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AN INQUIRY INTO THE CAUSE AND NATURE OF
CROWN-GALL

B\ J W TOUME\

INrRODUClOR\

In December, 1892, C M Wood worth called attention to
flesh} outgrowths occurring in California on the roots of decid-
uous fruit trees As these outgrowths usually appear at the
ciown, the name crown-gall was applied to this strikingly char-
acteristic disease Several theories were advanced by Professor
Woodworth to account for the disease It was briefly described,
and short comparisons were made between it and various root-
galls and knots produced by known causes

Professor Wickson, in an introductory note to the abo\e
account, wrote as follows

'* Almost everything imaginable has been cited as a probable
cause, conditions of drouth or of excessive moisture were among
the earliest causes assigned, and some prejudice against nursery
stock grown by irrigation was created An investigation by a
committee of the State Horticultural Society about 1880 showed
that the knotted roots were found quite as abundant in unirn-
gated land as in irrigated, and otherwise the inquiry yielded no
definite results For some tune many nurserymen followed the
practice of removing the knots from the trees as dug fiom the
row, but this was abandoned when it was found that the knot
commonly reappeared after planting in the orchard At pres
ent no reputable nurseryman sells such trees , they are burned
at the nur&erj

" Probably during the last 20 yeais hundreds of thousands
of such trees have spindled and died in the best soil and with
the best treatment If the disease has stunted the growth of a
young tree, pluck it out and plant a new one If knots are
found on larger trees which are making satisfactory growth in
spite of them, remedial measures should be tried The final

Cal Agr'l Exp Sta 99(1892)
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result seems to depend upon whether the natural or the diseased
growth secures the ascendency early in the life of the tree, for
apricot trees have been taken up after 30 years of satisfactory
growth and bearing and found to have roots badly infested with
the knots."

PUBLISHED ACCOUNTS RELATING TO CROWN-GALL.

The writer's attention was first called to this disease in 1803,
when many observations were made in infested orchards in the
Salt River Valley. As the result of these investigations, a prelim-
inary report was published.2 In this report the disease was
described under the name of crown-knot. Attention was called
to the seriousness of the disease in the Salt River Valley. Some
of the more characteristic features regarding its development
were pointed out and possible corrective measures were given.

Various names have been applied to these outgrowths by
different authors. Although Wood worth first used the term
crown-gall to designate the disease, he later used the term
crown-knot.5 Orchardists frequently speak of the disease under
the name of black-knot and root-knot, but as these names are
in common use to designate other well-known diseases and out-
growths they had best be discarded in speaking of this disease.
Erwin F. Smith, in writing regarding it in 1894, also uses the
term crown-gall.4 He, however, discusses these excrescences
or outgrowths on the stems and roots of plants under the general
title " Stem and Root Tumors." Bailey uses the name root-
galls in his publication regarding the swellings.

So far as the writer is aware, all more recent publications on
the subject have been under the name crown-gall. As this
term is applicable to the disease and is not likely to be confus-
ing, it is adopted in this bulletin in preference to crown-knot
used by me in my previous writings on this subject. Although
public attention in the United States was first directed to this
disease in 1892, and then only in California, it has since been
recognized in nearly ever}7 fruit-growing region in this country.
The more important reports regarding it have appeared during

2 Bull. Ariz. Agr'l Bxp. Sta., 12 (1894).
*Rept. Cal. Agr'l P^xp, Sta. 1894-'95, 231.
4 Jour. Myc., VII, 376. (Field notes, 1892.)
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the past eight years and in the following States, viz : California,
Arizona, Texas, New Jersey, New York, Michigan, Alabama,
and Ohio. Wood worth,1 Wick son/' and W. E. Smith7 have
published regarding it in California ; Tourneyh in Arizona ;
Yates9 and Price10 in Texas ; Halsted1! in New Jersey ; Atkin-
son u and Bailey13 in New York; Taftu in Michigan, and
Selby !) in Ohio. Dr. Erwin F. Smith1" has also called atten-
tion to this disease in various publications. Atkinson, Selby,
and Eailey consider the disease the same as the Wnrzelkropf
which occurs in Germany and other European countries.
Sorauer17 discusses the foreign disease at some length and con-
cludes that it is not caused by the action of a parasite, but by
some disturbing influence occasioned by the short cutting or
bending of the roots of the plant when transplanted or by the
abnormal development of adventitious buds, possibly induced
by an unusual flow of sap.

Sorauer's description certainly corresponds in many particu-
lars with the disease as it is in Arizona, and the figures which
accompany his description fairly well illustrate the crown-gall
as known in America. The following quotations, translated
from Sorauer's work, are descriptive of crown-gall :

1 'The swellings appear generally at the crown of the roots
of young trees, the enlargements having the size of hazelnuts
or walnuts. In older specimens they may attain the size of

°Bull. Cal. Agr'l Exp. Sta., 99 (1892) ; Ann. Repts. i892~'94, 436, and

1894-95, 23*'
6Bull. CM Agr'l Exp. Sta., 99 (1892).
7 Cal. Fruit Grower (December 15, 1894, 4&0-
8Bull. Ariz Agr'l Exp, Sta., 12 (1894); Aun. Rept. 1899, 235 ; Timely

Hints for Farmers, 5 (1899).
9Cal. Fruit Grower 1895, in.
10Bull. Texas Agr'l Bxp. Sta., 39, 841 (l896)-
llRepts. Bot. N. J. Agr'l Exp. Sta. 189$, 359; 1896, 413; 1898, 354;

Bull. Torr. Bot. Club, XXIV, 509.
12 National Nurseryman (August, 1893).
" Bulls Cornell Agr'l Exp. Sta., 74, 383 5 **?> 367-
HRept. Mich. Agr'l Exp. Sta. 1897, 96.
15Bulls. Ohio Agr'l Exp. Sta., 79, 108, 127, 139 5 9*. 208, and 104, 211 ;

Rept Ohio State Hort. Soc., 29, 75.
16 Jour. Myc., VII, 376; Bull. Torr. Bot. Club, XX, 363.
17 Handbuch der PEauzenkrankheiten, I, 737 (1896).
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one's fist. When they appear upon nursery stock they are
usually limited to the crown, but occasionally are found deeper
in the earth, or even upon slender one-year-old roots. The
color of the gall is similar in its younger stages to that of the
sound root. Later a dark color appears, in consequence of a
deposit of dead matter, which forms the bark of the gall. If
one examines the galls occurring upon the smaller roots, it will
be seen that they are generally located upon one side of the
root body. The}T have a softer tissue than the root, but their
color within is normal. The large galls are a series of hemi-
spherical growths superposed upon each other so that the surface
has an irregular or warty appearance. In the spring the more
prominent of these elevations have a light-brown appearance
and a perfectly herbaceous consistency. In cross-sections the
galls show an irregular fibrous mass."

Although Sorauer observed that the disease appeared much
more frequently in certain nurseries than in others, and that
the prevalence of its attack and the season of its appearance
Indicated a parasitic origin, he was led, on account of not being
able to find the parasite, to consider it not a true infection, but
as the probable result of mechanical injury.

Although I have considered the disease described by Sorauer
and the various American authors as one and the same, it is pos-
sible from my experiments that we may have under considera-
tion a number of closely allied diseases affecting various host
plants and caused by true parasites, as will be seen later. It ih
further possible that the swellings described by vSorauer are
caused, as he suggests, by mechanical injury. However, I sus-
pect, from his description of the excrescences and their close
comparison with the disease as it occurs in Arizona, that it also
is of parasitic origin. So far as I can learn no experiments
were made by Sorauer or other European investigators in order
to ascertain its communicability.

OPINIONS REGARDING THE COMMUXICABIUTY OF CROWX-

GAU,,

The general opinion of orchardists is that the disease is a
true infection and spreads from tree to tree. They have come
to this conclusion from observing its general behavior in the
field. Most investigators that have given attention to it, hav-
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ing failed to find either an animal or vegetable parasite which
would account for it, and not attempting to ascertain the readi-
ness with which it can be communicated from one tree to
another, have tried to account for the outgrowths in other
ways rather than by infection. Nearly all investigators, how-
ever, have observed that its appearance in certain orchards and
in certain portions of orchards, and more particularly in defi-
nite restricted areas in nurseries, is suggestive of parasitic
origin. Selby, Woodworth, and Halsted have each had the
disease under observation for several years, and have called
attention to the probability of its coinmunicability, but have,
for the most part, refrained from making positive statements
regarding it. Halsted,!S by planting peach pits in soil with
minced galls from the peach, found that the seedlings when
seven months old were much nioie badly infested than similar
seedlings grown in the same kind of soil without the minced
galls. His experiments, however, wTere defective, in that he
obtained some diseased trees among the check plants. I quote,
however, the following as his conclusions :

* * The results point to the conclusion that the peach crown-
gall is decidedly contagious, and with the seedlings surrounded
with minced peach galls the affection is almost certain to appear
and in a violent form."

Selby 19 in his experiments transplanted a number of healthy
peach trees to within about eight inches of a diseased peach
tree of same age, and found that 25 per cent, of the healthy
trees became affected during the first two seasons, while a
number of healthy trees transplanted at the same time in simi-
lar soil, but not in the vicinity of diseased trees, remained at
the end of the two seasons in perfect condition. His conclu-
sions are as follows:

" In so far as present light enables one to judge, the conclu-
sion that the crown-gall is a contagious disease appears to be
warranted."

Woodworth frequently calls attention to the apparent conta-
18Rept Bot N. J. Agr'l Exp. Sta. 18195, 413,
19 Bull. Ohio Agr'l Exp. Sta., 92, 213.
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gious character of the disease, and, in one of his later reports,20

writes as follows:

"Under every condition of soil, climate, and host plant the
disease has the same characteristics and to be always and im-
mediately distinguished from other forms of hypertrophied plant
tissue. This fact is to be explained upon no theory other than
that it is caused by the attacks of a particular organism."

Yates21 and lyelong are the only experimenters with this dis-
ease, of whom I am aware, that conclude that the disease is
not a true infection. As Lelong's experiments were not dupli-
cated and were not tried under varying conditions, it is very
probable that if tried at different seasons and with varying con-
ditions they would have shown the comminiicability of the
disease. Yates attempted to communicate the disease by bud-
ding and grafting-, but without .success. From the nature of
the disease, this is to be expected. He also attempted to pro-
duce the disease by inoculation, but with no better success.
His conclusions are somewhat in accord with those of Sorauer
in his description of Wtirzelkropf in Germany. Bailey2 ' is in-
clined to accept this statement of the case, and in his account
of the disease in New York concludes as follows:

< l The conclusion of the whole matter, then, as we now under-
stand it, is that these root-galls are not the work of a parasite,
but are a malformation following some injury of the root or some
uncongenial condition in soil or treatment. The galls may seri-
ously interfere with the nutrition of the plant, in many cases
causing it to become weak and sickly. It is probable that the
trouble is not communicable, and that cutting off the gall averts
further trouble from that source. As a precautionary measure,
however, we much prefer to plant only trees with perfectly clean
and normal roots."

GEOGRAPHICAL DISTRIBUTION OF CROWN-GALL IN THE
UNITED STATES.

In the fall of 1897 I addressed the following letter to each of
the experiment stations in the United States in order to ascer-

20Rept Cal. Agr'l Exp. Sta. i894-'95, 231.
21Cal. Fruit Grower 1895, in.
22 Bull. Cornell Agr'l Exp. Sta., 117, 375.
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tain the prevalence of crown-gall in various parts of the countrj*
and what experiments had been made regarding it :

TUCSON, ARIZONA, October 25, 1897.
DEAR SIR : In giving some study to the crown-gall, I desire

to know something in regard to its distribution and the work
that has been done or is being done upon it at other stations.
If prevalent in your State, will you kindly inform me what
plants it is found Infesting, and what has been done to counter-
act its injury. I will be pleased to receive anything that you
have published on the subject.

Very respectfully,
("Signed) J, W. TOUMEY.

The replies received indicate that the disease was known
and considered of more or less injury in the following States :
New York, Connecticut, Massachusetts, New Jersey, Pennsyl-
vania, North Carolina, South Carolina, Alabama, Florida,
Georgia, Mississippi, Ohio, Michigan, Wisconsin, Iowa, Mis-
souri, Nebraska, New Mexico, Arizona, California, Oregon,
and Utah. Its widespread dissemination has been more fully
recognized during the past two years, and without doubt it is
now known in most of the other States.

SOME STATEMENTS OF OTHER OBSERVERS REGARDING

CROWN-GALL.

The following excerpts taken from letters of various corre-
spondents give a general expression regarding the disease
throughout the country :

" Crown-gall is quite widely disseminated in Florida, but is
not severe in fields generally. In new land it is almost or quite
unknown, but upon old land that has been farmed indiscrimi-
nately trees are often badly affected with this disease. We find
it most severe on peach trees."—P. H. ROLES.

*' Crown-gall is not doing much damage in Missouri, so far
as I know. I have seen it on a few apple trees in the nursery,
but it was not severe enough to impair their growth."—J. C.
WHITTEN.

"The crown-gall is quite widety distributed in the eastern
States. I do not hear of it to any great extent elsewhere.
However, I recall that peach-growers have complained of this
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gall being upon young trees which they received from as far
south as Georgia. These galls grow upon the apple and peach
in particular, and it is not unlikely that if large numbers of
trees were examined that the whole group to which the peach
belongs would prove to be host plants for the disease." —
B. D. HALSTED.

" Crown-gall is very abundant in Alabama on the peach, and
is sometimes found on the plum. I consider it a very serious
peach disease in Mississippi and Georgia, as well as in this
State."—F. S, KAKLE.

( t The crown-gall is present in Ohio. It affects apple, pear,
peach, poplar, and raspberry. It is reported to me upon plums
and cherries, but I have seen no examples. One peach orchard
in Ottawa county, two years planted, is now about 50 per cent,
dead or affected with crown-gall. This is the worst case known
to me at present. In most cases the disease has apparently
come upon stock from the South and East."—A. D. SELBY.

" The crown-gall occurs in California on all our deciduous
fruit trees and on grapes. It has been very abundant and se-
rious, but I have not heard as much complaint regarding it
during the past two years as usual."—C. W. WOODWORTH.

'' The crown-gall occurs commonly on peaches in Connecticut.
My predecessor, Dr. Thaxter, believed that he had established
the contagious character of the trouble by means of green-house
culture of sound plants in proximity to others infested with
crown-gall."—W. C. STURGIS.

il The crown-gall is just now turning up in several places in
Michigan. Our attention has recently been directed to exten-
sive destruction of nursery stock in certain localities, due to
this cause. Last week a nursery at Bangor, Van Buren county,
was inspected and fully 25 per cent, of the trees were found
infested,"—C. F. WHEELER.

FIELD EXPERIMENTS IN THE SALT RIVER VALLEY.

My own investigations, aside from field observations, elate
from the spring of 1896. At this time a series of experiments
was begun in a badly infested almond orchard at Glendale.
This orchard comprised forty acres, the trees all being of the
same age and practically uniform in size and general appear-
ance. The field experiments in this orchard extended over a
period of three years and were directed toward an effort to as-
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certain the commumcability of the disease and the effect of
various fungicides and corrective measures upon it.

In February, 1896, the first experiments were begun. The
orchard was a square forty. The trees were set twenty feet
apart and were five years from the nursery. Probably 85 per
cent, of the trees were more or less badly infested with crown-
gall. The soil was rather heavy, but uniform in character
throughout the orchard, and the surface practically level. In
order to make the work of as general an average as possible, two
rows of trees were selected for the experiments, one being
diagonal to the other. Row 16, counting from the east side of
the orchard and extending north and south, was examined and
the diseased trees treated with a fungicide. The work was
begun at the north border of the orchard and forty consecutive
trees of the above row examined. At the fortieth tree the
diagonal row extended to the northwest, thirty-one trees being
examined and treated.

A detailed record was kept of the condition and general ap-
pearance of the seventy-one trees examined, as the crowns were
uncovered and the surface roots exposed. Photographs were
made illustrating exactly the condition of many of the trees and
a record was made of the number, size, and position of the galls
on the surface roots and crowns. Of the forty trees examined
in row 16 thirty-four were more or less badly diseased. Twenty -
three of the thirty-one trees in the diagonal row were also affected.

The diseased trees in row 16 were treated as follows: The
crown was exposed by carefully moving the soil. The exposed
galls were all removed and the wounds treated with Bordeaux
mixture. Afterward a coating of tar was applied and the earth
filled in about the trees. The trees in the diagonal row were
treated in a similar manner, with the exception that the wounds
were coated with paint instead of tar.

These trees were examined in April and September, 1896 ;
February and May, 1897 ; September, 1898, and when the
orchard was visited in November, 1899, the trees that remained
alive were being cut down and burned. As the complete his-
tory of each tree during the three years cannot be entered into,
I present the records that I have regarding a few of the treated
trees and the conclusions that the experiments seem to justify.
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HISTORY OF SOME OF THE TREES TREATED WITH BORDEAUX

MIXTURE.

No. i i . This specimen was a large and apparently thrifty
tree when examined, February 26, 1896. However, when the
crown was exposed one gall two inches in diameter and nearly
spherical was found on the northwest side of the crown, about
six inches beneath the surface. Several small galls were also
found in inaccessible places beneath the larger roots. The ex-
posed gall was cut away, care being taken to remove it in its
entirety. The other galls were only partially removed. The
wounds made in removing the galls were liberally treated with
the fungicide and later coated with tar.

When examined the latter part of April it was found that
the scar caused by the removal of the gall from the crown had
dried over, and a healthy growth of callus tissue had begun to
inclose the wound. The deeper-seated galls had begun to form
a quantity of rapidly growing diseased tissue at the point of
union of the old galls to the roots. In September of the same
year the callus tissue previously noted had continued to de-
velop until the wound was nearly covered. However, at one
side on the callus a young gall was rapidly forming. This
gall could not have been more than three or four weeks old,
and probably was the result of reinfection of the young tissue of
the callus by the parasite in the soil. The deeper-seated galls
had continued to grow during the summer and were larger
than the ones removed in February. The tree was badly dis-
eased and worthless when cut down, in the fall of 1899.

No. 46. This tree (Fig. i) had a number of large galls
almost completely surrounding the bole a few inches below the
surface, the rapid development of which during the previous
year had so checked the growth that practically no new wood
had formed. The tree was in abundant bloom, as if making a
great effort to fruit before succumbing to the destructive action
of the gall. A large gall on the north side penetrated to the
heart of the tree, and less than one and one-half inches of the
entire circumference showed healthy growth. The galls, so far
as possible, were cut away and the fungicide and tar applied.
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on the east side was also badly infested. The small gall was
removed February 26, 1896, and the diseased root completely
cut away. The fungicide and tar were applied as in previous
examples. At the time of the second examination, two months
later, no evidences of returning galls were observed. In Sep-
tember, five months later, the gall had reappeared where the
root had been cut away, and several new galls had developed
on adjacent roots. The wound on the crown had completely
healed. Normal callus tissue had entirely covered the wound
made in removing the gall. The following year the tree was
badly diseased and probably beyond remedy. The tree died
during the summer of 1898. The evidence regarding the other
trees treated is practically a repetition of the examples cited.

EFFECT OF BORDEAUX MIXTTRK ON TIIK DISKASK.

The results that I obtained from these experiments seem to
indicate that the Bordeaux mixture at its normal strength is at
best but a poor remedy for the disease. This, however, will
be more fully discussed under the subject of remedies and pre-
ventive measures.

OBSERVATIONS ON SEEDLINGS IN THE GT.ENDALE ORCHARD.

In February, 1898, I made a personal examination of a large
number of seedlings in the Glendale orchard.'25 These seedlings
were the result of almonds dropping from the trees and becom-
ing covered with soil at times of cultivation. Not infrequently
from fifty to seventy seedlings were growing under a single tree.
These seedlings were only a few months old and from six to thirty
inches high. I examined some four hundred of them and did
not find a single plant infested with crown-gall when growing
under trees which were free from the disease. On the other
hand, under one badly diseased tree, five diseased seedlings were
dug up within twelve inches of the bole of the tree. On this
tree the disease formed large excrescences at the surface of the
ground. In other cases one or more diseased seedlings were

'"See Ann. Rept. Ariz. Agr'l Kxp. Sta. 1899, 238.



T V l S K A X I > X A T U t K OF r i l< >\W< JA LL 1 < )

found under infested trees. However, in most instances only
a small percentage of the seedlings growing under diseased
trees had galls upon them. This freedom was probably due to
the fact that the seedlings were usually growing at some dis-
tance from the boles of the trees where the galls most frequently
develop, and likely had not as yet come into contact with the
contagion from the old trees.

A fewr seedlings of more than a year1 s growth were found in
making this examination. A larger percentage of these were
diseased than of the seedlings that germinated and gre\v during
the previous summer. It is likely that many of the younger
seedlings, which at this time showed no evidence of galls, would
develop them at the beginning of the growing season, the com-
ing spring. It appeared that the conditions in the orchard were
not so favorable to the communicability of the gall as the con-
ditions in the green-house, where the moisture was much more
uniform.

The percentage of diseased to perfect seedlings growing under
the old trees is strikingly shown in the diagram made to illus-
trate this point (Fig. 2). Although a comparatively small
number of the seedlings examined were diseased, their position
in relation to the galls at the crowns of the old trees is very
significant.

A similar examination of seedlings in this orchard was made
December 21 of the following year. At this time about nine-
tenths of the trees had been dug up, those remaining being,
for the most part, adjacent to irrigation ditches. It was ob-
served at this time that most of the badly diseased trees had
very few, if any, seedlings beneath them. It is possible that
they had been previously killed by the action of the disease.
At the time of this examination one hundred and twenty-five
seedlings were dug from beneath the branches of diseased trees.
As the results obtained wrere practically identical with those of
the previous year, I do not present them in schematic form.

I took occasion to examine the excavations from which one
hundred and thirty trees had been removed, and failed to find a
single one free from fragments of galls broken from the roots
when the trees were taken out.



20 CAUSE AND XATOiK OF CROWN-GALL

FIG. 2.-Diagram showing almond seedlings growing under old diseased trees in
the Glendale orchard. The small central circles represent the old trees; lht* dots in.
dicate the position of un diseased seedlings, and the crosses seedlings xvitu galls upon
them The outer circle represents an area hix feet in diameter.
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EXPERIMENTS IN INOCULATING SOIL WITH MINCKD GALLS

IN 1897-1898.

In conjunction with the experiments carried on at Glendale
a series of indoor experiments was begun in November, 1897.
These experiments were all conducted in the station green-
house at Tucson.

November 24 two hundred almond seeds were planted in
good, porous soil, uniform in texture. The seeds were placed
in scalding water for a few moments prior to planting, in order
to facilitate germination, and then planted in plots on floor *
benches, as outlined in the diagram.
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FIG 3.-—Diagram representing the number and position of diseased and undiseased
almond seedlings grown in the green-house in 1897-1898. The small circles represent
the position oi the seedlings and the crosses the diseased trees.

The four plots were separated from each other by eight-inch
boards, set on edge and buried six inches in the soil. Fifty
seeds were planted in each plot, there being five rows with ten
seeds in each row. A number of the seedlings damped off soon
after coining up, and a few others died during the summer.
As those that died were pulled up and destroyed by the gar-
dener during my absence, I was unable to ascertain whether
they died from the effect of crown-gall.

Plot I was planted without previous treatment of seeds or soil.
The purpose of this plot was to act as a check to the other three.
When the seeds were planted in plot II a number of galls ob-
tained from the Glendale orchard were cut into small pieces and
buried in the soil with them. The galls used in these experi-
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merits were of various sizes and ages ; some were fresh and suc-
culent, while others were dry and partially decayed. Plot III
was treated in the same manner as plot II, with the exception
that the minced galls were mixed with an equal weight of flowers
of sulphur before placing in the soil. Plot IV was also treated
the same as plot II, with the exception that the galls were mixed
with one-half their weight of Milestone (copper sulphate) and
enough water added to partially dissolve the fungicide.

At the end of eleven months the seedlings were harvested and
the results tabulated. At this time there \vere twenty-seven
seedlings in plot I, twenty-nine in plot II, thirty-three in plot
III, and twenty-two in plot IV. The results are represented
in the folio wing table, and the position of the diseased seedlings
is schematically shown in Fig. 3 :

No of
plot.

I
II

III
IV

Treatment.

Untreated . . . . .
Several pounds of minced galls
Minced °alls and sulphur.
Minced galls and Milestone

No. of dise
trees

o
16
I 7

j

ased

At the time of harvesting the seedlings were from two to three
feet high and the stems a half inch or less in diameter. In
most instances the galls appeared at the crown and were from
one to three inches in diameter (Fig. 4).

In digging the seedlings from plot III it was observed that
the sulphur was still abundant in the soil. In several instances
galls were found that were partially surrounded by flowers of
sulphur, and in all cases they were as vigorous as those that
grew in the non-sulphured soil. In the sulphured plot one
more diseased tree was found than in plot IT, \vhere no fungi-
cide was used. The results of my experiments with sulphur
seem to be in accord with those of Selby,21 but are at variance
with those of Halsted.25

a*Bull. Ohio Agr'l Exp. Sta., 104, 211.
*5Rept. Bot. Dept. N. J. Agr'l Exp, Sta. 1896, 414.
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sixteen of the twenty seedlings which grew in the pots in which
the soil was inoculated with minced galls were diseased. Two
seedlings from one of these pots are shown in Fig. 9. Novem-
ber 8, 1899, eight seedlings in one of the check pots were cut
back to within two inches of the ground and incisions made at
the crown of each in order to ascertain if excessive pruning or
inj ury at the crown would cause the galls to develop. New
growth immediately began to develop and the wounds healed
over in the course of a few weeks, and on January i, 1900, when
last examined, all were entirely free from the disease.

SECOND SERIES OF EXPERIMENTS IN INOCULATING HE \LTHY

SEEDLINGS BY MAKING INCISIONS THROUGH THE BARK

AND INSERTING BITS OF THE GALL.

November 10, 1899, a large number of inoculations were made
by inserting bits of both old and young galls into incisions in
various seedlings. Ten healthy almond seedlings were cut back
and reset in the green-house. Previous to planting, incisions
were made at the crown and bits of old and partially decayed
galls placed therein. Ten almond seedlings were also treated
in a similar manner, with the exception that fresh, young galls
were used instead of old, dead ones.

As all previous experiments were made on seedlings that had
been severely pruned and reset at the time of inoculation, five
almond seedlings, unpruned and undisturbed in the soil, were
also at this time inoculated with bits of young gall. Ten peach,
ten apricot, twelve English walnut, ten grape, and five apple
seedlings were also inoculated with bits of young gall from the
almond.

The ten almond seedlings that had been cut back and inocu-
lated with old galls on November 10, 1899, were examined
January i, 1900. Developing galls were found on three speci-
mens at the places where the incisions were made. On this
date six diseased trees were found among the ten inoculated
with bits of young gall. The five plants inoculated without
cutting back or otherwise disturbing them more than necessary
in making the small incisions at the crown had all begun to de-
velop galls at the places where the incisions were made. In two
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instances galls from two to four millimeters in diameter were
found on the seventeenth day after the inoculation. The evi-
dence seems to be conclusive, therefore, that severe root and stem
pruning has nothing whatever to do with the development of
this disease. When last examined, January i, 1900, two of the
inoculated peach seedlings and four of the apricot showed small
developing galls. None were found on the walnut, grape, and
apple. However, as the latter had made no growth since cut-
ing back and replanting, it is possible that galls may develop
upon them during the coming summer if the}* are allowed to
remain in the soil. It is likely also that more of the inoculated
almond, peach, and apricot trees will contract the disease.

THE EFFECT OF KXCISION OF THK GALLS AND OF THE

APPLICATION OF FUNGICIDES.

Five almond seedlings with large galls at the crown were
treated on November 12, 1899, by carefully removing the galls
and placing a quantity of the flowers of sulphur on the wounds.
In every instance the galls returned, the sulphur having no
apparent effect upon them. On the same date five other
almond seedlings were similarly treated, with the exception
that the paste of bluestone, copperas, and quicklime was placed
on the wounds. Two months later the galls had not reappeared.
It is probable that the corrosive action of the mixture prevented
the growth of the soft succulent tissue of the gall, and thus
checked the development of the organism itself.

SOME MISCELLANEOUS EXPERIMENTS RELATING TO CROWN-

GALL.

A large number of fungi, mostly, if not entirely, saprophytic,
are nearly always found on the surface or in the outer portion
of old galls—sometimes one fungus, sometimes another. vSonie,
however, send their mycelium to some distance into the living
hypertrophied tissue. Thinking that possibly one of these
might be the cause of the disease, as suggested by the observa-
tions of Halsted,86 four of the species (unidentified species of

26 Bull. Tort. Bot. Club, XXIV, 508.
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the seedlings, although the worms in the decayed wood had in-
creased in number to a marked degree.

The other nematode observed was the common gall-forming
species, Hetcrodera radidcola. In a few instances the galls
formed by this worm and the crown-gall were associated to-
gether in the same specimen. The galls, however, are very
distinct and cannot ordinarily be mistaken for each other. In
Fig. 10 the galls formed by this nematode are shown on the
roots of an almond seedling. A description of this worm and
its effect upon the peach has been published by Atkinson.-"'

PLANTS SUBJECT TO CROWN-GALL-

Although at present I am unable to state that all plants upon
which these characteristic galls appear are of identical origin,
it is reasonable to expect that if not they are caused by nearly
related parasites. No matter upon what plants the galls ap-
pear, they are always readily distinguished from all other forms
of hypertrophied tissue.

Personally I have found the crown-gall upon the peach, apri-
cot, almond, prune, plum, apple, pear, English walnut, and
grape, and have examined specimens from Arizona, California,
New Mexico, and Utah. Further east it is reported as infest-
ing the raspberry, blackberry, cherry, and poplar, as well as
the plants named above. I am informed by W. \V. Ashe that
it is indigenous in South Carolina on the chestnut, and that it
frequently kills the trees.

Although I have repeatedly succeeded in communicating the
disease on the almond to the apricot and peach, I have not suc-
ceeded in communicating it to the English walnut, apple, and
grape, either by soil inoculation or by incisions through the
bark. HalstedV0 experiments indicate that the galls on the
raspberry have no power to induce the formation of galls on
the peach. On the other hand, Selby<!1 concludes from his ex-
periments that the disease can be communicated from the rasp-
berry to the peach. The question whether the galls found on

29Bull. Ala. Agr'l Exp, Sta., 9 (1889).
MRept. Bot. Dept. N. J. Agr'l Exp. Sta. 1896, 414.
11 Bull. Ohio Agr'l Exp Sta., 92, 214.
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With the exception of less than a half dozen species, all slime -
molds described from North America belong to the subclass
Myxogastres, as defined by Macbride.>G The many species of this
subclass are characterized by their abundant, minute unicellular
spores enclosed in more or less perfectly defined Sporangia.
With the single exception of the species described below, all
Myxogastres, so far as known, are saprophytic.

Introductory to the description of the species believed to be
the cause of the crown-gall, the following may be given as de-
scriptive of the class as a whole :

The Myxoni}rcetes or slime-molds are common in moist situ-
ations in all parts of the world. They live, with rare excep-
tions, on decayed vegetable matter, and, as a rule, are extremely
minute. In the course of their life history they present two
phases, namety, the vegetative and the reproductive. The
vegetative phase is remarkable for its extreme simplicity of
structure, being nothing more than a nucleated mass of mov-
ing, naked protoplasm carrying with it occlusions of foreign
matter. It is amoeboid in its movements, and is known as the
" plasmodial'' form of the organism. Under certain conditions
the plasmodia pass into transitory resting stages, to again come
forth when the conditions are favorable. After a variable
length of time fructification takes place, when myriads of ex-
tremely minute spores are formed, usually in a well-defined
spore-case or sporangium. The spores germinate shortly after
ripening, at which time the spore wall is ruptured, and a bit of
naked protoplasm conies forth as a zoospore or swarm cell, in-
distinguishable from an amoeba. After a few days the product
of the spores flow or creep together, and ultimately fuse to
form a new plasmodium, and the cycle of existence begins
anew.

THE PkASMODIUM AND ITS TRANSITORY RESTING STACKS.

In its plasmodial or feeding stage the parasite infests the
hypertrophied tissue of the gall and consumes the living proto-
plasm contained therein. The irritation caused by its presence
stimulates growth and accelerates cell division, resulting in a

J° North American Slime-molds, p. 20.
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mass of soft, abnormal tissue generally known under the name
of crown-gall.

For the purpose of successful study of a plasmodinm in its
earliest stages in the host, material must be carefully selected.
In my investigations I found young galls from iV2 to 2 milli-
meters in diameter the most desirable. In order to obtain speci-
mens free from soil and saprophytes, I grew the galls by inoculat-
ing almond seedlings and placing them in water cultures for a
period of three or four weeks. In growing galls on inoculated
seedlings in water culture, the point of infection should be from
one and a half to two inches above the water line in the jar.
They should be kept in a cool room and the water changed
every two or three days. Material obtained in this way is par-
ticularly desirable for fixing, imbedding, and cutting into serial
sections. Both free-hand and serial sections of the young galls
were examined in large numbers. Free-hand sections were
studied in water and in a weak solution of glucose. The serial
sections were from material imbedded in paraffine, and were
stained and mounted in balsam in the usual way. Various
fixing fluids were tried, including corrosive sublimate, chromic
acid, and Plemming's fluid of various strengths. After repeated
experiments, Flemming was found to be the most desirable, es-
pecially the strong solution. The sections were stained on the
slide, the triple stain of Safranin, Gentian violet, and Orange
was the most satisfactory. The tissue of the young gall is so
thin-walled that it is necessary to carry the sections from the
Gentian violet to and through the Orange with great rapidity
in order to obtain the best results.

Thin free-hand sections of the young gall examined in water
show the characteristic thin-walled parenchyma with scattered
centers of meristematic tissue as previously described. At this
stage of the gall development there is no starch in any of its
tissues. Many abnormally large cells are filled with compound
crystals, probably of calcium oxalate. These crystals are much
more frequent than in the normal tissue of the root. The cells
as a rule have a surprisingly small amount of organized cell
contents when compared with the size of the cell lumen, and
the nuclei are clearly discernible in fresh unstained specimens.
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cell, in the course of t\\o or tinee da}s amoeboid bodies \\ill
appear on the co\er glass around the margin of the section
The first appearance of these bodu s is as spheres having the
granulai piotoplasnnc consents arranged in various bands altei-
nating with a perfectl} h} aline portion (Fig 20) and van ing
from 30 to 50 u in diameter After a short period of lest the
em eloping membrane contracts 01 is drawn inwaid in folds,
and the plasma becomes diffused The hyaline poition disap-
pears \\ith the exception of one or more \acuoles Amoeboid

FIG 20 —Amoeboid plasmodium about
to form a thick walled cj st 1 liree views
of the sime indmclual drawn at intervals
of two minutes (Magnified same as scale
divisions of scale = 10 /A)

FK 21 —Cjst forming plasmodium
drawn at intetvals of one minute show
nig the r ipid changes in the form of the
organism (Magnified ^ame as scale di
\isions of scale = 10 /t)

movement now begins and the vacuoles vary in size and num-
ber in the same individual with moie 01 less rapidity The
organism is now only about one-half the size of its previous
spheroidal form Its transition to the amoeboid form is ver>
rapid When placed in water it moves with an undulating
motion and momentarily varies in foim (Fig 21) As the
vacuoles increase in size the surrounding plasma becomes more
dense and sti earning cytoplasm may be observed within

By scraping the surface of young galls that have been kept
free from saprophytes it is not difficult to find these bodies I
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have repeatedly found them on young galls from the Glendale
orchard, on galls from seedlings grown in the green-house and
in water cultures. Specimens placed in a hanging drop keep
up their movement for one or two days and gradually change
to reddish yellow, until finally the organism contracts within
the outer membrane into a thick-walled, rather dense cyst

(Fig. 22). It closely resembles in its
behavior the phenomenon observed by
De Bary3!> in isolated cases in Fuligo.

In certain cells of the diseased tissue
peculiar vacuolate, amoeboid, or plas-
modium-like structures abound, usu-
ally one to several in each cell. They
are finely reticulated, and for a time it
was thought that they might be the
earlier stages of the amoeboid bodies
described above. These bodies have
been seen to slowly change their form
and position (Figs. 23 and 24), pass-
ing round the cell from one side to an-
other. They may be readily observed
in fresh tissue as well as in stained sec-
tions, and are rapidly blackened by
osmic acid.

They are surprisingly similar to the
*' plasmodes '' of the so-called Pswdo-
commis of Debray and Brive, which

more recently have been shown by A. F. Woods18 to be noth-
ing more than the albuminoid material of dying cells massed
together, probably from the effect of slow oxidation. In fixed
and stained sections these bodies lose their fine leticulum and
usually appear as spherical masses, with a variable number of
vacuoles. Repeated tests show the gall tissue to contain much
larger quantities of oxidizing enzyme than the normal tissue.

If mature galls be cut from the tree in November, placed in
moist sand, and kept at a cool, uniform temperature for a week

39 Morphology and Biology of the Fungi, Mycetozoa, and Bacteria (En-
glish translation, Garnsey and Balfonr), p. 428.

88 Science, N. S., No. 223, p. 508.

FIG 22.—Cyst-forming plas-
modiura, Nos. i and 2, drawn
at intervals of two hours the
first day after placing in hang-
ing drop; No. 3, the fully-
formed cyst of the same indi-
vidual, the second day after
placing in hanging drop.
(Magnified same as scale ; di-
visions of scale = 10 /A )
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it will be found 10 have changed color in places, the contents
of certain cells varying from dark brown to deep orange or red.
If sections be made of this tissue and examined in water, these
cells will be found to be completely ed with dense protoplas-
mic bodies. As the tissue becomes older these bodies deepen
to dark orange and finally become reddish brown or almost black.
If the gall be allowed to decay, they appear as dark oval bodies
in the decayed tissue. These, possibly, are sclerotia or resting
stages of the plasmodium. November 12, 1899, a large number
of these bodies, which vary from 15 to 40 y in diameter, were
carefully selected from the decayed tissue of an old gall and placed
in distilled water. They were washed through several changes
of water and used in inoculating eight almond seedlings.. On
Januar}r 4, when first examined, three of the inoculated plants
were diseased. At the time that this examination was made
six small almond seedlings were pruned back to small cut-
tings about four inches long, consisting of two inches of the
root and two inches of the stem. The root end of three of these
cuttings was split open and a quantity of the washed sclerotia
inserted. The shoot end of the other three was treated in a
similar manner. The cuttings were kept in a moist chamber
for one month and examined from time to time. At the end of

" the experiment one of the cuttings split in the stem had two
galls, a millimeter or more in diameter, developing on the split
surface near the pith. In both instances they were beneath
buds on the stem.

THE FPFECT OF THE PLASMODIUM UPON THE CYTOPLASM OF

THE HOST CELL.

Before describing the fruiting phase of the organism I desire
to call attention to the effect of the plasmodium upon the host
cell. This part of the investigation was worked out from the
study of serial sections, fixed in Flemniing and stained on the
slide. The work was verified, so far as possible, from a study
of fresh material. Flemniing rapidly darkens the hypertro-
phied tissue in the process of fixing, particularly that portion
infested by plasmoclia.
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EXPLANATION OF PLATE.

The material from which this plate was drawn was fixed in Flemming's
•fluid and stained with the triple stain of Safranin, Gentian-violet, and
Orange. (Magnified same as scale ; scale = 10^.)

a. A young cell showing the host nucleus greatly enlarged. The cyto-
plasm of the cell for the most part has been consumed and the cell lumen
filled with the reticulum of the pai'asite.

bj c, and d- Three cells with the host nuclei in various stages of dis-
integration, yucuolar and ill-defined, the remainder of the cell lumen,
•filled with the nucleated reticulum of the parasite.

e. Host cell showing no trace of the nuclear substance, with the excep-
tion of the nucleolus, the latter being the last of the nuclear body to be
destroyed by the parasite.

./> £> h, and i. Four infested cells with host nuclei entirely consumed
and the cell lumen almost completely filled with the dense reticulum of
the parasite, and showing many small bodies surrounded by a hyaline
area. These bodies are supposed to be the nucleoli, and the hyaline areas
the remainder of the nuclei of the parasite. In h these bodies are mostly
in pairs and in one instance appear as a nuclear spindle,

/. Non-infested cells.

/, £, and m. Infested cells with contents in form of dark, spherical
"bodies, some probably oil globules, darkened by the action of the osmic
acid, but probably for the most part the reticulum of the parasite broken
up into innumerable spheres by action of the fixing fluid.

«. An infested cell showing large vacuolate, spheroidal bodies,
•"plasrnodes " probably arising from the disorganized protoplasm of the
host cell.

/. Non-infested parenchyma cells, showing normal nuclei and the
small amount of cytoplasmic contents.

p. A non-infested parenchyma cell with nucleus in process of division.

r. A cell showing early tracheary tissue, being the origin of a woody
nodule.

o. Normal meristematic tissue.
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After the plasmodium consumes the cytoplasm of the cell its
visible effect may be observed upon the cell nucleus (see Plate).
At first the nucleus swells to from three to six times its normal
size, becomes less dense, and loses to a degree its normal fibril-
lar structure. At the same time the reticulum of vacuolar,
frothy protoplasm in the cell becomes more abundant and ap-
parent. (This condition and subsequent stages can be observed
in fresh specimens if a drop of Flemming be run under the
cover-glass a few moments before making the observation*}
The nucleus now loses its normal form and appears as if eroded
on the surface, and later gradually disappears as an organized
body, vacuoles frequently appearing within its ill-defined
margin.

The nucleoli are the last of the cell contents to succumb to
the action of the parasite. In well stained sections they can
frequently be observed in the cell long after every other visible
trace of the nucleus has disappeared. Associated with the
nucleoli in the enlarged nuclei are usually several small spheri-
cal bodies which take the safranin stain. These red bodies also
remain behind after the body of the nucleus has been destroyed.

The protoplasmic reticulum of the parasite contains small
spheroidal bodies }4 v or less in diameter, which take the
safranin stain. These bodies are surrounded by hyaline areas
and are believed to be the nucleoli of the nuclei of the plasmo-
odium, the hyaline area surrounding each nucleolus being
the body of tjhe nucleus. They are frequently in pairs and in one
instance appeared as if in process of division by karyokinesis.

The cytoplasm of the plasmodium passes from cell to cell
through the wall pits. The unequal growth of the cell tissue
in closely adjacent regions soon causes the development of large
intercellular spaces. Occasionally a strand of protoplasm is ob-
served to stretch across one of these spaces joining the plas-
modium in adjacent cells, the communication between the two
cells being continued after the cells have pulled apart.

From the position of the diseased cells in relation to the
meristematic tissue and the formation of new centers of such
tissue, it is evident that the parasite stimulates growth not so
much in the cells visibly affected as in adjacent ones. I have



C4.USE AND NATURE OF CROWN-GALL Ol

nevei observed cells in the process of nuclear division when
the plasmodium was evident, although karyokinesis is frequent
in adjacent ones. It may be inferred that invisible cytoplasmic
portions of the parasite penetrate the cell walls and pass through
adjacent cells to some distance from those in which the plas-
modium is first visible, and that they create a stimulus inducing
accelerated growth and cell division. Such a stimulus might
also be produced by the effect of metabolic products of the
parasite.

FIG 26 —Multmuclear cells from the menstematic tissue of a young gall (Magnified same
as scale , scale — TO /u, )

Karyokinesis frequently occurs in large parenchyma cells,
even when poorly supplied with plasmic contents, if they be
adjacent to diseased tissue (see Plate), and it is presumed that
karyokinesis may occur in any normal parenchyma cell and a
new center of growing tissue originate under the stimulus in-
duced by the parasite. In such cases nuclear division frequently
occurs without the formation of a cell plate, and as a result
multinuclear cells are frequent (Fig. 26). Such cells are
usually later divided by the formation of \\alls.
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niens were kept for a period of ten days in moist, crushed quartz
in a cool room and then placed in a moist chambeir where they
could be observed daily. In every instance they were in as
fresh condition when placed in the moist chamber as when cut
from the trees. A vigorous growth of hypertrophied tissue had
formed in a number of places on the old galls, particularly on
the exposed surfaces where broken from the trees. If a gall in
this stage be cut into pieces, the sporangia will develope a
few days later on the cut surfaces. The first sporangium was
observed a few days after placing in the moist chamber, when
it had already ruptured. It is probable that the keeping of
the galls in a growing condition for some time after their re-
moval from the tree induces the plasmodia to fruit by cutting
off their food supply. Unlike all other slime-molds known to
me, this one fruits best if kept in the dark, a condition no doubt
arising from its parasitic habit on the roots of trees.

The mature sporangium is nearly spherical, slightly broader
than high, and i millimeter or less in its greatest diameter. It
rests directly upon the tissue of the gall and is smooth and shining
under a hand lens. The color varies from dark, reddish yellow
to lighter. With transmitted light the peridium, or wall of the
sporangium, is deep orange. The outer surface is minutely
granular. The peridium is exceedingly brittle and breaks in
straight lines. As it is about to rupture to liberate the spores,
the outer surface dries more rapidly than the inner, causing it
to contract, creating a tension which finally causes the mem-
brane to rupture elastically. If a ripe sporangium be taken
from the moist chamber and quickly transferred to a slide and
viewed with a j4 or ^3 objective, the rupturing and the well-
marked outward curving of the fragments of the peridium may
be easily observed. The inner wall of the peridium is covered
with various-sized nodules of protoplasmic matter, varying from
less than % to more than 12 /; in diameter. These nodules are
either imbedded in the wall or piled and massed together and
adherent to it.

A fragmentary capillitium is attached to the walls of the
peridium, and is found to a limited extent associated with the
spores within. The threads of the capillititim are hollow, ir-
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regularly nodular, and sparingly branched, as shown in Fig. 28.
The numerous orange-yellow spores usually adhere iirclusters
and are exceedingly minute, being from 1^2 to 3 // in diameter,
and are frequently flattened at various points by mutual con-
tact. They are perfectly smooth, and the comparatively thick
episporium, or inclosing membrane, is well defined. The in-
closed granular matrix appears homogeneous, or occasionally
shows a few bodies of varying size and refractive power im-
bedded within it. It is probable that some of these bodies are
nuclei; however, I was not able to ascertain their real nature.

No 28 —Fragments of the capil-
litium, with adhering spore-masses.
(Magnified same as scale ; scale =
10 ft )

FIG, 29. — t f , spores; b, fragments of the spore
membrane after germination ; c^ germinating
spores; d, swarm-cells, showing cilia ; <", swarm-
cells immediately after germination.

By moistening a needle and inserting the point into a rup-
tured sporangium the spores can be conveniently transferred to
a hanging drop and their germination studied. The}T begin to
germinate almost immediately after being placed in water. The
escaping swarm-cells are 1 1

3 // or less in diameter, and at first
assume a form nearly spherical and move about with a slight,
dancing, vibratory motion, but after a time the}' become pear-
shaped and develop an elongated appendage or cilium at the
small end,% which enables them to move through the water with
considerable rapidit}T. Although in this stage the prevailing
form of the swarm-cell is pear-shaped, it varies momentarily in
form in the same individual. A small refractive spot, prob-
ably a vacuole, was visible in the large end. I was not able to
discern nuclei in the swarm-cells with the lens at niy command.
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Several efforts were made to ascertain if the swarm-cells fused,
but these efforts were only parti all}* successful. Fusing was
not observed with any of the swarm-cells arising from sowing
spores in hanging drops In one instance, however, several
amoeboid bodies 10 // or more in diameter were found on the
slide, the material of which was obtained from a sporangium
that had ripened several days before and had been kept in a
moist cell in the meantime. On this slide were also found
large numbers of the pear-shaped swarm-cells provided with
the elongated cilium.

GENERIC AND SPECIFIC DIAGNOSIS.

It is evidently necessary to establish a new genus for this
slime-mold. The generic name which I propose is Dcndtoph-
agus, intended to suggest the cancerous character of the gall
tissue. The species may be appropriately named globiisn$, from
the form of the mature sporangium.

Dendrophagus, gen. nov. Plasmodiuni parasitic; sporangia
globose, sessile, simple ; peridial wall brittle, non-persistent,
shining, breaking in straight lines into small, irregular pieces ;
capillitium fragmentary, formed of a few irregular, branching
tubules attached to the lower portion of the peridial wall.

D* gtobostts, sp. nov. Sporangia sessile, occurring singly or
in groups of two or three, i millimeter or less in diameter,
globular or slightly flattened and resting directly upon the
tissue of the host, deep orange, shining, opening irregularly ;
peridium thin, minutely granular when highl}7 magnified, the
interior surface more or less covered with yellow protoplasmic
nodules of variable size and refractive power; capillitium of a
few thick, blunt, sparingly branched, and irregularly nodular
hollow threads; spores orange yellow, adhering in masses,
smooth, i J^ to 3 t> in diameter.

AFFINITIES.

In its parasitic nature this organism resembles the Plasma-
diophora. In all other respects it is allied to the true Myxogas-
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tres. From its parasitic habit and custom of fruiting under
ground, it has become degenerate and differs materially from
the saproph^tic species. In the character of the sporangia and
color of the spores, its affinities are with the Tuchiacea) as de-
fined by Schrbter.41 It differs mateiially, however, from the
Tiichiacecs in having a poorly developed capillitium ; but it is
likely that this organ has degenerated and is gradually disap-
pearing, as It can serve in no possible way in the dissemination
of the spores.

HOW THE DISKASK SPREADS

The widespread dissemination of the disease has arisen by
infested nurseries sending trees into many \\idely separated re-
gions. A single nursery may be the means of spreading the
disease over an entire State or over seveial States.

An orchard with a comparatively small number of diseased
trees at time of planting will usually have few perfect trees re-
maining after the expiration of several years. This is particu-
larly true of orchards in irrigated regions on account of the
contagion being carried from tree to tree at times of irrigating.
In the Glendale orchard some of the trees were diseased when
planted. The actual number, however, that had galls upon
them was very small. After the expiration of eight years less
than i per cent, remained unaffected.

The conclusion seems to be warranted that the contagion can
be carried in the old, decayed galls as well as in the fresh tissue.
The spores are so small they can readily be carried by the wind.
The amoeboid bodies elsewhere described are particularly adapted
for carrying in water. The decayed galls which break from
the tree from time to time may be carried about by the culti-
vator. If the bark at the crown or on surface rootvS be broken
in cultivating, even on old trees, it gives the disease an oppor-
tunity to become established. Trees that are closely pruned
frequently sucker at the crown, and as the young sprouts break
through the bark an entrance is available for the parasite.

41 Die Naturlicheu Planzenfamihen, Englei and Prantl, Teil. I, Abt.
i, p. 20.
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Carelessness on the part of orchardists, at least to some extent,
accounts for the wide dissemination of crown-gall in the Salt
River Valley. The following specific example is suggestive :

The diseased trees dug up at the Glendale orchard were cut
into stovewood and sold to various farmers throughout the
neighborhood.

The stumps of these trees had a great many large galls upon
them, as shown in Fig. 30, and in the transportation of this
wood the galls became scattered throughout the neighborhood.
It hardly seems necessary to suggest that all galls should be
carefully gathered and burned when removed from the trees,
and that the diseased trunks should never be removed from the
premises.

LOSSES CAUSED BY CROWN-GALL.

With a plant disease that has been so little studied and so
little understood, it is not possible to arrive at definite conclu-
sions concerning losses incurred. From its wide dissemination
and the great variet}^ of economic plants that it infests, the
yearly losses caused by it must be very great. As the disease
usually attacks its host-plant underground, it has frequently
been overlooked by the fruit-grower and has not received the
attention that it merits. Thousands of trees have dwindled and
died or have failed to fruit or make a desirable annual growth
of wood without the owner recognizing the source of the trouble.
After carefully examining hundreds of trees in many different
orchards during the past seven years, I am convinced that at
least in Salt River Valley much of the trouble can be directly
credited to crown-gall.

Fig. 31 shows the present condition of an almond orchard at
Glendale, Arizona, that four years ago, at first appearance, im-
pressed me as being one of the finest and most promising almond
orchards that I had ever seen. Although at that time the trees
were badly diseased, but little evidence of it appeared above
ground. With each succeeding year a greater number of the
trees died outright or broke off at or just beneath the surface of
the ground, where developing galls had gradually weakened
the stem. A very conservative estimate would place the losses
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in this one orchard at at least ten thousand dollars. Probably
the losses to the deciduous fruit and grape growers of Arizona
from this disease amounts in the aggregate to from forty to
seventy-five thousand dollars annually ; possibly much more.

In California, where the fruit industry is many times what
it is in Arizona, the losses must be correspondingly greater.

The following letter, recently received, is indicative of the
loss to apples from crown-gall in the State of Washington :

OFFICE OF COMMISSIONER OF HORTICULTURE,
TACOMA, WASHINGTON, December 22, 1899.

Prof. J. W. TOUMEY, Tucson, Arizona.

DEAR SIR*: Several nurseries in this State are affected with
crown-gall in their apple stock, which has led to some extremely
sensational statements on the part of interested parties. Au-
thorities differ greatly regarding this affection, some assuming
that if the gall is cut off the tree is unaffected, while others con-
sider the affection so severe as to urge the entire destruction of
the nursery stock grown upon the ground where it has devel-
oped. Some argue that the soil is so impregnated with the
germs of the disease as to make it out of the question to grow
nursery stock upon it again until after many years of culti-
vation in other crops. I would like an expression of your
opinion regarding the trouble.

Yours truly,
(Signed) J. E. BAKER,

Commissioncr of Horticulture.

The following, quoted from Selby, shows something of the
losses resulting from the disease in Ohio :

< c From observations made in Ohio there seems no reason to
believe that peach trees affected with crown-gall at transplant-
ing age will ever come to successful fruiting." " Those which
actually survive will commonly be unprofitable." '' The writer
has made personal inspection of bundles of trees that contained
quite a proportion of diseased ones. One lot of four hundred
Smock had twenty-four diseased trees—that is, 6 per cent.
Other varieties from the same lot had about the same amount of
crown-gall." " One orchard in Lawrence county, containing
two hundred trees purchased in New Jersey, was grubbed out
at seven years of age without having borne a single profitable
crop, although other trees of like age situated near them had
yielded fruit. These trees were badly affected when delivered,
and were nearly all of them diseased at the time of removal.1'
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"Another parallel case occurred in Ottawa county. Two or
three neighbors purchased one thousand five hundred peach
trees in the fall of 1895. These were set in favorable land the
following spring and were examined by the writer in June,
1897. At the date of examination about 50 per cent, of the
trees in one lot were apparently affected with crown-gall.''

The seriousness of crown-gall in various and widely separated
portions of the country is certainly indicative of an enormous
annual loss to the fruit industry. In estimating the amount of
damage incurred by crown-gall, consideration must be given to
the fact that it usually occurs under ground and is rarely seen
except when the trees are taken from the nursery or when ex-
cavations are made at the crowns. The majority of diseased
trees live on year after year, but make less growth and in all
probability produce less and poorer fruit than healthy trees.
It is not sufficient for a tree to simply live. It must grow and
fruit abundantly in order to be profitable. The total annual
loss from this disease in this country in all probability reaches the
enormous sum of from $500,000 to $1,000,000, possibly much
more.

REMEDIES FOR CROWN-GALL.

So little is as yet known regarding this disease that few sys-
tematic attempts have been made to treat it by the application
of fungicides. My own experiments and those of Selby prove
conclusively that sulphur is of no value whatever. Bluestone,
when of sufficient strength, appears from the evidence that
we now have to be of material value, and when mixed with cop-
peras and lime it is the best of all materials yet experimented
with. Although in all my experiments with the paste pre-
viously described copperas was one of the ingredients used, I
believe that Milestone and lime made into a similar paste will be
found equally effective. Lime is recognized as the most effect-
ive remedy known in treating, or rather preventing, "club-
root," a well known and somewhat similar disease of cabbage.

From the position and character of the disease, it is evident
that no remedy will completely overcome it after the orchard
is once attacked. The best that can be done will be to keep
the galls from forming on the crowns of the trees, where they
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do the greatest damage. The galls which form deep down on
the lateral roots are of little moment compared with those which
come at the crown ; hence if an orchard be examined yearly
and all galls cut from the crowns and the wounds covered with
the bluestone-copperas-lime paste, there is no reason why a badly
infected orchard should not live and fruit for many years. It
is not reasonable, however, to expect that the trees will do as
well and fruit as abundantly as trees with perfect root systems.

Mr. J. E. Settler, of Mesa, Arizona, has been for the past
three years foreman of one of the largest and best almond
orchards in Salt River Valley. He has been very successful in
keeping the crown-gall from his trees by inspecting them once a
year, cutting off the hypertrophied tissue and applying the
bluestone-copperas-lime paste.

This disease is primarily a nursery disease, and when the trees
are in nursery rows it spreads with considerable rapidity. Trees
in the first and second years of their life are apt to suffer more
than older trees, and at this age the gall usually appears at the
most critical point—z. <?., the crown ; hence it is imperative that
trees be entirely free from this disease when received from the
nursery.

The safest advice that can be given to those planting orchards
is to get trees from nurseries where there is no crown-gall. If
young trees already having galls upon them be planted, there is
not one chance in a hundred that they will ever come to successful
fruiting. Of far more importance than this, however, is the fact
that by planting a diseased tree one introduces the disease into
his orchard. If bundles of trees are received having a few with
galls upon them, it is not safe to simply throw out the visibly
diseased ones. There is no reason why the remainder of the
bundle should not have the infection upon them from contact
with the diseased trees, and the whole should be destroyed.

The importance of this disease to the fruit industry of Salt
River Valley is such that a rigid inspection should be made of
all deciduous fruit trees planted. It is not sufficient, however,
to simply inspect the trees before planting. No nurseryman
should be allowed to sell a tree until his nursery has been passed
upon by a competent inspector.
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SPORE INOCULATIONS.

December 5, 1899, ripe spores were carefully renioved from
a sporangium by touching them with the tip of a moistened
needle and inoculations made at the crowns of four one-year-old
almond seedlings growing in the greenhouse.

January 2, 1900, one of these plants had galls developing at
the point of inoculation.

December 20, 1899, six almond seedlings about four months
old, growing in a pot of sterilized soil, were inoculated with
great care as follows: The peridium was carefully removed from
a ripe sporangium, a moistened needle inserted, and the spores
which adhered to the needle point were transferred to a needle
wound at the crown of each plant. January 20, 1900, the plants
were examined and two were found with developing galls at the
point of inoculation.

COMPARISONS WITH SOME RECENT INVESTIGATIONS ON
PLASMODIOPHORA.

I fully recognize the incompleteness of this investigation and
the uncertainties regarding certain portions of the work, but, as
other duties make it necessary for me to lay aside the work for
an indefinite period, I believe it best, on account of the great
economic importance of the disease, to publish the results that
I have obtained without waiting to make additional spore in-
oculations or to complete certain cytological investigations
which I have in view and hope to make as opportunity per-
mits.

Just as this paper was ready for the press I obtained a cop3r

of Dr. S. Nawaschin's recent investigations ^iPlasmodiophoia.^
In Dr. Nawaschin's investigations the diseased tissue of the
cabbage was fixed in strong Flemming and, with one or two
modifications, stained in the usual way. As my work was not
influenced in the least by that of Nawaschin, and as the dis-
eased almond roots with which I worked were also fixed in

*2Nawa$chm, Dr. S,—Beobachtungen uber den feineren Ban tind Um-
wandlungen von Plasmodiophora brassicae Woron. im Laufe ihres in-
tracellularen Lebens. Flora, 86 Bd., 404, 1899.



64 CAUSE AND NATURE OF CROWN-GALL

Flemming and stained in the usual way, the work admits of
comparison. Both diseases being evidently caused by slime-
molds, one would expect somewhat similar effects upon the tis-
sues of the respective host plants and some similarity, at least,
between the plasmodial stages of the parasites.

The following are some important similarities that may be
noted:

1. Both parasites induce acceleration of growth and cause
large galls of hypertrophied tissue on their respective hosts.

2. The cells infected by both parasites are almost instantly
blackened by osmic acid.

3. Vast numbers of small, spherical black bodies in both in-
stances appear in the diseased tissue when fixed in Flemming

4. Both parasites appear in their respective hosts as denseh
filling certain cells with frothy, vacuolar protoplasm.

5. Amoeboid bodies are present in certain phases of the vege-
tative development of both parasites.

6. Both parasites consume the cytoplasm of the host cell and
finally the nucleus.

7. The first visible effect of the parasites on the nuclei of
their respective hosts is to cause them to enlarge and assume
various abnormal forms.

8. In both diseases many c < erythrophyllar " bodies appear
in the diseased nuclei when fixed and stained.

In 1892 Hermann Miiller-Thurgau published a short account
of a slime-mold as causing galls on the roots of the pear.4' I
was unable to procure a copy of the publication containing this
account and until the completion of my studies was unaware of
its existence. At the last moment, however, I received a letter
from the author inclosing a typewritten copy of this ai tide.
It is a brief notice of the microscopical examination of galls
from the roots of the pear and an account of the finding of a
myxomycete in the large parenchyma cells of the h\ pertrophied
tissue. Small spherical bodies were also found in some cells
which were thought to be spores.

41 Miiller-Thurgau, Hermann.—Em Schleimpilz bei den Wurzelkropf
der Birnen. Jahresbericht der Deutschschweizerischen Versuchsstation
mid Schule fur Qbst-, Wein-, uud Gaitenbau in Widensweil, II (1891-
1892).


