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DUTCH ELM DISEASE 

FOREWORD 

This report consists of a series of articles on the Dutch elm 
disease prepared by officers of the federal Department of Forestry 
and Rural Development and the federal Department of Agriculture. 
It has been prepared primarily to meet demands for an up-to-date 
review of the disease and, in addition, to indicate the direction 
in which current research is proceeding. 

The Dutch elm disease, so-named because of the early and ex
cellent studies by pathologists in the Netherlands, is caused by 
a fungus, Ceratocystis ulmi (Buism. ) C. Moreau, that is transmitted 
by bark beetles. It was accidentally introduced into Canada and 
is currently causing extensive mortality of white elms in Quebec, 
Ontario, and New Brunswick. 

At present, it is practically impossible to save an infected 
tree by pruning the diseased branches, spraying, or by any method 
known. Control of the disease is based, therefore, on prevention 
rather than cure. The role of bark beetles in the transmission 
of the causal fungus provides two ways by which infections can be 
prevented or reduced. Because of the costs involved, these mea
sures can be applied only in urban areas for the protection of 
high value trees. The first prevents or greatly lessens feeding 
by bark beetles through the use of insecticides; the second re
duces the bark beetle population by destroying elm material used 
as breeding sites by the beetles, that is, by sanitation. There 
has been some difference of opinion as to the relative effective
ness of the two methods but for best control, both should be used 
as one complements the other. Although the most carefully devised 
and executed program will not eradicate the disease, losses can be 
kept within reasonable limits. - A.G. Davidson. 

HISTORY AND DISTRIBUTION 

The Dutch elm disease was first observed in the Netherlands 
and northern France in 1919 (66). The origin, date, and mode of 
introduction of the causal fungus were not determined but circum
stantial evidence indicated Asiatic origin. The disease rapidly 
invaded most European countries and spread into centiral Asia (64). 
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Figure 1. The known distribution of the Dutch elm disease and vectors in Canada, 1963. 



The first cases of the disease in North America were dis
covered and identified in Ohio during 1930 and in northern New 
Jersey in 1932 (15), the causal fungus having been introduced in 
elm burl logs imported for the manufacture of veneer (6). By 1961, 
the disease occurred over some 600, 000 square miles in the United 
States, a large part of the elm range north of Maryland and east 
of Montana, Wyoming, and Oklahoma (39). 

In Canada, the first infected trees were found in St. Ours, 
Richelieu County, Quebec, during August 1944 (59). When the dis
tribution of the disease in Quebec became known in 1945, it was 
apparent that the port of Sorel was the centre of the infection 
and subsequent analysis of early distribution records indicated 
that infectious material probably was introduced in that area be
fore 1940 (58). Since the Quebec outbreak was separated from the 
known northern limits of the disease in the United States by more 
than 200 miles, it is reasonable to think that the pathogen was 
introduced by ship, probably from Europe, on crates made of di
seased elm wood. These would have evaded quarantine regulations 
designed to prohibit the entry into Canada of elm and elm products 
from Europe and the United States that were placed in effect in 
1928 and 1934, respectively. By 1959, the disease was prevalent 
in 55 Quebec counties and covered an area of about 24, 800 square 
miles. Between 1954 and 1959 the disease spread at the rate of 
1, 200 square miles per year and caused the death of 600, 000 to 
700, 000 elms (58). In 1962, infected trees were found in Temis
couata and Bonaventure counties along the New Brunswick border and 
removed from the main Quebec outbreak (51). This apparently re
presented a spread of the disease from New Brunswick. By 1963, 
the disease occurred over 46, 000 square miles or 80 per cent of 
the range of elm in Quebec (Figure 1), the non-infected area in
cluding districts where elms are scarce and scattered. 

The first infected tree in Ontario was found at St. Isidore, 
Prescott County, in 1946. This was a predictable extension of the 
Quebec outbreak. In 1950, the disease reached the Niagara Penin
sula and Windsor from the United States. The disease now occurs 
in 46 counties south of a line between the northern part of Geor
gian Bay and Mattawa on the Ottawa River (18), an area of approx
imately 64, 000 square miles (Figure 1). During its l7-year history 
in Ontario, the disease has spread at the rate of 3, 700 square 
miles per year -- three times faster than in Quebec. This rapid 
rate of spread is attributed to the fact that the disease entered 
Ontario at three points in areas of high elm populations. 

The first diseased tree in New Brunswick was found in November 
1957 at Woodstock on the St. John River (4), the causal fungus ap
parently having been introduced from Maine. By 1963, diseased 
trees had been found in 9 of the 15 counties in New Brunswick (45) 
and the outbreak occurred in river valleys of the western half of 
the Province (Figure 1). This represents a spread df about 2, 200 
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square miles per year, probably from a number of points along the 
Maine border. 

The most important single factor affecting the progress of 
the disease appears to be the concentration of elm trees (58), and 
future spread is expected to occur mainly in areas of high elm con
centrations. If the disease reaches other areas, it is unlikely 
to cause important damage because elm trees are scattered and the 
vectors are absent or occur in low numbers. Consequently, further 
spread in Quebec will be slow and restricted and according to Dance 
and Lynn (19), extensions of the disease in Ontario are likely to 
be confined to river valleys and to a narrow band bordering the 
northern shores of Lake Huron and Lake Superior. However, it is 
expected that the disease will spread to river valleys throughout 
much of New Brunswick and reach the other Maritime Provinces within 
the next few years. 

Although naturally-occurring elm has a restricted distribution 
along lakes and in river valleys in Manitoba and Saskatchewan, elm 
is an important shade tree and has been planted in concentration 
in urban areas. Because of the sporadic distribution of elm through
out northern Ontario, Dance and Lynn (19) consider it unlikely 
that the disease will reach the western provinces by natural spread 
through Ontario. In the United States the disease occurs in the 
Minneapolis-St. Paul area of Minnesota approximately 250 miles from 
the Manitoba border (48) . Elms occur in several river valleys 
between St. Paul and Winnipeg but the relative sparseness of these 
elms will undoubtedly hinder natural spread to Manitoba. As sug
gested by Hafstad (37), long distance spread of the fungus is 
possible by infected beetles transported on motor vehicles. Sur
veys to determine the presence or absence of the disease are being 
maintained in Manitoba and Saskatchewan by the federal Department 
of Forestry and Rural Development and the Plant Protection Divi
sion, Canada Department of Agriculture. - R. Pomerleau. 

SYMPI'OMS AND DIAGNOSIS 

External symptoms usually are evident by late June, but may 
appear later if the season has been retarded (Figure 2). They 
become most pronounced in July and August, and usually are more 
acute in young, succulent, vigorously growing trees than in slow
growing or senile specimens (69). Initially there is sudden wilt
ing of the leaves on one or more limbs in the upper crown. These 
leaves turn dull green, dry out, and fall, or they turn brown, curl, 
shrivel, become brittle and remain attached to twigs for many weeks. 
When the tree is dormant, tufts of such leaves are symptomatic of 
the disease (69). From midsummer onward symptoms consist mainly of 
the development of yellowish leaves in one part of the crown or on 
occasional twigs. This has been termed "flaggin,g" (75). Following 

, 
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laboratory with as little delay as possible. In the Maritime Pro
vinces send samples to the Forest Research Laboratory, P.O. Box 
4000, Fredericton, N. B. ; in Quebec to the Forest Research Labora
tory, P.O. Box 35, Sillery, Quebec; in Ontario to the Forest Re
search Laboratory, Southern Research Station, Maple, Ontario; and 
in Manitoba and Saskatchewan to the Forest Research Laboratory, 25 
Dafoe Road, Fort Garry, Winnipeg 19, Manitoba. - B.W. Dance. 

VECTORS OF THE DISEASE 

Two bark beetles, the native elm bark beetle, Hylurgopinus 
rufipes (Eichh. ), and the smaller European elm bark beetle, 
Scolytus multistriatus (Marsh. ), are the primary vectors of the 
Dutch elm disease. Two weevils, Magdalis armicollis (Say) and 
M. barb ita (Say) are capable of transmitting the disease (62), 
but neither species is considered an important vector (34). The 
Forest Insect and Disease Survey has conducted intensive surveys 
to determine the distribution of the bark beetle vectors in Canada 
and the results of these operations are shown in Figure 1. 

Until recently it was assumed that the native elm bark beetle 
occurred throughout the range of white elm. However, it is now 
known that, although the beetle occurs from western Manitoba to 
central New Brunswick, there are extensive areas along the eastern, 
northern, and western limits of the host tree where this insect 
has never been recorded. This may be due largely to the rather 
low incidence of elm in these regions. 

The European elm bark beetle was first reported in the United 
States at Boston in 1909 (14), and in Canada near Windsor in 1948 
(71). The spread of this beetle in Ontario has been recorded an
nually by the Survey (72), and a study of these records has pro
vided information on the direction and rate of dispersion. The 
beetle has never been recorded outside of Ontario and at present 
its distribution is limited to approximately 22, 000 square miles 
in the southern part of that Province. Over the past 15 years, 
the European beetle has spread about 20 miles per year to the north 
and east across southern Ontario. This is equivalent to its west
ward spread in the United States from Massachusetts to Minnesota 
(approximately 1200 miles) in 54 years. In contrast, the beetle 
has failed to move any appreciable distance northward in some areas. 
Along the north shore of Lake Ontario, the northern limit of dis
tribution has remained virtually static since 1959. The same may 
apply in the New England States, for it is 27 years since th� 
beetle was reported in southeastern New Hampshire, only 160 miles 
from the Quebec border (16). Dispersal northward is probably 
regulated to some extent by low winter temperatures, as demonstrated 
for another introduced pest in Ontario, the European pine shoot moth, 
Rhyacionia buoliana (Schiff. ) (35). Nevertheless, Qhe distribution 
of the European elm bark beetle will be kept under close surveillance 

7 



European 

Figure 5. Adult of the native elm bark 

8 



particularly in the west where both the disease and the vector are 
known to occur in Minnesota about 250 miles to the south of the 
Manitoba boundary (48). 

The bark beetle vectors may be distinguished by the general 
appearance of the adults and by the pattern of feeding damage on 
the inner bark and outer surface of wood. The adults of both the 
native and European species are about 1/8 inch long and range in 
color from brown to black (Figures 4 and 5). The European species 
can be identified by its shiny surface, the concavity on the 
posterior ventral side of the abdomen, and the blunt spur extend
ing back from the centre of the second ventral segment. Egg 
galleries of the European species are cut along a single line 
parallel to the grain of the wood (Figure 6), whereas the native 
species cuts two diverging egg galleries forming a broad "V" across 
the grain of the wood (Figure 7). The larvae of each species feed 
in galleries constructed at right angles to the egg gallery: the 
European species feeding across the grain and the native species 
feeding parallel to the grain of the wood. Larvae of both species 
are similar in appearance being white, wrinkled, legless grubs 
with brown heads. 

Both of the vectors pass through one and a partial second 
generation a year in Canada but there are significant differences 
in the seasonal activity and occurrence of the various stages (31). 
The main population of � rufipes overwinters in the adult stage 
and emerges in early May to feed and construct brood galleries. 
They breed and oviposit in May, June, and July. This gives rise 
to a new generation of adults which emerge in late summer and fall 
and feed in the bark of branches and stems of healthy trees until 
late fall. They overwinter in special hibernation tunnels. A 
very small proportion of the population of fall adults constructs 
brood galleries and oviposit to give rise to overwintering larvae 
which do not emerge as adults until the following June. S. multi
striatus overwinters in the larval stage and the adult beetles--

emerge in June or July feeding in the bark of small branches and 
twigs. Most of the progeny of these adults emerge in August and 
September although some do not complete development and remain as 
larvae which form the bulk of the overwintering population. Only 
a few of the adults which emerge in late summer are able to breed, 
oviposit, and give rise to overwintering larvae. The remainder 
simply feed and die with the approach of cold weather without es
tablishing a brood. 

In Canada, the disease has spread and caused extensive losses 
in Quebec, New Brunswick, and parts of Ontario in the presence of 
only � rufipes. Adults of this beetle are active nearly one month 
earlier than those of � multistriatus. As will be shown in the 
following section, this is important from a pathological point of 
view since inoculations causing extensive infection� of healthy 
trees occur almost completely in the spring and eariy summer. When 
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both species are present, � multistriatus is considerably more 
aggressive than � rufipes, invades available breeding material 
more readily, and limits the � rufipes population to relatively 
small numbers. For this reason, as well as the fact that it feeds 
in parts of the tree with thinner bark, S. multistriatus is gen
erally accepted in the United States as the most important vector 
of � ulmi. - R. J. Finnegan and W.L. Sippell. 

MECHANISM OF PATHOGENESIS 

The most frequent means of inoculation of Ceratocystis ulmi 
into healthy trees is by the feeding of adult elm bark beetles. 
Feeding wounds must reach the xylem for inoculation to be success
ful but other factors are involved. Studies by Al-Azawi and Norris 
(2) indicate that feeding wounds of Scolytus multistriatus 3 mm .  

or longer are required for transmission of the fungus and infection 
of the tree through terminal twigs. Ouellette (53) observed that 
feeding wounds of this insect in twig crotches were less efficient 
infection courts than those extending to the sides of crotches and 
those made on the sides of branches. High relative humidity at 
wounds made by � multistriatus was found by Kais, Smalley, and 
Riker (42) to be a prerequisite to penetration by the fungus. 

The pathogen may also 
means of root grafts (70). 
out the importance of this 
planted elm trees. 

pass from diseased to healthy tr.ees by 
Himelick and Neely (38) have pointed 

mechanism of transmission in city-

The fungus invades all types of xylem cells. It grows from 
cell to cell through pits and directly through cell walls. In the 
vessels it spreads by means of spores which are distributed by the 
sap stream to other parts of the tree (5). Microspores formed by 
the pathogen in culture (55) and observed in infected elms (52) 
may explain the rapidity with which the fungus is distributed. 
The rate and extent of spore distribution within the tree and of 
subsequent disease development are dependent on a number of factors, 
some of which are related, including: the amount of inoculum, 
season of inoculation, length of vessels into which the fungus is 
introduced, moisture conditions in the soil, and soil and air 
temperatures (5, 42). Extensive infection of living elms, however, 
depends upon the spores entering the long, functioning conductive 
vessels of the spring and early-summer wood. During the spring 
and early summer these vessels are close to the surface of the 
wood and the spores may be introduced by adult beetles feeding at 
this time. The vascular system produced after midsummer consists 
of much shorter and relatively compressed conducting vessels at 
the wood surface that restrict spore movement. Inoculation at this 
time usually results in a very localized and temporary infection 
(12, 56). 
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Kerling (43) observed that the first alteration in infected 
tissue is the coloration of vessel walls, followed by changes in 
the appearance of the contents of living cells which become darker, 
exudation of gum droplets through pits from parenchyma and ray 
cells, and the formation of tyloses in non-discolored parts of 
vessels. These tyloses later disintegrate (66). Histochemical 
tests performed by the author show that the changes in the appear
ance of living cells are due to the formation and oxidation of 
polyphenols. As the disease progresses, these phenolic compounds 
are extruded through pits into vessels and other xylem elements 
and are even deposited in tyloses when these have not disintegrated. 

Most workers before the mid-forties attributed the rapid 
wilting and dying of infected elm trees to the plugging of the 
water-conducting vessels by gums, tyloses, fungus growth, or de
gradation products of parenchyma cells (10, 15, 60, 74). 

In the late forties, a trend developed towards a toxin theory 
of disease causation. Much evidence in support of this theory is 
derived from the injection into healthy plants of cell-free fil
trates of pathogen cultures. Broekhuizen (10) produced tyloses 
and Zentmeyer (76) a wilting of test plants, discoloration of cell 
walls, and formation of gum in vessels following injection with 
culture filtrates. Dimond (22) separated two fractions in the 
toxic filtrate; one caused the upcurling and marginal withering of 
the leaves, and the other caused severe interveinal necrosis when 
injected into elms. The work of Feldman et al (29) showed that 
the first of these fractions is of minor imp�tance in the toxin 
complex, that the heat stability of the toxin is only partial 
(suggesting the presence of active enzymes in the toxin complex), 
and that the filtrate is almost completely inactive at pH 6.0 and 
above. Tests conducted by the author have shown that xylem dis
coloration may be obtained by injection of water adjusted to pH 
5. 4 and below. Consequently, the toxicity of culture filtrates, 
being active below pH 6. 0, could be an effect of the low pH. 

All evidence for the toxin theory of pathogenesis of the 
Dutch elm disease is based on the toxicity of culture filtrates, 
but no one has demonstrated that the toxic substances produced by 
the fungus in culture are also produced and active in diseased elm 
trees. However, if translocated, polyphenols liberated in diseased 
elms under the action of the fungus could conceivably produce 
toxic effects in distant cells, for example, in leaves. 

In the early fifties, attention was drawn to the role of 
enzymes in the wilt diseases. The theory proposed by Ludwig (44) 
is a modification of the plugging theory in that it explains the 
origin of the gums from alteration of cell wall constituents, es
specially of pectins, through the action of hydrolytic enzymes. 
Although enzymes of this type have been demonstra�ed in culture 
filtrates of � ulmi (9, 23, 40), Dimond and HusaIn (23) concluded 
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that their main function was the digestion of cell wall consti
tuents to provide food for the fungus. However, alteration of 
cell walls may affect the flow of materials into the vessels from 
parenchyma and ray cells and contribute to their plugging. 

Dimond (20) discussed the role of other enzymes in the for
mation of brown substances in wilt diseases. He postulated that 
these liberate and oxidize polyphenols which are condensed to 
produce pigmented, melanin-like compounds. There is a possibility 
that some of the polyphenols are liberated from lignin in the cell 
walls, as indicated by histochemical tests conducted by the author. 

Recently, Ouellette (53, 54) suggested that acute symptoms of 
the disease are due to the complete plugging of the vessels of 
small branches by spores and mycelium of the pathogen, alone or in 
combination with cytoplasm and residues from adjoining cells. He 
stated also that gradual and partial plugging of vessels in stems 
and larger branches and disintegration of cell walls contribute 
to chronic symptoms of the disease. 

In summary, the causal fungus of Dutch elm disease is well 
adapted for rapid spread in elm. Large numbers of microspores can 
attack many living cells of the xylem at many pOints along the 
vessels. This multisite infection of living cells, which results 
in the production of polyphenols and death of the cells, is of 
prime importance when considering the fact that living cells are 
probably necessary for the active transport of sap, as shown by 
recent workers (36, 61). In a more advanced stage of disease, 
enzymatic action of the fungus on cell walls would allow the con
tents of recently dead parenchyma and ray cells to leak into the 
vessels. These materials, which have become "gummy" may contribute 
to vessel plugging along with fungous spores and hyphae, or may 
be translocated and act as toxins in distant parts such as leaves. 
Further studies are in progress to determine the exact role of 
these substances in pathogenesis. - C. Gagnon. 

METHODS OF CONTROL 

Quarantine Regulations - When it became known that the Dutch elm 
disease occurred in several European countries, a regulation 
(No. 17 Foreign) under the Destructive Insect and Pest Act was 
passed, effective April 12, 1928, prohibiting the importation of 
elm and elm products from Europe. This regulation was amended 
May 9, 1934, extending the prohibition to all countries, and is 
still in effect. 

A regulation (No. 12 Domestic), in accordance with the pro
visions of the Destructive Insect and Pest Act, effective April 24, 
1945, was drawn up restricting the movement of elm.and elm products 
to disease-free areas from certain counties in the 

'
Province of Quebec 
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where the disease had been found. This regulation was designed to 
prevent long-distance spread of infected elm material as well as 
the insect vectors. 

Amendments were made to Regulation No. 12 (Domestic) in 1947, 
1949, and 1955 as elms in additional territory in Quebec and 
Ontario were found to be infected. The present quarantine embraces 
the entire Province of Quebec and all of the Province of Ontario 
except the districts of Thunder Bay, Rainy River, Kenora, Patricia, 
Cochrane, and Algoma. This regulation is now being revised because 
of recent changes in the distribution of the disease. - L. L. Reed, 
Plant Protection Division, Canada Dept. of Agriculture, Ottawa. 

Sanitation - Sanitation for the control of Dutch elm disease was 
recommended as early as 1936 in the United States when it was ob
served that the incidence of the disease was reduced by the rapid 
removal of infected trees around New York City (16). By 1940, 
research and experience had shown that other dead and dying elm 
material used as breeding sites by the bark beetles is also of im
portance in the spread of the disease (17). Since then, the prompt 
destruction (at least before the beetles emerge early in May) of 
diseased trees, all recently dead elm wood with the bark present, 
and dying trees and branches in the viCinity of healthy trees has 
been recommended in the United States and Canada. Several methods 
of destroying this material are currently in use: burning; de
barking and burning or burying the bark in soil to a depth of 1 foot 
or more; burying; or spraying the material with a 1% DDT solution 
(12, 73). To prevent the spread of the disease through root grafts, 
Himelick and Neely (38) suggest that a trench 3� feet deep be cut in 
the soil between non-infected and diseased trees within 40 feet of 
one another immediately after discovery of the diseased tree and 
before its removal. In addition to the above procedures, the use 
of measures that help to maintain tree vigour, such as fertilizing, 
watering, and the control of other insects and diseases, are also 
recommended because elms in good condition are less attractive to 
bark beetles (73). - R. pomerleau. 

Protection of Healthy Trees by Chemical Insecticides - There are 
two approaches to the protection of healthy trees from bark beetles 
and consequent infection by the fungus. The first, the conventional 
method, is to apply a stomach-contact insecticide to the trees to 
kill attacking beetles, and the second, which has attracted atten
tion in recent years because of the undesirable toxicity of con
ventional insecticides to other forms of animal life, is to place a 
systemic insecticide into the tree to be carried in the sap stream 
to all parts and kill the insects before their feeding niches have 
reached a sufficient size to constitute infection courts. 

DDT is the most commonly used conventional insecticide. If 
applied when the tree is dormant, it will remain �ffective through
out the spring and early summer when trees are mo�t susceptible to 
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infection. DDT may be applied either as a 2% emulsion by hydraulic 
sprayer or as a 12% emulsion with a mist blower (12). A high volume 
of spray is necessary with a hydraulic sprayer and this leads to 
excessive run-off and contamination of public and private pro
perties. The effect of run-off is minimized by the use of the mist 
blower since a smaller volume of spray is used. 

However, even if applied by mist blower, DDT is toxic to 
many forms of animal life, especially birds. This has been par
ticularly true in the case of robins in areas where DDT has been 
used for several years (41). DDT contaminates the food of earth
worms which are a staple diet of robins. Because of the additive 
residual toxicity of DDT, a great many chemicals including dieldrin, 
heptachlor, chlordane, toxaphene, lindane, methoxychlor, thiodan, 
zectran, malathion, and parathion (11, 26, 27, 46) have been tested 
in a search for a safer insecticide. Of these only two show pro
mise. Methoxychlor, which has only 1/25 the toxicity of DDT to 
birds and is less persistent than DDT, provides almost as good 
protection as DDT and is now recommended for use in areas of high 
bird hazard. Lindane shows considerable effectiveness and warrants 
further investigation. 

A number of systemic insecticides including demeton, phorate, 
dimefox, di-syston, phosphamidon, dimethoate, tetram, and bidrin 
(1, 2, 3, 49) have been tried but only two, tetram and bidrin, were 
effective in restricting beetle feeding. Tetram is unfortunately 
so toxic to mammals that it cannot be used safely, which leaves 
bidrin as the most promising systemic to date. It, however, has 
not been adequately tested. Many new systemics are in the experi
mental stage of development and may prove to be satisfactory. Be
cause this class of chemicals is toxic to both plants and animals, 
their effects must be thoroughly investigated and safe dosages 
defined before any can be recommended for use. - J. J. Fettes. 

Chemotherapy - Chemotherapy has been defined as the control of a 
plant disease by compounds that, through their effect on the host 
or the pathogen, reduce or nullify the effect of the pathogen 
after it has entered the plant (21). Many promising compounds have 
appeared in recent years but the striking feature of the work on 
chemotherapy is that, to date, no successful therapeutant is avail
able for general use in the control of Dutch elm disease. A number 
of chemicals have been tested experimentally, but for one reason 
or another, they have failed to fulfill their early promise. How
ever, in spite of these failures, the potential value of such 
treatments is so great that new groups of chemicals are continually 
being studied, and new techniques employed in the hope that the 
basic problems will eventually be overcome. 

The chemicals currently under intensive investigation 
Dutch elm disease employ the principle of indirect action. 
chemical is applied to,or injected into, a healthy tree to 
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its physiological and anatomical state in such a way that it is 
immune or resistant to penetration of the causal organism, or 
failing this, to prevent the development of extensive damage after 
the causal organism has become established. 

One group of chemicals being studied is the growth regulators 
and a number of investigators have studied the effect of some of 
these on the control of the disease. Beckman (8) obtained a re
duction in symptom incidence in nursery elms implanted with dry 
sodium-4, 5-dimethyl-2-thiazolylmercaptoacetate prior to inocula
tion with the causal fungus. Disease inhibition was correlated 
with the prevention of normal sapwood development, for when trees 
treated with the chemical were re-inoculated after normal sapwood 
development had resumed (that is, when the effect of the chemical 
had worn off), the trees became infected. 

Subsequently, Beckman (7) working with 2, 3, 5, 6-tetrachlo
robenzoic acid, a chemical which penetrates the bark and is mobile 
in the host, obtained a significant decrease in the incidence of 
disease in trees treated prior to inoculation. However, the thera
peutic level of the chemic.al was about the level at which it caused 
damage to the host trees. 

Smalley (68) tested salts of 2, 3, 6-trichlorophenylacetic 
acid (TCPA) applied to large nursery elms in several concentrations 
and by several methods before inoculation. The results indicated 
a degree of control with bark applications and a high level of pro
tection following injection. With the appropriate chemical concen
tration and application time, it was possible to obtain complete 
protection without phytotoxicity. Smalley's study offered some 
support to Beckman's (7, 8) suggestion that control results from 
inhibition of formation of large spring vessels, but also suggested 
that a second mechanism was involved. Smalley observed that TePA 
treatments induced heavy tyloses development in large xylem vessels 
and felt that such vessel occlusion limited spread of infection 
and was at least partially responsible for the observed control of 
the disease. This is implied morphological resistance, but the 
morphological change believed to be imparting resistance to the 
host is strikingly similar to one of the morphological changes which 
occur when an untreated host is affected by the disease. 

Edgington (28) obtained fewer systemic infections in young 
trees injected with various concentrations of aminotrichlorophenyl
acetic acid (HRS-399). Phytotoxicity occurred at the higher con
centrations. Histological studies revealed that HRS-399 induced 
the elms to form dense, starch-filled summer wood immediately af
ter treatment. This induced summer wood appeared to delimit the 
fungus, allowing the trees to lay down functional non-infected 
xylem during the growing season. 

At the Maple laboratory, since the spring o� 1962, TCPA and 
HRS-399 have been employed in a program designed to test their 
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efficacy to control Dutch elm disease. The techniques employed 
have been: (a) injection of the chemical directly into test trees 
by means of a bottle-siphon system (47), (b) bark sprays, (c) bark 
paints, and (d) soil injection. The test trees were inoculated 
before and/or after the various treatments. Trees employed were 
up to 45 feet in height under natural conditions, and 2- to 
4-feet high in greenhouse experiments. 

While it would be premature to present the results of these 
experiments at this time, indications are that direct injections 
of the chemical into host trees, at appropriate concentrations, 
will prevent establishment of Dutch elm disease. Furthermore, 
there are indications that if trees in a very early stage of di
sease development, and at the same time in a very early growth 
stage (about 1/3 full leaf), are treated with appropriate concen
trations, disease development is arrested. - J. Reid. 

Resistant Varieties - While the white elm is one of the most sus
ceptible species, several elms are relatively resistant to Dutch 
elm disease, notably: European strains including the Christine 
Buisman and the Bea Schwarz elms, and the Asiatic Chinese and 
Siberian elms. However, these are susceptible to other diseases 
or storm damage, are not cold hardy, or are of poor form, and can
not be generally recommended as suitable replacements for the white 
elm in Canada. The most promising approach in this method of con
trol at present appears to be the search for resistant strains of 
the native elm. 

For this purpose, artificial inoculations have been carried 
out extensively at L'Assomption Experimental Station, P.Q. , since 
1950 on cuttings from 290 healthy trees occurring in heavily in
fected areas and on 178,000 seedlings from irradiated and non
irradiated seeds. None of the adult elms and the 32,000 seedlings 
from untreated seeds collected from 309 elms in 35 counties of 
Quebec were found to be resistant. This has confirmed the very 
high susceptibility of the white elm and the absence of resistant 
strains in nature. 

The remaining 146,000 seedlings tested were from seeds treated 
with X-rays or thermal-neutrons in an attempt to induce artificial 
mutations promoting disease resistance. Only four of these seed
lings were considered promising - two from seed treated with X-rays 
and two from seed treated with thermal-neutrons. Of the former, 
one appears to be immune and has not shown disease symptoms after 
7 consecutive years of inoculation; the other showed light symptoms 
in 2 of the 7 years of inoculation. The latter were inoculated 
during 6 years and showed light symptoms in 1 and 2 years, respect
ively. 

Testing is being continued on cuttings from the, "immune" specimen 
and these have resisted inoculations for 2 years. -

'
C. E. Ouellet, 

Plant Research Institute, Canada Dept. of Agriculture, Ottawa. 
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Biological Control - Although parasites, predators, and diseases 
of the bark beetle vectors occur in North America (13, 24, 25, 30, 
57, 65), information collected to date indicates that they do not 
occur in sufficient numbers for effective control. 

Three species of Hymenoptera have been observed to parasitize 
from 50 to 89 per cent of bark beetle populations in parts of Europe 
(32, 33, 63, 67) and at least two of these have been recorded in 
North America (13, 57). However, the possible transmission of the 
causal fungus of Dutch elm disease by these parasites lessens their 
potential in controlling the insect-disease complex and has dis
couraged extensive study in North America. 

In 1930, an endoparasitic nematode was reported as sterilizing 
39 per cent of a population of � multistriatus in England (50). 
This and other nematodes are associated with � multistriatus in the 
United States (65). Since nematodes are known to reduce populations 
of similar scolytids significantly, research was initiated by the 
Institute for Biological Control, Belleville, Ont. , to determine the 
efficacy of parasitic nematodes to reduce bark beetle numbers in 
Canada. In 1963, hundreds of beetles collected throughout Ontario 
were dissected and found to be free of pathogenic nematodes. At
tempts will be made within the next year to manipulate indigenous 
nematodes in an effort to have them attack the elm bark beetles. 
Contacts have also been made with scientists in other countries for 
the importation of nematodes for use against the beetles. The suc
cessful establishment of these natural enemies would reduce bark 
beetle numbers and provide a self-perpetuating method of control. -
W. R. Nickle, Entomology Research Institute for Biological Control, 
Canada Dept. of Agriculture, Belleville, Onto 
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