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Duren g osease was first deseribed by
pathologists in the Netherlands, This disease
to the eastern United States from Europe about 1930,
Sinee 1950 the disease has spread mapidly through-
out the midwestern states and by 1966 was present
in 30 states and three provinces of Canada, It oceurs
from the Atltic Coast west to Nebraska and from
Georgia and Oklahoma north to the northem edge
of the nataral range of the el in Eastern Canada.

The first elms known to die of Dutch elm dis
in Michigan were found in Detroit ( Wayne County )
during the summer of 1 Since then, the dis
has spread thronghout the lower Peninsula and oc-
eurs in scattered areas in the eastern end of the
Upper Peninsula, In 1964 approximately $9 million
were spent on control measures and removal of dis-
eased trees. The many elms removed also resulted
in reduced property values and other aesthetic losses
difficult to meas: in terms of dollars, However,
there are still approximately five million elm shade
trees alive on public and private property in Mich-
igan with a value of over $700 million.
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No matter how you try to solve vour Dutch elm
disease problem, it is going to be expensive, Some
Michigan towns lost nearly all of their elms to the
discase in a period of 10 to 1 About 95 per-
cent of the elms over four inches in diameter have
been killed in some areas. This rate of loss means
that, in a city which once had an elm population of
20,000 trees, 19,000 have been killed, The cost of re-
moving the tre t 875 per tree is $1,425,000, and in
many cities the average cost of removal s higher
than 875 per tree,

removed trees
e shade. Tt will
new trees give suitable shade. A
that holds the annual loss of elms
less of the current elm population

However, this isn't the whole story;
will need to be replaced if you des
be years before
control program
to 2 percent or

Extonsion Speeinlists in Entom
ology, respectively.

y anid Botany and Plant Pathe

is desirable hecak e removal
costs, prevents de of real cstate, and insures
the continned enjoyment of elms as shade trees, By
doing nothing you face the high cost of removal and

replacerment of many trees during a short period of
time.
Discases are one of the many chec nd balances

operating in nature, While changes are continually
m'l‘lll'lilij.'.. the diversity of nature tends toward sta-
bility. Man is inclined to modify and reduce this di-
versity, The spectacular loss of street after street of
elm trees by Duteh Elm Disease is a result of this
lack of diversity. Planting and replacement programs
hould consider the interplanting of different species
order to avoid similar tree losses in the future,

Duteh ¢lm disease control is a community prob-
lem. The wider the area over which controls are car-
ried out, the better the results will be. To keep t
disease from spreading in a community, the first in-
fections must be found soon after they oceur, and
control measures must he promptly applied. Citizens
must care for their own trees as well as follow the
program carried out by their city or town, Under an
organized program it is the law that all diseased elms
{public and private) be removed and destroyed.

To control Dutch elm d
erty owners and others interested in growing n-|1||
trees must know: (1) the cause of the diseas
how to recognize it, and (3) what to do about it.
Nevessary  control s require a program of
sanitation, spraving, and destruction of grafted roots.

e in Michigan, prop-

Cause and Symptoms of the Disease

ntific name for the fungus that causes
e is Ceratocystis wlmi. The tiny
} of this fungus germinate in the
water-conducting tissues of the living elm tree, As
the fungus grows, it causes the tree to form gums
which plug the water-conducting tissues ( Figure 1).

The s
Duteh elm
spares (s

This condition causes the tree to wilt and die. Many




588.2

trees die in the same season that infection occurs
some are killed within a few weeks, Ouly a few live
longer than the second or third scason,

All elms are susceptible, with the
being the most susceptible. Chinese
elms are highly istant to the dise
individual trees b died from th
Michigan, Several hybrid elms, produced both in
this country and in Holland, have been advertised

disease  in

Fig. 1. Typical appearance of branch pieces from o
Dutch-elm-di d tree. The discolorati as
a ring of BROWN DOTS in the diogonal cross mcﬂons.
and as long BROWN STREAKS in the lengitudinal sec-
fions. This BROWN DISCOLORATION is located in the
wood just beneath the bark,

as immune or resistant to Dulch elm disease. None
of these hybrids are immune, but some of them do
show ant levels similar to the Asiatic species
ie species and many of the hybrids grow
n our native el some selections, how-
ever, are not winter-hardy i 4
susceptible to diseases other than I)llllh elm dis

When adult bark beetles leave diseased elm tre
fungus spores are likely to cling to their bod
These spores enter healthy trees: through the feeding
wounds ( punctures) made by the adult bark beetles.
Such wounds are usually made in the crotches of 1-
and 2-year-old twigs of healthy elm trees (Figure 2).

Many Michigan communities have continued to
lose elms even though the conventional control mea-
sures of sanitation and spraying are being conscien-
tiously followed. Much of this loss can be attributed
to the fungus passing through natural root grafts
between discased and nearby healthy trees. The ex-
tent of this type of transmission will vary with the
spacing distance between trees, Elms over 30 feet
apart are seldom united by a graft while trees less
than 20 feet apart are Frequently connected.

Be Suspicious of Unhealthy Elm Trees

The most noticeable sign of Dutch elm discase is
the wilting of one or more branches of infected trees,
The wi leaves become vellow and, later, turn
brown when dead. Branches with dead, brown le
may hang among the green foliage of healthy ©
u further sign that the trees may have the ¢

A second way to cheek suspicions that elm trees
may have Duteh elm disease is to examine the crot-
ches of 1- and 2vear-old twigs for the oval, depressed
feeding punctures of the beetles.
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How To Be Sure About Your Trees
There is only one way you can Iw sure about your
trees having Dutch elm disease. d twigs and
st be examined for the fungus by a plant
|).l||lu|0_ st using laboratory methods.

You go about getting this examination in the fol-
lowing way.

Fig. 2. Smaller European Elm Budc beetle feeding in a
twig crotch. Spores of the fungus ere caried from
diseased 1o healthy trees by this feeding habit,




. Cut six twigs or small stems about 7 inches
long and % to 1 inch in diameter from the discased
branches of cach tree, {Sec 1 for the appearance
and description of Dutch-elm-diseased  twigs and
stems. )

Carefully mark the

twigs or stems from ecach

3. Wrap and bind securely in a sui
board hox for mailing. Do not send material that has
been dead for some e, or which does not show
the discolored ring under the bark.

4. Send all samples for Dutch elm disease testing
to the Dutch Elm Disease Identification Laboratory,
Michigan ])1;:.1r|im nt of Agriculture, Laboratory
Division, Lansing, Michigan 48823,

If you have further guestions on sending in sam-
ples for identification, check with vour ¢ nnh agri-
cultural agent or other responsible

I the sam-
Z. n getting
nakes the problem

ly after

on harder,

A report on the sample will be made to you in
about 14 days. If the discase is found in the sample,
vour tree or trees should be cat down and humed
immediately.

Description of the Bark Beetles

Two bark beetles are the important carriers of
Duteh elm disease.
THE SMALLER EUROPE
(Seolytus multistriatus) first ulh
in 18 as become more
more wic and is now the most important car-
rier of Dutch elm disease

This beetle is about 1/12 to 1/8 inch long. Its color
is brownish to hlack. ( ig. 3 for a picture of this
insect.) The female lays her eggs in niches in the
side of simple, unforked cgg galleries under the hark
of dead or recently cut elm wood. The galleri n
with the grmin of the wood. The larvae (worms)
hore small tunnels around the trunk or branch and
away from the centrally located egg gallerv. (Fig. 4
shows the egg galleries and larval tunnels of the
r European elm bark beetle, )

Adult beetles emerge in may or early June, fly to
healthy trees, and feed in the crotches of the twigs.
It is during this time — if they have emerged from
the bark of diseased trees or wood — that they may
introduce the fungus spores from their |Kldll into
healthy trees, The fungus fruits abund dlis-
cased wood and the sticky spores frequ ntlv adhere
to the beetles, (Fig, shows the spore- -producing
structures of the fungus.) This habit of feeding on
healthy trees, after emerging from the bark of dis-
eased elm trees, makes this insect a major carrier of
the Duteh elm disease,

This inscet seems to have at least one full and a
partial sccond generation a year in Michigan, The
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Fig. 3. The Smaller European elm bark beetle (top) is
from 1/12 to 1/8 inch long. The native elm bark beetle
(bottom) is aboul 1/16 to 1/12 inch long.

smaller Evropean elm bark beetle usually overwin-
ters as a grub in the bark of unhealthy elm trees or
recently eut logs or firewood,

THE NATIVE ELM BARK BEETLE (Hylurgo-
pinus rufipes) is small, only 1/16 to 1/12 inch long,
Apparently it has one generation a vear in Michigan,
This beetle overwinters as an adult in the bark of

Fig. 4. Enlarged photograph of wood infested with the
Smaller European elm bark beeile. Note that the egg
galleries are constructed WITH the grain, This insect is
the most important carrier of Dutch elm disease.




elm trees, Its color is brownish, and its bady is mod-
erately stout, The wing covers of this bectle are
coarsely punctured with small depressions,

The female of the native elm bark beetle lays her
eggs in galleries that run across (around) the grain
of the wood, Remember, the smaller European elm
bark beetle hores it galleres lengthwise of the wood,
(Fig. 6 shows the egg galleries and larval tunnels of
the native elm bark beetle, )

How to Control the Disease

The only known method of Dutch elm disease con-
trol is to precent the fungus from moving through

for the dm ase once it is est: ||'||\I\ui
within an elm ee things are important
TION, destruction of root grafts, and chemical con-
trol with insecticides.

SANITATION means keeping all old and dying
branches pruned out of elm trees. In addition,
promptly remove elm trees that are discased, dead,
or in low vigor from inscet attack, flooding, soil flls,
lightning, ice injury, or oth auses  before  the
heetles breed in them, Beetle-infested elm material
found between M 1 and August 1 should be dis-
posed of immediately, Such material found after
August 1 should be disposed of before May 1 of
the following year. Sanitation is a basic procedure in

is no known eure

Fig. 5. ged ph graph of di d elm wood on
which frulllllg budles of the fungus have developed.
White globular areas contain spores in a sticky matrix,
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disease control, so important that spraying without

a high degree of sanitation is not recommended,

Destroy beetle breeding places either by: (1) bum-
ing dead elm wood peeling tight bark from elm
wood and stumps ) burying logs at least 6 inches
deep; (4) using mechanical branch chippers; or (5)
spraying bark of felled trees with 1 percent dieldrin
emulsion spray or 1 percent DDT in oil. Note: Diel-
drin is preferred to DDT for this purpose. {See Fig.
7 for the breeding places of the elm bark beetles. )

Spray the bark of diseased elm trunks and branches
with 1 pereent dieldrin emulsion spray or 1 percent
DDT in oil before hauling them to the place where
they will be bumed. Note: It is not ne ry to
spray diseased material which is removed and de-
strayed between October and the first of May. To
make an approximately 1 percent dieldrin \_JIIII'\![J!]
spray, use 1 gallon of a liguid material containing
1% pounds of actual chemical per gallon to 20 gallons
of water. To make 1 percent solution of DDT in oil,
mix 1 quart of a DDT emulsion with the number of
quarts of kerosene or diesel oil corresponding with

3 ge of DDT on the label, Example:
percent DDT emulsion with 25
quarts of kerosene or diesel oil.

Trimming

Heavy trimming (removal of healthy branche:
during July through September may increase the in-
cidence of Duteh elm disease. This type of trimming
is emploved by certain communities once every 7
to 9 years, to shape trees and remove branch obstruc-
tions above streets, houses, wires, ete, As a result,
trimmed trees are attractive to the smaller European
elm bark beetle which invades the main trunk to lay
Beetles introduce the fungus and, while the
trees may appear vigorous in the fall, trees wilt and
die |.1|\|r|1\ the following spring, 1f trimming is nec-
ry it should not be done during July through
September.

o5

Destruction of root grafts can be best accomplish-
cd with the soil sterilant, Vapam. This chemical has

AR

Fig. 6. Egg galleries of the native elm bork beetle
Igreatly enlarged) run ACROSS the grain—not length-
wite to the grain as those of the European variely.




been found to kill elm roots in a limited zone thus
providing a method for chemical root pruning, Va-
am should be applied immediately after a tree is
diagnosed as having Duteh elm disease if it
in 30 feet of a healthy elm. If trees are less the
fect apart or if a discased tree has advanced
symptoms, it may be necessary to treat at two sites:
one between the diseased and the first healthy-ap-
pearing tree and one between the first and the see-
ond healthy-appearing tree. This is advisable beeanse
the fungus r we already passed from the dis-
eased to the first healthy-appearing elm before Va-
pam was applied.

Place the line of treatment so as to kill all elm
roots of the two adja trees that are likely to be
grafted. This can best be accomplished by alying
the chemical in an unbroken straight line equidistant
between the discased and adjacent healthy elm, How-
ever the line of holes should be at least 10 feet from
the trunk of the healthy tree. If sidewalks, hedges,

AL Map-June
Toring Emerunce 01
Beeliss 0 -

! Healthy Tree
" Peading Place

Disswsed Tres

Fig. 7. This shows how bark beetles, by their feeding
habits and in the nommal life cycle, spread Dutch elm
disease. As the beetles move from infected wood into
healthy trees, they carry the fungus spores with them,
DESTROY BREEDING SITES to help control Dutch elm
disease!
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or other plant material prevent application in a
straight line, then apply the chemical in a T-shaped
or Leshaped pattern.

Use Vapam diluted one part Vapam to three parts
water, Fill holes drilled approximately % inch in dia-
meter, 15 to 20 inches deep, and 6 inches apart with
this solution, Seal cach hole carefully by tamping to
prevent gas dissipation, Usually a circle of grass 3
to 6 inches in diameter is killed around the point of
injection. After 4 to 6 weeks the dead spots can
cither be resodded or reseeded. Allow two weeks
after treatment before removing the diseased tree.
CHEMICAL CONTROL means misti
trees with an insecticide that will kill the beetles be-
fore they infect healthy trees, Fixed-wing aircraft
application of Dutch e¢lm disease control chemicals
is not suggested in Michigan, However, recent re-

or spraying

search indicates that helicopter application can ef-
feetively be employed. Areas inac ible to standard
mist hlower equipment or those with large numbers

¢ lo justify such a
n aid to beetle
Sanitation”
3 OR
‘D FROM
wvill only

of streetside clms are neeo
method. Treating with chemi
control but not the only answer,
above. ONLY THOROUGHLY M
SPRAYED TREES WILL BE PROTECT
THE DISEA Partial or careless trea
lead to disappointment and discouragement.

The Food and Drug Administration is becoming
increasingly conscious of side-effect residues on pas-
tures, crops and water supplies resulting from poor
application procedures, Spray operators should take
all possible precautions to prevent undue contami
tion of non-target a Failure to ohserve such pre-
cautions may result a tightening of policies gov-
erming certain shade tree pesticide applications,

Suggested Spray Materials
There are two ways to apply Dutch elm discase
i Arge quan
ties of water. This is called the dilute or hydraul
method of application. It takes 20 to 30 gallons of
this mixture to treat a 50-foot tree,

le in

treatments. One uses the insectic

The other method uses the insecticide in small
quantities of water. It is called the concentrate or
mist-blower type of application. It is preferred to
hydraulie type applications. Two or three gallons of
this material will treat a 50-foot tree,

Mist Blower Sprays'

Mist blower applications should be made under
windless conditions. Winds in execess of 5 mph dis-
rupt the column of air carrying the chemieal fne
result in poor deposit on the trees and unwanted
drift. Avoid weaving or moving the column of air
rapidly, It is best to build up the column of air; in-

fDILL

gallons

If o mist-blower is oot avoilable vse
LIS t methoxychlor emulsion to 100 ga

s of w Apply any time before bud-swelling in the

 when the temperature is 40° F, or higher,

: Dilute sprays appli wilie equipment an

ly more poisonous to w mist-hlower applica-

15 of the same material

SPRAY:
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jeet the sp into the air stream and move the
column slowly through the tree,
DOT 1 long  residual (e
which requires many years to degr
“1'\-\'<IrLJI conducted in Michigan has shown thi
sive amounts of DDT enter streams from
p-.l]i s vin sewage and storm drains, DDT
extremely low solubility in water, yet deposits
this chemical in silt and soil can aceumulate to le
detrimental to aguatic as well as terrestrial wildlife,
Methoxyehlor, a chlorinated hydrocarbon similar to
DDT, has shorter residual properties and does not
pose problems of soil or water contamination that
DDT does. NOTE: Methoxyehlor will kill fish if ap-
plied or drifted onto st or ponds. About 150
s of elm bark beetle control can be obtained with
one application of methoxychlor. It is recommended
that methoxychlor be used in place of DDT for elm
bark beetle control. Some municipalities presently
utilizing DDT may not be able to immediately dis
continue the use of DDT in their control programs.
However, they should anticipate replacing DDT
with methoxyehlor and implement such changes as
quickly as practicable.
Apply methoxychlor

stent ) chemical
de or break down,

nytime in the spring when
the temperature is 40°F, or higher, or when the tem-
perature at the time of application is at least 35°F.
and rising. Use one part of a 25 percent methoxy-
chlor emulsion to one part water, Most formulati
of 23 percent methoxychlor, pereent xyler
and 2 percent inert ingredients, By adding 50 gallons
of this emulsion to 50 gallons of water a 12% pereent
concentrate «l spray is obtained, Some xylene formula-
chlor may cause pitting to certain car
This problem can be alleviated by adding 5
gallons of horticultural white oil (in place of 5 gal-
lons of water) to the above suggested spray mixture
or by using a xylene or oil formulation specifically
manufactured to prevent pitting. The addition of
white oil in excess of 10 percent of the spray volume
may decrease the residual action of the methoxychlor,
Longer residual protection through the summer will
be abtained by applying methoxychlor as close to bud
swelling as possible. Obviously, where large numbers
of trees are to be treated this cannot always be ac-
complished.

NOTE: 1. Use only emulsion type insecticides
nst Dutch elm bark beetles; wettable powders
are not effective, Be sure to use an emulsion
speeially manufactured for Dutch elm disease con-
trol. Several companies manufacture this type of
product. 3. Emulsions containing acetone spot some
kinds of paint, Therefore, use them carefully around
buildings and cars,

0

Bidrin Implantation

Bidrin is a systemic insecticide which, upon in-
jeetion into the trunk by the appropriate method,
moves through the tree and accumulates in the

In furth

leaves and bark of branches in the peripheral crown
of the tree, If administered in the proper dosage,
enough Bidrin will accumulate to ki les which
feed in the twig crotches. Bidrin remains cffective
for a period of about 30 d

Research  results are inconclusive regarding  of-
fectiveness and phytotoxicity of Bidrin under Mich-
igan conditions. Therefore, Bidrin is not recommend-
ed for general use in Dutch elm disease control.
However, should research 1 important advances
in the use of this method for elm bark beetle control.
i will be transmitted to

'|]| muni\ agricultural agents,

Mite Control

If damaging mite numbers develop on the clm
tree, use Kelthane (2 Ihs, of 18% percent wettable
powder or 1 qt. of lﬁ‘. pereent emulsion to 100 gals.
of water), or 1 pound of 50 percent wettable ovex
powder ar 1 quart of 50 percent malathion emulsion
to 100 gallons of dilute spray. When applying mist
(concentrate spray ) increase the amount used ac-
cordingly, Other suitable miticides are availuble; fol-
Tow the label for instructions about their nse.

Protecting Wildlife
instructions to reduce wildlife losses are:
a. Apply the treatment during the tree's dormant
period. This rs before bud swelling in the spring.
NOTE: Heavy migration of birds beging about the

time leaves appear on the elm trees.

Gen

a mist-blower or a helicopter to apply
cide, Avoid spray drift, puddling
and u!iur conditions that concentrate the methoxy-
chlor on the surface of the soil or in it, cspecially
when using a hydraulic spra
CAUTIONS

1. When spraying for control of Dutch clim dis-
use hose and gaskets of only NEOPRENE or
comparahle mate Formulations containin Aene
and similar solve will rot ordinary spray hose,

¢ operators and others working with diel-
Kelthane, me thoxychlor, or DDT and their for-
mulations should protect themselves at all times from
these materials, Wash skin surfaces with soap and
water after exposure,

3. Dispose of excess spray material correctly by
dumping into a sanitary land fll dump or a pit at
least 18 inches deep to prevent comtamination of
water, DO 'UT DUMP EXCESS SPRAY MATE-
RIAL DOWN SEWERS OR DRAINS.
er methods and materials for Dutch elm dis-
control: The suggestions given in this folder are
th!- only reliable means of controlling the disease a
this time, All other reported methods are inadequate
or are in the experimental stage of development.

earch is still in prog on the contral of Dutch
clm disease,

acts of May § and Jume

e Un
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sity, K. La . Mich
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