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CORTICIUM CENTRIFUGUM, A HETEROTHALLIC
PATHOGENE OF APPLES^
By L. F. BUTLER 2
Associate Pathologist, Office of Horticultural Crops and Diseases, Bureau of Plant
Industry, United States Department of Agriculture
INTRODUCTION

In 1903 Eustace {ISf reported a previously undescribed rot of
apples. This disease, formerly called Hypochnus rot (9), is termed
''fisheye'' rot in this paper. The rot was found in New York only,
and on but two varieties of apples, Baldwin and Rhode Island. In
each instance the decay followed scab and appeared as brown,
sunken, circular lesions which varied in size. Isolations from the
necrotic tissue yielded a fungus that was designated as Hypochnus
sp. The pathogenicity of the fungus was demonstrated by inoculating apples of the same variety as those from which it was isolated,
as well as 33 additional varieties and 5 varieties of pears. It was
also ascertained that when infected fruit was held in moist chambers
it gave rise to superficial delicate dirty-white mycelial mats.
As previously reported (9), the increasing prevalence of the socalled Hypochnus rot of apples has attracted attention on many
eastern markets. Diagnoses based on the isolation and identification
of the parasite have shown that the disease is more widespread
than was formerly reported. On the markets the decay has been
found on Baldwin, Rhode Island, Roxbury, and Ben Davis apples
from New York; Winesap, Ben Davis, and Willow apples from
southern Illinois; Winesap, Jonathan, and Rome apples from both
Wenatchee and Yakima, Wash.; Jonathan and Winesap apples
from Idaho; Yellow Newtown apples from Oregon; and Ben Davis
apples from Virginia.
COMPARISON OF SYMPTOMS OF FISHEYE AND OTHER ROTS OF
APPLES

On apples grown in New York the so-called Hypochnus or fisheye
rot usually follows scab (pi. 1, A, C), although it has been found many
times when no scab was discernible on the fruit (pi. 1, B). When
following scab, it appears externally as a tan to brown circular area.
(PI. 1, A.) Individual lesions are usually less than 1 inch in diameter
(pi. 1, A), but sometimes they coalesce to form larger areas (pi.
1, C). The injured area is generally markedly depressed. The
1 Received for publication Jan. 21, 1930; issued September, 1930. Contribution from the Office of Horticultural Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, in cooperation
with the department of botany of the University of Chicago. This paper was submitted by the writer to
the faculty of the Ogden Graduate School of Science of the University of Chicago in partial fulfillment of
the requirements for the degree of doctor of philosophy.
2 The writer wishes to express his thanks to Dr. G. K. K, Link, of the department of botany, University
of Chicago, for able counsel and constructive criticism and to Alice A. Bailey of the Office of Horticultural
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, for valued assistance
and suggestions. Appreciation is extended to F. S, Zimmerman, R. C. Lindstrom, and other inspectors
of the Bureau of Agricultural Economics, U. S. Department of Agriculture, for cooperation in securing
specimens.
3 Reference is made by number (italic) to Literature Cited, p. 292.
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depression and the color change clearly delimit the necrotic region
from the normal tissues. The enlargement of the lesion is uniformly
centrifugal, resulting in the maintenance of the point of inception,
commonly a small scab lesion, in the center of the decayed area.
The lesions are cone shaped, and the depth is usually approximately equal to the diameter on the surface of the fruit. The subepidermal tissues are browned and disintegrated. The tissues are
characteristically dry and somewhat stringy, giving to the lesion
as a whole a dry, spongy consistency. When infected apples are
held under sufficiently humid conditions, as in moist chambers, the
mycelium spreads over the surface of the apples, radiates uniformly
from the lesions, and forms a characteristic, delicate, appressed,
white mycelial mat. (PI. 1, E.)
Eustace {13, p. 125) pointed out the similarities in macroscopic
appearance of this rot and the pink-mold rot caused by Cephalothecium roseum, and presented the differences as follows:
On fruit affected with C. roseum there is usually a conspicuous white or
pinkish growth of the fungus in the center of an affected spot; whereas this new
fungus does not show at all conspicuously on the surface of a decayed spot until
made to do so by artificial conditions. On fruit, C. roseum is a very shallow
growing fungus, penetrating the tissue not much more than an eighth of an inch,
while this new fungus grows much deeper and in its late stage extends to the
core.

The mycelium of the fisheye-rot fungus has been seen growing
superficially on barreled apples from the State of New York, in which
there was a high degree of humidity. When apples upon which the
mycelium was growing were removed from the humid atmosphere
necessary for this external growth of the fungus, the mycelium
quickly disappeared.
A somewhat analogous condition occurred in the Northwest in that
the symptoms of the new rot agreed very closely with those of other
rots of northwestern apples that have received much attention. To
make this clear, a brief discussion of the field rots of northwestern
apples is necessary.
The first apple rot having its inception in the orchards in the Northwest was reported in 1900 by Cordley {10), and was found to be very
prevalent on northwestern apples inspected on eastern markets. The
disease was named anthracnose or northwestern anthracnose {Neojabraea malicorticis). The outstanding characteristic of the apple rot
is the tan center and dark border of the skin over the lesion. The
disease is for the most part confined to the more humid sections of
the Northwest.
About 1920 a rot of similar appearance was found on the markets
on northwestern apples shipped from localities said to be free from
anthracnose. Isolations frona these specimens yielded a fungus that
did not sporulate. Because of the similarity in appearance of the
lesions to those caused by anthracnose and the obvious difficulties
involved in classifying the sterile pathogène, the rot was called false
anthracnose.
In 1925 Zeller and Childs {47) reported a new apple disease in the
Northwest. The fruit-rot phase of this disease, which also has its
inception in the orchards, was named bulPs-eye rot. The symptoms
on the fruit were found to be very similar to those of anthracnose and
false anthracnose, and the rot was thought to be the same as the false
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PLATE

1

Apples affected with flsheye rot caused by Corticium centrifugum
A-C, Baldwin: A, Small lesions following scab and responsible for name flsheye rot; B, large depressed lesion not following scab; C, large irregular lesion formed by coalescing of small lesions.
D-i\ Winesap: D, Small lesions, showing degree of depression; E, advanced stage, sliowing appearance of auperflcial mycelium after exposure to dry air; F, multiple infections, showing coalescence.
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anthracnose reported on the markets. However, it is noteworthy
that the false-anthracnose organism has been found to be consistently
sterile, whereas the bulPs-eye rot pathogène {Gloeosporium perennans)
fruited readily.
In the process of making isolations for the purpose of diagnosing
decays of northwestern apples found on eastern markets, each of the
three organisms causing the three rots (anthracnose, false anthracnose,
and bulPs-eye rot) has been found many times. In addition to these
three forms there was found, as reported by the writer (^), a fourth
pathogène that had clamp connections and was shown by subsequent
cultural studies to be morphologically identical in both its vegetative
and fruiting stages with the nodose septate fungus previously isolated
from eastern apples. The lesions from which these isolations were
made were quite similar to those of the three rots already described
on northwestern apples. As the causal organism of the new rot
seemed identical with the pathogène of the apples from New York, it
was felt that the same name should be used. As heretofore stated,
the rot is most often found in apples from New York, following scab.
The dark circular scab spot in the center, bordered by the tan depressed ring of discolored apple skin, presents a somewhat eyelike
appearance. (PI. 1, A.) Members of the trade on eastern markets
had used the name fisheye rot to designate this type of lesion. Since
the name already had some standing and is descriptive, it has been
adopted and is being used as a common name for the disease.
It is seen, in summarizing, that four apple rots having the same
general appearance have been reported on northwestern apples.
The lesions consist of cone-shaped necrotic tissues. The point of the
cone extends into the flesh of the fruit, and the base is formed by the
discolored epidermis covering the lesion. The discolored epidermis
is usually circular in shape, having a tan center and a dark border.
(PI. 1, D, F.) The color contrast between the central area and the
border is often more pronounced on red, well-blushed surfaces than
on yellow or lighter areas. The similarity between the four decays
is so pronounced that in many instances isolations and microscopic
studies of the fungi are necessary for diagnosis. However, some
macroscopic differences have been observed. BulPs-eye rot and anthracnose are very similar. The necrotic tissues are moist and mealy;
small lesions are not usually depressed; and superficial growth of the
mycelium is very scanty and tufted, if present at all. Both fisheye
rot and false anthracnose afford contrasts to these characteristics.
In the latter two diseases the necrotic tissues are usually dry and
spongy, the lesions even when very small are commonly depressed
(pi. 1, D, F), and if the mycelium appears on the surface it is appressed
and matted (pi. 1, E).
PREVALENCE OF FISHEYE AND OTHER ROTS OF APPLES

Any estimate of the relative prevalence of the four field rots found
on apples grown in the Northwest is obviously confused by the difficulties of diagnosis. While it is felt that bulPs-eye rot and anthracnose are much more prevalent in transit and storage, it is obvious that
the greater publicity given these two diseases has somewhat obscured
the presence and prevalence of both false anthracnose and fisheye rot.
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Winesap apples from the Northwest showing the characteristic
symptoms (pi. 1, D, E, F) were collected from a large number of
fruit stores in late spring and cultured in the laboratory. These
specimens showed almost 100 per cent false anthracnose and fisheye
rot. In addition to this rather restricted investigation, many confirmatory isolations have been made in late March and April from
apples mailed to Chicago by inspectors of the Bureau of Agricultural
Economics, United States Department of Agriculture. This cultural work, together with observations made on some 10 or 12 other
eastern markets during the last three years, indicates that both
false anthracnose and fisheye rot are consistently present in northwestern apples in late spring. The percentage of decay in any given
lot of fruit at this time of year is usually but not always small. The
following quotation accompanied six Rome apples mailed to the writer
for diagnosis:
Car M. D. T. [Merchants Dispatch Transit Co.] 95826 out of Benton City,
Wash., on October 17. In storage in Minnesota till March 21, arrived Detroit
25th or 26th of March. Shows decay ranging from 4 to 60 per cent, averaging
29 per cent, according to M. C. [Michigan Central] inspection records. Inspection
restricted to top tier boxes and doorway.

Cultures made of these apples showed that both false anthracnose
and fisheye rot were present. In fact, both diseases were found on
one of the apples. The inspector of the car stated that the specimens
sent to the laboratory were representative of all the decay found.
Inasmuch as pin]5:-mold rot and the so-called Hypochnus rot, both
found on apples grown in New York, are so similar in their macroscopic symptoms, and as pinli-mold rot has received a great deal
more attention, the importance of so-called Hypochnus rot has been
overloolied. In the last three years approximately 100 cultures have
been made from lesions on apples grown in New York that fitted the
description of the rot as given by Eustace (13). In most of these cultures the fungus isolated fitted accurately, in both the vegetative and
fruiting stages, his published description of the causal organism. In
other cultures made from the same type of lesion, sometimes from the
same apples, a macroscopically similar growth occurred. Microscopic
examination, however, disclosed differences. Further treatment of
this phase of the work is confined to later discussion in this paper.
The morphological and pathogenic similarities are rather conclusive
evidence that the pathogène isolated repeatedly from apples from
New York inspected on many eastern markets and the fungus
described by Eustace (13) are the same organism.
An examination of many cars of barreled apples from New York
has shown as high as 25 per cent of the lot to be infected with fisheye
rot. Diagnoses in these cases were confirmed by culturing representative specimens. It has been found that fisheye rot is much more
common late in the storage season than at any earlier time.
METHOD OF INFECTION

Although very few data are at hand, the studies and observations
that have been made indicate that the inception of the fisheye decay
occurs in the orchards. The fungi comprising the group to which
the form that causes fisheye rot belongs are, in the main, saprophytes that are found on stumps and dead branches. In the labora-
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tory the causal fungus has grown well on apple twigs and stems.
The writer found it growing over the surface of apples in an orchard
near Wenatchee, Wash. The superficial growth was characteristic,
and microscopic examination of the hyphae showed the clamp connections. It is considered quite probable that the organism establishes itself in tissues of the mature fruit that are either dead or at
a low ebb of life, for example, stems, calyxes, or lenticéis, in the orchard,
and develops after the fruit is shipped. It has been found many
times on the surface of eastern and western apples that were not
decayed.
A study was made to test the assumption that the causal fungus
was present in the stems of apples. Fifteen sound Winesap apples
were selected from a car, inspected on the Chicago market, in which
fisheye rot was found. The apples were not sterilized but were held
in moist chambers in the laboratory for three weeks. In nine of
the specimens the nodose septate fungus grew out from the stems
and over the shoulders of the apples. In this and similar observations
no decay resulted from the superficial mat. This is taken as evidence that an opening is necessary for infection. Eustace (18)
obtained negative results when he placed inoculum on the surface
of apples, and concluded that the fungus could not penetrate the
sound epidermis. Temperature studies have shown that the decay
does develop under commercial cold-storage conditions. It seems
highly probable that the lesions found on fruit in the markets have
resulted from an incipient infection that was present, but invisible,
when the apples were packed. In brief, it is felt that the disease has
its inception in the field and that it develops but does not spread in
transit or storage.
CULTURAL STUDIES
From the isolations previously discussed, some 50 strains of the
pathogène, considered representative of the different localities
mentioned, have been carried in the laboratory. The studies of the
cultures were made in a comparative way. Thus, although initial
studies were made on strain No. 211-C, isolated from Baldwin apples
grown in New York, the morphological and physiological characteristics that were determined for this form have been found to be
duplicated by other strains from New York and from all other localities reported. Some few strains have shown differences in culture,
but the variations are small and mostly of a physiological nature.
Five cultures from New York apples differed slightly from the other
New York forms. No differences between strains have been found
to be correlated with the localities from which they came. Sufficient
studies to determine whether all the forms isolated should be referred to the same species have not been completed. However, as
will be more fully discussed later, it is felt that enough evidence has
been obtained to justify the conclusion that the same species is present
in all the different localities from which the diseased specimens were
shipped. The present paper deals only with the similar strains found
in the various localities; a discussion of the variants is postponed.
The hyphae were smooth and white and had clamp connections,
commonly one at each septum. (Fig. 1, B, C, E.) The hymenium
consisted of loosely interwoven hyphae identical in appearance with
those shown in the drawing of Eustace (13, pi. %), The clávate
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1.—Mycelia and spores from different strains of Corticium centrifugum; X 700: A, Haploid
mycelium and oidia of single-spore strain No. 14; B, hyphae showing irregular and incomplete
clamps in the mycelium over the inoculum of single-spore strain No. 14, six days after crossing with
No. 266-A (flg. 2, A): C, hypha showing normal and incomplete clamps 2 cm. behind the inoculum
of strain No. 14 in the new mycelium that had developed sis days after crossing with No. 266-A
(fig. 2, A); D, anastomosis of hyphae present at place of contact between strains Nos. 274 and 2
(fig. 2, B); E, hyphae from perfect strain No. 211-C, isolated from apples grown in New York;
F, basidium and spores from No. 211-C; Q, portion of hymenium and spores from perfect strain
produced by crossing two sterile western strains (Nos. 266-A and 274) ; H, stages in the development
of basidia, sterigmata, and spores

FIGURE
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basidia, arising directly from the hyphae and bearing four spores on
sterigmata (fig. 1, F, G, H), agree in manner of origin and development
as well as in form and size with the previously published characterization. Further agreement is found in the length and number of the
sterigmata and the number, shape, and size of the spores borne at the
distal extremities of the basidia. (Fig. 1, F, G, H.)
The pathogène grows very well on all the common culture media.
It also grows well on apple twigs, apple stems, and bean pods. Spore
formation has been more copious on bean pods and string-bean agar
than on any other substrate tried. While some success has attended
efforts to induce fruiting, enough failures have occurred to prevent
the assumption that sporulation may be produced at will. The
pronounced sensitivity of the vegetative phase to changes in humidity
and moisture content of the medium, and other observations as well,
indicate that the degree and rate of desiccation to which the fungus
is subjected are important factors in sporulation.
Although temperature studies have not been completed, it has been
found that on Baldwin apples from New York and Winesap apples
from Washington an appreciable growth occurs at cold-storage
temperature (32° F.). Apples were inoculated subepidermally with
small portions of mycelium and placed in a commercial cold-storage
room the same day. The final observations made six weeks later
showed that the pathogène had established itself and produced lesions
averaging 15 to 20 mm. in diameter. The optimum temperature for
growth on media lies between 65° and 75°. The maximum temperature for growth has not been determined, though slow growth occurred
in Petri dishes on corn-meal agar at 90°. Inasmuch as humidity controls and accurate temperatures were not available, except in the commercial cold-storage room, the temperature studies were postponed.
Single-spore cultures of the fungus were made as follows: Portions
of the hymenium of a fruiting culture that had been made from a
Baldwin apple from New York and had been carried in the laboratory
for two years were transferred under aseptic conditions to tubes of
sterile water, shaken to remove spores, and further dilutions made.
The spore dilutions were poured over thin layers of clear agar in
Petri dishes. After the water had been absorbed so that the spores
were lodged on the agar, the Petri dishes were inverted on the stage
of a microscope for examination. When an isolated spore was found
its location was marked with a circle of india ink drawn on the bottom
of the Petri dish. Next, the agar within this area and the adhering
spore were transferred to another dish containing a thin layer of clear
agar. The transferred spores were then examined macroscopically
at intervals until after germination to make sure that each colony
was from a single spore. When this had been ascertained, transfers were made to test tubes of agar and the strains were numbered.
In this manner 70 single-spore cultures were made. While the mycelium of most of the single-spore cultures was microscopically similar
to the parent culture, microscopic examination disclosed differences.
The hyphae were smooth and white but had ordinary septa instead
of clamp connections. None of the cultures formed either basidia
or spores, but oidia were formed copiously by segmentation of hyphae.
(Fig. 1, A.) Oidia have not been found in any of the strains that
had clamp connections and formed basidia and spores, but have
been found in all single-spore cultures.
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Cultural studies reveal a variation in vigor among the different
single-spore strains. Some are almost as vigorous as the parent
strain, though the perfect or parent strain is on the whole more
vigorous than any of its sterile progeny. One measure of the relative
vigor in the different single-spore strains is shown by the rate of growth.
Table 1 shows the results of a comparative study. Bean agar
contained in Petri dishes was inoculated with the parent culture,
each of its single-spore strains, and the two western sterile strains
(Nos. 266-A and 274), respectively, and kept at room temperature.
The cultures were allowed to grow two days to establish themselves
before initial measurements were taken. The total radial increase
and average daily increase during the next five days were recorded.
TABLE

1.—Comparative growth rates of a perfect strain {No. 211-C) and of sterile
strains of the fisheye-rot fungus
Growth in 5 days
(mm.)

Culture
No.

211-C
1
6
15
18
23
4._
12
13
17
20
22
25
26
29
30
5...

Genotype

AaBb
AB
do._..
do.-..
do
do
ab
do.__.
do
do
do
do
do
do

""";;do;"""^"""I"
Ab

Total

Average

32.5
24
5
8
5
13
7
18
10
7
12
5
(°)
4
3
3
13

6.4
4.8
1.0
1.6
1.0
2.6
1.4
3.6
2.0
1.4
2.4
1.0
.8
.6
.6
2.6

Growth in 5 days
(mm.)

Culture
No.

Genotype
Total

9
10
14
16
21
27
28
2
37
8
11
19..
24
266-A
274

Ab

.
do
do
do
do
do
do....

aB
do
do
do
do
do
do
aB
Ab

12
5
14
13
14
5
10
4
3
10
18
]0
5
12
4
5

Average
2.4
1 0
2.8
2.6
2.8
1.0
2 0
.8
.6
2.0
3 6
2.8
1.0
2.0
.4
1.0

« Died.

The parent culture. No. 211-C, grew more rapidly than any of its
progeny or than the two western sterile strains. Duplicate plates
showed that the variation in rate of growth is consistent for the individual strains. It will be noted, however, that the rate of growth
does not vary with the genotype. When two strongly mating haplonts
are paired the spread of the resultant colony proceeds at a faster rate
after the diploid condition is initiated than it did while its two components were still in the haploid state. An example is seen in a comparative study of the amoimt of new growth in two colonies shown in
Figure 2, A, 2 and 14. The faster rate of growth seems correlated with
the perfect or diploid condition.
While the longevity of the fungus in culture has not been studied,
it has been found that the diploid mycelium can live as long as six
months without transference, though many cultures of the single-spore
strains die in a few weeks if not transferred to fresh culture medium.
Observations indicate that there is a correlation between mortality
and the sugar content and moisture of the substrate.
The absence of clamp connections in the hyphae of the single-spore
cultures indicated that the fungus was heterothallic. Pairing of the
monosporous strains was therefore begun.
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RESULTS OF CROSSINGS
CROSSING OF SINGLE-SPORE CULTURES OF FISHEYE-ROT ORGANISM

Thirty single-spore cultures of the fisheye-rot organism were selected
arbitrarily for crossing studies. The cultures were numbered 1 to 30
consecutively. Culture No. 1 was paired with each of the 29 other
cultures. The pairings were made on bean agar in test tubes by
placing small pieces of inoculum of the two strains close
together in each tube. Checks
were made by transferring
each of the 30 strains individually to other tubes. Microscopic examination of the cultures two weeks later showed
that the crossing of six of
the strains—Nos. 4, 12, 13,
17, 22, and 25—had resulted
in clamp formation, but that
no clamps were found in any
of the other tubes nor in any
of the checks. Basidia and
spores were found in each of
the cultures that had formed
clamps, but they were not
found in any of the other cultures. This is in keeping with
the findings of others.
Since Bensaude (JÍ ) demonstrated heterothallism in the
Hymenomycetes in 1918 by
her work on Coprinus fimetariuSj a comprehensive study
of the condition has been
made by many workers. In
such studies definite criteria
by which the haplonts and
diplonts may be distinguished
2.—Diagrams showing areas of clamp formation
are essential. Clamp connec- FiGURE
in crosses between two sterile western strains (Nos.
tions have become the accept- 266-A and 274) and four sterile eastern strains (Nos. 1, 2,
14, and 17). The numeral on each colony is the number
ed criterion in distinguishing of
the eastern strain with which the western strain was
crossed.
(Table 5.) Shading with horizontal lines debetween the haploid and the notes normal
number of clamps; crosshatching denotes
normal
and
irregular clamps; dotted areas denote oidia
diploid condition. The monpresent; broken lines mark separation of old growth from
osporous mycelia of hetero- that developed after crossing. In each cross the inoculum
the western strain is nearest the center of the diagram.
thallic Hymenomycetes has of
A, Crosses of No. 266-A with the eastern strains. B,
been found to be uninucleate Crosses of No. 274 with the eastern strains
and devoid of clamps, whereas the pairing of compatible monosporous strains results in a mycelium with paired nuclei that has clamps (jf, ^0). Heterothallism
is therefore evidenced by the presence of clamps in the compound
mycelium and the absence of clamps in the monosporous mycelium.
Cytological studies of heterothallic forms (1, 25) have demonstrated
that two monosporous uninucleate mycelia, by anastomosing, give
rise to the compound mycelium with paired nuclei. In many Hymeno-
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mycetes the haplonts form oidia but the diplonts do not. However,
some variation has been found in this, so it is not always a rehable
criterion. Although fruiting is usually confined to the binucleate
phase, Kniep (19) has found that haplonts of Schizophyllum commune
produced fruiting bodies and spores morphologically similar to the
fructifications of diplonts, though all the spores produced on the
sporocarp were of one sex. Similar findings have been reported by
Kniep (20)j Vandendries (4S)j Brunswik (2)^ Zattler (^^), and Hanna
(17). Therefore in the work presented here, although the formation
of oidia and basidiospores has been taken into consideration, the basic
criterion has been the presence or absence of clamps.
Inasmuch as culture No. 1 grew more vigorously than any of
those with which it had mated, it was designated as a plus strain and
those that had crossed with it were recorded as minus strains. Culture
No. 1 and culture No. 17, the latter one of the minus strains, were
then paired with each of the 28 other single-spore cultures in the
manner previously described. Checks of each culture were made as
before. Examination three weeks later proved that culture No. 1
had again mated with each of the six minus strains. Clamps were
also found in the crosses between culture No. 1 and cultures Nos. 20,
29, and 30, which were therefore recorded as three additional minus
strains. Since clamps were present in the crosses between culture
No. 17 and cultures Nos. 1, 6, 18, and 23, these two sets of pairings
thus resulted in the segregation of four plus strains and nine minus
strains. No clamps were found in any of the other tubes nor in the
checks.
It had been necessary to duplicate some of the pairings because the
cultures made as checks did not grow. The failure of these strains
to grow in the paired cultures would doubtless be overlooked because
the two pieces of inoculum were placed in contact with each other
and the mycelium from the more vigorous of two included strains
could easily cover the inoculum of the other strain.
Consequently, a new technic was employed, and pairing between
cultures Nos. 1 and 17 and each of the other single-spore strains was
repeated in the following manner: Inoculations were made on sterilized
string-bean pods, two pods, one much shorter than the other, being
placed in each test tube. A few cubic centimeters of distilled water
was added to each tube to prevent too rapid desiccation. In all
inoculations with cultures Nos. 1 and 17 these strains were placed on
the upper end of the short bean pod and the strain with which they
were paired was placed on the upper end of the long pod. The cavities
at the tops of the broken pods afforded a convenient receptacle for
the inoculum. Care was exercised in the inoculation to insure the
presence of but one of the strains on each pod. The distance separating
the two pieces of inoculum thus afforded ample opportunity for
checking the viability and growth of the less vigorous strains before
the mycelium from the vigorous strains had developed far enough to
cover them.
Examinations for clamps were made a week later, when in all tubes
the mycelium of both strains had reached the lower ends of the bean
pods and formed a profuse mat at the point of contact. Mounts for
study were made from the bean tissue at the region of contact.
Clamps were found in all crosses in which they had occurred previously
and in two additional ones. Culture No. 15 crossed with No. 17, and
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No. 26 with No. 1. All subsequent studies were made on bean pods
as described.
To check the possibility that clamps might have been overlooked in
the hyphae in any of the previous work, cultures Nos. 1 and 17 were
twice paired with each of the remaining 15 strains that had not mated
with either of them. In both series all results were negative.
The possibility that the ability of single-spore cultures to cross
decreased with time, when carried in culture, was checked by pairing
cultures Nos. 1 and 17 again with each of the 28 other single-spore
cultures. When these tubes were examined clamps were found in
each cross in which they had been found before, but no additional
pairs showed clamps, indicating that no change in ability to cross had
occurred.
The 15 unmated strains were then paired with one another after the
well-known checkerboard method. Subsequent examination showed
that the 15 strains divided into two groups of 7 and 8 individuals,
repectively. Each individual of these groups formed clamps when
paired with any individual from the opposite group but failed to form
them when paired with another individual of its own group. Former
failure to obtain positive results with all pairings was thus found to be
due to the fact that there are four instead of two types of strains present. No morphological or physiological difference (Table 1) between
strains had been observed to indicate this genotypic difference.
The necessary transfers were next made to complete a checkerboard
pairing of all of the 30 single-spore cultures. The results of all possible
pairings of the 30 single-spore cultures are shown in Table 2.
2.—Results of all possible pairings of 30 single-spore strains derived from a
single hymenium of culture No. 211-C of Corticium centrifugum
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It is seen that the progenies of the nodose septate form are differentiated into four types as demonstrated by their abiUty to fuse and form
clamps. Kniep {23) listed 15 species of Hymenomycetes, among
them Corticium serum, for which this phenomenon has been reported.
This occurrence of four types of spores has been variously explained.
' In general it is interpreted as a sex phenomenon. Prell (34)y however,
favored the view that this and similar phenomena in fungi which he
designates as ^^Aëthogametie'^ do not involve sex differentiation.
BuUer (6), Newton {29, 30), and Mounce {27, 28) interpreted it in
terms of sexuality and designated such a fungus as '^quadrisexual.'^
They used the genetic notation introduced for such situations in fungi
hjKmei^ {19,20,21),
Kniep {21) postulated that copulation of haplonts in Hymenomycetes is determined by genes which may occur as multiple allelomorphs. Thus, in such results as those recorded in Table 2, one is
dealing with a haplodioecious fungus with two pairs of such allelomorphs localized in four different chromosomes. This type of fungus
is designated as of the ^^tetrapolar^' or ^^dihybrid^' type. At first
Kniep designated these genes as '^sex factors'' {19, 20, 21). Later,
in harmony with the suggestion of Prell {34), Brunswik {2), Oehlkers
{31), and others, he {22) dropped this term and, following the suggestion of Oehlkers, designated them as copulation factors. Consequently he replaced the phrase ^^pluripolar sexuality'' by ^*pluripolarity of copulation-determining factors." He made the fundamental assumption that the presence of identical copulation factors
prevents copulation. Thus AB can copulate only with ah.
Brunswik {2) has interpreted identical phenomena in his experimental material by assuming the operation of sterility factors. He
assumed that autogamy is the fundamental process in both monoecious (homothallic) and dioecious (heterothallic) fungi; that is, both
have the same genotypic constitution so far as sex is concerned.
Heterothallism is determined by the addition of inhibiting or sterility
factors, and mutability and allelomorphism are linked with these
rather than with real sex factors. Specifically, in the case in hand, if
one follows this conception, copulation of the haplonts is determined
by the presence or absence of two sterility factors. Oehlkers {31)
points out that this interpretation is more in line with Correns's
theory of sex than Kniep's original conception. He is inclined, however, to use the phrase ^^copulation factors," but is opposed to the
genetic formulations advanced by Kniep.*
The position of Vandendries {46) is not quite clear. In one instance, in contrasting Brunswik's ^'sterility factors" and Kniep's use
of the concept ^^fertilizing factors," he states that in the critique of his
experiments he has always adopted by pure opportunism Kniep's
interpretation. In the same paper he states that both tjiese theories
lie in the realm of pure hypothesis; that with respect to the law of
fertility between geographic races the theory of Kniep must admit an
indeterminite number of determiners, whereas the theory of Brunswik
permits consideration of the loss of a single determiner as a cause of
exceptionally increased fertility; and that he would be inclined to
adopt the point of view of Brunswik.
< This statement is based on the review by Kniep {24) of Vandendries's paper {U), which the present
writer has not seen.
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Further understanding of the fundamental causes operative in the
production of more than two types of haplonts is dependent upon more
detailed study of the phenomenon than was attempted in the work
presented here. For this reason, the interpretation of results in this
paper is based upon conceptions and conclusions—although not
accepted in toto—that other workers have derived from more extensive investigations.
It has been assumed that the four types of haplonts are the result
of segregation of factors carried by the fusion nucleus of the diplont.
The fusion nuclei are said to contain two allelomorphic pairs of genes
that determine the sexual nature of the individual haplonts. The
four genes are thought to be borne separately on four chromosomes.
Thus the gènotypic formula for the fusion nucleus is written AaBb.
It is seen that four genotypically different types of nuclei may follow
chromosome segregation. The four possible genotypes would be Ab,
aBy AB, and ah. Kniep postulated that crosses occur only between
haplonts that have no duplication of genes. Thus the genotype Ah
would be compatible with aB but not with AB or ah. The symbols
used in Table 2 indicate genotypic differences in the four types of
haplonts used in the present pairings. Thus it is seen that the haplonts designated as ah produced clamps when paired with all the haplonts under the symbols AB, but not with any of the other three
types. Further analysis of the table shows that each group of haplonts behaved in a similar manner; that is, compatibility was found
only between haplonts designated by opposite genetic formula.
Experiments by several investigators {2, 17,19, 20, 27, 28, 39) have
demonstrated that four genotypes are consistently present in the
sporocarps, or hymenia, of 15 species of Hymenomycetes. Studies of
the spores from individual basidia showed that some basidia bear two
types of spores {21) and that other basidia bear four types of spores
(l6, SO). This behavior is attributed to variation in the time of the
reduction division. Inasmuch as the basidia are four-spored, two
divisions must follow the fusion of the dicaryon in the basidium. If
the first of the divisions is the reduction division, only two genotypes
are possible for each basidium, and two basidia are necessary to produce the four genotypes in one fruiting body. The nuclei resulting
from the second division would be genotypically identical with their
sister nuclei. If, however, the reduction division occurred in the
second division, four genotypes could be borne on the same basidium,
as the two daughter nuclei of the fusion nucleus would each contain
the four genes AaBh. Therefore, if reduction division in one of the
daughter nuclei gave rise to genotypes having the formulas AB and
ah, and the other nucleus produced genotypes represented by the
formulas Ah and aB, spores of four genotypes would be produced on
one basidium. In the present work no effort was made to obtain
spores from individual basidia. The spores, as stated, were transferred from an arachnoid hymenium.
INTERCROSSING OF FALSE-ANTHRACNOSE CULTURES

Table 3 gives the results of a checkerboard cross of six falseanthracnose cultures, all obtained from apples grown in Washington,
and a seventh culture (No. 279-A) isolated from a New York Baldwin.
Laboratory studies had shown no difference in morphology or path-
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ogenicity between the western strains and this eastern culture. The
numbers used are the stock numbers under which the cultures have
been carried in the laboratory. The technic employed was the same
as that described for the preceding experiments. Examination of the
cultures was made when the hyphae of the two strains had mingled
thoroughly. As shown by Table 3, clamps were found in but one
pairing, that between culture No. 266-A, isolated from Rome apples
shipped from Benton City, Wash., and sent to the Chicago office from
Detroit, and culture No. 274, isolated from Winesap apples shipped
from Wenatchee, Wash., and inspected on the Chicago market.
TABLE

3.—Results of all possible pairings of seven so-called false-anthracnose
strains
[- indicates absence of clamps; + indicates presence of clamps]
Culture
No.
No.
No.
No.
No.
No.
No.

145
226
248-A.-.
266-A-.273
274
279-A._.

No. 145

No. 226

—
—
_
—
~

—
—
—
_
—
-~

No. 248A No. 266A

—
_
—
—
—
—

_
_
—
+

No. 273

No. 274

No. 279A

_
_
—
_
—

_
_
+
_
—

_
_
__
_
—

The nodose septate form resulting from the cross fruited and was
studied in the laboratory. It agreed in all morphological details,
including size and form of hyphae, basidia, and spores (fig. 1, G),
with both eastern and western perfect forms isolated from apples
showing fisheye rot. Checks were made as usual, and examination
showed all checks to be free from clamps.
The cross between Nos. 266-A and 274 was repeated five times.
Each time clamps were produced by the mating, aud check cultures
remained negative. Duphcation of the balance of the checkerboard
gave identical results a second and a third time. None of the other
cultures produced clamps when paired. Their failure to cross will be
discussed later.
CROSSING OF FALSE ANTHRACNOSE WITH FISHEYE CULTURES

These 6 western cultures of false anthracnose were representative
of about 50 sterile strains isolated from western apples during the last
three years. The other strains died in the laboratory. The character
of the lesions from which they were isolated, as well as the morphology
and consistent sterility of the mycelium, are evidence that the causal
organism of false anthracnose and these sterile strains are the same
fungus. Although about 20 isolations had been made from lesions on
apples grown in New York identical with these western lesions, culture
No. 279-A was the only strain that had remained alive during the
entire period of these studies. This lack of vitality under laboratory
conditions, together with the identity in morphology and pathogenicity, indicates that the eastern and western sterile strains are the same
organism. The fact that No. 279-A was isolated from an apple from
a second lesion of which was isolated the perfect form producing
fisheye rot, together with the production by crossing of two western
strains of a perfect fungus identical morphologically and pathogen-
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ically with the fisheye-rot organism, would seem conclusive evidence
that the sterile strains produciag false anthracnose and the sterile
strains of the fisheye-rot organism are identical. Inoculation studies
with the four strains of the fisheye-rot organism proved that these
strains are equally pathogenic. Lesions produced by the perfect
strain and by the four sterile strains produced by germination of its
single spores are indistinguishable. These lesions are also indistinguishable from those produced by inoculation with each of the sterile
strains from false-anthracnose lesions.
In order to check further the identity of these sterile strains,
pairings were made with each of these seven strains and four singlespore strains from culture No. 211-C—Nos. 1, 2,14, and 17. (Table 2.)
The results are shown in Table 4.
TABLE

4.—Results of all possible pairings of the so-called false-anthracnose strains
with four genotypic strains of culture No. 211-C
[— indicates absence of clamps; + indicates presence of clamps]
Culture

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

1
2 _
14
17
266-A
274
145
226
248-A
273
279-A

-

No.
2

+
+
+

+
+
+

-

..

No.
1

-_

No.
14

+
+
+

No. No. No.
17 266-A 274

+
+
+

+
+
+
+

+
+
+
+
+
—

No.
145

-

No. No. No. No.
226 248-A 273 279-A

-

-

-

_
_
_
_
_
_
_
—
_
_

Because of the significance of these pairings they were made many
times. It is seen that the single-spore cultures (Nos. 1, 2, 14, 17)
maintained their previously noted behavior toward one another.
Moreover, since previous pairings between the two western strains
(Nos. 266-A and 274) had resulted in clamp formation as well as fruiting, positive results from the pairing of these two strains, obtained in
this series, may be regarded as duplications of former findings.
Table 4 shows also that four of the western strains and the eastern
strain did not form clamps with any of the strains with which they
were paired. Although these five sterile strains have been paired in
all possible combinations with each other and with the four types of
haplonts from single-spore cultures six times, no clamp connections
have ever been found in examinations of the pairings. This consistent maintenance of the haplophase necessitates the consideration
of three possibilities. The first is the phylogenetic relationship
involved. If the five sterile strains were too distantly related to the
others with which they were incompatible, that is, different species,
the negative results obtained would be expected. The negative
results from interpairing the five variants would then indicate either
that they were too distantly related to one another or that they were
genotypically alike. However, cultural studies in the laboratory
have disclosed no morphological, physiological, or pathogenic differences among these five sterile strains and any other haplonts
studied. It is believed that the similarities noted render untenable
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the hypothesis that a too distant relationship is responsible for the
negative results.
The second possibility is that all the haplonts found belong to the
same species, but that the affinities for these five sterile strains, although present in the progeny of the New York strain, have not been
found. However, the clear-cut dihybrid behavior of the 30 singlespore cultures used in the previous work is rather strong evidence
that only four genotypes are formed by this strain. Additional
evidence that there are but four genotypes is provided by the following fact: No deviation from the dihybrid behavior was found when
30 single-spore cultures made from the Fi generation were paired
with each of the four genotypes that had been segregated from the
parent generation. Each of the 30 haplonts formed clamps with
some one of the original four genotypes. This typical dihybrid
behavior among 60 haplonts seems sufficient evidence that representatives of all genotypes formed by this strain have been found.
The third possibility is occasional incompatibility, such as has been
found to exist in other Hymenomycetes, among haplonts derived from
individuals of the same species that were separated geographically.
Vandendries (^5) made studies of individuals of Coprinus micaceus
from Luxemburg, eastern and western Canada, the Netherlands,
Germany, and other widely separated localities. The behavior of
the haplonts from these individuals was very erratic. Kniep (23)
in reviewing this work stated that it furnishes proof that haplonts
of the same species of different geographical origin can be sterile toward one another on an extensive scale. The erratic behavior among
haplonts of individuals from different localities has been found by
other workers in many species of Hymenomycetes and is attributed
either to gene changes or to environmental factors that modify the
development of the inherent genotypic tendencies. In the present
work it is felt that the consistent incompatibility of the five haplonts
discussed may be considered as an additional instance of such a
phenomenon. Therefore, they are here regarded as haplonts of the
same species even though they do not form clamps with any of the
haplonts so far found in the species. This phenomenon will be more
fully considered in the discussions that follow.
A further study of Table 4 shows that two of the strains (Nos.
266-A and 274) from western apples mated with one another and
that each formed clamps with each of the four single-spore cultures
(Nos. 1,2,14, 17), which represent the four types of haplonts from the
New York culture No. 211-C. These results can not be interpreted
in the light of the purely qualitative genetic conceptions thus far used
in this paper. The fundamental premises previously used in this
discussion are that duplication of the genes involved renders haplonts
incompatible and that genotypic opposites are compatible. The
theoretical genetic formula of the fusion nucleus previously presented, AaBb, permits but four genotypes. The assigning of the
genetic formulas, which follow, is based on previous crossings of the
haplonts. (Tables 2 to 4.) The assignment of the notation aB to
strain No. 266-A and of Ab to strain No. 274 indicates that they are
genetic opposites and should mate. The finding of clamps in each
of the six pairings that have been made between these two is seen to

be in accord with the notation. The qualitative genetic notation is

Aug. 15,1930

A Heterothallic Pathogène of Apples

285

supported also by the behavior of cultures Nos. 1, 17, 14, and 2, which
have, respectively, the genetic notations AB, ab, Ab, and aB when
crossed among themselves (Tables 2 and 4), in that the presence or
absence of clamps has been consistent with the genotypic s^^mbols
assigned to the paired haplonts.
In additional studies cultures Nos. 274 and 266-A were each paired
with each of the above-mentioned single-spore cultures in two Petri
dishes on string-bean agar. Microscopic study showed that clamp
formation had again occurred in each of the eight pairings. Following these qualitative results a quantitative study was made. An
extensive series of mounts of the mycelia was made from each of the
pairings in the two plates and studied microscopically. A sufficient
number of systematic studies was made to permit the mapping of the
various conditions of the different areas within the traced outlines of
the colonies. The results are shown in Figure 2.
An analysis of the diagrams shows that not only were the results
of mating qualitative, as indicated by the presence or absence of
clamps, but quantitative as indicated by the number and completeness of clamps present in each pairing. Ordinarily when two haplonts
mate, normal clamps occur and oidia are absent at the point of
contact of the two haploid mycelia, and the condition is reversed in
both haplonts a short distance from the point of contact. In pairings
held in the laboratory for some weeks it has been found that, as time
passed, a decrease in haploid hyphae containing septa and producing
oidia was accompanied by an increase in diploid hyphae that fornied
clamps and did not produce oidia. In an examination of positive
pairings 3 to 4 weeks old it was found that ordinary septa were very
rare and that clamps were present in abundance, while oidia were no
longer found. These findings indicate very strongly that when haplonts copulate a progressive decrease of the haplophase is accompanied by a progressive increase of the diplophase. In the present
case, however, no such consistent regularity of progression was found,
but degrees of completeness of copulation were noted, the quantitative conception of copulation being based on differences in the
included pairings and in the different areas in each pairing. Such
differences involved the presence of oidia and ordinary septa (fig. 1, A),
which were accepted as evidence of haploid hyphae, and the relative
normality and number of clamp connections, which were considered
proof of diploid hyphae. Clamps that were incomplete or variants
(fig. 1, B) were considered to indicate a lesser degree of compatibility
than complete normal clamps (fig. 1, C). The accompanying genetical interpretation (Table 5) of some of the crosses shown in Table 4
is included here to facilitate the discussion of these quantitative
phenomena.
The genetic formulas used are those already assigned to the different
strains. The plus and minus signs, as in other tables, indicate the
presence or absence of clamp connections. The pairings are numbered consecutively for more ready reference.
An examination of Table 5 shows that clamps were formed in each
instance in which the individual contributions of the two haplonts
resulted in the production of the genetic formula AaBb that has
been considered normal for the fusion nucleus. This is seen in pairings Nos. '2, 5, 7, 10, 18, 20, 23, 25, 28, and 33. Each of these crosses
has been strong; that is, it has produced many normal clamps. Nos.
10240—30
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2 and 7 are duplicate crosses of Nos. 266-A and 274, which have
always given strong results. Three pairings that were held in the
laboratory fruited copiously. Nos. 18 and 33 are duplicate pairings
of Nos. 1 and 17 and Nos. 23 and 28 are duplicates of the cross
between Nos. 2 and 14, which have repeatedly given strong, positive
results with copious clamp formation and sporulation.
TABLE

ñ.—Genetic notation of the pairings of two western and four eastern haplonts

Haplonts

Genetic
notation

No.

No. 266-A

No. 274

No. 1

Clamps
Pairing present
Genetic
(+)or notation
No.
absent

Clamps
Pairing present
Genetic
(+)or notation
No.
absent

Clamps
Pairing present Genetic
(+) or notation
No.
absent

(-)

aB
Ab
AB
aB
Ab
ab

266-A
274
1
2
14
17

1
7
13
19
25
31

+
+
+
+
+

aBaB
aBAb
aBAB
aBaB
aBAb
aBab

(-)

2
8
14
20
26
32

No. 2
26e-A
274
^
1
2
14
17

-

aB
Ab
AB
aB
Ab
ab

4
10
16
22
28
34

+
+
+

+
+
+
+
+

AbaB
AbAb
AbAB
AbaB
AbAb
Abab

(-)

3
9
15
21
27
33

5
11
17
23
29
35

+
+
+

+

ABaB
ABAb
ABAB
ABaA
ABAb
ABab

No. 17

No. 14
aBaB
aBAb
aBAB
aBaB
aBAb
aBab

+
+

AbaB
AbAb
AbAB
AbaB
AbAb
Abab

6
12
18
24
30
36

+
+

abaB
abAb
abAB
abaB
abAb
abab

The remaining pairings that resulted in clamp formation, Nos. 3,
4, 6, 9, 11, 12, 13, 14, 19, 26, 31, and 32 of Table 5, really represent
but six different crosses because of the duplication in the checkerboard. Examination of the table shows that although clamps were
formed in each instance, the theoretical formulas for the resulting
fusion nuclei deviate from the assumed AaBh normal. It is also
seen that degrees of deviation occur.
For convenience the numerical designation of the crosses in the
genetic Table 5 is duplicated in the diagrammatic sketch of the Petri
dishes. (Fig. 2.) Comparison of the figures in relation to the
crosses thus far discussed discloses a quantitative correlation. Thus
cross No. 5 is the strongest experimentally (fig. 2, A) and is the
only one of the four crosses between 266-A and the four genotypes
that has a normal genetic formula. Cross No. 4 in Table 5 is seen
to show complete duplication in both pairs of allelomorphs, and
reference to the diagram (fig. 2, A) shows it to be the weakest cross.
Crosses Nos. 3 and 6 each show duplication in one of the included
allelomorphic pairs and are both seen to be approximately midway
in strength of crossing between the other two. The slight difference
between crosses Nos. 3 and 6, shown in the figure, might be due
to the relative importance of the genes involved or to the relative
vigor of the two genotypes. Thus it is seen that the quantitative
aspects of the theoretical genetic conceptions are supported by the
experimental determinations.
It is believed that the sequence of the experimental findings and
the theoretical applications are worthy of note. The microscopic
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studies and mapping were completed before the genetic interpretations were attempted. An examination of the second diagram
(fig. 2, B) reveals a complementary situation in the crosses between
strain No. 274 and strains Nos. 1, 2, 14, and 17. As stated previously, strain No. 274 has repeatedly proved to be the genotypic
opposite of strain No. 266-A. Therefore, opposite behavior would
be expected. Comparison of crosses Nos. 10, 11, 9, and 12 in the
diagram shows that the expectations are fulfilled. It is seen that
in these four crosses the strongest one occurs between strain No.
274 and strain No. 2 (cross No. 10), whereas strain No. 2 (fig. 2, A)
formed the weakest cross with strain No. 266-A (cross No. 4).
Inasmuch as strains Nos. 2 and 14 are affinities and strains Nos.
266-A and 274 are also genotypic opposites, this behavior is in
accord with expectations. Further analysis of the diagram shows
that strains Nos. 1 and 17 occupy a midway position in strength
of crossing with strain No. 274 (crosses Nos. 9 and 12). This is
consistent with their behavior with strain No. 266-A (crosses Nos.
3 and 6). (Fig. 2, A.) To complete the consideration of the complementary relationship between strains Nos. 266-A and 274, attention is directed to cross No. 11 between strain No. 274 and strain
No. 14. It is seen that the pairing of No. 14 with No. 274 resulted
in the weakest cross.
A consideration confined to the relationships between strains Nos.
274 and 2 and between Nos. 266-A and 14 is in accord with a
purely qualitative genetic interpretation involving two pairs of allelomorphs. The crossing of strains Nos. 266-A and 274 with strains
Nos. 1 and 17, and of No. 266-A with No. 2, and of No. 274 with No.
14, can not be explained by this hypothesis. Reference to Table 5
shows that identical genetic formulas have been assigned to both
positive and negative pairings, as in crosses Nos. 13 and 16. Cross
No. 16 shows agreement in but one pair of genes and is negative,
whereas cross No. 11 shows agreement in both pairs of genes and is
positive.
DISCUSSION OF CROSSINGS

In the present work no purely genetic studies, such as interpairing
or back crossing of hybrids, have been made. The results of such
studies with other Hymenomycetes by Kniep {22, 23) support the
contention that gene changes are involved. In view of this fact, the
first question that presents itself is the correctness of the distinction
between positive and negative pairings. The presence or absence of
clamps is, as has been said, the accepted criterion. In the work presented in this paper efforts have been made to confirm diagnoses
based on the presence or absence of clamps by subsequent presence
or absence of sporulation in the cultures. Fruiting has occurred with
some strains in seven to nine days on string-bean agar. However, as
has been stated, the fruiting of the fungus is erratic. The writer has
not been able to induce sporulation at will with any of the nodose
septate strains studied. This has been true of all perfect forms
isolated from apple as well as of the perfect forms that resulted from
crosses in the laboratory. Therefore, although sporulation when
found may be considered as positive evidence, the absence of fruiting
can not be accepted as negative evidence. In the intercrossing of
the six haplonts here considered (Nos. 266-A, 274, 1^ 2, 14, and 17)

288

Journal of Agricultural Research

voi. 4i, NO. 4

spores have been found, as stated in different places herein, in the
crosses between Nos. 266-A and 274, Nos. I and 17, and Nos. 2 and
14, but not as yet in any of the other crosses.
The formation of clamps that has occurred in the pairings between
the eastern and western haplonts and the agreement in morphology
and pathogenicity seem ample proof that they belong to one and the
same species. Hanna (17), working with geographical strains of
Coprinus lagopus from England and from Canada, found that haplonts
from the two geographical strains reacted positively. She stated:
The fact that hyphal fusions took place between the English and Canadian
strains, resulting in the formation of clamp-connexions, furnishes a conclusive
proof that the Coprinus lagopus found in England is identical with the species
occurring in Canada.

Vandendries {^l) reported that he had crossed Panaeolus campanulatus and P. ßmicolo, but both Kniep (22) and Brunswik (3) state
that all efforts to cross species have failed and that this cross had not
been repeated and is questionable.
The complete fertility recorded in Table 5 between each of the two
western haplonts and the four genotypes from the eastern strains is
in accord with the findings of other workers. For example, Hanna
(17) found that the individual fruit bodies of Coprinus lagopus consistently produced four genotypes. That is, the testing of the
haplonts resulted in typical dihybrid results such as are recorded in
Table 2 in this paper for Corticium centrijugum. However, when she
paired any haplont from a fruit body of one locality with the four
genotypes from a fruit body from another locality, each pairing was
positive. In 694 pairings that were made between haplonts from
different fruit bodies she found that while each fruit body produced
but 4 '^sexes" the 6 fruit bodies in the aggregate produced 24 ^*sexes.''
She stated :
Further investigations may show that these sexual strains are to be found
generally throughout the heterothallic Basidiomycetes, and that each species
is made up of a definite number of such strains.

Other instances of haplonts showing a typical monohybrid or
dihybrid type of behavior when paired with other haplonts from the
same fruiting body but copulating with all the haplonts from different
fruiting bodies of the same species, obtained from slightly or widely
separated localities, have been reported by Kniep (21, 22, 23) for
Schizophyllum commune, Aleurodiscus polygonius, Collyhia velutipes,
C. conigena, Armillaria mucida, and Coprinus fimetarius; by Brunswik
(2,3, 4) for C. fimetarius, C comatus, C. niveus, C. picaceus, C. lagopus,
and C jriesii; by Vandendries for Panaeolus campanulaius (41 ) and
for C, radians (42); and by Newton (29) for C. rostrupianus.
Taking into consideration the results of these workers, it would
seem that the two western haplonts studied in this paper represent
two of four genotypes and that the other two genotypes have not yet
been found. A brief résumé and correlation of the presentation in
this paper with the findings of other workers follows.
The phenomena reported here for Corticium centrifugum, that is,
the dihybrid behavior recorded in Table 2, the interincompatibility
and intraincompatibility of five haplonts, as shown in Tables 3 and 4,
and the apparent quantitative manifestation illustrated in the diagrams (fig. 2), are of the same order as those that have been reported
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for other Hymenomycetes. A comprehensive discussion of the subject will be found in papers by Kniep (23) and Brunswik (5).
Many of the Hymenomycetes, which are dioecious (heterothallic),
have been shown, by crossing of the haplonts from individual fruiting
bodies, to follow the clear-cut dihybrid ('^tetrapolar^' or 'Viererschema") type of behavior recorded for Corticium centrijugum in
Table 2. A smaller number have shown a monohybrid C'bipolar"
or ^^zweierschema") type of behavior, of which there is no indication
in C. centrifugum.
In addition to the previously discussed deviation from the 'Hetra
polar" condition that occurs when haplonts from different fruiting
bodies are paired, deviations have been found to occur in the relationship of haplonts from the same fruiting body. Reports of deviations
from either the '^bipolar" or '^tetrapolar" type of behavior in the
haplonts from a single fruiting body have been made by Vandendries
{41 j 4-4-y 4-^) for Panaeolus campanulatus^ P. separatus^ and Cöprinus
micaceus; by Kniep (22) for Schizophyllum commune; and by Brunswik (4) for C. picaceus. However, enough consistent regularity was
found to indicate that merely a deviation from the type is involved
rather than an entirely different phenomenon. Brunswik (4) reported
for C. picaceus a 25 per cent deviation from the typical dihybrid
behavior and termed the phenomenon ^^Durchbreckungskopulation."
All the haplonts of Corticium centrifugum, when carried in the
laboratory in pure culture, have maintained their sterile condition.
Some of the strains have been in culture for nearly three years, but
no clamp formation or fruiting has been observed. Other workers
have found a spontaneous changing from the haplophase to the diplophase. Vandendries (4^) terms this phenomenon '^rhétéro-homothallisme." This phenomenon has been reported by Kniep (20) for
Schizophyllum commune and Collybia velutipes; by Vandendries (42)
for Coprinus radians and C. micaceus; by Hanna (17) for C. lagopus;
and by Newton (29) for C. rostrupianus.
It is seen that investigations of dioecious Hymenomycetes thus far
have indicated that either a monohybrid or dihybrid behavior is consistent enough to be considered typical or normal. It is also clear
that deviations of different kinds occur. Kniep (22, 23), in maintaining his fundamental assumption that presence of like genes in any
two haplonts prevents copulation and that genotypic opposites do
copulate, assumed that gene changes cause these deviations. He
contended that no completely different genes are involved, but that
the genes are localized in homologous chromosomes in the same
position, but are slightly changed quantitatively. In other words,
the phenomenon of multiple allelomorphs is involved. Thus, the
genetic formula of the fusion nucleus may change from AaBb to
A'a'B'h', or the change may affect but one pair of allelomorphs.
The haplonts containing the modified genes maintain the dihybrid
ratio between each other, but each will copulate with any haplont
containing unmodified genes. The disruption of the typical monohybrid or dihybrid ratios among haplonts from the same fruiting
body, previously referred to, and the complete interfertility of haplonts
from different localities are attributed to quantitative gene changes.
Cases of complete intersterility are also reported. Kniep (23) has
reported that a haplont of Schizophyllum commune did not copulate
with any of the haplonts from another fruiting body. Vandendries
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(4-2) has reported a similar phenomenon for Coprinus radians. Brunswik (4) found the same situation in C. comatus. The most striking
example is that reported by Vandendries (4^) for C. micaceus. Interpairing of haplonts from different geographical strains showed two
types of deviations. Some of the haplonts were incompatible, while
others showed increased compatibility. It is believed that the incompatibility in the case of the five haplonts discussed in this paper and
the complete compatibility of the other two western haplonts comprise an analogous situation. Kniep (^3) reported that the haplonts
of two fruiting bodies of Collybia cirrhata collected in one locahty
were completely interfertile, but that haplonts from two other fruiting
bodies collected in different places in another locality were absolutely
intersterile. The completely interfertile forms are easily explained
by the previously advanced theory of quantitatively altered genes.
However, the complete intersterility of the two other fruiting bodies
can not be explained by the complementary assumption of identity
of genes in all eight component haplonts, for since the four haplonts
of each fruiting body follow a pure or slightly modified dihybrid
formula they must be different geno typically. Kniep considers that
the intersterility may be due to too great a quantitative difference in
the genes or to secondary factors.
The spontaneous change of mycelia from the haplophase to the
diplophase is also assumed by Kniep (23) to be the result of gene
changes. In a monohybrid type the change involves one allelomorphic pair while in a dihybrid two pairs of genes are modified.
The genetic interpretation of the behavior of the Hymenomycetes
advocated by Kniep (21^ 22, 23) thus embraces the conception that
the forms are highly mutable. This interpretation finds support in
extensive purely genetic studies by Kniep and other workers. Kniep
(23), however, states that he has at present no satisfactory explanation for all the deviations that have occurred in his tests of Schizophyllum commune, and in those of Vandendries (^5) with Coprinus
micaceus, and in those of Brunswik (2) with C.fimetarius. Possibly
they may necessitate an entirely different interpretation. At present
the genotypic explanation serves better than any other as a working
hypothesis.
In the light of this brief consideration of the literature, it is seen
that the results of the study of the apple pathogène presented in this
paper are in accord with the findings of other workers for numerous
Hymenomycetes. No deviations have been found in the studies of
the apple organism that have not been reported as occurring within a
single species of other Hymenomycetes.
TAXONOMY

Since the fungus described in this paper compares so closely in
pathogenicity and morphology with the one described by Eustace as
Hypochnus sp., there is little doubt that it is the same fungus. Taxonomic studies carried out in the present work have shown that,
although much attention has been given to the group, a great deal of
confusion still exists in regard to the taxonomy of Hypochnus and
closely related genera.
The genus Hypochnus was described by Fries (i^) in 1818. In
1874 (15), however, he placed Hypochnus as a subgenus under Cor-
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ticium, reserving for Hypochnus those species of Corticium which
possessed a floccose or tomentose to almost powdery hymenium. In
1881 the genus Hypochnus was amended by Karsten {18), who
included in it most of the congeneric forms originally included by
Fries, but excluded such as fell logically into the genus Corticium.
Hypochnus as amended by Karsten includes the synonymous genus
Tomentella ascribed to Persoon {33, v. 2, p. 18-19) but first published as a genus by Patouillard {32) in 1887. The genus Hypochnus
as given by Saccardo {35) is a composite group based on the old Fries
classification but includes forms which Fries had later discarded from
the genus. Many species described by Saccardo under Hypochnus
are now placed in Corticium, Peniophora, and related genera. Engler
and Prantl {12) and Stevens {37) separate the genus Hypochnus
Ehrenberg {11) from closely related genera on the basis of spore color
and number of sterigmata, and following the suggestion of Schroeter
{36), place it in the family Hypochnaceae, which is separated from
the Thelephoraceae on the basis of the absence in the former group
of a compact layer of closely aggregated basidia forming a true
hymenium. H. and P. Sydow {38) advise the dropping of Hypochnus,
in the sense of Schroeter, and the assignment of the species to their
proper places in other genera. Burt (7) agrees that Hypochnus, in
the sense of Schroeter, must be abandoned, and follows Karsten in
placing under Hypochnus only resupinate species with colored echinulate spores. Resupinate forms with smooth hyaline spores, placed by
Engler in Hypochnus, would, therefore, be excluded. Burt {8) assigns
to the genus Corticium those species, both hypochnoid and compact,
which are always resupinate, have colorless spores, and lack cystidia,
excepting a few parasitic forms placed in Exobasidium.
The fungus under discussion fits closely Burt^s description of
Corticium centrijugum (Lev.) Bres., which is synonymous with the
Hypochnus centrijugus Lev. described by Saccardo {35, v. 6, p. 65Ji),
Burt {8) stated, however, that C. centrvfugum is '^only rarely nodose
septate/' Lindau and Ulbrich {26) in their description of C. centrifugum say that clamp connections are abundantly present. It is
highly probable that the heterothallic nature of the fungus is responsible for these contradictory statements. As clamp connections are
not formed in the sterile atrains and are consistently present in the
perfect strains, some variation is to be expected. In material in
which fusion had recently occurred clamp connections would be
present in some hyphae and not in others. (Fig. 1, D, and Fig. 2.)
Therefore, the number of clamp connections found in material collected in the field would be proportional to the relative proportion of
sterile and perfect mycelium present in the specimen. Examinations
of crosses made with compatible strains of this fungus in the laboratory have shown great variations in the number of clamp connections
present. Soon after crossing takes place clamps occur only near the
point of contact, while the rest of the colony growth is made up of
hyphae with ordinary septa and oidia. (Fig. 2.) Later the new
growth at the periphery of the colonies shows perfect clamps (fig. 1,
C; ñ^g. 2, A, 14, and B, 2), and in the case of strong crosses some imperfect or incomplete clamps (fig. 1, B) even develop in the old growth
near and over the inoculum (fig. 2, A, 14, and B, 2.) When the culture
is about 2 weeks old clamps are the rule and ordinary septa the
exception.
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Corticium centrifugum is rather widespread in the United States
and has been reported from three of the States (New York, Washington, and Oregon) from which the apple-rotting fungus has been collected. This fact further substantiates the relegation of the apple
fungus to this species.
DESCRIPTION OF CORTICIUM CENTRIFUGUM FROM PURE-CULTURE STUDY

Mycelium spreading over the substrate and forming a delicate white mat,
varying from closely appressed to fluffy and occasionally zoned; center of mat
thicker than extremities; older cultures on bean pods or apple twigs forming
hyphal knots, or plectenchymic cushions 3 to 4 mm. in diameter, white when
young, brownish (cinnamon buff to avellaneous) ^ when old; hyphae smooth,
white, loosely interwoven, not incrusted, diameter variable, averaging 3.5 ¿u,
dihybrid; clamp connections characteristically present in perfect forms (fig. 1,
C, E), absent in sterile strains (fig. 1, A); hymenium arachnoid, powdery, indefinite; basidia borne directly on hyphae (fig. 1, F, G), clávate 3.5 to 5.5 by 9 to 20 ju,
bearing four sterigmata from 1.85 to 5.5 M (fig- 1, H); no cystidia; spores subglobose to ovate, smooth, hyaline, flattened on one side, 3.4 to 3.6 by 5.4 to 7 ju
average, 2.7 by 3.7 M minimum, 4.6 by 8.3 /x maximum (fig. 1, F, G, H). Oidia
present in sterile strains. (Fig. 1, A.)
Habitat: Parasitic on apple fruit. Occurs in New York, Illinois, Washington,
Idaho, Oregon, and Virginia.
SUMMARY

The diseases known as Hypochnus rot, fisheye rot, and false
anthracnose are identical and are caused by the same fungus, which was
previously designated as Hypochnus sp., but which is here identified
as Corticium centrifugum (Lev.) Bres.
The decay in apples progresses at the ordinary commercial coldstorage temperature of 32° F. Indications are that infection occurs
in the orchards and that the disease develops but does not spread in
transit or storage.
The fungus has been found to grow well on artificial media. Vegetative growth is favored by high humidity and is extremely sensitive
to desiccation.
Studies of the fungus have shown that it is heterothallic and that
individual perfect strains produce four types of haplonts. The results
of crossing studies made with sterile strains have been interpreted
genetically and are in accord with the findings of other workers for
other Hymenomycetes. The identity of eastern and western strains
of the fungus based on morphological and pathogenic similarities
has been supported by crossing of sterile strains.
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