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INTRODUCTION

A peculiar disease manifesting itself in the formation of tumors, or
galls, on the trunk and limbs of old apricot trees was investigated by
the writer in California in 1916. While, as will be seen, the findings of
that year do not amount to a complete knowledge of the disease, it has
seemed desirable, in view of the writer's inability to follow the work to
its completion, to publish the results thus far obtained, so that they
may constitute a starting point for some other worker who may desire
to investigate further this interesting disease.
HISTORY AND DISTRIBUTION OF THE APRICOT GALL
The apricot gall was not reported by growers until it had been in
existence for a fairly long period of years. While nothing definite can
be said concerning the date of its first appearance, it seems to have been
known in Santa Clara and Alameda Counties, Calif., for at least 15 years
previous to these investigations. Its spread during those years was very
slow. A marked progress, however, was noted, so one grower informed
the writer, during the spring following the unusually wet winter of 1915,
when as many as 60 trees became affected in an orchard where only 1
diseased tree had been known to exist for the 12 previous years. At
present the disease occurs in Alameda and Santa Clara Counties, especially
around Hayward, San Jose, and Niles, extending also into San Benito
County. In this region numerous cases have been observed both on
isolated trees and on groups of trees forming diseased spots in the
orchards. Recently several cases have been reported from Santa
Cruz County, Calif., and apparently the same disease has been found on
French prunes in Napa County.
DESCRIPTION OF THE DISEASE
New galls usually make their appearance during the moister part of
the spring, in March or early April. Their period of growth coincides
with the growing season of the tree. During their first season the galls
do not, as a rule, become very prominent. They form eruptions reaching
1
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some 2 or 3 inches in longitudinal and transverse dimensions, and do
not extend beyond the normal diameter of the limb by more than %
to i inch. The surface of such young galls is usually rough, fissured
longitudinally, and but little cracked transversely. Several such young
galls, on a seriously affected limb, may be seen in Plate i, A. Plate i, B,
shoWs an old gall. Note that it is very prominent and deeply fissured.
This is a feature which is characteristic of the older galls, and
more especially of those encircling the limbs on which they are borne.
Another feature which may be observed on encircled limbs is the constriction forming just above and below the galls. This may be noted
on Plate i, B, but more particularly on Plate 3, which shows the encircled
limb shown in Plate 1, B, in a longitudinal section. The galls form
principally on the limbs and the trunk, and occasionally, although
rarely, on the crown and roots of the trees. Plate 2, A, shows the only
gall found on the root system of a tree whose limbs had reached the
far advanced stage of disease shown in Plate 2, B. On going through
an affected spot in the orchard, galls of all sizes may be noticed, ranging
from small eruptions 1 inch in diameter to highly prominent galls measuring 18 inches transversely, according to the age of the swellings.
Alarming as this disease may seem to the casual observer, the presence
of these tumors does not seem to have a very detrimental effect upon
the vitality or productivity of the trees. Trees with as many as 10 to 15
galls on them do not show any appreciable reduction in their seasonal
growth or yield. Not until the galls have increased in number so as
to become almost contiguous on the trunk or main limb (PI. 2, B),
does the tree begin to show any signs of reduced vitality. Such a condition rarely if ever obtains until after 10 or 12 years from the appearance
of the first gall. Up to the present time no trees are known to have
died of this disease; nevertheless it seems beyond doubt that the affected
trees will, if left to themselves, die ultimately of the disease, or at least
suffer such a reduction of vitality as to make them worthless.
Investigation has established the following facts: (1) The disease
never occurs on young trees. All the affected trees are advanced in
years, usually not much less than 25 to 30 years old. (2) Galls form
only on fairly old wood of these trees. In no case have any galls been
found on wood less than 7 to 10 years old, as estimated by the yearly
pruning cuts. (3) The disease, on the apricot, is practically restricted
to the Moorpark variety.
In Mr. T. C. Gome's orchard at Hayward, Calif., where most of the
field work has been carried out, rows of Moorpark apricot trees are
planted beside Blenheim apricots of the same age, with occasionally
trees of the two varieties mixed in the rows. Of about 80 Moorpark
trees, nearly 60 are affected with the disease, while only a single gall
has been found among all the Blenheim trees in this 8-acre orchard.
Although trees of other apricot varieties may become affected, no
cases have come to the writer's knowledge.
GROSS ANATOMICAL FEATURES OF THE GALLS

The anatomy of the disease has been found very characteristic, and
its main features have proved to be of great diagnostic value. Plate 3
shows a longitudinal section through a limb bearing a gall. An examination of the tumor, with regard to the tissues involved in its formation,
brings out the following facts :
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1. The wood in the region underlying the tumor growth is somewhat
hypertrophied, as is seen from a comparison of the diameter of the wood
in this region with its diameter at a point beyond the constrictions
referred to above.
2. The line of demarcation between the wood and the bast is sharp.
The wood does not extend into the region which constitutes the excrescence, properly speaking. This line of demarcation, which is perfectly
definite in the specimen shown on Plate 3, is somewhat vague in the one
in Plate 4, A, showing a longitudinal section of an affected root; but in
neither case is the wood found mingled in the tissues composing the
tumor.
This distinctive feature of the disease is more clearly brought out when
the views of the longitudinal sections shown on Plates 3 and 4, A, are contrasted with the view in Plate 4, B, showing a limb with an " aerial crowngall" on it in longitudinal section. In the case of the gall caused by Bacterium tumejaciens it is evident that the tumor consists largely of wood
tissue. In fact, the bark has not increased much in thickness, while the
wood has been greatly hypertrophied. In the apricot disease, however,
the excrescence consists primarily of tissues lying outside of the cambium
line; the wood, which is but slightly hypertrophied, having failed to
extend into the tumor. This apricot disease is therefore a bark excrescence, while crowngall may be termed a woody tumor.
This feature of the apricot disease has been found to be constant. It
is considered a reliable criterion, by means of which the disease may be
readily differentiated from crowngall, with which it is sometimes confused.
To resume the description of the anatomy of the apricot gall : It will be
noted from Plates 3 and 4, A, that the wood tissue shows lesions. These
consist of irregularly shaped gum pockets, having a dark chestnut color.
In young, actively growing galls they have been found to extend from the
cambium line into the wood to a distance of 1 to 2 mm. Plate 4, A,
representing a young gall on a root, shows the wood riddled by these
pockets along the cambium line. This, however, is an extreme case
which never occurs in the aerial galls. It seems quite obvious that the
disease never works its way deeply into the wood. The fact that the
gum in the pockets in the interior of the wood is dry, indicating that the
lesions are probably stationary, coupled with the observation that they
are often found along the yearly rings of growth, leaves little doubt that
these lesions were formed through the extension of lesions from the
phloem into the adjacent wood, and have subsequently been separated
from the phloem by the interposition of successive layers of wood tissue
in the course of the tree's growth.
Scattered through the bast are large numbers of small gum pockets,
varying in shape and outline. They range from microscopic dimensions
to several millimeters in diameter, often forming confluent lakes, and are
packed with gum and disintegrating tissue of a Hght bay to light chestnut
color. Although moist, the contents of these pockets are not watery, but
rather firm and will fall out bodily on pressure, leaving empty holes behind.
Such gum pockets are very abundant in the bast region immediately
below the excrescence, and have been found in lesser quantities throughout the bast at distances of 1 to 2 inches beyond the visible swelling.
The gum becomes more and more abundant towards the exterior in the
direction of the cork. The bast is found grading into a region throughly
permeated with gum. This region corresponds in its position to that of
the normal cork. It is, in fact, continuous with the normal cork beyond
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the excrescence, although differing from it histologically. It is in this
region that the greatest hypertrophy occurs.
On the exterior of these galls may be found pieces of the original smooth
rind of the tree which had been torn loose and pushed outward by the
pressure of the proliferating tissue within. The external portion of the
tumor tissue soon dies and dries up, becoming hard and brittle. Normally but little gum exudes from the galls, but when they are removed
from the tree and soaked in water or glycerin great quantities of gum
readily diffuse out.
NORMAI, HISTOLOGY OF THE MOORPARK APRICOT

If a cross section is made through a healthy old Moorpark branch and
the tissues are followed from the exterior inward, it is found, to begin with,
that the epidermis is ruptured and torn owing to the stress of internal
growth, and that beneath it there is a relatively wide area of seemingly
stratified tissue (PI. 5, A, B, C,) consisting of layers of flat, tabular or
brick-shaped cells. These cells are filled with air, and therefore have a
refractive index differing from that of any other tissue. By means of
these characters and also by the close arrangement of the cells, allowing
no intercellular spaces, this tissue is readily recognizable from any other
in the plant system. This is the cork, which, being impervious to water,
serves the plant as a protection against excessive evaporation and extreme changes of temperature. Alternating with these cork strata may
be found strata of thin-walled cells wider in radial diameter than the
cork cells, and angular rather than brick-shaped. This is the cork
parenchyma or phelloderm (PI. 5, D, E, F). Scattered through these
tissues, and more abundantly through the cork parenchyma, may be
seen clusters of cells whose walls are greatly and uniformly thickened;
these are sclerenchyma—or stone cells (Pi. 5, G, H), which serve as a
buttressing element to the tissues in which they are found.
These tissues arise from the cork cambium or phellogen, which in the
genus Prunus, to which the apricot belongs, originates in the subepidermal layer of cells (<?, p. J07).3 The primary cork cambium does not
remain active indefinitely, and a new one is formed from the innermost
layer of cells recently laid down by it. This new cork cambium forma
cork tissue toward the exterior, and, less frequently, thin-walled parenchyma, or phelloderm tissue, toward the interior. This explains the
occasional occurrence of layers of phelloderm between cork strata (PI. 5).
All of these tissues—cork cambium, cork, and cork parenchyma—located
between the epidermis and the phloem or bast region underlying them
(PI. 5, I), are colfectively spoken of as periderm.
It will be noted that the line of demarcation between the periderm and
the phloem is sharp. Rarely, if ever, do we find in the normal apricot
plant, cork tissue extending any appreciable distance into the phloem.
While small portions of the outermost zone of the primary phloem may
occasionally be intercepted by cork layers, the successive strata of cork
tissue tend, as a general rule, to preserve their parallel course; the
divergent cork strand soon rejoins the tissue from which it arose.
In this feature—namely, the sharp demarcation between phloem and
cork tissues—lies the essential difference between the histology of the
normal apricot tree and that of the galls.
* Reference is made by number (italic) to "Utcrature cited," p. 59.

Oct. Î3,19*3

A New Tumor of the Apricot

49

Little need be said about the tissues lying beneath the periderm. The
phloem, the next internal tissue, is traversed through nearly all its length
by the medullary rays, which radiate also through the next tissue, thç
xylem or wood, and terminate internally in the pith in the center of the
tree. The phloem and xylem are separated by the cambium; a single
layer of meristematic cells, which, by constant division and subdivision^
in a radial direction, deposit wood toward the interior and phloem tissue
toward the exterior.
PATHOLOGICAL HISTOLOGV
On the outside of the gall remains of the epidermis may be found still
attached and, beneath, the periderm with its cork strata alternating
occasionally with more or less incomplete strata of phelloderm or cork
parenchyma and clusters of sclerenchyma cells, in the same way as has
been observed in the normal tissue of the Moorpark apricot. This is the
original bark, which, under the diseased condition, has been dislocated
from its normal position and pushed to the exterior. When, however,
the region where the periderm ends and the phloem begins is reached, it
is found that the two kinds of tissue are not sharply marked off as
they are in the normal condition, but, instead, strands of cork tissue are
found diverging from the normal parallel course and forking off to enter
the phloem. Strands of cork tissue have been observed leaving the
periderm and penetrating into the phloem region, incidentally crossing the
medullary rays and occasionally abutting into the cambium. Plate 6
shows cork tissue deep in the phloem. Note the strands of cork tissue
at A and B close to the cambium. Plate 7 shows cork and phloem
tissues grown into each other. Note the cork strands at A, B, and C,
and the medullary ray D, whose course is obstructed by the cork.
Another pathological feature illustrated by this plate is the unusual
abundance of sclerenchyma cells in this region (E).
The presence of cork in the midst of phloem tissue—the actual mingling of two kinds of tissue in a more or less complicated manner often
resulting in portions of the phloem being surrounded on all sides by
cork—constitutes the most striking feature of the pathological histology
of the gall tissue. This condition is characteristic of all the tumor
growth lying outside of the line which is continuous with the normal
bast (PI. 3, B).
The cork becomes less and less abundant farther inward. The phloem
lying immediately outside of the wood, although occasionally invaded
by strands of cork tissue, is soon replaced by new phloem formed by the
cambium, and the disorganized bast is pushed to the exterior.
The surrounding of phloem tissue on all sides by strata of cork cells
several layers deep would in itself be sufficient to result in the death
of the inclosed tissue, for cork, being impervious to water, prevents the
interchange of nutrients in solution through it. The inclosed tissues
would thus be expected to die of starvation.4 While this may actually
be taking place in the tumor, it is generally found that the tissues itt the
region under consideration are in a much more advanced state of disorganization than can be attributed to the effects of starvation. The
4
This is what happens normally in the old bark of the oak and elm—for example, where layers of phloem
are cut off from water and food supply by deep layers of cork tissue. The isolated phloem tissue soon dies
and, together with the cork, becomes furrowed by many clefts and fissures. So it happens in the case
of the grapevine and birch, where the dead phloem and surrounding cork slough away after drying.
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phloem tissue in the external excrescence is generally found in a rather
advanced state of gummous disintegration. While gummous lesions
have been observed in this region in various stages, the incipient stages
had to be studied from the lesions deeper in the phloem where it is relatively free of cork.
LESIONS IN THE PHLOEM

It will be remembered that the bast lying immediately outside of the
wood has many gum pockets scattered through it. Plate 8 shows a
cross section through phloem parenchyma with a very small lesion in it
(B). This lesion is surrounded by healthy tissue, which is more deeply
stained, and beyond the healthy tissue there is another lesion (A). An
examination of the lesion B will show it bordered by a layer of flat cells
containing many granules. The center of the lesion is occupied by gum
(C), while the tissue of this, as well as the other lesion, consists of thinwalled, irregularly shaped cells, apparently undergoing a process of
gelatinization.
What happens to the healthy tissue when it becomes diseased may be
more clearly understood when Plate 8 is compared with Plate 9, which
shows a different plane of the same lesion, illustrating a later stage of the
disease. The band of healthy tissue which in Plate 8 is seen separating
the lesions at A and B is missing in Plate 9, its place having been taken
by the thin-walled gelatinizing cells.
An examination of numerous lesions would seem to indicate that the
progress of this phase of the gall is as follows:
The first indication of the disease shown by the affected tissue consists
in a thinning of the cell walls.
It would seem that in some cases the surrounding healthy tissue tries
to check the advance of the disease by increasing the food content of
the cells bordering the lesions, as may be concluded from the denser and
more granular state of their protoplasm. This, however, is by no means
a constant feature.
The bordering cells, thus richly provided with food, begin, in some cases,
to proliferate rapidly. This may be interpreted as an attempt to protect
the healthy tissue from the oncoming disease, or at least to delay its
advance by throwing into the diseased area, tissue at the rate at which
it is consumed. This attempt is never successful.
The cell walls in the interior of the affected tissue continue in the
meanwhile to grow thin and stretch, and the contents of the cells continue
to gelatinize. Soon the cells collapse, and, with the disorganized protoplasm and cell sap, constitute the "gum'' which fills the lesions.
The nuclei seem to be more resistant to the effects of the disease,
persisting in the cells at a time when the cytoplasm and cell wall are in
an advanced state of gelatinization (PI. 8 and 9).
No difference has been noted in the way in which the various phloem
elements behave under the influence of the disease. When a medullary
ray is affected its course is stopped short and its cells undergo the same
process of proliferation, gelatinization, and, finally, gummous disintegration, as has been described above.
LESIONS IN THE WOOD

In the gummous lesions in the wood a similar process is taking place.
Plate 10, representing a cross section through the xylem, shows a series
of confluent lesions extending diagonally across the field. The black

Oct. 13.1923

A New Tumor of the Apricot

51

area represents xylem parenchyma and trachea! tubes which disintegrated
and became filled with gum. The earlier stages of the disease are illustrated by the tissue bordering the lesion. Note the flat, narrow cells at
A, evidently in a state of very rapid multiplication; note, also, the cells
about B, which, like the affected cells of the phloem parenchyma, take
the stain less deeply than the cells of the surrounding healthy tissue,
have thinner cell walls, and are more irregular in shape—apparently
undergoing a process of gelatinization similar to that through which the
diseased phloem tissue passes in the course of its gummous degeneration.
The smaller lesion in the upper left hand comer brings out the same
facts. Gummous lesions in the wood have also been found involving wood
fibers and pitted ducts. In these cases there was no multiplication of
these elements, but merely a gummous breaking down.
There are thus found in this gall of the Moorpark apricot the phenomenon of gummosis on the one hand, and hyperplasia—that is, abnormal
and excessive cell division—on the other. No true hypertrophy, in the
narrow pathological sense of the term—that is, an abnormal increase in
the size of individual cells—has been observed.
PROBABLE COURSE OP THE DISEASE: CONCLUSIONS
In view of the fact that gummous lesions exist in the bast at a distance
of from 1 to 2 inches beyond the gall, it seems probable that the first
stage of the gall consists in a gummosis of portions of phloem tissue. The
outlying region of the phloem just below the periderm is the first to become
affected. The gummous lesions may later extend deeper into the
phloem and occasionally cross the cambium to enter the wood.
The cork cambium, in the meanwhile, receives a stimulus for abnormal
cell division. As a result, cork strands diverge to enter the affected area,
in what may be interpreted as an attempt to isolate the lesions or heal
them over.
In order to account for the large amount of phloem tissue involved in
the tumor, as well as for the general increase in wood in the region
underlying it, it must be assumed that the disease is accompanied by a
general acceleration of cambial activity. The occasional proliferation of
cells bordering the gum pockets is of very minor importance in this
connection, and can not possibly be held to account for the large swellings
produced.
By replacing the phloem tissue as fast as it is destroyed, or nearly so,
the cambium enables the tree to withstand the effects of the disease for
long periods of time.
The effect of the disease is to be looked for in a constant loss of indispensable tissue, which must be replaced in order that the tree may escape
the danger of being ringed. When the cambium fails to replace the
phloem as fast as it is destroyed, the disease is naturally aggravated,
for such a condition results in interference with the translocation of
manufactured food which must be carried through this tissue.
EXPERIMENTAL DATA
The general features of the histology of the galls were studied from
wood-microtome sections. Recently formed tissue from the edges of
the galls was sectioned fresh or after soaking in water. Where the
material was permeated with gum, as is very often the case, it was soaked
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in glycerin. This served to soften the tissue to some extent, and, in general, to render it less brittle, by dissolving part of the gum. To overcome
the tendency of many sections to break or crumble before the knife, the
exposed surface of the material to be sectioned was covered just before
cutting with a thin layer of collodion, which served to hold the loose
parts together. This method is recommended by Lee (4 p. 95). By
these methods a sufficient number of fairly good sections was obtained^
ranging in thickness from 15 to 20 /x.
In order to obtain thinner sections for closer and more detailed study,
material was embedded in paraffin. Of the several killing and fixing
reagents used chromo-acetic acid 5 gave the best results. By this
method good sections 7 to 10 ¿t thick were obtained. The phloem, when
free from cork, gave the best results in sectioning. Wood tissue was
sectioned with little difficulty by means of the wood-microtome. The
following stains were used: Méthylène blue, Ziehl's carbol fuchsin, eosin
in 95 per cent alcohol, and Delafield's haematoxylin counterstained with
the alcoholic eosin. The stain last named was recommended by Durand
(J) as a differential stain for intercellular mycelium.
ETIOLOGY
ISOLATION AND INOCULATION EXPERIMENTS

In order to ascertain what the causal agent of this disease might be,
a fairly extensive series of culture experiments was carried out. Fresh
galls were obtained on several occasions between January 24 and April
7, 1916, from San Jose and Hayward, Calif. The rough surfaces of the
galls were cut off; they were then washed in running water and placed
in 95 per cent alcohol for five minutes, and finally soaked in an aqueous
solution of corrosive sublimate, 1:1000, for from 20 to 30 minutes. The
corrosive sublimate was then rinsed off with sterile water, and bits of
tissue were removed from the interior of the galls and planted in various
media, care being taken to observe all aseptic precautions. Tissue
bordering the gum pockets in the bast where the latter is free from cork
was generally used. It was soon found absolutely necessary to avoid, as
far as possible, the carrying of gum along with the sections used in
planting, on account of the inhibitive effect which the gum seemed ta
have on the growth of microorganisms. The plantings were made in
standard nutrient agar, standard nutrient broth, and sterile water.
Bacterial dilution plates were also made in standard nutrient agar.
The bacterial dilution plates and the plantings in standard nutrient
broth and agar failed to give any positive results. Occasionally fungous
mycelium developed on some of the sections in standard nutrient agar,
but was either swamped by gum oozing out from them or failed to grow
when transferred to other media.
What is believed to be the causal agent of this disease was obtained
by planting a number of sections in tubes of sterile water. These were
left overnight. The following morning, when the water was found to
have changed to a rich brown color, it was thought desirable to transfer
the sections to a medium free from any pathological products. They
were accordingly placed in flasks containing some 30 cc. of standard
nutrient broth. In one of these flasks a thrifty fungous colony developed,
* Chromic add, 0.05 per cent; glacial acetic add (99 per cent) o.x per cent.
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which was soon isolated in pure culture; in three weeks' time it formed
spores. It was identified as belonging to the genus Monochaetia Sacc.
Inoculations were made with pure cultures into 2-year-old nursery trees of
several varieties of apricot and cherry. These plants were growing in
pots, and, with the exception of two which were placed in the greenhouse, were standing in the open. In all the inoculation experiments
the surface of the region to be inoculated was carefully disinfected with
corrosive sublimate (1 :iooo) for from 10 to 20 minutes, and the disinfectant was then washed oñ with sterile water. A slanting cut was made
with a flamed knife, and pieces of fungous mycelium with spores were inserted. About one control, consisting of a cut which was not inoculated,
was allowed for every three inoculations. The treated area was then
wrapped with waxed paper as a precaution against external infection
and drying out. The results of the inoculations may be seen from the
following table:
Date of inoculation.

Number
of inoculations.

Number
of
controls.

Results of inoculations.

Controls.

Moorpark apricot.. Mar. 16 to 18...

9

3

Healed over.

Do.«
do
Royal apricot
Feb. 16 to 26....
Early Newcastle
do
apricot.
Royal Ann cherry. Feb. 14 to 16....

9
4
3

3

8 positive;
1 doubtful.
0 positive
4 positive
3 positive

4

2

Trees inoculated.

1
1

do

Do.
Do.
Do.
Do.

* This tree was in a very poor condition, which may account for the negative result obtained from the
inoculations.

The positive results consisted in the formation in the course of two
or three weeks of small, heavily gumming cankers, which became stationary at the end of several months and healed over the following
year. No gall growth was formed on any of the inoculated young
trees.8
On February 25, 1916, 12 inoculations were made in four branches
of an old apricot tree of an unidentified variety, probably a seedling.
Branches about 4 to 6 years old were chosen for the purpose. In this
case the inoculations were made, not into slanting cuts, but into notches
formed by making two deep parallel cuts across the branch and removing the intervening bit of bark and wood tissue. This later afforded
a good opportunity for comparing the normal callousing of the wounds
in the controls with the gall growths which formed in the inoculations
and for differentiating them. In the course of about three weeks small
cankers formed about all the inoculations, accompanied by more or less
abundant gumming. The lesions continued in a state of constant
gumming for nearly six weeks without showing any other changes.
About the first week in April, however, when the growing season had
well started, a swelling became noticeable around the gumming lesions,
accompanied by a longitudinal cracking of the bark. It soon became
evident that new tissue was being formed there. The throwing out of
• Similar results were obtained by Miss E. H. Phillips on Royal apricot from inoculations made in March,
X0i6.
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tissue from the lips of the gumming wounds continued until the first week
in June, after which no change took place. Of a total of 12 inoculations
9 resulted in eruptions or small galls, 3 formed small gumming cankers
which remained stationary throughout, while the controls healed over
normally. Unfortunately, the tree bearing the inoculations was pulled
up in connection with the building of a new hall for the College of Agriculture. Plate 11 shows the condition of the 9 positive inoculations
on August 10, when they were photographed.
An examination of the callous which had formed on the control cuts
showed it to consist largely of wood tissue which had developed to heal
the cut. In the lesions produced by the inoculations, however, no
such wood tissue was formed. The interior was filled with gum and the
swelling was found to be due to growth in the bark. The inoculations
with Monochaetia sp. into old apricot tissue have thus resulted in abnormal growth identical in all its essential features with that of the galls
on old Moorpark apricot trees.
It is interesting to note in this connection that the same organism
which produced gumming cankers, when inoculated into young plants
without any formation of abnormal growth, formed when inoculated
into the branches of an old tree gumming lesions at first, which were
later followed by abnormal growth. This would seem to indicate that
the first stage of the disease consists in the breaking down of the affected
tissue, resulting in a gummosis, and that this period is followed by one
in which the plant attempts to outgrow the lesion. The formation of
galls results. Another fact shown by the inoculation experiment is that
galls may be artificially produced on varieties other than the Moorpark,
to which the disease is practically restricted in nature.
On May 19, 1916, when it became apparent that the inoculations on
the old apricot tree promised to produce galls, a larger number of inoculations, amounting to a total of 100, were made on old apricot trees
of the Moorpark and Blenheim varieties, at Hayward, Calif. Several
of these inoculations were believed at the time to have been successful,
for they were gumming somewhat more abundantly than were most of
the controls. None, however, produced galls. By the end of the summer
all of the inoculations showed signs of healing over. The negative
result of this experiment is attributed to the dry and consequently unfavorable weather conditions existing at the time the inoculations were
made, and afterward. As has already been pointed out, infection in
nature takes place during the winter and early spring, and the spread
of the disease is proportional, generally speaking, to the humidity of the
season.
REISOLATION OF MONOCHAETIA SP.

In the writer's absence the work of reisolating the causal agent from
the eruptions resulting from the inoculations with Monochaetia sp. was
performed by Miss Helen Czarnecki.
An inoculated branch was soaked for three minutes in alcoholic
corrosive sublimate (1:200o HgCLj, in 50 per cent alcohol). The rough
surface was cut off with a flamed knife and bits of tissue were removed
from the interior of the bark and planted in standard nutrient broth.
By this method pure cultures of Monochaetia sp. were obtained in five
cases out of seven.
Another inoculated branch was soaked in 95 per cent alcohol for five
minutes, then passed through the flame and placed in a moist chamber.
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A delicate whitish mycelium was noted four days afterwards forming
on the inoculated cuts. In the course of two weeks acervuli, bearing
spores typical of Monochaeti sp., formed on the lips of the three eruptions. It was from this source, as well as from the acervuli which were
found on the margins of the eruptions on one of the inoculated branches
which was left untreated, that spores were obtained for the study of the
morphology of the fungus.
Spores of Monochaetia sp. were recognized in one or two instances
among a variety of spores of different fungi obtained from the surface
of the galls on Moorpark apricots.
A microscopic search was made without success for organisms in the
tissues of the gall. This negative result may be attributed in large
measure to the extreme difficulty of obtaining sections thin enough and
sufficiently well preserved for study, particularly from the region where
cork and phloem are mixed. The phloem when free of cork is much
more easily sectioned, and in this region a careful search was made for
mycelium, without any positive result. In this connection the combined
Delafield's haematoxylin and alcohol-eosin stain, recommended by
Durand (1) for the purpose of bringing out intercellular mycelium, was
generally used. Further experimentation with a greater variety of
stains, and perhaps the celloidin method of imbedding, would be necessary to bring this phase of the work to a successful completion.
While the chain of evidence required by Koch's rules for etiology and
proof is incomplete, the writer believes that Monochaetia sp. is the causal
agent of the Moorpark apricot gall. This belief is based on the successful inoculation and reisolation experiments discussed previously.
THEORY CONCERNING THE MODE OF INFECTION

No experimental data are at hand on the manner in which the parasite7
finds entrance into the tissues of the host. It may be worth while,
none the less, to record some observations made on this subject.
In no case have any eruptions been found in connection with wounds
of mechanical or animal origin. The young galls are always associated
with cracks in the bark of the tree. While these cracks may be the
effect of the extrusion of gall tissue, and may not represent the road
through which the parasite makes its way into the bast, a curious correlation has been noted between the extent of the cracking which takes
place in the bark of the Moorpark apricot and the frequency of the disease
in this variety. By comparison with the relatively resistant Blenheim
variety the bark of the Moorpark shows not only a more extensive but
also a deeper cracking. Although many Blenheim trees have been
found which could not be distinguished from Moorparks on the basis of
the appearance of the bark, the difference generally holds good and
seems quite obvious when the comparison is made between groups of
trees, as, for instance, between adjacent rows of the two varieties. No
less suggestive is the fact that the disease attacks the trees during old
age, a period in which cracking of the bark is characteristic, and never
occurs on young trees. Thus, while the question of the mode of infection
must be left in doubt until settled by empirical evidence, the theory
that the parasite enters the tissues of the host through cracks which form
7
The writer's experience with this disease leaves him in no doubt that it is of parasitic origin. Support
of this view is also given by results obtained from crude inoculations made by Earl Morris in 1917, at San
Jose, Calif., who reproduced the galls by inserting bits of gall tissue into the bark of healthy apricot trees.
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naturally in the bark and which expose the deeper layers of the phloem
to infection, gives a plausible explanation of the susceptibility of the
Moorpark variety, and the occurrence of the disease exclusively in old
trees.
CONTROL WORK

The treatment which naturally suggested itself in this connection was
that of removing the galls by excision. Fifty galls of various sizes were
cut off on May 19, 1916. Among these were very small eruptions just
making their appearance, as well as older galls up to 8 inches in length.
The bark surrounding the visible swellings for a distance of 1 to 2 inches
was carefully examined. In most cases it was found to contain gum
pockets and was therefore removed. It was thought necessary to1
remove some of the tissue which showed no visible signs of disease,
along with the diseased tissue. All wood with fresh gum pockets in it
was gouged out. Relatively wide areas filled with dry gum were often
found extending into the wood. While these lesions were not considered a possible source of reinfection, they were thoroughly gouged out
as a provision against wood decay. The wounds formed in this manner
were smeared with Bordeaux paste (bluestone, 1 pound to 1 gallon of
water; quicklime, 2 pounds to % gallon of water).
None of these galls returned during the years 1916 and 1917. It
is safe to say, therefore, that the disease can be held in check in the
manner described in the foregoing paragraph. This can be accomplished
at a relatively low expense if the galls are removed while small. It is
hardly necessary to point out in this connection that limbs which have
been encircled by the gall, or nearly so, are past treatment. A complete
removal of affected tissue in this case would necessitate the ringing of
the limb, which would result in its death.
THE PROBABLE CAUSAL AGENT

Monochaetia ro senwaldia Khaz, n. sp.8
A careful comparison of the characteristics of this species of Monochaetia with those of all the species of the genus listed by Saccardo (7),
as well as with a number of other newly described and yet unlisted species,
seems to show that the parasite in question is a new species. Not
only is there no other species of this genus resembling it in its mode
of parasitism, but none of them is identical with it in morphological
characters.
The writer takes occasion, therefore, to name this fungus Monochaetia
rosenwaldia Khaz. after Julius Rosenwald of Chicago, 111., to whom he
8
Monochaetia rosenwaldia belongs to the Imperfect Fungi. The genus is characterized by acervuli and
conidia which are at least two-septate, the apical and basal cells of which are more or less hyaline. The
most distinctive feature of this genus, however, which separates it from its ally, the genus Pestalozzia De
Not, lies in the matter of apical appendages, of which Monochaetia has only one, while the conidia of Pestalozzia have several cilia. It was on the basis of this purely abitrary distinction that Saccardo raised the
group from a subgenus of Pestalozzia to the generic rank (7, p. 485; 5, p. 411).
The genus Monochaetia is composed largely of saprophytic species. The genus Pestalozzia, on the other
hand, contains a number of plant parasites, and of these there are two whose mode of parasitism seems to be
more or less similar to that of Monochaetia rosenwaldia. They are:
(1) Pestalozzia hartigii, generally considered the cause of a disease affecting a variety of tree and shrub
seedlings in the nursery which manifests itself in the constriction of the stem just above the soil and results
in the death of the affected plant. Fischer (2) reports that he failed to obtain infection from inoculation
with this fungus into an extended range of seedlings.
(2) Pestalozzia tumefaciens P. Henn., to which Hennings (5) ascribes a disease found by him on severa
spedes of Abies. This disease manifests itself by the formation of "gall-like swellings" on the branches.
The internal consistency of these galls is also described, but, unfortunately, in rather indefinite, nontechnical
terms. Since no anatomical features are mentioned in his description, no conclusion can be drawn with
regard to the similarity of that disease to the apricot gall.
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desires to show gratitude, and, more especially, appreciation of the
interest shown by this philanthropist in the development of agricultural
science in Palestine, at a time when such interest was generally lacking.
MORPHOLOGICAL CHARACTERS
ACERVULI.—Black,

irregular in shape, frequently circular, sometimes confluent,
often submerged in solid artificial media, erumpent. Of all sizes, from tiny specks
to i, i}i, and 2 mm., or larger masses when confluent.
ö
CONIDIA .—Fusoid or oblong-fusoid, straight or curved, or ovoid; three-septate,
rarely four- or five-septate. Constricted at the septa. The color of mature spores,
umber, of a shade lighter than Saccardo's (7). Young spores grade from hyaline or
«ubhyaline to dark olive-buff.10 Basal cell hyaline, occasionally subhyaline; terminal, hyaline.
APPENDAGES.—Mostly single and curved, occasionally straight and oblique, hyaline. Forked appendages not exceeding 6 per cent. Extremes for length for 89
appendages were 3 to 36 /u; 8 ¿t was the standard length. The appendages range in
width from 1 to 2 p at the base, tapering.
SPORE DIMENSIONS.—In 120 spores the extreme measurements for length and width
were, respectively, 12 to 27 p and 5 to 10 p; the standard, or the most common, values
for length and width were 16 to 17.5 p and 6.5 to 7 p, respectively.11

Plate 12 shows some characteristic spores of Monochaetia rosenwaldia.
Of these, the spores lettered A, C, E, and J represent the most common
types. Plate 12, K-P, shows irregular forms, varying from the standard
with regard to the number of the cells. Such variations were very rare.
Q and W, on the same plate, show variations in the apical appendages.
CULTURAL CHARACTERS
ON STANDARD NUTRIENT AGAR.—Plate

13, A, shows a 6-day-old colony in a Petri
-dish culture of this medium at a magnification of X2. The growth of the fungus,
which is very vigorous at first, often becomes arrested. Acervuli form rarely. The
mycelium penetrates but little into the interior of this medium.
ON PRUNE JUICE AGAR.—Plate 13, B, shows a 9-day-old colony in a Petri dish
-culture of this medium at a magnification of approximately X iH- Note the
zonate character of the growth. This is a feature which has not been observed
on the other media. Note also the formation of acervuli from white masses of mycelium. The acervuli on this medium are often globular and raised.
ON SHEAR'S AGAR.—The growth of the fungus takes place largely in the interior of
the medium; only occasionally does the mycelium spread on the surface. The
acervuli are erumpent or submerged, forming at about the same time as in the previous
medium—namely, when the colony is about 10 days old. A faint zonation is sometimes noticeable in very young cultures but soon disappears.
GROWTH IN STANDARD NUTRIENT BROTH.—At first somewhat zonate. When the
surface of the liquid has been reached a white, woolly pellicle is formed. Acervuli
at first usually submerged in the mycelium, erumpent at maturity. They rarely
form before three to four weeks.
GROWTH ON INFUSIONS OF MOORPARK APRICOT LEAVES.—Very vigorous and rapid.

A series of cultures was carried on in infusions of beets, carrots, turnips, and Irish potatoes. No distinction could be noticed in the growth
produced in these media. Apart from the acervuli, which in these
cultures formed somewhat earlier than on the other media, the growth
was not characteristic. Acervuli were recognizable at the end of the
week and formed in large abundance, notably on Irish potatoes. In
this medium nearly all the vegetative mycelium was soon covered with
continuous jet-black masses of spores. These vegetable media may be
used to advantage when large quantities of spores are required.
9
The
10

material for the study of the spores was obtained from acervuli on the inoculations.
RIDGWAY, ROBERT. COLOR STANDARDS AND COLOR NOMENCLATURE. 43 p., 53 col. pi. Washington,
D.11C 191a.
The suggestion for the use of this mode of expression in the description of spores was first made by Dr.
B. P. Meinecke (ó) in preference to the usual way. in which only the extreme dimensions are stated. It is
obvious that a much better idea of the size of the objects can be formed when the standard or most common
dimensions are taken into consideration along with the extremes.
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GERMINATION STUDIES

Plate 12, Z, A', B', shows the method of germination of Monochaetia
rosenwaldia. Note that the contents of the spore swell up to such an
extent as to rupture the cell wall. This is followed by the extrusion
of a very robust, frequently rotund, sometimes double "germ tube.,,
Germination took place in most cases after 24 hours, and was followed by
vigorous growth. No conidia formed in the hanging drop cultures;
instead, a peculiar chlamydospore formation was noted at about the time
when the mycelium ceased to grow—that is, some three to four weeks
after germination had started (PI. 12,0').
Since no conidia formed in the hanging-drop cultures, it was necessary
to study the method of spore formation from material obtained from
acervuli in other cultures. This method would seem to be as follows :
Tips of some hyphae become rounded and swollen. These globular
inflations soon become elongate, and are in the meanwhile separated
from the sporophore by a septum. Gradually the other three septa form
across the spore, while the two central cells pass through the grades of
color already mentioned. The appendage at the apex seems to form
last of all, by the attenuation of the apical cell or the prolongation of its
walls. Plate 12 shows some mature spores on their sporophores in X,
while Z illustrates some of the earlier stages in the formation of the
conidia.
In view of the fact that some investigators make the length of the
sporophores a basis for specific distinction, measurements were taken
of a number of these for comparison. Material grown in artificial media
had to be used in this connection, for the sporophores in the acervuli on
the inoculated branches, which supplied most of the material for the
study of the morphology of the fungus, had shed their spores, and could,
therefore, no more be distinguished from ordinary hyphae. Measurements of the sporophores are as follows :
Material grown on an infusion of Moorpark apricot leaves : Extremes
for length for 30 sporophores were 7 to 62.5 ¡JL; 23.5 p was the most common measurement for length. Material grown on an infusion of Irish
potatoes: Extremes of length for 20 sporophores were 8 to 26 ¿1; 13.5,
19.5, and 26 p were equally common measurements.
The sporophores varied greatly in width in the same medium. They
were often narrowest about midway and frequently tapering toward
the base of the conidium; 1.5 to 4 fi seemed to be the range for the
medium widths of most of the sporophores.
These measurements indicate clearly the great variability of the
sporophores in different media as well as in the same medium, a fact
which is by no means surprising if it is remembered that the sporophore
is after all a purely vegetative portion of fungus mycelium. The value
of such measurements for the purpose of specific distinction seems therefore doubtful.
SUMMARY
(1) The apricot gall disease, which is more striking than injurious, is
readily distinguished from " aerial crowngall, " with which it is sometimes
confused, through the fact that the galls are bark out-growths in which
the wood tissue is not mingled; whereas in crowngall the wood is involved
in the formation of the tumor. Unlike the tumors in crowngall, the
galls in this disease are thoroughly permeated with gum.
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(2) The most characteristic feature of the histology of this disease,
apart from the phenomena of gummosis and hyperplasia, is the divergence of cork strands from their normal course on the exterior of the
phloem to penetrate the phloem tissue to relatively great distances,
reaching sometimes close to the cambium.
(3) The etiology of the disease has not been established with absolute
certainty. A fungus, a species of the genus Monochaetia Sacc, was
isolated in pure culture from the interior of the galls. When inoculated
into the limbs of a healthy old apricot tree, galls were produced which
were identical in their gross anatomy with the natural galls. From
these the fungus was readily reisolated in pure culture, and reinoculation
experiments started. Unfortunately, the trees on which these were
made were pulled up before the galls had time to form. The tree on
which the original inoculations were made was also pulled up before the
resulting galls had become very large. A microscopic search for organisms in the tissues of the galls failed to reveal the presence of either
fungous mycelium or bacteria.
(4) No young trees were found affected in nature. Inoculations into
young trees resulted in gumming cankers which after several months
became stationary, but no galls were formed.
(5) Control measures based on excision and the application of Bordeaux paste gave fully satisfactory results.
(6) The results of a search of the available literature, both with
regard to the diseases described on the apricot and to those attributed
to members of the genus Monochaetia and its close ally Pestalozzia, seem
to justify the belief that this disease has never been described before.
(7) Similarly, Monochaetia rosenwaldia, which is believed to be the
causal agent of the disease, seems different morphologically from the
known species of the genus whose descriptions are available. In view
of this fact and particularly in view of the parasitism of this organism,
the like of which is unknown among members of the genus Monochaetia,
it is regarded as a new species.
(1) DURAND, Elias J.
(2)
(3)

(4)
(5)
(6)
(7)
(8)
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PLATE i
A.—Young galls on a limb of a Moorpark apricot tree. X%B.—A limb of a Moorpark apricot tree encircled by a gall.
(60)
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PLATE 2
A.—An affected root of a Moorpark apricot tree. Somewhat reduced.
B.—A badly affected limb of a Moorpark apricot tree.
60373—23
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PLATE 3
Longitudinal section of the affected limb shown in Plate i, B.
A.—Wood.
B.—Bast.
C.—Cambium line.
D.—Cork.
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Washington, D. C.

PLATE 4
A.—Longitudinal section of affected root shown in Plate 2, A.
B.—Longitudinal section through a limb bearing a gall caused by Bacterium turnefaciens.

PLATE 5
Cross section through the normal bark of a limb of a Moorpark apricot tree. Only
an intermediate area is shown, the innermost and outermost portions of the bark
having been left out. (Paraffin section 10 n thick, stained with Delafield's haematoxylin.)
A, B, C.—Strata of cork tissue.
D, E, F.—Cork parenchyma, or phelloderm.
G, H.—Sclerenchyma or stone cells.
I.—Phloem or bast.
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PLATE 6
View of cross section through gall tissue.
to 20 /x thick.)
A, B.—Strands of cork tissue.
C.—Xylem or wood.
D.—Medullary rays.
E.—Phloem or bast.

(Unstained wood-microtome section 15

PLATE 7
View of another cross section through gall tissue. (Paraffins section 10 M thick,
stained with Ziehl's carbol fuchsin.)
A, B, C.—Strands of cork tissue.
D.—Medullary ray.
E.—Sclerenchy ma.
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Washington, D. C.

PLATE 8
Cross section through diseased phloem-parenchyma. ^Paraffin section ^ fi thick,
stained with Delafield's haematoxylin and counterstainea with alcohol eosin.)
A, B.—Lesions.
C—Gum.
N.—Nucleus.

PLATE 9
More advanced stage of the disease shown in Plate 8.
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PLATE lo
Cross section through diseased wood. (Wood-microtome section 10 /z thick, stained
with Ziehl's carbol fuchsin.) The black areas denote lesions.
A.—Rapidly proliferating cells.
B.—Gelatinizing tissue.
C.—Affected tracheae.

PLATE ix
Incipient galls resulting from the inoculation of pure cultures of Monochaetia sp.
into the branches of an old apricot tree Slightly reduced. A, controls. (Photographed by Miss Helen Czamecki.)
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Washington, D. C.

PLATE i2
A-J.—Characteristic spores of Monochaetia sp., from acervuli of the inoculations of
February 25,1916.
K-P.—Departures from the standard type with regard to number of cells.
Q-W.—Variant types in the matter of apical appendages.
X, Y.—Conidiophores with young and old condia.
Z, A?, B/.—Germinations of condia.
C/.—Chlamydospore formation in an old hanging drop culture.

PLATE 13
A.—Six-day-old colony of Monochaetia sp. on standard nutrient agar. X 2.
B.—Nine-day-old colony of Monochaetia sp. on prune juice agar a, acervuli. Note
zonation. Approximately X iH-
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