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Introduction

The first interdisciplinary meeting on Dutch elm disease (Ceratocystis ulmi

(Buism.) C. Moreau) was held in Minneapolis - St. Paul, September, 1973. The
most recent significant information on the causal agent, vectors and controls of
this disease were sumarized and discussed in the proceedings of this meeting
(Burdekin and Heybroek 1975). Since 1973, a considerable amount of new informa-
tion on controls has been published. The four major research areas include: (1)
chemical control of the fungus, (2) chemical and biological control of bark
beetles, (3) host and fungal genetics, and (4) sanitation.

It is the purpose of this brief paper to review the most recent advances in
controls for Dutch elm disease. Several aspects of the disease not covered dur-

ing the 1973, IUFRO meeting are also reviewed.

Chemical Control of Dutch Elm Disease

Many systemic fungicides have been investigated for possible chemotherapeu-
tic and chemoprophylactic effects for controlling Dutch elm disease. Several
chemical compounds have been tested and compared for effects on C. ulmi under
laboratory conditions. The most toxic was Lignasan, followed by Actidione,
Baydam 18654, benomyl and MBC chloride (all equally toxic) (Prasad and Travnich
1974). Of these, Lignasan - P has been released to commercial arborists in the
province of Ontario under the control of the Ontario Shade Tree Council (OSTC).
It can be injected into healthy, or partially diseased trees by two methods;
root injections and lower trunk or flare injections (Kondo and Huntley 1974).
These two methods can be used in conjunction on a single tree (Munro 1976).

Benomyl, and its derivatives administered using various techniques have
undergone intensive investigation and show great promise for disease control.

Pressure injection of benomyl or a water soluble benomyl-derived fungitoxicant

has recently proven to be effective in protecting American elm (Ulmus americana



L.) from the disease (Biddle 1973; Campana et al. 1973; Campana 1975; King and
Campana 1975; Prasad 1974a; VanAlfen and Walton 1974a).

Results of a study on the effects of (MBC) methyl 2-benzimidazole-carbamate,
a benomyl derivative, on the viability of washed conidia of C. ulmi suggest that
MBC is fungistatic at low concentrations and fungicidal at higher concentrations
(Janutolo et al. 1975).

Pressurized stem injection of MBC*HCL into diseased trees at locations in
Ontario and Quebec has suppressed the spread of the disease, prolonged tree life
expectancy and maintained the trees in reasonable health and vigor for 2 years
(Prasad 1974b). No adverse effects of high pressure injection were noted. Prep-

arations of MBC-HCL were found less phytotoxic to shoots of Ulmus glabra Huds.

(Wych elm) than MBC nitrate or bisulphate. Field trials on Ulmus x hollandica

'Belgica' (Burgsd.) Rehd. (Belgian elm) trees with MBC-HCL injected at ground
level has decreased infection rates and symptom development (Gibbs and Clifford
1974).

Injection of benomyl into the soil surrounding large nursery elms has also
reduced disease symptams (Neely 1974) with little phytotoxic or other adverse
effects. Roberts et al. (1973) applied benamyl as a drench fo 10-month-old
American elm seedlings growing in silica sand. No significant effect on height,
dry weight, leaf area, or root/shoot ratio were observed. Wilson et al. (1975)
found that organic matter tied up benomyl in soil mixes and inhibited growth of
certain hardwood seedlings.

Foliar sprays of benomyl when applied to young American elm trees were
found unsatisfactory in controlling symptams of Dutch elm disease (Neely 1974;
Holmes and McKenzie 1975).

Although the penetration and movement of benomyl into leaves is slow, appre-

ciable amounts of the fungitoxicant seem to be absorbed through the bark, partic-

ularly the lenticels (Prasad and Travnich 1973). Prasad (1972) investigated the
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absorbtion of benamyl into bark by treating young and older bark with bénanyl
solutions. Little uptake and penetration occurred through the older bark. Move-
ment through the young bark appeared to be related to the structure of the bark
rather than to the distribution or size of the lenticels.

The fungicide Topsin M is currently being evaluated for both protective and
curative measures against Dutch elm disease (Brewer and Oshima 1975).

A fungitoxicant against Dutch elm disease was recently isolated and identi-
fied in American elm seeds. It is capric acid which shows a broad spectrum of

inhibition against spore germination and growth of C. ulmi (Doskotch et al. 1975).

Antibiotics

Antibiotics have recently been tested for possible use in prevention or
therapy of Dutch elm disease. The antibiotic nystatin at high concentrations
was found to be fungicidal on washed conidia of C. ulmi (Janutolo et al. 1975).
When injected into American elms artificially inoculated with C. ulmi, nystatin
prevented fungus growth (Costonis and Davis 1973). .The Lowden formulation con-
taining nystatin, achieved significant control when treatment and inoculation of
trees occurred on the same day, but no control was achieved when treatment pre-
ceeded or followed inoculation by one week (VanAlfen and Walton 1974b).

The fungicidal activity of three new antibiotics cryptosporiopsin, scytal-
idin, and hyalodendrin were tested for control of C. ulmi and the results com-
pared with that of nystatin, benomyl and MBC-P (a soluble phosphate salt of
benomyl). Scytalidin and hyalodendrin slightly reduced the viability of C. ulmi
in excised elm-branch sections, whereas cryptosporiopsin was ineffective (Sterner

1975).



Chemical and Biological Control of Bark Beetles

Protection of healthy elms from Dutch elm disease can be obtained through
the application of various insecticides to reduce beetle feeding. A 3-year study
by Lincoln (1975) showed that elms sprayed with methoxychlor had an infection
rate of approximately 5 percent compared to 34 percent for unsprayed controls.
Bioassay and GLC assay showed no beetle feeding on elms if methoxychlor deposits
were 1.5 microgram/mm or greater on the bark surface.

The herbicide, cacodylic acid which is also toxic to bark beetles has been
tested as a control for Dutch elm disease. Diets containing 990 to 4,000 ppm of
cacodylic acid were effective in killing elm bark beetles in laboratory tests
(Rexrode and Lockyer 1974). Preliminary results of a study by Brewer and Oshima
(1975) indicate that lower mumbers of beetles survive in cacodylic acid treated
wood. When pressure-injected into American elm trees that had been artificially
inoculated with spores of C. ulmi, cacodylic acid at 144g/1 was effective both in
preventing beetle establishment and in destroying existing broods (Rexrode 1974).
Hostetler (1975) however, reported no significant inhibitory effect on elm bark
beetle brood development when cacodylic acid was injected into diseased American
elms. Residues as high as 1,700 ppm caused little or no beetle mortality.

Pressure-injection of oxydemetemmethyl into American elm trees subsequently
resulted in effective protection from beetle establishment and in destruction of
existing brood colonies, while injection of 2, 4-D amine has proved campletely
ineffective in controlling beetle numbers (Rexrode 1974). Meta-Systox-R has been

found effective in controlling bark beetle populations (Rexrode and Lockyer 1974).

Pheromones
According to Peacock et al. (1973) a phemmone contained in the frass of
virgin female elm bark beetles is responsible for the excitantturning reaction

of walking male beetles in a laboratory olfactometer. However, virgin-female




frass or frass extracts have failed to attract in-flight beetles in several
tests (Peacock et al. 1975). The pheramone contained in virgin-female frass
was compared with the aggregation pheramone in the air around virgin female elm

bark beetles. GLC analysis of the two extracts revealed active chemicals in

the air born extracts that were not found in the extracts of frass. Virgin-

female frass is unattractive in the field because it lacks the long-range at-

tractants required for attraction of beetles in flight. Silverstein et al. (1974)
isolated and identified a combination of three chemical attractants used by the
smaller Buropean elm bark beetle. Simeone et al. (1975) recently developed an
improved pheramone baited trap that attracted and caught more beetles than con-

ventional traps and is effective for a longer period.

Antagonists

Of the various biological controls of elm bark beetle populations, parasit-

ism by other insects is gaining renewed emphasis. Dendrosoter protuberans (Nees),

a parasite of the smaller European elm bark beetle was introduced into the
United States in 1964 from France. D. protuberans will overwinter successfully
in Michigan (Lincoln 1975), but has had low overwintering succeSs in Colorado
(Hostetler 1975). Percent of beetles parasitized by this insect in Colorado
based upon emergence for November and December was 11.3 and 19.3 percent re-

spectively for beetle collections fram American and Siberian elm (Ulmus pumila

L.). For combined samples of January through March, the percent parasitized
was 1.2 and 3.9 percent respectively for American and Siberian elms. A Chi
square test of the average emergence of beetles and parasites in the two month-
groups (i.e., November-December and January-February-March) showed the differ-
ence in ratios to be highly significant. This indicated significant mortality
of D. protuberans due to some factor, possibly temperature, and that most

mortality occurred between December 20 and Jamuary 23.




Genetics

Although elm species vary greatly in their susceptibility to Dutch elm di-
sease, none are immune. Localization of infections within small branches and
subsequent remission of foliar symptoms of the disease has been noted in re-
sistant trees (Sinclair et al. 1973; Sinclair and Brener 1974; Sinclair et al.
1974; Sinclair et al. 1975a). Factors associated with resistance in elms include
rapid formation of tyloses after infection (Elgersma 1973), slow suscept growth
(Sinclair et al. 1974; Sinclair et al. 1975a), and subnormal development of
xylem vessel elements (Sinclair et al. 1975b). Tree age also apparently affects
resistance. Small seedlings have a resistance mechanism that affords some degree
of protection from the disease. Schreiber (1970) has shown spore germination of
C. ulmi to be strongly inhibited by leaf extracts from 1 to 7 month-old seedlings,
but this effect disappeared in 10 to 12 month-old seedlings. The inhibitory
extract was identified as dialysable. Stem extracts were less inhibitory, and
extracts from seedlings over 6 months old, and from roots, increased or stimu-
lated fungus spore germination.

Tri-specific aneuploid seedlings, resulting from crosses between U. parvi-
folia Jacq. (Chinese elm) and 2 triploid hybrids, were found highly susceptible
to the disease as were crosses between U. serotina Sarg. (Red elm) and U. pumila
L. (Siberian elm) (Santamour 1974). The Sapporo Autumn Gold elm, a hybrid be-
tween Siberian and Japanese elm, has been released for public trial following
studies establishing its resistance to Dutch elm disease over a 15-year period
(Smalley and Lester 1975). The Urban elm, a cross between a hybrid elm from
the Netherlands [g, hollandica var. vegeta (Loud.) Rehd. (Huntington elm) x U.
carpinifolia Gleditsch. (Smooth-leaved elm)] and Siberian elm exhibits resist-

ance to Dutch elm disease and will be available in about 3 years for public
trial (Anonymous 1975). Although several experiment stations have found numbers

of resistant American elms, transmission of parental resistance to either seed-




lings or clonal progeny has been poor. However, from preliminary genetic results
it appears that resistance in the Asian elms can be transmitted to seedlings and
clonal progeny (Sinclair et al. 1974; Smalley 1974; Tashirc 1975; Lester and
Smalley 1975).

Genetic Variation in C. ulmi

Gibbs and Brasier (1973) found that in Great Britian isolates of C. ulmi

could be classified into two groups; an aggressive strain and a nonaggressive
strain. Inoculation experiments on U. procera Salisb. (English elm), U. glabra
(Wych elm), and U. pumila with isolates of C. ulmi from Canada, the United States,
England, France, the Netherlands, and Iran confirmed earlier work on the corre-
lation between cultural characters and pathogenicity. Inoculation of a wide

range of elm clones with aggressive and nonaggressive isolates of C. ulmi pro-
vided evidence for the nonspecific resistance of elms to the disease. The highest
level of resistance was found in U. pumila or in some clones containing U. pumila.
One clone of U. japonica (Rehd.) Sarg. (Japanese elm) also seemed to be resist-
ant (Gibbs et al. 1975). The cultural differences observed by Gibbs and Brasier
between aggressive and nonaggressive strains of C. ulmi are due to virus infection,
the aggressive strain being virus-free and the nonaggressive strain infected
(Atanasoff 1973).

In Britian a strain of C. ulmi has been reported with some affinity to the
"fluffy' aggressive strain, but which produces small black-brown sclerotium-like
bodies in culture. A study of mating reactions showed that these isolates,
known as the '"'proto'" type, are a very fertile form of the aggressive strain, with
the ability to form protoperithecia in culture and a marked tendence to ''self"
(Brasier and Gibbs 1975).

Extracts from Colorado isolates of C. ulmi mycelium were recently sampled
for genetic variability and compared with those obtained from isolates in Wyoming,

Iowa, and Massachusetts. The Colorado isolates showed no protein or isozyme



variation. This indicates that the Colorado population is of recent origin and
derived from a single virulent, aggressive strain. An Iowa isolate was most
similar to that of the pathogenic Colorado strain suggesting that the Colorado

strain was recently derived from the Iowa strain (Reeves 1974).

The toxins produced by C. ulmi which produce the symptoms of Dutch elm
disease have been isolated in an attempt to inactivate them through chemo-
therapeutic treatments. A clear non-viscous solution toxic to American elm
seedlings has been isolated from C. ulmi culture fluid (VanAlfen and Turner 1973).
Recently Takai (1973, 1974) produced a high molecular weight carbohydrate, cerato-
ulmin, which when injected into elm cuttings produced typical Dutch elm disease
symptoms. Takai related the pathogenicity of C. ulmi to the production of cerato-
ulmin, Strains with high cerato-ulmin production were found to be highly patho-
genic.

VanAlfen and Turner (1975) reported water-soluble glycopeptides isolated
from cultures of C. ulmi to be the toxins involved in Dutch elm disease. These
toxins act by reducing stem conductance. Dextrans of high molecular weight
were found to mimic the action of the toxin in stem and petiole conductance.
Disruption of the water-conducting system of elms by small quantities of com-
pounds of high molecular weight is suggested as a possible factor in this wilt

disease.

Sanitation and Dutch Elm Disease Control

A major approach to controlling the spread of Dutch elm disease is to con-
trol the population of elm bark beetles. Sanitation involves the prompt re-
moval of dead or dying elms which are required for beetle breeding. To be
successful, sanitation must be a community effort and should be combined with

other control measures. Communities with good sanitation programs are holding
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their annual losses to 3-5 percent (Hart 1974). Cannon and Worley (1976) have
reported that only municipalities that conduct an intensive disease control pro-
gram which includes sanitation could expect to retain 75 percent of their elms
for more than 20 to 25 years. A present study by Barger (1975) is attempting
to demonstrate that annual losses can be reduced fram over 6 percent to 3 percent

or less with a well-managed sanitation program.

Pruning

Pruning healthy elms as a preventative or diseased elms as a cure for Dutch
elm disease offers little hope individually as a control measure (Hart 1970;
Hart et al. 1967). Pruning infected parts of elms showing early symptom devel-
opment has recently been investigated using 62 elms pruned and traced in 1972
(Campana 1975). He found that 31 survived without disease in 1973. Survival
was correlated with linear distance of disease-free wood distal to pruning cuts.
The greater the length of clear wood between the pruning cut and the area of
infection, the better the chances for arresting the disease. Combination treat-
ments of solubilized benomyl and pruning showed less disease incidence than with
benamyl alone or benomyl applied before pruning than with pruning alone or with

benomyl following pruning.

Conclusions

Many recent approaches to the control of Dutch elm disease have been de-
veloped and each has potential for controlling this disease in the future. No
single preventative or cure is likely to succeed individually but rather a com-
bination of approaches will likely give best results.

Sanitation is still the basis for any control program and should focus
on the reduction in the population of bark beetle vectors by direct control and
the destruction of infected dead and dying elms which are essential for beetle

breeding.
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Benomyl and its derivatives appear to offer the best chemical management
hope for protection of American elm and control of Dutch elm disease. New
chemical formulations and solubilization has further increased this hope.

Of particular note is the granting of a full commercial label to Lignasan BLP
by the Envirommental Protection Agency on May 12, 1976. This compound has
proven highly effective in disease control during recent field testing of
:mature elms.

Refinements in the development of pheromones and other attractants as well
as antagonists offer potential for controlling bark beetles. The most practical
application of such techniques would be their use in an integrated control pro-
gram,

The recognition of identifyable aggressive and non-aggressive strains of
C. ulmi is a major breakthrough. The significance of this discovery lies both
in its importance in long term programs for breeding resistant elms and in pro-
tecting existing elms. Control approaches and spread of C. Eygi‘willidepend on
the fungus strain and its relative pathogenicity.

New scientific information is rapidly appearing which may alter current
control approaches making close cooperation between scientists essential. Only
through a collaborative and interdisciplinary effort will this disease be con-

trolled.
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