THE ROSETTE DISEASE OF BLACKBERRIES AND
DEWBERRIES '
By A. G. PLAKIDAS
Associate plant pathologist, Louisiana Agricultural Experiment Station
INTRODUCTION

In a previous publication (5) ^ a brief, nontechnical account of
the rosette disease of blackberries and dewberries with recommendations for its control was given for the use of growers. The purpose
of the present paper is to present the experimental data gathered
during 5 years of study of the disease and its causal agent.
THE DISEASE
SYNONYMY

The rosette disease is undoubtedly identical with the one described
by Cook (i, 2) under the name '^double blossom.^' The double
blossom disease has been studied on cultivated blackberries in southern
New Jersey and on wild blackberries in Virginia, in the vicinity of
Washington, D. C. Isolates of the causal fungus obtained from wild
blackberries in Virginia, and from typical double-blossom specimens
sent from Florida have been found to be identical with those obtained
from * ^rosette'' material in Louisiana and have produced the typical
rosette disease when inoculated into healthy plants. The term
^'rosette^', as a name for this disease is preferred for the following
reasons: (1) It appears to have priority over '^double blossom'',
since Norton (4) used it in an earlier publication; (2) it is descriptive
of the symptoms, while double blossom is not, since the affected
blossoms are distinctly not double; and (3) the disease has been
known by this name for many years in the Louisiana area.
DISTRIBUTION AND ECONOMIC IMPORTANCE

Apparently Earle was the first to recognize the rosette disease. He
collected specimens of affected plants (variety not stated) in Cobden,
111., and sent them to Winter, who in 1885 described the fungus
associated with the disease as Fusisporium (?) rubi (9), The disease
is not mentioned again in the literature until 24 years later, when in
1909 Norton (4) reported it, under the name of rosette, as being
serious in Maryland. In 1910 Cook (1) reported it, under the name
double blossom, as being very destructive to blackberries and dewberries in Delaware, and the following year he (^) published a detailed
account of it, giving experimental proof of the pathogenicity of the
fungus found associated with it. In this accoimt Cook accepted
Winter's name for the causal organism but did not attempt to classify
it. In the same year, Keimer and Detjen (6) reported the disease as
1 Received for publication July 29, 1936; issued April 1937.
2 Reference is made by number (italic) to Literature Cited, p. 302.
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being serioiis on dowberries and blackberries in North Carolina.
These authors also produced the disease by inoculating healthy blackberries and dewberries with the fungus found associated with it, and
a culture of this fungus which was sent to Cook was determined by
him to be identical with the one foimd causing the disease in Delaware. The disease occurs in southern New Jersey where, in some
years at least, it becomes very destructive. In addition to the States
mentioned above, it is known to occur in Virginia, Kentucky, Ala-

FiGURE 1.—Rosette on wild dewberry (Rubus frivialis): A, Kosette cane; B, hciilthy canes. Approximately one-third natural size.

bama, Mississippi, Florida, Arkansas, Missouri, Louisiana, and
Texas. It is safe to state that the disease is present in all the south
and southeast section of the United States, from New Jersey to
southeastern Texas, and from the Gulf of Mexico to soTithern Illinois.
How far west it extends is not laiown. In the herbarium of the
Louisiana State University there is a specimen of wild blackberry
(species not stated) collected by J. F. Joor in Ilarrisburg, Tex., in
1876, which shows the typical symptoms of rosette. The collector
apparently was not aware that this material was diseased. The

Feh. 15,1937

Eofteüe Disease of Blackberries and Dewberries

277

disease was reported from Texas in 1922.' Apparently it has never
been reported from the Pacific Coast States, where bhickberries and
dewberries are extensively grown.
In Louisiana the disease is very widespread and very destructive.
It occurs in great abundance on wild blackberries and sometimes on
wild dewberries. It is especially destructive on cultivated blackberries
and dewberries and seems to have been the factor limiting the commercial growing of blackberries and dewberries in that State.
DESCRIPTION

The disease is easily recognized by the rosette or witches'-broom
type of growth (fig. 1) which appears on aflfected canes in the spring.
Healthy canes give
rise to simple shoots
(fig. I, B), while diseased canes produce
nudtiple shoots (fig.
1, A) which develoj)
in the form of witches'
brooms. The color of
the rosette foliage, especially in the later
stages, is a lighter
green than that of the
healthy leaves and
often becomes yellowish brown to bronze.
In cases of severe infection, every bud of
a cane may be so diseased tliat the entire
cane becomes a mass
¡,
.. T
, ,

2.—unopened blossoms from healthy and rosetted plants of
üubusabundißoms: A,llQmhy;B,áise!ise<i. Approximately twice
natural size.

FIGURE

01 Witches brooms;
more often, however, one or more lateral branches only are affected.
Wliile as a rule diseased shoots produce a larger number of blossoms,
not infrequently the rosette growth may be entirely vegetative. The
diseased blossoms are characteristically different from healthy ones.
The young, unopened healthy blossoms are round, tightly closed, and
compact (fig. 2). The diseased ones are elongated, puffed, larger in
size (fig. 2), and almost invariably sterile, although occasionally a
few drooplets may set and develop into much deformed berries. "The
sepals enlarge and occasionally change into leaves (fig. 3, A). The
petals are also larger and usually more pink than those of the healthy
blossoms and are ruffed in such a way as to appear double. Not infrequently the petals fail to unfold. Occasionally, some or all of the
petals of a blossom may become green and Icaflike. The stamens
become abortive early in their growth, seldom reaching the stage
when pollen is matured. The pistils are usually larger than those of
the healthy blossoms and occasionally the receptacle may fail entirely
to develop, leaving a hollow space in the center of the blossom.
Sometimes also the receptacle and the pistils may assume a teratological type of growth, the base of the receptacle elongating, stemä HASKELL, E. }., and WOODS, J. I. BLAI'KBKKRY, LOOANBEKRY, AND DEWBERRY, tl. S. Dept. Acr.
Bur. Plant Indus. Plant Disease Bnl. Sup. 20; 113-114. 1922. See p. 114.
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like, and the pistils enlarging and remaining open, leaflike (fig. 3, B).
Soon after the blossoms open the pistils and stamens becon\e covered
with a whitish material which consists of the mycelium and spores of
the causal fungus.
The symptoms vary somewhat on different hosts. In the case of
the Brainerd blackberry the petals almost invariably fail to unfold
(fig. 3, C). The Nanticoke blackberry shows the most atypical

3.—A, Blos.som of Brainerd blackberry affected with rosette, the (sepal have chanyed into normal
leaves); approximately natural size; B, blossom of the Gardena dewberry affected with rosette, showing
teratological type of growth, base of receptacle elongated, petals green, and carpels opened; approximately one-half natural size; C, blossom cluster of the Braineni blacki^erry affected with rosette,
showing unfolded petals, a characteristic symptom on this variety; approxiinately one-half natural size.

FIGURE

symptoms. On this variety the shoots
on healthy plants, or two to three may
the typical rosette or witches'-broom
affected blossoms, however, as in other

may develop singly, like those
arise from the same node, but
growth does not form. The
hosts, do not set fruits.

HOST SUSCEPTIBILITY

The rosette disease is apparently limited to wild and cultivated
species and varieties of the genus Rubus. Cook (2) found it very
severe on the Lucretia dewt)erry and the Rathbonc blackberry.
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Reimer and Detjen (6) list the Wilson blackberry, the Lucretia dewberry, and a wild blackberry (R. nigrobaccus) as affected by the disease
in North Carolina. In Louisiana it has been found on the following
species and varieties:
BLACKBERRY

Wild species: R. abundiflorus and R. louisianicus (?).
Cultivated varieties: Brainerd, Crystal White, Joy, Jumbo, Lawton, McDonald,
Mersereau, Nanticoke, U. S. D. A. No. 459, and Ward.
DEWBERRY

Wild species: R. trivialis and R. sons.
Cultivated varieties: Gardena, Lucretia, and Young (Youngberry).

All these species and varieties have been growing side by side in the
test plot in Baton Rouge during the last 4 years and it has been possible
to make observations on their comparative resistance or susceptibility.
All the cultivated varieties of blackberry, the wild dewberry Rubus
sons, and the cultivated dewberry varieties Gardena and Lucretia,
were found to be very susceptible. The wild blackberries, R.
abundiflorus and R. louisianicus, and the Young dewberry are somewhat less susceptible. The wild dewberry R. trivialis appears somewhat resistant, and the disease only rarely occurs on it in nature. If
inoculated with the causal organism, however, it takes the disease very
readily and very severely (fig. 1). Consequently this species seems to
escape infection rather than to possess any inherent resistance. It is
believed that it escapes infection because of its procumbent habit of
growth. Its primocanes (new canes) are usually covered by weeds
and are not exposed to the spores of the fungus. Moreover the earlyprimocanes are weaker than those produced later in the season after
the period of infection has passed and are usually smothered by the
later rank growth. The Himalaya blackberry appears to be immune.
No sign of the disease was ever noted on this variety, although it has
been growing by the side of severely diseased plants in the test plot
for 4 years. The Brainerd, on the other hand, which has the Himalaya
as its maternal parent (3), has been found very susceptible under
Louisiana conditions, although Darrow and Waldo (3) state that the
disease is not serious on it in North Carolina.
THE CAUSAL FUNGUS
CLASSIFICATION AND NOMENCLATURE

Winter (9) first described the organism associated with the rosette
disease from material sent to him by Earle from Cobden, 111., in 1885 as
Fusisporium (?) rubi. That there was doubt in Winter's naind about
placing the fungus in the genus Fusisporium is evident from the fact
that in his description he placed a question mark after the generic
name. Winter describes the spores of this fungus as 14/^-30/^X3.OAt~
S,5fx in size and one to three septate. Three years later Earle distributed specimens (Seymour and Earless Economic Fungi, no. 25)
of additional material collected at Anna, 111. (not far from Cobden).
According to Cook (2) this material was from Rubus villosus Ait. var.
Wilson's Early blackberry. In 1911 Cook {2), in his account of the
^^double blossom'' disease, described the fungus which he found
causing this disease. Although the spores of his fungus were much
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longer and had more septa (14/í-53M long, one to eight septate) than
those of the one described by Winter, Cook considered the two to be
identical. The fact that Winter^s and Cook's measurements of the
spores do not agree is not considered significant because, as is brought
out later in this paper, the fungus is extremely variable.
In 1917 Wollenweber {10) reexamined Winter's original specimens,
and changed the name of the fungus to Ramularia rubi (Wint.).
Although Winter's original specimens have not been seen by the
writer, a specimen of Earle's later material was obtained through the
courtesy of C. L. Shear, formerly principal pathologist, United States
Department of Agriculture, for comparison with the Louisiana
fungus. This specimen, which consisted of one blossom, was labeled
as follows:
Fusarium rubi Wint.
On Ruhus villosus (cult.)
Causing "Double Blossom."
Anna, Illinois. June 13, 1888.
F. S. Earle
{Ramularia rubi (Wint.) Wollenweber)
See Sherbakoff

The macroscopic appearance of this specimen was typical of blossoms affected with rosette in Louisiana. An examination of 100
spores from this specimen gave the following results:
Spore size: 13.6/t-64.6/iX3.06/i-3.74iu; average 30.36AtX 3.30M.
Septation: 0-7; average 2.7 septa per spore.
Shape: Ratio of straight to curved spores, 1:1.09.

These measurements agree rather closely, considering the extreme
variability of this fungus, with the measurements obtained from the
Louisiana material. The conidiophores, also, were similar to those
from Louisiana material (fig. 4, C).
It is evident that Winter's tentative classification of the fungus
was incorrect. The fungus plainly is not a Fusarium (Fusisporium).
The question then is, since its perfect stage is not known, whether it
should be placed in the genus Ramularia, as was done by WoUenweber {10), or in the genus Cercosporella. Some of the spores, especially of certain microsporic strains, are typical of the genus Ramularia—hyaline, oblong, cylindric (fig. 4, D-F). On the other hand,
the hyaline, long filiform, decidedly curved, tapering spores (fig. 4,
G-L) characteristic of many strains, are typically those of Cercosporella. The sporophores (fig. 4, A-B), although short, are of the
Cercosporella type. For these reasons it is believed that the fungus
fits better in the genus Cercosporella than in Ramularia, and is therefore, designated as Cercosporella rubi (Wint.) comb. n.
DESCRIPTION

The mycelium is hyaline, septate, very slender, generally 1.5/x or
less in diameter, although some branches of aerial hyphae may be
thicker, 2.0/¿-2.5/i. The hyphae anastomose freely, forming a rather
dense mycelial network. The anastomosing occurs both in culture
and within the host. In culture the network is cemented together
by a jellylike substance and the colonies are of a rather tough.
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FiGüKE i.—Cercosporella rubi: A and U, Sporophores from blossoms of the Lucretia dewberry, Hammond,
I^a.; X460. C, Sporophores from Earle's specimen, Anna, I¡1., 1888; X 2«0. Z», Short type of spores,
mostly three-septate, from blossoms of liubus ahvndiflorus; X 3fi0. E, Long, constricted, mostly multiseptate spores, from blossom of Nanticoke blackberry; X 47fl. F, Spores from blossom ol the McDonald
blackberry similar to those in E: X fiSS- 0, Long, curved, taperiuK type of spores from blossom of Young
dewberry. Franklin. La.; X 0S5. II, Spores from Young dewberry blossoms from Baton Rouge, La.,
similar to those in O; X 200. I-L, Long, curved, tapering type of spores from blossoms of Oardena dewberry, Uammond. La.; X 450.
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slippery, rubbery consistency. The fungus grows well on a variety
of media (Czapek^s, bean-pod, potato-dextrose, and corn-meal agars
and autoclaved blackberry stems and bean pods). It makes its
best growth on bean pods. The fungus is slow growing, and the
colonies have never been very large on any of the media tried. It
sporulates fairly well in culture, but never so abundantly as it does in
nature on withered blossoms.
The fungus is extremely variable in regard to length, curvature, and
degree of septation of the spores. The following examples illustrate
this variability:
(1) Spores from one blossom of naturally infected Young dewberry,
collected in Baton Kouge, April 19, 1935; 100 spores were studied.
Length: 17.0/^-85.0^, average 40.9/1. Septa: 1 to 7, average 2.8 per
spore. Shape: 72.5 percent curved, and most of the spores decidedly
tapering (fig. 4, G, H).
(2) From the same material as in (1), but from a different blossom.
Length: 13.6/t-37.4)u, average 21.1^. Septa: 0 to 4, average 1.9 per
spore. Shape: 22.9 percent curved, and most spores blunt.
(3) From the same material as in (1) and (2), but from a different
blossom. Length: 20.4/1-81.6/z, average 36.0At. Septa: 1 to 9,
average 3.6 per spore. Shape: 55.0 percent curved, and most spores
pointed.
These examples show the necessity of examining more than one
sample of material in order to get a true picture of the characters of a
variable organism. It is probably that Winter, in his original description of this fungus, happened to examine a specimen that contained
the short type of spores.
Similar variations were noted in material from other varieties of
blackberries and dewberries (McDonald, Nanticoke, Lawton, Brainerd. Jumbo, Gardena, Lucretia) collected from different localities and
on different dates from April 19 to May 11, 1935. Measurements
were made of 18,385 spores from 186 blossoms (approximately 100
spores from each blossom). Wide variation in the length, shape, and
degree of septation of the spores from different blossoms and even
between the spores from two adjacent blossoms on the same flower
cluster was observed.
The smallest averages found in any one of the 186 groups for length,
septation, and percentage of curved spores were 21.1/t, 1.9 septa per
spore, and 18.0 percent curved spores and the highest were 53.2/^,
4.9 and 88.0 percent, respectively. A summary of the measurements
for the 186 groups follows:
Length: 17.1/t to 57.6/i, average 33.lAt. Septa: 0 to 11, average,
2.97 per spore. Percentage of curved spores: 18.0 to 88.0, average,
48.36.
Groups with short spores predominated. The minimum length of
spores lies within a relatively narrow range, 81.5 percent of the mean
minima of 186 separate lots of spores measured (approximately 100
spores per lot) ranged between 13.0/i and 19.0/i. The average length
of spores also was relatively narrow, 87.0 percent of the averages of
the same 186 lots ranging between 25fx and 40fx. The mean maximum
length of spores, however, was very wide, between 30/t and 96/t, and
so irregular that when the mean maxima of the 186 lots were plotted
a broken zigzag curve was obtained.
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That the variations noted in this fungus are not constant is shown
by a case noted in April 1934. While making isolations from rosette
blossoms of the wild blackberry Rubus abundiflorus one isolate was
obtained which differed from the others in two important respects.
It sporulated very profusely in culture, which is not a characteristic
of this fungus; and its spores were much longer than those of the other
isolates. The spores averaged 62.7M in length, approximately twice
that of the average length of spores of most isolates. It was subcultured on different media (bean-pod, Czapek's, Cunningham's, and
potato-dextrose agars) several times for a period of over 1 year, and it
continued to sporulate profusely, producing long spores.
This isolate was then used to inoculate healthy primocanes of the
Young dewberry. It produced infection, showing about the same
degree of pathogenicity as other isolates. However, when measurements were made of spores produced on the blossoms it was found that
they were of approximately the same size, shape, and degree of septation as those produced on plants inoculated with other isolates or
those produced by natural infection. Furthermore, none of the reisolations made (52 in all) from blossoms of the plants inoculated with the
long-spored strain have produced long spores. Therefore, the fungus
has reverted to type after passage through the host.
Other measurements of spores from composite samples (a spore
suspension was made from several blossoms from each sample) made
at different times during 1933 and 1934 from different varieties of
blackberries and dewberries, gave results which agree very closely
with those for the 186 groups shown above. These were as follows:
Number of spores measured, 900; average size of spores, 34.8iuX3.7/x;
range in size of spores, 13.6/^-69.0AtX2.7)u-4.4/x; range in septation,
0-12; average number of septa per spore, 3.04; ratio of straight to
curved spores, 1:1.04.
The conidiophores (fig. 4, Aj B) are hyaline, rather short, mostly simple, occasionally branching, rarely septate, 3.4/i-4.2/zX5.0At-27.0/x,
average 3.8/^-12.7^. Measurements of conidiophores from different
samples gave the following figures: Number of conidiophores measured, 130; average size, 3.8MX12.7/¿; range in size, 3.4/x-4.2/xX5.0At27.0M; septate (1 septum), 20; branched, 7; spore scars, 1-7, average
per conidiophore 2.8.
REVISED TECHNICAL DESCRIPTION

Cercosporella ruhi (Winter) comb. n.
Mycelium septate, hyaline, thin, generally 1.5^ or less in diameter, aerial hyphae
thicker, 2.0/i-2.5/>i in diameter, anastomosing very freely both in culture and
within host buds, forming netlike type of growth. In culture colonies usually
slimy and of tough, rubbery texture. Conidiophores arise as side branches, singly
or in fascicles, hyaline, short, usually simple, rarely branched, rarely septate (1
septum), 3.4AI-4.2)UX5.0AI-27.0//, average 3.8MX 12.7M, and with 1 to 7 spore scars.
Conidia hyaline, cylindric to tapering, straight to curved, 0-12 septate, averaging
about 3 septa per spore, with or without constrictions at septum, very variable in
length, 13iU-96MX2.7Ai-4.7At, average 33.8MX 3.8M. Mycelial stage occurs within
vegetative and floral buds of host, sporulating profusely on opened, withering
blossoms. Sporulation in culture usually sparse. On wild and cultivated species
and varieties of Rubus, causing ^'rosette'' or "double blossom" disease.
EFFECT OF TEMPERATURE ON THE FUNGUS

The effect of temperature on the rate and type of growth and on
the sporulation of the fungus in culture was determined. Cultures
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were incubated at the following temperatures: 6°, 9°, 15°, 17°, 21°
27.5°, and 31° C. For the most part, large agar slants, 50 cc of agar
in 125-cc flasks, were used in order to prevent rapid drying of the
medium, especially at the higher temperature ranges, since the fungus
is a slow grower and several days must elapse before it makes measurable growth. However, agar plates and tube slants were also used.
Bean-pod agar was found to be a favorable medium for the fungus
and was used in the temperature studies.
The results obtained, based on the averages of several trials, are
shown graphically in figure 5. Readings were taken at the end of
1 and 2 weeks. The
30
optimum temperature
for growth was about
/
25^ C. The fungus
z 25
grew fairly well at
(/)
UJ
27,5° to 28°, but
/\
z 20
growth practically
o
/
stopped at 31°. No
O
measurable growth at
u
/
\
15
the end of 7 days,
u.
o
and only traces of
/
tí.
growth at the end
/
,/
Hl
of 14 days, was obH
üJ
served at this tem/
z
/
\I
perature. The min<
>
imum temperature at
o
/
which there was
\
growth appears to be
15
20
25
30
35
10
between 6° and 9°.
TEMPERATURE C'C.)
Only traces of growth
FIGURE 5.—Effect of different temperatures on the growth of Cercosporella rubi in culture. Diameter of colonies (a) at the end of 1 had occurred at 6°
week; (&) 2 weeks.
by the end of 14
days and no apparent growth by the end of 7 days.
The influence of temperature on the growth of the fungus is considered important, for it is beUeved that high temperature is one of
the factors limiting the period during which infection takes place.
This point is discussed in more detail later in this paper.
No spores were produced at temperatures of 6°, 9°, and 15° C.
Sporulation was at its maximum between 21° and 25°, and again
became less at 27.5°. There seemed to be some difference in the
degree of sporulation in the different containers. At the lower
marginal temperature range (15° to 17°) spores were fairly plentiful in
the Petri dish cultures, but very few were found in the tube and none
in the flask cultures.
Temperature and, apparently, the moisture content of the medium
had a pronounced effect on the type of growth of the fungus. At the
lower temperatures (15° to 17° C.) where the moisture content of
the medium in the three types of containers (tubes, plates, and
flasks) was approximately equal owing to the low rate of evaporation,
the colonies in all three types of containers were about the same in
appearance—raised with white, somewhat cottony aerial growth. At
25° the colonies on the plates were flat, spreading, with white, dry,
somewhat powdery surfaces. In the flasks the colonies were much
I

'A

A
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raised; their centers contained hornlike outgrowths twisting counterclockwise, and their margins were slimy. The colonies in the tubes
were intermediate in appearance between those on the plates and those
in the flasks. At the still higher temperature (27° to 28"^) the colonies
on the plates were thin, spreading, white to grayish, felty to powdery.
In the flasks all the colonies, except small areas in their centers, were
slimy.
CYCLE OF THE DISEASE
Infection takes place on the primocanes in the spring from spores
produced on the blossoms. The spores fall on the young buds,
germinate, and the mycelium penetrates and grows within the buds,
filling the spaces between the embryonic bud elements. As the
infected buds grow and give rise to secondary or lateral buds, the
mycelium also g1:*ows and follows and invades the new buds as they are
formed. Later in the season, when flower buds begin to differentiate,
these also are invaded. The infected primocanes grow normally the
first season, showing no external symptoms during the summer and
fall,* but on resuming growth the following spring the infected buds
form the rosette or witches'-broom type of growth. When the infected blossoms open, spores in great profusion are produced on them,
chiefly on the stamens and pistils, and the cycle is completed. Thus,
the fungus exists in the mycelial stage within the buds for about a
year and sporulates on the blossoms only.
PATHOGENICITY
The pathogenicity of this fungus was first established by Cook (i, ^)
and later by Keimer and Detjen (6), The results obtained in Louisiana fully confirm those of these previous workers. Infection experiments were carried on from 1931 to 1935, the results of which are here
presented.
THE 1931 INOCULATION TESTS

Thirty-six plants of wild blackberry {Rubus abundiflorus) which
were kept under observation for 2 years and were known to be free of
rosette were treated as follows: (1) 12 were inoculated on May 18 by
spraying the primocanes with a water suspension of spores and mycelium from a 10-day-old culture of the fungus on potato-dextrose agar.
(2) These 12 plants and 8 additional ones were inoculated in the same
manner on July 15, August 17, October 3, November 16 and 20, January 15, and February 1. The plants were growing outdoors. (3)
Sixteen untreated plants were kept as checks.
The results of the inoculations were recorded on February 19, 1932.
The surviving 13 of the original 16 noninoculated check plants and
the 8 plants that were included in the inoculation scheme beginning
July 15 remained entirely free of rosette.
Of the 12 plants which were inoculated first on May 18 and also
on the subsequent dates indicated, 10 survived and 2 died. Of the
surviving 10, 7 were affected with rosette in varying degrees of severity,
from 2 buds on one plant to all the buds on some of the other canes.
Three of the 10 remained free of rosette.
* In some years, when the weather is mild in late fall, the infected buds may begin to grow prematurely
and show the rosette symptoms. Otherwise the symptoms do not appear until late February or early
March.
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The results of this more or less preliminary test indicated that the
fungus was capable of producing the disease, and that infection apparently took place early in the season, since only the plants that
were included in the first inoculation (May 18) contracted the disease,
all others remaining healthy even though inoculated seven different
times.
TABLE

1.—Plan and results of the 1932 inoculation experiments

Date inoculated

Number and kind of plants inoculated

Inoculum 1

Results 2

Apr. 22

[10 wild blackberries {Rubus abundiflorus).
13 wild dewberries (R. trivialis)
[26 canes of i?. abundiflorus

A
A
B

Severe infection, 8; no infection, 2.
Severe infection, 7; no infection, 2; dead, 4.
Severe infection, 8; light infection, 2; no infection, 8; dead, 8.
Very severe infection (practically every
bud on every cane diseased), 1; no infection, 6.
Infected, 5; healthy, 3; dead, 2.
Infected, 6; healthy, 2.
Infected, 10; dead, 2.
Infected, 5; healthy, 4.
Infected, 18; healthy, 5.
Infected, 10.
Severe infection, 1; light infection, 3; no infection, 11.
Very slight infection, only 2 buds on one
plant.
Very slight infection, 1 rosette bud on each
plant.
No infection.
Very slight infection, only 2 buds.

7 plants of R. abundiflorus..
May 9

May 19
June 3
Sept. 3
Sept. 18

10 plants ofR. abundiflorus
8 plants of jR. abundiflorus
12 plants of JR. imia/i«
9 canes of R. abundiflorus
23 canes of R. abundiflorus
10 canes of R. abundiflorus
15 plants (90 canes) of R. abundiflorus.
5 plants OÎR. abundiflorus
.2 dewberry plants (Young variety).
'2 plants OÍR. abundiflorus
.1 dewberry plant (Young variety) _

A
B
B
C
A
B
B

1 A=Water suspension of spores from naturally infected blossoms; B=water suspension of spores and
mycelium of Cercosporella rubi from pure cultures; C=dry inoculum of spores from naturally infected
blossoms.
2 The term "dead" refers to individual canes and not to the entire plant. Dying of canes was not due
to rosette. The early spring canes are often smothered by the more vigorous later growth.
THE 1932 INOCULATION TESTS

The scheme of the 1932 inoculation experiments and the results
obtained are shown in table 1. Equal numbers of noninoculated
control plants (not shown in the table) were provided in every case.
All the control plants remained healthy. The plants used in this
experiment were located outdoors. They were all young plants, set
out in January 1932, and were known to be free of rosette. In these,
as well as in subsequent infection experiments, the following methods
were used for inoculating the plants:
(1) The dry-inoculum method: Dry infected blossoms were crumbled in a dish, and the debris (which consisted ol spores and mycelium
of the fungus, and pieces of the flower tissues) was picked with a brush
and placed on the buds of the canes to be inoculated, at the same time
pressing gently with the brush so as to tease the bud scales open to
allow the inoculum to lodge between them.
(2) The wet-inoculum method: The wet inoculum consisted of a
water suspension of spores and mycelium of the fungus, made either
from pure culture or from naturally infected blossoms. The inoculum
was either sprayed on the canes by means of a small insect sprayer,
or placed in a flat pan and the canes dipped in it. In either case, the
buds were teased with a brush so as to allow the inoculum to lodge
between the scales.
As shown in table 1, infection was secured repeatedly, both with
pure cultures of the fungus and with spores from naturally infected
blossoms. It should be noted that only slight infection resulted
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from the September inoculation. This fact, which was also brought
out by other experiments, is important because it has a bearing on
the length of the period during which infection may take place.
THE 1933 INOCULATION TESTS

In the 1933 infection experiments, only pure-culture inoculum was
used. The kind and number of plants inoculated and the results
obtained are summarized in table 2. The plants were located outdoors. Corresponding noninoculated control plants (not included in
the table) were provided in every case. The control plants remained
healthy except' the Crystal White variety in which one small lateral
on one plant and two buds on another were rosetted, and the Mersereau
variety in which three buds on one plant were rosetted, apparently
the result of natural infection.
As shown in table 2, infection was secured very readily on all
species and varieties inoculated from May 3 to June 22. No infection
resulted from the inoculations made during July and August, and only
slight infection from the September 28 inoculation. Rather heavy
infection was obtained from the inoculation made on October 17.
TABLE

2.—Plan and results of the 1933 inoculation experiments; pure inoculum
was used

Date of inoculation
Mays
May 8 ._
May 23
June 5
Do
Do _.
June 7
June 22
July 6 ...
Do
July 24
Aug. 15
Aug. 29
Sept. 28
Oct. 17

Number and kind of plants inoculated

Results

36 canes of wild blackberry (Rubus Infected canes, 21; healthy canes, 14; dead
canes, 1.
abundiflorus).
54 canes of wild dewberry (R. trivialis). Infected canes, 19; dead canes, 35.
15 canes of Crystal White blackberry.. Very severe infection; practically every
bud on every cane diseased.
Infected canes, 16; healthy canes, 13; dead
32 canes of 12. abundiflorus
canes, 3.
18 canes of blackberry, V. S. D. A. Very sevtre infection; practically every
Selection No. 459.
bud on every cane diseased.
9 canes of Mersereau blackberry
Do.
Very severe infection, every cane infected.
1 plant (6 canes) oiR. sons
Infected canes, 19; healthy canes, 6; dead
28 canes of R. abundiflorus _
canes, 3.
16 canes of R. abundiflorus _
No infection.
20 canes of Young dewberry
.__ _
Do.
16 canes of R. abundiflorus
Do.
22 canes of R. abundiflorus
Do.
19 canes of R. abundiflorus
Do.
2 buds on 1 cane and 3 on another infected;
17 canes of R. abundiflorus
all others healthy.
14 canes of H- ahvMdifl.ñrux
Infected canes, 8; healthy canes, 4; dead
canes, 2.

THE 1934 INOCULATION TESTS

The plants employed in the 1934 infection experiments were
located outdoors, in the same place as those used in the infection tests
of the previous year. The results are given in table 3. Adequate
control plants were again provided, but, for the sake of brevity,
these are not included in the table. All the control plants remained
healthy except the Lucretia dewberry on which an occasional rosette
bud occurred, the result of natural infection.
The results obtained are comparable to those of the previous year.
Infection was secured readily from May 19 to June 10. Practically
no infection occurred from the inoculations made from June 30 to
^September 25. Since an occasional rosette bud appeared on the noninoculated control plants of the Lucretia variety, it is very probable
134067—37
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that the slight amount of infection noted on some of the plants of this
variety inoculated on June 30 and August 13 (table 3) resulted from
natural infection earher in the season. This supposition is strengthened by the fact that in none of the previous tests was infection
secured from inoculations made during August.
SUMMARY OF THE RESULTS OF ALL INFECTION TESTS

The results obtained from 4 years' inoculation experiments (1)
establish the relation of Cercosporella rubi as the causal agent of the
rosette disease of blackberries and dewberries, and (2) demonstrate
that there is a period, from the latter part of June to the latter part
of September during which infection either does not take place at
all, or takes place with difficulty. The latter fact is very important
from the standpoint of controly especially since other experiments
have shown that the period duriag which natural infection occurs is
even shorter than that obtained in the inoculation tests.
TABLE
Date inoculated

3.—Plan and results of the 1934 inoculation experiments

Number and kind of plants inoculated

Inoculum 1

Results
Severely infected, 4 plants; healthy, 2
plants.
Every inoculated cane became infected.
Do.
Infected, 7 plants; healthy, 1 plant.
Infected, 3 plants; healthy, 2 plants.
Infected, 8 canes; healthy, 20 canes.
Infected, 16 canes; healthy, 2 canes; dead,
24 canes.
32 of the 54 inoculated canes died; the surviving 22 were healthy except for 1
rosette bud on each of 2 canes.
No infection.
Do.
23 of the 47 inoculated canes died; the surviving 24 canes were healthy except for 2
rosette buds on 1 Oane and 3 on another.
13 of the inoculated canes died; the surviving 19 canes were healthy except^for 3
rosette buds oh 1 cane.
No infection.
Do.

May 19

6 Young dewberry plants (19 canes)

A

May 30
June 5
Do_
Do
June 10
Do.._.

10 Young dewberry plants (46 canes)
5 Young plants (27 canes)
8 Young plants (36 canes)
h Young plants (30 cfl-Ties). -,
.
6 Young plants (28 canes)
.. _
9 Lucretia dewberry plants (42 canes)

A
B
C
A
A
A

June 30

9 Lucretia plants (54 canes)

A

July 21
Do.
Aug. 13

10 plants of/Íí¿6w5 aowwdi/ïorws _ ._
10 Young plants (56 canes)
10 Lucretia plants (47 canes)...

B
B
C

Do.

6 Lucretia plants (32 canes).

_.-

B

Sept. 6
Sept. 26

10 plants of R. abundiflorus
10 Young plants (62 canes)

___

B
B

1 A=Water suspension of spoires from naturally infected blossoms, not a pure culture; B=water suspension of mycelium and spores of a long-spored isolate (B-307) of Cercosporella rubi from pure cultures;
C=water suspension of mycelium and spores from pure culture of a normal-spoied isolate of C. rubi.

SPRAYING EXPERIMENTS
THE 1931 EXPERIMENTS

In 1931, before the pathogenicity of Cercosporella rubi had been
established, two spraying experiments were carried out which demonstrated that bordeaux mixture would control the disease effectively
if the spraying was done at the proper time.
The first experiment was conducted on a small planting of blackberries and dewberries at the Fruit and Truck Experiment Station in
Hammond, La. The plants had been set out about 5 years before
the experiment began, and in the spring of 1930 and 1931 were so
badly infected that practically every fruit cane on every plant was
severely rosetted. This planting offered an exceptionally favorable
testing ground for determining the efficacy of spray.
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The planting consisted of 15 short rows (approximately 14 plants to
the row) made up of 8 rows of McDonald blackberries and 7 rows of
Lucretia dewberries. Eight rows (four of blackberries and four of
dewberries) were sprayed and seven alternate rows (four of blackberries and three of dewberries) were left unsprayed as checks.
The spraying with 4-4-50 bordeaux, which was confined for the
most part to the primocanes, although some of the spray reached the
fruit canes, was done on the following dates: In 1931 on May 6 and
13, June 10, 18, and 29, July 21, August 4, 13, and 28, September 8
and 22, October 18, November 9 and 23, December 11, and in 1932
on January 8, February 3, 10, and 18.
The reason for this extensive spraying, which as a control measure
was admittedly economically impracticable, was to determine whether
the disease could be controlled. At the time of the spraying the cause
of the rosette disease was not known and it was reasoned that if a
fungus were the causal agent, it should be possible to prevent infection
if the canes were kept covered with spray throughout the year.
The results were recorded in March 1932, although the nonsprayed
plants began to show rosette symptoms as early as the last part of
December 1931. Very sharp and clear-cut results were obtained.
Both blackberries and dewberries of the nonsprayed checks were very
severely rosetted. The sprayed blackberries were^ entirely free of
rosette, and all except one of the sprayed dewberriers were free of
rosette. On this one plant practically every bud on the three canes
which developed was rosetted. While this one exception was very
puzzling and could not be explained at the time, subsequent work has
shown that, under certain conditions, the fimgus may become systemic in the crown of dewberry plants and when this occurs spraying
has no effect.
The second spraying experiment was conducted in a commercial
planting near Baton Rouge. This planting, consisting of McDonald
blackberries and Lucretia and Young dewberries, was so severely
affected with rosette in the spring of 1931 that the yield was reduced
by about 60 percent.
Portions of 8 rows of dewberries (63 Young and 70 Ijticretia plants)
and portions of 4 rows of blackberries (McDonald) were sprayed with
4-4-50 bordeaux on the following dates: October 22, November 5,
December 5 and 22, 1931, and January 16 and 28 and February 6,
1932. No control whatsoever was obtained. The sprayed plifits
(both the blackberries and the dewberries) showed about as much,
rosette "(general and severe infection) as the nonsprayed checks.
The results of these two rather preliminary tests indicated that bordeaux mixture is effec^ve in preventing infection if the spraying is
done in the spring. Late spraying was absolutely of no value. Subsequent studies have shown that spraying to be effective must be done
before June.
THE 1932 EXPERIMENTS

In 1932 spraying was limited to a short period, May 12 to June 1,
Thirty-one plants of the McDonald blackberry were sprayed with
4-4-50 bordeaux mixture three times. May 12 and 23 and June 1.
Thirty-six other plants of the same variety in adjacent rows were left
unsprayed as checks.
All the sprayed plants remained healthy except one, which had one
rosette bud. Rosette was very severe on practically every cane of
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the nonsprayed checks. On some laterals every bud was diseased.
While the number of plants used in this experiment was rather small,
the results obtained were so clear-cut as to leave no doubt about the
effectiveness of spring spraying with bordeaux mixture for controlling
this disease. The experimental plants were located in the same planting as those of the first 1931 spraying test (in Hammond), where the
rosette was very severe and where there was an abundance of inoculum for natural infection. The results also brought out the fact that
the period during which natural infection takes place is limited.
Although no spraying was done after June 1, no infection occurred on
the plants that had been sprayed up to that date.
THE 1933 EXPERIMENTS

Table 4 shows the plan and the results of the 1933 spraying tests.
l'Instant'' bordeaux (7) spray was used. The experiment was located
in Hammond on a planting where rosette was very prevalent.
TABLE

4.—Plan and results of the 1933 spraying experiments

Dates of spraying

Number and kind of plants sprayed

May 6,15,25, and June 1
Do

18 McDonald blackberry
25 Lucretia dewberry

May 25, June 1 and 15

43 McDonald blackberry

Jnnfi 1 aTid i-*»

45 McDonald blackberry

Nonsprayed controls

86 McDonald blackberry—

Results
All healthy.
All healthy except for 2 rosette buds on 1
plant and 1 on another.
Healthy, 31 plants; 1 rosette bud per plant,
7 plants; 2 to 8 rosette buds per plant, 5
plants.
Every plant showed some rosette, but less
than the nonsprayed controls.
Every plant rosetted, some very severely.

The results of these tests corroborate those of the previous 2 years.
They show that if spraying is started early in May practically 100percent control of the disease may be obtained. It was rather surprising that good control was obtained by the relatively late sprayings
(May 25-June 15), and that even as late a spraying as June 1-15
gave a certain, although limited, degree of control. This would indicate that considerable time may elapse between the lodging of the
spores on the bud scales and invasion of the interior of the bud by
the mycelium of the fungus, and that during this period the spray
may reach and kill some of the germinating spores. Weather conditions, chiefly moisture, may influence the length of this period.
Comparable results to those of the previous 3 years were obtained
in the spraying tests of 1934 and 1935. However, since these latter
tests were located on a young planting (in Baton Rouge) where the
rosette was not very prevalent, the results were not very sharp and
clear-cut; the nonsprayed control plants often either remained healthy
or showed only a small amount of üifection. In general, the results
of these tests indicate that practically absolute control is obtained by
spraying about three times at approximately 10-day intervals from
the first week in May to about June 1. In one case in the 1934 spray
tests, a small amount of infection occurred on young plants sprayed
May 16, 26, and June 5, which indicated that, in tliis particular year
at least. May 16 was probably too late to start the spraying.
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PRUNING EXPERIMENTS
That the period during which infection may take place is hmited
was brought out by both the inoculation and the spraying experiments.
This period was also determined by pruning tests. Since infection
takes place on the new growth (primocanes), removal of the primocanes at different periods offers an exact method for determining the
time of infection. If, for example, the primocanes of one set of plants
are removed on May 1, and those of a second set of plants on May 20,
and in the following spring it is found that the plants of the first set
are diseased while those of the second set are not, it is reasonable to
assume that infection must have occurred sometime between May 1
and 20.
A large number of pruning tests were made during the 3-year period
1932-34. The following species and varieties were included: Wild
blackberry (Rubus abundiflorus) ; cultivated blackberry, McDonald,
Brainerd, Joy, Nanticoke, and U. S. D. A. No. 459; wild dewberry,
R. trivialis and R, sons; cultivated dewberry, Lucretia and Young.
While space does not permit a detailed account of all the pruning
experiments, the following examples should suiBäce to illustrate the
limited time during which infection takes place.
1932 EXPERIMENTS

In 1932, in a small planting of badly rosetted McDonald blackberries where there was an abundance of inoculum present, the primocanes of 15 plants were pruned to the ground on May 3, those of a
second set of 13 plants on May 23, and those of a third set of 18 plants
on July 1. Control plants (not prxmed) were also provided.
The results of this test were recorded in March 1933. The plants
pruned on May 3 showed about as much rosette as the nonpruned
controls. Those pruned on May 23 were almost free of rosette. Of
the 13 plants of this set, 9 showed no rosette at all and 4 showed only
a trace (1 to 3 rosette buds per plant). The plants pruned on July 1
were entirely free of rosette. The control (not pruned) plants were
very severely rosetted.
1933 EXPERIMENTS

In 1933, 16 Lucretia and 47 McDonald plants were pruned to the
ground on May 25. This test was located in the same planting as
the previous one, where the disease was very prevalent. Ninety-two
McDonald plants were left unpruned as controls.
Practically complete control was obtained by pruning on May 25.
All of the 16 Lucretia and 44 of the 47 McDonald plants were entirely
free of rosette. The other McDonald plants showed one rosette bud
each. The control (nonpruned) plants were very severely rosetted,
some rosette buds showing on every cane.
In 1929 two rows of young dewberry plants were planted at the
Fruit and Truck Experiment Station at Hammond. Rosette appeared on this planting the following year, and the infection increased
considerably during the succeeding years. In 1933, when a pruning
experiment was undertaken, the rosette was so prevalent that hardly
a healthy cane could be found. These plants, therefore, were excellent
experimental material for testing the effectiveness of pruning.
All the fruit canes (last year's growth) were removed and burned
on May 15. This eliminated the source of infection from the im-

292

Journal of Agricultural Research

voi. M, no. 4

mediate vicinity. Then the plants were divided into three sets as
follows: (1) Twenty-six plants, primocanes pruned May 17; (2) 28
plants, primocanes pruned May 25; (3) 36 plants, control, not pruned.
Half of the plants in each set were sprayed with bordeaux mixture on
June 1 and 15.
All the pruned plants were entirely free of rosette except one plant
in the set pruned May 17. This plant had eight canes, of which two
were completely healthy and six on the opposite side of the crown
were so severely rosetted that every bud was diseased. This phenomenon of one plant being severely diseased while all the others
were entirely healthy was puzzling at the time, for it was evident
that it was not the result of later infection. If infection had taken
place on the new primocanes which developed after pruning, random
distribution of the disease would be expected. Later studies have
shown that in the case of the dewberry, infection may become systemic
in the crown or in part of the crown, and it is apparent that this one
plant was systematically infected.
The nonpruned control plants, both sprayed (June 1 and 15) and
unsprayed, were heavily rosetted. There was no noticeable difference
in the amount of disease on the sprayed and nonsprayed control
plants.
In 1933 a large number of pruning tests were made from May 9
to June 5 with the wild blackberry Rubus abundiflorus, the wild dewberry R. trivialis, and the Young dewberry. The results of these
tests were not very conclusive because the experiments were located
on a new planting where the rosette was not very prevalent, and
there was very little infection even on the control plants. However,
in no case did rosette occur on any of the plants pruned during this
period, while some infection, though light, occurred on the controls.
1934 EXPERIMENTS

In 1934 the pruning tests covered a longer period, from May 12 to
August 13. The following plants were included: Wild blackberry
Ä. abundiflorus, wild dewberrjr R, trivialis and R, sonSj Young dewberry, and the McDonald, Brainerd, Joy, Nanticoke, and U. S. D. A.
No. 459 blackberries. Results similar to those of the previous years
were obtained from the 1934 pruning tests. They indicate that
no natural infection takes place after the last week in May or the
first week in June. In the case of the Young dewberry, the time of
infection is apparently even shorter, for no infection occurred when
the primocanes w^ere removed as early as May 12. Some time must
elapse between the removal of primocanes and the emergence of the
new ones that will be subject to infection; so the date of pruning
cannot be taken as the actual limit of the time of infection. It takes
about 1 week to 10 days, depending on growing conditions, for new
canes to develop sufficiently to be subject to infection.
On the whole, all the species and varieties experimented with
behaved alike in regard to the time of infection except the Nanticoke
blackberry. On this variety, infection apparently may occur much
later than on other varieties, as is shown by the following data. On
June 24, 1933, the primocanes of three Nanticoke plants were pruned
to the ground, and those of three other plants, situated alternately
with the pruned ones in the same row, were left unpruned as checks.
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The following spring the control plants showed very severe infection,
bnt the pruned plants also showed severe infection, although decidedly
less severe than the controls (approximately 50 percent of the blossoms
were diseased as against approximately 90 percent of those of the
controls). This was rather surprising when the results obtained with
other varieties and species are considered.
In 1934 pruning of primocanes of the Nanticoke was done on June
10 and 30 and August 13, with the following results: On the plants
pruned June 10 infection was severe, about the same as on the
unpruned controls. On those pruned June 30 infection was very light;
of the four plants used, one died, one was entirely free of rosette,
and two showed small amounts (two lateral branches on one plant
and one on the other). The pruned August 13 showed no infection.
It is apparent from these results that, in the copses where the pruning was done on Jime 24 and 30, infection must have taken place
sometime in July (allowing time for new canes to develop), and this
is at least 1 month later than the infection time of any of the other
varieties tested.
TIME DURING WHICH INFECTION MAY OCCUR
It is plain from the results of the inoculation, spraying, and pruning
experiments that, under Louisiana conditions, the period during which
infection takes place is limited. As shown by the spraying and pruning tests (except in the case of the Nanticoke variety) no natural
infection occurs beyond the last part of May or the ifirst week in June
at the latest. With artificial inoculation, which is a drastic method,
infection was obtained as late as the last week in June, and again in
the fall, in October and the last part of September. The fall infection is of no practical significance because there is then no inoculum
to produce natural infection.
That the limited time of infection is not peculiar to Louisiana conditions is brought out by the results of other workers. Cook (2), in
Delaware, failed to produce infection from his August inoculations,
but he obtained infection very readily by inoculating in June (how
late in June is not stated). One of the infection experiments of Reimer
and Detjen (6) in North Carolina also brings out this fact very plainly.
Thirty-two canes of Rubus nigrobaccus were inoculated with spore
suspension or dry spores at different intervals from February 19 to
June 23 and then with pure cultures of the fungus, mycelium and
spores, from June 29 to August 5. Sixteen of the canes died after the
spore inoculation, but new ones developed in time to be included in the
inoculations from June 29 to August 5. This last set of canes remained healthy (except for 1 diseased bud on 1 cane) while the first
set of 16 canes were severely infected (72 witches' brooms). These
workers offer as explanation of the failure of the canes inoculated from
June 29 to August 5 to become infected that "the buds were probably
too far advanced for the fungus to secure a foot-hold.^' This explanation, which would imply that resistance to infection is due to the
advanced stage of the growth of the host plant is hardly tenable,
^ince the new canes developed after June 23, they could not have been
in a too far advanced stage of growth when inoculated on June 29.
Furthermore, in Louisiana infection has been obtained as late as
October 17 (table 2).
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Temperature appears to be the chief factor limiting the time of
infection. The optimum temperature for the growth of the fungus
in culture was found to be about 25° C. The fungus made a fair
growth at 27.5° C, but growth stopped at 30° to 31° C. The average
mean temperatures for Baton Rouge, La., from May to October for
the 5-year period 1931-35 are May, 74.2° F.: June, 79.7°; July, 82.3°;
August, 81.8°; September, 78.6°; October, 70.7°. The optimum
temperature for the fungus is thus seen to be lower than the mean
temperatures prevailing during the period from June to September,
the period during which natural infection does not occur. The mean
temperature for the month of May, when natural infection does occur,
is somewhat below that for the optimum growth of the fungus.
That temperature may not be the only factor operating to limit the
time of infection is suggested by the behavior of the Nanticoke blackberry. As shown by the pruning experiments, natural infection
apparently occurred on plants of this variety pruned as late as June 30,
in which case infection must have taken place in July. It is not clear
why this particular variety has a longer period of susceptibihty than
the other varieties and species tested.
"SYSTEMIC" 5 INFECTION

As stated earlier in this paper, the behavior of one Lucretia dewberry plant in the first spraying experiment (1931) and of a Young
dewberry plant in one of the pruning experiments (1933) strongly
indicated that, under certain conditions, infection could become systemic in the crown of the dewberry plant. Experimental evidence was
secured confirming this.
Dewberries are propagated by tip rootings of the canes. As the
cane tip forms roots in the fall, the terminal bud grows out, its basal
portion becoming the crown of a yoimg plant and eventually giving
rise to secondary canes. When yoxmg plants are produced from
rosetted canes, the fungus may become established in their crowns
and the canes arising from these will be infected.
Twenty-one young plants of the Young variety, produced by tip
rooting rosette canes, and 20 similar, plants from healthy canes to
serve as controls, were planted in the same row on March 10, 1934.
When examined in the spring of the following year, two of the controls
were found to be dead. All the other controls were healthy. Of the
15 surviving plants from rosette canes, 7 were healthy and 8 diseased.
Of the eight diseased plants, every cane on every plant was completely
rosetted (every bud) except one. This had one healthy and five
rosetted canes.
The plants were pruned to the ground on June 2, 1935, after the
time when infection naturally occurs in the spring, in order to see
whether the systemic infection of the crown would persist for the
second year. In the spring of 1936, the experimental plants presented
essentially the same picture as in the previous year. The 18 controls
and the 7 plants from rosette canes that were healthy in 1935 were
again free of rosette. The eight plants that were rosetted the previous
« The term "systemic" is used for lack of a better term. It is realized that the infection is not systemic
according to the strict meaning of the word. In tj^ical systemic infections, such as that of the loose smut of
wheat, for example, the fungus occurs within the tissue of the host and its growth keeps pace with the growth
of the host plant. In dewberry rosette, the fungus does not invade the host tissue but grows externall
between the scales of the buds and invades new buds as they develop.
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year were again severely rosetted, every cane on ever}^ plant being
diseased, with the exception of three healthy canes on one plant and
two on another.
Although the number of plants used in this experiment was rather
small, the results obtained were so definite as to leave hardly any
doubt that systemic infection may occur and persist in the crown.
Additional information on this phase of the problem was obtained
by direct microscopic examination of the buds from systemically
infected crowns and also of the buds of rooted tips of rosetted canes.
On March 28, 1934, 13 very young shoots were collected from two
Young stools that had shown indications of systemic infection the
previous year. These shoots ranged in length from about one-fourth
of an inch (just emerging) to about 3 inches. Freehand sections were
made and examined. Mycelium was found in great abundance
within both the terminal and the lateral buds. Mycelium was not
found in the buds of similar material collected from healthy stools.
On the same date (Mar. 28) yoimg shoots were collected from
rooted tips of rosetted canes. These tips had formed good root systems and the terminal buds had made considerable growth, extending
from 1 to 8 inches above ground. In some, the basal lateral buds had
begun to develop to form secondary canes. These shoots were divided
into two lots. In one lot was placed the material from tips that were
covered with soil to a considerable depth (2 to 5 inches) so that the
terminal buds had pushed their way through the soil to emerge, and
in the second lot the shoots from tips that formed roots but which
were either not covered at all with soil or covered only lightly.
In the second lot, mycelium was found in great abundance both
within the terminal and the lateral buds. In the first lot (where the
buds remained underground for a considerable time) the results were
different. Mycelium was found in seven out of nine terminal and
four out of nine lateral buds examined. Furthermore, where mycelium was found in the buds of this material, it was not nearly so abundant as in the buds that were not covered with soil. These findings
would indicate that the fungus does not survive for very long imderground. It was not known definitely in this case how long the cane
tips stayed underground, but judging by the amount of root growth
they had made, it must have been 4 to 6 weeks.
The fact that the fungus does not survive very long underground
apparently explains the observed phenomenon that some of the plants
from tip-rooted rosette canes wül have systemically infected crowns
whue others will have all or a part of their shoots healthy. If the
cane tip forms roots as it touches the ground and its terminal
bud is not covered with soil, the entire crown of the young plant will
be infected. On the other hand, if the tip is covered with soil so that
the infected terminal bud stays underground for some time, the
fungus may die completely or be killed in some of the basal buds.
In the case of the upright blackberries, systemic infection of the
crown does not occur because they are propagated from suckers which
develop mostly from the roots. The cane tips of the upright blackberries do not root naturally. If, however, the cane tip is covered
with sou and held in this position for some time, it wül root. Several
rosette canes of the wild blackberry Rubus abundiflorus were treated
in this manner, and in every case the young plants that developed
were healthy.
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HISTOLOGICAL STUDIES

In order to determino the relution of the i)arasite to tlie host tissues,
material was collected at frequent intervals from October to July.
This material, which consisted of vegetative and floral buds and flowers
at different stages of development, was examined both in the fresh

.
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0.—Photomicrograph sliowiug location of mycelium of Cercosporella rubí in the host. A, Section
ot vegetative bud of McDonald blackberry showing mycelium between the embryonic elements. X 230.
B, Section through flower bud of the Young dewberry showing dense network of mycelium between the
embryonic blossoms; X 190. Í7, Tangential section through a very young blossom, showing mycelial
masses between the embryonic stamens; X 110. D, Cross section through a young, unopened blossom
of the Lucretia dewberry showing mycelium between the filaments; X 110.

FIGURE

state (freehand sections) and fixed and stained. .For the most part,
Stoughton's {8) tliionine-orange G staining method was used, since
it gives good differentiation and is fairly rapid, but other stains,
especially Heidenhain's iron-alum haematoxylin, were also used.
The fungus occurs in great abundance within both the vegetative
and the floral buds (fig. G). In the spaces between the youngest
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embryonic bud elements, tlie mycelium consists of actively growin^z;,
brandling, freely anastomosing liyphae, iorniing a dense network.
In the spaces between the older, outer scales of the vegetative buds,
the mycelium is less abundant, and, judged by its staining reaction,
is in a more or less dormant, scmisclerotial stage.
Cook (2) states that
"small, bud-like, lateral
haustoria connect the mycelium with the cells of
the host plant." In the
Louisiana investigation,
however, direct penetration of the living cells
either by hyphae or haustoria has not been observed, nor has any intercellular mycelium been
found. Thousands of sections of vegetative and
floral buds, and flowers at
different stages of development, were prepared and
examined, both in the
fresh state and fixed and
stained, but no indication
of invasion of the living
tissue was ever noted.
The only instance in whicli
mycelium was found
within the host tissue was
in withered, dead anther
walls.
Since the fungus does
not invade the host tissue,
the question arises how it
obtains its nourishment.
It may be that the host
tissues exude some nutritive substances which arc
utilized by the fungus. It
seems more probable, however, that the fungus obtains its nourishment by FiGURE 7. - Fhotuinicroííraplí showing loí.'aüoii of mycelium of
Cercosporell'i rubi In the host: A, Section through a youuK
direct absorption through
vegetative bud oiRubusaons showing hyphae closely appressed
against
a leaf primordium and also against the growing point:
the thin walls of the emmaterial collected and killed January 3; X 230. B, Longitudinal section througli a vegetative bud of the Young dewbryonic cells with which
berry showing mycelial strands in the process of entering a
it is in intimate contact.
very young lateral bud; X 190.
The following observations
support this view: (1) Most of the mycelium within the bud is found
in the immediate vicinity of the youngest, often undifferentiatod tissues.
(2) Young hyphae are often found closely appressed against the
young, undiflferentiatcd host cells (fig. 7, A). (3) The mycelium
next to the younger tissue appears to be in an actively growing state,
as is shown by its staining reaction. (4) In general very little my-
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celium occurs between the outer (older) bud scales, and that which
occurs there appears to be in a dormant or inactive stage, the hyphae
being cemented together by means of a gelatinous substance in a
compact, sclerotiumlike mass.
Large masses of mycelium occur within the ovary cavity and also
within the ovule. The occurrence of the fungus within the ovary
cavity presents an interesting phenomenon which was rather puzzling
when first observed. In the infected flower buds there is a channel
through the ovary wall (fig. 9, B and C) with hyphal strands connecting the mycelium within the cavity with that on the outside.
Cook {2) states that the fimgus ''penetrates the ovaries through the
stigina, passes down the style, and produces an abundant growth
within the ovary.'' This seems to be an incorrect interpretation of
an interesting phenomenon. As a matter of fact, no penetration of
the ovary occurs. The fungus is present before the ovaries have
begun to develop, even before the inception of the floral bud itself.
When the ovary begins to develop, its folds surround the fungus and
include it within the ovary cavity. So, instead of ''penetration" of
the ovary, there is in reality an "enveloping'' of the fungus by the
ovarian tissues.
For a better imderstanding of how the mycelium is included within
the ovary cavity, the development of the normal ovaries in the blackberiy may be briefly described. The ovary primordium appears as a
solid protuberance on the receptacle (fig. 8, A), Soon this primordium
begins to invaginate, the opposite carpellate walls growing around and
meeting to form the ovary cavity (fig. 8, B). When the carpellate
walls meet, there is no immediate fusion of their tissues to seal the
ovary cavity; instead, a small opening, the stylar canal (fig. 8, (7) is
left which persists for some time. About this time, the ovule primordia begin to protrude from the inner carpellate walls on opposite
sides of the stylar canal (fig. 8, Z>). Two ovules are formed, one developing and the other beconaing abortive. The carpellate wall on
one side of the stylar canal elongates to form the style. As the ovary
conthiues its development, the cells surrounding the stylar canal fuse
(fig. 8, JE), so that in the mature ovary there is no opening from the
cavity to the outside (fig. S, F), only a small notch or scar remaining
at the base of the style on the concave side of the pistil to indicate the
point of fusion of the carpellate walls.
In the infected (rosette) flower, as the ovary primordium begins to
invaginate, the mycelium grows and follows the folds of the developing
carpellate walls (fig. 9, A) so that when the walls meet the mycelium
is enveloped within the ovary cavity, and it also fills the stylar canal.
The presence of the fungus in the stylar canal prevents the fusion of the
walls, and so in the mature pistils of the infected flower the stylar canal
remains as a rather wide opening in the ovary wall (fig. 9, B, C).
This opening is filled with mycelial strands connecting the mycelium
within the ovary cavity with that on the outside (fig. 9, (7). In a
similar manner, in the course of the development of the ovule, the integuments envelop the fungus, so that the hyphal strands connecting the
mycelium within the ovule with that in the ovary cavity protrude
through the micropyle (fig. 9, Z?).
The manner in which the fungus affects the host to cause it to produce the rosette or witches'-broom type of growth cannot be explained
with certainty at this time, but it is probably a matter of nutritional
deficiency. Since the fungus lives and grows in close contact with the
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FlGUKK 8. Ucvoloimicntof ttm normal ovary ot the blackberry: ^, Section through a very young blossom
showing the pistil primordia ns solid protuberances on the receptacle; X 6Ü. H, Section through a young
blossom at a later stage of development than in A, showing the invagination in the pistil primordia to form
the ovary cavity; X 1(0. C, Later stage of development than that shown in H. The carpellate walls have
met and the ovule priniordia are i)eginuing to protrude from the inside of the carpellate walls on opposite
sides of the stylar canal; X 75. D, I,ater stage than that shown iu U. One side of the carpel has elongated
to form the style. The walls of the stylar canal are closely apjiressed against each other, but fusion of the
tissues had not yet taken place; the stylar canal is still discernible; X 140. H, Later stage than that
shown in Z). Section through the scar of the stylar canal, showing the point where the tissues have united,
thus sealing the ovary cavity. Only a notch remains at the point of the fusion of the tissues; X 110. F,
Fully developed ovary. No opening is left in the ovary wall; X 00.
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IJ-—JJcvelopineiit of the ovary in the rusctto blossom: A. Section through a very youug rosette l>lossom of approximately the same stage of development as that shown in figure 8, B. Masse.s of mycelium
may be seen between and also within the invaginations of the embryonic pistils; X 115. B, Later stage
of development than in A. One side of the carpellate wall has elongated to form the style. The stylar
canal with mycelial strands in it is plainly visible; X I'M. C, Final stage; fully developed ovary. The
mycelium within the stylar canal has prevented the walls from uniting, and thus a prominent opening is
left; X 108. D, Section through an ovule showing mycelial strands protruding through the micropyle;

FKíUKK

embryonic tissues of the bud, it must absorb and utilize nutritive substances that arc necessary for the normal development of the bud, and
tlie fïrowth of the latter is checked. Wlicu the growth of the first or
terminal bud is interfered with, secondary buds begin to develop at
the base, but these are also invaded by the fungus (fig. 7, B) and their
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development is checked. The result is the production of a large number of secondary buds and the formation of the rosette type of growth.
The possibility that the fungus may secrete some toxic substance or
substances within the bud which has a deleterious effect on the host
cells, thus interfering with normal growth, is not overlooked, although
this cannot be easily proved or disproved. The following experiment
was performed in an effort to obtain some information on this point.
The fungus was grown for 10 days on bean-pod decoction in 250-cc
ñasks. The mycelium was macerated in a mortar and mixed with the
decoction on which it had grown, and the mixture was filtered through
a porcelain bacterial filter. Small, funnel-shaped, paraffined paper
cups were cemented, by means of melted paraffin, around fruit buds
of Young dewberry plants, and enough of the filtrate was placed in
each cup to submerge the bud. Each bud was punctured once with
a needle, and its scales were teased open to some extent to allow the
liquid to penetrate. Twenty-seven buds were treated in this manner,
and 19 others were used as checks. In the case of the checks, sterilized
bean-pod decoction was placed in the cups. The buds were left submerged for 26 hours. The experiment was started on March 9, 1936.
At this time the buds selected for the experiment were swollen preliminary to opening. The results of the experiment were negative;
no rosette symptoms developed. Both the checks and the buds treated
with the fungus filtrate grew normally and produced fruit.
It is realized, of course, that the fact that this test gave negative
results does not prove that the fungus filtrate did not contain some
toxic principle, for the time element must be considered. The filtrate
reraained in contact with the bud only 26 hours, whereas in the case
of infected buds the fungus is in contact with the host tissues for a
very long time.
SUMMARY

This paper presents the results of a study of the rosette disease of
blackberries and dewberries and its causal agent.
The rosette disease was found to be identical with the "double
blossom'' disease described earlier by Cook and others.
The geographic region in which the disease occurs, so far as is
known, includes all the southern and southeastern sections of the
United States, from New Jersey to southeastern Texas, and from
southern Illinois to the Gulf of Mexico.
The causal fungus, which was first described and named Fusisporium
(?) rubi by Winter and later placed in the genus Ramularia by WoUenweber, more properly belongs in the genus Cercosporella, and so it
has been renamed Cercosporella rubi (Winter) comb. n. A revised
technical description is given.
The spores of the fungus have been found to vary in size, in shape,
and in number of septa. The fungus grows readilyfon" a variety of
media and sporulates fairly well in culture. The minimum, optimum,
and maximum temperatures for growth in culture were found to be
about 6'', 25^ and SO'' C, respectively.
The mycelium is found within' the vegetative and flower buds of
the host, but sporulates only on the open blossoms in the spring.
Ordinarily infected primocanes show no external symptoms, but on
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resuming growth the following spring, the infected buds form the
rosette or witches'-broom type of growth.
The pathogenicity of Cercosporella rubi has been established by
repeated inoculation experiments over a 4-year period, 1931-34.
Infection was obtained from inoculations on wild and cultivated
species and varieties of blackberries and dewberries.
It has been determined by inoculation, spraying, and pruning
experiments that the period during which infection takes place is
limited. Under Louisiana conditions, natural infection does not
usually occur after the last week in May or the first week in June.
It is believed that temperature is the chief factor limiting the time
of infection, as the prevailing summer temperatures for Louisiana
are higher than Ute optimum temperature for the fungus. On the
Nanticoke blackberry, however, infection has been found to occur
as late as July. This suggests that other factors besides temperature
may have a determining influence on the time of infection.
Histological studies have shown that the mycelium occurs in great
abundance within the vegetative and flower buds. No invasion of
the tissue has been observed, but the fujagus has been found in close
association with the embryonic bud elements, and it is thought that
it obtains its nourishment by direct absorption through the thin walls
of the ypung cells. It is believed that the parasite causes the disease
by starving the infected buds. As the fungus absorbs the substances
that are necessary for the normal development of the bud, the growth
of the infected bud is hindered and basal buds begin to develop.
These in turn are invaded by the fungus and their normal development is inhibited. This results in tha production of a rosette type
of growth.
In the infected pistils, the fungus prevents the fusion of the carpellate walls so that a prominent channel, the stylar canal, is left in the
carpel wall at the base of the style. This canal is filled with hyphal
strands which connect the mycelium within the ovary cavity with
that on the outside. Mycelium occurs also within the ovule.
Experimental evidence was obtained showing that infection may
become systemic imder certain conditions in the crowns of dewberry
plants arising from tip rootings of rosetted canes. This does not
occur in the case of the upright blackberries.
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