therefore, th a t 
a  delay in the cond itions favouring  beetle flight 
follow ing trea tm en t, results in trea ted  trees being
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rendered  u n a ttrac tive  to  flying beetles by the  action  
o f P. oblonga, despite the ad d itio n  o f  pherom one baits.

T he relative lack o f  a ttractiveness o f  trea ted  trees 
to flying S . scolytus is seen in  the experim ental 
results, p articu la rly  those o f  the L iverpool site 
(Table 2). T he effect on  S . m ultistriatus is less 
obvious a p a rt from  th a t on  the E nglish  elm s in  the 
L iverpool site  (T able 2). Scolytus m ultistriatus 
norm ally colonizes the th in n er b ranches (K irby  
and  F a irh u rst, 1981) and  seem s to  respond  quicker 
to diseased elm s in  earlie r stages o f  decline than  
does S. scolytus (O ’C allaghan and  K irby , personal 
observations).

T he prognosis fo r use o f the pherom one-baited  
trap-tree  technique in D E D  contro l p rogram m es in 
no rth ern  B rita in  is uncertain . T reated  trees clearly 
do n o t ab so rb  large num bers o f beetles bu t they 
do prevent beetle rep roduction . T reatm en t w ith 
cacodylic acid can  neutralize a  tree  from  a beetle 
stand  po in t, as the co lon iza tion  o f inner bark  by 
P. oblonga follow ing trea tm en t effectively prevents 
beetles b reed ing  in  these trees, and  this should 
help to  reduce the num bers in  the next generation . 
Such neu tra liza tion  o f  trees could therefore  help 
to reduce disease spread, particu larly  in areas in 
w hich elm s a re  no t readily  accessible for felling or 
w here available staff m ust concen tra te  on  curative 
injections, p run ing  o f  specim en elms and  general 
tree w ork.
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The ecology of elm bark beetles in northern Britain

S. G. KIRBY, and C. P. FAIRHURST
D epartm ent o f  B iology, University o f  Salford, Salford, M 5  4W T , U.K.

Introduction

T his paper is a  synopsis o f research  carried  ou t over 
the last th ree years in to  the biology o f elm  Scolytidae 
w ith  p a rticu la r regard  to  th e ir developm ent in 
no rthern  B rita in  and  in rela tion  to  D utch  elm  disease 
(D E D ) transm ission. B ritish research  during  the 
early 1930s (F isher, 1931, 1937) and  th ro u g h o u t 
the 1960s (Beaver, 1966, 1967) seem s to  have 
concentrated  m ainly on  the general biology o f the 
large elm  bark  beetle Scolytus scolytus (F .) b reeding 
in English elm  Ulmus procera  Salisb. in  sou thern  
England.

By early  1979, w hen the U niversity  o f Salfo rd ’s 
cu rren t w ork program m e s ta rted , the elm  popu la tion  
o f the sou th  o f E ngland had  already suffered m ajor 
losses due to  D E D . Since the arrival o f  the aggressive 
form  o f the pathogen  Ceratocystis ulm i (Buism.)
C. M oreau , in  the late 1960s (G ibbs et al., 1972; 
G ibbs and  B rasier, 1973; B rasier and  G ibbs, 1973) 
these losses had  am oun ted  to  betw een 80 and  90 per 
cent o f an  elm  popu la tion  estim ated  a t app rox i­
m ately 23 m illion  trees (G ibbs and  H owell, 1972). 
The situa tion  in n o rth e rn  B ritain  was, however, 
m arkedly different w ith  m ost o f the 5 to  7 m illion 
elms still rem aining. Since the arrival o f the aggres­
sive s tra in  o f  C. ulm i in th is region in the early 
1970s losses had  no t m irro red  the sou thern  experi­
ence. M ajo r losses (> 1 0  per cent) w ere restric ted  
to th a t a rea  sou th  o f  a n  im aginary  line from  the 
R iver M ersey on the west coast to  the R iver H um ber 
on  the east (K irby  et al., 1981). In  1979 there  was 
little reason  to suppose th a t factors contro lling  
disease incidence w ere the sam e n o rth  and  south. 
T he research  p rogram m e o f  the subsequent three 
years has been prim arily  concerned w ith  studying 
the effect o f  la titude  on  b ark  beetle biology and 
ecology.

Background and objectives
The tendency fo r low er am bien t tem pera tu res to 
occur in n o rth e rn  B rita in  m eans th a t vector perfo r­
m ance could be adversely affected in m any ways. 
English elm  had  been p lanted widely in the south  
as a hedge and  shelter-belt tree. T his together w ith

the fo rm ation  o f a  com m on ro o t system  betw een 
trees allowed beetle feeding to  in itia te  a  chain  o f 
infections (B rasier and  G ibbs, 1978). D isease rates 
could, therefore , increase rap id ly  in areas harbouring  
low an d /o r sparse beetle popu la tions d u ring  the 
early  phases o f  the epidem ic. T h is is entirely  
d ifferent to  the n o rth e rn  situa tion  w here wych elm  
U. glabra  H uds. a lthough  the dom inan t elm , differs 
in its d is tribu tion .

W ych elm  is a  tree native to  B rita in  and  is p lan ted  
as a specim en tree  in parks, gardens and  open 
spaces, particu larly  in the no rth . W ych elm  is 
lim ited in its d is tribu tion  to  land below app rox i­
m ately  180 m etres. In  no rthern  u rban  locations 
W heatley (Jersey) elm  U. carpinifolia v a r sarniensis 
(L oud .) (R ehder) has been p lanted  widely. In certain  
instances (parts  o f  M erseyside and  G rea te r M an­
chester) W heatley elm s have been p lan ted  to  the 
exclusion o f  o th er tree species. T he response o f  elm  
bark  beetles to  different hosts, therefore, represented  
an  im portan t area  for investigation.

V ector d is tribu tion  figured high on  the list o f 
p rio rities fo r study. I t was know n th a t bo th  S. 
scolytus and  the small elm  bark  beetle S. m ultistriatus 
(M arsh) w ere com m on in  the  south  during  the m ain  
phase o f the epidem ic there  (G ibbs, 1971). P re­
lim inary postg raduate  studies a t the U niversity  o f 
Salford p rio r to 1979 had ind icated  th a t S . m ulti­
striatus was com paratively  scarce in m any n o rth e rn  
counties o f E ngland, and  R edfern  (1977) could 
find no record  o f it in Scotland. Scolytus scolytus 
was, how ever, com m on in the B orders region of 
Scotland during  the la te  1970s (C row son, 1976; 
R edfern , 1977). A t the s ta rt o f this w ork program m e 
these two species w ere the only Scolytidae thought 
to  be involved in disease transm ission.

Methods

In  o rder to  allow  d irect com parison  w ith previous 
beetle popu la tion  studies the m ethods o f  Beaver 
(1967) w ere used as the basis for experim ental w ork 
described here. T his involved m onitoring  infested 
elm  billets (120 cm in length, 5 to  20 cm  in d iam eter) 
and  cu tting  sam ples at regular intervals o f tim e in
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o rd e r to  reveal the stages p resen t th ro u g h o u t the 
season. T he m ajor differences betw een this study 
and  B eaver’s pre-epidem ic w ork  cen tre  on the use 
o f  th ree host types deployed a t experim ental sites 
th ro u g h o u t B rita in .

D isc sam ples w ere cu t from  infected billets o f 
e ither English, W heatley o r wych elm . D u rin g  the 
first season (1979/80) these w ere taken  a t m onthly  
intervals. In  the  second season (1980/81) sam ple 
frequency was increased to  give cu ttings every two 
weeks th ro u g h o u t the spring, sum m er and  au tum n 
m onths. E ach sam ple d isc m easured  10 cm  in length 
and  therefore the to ta l a rea  sam pled on each occasion 
and  finally, fo r the season as a  w hole, can  be 
calculated . A  to tal o f  18 logs o f each elm  type was 
used a t each site, sam ples being cut from  12 o f 
these on each visit.

Sam ples w ere re tu rned  to  the lab o ra to ry  and  the 
b ark  peeled aw ay to  reveal the galleries and  im ­
m atu re  stages p resent. T he  results p resented  and 
discussed represen t accum ulated  d a ta  fo r th ree  
seasons w ork  a t seven sites: tw o in G rea te r M an­
chester, two on M erseyside, one in C hesh ire , one 
in  D evon and  one in L o th ian , Scotland.

Results and discussion

T he results ob ta ined  will be p resented  in  a fo rm at 
d ic ta ted  by the biology o f elm  scolytids in  re lation  
to  disease transm ission. F o r  th is reason F igure 1 
is p rovided as a  d iag ram atic  represen ta tion  show ing 
som e o f  the features now realised as p laying an 
im p o rtan t role in beetle ecology as it affects the 
re la tionsh ip  betw een vector, host and pathogen.

1. Species o f  elm  bark beetles

U ntil very recently it was assum ed th a t only two 
scolytid species w ere involved in disease tran s­
m ission w ith in  the B ritish Isles (excluding the 
C hannel Islands). These are  S . scolytus and  S. 
multistriatus. A no ther species Pteleobius vittatus (F.) 
know n to exist in m oribund  elms in sou thern  
England has no t been considered as a  vector, even 
though  it infests narrow  d iam eter branches (2.5 to
6.0 cm), fo r adu lts a re  no t know n to feed o n  twig 
crotches (F ransen, 1939; Beaver, 1967). In  ad d ition  
the adu lts o f P. vittatus em erge w ith m atu re  sexual 
o rgans (Beaver, 1967) and  therefore m atu ra tion  
feeding is no t necessary. P erhaps the m ost strik ing 
difference betw een P. vittatus and o th er B ritish  elm 
bark  beetles is th a t adults are  able to  overw inter 
a long w ith larvae.

M ore recently a th ird  species has been added  to  
the vector list, a t least in no rthern  B ritain . T his is 
S . laevis (C hap.) recorded officially for the first tim e 
in B ritain  infesting wych elm  in the L iverpool

reg ion  (A tkins et al., 1981). A d u lt specim ens have 
since been collected from  several localities on 
M erseyside, from  H alto n  (C heshire), Peterlee, 
C o. D u rham  and  from  M usselburgh, n ear E d in ­
burgh , S cotland. C row son (1982, G lasgow  N a tu ra ­
list, in  p rep a ra tio n ) has also confirm ed S . laevis 
am ongst specim ens collected from  the G lasgow  
area . A dults o f  S . laevis a re  know n to  feed on 
healthy  elm  twigs. Spessivtseff (1921) believed adu lt 
feeding to  be essential fo r newly em erged adults and  
fo r th e  p resen t tim e it m ust be assum ed to  be a 
po ten tia l vector. P ractically  no th ing  is know n o f  the 
biology o f  S. laevis in  B rita in  a lthough  Bejer- 
Petersen  (1976) has stud ied  it in detail in  D enm ark  
along w ith  S. scolytus, S . m ultistriatus and  S. 
pygm aeus  (F.).

T he m ost no rtherly  reco rds so fa r ob ta ined  fo r the 
B ritish  d is trib u tio n  o f S . multistriatus a re  S ou thpo rt, 
L ancash ire  on  the w est coast and  D riffield, H um ber­
side on the east. A lthough  it is highly unlikely th a t 
these are  the exact n o rth e rn  lim its it m ay be accepted 
th a t S . m ultistriatus is n o t as com m on o r w idely 
d is tribu ted  in  n o rth e rn  B rita in  as S. scolytus. 
H ow ever, S . m ultistriatus m ay be ex tending  its 
range no rthw ards w ith th e  increased availability  o f 
suitable host m ateria l. I t  w ould n o t be unusual to  
find th a t S . m ultistriatus is lim ited  to  m ore southerly  
la titudes; the d is tribu tion  o f  m any b a rk  beetle 
species is lim ited in  th is respect (Swaine, 1925).

I f  we consider those elm  areas know n to have 
suffered o r to  be currently  experiencing high D E D  
ra tes in  B rita in  we find established popu la tions o f 
S . m ultistriatus. T his species is an  aggressive feeder 
and  one know n to  possess a  pow erful chem ical 
a ttra c tan t (pherom one) capable o f  inducing  high 
density  a ttack  during  breed ing  co lon isation  (Peacock 
e t al., 1971). I t  is also know n th a t tw ig-crotch 
feeding and  therefore disease transm ission  is linked 
to  courtsh ip  and  m ating  (Svihra and  C lark , 1980). 
In  n o rth e rn  areas w here w eather conditions do  n o t 
favour the establishm ent o f  S. m ultistriatus p o p u la ­
tions a slow er ra te  o f  disease advancem ent could 
be experienced. If, how ever, S . laevis is present, 
the disease ra te  m ay no t decline as th is species is 
know n to vector the disease successfully th ro u g h o u t 
m uch o f n o rth e rn  E u rope  (L ekander et al., 1977) 
and is presum ably b e tte r acclim atised for survival 
under n o rth e rn  conditions.

2. Beetle emergence and dispersal

I t has previously been repo rted  th a t beetle flights 
m ay be severely restric ted  by am bien t tem peratures 
(F ransen , 1939; V on K eyserlingk 1980, 1981). 
In  view o f the m ore adverse clim ate o f n o rth e rn  
B rita in  it seems th a t su itable days fo r flight a re  few 
in num ber. E arly  w ork by F ransen  (1939) suggested
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Figure 1. D iagrammatic representation of the seasonal history of Scolytus scolytus (F.)
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an  em ergence th resho ld  o f  17.5°C fo r S . scolytus 
and  a flight th resho ld  o f 20°C. M ore recent studies 
(W ater, 1981 unpublished) using th e  sam e species 
show  flight to  be restric ted  to  tem peratures betw een 
15 and 31°C w ith  87.5 per cent o f beetles flying a t 
tem pera tu res above 21°C.

T he tendency fo r w arm er sum m ers and  m ilder 
w inters in so u th e rn  England allows fo r an  em ergence 
o f  S . scolytus from  late M ay onw ards th rough  June. 
A  second em ergence, the progeny o f  th e  first, 
generally occurs d u ring  A ugust and  Septem ber. 
F irs t flights o f S . m ultistriatus  follow  som e 2 to  
3 weeks a fte r S . scolytus and  a  second genera tion  
has been observed in  English elm  logs located  in 
D evon during  1979. Because o f  th e  considerable 
varia tion  in tem pera tu res from  one year to  th e  next 
there  is little to be achieved by presen ting  specific 
dates. I t is sufficient to  sum m arise vector em ergence 
p a tte rn s as being governed by m any factors th e  m ost 
influential o f w hich a re  the onset and  m ain tenance 
o f  favourable spring  tem pera tu res. M ore will be 
said  o f  th is in  re la tion  to  a d u lt feeding.

3. A dult feeding

F isher (1937) concluded th a t a lthough  the sexual 
o rgans o f  newly em erged S . scolytus w ere no t 
m ature , feeding o n  healthy  elm  twigs was no t an  
obligatory  behavioural com ponent. A dults w ould 
o ften  com plete sexual m a tu ra tio n  w hilst con­
structing  galleries. T h is view is endorsed  and  indeed 
certa in  labo ra to ry  investigations have been ham pered 
by the im m ediate  re-en try  o f  newly em erged adults 
o f  bo th  S. scolytus and  S. m ultistriatus in to  recently 
vacated  logs. L an ier et al., (1976) found th a t 
S . m ultistriatus adu lts in  con tac t w ith  pherom one 
odours will en te r m oribund  elm  w ood directly  
w ithou t tw ig-crotch feeding. I t  is m ost likely, 
therefore , th a t tw ig-crotch feeding on  healthy  elms 
is environm entally  induced.

T h is view is based on the know n im portance  of 
m oistu re  to  elm  bark  beetle survival (Von K eyser- 
lingk, 1980). I t is suggested th a t the overrid ing  need 
to  ob ta in  bo th  w ater and  nu trien ts is the driving 
force behind tw ig-crotch feeding. V on K eyserlingk
(1980) found th a t S. scolytus adults lose w ater 
rap id ly  w ith  death  occurring  after a  loss o f 20 per 
cent in body weight. H ow ever, m ajor losses o f  w ater 
occur after dea th  therefore  V on K eyserlingk 
suggested nu trien t ra th e r than  w ater deficiency as 
the key factor.

A dverse w eather p rov id ing  sub-threshold  flight 
tem peratures prevents beetles from  locating and  
colonising m oribund  elms once em ergence has 
taken  place. Feeding m ust be in itia ted  if the indivi­
dual is to  survive. T his theory  also hinges on  the 
m arked difference betw een em ergence and  flight

th resholds set a t 16° and  20°C respectively for 
S. scolytus (Von K eyserlingk, 1980) and  supported  
by recent field trap p in g  d a ta  in H olland  (W ater, 
1981, unpublished) w here the m ajority  o f  beetles 
w ere caught a t tem pera tu res above 21 °C. D ue to  
the n a tu re  o f  the m edium  in w hich developm ent 
occurs it is n o t sufficient sim ply to consider am bien t 
a ir  tem peratures.

W allace and  B eard  (1940) carried  ou t a  series o f 
therm ocouple  experim ents using living elm  trees 
approxim ately  15 cm  in d iam eter. T hey found th a t 
u nder b a rk  tem pera tu re  con tinued  to  rise, in sp ite 
o f  com paratively  un iform  a ir  tem peratures, because 
o f heat absorp tion . T h is tem pera tu re  increase could 
be responsible fo r sub-cortical tem peratures w ith in  
the log 15°C higher than  atm ospheric  am bient. 
U nder these cond itions large num bers o f  beetles 
could em erge in  a  very active s ta te  only to  find the 
su rround ing  a ir  tem peratu res too  low fo r sustained 
flight.

4. H ost feeding preferences
O ne o f the m ost in teresting  o f behavioural responses 
re la ted  to  feeding is the bias show n by adults to  a 
p articu lar host species. Since th is w ork was carried  
ou t on a  jo in t basis w ith  the F orestry  C om m ission 
it will be dealt w ith in a separa te  paper (W ebber 
and K irby , 1983, th is  volum e).

5. Colonisation and host selection
( Unless specified otherwise, results presented in this 
section refer to S . scolytus.) W hethe r follow ing 
directly  a fter em ergence from  dead  elm s o r after 
tw ig-crotch feeding on healthy  trees beetles m ust 
locate and  infest elm s suitable for breeding. R esults 
have consistently show n th a t colonising beetles 
exhibit a  bias tow ards selection o f  English and  
W heatley elm  in preference to wych elm. D uring  
the 1979 and  1980 seasons’ experim ents beetles 
a ttacked  logs cu t from  English elm  (situated  a t 
four separate sites) betw een one and  th ree  weeks 
p rio r to  those cu t from  e ither W heatley o r wych elm 
a t the sam e location . F inal colon isation  densities, 
how ever, do  no t show  th is bias continu ing  th rough  
the season. T able 1 shows the num ber o f  m aternal 
galleries recorded  in  sam ples o f each elm  type fo r 
logs situated  a t th e  C hesh ire  site du ring  1980. 
A lthough  English elm  logs were a ttacked  first du ring  
the th ird  week o f  M ay the num ber o f  galleries 
present in W heatley elm  by early  June  exceeded 
those in English elm . T he num ber o f  galleries 
recorded in  wych elm  log sam ples rem ained  low 
th roughou t the season.

D uring  the first season’s experim ental p rogram m e 
logs had been arranged  in  th ree  ad jacen t species 
row s. U sing this experim ental design the role o f
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Table 1. Maternal gallery totals for all sample discs cut 
between June and October 1980 from English, Wheatley 
and wych elm in Cheshire.

Host

Month

English
elm

Wheatley
elm

Wych
elm

S.s. S.m. S.s. S.m. S.s. S.m.

June (a) 30 0 52 3 23 0
June (b) 44 3 57 1 16 1
July (a) 38 9 69 3 24 2
July (b) 36 7 73 0 27 3
August (a) 43 9 74 1 29 0
August (b) 58 10 73 0 28 6
September (a) 23 11 63 1 28 5
October (a) 45 12 62 3 25 2

Totals 317 61 523 12 200 19

S.s. =  Scolytus scolytus, S.m. =  Scolytus multistriatus
(a) =  sampled during the first half of the month.
(b) =  sampled during the second half of the month.

pherom ones, released by early  colonists (Peacock 
et al., 1971; B orden  and  K ing , 1977) canno t be 
excluded from  the resu lts’ in te rp re ta tion . D uring  
the second season the arrangem en t o f tes t logs was 
changed slightly to give a  m ixed fo rm ation  (i.e. 
1 English, 1 W heatley, 1 wych, etc., etc.) as th ree 
mixed row s o f eigh teen  logs each. A  bias favouring  
selection o f English and  W heatley elm  for co lonisa­
tion  still rem ains and  since it now  seems unlikely 
to be an  artefac t o f experim ental design, the existence 
o f breeding preferences can be accepted.

T h roughou t th is section  results have show n wych 
elm logs to  be least a ttrac tive  fo r co lon isa tion  by 
S. scolytus. A  num ber o f  in terre la ted  factors are  
so far know n to  con tribu te  to  th is effect. W ith in  
the d iam eter class o f  logs used th ro u g h o u t these 
experim ents (5-20 cm) the thickness and  degree of 
bark Assuring varies considerably betw een elm 
types. W ych elm  logs o f  less th an  approxim ately  
20 cm d iam eter often  have sm ooth  bark  com prising 
a th in  layer o f  inner bark  o r phloem  and  an  even 
th inner layer o f  o u te r bark . B ark  beetles a re  know n 
generally to  favour creviced areas for gallery in itia ­
tion  (F isher, 1937; Beaver, 1967). Indeed , m ore 
recent w ork  (Von K eyserlingk, 1979) has show n 
crevice searching to  form  an  integral behavioural 
com ponent fo r colonising S . scolytus.

W hen forced to  breed in  sm ooth  wych elm  logs 
in the laboratory , S . scolytus has been seen to  en ter 
around  branch  ou tg row ths o r a t a  po in t o f  bark  
injury. In  sp ite  o f  th is even those wych elm  logs 
w ithin the h igher d iam eter range, w ith m ore fissured 
bark , still show  few er a ttacks than  logs cu t from  
English and  W heatley elm . I t  should  also be no ted  
tha t the m ean  d iam eter o f  wych elm  logs was g reater 
than  th a t o f English (i.e. wych 10.31, S.D . 2.28 cm,

W heatley, 9.75, S.D . 3.64 cm, English 8.71, S.D .
1.66 cm). B ark  tex tu re does not, therefore , account 
fo r th e  overall reduc tion  in m aternal gallery to tals 
in  wych elm .

T hickness o f  wych elm  b a rk  is also im portan t in 
considering  the effect o f  the fungus Phomopsis oblonga 
on  beetle colon isation . T he effect o f  P. oblonga on 
breeding and  m orta lity  has already  been investigated 
(W ebber, 1981) and  its ab ility  to  affect b roodw ood 
u tilisa tion  is also know n (O ’C allaghan, 1982). 
A s no d irec t m ycological analysis was m ade during 
these experim ents results ob ta ined  can  only be taken  
as field observations. I t  has been no ted , how ever, 
th a t wych elm  logs show ed th e  zone lines charac­
teristic  o f  P. oblonga before th e ir corresponding  
appearance  in  English  o r W heatley elm  logs, and  
th a t in  wych elm  m ore  o f  the bark  a rea  was affected 
th an  in  the o th e r elm  types.

T h in  barked  logs w ere m ore readily  colonised 
by P. oblonga and  th is has a  concom itan t influence 
on  wych elm . I t  m ust also be assum ed a t this stage 
th a t th in  bark  (therefore the m ajority  o f wych elm  
logs) dries a t  a  faster ra te  and  th a t insufficient 
m oistu re  could influence the num ber o f  beetles 
colonising  such logs. So fa r the w ords “ a tta c k ” and 
“ co lonise” have been used alm ost synonym ously 
bu t in  so fa r  as identifying host preferences is 
concerned they m ay be qu ite  different. As beetles 
ne ither a ttacked  n o r colonised wych elm  logs 
infested w ith P. oblonga it seems th a t they a re  able 
to detec t presence o r absence o f the fungus a t an  
early  stage and  the ro le  o f m oisture  m ay be critical 
a t this po in t.

T he existence o f  an  elm species preference for 
co lon isation  by S. m ultistriatus in o rd e r to  breed 
is n o t easily dem onstra ted  in the field. A t first sight 
the d a ta  appears to  show  a d istinct bias favouring 
selection o f English elm  (see T able 1). C erta in  
considerations m ust be borne in  m ind w hen review­
ing these d a ta . F irstly , S. m ultistriatus em erges after 
S. scolytus therefore  suitable b roodw ood m ay have 
already  been infested. It has been show n th a t
S. m ultistriatus favours logs w ith in  the narrow  
d iam eter range used in these experim ents (see 
F igure 2) and  any bias w ith  regard  to  host type in 
test logs could also influence the ir relative a ttrac tive­
ness.

F ro m  d a ta  ob ta ined  over consecutive years we 
conclude th a t:
(i) S. multistriatus is a ttrac ted  to  logs already 

infested w ith  S. scolytus.
(ii) A du lt S. multistriatus a re  subsequently  able to 

select su itable b roodw ood free o f S. scolytus, 
in this instance there  is a tendency tow ards 
logs in the narrow  d iam eter range including 
wych elm  logs free o f  P. oblonga.
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Figure 2. Maternal gallery density against log diameter 
in cm.
•  S. multistriatus ■  S. scolytus

(iii) T he low density  a ttack  o f W heatley elm in 
T able 1 (see also F igure  4b) is probably  due to 
an  existing high density  popu la tion  o f S. 
scolytus.

(iv) In  sp ite  o f  the possible influence exerted by 
certa in  factors ou tlined  above, S. multistriatus

adults favour English elm  fo r b reed ing  w hen 
offered a  choice using English, W heatley and 
wych elm.

Before com pleting  th is  p a rticu la r section som e 
m en tion  o f  the effect o f  cut lim bs m ust also be m ade. 
Byers e t al., (1980) have show n th a t cu t elm  lim bs 
can a ttra c t m ore  beetles th an  undam aged  limbs. 
Since all o f the logs used in  these experim ents had 
been rem oved from  infected (D E D ) trees we m ust 
acknow ledge th a t host volatiles m ay have a ttrac ted  
densities no t always encountered  in  the field. 
N evertheless, discussions have centred on com para­
tive ra th e r th an  num erical differences and  therefore  
conclusions draw n a re  valid a t th is level.

6 . Area o f  a ttack
B oth S . scolytus and  S . multistriatus show  a sign i­
ficant bias favouring  a ttack  o f  the underside o r 
shaded regions o f  ho rizon tally  positioned  test logs, 
regardless o f  host species o r variety. T he bark  
surface o f each sam ple d isc has been considered as 
divisible in to  q u ad ran ts : A /B u pper and  C /D  the 
low er surfaces w ith  respect to  horizontally  posi­
tioned  test logs. English elm  logs located  a t H yde, 
M anchester, for exam ple, sustained a  to tal o f  254 
attacks. Q u ad ran t A  con ta ined  46 attacks, q u ad ran t 
B, 43; q u ad ran t C, 75 and  q u ad ran t D , 90: %2=

1 . 0

  i 1 i < i i i 1 i i i i i ........................   ■

1 2 3 4 5 6 7 8 9 10  11 12 13 14 15 16  17  18  19 20

NUMBER OF PAIRS

Figure 3. The relationship between number of progeny of S. scolytus emerged per 1,000 cm2 of infested bark 
and the number of pairs of adult beetles introduced.
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24.56, p <  0.001. C onsisten t differences w ere observed 
betw een u pper and  low er surfaces fo r each host type 
a t each site. I t  is assum ed th a t th is preference is a  
result o f  tw o m odes o f  behav iour:
(i) the cryp tic  h ab it giving rise to  a ttack  o f  creviced 

an d /o r  shaded  regions (F ransen , 1939);
(ii) the preference fo r selection o f  m oist a reas for 

breeding. T he  low er surfaces o f  ho rizontally  
p osition  logs will re ta in  m oistu re  fo r a longer 
period  and  accum ulate  ad d itio n a l w ater due 
to  ‘ru n -o ff’.

W here h igh density  a ttack  occurs th e  pa tte rn  changes 
as the season advances and  th e  num ber o f  colonists 
increases. In  these instances the num bers colonising 
different p o rtions o f  each log eventually becom e 
equal.

7. D ensity o f  a ttack

Prelim inary  investigations a t  S alford  (H eaton  and  
Su tton  personal com m unication) have show n 
density levels in  re la tio n  to  b rood  o u tp u t to  peak 
a t betw een 8 and  10 m aternals per 1,000 cm 2 o r 
betw een 100 and  125 c m 2 per S. scolytus gallery 
(see F igure 3). T his estim ate  agrees well w ith bo th  
the d a ta  o f  W ebber (1981) w here the op tim um  area  
requ irem ent per S . scolytus gallery was set a t 100 
cm 2, an d  the range o f  densities reco rded  from  field 
sam pling. F igure  4(a), (b), (c) depicts ju s t one series 
of d a ta  fo r densities w ith in  logs o f  each elm  type 
situated a t the C hesh ire  site. D ensity  o f  S. scolytus 
galleries is seen to  increase w ith  increasing log 
diam eter using English elm. In  W heatley elm , w here 
log d iam eter range extended to  20 cm, there  is a  
levelling ou t w ith density  estim ates n o t exceeding 
24 galleries p e r 1,000 cm 2. D ensity  o f  S . scolytus 
in wych elm  rem ains low  th ro u g h o u t the d iam eter 
range. E stim ates for S . m ultistriatus do  n o t a tta in  
those o f  S . scolytus in  logs located  in  n o rth e rn  
England, (m axim um  density  =  8 galleries/1,000 cm 2 
in logs 7.0 cm  d iam eter) bu t exceed those o f  S. 
scolytus (54.8 galleries/1,000 cm 2 in logs 6.5 cm 
diam eter) in  narrow  d iam eter English elm  logs 
located in  sou thern  E ngland (D evon).

C onsidering  these densities it is likely tha t 
W heatley elm  located  a t N orthw ich , C hesh ire  (see 
Table 1) con ta ined  gallery to tals exceeding those 
capable o f  yielding m axim um  b ro o d  o u tpu t. T hose 
for English elm  are  w ith in  the  m axim um  range and  
those fo r wych elm  are  low. T h is w ould seem  to 
indicate th a t fo r ce rta in  hosts in n o rth e rn  England 
intraspecific com petition  is a  m ajo r m ortality  factor 
restricting  po ten tia l b rood  ou tpu t. T his w ould be 
especially relevan t fo r th e  sou th  o f England d om ­
inated  by English  elm , one o f  the m ost favoured 
host species.

a English elm

5 • 6  7 8  9 10 11 12 13

SAMPLE DlAUETEBJcm)

b Wheatley elm

H

5 6  7 6  S> ID 11 12 13 l<t IS 1£ 17

c Wych elm

8  9  10

Sample DIAMETER ftn ,

Figure 4. Maternal gallery density (per 1,000 cm 2) 
against test log diameter (cm).
(Logs situated at Northwich, Cheshire)

8. Beetle productivity

Eggs o f b o th  S. scolytus an d  S. m ultistriatus a re  
deposited  regularly dow n each side o f  the m aternal 
gallery as it is cu t. It is no t surprising , therefore, 
to  find th a t a  significant positive re la tionsh ip  exists 
betw een the length o f gallery cut and  the num ber 
o f  eggs deposited  (5. scolytus r= 0 .9 1 2 , p < 0 .0 0 1 ; 
S . m ultistriatus r= 0 .8 1 3 , p < 0 .0 0 1 ; see F igure 5). 
O f g rea ter interest is the realisa tion  tha t the length
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Figure 5. S. scolytus: gallery length (cm) against 
number of egg chambers.

o f gallery cut and  therefo re  the num ber o f  eggs 
deposited varies la titud inally  th ro u g h o u t B ritain . 
T able 2 show s the results o f analyses carried  ou t on 
1979 and  1980 d a ta  for sites in Scotland, n o rth e rn  
and  so u thern  England.

V ector perform ance can  be seen to  decline as 
d is tribu tion  extends northw ards. A lthough  there  is 
a significant difierence betw een d a ta  sets for Scotland 
versus no rth ern  England and  betw een no rthern  
England and  sou thern  England there is no difference 
betw een no rth ern  sites w ith respect to  elm  type. 
A  sim ilar trend  in gallery length reduc tion  also 
exists fo r 5 . multistriatus betw een n o rth e rn  and  
sou thern  England bu t these d a ta  a re  n o t significantly 
different (p> 0 .05).

O nce again  the presence o f P. oblonga confuses 
the issue in term s o f separa ting  the effect o f la titude 
from  the possible effect o f host identity . Since logs 
cut from  wych elm  were infested by P. oblonga m uch 
earlie r in the season in no rth ern  E ngland it m ay well 
be th a t beetles are  less inclined to  engage in gallery 
construction  and egg laying for prolonged periods. 
T he role o f log sam ple d iam eter m ust also be borne 
in m ind for it is possible th a t clim atic influences 
are  m ore apparen t in  narrow  d iam eter logs th an  in 
m ajor bole sections. A nalysis o f  infested trunk  sect­
ions may yield a different p a tte rn  n o rth  versus south.

Beetle p roductiv ity  relies p rim arily  o f  course on 
w hether each fem ale constructs one o r m ore th an  
one gallery. Sam ples o f  English elm  cu t d u ring  
A ugust and  Septem ber from  logs s itua ted  in  D evon 
con ta ined  a  to tal o f  323 com plete* galleries. A dult 
S . scolytus fem ales w ere found  (all dead) in 50 o f 
the 127 galleries (39.4 per cent). A du lt S . m ultistriatus 
fem ales (all dead) w ere found  in  129 ou t o f  196 
galleries (65.8 per cent). O nly one m ale o f  each 
species was found in  the galleries w hich could suggest 
polygam y for m ales bu t n o t exclude the possibility 
o f fem ales, particu larly  o f  S . scolytus, constructing  
m ore  th an  one gallery. O n no occasion have live 
adults been found  in any po rtio n  o f  infested bark  
o r w ood during  the w inter m onths.

9. Infestation o f  outer sapwood by late instar larvae 
I t  has been reported  previously (F isher, 1937; 
Beaver, 1967; K irby , 1980) th a t a  p ro p o rtio n  o f 
S. scolytus larvae, having reached  fo u rth  and  fifth 
instar, will excavate cells in  the o u te r sapw ood. 
T his behaviour has n o t been  no ted  fo r S . m ulti­
striatus and  only for S . scolytus larvae destined  to 
overw inter. B eaver (1967) referred  to these as pupal 
cells but, since it is th e  larva and  n o t the pupa  th a t 
m ay occupy th e  cell for up to  n ine m onths, they m ay 
be m ore accurately described as larval cells. Only 
during  the final stages o f m etam orphosis does the 
larva w ith in  the w ood cell pupate  and  finally becom e 
an  im ago.

A lthough  S . m ultistriatus larvae pupate  in  the  
b ark  layers large num bers o f w ood cells have been 
recorded  in  logs infested by S. laevis. L ekander et al. 
(1977) considered  p upa tion  in  the w ood to  be an  
in tegral p a rt o f  the life h is to ry  o f  S. laevis. F ro m  
the lim ited num ber o f vacated  elm  bolts inspected 
it w ould seem th a t a high p ro p o rtio n  o f S . laevis 
larvae cu t w ood cells (see F igure 6) to  an  appreciab le  
dep th  u nder B ritish conditions.

* ‘Complete’ meaning the whole m aternal gallery was 
present in the sample thus allowing positive location of 
adult beetles if present.

Tabic 2. Regression analysis showing changes in female gallery length and number of eggs laid by S. scolytus in different 
parts of Britain.

Site Scotland Cheshire,
England

Greater Manchester, 
England

Devon,
England

Host elm species Wych English Wheatley Wych English Wheatley Wych English

Mean length (cm) 2.34 2.97 3.30 1.75 2.72 2.26 2.08 4.37
Standard deviation 
Mean number of

1.40 1.64 1.79 0.92 1.19 1.09 0.87 2.22

egg chambers 32.17 40.38 44.64 24.24 41.06 33.96 25.54 60.2
Standard deviation 20.33 23.31 24.06 12.25 21.47 17.48 12.54 29.05
Slope of y on x 13.04 12.94 12.10 11.50 15.20 13.20 11.42 9.82
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cell fo rm ation . Tables 3 and  4 show  the prelim inary  
analysis o f  reco rds o f  S . scolytus infesting logs a t 
different locations.

By com paring  these d a ta  we m ay construct, 
a lbeit tenuously, a  p robab ility  list fo r the im portance 
o f  som e o f  the factors th o u g h t to  influence w ood 
cell fo rm ation  by S . scolytus. F o r n o rth e rn  England 
cell dep th  is g rea ter in  English th an  in  W heatley, 
an d  g rea ter in  W heatley th an  in  wych elm  sam ples. 
C om paring  no rth ern  and  sou thern  E ngland (English 
elm  only) cell dep th  is g rea te r n o rth  versus sou th  
as is th e  num ber o f  cells. C om paring  Scotland and 
n o rth e rn  E ngland (wych elm  only) cell dep th  is 
g rea te r in Scotland th a n  E ngland as is the num ber 
o f cells. L ooking  a t the num ber o f  cells cu t in 
n o rth e rn  England during  1979 and  1980 it is evident 
th a t m ore cells w ere cu t du ring  1979 (a particu larly  
h arsh  w in ter and  delayed spring) th an  in 1980.

A m bien t tem pera tu re  seems to  be the m ost 
influential o f environm ental factors, therefore  there 
is som e justification  in  im plicating bark  thickness 
and  b ark  type, creviced b ark  possibly being a be tter 
insulative layer th an  sm ooth  bark . H ow ever, cell 
d ep th  is g rea ter in  English elm  sam ples in spite o f 
the fact th a t this species possesses the th ickest and 
m ost deeply creviced bark . B arson (1974) has show n 
th a t larvae occupying the d ry  o u te r layers o f the 
bark , the spent layers o f  inner phloem  and  the 
sapw ood a re  m ore likely to survive extrem e tem ­
pera tu res ( —15°C to —20°C) than  larvae situated

Table 3. Analysis of 1979 field season’s results for wood cell formation by overwintering S. scolytus larvae.

Site Cheshire* Greater Manchester Devon

Host elm species English English Wheatley Wych English

Number of Cells 28 7 73 21 44
Number of Galleries 38 34 22 14 447
Mean cell depth (mm) 5.25 4.71 6.51 5.23 5.36
Standard deviation 1.79 1.25 3.21 1.84 1.97
Standard error 0.33 0.47 0.37 0.40 0.29
Cells per 100 galleries 73.7 20.6 331.8 150.0 0.84

T h e  1979 Cheshire site used English elm only.

Table 4. Analysis of 1980 field season’s results for wood cell formation by overwintering S. scolytus larvae.

Site Cheshire Greater Manchester Edinburgh

Host elm species English Wheatley Wych English Wheatley Wych Wych

Number of Cells 35 102 0 54 78 3 31
Number of Galleries 68 113 53 67 45 18 17
Mean cell depth (mm) 7.14 5.57 - 7.02 5.18 4.33 6.54
Standard deviation 2.46 2.32 - 2.88 2.54 1.15 2.51
Standard error 0.41 0.22 _ 0.39 0.28 0.66 0.45
Cells per 100 galleries 51.4 90.2 - 80.5 173.3 16.6 182.9

m
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CELL DEPTH

Figure 6. Scolytus laevis: Depths of pupal cells in 
outer sapwood of wych elm.

T he num ber o f  S . scolytus larvae behaving  in this 
m anner varies w ith  la titude  bu t little in fo rm ation  
is so fa r available on those factors affecting w ood
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in o r n ear dam p po rtions o f phloem . T he  ro le o f 
bark  in  rela tion  to tem pera tu re  is, therefore , ques­
tionable  and  g rea ter know ledge o f  the physical 
p roperties o f bark  is requ ired .

F ransen  (1939) records finding m ore  w ood cells 
in narrow  d iam eter logs th an  in  th icker sections, 
bu t also repo rted  increased w ood cell fo rm ation  
w here high larval densities occurred . In  o u r experi­
m ents the highest S. scolytus larval densities occurred  
in English elm  in so u thern  E ngland , bu t these logs 
con tained  fewer w ood cells than  logs con ta in ing  
low er larval densities in n o rth e rn  E ngland . L ooking 
a t high density  a ttack  in n o rth e rn  logs, how ever, 
we observed an  increased tendency fo r w ood cell 
fo rm ation . W e can only conclude a t  th is  stage th a t 
if larval density  is a  key fac to r it is som ehow  
synergised by m ore adverse clim ate, o r in  the case 
o f  sou thern  England, overridden  by w arm er w eather. 
M ichalski (1973) suggested th a t hum id ity  affects 
w ood cell fo rm ation  and  th is in  tu rn  w ould be 
influenced by log d iam eter, b ark  thickness and  
degree o f  Assuring.

Natural mortality

T he role o f  P. oblonga in  elm  b a rk  beetle m ortality  
has a lready been discussed. T he only o th e r p redato rs 
seen to  seriously affect large num bers o f  beetle 
larvae were b irds (w oodpeckers) and  hym enopteran  
wasps. W oodpecker a ttack  was no t a p roblem  in 
so far as test logs w ere concerned in m ost no rthern  
sites. In C heshire, how ever, the bark  o f alm ost all 
test logs was entirely  stripped  during  late sum m er 
and au tum n. T hese a ttacks caused m ajor losses o f 
larvae a t fou rth  and  fifth in star and  also during 
pupa tion .

T he only insect parasite  found to cause large scale 
losses on  a  localised scale was the B rachonid , 
Coeloides scolyticida (W esmael). T his species 
attacked  very early stage larvae bu t subsequent 
death  only occurred  w ith  the larvae a t a  la te  stage 
o f developm ent. F ransen  (1939) also found Coeloides 
to  be the m ost im portan t na tu ra l p red a to r in  H olland 
and  Beaver (1966) found it to be responsible for 
high larval m ortality  am ongst pre-epidem ic scolytid 
populations in  sou thern  E ngland. A dults o f C. 
scolyticida were observed on  the w ing and ovipositing 
during  w arm , sunny days w ith a ir  tem peratures 
above 18°C. Only one generation  could be definitely 
assigned to  the 1979 and 1980 seasons a lthough  
th is species was no t stud ied  in g reat detail.
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Introduction

T he bark  beetles, Scolytus scolytus (F .) and  S . 
m ultistriatus (M arsham ) a re  know n as the m ain  
natu ra l vectors o f  D u tch  elm  disease (D E D ) in 
B rita in , and  it is obvious th a t the dispersal flights 
o f  these insects will be affected by clim ate. W ater
(1982) co-o rd inated  field catches, using pherom one 
bails, a t 20 sites th ro u g h o u t the N etherlands and 
concluded th a t 84 per cent o f  th e  beetles w ere 
trapped  on  days w hen the  m axim um  tem peratu re  
exceeded 21°C. T h is agrees w ith  the w ork o f Fransen  
(1939), w ho found th a t S. scolytus em erged a t 
17.5°C and  w ould fly a t  20°C w ith an  optim um  
at 25°C. T he stud ies o f V on K eyserlingk (1980) 
indicated em ergence and  flight th resholds a t 16° 
and  20°C respectively and  th a t a period  o f p re­
heating  was necessary. F o r S. m ultistriatus, N o rris  
(1965) found em ergence a t 15-18°C and  flight a t 
22-23°C , w hilst F ransen  (1939) and  B artels and 
L anier (1974) considered th a t the th resho ld  for the 
la tte r fac to r was 20°C. T here a re  ind ications tha t 
above these tem peratures, w ind speed, barom etric  
pressure and  rainfall m ay affect the to ta l num ber o f 
beetles in flight o r reach ing  the pherom one traps 
(V on Kcyserlingk, 1980; L an ier and  B urns, 1978). 
T em peratu res over 30°C m ay cause reversal o f  the 
positive pho tic  response dem onstrated  by M eyer 
and  N o rris  (1973) and  th is m ay explain  th a t fact 
th a t in areas o f  A m erica w here the beetles fly daily 
betw een A pril and  O ctober, the m ajor activity  is 
in the m ornings (Svihra, 1982).

In  B ritain , the ra te  o f spread o f  the epidem ic 
caused by the aggressive s tra in  Ceratocystis (Ophio- 
stoma) ulm i (B uism an) N annf., is less in  the n o rth  
o f  England than  in the south  (K irby, 1980; K irby  
and  F airhurst, 1981a, b ; W ebber, 1981). T his trend 
also applied to the epidem ic caused by the non- 
aggressive stra in  starting  in the 1930s (Peace, 1960). 
T he question  rem ains, w hether th is feature was due 
to  a change in  the species com position  and abund ­
ance o f Ulmus species (G ibbs and H owell, 1972, 
1974; B urdekin , 1981), the effect o f la titude  on 
beetle productiv ity  (K irby, 1980; K irby  and F a ir­
hurst, 1981a, b), the increased presence o f  Phomopsis

oblonga (D esm .) T rav., know n to  in te rru p t galleries 
(W ebber, 1981), o r the effect o f  clim ate in restric ting  
b a rk  beetle dispersal. T he answ er is p robab ly  a 
com bination  o f  these factors plus an  unpredictable 
elem ent in troduced  by the illegal im porta tion  o f 
infested tim ber (R edfern, 1977; Bliss, 1981).

T h is paper a ttem p ts to  assess in b road  term s, 
the num ber, character and  d is trib u tio n  o f  poten tial 
flight days, defined as days w hen the m axim um  
tem peratu re  equals o r exceeds 22°C.

Temperature and flight days

T he num bers o f days exceeding 21 °C is n o t im m edi­
ately available from  published m eterological in ­
form ation . T herefore  it was decided to  take  four 
w eather sta tions in  the north-w est o f  B ritain , 
representing  different geographical characteristics:

Sheltered u rban  —  M anchester W eather C entre.
Sheltered forest •— D elam ere F orest, Cheshire.
Sheltered coastal —  Colw yn Bay, Clwyd.
Exposed coastal —  R .A .F . Valley, G w ynned.
In itia l studies confirm ed th a t the best flight day 

co rre la tion  existed w ith  th e  average daily  m axim um  
tem perature . N o t only w ere these regressions 
significant a t the p <  0.001 level fo r th e  m onths o f 
M ay, June, July, A ugust and  Septem ber, bu t also 
there was no  significant difference betw een sites. 
These relationsh ips a re  show n in F igure  1, and  it is 
im p o rtan t to  notice the differences in  slope o f  the 
plo tted  d a ta  betw een th e  m onths. In  Septem ber 
and  M ay, fo r exam ple, relatively low average 
tem peratures m ay give po ten tia l flight days, bu t the 
m axim um  num ber o f  such days is n o t g reat. In  
con trast, July and  A ugust, can  be relatively w arm , 
leading to  rap id  larval developm ent, bu t still no t 
p rov ide flight days. O bviously, the m axim um  
num ber o f flight days a re  possible in  June, July and  
A ugust. T alks w ith  the M anchester W eather C entre  
indicate th a t these re lationsh ips ho ld  reasonably  
true  fo r the rest o f B ritain .

M aps o f  average m axim um  tem peratures (M eteoro ­
logical Office, 1975) w ere no t used as th e  values
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Figure J. Relationship of number of days ^ 2 2 °C  with 
average daily maximum temperatures. Original data 
from the Manchester Weather Centre covering the 
period 1961-1981. Correlation coefficients (r); May: 
0.675, June: 0.913, July: 0.967, August: 0.917, 
September: 0.653, n= 21 .

are reduced to sea level equivalent, and  less w eight 
is given to  u rb an  areas. T herefo re  the tables o f 
actual values from  233 m eteorological sta tions in 
G rea t B rita in , the Isle o f  M an  and  the C hannel 
Islands w ere used for th e  period  1941 to  1970 
(M eteorological Office, 1976). T he num ber o f days 
;==22°C w ere read  off the regression lines and  are  
sum m arized in F igure 2 fo r ind iv idual m onths and  
for the annual totals. T he general trends w ith la titude, 
altitude, exposure and  prox im ity  to  the sea can 
be noticed .

The e rro rs inheren t in  these estim ates a re  th a t:
(a) there  is som e residual e r ro r  from  the regression,
(b) som e counties a re  n o t covered by w eather 

stations,
(c) the tim e period  covered by the base d a ta  does 

n o t cover the m a in  period  o f  the cu rren t 
epidem ic,
and

(d) each site is affected by local factors.
T his last feature  is w orth  fu rth er consideration . 

A spect, shelter, w ater bodies and  land  use m ay all 
affect tem perature , sunshine, w ind speed and 
direction , hum id ity  and  rainfall. F o r  exam ple, the 
centre o f a n  u rb an  a rea  such as L ondon  m ay have 
a m axim um  tem pera tu re  3°C h igher and  a  m inim um  
tem perature  6°C higher th an  suburbs (C handler, 
1965) and  the average w ind speed m ay be 25 per 
cent lower. O n a  larger scale, the shelter p rovided by 
ranges o f hills can  m ake appreciable  differences to 
tem perature. A  m oist w ind has an  ad iab a tic  cooling 
lapse ra te  o f  0.5 to  0.6°C  per 100 m etres a ltitude. 
H aving lost m oistu re  over up land  areas, th e  dry, 
descending wind gains alm ost 1°C per 100 m etres. 
T his phenom enon, know n as the F o h n  effect, goes

som e way to  explain  the relatively high tem peratures 
in  the C heshire bowl and  o th e r areas in  the lee of 
m ajo r hill areas.

I t  is difficult to  judge the po ten tia l flight days on 
larger islands from  one w eather sta tion , bu t it is 
in teresting  to  no te  th a t G uernsey A irp o rt (104 m 
altitude) has an  estim ated  15 beetle flight days per 
year, the sam e value as D undee (45 m). St. H elier 
on  Jersey (9 m ) has a  sim ilar 33-34 days to A lice 
H o lt Lodge (115 m ) and  W innington  in  C hesh ire  
(20 m). C on tras ts  can  also be found , fo r exam ple 
in  T yne and  W ear, w here T ynem outh  (29 m ) has 
an  estim ated  tw o days, w hile C hopw ellw ood 
(136 m ) som e 20 m iles in land  has over 16 days. 
T he highest estim ates are, as expected, in  the T ham es 
Valley, reach ing  a  m axim um  o f over 47 days in 
G rea te r L ondon.

T he know n no rth ern  lim it o f  D E D , and  by 
im plication  S. scolytus, co rrelates w ith the line 
represen ting  10 days. A lthough  in fo rm ation  on  the 
n o rth e rn  range o f S . multistriatus is a t present 
scanty, th e  20 day line m ay be ap p rop ria te .

Variations between years

T he estim ates presented above a re  based on averages 
over m any years and  annual varia tions can  be 
considerable. F igure 3 represen ts the annual to tal 
flight days a t the M anchester W eather C entre  as 
com pared to the exposed site a t R .A .F . Valley.

M A N C H E S T E R

Figure 3. Distribution of days ^ 2 2 °C  with year.

In  som e years the p o ten tia l for m ajo r dispersal is 
very lim ited. It is, how ever the coincidence o f  two 
ho t sum m ers such as 1975 and  1976, w hich correlates 
w ith the m ajor n o rth e rn  (R edfern , 1977; C row son, 
1976) and  w estern (Jones, 1981) range expansion 
o f  D E D .
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Figure 2. Maps summarizing the number of days ^2 2 °C , per summer month, and annual totals.

42



THE EFFECT OF CLIMATIC FACTORS ON THE DISPERSAL OF ELM BARK BEETLES

Table 1. Distribution of number of days 
the Manchester Weather Centre.

s22°C by months over the period of the current epidemic. Data taken from

Year May June July August September Other
months

Total

1968 2 9 3(1) 9 2 0 25
1969 0 8 13 9 1 2 33
1970 3 14 3 12 3 0 35
1971 0 0 15 4 6 1 26
1972 0 0 9 3 2 0 14
1973 2 9 7 9 3 0 30
1974 0 5 2 3 0 0 10
1975 0 11 14 18 (14) 1 0 54
1976 2 13(2) 17(7) 21 0 0 53
1977 2 4 7 4 1 0 18
1978 6 5 5 2 0 2 20
1979 3 6 9 5 0 1 24
1980 7 3 6 7 1 0 24
1981 1 0 5 10 7 0 23

Figures in brackets refer to number of days ^30°C .

I t  is also o f  in terest to no te  th a t th e  m ajo r n o rth ­
w ard spread o f the earlier non-aggressive epidem ic 
coincided w ith the considerably  w arm er sum m ers o f 
the  1930s, 1940s and  early 1950s (B arry and Chorley, 
1976) w hich affected the ranges o f m any o th er 
flying insects (K aisela, 1962). A re tu rn  to a co lder 
period  could have lead to  stab ilisa tion  o f the D E D  
fron t (Peace, 1960).

T he d is tribu tion  o f  flight days w ith in  each year 
m ust also be im portan t. In  M anchester, the  estim ated 
35 flight days in 1970 w ere d is tribu ted  m ainly in 
June  and  A ugust w ith only th ree in July (Table 1). 
T his pa tte rn  m eans th a t the overw intering and  the 
sum m er generations o f S . scoiytus a re  bo th  able to 
d isperse and  1970 is though t to  be a  year when 
m ajor spread o f the disease was noted  in the M id ­
lands and  E ast A nglia. H ow ever, there  w ere no 
flight days in M ay o r June  in  e ither 1971 or 1972, 
so th a t any adu lts em erging from  the overw intering 
generation  o f  S . scolytus w ould be restric ted  in 
dispersal ability. These years show ed reduced spread 
o f the disease (Jones, 1981). Y ears w ith the m ain 
flight days occurring  in  July, m ay in  fact favour 
S. m ultistriatus, ab le to  exist w ith  m ainly one 
genera tion  per year.

A  series o f flight days usually occurs w hen an  
anti-cyclone stabilises over the con tinen t o f E urope, 
leading to  a  persistent ridge o f high pressure across 
B rita in  or a  depression to  the n o rth  o f Scotland. 
T his leads to  stable barom etric  pressure and  a  light 
south-easterly  a ir-stream .

N orm ally , in  June, July and  A ugust, a  w estern 
coastal site will have w inds in  excess o f 5 m/sec., 
know n to be incom patib le w ith flight (K eyserlingk,
1980) and  approxim ately  half the days have w inds 
from  the south  to  west q u ad ran t. On days w ith a

tem pera tu re  equal o r exceeding 22°C, easterly w inds 
are  p redom inan t (F igure 4) and m ost o f the wind 
speeds a re  less th an  4 m etres per second. S im ilar 
pa tte rn s have been found a t o th er sites.

W

Figure 4. Wind rose for days 
Anglesey for 1971-1981.

= 22°C at R.A.F. Valley,

Micro-climate
Regional varia tion  m ay set the trends, but for 
individual trees and  beetles, m icro-clim ate m ust be 
considered. Slope, aspect, shading, shelter and 
surface albedo will greatly  affect tem peratures. 
G ajzago (1973) quotes an  exam ple w here the a ir  
tem pera tu re  is 17°C and  the g round  tem peratures 
underneath  park  trees on the shaded and ' sunny 
sides w ere 14° and  27°C respectively. Shelter belts 
are  well know n for the am elio ra tion  o f  w ind speeds 
and  these values are  halved below crow n height in
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deciduous w oodland (G eiger, 1967), being reduced 
norm ally to  less than  1 m etre  per second a t half 
crow n height. G eiger also quotes a tem pera tu re  
profile in  deciduous forest w here the level was 
23.5°C above the crow n, 27°C in the crow n, and  
21.5°, 20.5° and  18.5°C a t 19, 11 and  3 m etres 
respectively above the forest floor. T hus, the 
po ten tia l for beetle dispersal m ay be reduced in 
w oodland areas.

These tem pera tu re  differences also effect em er­
gence and  a good exam ple is given by D aterm an  
et al. (1965) w ho m easured a ir  and  inner bark  
tem peratures in  shaded and  clearcut conifer plots 
(F igure 5). These differences lead to  a  delay  of 
40 days in the em ergence o f  Denclroctoiuis pseudo- 
tsugae, H opkins.

The effect o f temperature on larval development

In ad d itio n  to  the reduc tion  in the length o f  the 
m aternal gallery and  num ber o f larvae, no ted  by 
K irby and  F a irh u rs t (1981) for S. scolytus, th e  ra te  
o f  developm ent will be dependan t on  m eteorological 
circum stances a lthough  n o t necessarily a ir  tem pera­
ture. T h is m ay have resulted in  an  add itiona l 
num ber o f genera tions in, fo r exam ple the 1975 
and  1976 sum m ers. F ransen  (1939) noted  fou r 
genera tions in  S. scolytus and  tw o in S . m ultistriatus 
in the w arm  sum m ers o f 1930 and  1932.

Such differences in speed o f  developm ent will 
depend on  accum ulated  tem pera tu re . M aps o f  this 
param eter con trast w ith  F igure 7 in th a t A tlan tic  
influences lead to  a  m ore  equable  clim ate in the 
south-w est and  coastal areas. T he influence o f 
w in ter cold will also be less noticeable in  these areas, 
a lthough  freezing tem peratures are  unlikely to 
cause significant larval m orta lity  in  B rita in . B arson 
(1974) indicated  th a t the Ltso fo r S . scolytus 
larvae is approxim ately  —-20°C. W allace and  B eard 
(1943) and  T hom as (1971) show  th a t S . m ultistriatus 
is no t killed by such tem peratures, w hich are  
unlikely to  be reached in  elm  tim ber (Sakai, 1966).

Discussion

Beaver (1979) considered the transien t na tu re  of 
dead  trees and  the consequent necessity for dispersive 
and  colonizing abilities o f  the bark  beetle species. 
T he popu la tion  dynam ics o f bark  beetles are  often 
characterised  by d ram atic  changes in  abundance. 
RalTa and  B errym an (1980) po in t ou t th a t bark  
beetle hab ita ts  can  be considered a t two levels: the 
individual host tree, and  the d is trib u tio n  o f these 
trees. T he selection o f suitable breeding m aterial 
therefore  causes divergent selective behaviour 
pa tterns.

Tim e in hours

Figure 5. Comparison of air and bark temperatures 
in clearcut and shaded areas, May 13, 1963, with 
time of day.
A =  inner bark temperature, clearcut plot.
B =  air temperature, clearcut plot.
C =  air temperature, shaded plot.
D  =  inner bark temperature, shaded plot.
D ata taken from Daterman, Rudinsky and Nagel (1965).

T he w ork o f  Beaver (1966) and  S chroder (1974) 
ind icate  larval m ortality  o f som e 80 per cent. T aking 
th e  num ber o f larval m ines in the no rth  o f England 
to  be approxim ately  40 per S . scolytus m aternal 
gallery, approxim ately  four daugh ter fem ales will 
em erge per parental female. B earing in  m ind adu lt 
m ortality , the barriers p rovided by topography, 
the low er density  o f  elms in  the n o rth  and  factors
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such as Phomopsis preven ting  successful co lonisa­
tion , the host-seeking behavioural responses m ust 
be highly developed. I t could be hypothesised  th a t 
p rim ary  host a ttra c tio n  should  exist, bu t this has 
no t been reco rded  fo r S . scolytus.

A t flight tem peratures, th e  beetles lose w ater 
quickly and  dea th  m ay result in  th ree days (K eyser­
lingk, 1980). F ransen  (1939) also observed th a t the 
life expectancy o f  m ales was 2 to  14 days. T herefore, 
the insects m ust be sufficiently aw are o f env iron ­
m ental factors to  utilize the optim um  dispersal 
periods. Should  these conditions no t be reached, 
th e  beetles will rem ain  on  o r near the tree w here 
they em erged.

It is likely th a t Peace (1960) was righ t in  his 
assum ption  th a t S . scolytus beetles were ra re  or 
absen t in Scotland p rio r to  the 1930s epidem ic. 
T he in troduc tion  o f D E D  into  G rea t B rita in  a t th a t 
tim e and  the consequent availability  o f  host m aterial 
coincided w ith a series o f  w arm  sum m ers w hich 
enhanced the spread o f the disease. A  decline 
occurred  in the subsequent co lder period , but the 
w arm er years in the 1970s saw the spread o f  the 
aggressive stra in  o f C. ulm i in  the no rth .
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Host feeding preference of Scolytus scolytus
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Introduction

In  B rita in  there  are  th ree principal elm species 
a lthough  m any m ore varieties and  hybrids exist 
(C lapham  et al., 1962). T he m ain  species a re  English 
elm , Ulmus procera  Salisb.; wych elm , U. glabra 
H uds. and  the sm oothleaved elm , U. carpinifolia 
G leditsch . T he English elm , in troduced  in to  this 
coun try  du ring  the late R om an  period (R ichens, 
1976), is the dom inan t species in the south  of 
England m ak ing  up a  large p ro p o rtio n  o f  ou r 
hedgerow  trees. T he sm oothleaved elm is also an 
in troduced  species but found m ainly in E ast A nglia 
and  the E ast M idlands. T he only native species is 
the wych elm , often  found as a w oodland tree, 
and  the m ajo r elm  species in no rth ern  E ngland, 
W ales and  Scotland (G ibbs, 1974).

T he early  surveys o f D utch  elm disease indicated 
th a t all th ree species w ere susceptible to  the aggres­
sive s tra in  o f Ceratocystis ulm i (Buis.) M oreau , but 
apparen tly  to  varying degrees (G ibbs and Howell, 
1972, 1974). C om parisons show ed th a t the incidence 
o f  disease in English elm  was significantly h igher 
th an  in  bo th  wych and sm oothleaved elm , and  this 
difference was ascribed to  English elm  being the 
m ost susceptible o f  the th ree species. H owever, 
w hen B rasier (1977) inoculated young English and 
wych elm  w ith isolates o f C. ulm i he found th a t wych 
elm  proved to be m arkedly  m ore susceptible to  the 
fungus than  English elm . He suggested therefore, 
th a t the b e tte r field perform ance o f  wych elm  in 
the present D utch  elm  disease epidem ic was probably  
due to  its relative attractiveness to  the beetle ra th er 
than to its in trinsic resistance to  the fungus. W ith 
this in  m ind  we decided to  exam ine the preferences 
o f  the larger elm  bark  beetle, Scolytus scolytus F ., 
w hen presented  w ith  bo th  English and  wych elm 
as feeding m aterial.

Testing for feeding preference

All beetles used in this experim ental w ork were 
taken  from  a sou thern  popu la tion  o f S. scolytus, 
having em erged from  brood  m ateria l collected from  
the sou th  o f  E ngland. Four-year-old  trees o f

English elm  and  wych elm , c. 160-200 cm in height 
and  grow ing in pots, w ere used as the host m aterial. 
T he num ber o f po ten tia l feeding positions on each 
tree was estim ated  by counting  the to tal num ber o f 
twig crotches form ed a t the ju nc tion  o f old twig 
g row th (old being a t least the previous season’s 
grow th), these having been observed to  be m ost 
com m only used by S. scolytus fo r feeding in the 
field. O n this basis it was ensured th a t the sam e 
num ber o f po ten tial feeding positions was supplied 
for bo th  elm  species.

Six trees o f each species were selected and  arranged 
in  a plunge bed in tw o row s o f  a lte rna te  English and  
wych elm  (F igure la ) . T he w hole plunge bed was

N

F i g . l a

Figure I. Figure la  illustrates the layout of the trees 
in the plunge bed during days 1-7. Figure lb  illustrates 
tree positions during days 8-24. Open circles (O) 
correspond to U. procera (English elm); cross-hatched 
circles (© ) correspond to U. glabra (wych elm).
The summed number of potential feeding positions 
on all the trees of U. procera amounted to 119, and 
118 on U. glabra.
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then  enclosed in  a 2 m  h igh rec tangu la r nylon net 
tent. E xcept d u ring  rainy  days, equal num bers o f 
m ale and  fem ale beetles were in troduced  daily in to  
th is enclosure over a  two week period . In  add ition , 
halfw ay th rough  the experim ent th e  o rd e r o f  the 
trees in each row  was reversed (F igure lb )  to coun­
terac t any positional effects w hich m ight have 
encouraged beetles to  feed on  certa in  trees. T he 
num ber o f fresh feeding cro tches cut on  each tree  
was usually assessed on a  daily  basis fo r the tw o 
weeks o f  the experim ent and  a  final count was also 
m ade on  the tw enty-fourth  day after the s ta rt o f the 
experim ent.

Results and conclusions
I t was ap p aren t during  the first few days a fter the 
onset o f  the experim ent th a t beetle feeding was 
m ore frequent on  English elm  than  on  w ych elm 
(F igure 2). T he m ean  num ber o f feeding grooves 
per tree  cu t on wych elm  never exceeded n o r even 
approached  the m ean  num ber reco rded  o n  English 
elm  and  statistical analysis confirm ed th is was a 
significant difference (P < 0 .0 5 ) from  the n in th  day 
onw ards. H ow ever, there  was considerable varia tion  
in the num ber o f feeding grooves cu t on  individual 
trees w ithin a  single species (Table 1) and  trees 
selected by beetles fo r feeding in the initial stages 
o f  the experim ent (e.g. U. procera  trees 1 and  2) 
tended to  be the ones m ost heavily fed on  for the 
rem ainder. O n som e English elm  feeding was so 
intensive th a t the num ber o f  feeding grooves cut 
exceeded the estim ated  num ber o f  po ten tia l feeding 
positions. As expected the m ost frequent position  
for feeding was in  the junc tions o f ‘old on o ld ’ 
twigs, bu t beetles w ere also observed feeding a t the 
twig bases o f  the cu rren t y ear’s g row th and , m ore 
occasionally, a t the base o f  leaf petioles. In  English 
elm  feeding even occurred  on  the corky  w ings o f 
b ark  present on som e twigs, and  on  the rougher 
bark  o f the tru n k  and  m ajo r branches.

I t is clear from  these results th a t beetles derived 
from  a  sou thern  popu la tion  o f S. scolytus prefer to

U . procera •— • 

U . g labra °

2 4 6 8 10 12 14 16 24

Days

Figure 2. Comparison of beetle feeding on U. glabra 
and U. procera.

feed on  English elm. A t p resen t it is only possible 
to  speculate how  and  why th is preference occurs. 
Selection o f elm  m ateria l for feeding o r breeding 
in  preference to  o th er tree genera is believed to  be 
m ade by Scolytus  species on  the basis o f  host 
volatiles and  host fo rm /hab it characteristics (Baker 
and  N orris , 1968; C houdhury , 1976), therefore  
beetles m ay be able to  d istinguish  betw een the 
various elm  species in the sam e way. H ow ever, 
it m ay be th a t selection betw een elm  species is 
governed no t by response to  species specific volatiles 
o r hab it, bu t m ade largely on th e  g rounds o f 
preference fo r certa in  bark  textures. T he early  w ork 
o f F ransen  (1939) established th a t beetles tended  
to  in itia te  feeding in  the neighbourhood  o f  old scars 
o r o th er roughened  and  p ro tected  places. B oth  b ark  
and  twig crotches o f  English elm  are  invariably

Table 1. Number of feeding grooves cut by 5. scolytus on U. procera and U. glabra.

Ulmus procera 
1 2 3 4 5 6 X

Ulmus glabra 
1 2 3 4 5 6 y

DAY 4 5 12 0 3 2 2 4.0 0 0 0 0 2 2 0.7 NS
DAY 8 9 28 0 13 5 2 9.5 7 0 0 1 3 2 2.2 NS
DAY 11 26 48 6 17 12 9 19.7 16 0 10 1 4 2 5.5 P<0.05
DAY 15 30 61 8 21 20 11 25.2 18 0 12 1 5 2 6.3 P <0.05
DAY 24 31 88 10 23 31 12 32.5 19 1 16 2 5 2 7.5 P<0.05

The data show the cumulative totals of feeding grooves cut on six trees of U. procera (indicated by numbers 1-6) 
and six trees of U. glabra (again indicated by numbers 1-6) at intervals over a 24 day period.
For statistical analysis the data were transformed to square roots.
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roughened  o r w rinkled, w hereas the bark  o f wych 
elm  tends to  be m uch sm oother. I t is suggested 
therefore, th a t the  initial preference o f beetles for 
feeding on English elm  is m ade because the num erous 
irregularities in the bark  stim ulate feeding.

O nce feeding has been in itiated  o n  certa in  trees 
the situa tion  is likely to  becom e m ore com plex and  
preference fo r one species over the o th er m ay then 
be rein forced  by o th er factors. I t is possible th a t 
w hen a num ber o f feeding grooves a re  p resent on 
a  tree, there  is a  release (o r increased release) o f 
host volatiles m aking  the tree m ore a ttrac tive  to  
beetles. Indeed , prun ing  w ounds m ade on various 
species o f healthy  elm, including English and 
A m erican  ( U. americana), have been found  to  
significantly increase the num ber o f  scolytids 
a ttrac ted  to  the trees (Byers et al., 1980; L andw ehr 
e t al., 1981), and  it is though t th a t this is due to  the 
release o f volatile host a ttrac tan ts  such as a -  
cubebene. In  add ition , som e beetles m ay produce 
their ow n pherom one a ttrac tan ts  causing aggrega­
tion  on certa in  trees. Evidence o f th is was indicated 
by the courtsh ip  behaviour and  copulation  w hich 
was occasionally observed in the feeding grooves o f 
trees w ith heavy activity o f  beetle feeding. Such 
courtsh ip  behaviour in  tw ig crotches has also been 
observed in  S. m ultistriatus (Svihra and  C lark , 1980).

As yet we do  no t know  w hether o th er populations 
o f  S. scolytus will reac t in the sam e way as d id  the 
p opu la tion  stud ied  here. I t will be o f  particu lar 
in terest to  know  if  S . scolytus from  no rthern  B ritain , 
w here wych elm  is the p redom inan t elm, shows a 
preference fo r wych elm over English.

T o conclude, it seems likely th a t the better field 
perform ance o f  wych elm  in the early 1970s was due 
to  its re jection  by feeding S. scolytus beetles, the 
lack o f feeding a ttacks resulting  in  a  low ra te  o f 
infection by C. ulmi. In  con trast, the heavier feeding 
on English elm  resulted in  a  h igher disease incidence 
despite the g rea ter resistance o f this species to the 
disease. I f  it proves to  be true  th a t the wych elm  is 
unattrac tive  to  feeding beetles because o f the 
sm ooth  bark  on  young twigs and  twig crotches, 
this could well be a  characteristic  th a t should be 
selected w hen breeding for elms resistan t to  D utch  
elm  disease.
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Scolytid pheromone research in West Germany
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Introduction

Elm  bark  beetles o f the genus Scolytus and  Pteleobius 
a re  im p o rtan t vectors o f D u tch  elm  disease (D E D ) 
in  E urope, causing serious dam age to forests and  
trees in u rban  areas. C on tro l o f D E D  can be 
d irected  against the  p a thogen  Ceratocystis ulm i 
(Buis.) M or. an d /o r its vectors. In  bo th  cases, 
know ledge o f tim e and  in tensity  o f beetle flight is 
an  advantage. Investigations a t the Forstzoo lo- 
gisches Institu t, F re iburg  (F Z I) w ere p rim arily  
concerned w ith  the use o f pherom one trap s in 
m on itoring  and  surveillance o f elm  bark  beetles.

Evaluation o f synthetic baits for Scolytus species

E arlier investigations in  the U p p er R h ine  Valley 
indicated  a  preference fo r the 8-isom er o f  m ulti- 
s tria tin  (G erken  et al., 1978) by endem ic S . m ulti­
striatus (M arsh .), w hereas A m erican  populations 
produce, and  are  a ttrac ted  to, a -m u ltis tria tin  (G ore 
et al., 1977). A lso, a -m u ltis tria tin  seem ed to inh ib it 
response by S. scolytus (F .) (G erken and  G rim e, 
1978; B light et al., 1980a). W e therefore  tested the 
field response to these m u ltistria tin  isom ers by both  
Scolytus species in o rd e r to  ob ta in  in fo rm ation  as 
to  the m ost elTective ba it m ixture, as well as to see 
if a  single pherom one m ix tu re  could be used for 
bo th  beetle species. T est com pounds w ere com m er­
cial a -m u ltis tria tin  (C hem ical Samples, C olum bus, 
O hio) and  (-)-5-m ultistriatin  o f high chem ical and 
optical purity  as p rovided by D r. W . Helbig, 
U niversity  o f  T ubingen  (H offm ann  and  Helbig, 
1981). B oth  m ultistria tin s w ere diluted to  com par­
able stan d ard  concentrations w ith  hep tan  (a, d); 
a  fu rther 10-fold d ilu tion  (a-1, d_1) was also applied. 
Baits used w ere racem ic 4-m ethyl-3-heptanol plus 
cubeboil w ith o r w ithou t ad d itio n  o f the test com ­
pounds. T he pherom one com ponents em anated 
separately from  glass capillaries; trap s w ithout 
ba it served as contro l. All trea tm en ts were ro ta ted  
a fter each contro l in o rder to  reduce the influence 
o f  trap  positions.

C om bination  o f 4-m ethyl-3-heptanol and cubeboil

Table 1. Response of Scolytus species (mean number per 
trap and collecting period) to window traps baited with 
4-methyl-3-heptanol (MH) and cubeboil (Cu) with or 
without addition of racemic a-multistriatin (a) or (-)-5- 
multistriatin (d) at standard concentration (a, d) and at 
10-fold dilution (a-1, d-1). Locations: forestry districts 
Whyl (W) and Rottweil (R).

Bait

S. multistriatus S. scolytus

i  (W) x (R) x(W ) x (R)

MH +  Cu +  a 11.7 18.3 10.5 12.5
MH +  Cu +  a-> 2.9 5.9 17.7 13.3
MH +  Cu +  d 4.1 5.6 13.4 10.3
MH +  Cu +  d-l 6.8 3.2 28.1 8.0
MH +  Cu 2.2 4.9 12.5 11.9
Control (empty) 1.1 0.7 5.4 2.2

(n =  ) (1,124) (1,499) (3,413) (2,270)

w ith  the standard  concen tra tion  o f com m ercial 
a-m u ltistria tin  caught significantly m ore S . m ulti­
striatus in w indow  traps than  the com bination  
w ith  (-)-8-m ultistria tin , a lthough  differences were 
no t consistent a t th e  10-fold low er concentrations 
(T able 1). P reference o f  E u ropean  populations of 
S . multistriatus fo r the a-isom er o f  m ultistria tin  
was also confirm ed by using ventilated landing 
traps (“ sleeve o lfactom eters” ) (K lim etzek et al.,
1981). These results agree w ith  A m erican experi­
ences and  field tests perform ed in  the U K  and  in 
Sw itzerland (L anier e t al., 1977; B light et al., 
1980b; A ngst, 1981). E arlier divergent results m ay 
have resulted from  different concen trations o f test 
chem icals used and  dosage/response-reactions o f 
the beetles (c.f. G ran t and  L anier, 1982; A ngst 
et al., 1982).

N o  consistent difference was found betw een 
m u ltistria tin  treatm ents for S . scolytus (Table 1). 
T here  was also no preference for 4-m ethyl-3- 
hep tanol plus cubeboil alone, n o r was there  an 
apparen t reduction  when com m ercial a -m ulti­
stria tin  was added a t two different concentrations. 
W e m ay therefore conclude th a t the use o f a  single
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Figure 1. Response of Scolytus species to window traps baited with 4-methyl-3-heptanol, cubeboil and 
multistriatin (S) or racemic a-multistriatin (A) at standard concentration and subsequent dilutions of the whole 
bait (I) and of a-multistriatin only (II) (Schroth, 1978; Kopp, 1982).

ba it con tain ing  a-m u ltistria tin  is feasible for both  
Scolytus  spp. In h ib itio n  induced by high concen­
tra tions o r quan tities o f  m ultistria tin  seems to  begin 
a t a  low er th resho ld  fo r S. scolytus th an  fo r o th er 
Scolytus  spp. S tan d ard  concen tra tion  o f  a com m er­
cial m ix ture o f  4-m ethyI-3-heptanoI, m ultistria tin  
and  cubeboil (“ m ultilu re” ), w hich was m ost 
a ttrac tiv e  to  S. m ultistriatus and  S. pygm aeus (F.), 
inh ib ited  response o f S. scolytus to  w indow  traps 
(F igure 1). D ilu tio n  w ith  4-m ethyl-3-heptanol led 
to  a  m arked  increase o f catches o f  S. scolytus-, 
fu rther d ilu tions, how ever, led to  a gradual decrease 
in the num ber o f  beetles caught (Schroth , 1978). 
Also, S . m ultistriatus and  S. m ali Bechst. responded 
sim ilarly to  the d ilu tion  o f a-m ultistria tin  w ith 
4-m ethyl-3-heptanol and  cubeboil being released 
a t a  constan t ra te  (F igure  1).

In  S. mali, fem ale beetles a re  responsible fo r host 
finding and  the p ro duc tion  o f an aggregation 
pherom one (R udinsky  et al., 1978). B oth sexes o f 
S. m ali from  n a tu ra l o r forced a ttacks con tained  
varying am ounts o f  4-m ethyI-3-heptanol w ith threo- 
and  eryf/jro-diastereom ers a t a  ra tio  o f  1 : 5 for 
boring dust p roduced  by m ales (F rancke et al., 
unpublished); fem ale beetles contained a  sex- 
specific com pound so fa r unidentified (F igure 2). 
In  field tests, billets artificially infested w ith S. m ali 
fem ales o r uninfested billets o f M alus sp. a ttrac ted
S . m ali and  also S. multistriatus, w hereas billets

infested w ith  m ale S. m ali caught few beetles 
(K opp , 1982). S . m ali strongly  responded  to  the 
a ttra c tan t pherom one m ix ture  o f  S. multistriatus, 
and  reaction  o f  bo th  species to  different a-m ulti­
stria tin  concen tra tions was sim ilar (c.f. F igure 1). 
R eaction  o f  S. m ali to 4-m ethyI-3-heptanol alone 
o r w ith ad d ition  o f (-)-S-m uItistriatin was distinctly 
lower. T here  is a considerable d iu rnal varia tion  in 
flight activity  betw een S. m ali and  5. m ultistriatus 
(F igure 3).

In  som e bark  beetle species, a ttrac tio n  to  the 
beetle-produced pherom one is inhibited  by the 
ketone o f an  a ttra c tan t alcohol, e.g. verbenone or 
m ethylcyclohexenone in  Ips typographic  (L.) o r 
several Dendroctonus spp. W e tested w hether 
Scolytus  species w ould be repelled by the ketone 
o f  4-m ethyl-3-heptanol. In  w indow  traps, 4-m ethyl-
3-heptanone did  no t inh ib it the response o f S. 
scolytus o r  S . multistriatus n e ither when offered 
alone o r in  com bination  w ith a-m ultistria tin ,
4-m ethyl-3-heptanol and  cubeboil (Table 2).

Evaluation o f dispensers

D ifferent types o f  dispensers for synthetic phero- 
m ones (F igure 4) w ere com pared in w indow  traps 
as to  the ir perform ance. G lass capillaries contain ing 
single ba it com ponents w ere p u t in  glass tubes w ith 
a  polyethylene stopper to  prevent ra in  w ater from
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Figure 2. Gas chromatograms from frass of male (A) and female (B, C) S. mali artificially introduced into 
billets of Mains sp. (packed FFAP column, 100°C isotherm; MH =  4-methyl-3-heptanol, X=unidentified female 
specific compound).
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Figure 3. Flight pattern of S', multistrialus and 
S. mali a t window traps baited with a-multistriatin, 
4-methyl-3-heptanol and cubeboil.

en tering ; two holes in  the s topper allowed the 
chem icals to  evaporate . M ixtures o f pherom one 
com ponents in hep tane  w ere also tested in  glass 
and  plastic containers. Polyvinyl chloride (PVC) 
and  glass tubes w ith perforated  stopper proved 
com parab le  in  the release o f  the stan d ard  m ixture 
to  capillaries con tain ing  the com ponents separately. 
R elease th rough  polyethylene (PE) bags, how ever, 
caught d istinctly  less Scolytus  species (Table 3).

Colonisation pattern o f trap trees

W e tested the effect o f  synthetic baits for a ttrac tio n  
o f  Scolytus  species to  felled trap  trees and  also the

Figure 4. Types of dispensers used in the experiments: PVC-tubes, glass tubes with perforated stopper, standard 
capillaries and PE-bags.

Table 2. Response (%) of Scolytus species to window traps baited with the attractant pheromone mixture 4-methyl-3- 
heptanol (MH), cubeboil (Cu) and a-multistriatin (a) with or without addition of 4-methyl-3-heptanone.

Bait Percentage of Scolytus 

multistriatus scolytus pygmaeus

MH +  Cu +  a 22 28 22
MH +  Cu +  a 23 27 44
MH +  Cu +  a +  4-methyI-3-heptanone 21 14 11
MH +  Cu +  a +  4-methyl-3-heptanone 21 17 11
4-methyl-3-heptanone 7 9 6
Control (empty) 6 5 6

(n =  ) (1,363) (350) (46)
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Table 3. Response (%) of Scolytus species to window 
traps baited with 4-mcthy!-3-heptanol, cubeboil and 
ot-mullistrialin in various dispensers.

:so

Dispenser Percentage of Scolytus

multistriatus scolytus
"  1

PVC-tube 28 32
Glass tube 27 36 1 00 -

Standard capillaries 26 22
PE-bag (0.9 ml) 11 3
PE-bag (1.8 ml) 8 7 50  -

(n =  ) (281) (59)
0 -

susceptibility o f different elm species to beetle a ttack . 
O f th e  host trees Ulmus carpinifolia G l., U. glabra  
H uds. and  U. laevis Pall, w hich w ere pu t up  a lte r­
nately at d istances o f 15 -  20 m, only U. carpinifolia 
was (heavily) infested an d  th e  o th e r  tw o elm  species 
hardly  a t all, regardless o f  w hether ba ited  w ith  
a-m ultistria tin , 4-m ethyl-3-heptanol and  cubeboil 
o r n o t (F igure  5). S . scolytus and  S . m ultistriatus

□-CD
10 20

m a y

- n x

□  U corpimfolia 

o  U g lab ra  

x U laevis

, , 0 - 0 —

30 10

JULY

10 20  30

I JU N E  I

Figure 5. Number of bore holes of Scolytus species 
in felled trap trees of different elm species.

Figure 6. Feeding activity of Scolytus species in petri dishes, which were filled with plaster of Paris (1-3) or 
styropor (11-13). 1. no treatment, surface partly roughened; 2. drops of ethanol extract of U. carpinifolia added; 
3. surface roughened, completely treated with extract of U. carpinifolia; styropor discs over pieces of bark from 
U. glabra (II), U. laevis (12) and U. carpinifolia (13).
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artificially in troduced  in to  billets o f these elm  species 
differed accordingly  w ith  respect to  th e ir  boring 
activity. H ow ever, e thano l ex tracts o r pieces o f 
bark  d id  n o t elicit differential feeding behaviour 
w hen  tested  in the labora to ry . R egardless o f  w hether 
an  ethano l ex trac t o f b a rk  from  U. carpinifolia was 
added  o r no t, beetles sta rted  gnaw ing and  boring 
in to  p laster o f  P aris  only if  the surface was ro u g h ­
ened, and  beetles readily  bored  in to  s ty ropor discs 
pu t over pieces o f  bark  regardless o f  elm  species 
(F igure 6). These findings d em onstra te  the im p o rt­
ance o f beetle behaviour and  host quality  besides 
pherom one chem istry  (A scher and  G uerevitz, 1972; 
V ite et al., 1976; G rim m , 1977; B arger, 1979; 
von K eyserlingk, 1980; Svihra and  K oehler, 1981). 
E x trac ts o f  U. carpinifolia slightly increased beetle 
ca tch  in  w indow  traps (S chro th , 1978), bu t the 
perfo rm ance o f  land ing  trap s fo r S. scolytus and
S. m ultistriatus could no t be im proved by ad d itio n  
o f  elm  ex tracts to  the synthetic  pherom one o r by 
using n a tu ra l baits.

Pherom one traps
R egardless o f  th e  type o f  b a it used, w indow  traps 
w ere fa r m ore  efficient than  N orw egian cylinder 
traps. T h is re la tionsh ip  d id  n o t change during  the 
course o f  the genera tion  o r from  first to  second 
genera tion , a  phenom enon  know n from  o th er 
scolytid species. In  the land ing  traps, m ore o f  the 
host selecting sex o f S . scolytus w ere caught, w hereas 
th e  opposite  is tru e  fo r th e  flight b a rr ie r trap  
(Table 4).

Table 4. Total number of Scolytus species caught in two 
different types of traps baited with 4-methyl-3-heptanoI, 
cubeboil and a- and S-multistriatin. I.ocations: forestry 
districts Whyl (W) and Rottweil (R).

T he num ber o f  beetles caught per trap  was no t 
norm ally  d is trib u ted  a ro u n d  the m ean bu t show ed 
a  positive skew ness (F igure  7); th is is also the  case 
fo r o th e r types o f  trap s and  o th e r bark  beetle 
species and  show s th a t trap  efficiency could still be 
greatly  im proved.

F o r S . scolytus an d  S . multistriatus, the catch  per 
w indow  trap  baited  w ith  th e  sam e am oun t o f 
pherom one increased w ith  the size o f the flight

28-

2 L -
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16

g ,
B 12H a

oJ

cylinder traps 

window traps

Species of beetle Number of beetles caught in

perforated window traps
cylinders
Z (<?:$) Z (<J : ?)

S. multistriatus (W) 0 1,124 (1 : 1.5)
(R) 1 (1$) 1,499 (1 : 1.6) o

S. scolytus (W) 45 (1 : 0.6) 3,413 (1 : 1.4) <11
(R) 24 (1 : 0.8) 2,270 (1 : 1.4) l/l

beetles per trap

Figure 7. Catch frequency of Scolytus species per 
trap in Norwegian cylinder traps and window traps 
(Baader, 1981).

b a rrie r (F igure 8). T h is re la tionsh ip  has also been 
dem onstra ted  fo r sticky trap s w ith S. m ultistriatus 
(L anier et al., 1976) and  fo r the o th er bark  beetle 
species and  trap  types.

V arious types o f  trap s w ere tested for their 
efficiency in catch ing  Scolytus species. W indow  
traps consist o f a 55 x 60 cm polyethylene sheet; 
a ttrac ted  beetles fly against the w indow  and  fall 
in to  a  trough  fixed underneath  con tain ing  w ater and 
a  detergent. L and ing  traps consist o f  (black) 
cylinders perforated  w ith num erous holes; a ttrac ted  
beetles land on  the rough  surface, en ter th rough  
these holes and  fall in to  a  ventilated  collecting jar. 
O ut o f  six types o f traps (F igure 9), w indow  traps 
equipped w ith  a w ater trough caught the m ost 
beetles (90 per cent), perforated  cylinders (“ landing 
trap s” ) the least (Table 5).

1 0 0 -

80

60

40

20

20 40 60 80 100 cm

Figure 8. Amount of beetle catch per window trap 
using the same amount of pheromone, with increasing 
size of quadratic window (Schroth, 1978).
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Figure 9. Types and designs of traps used in the experiments: window trap with water trough, funnel trap, 
funnel trap with cylindrical window, drainage pipe (diameter 10 cm), Norwegian cylinder trap (diameter 20 cm), 
and “K onus” trap.

Table 5. Response (%) of Scolylus species to various 
types of traps baited with 4-methyl-3-heptanol, cubeboil 
and a-multistriatin.

Type of trap Percentage of Scolytus 

multistriatus scolytus

Window 92 89
Funnel 4 2
Funnel with cylindrical

window 0 6
Drainage pipe 3 2
Norwegian cylinder

(Borregaard) 0 2
“Konus” trap

(Rochling-Haren) 0 0

(n = ) (306) (66)

F light ba rrie r trap s w hich a ttra c t and  kill beetles 
a re  the m ost effective trap  types. E xperim ents using 
landing trap s covered w ith  a  sticky substance 
ind icated  th a t they can  a ttra c t bu t n o t necessarily 
catch  beetles (Table 6). W indow  traps, how ever, 
catch  m any o th e r flying insects and  debris, and  
need frequent cleaning. V arious m ethods were 
therefore applied  in the a ttem p t to  increase the 
perform ance o f land ing  trap s: tests w ith 10-fold 
h igher concen tra tions o f  4-m ethyl-3-heptanol an d /o r 
cubeboil, opening o f add itiona l holes (d iam eter 
5 cm) to  increase ven tila tion , o r increasing the 
substra te  hum idity  o f  land ing  traps m ade from  
p laster o f Paris, and  m im icking b ark  surface o f elm 
trees (F igure 10) failed to  increase the num ber of

Table 6. Percentage of Scolylus species caught on sticky 
traps (mL) and traps not treated with sticky material (oL). 
Traps were baited with the attractant mixture released 
from capillaries.

Species/treatment Window
trap

Drainage
pipe

Norwegian
cylinder

S. multistriatus oL 34 11 4
mL 66 89 96

(n =  ) (99) (51) ( 9)
S. scolytus oL 15 0 0

mL 85 100 100
(n = ) (87) (10) ( 1)

Table 7. Percentage of S. muhistriatus caught in per­
forated cylinder traps painted black or white and, located 
inside or outside a forest stand.

Site Forest Open

Colour stand field

Black 3 19
White 22 56

beetles en tering  the cylinders. F inally , an  a ttem p t 
was m ade to increase the optical com ponent o f 
tand ing  traps by locating them  outside the forest 
and  pain ting  them  w hite (Table 7). R esults confirm  
lhat good visibility o f traps strongly  influences the 
beetle catch.
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Figure 10. Norwegian cylinder trap with additional ventilation holes (diameter 5 cm) and painted white; landing 
trap with bark-likc surface made f r o m  plaster of Paris and moisturized by means of a water container; and 
drainage pipe covered with sticky wire mesh.
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Biochemical investigations related to Dutch elm disease carried out at 
the Agricultural Research Council Unit of Invertebrate Chemistry 

and Physiology, University of Sussex, 1973-1982.

J. F. GROVE
School o f  M olecular Sciences, University o f  Sussex, Falmer, Brighton, BN1 9Q T, U.K.

IN T R O D U C T IO N

Problem s involving biochem ical in teractions betw een 
an  insect, a  m icro-organism  and  the p lant host 
possess a p a rticu la r fascination  w hich stem s from  
the in tegrated  m ultid iscip linary  app roach  required . 
T he research  po ten tial o f D u tch  elm  disease (D E D ), 
in w hich the vectors fo r the fungal pa thogen  
Ceratocystis ulm i (B uism an) C . M oreau  [ =  Ophios- 
tom a ulm i (B uism an) N annf.] a re  (in  the U .K .) the 
bark  beetles Scolytus scolytus (F .) and  S. m ulti­
striatus (M arsham ), was assessed in 1973. M any 
facets o f  th is problem  appeared  likely to  have a 
chem ical basis and  we elected to  study:

I. T H E  SE C O N D A R Y  M E T A B O LITE S 
P R O D U C E D  BY C E R A T O C Y S T IS  U L M I  O N  
S Y N T H E T IC  A N D  O N  E L M  B A R K /P H L O E M  
M E D IA .

In  so far as it concerns phy to tox in  fo rm ation  by 
the aggressive and  non-aggressive stra ins o f  C. ulmi, 
th is aspect o f  o u r w ork is no t reviewed here, but 
the relevant publications are  listed (C laydon et al., 
1974a, 1974b, 1980; G rove and  Pople, 1979). 
C. ulm i d id  n o t p roduce any o f the know n com ­
ponents o f the aggregation  pherom ones (see section 
II A  1) o f the beetle vectors (U IC P, unpublished). 
H ow ever, the sterilizing process necessary for in 
vitro w ork  rem oves from  the natu ra l m edia  volatiles 
w hich could, conceivably, be precursors on  the 
biosynthetic  pathw ay to  these com ponents. A 
possible d irect ro le for C. ulm i in beetle aggregation 
canno t therefore  be com pletely excluded.

II. T H E  C H E M IC A L L Y  M E D IA T E D  
B E H A V IO U R  O F  T H E  B A R K  B EETLES

T his w ork was begun in 1976 and  th ree aspects 
(projects A -C ) o f beetle-host tree in teraction  are 
being investigated:
(A) T he effect o f  volatiles released during  gallery 

construction  (boring).

(B) T he effect o f  volatiles released during  twig 
cro tch  feeding.

(C) T he identification  o f host com pounds, both 
volatile and  involatile, concerned w ith the 
p rim ary  a ttra c tio n  o f the beetle to the host.

W ork  on  projects B and  C  is no t yet com plete 
and  is n o t rep o rted  on  here.

Project A  has been stud ied  a t th ree response 
levels:
1. L ong range responses in field trials for aggrega­
tion  pherom one com ponents. These trials were 
carried  ou t in  co llabora tion  w ith the Forestry  
C om m ission, E ntom ology B ranch, Alice H olt 
Lodge (see K ing  and  F ielding, this volume).
2. S hort range responses in labora to ry  w alking- 
arrestan t bioassays.
3. Sensory responses o f (i) individual antennal 
receptors (single olfactory cells) associated w ith the 
sensilla and  (ii) w hole an tennae, by eleclroan tenno- 
graphy (EA G ).

In  connection  w ith project C:

4. Feeding responses in a  labora to ry  phagostim ulant 
bioassay are  also being investigated.

B oth beetle vectors have been studied though m ost 
w ork has been done w ith S. scolytus. W hen  release 
o f  a p a rticu la r com pound was sex-specific, the 
response o f both  sexes was studied . Initially  Ulmus 
procera (English elm) was used, bu t the program m e 
has now been extended to o th er elm species of 
im portance in  the U .K . These are  U. glabra (wych 
elm) and  two varieties o f U. carpinifolia (W heatley, 
C orn ish  elm).

Highly purified com pounds were used in all 
bioassays, including field trials, and the results o f 
all biological experim ents w ere subjected to rigorous 
statistical analysis. W here possible, a  random ised 
block design, w ith re-random isation  w ith in  the 
blocks, was used in field trials. In this w ork indiv i­
dual com ponents o f  a ttra c tan t baits were released 
from  separate  vials. The norm al m ethod of release 
was by diffusion th rough  polythene vials, but open 
glass vials and  glass vial-w ithin-a-vial dispensers
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were som etim es used. Release rates were determ ined 
under standard  cond itions in the laboratory .

II A Volatiles released during gallery construction

1. The aggregation pherom ones o f  the Scolytus 
sp. vectors.

T he poten tia l o f  behaviour-contro lling  chem icals, 
particu larly  com ponents o f  the aggregation  p h e ro ­
m ones, for the detec tion , popu la tion  sam pling and 
suppression o f scolytid beetles is well established 
(W ood, 1979). In  ou r w ork on  the identification  of 
the Scolytus sp. aggregation  pherom ones, the 
volatiles p roduced  w hen unm ated  and  m ated m ale 
and female beetles bore into elm  logs, under lab o ra­
tory conditions, were trapped  by conventional a ir 
en tra inm en t techniques and  identified by coupled 
gas ch rom atog raphy— m ass spectrom etry  (G C M S). 
T he volatiles em itted  by scored elm  logs w ere 
sim ilarly identified. W here necessary, larger q u an ­
tities o f  these com pounds w ere e ither synthesised 
o r ob ta ined  from  natu ra l sources and  w ere

purified by ch rom atography . T hey w ere exam ined, 
e ither singly o r in g roups, by electro-physiological 
techniques (Section II A  3) and  in the w alking- 
a rre stan t bioassays (Section  II A 2). C om pounds 
found to  be biologically  active w ere then  tested 
in the field.

( i )  B E E T L E -PR O D U C E D  VOLATILES

(a) Scolytus multistriatus. Soon a fte r o u r w ork  had 
been s ta rted , (-)-a-m ultristria tin  (I) was identified 
(Pearce et al., 1975; L an ier et al., 1976) as one of 
th e  com ponents o f the unm ated  fem ale-produced 
aggregation  pherom one o f N o rth  A m erican popu la­
tions o f  S . m ultistriatus. T he  o th er com ponents 
w ere found to be (3S, 4S)-4-m ethylheptan-3-oI (V ) | 
and  a host synergist, the U. americana sesquiterpene 
(-)-a-cubebene (X). A  small am oun t o f  the P-isom er 
(II) o f m u ltis tria tin  was also identified am ong the 
volatiles p roduced  by fem ale beetles. O f the four 
synthetic racem ic stereoisom ers, a(I), P(II), yOH)

t=(-)-threo-4-methylheptan-3-ol

H

O

a -
1

H.

P-
i i

M ULTISTRIATIN ISOMERS

Y-
III

/ s
8-
IV

HO .H H OH HO. .H

H

H .  ,OH

(3S, 4S) 
V

(3R, 4S) 
VI

(3R, 4R) 
VII

4-METHYLHEPTAN-3-OL ISOMERS

(3S, 4R) 
VIII

IX
(4S)-4-METHYL-
HEPTAN-3-ONE

(-)-a-CUBEBENE (-)-P-PINENE (-)-LIM ONENE
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and 8(IV), o f  m u ltistria tin , only th e  oc-isomer (I), 
in adm ix tu re  w ith racem ic 4-m ethyIheptan-3-ol and 
cubebene, was found to  a ttra c t S. m ultistriatus in 
bo th  labo ra to ry  and  field tests; the o th e r isom ers 
w ere inactive (L an ie r et a/., 1977). A  bait (m ultilure) 
con ta in ing  all four m ultistria tin  stereoisom ers 
together w ith racem ic 4-m ethylheptan-3-ol and 
distilled cubeb oil (70%  a-cubebene) was effective 
in trapp ing  N . A m erican S. multistriatus popu la­
tions (L an ie r et al., 1976). E u ropean  (U pper R hine 
valley) populations o f  5 . multistriatus w ere also 
a ttrac ted  to  this bait (Vite et al., 1976). It was 
claim ed, initially  (G erken  et al., 1978), tha t these 
populations were a ttrac ted  to (-)-8-m ultistria tin  (IV) 
adm ixed w ith m ethylheptanol and  cubebene: the 
ad d ition  o f (-)-a-m ultistriatin  was said to  reduce 
the a ttrac tio n  and  w hen (-)-8-m ultistria tin  was 
replaced by the (-)-a-isom er, the m ixture was 
inactive. H owever, in  fu rth er w ork w ith  these sam e 
beetle popu la tions it was subsequently found 
(K lim etzek et al., 1981) th a t m ixtures o f  a-m u lti­
s tria tin , m ethylheptanol and  cubeb oil were a ttra c ­
tive, bu t (-)-8-m ultistria tin  was inactive. Blight et al., 
(1980b) had  previously show n tha t English popu la­
tions o f S. m ultistriatus were a ttrac ted  to  baits 
con tain ing  (-)-a-m ultistriatin , the (+ )-a-isom er 
being inactive, and  had  identified (U1CP, unpub ­
lished) a-m u ltistria tin  from  English fem ale S. 
multistriatus boring in to  U. procera. Field trials 
in England w ith m ethylheptanol baits to w hich 
w ere added  (+ )- o r (-)-()- o r racem ic a-, y  o r 
8-m ultistria tin  (Blight et al., 1983a) confirm ed the 
results o f the A m erican w orkers and  there is now 
little d o u b t th a t the com ponents o f the aggregation 
pherom ones o f  A m erican and  E u ropean  populations 
o f S. multistriatus a re  identical.

A lthough  low release rates o f a-m ultistria tin  
greatly  enhanced the response o f S. m ultistriatus 
to baits con tain ing  m ethylheptanol and  a  host 
synergist, the  release o f larger am ounts in terrup ted  
(sensu W ood, 1977) the response (Blight et al., 1983a). 
T his w ork suggested th a t the m ultilure bait is 
probably  no t the op tim um  form ulation  for a ttrac ting  
S. m ultistriatus. M ale S. m ultistriatus d id  no t 
p roduce m easurable am ounts o f e ither a-m ulti­
s tria tin  o r m ethylheptanol (U IC P, unpublished), 
and  did  no t appear to con tribu te  to the aggregation 
o f th is species (Peacock et a!., 1971).

4-M ethylheptan-3-one (IX), form ally identified 
from  m ale S. scolytus (see below), was also produced 
by fem ale S. multistriatus (Blight et a!., 1983b). 
In a  field tria l, a  low release rate  o f the racem ic 
ketone did no t significantly increase the catch o f a 
m ethylheptanol bait, w hilst a  high release rate  
reduced the catch  (Blight et al., 1982).

(b) Scolytus scolytus. In  co n tra st to  S. m ultistriatus, 
the S. scolytus aggregation  pherom one was produced 
by the unm ated  m ale beetle (B orden and  K ing, 
1977; B light et al., 1980a). A  m ixture, ca. 3:1, o f 
(3S, 4S)-4-m ethylheptan-3-ol (V) and  (3R, 4S-) 
4-m ethylheptan-3-ol (V I)f  was th e  m ajo r active 
com ponent (Blight et al., 1979b), irrespective o f  the 
elm  species studied  (U IC P, unpublished). U nm ated 
fem ale beetles, bo ring  in to  U. procera  produced 
only sm all am oun ts o f  the (-)-erythro  isom er (VI) 
together w ith larger quan tities o f  a-m ultistria tin  
(B light et al., 1977, 1978b, 1979b) and  traces o f 
P -m ultistria tin  (U IC P , unpublished). F rom  both 
a ir  en tra inm en t and field experim ents (Blight et al., 
1980a), using billets artificially infested w ith both 
sexes, it w ould seem th a t m ating  has no effect on 
the p roduction  o f  4-m ethyIheptan-3-ol and  a- 
m ultistria lin  by S. scolytus.

F o r field trials the 4-m ethylheptan-3-oI stereo­
isom ers w ere synthesised as follows. Racem ic 
th reo - and  erythro-4-m ethylheptan-3-ols, obtained  
from  the com m ercial synthetic alcohol by fractional 
d istilla tion , w ere resolved by liquid ch rom ato ­
graphic  separa tion  o f the ir (-)-a-m ethoxy-a-trifluoro- 
m ethylphenyl acetates, from  w hich the optically 
pure enantiom ers w ere regenerated  by hydrogenoly- 
sis (Blight et al., 1979b). In  the field the (-)-threo- 
and  (-)-erythro-4-m ethylheptan-3-ols were indivi­
dually a ttrac tive , but the ir com bination  was no t 
significantly m ore a ttrac tive  (Blight et al., 1979c, 
1980a). T here was no evidence o f inh ib ition  of 
a ttrac tio n  to the (-)-alcohols (V) and  (VI) by their 
enantiom ers (V II) and  (V II1), w hich were by 
them selves inactive (Blight e t al., 1979c). C om ­
mercial synthetic 4-m ethylheptan-3-ol can  therefore 
be used for popu la tion  sam pling and  m ass trapp ing  
o f  S. scolytus (Blight et al., 1979c), but the m inim um  
release ra te  for an  op tim um  catch is ca. 400pg/day 
(Blight et al., 1980a; U IC P , unpublished).

A n earlier report (G erken et al., 1978) that 
U pper R hine valley populations o f S. scolytus were 
a ttrac ted  to  the (+ )-th reo-isom er (V II) p robably  
arose from  the use o f im pure m aterial.

In m arked con trast to  the situa tion  w ith S. 
multistriatus, the ad d itio n  o f  a-m ultistria tin  to a 
m ethylheptanol-host synergist bait did no t have a 
significant effect on  the catch in field experim ents 
(Blight et al., 1978a). H igh release rales o f a-m ulti­
s tria tin  reduced the catch (Blight et al., 1983a).

T he m ost im portan t conclusion to be d raw n  from  
the field experim ents reviewed above is tha t one 
bait, based on m ethylheptanol and  incorporating  
a low release ra le  o f a-m ultistria tin , can be fo rm u­
lated to cap tu re  both beetle vectors.

■{■ =  (-)-erythro-4-niethylheptan-3-ol
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Artwork for the chemical configurations was regrettably transposed. The correct 
diagrammatic representation appears below:

J 3 ~ '

(3 S .4 S )

V

o

IX

(4S )-4-M E T H Y L -

H E P TA N -3-O N E

III

M U L T IS T R IA T IN  ISO M ER S

H

h ' S dh HO H

( 3 R .4 S )  (3 R .4 R )

V I V II

4-M E T H Y L H E PT A N -3-O L  ISO M ER S

AH
(-)-a -C U B E B E N E

XI

(-)-fl-P IN E N E

IV

V III

X II

(- )-L IM O N E N E

August 1983
London: Her Majesty’s Stationery Office



BIOCHEM ICAL INVESTIGATIONS RELATED TO DUTCH ELM DISEASE

and 5(IV), o f  m u ltis tria tin , only the a-isom er (I), 
in  adm ix tu re  w ith racem ic 4-m ethylheptan-3-ol and 
cubebene, was found to  a ttra c t S. m ultistriatus in 
both  labora to ry  and  field tests; the o th e r isom ers 
w ere inactive (L anier et al., 1977). A  bait (m ultilure) 
con tain ing  all fou r m ultistria tin  stereoisom ers 
together w ith racem ic 4-m ethylheptan-3-ol and 
distilled cubeb oil (70%  a-cubebene) was effective 
in trapp ing  N . A m erican S. m ultistriatus popu la­
tions (L anier et al., 1976). E u ropean  (U pper R hine 
valley) popu la tions o f S. m ultistriatus were also 
a ttrac ted  to  this ba it (V ite et al., 1976). It was 
claim ed, initially  (G erken  et al., 1978), th a t these 
populations w ere a ttrac ted  to  (-)-S -m ultistriatin  (IV) 
adm ixed w ith m ethylheptanol and  cubebene: the 
ad d itio n  o f (-)-a-m ultistriatin  was said to  reduce 
the a ttrac tio n  and  w hen (-)-8-m ultistria tin  was 
replaced by the (-)-a-isom er, the m ixture was 
inactive. H ow ever, in  fu rther w ork w ith  these same 
beetle popu la tions it was subsequently  found 
(K lim etzek et al., 1981) th a t m ixtures o f a-m ulti­
stria tin , m ethylheptanol and  cubeb oil were a ttra c ­
tive, bu t (-)-5-m ultistria tin  was inactive. Blight et al., 
(1980b) had  previously show n th a t English popu la­
tions o f S. m ultistriatus were a ttrac ted  to  baits 
con tain ing  (-)-a-m ultistria tin , the (+ )-a-isom er 
being inactive, and  had identified (U IC P, un p u b ­
lished) a-m u ltistria tin  from  English fem ale S. 
m ultistriatus boring  in to  U. procera. Field trials 
in England w ith m ethylheptanol baits to  w hich 
w ere added  (+ )- o r (-)-(3- o r racem ic a-, y  or 
8-m ultistria tin  (Blight et al., 1983a) confirm ed the 
results o f the A m erican w orkers and  there is now 
little d oub t th a t the com ponents o f  the aggregation  
pherom ones o f  A m erican and  E u ropean  populations 
o f S. multistriatus a re  identical.

A lthough  low  release rates o f a-m ultistria tin  
greatly  enhanced  the response o f S. m ultistriatus 
to baits con tain ing  m ethylheptanol and  a  host 
synergist, the release o f larger am ounts in terrup ted  
(sensu W ood, 1977) the response ( Blight et al., 1983a). 
T his w ork suggested tha t the m ultilure bait is 
p robably  no t the op tim um  fo rm ula tion  for a ttrac ting  
S. multistriatus. M ale S. multistriatus d id  no t 
p roduce m easurable am ounts o f  e ither a-m ulti­
s tria tin  o r m ethylheptanol (U IC P, unpublished), 
and  did  no t appear to con tribu te  to  the aggregation 
o f  this species (Peacock et al., 1971).

4-M ethylheptan-3-one (IX), form ally identified 
from  m ale S. scolytus (see below), was also produced 
by fem ale S. m ultistriatus (B light et a!., 1983b). 
In a  field tria l, a  low release rate  o f the racem ic 
ketone d id  no t significantly increase the catch o f a 
m ethylheptanol bait, w hilst a  high release rate  
reduced the catch  (Blight et al., 1982).

(b) Scolytus scolytus. In  co n tra st to S. m ultistriatus, 
the  S. scolytus aggregation  pherom one was produced 
by the unm ated  m ale beetle (B orden and  K ing, 
1977; B light et al., 1980a). A  m ixture, ca. 3:1, o f 
(3S, 4S)-4-m ethylheptan-3-oI (V) and (3R, 4S-) 
4-m ethylheptan-3-ol (V l) f  was the m ajo r active 
com ponent (Blight e t al., 1979b), irrespective o f  the 
elm  species stud ied  (U IC P, unpublished). U nm ated 
fem ale beetles, bo ring  in to  U. procera  produced 
only small am ounts o f the (-)-erythro  isom er (VI) 
together w ith larger quan tities o f  a-m ultistria tin  
(Blight et al., 1977, 1978b, 1979b) and  traces o f 
P -m ultistria tin  (U IC P, unpublished). F rom  both  
a ir  en tra inm en t and  field experim ents (Blight et al., 
1980a), using billets artificially infested w ith both 
sexes, it w ould seem th a t m ating  has no effect on 
the p roduction  o f  4-m ethylheptan-3-ol and  a- 
m u ltistria tin  by S. scolytus.

F o r field trials the 4-m ethyIheptan-3-oI stereo­
isom ers w ere synthesised as follows. Racem ic 
th reo - and  ery thro-4-m ethyIheptan-3-ols, obtained  
from  the com m ercial synthetic alcohol by fractional 
d istilla tion , were resolved by liquid ch rom ato ­
graphic  separa tion  o f  the ir (-)-a-m ethoxy-a-trifluoro- 
m ethylphenyl acetates, from  w hich the optically 
pure enantiom ers w ere regenerated  by hydrogenoly- 
sis (Blight et at., 1979b). In  the field the (-)-threo- 
and  (-)-erythro-4-m ethylheptan-3-ols were indivi­
dually a ttrac tive , bu t the ir com bination  was no t 
significantly m ore a ttrac tive  (Blight et al., 1979c, 
1980a). T here was no evidence o f  inh ib ition  o f 
a ttrac tio n  to the (-)-alcohols (V) and  (VI) by their 
enantiom ers (V II) and  (V III), w hich were by 
them selves inactive (Blight et al., 1979c). C om ­
m ercial synthetic 4-m ethylheptan-3-ol can therefore 
be used for popu la tion  sam pling and  m ass trapp ing  
o f  S. scolytus (Blight et al., 1979c), but the m inim um  
release ra te  for an  op tim um  catch is ca. 400pg/day 
(Blight et a!., 1980a; U IC P, unpublished).

A n earlier rep o rt (G erken et al., 1978) tha t 
U pper R hine valley populations o f  S. scolytus were 
a ttrac ted  to  the (+ )-th reo-isom er (V II) p robably  
arose from  the use o f im pure m aterial.

In  m arked con trast to the situa tion  w ith S. 
multistriatus, the ad d itio n  o f  a-m ullistria tin  to a  
m ethylheptanol-host synergist bait d id  no t have a 
significant effect on  the catch in  field experim ents 
(Blight et al., 1978a). High release rates o f a-m u lti­
s tria tin  reduced the catch (Blight et al., 1983a).

T he m ost im portan t conclusion to  be draw n  from  
the field experim ents reviewed above is tha t one 
bait, based on m ethylheptanol and  incorporating  
a low release ra te  o f  a-m ullistria lin , can be form u­
lated to cap tu re  both beetle vectors.

t  =  (-)-erylhro-4-melhylheptan-3-ol
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E thanol, a  volatile p roduced  by infestations o f 
S . scolytus, d id  no t con tribu te  to the aggregation  
pherom one w hen tested in the field (Blight et al., 
1980a). Likewise, the ad d itio n  o f racem ic 4-m ethyI- 
heptan-3-one to  a  m ethylheptanol bait d id  not 
significantly increase the catch (Blight et al., 1982), 
and  high release rates o f the ketone reduced it. 
(+ )-(4S)-4-M elhylheptan-3-one (IX ) had  previously 
(Blight et al., 1983b) been form ally  identified as a 
p roduct w hen m ale, but no t fem ale, S. scolytus 
bore in to  the four Ulmus spp. stud ied .

(c) Interactions between the beetle vectors. F rom  
present know ledge it appears th a t a-m u ltistria tin  
has m ultiple functions in the field behaviour o f  the 
two Scolytus spp. In  ad d itio n  to functioning as a 
com ponent o f the aggregation  pherom one o f 
S. multistriatus, a -m u ltis tria tin  m ay play a  role in 
interspecific a ttra c tio n  betw een the species. S. 
multistriatus was a ttrac ted  to  billets artificially 
infested w ith  both  sexes o f S . scolytus (B light et al., 
1980a). U nder these cond itions 4-m ethylheptan-3-ol 
and  a-m u ltistria tin  a re  sim ultaneously p roduced 
by m ale and  fem ale beetles respectively (U IC P, 
unpublished). T hus, S. scolytus, w hich in sou thern  
E ngland norm ally em erges earlie r in the season, 
produces, when colonising stressed elm , a  pherom one 
bouquet sim ilar in  com position  to m ultilure , w hich 
a ttrac ts  the sym patric  S. m ultistriatus.

T he release o f  large am oun ts o f  a-m u ltistria tin  
m ay be p a rt o f a  spacing m echanism  for both  
species, by w hich beetle a ttack  is shifted to less 
heavily colonised areas o f the sam e tree o r to o th er 
trees. T he know n p ro duc tion  o f a-m ultistria tin , 
but little o r no m ethylheptanol, by m ated  fem ale 
S. m ultistriatus (G ore  e t al., 1977) suppo rts this 
hypothesis.

(d) Biosynthesis o f  the beetle-produced volatiles. As 
p a rt o f a  w ider investigation  in to  the source o f the 
beetle-produced com ponents o f the aggregation 
phcrom ones, we exam ined the gut m icrobial flora 
o f S. scolytus a t all stages o f its developm ent 
(Burges et al., 1979). Because the form ation  o f  these 
com ponents is likely to  involve oxidative processes, 
strict obligate anaerobes w ere no t sought. A dult 
S. scolytus em erged from  the pupal stage w ith sterile 
guts (although  m icro-organism s were present w ith in  
the pupal body) and  in general, gut sterility  was 
m ain tained  w hilst bo ring  ou t o f an  elm  billet. 
T he adu lt gut m icrobial flora was m ainly acquired 
during  subsequent feeding. D ifferences were found 
betw een the gut flora o f bo th  larval and  adu lt 
5 . scolytus and  o f m ale and  fem ale beetles. T he m ost 
ub iqu itous organism s, found in  bo th  sexes, were 
Corynebacterium  sp. and  the yeast Candida rhagii. 
O ther yeasts and  A ctinom ycetes w ere also present

and  Serratia rubidaea appeared  to  be male-specific 
(Burges e t al., 1979). N e ith e r m u ltis tria tin  nor 
m ethylhep tanol w ere produced  w hen these organism s 
w ere grow n on na tu ra l m ed ia  derived from  elm 
bark  o r ph loem  (U IC P , unpublished).
(e) The effects o f  juvenile hormone. T he am oun t o f 
a -m u ltis tria tin  p roduced  by fed fem ale beetles was 
unaltered  by topical app lica tion  o f JH  III, but in  fed 
m ales the am oun t o f  4-m ethylheptan-3-ol was 
greatly  increased and  the p ro d u c tio n  o f  a-m ulti­
s tr ia tin  was induced (Blight et al., 1979a).

( i i )  H O S T -P R O D U C E D  V OLATILES

T he changes induced by gallery construc tion  in the 
volatiles em ana ting  from  an  elm  billet w ere q u an ti­
tative ra th e r  th an  qualita tive, bu t the p a tte rn  o f 
volatiles detec ted  was characteristic  o f the elm  
species (U IC P , unpublished).

A  num ber o f U. procera  volatiles elicited antennal 
responses (Section  II A  3) in  S. scolytus beetles, 
including the m onoterpenes (-)-P-pinene (X I) and  
(-)-lim onene (X II) and  the sesquiterpene (-)-a- 
cubebene (X) (W adham s, 1982; U IC P , unpublished). 
In  an  early  field tria l (Blight et al., 1978a) w ith 
m ethylhep tanol baits th e  ad d ition  o f  a-cubebene 
significantly increased the catch  o f S. scolytus, 
bu t m ore recent trials (Blight et al., 1979c, 1980a) 
have n o t confirm ed th is result. I t is now  clear 
(U IC P, unpublished) th a t release rate, and  perhaps 
release ra tio , is an  im portan t fac to r in the  activ ity  
o f  th is host synergist. W ith  a  low release ra te , m ore 
beetles w ere caught th an  w ith m ethylheptanol 
alone, bu t there was a  significant decrease in  the 
num ber caught by the com bined ba it w hen the 
release ra te  was increased. S im ilar results have 
been ob tained  w ith S. multistriatus.

a-C ubebene is scarce and  expensive and  a  num ber 
o f trials have been carried  ou t w ith (-)-P-pinene and  
(-)-lim onene as po ten tia l substitu tes in baits used 
for m ass trap p ing /popu la tion  sam pling. T he an tennal 
club o f S. scolytus has cells w hich respond  specifi­
cally to P-pinene, and  probably  also to  lim onene; 
and  w alking beetles respond to  these com pounds 
w hen each is presented  in  com bination  w ith  m ethyl­
hep tanol (see below). H ow ever, field tria ls  w ith 
these com pounds have been inconclusive (Blight 
et a!., 1980a; U IC P , unpublished). In  the  m ost 
recent tria l, in 1981 (U IC P, unpublished), a -cube­
bene, lim onene and  P-pinene w ere tested  (in  con­
ju nc tion  w ith m ethylheptanol) singly, in pairs, and 
as the trip le com bination , using release ra tes which, 
from  the results o f earlier trials, w ere considered 
to be op tim um  w hen the com pounds w ere released 
individually w ith m ethylheptanol. W hen the results 
w ere analysed none o f the  host volatiles had  a 
significant effect on  the catch  o f e ither beetle vector. 
T he reason for these conflicting results is unclear.
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A s the trials w ere conducted  in th e  vicinity  o f 
diseased elm s, th e  a ir  m ay already  have been 
‘sa tu ra ted ’ w ith  h o st volatiles, and  the add itional 
release o f these com pounds m ay then  have had  a 
m inim al effect.

2. Short-range responses
In itia lly  (B light et al., 1978b) a w alking-beetle 
b ioassay (Peacock et al., 1973) was used in w hich 
the test com pound , applied  to  a  filter pap er disc 
below a runw ay, induced a rre stan t and  tu rn ing  
responses. T h is bioassay was em ployed successfully 
to m o n ito r S. scolytus a ir  en tra inm en t extracts and  
to  dem onstra te  th e  response o f S. scolytus beetles 
o f  bo th  sexes to 4-m ethylheptan-3-ol (B light et al., 
1978b). Subsequently, a  m ore sophisticated  lam inar 
a ir  flow bioassay, m odified from  th a t developed 
by M oeck (1970), was used to  study beetle response 
to  4 -m ethylheptan-3-one (Blight et al., 1983b) and  
to  a -m u ltis tria tin  and  its enan tiom ers (U IC P, 
unpublished). A  beam  o f  light, a t r igh t angles to  the 
a ir  stream , induced beetles to  cross a  2 cm w ide 
plum e o f  the com pound being tested . T he responses 
w ere recorded  graphically  and  classified according 
to  type, such as upw ind or dow nw ind deflection, 
a rrival a t plum e source, etc.

4-M ethylheptan-3-one, alone, was only weakly 
active, bu t in com b ina tion  w ith  m ethylheptanol 
and  a-cubebene, the m ix ture  was significantly m ore 
a ttrac tiv e  to  fem ale S. scolytus beetles th a n  the 
m ethy lheptanol-cubebene s tandard . T he dose- 
response curve passed th rough  a  m axim um . T he 
response o f  m ale beetles to  m ethylheptanol-cubebene 
was no t significantly a ltered  by the ad d itio n  o f 
m ethylheptanone. 4-M ethylheptan-3-one thus ap ­
pears to  have a  sex identifying role and  a ttrac ts  
w alking fem ale beetles a t sho rt range. H igh con­
cen trations o f a -m u ltistria tin  were likewise a ttractive 
to  m ale S. scolytus beetles in the presence o f m ethyl­
hep tanol and  cubebene. A lthough neither the (+ ) 
n o r (-)-enantiom ers p roduced a  significantly greater 
overall level o f response than  the m ethylheptanol- 
cubebene standard  in  m ales o r females, differences 
in the in tensity  and  type o f  response suggested th a t 
S. scolytus could detec t both  enan tiom ers (see 
below).

P relim inary  experim ents (U IC P, unpublished) 
have suggested th a t bo th  a-cubebene and P-pinene 
enhance th e  sh o rt range response o f S. scolytus 
to  m ethylhep tanol.

3. Sensory responses
T he m orphology o f  the antennal clubs o f both 
m ale and  fem ale S. m ultistriatus and  S. scolytus has 
been studied  by scanning electron m icroscopy and 
the abundance and  d is tribu tion  o f the sensilla have

been determ ined  (H enderson  and  W adham s, 1981). 
T he an tenna l clubs resem bled those o f  o ther, 
previously stud ied  (Payne et a!., 1973) Scolytids, 
an d  tw o types o f  sensillum  basiconicum , tw o types 
o f  sensillum  trichodeum , sensillum  chaetica  (mech- 
anorecep tors) and  fluted sensilla w ere found  in bo th  
species. T he sensilla w ere evenly d is tribu ted  on both  
faces o f the club except fo r tr ichodea  type III w hich 
w ere m ore  com m on on the an te r io r face in both  
species. Tw o crescent-shaped sensillum-filled depres­
sions (fields 1 and  2), separated  by an  area  devoid of 
sensilla encircled the basal h a lf  o f  the club, w hilst 
the d ista l ha lf was less densely covered and  con­
stitu ted  a  th ird  field. Sensillum  bascionicum  long 
type was the m ost num erous type o f  sensillum  in 
bo th  species. In  S. multistriatus long basiconica 
w ere p redom inan t in all th ree fields, w hilst in 
S. scolytus, tr ich o d ea  type II w ere m ore abundan t 
in field 3. N o  m ajo r intersexual differences were 
ap p aren t in e ither species (H enderson  and  W ad­
ham s, 1981). In  prelim inary  experim ents there  was 
no  obvious co rre la tion  o f sensillum  type w ith 
response to  specific com ponents o f the aggregation  
pherom ones (U IC P , unpublished).

A n tennae  o f  bo th  m ale and fem ale S. scolytus 
responded  to all fou r stereoisom ers o f 4-m ethyl- 
heptan-3-oI, bu t stronger responses w ere given by 
both  sexes to the (-)-threo- and  (-)-erythro-alcohols 
(Blight et a!., 1979b), reflecting the know n fo rm ation  
and  field activ ity  o f  these com pounds. EA G  and 
single cell record ing  techniques dem onstrated  the 
presence o f separate  recep tors for (-)-threo- and 
(-)-erythro-4-m ethylheptan-3-ol on  the an tennae 
(W adham s et al., 1982). T he m ajo rity  o f these 
“ single cell” recordings show ed spikes o f two 
different am plitudes, arising  from  two different 
cells. T he cell giving spikes o f  larger am plitude 
responded to the (-)-threo isom er w hilst the cell 
w ith spikes o f sm aller am plitude responded to the 
(-)-erythro isom er. T he two cells appeared  to  be 
associated w ith a single long sensillum  basiconicum . 
These cells d id  no t respond to any o f the o ther 
beetle o r host volatiles, except a t very high stim ulus 
concentrations.

A ntennae o f both  m ale and  fem ale S. scolytus 
responded  to  both enan tiom ers o f  a-m ultistria tin  
bu t dose-response curves show ed th a t there was a 
clear antennal d iscrim ination  in favour o f the 
(-)-enantiom er (U IC P, unpublished). As w ith the 
(-)-isomers o f m ethylheptanol, (-)-a-m ultistriatin  
was perceived by a  separate  group  o f  specialised 
o lfactory  cells; bu t there was also an o th e r group  of 
cells w hich responded to a -m u ltis tria tin  but only at 
relatively high stim ulus concentrations. These cells 
responded preferentially to the (-t-)-enantiomer and 
w ere presum ably  responsible for the EA G  dose- 
response curve obtained  w ith this com pound.
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T he S. scolytus E A G  th resho ld  fo r 4-m ethyl- 
heptan-3-one was h igher th an  th a t fo r the (-)-isomers 
o f m ethylheptanol and  there  was no significant 
difference in  the response by m ale and  female 
beetles. As w ith the alcohols, low concentrations o f 
the ketone activated  a specific g roup  o f  cells. H igher 
stim ulus concentrations o f  o th e r pherom one com ­
ponents also elicited a response from  these cells 
bu t only a t concen tra tions a t w hich the m ethyl- 
hep tanone dose-response curve had  already  sa tu ra ted  
(Blight et al., 1983b).

T he E A G  dose-response curves fo r the host 
volatiles (-)-a-cubebene, (-)-(i-pinene and  (-)-limo- 
nene w ere very sim ilar and  the th reshold  concen­
tra tions w ere high com pared  w ith  th a t fo r 4-m ethyl- 
heptan-3-ol (U IC P , unpublished). A lthough  th is 
E A G  sim ilarity  could have a risen  from  all th ree 
com pounds in teracting  w ith  the sam e recep to r site, 
the single cell technique revealed th a t separate  
groups o f  cells existed w hich responded  specifically 
to  a-cubebene, P-pinene and  lim onene respectively 
a t low concen tra tions, and  to  none o f  the o th er 
com pounds tested. H ow ever, these cells constitu ted  
a  relatively sm all p ro p o rtio n  o f  the to ta l recorded , 
reflecting, no  doub t, th e  relative im portance  o f host 
volatiles in overall behaviour.

T he m ajority  o f  the cells recorded  so fa r have been 
specific to  the (-)-isom ers o f 4-m ethylheptan-3-ol, 
to  4-m ethylheptan-3-one, o r to  a -m ultistria tin , 
bu t there  is a to ta l o f ca. 10 per cent w hich do  no t 
respond  e ither to  these beetle-produced com pounds 
o r to  the above host volatiles (W adham s, 1982). 
These cells a re  stim ulated  by the to tal a ir  en tra in - 
m ent ex trac t and  a re  expected to  respond  to  con­
stituents o f th is ex trac t w hich have h itherto  re­
m ained unidentified because the ir E A G  response 
th resho lds a re  too  h igh (U IC P, unpublished). To 
assist the so lu tion  o f this p rob lem  a  coupled G C - 
single cell technique has been developed (W adham s, 
1982). T h is technique is m ore sensitive th an  coupled 
G C -E A G , and  in teresting  and  valuable results 
a re  expected.

I t  appears th a t possibly 11 o r 12 physiologically- 
active com pounds m ay be involved in the chemically- 
m ediated  behaviour o f  S. scolytus. T his is u n d o u b t­
edly a m ore com plex situ a tio n  th an  was believed 
likely w hen this investigation  was started . The 
sensory responses o f  S. m ultistriatus have still to 
be investigated.

A C K N O W L E D G E M E N T

T he au th o r is indebted  to his colleagues M argaret 
M . Blight and  D r. L. J. W adham s for helpful 
com m ents on  the m anuscrip t.

R E F E R E N C E S

♦ B L IG H T , M . M ., M E L L O N , F . A ., W A D H A M S, L . J . a n d

w e n h a m , m . j. (1977). V olatiles associated w ith  
S c o ly tu s  s c o ly tu s  b e e t le s  o n  E n g lis h  e lm . 
Experientia  33, 845-847.

♦ b l i g h t ,  m . m .,  k i n g ,  c .  j . ,  w a d h a m s ,  l .  i . and 
w e n h a m ,  m . j .  (1978a). A ttrac tio n  o f Scolytus 
scolytus (F .) to  th e  com ponents o f  M ultilure, 
the aggregation  pherom one o f S. multistriatus 
(M arsham ) (C o leop tera : Scolytidae). Experientia  
34, 1119-1120.

♦ b l i g h t , m . m . ,  w a d h a m s , l . j . and  w e n h a m , m . j . 

(1978b). V olatiles associated  w ith  unm ated  
Scolytus scolytus beetles on English elm : differ­
ential p roduc tion  o f a -m u ltistria tin  and 4-m ethyl-
3-heptanol, and  th e ir activities in  a labora to ry  
bioassay. Insect B iochem istry  8 , 135-142.

♦ b l i g h t , m . m . ,  w a d h a m s , l . j . and  w e n h a m , m . j . 

(1979a). C hem ically-m ediated behav iour in the 
large elm  b a rk  beetle, Scolytus scolytus. Invited  
p ap er presen ted  a t  th e  ESA  Sym posium : B ehav­
iou r m odifying chem icals fo r elm  b a rk  beetles. 
Bulletin o f  the Entomological Society o f  Am erica  
25, 122-124.

♦ b l i g h t , m . m . ,  w a d h a m s , l . j . and  w e n h a m , m . j . 

(1979b). T he stereo isom eric  com position  o f  the
4-m ethyl-3-heptanoI produced  by Scolytus scolytus 
and  the p rep ara tio n  and  biological activity  o f  the 
four synthetic  stereoisom ers. Insect Biochem istry 
9, 525-533.

♦ b l i g h t , m . m . ,  w a d h a m s , l . j . ,  w e n h a m , m . j . and 
k i n g , c . j . (1979c). F ie ld  a ttra c tio n  o f  Scolytus 
scolytus (F .) to  the enan tiom ers o f 4-m ethyl-3- 
heptanol, the m ajo r com ponen t o f th e  aggregation  
pherom one. Forestry 52, 83-90.

♦ b l i g h t , m . m ., k i n g , c . j . ,  w a d h a m s , l . j . and  
w e n h a m , m . j. (1980a). Studies on chemically 
m ediated behaviour in the large elm  bark beetle, 
Scolytus scolytus (F .) (Coleoptera: Scolytidae); 
Field Trials, 1979. F o res try  C om m ission  R esearch 
and  D evelopm ent P ap e r 129. 34 pp.

♦ b l i g h t , m . m . ,  o t t r i d g e , a . p . ,  w a d h a m s , l . j ., 

w e n h a m , m . j . and  k i n g , c . j . (1980b). R esponse 
o f a  E u ropean  p o p u la tion  o f  Scolytus m ultistriatus 
to  the enan tiom ers o f a-m ultistria tin . Naturwissen- 
schaften 67, 517-518.

♦B L IG H T , M . M ., H E N D E R SO N , N . C .,  W A D H A M S, L . J . ,

f i e l d i n g , n . j. and  k i n g , c . j . (1982). Field 
response o f  elm  bark  beetles to  ba its  con tain ing
4-m ethyI-3-heptanone. Naturwissenschaften  69, 
554-555.

64



BIOCHEM ICAL INVESTIGATIONS RELATED TO DUTCH ELM DISEASE

♦ b l i g h t , m . m . ,  f i e l d i n g , n . j . ,  k i n g , c . j . ,  o t t r i d g e , 

a . p . ,  w a d h a m s , l . j . and  W E N H A M , M . J . (1983a). 
Field response o f  the D u tch  elm  disease vectors, 
Scolytus m ultistriatus (M arsham ) and  S. scolytus 
(F .) (C o leop tera : Scolytidae) to  4-m ethyl-3- 
hep tano l baits con tain ing  a, (3, y  o r 5 -m ultistriatin . 
Journal o f  Chemical Ecology 9, 67-84.

♦ B L IG H T , M . M ., H E N D E R SO N , N . C . a n d  W A D H A M S,

l . j. (1983b). Iden tification  o f  4-m ethyl-3-heptan- 
one from  Scolytus scolytus (F .) and  5. m ultistriatus 
(M arsham ). A bsolute configuration , labo ra to ry  
b ioassay and  electro-physiological studies on 
S. scolytus. Insect Biochem istry 13, 27-38.

b o r d e n ,  3. h .  and  k i n g ,  c . j .  (1977), Population 
aggregation pherom one produced by male Scolytus  
scolytus {F.) (Coleoptera: Scolytidea). F o restry  
C om m ission R esearch  and  D evelopm ent P aper
118. 8 pp.

♦ b u r g e s , h . d .,  g r o v e , j . f . and  p o p l e , m . (1979). 
T he in ternal m icrobial flora o f the elm  bark 
beetle Scolytus scolytus a t all stages o f its develop­
m ent. Journal o f  Invertebrate Patholology  34, 
21-25.

♦C L A Y D O N , N .,  G R O V E , J . F . and  H O SK EN , M . (1974a). 
P henolic  m etabolic p roducts o f Ceratocystis ulmi. 
C hem istry and Industry, 344-345.

♦C L A Y D O N , N .,  G R O V E , J . F . and  H O SK EN , M . (1974b). 
P henolic m etabolites o f  Ceratocystis ulmi. Phyto­
chem istry  13, 2567-2571.

♦C L A Y D O N , N . ,  ELGERSM A , D . M . a n d  G R O V E, J . F.

(1980). T he phytotoxicity  o f som e phenolic 
m etabolic p roduc ts o f  Ophiostoma ulm i to  Ulmus 
sp. Netherlands Journal o f  P lant Pathology 86, 
229-237.

G E R K E N , B ., G R U N E , S ., V ITE, J . P . and  M O RI, K . (1978). 
R esponse o f  E u ropean  populations o f Scolytus 
m ultistriatus to  isom ers o f  m u ltistria tin . Natur- 
wissenschaften 65, 110-111.

G O R E , W . E ., P E A R C E , G . T .,  L A N IE R , G . N .,  SIMEONE, 

J . B ., S ILV ER STEIN , R . M ., PE A C O C K , J . W . a n d

c u t h b e r t , r . a . (1977). A ggregation a ttrac tan t 
o f th e  E u ropean  elm  bark  beetle, Scolytus 
m ultistriatus: P roduc tion  o f  individual com ­
ponents and related  aggregation  behaviour. 
Journal o f  Chemical Ecology 3, 429-446.

♦g r o v e , j . f . and  p o p l e , m . (1979). T he synthesis 
and  reactions o f som e derivatives o f C-acetylor- 
sellinic acid . Journal o f  the Chemical Society  
Perkin Transactions 1, 337-343.

♦H E N D E R S O N , N . C . and  W A D H A M S, L . J . (1981). 
M orphology  o f the an tenna l club o f  Scolytus 
scolytus (F.) and  5. multistriatus (M arsham ) 
(C oleoptera , Scolytidae). Zeitschrift fu r  angew­
andte Entomologie 92, 477-487.

K L IM E T Z E K , D .,  BA A D ER, E. J . and  H E L B IG , W . (1981). 
D ie  eignung von L ockstoff-Fallen zur U ber- 
w achung der U lm en splin tkafer. Allgemeine Forst 
und Jagdzeitung  152, 113-119.

L A N IE R , G . N . ,  SILV ERSTEIN , R . M . a n d  P E A C O C K , J . W .

(1976). A ttra c tan t pherom one o f  the E uropean  
elm  b a rk  beetle (Scolytus m ultistriatus): Iso lation , 
identification , synthesis, and  u tilization  studies; 
pp. 149-175 in, A nderson, J. F. and  K aya, H . K . 
(eds.), Perspectives in fo rest entomology, A cadem ic 
Press, N ew  Y ork, 428 pp.

L A N IE R , G . N .,  G O R E , W . E ., PE A R C E , G . T . ,  PE A C O C K ,

j. w . and  s i l v e r s t e i n , r . m . (1977). R esponse of 
the E u ropean  elm  b ark  beetle, Scolytus m ulti­
striatus (C o leop tera : Scolytidae), to  isom ers and 
com ponents o f  its pherom one. Journal o f  Chemical 
Ecology 3, 1-8.

m o e c k , h . a . (1970). A n olfactom eter for the b io­
assay o f  a ttrac tan ts  for scolytids. Canadian 
Entom ologist 102, 792-796.

PA Y N E, T . L . ,  M OECK , H . A ., W IL L S O N , C . D ., C O U L SO N ,

r . n . and  H u m p h r e y s , w . j. (1973). B ark  beetle 
o lfaction-II. A ntennal m orphology o f sixteen 
species o f Scolytidae (C oleoptera). International 
Journal o f  Insect M orphology and Embryology 2, 
177-192.

PE A C O C K , J . W .,  L IN C O L N , A. C .,  SIM EONE, J . B. a n d

s i l v e r s t e i n , R . M. (1971). A ttrac tio n  o f Scolytus 
multistriatus (C o leop tera : Scolytidae) to  a  virgin- 
fem ale-produced pherom one in the field. Annals 
o f  the Entomological Society o f  Am erica  64, 
1143-1149.

P E A C O C K , J . W .,  SILV ERSTEIN , R . M ., L IN C O L N , A. C . a n d

s i m e o n e ,  j . b . (1973). L abo ra to ry  investigations 
o f th e  frass o f Scolytus m ultistriatus (C o leop tera : 
Scolytidae) as a source o f  pherom one. Environ­
m ental Entom ology 2, 355-359.

PEA R C E, G . T . ,  G O R E , W . E ., SILV ERSTEIN , R . M ., 

PE A C O C K , J . W .,  C U T H B E R T , R . A ., LA N IE R , G . W .

and s i m e o n e , J . b . (1975). Chem ical a ttrac tan ts  
for the sm aller E u ropean  elm  bark  beetle Scolytus 
multistriatus (C o leop tera : Scolytidae). Journal o f  
Chemical Ecology 1, 115-124.

V ITE, J . P . ,  L U H L , R ., G E R K E N , B. a n d  LA N IER , G . N .

(1976). U lm ensplin tkafer: A nlockversuche m it 
synthetischen Pherom onen im O berrhein tal. Z e it­
schrift fur P flanzenkrankheiten und Pfanzenschutz 
83, 166-171.

♦ w a d h a m s ,  l .  j . (1982). C oupled gas ch rom ato ­
graphy-single cell record ing : a new technique for 
use in  the analysis o f  insect pherom ones. Z e it­
schrift fu r  Naturforschung (C ) 37, 947-952.

65



FORESTRY COMMISSION BULLETIN No. 60

♦ w a d h a m s , l . j . ,  a n g s t , m . e . and  b l i g h t , m . m . 

(1982). R esponses o f  the o lfactory recep tors o f 
Scolytus scolytus (F.) (C oleoptera , Scolytidae) to  
the stereoisom ers o f  4-m ethyl-3-heptanol. Journal 
o f  Chemical Ecology 8, 477—492.

w o o d , d . l . (1977). M an ip u la tio n  o f  forest insect 
pests. In, Chemical control o f  insect behaviour, 
eds. H . H . Shorey and  J. J. M cK elvey, p. 369, 
W  i ley-I n terscience.

w o o d , d . l . (1979). D evelopm ent o f behavior 
m odifying chem icals fo r use in  forest pest m anage­
m ent in  th e  U .S.A . In , Chemical ecology: odour 
communication in animals, ed. F. J. R itte r, p. 261. 
E lsev ier/N orth -H olland , A m sterdam .

♦ Publications by staff of the Unit of Invertebrate 
Chemistry and Physiology, University of Sussex, 
Brighton, U.K.



PAPER 12

Trap design and experimental layout in pheromone research in Britain

C. J. KING and N. J. FIELDING
Forest Research Station, A lice H o lt Lodge, Wrecclesham, Farnham, Surrey, GUIO 4LH , U.K.

Introduction

In  1977 a  program m e o f research was in itia ted  to 
investigate the aggregation  pherom one o f  the 
larger E u ropean  elm  bark  beetle Scolytus scolytus 
(F.), one o f tw o vectors o f  D u tch  elm  disease in 
the U nited  K ingdom . T his research  involved 
chem ists o f the A gricultural R esearch C ouncil U n it 
o f Inverteb ra te  C hem istry and  Physiology — 
A R C U IC P  —  and  entom ologists o f the F orestry  
C om m ission’s R esearch and  D evelopm ent D ivision. 
T he form er body was responsible fo r all aspects o f 
the insect’s aggregation  chem istry  and labora to ry  
studies o f po ten tial a ttrac tan ts , the la tte r  body 
carried  ou t all the field experim entation  generated 
by the A R C U IC P  and  also collected biological da ta  
on  the aggregation  behaviour o f S. scolytus. A d d i­
tional in fo rm ation  was also collected by bo th  
groups on aspects o f  the aggregation  chem istry and 
behaviour o f  the sm aller E uropean  elm  bark  beetle 
Scolytus m ultistriatus (M arsham ).

T his paper describes briefly the experim ental 
designs and  equipm ent em ployed during  5 years 
o f field experim ents. C om m ents a re  also m ade on 
trap  siting  and  clim atic factors affecting th is w ork.

Field experiments

Siting

T he m ajo r p re-requisite for experim ental sites is 
the presence o f  large num bers o f breeding elm  bark  
beetles present in infested elms evenly d is tribu ted  
th ro u g h o u t th e  area . In  1977, w hen this project 
began, the m ajo rity  o f elm s in  central sou thern  
England were already  decim ated. T herefore experi­
m ents w ere sited in  d iscrete elm  populations on  the 
periphery  o f the denser original population . W ithout 
exception these sites w ere situated  upon  privately 
ow ned agricultural land and  this necessarily confined 
the vast m ajority  o f field experim ents to  field edges 
am ongst arab le  crops. T h is restric tion  m ade the 
layout o f trap s in  hom ogeneous situa tions m ost 
difficult and  exacerbated  the trap /site  effects 
w hich w ere encountered  th ro u g h o u t; these are 
discussed later.

Climate

T he clim atic requirem ents for flight and  d is tribu tion  
o f S . scolytus a re  o f  in frequent occurrence in the 
average sum m er experienced in  sou thern  B ritain. 
T he success o f the field w ork depended entirely 
on  beetle flight and subsequent cap tu re  on baited 
traps. Initially experim ental design took  little 
account o f th is factor bu t as experience increased 
so designs w ere adap ted  to lessen the effects o f 
irregu lar beetle flights and  variable insect popu la­
tions; these are  discussed later.

Trap types

T h roughou t the experim ents, w ith only one excep­
tion , sticky traps were em ployed. These were always 
designed to give a  vertical silhouette  crudely sim u­
lating  a tree stem  in outline. D ue to  the large num bers 
o f  traps em ployed, sim plicity o f design, cost and 
portability  were all im portan t considerations. A t 
first a  com m ercial sticky m edium  was used but 
from  1978 onw ards a ‘hom e m ade’ sticky gel was 
used. T his was o f ‘Hyvis 10’ (B.P. Chem icals), 
a  low density  polybutenol bulked w ith polyethylene 
in a  94 per cent : 6 per cent volum e/volum e ra tio , 
(Blight et al., 1980). C ap tu red  elm  beetles were hand 
picked from  the traps and cleaned in high flashpoint 
petro leum  (a solvent for the sticky gel). They could 
then  readily  be identified and sexed.

Trap/site effects

These a re  com m only found in  m any pherom one 
experim ents w here traps in a particu lar situation  
either fail to  cap tu re  the target insect o r cap ture  
far larger num bers th an  expected, o ften  on unbaited 
traps. They can seriously confuse in terp re ta tion  of 
the da ta  and  m ust be m inim ised if at all possible.

In  the case o f the experim ents on  S. scolytus, 
biased trap  positions could, a fter som e experience, 
be a ttribu ted  to certa in  factors. Proxim ity to 
em erging beetle broods, placem ent dow nw ind o f a 
nearby natural pherom one source (recently a ttacked 
brood  elm) o r positioning a  trap  in a sheltered
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sunny place, all led to  m uch h igher beetle cap tu re  
th an  an tic ipated . T raps placed in dense shade  or 
in  highly exposed positions seldom  caught significant 
num bers o f  beetles even w ith recognised a ttrac tan ts .

O ther results w ere no t easily explained o r a tt r i­
butable to  any observable site  factor. W hen laying 
ou t experim ents hom ogeneity  w ith in  blocks was 
always the m ain  crite rion . T he need for even spacing 
betw een trap s to m inim ise possible trap  in teraction , 
and the constra in ts  o f using hedgerow s and  field 
m argins, frequently  m ade ideal trap  siting  im possible.

Experimental techniques and trap modifications

1977
T he first field experim ent was designed to  find the 
pherom one p roducing  sex o f  S. scolytus and  
utilised live beetles in elm  billets w ith in  a  mesh 
cylinder sticky trap  (see P late 1). T he  m ain  d raw ­
backs w ere expense and  bulk, difficulty in applying 
the sticky coating  (by brush w hen heated ) and  in 
stripp ing  the cap tu red  beetles from  woven m etal 
mesh. These traps are , how ever, robust and  durab le  
though  difficult to  clean fo r re-use.

T he experim ental design was a  to tally  random ised  
unblocked a rray  w ith re-random isation  on a  tim e 
basis. T he m ain draw backs to  th is design w ere: 
first, the difficulty in m oving w hole traps con ta in ing  
elm  logs and  live beetles over farm land  and  second, 
the p redeterm ined random isation  periods took  no 
account o f actual beetle flight activity.

T he m esh cylinder trap s w ere also used w ith 
artificial baits w hich w ere w ired to  the supporting  
post (see P late 2). These experim ents w ith artificial 
bails em ployed a  random ised  block design w ith 
re-random isation  to  reduce trap /site  effects ex­
perienced in the first experim ents.

1978

By 1978 a num ber o f chem ical com pounds evaluated 
by the A R C U IC P  required  field testing. I t was 
decided to  em ploy blow er o lfactom eter trap s to 
regulate and im prove release rates o f poten tia l 
beetle a ttrac tan ts . Sixty o f  these traps w ere built 
and  em ployed in field tria ls (Blight et al., 1979). 
These w ere constructed  o f  stan d ard  PV C  pipe and 
couplings w ith  a  small ba ttery  d riven  fan  passing a 
steady (but unm easured) airflow  over the baits, 
exiting th rough  evenly spaced holes a t the top. 
T he la tter was su rrounded  w ith a sticky cylinder o f 
a lum inium  m esh (see P late 3 and  F igure 1). T here 
was no evidence tha t this trap  was superior to  static 
types and  it was expensive and  extrem ely bulky. 
It also requ ired  constan t a tten tio n  to  activate the 
fan m oto rs and  replace batteries and  after initial 
use it was only em ployed in a sta tic  m ode. The

Figure 1 Blower olfactometer trap design

orig inal m esh cylinders w ere also used w ith  artificial 
baits d u ring  th is year.

T he experim ental designs used w ere all ra n ­
dom ised blocks w ith  rep lica tion  governed by the 
num ber o f trea tm en ts and  trap s available, w hich 
norm ally allowed six blocks in  each experim ent. 
As replication  was h igh there  was no re-random isa- 
tion , especially as the redep loym ent o f bulky traps 
m ade th is m ost difficult. D esp ite  th e  size o f  the 
experim ents, trap /site  in teractions m arkedly  affected 
the experim ental da ta .

1979

I t was now clear th a t trap /s ite  effects w ere a  m ajor 
consideration  in  experim ental layout and  design 
and  w hilst the cause o f som e unexpected results 
could be explained and  the causal situations 
largely avoided, o thers could no t. T he  constan t 
constra in t o f using field edges and  hedgerow s m ade 
op tim um  trap  position ing  im possible. I t was hoped 
to  am eliorate such effects by increasing experi­
m ental replication  and  this created  a  need fo r a 
lightw eight, cheap and  effective sticky trap . This 
resulted in  the design and  m anufacture o f a  vertical 
fin trap  m ade o f tw o in terlocking sheets o f grey PVC 
slotted in to  cuts saw n a t r igh t angles in to  the top  o f 
w ooden posts (see P late 4). A  central hole in the
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fin allow ed chem ical baits to be hung  and  fo r the 
prevailing a ir  cu rren t to  pass over them . T o  increase 
th e ir  visual con trast the traps had  w hite PV C  strips 
ad d ed  to  th e ir  o u te r edges.

E xperim ental design was th a t o f  exclusively 
random ised  blocks w ith  ten  replications, in tended  
to  even ou t trap /s ite  effects. W hilst this was achieved 
in m any cases som e results w ere still clouded  by 
such effects. T he trap  design proved  easy to  m anage 
though  the bulked trap s w ere o f  considerable 
weight. Being flat surfaced they w ere easy to  coat 
w ith  the sticky m edium  and  easy to  strip  o f beetles 
and  clean. They also stood  up well to  high winds.

1980

A gain m ethods o f  increasing experim ental sensi­
tivity w ere sought. R esults to  da te  had  show n th a t 
differences betw een trea tm en ts w ere m arginally  
significant and  th a t the presence o f biased traps, 
even few in  num ber, tended  to  obscure such differ­
ences. F u rth erm o re  the rap id  dem ise o f the elm s on 
suitable sites m ade it necessary to  design experi­
m ents to  fit w ith in  a sm aller area.

R andom ised  blocks w ere established, usually o f 
five replications, w ith re-random isation  w ith in  blocks 
a fter significant beetle cap ture . T his m ethod  m ade 
best use o f  space and  exploited spo rad ic  beetle 
flights to  the u tm ost. T o facilitate th is m ethod  the 
grey PV C  fin traps w ere used in conjunction  w ith 
d isposable lightw eight w hite plastic sticky covers 
(see P late  5). B aits and  covers could be rapid ly  
changed w ith each new re -random isa tion  and  in 
this way over 20 rep lications w ere possible from  only 
five blocks. T h is m ethod  significantly reduced 
trap /s ite  effects though the re-random isation  
occasionally  left one trea tm en t in the sam e position .

Discussion

It is felt th a t the equ ipm ent and  experim ental design 
used in  1981 a re  adequa te  in o u r field conditions. 
A ny fu rth e r a ttem p t to  increase the sensitivity o f 
experim ents w ould appear to  lie in increasing the 
num ber o f  observations m ade. U ndoubted ly  the 
efficacy o f  sticky traps m ay be questioned as they 
offer a ttrac ted  beetles no  fu r th e r op tions in  be­
hav iour, and  indiscrim inately  cap tu re  all inverte­
b ra tes th a t com e in to  con tac t w ith  them .

In  1980 a type o f  perfo ra ted  cylinder trap  was 
tested against S . scolytus. T h is ‘Icopal’ trap  (see 
P late 7) m ainly cap tu red  beetles stim ulated  to 
en ter the holes in  the cylinder and  also those falling 
from  the ou tside o f the trap . T he baits used did 
a ttra c t flying beetles to  the traps, bu t few w ere 
arrested  o r stim ulated  to  en te r the tra p ; it was 
though t th a t th is trap  design was ahead  o f  our 
understand ing  o f the insect’s chem ically m ediated  
behaviour.

Conclusions

In B rita in  conditions o f  clim ate and  dim inishing 
elm  popu la tions consp ire  to m ake pherom one 
experim ents on  elm  bark  beetles difficult. Irregular 
beetle flight in  a  rapid ly  changing clim ate, lim ited 
field staff, siting restric tions and increasingly 
unsuitable elm  popu la tions will m ake large form al 
experim ents im practical in  the near future. T o effect 
im provem ents in  techniques we requ ire  bo th  a 
g rea ter know ledge o f the target insect’s biology, and  
the benefit o f  results from  fu rth er experim ents in 
trap  design, height and  placem ent.

1981

M ethods used in 1981 w ere largely the sam e as in 
1980 bu t the fin trap  was m ade o f  w hite PV C 
corrugated  sheets stapled  to posts (see P late 6). 
These were very light in w eight and  cheap enough 
to  be disposable. T hey could also be rem oved in 
bulk to  the labo ra to ry  for stripp ing  o f beetles and 
assessm ent. D espite th e ir flimsy na tu re  they were 
seldom  dam aged by extrem es o f w eather. T he only 
innovation  in experim ental design was to  re- 
random ise w ithout replacing in  the sam e position . 
T his gave an  op tim um  o f 25 replicates, w ith five 
blocks o f  five treatm ents w hich w ere repositioned 
five tim es w ith in  th e ir blocks.
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-C uissay :

P/ate 2 Mesh cylinder sticky trap with artificial baitPlate I Mesh cylinder sticky trap containing an elm 
billet with live Scolytas scolytus bark beetles as bait

Plate 3 Blower olfactometer trap Plate 4 Vertical fin trap of grey PVC with outer
white band on each fin
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Pseudomonas fluorescens and Ceratocystis ulmi in wych elm

A. YDE-ANDERSEN  
The Danish P lant H ealth Board

Introduction

W ith a view to establish ing a  prognosis for D u tch  
elm  disease in D enm ark  enquiries w ere m ade during  
sum m er and  au tum n 1981 in to  th e  geographical 
d is tribu tion  o f the elm  and  the incidence o f  elm  
bark beetles and D utch  elm  disease. In  the course 
o f the investigation  a bacte ria  w hich seems to im pede 
D utch elm  disease was observed in the w ood o f 
diseased elm s; the follow ing is an  accoun t o f this 
phenom enon.

Material

In connection  w ith the investigation  o f  the incidence 
o f elm bark  beetles, 103 adu lt specim ens o f Scolytus  
laevis C hap. were taken from  the bark  o f  elms 
infected by Ceratocystis ulm i (Buism .) C. M oreau.

In two characteristic  areas o f a ttack , located 
respectively in L o lland-F als ter and  in  C en tra l 
Ju tlan d , to talling  ab o u t 800 k m 2, sam ples show ing 
characteristic  d isco louration  o f the xylem were 
collected from  42 wych elm s w hich had been infected 
by the ac tion  o f disease-carrying beetles; these elms 
w ere d is tribu ted  in 20 localities.

Technique

From  each w ood sam ple a t least th ree chips were 
taken and  placed on  m alt ex trac t agar, a t least three 
chips were placed on selective m edium  (Brasier, 
1981), and larger pieces o f w ood w ere placed in a 
m oist cham ber. T he collected beetles w ere placed 
on selective m edium .

A fter incubation  a t room  tem peratu re  for 8 days, 
o r in a m oist cham ber for 3 to  4 weeks, the sam ples 
were exam ined for the occurrence o f m icro­
organism s. T his assessm ent concen tra ted  on  C. ulmi, 
Vcrticillium alho-atrum  R einike et B erth., Phomopsis 
oblonga (D csm .) T rav. and  bacte ria ; the occurrence 
o f o th er m icro-organism s was registered  as con­
tam ination  in the w idest sense. D uring the exam ina­
tion of wood pieces incubated in m oist cham bers,

records were m ade only o f  the occurrence o f  C. ulm i 
corem ia and  o f  bacteria .

In  the investigation  o f elm  b a rk  beetles d istinction  
was m ade only betw een the occurrence o f  C. ulmi 
mycelium , bacte ria  and  o ther m icro-organism s. T he 
occurrence o f  bacte ria  was reco rded  due to  the fact 
th a t in  1980 as well as in  1981, in cu ltu res from  
discoloured  xylem, bacte ria  occurred  w ith rem ark ­
able frequency e ith e r alone o r together w ith C. ulmi 
mycelium .

Results

O n exam ination  o f  the 103 elm  bark  beetles w hich 
had  been  rem oved singly from  the b a rk  o f  elms 
attacked  by C. ulm i and  placed on  selective m edium , 
the m ycelium  o f  the fungus was observed e ith e r 
a lone o r together w ith  a  slight bacte ria l flora 
a round  23 beetles, w hile a round  55 beetles only 
a slight bacteria l flora could be observed. A  single 
bacterial species was dom inant.

L abo ra to ry  tests o f  the sam ples from  the 42 wych 
elm s in  w hich d isco loura tion  o f  th e  xylem indicated  
a ttacks o f  C. ulm i had  the follow ing resu lts:
On m alt extract agar, C. ulm i m ycelium  was observed 
a round  all the chips from  six elm s. A round  the chips 
from  the rem ain ing  36 elm s only a  heavy bacteria l 
flora was observed.
On selective medium, C. ulm i m ycelium  together w ith  
a  slight bacteria l flora was observed a ro u n d  all the 
chips from  a fu rth er 11 elm s (giving a  to tal o f 
17 elms). A round  the chips from  the rem ain ing  
25 elm s only a slight bacteria l flora was observed.
In m oist chambers, C. ulm i co rem ia w ere observed 
on w ood pieces from  27 elm s (th a t is, all th e  elms 
from  w hich C. ulm i m ycelium  had  developed on 
selective m edium  and from  a fu rth er ten).

In  the cases m entioned , an  exudation  o f bacteria  
from  the d iscoloured xylem was often  observed 
together w ith the C. ulm i corem ia. T he sam ples 
from  the rem ain ing  15 elm s show ed only bacterial 
exudation . T he sam e bacterial species was dom inan t 
here. T his was isolated and  identified as Pseudomonas 
fluorescens (T revisan) M igula.
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Pseudomonas fluorescens

T his is a rodshaped  gram -negative bacterium  w hich 
can  be d iv ided  in to  four b iotypes (B uchanan and 
G ibbons, 1974). I t is com m on on  o rgan ic  m ateria l 
in  n a tu re  and  show s an tagon ism  tow ards m any 
bacterial species and  also tow ards som e m icro-fungi 
(W aksm an, 1952), bu t it is no t pa thogenic  to  h igher 
p lants.

B acteria  have been found previously in  discoloured  
elm  w ood. In  the N etherlands Pseudomonas lignicola 
W esterd. et Buism. has been detec ted  in  sharply 
d e f i n e d ,  d a r k - c o l o u r e d  s t r e a k s  in  e lm  w o o d  
(W esterdijk  and  B uism an, 1929); the descrip tion  
o f the species is how ever incom plete and no au th en ­
tic cu ltu re  exists (B uchanan  and  G ibbons, 1974). 
In  the U nited  S tates P. fluorescens has been found 
in elm wet w ood (M urdoch  and  C am pana, 1981).

In  C anada  a  non-identified bacterium  was isolated 
from  elm  w ood, w hich in vitro show ed antagonism  
tow ards C. ulm i (P om erleau and  Lechevalier, 1947). 
In  the U n ited  S tates, 369 twigs from  apparen tly  
healthy  Ulmus americana L. w ere exam ined, and 
in  258 o f them  th e  w ood appeared  to con ta in  m icro­
organism s, w hich w ere iso lated . O f the to tal o f 
196 isolates o f fungi, none was an tagonistic  tow ards 
C. ulmi, w hereas am ong the to tal o f 164 isolates 
o f  bacte ria  th ree w ere found to  be an tagonistic 
in vitro tow ards this fungus; the bacte ria  w ere not 
identified (Jewell and  C am pana, 1968). F inally, 
in  C an ad a  18 elms w ith  larval galleries chewed by 
Hylurgopinus rufipes E ichh. w ere exam ined. From  
893 galleries a  to ta l o f 695 isolates o f  bo th  fungi 
and  bacte ria  w ere collected, o f w hich only 18 were 
C. ulmi. A bou t fifteen per cent o f the rem aining 
isolates, w hich were no t identified, inhibited  the 
g row th  o f  C. ulm i in vitro (Stillwell, 1977).

It was therefore  decided to investigate (in the 
first place in vitro) the  behaviour o f  P. fluorescens 
and  C. ulm i tow ards each other.

F irst, th ree strokes o f  a  conidial suspension o f  the 
aggressive s tra in  o f C. ulm i w ere applied to  ten petri 
dishes contain ing  m alt ex tract agar, followed im m ed­
iately afterw ards w ith a stroke o f bacterial suspension. 
A fter th ree days incubation  a t room  tem peratu re  
the con id ia  w ith in  an  average distance o f 2 mm 
from  the s troke  had  no t germ inated , and  in the 
zone betw een 2 and  15 m m  from  the bacteria 
germ ination  and  mycelial g row th w ere inhibited, 
w hilst a t a  fu r th e r distance copious mycelial grow th 
was observed.

N ext, ten petri dishes con tain ing  m alt ex tract agar 
w ere inoculated w ith C. ulm i mycelium  (aggressive 
strain), and  a fter six days, du ring  w hich tim e the 
m ycelium had  reached an  average rad ius o f 19.9 mm

(18-24 mm ), P. fluorescens suspension was inoculated  
into previously placed glass rings in  the opposite 
side o f each petri dish. A fter an o th e r 6 days a t room  
tem peratu re  the rad ial g row th o f  the mycelia was 
m easured. G row th  tow ards P. fluorescens was on 
average 10.9 m m  (8-13 m m ) against an average 
g row th o f 18.2 m m  (15-23 mm ) in the absence of 
the bacterium . L ater num erous corem ia appeared 
on the mycelia in the inh ib ition  zone.

T hus, the tests show  th a t P. fluorescens on  m alt 
ex trac t agar secretes substances tha t inhib it the 
germ ination  o f  C. ulm i con id ia  and the grow th of 
the mycelium , and  th a t it p rom otes the form ation 
o f  C. ulm i corem ia.

Discussion

T he investigations thus show  th a t specim ens of 
S. laevis w hich have hatched in  elm s attacked  by 
C. ulm i som etim es carry  spores o f  this fungus, but 
th a t they m uch m ore often  carry  P. fluorescens. 
T he  use o f  selective cultu re  m edium  and the heavy 
grow th  o f P. fluorescens p revented the observation  
o f o th e r m icro-organism s w hich beetles undoubted ly  
carry.

T he dem onstra tion  o f  C. ulm i as the only m icro­
organism  in the d iscoloured xylem o f  six elm s may 
be explained as a  consequence o f the elm  bark  
beetles carry ing  only spores o f this fungus. H owever, 
it m ay also be considered the result o f  the in troduc­
tion  o f C. ulm i together w ith one o r m ore o th er 
m icro-organism s, but w here fo r unknow n reasons 
C. ulm i has becom e com pletely dom inant.

T he dem onstra tion  o f C. ulm i together with 
P. fluorescens in the d isco loured  xylem o f 21 elms 
may be taken  as an  ind ication  o f a  sim ultaneous 
infection o f  the feeding w ound w ith bo th  m icro­
organism s, bu t m ay also be considered  the result 
o f infection o f  different w ounds on the sam e twig 
o r on  different twigs, each w ith its ow n m icro­
organism . T he investigations do  not allow  final 
conclusions to be draw n.

H owever, the finding tha t P. fluorescens was the 
only m icro-organism  in 15 elm s m ay indicate tha t, 
under certa in  circum stances, this bacterium  has been 
capable o f  superseding C. ulmi; th is im pression is 
strengthened  by the antagonism  tow ards C. ulmi 
observed from  P. fluorescens on m alt ex tract agar.
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Introduction

F or the con tro l o f D u tch  elm  disease several 
strategies have been em ployed (Sinclair, 1978). 
O f these strategies, quaran tines can  theoretically  
exclude D u tch  elm  disease from  an area , p rovided 
th a t there a re  elm -free natu ral barriers . Once D utch 
elm disease is established, e rad ica tion  o f the centre 
o f  disease is a  v irtually  im possible way o f preventing 
spread to o th er areas. T he o th er contro l strategies 
all reduce the infection ra te : san ita tion  an d /o r 
spraying w ith insecticides for suppression o f vector 
popu lations; preventing ro o t g raft transm ission; 
the use o f system ic fungicides, and  planting  o f  elms 
w ith a high degree o f resistance. W ith the exception 
o f  the p lan ting  o f  resistan t elms (if available) these 
contro l strategies have one im portan t th ing in 
com m on: they are  expensive.

B oth the havoc m ade by D utch  elm  disease and 
the cost o f  con tro l m ay explain the constan t in terest 
in  alternative strategies o f w hich biological control 
o f bo th  beetle and  fungus have recently  received 
considerable a tten tion .

Phomopsis oblonga for biological control o f elm bark 
beetles

A natu ra l biological con tro l o f  elm  bark  beetle 
populations by the fungus Phomopsis oblonga was 
observed in  W ales (W ebber, 1981). T his fungus 
apparen tly  m akes dying o r recently dead  elms 
unattrac tive  fo r b reeding by elm  bark  beetles. If  
the ir eggs w ere laid in Phomopsis-colonized  trees 
only a few developed in to  a new generation  of 
beetles. M assive co lon iza tion  o f  elm  bark  by 
Phomopsis has m ainly been observed in Ulmus 
glabra. H ow ever, it is no t yet clear if m anipulation  
o f  Phomopsis can result in the ex tension o f its 
beetle-controlling a ttr ib u te  to  o ther elm s o r areas.

Bacterial antagonism of Ceratocystis ulmi

In vitro an tagonism  against Ceratocystis ulm i 
(Buism an) C. M oreau  ( =  Ophiostoma ulm i (Buism an) 
N annf.), the fungus causing D utch  elm  disease, has

been observed already  by H endrickx  (1937). H e 
isolated a  bacte rium  from  an  elm  branch  infected 
by C. ulm i w hich inhibited pure cultures o f tha t 
fungus on  m alt ex trac t agar. Som e evidence was 
presented th a t the bacte rium  was Pseudomonas 
lignicola, also isolated from  elm  by W esterdijk  and 
B uism an in  1929.

O ther exam ples o f bacterial an tagonism  against 
C. ulm i in vitro w ere presented by Pom erleau and 
L echevalier (1947), H olm es (1954), Jewell (1967) 
and  Sem er (1978). It could no t be dem onstra ted , 
how ever, th a t bacteria  w ere able to  suppress C. ulm i 
w ith in  the living tree.

In  1981, G . A. S trobel and  D . F. M yers presented 
papers a t the  annual m eeting o f  the Pacific D ivision 
o f the A m erican Phytopathological Society in  w hich 
they announced  a  rem arkab le  success in suppressing 
D utch  elm  disease by injecting Pseudomonas syringae 
suspensions in to  diseased trees (S trobel and  M yers, 
1981; M yers and  S trobel, 1981).

Laboratory investigations with Pseudomonas bacteria

As a  result o f  personal discussions w ith S trobel, 
we w ere able to  p lan experim ents a t B aarn  early 
in  1981 in o rd e r to  test u nder D u tch  conditions 
the bacterial s tra in  used by the g roup  o f Strobel. 
In  add ition , a  screening program m e was carried  ou t 
fo r determ ining an tagonistic  characteristics tow ards 
C. ulm i on  agar m edia o f a selected group  o f bacteria . 
These bacteria , all m em bers o f  the genus Pseudo­
monas, were chosen from  the collection o f  F. P. Geels 
and B. Schippers a t ou r labo ra to ry  on  the basis o f 
a lready know n antagonistic  characteristics tow ards 
a  series o f fungi and bacteria , both  p lan t pathogens 
and  saprophytes. F rom  this collection th ree  bacterial 
isolates (coded W CS 085, W CS 361 and  W CS 374) 
w ere finally chosen for field experim ents because o f 
the ir ou tstand ing  antagonistic  p ropertie s in vitro.

Field trials with Pseudomonas bacteria

A t the tree nursery  o f the S tate  F orestry  Service 
a t B aarn  180 ‘C om m elin’ elm s ( Ulmus x hollandica
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‘C om m elin’) w ith an  average d iam eter (D B H ) o f 
6 cm and  a  height o f approx im ately  6 m  could be 
used. In all experim ents, trunks o f  the trees were 
inoculated w ith a  highly aggressive isolate o f  C. ulm i 
(N o rth  A m erican  (N A N ) race). F o r bacterial 
trea tm en ts one  o f the th ree Pseudomonas isolates 
selected from  o u r collection (W CS 085, W CS 361 o r 
W CS 374) o r Pseudomonas syringae M  27+ , the one 
used by S trobel and  co-w orkers, was used. B acteria 
w ere applied  in two different w ays: by low -pressure 
injection o f  a suspension o f 108 cells per ml o r by 
injection w ith a 1 cm w ide gouge o f small quan tities 
o f  a  suspension in its sta tionary  grow ing phase. 
F o r low -pressure injection ( l i  bar) s tan d a rd  nylon 
in jection  tees w ere used for w hich holes o f 8 m m  
diam eter had to  be drilled in to  the trunk  o f the trees.

Tw o types o f  experim ents w ere perfo rm ed : a 
series o f curative experim ents w here the trees were 
inoculated w ith C. ulm i first and  w ith one o f  the 
bacterial isolates approxim ately  one week la ter, and 
a series o f preventive experim ents w here the trees 
were treated  w ith bacteria  first and  then , a fter one 
to four weeks, inoculated  w ith C. ulmi.

Results

In  the series o f  curative experim ents all g roups o f 
trees developed serious sym ptom s. A fter pressure 
injection only the group  o f  trees trea ted  w ith 
W CS 361 show ed som ew hat less sym ptom s than  
the contro ls. F ro m  the group  o f trees treated  w ith 
a gouge only the g roup  trea ted  w ith W CS 374 
show ed significantly less sym ptom s com pared  w ith 
the contro ls. It m ust be em phasized, how ever, th a t 
the trees were trea ted  w ith bacteria  at a  m om ent 
w hen C. ulmi was already w idespread th roughou t 
the trees.

In  the series o f preventive experim ents also only 
one o f the pressure-injected groups o f  trees showed 
less sym ptom s than  the con tro ls (again  the group 
trea ted  w ith W CS 361). But all four g roups o f trees 
trea ted  w ith a gouge show ed significantly less 
sym ptom s com pared w ith the contro ls. M any trees 
even show ed no sym ptom s at all a t the end o f the 
grow ing season.

Future research and prospects

Because o f  these encouraging results experim ents 
in conjunction  w ith the D utch Plant P rotection  
Service and the S tale Forestry  Service are  planned 
for the 1982 grow ing season. B acteria will be 
in troduced to  large groups o f  elm s as a preventive 
treatm ent, using sophisticated  ‘hom e-m ade’ gouge 
pistols by w hich one person can adm inister the 
injections. In som e experim ents inoculations w ith 
C. ulm i will be carried  out in the crow ns o f the trees,

in o thers th e  num ber o f  na tu ra lly  infected trees 
show ing D u tch  elm  disease sym ptom s will be com ­
pared  w ith contro l groups.

Besides in itia ting  these new  experim ents the effects 
o f  th e  trea tm en ts o f  those sta rted  in  1981 will also 
be follow ed; b o th  th e  experim ent w ith 180 ‘C om ­
m elin’ elm s discussed above, and  the curative 
experim ent. F o r th is la tte r experim ent, naturally  
infected elm s in four areas o f the N etherlands were 
trea ted  by pressure in jection  o f tru n k  o r roo t 
flares. H ow ever, differences betw een injected and 
non-in jected  trees w ere no t seen to  be significant at 
the end o f the 1981 grow ing season.

H opefully  the practical value o f  th is biological 
contro l m ethod  can be evaluated  d u ring  1982 on  
the basis o f  these experim ents. I f  judged  to  be 
practically  applicable, then  large scale trea tm en t 
w ith bacte ria  m ay considerab ly  reduce infection 
rates. In  th a t case biological trea tm en t could 
becom e an  im p o rtan t fac to r in the con tro l o f  D u tch  
elm  disease.
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Introduction

T he highly destructive D utch  elm  disease caused 
by Ceratocystis ulm i (B uism an) C. M oreau) ( =  
Ophiostoma ulm i (B uism an) N annf.) has been 
know n now for m ore th an  60 years. Since the early 
1920s p lan t patho log ists have stud ied  th is disease 
and  an increasing am oun t o f  in fo rm ation  has been 
gathered  (Sinclair and  C am pana, 1978; M acD onald  
and  H indal, 1981. H ost-parasite  in terac tions in wilt 
diseases such as D u tch  elm  disease a re  com plex. 
Effects induced directly  o r indirectly  by the pathogen  
on  the host a re  difficult to  separa te  and  the ir relative 
im portance in the disease syndrom e is difficult to 
m easure.

A fter infection by C. ulm i has taken  place the 
tree show s typical leaf sym ptom s, such as yellowing, 
w ilting and necrosis, w hich finally result in death  
o f the tree. T he rap id ity  o f sym ptom  developm ent 
depends on m any factors such as the genetic m ake 
up, vigour and  age o f the tree. Also n u trien t status, 
soil condition , and  tem pera tu re  play a role and  the 
tim e o f year tha t infection takes place is very 
im portan t. O n the o th er hand virulence o f  the 
pathogen is also im portan t. All these factors can 
influence the prognosis o f a tree after infection by 
the D utch elm  disease pathogen.

Pathogenesis

Invasion o f  the host by Ceratocystis ulm i

T he im portan t question  is how ever, how  does it 
happen tha t a tree wilts and  d ies?  T he fungus once 
in troduced  into the vascular system  grow s and  is 
transported  th rough  the w hole tree. T his is essential 
for disease developm ent. In te rac tion  o f fungal 
m etabolites w ith the physiology o f the tree leads 
to the wilt syndrom e. Initial grow th o f the pathogen 
can be accom plished by the available nu trien ts in 
the xylem sap (E lgersm a, 1969; Singh and  Smalley,
1969). P roduction  o f cell wall degrad ing  enzymes 
by the pathogen can provide the fungus w ith 
nu trien ts directly by releasing m onosaccharides 
from  cell wall polym ers o r by causing death  o f

parenchym a cells (B asham  and  B atem an, 1975) the 
con ten ts o f w hich then  form  a  po ten tia l nu trien t 
source. T hese enzym es m ay be involved in  the 
pene tra tion  o f  pits o f  vessel walls o r endplates 
enabling  the sp read  o f the fungus th rough  th e  p lan t. 
P artia lly  hydrolysed cell wall polysaccharides and  
cell con ten ts o f  parenchym a cells in  the vessel lu r  ina 
m ay im pede the w ater tran sp o rt and so influence 
the to ta l w ater econom y o f  the tree.

Cell wall degradation

R ecently Scheffer and  E lgersm a (1982) have studied 
xylem vessel wall deg rad a tio n  in  A m erican  elms 
a fte r infection o f the tree  w ith e ither an  aggressive 
o r a non-aggressive isolate o f  C. ulm i by scanning 
elec tron  m icroscopy.

I t  appeared  th a t vessel walls w ere m uch m ore 
affected by the aggressive isolate than  by the non- 
aggressive one. E rosion  o f  vessel walls was no t 
necessarily restric ted  to  the wall underneath  hyphae 
or con id ia , bu t can  also occur w here there  is no 
d irec t con tac t w ith the fungus. O bservation  o f 
hyphae and  con id ia  a t least in this ra th e r  late stage 
o f disease, was m uch  m ore difficult in elm  w ood 
infected by the non-aggressive than  by the aggressive 
one. T his is in agreem ent w ith  th e  resu lts ob tained  
by E lgersm a and  H eybroek  (1979). T hey show ed 
th a t survival o f an  aggressive isolate was b e tte r th an  
th a t o f a  non-aggressive one in susceptible as well 
as in resistan t trees. In  accordance w ith  earlier 
observations (M iller and  E lgersm a, 1976; E lgersm a 
and  S teerenberg, 1978) no  evidence was found  
indicating  th a t the fungus invades tissue su rround ing  
the xylem vessels. H yphal p ene tra tion  o f pits only 
was observed.

T he results as described above a re  also in close 
harm ony w ith the results ob ta ined  by Svaldi and 
E lgersm a (1982). They studied  the p roduc tion  of 
cell wall degrad ing  enzym es o f aggressive and  non- 
aggressive isolates in vitro. G lycosidase and  exo- 
glycanase activity o f several aggressive and  non- 
aggressive isolates was determ ined . T he cell wall 
degrading enzym es w ere p roduced  by the fungus
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grow n o n  pulverized elm  w ood. Enzym e p repara tion  
from  aggressive isolates released m ore  arab inose 
an d  xylose from  cell walls o f  elm  w ood than  those 
from  non-aggressive isolates. Significantly m ore 
rham nose too , was released by aggressive isolates 
a lthough  som e o f  th e  non-aggressive isolates 
released com parab le  am ounts. N o  co rrelation , 
how ever, was found betw een po lygalacturonase and  
cellulase p ro d uc tion  and  aggressiveness (Elgersm a, 
1976). All these results strongly  ind ica te  th a t cell 
wall degrad ing  enzym es a re  involved in  p a th o ­
genesis.

O ther m echanisms o f  vessel disruption

T hese enzym es together w ith  p roduc tion  o f grow th 
substances by the pathogen  o r  h o st can  induce 
tyloses (B eckm an, 1971), w hich m ay play a  ro le in 
b locking th e  w ater tran sp o rt in  th e  vessels. O n the 
o th er hand gelation  o f p rim ary  cell walls by acidifica­
tion  can  also be responsible fo r im peding w aterflow  
(V an der M olen et al., 1977; B eckm an an d  Talboys, 
1981). As indicated  d u ring  this sem inar, toxins u n ­
doub ted ly  play a  ro le in disease developm ent 
(Scheffer, 1983). M acrom olecu lar toxins such as 
glycopeptides which have recently  been detected in 
infected xylem sap (Scheffer and  Elgersm a, 1981), may 
plug the u ltrapores o f  p it m em branes o f vessels and  
so substantially  ham per w ater m ovem ent in the tree 
(V an A lfen and  T u rner, 1975; V an Alfen and  
M acH ardy , 1978).

Mechanisms of resistance

W hat can  the tree  do  against all these effects so 
d etrim en tal to  its existence, in  o rd e r to  survive? 
T he prognosis depends largely on its genetic m ake 
u p : if it has enough  genes fo r resistance it m ay 
survive, if  n o t it m ostly dies. R esistance to  D u tch  
elm  disease is polygenetically contro lled  (H eybroek, 
1970; L ester an d  Smalley, 1972) and  probably  
q u an tita tive  in natu re .

Phytoalexins

A n effective m ethod  o f defence w ould be to  stop  the 
fungus from  grow ing o r even to  kill it by host 
p ro duc tion  o f  fungitoxic com pounds released in to  
the vessel lum ina. Indeed , substances called p hy to ­
alexins a re  p roduced  bu t we have n o t found  a m ore 
rap id  accum ulation  o f  these substances in the m ore 
resistan t trees (O vereem  and  E lgersm a, 1970; 
E lgersm a and  O vereem , 1971). T his does n o t imply 
th a t these substances d o  n o t p lay a  ro le in  resistance. 
T ogether w ith o th e r m echanism s such as tylose 
fo rm ation  they m ay be very effective.

Tyloses

These, if form ed rap id ly  enough  m ay seal off the 
vessels in  advance o f  the fungus and  by th a t m eans 
localize the infection  (E lgersm a, 1973).

Barrier zones

Shigo and  T ippet (1981) stud ied  D utch  elm  disease 
from  th e  po in t o f  view o f  the com partm en ta liza tion  
o f  decay in trees (Shigo, 1979). They observed in 
infected A m erican  elm s ba rrie r zones o f  starch- 
con tain ing  parenchym a and  sw ollen ray  parenchym a. 
Such ba rrie r zones ac t as a tangential shield between 
infected xylem and  healthy  cam bium  allow ing the 
regeneration  o f healthy  tissue. I f  ra tes o f co m p art­
m en talization  and  regeneration  exceed th a t o f 
infection, the  tree  will stay alive. I f  the in fection  ra te  
exceeds the ra te  o f  com partm en ta liza tion , the tree  
will die.

B arrier zone fo rm ation  probably  also requires 
a  g rea t am oun t o f  energy. D ep le tion  o f  the sto red  
nu trien ts in  springtim e by leaf developm ent, new 
grow th  ring  developm ent and  seed production , 
m eans th a t ba rrie r zone fo rm ation  m ay be no t so 
effective as no  new carb o h y d ra te  is form ed following 
w ilting o f  leaves. T he cam bium  m ay be killed and  
th e  tree dies. I t seems obvious th a t ba rrie r zone 
fo rm ation  can  play a  ro le  in  defence. H ow  im portan t 
this m echanism  is and  how  serious the effect o f 
nu trien t depletion  can  be in disease developm ent, 
certain ly  needs m ore investigation.

Anatom ical characteristics

Besides physiological defence m echanism s an a ­
tom ical factors can  play a  ro le in  resistance. 
Sum m erw ood fo r instance is characterized  by 
sm aller, m ore scattered  and  less contiguous vessels 
th a n  springw ood, allow ing m ore tim e for defence 
m echanism s to  opera te  and  confine the pathogen. 
Sufficient non-infected vessels a re  thus left for w ater 
tran sp o rt (Pope, 1943). In  D u tch  elm s as well as 
in  A m erican  elms it was show n th a t the average 
d iam eter o f xylem  vessels was sm aller in resistant 
elm s th an  in  susceptible ones (E lgersm a, 1970; 
Sinclair et al., 1975). R esistan t elm s also have 
sm aller groups o f  clustered vessels separated  by 
parenchym a tissue, w hich lim its la teral spread o f 
infection in  these trees (M cN abb  e t al., 1970). 
I t  is obvious th a t these anatom ical features, in 
ad d itio n  to  the observed faster tylose fo rm ation  in 
resistan t elm s w hich may seal off the vessels before 
con id ia  have spread, can  be effective m echanism s 
in  localizing the infection (E lgersm a, 1973).
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Pathogenic advantage of the aggressive strain o f 
Ceratocystis ulmi

Aggressive isolates, how ever, can  m ore  o r less 
overcom e these m echanism s (M iller and  E lgersm a,
1976). W hen  a  m ixture o f  aggressive and  non- 
aggressive isolates was used fo r inocu lation  o f  trees 
resistan t to  the non-aggressive stra in , spread ing  o f 
the non-aggressive isolate was lim ited and  survival 
o f the aggressive isolate was favoured (E lgersm a 
and  H eybroek, 1979). As already  m en tioned , a  
h igher p roduc tion  o f  cell wall degrad ing  enzym es 
by the aggressive s tra in  m ay play a  ro le in  th is 
phenom enon. W hen a  m ix ture  o f  bo th  stra ins was 
used disease sym ptom  expression was significantly 
reduced in  a  resistan t clone, com pared  to th a t seen 
a fter inoculation  w ith the aggressive s tra in  alone. 
I t appears th a t the non-aggressive s tra in  triggers a  
m echanism  w hich coun teracts a t least partia lly  the 
induction  or expression o f  disease sym ptom s 
provoked by the aggressive strain  a lone  (SchelTer 
et al., 1980).

Conclusion

T here is m uch evidence for the p roposed m echanism s 
o f resistance described above, bu t no abso lu te  p ro o f 
has been ob ta ined .
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Introduction

T oxin  research  constan tly  faces problem s w ith 
respect to de tec tion  and  purifica tion  o f  m inute 
quan tities o f the som etim es unstab le  com pounds. 
M ethodology in th is field is still u nder developm ent 
but g rea t (although  often  underestim ated) progress 
has been m ade during  the last decade. G as-liquid 
chrom atography , som etim es coupled w ith  m ass- 
spectrom etry , high perform ance liquid ch ro m ato ­
graphy, u ltra- and  gel filtration , affinity ch ro m ato ­
graphy  and various electrochem ical separa tion  
m ethods were developed o r greatly  im proved. 
A dvances in im m unological de tec tion  m ethods were, 
if possible, even greater.

T he im pact o f  these technical advances on  toxin 
research  has been trem endous. M any toxins have 
been stud ied , resulting  in greater insight in to  the role 
o f toxins in pathogenesis. T he im portance o f  toxins 
in D utch  elm disease pathogenesis is one o f the 
m ore carefully studied  cases in toxin  research . 
In this paper, the present sta tus o f th is w ork  will be 
discussed.

Toxins produced by Ceratocystis ulmi

Ceratocystis ulm i (B uism an) C. M oreau  (Ophiostoma 
ulm i (Buism an) N annf.), the causal o rganism  of 
D u tch  elm  disease, can easily be grow n on  synthetic 
m edia. O ver the years several phytotoxic com pounds 
have been isolated and  purified from  shake cultures, 
w ith varying success. These phytotoxic com pounds 
can be split up in to  four g roups: phenolics, poly­
saccharides, a protein  nam ed cerato-ulm in and  a  
glycopeptide. These four g roups will be discussed 
here*.

Phenolics

T he phenolic m etabolites o f  C. ulmi, investigated 
by C laydon et al. (1974, 1980) express phyto­
toxicity in elm  shoots. A ttem pts to reproduce 
phylotoxic effects by injecting these com pounds 
into stem s o f  four-year-old roo ted  elm  saplings

w ere unsuccessful, how ever, and  no evidence was 
ob tained  perta in ing  to their in vivo fo rm ation .

Polysaccharides

A  polysaccharide frac tion  can  be p recip ita ted  from  
cu ltu re  filtrates w ith  70 per cen t e thanol. In  1947 
D im ond  observed som e effects o f th is m ateria l on  
to m ato  and  elm  cuttings, p robab ly  due to  im pedi­
m en t o f the w ater flow. T he im portance  o f  these 
polysaccharides in vivo is questionab le. A pparen tly  
the viscosity o f  the xylem  fluid is n o t affected after 
infection o f  the tree  by C. ulm i (D im ond and  
H usain , 1958). T hus, po lysaccharide p roduc tion  
should  be low in com parison  to  p ro d u c tio n  in  shake 
cu ltures w here viscosity rises rap id ly  due to  poly­
saccharide p roduction . B o th  F eldm an e t al. (1950) 
and  Rebel (1969) considered th is polysaccharide 
frac tion  to  be o f m inor o r no im portance, as 
concen tra tions necessary to induce w ilting were 
even h igher th an  th a t occurring  in  shake cultures.

Cerato-ulmin

A  sm all p ro te in  possessing phyto tox ic  properties 
was isolated by T akai and  co-w orkers and  nam ed 
‘cerato-u lm in’ (R ichards and  T akai, 1973; T akai, 
1974; T akai and  R ichards, 1978). P roduc tion  o f 
cerato-ulm in in  shake cultures is repo rted  to  be 
correlated  w ith aggressiveness o f th e  fungal stra in  
in m any cases (T akai, 1974, 1980) bu t exceptions 
have been noted  (B arret and  Skidm ore, 1975; 
T akai, 1980). A dm inistered  to  elm  cuttings, cerato- 
u lm in induces wilting, chlorosis and  necrosis 
(T akai, 1974). W ilting could  be induced by placihg 
the shoots in a  so lu tion  con tain ing  7.5 pg cerato- 
u lm in/m illilitre o f  w ater. Extrem ely low concen­
tra tions, as low as 2 ng/m l, a re  claim ed to  be toxic 
also (T akai et al., 1979).

T akai and  co-w orkers suggest th a t cerato-ulm in 
does no t induce wilt in  elm s by blocking the vessels,

* Part of this discussion was derived from a paper 
presented at the Symposium and Workshop on Dutch 
elm disease, Winnipeg, Canada, October 1981.
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as concen tra tions o f  cerato-u lm in  necessary to 
induce sym ptom s in  shoo ts a re  p robab ly  too  low to 
physically in terfere  w ith  the w ater flow. Instead , 
they p ropose th a t cera to -u lm in  triggers an  unknow n 
host response.

R usso e t al. (1981), how ever, found  th a t the 
surface tension  o f  a cera to -u lm in  so lu tion  was still 
affected a t a  con cen tra tio n  o f 30 ng/m l although  
only a frac tion  o f  a  m ono layer could be form ed a t 
th a t co ncen tra tion  even if all the  cerato-u lm in  rose 
to  the air-w ater surface. T he solubility in w ater 
also proved to  be extrem ely low, less th an  10 pg/ml. 
W hen the concen tra tion  increases tu rb id ity  is 
observed due to  sm all a ir bubbles coated  w ith 
cerato-ulm in. These surface-active p roperties o f 
cera to -u lm in  m ean  th a t recogn ition  by the host 
m ay n o t be necessary bu t th a t sim ple plugging or 
w aterproofing o f  the p it m em branes m ay account 
for the results o f  bio-assays.

A ntiserum  against cera to -u lm in  was produced 
(K ryw ienczyk et al., 1979) an d  doub le  diffusion 
tests w ere perform ed against ex tracts obtained  from  
d iscoloured xylem w ood from  elm s infected by C. 
ulmi. P relim inary  results ind icate  th a t cerato-ulm in  
m ay be present in  such ex tracts (T akai e t al., 1981).

Glycopeptide
A partia lly  purified glycopeptide frac tion  was 
ob ta ined  by Salem ink et al. (1965) and  la ter by 
Rebel (1969). U sing affinity chrom atography , 
S trobel et al. (1978) ob tained  a  polydisperse 
g lycopeptide frac tion  w hich w as apparen tly  free 
from  con tam inants. S tructu ra l analysis by N o rd in  
and  S trobel (1981) revealed th a t the m aterial is a 
polydisperse p ep tid o rh am n o m an n an  w ith a  m ole­

cu lar w eight range o f  approxim ately  105,000 to 
120,000. Phyto tox icity  o f the g lycopeptide fraction  
in elm  shoots has been rep o rted  by Salem ink et al. 
(1965), Rebel (1969), S trobel et al. (1978) and  in 
m ore detail by V an A lfen and  T u rn er (1975). 
T he la tte r  found th a t as little as 4 gg o f  glycopeptide 
o r h igh m olecular w eight d ex tran  m easurably 
decreased the stem  and  petiole conductance in elms. 
T he ir conclusion is th a t physical plugging o f  the 
p it m em branes and  possible cav ita tion  is the m ost 
likely m ode o f  ac tion  o f  the glycopeptide. In  a later 
study, V an A lfen and  A llard -T u rner (1979) show ed 
th a t even low er am oun ts o f  dex trans could  seriously 
reduce vascular conductance.

Investigations into the glycopeptide toxin produced by 
Ceratocystis ulmi

W ith in  th e  fram ew ork o f  the E E C  P ro ject o n  D utch  
elm disease a study was in itia ted  in o rd e r to  ob ta in  
d a ta  on in vitro and  in vivo p ro duc tion  o f the 
g lycopeptide(s) p roduced  by C. ulmi. O ur prelim inary  
results ind icate  th a t there  a re  no  im p o rtan t differ­
ences in to ta l p ep tid o rh am n o m an n an  p roduction  
in shake cultures betw een several aggressive and  
non-aggressive isolates o f  C. ulmi. T here  m ay be 
structu ral differences, how ever.

U sing the enzym e-linked im m unospecific assay 
(ELISA ) we show ed th a t in  the susceptible elm , 
Ulmus hollandica ‘Belgica’, accum ulation  o f  the 
glycopeptide began tw o weeks a fte r inoculation  
w ith the aggressive isolate H 6 o f  C. ulm i and  
increased to  approxim ately  5 pg/m l w ood sap four 
weeks a fter inocu la tion  (Scheflfer and  Elgersm a, 
1981a; see F igure 1).

Figure la :  Absorbance of different concentrations of glycopeptide Fraction B of C. ulmi measured after 1 h of 
incubation for ELISA.
Figure lb :  Glycopeptide production in susceptible U. hollandica ‘Belgica’ inoculated with C. ulmi, as measured
by absorbance after 1 h of incubation for ELISA. ( • )  Infected plants; (o) healthy control plants. Each datum 
point is the average of five replicates. (From: Scheffer and Elgersma, 1981a).
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Since the w ood sap  w as collected by m eans o f  a 
hydraulic press, the sap  was d ilu ted  by fluid from  
o th er tissues. In  add ition , p a rt o f  the glycopeptide 
m ight have been trapped  in the u ltrapo res o f pit 
m em branes o r  m ight possibly have reacted  w ith 
host cell wall polysaccharides, as recently  was 
suggested by N o rd in  and  Strobel (1981), and  there ­
fore  was no t recovered. T hus, the concentration ;'/;situ  
m ust have been h igher and  beyond all d o u b t was 
high enough  to  expect phyto tox ic  effects.

In  the 1980 field trials the m oderately  resistan t 
clone ‘390’ was inoculated  w ith  the aggressive isolate 
H 6 o f C. ulmi. T he  trees show ed severe sym ptom s 
w ith increasing tim e a fter inoculation  and  the 
fungus spreads readily  th ro u g h o u t the tree  (E lgersm a 
and  H eybroek, 1979). H ow ever, it was found  tha t 
there w ere no differences in E L ISA  results betw een 
inoculated and  contro l trees. P u re  glycopeptide, 
added  to  these w ood saps proved to  be q u an tita ­
tively un traceable  w ith increasing tim e a fter inocula­
tio n ; a  phenom enon w hich was n o t observed in 
the experim ents w ith the susceptible elm  m en­
tioned above. A pparen tly  som e in terac tion  betw een 
w ood sap and  glycopeptide took  place during  the 
ELISA  (Scheffer and  E lgersm a, 1981b). H igh 
m olecular fractions o f  the w ood saps, ob ta ined  by 
gel filtration  on  Sephacryl S 300 (Pharm acia) did 
no t exhibit th is yet unexplained in teraction . Also, 
it was possible to  detec t g lycopeptide in  high 
m olecu lar fractions o f  w ood saps from  elm s o f  the 
clone ‘390’ inoculated  w ith  the aggressive isolate 
H 6 o f C. id mi.

M oreover, the follow ing results o f o u r in vivo 
experim ents should  be m entioned here: the highly 
resistan t Ulmus pum ila  and  the clones ‘L obel’ and 
‘519’ did no t show  external sym ptom s after inocula­
tion  w ith an  aggressive isolate (H 6) o f C. ulmi. 
U sing E LISA  no glycopeptide could be detected.

T he susceptible Ulmus hollandica ‘Belgica’, 
U. americana  and  U. glabra , how ever, developed 
heavy sym ptom s o f w hich the first visible signs 
appeared  a fter approx im ately  one week (1981 field 
trials). Low  levels o f g lycopeptide w ere detectable 
on  the first sam ple date  follow ing the appearance of 
external sym ptom s. L ater, glycopeptide increased 
to  levels com parab le  to th a t repo rted  earlier for 
U. hollandica ‘Belgica’ (Scheffer and  Elgersm a, 
1981a), tha t is: betw een one and  ten MS/ml.

Conclusions

F rom  the phytotoxic com pounds reviewed here 
only tw o seem to be cand ida tes for a  serious role 
in pathogenesis: cerato-u lm in  and  the glycopeplide. 
O nly for the la tte r com pound is its presence in 
diseased hosts satisfactorily  dem onstrated . The 
glycopeptide is the first com pound , therefore, th a t

should  be regarded  as a  vivotoxin o r  a vivoaggressin 
(G ran iti, 1972; Scheffer, 1982).

G enerally , in  the w ilt diseases m ost evidence 
po in ts tow ards im pedim ent o f  th e  w ater flow as the 
cause o f  external sym ptom  developm ent (D im ond,
1970). F o r  D u tch  elm  disease also m any  things 
po in t tow ards this m echanism : a fter infection by 
C. ulm i the w ater flow can  be im peded by tyloses 
and  gum s (V an A lfen and  M acH ardy , 1978), by 
plugging o f  p it m em branes by d eg rad a tio n  p roducts 
o f  host cell walls (E lgersm a, 1976; Scheffer and 
E lgersm a, 1982; Svaldi and  Elgersm a, 1982) and 
by toxins. But also, phenom ena a re  observed a fter 
infection  o f an  elm  by C. ulm i w hich can n o t be 
explained by th is w ater flow im pedim ent theory : 
fo r instance, increased resistance o f  roo ts to  w ater 
flow (R oberts and  Schreiber, 1977), increased 
resp ira tion  and  increased electro ly te leakage (L andis 
and  H a rt, 1972).

I t  is obvious th a t toxins a re  involved in  D u tch  
elm  disease pathogenesis. B ut it is equally obvious 
th a t their ro le in the developm ent o f  the com plex 
D utch  elm  disease syndrom e is yet only partia lly  
understood .
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Studies on Ceratocystis ulmi in Belgium
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5-5800 G embloux, Belgium

Introduction

H uberty  (1904, 1905) reports  th a t in the 16th 
century, D odonee, a  physician and  bo tan ist from  
the city o f  M alines, was struck  by the im portance 
o f  elm s in  o u r forests. In  1601, a t th e  request o f 
Sully, m inister o f the F rench  K ing  H enry IV, elms 
w ere p lanted  along roads and  public squares in 
France, to  celebrate the b irth  o f  L ouis X III. U ntil 
the F irst W orld W ar, a num ber o f cultivars belonging 
m ainly to  the species Ulmus campestris L. and  
Ulmus glabra  H uds., w ere p lan ted  on  a large scale, 
together w ith U. x  hollandica M ill., a  hybrid  between 
these two species. Som e clones w ere also selected 
in  Belgium for exam ple, U. campestris cv. ‘D am pieri’

(in  1853), U. procera  cv. ‘Louis van  H o u tte ’ (in 1880) 
and  the well know n U. x  hollandica cv. ‘Belgica’ 
(in 1694). Som e local varieties, such as the “ O rm e 
d u r de F u rn es” , th e  “ O rm e a  fines feuilles du  pays 
d ’Y pres” and  the “ O rm e to r tilla rd ” w ere also 
highly praised.

In  Belgium, the first d ie-back  o f elm s was observed 
in  1836, in  the p a rk  o f  Brussels. D isease was also 
observed a t the sam e place in 1896, and  the elms 
o f th e  “ Place d ’A rm es” in G hen t w ere killed in 
1885-1886. A t this tim e, the d ie-back  o f  elm s was 
a ttrib u ted  to  th e  elm  b a rk  beetle (Severin, 1906). 
A fter 1918, public  op in ion  was shaken  by the 
unprecedented  dea th  o f  elms. T he A dm in istra tion

Map 1. Distribution of U. campestris in Belgium.
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Table 1. Healthy elm sites in the regions of Belgium (numbers and percentage).

Region 
Elm species^"—"--—

Basse
Belgique

Moyenne
Belgique

Haute
Belgique

For all areas

U. campestris 8 (11%) 6(7.5% ) 7(18% ) 21 (11%)
U. glabra 1 (5%) 3(15% ) 14(28% ) 18 (20%)
U. laevis absent absent 3(75% ) 3(75% )
U. x hollandica 6(10.5% ) 3(5% ) 11 (18%) 20 (11%)
N ot determined absent 3 (14%) 6(33% ) 9(15% )

Total species 15 (10%) 15 (9%) 41 (26%) 71 (14%)

o f Forests (in 1919, 1925, 1928 and  1933) and  R o ad s 
(in  1919) m ade inquiries to  follow  th e  sp read  o f  the 
disease. Judging  by the descrip tions o f sym ptom s 
a t th a t lim e, it seem s th a t the dam age w as due 
indeed to  the causal fungus o f D u tch  elm  disease 
(D E D ). M ost elm s w ere lost betw een 1918 and  1940; 
from  1940 to  1970 the disease decreased p rogres­
sively in Belgium. T h is paper will describe the 
observations on  D E D  m ade here in  recent years.

Epidemiology

H ost

T hree  species o f  elm s occur na tu ra lly  in Belgium : 
U. campestris (E u ropean  field elm ), U. glabra  (wych 
elm ), and  U. laevis Pall. (E u ropean  w hite elm).

T he E u ropean  field elm  is d is tribu ted  th roughou t 
the country , w ith a  h igher density  in  “ M oyenne 
B elgique” ; wych elm  is m ainly  found  in  “ H au te  
B elgique” (m aps 1 and  2). T he E u ro p ean  w hite 
elm  is endem ic in a  few valleys (M olignee, Lesse 
and  V iroin) (m ap 2). T he U. x  hollandica hybrid  
elm  is present th ro u g h o u t the coun try  (m ap 3).

In  Belgium the elm  occurs m ostly  as bushes 
(along roads o r railw ays), m edium  height trees, 
and  only rarely  as trees o f larger size.

Importance o f  D utch elm  disease

D E D -free populations o f  elm  are  now  few in 
num ber: 10 per cent o f  the locations a re  healthy  
in “ Basse Belgique” o r “ M oyenne Belgique” , 
while 26 per cent o f elm  locations a re  disease-free 
in “ H au te  B elgique” . T he difference m ay result 
from  the low er density  o f elm  popu la tions and  the 
less favourable clim ate for th e  elm  bark  beetle in 
the h igher areas o f the country . O ut o f 515 elm  
locations observed in Belgium, 444 a re  diseased 
(Table I). N evertheless, larger trees (d iam eter o f 
m ore than  50 cm) a re  less frequently  a ttacked  th an  
o thers (Table 2). G rem m en et al. (1976) observed 
the sam e phenom enon  in the N etherlands.

Vectors o f  Dutch elm  disease

T he two elm  bark  beetle species w hich were m ost 
frequently observed during  our investigations are

Scolytus scolytus  F . an d  Scolytus m ultistriatus 
M a rsh .; th e  species H ylesinus vittatus F ab r. (w hose 
galleries ru n  across the grain), and  o th e r species o f 
sm all b a rk  beetles, a re  less com m on.

Table 2. Health in relation to size of elms in Chastre 
(Brabant).

Tree diameter Elms (number and 
percentage)

Total

Healthy Diseased 
or dead

More than 50 cm 
From 15 to 50 cm 
Less than 15 cm

889 (80%) 
684 (41 %) 
248 (38%)

223 (20%) 
998 (59%) 
411 (62%)

1112
1682
659

Total 1821 (53%) 1632 (47%) 3453

The fungus

T he developm ent o f a new  o u tb reak  o f  D E D  in 
Belgium  in the 1970s gave rise  to  som e concern  
(V eldem an, 1979; M ertens e t al., 1979). T he  first 
signs o f  the re-appearance o f  th is disease in  Belgium 
da te  back to  1972, w hen the A u tho rities o f  the city 
o f  Liege w ere concerned ab o u t elm  deaths.

O ur first investigations on  D E D  sta rted  in  1978 
(M eulem ans and  Sem al, 1978) an d  since then  m ore 
th an  500 sam ples from  diseased elm s have been 
collected in  the coun try  (M eulem ans et al., 1979, 
1981). D ete rm ina tion  o f g row th-ra te  and  culture 
m orphology  on 2 per cen t m alt ex trac t agar (O xoid) 
perm itted  the identification  o f  tw o stra ins o f 
Ceratocystis ulm i, aggressive and  non-aggressive, as 
defined by G ibbs and  B rasier (1973) and  B rasier
(1981).

O ut o f 500 isolates, 460 had  the characteristics o f 
the aggressive s tra in  (fluffy type o f  colonies and  
h igh  g row th  rate), and  40 w ere non-aggressive 
(waxy appearance  o f  the colonies and  slow grow th 
rate). T he g row th  ra te  d is trib u tio n  o f  the various 
isolates gives a G aussian  curve fo r the aggressive 
stra in , w hereas the g row th  ra te  d is tribu tion  fo r the 
non-aggressive s tra in  is very irregu la r in shape 
(F igure  1).
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I M L R  U  1‘i L M L S
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- 1=1m rv Rj:
GROWTH RATE

Figure 1. Histogram of the growth rate frequencies 
for aggressive and non-aggressive strains on malt 
extract agar.

T he  aggressive stra ins o f  C. ulm i fall in to  two 
d istinct races, th e  E u rasian  (E A N ) and  the N o rth - 
A m erican  (N A N ) races, on  the basis o f their 
reciprocal fertility  (B rasier, 1979, 1981).

In  1979, we found  an  isolate o f th e  E urasian  race 
o f  the aggressive s tra in  (M eulem ans, 1980) in  sou th ­
east Belgium. T his was the first observation  o f this

race in  the north-w estern  p a rt o f  continental 
E urope. T he sam e race has now  also been found 
in  the sou th  o f the N etherlands (B rasier, 1981).

A m ong the 205 aggressive isolates used fo r crosses 
in  m icro tite r plates, 161 (78.5 per cent) belonged to  
th e  N A N  race (140 being o f  sexual type B, and  21 
o f sexual type A), and  44 isolates (21.5 per cent), all 
o f sexual type B w ere o f  the E A N  race. N o  E A N  
isolate belonging to  type A  was discovered in 
Belgium. T he m ean  g row th  ra te  o f E A N  isolates 
(4.9 m m /day) differs significantly from  th a t o f  N A N  
isolates (5.6 m m /day). M orphologically , the E A N  
race is d istinguishable from  the N A N  race in tha t 
the colonies show  an  irregular outline, rarely  
petalo id , w ith a very frequent appearance  o f non- 
sporu la ting  pow dery varian ts. T he geographical 
d is tribu tion  o f  the different stra ins o r  races o f 
C. ulm i in  Belgium  is rep resen ted  on  m aps 4 to 6 .

T he N A N  race o f the aggressive s tra in  together 
w ith  the non-aggressive stra in , w as d istribu ted  
th roughou t the w hole country , w hereas the E A N  
race o f  the aggressive stra in  was only found in  the 
eastern  p a r t o f Belgium, in the triang le  B russels- 
C ouvin-V erviers. M oreover the la tte r  race is 
ab u n d an t east o f Liege, in  the reg ion  o f Verviers, 
S tavelot, and  Spa. It is possible th a t the E A N  race 
cam e from  G erm any, a long the ra ilroad  from  K oln 
to V erviers and  Liege. B etw een 1979 and  1981 we

Map 4. D istribution of non-aggressive strain of C. ulmi.
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Table 3. Results of inoculation of U. glabra and U. campestris seedlings with different strains of C. ulmi.

Isolate
number

Source Strain Race Compatibility
type

Percentage defoliation 3 months after 
inoculation (mean of four replicates)

U. glabra U. campestris

5 Bruxelles aggressive N.A. B 100% 100%
9 Quenast aggressive N.A. B 100% 100%

67 Vise aggressive N.A. B 100% 100%
7 Tournai aggressive N.A. A 100% 100%

11 Drongen aggressive N.A. A 100% 100%
63 Mont-St-

Guibert
aggressive N.A. A 100% 100%

71 Polleur aggressive E.A. B 80% 40%
397 Goe aggressive E.A. B 90% 50%
409 Morville aggressive E.A. B 100% 90%

12 Temse non-aggressive - n.d. ' 50% 30%
32 Boiselle non-aggressive - n.d. 100% 40%
72 La Hulpe non-aggressive - n.d. 60% 20%

N.A. =  North American race. E.A. =  Eurasian race. n.d. =  not determined.

have been im pressed by the rap id  spread o f  D E D  
along ra ilroads and  river valleys, w hich correspond  
also to  the natu ra l sites w here elm s a re  w idespread.

In  o rd e r to  study the possible co rrelations between 
the characteristics o f  the isolates (strain , race, 
m ating type) and  th e ir aggressiveness, we inoculated 
12 isolates (3 N A N  type B, 3 N A N  type A , 3 E A N  
type B, and  3 non-aggressive) on to  4-year-old 
seedlings o f  U. glabra  and  U. campestris. Percentage 
defoliation  observed th ree m onths a fter inoculation  
is show n in T able 3. All p lants inocu lated  w ith 
N A N  isolates d ied , the E A N  race was less p a th o ­
genic, bu t was nevertheless m ore viru lent th an  the 
non-aggressive stra in . T he resu lts also show ed th a t 
U. glabra  seedlings w ere m ore sensitive to  D E D  
th an  those o f U. campestris.

T he finding o f  doub le-stranded  R N A s in the 
m ycelium o f  Endothia parasitica  (M urr.) A nd. 
(D odds, 1980) associated w ith the phenom enon of 
hypovirulence, p rom pted  us to  search fo r such 
ds-R N A s in C. ulmi. T he analysis by polyacrylam ide 
gel electrophoresis o f the R N A s extracted  by the 
technique o f  M orris  and  D odds (1979) perm itted  
us to  characterize tw o peaks o f ds-R N A  in all three 
isolates belonging to  the N A N  race, the E A N  race, 
and the non-aggressive s tra in  respectively. The 
double stranded  structu re  o f  these R N A s was 
ascertained by resistance to  R N A s in saline buffer, 
and sensitivity to  the sam e enzym e in w ater.

H istorical background

W hen placed in  the context o f  past D E D  outbreaks 
in Belgium (M eulem ans, 1981) ou r results raise a 
num ber o f  questions: H as the non-aggressive stra in

alw ays existed in  ou r elm  p o p u la tions?  W as the 
local d ieback o f elm s observed during  the last 
cen tu ry  due to  th is s tra in ?

A bou t 50 per cent o f  elms died  in  Belgium from  
1918 to  1940 while in recen t tim es m ore than  90 
per cent o f the elms w ere killed in  less th an  10 years. 
D uring  the first ou tb reak  (1918-1940), young elms 
ab o u t 10 years old, w ere killed in  less th an  one 
grow ing season under the m ost severe conditions, 
bu t o lder elm s died  only after two, and  often  three 
to  four years. P ictures tak en  during  this period 
show ed diseased elms bearing  m any suckers on  the 
trunk . F u rtherm ore , num erous cases o f  recovery 
w ere observed in Belgium  during  this period. D uring  
the recent ou tb reak  o f  D E D , d ieback  o f  elm s was 
very rap id , bo th  for the younger trees and  fo r the 
valuable o lder elms. N atu ra l recovery o f  diseased 
elms attacked  by the  N A N  race was no t observed.

B rasier (1981) reports th a t the defo lia tion  induced 
in  infected trees was less fo r the E A N  race  th an  for 
the N A N  race. F u rth erm o re , he also observed that 
recoveries w ere m ore frequent fo r those trees 
infected by the E A N  race th a n  fo r those attacked  
by the N A N  race. T he sam e tendency was observed 
in ou r inocu lation  tests (Table 3), and  we have also 
noticed the less v iru lent aspect o f the disease in  the 
region w here only  the E A N  race was isolated 
(V erv iers-Spa-Polleur). These d a ta  collected during 
the first and the present ou tb reaks o f  D E D  suggest 
th a t the 1918-1940 epidem ic m ight be due to  an 
aggressive stra in  resem bling the E A N  race (based on 
sym ptom s), while the epidem ic o f the 1970s resulted 
m ainly from  infections by the N A N  race.

T his succession o f ou tb reaks and  decline o f D E D  
could be explained by a  phenom enon o f hypovirul-
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ence, w hich, unlike th a t observed fo r Endothia  
parasitica  (D odds, 1980; G ren te , 1978), w ould no t 
be associated  w ith  exclusion factors. In  fact the 
frequent appearance  o f  v arian ts  and  the irregular 
g row th  and  shape o f  the co lonies m ight be due to 
ds R N A s or to  satellite viruses as recently  show n 
for Gaeumannomyces gram inis (Sacc.) A rx et O livier 
(R om anos et al., 1981). A lthough  aggressiveness 
has been a ttrib u ted  to  nuclear factors, and  seems 
to  be polygenic (B rasier and  G ibbs, 1976; B rasier,
1977), the m ultip lication  o f som e d s-R N A  in a given 
isolate could well m odify its pathogenic  expression. 
T his aspect will be investigated in fu rth er studies 
o f C. ulmi.

Control o f D utch elm disease

Felling and  destruction  o f  the bark  o f  dead  elms, 
as p rescribed by law (“ A rre te  R oyal” o f  25th 
A ugust 1971) has no t been carried  ou t e ither by the 
private, o r by the public ow ners. T he basal num bers 
o f shoo ts o f elm s on  slopes and  hedgerow s together 
w ith the absence o f san ita tio n  felling m ade it 
im possible to  slow the ou tb reak  o f  D u tch  elm  
disease. T he use o f  efficient insecticides against bark  
beetles is fo rb idden  in  Belgium. A possible contro l 
m ethod  lies in  the use o f  pherom ones.

The use o f  fungicides

T he only practical m easure o f contro l appeared  to 
be the preventive in jection  o f system ic fungicides 
in the stem  to  save valuable individual specim en 
trees. H ow ever, these trea tm en ts failed occasionally 
and , as fungicide resistan t stra ins o f C. ulm i have 
been found  in o th er countries, we m ade tests to 
com pare the effectiveness o f different fungicides 
on  the g row th  o f the fungus in vitro.

T he fungistatic activity against C. ulmi o f  a 
bacterium  isolated from  elm  twigs was also investi­
gated. All experim ents w ere undertaken  using two 
strains o f C. ulm i (aggressive and  non-aggressive)

grow n on m alt m edium  and  incubated  in  a  g row th  
cab inet a t 24°C u n d er 16 hou rs  o f  illum ination  each 
day.

F o u r system ic fungicides w ere tested : A rbotect 
and  L ignasan, a lready  used fo r the  trea tm en t 
against D E D , and  T ilt and  Im azalil usually  used to  
contro l cereal diseases and  w hich proved  effective 
against C. ulm i in  prelim inary  tests. T he rad ial 
g row th  o f the fungal colonies o n  a  m edium  supple­
m ented w ith fungicide, and  th e  size o f the inhibition  
zone induced by each  fungicide, w ere used as 
param eters. C. ulm i was inocu lated  on to  m alt 
ex trac t agar con tain ing  a  given fungicide (final 
concen tra tion  0.1 to  0.5 ppm ). T able 4  show s the 
results expressed as the m ain  daily  rad ia l g row th  o f 
the colonies. A lso filter paper discs w ere soaked in 
fungicide and  placed in  P e tri dishes previously 
inocu lated  w ith a spore suspension o f  C. ulmi. 
A fter 3 days, the fungus colonized th e  surface o f 
the m edium  w ith  th e  exception  o f a  c ircu lar zone 
su rround ing  the disc. T he results expressed as the 
m ean rad ius o f the inh ib ition  zone a re  show n in 
T able 5.

F ro m  Tables 4  and  5, we can  conclude th a t 
L ignasan was m ore efficient against fungal g row th  
in vitro th an  the o th er fungicides tested ; it is active 
a t low er concen tra tions and  diffuses well in  the 
m edium . O n the o th e r hand , T ilt does n o t diffuse 
well, bu t is active a t ra th e r  low concentrations. 
F u rth erm o re , w ith  these fungicides, and  m ainly 
w ith T ilt, spo ru la tion  was also m arkedly  inhib ited .

D uring  these experim ents, we noticed th e  develop­
m ent o f  som e C. ulm i colonies scattered  in  the 
inh ib ition  zone. T o test fo r possible fungicide 
resistance we com pared  the  rad ia l g row th  ra te  o f 
these isolates on  a  m edium  con tain ing  fungicide, 
to  the ra tes observed o n  the sam e m ed ium  fo r 
isolates orig inating  from  the non-inh ib ited  zone. 
I t can be concluded from  the results in  T able  6 tha t, 
except fo r L ignasan and  A rbo tec t there  w as no 
cross resistance betw een the different fungicides 
tested.

Table 4. Mean daily radial growth (in cm) of C. ulmi on a fungicide supplemented medium.

Fungicide Nature of 
C. ulmi strain

Concentration of fungicide (in ppm)

0 0.02 0.05 0.1 0.2 1 5

Lignasan aggressive 0.43 0.40 0.41 0.30 0.12 0 0
non-aggressive 0.41 0.36 0.32 0.20 0.07 0 0

Arbolect aggressive 0.44 0.42 0.41 0.36 0.36 0.06 0
non-aggressive 0.32 0.33 0.33 0.25 0.24 0.04 0

Imazalil aggressive 0.43 0.42 0.42 0.41 0.33 0.11 0
non-aggressive 0.42 0.41 0.40 0.38 0.33 0.07 0

Tilt aggressive 0.41 0.33 0.29 0.24 0.23 0.06 0
non-aggressive 0.19 0.16 0.16 0.15 0.11 0.07 0
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Table 5.
C. ulmi.

Mean radius of the inhibition zone (in cm) around a fungicide impregnated disc on a medium seeded with

Fungicde Nature of 
C. ulmi strain

Concentration of fungicide (in ppm)

10 50 100 500 1,000 2,500

Lignasan aggressive 0 1.05 1.20 1.65 2.05 2.60
non-aggressive 0 0.85 1.30 1.70 2.35 2.85

Arbotect aggressive 0 0.55 0.72 1.35 1.75 2.15
non-aggressive 0 0 0.80 1.50 1.75 2.35

Imazalil aggressive 0 0 0.75 1.25 1.46 2.13
non-aggressive 0 0 1.03 1.60 1.81 2.73

Tilt aggressive 0 0 1.15 1.30 1.46 1.65
non-aggressive 0 0 0.66 1.50 1.51 1.85

Failures observed w ith  som e L ignasan  treatm ents 
could be due to  the appearance  o f  resistan t C. ulmi 
variants. T his resistance was m ain ta ined  a fter serial 
transfers on a  fungicide-free m edium , and  such 
varian ts w ould p robably  also be stable in  nature .

Antagonistic bacteria
O ur isolations o f  C. ulm i w ere always m ade from  
pieces o f  elm  twigs. M any tim es, bacte ria  o rig inating  
from  these twigs developed o n  th e  m alt agar m edium , 
preventing the spread o f  th e  fungus over the w hole 
surface. As th e  fungal g row th  was inh ib ited  a t a 
distance from  bacterial colonies, the existence o f a 
fungistatic substance em itted  by the bacte ria  was 
suspected (F igure 2).

T he five m ore active stra ins o f  an tagonistic  
bac te ria  (acting  a t m ore th a n  5 m m  from  the m argin  
o f  their colony) w ere selected; they w ere all identified 
as Bacillus subtilis isolates. W e tested the antifungal 
activity  o f filtrates from  bacterial cultures by 
incorpora ting  them  in solid m edium . T he bacteria 
grew well, and  produced  fungistatic  substances on 
m alt ex trac t agar o r o n  agar m edium  contain ing 
elm  w ood, b u t grew  poorly  and  d id  n o t produce 
fungistatic substances in  liquid n u trien t b ro th  o r 
on  nu trien t agar o r B acto agar. F igure 3 show s th a t 
a  bacterial filtrate w as inhibitory  w hen assayed 
a fter 6 o r 7 days o f cultu re , bu t no t a fter 3 days.

W e also noticed th a t C. ulm i surviving a sub- 
lethal dose o f  toxic filtra te  was m uch less sensitive

Table 6. Estimation of the growth of different resistant strains of C. iihni.

Strain grown 
in presence of

Control Concentration of fungicide (in ppm)

Lignasan Arbotect Imazalil Tilt

100 500 1,000 100 500 1,000 all concentrations

Control
(aggressive strain) +  +  + _ _ _  _  _  _ _ _.
Control
(non-aggressive strain) +  + _ _ _ _ _ _ _ _
Lignasan 2,500 ppm 
(aggressive strain) +  +  + + + +  + +  — — -- --
Lignasan 100 ppm 
(non-aggressive strain) +  + _ _ _ _ _ _ _ _
Arbotect 2,500 ppm 
(aggressive strain) +  +  + + + +  + +  — — _ _
Arbotect 500 ppm 
(aggressive strain) +  +  + + + +  + +  — — _ _
Arbotect 1,000 ppm 
(non-aggressive strain) +  +
Arbotect 100 ppm 
(non-aggressive strain) +  + — — _  _  — _ — —

h +  +  normal growth. +  +  slow growth. +  poor growth. — no growth.
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to  a subsequent trea tm en t w ith  th e  filtrate, even if 
the stra in  had  been grow n in th e  m eantim e on  n o n ­
toxic m alt ex trac t agar (F igure 4). I t rem ains to  be 
show n w hether th e  bacterial filtrate is also active 
in vivo and  no t phyto tox ic  to  th e  elm.

★

/ / /

p i e c e  o f  o l *  t w i g  

b a c t e r i a

i n o c u l a t i o n  o f  C . u l m i  

c u l t u r e  o f  C . u l m i

a) bac teria  and C. ulmi isolated toge ther from  pieces o f  elm  twigs.

b) developm ent o f  the grow th  o f  C. ulmi inoculated  in  the  presence 
o f  the bacteria .

Figure 2. Description of the inhibition produced by 
the bacteria.

D evelopment o f  a simple injection device fo r  the 
treatm ent o f  elms

In  o rder to p rovide trea tm en t by a  sim ple technique 
which w ould perm it its use by each o w n ero f elm  trees, 
we have developed a  sim ple gravity  feed injection 
m echanism . Injectors linked together by rubber 
tubing are  placed a t the base o f  the tru n k : these 
injectors are  connected  to  the b o tto m  o f  a bottle 
contain ing  the fungiloxic so lu tion  w hich is a ttached  
h igher up on  the trunk . T his technique has the 
advantage o f utilising cheap  and  sim ple m aterial. 
H owever, abso rp tion  by the tree is slow and  depends 
on  the evapo transp ira tion  ra te  o f the tree, on  the 
clim ate and on the fo rm ula tion  o f  the product. 
F o r exam ple, in  this la tte r respect, results fo r T ilt 
w ere negative because o f the fo rm ation  o f  a  preci­
p ita te  in the tub ing  and  a t the b o ttom  o f the bottle.

T o conclude, m uch rem ains to  be done in o rd e r 
to  ob ta in  an  efficient and  no t too  expensive m ethod 
for the contro l and  for the p reven tion  o f  D E D . 
F urtherm ore , as ou r only p roduct approved against 
D E D , L ignasan, has been w ithdraw n from  the 
Belgian m arket, it is now  im perative th a t o th er 
rem edies are  found to  p ro tect o u r few rem aining 
elms.

age o f  the bacteria l cu ltu re  (days)

—  4 days a fte r  inocu lation  w ith C. ulmi.
«— 8 days after inocu lation  w ith C. ulmi.

Figure 3. Mean daily growth of C. ulmi, cultivated on 
malt extract agar containing bacterial filtrate, as a function 
of the age of the bacterial culture before filtration.

age o f  the bac teria l cu ltu re (days)

—  C. ulmi never grow n in the presence o f  bac teria l filtrate.
- -  C. ulmi resistan t to  the bacteria l filtrate.

Figure 4. Mean daily radial growth of resistant 
C. ulmi and non-resistant C. ulmi cultivated on malt 
extract agar containing bacterial filtrate.
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The future of Dutch elm disease in Europe

C. M . B R A S IE R
Forest Research Station, Alice H o lt Lodge, W recclesham, Farnham, Surrey, GU10 4LH , U.K.

Introduction

F orest pathologists and  en tom ologists a re  usually 
well able to  m easure th e  ra tes o f spread o f disease 
ou tb reaks and  to  conduct post-m ortem  investiga­
tions into th e ir causes, bu t a re  rarely  able to  p red ict 
the ir occurrence in advance o r to  intervene positively. 
All too  often, therefore , o u r ro le  is lim ited  to  th a t o f 
being m ere observers o r to  tinkering  w ith  events, 
the principal reason  being th a t o u r biological 
know ledge o f the pathogen  o r pest and  o f the 
biological processes underly ing epidem ics is too  
w eak.

In  the p resen t epidem ic o f  D u tch  elm  disease 
the underlying cause can  be identified w ith  h in d ­
sight: there  has been a  change in  th e  behaviour 
o f the pathogen , Ceratocystis ulmi. By th e  sam e 
token the fu tu re  behaviour o f  th e  pathogen  m ust 
hold the m ain  key to  the  fu tu re  o f the elm , o f  the 
vector beetles and  o f the effectiveness o f  o u r contro l 
m easures, in  p articu lar b reeding fo r disease resist­
ance. T he question  I should  like to  address in  this 
paper is w hether our still lim ited  know ledge o f the 
p a thogen ’s biology enables us to  p red ic t th e  p a th o ­
gen’s fu tu re  and  hence the fu ture  o f  D u tch  elm  
disease in E urope.

T he tw o races o f  the  aggressive s tra in  also differ 
in  m any characteristics, bu t the ir sim ilarities b roadly  
outw eigh th e ir  differences. T he properties o f  the 
sub-groups have been  sum m arised  elsew here 
(B rasier, 1982b).

S P E C I E S   CERAT O CY ST IS  ULMI

SUB S P E C I E S -
THE

AGGRES SIVE
STRAIN

THE
NON-AG GRESS IVE

STRAIN

EURASIAN
RACE

(EAN )

NORTH-AMERICAN
RACE

( n a n )

IN D IV ID U A L  -

Figure 1. The division of C. ulmi into three 
reproductively isolated sub-groups or sub-populations. 
Each sub-group has its own characteristics and range 
of variation.

Causes o f the present epidemics

The sub-groups o f  Ceratocystis ulm i

D uring  the past decade we have been forced to  learn 
ra th e r quickly th a t Ceratocystis ulm i exists n o t as a 
continuum  o f varia tion  w ith in  one popu lation , bu t 
as th ree  reproductively  isolated sub-populations o r 
sub-groups (F igure 1): the highly pathogenic 
aggressive stra in , w hich itself divides in to  two 
separate  races, the E urasian  (E A N ) and  N o rth  
A m erican  (N A N ) races; and  the m ore weakly 
pathogenic non-aggressive stra in  (G ibbs and  B rasier, 
1973; B rasier, 1979). T he aggressive and  non- 
aggressive stra ins differ in  m ost im portan t cultural 
and  physiological characteristics, and  should 
p robably  be considered  sub-species (Brasier, 1982a).

The changes in the Ceratocystis ulm i population

T he cu rren t ou tb reaks o f D u tch  elm  disease across 
E u ro p e  are  the result o f  a  m ajor change in  the 
s tructu re  o f the C. ulm i popu la tion . T he areas once 
occupied only by the non-aggressive s tra in  (believed 
to have been responsible for th e  first epidem ic of 
D u tch  elm  disease in  the 1920s and  1930s) are  
u n d er invasion by one or o th e r race o f  the aggressive 
strain . T his phenom enon  was first recognised along 
w ith the identification  o f  the aggressive and  non- 
aggressive stra ins in England in the early  1970s 
(G ibbs and  B rasier, 1973) bu t it is also occurring  
in  m ost o th e r E u ropean  countries, in eastern  
N o rth  A m erica and  in south-w est Asia.
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M ore specifically, the cu rren t disease ou tb reaks 
in  E urope a re  th o u g h t to  be due to  tw o separate  
ev en ts :

1. T he im porta tion  o f  the N A N  race o f the aggres­
sive stra in  from  N o rth  A m erica into B ritain  
during  the m id-1960s (B rasier and  G ibbs, 1973), 
and its subsequent sp read  into neighbouring  
countries o f north -w est E u rope  (B rasier, 1979).

2. T he w estw ard m igra tion  o f the E A N  race o f the 
aggressive s tra in  from  central and  sou thern  
E urope or from  fu rth e r east (B rasier, 1979).

T he present situa tion  in E u ro p e  is developing 
rap id ly  as the E A N  race sp reads w estw ards and  the 
N A N  eastw ards, and  in som e ways parallels the

situation  w hich occurred  during the first epidem ic 
in the 1920s w hen the disease spread outw ards 
from  a centre close to n o rth e rn  F rance (although 
the present ou tb reaks a re  undoubted ly  o f far 
g reater severity). T o  ob ta in  an  accurate  p ictu re  o f 
the present situa tion  in E urope, detailed ground 
surveys o f the sub-groups o f  C. ulmi have been 
carried  ou t in a num ber o f centres from  Poland to 
eastern  T urkey, linking w ith surveys carried  out 
previously in Iran  (B rasier and  A fsharpour, 1979), 
the U .S .S .R . (C. M. B rasier, unpublished) and 
N o rth  A m erica (G ibbs, H ouston  and Smalley, 
1979). T he results o f the surveys will be published 
elsewhere. T he present know n positions o f the 
E A N  and  N A N  races o f  the aggressive strain  in 
E urope a re  sum m arised in F igure 2.

Figure 2. Summary of the known positions of the EAN and NAN races of the aggressive strain of C. ulnii in 
Europe in 1981. O, NAN race; • ,  EAN race. Based on > 1000 samples collected by the author. The distribution 
of the non-aggressive strain is not shown.
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The Future

R ath e r unusually, E urope is experiencing the 
sim ultaneous developm ent o f tw o separa te  epidem ic 
events, one com ing from  the east and one from  the 
west. T he events a re  now  overlapping to  the extent 
th a t the tw o races o f  the aggressive s tra in  can now  
be found side by side in a  num ber o f  countries 
(F igure 2). In  som e parts  o f E u rope  such as B rita in  
and  R om ania , extrem ely heavy losses have already 
occurred . T hus in B ritain  som e 20 m illion elm s have 
d ied during  th e  1970s alone. In  o th e r countries 
such as Spain and  Sweden, the losses a re  only ju s t 
beginning. T he w hole episode m ay well last som e 
fo rty  o r fifty years.

In  these circum stances, w hat does the fu tu re  hold 
fo r the next generation  o f E u ropean  elm s, the healthy  
young seedlings and  ro o t suckers w hich a re  now  
developing, som etim es in g rea t num bers, in  areas 
w here the large elms have recently  d ied from  the 
d isease? Will th e  disease re tu rn  and  destroy  these 
elm s w hen they are  large enough  to  su p p o rt a  
population  o f  b reeding beetles? T he answ er to  th is 
question  depends in tu rn  u p o n  the fu tu re  behaviour 
o f  the aggressive stra in : will it decline o r die ou t 
in  the face o f th e  collapsing host and beetle popu la­
tion , o r will it survive? A t present th ere  appear to  
be th ree  ways in  w hich th e  decline o f the aggressive 
s tra in  m ight com e ab o u t:

1. T h rough  a reduc tion  in the pathogenicity  o f the 
aggressive s tra in  itself via in ternal genetic 
m echanism s.

2. T h rough  hybrid iza tion  w ith the non-aggressive 
stra in .

3. T h rough  its replacem ent by the non-aggressive 
stra in .

These possibilities will now  be considered.

Reduction in pathogenicity o f  the aggressive strain  
through internal genetic mechanisms

Present know ledge is insufficient to  p red ic t the 
likelihood o f a tten u a tio n  in  pathogenicity  o f  the 
aggressive s tra in  itself. H ow ever, from  th e  lim ited 
in fo rm ation  available it is possible to  suggest how  
such a tten u a tio n  m ight occur and  to  consider som e 
o f its consequences.

T he aggressive stra in  should  no t be considered 
as a  single u n it for th is pu rpose since there  a re  a 
num ber o f potentially  im portan t differences betw een 
the E A N  and  N A N  races, including differences in 
pathogenicity . T here is a g reater range o f pathogenic 
ability w ith in  the E A N  race th an  w ith in  the N A N , 
and  E A N  isolates a re  less likely to  cause disease 
recurrence in  a  second season (B rasier, 1982a).

In  the post-epidem ic situa tion , therefore, the  E A N  
m ay have a  g rea ter capacity  to  respond  to  th e  
selection im posed by the reduced  host and  beetle 
popu la tion , e.g. th rough  the survival o f  its less 
pa thogenic  elem ents. I t  m ay also be b e tte r equipped 
to  survive in  d irec t com petition  w ith the N A N  race 
w here the tw o occur together (as for exam ple in 
D enm ark , Ire land  and  Italy , see F igure 2). M utation , 
and  hybrid iza tion  w ith in  and  betw een the E A N  and 
N A N  races a re  o th e r factors likely to  con tribu te  to  
a tten u a tio n  in  the post-epidem ic situa tion , assum ing 
th a t m ore  w eakly pathogenic  m u tan ts  o r recom ­
b inan ts w ould be selected for. A lthough  a  sterility  
b a rr ie r  is opera ted  by th e  E A N  race against the 
N A N , th e  b a rr ie r  is only p artia l (B rasier, 1979) 
and  as such is m ore  likely to  reduce th an  to  p revent 
E A N  x N A N  hybrid iza tion  in  nature .

A lthough  pathogenicity  in  C. ulm i is though t to 
be largely u n d er th e  con tro l o f  nuclear genes 
(B rasier, 1977, 1982a) a tten u a tio n  m ight also com e 
ab o u t th ro u g h  th e  increased influence o f those 
cytoplasm ic factors tend ing  to  m o d era te  the 
expression o f  pathogenicity  such as the 'up-m ut' 
and  ‘d ’ factors (B rasier, 1982b and  unpublished), 
m itochondria l m utan ts , d sR N A  com ponents (Pusey 
and  W ilson, 1982) and  virus-like particles, c.f. 
cytoplasm ically tran sm itted  hypovirulence in the 
C hestnu t b light fungus, Endothia parasitica  (A nag- 
nostakis, 1982). In  response to  strong  d irectional 
selection  cytoplasm ic factors such as viruses could 
conceivably bring ab o u t a fairly rap id  reduction  in 
pathogenicity , b u t since they m ay also tend  to  
reduce fitness in  o th er survival characters such as 
rep roductive vigour, they a re  likely to  be reinforced 
o r superseded by nuclear gene m odifications to  the 
pathogenicity  system  via m u ta tio n  and  recom bina­
tion .

U ltim ately , a tten u a tio n  m ight lead to  th e  em er­
gence o f  a fu rth er m ore m oderately  pathogenic  form  
o f  th e  fungus in  better balance w ith  the host popu la­
tion . I t  w ould probab ly  be better adap ted  to  the 
post-epidem ic situa tion  in  a num ber o f  o ther ways, 
and  w ould hence be unlike th e  aggressive o r non- 
aggressive strains as we know  them . In  this case 
it w ould be a  d is tinc t sub-group  o f  C. ulm i in  its 
ow n righ t. I t  m ight first ap p ea r as a  successful 
v arian t in  a  ‘hybrid  zone’ w here the E A N  and  N A N  
races overlapped.

W hatever the possibilities, bo th  the probability  
o f and  a likely tim e-scale for a tten u a tio n  are 
unknow n. F u rth e r research  is therefore needed on  
the n a tu re  and  intensity  o f  the selection im posed 
on  the aggressive s tra in  by a  declining host and 
beetle p o p u la tio n ; on  the genetic basis o f  the 
pathogenicity  differences betw een the E A N  and  
N A N  races; and  on  the  poten tial for hybrid ization  
betw een them  and  its likely outcom e. In fo rm ation
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is also requ ired  on  the  characteristics and  influence 
o f  cytoplasm ic com ponents o f  C. ulm i (such as 
viruses) on pathogenicity  and  on  their poten tia l 
for transm ission  from  one individual to  ano ther, 
fo r exam ple across hyphal anastom oses.

H ybridization o f  the aggressive and non-aggressive 
strains

T here  is no d o u b t th a t in  epidem ic ou tb reak  areas 
sexually com patib le  isolates o f  the aggressive and 
non-aggressive stra ins can  be obtained  from  the 
sam e piece o f diseased elm  bark  (B rasier and  G ibbs, 
1976). T herefore there  is certainly the physical 
possibility o f  hybrid ization  occurring, especially 
during  th e  earlier stages o f  an  epidem ic (see later). 
H ow ever, we now  also have enough  biological 
evidence to  pred ict th a t such hybrid ization  is 
unlikely to  be an  im portan t factor in the decline 
o f the aggressive strain . T his evidence is o f four 
m ain  types.

Firstly , w hen crosses a re  m ade betw een the 
aggressive and  non-aggressive stra ins in the labo ra­
tory , th e  resulting progeny a re  qu ite  unlike their 
paren t types, being extrem ely unusual in  cultu ral 
characteristics and , m ost im portantly , generally 
ra th e r w eak pathogens. A lthough they m ight 
therefore  be expected to  con tribu te  to  a  decline in 
pathogenicity  o f  the C. ulmi popu la tion  their 
various characteristics also indicate th a t they are 
likely to  be generally unfit and  a re  unlikely to 
survive long as pathogens in na tu re  (B rasier and 
G ibbs, 1976; B rasier, 1977, 1982a). Secondly, 
although  such crosses can  be forced in the labo ra­
tory, o th er labora to ry  experim ents have show n th a t 
a  reproductive ba rrie r exists w hich largely prevents 
the aggressive stra in  from  being fertilised by the 
non-aggressive stra in  in  aggressive $ x non- 
aggressive 3  pairings (Brasier, 1977). Thirdly, 
experim ents using m ites as the fertilising agents to 
rep roduce conditions close to  those occurring  in  
n a tu re  indicate th a t in nature  the barrie r to  hybrid i­
za tion  w ould be v irtually  to tal (Brasier, 1978).

T he fo u rth  line o f evidence com es directly from  
natu re . A lthough  m any thousands o f  fresh wild 
isolates o f  C. ulm i have been exam ined by the 
au th o r from  N o rth  A m erica to  sou th  west Asia 
from  localities w here bo th  the aggressive and  non- 
aggressive strains occur side by side, only a very 
few isolates have been seen w hich cannot be con­
fidently assigned to  either the non-aggressive o r one 
o r o th e r race o f  the aggressive stra in . T he few isolates 
have usually conform ed to  m u tan t types o f the 
norm al aggressive and  non-aggressive s tra in  wild 
types, and  have n o t had the characteristics o f 
hybrids. T hus on  present evidence it appears that 
hybrid ization  betw een the aggressive and non-

aggressive stra ins is likely to  be a ra re  event, and 
even if it does occur the progeny a re  unlikly to 
survive and  there is no evidence o f them  doing so. 
I t therefo re  seems reasonable  to  suggest th a t such 
hybrid iza tion  will no t be involved in any fu ture  
decline in  pathogenicity  o f  the aggressive stra in  or 
o f  th e  the C. ulm i popu la tion  as a whole.

Replacem ent o f  the aggressive by the non-aggressive 
strain

I should  like to look in m ore detail a t the possibility 
th a t the aggressive stra in  m ay again  be replaced 
by the non-aggressive s tra in  as the elm  population  
declines, and  to  begin by considering the relationship  
betw een the tw o strains from  the m om ent tha t the 
aggressive stra in  arrives in  te rrito ry  previously 
occupied only by the non-aggressive stra in . The 
follow ing is pu t forw ard as the possible course of 
events du ring  the early  stages o f  an  epidem ic (for 
fu rth er details see F igure 3).
-  W hen the aggressive stra in  is first introduced 

into an  a rea  (F igure 3A) only the non-aggressive 
stra in  is being carried  by the local beetle popula­
tion. T he first tree(s) killed by the aggressive 
s tra in  will therefore  be used as breeding m aterial 
m ainly by local beetles carry ing  the non-aggressive 
strain .

-  A  large num ber o f  beetles will therefore leave 
this tree carry ing the non-aggressive strain , 
resulting  in an  increase in the num ber o f  infections 
caused by the non-aggressive stra in , and also the 
spread o f the aggressive strain . In  this way, we 
m ay expect a t the beginning o f an  epidem ic an 
initial build-up in  the frequency o f  the non- 
aggressive s tra in  to  well above its previous 
(unspecified) level (F igure 3B). T hus the non- 
aggressive s tra in  m ay initially benefit from  the 
arrival o f the aggressive strain .

-  As the aggressive stra in  gradually  increases in 
frequency th rough  killing m ore trees and  p ro ­
viding m ore beetle breeding m aterial the num bers 
o f infections in itiated  by the non-aggressive strain  
a re  overtaken  by those in itiated  by the aggressive 
stra in  (F igure 3C).
Evidence for a  benefit to  the non-aggressive strain 

comes from  sam ple d a ta  w hich show  a rem arkably  
high p ro p o rtio n  o f non-aggressive strain  infections 
in  the early to m id-term  stages o f recent disease 
outbreaks. Thus, in tw o o f  the three m ain disease 
ou tb reak  areas in B rita in  during 1971, the non- 
aggressive s tra in  accounted for over 22 per cent 
o f infections (G ibbs and  Brasier, 1973 and see 
T able 1) an  infection rate  p robably  well above tha t 
w hich w ould have occurred  if the non-aggressive 
stra in  was present on its own.
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Figure 3. Suggested course of events in the recent Dutch elm disease outbreaks in Europe and their projected 
outcome. Upper graph, changes in the European elm population. Bottom graph, changes in the C. ulmi population: 
 , non-aggressive s tra in ; , aggressive strain.

A. Prior to the arrival of the aggressive strain, the elm population is subject to periodic flare-ups of the non- 
aggressive strain.

B. The aggressive strain arrives in a locality. The first tree killed by the aggressive strain is used as breeding 
material by local beetles already carrying the non-aggressive strain. A large number of beetles leave this tree 
also carrying the non-aggressive strain, and some the aggressive strain.

C. This process results in an increase in frequency of infections caused by the non-aggressive strain to well above 
its previous level, and a gradual increase in the number of trees killed by the aggressive strain.

D. Through killing more trees and providing a greater volume of beetle breeding material, infections initiated
by the aggressive strain begin to increase, rapidly overtaking those initiated by the non-aggressive strain.

E. The non-aggressive strain goes into decline.

F. Most of the accessible large elms are killed, resulting in a collapse of the beetle population and that of the
aggressive strain. The non-aggressive strain is by now virtually eliminated in the main epidemic areas.
It survives in a few isolated pockets of elm untouched by the aggressive strain.

G. Elm seedlings and root suckers regenerate in large numbers. When large enough to support beetle breeding, 
they are attacked by the aggressive strain. Due to the marked reduction in the size of available breeding 
material, the principal beetle vector Scolytus scolytus goes into a decline, and the smaller beetles such as
S. ntultisiriatus, 5. kershi and S. ensifer become of major importance in disease transmission.

H. The cycle is repeated. Field elms are largely reduced to a scrub or understorey population. Most surviving 
mature trees are escapes in woodlands, on islands and in upland valleys.
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Figure 4a. Regression slope showing the decline in the non-aggressive strain in the twelve provinces of Holland 
between 1974-1980. The dashed line indicates the 50% position (transformed). Based on a total of 1,300 samples 
(Gremmen, Heybroek and de Kam, 1976; C. M. Brasier and H. M. Heybroek, unpublished data). The slopes 
show significant interactions (P =  <0.05). The provinces are as follows: 1, Groningen; 2, Friesland; 3, Drenthe; 
4, Overijssel; 5, Gelderland; 6, Utrecht; 7, Noord-Holland; 8, Zuid-Holland; 9, Zeeland; 10, Noord Brabant;
11, Limburg; 12, Flevoland.
Figure 4b. The same data with Province number 12 (Flevoland) omitted. There are now no significant 
interactions between the regression slopes, which are plotted here according to the mean slope. Note the rapid 
decline in the proportion of the non-aggressive strain in all eleven provinces. Note also that the four most eastern 
provinces (3, 4, 5, 11) reached the 50% level several years ahead of the three most western provinces (7, 8, 9) 
indicating that the aggressive strain arrived earlier in the east, probably via Germany.
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Table 1. Changes in the frequency of the aggressive and non-aggressive strain of Ceratocystis ulmi a t four localities 
in Britain between 1971 and 1978.

Locality
Year Number of samples yielding /  Non-aggressive

Non-aggressive
strain

Aggressive strain 
(NAN)

Ilchester, Somerset 1971 5 17 22.7
1972 3 33 8.3
1974 1 48 2.0

‘ Tewkesbury, Gloucestershire 1971 8 28 22
1972 6 41 12.8
1972a 4 22 15.4
1974 1 38 2.6
1974b 1 48 2.0
1978b 0 84 0.0

‘ Chichester, Sussex 1971 9 30 23.1
1974c 0 18 0.0
1975 3 50 5.7
1978c 0 59 0.0

‘ Orsett, Essex 1971 1 35 2.9
1972d 1 46 2.2
1975e 1 29 3.4
1978d 0 89 0.0

* The three main outbreak areas in Britain identified by Gibbs and Brasier (1973).
a, sample of Berkeley Vale, Gloucestershire; b, sample of whole of Gloucestershire; c, sample of whole of Chichester— 
Southampton area; d, sample of whole of south Essex; e, sample of Basildon area.

V aluable d a ta  is available show ing the change in 
the balance o f  the aggressive and  non-aggressive 
strains as an  ou tb reak  has progressed. T he m ost 
com prehensive da ta  com es from  H olland , w here 
sam ples have been taken  in  the twelve individual 
provinces over the period 1974-1980. F igure 4 shows 
the p lo tted  da ta  for all twelve provinces. In  a 
regression analysis the slopes show  significant 
in teractions. H ow ever, there  are  no in teractions if 
the da ta  for F levoland (F igure 4a, num ber 12) 
a re  om itted . T his allows the rem aining eleven 
provinces to be p lo tted  on the basis o f the overall 
regression slope, as show n in Figure 4b. T he results 
show  clearly th a t there is a  steady and  d ram atic  
decline in the frequency o f  the non-aggressive stra in  
in the eleven provinces as the epidem ic progresses.

In B ritain  changes in the frequency o f the aggres­
sive and non-aggressive stra ins have been m onitored  
since 1971 at four sites, including the th ree original 
m ain disease ou tb reak  areas. These da ta  (T able 1) 
show  that by 1971 the non-aggressive stra in  in 
B ritain  had already advanced to  a  level no t reached 
in m any D utch provinces until 1980. T he decline 
continued until 1978, by w hich tim e the non- 
aggressive stra in  was less than  one per cent o f  the 
C. ulm i popu la tion  a t all four sites. Regression 
slopes for the B ritish sites in com parison  w ith a

represen tative site from  H olland  a re  show n in 
F igure 5.

These da ta  indicate th a t we can expect the v irtual 
d isappearance o f the non-aggressive stra in  a t som e 
stage during  the course o f the epidem ic (F igure 3D). 
They do  n o t, how ever, answ er the question  o f 
w hether as the elm  popu la tion  collapses it will die 
ou t com pletely, o r w hether it could still re tu rn  to  
replace the aggressive strain .

The situation in Romania

E vidence o f  w hat m ay happen  to  the non-aggressive 
s tra in  in fu ture m ay be found in  R om ania. A lthough  
m any o f R om an ia’s elm s survived the first epidem ic 
o f the disease in the 1930s, a  second m ore severe 
epidem ic o f the disease occurred  in R om ania  as 
early  as the 1950s (Petrescu et al., 1963) beginning 
in the M oldavian  p la teau  region a round  Iasi. In  the 
second ou tb reak  m ost o f  the elms, including the 
m any elms th a t occurred  in  mixed stands w ith oak 
in the forests o f M oldavia, w ere killed by the disease.

T o investigate this situation , the au th o r conducted 
a  sam ple survey o f C. ulm i in R om ania  in  1980. 
T he results show ed th a t the E A N  race o f the 
aggressive stra in  was present, consistent w ith  the 
postu lated  w estw ard spread o f the E A N  race across
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Year

Figure 5. Regression slopes for changes in the 
proportion of the non-aggressive strain at sites in 
Britain between 1971-1978 (based on the data in 
Table 1) and a regression slope for a representative 
site in Holland. The non-aggressive strain, which had 
already reached a low frequency at the British sites 
by 1981, continued to decline to a scarcely detectable 
level by 1978. The data also indicate (i), that the 
outbreak in Orsett may have been several years ahead 
of that in Chichester and Tewkesbury and (ii), that 
if by extrapolation from these data and those in 
Figure 4b the aggressive strain arrived in the Orsett 
area some 10-15 years prior to 1971, then the 
beginning of the British epidemic may have been as 
early as 1955-1960 (c f  Brasier and Gibbs, 1973).

central and  eastern  E urope in recent years (Brasier, 
1979). I t is therefore concluded th a t the second wave 
o f the disease in  R om an ia  in  the 1950s was due to 
the arrival o f this form  o f  the fungus, and th a t the 
orig inal ou tb reak  was caused by the non-aggressive 
stra in .

O n th is assum ption, the present situa tion  in 
R om an ia  represents a situa tion  30 years after the 
a rrival o f  the aggressive strain , and  som e 10-15 
years ahead  o f the present situa tion  in  north-w est 
E urope, and  can  therefore  be taken  as a pointer 
to  the future. O n th is basis, the  following im portan t 
observations w ere m ade during  the 1980 survey:
1. In  the M oldavian  p lateau  reg ion  o f R om ania 

the elms (m ostly U. carpinifolia) a re  largely 
reduced to  bushes and  saplings a t the m argins 
o f forests and  in clearings.

2. T he disease is still rem arkably  heavy, even 
am ong relatively small saplings.

3. O ne hundred  and tw enty sam ples o f  the fungus 
w ere collected in  this region. N one o f them  
yielded the non-aggressive stra in , the E A N  race 
o f  the aggressive stra in  being ob tained  from  all 
120 sam ples.

Conclusions
A  num ber o f  conclusions m ay be draw n  from  the 
above in fo rm ation  regard ing  the possible fu ture

o f  the elm , o f  D u tch  elm  disease and  o f  disease 
con tro l m easures in  E urope. They a re  offered on 
the basis th a t som e form  o f  prognosis is be tter than  
no prognosis a t all, and  on  the understand ing  tha t 
w ith ou r know ledge being inadequa te  the absence 
o f a vital piece o f  inform ation , w hether due to 
paucity o f  research  o r the ignorance o f the au thor, 
could a t any tim e render them  invalid. Specific 
conclusions a re  as follows:

1. That a  decline in pathogenicity  o f the C. ulm i 
popu la tion  th rough  hybrid iza tion  o f the aggres­
sive and  non-aggressive strains o r th rough  replace­
m ent o f  the aggressive by the non-aggressive 
stra in  can  be d iscounted.

2. That the  non-aggressive stra in  m ay be heading 
for v irtual extinction  th roughou t m any o f our 
disease ou tb reak  areas (F igure 3D, F).

3. That the fu ture  o f  o u r E u ropean  field elm s is 
bleak. T hey m ay be largely reduced to  an  under- 
storey o r scrub population  (w ith occasional 
escapes especially in m oun tain  valley areas) 
u nder recurren t a ttack  by one o r o th e r race o f 
the  aggressive s tra in  (F igure 3G).

4. That the  sm aller scolytid beetles m ay become 
the m ajo r vectors o f the disease (Figure 3G).

5. That any reduction  in the pathogenicity  o f the 
C. ulm i popu la tion  to m eet selection pressure 
im posed by a  reduced host and  vector popu la tion  
is m ost likely to  occur th rough  the a tten tu a tio n  
o f  pathogenicity  w ith in  the aggressive strain  
itself.

I f  the above conclusions are  broadly  correct, 
then  the fu ture  o f  the elm in E urope and elsewhere 
may parallel the fate o f the A m erican chestnut in 
the w ake o f C hestnu t blight. Once occupying a 
q u a rte r o f A m erica’s eastern  hardw ood forests, 
the  A m erican chestnut has been devastated  as a 
result o f the in troduc tion  o f C hestnu t blight from  
A sia a t the tu rn  o f the century. It now survives 
m ainly as coppice shoots under continual a ttack  from  
the disease. W ith D utch  elm  disease, however, we 
a re  w itnessing no t a regional continental event 
involving a single species, but a massive pandem ic 
across th ree continents from  C alifornia through 
E urope to  a t least as far as Iran , involving the 
destruction  o f m any species o f elm  in m any h a b ita ts : 
a colossal natu ral disaster, perhaps w ithout equiva­
lent in recorded history, which will im poverish a 
diverse array  o f hum an cultures. In the circum ­
stances, it is a  sad com m entary  on  our a ltitude  
to trees and  tree diseases th a t the steady w estward 
m arch o f the EA N  epidem ic across E urope over 
three o r m ore decades has gone v irtually  unnoticed 
until now.
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It appears th a t the host p a thogen  re la tionsh ip  in 
E urope m ay rem ain  seriously ou t o f balance unless 
the aggressive stra in  in som e way a tten tu a tes  fairly 
rapidly . C learly this does n o t augur well fo r the 
contro l o f  the disease in  the near fu ture. W here we 
have specific requ irem ents for elm, fo r exam ple for 
shade trees in  the tow ns o f Ita ly  o r fo r shelter belts 
in  the polders o f H olland , the p ro duc tion  o f  disease 
resistan t elms m ay be o u r g reatest long-term  hope 
o f redressing this balance. T his does not, how ever, 
answ er the prob lem  o f th e  loss o f ou r field elm s for 
w hich we m ust also take responsib ility ; it is in the 
countryside th a t the real battle  o f D u tch  elm  disease 
contro l, th a t for a na tu ra l balance betw een host and  
pathogen , will alw ays be fought. Serious considera­
tion  should perhaps be given to ways o f raising  the 
base line o f disease resistance in o u r native E uropean  
field elm s, fo r exam ple by encourag ing  exotic 
disease resistan t species w ith  su itable p roperties 
(such as form s o f U. japonica) to  in terb reed  w ith the 
wild populations.

In  o rder to  breed for resistance w ith due con­
fidence we m ust know  as precisely as possible w hat 
it is we are  breeding for resistance to , i.e. the  genetic 
basis o f  pathogenicity  and  the full range o f p a th o ­
genic varia tion  in the fungus. I f  we a re  to  do  this, 
one vital piece o f biological in fo rm ation  is missing. 
W e rem ain  in ignorance o f  the geographical centre 
o f  o rig in  -  o r source -  o f  D u tch  elm  disease, though t 
to  be in eastern  A sia (H eybroek , 1976). T he centre 
o f orig in  m ay well be the centre o f fungal diversity, 
and  hence the source o f new strains and  races o f the 
pathogen  w hich could a ttack  our E u ropean  elms, 
including our disease resistant ones, in  future. 
T hus, w hile w ith h indsight we m ay now  ta lk  w ith 
som e sem blance o f  au tho rity  on  the causes o f  ou r 
present epidem ics in  E urope, we m ay in reality 
only be m ere observers stand ing  o n  the perim eter 
o f a m uch larger event centred som ew here in the east.

In  th is case we a re  still only speculating on the 
orig in  o f  ou r epidem ic. I f  we can  identify the real 
source o f o u r troubles th en  we m ight better u nder­
stand  the balance o f host and  pathogen  and , arm ed 
w ith better know ledge, begin to  shift o u r em phasis 
from  observation  to confident scientific pred iction  
and  in tervention. T o identify the geographical source 
o f  C. ulm i is bo th  the founda tion  stone and  a 
fundam ental objective o f the present E EC  project.
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Dutch elm disease research in Italy
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Firenze, Ita ly

Introduction

T he w ork o f breeding elms resistant to  D u tch  elm 
disease (D E D ) u n dertaken  in Florence, Italy, du ring  
the past few years has been based upon  two con­
siderations: ( 1) differences in clim ate under which 
tests a re  conducted  by A m erican, D u tch  and 
Ita lian  breeders m ay be reflected in  the phenotypes 
selected and  (2) a  requirem ent to in troduce resistance 
in to  the ex tan t gene pool from  the largest num ber 
o f diverse sources in o rd e r to  avoid a  possible 
low ering o f  resistance in the future.

W ith  regard  to  the first point I would like to  
stress the good adap tab ility  in  central Italy o f the 
so u th e rn  provenances o f Ulmus japonica  and 
U. puitiila w hich encoun ter som e problem s in  the 
N etherlands. Som e o ther species and provenances 
a re  expected to  grow  successfully in Ita ly  as well 
as in  areas o f  m ilder clim ate in E urope.

As for the second po in t, in  O ctober 1981 I 
p resented  a  paper a t the N A T O  A dvanced Study 
In s titu te  m eeting on  “ D urab le  resistance in crops” 
held in M artina  F ranca, Italy. I noted  the existence 
o f elem ents o f  verticality in the horizontal patho- 
system elm -C eratocystis ulm i because a significant, 
even if weak, in teraction  am ong clones o f U. 
pum ila  and isolates o f C. ulmi was found (M ittem - 
pergher and  R add i, 1981). This statem ent can 
perhaps be strengthened by the fact th a t fungal 
pathogenicity  and  host resistance are  inherited not 
sim ply quantita tively , but show  the presence of 
m ajo r and  m inor genes. In  fact B rasier (1980) 
found  qualita tive as well as quan tita tive  differences 
in  pathogenicity  by crossing the aggressive and  non- 
aggressive strains, w hich he explained in  term s o f an  
operon-type genetic system. Tow nsend (1979) 
noticed the existence o f  special com bining ability 
in several cross-com binations am ong various species 
o f  elm , confirm ed by the lack o f precise tran s­
m ission o f clonal resistance to  seedling progeny. 
I f  th is analysis is correct, the best defence against a 
possible fall in resistance in the fu ture  is to in troduce 
resistance from  m any diverse genetic sources.

Som e o ther considerations have been taken  into 
account in  designing and  carry ing out my elm

breeding p rogram m e: ( 1) to  save if possible the 
germ plasm  o f  U. carpinifolia  w hich is a  genetically 
varied, well adap ted  and appreciated  species; 
(2) to m ake use o f the breeding w ork already 
undertaken  by including good hybrids in m ore 
com plex com binations; (3) to select also for resis­
tance to  Galerucella luteola M ull., a leaf-eating 
beetle which occasionally is very destructive in 
Italy. Last sum m er a serious infestation  o f  leaf 
beetles occurred  in the EEC  experim ental field so 
I had the chance to  assess visually the severity o f 
a ttack  and to  discover the existence o f am ple 
variability  in the susceptibility am ong elm  species 
and  clones. T he highest susceptibility is show n by 
U. carpinifolia and  U. pum ila , the lowest by U. 
wilsoniana and  U. parvifolia, w ith U. japonica  tak ing  
an  in term ediate  o r low place.

The use o f elm species resistant to Dutch elm disease 
O ur breeding program m e relies m ainly on  the three 
species w hich in the literatu re  are  regarded as m ore 
resistant, even if the m aterial to  hand is scanty. 
U. pum ila  is well-suited to the Italian  clim ate, grows 
fast and carries a high level o f resistance to  D ED . 
O f this species, we have been using som e individuals 
found grow ing in  Italy, som e o f them  probably 
natural hybrids w ith U. carpinifolia. O ther com ­
binations will be m ade using the selections included 
in the E E C  project. The Siberian  elm  U. pumila 
presents two draw backs: an  aesthetically displeasing 
shape and high susceptibility to  the leaf beetles.

U. parvifolia, w hich is generally a species o f 
m oderate  g row th rate, includes some individuals 
which exhibit rapid grow th. T his is the case o f a 
clone (NA36533) selected by Santam our in W ashing­
ton, D .C . In  add ition  it exhibits ra th er wide leaves, 
only a little sm aller than  those o f U. carpinifolia, 
and  a  very high level o f  resistance to  D E D  as well 
as to  Galerucella. D raw backs o f this clone are  a 
serious lack o f w ind-hardiness and also a lack of 
crow n sym metry. I have been trying for two years 
to cross this clone w ith U. carpinifolia by preserving 
the pollen o f the la tte r species a t 5"C and 10 per
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cent relative hum idity  from  F eb ruary  until Septem ­
ber, bu t so far unsuccessfully. I will try  again  using 
U. parvifolia  as the m ale paren t. O ther p rovenances 
o f U. parvifolia  from  C hina and  Jap an  a re  grow ing 
in  F lorence bu t a re  no t in the reproductive  stage, 
so it is too early to  estim ate  the possibilities offered 
by the C hinese elm.

I have only one genotype o f the th ird  m ore 
resistan t species, U. wilsoniana, and  this is the 
clone 3-14 selected by Schreiber and  T ow nsend at 
D elaw are, O hio. T he clone o rig inated  in A rnold  
A rboretum , M assachusetts, U .S.A . from  open  
pollinated seed collected from  the single clone of 
U. wilsoniana p resen t; it m ay thus well be a hybrid 
betw een U. wilsoniana and  som e o th er elm  species. 
T he resistance level to  D E D  is good and  th a t to 
Galerucella is very good. I t has a  nice leaf, fast 
grow th, open-crow n shape w ith the m ain  branches 
hanging slightly in the first years. I ob tained  som e 
cross-com binations bu t I need som e m ore proven­
ances in o rd e r to explore the poten tia l o f this 
species.

O ther species o f  elm  w ith a low er but interesting 
level o f resistance to  D E D  are  U. wallichiana, 
w hich is present in  m any o f the D u tch  selections. 
U. japonica, fairly resistan t to  the leaf beetles, 
U. laciniata and  U. villosa. Som e o f  them  are  present 
in  hybrids selected by H eybroek, Smalley and 
S an tam our and  can  be used for m ore com plex 
cross-com binations.

Tw o selections o f U. japonica  a lready released 
in C anada, tw o provenances o f  U. laciniata, and  
one clone o f U. villosa should  en te r the E EC  
adaptab ility  test and I have requested th is m aterial 
for the purpose o f breeding. So far my request has 
no t been fulfilled because the p ropaga tion  techniques 
have no t been entirely  successful. I w ould stress 
the im portance o f testing this m aterial in  Italy, 
a t least, w here U. villosa in  p a rtiu la r would thrive 
and  w ould represen t a valuable ad d itio n  to  my elm 
breeding w ork. In  o rd e r to  speed up the w ork in 
progress I am  asking th a t new genetical m aterial 
in troduced  in E urope under the E EC  project should 
quickly be m ade available to  co llabora to rs w ho w ork 
in the field.

As for the m ating design I p lanned my w ork in 
accordance w ith the N o rth  C aro lina  M odel 2 w hich 
allows one to  estim ate heritability , general and 
special com bining abilities and  genetical gain for 
resistance. T he m ale paren ts are  th ree  clones o f 
U. carpinifolia, th ree  clones o f U. pum ila  and  one 
clone o f U. wilsoniana. But as the w ork proceeds 
1 am  com pelled for several reasons to use m ore male 
paren ts so I am  add ing  m ore cross-com binations 
to  my m ating  design. I am  now in the stage of 
inoculating and  selecting the first progenies com ing 
from  the breeding w ork.

The status o f D utch elm disease in Italy

F rom  a survey carried  ou t in 1978 I noticed th a t 
the disease norm ally stopped  in the m oun ta in  zones 
a t an  elevation  o f  800-900 m . But because in a t 
least one case D E D  was found a t the highest 
a ltitude  a t w hich elm  lives, I an tic ipated  th a t it was 
only a m atte r o f  tim e before those areas were 
reached by the disease. In  fact in 1981 D E D  was 
found in T uscany a t 1000 m  elevation  in the 
A rbo re tum  o f V allom brosa and  in  the forest o f 
C am aldoli, and  a t 1100 m  a t La V erna. T he aggres­
sive stra in  has also been isolated a t the highest 
elevations.

A no ther in teresting  d a tu m  w hich cam e from  the 
survey was th a t the  severity o f the disease was 
decreasing in  the sou thern  regions o f  Ita ly  w here the 
non-aggressive s tra in  was m ore frequently  isolated, 
and the g reat p a rt o f  C a lab ria  was free from  the 
disease. I no ted  th a t the scanty popu la tion  o f 
U. carpinifolia in A lgeria appeared  to  be still 
un touched  by D E D  during  my visit in the sum m er 
o f 1981. C onsidering this in fo rm ation  w ith respect 
to  labo ra to ry  da ta  by B rasier, L ea and  Rawlings
(1981) regard ing  the diversity o f  tem peratu re 
requirem ents o f  the aggressive and non-aggressive 
stra ins o f  C. ulmi, it is possible th a t the aggressive 
s tra in  w ould encoun ter environm ental constrain ts 
in a w arm er and d rie r clim ate. But in fo rm ation  over 
the last year has revealed a no tab le  sou thw ards 
shift o f the highest intensity a ttacks suggesting th a t 
the disease entered  the country  from  the no rth  and 
m oved tow ards the south .

M oreover last Septem ber I took sam ples from  an 
epidem ic ou tb reak  in  Sard in ia  (provinces o f Sassari 
and  O ristano) and  found th a t the m ajority  o f isolates 
belonged to  the aggressive stra in . So, it seems to 
m e th a t the possibility th a t clim ate can  significantly 
a lte r the ra tio  o f  the C. ulm i s tra ins in sou thern  
Italy  is m inim al. H ow ever it is im p o rtan t to  check 
m ore precisely this possibility, w hich I will do 
shortly  by sam pling a sou thern  a rea  in Sicily o r 
C alabria .
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Resistant elms for Europe

H. M. HEYBROEK
‘ Dorschkam p' Research Institute fo r  Forestry and Landscape Planning, Wageningen, The Netherlands

Introduction

T he appearance o f the aggressive s tra in  o f Cerato­
cystis ulm i has enhanced fears th a t the elm  m ight 
largely be w iped ou t as a  useful tree in E urope, 
like the chestnut was in N o rth  A m erica. Such a  loss 
could be m easured in term s o f the costs o f the 
rem oval and replacem ent o f  these trees, o r in term s 
o f their lost functions o f providing shelter and  a 
valued tim ber, and o f giving beauty and  variety 
to  landscape, gardens, parks and  cities. It could 
also be described as a cultural loss for m ankind. 
F or over five thousand  years and in various capaci­
ties, the elm  has been a close com panion  o f E uropean  
m an and a significant part o f his environm ent. 
W e cannot expand on the cultu ral h istory  o f the 
elm  here, but the fact that the elm  was m ore than  
“just a tree” to ou r ancestors, th a t to  them  it had a 
certa in  personality, is exemplified in the G erm anic 
m yth th a t the first w om an was created  from  an 
elm  log. T here is every reason not to give up on 
this tree.

In spite o f  im proved m ethods for the con tro l o f 
D utch elm  disease (D E D ), it still seems th a t in the 
long run  the fu ture o f the elm  in E urope depends 
on  resistant selections. T he E uropean  Econom ic 
Com m unity (EEC) research project on  D utch elm 
disease therefore rightly devoted a good deal o f its 
elTort to breeding and to resistance studies. T his 
paper will survey the accom plishm ents up to  now, 
the present state o f the a rt, and fu ture developm ents 
and  goals.

The Dutch elm breeding programme

W hen sum m arizing  the results o f the D utch  elm 
breeding program m e, it is convenient to distinguish 
three groups o r “ generations” o f  clones.
The firs t “generation” consisted o f the clones 
‘C. B uism an’ (released 1936) and  ’Bea Schw arz’ 
(1947). Both were selected from  populations of 
seedlings, obtained  from  the wild o r from  a seed 
m erchant, in Spain and  F rance respectively. N either 
satisfied; both  have disappeared from  the trade in

the N etherlands, as they were generally d isappointing  
with reference to  g row th rate, shape and  foliage. 
In add ition , the ‘B uism an’ elm  always suffered 
from  Nectria cinnaharina (Tode) Fr. so tha t each 
tree becam e dam aged to  som e extent. Som e city 
foresters th ink  that the ‘Bea Schw arz’ elm , if trained 
well when young, can  m ake a decent small tree tha t 
needs little m aintenance and th a t can  be useful in 
certain  locations w here a  tree with a big crow n 
would not fit. N o new plantings are  m ade as its 
resistance is not sufficient against the aggressive 
stra in  o f C. ulmi.

The second “generation"  consisted o f two FI hybrids 
from  contro lled  crosses, ‘C om m elin’ (I960) and 
‘G roeneveld’ (1963). Both were p lanted on a large 
scale in  the N etherlands: according to figures o f the 
G eneral Inspection  Service for A rboricu ltu re  
(N A K B ) 640,000 and 289,000 trees, m ainly grafts, 
o f these clones were sold to end-users up to 1980. 
T hough exports and som e losses account for a 
small p ro p o rtio n  o f the totals, the large m ajority  
o f those trees were p lanted in the towns and 
countryside o f the N etherlands.

Because o f the clone’s susceptibility to  the 
aggressive strain  o f C. ulm i sales o f ‘C om m elin’ 
are  dow n and close to  nil now : 5,000 in 1980/81 
com pared to  126,000 in 1972/73. Following artificial 
inoculation  the trees often die back to g round level. 
In the field, under the D utch conditions o f strict 
sanita tion , losses to  D ED  are  low up to  now, but 
so a re  the losses in the ‘Vegeta’ elm  th a t was 
p lanted on a sim ilar scale in the sam e period. 
W e advise strongly against new planting, w hich is 
considered too risky.

The G roeneveld elm, at the tim e o f its release 
(1963), was seen as a by-product o f the breeding 
program m e, as a small tree  for special city use 
(H eybroek, 1964). In terest in it has increased, 
however, as its level o f resistance to  D E D  is suffici­
ently high for restricted  p lanting  in spite o f  the 
presence of the aggressive stra in . It will no t always 
survive an  infection by tha t stra in , bu t losses are 
expected to be an  expection ra th er than  the rule.
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Table 1. Average sizes of elm clones in different trial plots in the Netherlands.

Trial
plots

Elm clones

Polders 
N 65
age: 1 +  16

Geestmer- 
ambacht 
age: 1 +  11

Bleiswijk 

age: 1 +10

Polders 
Lepelaarsweg 
age: 3 +  8

Brielle 

age: 2 +  7

Polders 
F 52
age: 1+7

h
m

d
cm

n h
m

d
cm

n h
m

d
cm

n h
m

d
cm

n h
m

d
cm

n h
m

d
cm

n

Vegeta 16.3 23.6 8 7.0 9.6 45
Commelin 15.9 22.2 24 12.4 22.7 8 10.5 16.6 18 6.0 8.5 88 9.4 13.9 6 7.6 9.7 45
Groeneveld 14.2 18.9 24 11.0 20.3 8 9.4 15.9 11
Lobel 12.7 24.4 8 9.3 16.4 13 5.5 8.2 9 9.5 15.6 11
Plantyn 12.7 23.0 8 9.4 15.9 10 4.8 6.4 8 9.0 12.7 11 6.6 9.5 45
Dodoens 12.6 25.0 8 9.6 20.2 14 4.7 7.7 9 9.3 16.0 11 6.6 8.4 45
Clusius 11.7 26.0 8 10.1 19.2 4 6.1 11.8 8 9.0 14.7 9

Age =  (age from grafting at planting) +  (age from planting at moment of measuring), 
h -  height. d =  diameter at breast height. n -  number of trees measured.

G row th  o f the one- and  tw o-year old grafts is 
relatively slow, so th a t we an tic ipated  it w ould 
never grow  to  be a  big tree. M aybe it will no t, it is 
too  early  to say; bu t a fter th a t slow s ta rt its grow th 
is be tter th a n  expected, as we can  see in  m any 
trial plots (Table 1). W e still recom m end it should 
be p lanted on  good sites only. T he tree will som e­
tim es flower superabundan tly , m ost o f the buds 
being flow erbuds. A fter the big crop  o f fruits is shed, 
the crow n is th in  and  partly  bare, and  it is m id­
sum m er before the crow n recovers and  bears 
sufficient leaves to look aesthetically  p leasant. 
W e fear th a t on  a po o r site flowering m ight be 
stronger and , even worse, recovery m ight be too  
slow.
The third  “generation” elm  clones, released in 1973 
after the aggressive s tra in  was recognised, consisted 
o f the clones ‘Lobel’, ‘D od o en s’ and  ‘P lan tyn’. 
T he th ree had  different (E uropean) fathers, bu t a 
com m on m o th e r: clone 202, w hich in its tu rn  
derived from  the contro lled  cross U. wallichiana 
(from  Ind ia) x glabra  ‘Exoniensis’ (from  England). 
T he ir resistance to  D E D  is com parab le  to  th a t in 
‘G roeneveld’ : it seem s acceptable w ithout being 
fully satisfactory. In  spite o f the ir relatively high 
level o f  resistance, it rem ains possible tha t the 
disease m ight kill an  individual tree, bu t we expect 
losses will be low w hen expressed as a  percentage 
o f the population . This should be taken  into 
consideration  w hen plantings are  m ade. I t seems 
unwise to use the clones for large form al plantings, 
w here an  occasional killed tree leaves a conspicuous 
gap, ru ining the rhy thm  o f the design. They should 
ra th e r be used in inform al o r mixed plantings in 
w hich a  live tree is enjoyed but a  dead one not 
excessively missed.

T he clones have an  im pressive set o f  good 
properties. T heir grow th is fast (Table 1), faster 
th an  ‘Belgica’ on several soils. T he foliage is dark

green and healthy, deep in to  au tum n , though  the 
leaves o f ‘P lan tyn’ m ay curl up tem porarily  during 
a d rough t period. They have rarely  be found 
attacked  by Nectria cinnabarina, and  they a re  not 
very sensitive to w ind. ‘Lobel’ especially has been 
seen to grow  unaffected under cond itions o f  con­
siderable exposure to sea wind.

T he three clones are  visibly related w hen it comes 
to shape. B ranching is m ore o r less fastigiate. 
‘Lobel’ is the narrow est o f the th ree w ith a co lum nar 
crow n; ‘P lantyn’ has the w idest crow n. T he crow ns 
m ight get w ider w ith age, as is the case in their 
com m on g randparen t U. glabra  ‘Exoniensis’: this 
clone is narrow  co lum nar w hen young, bu t tends to 
be g lobular in shape o r even w ider w hen m ature. 
Like m ost elms, the three need som e pruning in their 
form ative years as a  help to  develop a  good crow n.

A new clone

Preparations are  under way to  release a  new clone 
to the trade under the nam e ‘C lusius’ (F igure 1). 
In  m any trials it is represented  under the num ber 568. 
It has the sam e paren ts as ‘Lobel’ and belongs in 
all respects to  the group  th a t was described above 
as the “ th ird  genera tion” . The differences are small, 
but significant for som e purposes. Its resistance to 
D E D  is m arginally better o r at least a t the sam e level 
as in the o ther three. Leaves are  larger and o f a  
fresher green th an  in ‘Lobel’, the shape o f the crow n 
is som ew hat different if not better, resistance to 
wind is high, d iam eter grow th is better. We have 
to  aw ait its fu rther developm ent, but I am  convinced 
it will prove its w orth  next to the o thers. I t is valuable 
to  have som e m ore varia tion  w ith in  the sam e them e.

The clone is nam ed a fter C aro lus Clusius (or 
Jules-C harles de l’Escluse), one o f the “ fraternal 
trium vira te” o f botanists and  herbalists in the 
Low C ountries in the 16th century. T he o ther two
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Figure 1. Foreground — three trees of the new elm clone ‘Clusius’ eight years after planting.
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w ere R em bert D odoens and  M ath ias de Lobel. 
Clusius was a great and  e rud ite  E uropean , speaking 
eight languages fluently, w orking as a bo tan ist and 
mycologist in Spain, P ortugal, F rance, A ustria , 
England and H olland. H e in troduced  the po ta to  
to  the C ontinen t, and  founded the cultu re  o f 
flower bulbs in the N etherlands. W e can  only hope 
the clone will live up to th a t nam e.

The fourth  “generation”

It has rightly been rem arked  th a t the arrival o f  the 
aggressive stra in  has caused a revolu tion  in  the 
D utch  elm  breeding program m e (Brasier, 1982). 
F irst the considerable collection  o f  existing experi­
m ental clones and  seedlings was screened over the 
m uch w ider sieve o f the aggressive stra in : m any 
were d iscarded , o thers w ere kep t for reference or 
breeding only. M any new clones w ere m ade o f 
prom ising seedlings. N ew  crosses w ere m ade too, 
com bining paren ts w ith the highest resistance, 
pu tting  a renew ed em phasis on  A siatic elms. 
H ow ever, a  conscious effort was also m ade to 
a tta in  th rough  various com binations m axim al 
resistance in elm s o f a  purely E u ropean  background. 
A breeder should try several roads to  success 
concurrently .

T he new stra in , necessitating a  m uch sharper 
selection, severely reduced the available pool o f 
resistance genes. T his is exemplified by the fact that 
the three-plus-one m ost recent releases a re  so 
narrow ly  related . A  b roadening  o f the basis o f the 
breeding popu la tion  was needed. F o r several 
reasons, we chose to  concentrate  o n  fresh A siatic 
im ports. A  rep o rt on  the present sta tus o f tha t 
p a rt o f  the program m e will appear elsewhere 
(H eybroek, 1982). T he la tter app roach  was not 
devised o r expected to  produce results in the form  
o f  ready-to-use resistan t clones o r populations.

Elms for the future

A im s o f  the D utch elm  breeding programme

These research  efforts a re  beginning to  show  up in 
the form  o f prom ising experim ental clones. H ow ever, 
none is ready  for release yet. W e thus cannot yet 
describe this “ fo u rth  genera tion” , as we dubbed it 
here . W e can  only describe the goals we hope to 
realize in this m aterial. They are  threefold :
1. A  higher level o f resistance. T his is the first 

requirem ent. I t is true  th a t absolu te resistance 
to D E D  does no t seem to exist in elm s, and it 
seems unrealistic to  require  th a t all new varieties 
should be able to  rem ain  fully unscathed  when 
attacked  by excessive num bers o f spore-carry ing 
elm  b ark  beetles. A  certa in  m easure o f san ita tion

is regarded as norm al m anagem ent in the 
silviculture o f several conifers from  protection 
against their b ark  beetles, and  it is no t un ­
reasonable to require  som e such precautions for 
the safe grow ing o f elms. T he trees should not, 
how ever, succum b u nder the a ttack  o f sm aller, 
m ore norm al popu la tions o f the beetles. P resum ­
ably, elm s w ith a high level o f resistance to  D E D  
will again  be able to  recover from  an  a ttack , 
as m any o f the susceptible English elms used to 
d o  w hen infected w ith the non-aggressive stra in  
(Peace, 1960). W e do see such recovery in grafts 
o f the m ore resistan t clones in the year after 
inocu lation  w ith the aggressive stra in .

2. A w ider varia tion  in tree shapes. T he “ th ird  
genera tion” covers a  narrow  range o f shapes; 
in add ition , we certain ly  w ant trees w ith a w ider 
branching angle, a  b ro ad er crow n, if possible 
w ith the ease and  grace o f  twigs and  foliage 
such as we find in  the Belgica elm. A wide range 
in  shapes and  properties is needed.

3. A  w ider variation  in resistance genes. W e do  not 
expect an o th e r m ajo r increase in pathogenicity  
o f  C. u lm i above tha t caused by the in troduction  
and  spread o f the aggressive strain . Even so, 
it seems unwise to depend so largely on a  few 
narrow ly related  clones. R esistant elm s w ith a 
different genetic background are  needed for 
reasons o f diversification.

W e have add itional goals and wishes. We certainly 
w ant to  develop seedling populations w ith sufficient 
resistance and  o th er good p roperties to  be planted 
ou t as a population , but we are  not yet able to 
produce them . W e should  like to use o r incorporate 
any resistance o r unattractiveness to the elm  bark  
beetles, but this p roperty  seems to  be rare and not 
yet easily assessed. O n an  experim ental scale, we 
will investigate the potentials o f crosses w ith 
U. villosa, o f  polyploidy and  o f artificial m utations. 
T here is som e dem and for certa in  o rnam ental 
garden  elms.

Results o f  other breeding programmes

M ore and m ore clones are  being released in N orth  
A m erica; som e o f them  are being p lanted in Europe. 
A m ong them  are ‘Sapporo  A utum n G o ld ’ and 
‘R egal’, developed a t the U niversity  o f  W isconsin 
in  M adison, W isconsin, the ‘U rb an ’ elm  o f the 
N ursery  C rops L abora to ry , U SD A , in D elaw are, 
O h io ; the ‘T hom son’ elm  o f the T ree N ursery, 
PF R A , Ind ian  H ead, Saskatchew an; and  ‘Jacan ’ 
and ‘M itsui C entennial’ o f M orden Experim ent 
S tation , M anitoba. O thers might follow soon, 
including an  interesting hybrid w ith U. parvifolia  
m ade in the N ational A rb o re tu m at W ashington, D C .
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Table 2. Identity of clones planted in the two trials laid out in 1979/80 and 1980/81.

Name N umber Parentage (’) In trial 
of 1979/80

In trial 
of 1980/81

‘Groeneveld’ 296 glabra 49 x carpinifoiia 1 + +
‘Lobel’ 454 202 (2) x 336 (Bea Schwarz selfed) + +
‘Dodoens’ 494 202 open pollinated + +
‘Plantyn’ 496 202 x 302 (carpinifolia I x carpinifolia 28) + +
‘Clusius' 568 202 x 336 + +
‘Vegeta’ P38 (seedling England ca. 1750) +
‘Urban’ P607 148 (Vegeta x carpinifolia 28) x pumila +
‘Sapporo A .G .’ P614 pumiia x japonica +

— 502 215 (pumila x Hoersholmiensis) x Commelin +
— 506 Groeneveld x 215 +
— 507 Vegeta x Groeneveld +
— 610 215 (pumila x Hoersholmiensis) x Groeneveld + +
— 631 Plantyn x 495 (148 x 297 (3)) +
— 637 Plantyn x 495 +
— 691 202 x 336 +
— 808 543 (202 x carpinifolia 1) open pollinated +
— 818 Dodoens open pollinated +
— 822 Dodoens open pollinated +
— 846 Hoersholmiensis open pollinated —
-- 884 248 (wallichiana x carpinifolia 1) x 215 ~T

906 215 x 125 (Vegeta x carpinifoiia 1) +

(') parentage of parents given at first listing only.
(2) 202 =  U. glabra ‘Exoniensis’ x wallichiana P39.
P) 297 =  U. carpinifolia ‘Christine Buisman’ open pollinated.

Some o f these m ay prove to  be useful fo r us. 
Being developed for different uses in a  different 
clim ate, how ever, they need to be tested before we 
can assess their value u nder ou r conditions. Trees 
th a t have U. pum ila  as one paren t have often  show n 
to be no t fully ad justed  to  the W est E uropean  
clim ate. T he C an ad ian  clones o f  U. japonica, w hich 
are  adm irab ly  hardy in the p ra irie  provinces, m ight 
grow  slow er than  we like. It is qu ite  possible, 
however, th a t testing will show  th a t a  particu lar 
clone can be qu ite  useful in som e p a rt o f  E urope.

The function  o f  the European trial plots

Since, 1980, trials w ith various new elm clones 
have been laid ou t in the d ifferent coun tries o f the 
EEC. Plants were grow n in W ageningen, tran spo rted  
by car and planted ou t in trials o f a un iform  design. 
T he m aterials involved are  specified in T able 2. 
They include the new clone ‘C lusius’. T he sam e 
range o f clones is also present in M adison, W isconsin.

T he functions o f these p lantings are  fivefold:
1. The trials should dem onstra te  locally the grow th 

and developm ent o f released clones in com parison 
to a known standard  such as ‘V egeta’. This alone 
may well speed up the in troduc tion  o f these 
clones in the p lanting  practice o f a  country  by 
ten years o r m ore. F u rth e r im portan t observations 
can fu rther be m ade about charac te rs  o f a  quali­
tative na tu re  such as crow n shape, foliage,

phenology, a ttack  by certa in  pests, fro st dam age, 
etc. C onclusions on  the m ore  quan tita tive  
characters such as g row th ra te  should be m ade 
w ith cau tion , rem em bering th a t a  single trial 
can  give no m ore th an  a  lim ited ind ica tion  o f 
a  c lo n e ’s reaction  p a tte rn  in a  large country. 
I f  the clone does very well, th a t is a  good sign; 
if it does poorly, it m ay be wise to  try  it o n  a 
different site.

T he p lan ts can  also be used to  p rov ide p ro p a ­
gating m ateria l for experim ents, as long as this 
does no t h arm  the trees’ g row th o r shape which 
we w ant to  observe and  com pare.

T he trials are  no t really designed to  provide 
in fo rm ation  abou t the trees’ resistance to  D E D . 
T he num bers o f tiees a re  too  sm all for tha t, and 
the natu ral infection process too erratic . B etter 
com parisons can  be m ade using artificial inocula­
tions in the nursery.

2. The trials can  play a big ro le in  p roducing  the 
“ fourth  genera tion” , in identifying superior 
clones th a t should be released. T he trials con tain  
m any new  and  experim ental clones th a t a re  
considered prom ising in som e respect, and  the 
netw ork  o f plantings under various conditions 
will allow  an  earlier decision to  be form ulated  
abou t a clone’s value and  its possible release.

3. The trials can  give som e first indications abou t 
gene-environm ent in teraction . A  tree th a t is
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Table 3. Provenance of populations of elm obtained from Japan in the two trials laid out in 1979/80 and 1980/81. 
Population 73 p is U. pumila and introduced, the others are U. japonica and native.

Population
number

Location Prefecture Co-ordinates Height 
above sea 
level (m)

In trial 
of 1979/80

In trial 
of 1980/81

2 p Akagi Kumamoto 32° 45 ' 131° 10' 700 +
3 p Akagi Kumamoto 32° 45 ' 131° 10' 650 ~r

57 p Kuru midai Akita 39° 50' 140° 38' 350 +
58 p Kuru midai Akita 39° 50 ' 140° 38' 350 +
59 p Kuru midai Akita 39° 50 ' 140° 38 ' 350 +
73 p Sapporo Botanic Garden +
90 p Niikappu Hokkaido 42° 36 ' 142° 26' 130 +
23 p Syobu-gahama Gunma 36° 45 ' 139° 24 ' 1200 +
28 p Senzyo-gahara Gunma 36° 45 ' 139° 24 ' 1200 +
41 p Oze-gahara Gunma 36° 55 ' 139° 15' 1400 +
46 p Oze-gahara Gunma 36° 55' 139° 15' 1400 +
47 p Iubiso Gunma 36° 48 ' 138° 58' 620 +
78 p Sapporo Hokkaido 43° 04 ' 141° 21 ' 50 +
93 p Niikappu Hokkaido 42° 36' 142° 26' 80 +
95 p Niikappu Hokkaido 42° 36' 142° 26' 130 +

127 p Nagano Nagano 36° 41 ' 138° 11 ' 1200 +

superio r (in com parison  w ith a standard  clone) 
a t one location  m ay be in ferio r a t a  different site. 
Som e m inor in terac tions o f th a t so rt can  even 
be found in  T able 1; one can expect them  to be 
larger in  a  range th a t extends from  A ars to  
F irenze and  from  N ew  Ross to  Bad Sooden- 
A llendorf. Som e m inor disease o r pest m ay be 
absent in one country , serious in ano ther. T hough 
the in te rp re ta tion  o f this in fo rm ation  requires 
cau tion , it m ay give im portan t ind ications both  
for local advisory  w ork and  for fu ture  selection 
and  breeding. I t m ight lead to new selective 
in troductions ou t o f the D utch  gene pool. F o r 
the sam e reasons, som e seedling populations o f 
various provenances o f  Japanese elm  ( Ulmits 
japonica, syn. U. davidiana) and  U. pum ila  have 
been added , to  see how  widely adap ted  these 
m ateria ls a re  (T able 3).

4. T he elm is needed for different purposes in 
different coun tries: the “ ideal” elm  looks different 
in each. In  com bination  w ith the th ird  point, 
th is m eans th a t a  clone w hich looks m ediocre 
and  scarcely desirable in H olland , so th a t no one 
w ould p lan  to release it, m ight well be perfect 
fo r som e purpose in  an o th e r country  and thus 
should  be released for tha t use. T he EEC  research 
program m e, m aking  this possible, allows th a t 
m ore  fruits a re  reaped  from  the original heavy 
D utch  investm ent in the breeding program m e.

5. I f  gene-environm ent in teractions a re  strong, and 
if conditions and  requirem ents appear to  deviate 
too  m uch from  those in the N etherlands w here 
the basic breeding w ork  is carried  out, this m ight 
lead to  the decision to  s ta rt a program m e of

in troduction , selection or breeding o f elms 
locally, building on  the m aterials in the trials 
and  on  the D utch  experience. T his happy 
outcom e seems to be true for Italy  at present. 

M ateria ls for a th ird  trial are being prepared in 
W ageningen, to be p lanted  in 1982/83. In  com bina­
tion  w ith the two earlier trials, it will help to  give 
a  new future  to  the elm  in E urope.
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