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European Canker of Pomaceous
Fruit Trees

By

S. M. ZELLER5

The European canker of pomaceous fruit trees was not recorded in
America earlier than 1899 when Paddock3' reported its occurrence in Nova
Scotia and New York. Ten years later it was mentioned8 as a disease of
apple in New Hampshire and soon in other states until now it is known to
be widely distributed throughout the northern United States and Canada
from the Atlantic to the Pacific. In Europe it is said to constitute the most
serious of all disease of fruits and it has become of noticeable importance
in the Northwest coast states.

HISTORY OF THE DISEASE
The early literature pertaining to this disease appeared in European

publications under the general term canker." The canker as it was known
for several decades prior to 1865, when its causal organism was described as
Nec1ra ditissima, was a forest tree disease, although often observed as a
canker of orchard trees. The extent of the early writings on this subject
indicates the wide distribution of the disease in Europe and the wide range
of host trees embodied under the early inclusive conception of the causal
organism. Today it is believed that these early workers were dealing with at
least two, perhaps three, distinct fungi. In 1866 Willkomm" showed that
the beech canker was caused by an imperfect fungus known at that time as
Fusidium candidum Link. Goethe,'8 working from 1877 to 1904, showed that
the conidia from the Nectria causing canker of apple would infect the copper
beech by cross-inoculation. He also applied conidia and ascospores of Nectria
ditissimcz to uninjured twigs which were cut from the trees and left in a mod-
erately moist atmosphere without their cut ends in water. Under such circum-
stances infections had their incipiency in lenticels. At the same time Hartig
(1877-1889), was observing cankers due to N. ditissinia on many hosts, such as
beech, oak, hazel, ash, hornbean, airIer, maple, lime, dogwood, wild cherry,
and apple. He was able to infect young leaves with conidia and ascospores
and also noticed that the usual infections in the bark are preceded by injury
due to insects, crotch cracking, the bruises caused by hailstones, or more
often frost or freeze injury. It was Aderhold,' however, who proved con-
clusively the parasitism of the organism on apple bark. This work was later
verified experimentally by Wollenwebcr'8 and now has been confirmed by
many workers. Other European workers were interested in the taxonomy,
morphology, and physiology of the causal organism, the work of Lapine,"
Munch,'1 Weese,'3 and others being noteworthy. More recently, since Bresa-
dola' definitely described the canker on orchard trees as Nectria galligena
Bres., Wiltshire, Cayley,'° and Ferdinandsen" have made some noteworthy
observations.

8The sincere ihanks of ihe wilier are exiended io Professor H. P. Barss for helpful
suggesilons and criiicisms in ihe preparaiion of ihis nanuseripi.
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\Viltshire48 has described in detail apple stem infections through leaf
scars. Apparently entrance is obtained through small cracks in these scars
immediately after leaf-fall or in the spring when the neighboring buds are
swelling. Again, he9 has discovered that the canker-producing organism in-
feats through wounds first produced by the scab organism (Ventura in-
equalis). Cayley13 has followed the complicated life-history of Nectria gal-
ligena through its morphological development in order to learn the strategic
spore-producing periods for the application of fungicides. Ferdinandsen15
described for the first time the rot of pear and apple fruits caused by this
fuus.

In America the canker on apple was first reported by Paddock33 in 1900.
Specimens sent by Paddock from Nova Scotia and New York were identified

Fig. 1. Map of Oregon showing the stations (0) from which European Canker has
been reported.

by Hartig as caused by Nectria dilissirna. In 1909 Brookss illustrated and
described the canker in New Hampshire, and since then reports of the canker
on apple have been noted in various parts of the United States and Canada.

In the early part of the year 1918, H. P. Barss identified specimens on
apple, sent in from Marion county, Oregon. This was the first report of the
canker from the Pacific Coast States, although it is now known to have been
observed in Douglas county, Oregon, as an unidentified, but serious, canker
of the Howell pear since 1915. Since 1920 when the writer first began to
make observations of the disease in Oregon, two short reports of its occur-
rence have been published.5 Fig. 1 shows the stations in Oregon from
which European canker has been reported.
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PREVALENCE OF EUROPEAN CANKER
GEOGRAPHIC DISTRIBUTION

This canker has been reported from all fruit growing districts of nor-
thern Europe, New Zealand, and Australia. In America it is most serious
in southeastern Canada and in the northeastern and northwestern portions
of the United States, being distributed more or less, however, across southern
Canada and the northern United States wherever pomaceous fruits are grown
to any extent.

ECONOMIC IMPORTANCE
In Europe this canker is the most destructive and most dangerous of

all fruit diseases because of its prevalence and because it attacks the very
life of the trees. Furthermore, the worst ravages come when the trees are
in their prime, whcn thousands of trees are killed because of trunk or scaf-
fold-branch infections. In many European localities certain varieties of ap-
ples can no longer be grown, and there even are districts where apple
growing has become a real problem because of this canker.

In America its destructiveness has not become so serious as even to
approach that reported for Europe, but here the canker is troublesome and
is on the increase. Its prevalence is dependent on so many factors that the
economic losses due to canker cannot be estimated definitely; they vary con-
siderably in different localities. The losses in Oregon have been mostly in
young pear trees 3 to 15 years of age. For instance, in one orchard of 408
trees of 3-year-old Surprise stock, 135 trees or nearly 34 percent of the trees
were trunk-infected; in another case 42 percent of the trees in a 140-acre or-
chard of the same variety were cankered in the trunks or scaffold branches.

The prevalence of the European canker disease may be considered in
its relation to several factors which may be conducive to, or limiting, the
extent of infection. These factors, which will be discussed below, are the
prevalence of the disease in relation to (1) climatic factors, (2) lay of the
land and the kind of soil, (3) age and vigor of the host tree, (4) infection
courts, (5) the physiology and morphology of the host, and (6) susceptible
varieties of orchard trees and neighboring wild hosts.

RELATION TO CLIMATIC FACTORS

The climatic conditions which favor canker infections may be considered
jointly under (1) temperature, (2) rainfall, and (3) atmospheric humidity.
In America the nearest to an optimum of these factors for canker infection
exists in the rain belt of the northern Pacific Slope west of the Cascade
Range. Canker under the conditions which prevail here during the rainy
season perhaps reaches more destructive proportions than in the northeastern
United States. During the late fall, winter, and early spring months our
mild temperatures are conducive to the growth and sporulation of the Euro-
pean canker organism and the intermittent rainfall and high atmospheric
humidity keep the surfaces of hark or woody wounds moist enough for
spore germination. It is under these moist conditions that the European
canker develops best after infection, contrary to the activity of wood-decay-
ing organisms, or other wood-inhabiting fungi which go deeper into the
trunks of trees. The attack of wood by these deeper-growing fungi is fa-
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vored by a sufficient air (oxygen) stipplv in proportion to the moisture
present in the wood, as suggested by M(inch3' and the writer. An example
of this type of canker invasion is the blister-canker of apple which Gloyer'
points out as epidemic after drought periods.

RELATION TO LAY OF LAND AND KIND OF SOIL

Cotton has observed that the location of an orchard and the type of
soil are factors influcncing the susceptibility of trees to canker. He says
'Canker is always worse on a low site and a clay subsoil, so much so that
iI is impossible in stich positions to grow certain varieties of apples success-
fully. The effect of damp, heavy soil is to cause rank growth which is prob-
ably more readily injured by the canker fungus and is more liable to frost
injui-y." These observations are substantiated by the conditions under which
European canker has been seen in VVestern Oregon. Orchards grown on
hillsides in lighter soils have not been subject to canker as much as those on
heavier soils in lower places where air drainage is poor. The only exceptions
to this are cases of extremely susceptible varieties of pear trees on slopes.
In cases where soils are shallow and underlaid with hard-pan or impervious
rock, or where the water-table in winter is high due to poor drainage, die-
back results, since with the first indication of dry weather the reduced root
system puts the tree under extreme drouth conditions. The following seasons
such trees send up vigorously growing shoots which during a few subsequent
years are very subject to canker infection.

In an orchard of Howell pears observed in 1920 which is planted partly
on a gradual slope and partly on the flat river-bottom land below, the fre-
quency of lowland infection over upland is brought out strikingly. On the
slope but 4 percent of the trees showed small cankers, while on the flat low-
land below, the cankers were mostly large trunk and crotch cankers affecting
72 percent of the trees. This cannot be laid to any one of the three factors,
(1) lay of land, (2) possibility of winter injury in the lower land, or (3)
the better river-bottom land producing vigorous growth; but it is an excel-
lent example of the combined effect of the three factors. In the same
orchard, in the spring of 1921, one block of Anjou pears high up on a well-
drained, open soil had 2 percent of the trees with canker, while in a block
of the same variety on much heavier soil, which was low and flat but well-
drained, 31 percent of the trees had some canker, many being severely
cankered.

Orchards in sod are so few in Oregon that few data have been secured
on European canker under these conditions. Some canker has been found
in abandoned orchards after severe winters. The organism in these cases
was not active as a parasite but had obtained a foothold in the dead bark
over large cankers produced by winter injury. So little vigorous wood is
found in such orchards that canker in an active state is scarce.

RELATION TO AGE AND VIGOR OF THE HOST TREE

As has been suggested the greatest losses due to European canker are
suffered through the destruction of nursery trees and transplants up to about
12 to 15 years of age. This is particularly true of pear stock which is dam-
aged to a much greater degree than apple under Oregon conditions (Fig. 2).
Older trees are attacked in their smaller branches, but in such cases the per-
manent loss of the tree-scaffold need not be sustained. Thus, the vigor of
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youthful trees is a handicap in combating European canker, while on the
other hand trees in old age or trees which grow slowly from various causes,
are as a rule less susceptible.

a

p

Fig. 2. An eight-year-old Anjou pear tree with extensive cankers Sri trunk and scaffold
branches. These cankers followed winter injury.

RELATION TO UNPROTECTED INFECTION COURTS
The European canker fungus gains entrance to a tree by means of un-

protected wounds and small injuries or through such natural structures of
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the host as leaf scars. Apart from such wounds the myriads of spores which
alight upon the bark are unable to infect a tree. The three chief means of
infection seem to be through leaf scars, winter injury, and pruning cuts.

Leaf-scar infection. Wiltshire has described in detail the infection
of apple sterns by this canker fungus through the leaf scars. The fungus
enters through small cracks which appear in the leaf scar tissues in the
autumn immediately following leaf-fall, and in the spring when the buds are
swelling. This type of infection is responsible for a large percentage of the
canker in England. In that country the infection of the shoots takes place
during the year succeeding their growth; for instance, the wood produced
in 1920 was infected in the spring of 1921.

In Western Oregon the European canker on pear is caused in large
measure by leaf-scar infections. The writer has observed many suckers, or
water sprouts, of Anjou, Howell, Surprise, and Bosc pear where all the
buds were cankered except a very few at the tip. To illustrate, in the
winter of 1920-21, on shoots of Anjou pear less than 1 inches in diameter
at the base and approximately 4 feet long, 18 to 23 buds were found with
cankers which had started through the leaf scars. The only healthy buds
were near the tips. Many such examples may he found in orchards where
canker infections are frequent. Trees which hold their leaves until late in
the fall often escape this type of infection, but if early frosts are at all
damaging and mild weather follows during the winter such trees may be-
come infected through winter-injured buds, spurs, and bark.

Infection through winter injury. Varieties of trees which are sub-
ject to winter injury may also be said to be susceptible to European canker,
for trees which show bark devitalized by various forms of winter injury are
sure to be infected if exposed to the disease. Some workers have maintained
that all varieties are equally susceptible to canker if their chance of infection
is the same, and in European countries cankerous varieties have always been
associated with their proclivities to winter injury. In Oregon our most se-
vere instances of European canker infection have followed occasions of
greater low temperatures than those to which the trees are usually subjected.
Thin-barked varieties of pears which are subject to winter injury under
Oregon conditions are the most subject to canker. Following severe winter
injury, Nectria galligena, among other fungi, is a saprophytic on the resulting
dead or devitalized bark or twigs. Fig. 3 shows a canker on a winter-
injured branch of Anjou pear. Such cankers often bleed, as do pruning
cuts after the effects of low temperatures on the wood.

Infection through cankers produced by other fungi. Many instances
of European canker infection through current year infections of the apple-
tree anthracnose (Aieofabraea nialicorfjcjs) have been observed. These have
all been instances where the anthracnose had attacked Anjou or Bosc pears.
Fig. 4 shows the appearance of this type of infection. In small anthracnose
cankers attacked by European canker the anthracnose organism advances no
further but the European canker enlarges, usually entirely surrounding the
original canker. The hark of the anthracnose infection finally falls away,
exposing a wood area in the central part of the canker.

Wiltshire" has shown by detailed study that canker in England enters
through lesions in the bark which were produced earlier by infections of ap-
ple scab (IZenturia macquails (Cooke) Winter). The scab fungus infects
the shoots of susceptible varieties of the apple during the autumn and winter
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Fig. 3. Cankered branch
of Anjou pear showing
the 'bleeding" which often
follows winter injury of
the wood beneath the
canker.

following their growth, the first infections ap-
pearing before the leaves fall, but soon the corky
calluses of the healthy bark exclude the scab or-
ganism, unless they are subsequently infected by
Nec/na galligena, in which event they are sur-
rounded by a narrow, sunken, darkened border.
In vigorous trees where these infections are
merely superficial, the formation of callus may
completely exclude the canker organism; but in
cases where the infection reaches the wood typi-
cal cankers are formed. In America scab infec-
tions are rarely found on apple twigs, but pear-
scab (Venluria pyrina) is common on twigs in
pear orchards which are abandoned or do not
have the best of care.

In Oregon European canker sometimes ob-
tains entrance through lesions produced by a
species of Monilia and by a strain of Botrytis
cinerea Pers. on pear twigs. Many instances of
this have been found on Winter Nelis twigs tn
an abandoned orchard where these diseases were
plentiful after the severe freeze of December,
1919. During the
spring of 1920 many
blossom spurs were
infected with the
Monilia. By the
next fall and winter
many of the bases
of Monilia-infected
spurs w e r e sur-
rounded with small
cankers due to Nec-
tria galligena, which
had spread into the
healthy callus bark
and wood beginntng
to form around the
Monilia cankers.
The development of
these infections is
very similar to
those which gain
entrance t h r ough
scab infections. Of
course, the prac-
tical orchardist who
is consistent with
his spray program,
will not suffer from
European canker
which gains entrance

Fig. 4. European canker
having Its origin in a small
anthracnose canker on An-
jou pear.
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through the wounds produced by anthracnose, scab, or Monilia, for none are
found in the well-sprayed orchard.

Infection through crotch, frost, and other cracks in the bark. Har-
tig, Mdnch, " Lapine, Goethc,' Cotton" and other European workers all
mention the occurrence of cankers arising from infections through cracks at
the crotches of branches (Fig. 5). Frost and other cracks in the bark are

open to infection until
- they callus over. Spores

lodge and germinate in
such Courts, and if the
way is clear to broken
cortical tissues of the

- bark, infections are very
likely to occur.

Infection through in
sect wounds. In England
it is reported by Cotton"

I that, although the canker
is due to ATectria galli-
gena, the injury caused by
woolly aphis is very simi-
lar in appearance, and inIfact the two pests are not
infrequently found toge-
ther and aid each other in
the damage they cause.
Further, probably one of
the most frequent meth-
ods by which the fungus
gains admittance is
through injuries caused
by woolly aphis. The
soft, swollen tissue pro-
duced by the aphis is very
apt to become cracked
during the winter, and

- when the aphis return the
following season to the
wounded areas, Nec/na
spores are attached to
their bodies and intro-
duced into the cracks with

Pig, 5. An open crotch canker of apple. the aphis." Wiltshire"
says that the European

canker fungus grows very vigorously in the gall tissue produced by the aphis,
which becomes very soft and disorganized. It appears that infection takes
place in the autumn through the wood elements exposed by the splitting of
the aphis gall. Eckstein'4 reports that wounds produced by the beech louse
are followed by the canker fungus, Nec/na ditissinia, which finally kills the
tree.

The writer has often fOund woolly aphis in the crevices and under the
dead bark of cankers produced by Nec/rio galligena, on both apple and pear,
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but no particular sequence of the
injuries produced by the pests
has been determined, although
there is much incriminating evi-
dence that these insects dissemi-
nate the spores from place to
place on an individual tree.

Infection through pruning
cuts or other wood exposures.
Pruning cuts or other wounds ex-
posing the wood of the tree are a
source of infection unless they arc
treated with a wound dressing or
thoroughly drenched with a fungi-
cidal spray or perhaps dust. Such
wounds do not account for as high
percentage of the infections as cia
leaf scars and winter injured bark,
but many small pruning cuts on
pear varieties have been found to
be courts of infection (Figs. 6 and
7). In the inoculation tests report-
ed below, the inoculated pruning
cuts yielded fully as many cankers
as the leaf scars, but under natural
conditions this does not seem to be
true. This is perhaps dLie to the
fact that the inoculations on prun-

Fig. 6. Infection through a pruning Fig. 7. infection through a broken pear
cut on pear. twig.
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ing cuts were made on freshly cut wood which had not oxidized or weather-
ed, where under natural conditions the chance of spore infection under such
favorable conditions is greatly reduced.

Bruised bark as the result of the impact of hailstones has been reported
by European workers as infection courts for this canker organism.

RELATION TO PHYSIOLOGY AND MORPHOLOGY OF
THE HOST TREE

The physiology of the tree is intimately tied up (1) with climatic factors,
temperature, rainfall, humidity, and (2) with soil texture, tilth, fertility,
etc. For this reason these paragraphs will in some respects repeat ideas
stated in preceding paragraphs.

The susceptibility of vigorously growing shoots has been mentioned
above. It is very important, on the other hand, to maintain the well bal-
anced vigor of the whole tree, inasmuch as any tree or shrub which is suffer-
ing devitalization from the lack of overabundance of any factor is usually
more subject to the attacks of parasitic fungi in mild cases and even to the
devastation of saprophytic forms in more severe cases of devitalization. The
greatest damage done by European canker is exemplified by its activity on
trees which lack the general vigor they would possess provided they had been
subject to the best of cultivation in order to conserve the moisture during
summer drouth and provided they had been planted in well-drained land.

Under. Oregon conditions the conservation of moisture during the dry
summer by adequate cultivation is extremely essential to proper growth
vigor, but without the early cessation of tillage trees may be carried into
late fall too active to withstand the early low temperatures. Early dormancy
is the greatest factor in the prevention of winier injury through which Euro-
pean canker becomes very destructive. Without regard to this fact, and hav-
ing in mind the possibility of infection through leaf scars, Wiltshire48 says
that "vigorous trees usually hold their leaves longer than weakly ones and
any treatment therefore which would tend to increase the vigor of the trees
may, by delaying autumnal defoliation, reduce the risk of infection."

Poor drainage, underlying rock, or hard-pans, which keep the water-table
too near the surface of the ground, are conducive to another abnormal physi-
ological condition in which trees are rendered susceptible to canker iiifection.
The writer has determined the pH of the soil in contact with the roots of
trees whose roots have been flooded with water below the high water-table
and found the acidity to range from pH 6.4 up to 4.8 (average pH 5.6), while
the soil in Contact with the roots of normal trees which were better drained
had a pH value ranging from 7.4 up to 5.6 (average pH 6.2). In the roots
which have been flooded with water, respiration must proceed without the
free oxygen of the air. Carbon dioxide is commonly an end product of this
type of respiration, together with alcohols, acetic and lactic acids, free
H-ions, and other products. Since no free oxygen is available the decompo-
sition resulting in carbon dioxide and the other products mentioned is obvi-
ously brought about by the rearrangement of the atomic groups in the or-
ganic molecules, or an anaerobic intramolecular respiration. 'VVith a deficien-
cy of oxygen in the soil there is also an increasing amount of acids in the
roots and lower stems. As the cells die under these canditions, the tissues
darken and the acids are liberated into the surrounding soils.
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Harris has shown that under Western Oregon conditions the roots of
orchard trees start their growth in the fall after the soil is well moistened by
the rains and this growth continues until the temperatures are lowered to
near the freezing point, or until they are submersed by the rising water-
table. When root growth is stopped by low temperatures the tips will renew
their growing processes, but whets growth is stopped by submergence for
any considerable length of time, root growth is not resumed ny the affected
roots.

The trees, however, do not die, unless there is complete submergence of
the root system for some time, but there is a natural pruning of the tops, in

the form of dying spurs, twigs, and even branches to equalize the dying of
the roots. This brings about the condition which has been commonly called
'die-back." This condition becomes more severe when followed by a dry
summer season which causes a struggle for hfe in the roots which were
forced to grow in the surface soils above a high water-table,

Trees suffering with die-back are very susceptible to canker and other
weaker fungous parasites because of the low vigor of the spurs, branches,
and even the trunks. Such trees frcciuently throw out new growth to replen-
ish the tops after the root system has 'ecome reestablished. The following
fall and winter these more vigorous shoots are liable to canker.

Another factor which has been mentioned by growers and general ob-
servers of canker in European countries, as a cause of susceptibility to the
disease, is unbalanced nutrition whether produced by deficiencies in the soil

or by overbearing. The writer has made no observations contributory to
this view.

The only morphological characters of trees, other than susceptible leaf
scars, which are conducive to infection, bear a rather indirect relation to
prevalence of the disease. One of these which is referred to is the thinness
of the bark in certain varieties of orchard trees. Such trees certainly are
the most susceptible, but whether this is due :o this character directly, or to
the fact that many of such varieties are subject to winter injury, is an open
question.

RELATION TO SUSCEPTIBLE \i:\RIETIES OF ORCHARD TREES
AND NEIGHBORING WiLD HOSTS

Besides the above-mentioned factors which influence the susceptibility
of trees to canker there is evidence of innate varietal characters which sup-
ply the resistant or susceptible tendency. Why one variety is resistant, or
another liable to the disease is not known. In England among apple varieties,
which are most subject to attack, are mentioned Ribston, Pippin, and Well-
ington, while among those which are less susceptible are Blenheim, Orange,
and Bismark. In Germany susceptible varieties include, among American
grown varieties, the Huhhardston and Canada Reinettc, while the resistant
ones include Boiken and Gravestein.

In Oregon the European canker was originally discovered on the Re
Cheek Pippin, but it seems to be most commonly found on Northern Spy
and Winter Banana. It has also been observed on Pennock, Bismark, De-
licious, Bellflower, Spitzenburg, and Yellow Newtown. The greatest damage
from European canker irs Oregon is among pear varieties. The Anjou,
Bose, Howell, Surprise, and Old Home pear trees are the most susceptible,
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while Bartlett, Winter Nelis, and Clairgeati, although sometimes found
with some infection, are usually free from canker.

Nectrio galligeno has not been found on other host trees native to 'West-
ern Oregon, although the three closely related fungi, Neciria ditissima, N.
coccinea, and N. sanguinea, have been found on some of the deciduous trees
of the forests. The difficulty of identifying these fungi in the field often
leads one to suspect the true orchard canker disease on some of the native
hosts such as oak, dogwood, maple, willow, etc. In 1911 Weese reported that
up to that time N. galligena had been identified as a canker-producing fungus
on apple, pear, ash, hazel, and black alder (Rhamnus frangula), but that a
wider search will perhaps yield more hosts.

THE CAUSAL FUNGUS
TAXONOMY

The most genci-ally accepted name for the organism causing the Euro-
pean canker of pomaceous fruit trees is Nec/na galligena Bres. There are
several species belonging to the section Wilikorninioles Wollenw.' of the
genus Nec/na which have often been confused in literature. Of this group,
iV. galligena is the most recent segregate [Bresadola']. The probable sy-
nonymy and some of the descriptive mycological literature pertaining to this
species should be discussed briefly in this connection.

In 1866 Willkomm gave to the conidial stage of the fungus causing
canker of deciduous trees the name Fusidium candiduni WilIk. One year
before this the Tulasnes° had described Nec/na ditissinsa Tul., the name
which has been applied to the canker organism until more recent years.
Hartig2' and others had so many times observed that the conidial stage of
the fungus described by \Villlcomm was followed by Tulasnes' N. ditissiina
on cankers of forest trees, that both conditions were considered manifesta-
tions of the same fungus. Later it was found that the conidiophores arise
from a sporodochium, and Saccardo (1906) recombined the name of the
conidial stage, as Fusaniuisi ca.ndiduni ('vVillk.) Sacc. This name was pre-
occupied (F. candidum Link), and hence Lindau (1909) gave the fungus the
new name, Fusarium Wiilkoniinii Lindau. Thus in the literature of this
period up to about 1910 these names have been used, according to the fruiting
stage which the worker may have observed.

It was not until Weese" in 1911 made a critical study of the difference
between Nec/na galligeiia Bres. and such species as N. coccinea (Pers.)
Fries and N. ditissiina Tul. that the former was seriously considered as the
true cause of the canker of pomaceous fruit trees. VVeese differentiated N.
galligena by the structtire of the perithecia, by characteristics of the spores,
and chiefly by its behavior as a canker producer. He was of the opinion
that Fusaniujn Willkommii Lindau could not be the conidial stage of N. gal/i-
gena as Appel and Wollenweber' had suggested, but the next year \Veese
agreed with them, for since his publication in 1911 he had found what he
considered to be Fusariuiii Willkomnsii on the apple canker.

The important contributions by Weese called forth a discussion in which
Voges and V\Tollenwebcr have been the chief participants. Voges" is of the
opinion that the work of \Veese will lead to much confusion among pathol-
ogists and mycologists, since there will always be a question as to the species
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of Nectria with which earlier workers cxperimc stecl. He is inclined to be-
lieve that the great variability among closely related segregates of this group
of Nectria cannot be satisfactorily separated from N. difissdna. He was
able by inoculation with mycclium and both ascospores and conidiospores to
produce canker on apple bark with what is known tci him as N. ditissirna,
but not N. gallipena, a fungus which he has never found. On the other hand,
Wollenweber' ' has identihed Nec/cia galligeoa llres. with the apple tree
canker from both European and American collections o the fungus, and at
first considered Fusaruuu lil7i/I/coi;uiiii Lindau as its conidial form. In 1913,
however, he called attention to the fact that a conidial form almost identical
with that of N. gailigeiia was isolated from an apple core and he believed it
to be identical with Fusariiiui Mali Allescher. This fungus from the core of
the apple when used for artificial inoculation also produced the true apple
stem canker, but no fruit rot. Thus, the apple Iruit becomes an over-winter-
ing place for the canker-produciuo organism. In the same paper 'vVollen-
weber" described the form genus, C\'liudrocarpoii \\ ollenw. to include those
species of Fstsariutii v. itli cylindrical macrospores having broadly-ellipsoid,
sometimes one-sided terminal cells (never with a narrowed, long-attenuated
point), and with rounded to ellipsoid or flattened ase. The conidia are 3 to
5 or even more septate, although in attenuated cultures this may be decreased
to few-septate, or even one-celled forms. He also described the Section
Willkoininioles Wollents of the genus Nec/cia Fries to include those species
which have a conidial stage conforming to the form-genus, Cylindrocarpoii.
After about ten years' aPditional s'uclv of these species by way of pure cul-
ture and direct and cross-iuoculation, in 1924 \Vollets\vrheri has still con-
tinued in his belief that l-hisariitiii nm/i All., which now becomes Cvliudro-
carpan mali (All.) \\rollcuw., is the coniclial stage ol Ni'c/ria qalligeua and
that Fusariun, Wil/li'oounii Lindau and F. frac/nu Sacc. and Cay., which
now become Cylindrocai poim 1liI/ioiucui (Undau) \Vr. and Cyl. fractusn
(Sacc. and Cay.) Wr., respectively, are the conidial stages of Nec/cia eli/is-
s/ma Tul. and N. cocciiica (Pers.) Fr., respectively. Besides these three
species of Nectria, the secdon 11illkoiuioio/es, also includes Nec/cia curcurbi-
tutu (Tode) Fr. with the conidial sagc, Cv/ioc/rociujoii cv/iudrioides Wr,, and
N. sanguinea (Sibth.) Fr. and _'i . Jiingo.eri P. Henn. with unnamed Cvliiidro-
carpon species as conidia. forms. Pure cultures from conidia of all of these
forms, except N. curciirhi/ii/ci ha\ e "roduced mature ascosporcs. Upon these
pure culture studies Wollenweber Jases his classidcation of the section
W/llkomm/oles and he has giv machart which contains host characters, and
measurements of perithecia, ascos1ores, antI conidia of each species. The
results of his inoculations will be mentioned in following paragraphs con-
cerning inoculation work. From the evidence in the . 'teraure and from
personal studies the writer bel eves that tIme cause of the canker of pomaeeous
fruit trees as it occurs in the Pacific Coast states is Ne,:tria ga/hyena Bres.
The characteristics of its conidii produced in pure culture agree with
those given by Vt'ollenmvchcr for Cvliudrocarpoii oat/i ( UI.) \Vr. Although
several other species of C/iut/rocorpon have been found oii pomaceous hosts
in Oregon and Washington, C. mci/i is the most prevalent form in Western
Oregon.

ISOLATION AN.D CULTURAL CHARACTERS
Pure cultures of Nec/rio gal/hyena are rcaclil'; isolated through the use

of spores or mycelium from the canker. Very active and virulent cultures
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may be obtained from all these sources, although cultures from spores are
most readily obtained. Cultures from ascospores may he obtained by crush-
ing a mature perithecium in a loop of sterile water placed in the bottom of
a sterile Petri dish and then transferring by loop to a vater blank for
dilution, when poured plates of potato glucose agar may be made.
Loops of conidiospores may be transferred from sporodochia on the bark
directly to water blanks and then plated out. Pure cultures from ascospores
may be obtained directly by the discharge of the spores onto inverted agar
plates. This method was suggested by Wiltshire,7 but his method has been
simplified as follows: A small piece of bark containing perithecia is soaked
in water for a short time until the bark and perithecia have imbibed enough
moisture to revive the latter so that the asci will begin spore ejection. The
piece of bark is then sponged off between filter papers or tissue toweling and
then is placed in the bottom of an inverted lid of a Petri dish so that the
perithecia have their ostioles directed towards the inverted plate of nutrient
agar, which is now placed over the cover. Ascospores are ejected within an
hour. No contaminations have been experienced by this method, which is
essentially the same as that described by the writer for wood-destroying
fungi.

Although cultures can be obtained from the mycelium in bark tissues, the
method is impractical if spores can be obtained. If conidia are not to be
found on a canker they usually will appear in a short time providing the
branch with canker has one end immersed in water in a damp chamber,
partly covering the canker. Sporodochia will soon appear on the portion of
the canker above water.

Cultural characteristics. The mycelium of Nectria galligena was
grown on many different culture media, such as Richard's, Czapek's, Reed's
and Dunham's nutrient solutions besides potato decocticn alone or supple-
mented with either mannite, phloridzin, or salicin. A modification of Rich-
ard's E nutrient solution proved to be the best liquid medium as determined
by the weight of the dry mycelial mat after a growth period of 10 days.
To bring out certain distinct morphological characters other media, such as
sterile apple twigs, potato plugs, rice, oatmeal, and sweet clover stems
(Meli1ous alba), were used.

CuL'ruRE MEDIA USED
Potato decoction. The potato decoction was made up in the propor-

tion of 200 g. of potato in 1000 c.c. of water. This was autoclaved at 10 to
15 lbs. pressure for 30 minutes and then the decoction was strained through
a rather heavy cloth filter and made up to volume. All of the potato de-
coction used was made up at one time so that portions used in the various
modifications mentioned below are comparable. To each of four 500 cc.
portions was added 2.5 g. glucose, 0.25 g. phloridzin, 0.25 g. salicin, and 2
g. mannite, respectively. Some was used without modification.

To sterile 25 c.c. portions of each of these solutions in Ehrlenmeyer
flasks plugged with cotton were added inocula of Nectria galligena and N.
.ranguinea which had previously been prepared in the following manner.
Poured Petri-dish plates of potato hard agar were inoculated with cultures
of the fungi. After mycelial growth had well covered the plates inocula
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were prepared by cutting the agar into squares about 5 x 5 mm. by use of a
sterile scalpel [see Zelleru].

After the myceliurn of these fungi had grown on the solutions for ten
days the mycelium was caught on a filter paper, dried at 70° C. for three
days, and weighed. The weights are recorded in Table I, page 22.

Richard's solution. This soludon for fungi was slightly modified so
as to conform with Ricliard's solution and Richard's E solution but
contained M/8 glucose instead of 3 percent sugar. Their formu'ae fol-
low:

Richard's A solution (moddled)
KH2PO 5.0 g.
MgSo4 2.5 g.
NHNO, 10.0 g.
FeSO4 Trace
Glucose 23.0 g.
Water 1000 cc.

Richard's E solution (modified) was made up as in (A) above except
0.5 g. KH2PO and 4 g. KNO, were used as the source of potassium. The
growth of Nectria qolligeno and I\' sanguinea was observed under the same
conditions as for potato decoction (see Table I, page 22)

Potato plugs. Slanted potato plugs were prepared in the usual way. A
wad of absorbent cotton was placed in the bottom of the test tubes for the
potato plugs to rest upon. A sufficient quantity of 1 percent glycerine in
water completely to cover the potato was then added, and the tubes were
autoclaved and stored intil necCed. Before inoculation the superfluous
glycerine solution was pciured off. This method suggested by Cayley'° pro-
vides a medium which will keep moist over a long period and upon which
Neciria galligena will produce perithecia.

Rice and rolled oats. These two media were prepared in the usual
manner except that before steaming they were covered with one percent
glycerine in water as were the potato cylinders. Upon these two media N.
galligena produced perithecia.

Czapek's" solutioo and Dunham's solution were made up as usual.
Reed's34 solution was supplemented with small bits of filter paper added as a
source of carbon.

PHYSIOLOGY OF NECTRIA GALLIGENA
AS STUDIED IN CULTURE

Observations on the laboratory work with pure cultures of Nectria ga/li-
gena have given some interesting facts concerning the following factors in
growth: (1) active acidity of the substratum upon which the fungus grows,
(2) temperature, (3) factors affecting fruiting, and vegetating of the fungus,
and (4) sources of carbon in the nutrition of the organism.

Active acidity. In order to test out the optimttm hydrion concen-
tration for the growth of N. qal/igena Richard's E solution was prepared as
mentioned above with such changes as to produce highly buered solutions
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at pH values ranging from pH 3.4 to pH 6.6. To do this the glucose was
reduced to 1 percent, the MgSO4 was reduced to 0.25 g. to allow the free
solubility of the phosphates, and the KH2PO4 was so modified by adding to
25 c.c. quantities of the nutrient solution such amounts of M/3 KPO4,
M/3 KH2 P0.1 and M/3 KHPO4 solutions as to give a total of 31.8 c.c. of
solution in each culture flask. This resulted in solutions with the pH values,
3.4, 4.2, 4.6, 5.2, 5.6, 6.2, and 6.6. These seven solutions were made up in
duplicate and inoculated with inocula of N. galligena prepared as mentioned
above. After 12 days incubation on these solutions the mycelial mats were
collected on tared filter
papers, dried at 70° C.
for 4 days and weighed.

From the data se-
cured in this experiment
the accompanying
growth curve (Fig. 8) 50was plotted. The opti- i
mum acidity for the
growth of IV. galligena
is between pH 4.2 and
5.2. This is of greater
interest when correlated
with the acidity of pear -

and apple hark. Rose°° °
.30

found the H-ion concen-
tration of apple bark to
range between pH 4.29
and 5.15. The writer L Opressed out the sap from
succulent bark of apple
and pear twigs, and aft-
er filtering a clear sap
was obtained. The same
was done with older
hark from larger branch-
es. The acidity of these
samples of sap ranged
as follows: apple bark
pH 4.2 to 5.0 and pear
hark pH 4.4 to 4.8. Ac-

Fig. 5. Curve showing the relation of active acidity tocording to these results the production of vegetative growth by Nectria galligena
it is evident that Nec- in culture.
tria gctlligena finds in
the bark of these orchard trees a medium of optimum acidity for its growth.

Temperature. The optimum temperature for the growth of the or-
ganism has not been definitely determined, hut best results with cultures have
been obtained when the room or incubators in which the cultures were stored
were maintained at a temperature ranging between 18° C. and 24° C.

Growth and fruiting. Tubes of Cayley's glycerinated potato medium
described above were drained so as to leave different amounts of the glycer-
ine solution in the test tubes. These were inoculated and growth observations

I)'t 3.5 4.5 3

Rcidik o Culture



EUROPEAN CANKER OF POMACEOUS FRUrT TREES 21

made. When enough moisture is present to keep the air very humid growth
of mycelium is excessive but no fruiting occurs. \Vhen the moisture is at a
minimum, however, spoiodochia are formed in quantity in about 14 to 18

days. With further drying and exposure to light, growth is very much limit-
ed, and in the course of 4 to S weeks tiny red perithecia are to be found in
the sporodochia. When the perithecia are about 40 microns in diameter they
are still white, but as they incCeasc in size to 48 to 56 microns they begin to
change to a very delicate pink at the ostiole and as they enlarge up to 85 to 90
microns in diameter the distal end has become a clark pink which shades off
into a light pink at the base. These perithccia are borne on a hyalinc or brown-
ish disk-like entanglement of thick-walled hvphae making up the only stromat-
ic tissue evident in this species. In all cases the macroconidia (Cvlindrocarpoii
mali) were produced or bie sporodocliia prccedmg the formation of perithecia.
There is little indication from pure culture studies that a rest period is neces-
sary to fruiting. Usually, however, when A'ec/rio qalliqeuu is grown on
sweet clover stems or apple twigs as a pure culture medium mycelial growth
is limited and fruiting proceeds to the formation of pionnotes and sporodo-
chia, but unless additional sterile water is added no perithecia are formed.
This perhaps is clue to a lack of moisture rather than the necessity of a rest
period before perithecia arc formed.

Under natural conditions the sequence of fruiting in VccIria galiigeiia is
first sporodochial macrospores folloivecl by tle ascogenous stage. In pure
cultures the ascogenous stage is produced under conditions of comparatively
high carbohydrate concentration, while macrospores arc procluccd at concen-
trations of greater dilution. Since the more solid culture media become more
and more dessicatecl as the fungus grows the food constituents become more
concentrated and the sequence of reproductive processes is the same as
under natural condi dons. Whether this usual sequence could be altered by
plantings of the fungus on concentrated media first and l later dilution is
questionable. It has not occurred for Lhe writer on relatively dry glyceri-
nated rice, rolled oats, or potato cylinders. In fact, under these conditions
no type of sporulation occurred. In the historical work of Falck' ZygospOre
formation was induced in Sporodioia graudi,c when thc nutrient medium was
highly concentrated, while more dilute concentrations tavored the develop-
ment of sporangia. Leonian° also observed that tile sudden increase of food-
concentration is more favora'lc ::o pvcnicliuni formation in certain Splsaerop-
sidales than weaker concentrations.

Sources of carbon. As mentioned above in thc descriptions of cul-
ture media used iii the laboratory experiments, representatives of the sugars,
starches, alcohols, glucosicles, aiid celluloses were used as sources of carbon
in some of the media of more or less definite composition, such as Richard's,3
Reed's, and Czapek's" solutions and potato decoction and Dunham's solu-
tion made up follow big a definite procedure.

The results of the first tcst of these solutions are given in Table I.
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TABLE I. GROWTH OF MYCELIA OF NECTRIA GALL1GENA ANT) NECTRIA
SANG UINEA ON NUTRIENT SOLUTIONS

Weight in milligrams of 10 days' growth of mycelium on fol-
lowing solutions (dried at 70 C. for 3 days)

Since the preliminary test of these various solutions indicated that Rich-
ard's E solution was the best for the mycelial growth and that since phloridzin
accelerated the growth of N. galligena but retarded the growth of N. son-
guinea and salicin had brought about the reverse influence on growth, further
experiments were planned using Richard's E solution and potato decoction.

For this experiment Richard's E solution was made up, as mentioned
above, so as to have an H-ion concentration of pH 4.6. To portions of this
were added salicin and phloridzin to make one percent of phloridzin and
salicin, and one series was prepared with 1 percent phloridzin with the glu-
cose reduced to M/16 instead of MIS. Potato decoction was used in the same
way, supplemented by 1 percent mannite, 1 percent phloridzin, and 1 percent
salicin. Duplicate cultures of each were prepared, and the mycelial growth
of N. galligena and N. sangufnea was recorded as above after an incubation
period of two weeks. The filtrates were saved when the mycelial mats were
collected on filter papers. Aliquot parts of the filtrates were tested with
Fehling's solutions for reducing sugars, but no accurate titrations were made.
The observations on this test will be mentioned below. Table II gives the
dry weights of mycelial mats.

TABLE II. GROWTH OF MYCELIUM OF NECTRIA GALT.IGENA AND NECTRIA
SANGUINEA ON NUTRIENT SOLUTIONS

Sa
.0
aa is a

C

'0

.0 0us

Weight in milligrams of 14-day.old mycelium

The essential difference between the available carbon of the potato de-
coction and the Richard's E solution is the difference between potato starch
of the former and glucose of the latter. Both fungi utilize glucose readily,
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and greater production is realized where such a monosaccharide is directly
available than in culture solutions where polysaccharides must first be broken
down. The alcohol, mannite, evidently is not utilized to any great extent as
indicated by the relatively small increment in growth where saccharides are
present in the medium.

The experiments as thus far conducted relative to the effect of the gluco-
sides, phloridzin and salicin, on growth although extremely meager open a
field for further investigation and some speculation as to the possible influ-

ence on infection. As culture experiments show, phloridzin increases the
growth of Nectria ga11ijena and retards the growth of N. sanguinea. The
reverse seems to he true when salicin is given. Whether phloridzin is essen-
tially utilized by N. galligena or whether its presence acts merely as a growth
stimulant can be answered only after further experimental work. The rough
estimates of reducing sugars remaining in the culture solutions after the
fungi had grown in them for two weeks would indicate that the phloridzin
was utilized by N. galligena and salicin by N. sanguinea. Further work is
necessary to determine whether a definite enzyme for the splitting of glucose
from the phloridzin molecule is possessed by the mycelium of N. galligena,
and also the role of phloridzin in the parasitism of the European canker
organism.

Reed's' solution was supplemented with macerated filter paper and the
paragalactan from the endosperm of date seeds. The latter was prepared
and sliced as previously described by the writer." After N. galligena and N.
.canguinea were grown on these solutions for three weeks it was found that
both organisms did very poorly when either source of carbon was given, but
both grew better on the medium containing the hemicellulose. In both cases
the organisms were able to hydrolyze, to a slight degree, the hemicellulose to
simpler sugars as evidenced by the reduction of Fehling's solution. To sum-
marize, then, the few experiments thus far conducted show that among the
carbohydrates and alcohols tested, the European canker organism appears to
utilize sugars, starches and glucosides more readily than the alcohol, mannite,
or cellulose and hemicellulose.

MORPHOLOGY AND LIFE-HISTORY OF NECTRIA
GALLIGENA

MORPHOLOGICAL CHARACTERS IN CULTURE AND IN
NATURE

Every species of fungus which will grow as a pure culture on artificial
media usually produces on certain media some morphological character or
combination of characters which will more or less readily distinguish it
from other species. Thus the morphological characters in culture which
identify the European canker organism will be given below. In the study
of a species of Nectria in culture the following morphological growths are
usually taken into consideration: chlamydospores, sporodochia, stromata,
pionnotes, scierotia, conidia, perithecia, ascospores, and the colors produced
on certain media. Of these the writer has never seen the production of
chlamydospores in cultures of Nectria galligena. The other characters will
be taken up as listed
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Sporodochia. These are creamy-white pustules of conidiophores
arising from the medium which is covered with a rather closely growing
white mycelium having tints of yellow and brown. On sweet clover and
apple stems the mycelium is mostly in the surface of the hark and there arise
from it, usually at the inoculation points, the cream-colored sporodochia.

Sometimes the conidiophores break through
small openings in the epidermis, in thickly di-
varicate tufts, which are evenly spreading, us-
ually forming hemispherical sporodochia. These
are usually I to 2 mm. in diameter but may
become 3. mm. in unusual cases. When grown
on a bare medium like glucose agar the stroma
is composed of loosely interwoven hyphae on a
felty mycelial mat. Often there appear globu-
lar or hemispherical sclerotium-like bodies
about 1 to 2 mm. in diameter. These are sterile,
plectenchymatous tissues of a reddish brown
color giving the impression of perithecia but
they have not been proved to be connected with
the formation of the latter. Sporodochia have
been observed on potato glucose agar, apple and
sweet clover stems, and Cayley's glycerinated
potato cylinders. A more diffusely spread clus-
ter of conidiophores is sometimes observed on
swect clover stems and nutrient agar. These
have the same color as the sporodochia due to
the same type of macroconidia produced. These
are the pionnotes. Both types of conidial clus-
ters arise from the thin diffuse stromata. Fig.
9 illustrates the white sporodochia on a canker-
ed Anjou pear branch.

Conidiophores. The conidiophores are
usually divaricate and branched as shown in
Fig. 10.

Conidia. The conidiospores are of two
sorts: the cylindrical iiiacroconidi and the
ellipsoid inicroconidia. The macroconidia are
produced on the conidiophores of the sporo-
dochia and pionnotes. In masses they are usual-
ly a creamy yellow but after aging they often
become a dull or light yellowish brown. When
dried out the masses of spores may become
chalky white. The large, cylindrical, septate
spores are typical of the genus Cylindrocarpon
'eVollenweber. The mature spores are hyaline,

5-7 septate, 52-64 x 4.5-5.5 microns, and have the general appearance as
illustrated in Fig. 11.

After the conidia are mature they are found in great numbers on the
substrate or mycelium immediately surrounding the sporodochia. Under
natural conditions the conidia are found on bark of pear and apple. Under
these conditions when the spores lie undisturbed in close proximity to each

Fig. 9. Sporodochia on a
pear canker. Two-thirds nat-
ural size.
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other they anastomose as illustrated in Fig. 12. Cayley1° has previously ob-
served this condition and illustrated it. This conjugation takes place when
certain cells of the spores throw out connecting hyphae. One cell of a spore
may connect with a cell of a neighboring spore or several cells of one spore

may connect with several cells of a
neighboring spore or spores.

The result of this linking of the
conidia of N. gàlligena, according to
Cayley, is the formation of a pali-
sade pseudo-tissue which helps to in-
crease the bulk of the sporodochium.
At this stage the behavior of the

nuclei of the macrospores is inter-
esting but little understood. The
passage of the nucleus from the
cell of one spore to that of another
has never been observed, but fre-
quently one cell is seen to contain
two nuclei and the cell to which it is
linked is enucleate." This condition
is illustrated in Fig. 12.

Variations in septation, size, and
shape o f t h e macroconidia are
brought about by variation in nutri-
tion, moisture, temperature, and oth-
er factors. Johann2i has mentioned
these variations brought about by
temperature on Fusarium spores.
Septation, of course, increases with
the age of the spore up to a maxi-
mum of about seven. Since such
factors may influence the morpho-
logical characters of spores under
conditions obtaining in fungus cul-
tures, our identifications of Euro-
pean canker have rested on the mor-
phology of the fungus under field
conditions. However, cultures from
typical cankers of pear or apple
bark which produce Cylindrocarpon
spores conforming to the characters
mentioned above, when the temper-
ature ranges between 18° C. and 24°
C., have been identified as iVec1ra
galligena.

Micoospores. These spores are
not borne on differentiated conidio-
phores but are abstricted from the
tips of small hyphal branches of the
mycelium produced in cultures on
various media. These conidia (Fig.
as far as known are functionless in

life-history of the organism.

Fig. 10. Portion of a conidiophore from
a sporodochium produced on pear bark.
X 575.

Fig. 12. Conjugation o
X 575.

Fig. 11. Macroconidia of Nectriagalli.
gena. X 575.

macroconidia.

14) are about 4-7 x 1-2 microns and
the
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Perithecia. On suitable media the rudimentary perithecia are to be
found in the outer margins of the sporodochia. As to whether these arise
directly from the heavy sporodochial mycelium or whether they arise in
some way from the entangled pseudo-tissue formed from anastomosed
macroconidia is still a question. Cayley could find no differentiated archi-

carp to which the perithecia could be traced. The
early stages of development of the perithecia have
been previously mentioned and such
stages are found in sporodochia on
the host (Fig. 15). The perithecia (
obtain a size of 350 to 500 microns
in height by 250 to 400 microns in
diameter, varying somewhat on dif-
ferent hosts and especially according
to the position on the bark and such
factors as temperature and mois-
ture. Where "die back" branches conidia. X 1000.
are thoroughly infected with Nec-

trio galligena growing saprophytically the perithecia are often found in great
quantities bursting from every opening through the epidermis (Fig. 16).
Where such totally-infected branches are horizontal, the perithecia are more
numerous and larger on the lower surface of the branches. In the section,
Willk'ontmioles Vir., all of the described species have perithecia of nearly
the same color and not differing greatly in size. These species are dis-
tinguished mostly by the structure of the perithecium and characteristics of
the ascospores. Weese3 and Wollenweber5 have emphasized these distin-
guishing characteristics which may be readily followed out.

The perithecia of Nectria galligena are at first cinnabar, then scarlet to
blackish red, ovate to pyriform in general vertical section, usually not col-

Fig. 13. Germination of
macroconidia. X 575.

Fig. 14. Micro-

Fig. 15. Sporodochium with immature perithecia beginning to appear. X 60.

lapsing at maturity. The mouth is either at the apex of a distinct cone or
at the center of a broader more or less sharply defined disc.

The perithecial walls are about 30 to 40 microns thick and are composed
in the basal or flask-shaped portion of rather delicate-walled cells, up to 14
microns in size. Only in this lower portion of the perithecial walls is there a
distinct parenchymatous structure. In the walls of the upper portion of the
perithecia the cells are thick walled, the walls and cells becoming more in-
distinct from the mouth canal toward the outer surface. The disc of the per-
ithecium near the mouth is composed of converging compact hyphae, or linear
cells radiating from the mouth canal to the surface. The exterior cells of the
walls take various shapes such as spherical, conical or setaceous represented
in the roughness of the perithecia. The canal leading from the main cavity
of the perithecium to the opening above is sometimes provided with rather
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thickly set, erect, distinct hairs arising from the inner walls. The red pen-
thecial walls stain violet-blue with KOH and discolor to yellowish with acid.

Asci. The asci are thin-walled, cylindric to club-shaped, sessile or dis-
tinctly stalked, with rounded thickened apex, 8-spored, 90-125 x 8-15 mi-
crons.

Paraph,se.c. The paraphyses extend above the asci, are thin-walled, sep-
tate, 5-8 microns broad, very numerous, gelatinizing at maturity.

Ascospores. These spores are distinctly two-celled; they may or may
not be guttulate. They arc hyaline, smooth, mostly ellipsoid, sometimes nar-

rowly spindle-shaped, broadly ellip-
- -- soid, ovoid and unequal-celled; one-

senate or unequally 2-senate above,
14-21 x 5-7 microns (Fig. 17).

ASCOSPORE DISCHARGE

The perithecia under Oregon
1

conditions start to form shortly
after the rainy season begins in the
fall. The growth and maturity
proceeds rather more rapidly dur-
ing months of continuous rainfall
than during months when the in-
termittency al-

lows short, dri- (2I::l
er periods to
check growth.

In the fall
of 1920 there
were intermit-
tent rains on
August 27 and
29, September 9 to 14 and 20 to 26.
On October 1 rains began to be-
come continuous with humid at-
mosphere so that fungus growths
such as the sporodochia of Neciria
galligena kept more or less mois-

Fig. 16. Perithecia of Nectria çialligena tenied continuously. Perithecia be-
on hark of winter-killed apple twig where gan to appear large enough to bethe organism is growing saprophytically.

Usually perithecia are fore scattered, seen by the aid of the microscope
X 5. (up to 40 microns in diameter) by

October 16. Ascospores were first
noticed on November 25, when only a very small percentage of the perithecia
were mature. By December 17 no immature perithecia were found and near-
ly all macroconidia were gone. During the spring of 1921 the discharge of
ascospores was observed until June 23. After that time there were no
ejected spores found on microscope slides tied over the mouths of perithecia
in situ on cankers. In the fall of 1921 continuous rains and humid weather
beginning October 13 were preceded by rainfall on September 18, 19, and 21
only. But after October 13 wet weather was continuous, perithecia began
to develop by October 24 and by December 14 the discharge of ascospores
was first noticed. During the following spring, 1922, ejected spores were

Fig. 17. Aoco'
spores of Nectria
galtiyewa. X 500.
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found until April 24, but the continuous rains ceased April 16 instead of
June 18 as the previous year.

The fall of 1922 was comparatively dry. There was a heavy rain Sep-
tember 26 to 28, but no more until November 1, when continuous humid wea-
ther began. The beginnings of perithecial growth were first observed No-
vember 20, but spore discharge was not observed until the first week in
January (Jan. 5). In this case the dry fall delayed and slowed up perithecial
growth so that spore discharge was delayed. in the spring of 1923 more or
less continuous precipitation lasted until March 24, and then very light pre-
cipitation although with somewhat humid nights continued until June 17.
On June 19 the discharge of spores was last observed.

In the three years during which the observations were made it is inter-
esting to note that in 15, 11, and 19 days, respectively, after continuous humid
weather set in, the perithecia were first seen in early stages of development.
In 55, 63, and 65 days, respectively, after the same dates the ejection of asco-
spores was first observed. There seems to be very little more distinct corre-
lation between the period of continuous humid weather and spore discharge,
than between the latter and the period from the time of the first fall rains;
for spore discharge took place in 90, 87, and 101 days, respectively, after the
dates of the respective first fall rains.

The above notes concerning the time of discharge of ascospores seem
to apply for the great majority of cases. It should be mentioned, however,
that as late as March cankers have been observed on which perithecia were
found in all stages of development. Undoubtedly many of such perithecia
which are just at maturity when humid weather ceases in the spring will
revive and discharge spores soon after the first rains in the fall. Some such
cases have been found, but most of these holdover perithecia which are not
eaten by insects during the summer become livid, collapse, and decay early
in the humid period of the fall. The latest that livid, weathered perithecia
from the previous season's crop were observed was December 14, 1921.
These were empty of spores.

The usual reports of the disease by European workers state that the
perithecia discharge the ascospores in the spring and early summer, but the
reports are usually rather indefinite as to the exact time of spore liberation.
Miss Cayley,1° however, reports definitely t.hat in England "perithecia begin
to form in the late autumn, develop slowly throughout the winter months,
and dehisce in spring. Material gathered in February showed perithecia in
all stages of development; in April the perithecia are mostly fully grown and
about to dehisce." This is later than the perithecia have matured in Oregon
during the three winters mentioned above, but perhaps our winters in the
Pacific Northwest are milder than is usual for those districts of Europe
where this canker is prevalent.

The asci of Nec/na galligena forcibly eject their spores, as is the case
with most Ascomycetes. Variations in humidity, however, may modify con-
ditions within the perithecia to such an extent that the mechanics of spore
discharge may be altered. At times conditions are such that the spores of a
single ascus may be so ejected from the ostiole that they are thrown for
some distance, while at other times whole tendrils of spores slowly pour out
from the perithecial mouth. For instance Cayley° says that in cultures of
Nec/na gaThgena 'ascospores emerge through the ostiolum in the form of
whity-buff tendrils," while Wiltshire' mentions the fact that the ascospores
were ejected from moistened perithecia so that they were caught on inverted
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poured plates of malt extract agar. The writer has observed that the best
climatic condition for forcible ejection of the ascospores is that following a
rain when the atmosphere remains just humid enough to keep the perithecia
pliable. Under these conditions a microscope slide held over perithecia at a
distance of 2 to 4 mm. will receive several groups of eight spores in a period
of ten minutes. If the perithecia are saturated with water, however, and
have reached later maturity, many of the asci discharge at one time. The
spores which are more or less glutinous under such moist conditions clog
up the canal leading to the ostiole, and further discharge of spores and liber-
ation of epiplasm gradually crowd the mass of spores out. They may be
deposited on the mouths of the perithecia in
globular whitish masses (Fig. 18) or take the
form of spore horns.

DISSEMINATION OF SPORES
Although distance from a source of spore

production is undoubtedly to a degree a means
of protection from infection, yet many young
pear orchards situated at considerable distance
from orchards which harbor European canker
become infected. This is an indication that there
are agencies by which the fungus may be dis-
seminated. Some of the agencies which are
usually considered as carriers for fungous dis-
eases are insects, wind, water, and man, but it
is difficult to obtain evidence that will fix the
blame.

By insects. It has been mentioned above
that many instances of European canker are as-
sociated with attacks of the apple woolly aphis F
(Eriosoma lanigera). This fact seems to be well
established by numerous European observers.
The French worker, Descours Desarces, has
shown without doubt that these insects carry the Fig. 18. White masses
spores about in their woolly covering. The writ- of as c o s i 0 r e s at tile

mouths of the perithecta.
er has often examined the woolly coverings of X 12.
the woolly aphis (Eriosoma pyricola) inhabiting
pear cankers and invariably numerous spores of Nectria galligena were im-
meshed in it. Since these aphids are often seen wandering up and down
the branches of cankered trees they must he carriers of the disease, although
actual cases have not been traced out by the writer.

Ants carry the ascospores of Necfria galligena on their bodies and are
doubtless a minor means of transporting the spores up and down the branch-
es of a tree. The bodies of ants, frequenting cankers dotted with clusters of
perithecia, were washed in small quantities of water. This water was ex-
amined under the microscope and found to contain numerous ascospores.
No count was made but from the numbers observed each ant must have
carried hundreds of spores.

Although spores may thus be found adhering to the bodies of insects it
is the writer's opinion that their role of making lesions or borings in the bark
is perhaps of more importance than that of actually transporting spores.
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The writer has found that during the summer in many orchards a ma-
jority of the perithecia are eaten by insects so that very few fruiting bodies
persist until the fall rains. No insects have been found feeding on these
fungous tissues, but the frass and partly eaten remains tell of insect activities.

By wind. It is evident that the behavior of the ejected ascospores
places them at the disposal of currents of air or wind. The efficiency of
the wind as a carrier, as also of the ejection of the spores from the pen-
thecium, is largely dependent upon the moisture conditions. Surely the
spores which ooze from the perithecia in masses in the form of droplets or
tendrils are not so available for wind dispersal. This condition of the
spores as described above may be one of the contributing factors which
tends to limit the majority of infections to fall and spring months in most
of the regions of the world where Nec/na galligena is prevalent as a canker
producer. Since so many of the infections are confined to leaf scars in the
upper part of trees or water sprouts, it seems plausible to suppose that the
spores are carried there by means of air currents. No attempts to capture
wind blo\vn spores on agar plates exposed in orchards have been made.

By water. That ascospores exuding from cankers are washed away
by. rain water running down the branches was demonstrated by the use of
cotton traps as described by Heald and Gardner.' The same is undoubtedly
true for macroconidia. Perhaps this wash of spores downward does not
account for many infections except those starting in crotches, bark cracks,
or open lesions due to other organisms.

PATHOGENICITY

The economic importance of Nec/i-ia galligena is manifest in its canker-
producing or pathogenic activity. The discussion of the pathology of this
organism will be taken up here under the general heads of natural infections,
descriptions of the lesions on the host, and artificial inoculations and their
results.

NATURAL INFECTION

Either the macroconidia or the ascospores of this organism are capable
of infecting apple and pear stems through certain types of lesions, and sever-
al cases of apple fruit infections and some leaf infections have been men-
tioned.

Fruit and leaf infections. Allescher2 was perhaps the first to find the
conidial form of this organism inhabiting the core of the fruit of apple.
But not until 1923 was the rot produced by Nec/rio galligena described.
Ferdinandsen' observed the rot of two varieties of apples and two varieties
of pears in three different communities of Denmark in 1919 and 1920. He
has shown by inoculation that the canker organism isolated either from ap-
ple or pear cankers will infect apple and pear fruits to produce rot. On the
other hand the organism from rotted pears or apples found in the orchard
will cause canker of either apple or pear trees. The rotted spots are brown
and sunken with sharp borders. They originated particularly around scab
wounds and spread over the greater part of the fruit. In the spots appear
the numerous Cottony white sporodochia which soon become smooth and
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grayish to brownish on drying. The macrospores of the usual type are
found on these fruit spots.

In 1924 Kidd and Beaumont' listed this organism as one producing a
fruit rot rarely found in England, it having been found as a lenticel spot on
Bismark and in a small brown rot on Bramley's Seedling.

In 1921 D. F. Fisher sent the writer some apples from the Wenatchee
\Talley, Washington. These apples were partly rotted. The rot was light
brown and on the surface were sporodochium-like fruiting bodies of an or-
ganism which was considered at the time to belong to the genus Ramularia.
The spore masses were light yellowish and the cylindrical spores were
usually 1-2 septate and 18-36 x 3-4 microns. After this organism was
grown on apple, pear, and sweet clover (Melilotus alba) stems in pure cul-
ture it developed the CvUndrocarpon type of conidia which were not different
from those of Nectria galligena. Even though this fungus is capable of in-
fecting fruit, the fruit rot produced by it is so rare that it is not of economic
importance.

Natural leaf infections by Nectria cjalligeua have never been reported al-
though Hartig stated that he was able to infect leaves by inoculation both
with the conidia and with ascospores of the organism which he knew as Nec-
tria ditissinia.

Trunk and branch infections. Earlier in this bulletin the prevalence
of the European canker was discussed in a general way in its relation to
the various kinds of infection courts, such as leaf scars, winter injury, cank-
ers of other fungi, insect wounds, pruning cuts, and other wood exposures,
and such cracks as occur at crotches, bud axils, etc. Since these general
discussions have been given above the stages in the development of infection
and the development of cankers only will be described here.

Bark infection described. A great majority of the infections in Oregon
orchards take place through leaf scars, pruning cuts, and winter injury
wounds. Since the early stages of infection and canker development can be
traced more readily in the otherwise uninjured bark around a bud and leaf
scar most of this discussion concerning bark infection will center about leaf
sear infections.

In Oregon most of the leaf-scar infections take place shortly after leaf
fall in the autumn. Others occur during the milder periods of the winter
months with more frequent infections showing up in the early spring. After
defoliation the exposed tissues of the leaf scar become more or less dried
out so that tiny cracks occur in the surface cells and infection takes place
through these cracks. Wiltshire,is working in England, has traced the incipi-
ent infection very minutely. He says: The contraction of the tissue which
takes place on drying results in small cracks appearing in the leaf scars, es-
pecially in the region of the soft tissue adjacent to the leaf traces. These
small cracks allow the canker fungus to enter the host, which it does very
readily, before the host has time to form a phellogen. The small depres-
sions between the leaf scars and the main stem hold up small quantities of
water which probably aid the germination of the spores of the fungus. The
tissue of the leaf base is rather looser than the normal cortex and the
canker fungus grows very freely in the intercellular spaces. The spread of
the fungus is helped by the slow response of the host to form a limiting
phellogen, and the small stem may soon become completely girdled.
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"The second period of infection, which takes place when the trees be-
come active in the spring, however, is very similar in its symptoms to the
autumn infection. Many tiny cracks in the leaf scar tissue are found especial-
ly towards March and April when the buds are bursting. Throughout the
winter the buds gradually swell by normal growth, but the swelling is usual-
ly sufficiently slow to allow the continuity of the phellogen to be maintained.
The growth cracks, however, frequently extend to considerable depths. With
the enormous increase in growth in early spring, fissures arise which expose
the tissues of the leaf base and readily allow the canker fungus to enter."
After the mycelium of the fungus reaches the intercellular spaces just below
the cracks the entrance to the host is unimpeded.

DESCRIPTION OF CANKER

The first outward evidences of the canker may not appear immediately
after infection. In some of the inoculations of leaf scars of Anjou pear
reported below no external discoloration had appeared for several weeks.
Within the bark and wood in these cases, however, the infection had spread
so that tissues showed a slight discoloration out into some of the inner bark,
cambium, and wood which was not immediately under the leaf scar. Infec-
tion had apparently followed one or more leaf traces for a short distance
then spread laterally, sometimes in one direction, sometimes in another, but
not necessarily with the discolored portions centering on the leaf scar. Us-
ually a short time after infection the first external symptom is a tiny circular
spot appearing in or along the margin of the leaf scar. This spot at first
is slightly darker than the healthy bark but soon takes on a dark purplish
brown color. These may first be detected when about 2 to 3 mm. in diame-
ter, and they rapidly grow until 5 to 15 mm. Up to this time in many cases
the growth of the fungous mycelium within seems to have had a slight pen-
odicity of radial growth, caused by some unknown factor. This is evidenced
by one or two concentric lines which are barely visible at first but which
become more distinct as the discolored tissues shrink. At this stage on
apple stems these very small cankers shrink slightly, but the epidermis
usually does not separate from the cortex. At times, however, this separa-
tion does occur and gives to the canker a ragged appearance. In pear cank-
ers, on the other hand, the epidermis and outer layers of the bark have a
tendency to separate after the inroads of this organism, and this results in a
very rough surface. Since most of these infections take place in the fall the
cankers develop slowly all winter over extremely large areas of bark, and the
rough surface is due to an edematous condition which is set up in the dis-
eased tissues under the very wet climatic conditions, When this soft sappy
tissue dries out during spring months the canker becomes rough and appears
to have enlarged very rapidly during the latter part of this period. The
truth of the matter, however, is revealed by cutting into the cambium near
the visible portion of the canker in the very early spring, or even winter
months, and finding that the edematous growth has proceeded far beyond
the externally visible limits. Many cankers of this sappy, soft character upon
which the macrospores occur have been observed on Anjou pear early in
June. For the most part these cankers on larger branches occurred around
early spring pruning cuts and unmistakably were due to early spring infec-
tions. As reported in 1921 by the writer and Owens,° "by the middle of
June many of these cankers bad already reached 20-22 inches in length and
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1.5-2.5 inches in breadth. If the bark around such cankers is removed it
will be fpund that in most cases the fungus has destroyed the cambium far
beyond the superficial limits of the cankers." The shaggy appearance of
these pear cankers following the edematous condition is illustrated in Fig. 7.
When winter injury or sun scald is a forerunner of the bark infection by
Nectria galligena the edematous condition is extremely rapid in its spread,
and such cankers may attain great size.

Types of canker. Thus far the writer has described the develop-
ment and appearance of European canker during the current season of its
infection. The European canker is perennial in its nature, the mycelium
hibernating in the diseased tissues of the canker during any inactive period
only to start growth again into the surrounding healthy tissues upon the
return of growing conditions. Under different circumstances this perennial
growth may vary to such an extent that three distinct types of cankers may
result. These are designated here as the open, closed and superficial cankers.

Open canker. During the dormant period of the host tree the canker-
producing fungus grows vigorously under favorable temperatures, which
prevail during the autumn and spring months. At this time the growth of
the fungus predominates to such an extent that the dormant tree cannot
check the fungus. When the tissues of the host become vigorous in growth,
however, a period is reached when the growth of the host plant predominates.
At this time the healthy bark around the diseased area begins to grow, form-
ing a new cork cambium and layer of wood which heals over at the margins
of the canker, forming a callus. As translocation is shut off by this inter-
ruption in the tissues of the callus above and below the canker, these callus
tissues become greatly enlarged. The new bark forms over the edge of the
callus so that with this increment of bark and wood a swollen appearance
results. When this active growth of the host begins a fissure is formed
between the healthy and diseased bark. The ]atter usually adheres to the
dead wood beneath and, if it is not roughened because of the previous
edematous condition described above, it dries down and fissures as it shrinks.
Vvhile the callus is forming and the host is predominant in its growth, the
mycelium is not entirely inactive. The fungous hvphae in the meantime have
advanced in the wood formed the previous year, giving to it a darkened ap-
pearance beyond the edges of the callus. During the next growing season
for the mycelium of the fungus the mycelium spreads upward and outward
into the new year's wood and the bark of the callus. Thus the canker is
enlarged and later another callus is formed concentrically about the last. As
would be expected the growth in a direction longitudinal with the stem is
more rapid and at least on the larger stems elliptically shaped cankers are
formed, as has been described for the perennial canker of apple trees caused
by Glocosporium perennans Z & C. In this type of canker after several
years the central portion becomes deep and open and the old bark which
adheres to the wood for the first year or two may fall away in time. This
type of canker is illustrated in Figs. 5 and 19. In Oregon this type of canker
is seldom found, except occasionally on apple, usually west of the Coast
Range. In Europe, however, this open type of canker is the form usually
described and illustrated.

Closed canker. On the Pacific Slope, cankers caused by Nectria ga/li-
,genis spread very rapidly, often covering large areas of bark in one season.
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Fig. 19. Open cankers on apple.

In such cankers on pear the infection
spreads most rapidly in the neighbor-
hood of the carnbium layer so that
when bark is cut away from the mar-
gins the discoloration of the cambium
extends far beyond the external visi-
ble limits. Such enormous lateral and
longitudinal growth removes the an-
nual calluses so far from each other
that the concentric rings of callus are
not so apparent as in the open canker.
Such canlcers both on apple and on
pear are covered with a rough fissured
gall-like bark and the wood beneath it
may become dry and checked. In the
apple the cankers arising from crotch
infections are particularly of the
closed, rough type. Figs. 7 and 20
illustrate this type of canker on pear
and apple respectively.

Superficial canker. In contrast to
the above mentioned advance of the
fungus in the cambium there is a very
different type of canker formed at
times on pear bark (Figs. 21 and 22).
In these cankers there is no damage
to the bark deeper than the paren-
chyma of the pericycle during the first
year of the mycelial advance. The
cambium is seldom, if ever, invaded
during the initial year of infection al-
though the canker may spread through
many square inches of bark. During
the first season cankers of this type
on young Surprise pear trees have
been found to spread as much as 30
inches tip and down the trunk and
out Onto the primary branches without
any evidence of cambium infection.

This type of canker enlarges dur-
ing the late autumn, winter, and early
spring months. The cankers are edem-
atous. The epidermis breaks during
the winter, exposing an oozy, spongy,
blackish brown, dissociated tissue. As
reported in an earlier publication
(Zeller and Owens60) the cause of this
canker as it occurs in Oregon had not
previously been ascribed to Nectria
galligena. Since the spring of 1922,
however, macroconidia have been fre-
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Fig. 20. Closed canker on apple.

quently found on these cank-
ers and the fungus has been
isolated from the early stages
of this type of development.
Sorauert5 refers to a contribu-
tion by Paparozzi in which by
inference he refers to this su-
perficial type of closed canker
on pear bark. In such cases
where frost wounds are super-

Fig. 21. Early stage of
superficial canker on Howell
pear.
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Fig. 22. Superficial canker
on Bose pear.

ficial Paparozzi finds that the infected por-
tions are not hounded by excessive callus for-
mation along the margins, and that these
largely depend upon climatic conditions.

Infections leading to this type of canker
usually have their start through such super-
ficial infection courts as crotch cracks, frost
cracks, leaf scars, and such checkings as are
caused by scab (Venturia pyrina) infections of
the bark. Although obtaining entrance through
such courts this type of infection is seldom
found on trees whose bark has not sustained
at least slight winter injury.

If the apparently healthy bark above or
below the canker is gradually pared away
with a sharp knife, brownish lines extending
parallel with the branch will be found follow-
ing the parenchyma near the bast bundles. If
these tissues are segregated out under sterile
conditions the fungus may be obtained in
pure culture. Starch tests have shown that
the starch disappears in the neighborhood of
these brownish lines. The brown discolora-
tion of the bast bundles may be due to winter
injury, and not caused by the fungus, but they
are surely convenient avenues for the progress
of the fungus. From the parenchyma near
these bundles the infection spreads to the par-
enchyma of the outer bark. During winter
sporodochia or pionnotes with macrospores
are sparingly found in the superficial crevices
below the broken epidermis. During the sec-
ond year the infection may penetrate to the
cambium when the canker takes on the ap-
pearance and destructiveness of the ordinary
closed canker, or,. if the weather happens to he
relatively dry during the active spring growth
of the tree, the pericycle may generate an en-
tire new bark with a sclerotic outer coat that
is a great deal more resistant to further in-
fection than the natural, smooth epidermis of
the bark. Such superficial cankers which are
underlaid with a cork layer are seldom if ever
troublesome again.

PATHOLOGICAL ANATOMY

For the most part the abnormal condi-
tions of the host tissues arising from the
presence of the canker producing fungus,
Nec tria galtigena, have been mentioned above
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in the descriptions of the three types of canker. Aside from the described
dissociation of bark tissues and discoloration of woody tissues which have
been actually penetrated by the fungus there seems to be a perceptible
stimulation and abnormal production of wood parenchyma and medullary
rays in the healthy tissues of the growing calluses. This adds to the depth
and cup-shape of the open cankers. This stimulatory effect of the fungus
on parenchyrna production has been discussed by Voges.

Bark. As described above in connection with infections causing the
superficial type of canker, the mycelium follows the thin-walled parenchyma
and the parenchyma close surrounding the sclerenchyma bundles in the bark.
In fact the mycelium of Nec1ra galligena is found only in the parenchyma
of the bark and in the wood parenchyma, medullary rays and xylem ducts
of the woody cylinder. In the parenchyma of the outer cortex or just out-

side the cylinder of sclerenchyma bundles
the mycelium seems to follow no particu-
lar course but the growth ramifies this
parenchyma both extra- and intracellular-
ly. In the parenchyma cells of the im-
mediate region of the sclerenchymatous
bundles, however, the mycelial growth
seems to be almost entirely parallel with
the bundles, especially in the parenchyma
of the pericycle.

Wood. In the woody cylinder the
rnycelium has been traced to a depth of
2.4 mm. from the cambium as single in-
tracellular hyphae passing lengthwise
through the medullary ray cells. Longi-
tudinally with the stem the mycelium
pervades much of the wood parenchyma
both extra- and intracellularly to the same
depths as well as in the xylem ducts.

The stimulation of parenchyma pro-
duction which has been mentioned above

Fig. 23. Late spring infection in the description of callus formation cvi-
showing diseased tissues dropping dently affects mostly the parenchyma of
away expos,ng a well-formed bark
underneath, the pericycle, i. e., that cylinder of paren-

chyma beneath the sclerenchyma.
In many cases of leaf-scar infection in the late spring the mycelium of

Nectria galligena does not penetrate beyond the Outer layers of the pericyclic
parenchyma, provided the tree has started growth activities. In such cases
a cork cambium is formed in the inner layers of the parenchyma of the pen-
cycle. This cork cambium connects with that of the outer bark in the sur-
rounding healthy bark. As cork is produced by this newly formed cork
cambium the diseased tissues are excluded and as they dry they soon drop
away (Fig. 23).

In the case of the superficial type of European canker described above
(page 34) practically the same tissues as just described for late spring in-
fections are invaded by the mycelium, and the cork cambium is formed to
exclude it in the same manner. There must be, however, some undiscovered
penetration below the parenchyma of the penicycle, perhaps into medullary
nays, for the cambium region may be infected the second year. When the
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diseased outer bark layers are cut away down to the parenchyma of the
pericycle, the drying out of the tissues and treatment with a fungicide, to-
gether with the formation of the new cork layer, are very effective in ex-
cluding the disease.

INOCULATIONS
In December, 1921, and January, March, and April, 1922, inoculations of

Anjou pear were made in two ways. First, water suspensions both of ma-
croconidia and ascospores were sprayed from an atomizer on 20 branches
each showing (1) no wounds, (2) pruning cuts, and (3) broken spurs. Sec-
ond, inoculations were made by inserting spores under the bark in T-shaped
cuts, 20 inoculations being made each month, 10 with ascospores and 10 with
macroconidia The results of all of these inoculations were taken on June
23, 1922.

The results of the inoculations in the first group where the spores were
sprayed on the surface are presented in Table Ill. The same type of inocu-
lations made in March and April resulted in no lasting or deeply infected
cankers. The four cankers resulting where no wounds were present at the
time of inoculation perhaps resulted from leaf-scar infections as reported by
Wiltshire and Spinks.'2

The results of the inoculations made by introducing spores into the cam-
bial region through T-shaped cuts are recorded in Table IV.
TABLE IV. RESULTS OF INOCULATING THE CAMBIAL REGION OF ANJOU

PEAR WITH MACROCONIDIA AND ASCOSPORES OF NECTRIA GALLIGENA

TABLE III. RESULTS OF INOCULATIONS DY SPRAYING MACROSPORES AND
ASCOSPORES OF NECTRIA GALLICENA ON ANJOU PEAR

Date of in.
oculation

Condition
of host

Number of in.
ocufations

Number of
cankers form-
ed June 23,

Spores used 1922

1921
December No wounds 20 macroconidia
December No wounds 20 ascospores 0December Pruning cuts 20 macrospores 3
December Pruning cuts 20 ascospores 2
December Broken spurs 20 macrospores 1

December Broken spurs 20 ascospores 6
1922

January No wounds 20 macroconidia 2January No wounds 20 ascospores
January Pruning cuts 20 macroconidia 4January Pruning cuts 20 ascospores 3January Broken spurs 20 macroconidia 3January Broken spurs 20 ascospores 2

Date of in.
oculation

Number of in-
oculations Spores used

Number of cank-
ers formed as ob-
served June 23,

1922

1921
December 10 macroconidja 4
December 10 ascospores 6

1922
January 10 macroconidia 5January 10 ascospores 9
March 10 macrocon,dia 7
March 10 ascospores 2
April 10 macroconidia 2
April 10 ascospores 4
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During the month of October and the early part of November, 1923,
rather extensive inoculations of leaf scars and pruning cuts were made. Since
our greatest difficulty with European canker in Oregon arises in pear or-
chards, these inoculations were again made on Anjou pear. Ascospores and
macroconidia for these inoculations were obtained from cankers on Anjou
pear. These were secured in large quantities and inoculations were made
in the following two ways: (1) spores were sprayed on the host in a water
suspension and (2) a thick paste of spores in water was smeared on the
leaf scars and pruning cuts. It was thought best to try to learn something
about the influence of bordeaux spray on the spores of Neciria galligena on
the host, and home-made bordeaux mixture 4-4-50 was therefore applied at
intervals before and after the inoculations were made. The inoculations
were made immediately and 7 days after defoliation and immediately and
7 days after pruning. The results of these inoculations which were observed
the first week in July, 1924, are recorded in Table V.

DISCUSSION OF INOCULATION RESULTS

General. The following conclusions have been reached after ex-
amining the cankers resulting from the inoculations reported in tables
III, IV, and V.

Inoculations result in cankers ina greater percentage of cases
where spores come directly in contact with freshly wounded cambium
than in cases where the spores come in contact with such natural lesions
as leaf scars or even in the case of pruning cuts.

In our experiments inoculations resulted in cankers when made
between the time of defoliation of the host in the autumn and the
awakening of the cambium in the spring. The greater number of inocu-
lations resulted in canker if made in the fall months rather than the
spring, although the period of greatest evidence of infection and en-
largement of canker extends from early spring until the rapid growth
of the host slows up the activity of the fungus. This period usually
extends into June under conditions prevailing in Western Oregon.

Period of incubation. The period of incubation, or that period
from the time of inoculation until the first evidences of canker forma-
tion, was usually very short, but the cases are extremely variable. When
inoculations are successful in the early spring the indications of infec-
tion may show up in four or five days in the case of leaf-scar infections
during very damp weather. When the weather is intermittently moist
this period is extended, at times there seeming to be a hibernation of
the mycelium for a short time until more favorable weather. Damp
weather aids the growth to deeper tissues and then canker enlargement
is unhindered until growth of the host and warmer weather inhibit
growth of the mycelium. In cases of cambium inoculations canker
formation may not appear at the surface for two to three weeks in
spring inoculations, but intermittent precipitation does not hamper these
cases of canker enlargement. In the case of leaf-scar inoculations made
late in the spring, infection sometimes took place, but the lesions were
mere superficial scales of diseased bark tissue. These are sloughed off
early since the host at this period of the year lays down a cork layer
which cuts off the inward progress of the fungus. In the case of au-
tumnal inoculations the period of incubation is controlled by the same



TABLE V. NUMBERS AND PERCENTAGE OF INFECTIONS ON LEAF SCARS AND PRUNING CUTS OF ANJOU PEAR INOCU-
LATED WITH ATECTR!A GALLIGENA
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factors which have been mentioned for spring inoculations. In the fall,
however, the host is not active arid if low temperature or low humidity
does slacken the progress of infection and canker enlargement the fun
gus mycelium hibernates in the diseased tissues, resuming its progress
during any favorable periods that may appear in the fall or winter
mont Ii S.

Results of leaf-scar and pruning-cut inoculations. As shown by
the results tabulated in Table V both leaf scars and pruning cuts inocu-
lated with ascospores yielded a greater number of infections than did
either inoculated with macroconidia. There may be at least two reasons
for this. First, the ascospores may have been more viable after dis-
charged than were the macroconidia under the prevailing weather con-
ditions. Second, it may be that the extremely large size prevents the
macroconidia from obtaining so great depths through capillary suction
into the tiny crevices of leaf scars or the exposed xylem ducts of prun-
ing cuts. This last-mentioned ingress of spores has been explained by
Brooks and Moore9 who have observed fungous spores drawn into wood
vessels to a maximum distance of 6 mm. by capillarity when a drop of
water struck the cut end of the wood.

When inoculation consisted in smearing a heavy paste of spores
from a needle onto the surface of pruning cuts or leaf scars a higher
percentage of cankers resulted than when the spores were sprayed on as
a water suspension from an atomizer. This is doubtless due to the
greater chance of infection because of the greater number of spores in
the smear.

There was not a great difference of percentage of infections in
the leaf-scar and pruning-cut inoculations.

Many more cankers resulted from leaf scars inoculated imme-
diately after defoliation than from those inoculated one week after
defoliation. This contrast was striking when either ascospores or
macroconidia were used. Although the contrast is not so great, more
cankers resulted from pruning cuts inoculated immediately after pruning
than from those inoculated a week later.

Results of spraying just before and just after superficial inocula-
tion. Home-made bordeaux 4-4-50 sprayed on the inoculation court just
before inoculation or 7 days before inoculation gave absolute control
in all cases where either ascospores or macroconidia were used. In the
case of leaf-scar inoculations these sprays were applied just after de-
foliation. Sprays applied immediately after inoculation also gave reason-
ably good control in nearly all cases, but those applied one week after
inoculation were not satisfactory. Especially is the latter fact true in the
case of the control of ascosporic infection of pruning cuts.

CONTROL
HISTORY OF EUROPEAN CANKER CONTROL

Swales has said that to go no further than back to the latter half
of the 17th century and the first quarter of the 18th will suffice to pro-
voke interesting reflections on the subject of apple canker" control. In
1710 Samuel Gilbert, Editor of The English Gardener, says that 'the
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canker is as bad a mischief as any that happens to trees, but especially
to young trees, which being small, are eaten or tainted round before
one is aware of it. Therefore if your fruit be of such a kind as is sub-
ject to canker, as of a truth some are more than others * * * in such a
case it is hard curing. * * * Sometimes too deep planting causeth trees
to canker * * * and 'in some that are very subject to it a little bruise,
and sometimes unseasonable pruning. As I said, if your fruit trees are
of such kind as are more than ordinary subject to canker, or the nature
of your ground more inclining your trees thereto, your diligence is to be
the more in often viewing and searching your nursery or plantation, es-
pecially of your youngest and upon the first opportunity to cut out the
least speck of canker. * * * This clean cutting of it out, I have found
to be sufficient for the cure of the place so cut. * * * But if you find,
as indeed it sometimes so falls out, that you cannot rid your trees of
the disease, as it happeneth with some sorts of Pippins, Harvie-apples
and some others, in some sorts of ground although of a pretty good na-
ture, so that what your trees shoot this year dies the next * * * or be-
fore then, it will be your best course to cut off the head of such a tree
or trees leaving only some convenient arms or boughs whereon you may
graft some other sort of fruit which in a like ground or situation doth
bear fruit well and is not so subject to canker." And so in the early
part of the 18th century, as suggested by Swales, the ideas of control of
cankers were quite advanced. These directions given by Gilbert,
Swales calls extraordinarily efficient and one needs a considerable
acquaintance with the vagaries of the canker fungus at present to realize
that even today we cannot greatly improve upon them in practice. Tim
Mourse whose Campania Foelix: or discourse of the benefits and im-
provements of Husbandry' was written in 1697 and published in 1700
* * * says: The canker is another disease incident to trees, if it be in
the branches, I look upon it as incurable, for the cankered branch being
cut off, the after-shoots will likewise be cankered till you pare away
all the branches: Esteem therefore such a tree to be fit for nothing.'
The same writer discussed the varieties of apples grown at that time in
England which were resistant and susceptible to canker.

Although other European workers from Hartig's time (1880) until
well in the twentieth century frequently have discussed control of canker
by eradication, they have added little to the knowledge concerning con-
trol which had been practiced since the first of the eighteenth century.

Of the more recent writers on the subject of control of the Euro-
pean apple-tree canker Paddock, Brooks, and others have merely recom-
mended sanitary measures in the orchard. In 1918 Owens3 recommend-
ed eradication by cutting out all cankered branches or individual cãnk-
ers and painting the wounds with bordeaux paste or disinfecting and
painting with asphaltum.

Barker, Gimingham, and Wiltshire5 found that the germination of
spot-es from apple cankers was not inhibited in the least by the presence
of sulfur, and that the acid or alkaline reaction brought about by secre-
tions from the spores did not affect the influence of the sulfur on the
fungus.

Grubb'° using lime-sulfur and bordeaux sprays obtained much better
control with bordeaux. His spraying showed 'that where the trees were
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sprayed, the presence of an old spore-producing infection has led to less
than one-fifth as many new bud infections as where they were not spray-
ed" Doubtless in the light of the work of \Viltshire the bud infections
referred to were leaf-scar infections. After finding that a majority of
the infections have their origin through leaf scars Wiltshire thought
there was no valid reason why sprays applied to the leaf scars should
not control infection. In his first trials with copper stearate the results
were rather gratifying. Later, however, he reports that in trials with
bordeaux mixture lie had nearly as high a percentage of infection on
sprayed trees as on those left unsprayed. Wiltshire expresses the opin-
ion that spraying treatment for autumn infection may not be effective
enough to make it economically sound since "first of all the spraying of
leaf scars immediately after defoliation is dangerous, because * * * the
fruit still remains on the tree * * * and spray fluids may spot the fruit.
Further, the spraying of ripe fruit with a copper fungicide is open to
obvious objection. * * * Another difficulty in autumn spraying for
canker is the rapidity of infection," necessitating, he thinks, at least two
sprayings at the tinie of defoliation.

As an antiseptic for canker wounds which have been cleaned out
Macineira2° recommends the application of a paste made of ferric oxide
in crude sardine oil.

MEASURES FOR THE PREVENTION OF INFECTION
Orchard sRnitatioil is one measure which should be practiced to pre-

vent needless infection. It is poor orchard practice to permit branches
containing canker to remain near an orchard: such cankers harbor the
canker fungus in a saprophytic condition. Such refuse is a constant
source of spores during damp weather, and very late in the spring the
lower parts of brush piles are damp enough to keep the fungus suffi-
ciently active to discharge spores.

Elimination of diseased tissue by surgery is another preventive
means of minimizing the number of new infections, for there is no
known spray which will control the advance of the fungus within the
tissues of the bark or wood. The thorough elimination of diseased tis-
sues may be brought about in one of two ways: the removal of a cank-
ered branch or the removal of the diseased bark of a canker. The grow-
er must judge these cases from the standpoint of strict econoI1y. It
would cost less to remove smaller cankered branches than to clean the
cankers upon it, while on the other hand if the producing power of a
larger branch will justify it, the cankers should be removed. Even in
such cases large cankers sometimes *111 not justify their treatment. For
instance, it would be folly to remove a canker extending more than half
way around a branch; the entire branch should be removed.

For the removal of the diseased tissues from cankers certain tools have
been found useful. A farrier's knife has been extremely useful for trim-
ming the margin of wounds and for working in crotches. Some orchard-
ists prefer the straight blade of a small knife such as is used for bud-
ding. In the case of superficial infections which do not reach to th
cambium a farrier's knife or draw shave has been found useful for scari-
fying the bark.
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In removing dis-
eased tissues from cank-
ers it is necessary to lo-
cate the limits of the in-
fected tissues. In the
case of deep cankers this
can be found by cutting
to the cambium at the
visible margin of a cank-
er and gradually cutting
back into the healthy
bark until a region of
the cambium which
shows no discoloration
is i-cached on all sides of
the canker. The remov-
al of all the diseased
bark is important. So
far as possible the final
wound should be point-
ccl at each end so as to
aid in healing. Ragged
edges or edges of bark
which are not cut per-
pendicularly to the sur-
face of stern will die
back to sonic extent
a ci ci become infection
coui-ts for fungus spores.

In this connection
clean and proper prun-
ing should be ernplia-
sized. Pruning c U t s
should be made as close
to the parent branch as
possible. This will in-
sure the most rapid pos-
sible healing. Any splint-
ering or roughness is
highly undesirable. Stubs
needlessly delay or whol-
ly prevent healing, and
such wounds are almost
sure to result in heart
rot.

In cases of the super-
ficial type of canker it is
only necessary to scrape
away the diseased outer
bark and paint over the
scarified surface w it h
some antiseptic tree paint.

Fig. 24. Trunk of Surprise pear which shows suc-
cessful scartficatioim conijol of the superficial type
of canker.
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In these cases where the wood is not exposed it would be sufficient to
leave the wound untreated if thorough cleaning away of diseased tissues
has been accomplished. One grower treated these scarifications in three
ways and had perfect control in all cases. He used bordeaux paste, as
well as concentrated lime-sulfur, and left others exposed to dry out
without treating. Many young pear orchards in Oregon have been
scarified in the way described above with a very high percentage of suc-
cess, but it would be inadvisable to allow scarifications to go untreated.

The time to apply wound dressings. Orchardists often ask whether
wounds should always be covered with a dressing. In order to answer
this question intelligently the writer made a survey of many well-kept,
consistently-sprayed apple orchards of Western Oregon.

It was found that the usual spray program in apple and pear or-
chards seems to be sufficient to wash the ordinary pruning cuts for
the prevention of infection by such wound-fungi as European cankers
and wood rotting forms. No chances should be taken, however, with
any wounds of any considerable size, for the time necessary to bring
about complete healing also allows too great a chance for infection. The
writer cannot say that smaller cuts will not be infected to some extent
in well-sprayed orchards, but the orchardist should treat all apple or pear
wounds 2 inches in diameter or more with a fungicidal wound dressing.
This should be done soon after canker wounds are cleaned out, or prun-
ing is done to eradicate cankered branches. If the weather is relatively
dry when the wounds are fresh two or three days may not be too long
to wait, but under damp conditions spores on the surface of wood will
germinate in a few hours. Then, too, in an extremely short lapse of
time, according to Brooks and Moore,' spores may be drawn so far into
the wood by capillary water that the fungicide applied to the surface
of the wound will not effectively reach it.

WOUND DRESSINGS

Many times the question is asked whether it is necessary to anti-
septicize a wound before a permanent coating is applied. This precau-
tion is often resorted to, but some materials, such as creosote or carbo-
lineum, may injure the healthy tissues of the tree and should not be used.
Nearly all other materials used in this way are water soluble and easily
wash away. Another objection is that they may prevent the adhesion
of a subsequent paint or such coatings as tai or asphaltuni.

Gloyer'7 states that when tar is used it has in itself the necessary
antiseptic properties to sterilize the cut surface," but to make this cov-
ering permanent it was applied following a coat of shellac which insures
adhesive properties.

A coating of bordeaux paste, which has been used by Volck" in the
Watsonville district of California and by Owens and others of the Ore-
gon Agricultural College, is effective in its prevention of fungus infec-
tion of wood, but it is not durable and the orchardist cannot afford to
repeat the wound dressing each season. During the last five years the
writer has therefore experimented with some twenty different wound
dressings recommended by various workers. Among these the one
which combines the necessary properties for a successful tree paint is
bordeaux paint.
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Bordeaux paint is a wound coating which will remain permanent
over a period of four years, at least. According to the writer's experi-
ence it does not injure the bark, makes a close union with the wood, and
is not hard or thick enough to prevent free and rapid formation of
callus. If made up properly it does not crack and yet seems to be suf-
ficiently air-porous and water-porous so that sap pressure does not force
it away from the wood causing pockets to form back of the coating. It
is fungicidal, is relatively cheap, and can be applied in one operation.
Some workers have stated that they have had slight injury to the mar-
gins of pruning cuts by using any preparation containing copper. To
obviate such injury Voick first treats the cut edge of the bark with a
ring of grafting wax, made of asphaltum and paraffin, before applying
bordeaux paste to the wood.

Preparation of bordeaux paint. Bordeaux paint is prepared by stir-
ring raw linseed oil into one of the commercially prepared powdered bor-
deaux. The writer has had success with the Sherwin-Williams Fungi-Bordo.
A quantity of the dust, sufficient for the treating project at hand or con-
venient for a day's operations, is placed in a pail. Vv'hile stirring, raw lin-
seed oil is slowly poured in until a very thick paint is formed. It is more
desirable that the paint seem too thick for it apparently becomes thinner
after standing a short time.

SPRAYING

Under Oregon climatic conditions Nectria galligena discharges its asco-
spores intermittently from very late autumn until the close of the rainy sea-
son in the spring, and its macroconidia are discharged over the same period
starting with the first rains in autumn. Most of the infections take place
through leaf scars. The most logical time for applying sprays to prevent
infection, therefore, would be as late as possible in the fall before the first
rains and after defoliation of the trees. Some infections take place through-
out the whole period of spore discharge, but those that occur later in the
spring are usually occluded by the formation of a cork layer by the active
bark of the tree and thus a much lower percentage of these are damaging.

Since the canker is not as commonly found in Western Oregon apple
orchards which have been well sprayed as in pear orchards, the writer be-
lieved that the summer or fall spray of bordeaux mixture 4-4-50 which was
applied for the control of apple-tree anthracnose (Neofabraea nialicor/icis)
had perhaps been controlling also the European canker. Therefore, some
trial sprays were applied to test out this idea.

Trial sprays in 1921. An orchard of Anjou pear trees which was in-
fected with the canker was selected for a test of the bordeaux sprays.
Five adjoining rows of 14 trees each were selected for the demonstration.

To Row 1, no spray was applied.
To Row 2, bordeaux 4-4-50 was applied on August 16, 1921 before

the fruit was picked.
To Row 3, bordeaux 4-4-50 was applied on August 16 and 6-6-50 was

applied September 27, after the fruit was picked.
To Row 4, bordeaux 6-6-50 was applied on September 27.
To Row 5, no spray was applied.
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Results of 1921 spray applications. The results trout these sprays
were taken on June 24, 1922, and although the numher of cankcrs on
the unsprayed trees was low there was a very marleed control of new
infections on the trees receiving spray. The results iTollow.

28 trees receiving ito spray showed 61 new cankers.
14 trees in row 2 showed 4 new cankers.
14 trees in row 3 showed 0 new cankers.
14 trees in row 4 showed 7 oew cankers.

These results were sufficiently promising to warrant adthtional demon-
strations of this control.

Trial sprays in 1922. In the fad of 1922 continuous -tumid weather
did not begin until the first of November so isat a spray rig could be
taken into the orchard in October. Consequently, another spray dem-
onstration was applied on Anjou pear trees which v. ere very near the
five rows used in the 1921 demonstration and which were more badly
cankered. The rows were numbered the same as in he 1921 trials and
sprayed as follows:

To Row 1, no spray was applied.
To Row 2, bordeaux rviixturc 4-4-50 was applied na October 18,

1922, when the trees were about i defoliated.
To Row 3, bordeaux 4-4-50 was appl-ted on October 18, and

4-4-50 on October 30, when the trees were completely de-
foliated.

To Row 4, bordeaux 4-4-50 was applied on Ociobr 30.
To Row 5, no spray was applied.

Results of 1922 spray applications. The numbers of cankers on
these trees were counted on Junc- 26, 1923, and gratifyin4 results were
obtained, as shown in Table VI.

TABLE VI. RESULTS OF SPRAYING WITI-I BORDEAUX MIXTURE 4-4-SO II\
THE FALL OF 1922 FOR 11E CONTROl. OF EUROPEAN

CANKER ON ANJOU PEAR

4)

E

0

4)

0

z
None
Bordeaux 4-4.50
Bordeaux 4-4-50

Bordeaux 4-4-50
None

I

68 148

Oci. 18, 1922 92 37
Oct 18 and
Oct. 30, 1922 iO3 21
Oct 30, 1922 85 11

32 81

2OnE
non

0
9 I

nO

.n--.--
- - E.n,on
.2 0 a'

R

These results support those obtained the previous year in showing
that bordeaux mixture brings about marked reduction in the number of

1 14
2 14
3 14

4 14
5 14
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new infections. Apparently, also, there was a little better control where
the spray was applied just after all the leaves had fallen than where only
three-fourths were off. From the results of both years there is no indi-
cation that two sprays are more effective than one.

No tests have been made with an early spring spray although there
is a possibility that such a spray might prove a valuable supplement to
the fall application. The use of home-made bordeaux mixture as late
as is practicable before the first fall rainy period seems from the limited
tests conducted to offer the best promise of successful resuls in pre-
venting infections in the average Oregon orchards.

GENERAL CONSIDERATIONS FOR CONTROL

The value of careful handling of trees in the general orchard prac-
tices should be emphasized. Injury to the bark of trees should be avoid-
ed whenever possible. Injuries to the bark are liable to result from
pickers standing in crotches of the branches or from the careless hand-
ling of ladders and implements of cultivation. The importance of guard-
ing against such injuries lies in the fact that European canker may begin
in such scars.

Varieties of trees which are very susceptible to winter injury
should be shunned in localities where European canker is a serious
menace, for such trees are susceptible to a greater extent than those
which are resistant to low temperatures. Nonresistant trees, however,
to a degree can be protected against winter injury. A good physiological
balance of soil moisture throughout the year will do much to keep the
trees in vigorous growth and guard against winter injury to root
systems. This last mentioned type of winter injury devitalizes the
trees so that the branches are more subject to canker. The chief factor
in the prevention of -fvinter injury, however, is early dormancy. This
may be aided by the cessation of cultivation early in the summer and
planting of cover crops in orchards to take up moisture in the fall. As
suggested on pages 14 and 15 the normal physiology of the trees must
be maintained by good drainage, and good soil fertility, and every ef-
fort must be made to induce early dormancy.

RESISTANT VARIETIES

Earlier in this bulletin (page 15) the resistant and susceptible varie-
ties as found in Oregon have been listed. Since several of our best corn-
niercial varieties of pears are rather subject to European canker, the
question naturally arises as to whether the grower should replace these
varieties with more resistant ones. By applying the control methods
discussed above to the Surprise pear which the writer regards as one
of the most susceptible to European canker, the canker of this variety
has been satisfactorily controlled. In the light of the experiences of
several growers the writer is of the opinion that the control of canker
of susceptible varieties can be accomplished by thorough efforts of the
grower and that no grower is warranted to avoid desirable commercial
sorts on the grounds of susceptibility to European canker alone. When
choice between varieties of equal desirability from a commercial stand-
point is to be made, however, those more resistant to the disease would
naturally have the preference.
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SUMMARY

In this bulletin the European canker of applc and pea' tices is fully
described with particular references tn conditions lound in Vicstcrn Oregon.
The history of our knowledge of the taxonomy, phxsiologv and pathogenicity
of the causal organism, Vectria qa//iijr'iia Bees., is briefly discussed. The
factors contributing to the distrilnition and prevalence o the canker are
listed and separately discussed. The morphology of the pathogene is Ie-

scribed as it occurs under natural conditions and in culture. The patho-
logical anatomy or reaction of the liot to the pai'asite i described, and the
avenues of infection and mveelii'l inroads of the diseased issues are fol-

lowed. The development of cankecs is followed from incipiency of infection
to the perennial stages of mature cankers The open, closed, and superficial
types of canker arc described with reference to the conditions under which
they exist. The life-history of .\cctriu gi/liqcnu Bres. is followed through
the seasons of the year with special consideration gii en o the time of
spore liberation.

This study shows that the macroconiclia (Cv/iiidrocarpoii) are liberated
from the time the first rains fall in the autumn until Uceen- Per or early in
January, according to weather conilitions, and then again rum early spring
until the close of the rainy period in late spring . a\scospores are discharged
during a period extending from approximately 90 clays a Ocr the autumnal
rains begin until the rains stop in late spring.

Under natural conditions in fccdon may take place during any part of
the rainy months, but the majocit\ of infections occur in the fall and spring,
the greater number during the fall months.

A majority of the infections take place through fresh leaf scars, hut
such wounds as pruning cuts, broken wigs, 51 :nter-injilry caukers, or cracks
and lesions produced by woolly aphis become infection courts

Control measures are both preventive and eradieatory. Results of in-
oculations and spray tests made near the time of defoliation af the trees are
discussed. These results indicate that one application o bordeaux mixture
4-4-50 as late at practicable will give satisfactory control of new infections.
Eradication measures consist of orchard sanitation, and the elimination of
diseased tissues from cankers or the complete removal 0: carkered branches.

It is recommended that the larger wounds be treated with bordeaux
paint made up by stirring raw linseed oil into powdered bordeaux.
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