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Duteh elm disease (DED) first appeared
in north-west Europe around 1910, and
much of the seminal work on its causes
was carried our berween 1919 and 1934
by several outstanding Dutch women
scientists'. UK Forestry  Commission
rescarch on the disease began in the lue
19205 began
maonitoring its rapid spread into Britin
from

continent.

when D Tem Peace
its first recorded sites on the
By the 1940: rthis firse
epidemic had died down after causing
lasses of 10-40% of elms in different
European countries {(Figure 1), Indeed
Peace, in a thorough review?, was able 1o
write in 1960 "unless it completely
changes its present trend of behaviour
it will never bring about the disaster
ance considered  imminent”. Such
change did come, however, in the lare
19605 with the beginning of a zecond
and  far destructive  outbreak
(Figure 1). As a consequence, a new cra
of Forestry Commission (FC) research

morg

on the disease began.

This research showed that the new
outbreak of DED was caused by an
entirely different, far more aggressive

DED fungus than that responsible for
the epidemic of the 1920s-40%, and that
the new fungus had been imported into
Britain on infested elm logs’. Wha
followed was the catastrophic epidemic
once feared by Peace. Within a decade
about 20 millien
estimated UK elm population of 30
million were dead, By the 1990s the
number was probably well over 25
million.  Studies on DED
tungus showed that it differed from che
original  fungus  in
impartant  biological properties, The
two  pathogens were later  deseribed
as separate specics, Opbioctoma  wlui
(Figure 2a) being the original and
£} novo-ulms {l"lgu:n: 2b) the new highly
aggressive pathogen’,

clms out of an

the new

almost  all s

M variety of shore-term control measures
were initiated. At the same time, a
wide-ranging research programme was

undertaken by Pathology Branch on the

processes involved in the transmission of

the disease by its bark beetle vecrars, the
interaction between the two DEDY fungi,
and the spread of O wove-wbn across
the northern hemisphere in order 1o
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Figura 1. Approximale chronclogy and impact of the twe pandemics of Dutch elm
disease in Britain and north-west Europe. Nole the decline of the first

pandemic in the 19405,

trace the disease’s geographical origins
and o
knowledge upon which realistic longer

provide a  framework  of
term control strategies could be based.
Research progress in several key areas
will be outlined in this arcicle. Firse,
however, the present disease situation in
Britain will be summarised. A general
description of the disease cycle hag
recently been praduced®.

_——— ey
Central and southern Britain

Our main oative ¢lms, English elm
(UL procera), el
(UL carpinifolia or UL miner) and wych
elm (U glabra)’ are all susceptible 1o
0. weve-wimi. In lowland cemtral and
southern Britain, with predominantly
English elm, the new epidemic took
rapid held during the early to mid-
1970s%, leading to the death of most
mature English elm by the carly 1980s
{Figure 3," C-F). There were scattered

simooth-leaved

escapes. Even pockets of mature elm
survived occasionally, as in Brighron and
Hove where the geographic situation
fas  facilitated  an
cantinuing sanitarion control programme,

cffective  and

However, once mast suitable breeding
material (inner elm bark) had been used
by the beetles the discase virtually
disappeared from many south and south-
western areas, such as the Chichester-
Southampten  area, rthe  Gloucester-
Berkeley Vale aren and the Berkshire-
Surrey-Kent area, in the 1980s. During
this period suckers growing  from
surviving roots of English elm and some
smooth-leaved clm types appeared in
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enormous  numbers,  together  with
oceasional young seedlings of wyeh elm.
Many small hedgerow elms thar escaped
the disease have been allowed to mature,
in some cases through careful hushandry
bur often through absence of hedgerow
maintenance. Consequently there now

and
increasing ¢lm resource, mainly of small

exists a4 numerically  massive
to semi-mature [ procera, across much
of southern Britain (Figure 3, G1).
Essex ta the Welsh
barders they probably number many
tens of millions.

From

In 1982 FC studies on the biology of
(b weve-nlmi, on disease transmission
and an the recent spread of the discase
across  eastern  Europe  (Romanmia  to
Poland) were combined to produce a
pragnosis for the future of the disease
and of the elm’. This prognosis is
summarised in Figure 3. As well as
predicting the regeneration of the young
elms, it suggested that the disease would
not die down as had the first epidemic
caused by Q. wfers, but instead, that the
new DED pathogen O ssvs-wfod would
return, in a continuing cycle, to attack
the following generation of small elms
once they were large enough to support
beetle breeding (Figure 3, F-H). This is
what is now happening in  southern
Britain. In 20 elm plots established by
the FC across the south of England, anly

about 1% of regenerating elms were

Population size

Figura 2, Characteristic colonigs of the three Dutch elm disease fungi: (a) Ophiostoms
wimi, cause of the first pandamic; (b) O. novo-ulmi, cause of the current

pandemic; (c) the
pathagen, O himal-wlmi,

recently discovered Himalayan Dutch elm disease

killed annually berween 1980 and 1990,
but disease reappeared on a significant
scale after 1991,
Station in the Farnham-Guildford area,

Around the Research

no trace of the disease was found during
1981-1987, two separate infections were
SEET Mear Gr:(l:ﬂming in 1988, and h_v
1990 new infections were scattered across
the whole area. By 1994-95 substantial
tracts of sucker regrowth and hedgerow
elms  3-12 m in height were dead or
dving. The above pattern has occurred
1970s
UL procera disease outbreak areas. Some
lecations, including many parts of the
Midlands, are at an earlier stage in the

across  most of the old

process (<10% diseased). Others, for
example the Guildford to Heathrow area,

are  already quite  advanced, with

e 50-90% of elms dead or dying in some
disease Indeed the

wockets. current
I

sitnation 1z often  remarkably

disease
reminiscent  of the mid-1970s, except
that the affected elms are much smaller
[Figure 4). We are now approximately at
points G1-G2 in Figure 3. A span of
about 20 years separates this second wave

of disease from the initial oucbreak.

Three points should be noted. Firse,
that the regenerating

are just as susceptible to 0. wove-mdmi

sucker  elms
as were the parent trees from which
they have developed. Second, that the
sudden of disease in the
1990s with  the

return of the larger elm bark beetle,

PeSUTErence
probably  coincides
Seofyfus scolptus, to the affected areas
tollowing its disappearance in the
intervening period when little suitable
breeding available.

material  was

Beetle vector population
Elm population
Ophiostoma ulmi

Q. novo-ulmi

(1965)

G2

(1996)
Time

Figure 3. Progress of the currant Dutch elm dissase apideamic in terms of the alm bark-beetle, O, wmi, and 0. nova-uimi populations.
Modified from reference 9. See text and refarence 9 for details.
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Figure 4. Multiple fresh Dutch elm disease infections in a & m tall hedgerow of English 8 walyras probably migrated back from

alm near Odiham, Hampshire, July 1998, (4157E) neighbouring parts of Britain where it
has  survived. The smaller beetle,
8. mudtistriatus, may actually be the first
to return to an area, since it can use
gmaller diameter branches as  its
breeding material. However FC research
shows that 8 madfisiriatus is a very
ineffective wvector of the discase, in
contrast to 8 scefysus’. Third, the best
way to conserve hedgerow  elms  at
present may be to keep them trimmed,
since prominent elms are more |ik:'!.:.' to

attract  the bark beetles for feeding.

If a majority of the regenerating elms die
over a 10-15 year period, then losses in
central and southern Britain may number
a million or more trees annually, Certainly
DED remains by far our most destructive
tree disease. However, although Further
cycles of disease can be expected (Figure
3, H-T), the elm will survive to provide
a contribution to future landscapes. It

I'I:I1'|il:ll1!~' AN ENOrimaouns '|!IZI1.I_'I'.|.ii1] rESOUrce.

Cornwall and East Anglia

In the early 1970z the rate of discasc

progress was markedly slower in the

Pop 2 smooth-leaved  elm  populations  of

Soolylus scolytus - ¢ : R o

Pop 1 East  Anglia and  the 'l..n:lm.. h

an elm (L0 carpimifalia var.  cormubienns)

populations of the south-west peninsula®,
The majority of mature Cornish clm
- — FPop3 Y i

LS. pracera and East Anglian smooth-leaved elms

have now been killed by the disease.

// However smooth-leaved elm is highly

L]
=]
T

variable” and cven now certain local Fast
Anglian smooth-leaved elm clones have
suffercd only limited losses, with some

isolated  trees or significant groups of

Mean no, of feeding grooves

S i mature trees surviving., Many examples

=
T

L. Q‘-'ibiﬁ“__ —— Pap 1 are in woodlands or on woodland edges.

A e e e Some of these clones are  being

B ——= Pop3 propagated by local authorities as possible
: gources  of  resistant  material | for

replanting.  They do not necessarily

posess 2 higher level of resistance to the

Dutch elm disease fungus, Many factors
Days cin lead to reasonable "Held performance’,

: and these clones could prove highly
Figure 5. The preference of the larger elm bark beetle, Scolytus scolytus, for feading : e D DS eI Sl ERL

on English elm (U, progera) rather than on wych elm (U. glabral. Three
populations of 5. scolyvtus ware tested. One was a U, giabra associated
population from Scofland (Pop 3); another a U carpinifolia associated
population fram Manchester (Pop 2); and the third a U, procera associated
population from Devon (Fop 1). J. F. Webbear, praviously unpublished, See
also reference 12.

susceptible if incculated. All smooth-
leaved elm wvarieties are believed to be
introduced into Britain from central and
southern  Europe’ and  some, being
beyond their natural climatic range or site
conditions, may be growing rather slowly

and producing smaller springwood vessels
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field

performance may also involve resistance

restrictive to the fungus. Good
to heetle feeding or breeding, or involve a
natural biological control of the fungus or

beetle, Some smooth-leaved elm tyvpes
I

have very pendulous twigs when mature,

a  feature which could make them

unattractive to the beetles for feeding,

Scotland and north-west England

Epidemic progress has also been much
slower on the predominantly wych elm

(UL gladra) populations of Scotland and

nd’. The resule 15 that
1970s

is still active and continuing in

north-west Engla

the first wave of the epidemic
these

are

this slower progression of disease are
apparent, First, U0 pladra does not sucker

like

procera or U5 carpir a, hence

it suffers less from disesse transmission
via root grafts',  Second, although
UL glabra s considered cven  more
sugsceptible to 0. wove-wlmi than s

UL procera, it is much less favoured by the
bark beetles for feeding” (Figure 3).
Third, a competitor of the «lm bark
beetles, the funpus Phowropns, 15 a

the bark

of newly dying wych elm, thereby acting

commaon, rapid invader of

as a compertiter of the elm bark beetles
which normally  breed in the bark.!

Phomapiis appears o exert a  strong

natural biological control of the beetle

populations of the north and  west®

Fourth, climatic  constraints  probably

reduce  the disease activity of  the

pathagen by producing fewer

apportunities  for beetle-originated
infections in the summer, The climate

may also restrict the size and number

af annual bark beetle generations as
compared  with  southern  Britain
or continental Europe®, Such  factors

have aided a  successtul  disease

containment  campaign - within - the

Edinburgh city limits.

Nonetheless, the disease is very active
in Scotland. It has moved into U glabra
populations  that  were not  affected
by the DED  epidemic, such

as those in the Glasgow area. It is

first

continuing  to push  northwards,

particularly on the east coast north
of Aberdeen. This northwards expansion
probably reflects the fact that 0. wovs-

wlmi has a lower optimum temperature

taday. At least three likely causes of

Figura 6, The spread of (a) O. wimi and {b) O. nove-wimi during the first and second
pandemics of Dutch elm disease, Composad from Forestry Commission
sample survays of the pathogen across the Morthern Hemisphere in the

1970s-1980s (O

novo-wimi) and from international publications and FC

surveys (O, uimi). Solid arrows show natural migration from ariginal centres
of appearance. Dashed arrows indicate subsaguent spraad via impartation

avents, Note: (i) Q. novo-wimi exists as two distingt forms, egquivalent to
subspecies, called the Morth Amerncan (NAN) and Eurasian (EAN) races,
They have different geographical distributions and their centres of original

appearance and subsaguenl

spread are shown here in arange (NAN) and

white (EAN] respectively. (i) The evolutionary and geographical arigins of
O, wimi and of the two races of O nove-wimi remain unknown, Adaptad from

rafarence 16.

Q. wimi

O, rovo-ulmi

for arowth than did 0. wimd, and the
much greater epidemic momentum that

O nevo-ulmi

has generated, allowing

seafptns to expand  beyond  irs

previous northern territorial limits

We now
both Europe
the host (the

have a situation across

and Morth America where

elm} and pathogen

{0, neve-wdmi) are seriously our of

balance: the pathogen is oo aggressive
[ 3, C-G). This

is partly because O wove-wfmi s an

for its host (Figure

introduced  pathogen  that  has  not
co-evolved with native European or
Morth

some natural enemies of the fungus or of

its  bectle

American  elms, In  addition,

vectors  may  be  missing

from the system.

Duitch Elm Disease Control

Because of this host-pathogen imbalance,
traditional 'front line' disease controls
such  those

offered by quarantine,

sanitation or chemical contral®™® have

been  largely  overwhelmed by the
sheer momentum of the epidemic ar
undermined by human fallibility,. What
is needed are radical new approaches to
the problem, based on betrer scientific
knowledge,  which  individually  or
collectively, can help restore the system
te balance more quickly than nature can

achieve by itself.

In  discussing  longer  term  control
prospects, it is important 1o appreciate

that HI1V,

or  tuberculosis, 15 an  international

Dutch  elm  discase, like

problem™ (Figure &) that requires an

international cmbra

perspective ing
the whale epidemic area

Morth

Chinese

currently
western
T

Mew

pathogen

from America to the

borders and south to

Zealand,  Changes  in




behaviour occurring in Kansas  or
Uzbekistan today could be occurring
on our doorstep tomorrow.

contral  include

Main

(i) reducing the cffectiveness of the

options  for

retle vector population; (i1} increasing

the resistance of the elm population; and
(11i) lowering the aggressiveness of the
pathogen. Regarding the beetle vectors,
much work has  been done on
investigating the transmission of the

and in characterising beertle

discase

pheromones as lures for use in sanitation

mnnifnring T but no new avenues lor
control have opened up. Recent research
by the Forestry Commission has
therefore concentrated on the I‘ungm
and on the elm, with special emphasis

on the following.

Dutch elm disease was unknown before
1900, yet we have had two pandemics in
this century each caused by a unigue
Dutch elm disease fungus®" I_'}-'i[_;n:'-'.' }.
Together, they are responsible for one
of the most catastrophic environmental

this © their

cvents ury, yet origin

Ferm '.lII ns a 1'[:I_'.-' ste l'_'r'.

Figure 7. A d-infected culture of O, novo-
uimi, showing the typical
irregular unstable growih pattern
associated with d-infection.

It is important 1o establish their origin
(1) to understand why such explosive
tree pandemics occur and whether they
are likely to occur on other trees, and
(2) becawse to identify the geographical
centre of origin (or ‘endemism') of the
disease may present new opportunities

for its biological control.

A research programme on the disease's
origin was begun in 1979, Detailed
surveys of the DED pathogens were
carried out across lran, parts of the
former Sovier Union, central and eastern
Europe and North America®. These
produced a picture of the spread of
O wimi in the first pandemic and of
(). weve-ulmi in the current pandemic
(Figure 6). China, which has often been
held to be the centre of origin of DED
because of its many discase resistant elm
1986. Mo

species, was surveyed in

evidence of the disease was Ffound,
though native elm bark beetles were
common. It was concluded that China
was most probably not the geographical
origin of the discase. Two alternative
hypotheses were presented. First, thar
bl

unusual

0. wimi, O, nevo-wlmi or both

appeared recently wia  an

evalutionary  event through  human
influence. Second, that they had an
origin in the Himalayas, a major floristic

region not surveved for the discase™,

In 1993 a survey was conducted in the
Kullu and Suclej valley areas, Western
Indian Himalayas”, This led to the

discovery of a third Dutch elm disease

fungus, associated with beetle breeding

bark

galleriezs  of  Himalavan elm

beetles on the local { o)
Typical beetle feeding wounds were also
seen on the elms. The fungus has been

characterised and named O, Simal-pfmit’

(Figure 2c). Significantly, Q. bimal-wimi
has proved ro be just as pathogenic to
elms as 0. mowvo-ulmi, and to produce
comparatively high levels of the wile
toxin, cerato-ulmin,

While it has not solved the question of
the origins of O. wmi or Q. weve-wlmi
directly, this discovery has opened up
new approaches to research, First, it has

raised the possibility chae O, Aimal-ufmi

Dutch Elm

was at some time introduced into
Europe or North America, and gave rise
to O nmove-nimi by |'._1."nri|.'|;|-:i11g with
L el

investigation, Second,

This possibility is now under

no wilt disease
was seen on ¢lms in the Himalayvas, The
disease therefore appears to be relatively

escent and endemic to the region.

There is thus an opportunity to
understand the natural balance berween
the elm, fungus and beetle vector in an
endemic rather than an epidemic disease

system. It may offer important new

opportunities  for biological control:

there may be narural competitors and
predators of the fungus and beetle
populations in the Himalayas that are

DED
Europe and North America and could

missing from the system  in

be exploited for biological control

Much

gained from |:1'|.'|:~triq.1ti|1g the ecology

purposcs’, may therefore be

and population  dynamics of the

Himalayan system,

A wider issue raised by the discovery of
O Aimal-nfmi 18 that such a highly
AFETCSSIVE  tTee can  exist

pathogen
unknown and unidentified in a major
forest region of the world until now,
This has considerable implications for
our approach to quarantine and forest
protection, In particular, it raises a

question about the number of exotic

pathogen threats not so far identified.

Cne approach to restoring the balance
between the elm and the pathogen is 1o

reduce the pathogen's aggressiveness, In

1983, studies on the fungus' 'tissue

incompatibility  system' led tw the
discovery that it had a disease of irs
known as the
undoubredly

own, now "d-fagror!

[¥-Factars have  the
potential to reduce the aggressiveness of

Q. novo=pimi,

D-factors are naturally occurring virus
like agents, located in the fungus’
eytoplasm, which spread from one

Disease Control P2l




Figure B. How d-factors are visualised
in the laboratory, The multiple
dsAMA (double stranded RMNA)
segments of d-factors revealed
on a polyacrilamide gel plate.
The segments range from

approximately 0.3 to 3.0 kilo-
bases of dsRNA in size. (34764)

fungal isolate te another via hy

fusions. They can severely debilitate

€. nove-wlmd, inducing  slow, ragged

'amoeboid”  growth  (Figure 7) and

recduced sporulation Manv different

d-t have now been wdentified.

Achors

Most  are associated with double

RNA

which probably encode for them™.

stranded segments  (Figure 8],

[ield

teed

studies  using  artificial  beetle

r wounds (Figure 9) show that

d-factors can increase the number of

). wmeve-wfmt spores required for

infection  of English  elm  beyond

the spore loads carvied by most vector
factor (d-factors

beetles”, Thus the d

have been numbered d'=d") increases the

ired for infection

number of spores req
from <. 1000 (healthy isolate) to ¢.50 (00
(d*-infected isolate). ID-factors thercfore
have the potential to break the cycle of
Duteh elm disease at the beetle feeding
stage™, In addition, population studies
on 0, Marth

have

wimi in Europe and

America  suggest d-factors may

strumen

been in

al in the unexpected
decline of the first DED epidemic in
Europe in the 1940s (Figure 1). Similar
studies

show that in  the present

cpidemic, d-factors markedly influence

nove-ulmi  at

the behaviour of €

25

epidemic frones, and are invalved in a
remarkable and  eapid change in its
population structure from being clona
to being highly generically variable

D-factors are the fourth
DED

fungus-fungal virus-beetle vector system,

component
of the system: it is an elm
[D-factors not only exert a  natural

rical  control  of the fungus™,

but may have ;u:‘;xl.;!.l.'r.'-.'t"‘:l." i1|‘.|T("'|l."!.ii

as artificial biacontrol agents.

Consequently, they are being studied

with a view to their possible release,

gither  unmodified or  genetically

manipulated, for biecontrol purposes.

Studies on physiological differences,

molecular  profiles  and  population

structure of d-factors are underway with
the support of the Pilkingron Trusz.
These are aimed at characterising weak,

moderate  and  strong  d-factors™”,

assessing which d-factors might be most

appropriate  for  release  and  at

determining  how  different d-factors

night interact with each other if they

were released. Maolecular studies are also
in progress with Imperial College and
the Garshy Trust on the derailed gencric
structure of d-factors and on the way
that they influence 0. movo-wlmi at the
again with a view to

cellular  level

ripulating them to greater ecological
effectiveness. One abjective is to insert
the d-factor into the fungal nucleus, as
has recently been achieved for a similar

virus of the chesenue blight fungus. This

e like a

nuclear gene, and allow ir o be spread

could make a d-factor beh

more  effectively  among  different

genotypes of O. nove-wlmi in nature.

b een

single
from

Becently, three places  have
identified at which there 15 just a
clone of O move-uimi  free
One 15 at the new discase
Vuckland, New
one in Washington DC and the third in
L-S.‘\. . IlI!!L'.'-;:

very  suitable  for  an

d-facrors.
outbreak in Lealand;
Oregon,

could  be

experimental release of

]\(1:1“].:.1‘:("-'1‘-

d-factors to
assess furcher their biscontrol l\«.}?(“1fli=.|.

They are alsa ideal study sites because

only the smaller, less eftective beetle

fesfrrains

vector, S mu

Is  present.
D-infected fungus of the same genotype

a8 T]‘:{‘ '||'|._'._'|: "l_||1_|_;:|| .']lll'.-:' -.'|III'|;_5 1'!1.'

released on captured beetles. IF these
local  beetle

beetles fly to join the

population, the d-factor could be
introduced into the fungal population.

d-factors could be used™.

er a single d-Facror or a mixture of

It is hoped that an experimental release

socn be inittated. Tr should he

emphasised thar research on d-factors as

biocontrol agents is relatively new, long
term and carries no guarantee of success,
However d-factor influence i one of the
mMost which  the

likely ways

aggressiveness  of O, weve-wlmi will

become attenuated in narure, with or

without human intervention.

Figura 9. A typical boatle feeding wound in the croteh of a healthy alm twig. (471336}

Dutch Elm Disease Control
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Another way of restoring the balance
between clm and pathogen would be to
increase  the  haseline  resistance  of
European and North American elms.
One  difficulty  with traditional elm
breeding s that it usually invelves
exntic

incorporating  resistance from

Aziatic elms such as the Siberian elm,
U, pumifa, which are not suited to the
UK climate and have a rather different
Resulting
therefore  be

arboreal  form'®, hybrid

material may unsuitable

in terms of their susceptibility to mild
winters or late frosts, their susceptibility
to other pathogens such as Mectria, or
simply their shape, This is not to say that
elm breeders will not, one day, produce a

resistant elm ideal for UK requirements,

English elm, Ll procera (Figure 10},
is greatly prized in southern Britain
for its 40m height, straight bole and
dense globular figure-of-eight’ crown

as well as for its timber. It is well

Figure 10. Mature English elm, U. procara, showing its characteristic irregular autline,
English glm grows to c.40 m tall,

| - 3
W e A e WL

(34 764)
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suited to the UK climare, although
probably imported from Iberia’. An
ideal replacement for English elm would
therefore be, quite simply, a disease
resistant English elm (or, as appropriate,
a resistant wych elm, smooth-leaved elm
ar Cornish elm).

In 1992 a research programme was
initiated between Horticulture Research
[nrernational, the Forestry Commission
and Abertay University ro investigate
the potential for genetic manipulation of
English clm, Good progress has been
made to date. Forestry Commission
UL procera clone SR4 was brought into
leaf

Mutrient and hormone conditions were

rissuc  culture  from petiales.
then manipulated to regenerate shoots
and

(Figure 11). Protocols for transfer of

roots  from  the callus tissue™
novel DNA into living elm cells were
then developed by adapting the widely
gall

srinte fushefaiciens.

applied method of using  the

bacterium, Agrobact
As a
pigmented

result, marker gcnes causing

tissue  have now  been
successfully and stably inserced into ¢lm
plantlets, i.e. genetic transformation of
English elm has been achieved™. At the
same time, 4 range of unique anti-fungal
proteins supplied by Zencea UK have
been assayed for their activity against
O, weve-whni n culture, A pilot anti-
fungal inserted

gene  may  be

experimentally into UL preceras shorty,

Anti-beetle  genes  may  also be
considered for insertion. The activiey of
these genes will initially be assayed in
tissue culture and regencrated plantlets

and later assayed in young woody plants,

English elm is so far proving an
excellent model system  for  pgenetic
manipulation of  broadleaved  trees.
Other elm species such a8
o :'4.!?:I.'Jr'.r.l!':.fn.:,l.".".-;', o ‘q.".-r.b.l'ﬁ and L qweericarna
are also under investigation. If the
ingertion  of resistance genes  proves

promising during the initial crials, the
material may be submirred for licensing
environmental

according  to current

regulations, with a view to testing i




conditinns, Obwious

field

environmental concerns to be considered

under

are the risk of 'escape' of nowel DNA

beyond the engineered elm  plants,

and the likelihood of the disruption

of 'friendly' or non-target funpal or

insect populations.

It is thought that any resistant English
elim would be used mainly for specialised

landscaping  or  urban  requirements.

Exotic hybrid elms or genetically

engineered  disease resistant elms are

prabably not the solution to problem of

the abundant 'wild,' regenerating sucker
or seedling elms already in the field, For
these elms, it would seem  more
appropriate to aim for a better ecological

balance between the disease and the host,

The immediate reasons for seeking rto
control Dutch elm  disease are fairly
evident. Returning the elm to its
traditional place in the landscape has
both  high potential  amenity  and
cconomic value and high historieal and
cultural

Britain

cultural significance. Indeed,

association with the elm in
probably dates back ar least to the

oured elm

|-'||"~||'|:‘:!." g, when many
varieties :.nrh'.-:lin:_._: the F.ng'i.a'"'u elm were
prabably  introduced”.  Dutch  elm
disease is also introduced into Britain by
timber e

man, via the modern

There is therefore some responsibality

to restore the loss,

The DED epidemic itself has greatly
ratsed public awareness of trees and tree
issues. It has also had a considerable
influence on the general practice and
philosaphy of forest parhology. Far
example, it has underlined the dangers
of introducing 'exotic' pathogens. There
is clearly a risk of further 'DEDs" in the
future. Learning how to  control
destructive epidemics following imports
of exotic pathogens is part of the current
learning curve of forestry practice. So

too is learning to predict how such

27

introduced pathogens may adapt to their

new  environment, and |L:.|1'"|:|-.g o

develop and apply knowledge-based

control  measures  within @ a  highly

complex ecological system,

Indeed, the DED cxperience has also

underlined the wvalue of approaching

forest pathegens through an

understanding  of their eccology and

population  biology. In this  context,

the discrimination of ©. wimi from

£, move=uimi on behavioural characters

has demonstrated, along with similar

stucies, that the etraditional fungal
taxonomy based mainly on morphological
characters provides inadequate quarantine
protection for our forests: biclogically
distiner organisms have all too often
been classified as the same species just
because  they are  moerphelegically
sirnilar’. Population seudies on the DETY
fungi have also raised the question of
rapid evolution of forest pathogens",
FC research shows that O, neve-nfmi
continues to change at a remarkable
rate,” The resulting awareness has led
to the sugpestion that the newly
discovered 'alder Phytophibora’ could well

be 4 product of recent rapid evolution”.

Beyond these issues, the DED research
Programme coantinues to |:'Il.'l-!"l'l I'.]'.I MCWW

avenues for control. The discovery of

the 'd-factor' is an obvious example

Indeed, wvirus-like agents such as the

d-tacror may have considerable potential

for control of many forest pathogens.
Beetle feeding preference studies have
established a new character for use in
elm breeding: resistance to the beetle
Studies on transmission of DED have
highlighted the beetle Feeding groove as
a weak point in the disease cycle and a
the target area for bological control by
d-factors. The discovery of the endemic
form of DED in the Himalayas may
further

present opportunities  for

hiolagical contral.

Finally, it should be emphasised
thit

the cohtrol

other possible

of DED

Indeed,

approaches o
continue to be

explored. much recent FC

research is not covered in this review.

It ranges from pilot studies on induceable
studies  an

resistance  in ¢lm™, to

Dutch Elm Disease Control

pathogenic  behavieur of non-toxin
producing isolates of 0. pevs-wlmi”, to
stucies on the molecular evolution of
the three DED pathogens™. With limired
resources it is necessary to set clear
research priorities and to concentrate the
current effort on those areas considered

most likely to achieve success,

Figura 11, Young plantlets of English
elm, L. procera, regenarated
from callus tissue, (Horfienlinre
Research International; 9103046)
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