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COMPARATIVE STUDY OF THE APPLE ANTHRACNOSE
AND PERENNIAL CANKER FUNGI '
By J. R. KIENHOLZ
Assistant pathologist, Division of Fruit and Vegetable Diseases, Bureau of Plant
Industry, United States Department of Agriculture 2
INTRODUCTION

The closely related apple-tree cankers, apple anthracnose, caused
by Neofabraea malicorticis (Cordley) Jackson, and perennial canker,
caused by Gloeosporium perennans Zeller and Childs, are native to the
Pacific Northwest. The geographic ranges of the two overlap to
some extent, but generally in the districts where one is abundant the
other is either absent or rare.
A study of these two diseases and their causal agents during the
past 6 years has shown them to be similar in so many respects that
identification has sometimes been uncertain or impossible. The
fungi, as described from their typical development, are quite distinct,
but in the regions where both occur the definite identification of intermediate types becomes a difficult problem.
Previous studies have been devoted almost entirely to practical
methods of control, and the etiological phases have been greatly
neglected. Since a preliminary study of the previously unreported
ascigerous form of the perennial canker organism had shown it to be
very similar to Neofabraea malicorticis, a comparative study of the two
fungi was undertaken and the results are reported in this paper.
LITERATURE REVIEW s

The literature of apple anthracnose has been summarized to recent
date in books by Heald {20, pp. 500-51 lY and by Owens {33,
pp. 288-299). The reader is referred to these standard texts for detailed .
historical information.
The apple anthracnose fungus {Neofabraea malicorticis) first attracted attention as a serious orchard parasite about 1891. Early
investigations (7, 9) proved the disease to be due to a parasitic fungus.
The imperfect or acervular stage of this organism was described from
Oregon by Cordley (7, 8, 9) as Gloeosporium malicorticis, and at about
the same time by Peck {34, P- 21) as Macrophoma curvispora from
specimens submitted to him from British Columbia. The former
determination was confirmed by Lawrence {27), although in a later
article {28, pp. 32-33) he used the name Myxosporium curvisporum
1 Received for publication June 28, 1939. Substance of a thesis presented to the faculty of Oregon State
College in partial fulfillment of the requirements for the degree of doctor of philosophy.
' Special appreciation is expressed to Dr. John W. Roberts, of this Division, and to Dr. S. M. Zeller, of
Oregon State College, under whose supervision the work was carried on. Leroy Childs, superintendent of
the Hood River branch station of the Oregon Agricultural Experiment Station; Dr. H. R. McLarty, of the
Dominion Experimental Farms, Summerland, British Columbia; and E. L. Reeves, of this Division, gave
helpful suggestions during the work. Other investigators, both local and Canadian, were helpful in various
ways. The writer is grateful for the help received from these workers.
3 A complete bibliography of the literature dealing with the apple anthracnose and perennial canker
diseases appears in the author's thesis. See footnote 1.
^ Italic numbers in parentheses refer to Literature Cited, p. 663.
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(Peck) Sacc. The ascigerous stage was discovered by Jackson (^4)
in 1909, for which he estabUshed the new genus Neqfabraea and named
N, malicorticis (Cordley) Jackson as the type species.^
A similar canker disease was distinguished by Zeller and Childs
(417 4^) in 1925, although it was undoubtedly present in the Pacific
Northwest long before this discovery (14)- It was found that this
''false anthracnose'^ was not controlled by the copper sprays effective
against the common apple anthracnose. The disease was termed
''perennial canker'' because of the apparently perennial character of
the cankers, and the causal organism was described as Oloeosporium
perennans Zeller and Childs (4^). Infections occurred through wounds
of various kinds, whereas apple anthracnose resulted from infections
through apparently sound bark. The perennial canker fungus produced straight to slightly curved rather than curved or hooked conidia,
and showed less diastatic power on certain starchy media. McLarty
(29) has reviewed the perennial canker literature and has presented the
facts as they are commonly accepted at the present time.
Miller (30) gives results of a special comparative study with these
fungi. He states that in his tests both organisms reacted in a similar
way. Although certain differences were apparent with different cultures, more variation existed between the various strains of either
species than between the species themselves. Introduction of tannic
acid in the culture medium, however, appeared to inhibit the average
growth rates of all strains of Neqfabraea malicorticis to a greater degree
than those of Oloeosporium perennans. Similar results were reported
in a brief abstract by the writer (^5), when malachite green was used
as the inhibitory agent.
In previous work several characters have been reported by which
one supposedly should be able to distinguish apple anthracnose from
perennial canker (fig. 1, A and B), The most important of these are
as follows:
(1) Anthracnose usually occurs west of fixe Cascade Kange; perennial canker is most common east of this mountain range (6, 21, pp.
13-17).
(2) Copper fungicides applied before fall rains prevent anthracnose
infections but have httle influence upon perennial canker ^ (5, IS,
14, 36).
(3) The apple anthracnose fungus infects apparently sound bark,
often through lenticels, and outbreaks are independent of the woolly
apple aphid and low temperatures (5,29). Perennial canker infections
occur only through evident injuries to the host. Galls produced on
callus tissue by the woolly apple aphid (Eriosoma lanigerum (Hausmann)), which rupture at low temperatures, form the usual infection
courts under natural conditions.
(4) Conidia from anthracnose cankers vary in shape from curved to
"hooked''; those of perennial canker vary from straight to slightly
curved. Lawrence (27) and Zeller and Childs (42) report that anthracnose conidia from apple fruit rots and in culture show curvature,
whereas perennial canker conidia grown in the same way are relatively
straight.
« Nannfeldt (31) transferred the genus Neofabraea to Pezicula, based upon the European species N. cortkola
(Edg.) Jorg., a species typical of the genus Pezicula. Drs. J. Walton Groves and G. E. Thompson have compared the genera and found them to be distinct. A notice of the error appears in a recent paper by Thompson (40).
« BARSS, H. P. NOETHWESTERN APPLE TREE ANTHRACNOSE CANKER AND FRUIT EOT (NEOFABRAEA
MALICORTICIS). Oreg. Agr. Col. Ext. Cir.220, 3 pp. 1925. [Mimeographed.]
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(5) The antliracnose fungus shows a greater diastatic activity on
certain starchy media than the perennial canker organism {42).
(G) A perfect stage has been previously reported only for the anthracnose fungus {2Ji.).
(7) Fruit rots caused by Neojabraea malicorticis tend to showslightly more zoidng or more concentrically ringed effects than fruit
rots caused by Gloeosporium perennans, and minor differences appear
in sporulation characters {11, 12, 13, 42).
(8) Observations indicate that old anthracnose cankers tend to
present a "fiddle-string" appearance, presumably because of failure of
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1.—Common sequence of the apple anthracnose and perennial canker
diseases in orchards. A, Ü, C, Apple anthracnose: A, Primary infections
through apparently sound bark, indicated by arrow; B, numerous infections
developing below an old canker; C, twig showing eventual healing of a wound,
which takes place unless the limb is girdled or callus tissue becomes injured and
reinfected with perennial canker. D, E, F, Perennial canker: D, Primary
infections through wounds; E, callus tissue injured by feeding of the woolly
apple aphid, thus forming galls that rupture at low temperatures and become
infected; /'', perennial types of cankers resulting from annual reinfections of
injured callus tissue.

FIGURE

the fungus to attack the bast fibers.
these exposed fibers.

Perennial cankers rarely show

DISTRIBUTION AND OCCURRENCE
The comparative distribution of the apple anthracnose and perennial canker fungi, based upon a survey of the literature, examinations
of cankered specimens, and letters from workers in the various districts, is illustrated in figure 2.
Anthracnose seems, as a rule, to be peculiar to those humid regions
of the Pacific Northwest that have a moderately high rainfall and mild
winter temperatures {6). In general, this includes the humid division
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of the Transition life zone (i), lying mostly west of the Cascade Range
and having an average annual precipitation of approximately 35 to
80 inches. The disease is comparatively rare in northern California,
common in western Oregon, western Washington, and British Columbia, and probably reaches its northern limit near Prince Rupert,
British Columbia. A single report as far east as Nebraska was given
by Heald (20). Hilborn ^ very recently reported the presence

^'
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APPLE-TREE ANTHRACNOSE
PERENNfAL CANKER

FIGURE

2.- -Comparative distribution of the apple anthraenose and perennial
canker diseases in the Pacific Northwest.

of anthraenose in Maine. The anthraenose organism has been
reported as occurring on pear and apple trees in Denmark {16) and
Netherlands {S5).
Perennial canker occurs most often east of the Cascade Range in the
drier Transition and Sonoran zones, characterized by lower winter
temperatures and usually with less than 25 inches of annual precipitation. Its range extends from southern Oregon to the northern end
of the Okanagan Valley in British Columbia and from the Cascade
Range to western Montana. Brien (5, 4) reported this canker organism as causing a fruit rot in New Zealand.
In the White Salmon-Hood River Valley area of Washington and
Oregon, anthraenose considerably overlaps the range of perennial
canker. The Columbia River breaks through the Cascade Range at
this point, and climatic conditions are intermediate between those of
MIlLBORN, M. T, NORTHWESTERN APPLE TREE ANTHRACNOSE FOUND IN MAINE. U. S. Bur. Plant
Indus., Plant Dis. Rptr. 22: 354. 1938. [Mimeographed.]
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the humid coastal region and the semiarid interior. A similar condition occurs in the Okanagan Valley of British Columbia. There is an
overlapping of the diseases near Armstrong, where the precipitation is
greater than that of the lower Okanagan Valley, in which perennial
canker is dominant. Occasionally there are reports of the finding of
anthracnose cankers in perennial canker areas. It is to be noted
that such specimens are generally found in the mountainous foothill
sections where precipitation increases and other climatic factors are
different from those of the bordering perennial canker area. The rare
appearance of perennial canker in regions where anthracnose is of
common occurrence appears to be correlated with unusually severe
winter temperatures.
An examination of the conidia of Neofabraea malicorticis produced in
cankers from the above areas impresses one with the variation in
spore shape exhibited by the fungus. Conidia from the occasional
anthracnose cankers found east of the Cascade Range, or those from
the intermediate areas, often appeared identical with, or even less
curved than, the Gloeosporium perennans conidia in the more humid
sections. Conidia in perennial cankers from the dry sections were
practically straight, whereas considerable curvature might be present
in those from the overlapping range. A somewhat progressive increase in degree of curvature of the conidia appeared to occur from
the eastern to the western limits, so that in the strictly coastal sections
anthracnose conidia were decidedly curved or '^hooked.^' While this
general trend was apparent, exceptions were frequent. Besides this
regional variation, conidia! shapes of known strains varied somewhat
from season to season. The difficulty often encountered in identifying the two organisms from the size or shape of the conidia is apparent
in figure 3, where typical conidia are illustrated in comparison with
some intermediate regional forms and with the usual types of conidia
produced in cultures and on apple rot tissue under Hood River conditions. Host variety seemed to have less influence on conidial
curvature than did type of tissue infected or local environmental
conditions.
HOST RELATIONS

The anthracnose and perennial canker fungi attack similar host
plants {19j 25, 36, 4^)- The former infects young trees and bark
more commonly than well-matured trees, and in general, earlymaturing varieties of apples are less susceptible than fall sorts. However, very few definite data are available concerning varietal resistance.
Resistance to the perennial canker disease among apple varieties corresponds to their winter hardiness and freedom from woolly aphids.
Individuals of a single variety may vary in these respects according
to their \igor or because of other complex factors. Gloeosporium
perennans was reported to have been isolated from cherry buds dying
during the winter in Oregon (32), but neither fungus is commonly
encountered on stone-fruit trees.
Shear and Cooley (38) showed by inoculations that trees have a
definite period of susceptibility to the perennial canker organism.
Susceptibility increased rapidly from a low point during September,
reached a maximum in November and December, and subsided to
infrequent infections by the middle of January. McLarty (29) proved
that without freezing injury to the tissue the fungus was unable to
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infect the host, even when it was inoculated into the tree during the
susceptible period. The detailed behavior of the anthracnose fungus
in relation to periods of host susceptiblity has not been reported, but
it appears to be similar to perennial canker.
It was thought possible that parallel inoculations with anthracnose
and perennial canker fungi into various host species might yield some
distinctive characters of taxonomic value. Accordingly, 1 typical
strain of each fungus was inoculated into 12 genera of the Rosaceae,
considered in its broadest sense, and into 30 species in 10 other
families. Cankers developed from inoculations with each fungus on
the following rosaceous hosts: Apple (Malus sylvestris Mill.), Siberian
crab (M. baccata Borkh.), Oregon crab (M. rivularis Roemer), pear
(Pyrus communis L.), quince (Cydonia oblonga Mill.), peach (Amygdalus pérsica L.), serviceberry {Amelanchier pallida Gr.), apricot
(Prunus armeniaca L.), plum (Prunus sp.), cherry (P. avium L.), pin
cherry (P. emarginata Walp.), flowering quince (ChaenomeUs^ sp.),
hawthorn (Crataegus sp.), and the wild and cultivated mountain-ash
(Sorbus spp.)
None of the cankers on stone-fruit trees was typical of the diseases
as they occurred on pome-fruit trees. Neither acervuli nor spores
were produced and it was considered doubtful that cankers on these
stone-fruit species could form naturally. The cankers found by
Lawrence (27) were probably caused by different parasites, especially
the bacterial gummosis organism Phytomonas syringae (Griñin)
Bergey et al. (P. cerasi GriflSn) in the case of cherry and prune.
Cankers similar to those occurring naturally on apple trees were
produced by inoculations into the native Oregon crab, serviceberry,
and mountain-ash. A statement by Pierce, reported by Jackson (24),
that he had found the plant that probably is the native host of the
anthracnose organism, is of interest here. The native Oregon crab
might be that host plant, since it is known to range throughout the
Pacific coast region in proximity to many orchards. Cankers produced on it by inoculations and those found occurring naturally are
similar in all respects to those on apple trees.
Results of comparative inoculations into these three native species
have been obtained. The data indicated that wüd host plants have
a maximum period of susceptibility similar to that in apple trees,
but they appeared to exhibit little selective action toward the two
fungi.
THE FUNGI IN CULTURE
EFFECT OF HYDROGEN-ION CONCENTRATION AND TEMPERATURE

Miller (30) reported that Neofabraea malicorticis and Gloeosporium
perennans were very simuar in their growth responses to temperature
or to pH values of culture media. Both fungi exhibited increased
growth with rise of temperature in the range of 0° to 20° C, whether
inoculated into apple fruits or artificial media. He also reported that
initial growth faUed to occur in media at pH values of 2.0 and 12.0,
while a definite retardation was apparent at 3.0 and 11.8. There
was little difference between the growth of the two organisms at a
given pH value, and greater variation often occurred between the
different strains of a species than between the species themselves.
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Touzeau ^ obtained similar results in a study of the influence of
these two factors upon the growth of the two canker organisms,
and his results have been substantiated in a general way by the writer.
The pH values and temperature ranges offer conditions under which
the various strains of the fungi may show considerable variation,
but where constant distinctions between the two species fail to
appear.
STANDARD MEDIA
GENERAL CONSIDERATIONS

More than 40 geographic or cultural strains of these organisms
have been used in various experiments. They have been cultivated
on a large number of media, including the standard types and many
special kinds. Striking variations occurred between cultures growing on ordinary media, but these were more often intraspecific than
interspecific in character. In general, when colored mycelia formed
in agar cultures there was a tendency, in the majority of cases, for
Neofabraea malicorticis to vary from white to true pinks and reds
and for Gloeosporium perennans to vary from white to orange pinks
and browns. Either organism commonly produced olive and darker
pigments or mixtures of several colors. Some of these differences
can be visualized from figure 4, but only a rough idea of the color
variations can be presented. Characters to separate the species by
simple cultural methods were not discovered.
COLOR PRODUCTION

Cultures known to produce highly colored mycelia on certain media
failed to do so when the substratum was lacking in carbohydrate,
nitrogen, oxygen, or light supply. A single exposure to light for a
few minutes induced the formation of colored mycelia. Compatible
bacterial contaminants and some fungi usually induced formation of
red pigment at the point of contact.
CoNiDiAL FORMATION

Typical macroconidia, as found in natural bark cankers, rarely
formed in culture. When these did occur it was usually in cultures
recently isolated, those transferred to radically different media, or
in old tube cultures. Conidia varying in size and shape but generally
smaller than true macroconidia were frequently produced in culture
and are illustrated in figure 3, A and B. These were considered to
be immature macroconidia, modified by cultural conditions, since
in other respects they functioned as true conidia.
Microconidia are more often formed, especially from mycelia produced by macroconidia or ascospores germinated directly in water
or from mycelia growing on media deficient in carbohydrates. In
some cases these appeared to be budded off from macroconidia or
from ascospores directly, but usually they were produced on short
sterigmata, as in figure 5, D. This condition has been illustrated
by Zeller and Childs (42).
8 TOUZEAU, WALTER D. A CULTURE COMPARISON OF GLOEOSPORIUM PERENNANS ZELLER AND CHILDS
AND NEOFABRAEA MALICORTICIS (COKDLEY) JACKSON. Unpublished thesis, Univ. of Brit. Columbia. 1934.
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HYPHAL COILS AND CELL FUSIONS

Several interesting structures liave been observed in (uiltures on
plain agar or in water where it was possible to follow the development
of the mycelium. The young liyphae frequently be<;aine coiled at
intervals, and when this occurred microconidia usually appeared on

4.- Appearance of six strains of Neofabraea malicorticis (A) aud six strains
of Gloeosporium perennans (li), grown 20 days on T^conian's medium B at room
temperature.

FIGURE

short outgrowths arising from the coiled structure (fig. 5, A). There
appeared to be actual unions between certain cells of this complex,
but this was difficult to determine because of the small diameter of
the hyphae. In other cases it was definitely seen that cell fusions
occurred, and several types of these are illustrated in figure 5, B.
In most cases the liypha "seeking" compatible cells was very slender,
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generally less than Iju in diameter. After fusion with the receptive
cell, and the frequent transfer of cell contents, this slender hypha degenerated by gradual autolysis. Cells in which fusion had taken
place often formed a group of microconidia (fig. 5, D) or repeated
the process of growth and further cell fusions. Such hyphal coils,
cell fusions, and the production of microconidia in this manner are
interesting from the standpoint of their suggestion of possible sexual
phenomena. The microconidia bear a striking resemblance to the
fertilizing cells found to be necessary for apothecial maturity in

5.—Hyphal coils {A), cell fusions (J5), resting cells (O, and microconidia
(D) produced by both Neofahraea mcàicorticis and Gloeosporium perennans
in cultures. X 312.

FIGURE

Sclerotinia by Dray ton (10) and by Heuberger (22), and in other
ascomycetes by Higgins (23).
RESTING HYPHAE AND OTHER ORGANS

Resting hyphae are frequently found in old cultures (fig. 5, C) and
occasionally in natural cankers; these may serve as an additional
means of overwintering or for the survival of these fungi under field
conditions. Certain outgrowths commonly appeared in some cultures after they had attained maximum size. At the apexes of these
structures (fig. 6) macroconidia were sometimes produced whose
presence was indicated microscopically by the mucoid character of
the tips. They resembled acervuli produced in cankers from which
the covering bark layer had been removed. In other cases the
apexes were pressed firmly against the glass containers and appeared
similar to the apothecial fundaments commonly occurring among
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certain discomycetes. Since it is known that the apothecia of both
the anthracnose and the perennial canker fungi originate within the
stromatal mass of old acervuli, these structures may have a connection
with the sexual stages in the life cycles of the organisms. The microconidia (or possible spcrmatia) produced in cultures have been transferred in various combinations to these possible apothecial fundaments
without success in producing ascogenous organs. Since in nature
these species produce their apothecia in the fall of the second season,
the factors necessary for their production by artificial means may be
considerably different from the requirements of the species investigated by other workers.
CONCLUSIONS

This general comparative study has failed to distinguish the fungi
by common cultural methods. The macroconidia, when produced
in cultures by either
species under the foregoing conditions, have
generally been straight
and would be identified as Gloeosporium
perennans. That typical curved conidia
are produced in culture, as reported by
Lawrence (27) and by
Zeller and Childs (42),
IS not doubted, but
the factors governing FIGURE 6.—Apotheciumlike structures often found
conidial curvature
in old cultures.
under various environmental conditions appear to be very elusive.
SPECIAL MEDIA
UTILIZATION OF CARBON AND NITROGEN FROM VARIOUS SOURCES

Eighteen isolations of Neqfabraea malicorticis and an equal number
of Gloeosporium perennans were selected for study of their reactions
toward carbohydrate and nitrogen from various sources. All cultures were verified at least once by artificial inoculations except
A-13, 176, and 177, and these were isolated from cankers typical
of the respective diseases. The majority were from single-spore
isolations made according to the method recently described by the
writer (26). A few cultures from widely separated localities were
included for comparative purposes. A detailed record of the cultures
is given in table 1.
The use of a synthetic culture medium in liquid form for studies of
this kind was found to be impracticable with these fungi. When
inoculated directly into the liquid nutrient or upon buoyant materials
designed to keep the fungi at the surface, the resulting growth invariably formed in part below the surface. A method of evaluating
or comparing such cultures was not devised.
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1.—Source of cultures used in a comparison of anthracnose and perennial
canker fungi

Organism and
culture No.

Date isolated

Neofabraea malicorticis:
A-1
A-2

Sept. 29,1931
1930

A-4

Nov. 13,1928

A-10
A-lla

May 30,1935
Nov. 1,1935

A-lld
A-llh.
A-lli
A-12a

do
-. do ... do
Nov. 18,1935

A-12C

do

A-12e
A-12h

do
do

A-12Í
A-12J
A-12k
A-12n -

do
do
do
do

Gloeosporium
perennans:
P-1
P-2.
.

.

do
Nov. 15,1937

A-12s
A-13 - .

P-3
P-4

Vol. 59, No. 9

Donor

Remarks

The writer
Hood River, Oreg_ From apple rot acervulus.
Nellie A. Brown.
Canker tissue* Brown's culture
do
No. 4.
E. L. Reeves—. Ferndale, Wash... Canker tissue; Reeves' culture
No. 189.
H. R. McLarty. Armstrong, B. C. Canker tissue.
The writer
Corvallis, Oreg.... A-1 la to A-lli, single conidium
isolations from the same collection.
do
do.
do
.. do .. .....
do
A-12a to A-13, single ascospore
do
.....do
isolations.
do
A-12c
and A-12e from same
dc
apothecium.
do
do
.....
A-12h to A-12k from same
do
do
apothecium.
. ...do
do
do
do
do
do
Same collection, but different
do
do
apothecium.
do . - .
Do.
do
.do
Hood River, Oreg. From several very large ascospores.

Feb. 13,1932

do..

-._ Sept. 29,1931

do-.

.

Locality

Nov. 11,1931 .....do
Dec. 22,1932 E, L. Reeves

P-8
167a
167b

Mar. 21,1933
Feb. 15,1935
do

R. M. Brien
The writer
. do

173a

Dec. 23,1936

do

173b
173c
173d
174a
175a

dodo
do
do
Dec. 24,1936

do
do
do
do
do

175b
175c
175d
176
177

do
....do
do
Nov. 15,1937
do

do do...
do
do
do .-

conidia from apple rot
acervulus.
Reisolation from apple rot
acervulus.
Single conidium from tree canker.
do
Wenatchee, Wash. Canker tissue; Reeves' culture
No. 9.
From Delicious (?) apple rot.
New Zealand
Hood River, Oreg. Single ascospore isolation.
Single ascospore from same
do
collection.
173a to 173d from same collecMosier, Oreg
tion. All single ascospore isolations.
do
do
.... do
Hood River, Oreg. Single ascospore isolation.
175a to 175d single ascospore
Mosier, Oreg
isolations from the same
apothecium.
. _do
do
do
Hood River, Oreg_ Multiple ascospore isolation.
Do.
Parkdale, Oreg. _.
do
do

4
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The fungi produced hyaline, barely visible colonies on plain agar
or on synthetic media solidified with agar to which no source of carbon
had been added. A slight growth occurred with some strains when
the medium was supplied with a source of carbon but no added nitrogen. Apparently sufficient protein material was present in the agar
to supply a scant source of nitrogen for some strains of the organisms.
However, when a source of nitrogen was used in such media, visible
characters were outstanding in contrast to check cultures without such
nitrogen. Where any doubt existed as to whether the fungi utilized
a certain nitrogenous material, a nutrient medium with the desired
source of nitrogen was poured upon cotton in test tubes. In this way,
after inoculation a typical mycelial growth was produced which could
be directly compared with the check tubes in which visible growth
failed to occur.
Since sufficient protein material was present in plain agar to support
some growth, a simple nutrient solution was selected to lessen the
chance of introducing small amounts of nitrogen from possibly impure
chemicals. The medium finally selected was a three-salt solution of
half strength devised by Leonian, as reported by Groves (17), with
the following composition: Potassium nitrate, 1 gm. ; potassium phosphate (primary), 0.5 gm.; magnesium sulfate, 0.25 gm.; ferric chloride,
trace; sugar or carbon source, 10 gm.; water, 1,000 cc.
To test the utilization of nitrogen, the potassium nitrate was
omitted and 0.5 gm. per liter of the desired source of nitrogen was
substituted, except in the case of cysteine monohydrochloride, which
was added in the amount of 0.2 gm. per liter. When the medium was
used in solid form 1% percent of agar was introduced. The ability of
the different strains of Neofabraea malicorticis and of Gloeosporium
perennans to utilize various carbon sources is shown in table 2.
Little difference was found between the two organisms in their
ability to utilize carbon from various sources, either in growth or in
other features that might be useful in separating species of fungi.
While striking differences between the various strains were often
observed, specific distinctions were not apparent. The difference in
diastatic activity between the species as reported by Zeller and
Childs (4-2) was the most outstanding. When grown on starchy
media, especially corn-meal or oatmeal agar, 9 strains of Gloeosporium
perennans produced much less clearing of the medium surrounding the
growth than did the 2 strains of Neofabraea malicorticis that were least
active in this respect. Only the perennial canker culture 175b
exhibited as great diastatic power as the average of 18 cultures of the
anthracnose fungus.
Table 3 shows the comparative growth responses of the fungi when
supplied with various sources of nitrogen. As in the previous tests,
striking differences often appeared between the strains, but distinction
between the two species was not possible.
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TOLERANCE FOR TOXIC SUBSTANCES

The greater number of strains used in the carbohydrate- and
nitrogen-utihzation studies were employed to test the effects of toxic
materials incorporated in media as reported by Miller (30) and the
writer (25). Tannic acid was incorporated in a medium containing
4 percent of corn meal and 2 percent of agar, while the other materials
were used in Leonian's medium B (17), to which 1 percent of dextrose
and 1.5 percent of agar were added. When copper sulfate was employed, 3 percent of agar was added to obtain a solid medium. The
growth reactions of the fungus strains on these media are shown in
table 4.
TABLE

4.—Growth reactions of Neofahraea malicorticis and of Gloeosporium perennans in media containing toxic materials
[21-day-old cultures at room temperature]
Growth ' on media containing indicated concentration of—

Organism and culture No.

Nœfabraea malicor
tkis:
A-1
A-2
A-4
A-10
A-lla
A-lld
A-llh
A-lli
A-12a
._.
A-12C
A-12e
_...
A-12h
A-12Í
A-12J
A-12k
A-12n
A-12S
A-13
Gloeosporium per ennansP-1
P-2
P-3
P-4
P-8
167a
167b
178a
173b
I73c
173d
174a
175a
175b
1750175d
176
177

Tannic acid

Quinone

0.5 percent

0.9 percent

0.025 percent

+++
++
++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
++
++4+++

+

++

+++
+++
+++
+++
4-++
+++
+++
+++
+++
+++
+++
+++
+++
+++
++.+
+++
+++
+++

0
0

+
+++
+++
+++
+++
+++
+++
+++
+++
+++
++
0
+++
+++
+++
+++
+++
-}-++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
++-1+++

0
0
0

++
0
0
0

+++
+++
0
+++
++
0
+++
++

Malachite green

0.05 percent

0

+
0
++
++
++
0

+++
0
+++
+++
0
0
0

0

+++
+++

+++
0
+++
+++
+++
+++
+++
+++
++
0
+++
+++
0
+++
+++
++
+++

+++
+++
+++
+++
+++
+++
++
0
0

++
+++
+++
0
++
0
0

Copper sulfate

1:400.000

1:200,000

0.05 percent

+
+
++
+
+
+
+
+
+
+
++
++
+
+
++
+++

0
0
0

+4-

+++
++
+++
+
+++
++
++
+
+++
++
++
++
++
+
+

+
+
+
+
0
0

+
+
+
+
++
+
++
+++
+
+++
++
++
+
++
+
0

++
4++
+

+

44-44-4-4-h4-44-4-44-4-4H-44-4-4+4-44-4-h
4-+44-4-44-4-44-4-h
4-4-44-4444-444-

4-+

4-44-444-44444-44-4444-

0.1 percent

4-4444-44-h+
4-4-f
4-+4-i-l-44-444-444-44-44-

4-44-h

4444444444n
0
0
0

4-

1 0=no growth: 4- = l to 10 mm. growth diameter in 21 days: 4-4- = lï to 20 mm. growth diameter in 21
days; 4-4—|-=more than 20 mm. growth diameter in 2i days.

Growth on media containing quinone was erratic. A depression or
a stimulation of the fungi seemed to occur at the time of inoculation
but was not consistent when tests were repeated.
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Tannic acid inhibited the average growth rate of the strains of
Neqfabraea malicorticis to a greater degree than the strains of Gloeosporium perennans. The strengths used brought out no species diflFerences, however, since several of the perennial canker cultures reacted
toward tannic acid in a manner similar to the faster growing anthracnose strains.
Malachite green at dilutions of 1 to 400,000 and 1 to 200,000 inhibited the anthracnose cultures to a greater degree than the perennial
canker strains. While this difference offered possibilities for separation of the species, several strains of the one were not inhibited to a
greater degree than strains of the other.
Copper sulfate at concentrations of 0.05 or 0.1 percent considerably
reduced the growth rates of most strains of Gloeosporium perennans as
compared with those of Neofabraea malicorticis. These results are
interesting, since copper sprays effectively control the anthracnose
fungus in orchards but have little apparent effect upon perennial
canker. The differences in mode of infection by the two organisms
make it appear probable that the fungicide does not reach the infection
court at the proper time in the case of the perennial canker disease.
It has been found impossible to separate the fungi by the tests
reported here, but certain responses are indicated that form a basis
for future study. By combining the materials showing specific
inhibitive tendencies, or by further modification of some of the media,
it is possible that a test may be developed suitable for taxonomic use.
VARIATIONS AND SECTORIAL MUTATIONS
GENERAL TYPES

The tendency of some of the cultures to produce color and growth
variations was noticed early in the work. There was no difficulty in
detecting sectors of the wedge- or fan-shaped type, but mutants formed
also as patches, variously colored spots, or irregular sections of distinctive mycelium, which sometimes involved a considerable portion
of the growth. Some of the sectors and variations observed in culture
are shown in figure 7. Other characters observed may have arisen
by mutation. The difficulties involved in being certain that pure
lines are isolated have been discussed by Stakman et al. (39). Single
ascospore cultures have yielded the greatest number of mutants in
these tests* but this may have been accidental. The hyphal coils and
cell fusions already mentioned undoubtedly offer an explanation for
complex genetic characters within any one culture.
VARIATION OF SINGLE STRAINS IN APPLE BARK

Numerous records on canker sizes accumulated from inoculations
during past years revealed confusing variations. Consistent correlations between factors such as inoculation exposures, limb diameters,
tree age, and others, could not be made. General conclusions regarding susceptibility of certain types of bark tissue appeared to be warranted, but large variations often occurred in canker sizes in what
appeared to be similar tree tissues.
From a knowledge of these variations, a test was designed to study
the possibility of fungus variation. Young trees of the Yellow
Newtown apple were selected for this purpose. On each tree 10
195963—39
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inoculations with the same isolate were made, starting at the base of
a limb and ending near the tip. Only internodal tissue of separate
trees, approximately equidistant from the lateral branches, was used,
and all other factors were kept as uniform as possible. Inoculations
were made December 18, 1934, and records were taken the following
summer. The results of tliis test are given in table 5.

FIGURE

7.—Some types of variation produced by Neojahraea malicorticis and
Gloeosporium perennans in culture.

5.— Variation in canker sizes from inoculations with several strains of Neofabraea malicorticis and Gloeosporium perennans into comparable apple tree tissue

TABLE

Canker size
Organism and
culturo No.

Infection

Minimum

Maximum

Square Square
Neofabraea malimillimilli'
corticis:
Percent meters meters
A-1
100
800
(')
A-2
30
0
150
.A.-3 .
100
160
900
A-4
100
330
1.20O
A-S
30
0
270
A-6
0
0
0
A-7
10
0
(')

Canlter size
Average

Square
millimeters
341
15
547
763
45
0

(')

Organism and
culture No.

Gloeosporium
perennans:
P-I.. P-2.
P-3.
P.^
P-5
P-6
P-7
P-8

Infection

Minimum

Maximum

Average

Square Square Sguare
millimillimilliPercent meters meters meters
428
100
160
720
100
460
600
."iOl
100
700
314
80
100
300
W
450
690
100
800
734
100
308
1,100
695
100
375
900
100
300
1,000
649

1 Trace.

The data show that considerable variation occurred in canker sizes
on what appeared to be comparable bark tissue. That the variation
in sizes was not due to differences in host tissue seems reasonable,
since the minimum and maximum cankers formed in irregular order.
If they were due to host factors, one might reasonably expect a progressive change in sizes from the base to the tips of inoculated limbs.
Previous observations indicated that different strains might vary in
their seasonal pathogenicity. A special series of inocTilations with
strains of known history seemed desirable to test this hypothesis
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further. Young trees of the Yellow Newtown apple similar to those
used in the preceding inoculation series were used, and the inoculation
sites were selected as before. A series of five inoculations with each
strain was made September 17, 1936, and another on November 4.
Records were taken during the summer of 1937. The results are
shown in table 6.
TABLE

6.^—Periodicity of pathogenicity in selected strains of perennial canker and
anthracnose fungi inoculated into comparable apple tree tissue
Inoculated
Sept. 17,1936

Organism and
culture No.

Infection

Average
canker
size

Square
Neofabraea malimilliPercent meters Percent
corticis:
A-1
20
26
100
A-2
34
60
20
80
586
100
A-10._ —
A-llb
60
110
100
A-llj
0
0
100

Square
millimeters
538
47
512
837
470

Infection

Average
canker
size

Inoculated
Sept. 17,1936

Inoculated
Nov. 4, 1936
Organism and
culture No.

Infection

Average
canker
size

Inoculated
Nov. 4,1936

Infection

Average
canker
size

Square
Square
milliGloeosporium
milliPercent meters Percent meters
perennans:
714
P-1
100
156
60
1,165
100
P-5
100
607
758
100
486
100
167a
584
915
100
100
167b

These data show that a strain weakly pathogenic at one seasonal
period may become strongly pathogenic at a later period. The positive
relation between canker size and low temperatures is well established
for the perennial canker disease, but it can readily be seen that strains
of the organism also vary in their activity at a given period. While the
number of inoculations is rather small in the series tabulated, the
sites were selected with special care. Numerous unpublished data
further substantiate these findings.
COMPARISON OF PARENT AND SECTOR STRAINS UPON INOCULATION
INTO APPLE TREES

The time required for a complete life-cycle study of these two canker
producing fungi when inoculated into apple trees has limited. the
accumulation of data on tree-inoculation tests. Sufl&ciently low
temperatures for suitable infections by the perennial canker organism
failed to occur during the 2 years that this work was being conducted.
However, data regarding the pathogenicity and conidial characters of
strains derived from parent cultures have been taken. It seems desirable to present the meager data at this time, since the results have
ill teres ting implications.
The sources of the parent cultures were tabulated under a previous
heading (table 1). A comparative history of the mutants and their
parent cultures is given in table 7.
Each parent and mutant strain was inoculated in parallel series
into young trees as the opportunity occurred. The inoculation sites
were selected with special care, and all technical features were kept as
uniform as possible. A record of the inoculation series is presented in
table 8.
The different conidial shapes occurring in this series of inoculations,
which are difficult to describe satisfactorily, are shown in figure 8.
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7.—Characters of parent and sector strains of the anthracnose and perennial
canker fungi on media

TABLE

Original species
isolation

Parent or
sector

Color 1 of surface mycelium i

Source of original
isolation

Color 1 of back 2

/A-2
Deep grayish oliye
Dragon's-blood red
\A-2a..._ White
White
ÍA-12n___ Greenish black and grena- Greenish black and Eugedine mixture.
nia red.
Do
1A-12na- Greenish black
Greenish black
A-12nb._ Eugenia red
. Madder brown
il73a
Orange cinnamon, begonia Deeper shade than surface
Perennial canker.
rose, and glaucous z^one.
mycelia.
173s
Cinnamon orange __ _ __ Russet
Anthracnose

Canker tissue.
Spot mutant.
Single ascospore.
Irregular sector.
Single ascospore.
Irregular sector.

1 Colors according to Ridgway {37).
2 3 weeks' culture on potato 2-percent dextrose agar.

^2^<^^

A

A-/en

A-2

/7Já
4^S2^

B

A-eñ

A-/£nâ

AI2nb

/7Ö3

FIGURE

8—Conidia produced from inoculations into apple trees by ^A) parent
cultures, and iß) sector strains derived from them. X 335

TABLE

8.—Comparison of pathogenicity and conidial characters of parent and
sector strains when inoculated into young apple trees
Culture No.

A-2
A-2a
A-2
A-2a
A-12n
A-12na
A-12nb
A-I2n
A-12na
A-12nb._I73a_
173s

.
.
__

.._

Date inoculated

Inoculations

Infection

Average
canker size

1934
Jan. 3
do
Dec. Í8
do

Number
14
14
10
10

Percent

Square millimeter

1936
Sept. 17
do
Nov. 4
do
do
Dec. 29
do

5
5
5
5
5
5
10
10

0
100
10
100

282
15
744

100
80
20
100
100
100
100
100

748
938
40
1,200
1,052
1,084
658
259

Type of conidia produced on trees

Perennial canker
Anthracnose
Perennial canker.
Anthracnose
Do
Intermediate.
Anthracnose.
Do
Interme díate
Perennial canker (?).

While not definitely established, the results strongly suggest that
the perennial canker and anthracnose diseases are caused by strains
of a single fungus that may have originated by mutation. More
extensive series of inoculations should be made with a greater variety
of sector strains. It would be interesting to test further the pathogenicity of the straight-spored strains that have formed directly from
anthracnose cultures. Fisher and Reeves (14) have already reported
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a parasitic straight-spored strain occurring naturally. It would seem
that environmental factors limit the range of the two organisms to
distinct climatic districts and that one strain may arise directly from
the other. Whether climatic factors cause the fungi to produce
mutants that will survive only under these conditions or whether such
mutants are able to extend beyond the range of the parent type is
not known.
COMPARISON OF APPLE ROTS
Much of the literature on apple anthracnose and perennial canker
fruit rots deals with one or the other disease or with methods for their
control. The latter phase is beyond the scope of the present study.
Fisher (i i ) distinguished perennial canker rot from apple anthracnose (1) by slight color differences and by the less zoned appearance^
(2) by its infection through lenticels, (3) by its appearance only after
long storage, (4) by the production of more copious mycelium in a
moist atmosphere, and (5) by its presence in districts where the trees
were free from anthracnose cankers. Lawrence (27) obtained curved
conidia and microspores in cultures from anthracnose apple rot
tissue. In writing of perennial canker conidia, Zeller and Childs (42)
state: ^They bear a striking contrast to the characteristically curved
spores of Neofabraea malicorticis from apple fruit.^' Fisher (12) designated the perennial canker rot as ^^bulPs-eye rot.'' Several organisms
were later found to cause a bulPs-eye type of rot (19), and those
caused by the perennial canker and anthracnose fungi are not distinguished at market terminals.^ Miller (30) compared the temperature relations of the two organisms when inoculated into apple
fruits and found them to be very similar. He stated that macroconidia were readily obtained at 10° C, but said nothing of their
shapes.
In the present study many series of fruit have been inoculated with
known strains of each fungus for the express purpose of observing
conidial shapes. Comparative data on the rot characters and conidia
on fruit have also been recorded in work on the production of spore
material for tree inoculations. In addition, naturally infected fruits
have been examined for several years for the purpose of determining
the organism concerned.
Numerous examinations of the conidia from rotted fruit grown in
the Hood River Valley have shown them to be practically straight,
whether developing from known anthracnose or from perennial canker
infections. These rots would be classified as perennial canker rot by
present standards. Conidia of the decidedly curved type, typical of
Neofabraea malicorticisj have rarely been encountered in these fruitrot studies. In the majority of cases the concentric zones of color
have predominated in anthracnose rots, but these and other distinguishing characters mentioned by other workers failed to distinguish
the species when several strains of each were compared. One has
little reason to doubt the statements of Lawrence (27) and of Zeller
and Childs (42) that typical curved conidia were produced on apple
fruits in their tests. The factors influencing the conidial shapes
under different ecological conditions appear to be very elusive and
were not discovered in the present studies. Limited trials with
9 BRATLEY, C. O.
[Mimeographed.]

MARKET
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Bur. Plant Indus., Plant Dis. Rptr. 15: 38.

1931.
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different fruit varieties inoculated at various stages of maturity and
with fruit held under different moisture and temperature conditions
after inoculation yielded negative results. The moisture and temperature factors should be more fully investigated, however, since
they appear to exert a major influence on the fungi in nature.
Ordinarily, sprays applied before harvest reduce the rot appearing
in storage ^^ {15^ 18j 36), This fact suggests that infection of fruit
may occur early but remain latent; or possibly the conidia do not
germinate until late in the storage life of the fruit. Such infections
may complicate results obtained with artificial inoculations, since
mixed infections would be possible. A comparative study of the field
performance of natural fruit infections by the two fungi has been
impossible, for a laboratory means of certainly identifying the two
remains unknown. The conidia produced by inoculating apple fruits
with known cultures in some of these tests are illustrated in figure 3,
A and B,
TAXONOMY OF THE FUNGI
CONIDIAL STAGES OF ANTHRACNOSE AND PERENNIAL CANKER FUNGI

The acervuli of these fungi are uniformly distributed over the surface of bark cankers. At first they are subepidermal, then erumpent,
and under favorable moisture conditions expose a creamy mass of
conidia (fig. 9, A and Z>). The stromata are composed of numerous
simple or branched, septate conidiophores (fig. 9, B and E) which
arise from elongated series of cells below and bear conidia at their tips.
The structural features of the stromatal mass and the conidiophores
appear to be identical for both organisms (fig. 9, G and F),
A review of the conidial measurements published by several workers shows little fundamental difference. Conidia of Neojabraea malicorticis were stated by Cordley (7) to measure 6/i by 24/x; by Peck (34) y
4ß by 15ßto 17fx; and by Lawrence (£7), S,8ß to 5/z by 15/zto20/x.
The conidia of Gloeosporium perennanSj according to Zeller and
Childs (4:^), measure áfx to 6ju by 12/x to 20ju. The apple anthracnose
conidia have been considered to vary from curved to ''hooked,'' while
perennial canker conidia vary from straight to slightly curved. Although this has been found to be generally true, it has been pointed
out previously in this paper (p. 638 and fig. 3) that intermediate
forms occur which are referable to either species on the basis of these
characters.
Examination of the conidia from various localities, on various hosts,
in different seasons, have shown them to vary with different environmental conditions. In their typical form apple anthracnose conidia
were found to be sickle- to U-shaped, comparatively sharp-pointed
and tapered at the end of attachment to the conidiophores, and
somewhat broadened below the apex. Typical perennial canker
conidia were straight to slightly curved and evenly and abruptly
tapered at each end without much variation in width. Measurements
of anthracnose conidia under various conditions of development
showed them to vary from dß to 6iu by 15^^ to 35^. ^ In measuring for
length it was possible to find sufficient conidia typical in all respects
except for curvature, so that special methods, as used by Blodgett (2)
in measuring curved spores, were unnecessary. Perennial canker
conidia under similar conditions averaged shorter but ranged from 3/i
10 See footnote 6.
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to 6ßhj 12ju to 25AI. Conidia of either species generally showed a
spherical, hyaline spot near their centers, but might bear several
guttules toward each end, be finely or coarsely granular, or contain
one to several oil globules when older. The conidia often became
once or twice septate upon germination.
There is, then, a condition where conidia in their typical forms are
quite distinct in size, shape, and degree of curvature. In other cases,
and especially in the geographical regions where the diseases overlap

FiouRB 9.—Coiiiparisoii of the perfect stages of Neofabraea malicorticis {A, B, C)
and Gloeosporium perennans (D, E, F): A and D, Aeervuli, X approximately 6.7;
B and E, conidia and couidiophores, X approximately 355; C and /'', cross
section of aeervuli. X approximately 67.

in range, the conidia of both species often are of intermediate form,
thus niaking identification from the conidia! characters difficult or
impossible.
THE APOTHECIAL STAGE OF NEOFABRAEA MALICORTICIS

During the fall of 1935 there was opportimity to study Neojain-aea
malicorticis in its typo locality, Corvallis, Orcg. Apothccia were
found in abundance, at localities scattered from Corvallis to within
a short distance of the Pacific Ocean. Conditions in the shore region
appeared to be unfavorable for apothecial development. Moisture
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seemed to be the greatest determining factor, and continued humidity
after rains was as necessary as periods of rainfall. The apothecial
tissues were rather fugitive and often difficult to study even when
fresh.
In typical form the ascocarps were found to be from 0.5 to 1 mm.
in diameter and of about the saiTie thickness. These became exposed

FiciUKE 10.—Comparison of the perfect .stages of Ncofahraea malicorlicis {A. B. C)
and GloenspoHiim perennans (I), E, F): A and/.', Apothecia, X approximately
6.7; B and E, a.sci, ascosjjores, and ¡lai-apliyses. X approximately 355; Cand
F, cros.s section of apothecia. X about 67.

at the surface of old conidial stromata as concave or later convex
apothecia (fig. 10, ^4). Occasionally short stipes were present,
especially under adverse conditions, but usually the apothecia were
sessile. The blackened rcnuiins of the coiddial stroma often remained
clinging to the surface of the apothecium or formed a carbonaceous
border around it. Asci could sometimes be found in old conidial
stromata before the ascocarps pushed through the stromatic mass.
The fruiting body was waxy at maturity, grayish to flesh-colored or
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rosy, but gradually deliquesced by an autolytic action into a darkcolored, gelatinous, conglomerate mass. Fresh specimens darkened
upon drying. The hypothecium was composed of thin-walled,
loosely arranged, colorless cells, appearing like a fine net of irregular
mesh (fig. 10, (7), They merged into smaller and usually more elongated series of cells to form a thin excipular layer that was often
bordered by the epidermal cells of host tissue.
Measurements of various collections from the Willamette Valley
gave an average ascus measurement of 13.6)Lt by 102.7^. The asci
were clávate, inoperculate, sometimes slightly broader above the
middle, and short-pedicellate at the base. When proper conditions
prevailed, the asci elongated, discharged their spores, and then degenerated autolytically. The asci matured progressively so that a
new crop of spores was ready to be expelled at each period favorable
to spore discharge. Numerous hyaline, simple or branched paraphyses
were interspersed among the asci (fig. 10, B), They were generally
enlarged at the apex to as much as 6/z in diameter. The forms
assumed were irregular and often bizarre. Their internal structure
was finely granular.
Typical ascospores were hyaline, unicellular, ellipsoid, and often
had one side somewhat flattened. The contents of the spores were
either coarsely granular or contained many tiny oil globules. Germ
tubes pushed out from any point in the spore wall during germination.
While generally disposed in a single series, the ascospores were often
partly two-seriate or somewhat crowded when about to be discharged.
Measurements of 373 ascospores gave an average width of 6.4/u and
a length of 19.3/x. In a degenerate state or under conditions unfavorable to spore expulsion, ascospores were commonly found to germinate
within the ascus (fig. 10, 5) and secondary conidia were often produced from them as described by Jackson (¿4). Under such unfavorable conditions, or with age, the ascospores frequently became one- to
four-septate, and light amber or brownish in color. ' It was definitely
established, however, that septate and colored spores are products of
age or unfavorable environment and are not to be considered typical
of the species. The entire ascus tissue became darker with age.
From this restudy of the species in the type locality and from data
given in detail later in the paper, the original description is amended
as follows:
Neofabraea malicorticis (Cordley) Jackson, 1913, Oreg. Bien. Crop Pest and Hort.
Rpt. 1911-12: 178-197.
Synonymy: Gloeosporium malicorticis Cordlev, 1900. Bot. Gaz. 30: 57. Also:
1900, Oreg. Agr. Expt. Sta. Bull. 60: 4-7; and 1900,
Oreg. State Bd. Hort. Bien. Rpt. 6: 405-409.
Macrophoma curvispora Peck, 1900, Torrey Bot. Club Bui. 57:21.
Myxosporium curvisporum (Peck) Sacc, 1907, Wash. Agr. Expt.
Sta. Bui. 83: 32-33.
Pezicula malicorticis (Jackson) Nannfeldt, 1932, Nova Acta R. Soc.
Sei. Upsala., (4) 8: 91, 92.
Cryptosporiopsis malicorticis (Cordley) Nannfeldt, 1932, Nova
Acta R. Soc. Sei. Upsala., (4) 8: 91.
Apothecia sessile or occasionally short-stipitate, at first concave, later flat or
convex, 0.5 to 1 mm. in diameter and about the same thickness, surrounded at
the edge by the blackened remains of enveloping layers, grayish to flesh-colored
or rosy and waxy when fresh, becoming darker upon drying or with age, and
finally gelatinizing by autolysis; hypothecium composed of thin-walled, loosely
arranged, colorless, irregular cells that merge into smaller and usually more elongated series extending to form a thin excipular layer, often bordered by epidermal
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cells of the host; asci clávate, inoperculate, usually slightly broader above the
middle and short-pedicellate at the base, IO/JL to 20^1 by 75fjL to 150/^ (mean 13.6/i
by 102.7M); paraphyses granulóse, filiform, septate, simple or branched, irregularly enlarged up to Qß at the apex, hyaline; ascospores unicellular, ellipsoid, often
somewhat flattened on one side, coarsely granular or finely guttulate, hyaline or
becoming amber or brownish with age, 5M to 9M by 12.5M to 26M (mean 6.4M by
19.3M, mode 6M by 20M), often becoming one- to four-septate upon germination,
one- or partly two-seriate.
Acervuli formed in cankers the first season, at first subepidermal, then erumpent,
0.2 to 1 mm. in diameter, exposing a creamy mass of conidia borne on simple or
branched hyaline conidiophores; macroconidia unicellular, sometimes one-septate
upon germination, sickle- to U-shaped, occasionally straight, coarsely granular to
finely guttulate or with one to several oil globules at maturity, hyaline, 3M to 6M
by 15M to 35M.
Developing in the fall and winter on dead bark of Malus sylvestris Mill., M.
rivularis Roenaer, or Pyrus communis L., in cankers formed by the conidial stage,
Gloeosporium malicorticis, the previous season.
Type locality: Corvallis, Oreg.
DISCOVERY OF APOTHECIA OF GLOEOSPORIUM PERENNANS

During the course of studies with perennial canker in 1928 and 1929,
J. S. Cooley, of this Division, observed an ascomycetous fungus associated with the lesions of perennial apple cankers. He studied the
essential features from the meager material he was able to collect and
prepared illustrations. The detailed features were very similar to
those given for Neofabraea malicorticisj but he was inclined provisionally to give the fungus the varietal name perennans}^ The description
and ülustrations accompanying his data clearly indicate that he had
discovered the apothecial stage but that his material had developed
under adverse conditions or was overmature.
A constant search by the writer was rewarded by finding apothecia
resulting from artificial inoculations made on apple trees in 1932 with
a known strain of Gloeosporium perennans. Apothecia were also discovered for the first time on pear trees in cankers resulting from artificial inoculations. These apothecia appeared in the early winter of
1935, at which time weather conditions were suitable for their formation. A further search that year yielded additional material from
areas in which anthracnose cankers were absent. The following season
proved to be more suitable for apothecial formation at Hood River,
Oreg., and several collections of the material were made. The presence
of apothecia in cankers of known origin and the collection of material
in areas known to be free from anthracnose made identification relatively certain. Identification was confirmed by the frequent presence
of typical conidia in the same stromata.
COMPARISON OP APOTHECIAL STAGES

A superficial examination revealed little difference between the
apothecia of the two fungi (fig. 10, ^ and D), In their natural state
apothecia of Neofabraea malicorticis were generally found at the center
of cankered tissue or might be evenly distributed over the surface.
Apothecia of the perennial canker fungus were most frequently found
on the thin pellicles of bark being sloughed from the original aphisinjured and infested callus tissue common to this disease. In either
case, since their forms and appearances resembled quite closely those
of matured acervuli, they might easily be overlooked. A knowledge
11 COOLEY, J. S. ASCOSPORE STAGE OF GLOEOSPORIUM PERENNANS ZELLER AND CHILDS. [Unpublished
data.]
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of the manner in which natural infections occur and of the appearance
of cankers in their various stages is most helpful in an evaluation of
specific characters.
The largest apothecial collection of Gloeosporium perennans was
made near Mosier, Oreg., from dead apple trees that had been uprooted at least 2 years before. It was interesting to observe that
ascocarps often developed in this case directly on the wood from which
bark cankers had sloughed and would hardly have been suspected of
being related to the perennial canker disease without the presence of
adjacent intact cankers. The ascocarps under this condition were
more gregarious than usual, even becoming effuse, and more irregular
in shape, several occasionally coalescing to form an imdulate hymenium. Apothecia of G. perennans developing from artificial
inoculations and those forming naturally on bark tissue corresponded
in size and shape to those of Neofabraea malicorticis. A comparison
of the apothecial colors showed a tendency for translucent gray and
flesh tints to predominate in those produced in perennial cankers in
the dry sections east of the moimtain range, while pinkish tints
predominated in those from anthracnose cankers in the wetter Willamette Valley. Color differences were not consistent and formed no
basis for separating the organisms. In the latter region the apothecia
remained fresh longer because of moisture conditions, while in the
former they were found only during rainy periods and rapidly shrank
into the stromatic mass upon the cessation of the rain. Such differences in weather conditions might easily be responsible for slight
variations in color.
Comparative measurements made from apothecia collected during
several years are summarized in table 9, and the structural features are
illustrated in figure 10.
TABLE

9.—Measurements of apothecial material of Gloeosporium perennans and of
Neofabraea malicorticis
Gloeosporium perennans

Organs measured and character
Apothecia, diameter
Asci:
Typical size
Range
Mean average
Ascospores:
Number measured
Typical size
Range._
Mode
Mean_
0-septate
l-septate
2-septate
3-septate
4-septate
5-septate
Paraphyses at apex, diameter

millimeters/*_
/*.
M-

.-

n—it¡i/*.
percent.
do...
do...
__do--_
do-__
do.__
/tt-

Neofabraea malicorticis

10.5-1

0.5-1.

14.2X102
8.5-19.8X50-142.
12.64X98.1

15X110.
10-20X75-150.
13.6X102.7.

465
6.2X19.8._-_
4.2-8.5X11.5-22.7..
5.7X17.5
6X17.7
65.8
6.07.0
20.0
1.0
.2Up to 7-

373.
6X20.
5-9X12.5-26.
6X20.
6.3X19.6.
84.7.
4.1.
4.6.
6.0.
.4.
.2.
Up to 6.

1 Sometimes coalescing to form undulate hymenia.

The variation that may occur in ascospore measurements made by
different workers, from different hosts, or during different seasons is
shown in table 10.

662
TABLE

Journal of Agricultural Research

Vol. 59, No. 9

10.—Comparison of measurements of ascospores of Neofahraea malicorticis
and Gloeosporium perennans
Or^nism, worker, host,' and locality

Neofahraea malicorticis:
All collections by the writer
Willamette Valley, Oreg
Hood River, Oreg
Jackson's description (;?4)
Gloeosporium perennans.
All collections by the writer
Hood River, Oreg
Mosier, Oreg
Parkdale, Oreg
Anjou pear, Hood River, Oreg
Cooley's m.easurements 2

__-

Mean
width

Ascospores
measured

Mcîn
length

Number
373
323
50
(?)

M

19.6
19.3
21.5
16-19

6.4
5.8
5-7

465
290
100
50
25

17.7
17.6
17.6
17.0
17.1
15.7

6.0
5.7
6.2
5.3
7.3
5.3

(?)

1 Apnle unless otherwise stated.
2 See footnote 11.

An examination of tables 9 and 10 shows the close similarity between
the ascogenous stages of Neofahraea malicorticis and Gloeosvorium
perennans. Inasmuch as the apothecia developed under different
conditions of moisture and during different seasons, such variations
in measurements as are shown might be expected. A separation of
these forms as species based wholly on morphological or physiological
grounds appears unwarranted. Because of the practical aspects of
disease control, however, it seems desirable to consider them as
distinct species, for the diseases caused by them must be handled as
distinct diseases in the orchard. A further study of the factors
influencing such characters as conidJal curvature, origin of new strains,
and conditions associated with their parasitic or saprophytic tendencies
may eventually justify a closer combination. Cytological studies of
these fungi might be very helpful in this respect.
It seems advisable at the present time to retain the specific rank of
the perennial canker fungus. The specific name perennans is here
proposed for the apothecial stage of Gloeosporium perennans, and the
fungus is described as follows:
Neofahraea perennans (Zeller and Childs) comb. nov.
Synonymy : Gloeosporium perennans Zeller and Childs, 1925, Oreg. Agr. Expt.
Sta. Bui. 217.
Differing from Neofahraea malicorticis (Cordlev) Jackson in having slightly
smaller asci and ascospores and in having mostly straight or slightly curved
conidia. Asci S.S^t to 19.8M by 50^ to 142^ (mean '[2Mß by 98.1M): ascospores
4.2// to 8.5M by 11.5M to 22.7M (mean nß by 17.7M, mode 5.7M by 17.5M); macroconidia straight to slightly curved, occasionally strongly curved, 3M to 6M by 12M
to 25M. Developing in the fall and winter on dead bark or wood of Malus sylvestris
Mill, or Pyrus communis L. in cankers formed by the conidial stage, Gloeosporium
perennansj the previous season.
Type .locality : Hood River, Oreg.
A Neofahraea malicortici differt ascis et ascosporis paulum minoribus et conidiis
plerumque rectis vel leniter curvulis. Ascis 8.5M-19.8M latis, 50M-142M longis;
ascosporis 4.2M-8.5M latis, 11.5M-22.7M longis; macroconidiis rectis usque leniter
curvulis, interdum valde curvatis, SM-^M latis, 12M--25M longis. Autumno et hieme
in cortice et ligno emortuo Mali sylvestris et Pyri communis in cancris a statu
conidico. Gloeosporio perennanti, in tempore priore formatis, Hood River, Oreg.^^

Under natural conditions the disease caused by this fungus is
generally distinguished from apple anthracnose by its failure to be
12 The writer Is indebted to Edith K. Cash, Division of Mycolosry and Disease Survey, Bureau of Plant
Industry, U. S. Department of Agriculture, for the Latin description.
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controlled by copper sprays and its habit of infecting injured bark
tissue, especially galls produced by the woolly apple aphid and ruptured
at low temperatures. Typical conidia may be distinguished by shape.
The type specimen has been deposited in the herbarium of the
Department of Botany, Oregon State College, Corvallis, Oreg., and
typical material in the mycological collections of the Bureau of Plant
Industry, United States Department of Agriculture, Washington,
D. C.
SUMMARY

Apple anthracnose, caused by Neofabraea malicorticis, and perennial
canker, due to Gloeosporium perennans infections, are very closely
related. Natural cankers are quite distinct, but the organisms could
not be distinguished by means of morphological, physiological, or
mycological studies.
Anthracnose occurs mainly west of the Cascade Range, and perennial canker east of that range. Both occur in certain overlapping
districts, and here the causal fungi tend to be intermediate in type.
Identification from the conidial characters is difficult under such
conditions.
The fungi infected the same host plants when artificially inoculated.
Specific separation was impossible from the characters exhibited in
laboratory cultural tests on various media. Strains of the same form
showed considerable difference in reaction in laboratory cultures.
Copper fungicides protect against anthracnose infections in the
orchard but fail to affect perennial canker infections materially. On
the other hand, the perennial canker fungus was inhibited to a greater
degree than the anthracnose fungus when grown on media containing
copper sulfate.
Both fungi frequently produced sectors in culture. Conidia typical
of the perennial canker fungus and also intermediate forms were produced by inoculation of mutants derived from anthracnose cultures.
These results suggest that the two fungi may have arisen from a
single species by mutation.
A distinction between apple rots produced from inoculations with
the two fungi could not be made. Conidia produced by either fungus
on apple fruits were of the perennial canker type.
The apothecial stage of Gloeosporium perennans is described and
compared with Neofabraea malicorticis. A slight average difference
in ascospore dimensions was found, but specimens that developed
under favorable environmental conditions were indistinguishable from
apothecia of the anthracnose fungus. The perennial canker fungus
is retained as a distinct species because of its pathological differences
and is named Neofabraea perennans.
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