TRAGEDY OF DUTCH ELM DISEASE
BEARS HOPE FOR MODERN CONTROL

By John L. Hart

The stately American elm (Ulmus americanal) is still
very much a part of our forests, parklands, and urban
plantings. While millions of these exceptional trees
have fallen to Dutch elm disease, many millions more
are still living. There are large areas in the East where
it has ravaged, leaving behind a small, heavily pro-
tected population; there are other large areas where it
rages; and still other areas, principally in the West,
where the disease has not yet entered. The elm is still
very much a concern of most grounds managers, both
financially and emotionally.

The popularity of the American elm as a shade tree
is almost legend: it is hardy vigorous over a wide span
of latitude and climate, with a native range blanketing
all of North America east of the Rockies; it tolerates
soils from sand to swamp; it is long-lived (typically 100
to 150 years), providing excellent shade for most of
those years; its “vase” or “umbrella” form is a vegeta-
tive classic; it resists pollution; and until Dutch elm dis-
ease arrived around 1930, it was not readily suscepti-
ble to insects or disease. For good reason, the
American elm is the most widely planted tree in the
US, and concerted efforts to rescue this species from
the fate of the American chestnut continue.

The Deadly Disease

Dutch elm disease was first described in 1919 in the
Netherlands, hence its nominal reference to the
Dutch. The probability is that the blight entered Hol-
land via Asian ships during the First World War: both
the Chinese and Siberian elms U. parvifolia and U.
pumila) show great resistance to the disease, indicating
a long mutual evolution in Asia. The spread across the
continent was rapid, and by the end of one decade the
disease was present throughout Western Europe and
England.

The first positive diagnosis in the US was in June of
1930, with a total of five elms affected in Cleveland
and Cincinnati, Ohio—source of disease unknown.
This outbreak was controlled by the rapid destruction
of the diseased trees, but three years later the disease
was reported throughout northeastern New Jersey, in
New York City, and in the Westchester area. Then in
August of 1933 both the disease and the European elm
bark beetle were found in a shipment of elm burls from
Europe; further checks proved that numerous ship-
ments were contaminated, destined for locations
throughout the East and South. Such importations
were presumed to be the source of the disease’s entry
into the US.

Since that time the story has been a tragic one. All of
the elm species commonly planted as shade trees in
the US are susceptible, but the American elm—the
most highly valued and most widely planted — is also
the most susceptible. Dutch elm disease—or DED, a
chillingly appropriate acronym — has swept across the
country like a prairie fire, leaving six-foot-diameter
stumps, barren city streets, and broken budgets in its
devastating swath. In 1933 there were fewer than 1,000
fatalities, in 1934 almost 7,000 and by 1936 there had
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been more than one million removals. At that time the
disease was reported to be contained within a fifty-
mile radius of New York City. By 1949, less than fifteen
years later, DED extended from New England west to
Indiana and south to Virginia and Tennessee, with an
isolated outbreak in Colorado. And twenty years
thereafter, DED had spread to 41 of the 48 contiguous
states. By the early 1970’s it had leaped the barrier of
the Rockies into California and Oregon. At least in
part, the elm story is a tragic example of being
swamped by success: the elm’s overwhelming popu-
larity lead to a virtual monoculture—the perfect habi-
tat for epidemic.

But population density doesn't explain it all. DED is
an especially mobile and efficient killer. The disease
itself is actually a fungus, Ceratocystis ulmi. The most
common and effective vector which transmits this
fungus in the US is the European elm bark beetle
(Scolytus multistriatus). The bark beetle is capable of
flying for several miles, which gives the disease con-
siderable mobility. Since the beetle is also elm-specific
(to all US species), the disease often reaches its target.
This border insect typically feeds in the small
branches and twigs of the tree crown; it lays eggs be-
neath the bark by tunneling through to the sapwood,
particularly in weak, dying or dead trees. If the beetle
carries fungal spores and if it penetrates the bark while
feeding or breeding, DED may be introduced.

Once in the tree tissue the fungus can grow rapidly
by extending its rootlets (hyphae) into the cambium
and wood. When it penetrates the large vessels of
spring wood, it produces spores which are carried
through the tree in the flow of sap. Accompanying this
invasion are the characteristic symptoms of DED, usu-
ally appearing from late spring to mid-summer:
wilting, yellowing, and/or dropping of leaves; gray-
brown staining of the last annual ring of sapwood just
beneath the bark; the spreading of these symptoms
progressively through the tree; and — within days or
months or occasionally years, depending on the viru-
lence of the fungal strain and the health and genetic re-
sistance of the particular elm—death. Death has been
attributed to toxins produced by the fungus, and/or to
simple mechanical plugging of the water vessels, kill-
ing by dehydration. It appears that the presence of
DED triggers the tree to produce gums or resins in an
attempt to isolate the infection. These self-generated
materials and their clogging of the vessels, rather than
the fungus itself, may be the final cause of death.

The fungus can continue to grow and produce
spores saprophytically after the tree dies, and the bee-
tles prefer the dead or dying tree for breeding— which
means the rapid multiplication of fungus-carrying
vectors. In a typical annual life-cycle, eggs laid in the
early fall by a spore-laden beetle (or by a “clean” bee-
tle in an infected tree) will give rise to many DED-
carrying, first-generation adults the following spring.
Each of these will infect new elms while feeding, then
will breed and lay eggs for a second vector generation
to emerge as adults during early summer. This new



and geometrically larger generation will feed, infect,
and breed, creating a third generation by late summer.
Eggs produced by this new population will overwinter
as larvae under the bark, providing a new cycle for the
next spring (see Figure 1). To give an over-simplified
example of the European elm bark beetle’s population
growth, two late-summer beetles giving rise to fifty
adults the next spring could lead to almost one million
eggs the following winter.

The elm bark beetle as a vector is indeed a model of
efficiency and effectiveness. To make matters worse,
there are other models: DED can be transmitted by root
grafts between neighboring elms—an especially dan-
gerous situation in a closely planted park or boulevard;
other bark borers are either known or suspected to be
additional insect vectors; and there is evidence that
DED can be spread by rainwater, wind, birds, pruning
tools — basically any method of bringing DED in con-
tact with a tree wound. The bottom line of this plague is
an estimated death rate of one-half to one million
American elms per year. At the height of infection in
an uncontrolled urban area, mortality may surpass
twenty percent of the total population each year.

Prevention, Treatment, Cure

Faced with the high mobility and high toxicity of
DED, it became clear in the 1930’s that an epidemic
rivalling the Chestnut blight was underway. The quest
for control methods began quickly—a quest which still
continues today. And while new cures are announced
with some regularity, so far none has proven both safe

and effective, much less economical. The search for a
solution has focussed on three areas: insect vector con-
trol, control of the fungus itself, and—throwing in the
towel—genetic selection for a new elm which pos-
sesses the many positive characters of Ulmus ameri-
cana and in addition shows high resistance to DED.

Sanitation. From the first it was obvious that de-
struction of bark beetle breeding sites was critical in
any effort to slow and curb the spread of DED. This
treatment was pioneered in the 1920's in Europe, with
fair success. Since weak, infected, dying, and dead elm
trees are a prime site of breeding, and since new
hatches may occur through the summer in addition to
the overwintering population, immediate removal and
destruction of the trees is required, often by state or lo-
cal law. This process should include removal of any
elm in an unhealthy condition: weak, wounded, storm-
damaged, sickly, old and ailing, etc. It should also in-
clude periodic removal of natural dieback, approxi-
mately on a five-year cycle.

In many communities the deadwood is either buried
ata landfill site or burned. The former method is a high
expense, may lead to the eventual collapse of the site
as the wood decays, and is a waste of a natural re-
source; the latter also wastes wood, and moreover adds
particulate matter to the air—it is therefore illegal. In
some areas the trees are sold as firewood or saw-logs
(e.g., for rough-cut pallets), and in other areas they are
chipped for use in landscaping, animal husbandry, etc.
If so utilized, mid-summer fatalities should be used
immediately, and late-summer fatalities before the
spring hatch; otherwise, they will continue to contrib-
ute to the DED problem by supplying new hatches of
infected beetles to the area. If the trees must be left
standing due to large population size or difficulty of
rapid removal, either an agent lethal to the beetles
(from eggs to adults) must be applied, or the trees must
be mechanically or chemically de-barked. Chemical
de-barking with cacodylic acid has recently received
EPA registration and is the procedure currently rec-
ommended. The compound is applied through cuts in
the bole during the tree’s last stages of life; the sap dis-
tributes the acid through the tree, which then dries out,
shrinks, and sheds its bark.

Early investigators also noted that DED often trav-
eled between closely planted elms via root grafts con-
necting the vessels of adjacent trees. In a dense popu-
lation such grafts may connect essentially all trees
together. Hence another of the first sanitary recom-
mendations was to sever the roots between a diseased
and a healthy tree. (A general rule of thumb is that the
distance that roots extend outward from the trunk
equals the height of the tree.) Trenching to a depth of
24 inches in the area of root overlap is usually
sufficient. For additional protection, a second barrier
may be placed beyond the adjacent healthy elm, thus
isolating it also from its neighbor(s) in the event it is
infected but does not yet show symptoms. Such
trenches may be backfilled immediately and the dis-
eased tree then removed. Trenching must precede re-
moval; otherwise diseased sap may be pulled from the
severed tree into adjacent healthy trees.

In the past decade chemical soil fumigants (e.g.,

The deadly disease has swept through American elms like
wildfire since the 1930's when it hit the continent via shipments
of elm burls from Europe. Early symptoms of the fungus appear
in wilting and yellowing of the leaves.
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Vapam, VPM) have been used increasingly to sever
root grafts. One-inch by 24-inch holes, six to 12 inches
apart, are drilled in the root overlap zone, the chemical
solution is poured in, and the holes are sealed. Since
action is not immediate, two weeks should be allowed
between treatment and tree removal to avoid backflow
of diseased sap into the healthy trees. A cautionary
note: such fumigants are non-specific in action and
should be used sparingly and with the utmost care,
strictly following label directions. Turf will be killed in
a 12-inch strip along the line of application, and spills
can be disastrous; use near ornamentals should be
avoided.

Isolation of diseased trees by severing root grafts re-
mains a recommended practice where elms are
densely planted. It has been shown to be an effective
method of preventing the rapid loss of an entire popu-
lation, and should be included in any good program of
sanitation.

One additional recommendation regarding sanita-
tion is the thorough cleansing, in alcohol, of all pruning
equipment, saws, chisels, drills, and other tools used
on elm trees. The DED fungus enters the tree through
wounds: one spore carried on a pruning saw may be
sufficient to infect a tree and lead to its death.

A number of studies have been undertaken to evalu-
ate the impact of sanitation on DED's spread. After
thirteen years of good sanitation in Syracuse, NY, elm
losses amounted to thirteen percent of the initial popu-
lation. In a study of a number of localities in Illinois,
communities practicing only sanitation showed mean
mortality of four percent annually over more than a
decade; comparable communities without such
cleanup lost 80 percent to 95 percent of their original
elm population in little more than ten years. In Freder-
icton, New Brunswick, fifteen years of careful sanita-
tion have resulted in only five percent loss (less than
one-half of one percent per year); in neighboring, un-
controlled areas, an average of sixty percent of the ini-
tial elm populations has died (up to fifteen percent per
year). In short, strict sanitation often reduces elm mor-
tality to less than two percent per year; without sanita-
tion, the disease may claim 10 to 20 percent per year.

The sanitation strategies enumerated above, aimed
at slowing the increase and migration of the bark bee-
tle populations, and at preventing root or mechanical
transmission of the disease, were the first control mea-
sures recommended. They remain the most vital part
of the battle against DED. Unfortunately, fortunately,
communities which practice strict sanitation and
follow all recommendations are too rare. Those few
which do, however, have shown marked reductions in
DED mortality. It is certainly not an ultimate solution:
both species of bark beetle can breed in all elm species
grown in the US; further, an urban effort to clean up
will not affect the neighboring rural areas where dead
elms often remain standing for years. So while a strict
sanitation program will not bring the disease to a com-
plete halt, it will greatly decrease the rate of death, thus
allowing sound planning, long-term budgeting, a
headstart on replacement—and perhaps the time nec-
essary for a satisfactory cure to be developed.

Insecticides. The chemical war against the disease
began seriously with the advent of the insecticide
DDT. First formulated in the late 19th century, DDT
was not used as an insecticide until 1939, with com-
mercial applications not gaining momentum until after




the Second World War. In the late 1940’s and through-
out the 1950's, its deployment mushroomed. For con-
trol of the insect vectors of Dutch elm disease, this
chlorinated hydrocarbon was used extensively by
communities, public agencies, and private arborists for
almost thirty years. Along with sanitation, DDT re-
mained the principal recommended control until
Carson's Silent Spring alerted the public to the chem-
ical’s dangerous characteristics: high and broad toxic-
ity, mobility in the environment, long life, and ability to
move up the food chain at increasing concentrations.
(To drive the latter points home, there are indications
that DDT, or any broad-spectrum insecticide, may ac-
tually favor the target insect by removing all natural
controls on it; that DDT damage to avian, aquatic, land,
and soil life is still being felt; and indeed that while
DDT was banned almost totally in 1972, its concentra-
tion in human tissue, if the ban remains in effect, is
projected to peak in the 1990's.)

When the more treacherous effects of DDT began to
surface in the 1950's, other organic compounds began
to be phased slowly into the chemical warfare arsenal
as DDT was phased out. One of the most widely used
and recommended in the 1960’s and through the 1970's
was methoxychlor, a close relative of DDT. Although
considered safer than DDT, methoxychlor is nonethe-
less poisonous to birds, fish, mammals, and a broad
spectrum of insects. It should be used discriminately
and with caution, if at all.

Perhaps the most enlightening fact here is that good
sanitation alone has been shown to reduce annual elm
mortality to less than one percent in certain cases; the
insecticides, at some expense in material, labor, and
equipment, do not greatly improve this rate. Indeed, in
the previously cited study on communities in Illinois,
there was no statistical difference in elm mortality
rates between communities using sanitation alone and
those using both sanitation and methoxychlor. In addi-
tion to the high and recurring expense, the broad spec-
trum of toxicity, and in some cases persistence and mo-
bility, insecticides for DED control are unable to
ensure a 100 percent kill of the bark beetle. One beetle
carrying one spore can fell, with several nibbles, a six-
foot-diameter tree. In light of the above, use of insecti-
cides to prevent DED seems a risky investment at best.
If the fullest protection program is desired — e.g., to
preserve a particularly venerable, historic, or in some
other way an especially valuable elm—better ap-
proaches are now available, as noted below. Finally a
spraying program cannot replace good sanitary prac-
tices: sanitation remains the most vital control program
and the highest priority in the battle against DED.

Biological Control of Insects. For a number of
years, researchers have been investigating other, more
biological means to control the fungus-carrying in-
sects. Possible biocontrols might include insect attrac-
tants, repellants, release of sterilized males, and intro-
duction of disease or predators. A few such methods
have been tried.

Attractants which have been developed include elm
bark extract and bark beetle pheromones: a trap is
baited with one or the other (food or sex!), and the bee-
tles thereby lured into the trap are killed. One
pheromone in particular, which stimulates both sexes
to amass for breeding and feeding, has been tested but
has not yet received EPA registration. There are indi-
cations that such attractants may be self-defeating,

Continues on page 20

FLALL SAblL

When your job is grounds maintenance year around, you
need a mower for all seasons

With one VERSATILE Mott mower, you can mow fine
lawns, shred high grass and weeds, mulch leaves and
renovate

Flail type mowers have a reputation for being SAFER than
rotary type mowers. Mott mowers . . with their lightweight
knives. . are the safest of the flails

Mott mowers also offer COST EFFECTIVE PERFOR-
MANCE because they last longer and are more reliable

to operate

Write or call for information about YOUR MOWING
REQUIREMENTS. This season and every season, mow
Flail Safe ... with Mott mowers

> N
A

N

‘“Tell me more about FLAIL SAFE mowing."”
NAME
ADDRESS
cITy STATE ZIP.
B, PHONE
JIP MOTT CORPORATION
514 Shawmut La Grange Illinois 60525 (312) 354-7220

Write 132 on reader service card

NEW

SPRAY NOZZLES

and
ACCESSORIES

3 From
SPRAYIN(; SYSTEMS CO.

(uick-el” Nozzle Assemblies

A unique new system of quickly inter-
changeable self-aligning spray nozzles and
spray tips. To provide choice of spray droplet
size, in full cone, hollow cone and flat spray
patterns. %' NPT (M) inlet conn. Write for
Bulletin 195.

NEW-—— model 146 Directolate.

For remote “‘on-off'" control of spray nozzles
and booms from operator's location. Oper-
ates on 12 VDC system. Pressure range from
0 to 65 psi. 1% NPT (F) spray line con-
nection. Write for Data Sheet 16108.

Model 244 Electrical Regulating Valve
For remote pressure control in agricultural
spray applications. %' NPT (F) inlet and out-
let conn. Operates on a 12 VDC system. Pres-
sures to 100 psi. Write for Data Sheet 16994

NEW_ %" and 1" Nylon Liquid Strainers

Strainer head and bowl made of reinforced
Nylon material for pressures to 75 psi.
Threaded bowl can be easily unscrewed by
hand. Write for Data Sheet 15353.

SPRAYING SYSTEMS CO.

North Ave. at Schmale Rd., Wheaton, IL 60187
Telephone: 312 665-5000 / Telex No. 72-8409

NEW_.

Write 139 on reader service card
NOVEMBER 1980/WEEDS TREES & TURF

19



Dutch Elm Update from page 19

serving only to attract more beetles into the area.

The opposite pole of beetle repellants is being inves-
tigated, in particular by Dr. Dale Norris of the Univer-
sity of Wisconsin. Preliminary results indicate this to
be a promising avenue of research. Testing continues.

And a symbiont of bark beetle eggs, the tiny wasp
Dendrosoter protuberans, was introduced into the US
from France in the late 1960's. Thousands were bred
and released with the hope that the wasp would be-
come established and spread, helping control the bark
beetle population. Results have been disheartening.
Problems with the wasp are that it is not effective on
thickbarked trees, it does not usually attack the native
beetle, and it may not survive in the northern US.

As in the case of sanitation and insecticides, these
biological controls and others like them can help slow
the continental sweep of DED; they will not ultimately
solve the problem or cure the disease. But as retardants
they may prove to be valuable, helping reduce the bee-
tle population to more manageable levels. Such meth-
ods of control have worked in the past to an apprecia-
ble degree in management of the gypsy moth, citrus
scale, Japanese beetle, and other insects viewed as
pests. Further, if properly researched and planned, bi-
ological controls are more ecologically preferrable
and less expensive over the long term than the more
artificial methods such as insecticides. Pursuit of an
effective biocontrol agent should be a primary path for
DED research.

Fungicides. A more direct approach than an attack
on the insect vectors of DED is an attack on the disease
itself, C. ulmi. Much current research is being done in
the area of fungicides. The ideal DED fungicide would
exhibit several characteristics: specificity and high
toxicity for the fungus; non-toxicity elsewhere in the
environment — including the tree itself, ability to in-
corporate into and distribute throughout the tree,
immunizing all parts of the tree against infection; per-
sistence in the elms and persistence of virulence to the
fungus, not requiring frequent renewals; and practi-
cality, ease of application, and economy.

The first such “cure” was the garden fungicide
Benomyl (marketed as Benlate), approved in 1972 for
restricted use on elms asa DED preventative. The hope
was to kill the fungus when it first came into contact
with the tree. An early summer spray application of
Benlate, often combined with a dormany spray of
methoxychlor, achieved sporadic success. Benlate was
used less successfully as a soil treatment, relying on
root uptake to distribute it throughout the tree. Both
methods of application were preventative rather than
curative in intent, and neither could ensure complete
coverage and protection. Meanwhile, a further
refinement was being tested: injection of the chemical
directly into the tree, a process which was hoped to be
the long-sought ideal solution.

Injection is not a new idea. It has been traced at least
as far back in history as Leonardo da Vinci, who bored
holes in peach trees and injected arsenic into the rising
sap to determine if the treatment would produce poi-
sonous peaches. (It did.) There are other reports of sim-
ilar injection experiments in the 18th, 19th, and 20th
Centuries. At its simplest, the chemical injection pro-
cess relies on the natural pressure of transpiration to
pick up the chemical extremities of the tree. Benlate in
theory would kill the DED fungus on contact with the
protected wood. The principal problem was in getting
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Drilling holes at 6-inch intervals around the lower trunk helps
ensure even distribution throughout the tree. A pressurized so-
lution of Lignasan is injected through the nozzles, which are
connected by tubing to a pressure tank. The process can be
time-consuming, costly, and ineffective against some strains of
DED.

a sufficiently high concentration of the chemical in all
portions of the tree.

The natural pressure of transpiration was then sup-
plemented with positive injection. The Elm Research
Institute, a non-profit organization in Harrisville, NH,
made this process widely accessible through the
publicizing and marketing of a low-pressure tank in-
jection system. With little financial outlay, a two-foot-
diameter elm could be treated in as little as thirty or
forty minutes on a good day. Unfortunately Benlate
was not highly soluble in water—highly insoluble in
some water—often resulting in low uptake of the
chemical even under pressure: it either did not reach
all parts of the tree, or did not reach the extremities in a
suitable toxic concentration. Once again, success was
limited.

It was not long, however, before a more soluble form
of Benlate's active ingredient was developed. Hailed
more than ever before as the miracle cure, Lignasan
BLP was cleared for use in 1976. It is still in use today.
Research originally indicated that Lignasan met sev-
eral of the requisites for miracle-cure status: it ap-
peared to be fairly specific and toxic for DED and rela-
tively harmless to other organisms and to elms;
injection around the circumference of the tree was
thought to give the chemical thorough distribution in
the tree; and the cost of the chemical itself was usually
below ten dollars per tree.

Since the initial glowing reports, Lignasan has be-
come simply a good method — preferable to spraying
for beetles—for helping slow the spread of DED and
for increasing the protection of selected elms. Typi-
cally, holes are drilled at six-inch intervals around the
lower trunk, either into the root flares or into the exca-
vated roots themselves: this helps ensure distribution
and protection throughout the tree. Holes should
preferably be shallow, into the outer two or three
growth rings (indicated by white shavings): this creates
a smaller wound and gives better distribution of the
chemical than deep holes. Nozzles, connected by tub-
ing to a pressure tank, are then secured in the holesand
the pressurized solution of Lignasan is injected, a pro-
cess requiring fifteen minutes to several hours
depending on a large number of soil, tree, and weather
factors.

Continues on page 23
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Lignasan is labelled for two rates of application: pre-
ventative and therapeutic, the latter at twice the pre-
ventative dosage. Research indicates that the higher
therapeutic dosage gives better distribution and a
higher level of disease protection; increases beyond
that do not appear to give added protection. Although
some studies indicate that the therapeutic dosage will
protect the tree for two years or more, the current rec-
ommendation is to inject annually.

Negative aspects of the above process include the
need for repeated applications, which not only dam-
ages the pocketbook but also may lead to expandingin-
jury to the tree; the somewhat complicated and time-
consuming procedure involved, particularly when
treating a large number of trees; the need to inject dur-
ing a rather short time in the spring, which is next to
impossible in a large population; the necessity, rarely
realized, to achieve complete distribution in the tree;
and the fact that some strains of DED appear to be re-
sistant to Lignasan.

More research is needed on techniques for achiev-
ing optimal distribution of the fungicide in the tree, on
alternative methods which will reduce the severity of
tree wounding, and on the chemicals themselves, to
make them sufficiently toxic to the specific fungus yet
safe to the tree and other organisms, and to provide a
period of protection longer than one year.

Lignasan (or similar products variously marketed as
Elmosan, Ulmasan, Noculate, Arboral Fungicide,
Correx, Elmpro, and Arbotect 20S) certainly carries no
guarantee for DED prevention, much less cure. Re-
search and use in the field indicate it can, if properly
applied, lower the statistical. incidence of DED
infection. In some cases, particularly in smaller trees, it
can stop the progress of DED when infection is mini-
mal (five percent or less of the crown) and when injec-
tion is followed in ten days by sanitary pruning. When
infection has spread beyond a small isolated branch,
or when the disease is contracted through root graft, or
when the tree is large, a cure is highly unlikely.

Certainly these fungicides should be considered in a
strong control program—but effectiveness and cost are
considerations too. Perhaps its best use is as a substi-
tute for broadcast spraying in individuals or small pop-
ulations of highest priority. Lignasan can be a prevent-
ative, sometimes a cure, but unfortunately it is no
miracle. And it is most emphatically not a substitute for
good sanitation.

Other Treatments. Like cancer and its many mira-
cle cures, the DED epidemic has spawned many
strange recommendations, from painting the elm trunk
with used motor oil to pounding galvanized nails at in-
tervals around the circumference, and from vascular
injections of antibiotics to vascular injections of tur-
pentine. A large compost pit dug at the base of the elm
and filled with worms is perhaps the most earthy.
None of these has been shown to be effective.

Fertilizer application has been recommended occa-
sionally in an effort to strengthen the tree, but recent
studies indicate excessive fertilization may actually
aid the disease by enlarging the vessel size, thereby
making the tree more susceptible rather than more re-
sistant to DED.

Breeding. The search for an American elm resistant
to DED, and attempts to create a hybrid elm possessing

both resistance and the many excellent growth quali-
ties of the American elm, have been going on for forty
years. These efforts have just begun producing elms
for the market.

A small -number of American elms which show
above-average DED resistance have been located or
selected. Attempts to breed or clone them give hope of
preserving the pure species. One notable example
among several—and indicative of the time needed and
problems encountered—is the research at Cornell
University. Since the early 1930's they have been run-
ning trials on 21,000 American elm seedlings, periodic-
ally infecting each individual with an innoculum of
the fungus, and culling those which fail the test. After
approximately forty years of testing, sixteen trees re-
mained in 1974. Each has been innoculated with a va-
riety of fungal strains at least seven times in five sepa-
rate years, including three successive years. In each
case innoculation initially led to DED symptoms, but
this was followed by remission of symptoms. Quite
simply, the elms resist the disease. The mechanism of
resistance was attributed to compartmentalization of
the infection and to subnormal dimensions of the
wood vessels. The resistant trees typically had slower
growth rates than normal.

These sixteen elms have been closed, bred with
each other, and bred with resistant elms from studies
elsewhere. Unfortunately—and oddly—neither prog-
eny nor clones appear to have the resistance of the par-
ents. It is hypothesized that longer studies of the sec-
ond generation are needed, coupled with less severe
early culling—that resistance may increase over time
in the seedlings.

Given the remarkably high susceptibility of the
American elm, the large variation in the fungus, and
the decades needed for selection in large woody
plants, these less-than-ideal results are not surprising.
Efforts continue, and the hope remains that the selec-
tion program will, quite literally, bear fruit.

Development of a resistant hybrid (American elm
crossed with a more resistant elm species) is more
promising at this time. Many crosses have been and
are being made, with particular emphasis on hybrid-
izing the American and Siberian elms (U. americana X
U. pumila). None has been released, but researchers
are guardedly optimistic.

The most widely publicized hybrid has been the
‘Urban Elm," developed over the last 25 years and
made available to the public in the late 1970's. Actually
‘Urban’ has no American elm sap in it, being rather a
cross between the Siberian elm and a Netherlands hy-
brid. U. pumils X (U. hollandia var. vegetata X U.
carpinifolia). Reports indicate it will be a good city
tree—fast-growing, hardy, resistant to pollution and
DED, and adaptable to many soils and climates. It is
not, of course, Ulmus american; in comparison to the
American elm, ‘Urban’ is shorter and has upright
branches, lacking the classic highly prized umbrella
shape.

New elms for landscaping and parks are being de-
veloped, but it is definitely a long-term project, taking
decades. Thus far, the ideal combination of DED resis-
tance and American elm growth and habit has not
been found. And in a real sense it is a last-ditch effort,
predicated on the continued decimation of the current
elm population. Indeed, it is painful to replace a mas-
sive, century-old elm with a one-inch sapling.
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Nonetheless, this approach may prove over the long
term to be the most valuable, given the efficacy of DED
and the unreliability of all current treatments.

Current Recommendations

In 1936 The Garden Dictionary, a massive compen-
dium of information on cultivated plants, stated in
reference to elms and DED: “Prompt eradication and
destruction of affected trees is the only known method
of control.” Today, more than forty years later, thor-
ough sanitation remains the most safe and effective
preventative yet developed. To achieve additional
protection for selected trees, rigorous sanitation can be
used in combination with other of the treatments noted
above—most preferrably, systemic fungicides.

The soundest and safest DED prevention program at
this time would include the following practices:

1. Periodic pruning of natural dieback, and removal
of unhealthy, injured, or weak elms, in order to destroy
preferred beetle breeding sites. This should be done
every four to six years.

2. Frequent (preferrably weekly) inspections of area
elms for symptoms of DED during the growing sea-
son.

3. Annual spring root or root-flare injection of
Lignasan (or similar product) at therapeutic dosage,
per label instructions.

4. Immediate sampling for presence of Ceratocystis
fungus upon noting symptoms of DED. Many commu-
nities have their own testing centers; if not, state uni-
versities or county extension facilities are available.
You can perform the tests yourself at little outlay of
money and with little training.

5. Upon confirmation of DED, immediate injection
of Lignasan at therapeutic dosage, per label. However,
if symptoms are noted in more than five percent of the
tree crown, or if the entry of DED is via root graft, im-
mediate isolation, removal, and destruction of the tree
is indicated.

6. Immediate isolation of the diseased tree by cutting
all possible root grafts between the infected elm and
neighboring elms. The recommended method for sev-
ering such grafts is trenching to a depth of two feet in
the area of root overlap. Careful and judicious use of a
chemical soil fumigant is an alternative to trenching.

7. Ten days following therapeutic injection and root
isolation, pruning of diseased branches. Studies indi-
cate this should be severe, ten to fifteen feet beyond
the signs of infection (wilting and yellowing of leaves,
dark staining of wood.) All tools used in pruning or re-
moval should be cleaned in alcohol after use.

8. Immediate removal and destruction of the elm if,
despite the above efforts, DED persists and progresses
through the tree. If symptoms are present in more than
five percent of the crown, or if symptoms indicate root-
graft infection, remove. Again, tools should be thor-
oughly cleaned after use. If the tree cannot be quickly
removed, chemical debarking by cacodylic acid is in-
dicated.

9. In the midst of treatment and removal, consider
anticipatory replacement. Designing a new landscape
plan and beginning to implement it, assuming an elm
disaster, will ensure a smooth transition to established,
growing trees rather than the possible sudden shock of
a vast wasteland. Needless to say, use a variety of spe-
cies, with none comprising more than ten percent of
the total.
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10. Along with all the above, and of equal impor-
tance, educating your neighbors and the public. Local
and state governments must have strict regulations for
removal and destruction of diseased elms, and the reg-
ulations must be enforced. The most preferrable
method of enforcement is knowledge: people must un-
derstand the personal and community value of sanita-
tion and the high cost of failure to practice it.
Information on DED and on regulations must be dis-
tributed and re-distributed. Any number of commu-
nity projects will further this effort (e.g., incentive pro-
grams, clean-up days, free detection labs).

This complete program—excepting Steps 3 and 5
(Lignasan)—should be adhered to for each elm under
your jurisdiction. Lignasan injection, if that is deter-
mined to be an option, should be reserved for selected
individual trees: the elms must be ranked in order of
importance and value (aesthetic, historical, age,
health, location, etc.), and then grouped into treatment
classes—highly valued elms receiving preventative
and/or therapeutic injections, and elms of lower value
receiving weekly inspection and, upon infection,
prompt pruning, isolation and removal. Accurate and
detailed records should be kept on all elms in the
grounds manager’s domain: a number or code for each
tree; data on location, size, inspections, prunings, in-
jections, and other treatments; dates of DED detection,
trenching or Vapam use, tree and stump removal, site
repair, etc.; and costs of all the above. This is not overly
time-consuming and is a necessary part of the battle.

And the battle does go on. It has been estimated that
by 1930, 77 million American elms had been planted in
urban areas; of these, approximately 30 million remain
today. On the negative side, after almost fifty years of
research, there is no absolutely reliable preventative
or cure or satisfactory replacement. However, room
for optimism remains. The total US elm population
may approach one billion. New treatments are being
tested continually, from systemic fungicides to more
natural biological controls. Plant breeders strive for a
statuesque but disease-resistant American elm variety
or hybrid. Meanwhile, the urban areas which have
practiced rigorous sanitation have shown remarkably
low mortality—low enough to suggest many more dec-
ades beneath the shade of the mighty American elm.
Even in New England, where the disease has been
present for fifty years, many elms survive: as the elm
population is reduced, the vector population is re-
duced and the rate of new infections decreases. Ex-
tinction is definitely not in the immediate future of Ul-
mus Americana.

To return to an equally famous “extinction” case
cited earlier, the American chestnut may stage a come-
back in the near future. Long considered exterminated
as a species following importation of the chestnut
blight, recent field surveys have located one hundred
mature (flowering) individuals in scattered portions in
New York alone. In addition, a new strain of fungus
has developed, not only less virulent but capable of
neutralizing the virulence of the original strain. Not
only will a chestnut tree survive and grow when
infected with the new strain, but the new strain actu-
ally replaces the virulent strain in a previously
infected tree. Thus, the outlook for the return of the
American chestnut is encouraging.

Let's not give up on the American elm just yet.



