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STRAWBERRY XANTHOSIS (YELLOWS), A NEW INSECTBORNE DISEASE 1
By A. G. PLAKIDAS2
Research Assistant^ Department of Plant Pathology, California Agricultural Experiment Station
INTRODUCTION

Strawberries in California are relatively free from the common
diseases of this important small-fruit plant. This is undoubtedly due
to the climatic peculiarities of California, and especially to its dry,
rainless summers. Because of the low atmospheric humidity during
the growing season, powdery mildew and the various fungous leaf
spots which are so destructive in humid strawberry-growing sections
are of very little importance in California. Also, the damage to the
berries from fruit-rotting organisms ordinarily is relatively negligible,
except in years of abnormaUy late spring rains.
By far the most important disease of the strawberry in California
is xanthosis, or yellows, which forms the subject of the investigations
here reported. In the central California coastal region this disease
is so destructive as to be the limiting factor in strawberry growing.
The productiveness of the strawberry plantations of this region, has
been on the decline for a number of years. The length of life of the
plantings has also decreased. While formerly it was customary to
crop strawberry plantings for 4 years, and 5 and even 6 year old
patches were not uncommon, now 3 years is the normal life of strawberry plantations in this region, 4 or 5 year old plantings being very
rare. So, during the last 8. to 10 years, the average life of a strawberry plantation in this locality has been reduced by at least 1 year.
The quality of the fruit also has become inferior. The cause of this
general decline has remained obscure. Red-spider or insect injury,
excessive irrigation, or not enough, soil conditions such as alkali,
lack of drainage, etc., and variety degeneration, all have been advanced by different growers as possible causes for this decline.
Home {jfY was the first investigator to recognize the fact that a
definite and specific disease was involved and to give a pathological
description of it. Just where and when the disease originated is not
known. It was first reported from the Watsonville district in 1915
1 Received for publication Aug. 13, 1927; issued January, 1928. This paper is a revised form of a thesis
presented by the writer to the faculty of the University of California in partial fulfillment of the requirements
for the degree of doctor of philosophy. Published with the approval of the Director of the California Agricultural Experiment Station.
,
2 Grateful acknowledgment is made to R. E. Smith, imder whose direction these studies were carried
out, for valuable advice and assistance; to W. T, Home for his sîmipathetic interest and helpful suggestions;
to T. E. Rawlins for advice and assistance in connection with the cytological phase of the work; and to
H. H. P. Severin for directing the experiments which established the nonrelation between the causal agents
of the strawberry xanthosis and the sugar beet curlytop, and for many helpful suggestions.
3 Reference is made by nimiber (italic) to "Literature cited," p. 1090.
Journal of Agricultural Research,
Washington, D. C.
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by H. A. Hyde, who sent specimens of affected plants to William T.
Home. It was in the hope of obtaining some information concerning the nature of the disease that the present investigation was
undertaken in the spring of 1924 at the suggestion of Ralph E. Smith.
NAME OF THE DISEASE
In a preliminary report {12) the term "yellows" was tentatively
applied to this disease. This name is unsatisfactory, however,
because it is not specific. A great number of plant diseases are
designated by the term "yellows," some of which, like aster yellows
and peach yellows, belong to the same class (virus) of plant diseases
as the one under consideration, while others (cabbage yellows, for
example) are caused by well-known fungous parasites. For these
reasons it was decided to name this new disease of the strawberry
"xanthosis," the Greek equivalent of yellows.

FIG.

1.—Photograph showing the systemic nature of xanthosis. The mother plant (1) is diseased
and so arc the four young runner plants (2, 3, 4, and 5) that have come from it

DESCRIPTION OF THE DISEASE
The most conspicuous external symptoms (pi. 1) of xanthosis are:
(1 ) A characteristic crinkling and curling, and usually upward cupping
of the leaves. (2) Yellowing of the leaves around the margin and
between the larger veins. (3) Dwarfing of the leaves, both petioles
and blades. (4) Marked stunting of the growth of the entire plant.
W Premature reddening, or autumnal color of the older outer leaves.
(This IS not a very definite symptom, because the leaves of healthy
plants also assume a similar color with age or when affected by frost.
However, the leaves of diseased plants turn color earlier than those
of healthy plants of the same age.) (6) The disease is transmitted
through the runners; i.e., every daughter plant arising from a runner
from a diseased mother plant becomes diseased. (Figs. 1 and 2.)

strawberry Xanlhosis

Plate I

i BALTIMORE

Photograph of a young Banner strawberry showing typical xanthosis symptoms
crinkled, yellow-margined leaTes

Note the small,
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(7) The first externally visible symptoms manifest themselves in
the aerial part of the affected plant; the root system appears per-

Fio. 2.—Photographs showing both the systemic character of xanthosis and the fact that it is not
caused by a soil-inhabiting pathogène. A, Plants in sterilized greenliouse soil; B, sand cultures;
0, first-generation runners from diseased Banner plant; b, second-generation runners. The
daughter plants remain diseased even when grown on sterilized soil or sand cultures

fectly healthy during the early stages of the disease. (Fig. 3.)
Later on, root decay may set in. (8) The affected plants do not die,
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but they never recover, remaining permanently stunted.^ (9) Leaves
that are fully grown at the time of infection remain healthy. Only the
very young leaves and those developing after the plant has become
infected show the chlorotic and distorted symptoms charateristic of

FIG.

3.—Young typically diseased Banner plant, with normal and well-deyeloped root system,
illustrating the tact that the top,of the plant first shows the disease symptoms

the disease. (10) The fruit is not directly affected; but because of
the reduced vitality of the plant and the smaller leaf area, the fruit
is smaller in size and hence is considered inferior in quahty.
I Dying of individual vines or of several plants in spots in the field is quite a common occurrence, and
this dying has been attributed by miny growers to the disease under consideration. Although the writer
docs not know the cause or causes of this dying of strawberry plants, he is satisfied that it is not a phase of
the disease under discussion, since it occurs also in localities where the disease has not been found.
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The symptoms as described apply to what may be termed 'HypicaP' specimens. By this is meant infected Marshall and Marshalllike ^ varieties of strawberries grown under field conditions in the
central California coastal region. This definition becomes necessary
because under certain conditions the symptoms may become partly
or wholly masked. Thus, it was found that if typically diseased
plants are grown in the greenhouse under cages at 70° to 90*^ F.,
the distortion and curling of the leaves usually disappear, although
the other symptoms, stunted growth and a chlorotic condition,
continue to persist. Varieties which show a certain degree of resistance to the disease do not exhibit all the typical symptoms even
when grown side by side with susceptible varieties.
GEOGRAPHICAL DISTRIBUTION
The disease, while most widespread and most destructive in the
central coast district of California, is by no means limited to this
region. During the summer of 1925 a careful survey of the strawberry-growing sections of California, Oregon, and Washington was
made. In California the disease was not found south of the Salinas
Valley on the coast or south of Fresno in the interior. It was found,
however, to a limited extent iii the San Joaquin and Sacramento
Valleys, in Placer County, and in the Sacramento River canyon—in
fact, wherever the Banner or Oregon varieties of strawberries are
grown. It was also found in Oregon and Washington. Whether
it occurs in other parts of the country is not known. It has never
been reported from any of the other strawberry-growing States.
In England there are apparently several obscure strawberry diseases,
variously described by different investigators as ''red plant,'' ''cauliflower,'' "patch," and "little leaf." While most of the English
investigators, Johns (5), Lees and Staniland (iO), and Ballard and
Peren {2), are apparently satisfied that these different terms are
synonyms for the same disease, caused by the eelworm ApJielenchus
jragariae Ritz., others, Turner {17) and Beaumont (S), entertain
doubts as to the cause and suggest the possibility of their being
diseases of the virus type.
EXTENT OF DAMAGE
It is not easy to determine the extent of the losses caused by
xanthosis, as accurate statistics are lacking. In the hot, interiorvalley strawberry-growing sections the damage is relatively small,
for under these conditions the infection does not spread readily and
the infected plants do not degenerate very rapidly. In the central
coastal region, however, the losses are tremendous. An average
estimate of a 50 per cent decrease in productiveness of the strawberry plantings in this region is, perhaps, not at all exaggerated,
« The Marshall is, of course, a well-recognized horticultural variety iß), which has been under cultivation
since 1890. The Oregon, too, has been recognized as a distinct variety iß). In California one of the chief
commercially grown strawberries has also been accepted as a distinct variety under the name "Banner."
These three varieties are so similar, both in their vegetative growth and in the appearance of their fruit,
that there is a question in the minds of many horticulturists and practical growers whether they are^
reality distinct varieties. In addition, as if to make the confusion more complete, several local namesOregon Improved, New Oregon, New Oregon Improved, Oregon Plum, Rose, and Tuttle—have been
given to these varieties, or to what are claimed to be improved strains of these varieties. So the term
"Marshall-like" or "Marshall type" is used in this paper to cover all these closely related varieties or
forms.
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considering the threefold nature of the damage. First, there is a
decrease in the total yield of fruit, due to the stunting and decreased
vitality of the plants. Second, because of this decreased vitality
and smaller leaf area the fruit is generally smaller in size and therefore inferior in selling value. Third, the life of the plantation becomes
shorter. Not infrequently young plantings in the vicinity of old,
infected fields become so badly diseased the first year, because of
infection during the early age of the plants, that they are plowed up
the second year. Such plantings are a total loss, since no fruit is
produced the first year of planting.
ETIOLOGY
Since the disease was apparently new, and search in the pathological
literature of the strawberry failed to give any idea as to its cause, it
was necessary to investigate a number of factors as possible causes
in the hope that, by the process of testing and eliminating the
pathogenic factor might be discovered. The following hypotheses
were considered:
1. That the disease is a direct injury caused by the red spider
(TetranycJius telarius Linn.)
2. That it is caused by adverse soil conditions, especially by the
accumidatión of salts in such quantities as to produce ^'alkali''
conditions.
3. That it is caused by some soil-inhabiting organism.
4. That it is caused by an infective virus.
5. That it is caused by what has been termed '^lack of periodicity.^' This last hypothesis was early rejected as untenable, however, since it, was observed that it was not necessary for plants to
overwinter under the mild California climate in order to become
diseased. In the spring of 1925 plants that had overwintered in
Michigan, where they certainly had become dormant, as well as
plants that had overwintered in Oregon, developed the xanthosis
symptoms the first season, when planted in Berkeley in the vicinity
of infected plants, just as readily as those that had been growing in
California continuously.
In the hope of obtaining a lead for possible lines of attack of this
problem, the following preliminary experiments were carried out.
EXPERIMENT 1

From a 2 year-old patch in Mayfield, which showed a high percentage of infection, typically diseased as well as apparently healthy
plants of the Banner variety were removed very carefully so as to
disturb the root system as little as possible, and transplanted in 7-inch
pots as follows:
1. Fifteen diseased plants on soil taken from the field in which
they had been growing. Untreated.
2. Same as 1, but the tops of the plants were first dipped in a light
oil (Volck) emulsion to kill the red spiders with which the leaves were
infested.
♦ 3. Fifteen plants on good greenhouse soil.
4. Fifteen apparently healthy plants on the same soil as 1.
5. Fifteen apparently healthy plants on same soil as 3.
The experiment was started on May 20, 1924, and the plants were
discarded on July 10, 1925.
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No difference was observed during the course of the experiment in
the appearance of the originally diseased plants, either between those
of lots 1 and 3 (growing on different kinds of soil) or between lots 1,
and 2 (dipped and not dipped). Furthermore, the disease gradually
developed in the originally normal-appearing plants of both lots 4 and
5, until by the end of August, 1924—i. e., about two months after
transplanting—every plant in these two lots had developed typical
yellows symptoms.
EXPERIMENT 2

Healthy young Banner plants (first-year runners) were planted in
7-inch pots as follows:
1. Twenty-five plants on soil taken from a diseased patch at San
Lorenzo. Untreated.
2. Twenty-five plants on same soil as 1 but after it had been disinfected by thoroughly soaking with formaldehyde solution (1 pound
in 4 gallons of water) two weeks before planting.
3. Twenty-five plants on rich greenhouse soil. Untreated.
4. Twenty-five plants on the same soil as 3 which had been disinfected in like manner as 2.
The pots were put in saucers, watered carefully so as to avoid
leaching the soil and placed outdoors in the plant pathology garden in
Berkeley. There were diseased plants in the vicinity (about 25 feet
away), and no effort was made to protect the healthy ones from insects.
The experiment was started on July 15, 1924, and the plants discraded
13 months later.
It was thought that if the causal agent was a soil-inhabiting organism, the plants of lot 1 would contract the disease, since this soil came
from a heavily infected patch and was not treated in any way, while
those of lot 2, grown on disinfected soil, would remain healthy. Furthermore, if the causal agent was not a living organism but some
physical or chemical pecularity of the soil, the plants of lot 3, which
were grown on a different kind of soil (rich greehhouse soil on which
no strawberries had ever been grown), would not develop the disease
Lot 4 was used as a check to test any possible effect of the disinfectant
on the soil.
The plants in all four lots grew vigorously, producing runners
profusely. • By the end of September of the first season four plants
in lot 2 began to show signs of decline, but none developed typical
xanthosis symptoms. All those of the other lots appeared healthy.
By the end of May of the following year—i. e., about 10 months after
planting—the condition of the plants was as shown in Table 1.
1.—Number of plants of the Banner variety used in experiment 2^ treatment
of each lot, and number of plants in each lot which showed typical xanthosis symptoms 10 months after planting

TABLE

Lot
No.

1
2
3
4

Number of Number of
plants used xanthotic
in experiplants
ments

Treatment

Planted on undisinfected soil from heavily infected patch
Same soil as in 1, but disinfected with formaldehyde
Planted on rich greenhouse soil; untreated
Same soil as in 3, but disinfected with formaldehyde r

.-.
-

25
25
25
25

4
10
7
5
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By the time the experiment was discontinued (August 10, 1925)
practically every plant in each lot was showing symptoms of disease.
The evidence from these two preliminary experiments, while not final
or conclusive, appeared to indicate that xanthosis was caused neither
by soil conditions (physical or chemical) nor by a soil-inhabiting
organism, nor was it a manifestation of red-spider injury. It was
observed that lots 2 and 3, which were situated nearest to a patch of
diseased Banner plants, were the first to show yellows symptoms.
From this, and also from the general symptomatology of xanthosis,
as well as from field observations, the writer was led to suspect that
perhaps he was dealing with a disease of the virus type which was
transmitted by insects. Subsequent experiments confirmed this
suspicion.
Experiments were also carried out to test the three other suspected
causative factors, namely, red spiders, adverse soil conditions, and a
soil-inhabiting pathogène. Since all these tests gave negative results,
and since the evidence establishing the virus nature of xanthosis
is, in the writer's estimation, definite and conclusive, it is not considered necessary to give here a detailed description of these experiments. The negative evidence is therefore presented here in a brief
form.
EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY THE
RED SPIDER

Xanthosis symptoms are distinctly different from those of redspider injury. Red-spider-affected leaves show irregular, characteristically discolored areas, chiefly on the lower surfaces, produced by
the chafing mouth parts of the mites, and gradually turn a brownish
color and dry up because of loss of moisture through the injured
epidermis, but they never develop the marginal chlorosis, the severe
stunting, or the crinkling and cupping which are typical characteristics of xanthosis.
Field observations do not show any correlation between red-spider
infestation and prevalence of xanthosis. Healthy plants can be
found in the field heavily infested with red spiders; and, conversely,
typically xanthotic plants can be found practically free from them.
Diseased plants when kept free from red spiders by spraying
frequently with light oil (Volck) emulsion did not recover.
Healthy Marshall plants in cages were heavily infested, artificially, with red spiders. During the four and one-half months that
these plants were kept imder observation they developed none of the
xanthosis symptoms.
EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY SOIL CONDITIONS

In California strawberries are grown only imder irrigation. For
the most part the matted-row system of planting is used. The vines
are planted on ridges about 2 feet wide and about 8 inches high.
The mother plants are set in two parallel rows at the edges of these
ridges, about 18 inches apart, and the runners are allowed to root
very close, 6 to 8 inches apart, so that the entire ridge is occupied by
plants, forming a rather dense, matted row. (Fig. 4.) The plants
are irrigated by completely filling with water the ditches between the
rows. This is done once a week, and sometimes oftener during the
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summer. For the central California coast district, where the soil is
usually heavy, this method of culture is, perhaps, the most unfavorable one that could be devised. As no provision is made for drainage,
the water stands in. the ditches until it evaporates, very little being
lost through percolation. Cultivation after each watering is practiced usually only during the first season but not during subsequent
years, as it interferes with the picking of the fruit. As the fruit
pickers walk La the ditches, the soil there becomes badly packed,
making for very unfavorable drainage and aeration conditions. A
system of culture of this sort naturally favors the accumulation of
salts, especially if the irrigation water happens to be saline, and this
is often the case. In view of this situation it was at first thought
that the disease might be due to these adverse cultural practices,
resulting in an unfavorable soil reaction; too high a concentration of
some particular injurious substance, like Na2 CO3, or in a too high

4.—A well-ciirod-ior first-year planting, showing the matted-row type of strawberry culture in
vogue in California. At the time this picture was token, in early summer, this patch showed
about 10 per cent xanthosis infection; by fall practically every plant had become diseased

FIG.

total concentration of salts. That a similar view was held by others
is seen from a brief popular article (1) in which it is stated, more or
less as a fact, that this trouble is due to excessive concentration of
salts, and the belief is expressed that rainfall may solve the trouble
by washing out the salts. Accordingly, during the early summer of
1924, soon after this study was undertaken, representative samples of
irrigation water and of soil from healthy and diseased patches were
collected and analyzed in an attempt to determine whether or not
there was any direct correlation between the reaction of the soil
solution and the disease, or between the concentration of a particular
salt, or the total concentration of salts in the soil and the disease.
Only the ions of the salts that are likely to accumulate in quantities
large enough to produce alkali conditions—i. e., Ca, Mg, Na, HCO3,
SO4, and Cl—were determined.
The results of these analyses failed to show any definite positive
correlation between the occurrence of xanthosis and either the reac-
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tion (PH) of the soil solution or the accumulation of salts in the soil.
It is true that, for any one particular field, soil samples from spots
containing badly xanthotic plants usually showed a higher total
concentration of salts than the samples from spots having healthy or
only slightly affected plants, but this relation does not hold true
when samples from different fields are compared. For example, soil
samples from a patch having typically xanthotic plants showed a
total salt concentration of 346 parts per million, while samples from
another field having healthy plants showed a total salt concentration
of 1,200 to 1,400 parts per million.
Futhermore, it was observed soon after the analytical studies were
undertaken that xanthosis occm-s on soils in which alkali conditions
can not'possi^bly exist. For example, it was found on Banner plants
in a garden in the Santa Cruz mountains where the soil was very well
drained and the irrigation water came from a mountain spring. The
disease was also found in Oregon and Washington, in localities where
strawberries are grown without irrigation. Even plants that were
grown on light greenhouse soil in pots contracted the disease, as
already reported in this paper.
It seems probable, however, that alkali conditions may play a
contributory rôle by accentuating the symptoms of the disease.
The xanthosis symptoms, like those of other diseases of the virus
type, are often masked, partially or completely, and become more
prominently manifested whenever fhe normal growth of the plant
is interfered with. For example, there were seven apparently normal
plants (variety Nick Ohmer, which exhibits a certain degree of resistance to yellows) growing in pots, adjacent to typically diseased
Banner plants. As these were not protected from insects, they had
every chance to contract the disease, yet they continued to appear
perfectly normal for over a year. At the end of this period they were
removed from the pots and transplanted to the garden. Within two
weeks after transplanting they began to show the yellows symptoms,
and have become and remained typically diseased since. Apparently,
although these plants were harboring the infective principle, the
degree of resistance that this variety shows was sufficient to prevent
the symptoms from manifesting themselves as long as the growth of
the plants was not interfered with. But when the growth was checked
by the injury to the root system occasioned by the transplanting
the symptoms immediately developed. Many other similar instances
were observed. The prominence and destructiveness of yellows in
the central coast district may be due in part to the accumulation of
^.salts, which is favored by the heavy texture of the soils, the salinity
of some of the irrigation waters, and the cultiu*al practices in vogue in
this region. While this mild alkali condition may not be sujfficiently
toxic to cause noticeable injm-y to normal plants, it accentuates the
decline of plants that harbor the infective principle.
EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY A SOIL ORGANISM
From the behavior of the disease in the field as well as from the
results of the preliminary experiments previously recorded, it appeared
unlikely that yellows was caused by a soil organism. The disease
spreads with extreme rapidity over the entire field, and not gradually
in spots as is the case in most of the plant diseases caused by soil-
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inhabiting, root-invading parasites. Furthermore, as stated earlier,
the disease manifests itself first in the top of the plant, the root
system appearing perfectly normal for some time after the top has
become diseased. (Fig. 3.) However, this phase of the problem was
further studied from different angles, viz :
1. The root flora. Specimens of healthy and of diseased plants
were collected from eight different localities in the State, and their
underground parts—^roots and crowns—were plated, and pure cultures of the organisms developing on the plates were obtained. In
the preparation of the media, the plating of the material, and the
isolation of the organisms the usual laboratory technic was followed.
The specimens included healthy and diseased plants of all ages, from
very old plants with most of their root system black and decaying,
to very yoimg runners that had just taken root.
The young, soimd roots, whether from healthy or from diseased
plants, almost invariably gave sterile plates. Over 150 isolations of
fungi and bacteria were made from the older roots, or from partly
decayed roots and crowns. No attempt was made to classify the
bacteria, or to determine the species of the fungus isolations. The
following genera are represented by the fungus cultures: Altemaria,
Botrytis, Cephalotheciiun, Cladosporium, Diplodia, Fusarium, Oospora, Pénicillium, Phoma, Rhizoctonia and Verticillium. In addition, several other islolations produced no spores, and have not been
determined as to genus. As determined by preliminary examinations, 42 of the isolations belong to the genus Fusarium, and at least
18 distinct forms of this genus are here represented. The flora isolated
from healthy plants does not differ from that isolated from diseased
ones. In these culture studies no one particular organism was found
constantly associated with the xanthosis disease.
2. Runners from healthy plants were allowed to root in pots on
soil which had been heavily inoculated with soil from around the
roots of typically xanthotic plants. Many dead and decaying roots
were also included in the inoculxmi. The plants remained healthy
during the 11 months that they were under observation.
3. A set of 10 runners from xanthotic Banner plants were allowed
to root on autoclaved greenhouse soil in 7-inch pots (fig. 2, A), and
a second set of similar runners were allowed to root on sterilized sand
cultures (fig. 2, B) with Hoagland's solution.^ After the runners
had become established they were detached from the mother plants.
Then the secondary runners produced by the daughter plants thus
established were allowed to root in sterilized soil as before. This
process was carried on in some cases for three generations of runners.
Figure 2 illustrates this procedure, a showing the first generation
runners that came from the original diseased mother plants, and 6
the second generation daughter plants. All show the xanthosis
symptoms quite clearly.
AU the runners, without a single exception, both on soil and on
sand cultures, developed into typically yellowed plants, like the
mothers from which they originated, and the plants coming from
subsequent generations of runners were also diseased. This is felt to
be conclusive evidence that a soil organism is not involved. It is
« Hoagland's solution has the following composition: Ca, 159 parts per million; Mg, 54 parts per million;
K, 193 parts per million; SO4, 217 parts per million; PO4,145 parts per million; NO3, 717 parts per million.
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true that, notwithstanding all precautions, neither the soil nor the
sand cultures could have remained absolutely sterile, yet it is highly
improbable that every pot of soil and every sand culture became contaminated with the possible pathogenic organism.
4. Extensive cytological and histological studies failed to reveal
the presence of any organism in the tissues of diseased plants. What
appears to be a mycorhizal fungus was often found in the fibrous
roots of both healthy and diseased plants. This fungus apparently
has no causal relation to xanthosis, for it is equally common in the
the roots of healthy and diseased plants.
EVIDENCE THAT XANTHOSIS IS NOT TRANSMITTED THROUGH
THE SEED
It has been found that xanthosis is not transmitted through strawberry seed. Home (data unpublished) grew a large number of seedlings from seed of infected plants, and all of these remained healthy
as long as they were kept away from infective insects. The writer
also grew to maturity over 2,000 seedlings from seed of typically
xanthotic Banner plants and all proved to be healthy. The nontransmissibility of xanthosis through the seed is a very important
fact, since it offers an easy and certain method of obtaining healthy
plants of a variety which has become hopelessly infected. It is true,
of course, that strawberries do not breed true; but, by growing large
numbers of seedlings, some will be found that approach very closely
the characteristics of the mother variety.
EVIDENCE THAT XANTHOSIS IS A VIRUS DISEASE
TRANSMISSION EXPERIMENTS
INSECT INOCULATION
EXPERIMENT 1

Forty healthy young Banner plants in pots of steam-sterilized
greenhouse soil were divided into 5 lots of 8 plants each and treated
as follows: Lot 1 was placed in an isolated spot, away from any other
strawberry plants, to be used as a control. Lot 2 was placed in another
isolated spot and lightly infested with red spiders taken from leaves
of diseased plants. Similarly, the plants of lot 3 were isolated and
infested each with 10 strawberry aphids {Myzus fragaefolii Ckll.)
taken from leaves of diseased plants. The pots of lot 4 were placed
in a patch of diseased Banner plants and left unprotected from
insects. The diseased plants in this patch were heavily infested with
aphids. Other insects, as well as red spiders, were found on them.
The plants of lot 5 were placed in insect-proof cages in the vicinity
of the same patch. The experiment was started in the middle of
July, 1925.
Lot 1 (the control) remained healthy. These plants became
infested with aphids, white flies, red spiders, etc., but apparently
these had not come in contact with diseased plants and therefore
were not infective.^ Lots 3 and 4 (i. e., those infested with infective
aphids and those left exposed to infective insects, respectively)
7 The term "infective" is used for the sake of convenience to denote all insects that are known to have
fed upon diseased plants, and not merely those that have been proved by tests to carry the infective
principle.
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began to show xanthosis symptoms about one month after inoculation
and developed all the typical symptoms of the disease after another
month.
Six of the eight plants that were placed in insect-proof cages
(lot 5) failed to grow (a severe treatment with nicotine-sulphate
oil emulsion at the time of planting proved too strong for them),
but the two that survived developed normally and remained healthy.
One month after inoculation three of the eight plants of lot 2
(those infested with red spider) showed symptoms of the disease;
after another five weeks, all were diseased. Aphids appeared on all
the plants of this lot soon after the first three plants had begun to
develop yellows symptoms, and it seems probable that these aphids
inoculated the remaining five plants from the first three. It was at
first thought that the red spider transmitted the virus to the three
plants which first became diseased. Since, however, in all subsequent experiments the red spider consistently failed to transmit
the disease, it is now believed that such was not the case. In October
of the same year, a careful inspection was made of the nursery from
which the plants were received, and a small amount of xanthosis
infection was found there; it is therefore possible that these three
plants of lot 2 were actually harboring the infective principle even
though they did not show symptoms of the disease at that time.
After this experience, it seemed no longer possible to trust Banner
variety plants grown in California or Oregon nurseries for experimental purposes, even when they appeared perfectly healthy. In all
sußsequent transmission experiments Marshall plants from the
Eastern States, where the xanthosis disease has never been reported
were employed, or, better still. Banner seedlings that had been kept
under insect-proof cages from the time of the germination of the
seed.
EXPERIMENT 2

During the summer of 1926, essentially the same experiment as
that recorded above was repeated, with the following modifications :
(1) Healthy Marshall plants from Michigan instead of Banner were
used; (2) an additional control was provided by a lot of eight plants
which were infested with 10 noninfective aphids;^ (3) the aphids^
both infective and noninfective, were allowed to feed on the plants for
10 days, after which they were Idlled by dusting the plants with a
dust containing 4.5 per cent of nicotine sulphate. This was done in
order to differentiate between the direct injury of the insects and the
effect of the virus.
The plan of the experiment and the results obtained are summarized
in Table 2. The results verify those of the previous year (experiment 1 in that they show the ability of the aphids to transmit^ the
causal agent of xanthosis, but give negative evidence for the red spider.
This is true, also, of all subsequent experiments.
8 It was found by tests that all strawberry aphids do not carry the infective principle. In fact, it is quite
easy, apparently, to obtain noninfective aphids, for untu they have fed on diseased plants, they are clean.
There are in the writer's stock three cultures of noninfective aphids, one obtained from strawberries from a
garden in Yuba City, a second from a garden in Oakland, and a thkd from wild strawberries growmg on the
sands of the beach in San Francisco. A fourth clean culture, from the greenhouse of W. T. Home, in
Berkeley, was lost through accidÄÄt.
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2.—Results of transmission experiment 2 with plants of the Marshall variety
from Michigan
[Planted April 26, 1926; infested with insects June, 7, 1926]

Lot
No.
1
2
3
4
5
6

Number of
plants
used

Treatment

Control 1.—No insects
Control 2.—Plants infested with 10 noninfective aphids .
Plants infested each with 10 infective aphids
Plants infested with red spiders (about 20 individuals for each
plant) taken from leaves of diseased plants
Pots containing the plants placed in a patch of diseased strawberries and left exposed to insects
Control 3.—Plants placed in same vicinity as lot 6, but protected
by insect-proof cages

Number of
plants
diseased

Percentage
of infection

8
8
8

0
0
8

0
100

8

0

Q

8

8

100

8

0

0

EXPERIMENT 3

In this and all subsequent experiments the plants were carefully
guarded against chance infection by being kept in insect-proof
cages. The types of cages used are'illustrated in Figure 5. For
^^BB^
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5.—Types of inssct-proof cages used in transmission experiments: A, large type in which four
to SIX plants may be placed; B, small type for individual plants; a, glass tube for watering
plants

FIG.

the small individual cages (fig. 5, B) India lawn cloth was used.
The large ones (fig. 5, A) have sofid bottoms, glass tops and doors,
and three sides covered with unbleached muslin. In both the large
and small cages the pots were placed in saucers, and the plants were
subirrigated in order to avoid the necessity of lifting the cages to
water the plants, thus eliminating the danger of accidental introduction of insects into the cages. The large cages were supported by
legs which either rested in pans containing water with a layer of oil,
or were coated with tree tanglefoot, so that no ants could crawl in.
The doors of these large cages were seldom opened, the plants being
watered through a glass tube (fig. 5, A, a) which was kept plugged
with cotton when not in use. Autoclaved * greenhouse soil was
employed in all these experiments.
• The soil was autoclaved in order to kill weed seed and insects and their>ggs.
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On July 19, 1926, 21 healthy young Banner seedlings, in individual
insect-proof cages since germination, were divided into four sets
and treated as follows:
1. Six plants infested each with 15 infective aphids.
2. Five plants infested each with 15 noninfective aphids; control.
3. Five plants infested each with about 20 red spiders from leaves
of diseased plants.
4. Five plants infested each with about 20 noninfective red spiders.
The plants thus treated were kept in the greenhouse. The temperature range of the greenhouse was not checked at that time, though
it was supposed to run from 70"^ to 90° F. Later, when there was
occasion to make an accurate check of the greenhouse temperature,
it was found to reach a much lower minimum. (Fig. 11 and Table
11.) The aphids and the red spiders, both infective and noninfective^ were killed after they had been allowed to feed for two weeks,
by spraying the infested plants with a dilute nicotine-sulphate
oil emulsion.
In about three weeks after inoculation, five of the six plants of lot 1
(infective aphids) began to appear stunted and somewhat chlorotic,
but they did not show the typical xanthosis symptoms. Those of the
other three lots remained normal. In another four weeks the sickly
condition of these five plants of lot 1 became accentuated; the difference between these and the plants of the other three lots which still
continued normal, was decidedly noticeable. The stunted growth
became more prominent, and the new leaves were chlorotic and
progressively smaller in size, but there was very little distortion or
cupping of the leaves.
Bearing in mind the well-known influence of high temperatures on
the manifestation of symptoms in virus diseases of plants, as well as
the results of experiment 4, recorded later, it was thought that this
might be a masking of the typical yellows symptoms in the inoculated
plants due to the relatively high temperature prevailing in the greenhouse. Accordingly, on August 28, all the plants used in this experiment were removed outdoors, but were still kept under the cages.
Within a period of 10 days after removal, the five plants of lot 1 had
become typically diseased while the rest of the plants remained
healthy. So, apparently, the partial masking of the xanthosis symptoms was due to relatively high greenhouse temperature.
The results of experiment 3 are summarized in Table 3.
TABLE

Lot
No.

1
2
3
4

3.—Results of transmission experiment 3 with Banner seedlings 5 to 6 months
old kept under cages from the time of germination

Treatment

Plants infested each with 15 infective aphids
Control, plants infested each with 16 noninfective aphids
Plants infested each with about 20 "infective" red spiders__
Plants infested each with about 20 noninfective red spiders

Number of
plants
used
6
5
5
5

Number of
plants
diseased
5
0
0
0

Percentage
of infection
83.3
0
0
0
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EXPERIMENT 4

Seven healthy young plants (runners from Banner seedlings) in
individual insect-proof cages were infested each with 25 infective
aphids. Six similar plants were infested each with 25 noninfective
aphids to act as controls. The plants of both lots were placed on a
low bench (about 8 inches from the ground) on the north side of the
greenhouse, where it was relatively cool. The temperature of this
spot from August 30 to September 13 is shown in Figure 11 and
Table 11. The experiment was started July 15, 1926. The aphids,
both infective and noninfective, were killed by dusting with nicotine
dust after they had fed on the plants for one week.
Two weeks after inoculation, five of the seven plants infested with
infective aphids began to show the yellowing and curling character-

Fio. f).—A, Banner seedling which became typically janthotic after being inoculated by means
of infective aphids (,Myzus 'raegaefolii Ckll.): B, control; sister plant of ,A, mtcsted with noninfective aphids

istics of xanthosis, and within three weeks more they had become
typically diseased. (Fig. 6.) The remaining two plants of this lot,
as well as those infested with noninfective aphids, remained healthy.
The results of this experiment are summarized in Table 4.
TABLE

4.—Results of transmission experiment 4
Number of
plants
used

Lot
No.

riants infested each with 25 infective aphids
Plants infested each with 25 noninfective aphids..

Number of
plants
diseased

Percentage
of infection
71.4
0

It should be noted that in this experiment the shortest incubation
period (time between date of inoculation and appearance of the first
symptoms of the disease) of any of the transmission experiments was
observed. It was at first thought that mass infection might be a
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factor, since in this experiment a rather large number of aphids (25)
were used. This, however, was apparently not the case, for later
as many as 50 infective aphids to the plant were used without attaining as short an incubation period as that observed in this experiment.
Apparently the conditions of this experiment were favorable for an
early manifestation of the symptoms, but as these conditions were
not controlled, it was not possible to duplicate them.
EXPERIMENT 5

In this experiment the large cages (fig. 5, A) were used. These
were located outdoors and were protected from the north and west
winds by a building and the greenhouse, respectively. One cage, containing four young healthy Marshall plants, was used for each lot.
At the time of inoculation, these plants were 1 month old from the
time of planting, and had from five to seven leaves, all appearing
normal. The experiment was started on May 18, 1926. The five
different lots were treated thus:
1. Plants were infested each with five infective aphids.
2. Control; each plant was iufested with five noni^ifective aphids.
3. Plants were infested each with about 20 '^infective'' red spiders.
4. Control; each plant was infested with about 20 noninfective
red spiders.
5. Extra control; plants were kept free from insects.
Results similar to those of experiment 3 were obtained. By the
end of the first 25 days after inoculation, the plants of lot 1 (infective
aphids) had assumed a sickly appearance (stunted growth and partly
chlorotic leaves), but they did not show typical xanthosis symptoms.
The controls, as well as the red-spider-infested lots, remained normal.
At this time the plants of lots 1 and 2 were reinfested each with 20
infective and noninfective aphids, respectively. These aphids were
killed a week later by dusting with nicotine dust. The red-spiderinfested plants were sprayed with 1-100 oil (Volck) emulsion to kill
the red spiders.
The sickly condition of the plants of lot 1 became more pronounced
during the summer; still, the typical xanthosis symptoms did not
develop. The leaves were small and chlorotic around the margins,
but there was practically no crinkling of the leaves. The control
plants and those infested with red spiders remained healthy.
The temperature of the air inside the big cages was recorded for
the two weeks from May 31 to June 13 by placing a thermograph
therein, and it was found to be high, reaching a maximum of 98° F.
It was thought, therefore, that this apparent partial masking of the
symptoms might be due to the high temperature prevailing in the
cages. Accordingly, on October 2, two of the four plants of lot 1
were removed from the large cage, covered with small individual
cages, and placed ia a cooler place (on the same bench as the plants
of experiment 4). Within two weeks these plants developed typical
xanthosis symptoms. So, in this case also, as in that of experiment
3, the high temperature was apparently the factor which partially
masked the symptoms of the disease. Table 5 gives a convenient
summary of the results of experiment 5.
71206—28
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No.
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5.—Results of transmission experiment 5

Treatment

Plants infested with infective aphids
Control plants infested with noninfective aphids
Plants infested with "infective" red spiders.
Control plants infested with noninfective red spiders
Extra control plants free from insects

Number of
plants
used

Number of
plants
diseased
4
0
0
0
0

Percentage
of infection
100
0
0
0
0

EXPERIMENT 6

This experiment was undertaken to test further whether the red
spider may act as a vector for the infectious principle of xanthosis.
The plan of the experiment was as follows :
1. Six healthy young plants of the Marshall variety were infested
each with 20 to 25 ''infective'^ red spiders, that is with red spiders
taken from leaves of diseased plants.
2. Control: Six healthy young plants of the IVTarshall variety were
infested each with 20 to 25 noninfective red spiders.
3. Extra control: Three plants infested each with 10 infective
aphids. This additional control was used to determine whether the
conditions of the experiment were favorable for the development of
the symptoms of the disease.
This experiment was started on September 7, 1926, and was continued for two and a half months. The plants were kept under
individual small cages outdoors in the same place as those of experiment 4.
Both sets infested with red spiders remained healthy, while the
three plants of the additional control (infective aphids) became diseased. So, from the results of this and previous experiments, it is
reasonably safe to state that Tetranychus tdarius Linn, is not an agent
of transmission for the infective principle of xanthosis.
MECHANICAL INOCULATION

PRELIMINARY EXPERIMENT

In the summer of 1925 a preliminary experiment was tried to test
the transmissibility of xanthosis by inoculating plants with juice
extracted from crushed leaves of diseased plants. Eleven apparently
healthy Banner plants were inoculated, by means of a hypodermic
syringe, with extracted juice from leaves of diseased plants, a second
lot of 11 plants were inoculated in a similar manner with juice
extracted from leaves of healthy plants, to act as controls, and a third
lot of 11 plants were injected with sterile water. The plants used
had been in the vicinity of diseased plants for some time and were not
protected against insects.
Nine out of 11 of the plants inoculated with diseased juice developed
xanthosis symptoms within two months after inoculation, as against
4 out of 11 for each of the two control sets. Although no great
importance could be attached to these results, since the plants were
left unprotected against infective insects, it was felt that they might
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be of some significance. The following two experiments, performed
under carefully controlled conditions, gave negative results and failed
to verify this supposition.
EXPERIMENT 7

The plants used in this experiment were healthy young plants
from runners of Banner seedlings, kept under cages since germination.
The juice was extracted in the following manner: The leaves were
thoroughly macerated in a mortar, a little water was added, and
after continuing the maceration a little longer so as to mix the water
with the crushed tissue, the liquid was strained through cheesecloth.
The highly turbid liquid was allowed to settle for about five minutes,
after which the supernatant liquid, still cloudy but free from large
particles, was drawn into the barrel of a hypodermic syringe and
immediately injected into the leaves, petioles, and crowns of the
plants. The juice was not filtered, for it was decided simply to test
its infectiousness first, and if the results of the inoculation were positive, then to test the filterability of the infectious principle. In
addition to the thorough injection of the juice by means of the hypodermic needle, some of the leaves of the inoculated plants were mutilated by crushing them between the thumb and the forefinger and
rubbing on the injured tissue similarly crushed leaves of diseased
plants. To make the inoculation still more thorough, small ^ slits
were made in the petioles of the leaves and some of the macerated
diseased leaf tissue was inserted. Six plants were inoculated in the
manner indicated, while a second lot of four plants were similarly
treated, but with juice and crushed tissue from healthy leaves to act
as controls. The healthy leaves came from Banner seedlings that had
been kept under cages since germination. Both sets were placed
outdoors, in cages of the type shown in Figure 5, A. The inoculations
were made on May 27, 1926, and the experiment was continued
throughout the entire summer.
Both the inoculated and the control plants remained healthy.
EXPERIMENT 8

Because of the relatively small number of plants used in the preceding experiment, it was decided to repeat it. A lot of nine plants
(four Marshall and five Banner seedlings) were divided into two lots,
as follows:
1. Five plants, two Marshall and three Banner seedlings, were
inoculated with diseased juice and macerated tissue.
2. Control. Four plants, two Marshall and two Banner seedlings,
were inocidated with healthy juice and macerated tissue.
The extraction of the juice and the inoculation were done in the
same manner as in experiment 7. The plants were covered with the
small individual type of cages (fig. 5) and were placed outdoors.
The experiment was started on September 9, 1926.
This experiment like the previous one gave negative results. Table
6 summarizes the results of the two experiments.
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1
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6.—Results of juice inoculation experiments 7 and 8
Treatment

Plants thoroughly inoculated with unfiltered juice from diseased leaves, with
macerated diseased tissue, and by leaf mutilation
_ _
Control: Treated like lot 1, but with juice and tissue from healthy leaves

Number Number
of plants of plants
diseased
used

11
8

0
0

Although the number of plants inoculated is not very large, it is
believed that the results obtained are sufficient to justify the conclusion that the causal agent of xanthosis is not readily transmissible
by direct juice inoculation. It may be possible, of course, to obtain
a small amount of infection by this method if a large number of plants
are used. Instances are known of typically insect-transmitted virus
plant diseases in which a small percentage of infection was secured
by means of direct juice inoculation. Severin {H)^ for example,
succeeded, after other workers had failed, in transmitting the curlytop disease of the sugar beet to 9 out of 100 beets inoculated directly
with expressed juice from leaves and roots of diseased beets. The
fact that xanthosis is not transmitted by direct juice inoculation is
not pnly of theoretical interest, but has a practical significance to
strawberry growers. As the roots and tops of the young plants
are trimmed before planting, if the disease were easily transmitted
by direct mechanical inoculation, there would be danger of spreading
the infection from the few diseased plants that are usually contained
in each lot to the healthy ones by means of the trimming knives.
The results of the two experiments recorded above indicate that such
a danger does not exist.
EXPERIMENT 9

Since the disease was found to be easily transmitted by aphids,
but apparently not by direct inoculation with juice extracted from
leaves of diseased plants, it was decided to test the infectiousness
of juice extracted from infective aphids. Accordingly, about 300
to 400 aphids were taken from leaves of diseased plants, placed in a
test tube, and thoroughly crushed by means of a glass rod. About
10 c. c. of water was added, and the mixture was stirred. The
crushed bodies of the insects were then allowed to settle to the
bottom of the tube, and the supernatant liquid was drawn into the
barrel of a syringe fitted to a hypodermic needle, by means of which
it was injected into the leaves (midribs and petioles) and into the
crowns of six healthy young Marshall plants. The inoculation was
done very thoroughly. Small wads of cotton were placed at the
opening of the needle wounds and these were soaked with the juice
used for inoculation. Four plants were similarly inoculated with
juice extracted from noninfective aphids and used as controls. The
experiment was started on June 23, 1926, and was continued until
November of the same year. The plants were covered with cages
of the individual type, kept in the greenhouse for two months after
inoculation, and afterwards removed outdoors.
Both the inoculated and the control plants remained healthy.
These results can not of course be taken as final, since the number
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of plants inoculated was altogether too small. The evidence, however, indicates that the disease can not be readily transmitted by
inoculating with juice extracted from infective aphids.
SUMMARY OF THE RESULTS OF THE TRANSMISSION EXPERIMENTS

For the sake of convenience, the results of the transmission experiments are summarized in Table 7. The results of .experiment 1 are
omitted, since, as has been explained, there is some doubt as to
whether all the plants used in this experiment were originally free
from infection. The results of the preliminary juice-inoculation
experiment are also omitted as unreliable, since the plants experimented with were exposed to insect infection.
TABLE

7.—Summary of the results of transmission experiments 2 to 9
Treatment

Number Number Percentof plants of
plants age of
inocu- diseased
Infefetion
lated

Inoculated with infective aphids
Control: Inoculated with noninfective aphids
_„.
inoculated with "infective" red spiders
Control : Lioculated with noninfective red spiders
Inoculated with juice extracted from diseased plants
Control: Inoculated with juice extracted from healthy plants
Inoculated with extract from infective aphids
Control: Inoculated with extract from noninfective aphids. _

EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY THE SUGARBEET CURLY-TOP VIRUS
The question as to whether xanthosis of strawberries and curly-top
virus of sugar beets are identical arose, because of the fact that strawberries are grown in the natural and migratory breeding areas of the
beet leaf hopper (Eutettix tenellus (Baker)) and often in the vicinity
of beet fields. Severin (16) has demonstrated that a large number of
weeds and cultivated plants of many families are naturally susceptible
to curly top and become infected by it. Carsner (4) lias shown that
weeds and a few crops are susceptible or nonsusceptible to curly top,
and he came to the conclusion on circumstantial evidence that the
beet leaf hopper may have transmitted curly top to beans in Idaho (5),
although he did not see the diseased plants in the field. Recently,
McKay and Dykstra (11) arrived at the conclusion, chiefly on circumstantial evidence, that western yellow blight of tomatoes is caused
by the virus of sugar-beet curly top. Furthermore, the histological
pathology of the strawberry affected with xanthosis is very similar
(though not so pronounced), to that of the beet affected with curly
top. All the evidence at present available, however, indicates that
strawberry xanthosis is a disease distinct from curly top of the
sugar beet.
INDIRECT EVIDENCE

The symptoms of curly top of the beet are entirely different from
those of strawberry xanthosis. It is true, of course, that symptomatology is not an absolute criterion, since the symptoms of a particular
disease may vary considerably with different host plants. In the
case of the beet curly top, however, there is one symptom—the trans-
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parent venation—which is very definite and is invariably exhibited by
plants affected with curly top. This feature is entirely absent in the
case of xanthosis. Moreover, the beet curly top does not cause very
conspicuous yellowing, whereas in the case of strawberry xanthosis,
yellowing is the most pronounced symptom. Another piece of circumstantial evidence is found in the fact that the geographical areas
where the two diseases are most severe are not identical—in fact they
are exactly opposite. In the hot interior valleys of California, where
the beet curly top is most severe, strawberry yellows is very mild,
whereas in the cool fog belt of the coast the reverse is true.
DIRECT EVIDENCE

STRAWBERRIES NONSUSCEPTIBLE TO CURLY TOP

Different lots of infective beet leaf hoppers were transferred from
curly-top beets to healthy strawberry seedlings and permitted to
remain there for a period of about six weeks. Noninfective hoppers
were allowed to feed on these strawberry plants and were then transferred to healthy beets, but not a single case of curly top developed.
It is evident from this experiment that strawberries are nonsusceptible to curly top.
BEET LEAF HOPPERS FAILED TO TRANSMIT STRAWBERRY XANTHOSIS

Different lots of noninfective beet leaf hoppers after feeding on
strawberry plants affected with xanthosis were transferred to healthy
strawberry seedlings and then to healthy beets, but no disease symptoms developed either in the strawberry seedlings or in the beets.
In another experiment, noninfective leaf hoppers after feeding on
strawberries affected with xanthosis failed to produce disease symptoms in the beets. It is evident that the beet hopper is not capable
of transmitting strawberry xanthosis.
INFLUENCE OF TEMPERATURE
That high air temperature exercises a great influence on the
symptomatology of virus diseases of plants, tending to obscure,
partly or entirely, the symptoms of the disease, is a well-known
fact—so well known that it is not necessary here to review the general
literature on the subject. Because of lack of appropriate equipment (constant temperature chambers) no absolute figures relative
to the influence of temperature on the masking of xanthosis symptoms can be given. The evidence here presented was obtained either
from field observations or from a limited number of temperature
records.
It was observed soon after these investigations were undertaken
and even before evidence was obtained of the infectious nature of
the disease, that affected plants, in the field, would make a good
growth for three to four weeks in early spring collapse rather suddenly
during May, rally considerably during the period from about the
middle of Jime to the end of August, and again collapse during the
fall. If a curve were plotted to show this rise and fall in intensity
of the disease it would be found practically to coincide with the
temperature cxu-ves (monthly mean and mean maximum) shown in
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Figures 7 and 8, with the exception of the early spring period. The
latter discrepancy can be explained by the influence of another
factor—the beneficial effect of the dormant period of the winter
months.
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Horne (7) foimd that both healthy and sick plants were greatly
stimidated by a winter rest period of about two months. It is true,
of course, that under the mild climatic conditions existing in Cali-
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fornia the plants do not become entirely dormant during the winter,
but their growth is markedly checked.
Another significant fact is that while xanthosis occurs in the
interior valleys of California, where the temperature is very high
during the growing months, it is never serious. The writer had
occasion during 1926 to observe a small patch of strawberries at the
university farm at Davis. The plants had come from a nursery in
which about 10 per cent infection had been found the previous
summer. In May this patch was examined and several diseased
plants were observed. When examined in August all the plants
appeared normal, but on October 24 some showed xanthosis symptoms. Apparently, in this case, the symptoms of the disease were
completely masked during the hot summer months. The temperature for Davis is not recorded here, but it is practically the same as
that for Sacramento shown in Figures 7 and 8 and in Table 8. The
monthly mean and mean maximum temperatures (averages for 1924
and 1925) for fom* different strawberry-go wing localities, Santa Cruz,
San Jose, Napa, and Sacramento are also shown. In the first three
localities the disease is very prevalent and very severe; in Sacramento
it occurs but is not at all serious. As is shown by the curves in
Figure 8, the mean maximum temperature of Sacramento for the
summer months is 10° F. higher than that of San Jose, and about
15"^ higher than that of Santa Cruz and Napa for the corresponding
months. The monthly mean temperatures (fig. 7) show a similar
relation.
TABLE

8.—Monthly mean and mean maximum températures of four strawberry^
growing localities in Calijornia for 1924 cti^d 1925
MEAN TEMPERATURE (° F.)
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Locality
Santa Cruz.
San Jose
Napa
Sacramento .__

_

_

49.2
_ 48.1
-.-- 63.7
46.1

54.3
54.0
52.8
52.1

53.4 55.7
63.0 57.8
51.6 55.2
63.6 53.9

59.6
61.9
68.4
66.2

60.1
65.5
61.8
71.6

62.9
67.0
63.0
73.8

63.4
65.9
63.6
71.6

65.3
64.0
61.8
68.7

62.4 52.9
59.4 63.4
67.1 50.7
60.0 52.4

48.2
47.2
46.2
44.1

77.6
77.7
76.6
82.2

76.0
71.4
68.4
72.0

66.2
67.1
61 8
49.7

MEAN MAXIMUM TEMPERATURE (*» F.)
Santa Cruz
San Jose.
Napa _.
Sacramento

.

61.5
59.8
53.7

65.4
64.4
61.8
61.2

66.1
65.7
62.2
63.7

66.1
69.3
65.2
70.5

70.1
74.3
69.3
79.3

71.5
80.1
74.1
87.0

74.8
80.1
74.4
90.0

75.9
79.0
73.6
86.7

68.5
65.2
61.0
61.6

A further illustration of the masking effect of high air temperature
is seen in the following example: In-the fall of 1925 four typically
diseased Banner plants, in 5-inch pots, were placed in an insectproof cage, similar to those illustrated in Figure 5, A, but provided
with double walls of muslin cloth. The following spring, when
growth started, one of these plants showed a very slight yellowing of
the margins of the leaves, while the other three appeared entirely
normal and remained so during the summer. The temperature of
the air in this cage was recorded for a two-week period (May 10 to 24)
by placing a thermograph in the cage, and the temperature of the
outside air for the same period was recorded by means of another
thermograph. These records are shown in Figure 9 and Table 9.
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It is seen that the temperature of the air inside the cage reached a
point as high as 106° F., while that of the outside air hardly rose
above 83°. On May 10 two of the normal-appearing plants were
removed from the cage and placed outdoors in a spot away from any
diseased plants. To serve as controls, two healthy Banner seedlings
which had been kept in a cage similar to that of the diseased ones
were likewise removed from their_cage and placed outdoors in the
same locality as the other two. The outdoor temperature for this
period ranged from 48° F. to 78° F. The controls remained healthy
throughout the summer. The young leaves of the other two plants
began to show a marginal yellowing three days after the plants were
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FiG. 9.—Daily range of air temperature inside and outside a double-lined insect-proof cage for
the two-week period, May 10-24,1926

removed outdoors, and all the young leaves subsequently developed
exhibited all the typical xanthosis symptoms. So it is apparent that,
while the plants continued to harbor the infectious principle, the high
temperature within the cage had the effect of masking the symptoms.
9.—Minimurrij maxirmim, mean, mean minimum^ and mean maximum
temperatures of the air inside and outside a double-lined insect-proof cage, for the
tioo-week period May 10-^4, 1926

TABLE

Air

Outside cage
Inside cage

Minimum Maximum
op
46.0
48.0

op
83.6
106.0

Mean
op
61.9
75.5

Mean
minimum
op
50.1
55.5

Mean
maximum
op
73.8
95.5

In discussing the results of transmission experiments 3 and 5, it
was stated that the disease symptoms of infected plants were partly
masked. A comparison of the daily range of temperature inside and
outside the cages used in experiment 5 is shown in Figure 10 and
Table 10 and of the inside and outside of the greenhouse (experiment 3) in Figure 11 and Table 11. It is interesting to note that in
all these cases where partial or complete masking occurred the
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maximum temperature had reached 90° F. or above, and that no
masking occurred at a temperature of 84° or below. It is important
to consider here that a continuous exposure to high temperature may
not be necessary to produce masking effects. Tompkins (16), working with the mosaic of potato, found that ''relatively short exposures
-
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10.—Daily range of air temperature inside and outside the large type of insect-proof cages
shown in Figure 5, A

to air temperatures above that of the critical air temperature (23°
to 24° C.) were suflGicient to mask the symptoms of mosaic." Figure
10 and Table 10 illustrate the fact that in studying the masking
effect of temperature the maximum rather than the mean should be
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range of air temperature inside and outside the greenhouse for the two-week period
August SO-September 13,1926

considered. Thus, for two days, June 8 and 9, the temperature was
relatively low (not above 68° F.), so that the mean temperature for
the two weeks is relatively low, yet the intermittent exposure to high
temperatures was suiBcient to partly mask the symptoms. The
same fact is illustrated by the curves in Figure 11.
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10.—Minimum, maximum, mean, mean minimum, and mean maximum
temperatures of the air, inside and outside the large type of insect-proof cages
shown in Figure 5, A, for the two-week period May 31-June 14, 1926

TABLE

Air

Minimum Maximum
op

Outside cage— _
Inside cage

51
58

79
98

Mean
op
59.7
72.7

Mean
Mean
minimum maximum
op
53.8
59.9

op,
65 7
85. 5

11.—Minimum, maximum, mean, mean minimum, and mean maximum
temperatures of the air inside and outside of the greenhouse for the two-week
period August SO-September 13, 1926

TABLE

Minimum Maximum

Air

Mean

op^
Tnside greeTihouse
Outside greenhouse

_

55
60

91
80

68.8
64.0

Mean
minimum
op
68.0
60.4

Mean
maximum

79.6
67.6

Although the evidence here presented does not permit the giving
of absolute figures for the critical temperature, it seems to indicate
that no noticeable masking of xanthosis symptoms occurs at about
80° F. or below, and that above this temperature partial or complete
masking takes place.
CYTOLOGICAL AND HISTOLOGICAL STUDIES
Extensive cytological and histological studies of the different parts
of the plant—root, crown, stem, and leaves (petioles and blades)—
were made for the purpose of discovering whether or not any organism or any abnormalities could be found associated with the disease.
Over 500 slides of fixed and stained material were examined, in addition to a large number of free-hand preparations made from fresh
material. For killing and fixing, the alcohol-formalin-acetic acid
solution (100 c. c. of 50 per cent alcohol, 6.5 c. c. of formalin and 2.5
c. c. of glacial acetic acid) was used. For the most part the staining
was done with Haidenhain's iron-alum haematoxylin, but Fleming's
triple stain was also used. The leaves were found rather unsatisfactory for a critical examination of cell content, since the cells
contain plastids and other normal structures which stain heavily and
obscure the vision.
MYCORRHIZAL FUNGUS IN ROOTS

What appears to be a mycorrhizal fimgus has been found almost
invariably in the cortex of the fibrous roots, but it has never been
observed in the young succulent primary crown roots. This fungus
is apparently widely distributed in the soil, for it was found in the
roots of plants coUected from different fields in widely separated
locafities in Cafifomia. Jones {9) lists the strawberry as one of the
many plants in the roots of which he found a mycorrhizal fungus.
Incidentally, the fungus foimd by the writer seems to be identical
with that described by Jones. No attempt was made to isolate and
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culture the fungus. Whether it may be considered as a parasite or
as a harmless, perhaps even beneficial, symbiotic organism can not
be definitely and accurately determined until it has been obtained
in pure cultures. The invaded roots appear perfectly normal externally, and no lesions occur in the tissues in which the fungus is found.
Certain it is that this fungus has no casual relation to xanthosis. It
occurs as commonly in the roots of healthy plants as in those of the
(imefl sefi
ABNORMALITIES IN THE LEAVES

The palisade cells of the chlorotic areas of the leaves of diseased
plants are noticeably shorter and more compact than those of the
leaves of healthy plants, or than those of the green areas of the
diseased leaves. This abnormality is apparent both in free-hand
sections of fresh material and in fixed and stained preparations.
DARK-FIELD STUDIES

Thin free-hand sections of fresh material—Cleaves (blades and
petioles) and roots—of typically xanthotic plants were examined
immediately after cutting with a Leitz dark-field microscope. Also
drops of juice obtained by gently rolling the midribs, the petioles,
and the succulent crown roots between two glass rods until a drop of
the liquid oozed out from the cut end, were placed on slides and
examined in the same way. No organism of any kind could be seen
either in the cells of the sections or in the extracted juice.
TISSUE DEGENERATION AND CELL INCLUSIONS

A degeneration of the tissue of the pericycle region of the roots,
accompanied by certain conspicuous cell inclusions, was found constantly associated with the disease. These abnormalities were so
strikingly similar to those described by Rawlins (13) for sugar beets
affected by curly top that the same terminology is, for the sake of
convenience, adopted here.^^ The two types of cell inclusions are
therefore designated as x and y bodies, respectively.
The tissue degeneratioii is chiefly foimd in the pericycle, but it
often extends to the adjacent phloem, and more rarely to theendodermal cells. Figure 12, A,and B, illustrates this tissue degeneration, shown by the black-staining groups of cells. What is considered
to be the first state in the process of degeneration is that certain
pericycle cells become filled with what appears to be reticulate cytoplasm (fig. 13, A, a), which later becomes granular. About this
time the nucleolus has disappeared, and the nucleus shows decided
signs of disintegration. The nuclear membrane appears shrunken,
inclosing some amorphous granular material, staining black with
Haidenhain's haematoxylin and red with the triple stain. In what
is considered to be a later stage in the process of degeneration, the
nuclear membrane incloses only a small amount of granular material,
and it is either shrunken or very well rounded as if filled with liquid
(fig. 13, B, n); and the part of the cell normally filled with cytoplasm
contains either x or y bodies, or both. The x-bodies (fig. 13, A,) are
composed of dense, amorphous material which stains black with
w In addition to the abstract cited, through the courtesy of its author, the writer was privileged to read
the original manuscript of the yet unpublished complete work of T. E. Rawlins.
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haematoxylin and red with the triple stain. The y-bodies (fig. 13,
B.) are identical in their staining reactions with the x-bodies, but
have a more definite shape than the latter, being spherical or nearly
spherical, and usually appearing to possess a distinct membrane.
Neither the x nor the y bodies show any organization of structure.
In what appears to be the final stage in the process of degeneration,
the remnant of the nucleus and the x or y bodies disappear, and the
entire cell is filled with amorphous, somewhat granular material,
staining black with haematoxylin.
Observation of hundreds of sections has led the writer to believe
that the process of degeneration is as follows: In what has been
considered the first stage the nucleus is practically intact, though
showing signs of degeneration; in later stages the nuclear degeneration has proceeded further, until most or all of the nuclear material

Fir. 12—A t'ross section of jouni; root of xanthotic Banner slriiwborry showini; dogciicrntion
of'some pericycli! and adjoining wlls, X 3.35; B, longitudinal section of young root of xanthotic
Banner strawberry showing tissue deceneration in the iiericycle region, X 400

has disappeared from the nuclear membrane, and at the same time
the x or y bodies, or both, have made their appearance. No cells
have been found containing x or y bodies in which the nucleus was
not degenerated. Finally, both the remnant of the nucleus and the
x and y bodies become indistinct.
SIGNIFICANCE OF THE ABNORMALITIES

Just what significance may be attached to the abnormalities described, and especially to the peculiar cell inclusions, can not be
definitely stated. The fact that these abnormalities have been found
constantly associated with the disease, but have never been found
in roots of healthy plants, would suggest that they must have some
relation to the disease. It is not believed that they bear any causal
relation, however. Neither the x nor the y bodies show any structure that would suggest the possibility of their being organisms.
They are probably degeneration products of the cell. The fact that
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13.—A, Photomicrograph of longitudinal section of young root of xanthotic Banner strawberry showing pericycle cells containing x-bodies (:r) and a cell filled with reticulate, blackstaining cytopla.sm (a), X 570; B, pericycle cell with degenerated nucleus (n) and a typical
y-body (i/), X 600

FIG.
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they exhibit the same affinity for stains as the nucleus, and that
they make their appearance in the cell simultaneously with the partial or complete disappearance of the contents of the nucleus, would
suggest that they may be extruded nuclear material.
The same type of pathological histology and the same type of cell
inclusions described here were found by Rawlins {IS) in sugar beets
affected with curlytop. Yet, as is shown earlier in this paper, the
evidence indicates that the two diseases, xanthosis of the strawberry
and curlytop of the sugar beet, are not identical. If it is correct to
consider these cell inclusions as degeneration products, it must be
concluded that two distinct, but perhaps similar, causal agents may
bring about identical pathological manifestations. Until more is
known of the nature of viruses and the mechanism by which they
bring about the observed pathological phenomena in plants, any interpretation of the nature of the various abnormalities found must,
of necessity, be of a speculative character.
SPECIFIC AND VARIETAL RESISTANCE

An extensive project to test varietal resistance in strawberries is
now in progress. The results of these tests will not be known for
some time; here are given only the results of the observations of the
last two years regarding specific and varietal resistance. Of*the cultivated varieties, the Marshall type, in which are included the
Marshall, Oregon, Oregon Improved, New Oregon, Oregon Plum, and
Banner varieties, is the most susceptible to xanthosis. The Nick
Ohmer, the Melinda, and the Superb are slightly more resistant than
the Marshall type. The Corsican (Uncle Jim) is interesting in that
it contracts the disease very readily and shows the yellow leaf very
prominently, but does not become greatly stunted. The following
varieties have thus far shown a rather high degree of resistance:
Early Ozark, Howard 17, Dr. Burrill, Dunlap, Premier, Parsons,
Campells Early, August Luther, and Americus. They are not immune, however, for when exposed to infection they contract the
disease, but they do not develop all the typical symptoms. The
stunting of the plants, for example, is relatively slight compared with
that of the plants of the Marshall type. Of the wild species, the
beach strawberry. Fragaria chiloensis Duch., is immune to the disease
as far as one can judge from external symptoms. Whether or not
it can harbor the virus has not been determined. The same is true
of practically all of Etter's varieties and new selections. Over 70
selections of these Etter strawberries have been grown for a year in
the immediate vicinity of diseased Banner plants, under conditions
most favorable for infection, and with the exception of two, all have
remained healthy. No transmission experiments were tried to determine whether or not the infective principle is harbored by these
normal-appearing selections. As all of Etter's varieties contain, to
a smaller or greater degree, the chiloensis blood, they owe perhaps
their high resistance to their wild parent.
A second wild species, the wood strawberry. Fragaria californica
C. & S., is apparently susceptible. Plants of this species, growing
next to a xanthotic Banner plant in a garden in the Santa Cruz
Mountains, contracted the disease. This is the only instance in
which xanthosis was found on wild strawberries.
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POSSIBLE CONTROL MEASURES
No definite means of control can be given at this time. The work
thus far has been chiefly concerned with the etiology of the disease.
There are, however, certain methods of attack that readily suggest
themselves as control possibilities. From the present limited
knowledge of the nature of the causal agent or agents of diseases of
the virus type, it is clear that no curative measures can be employed.
Preventive methods, however, have been used in controlling diseases of this kind, and in many cases these have been very successful.
These methods consist chiefly in the use of planting stock which has
been obtained as free from a particular virus disease, or a combination
of such diseases, as possible by means of roguing, seed indexing, etc.,
and in further eliminating the infection by inspecting the plantings
several times during the growing season and removing any plant that
is found to be diseased.
From observations in the field, as well as from the results of certain
experiments which were started last year and are stül in progress, it
is strongly believed that roguing will prove effective in controlling
the xanthosis disease, or at least in greatly checking its spread.
There are, however, certain difficulties which militate against an
easy application of this method. The most important of these is the
fact that, as previously stated, the symptoms of the disease are often
completely masked under certain conditions; and, so, in roguing,
plants which harbor the virus, but appear healthy, will not be destroyed, and these will serve as a source of infection. The second
great difficulty is that even when there is no complete masking the
symptoms of yellows are not very sharp and readily defined during
the early stages of the disease, and so a certain degree of skill is required to recognize the doubtJFul cases. But notwithstanding these
difficulties it is felt that this method of control is capable of practical
application if carried out thoroughly under the supervision of trained
inspectors.
Another possible method of control may be suggested here, but
what measure of success will attend its use can not even be predicted
until more experimental work has been carried out. If it is found that
xanthosis is specific as to its vector; that is, if it is transmitted only
by the strawberry aphid, it is possible that it might be controlled
effectively, indirectly, by spraying or dusting with nicotine, since the
aphid is very readüy killed by this means.
A more radical means of control lies in the development of resistant
varieties. This is a long process, requiring years of breeding and
careful selection, but in this case it appears very promising for two
reasons: (1) A large number of commercial and semicommercial
varieties of strawberries show a marked degree of resistance to
xanthosis, and so there is available an enormous amount of valuable
material for breeding; (2) the strawberry is an exceedingly convenient
plant for breeding, since it is propagated vegetatively. Once the
desired cross has been secured, the work is ended; we are not concerned about its genetic constitution, and it is not necessary to continue the breeding until a pure line is obtained, as in the case of
seed-propagated plants.
In view of these considerations, an extensive breeding project has
been undertaken for the purpose of developing a variety that will
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be resistant to xanthosis and that will possess the desirable commercial
qualities to meet the agricultural conditions in California.
SUMMARY
This paper presents the results of investigations on the etiology
and transmission of a new insect-borne disease of the strawberry
(Fragaria). The term ^'xanthosis'' (the Greek equivalent of '^yellows ^0 is proposed as a name for this disease, the symptomatology
of which is described.
The economic importance and the geographical distribution of the
disease are discussed.
Experimental evidence is given which shows that xanthosis is not
due to injury from red spider {Tetranychus telarius Linn.), to lack of
periodicity, to soil conditions, or to a soil-inhabitating pathogène,
but that it is caused by some infectious principle of the virus type.
This is the first disease of this nature to be reported on the strawberry.
The disease has been successfully transmitted from sick to healthy
plants by means of infective strawberry aphids (Myzus fragaefolii
Ckll.). Aphids that have not fed on diseased plants are noninfective.
The red spider is not capable of transmitting xanthosis.
Mechanical inoculation with unfiltered juice from diseased plants,
or with extract from» the crushed bodies of infective aphids, as well
as by means of leaf mutilation, failed to transmit the disease.
Xanthosis is not transmitted through the seed.
Circumstantial as well as direct evidence is given to show that
xanthosis is not caused by the virus of the sugar-ßeet curly top.
The beet leaf hopper (Eutettix tenellus (Baker)) was found incapable
of transmitting the causal agent of xanthosis either to strawberries
or to beets.
The effect of temperature on the masking of the symptoms of the
disease is discussed. Air temperatures of about 80° F. and higher
induce partial to complete masking of the symptoms.
Extensive cytological and histological studies of the different parts
of the plant were made, using fresh as well as fixed and stained material. The findings of these studies are as follows:
1. A mycorrhizal fungus was repeatedly found in the small fibrous
roots. This fungus has no causal relation to xanthosis, for it is
equally common in roots of healthy and of diseased plants. No
other organism was found in any of the above-ground parts of the
plant.
2. The palisade cells of the chlorotic areas of the leaves are considerably shorter and more compact than those of the healthy plants
or of the green areas of the leaves of the diseased plants.
3. A degeneration of the tissue of the pericycle region of the roots
was found to be constantly associated with the disease. In this same
region cells were often found with partly or completely degenerated
nuclei and containing two types of black-staining bodies, designated
in this paper as x and y bodies. These cell inclusions display no
internal structure, and are considered to be degeneration products.
Neither the degenerating tissue nor the cell inclusions were ever
found in roots of healthy plants.
Specific and varietal resistance to xanthosis are briefly discussed.
The beach strawberry, Fragaria chiloensis Duch., is immune, as far
71206—28
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as can be judged by external symptoms, while the wood strawberry,
F. californica C. & S., is susceptible. The cultivated varieties show
varying degrees of resistance, the Marshall and Marshall-like varieties being highly susceptible.
Possible control measures are suggested and discussed.
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