STRAINS OF CUCUMBER MOSAIC VIRUS PATHOGENIC
ON BEAN AND PEA '
By O. C. WHIPPLE, instructor^ and J. C. WALKER, professor, Department of Plant
Pathologyj Wisconsin Agricultural Experiment Station'^
INTRODUCTION

During a study of spotted wilt of garden pea {Pisum sativum L.)
in the spring of 1935 (36)^^ an unusual development of symptoms
atypical of that disease occurred in an out-of-door planting of peas at
Madison, Wis. Mild mottling appeared on the younger leaves as well
as a faint necrosis on stems, leaves, and pods. When juice extracted
from certain of these plants was transferrred to tobacco {Nicotiana
tabacum L. var. Havana 38), local and systemic symptoms of spotted
wilt developed on a small percentage of the plants. On the remainder
of the plants either local necrotic lesions or chlorotic areas occurred on
the inoculated leaves, but the systemic mottle which followed was
definitely not characteristic of the disease in question. Moreover, a
contaminating virus was demonstrated by means of differential hosts.
The mottle virus was isolated by inoculation to cucumber {Cucumis
sativus L. var. White Spine) and the spotted wilt virus by inoculation
to nasturtium (Tropaeolum majus L.)
Adjacent to the planting of peas was a number of rows of bean
(Phaseolus vulgaris L.) which included the varieties Wisconsin Refugee
and Idaho Refugee, known to be resistant to common bean mosaic
(bean virus 1). As these plants came into blossom, about 5 percent of
them showed symptoms similar to yellow bean mosaic (bean virus 2)
(21). As the season progressed, however, the symptoms differed in
many respects from those of the latter disease. In addition to marked
stunting and various degrees of mottle, necrosis occurred on leaves,
stems, and petioles. Some resemblance to bacterial blight (Bacterium
phaseoli EFS) was occasionally suggested, but attempts to isolate this
bacterial organism yielded negative results. Inoculation with expressed juice to pea, bean, cucumber, and tobacco resulted in mosaic
on the last two species, while on pea the symptoms were mild necrosis
and faint mottle and on bean a diffuse mottle and severe stunting.
These preliminary cross inoculations suggested that the diseases on
pea and bean were possibly due to the same virus and that the latter
was capable of bringing about symptoms on cucumber and tobacco
not unlike those associated with cucumber virus 1. In the autumn of
the same year (1935), M. W. Stubbs brought to the writers from a
Madison greenhouse a young pea plant which showed mild stem necrosis. Inoculation to cucumber, tobacco, and pea resulted in infection on all three, while transfer to bean was unsuccessful. Since none
1 Received for publication May 13,1940.
2 The writers are indebted to Drs. B. M. Duggar and James Johnson for helpful suggestions in the preparation of the manuscript and to Alva T. Amble for editorial assistance. Photographs were made by Eugene
Herrling. This investigation was supported in part by the Natural Science Project of the Federal Works
Progress Administration.
3 Italic numbers in parentheses refer to Literature Cited, p. 58.
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of the mosaic or streak viruses heretofore isolated from pea or kidney
bean, except the tobacco-ring-spot virus, had been shown to infect
systemically both tobacco and cucumber, it was deemed essential to
give the matter further attention. The present paper is a report on
studies of the diseases and associated viruses which have been carried
on at the Wisconsin Agricultural Experiment Station since 1935. A
preliminary report (37) has already been published.
METHODS AND MATERIALS

The greenhouses in which studies were conducted were kept free of
insects by frequent fumigation. In most cases the experimental plants
were grown at temperatures most favorable for their normal development, and after inoculation they were held at 23^ to 26° C. Insect
transmission studies were conducted in separate compartments. Field
symptoms on peas, beans, cucumbers, and squsish. (Cucúrbita pepo Lt,
var. Giant Summer Crookneck) were studied on experimental plots
near Racine, Wis., during the summer of 1939.
Preliminary investigations were carried out with a number of iso-.
lates* from pea and bean. Since most of these isolates were similar,
one was selected for further study as representative of those infectious
to both pea and bean. This virus was obtained from a necrotic pea
pod of the Wisconsin Perfection variety. The diseased plant was
grown in an outdoor plot at Madison, Wis., and showed a necrotic
flecking of the leaves and streaking of the stem. This isolate will be
referred to as strain 14. The other strain used extensively in this
investigation was that secured from a necrotic pea plant, mentioned
above, collected in a Madison greenhouse by M. W. Stubbs. This is
referred to as strain 17, and at the outset it was distinguished from
strain 14 by the fact that it was not infectious to bean. Certain substrains of 14 were isolated for study; the procedure used is described
later in the text.
For comparative purposes a stock of cucumber virus 1 was obtained
from James Johnson, Wisconsin Experiment Station. Celery virus 1
was supplied by F. L. Wellman, United States Department of Agriculture; it was isolated originally by him from Oommelina nudiflora L.
in Florida. All stocks of the viruses were maintained in young hybrid
tobacco plants (Nicotiana tabacum X N, glutinosa h.) j those for each
virus being segregated on shelves widely separated from other plants.
All greenhouse plants were inoculated in early stages of growth.
Peas were more readily infected when the first leaves were inoculated
before they had unfolded, while beans were usually inoculated by rubbing the unifoliate leaves about the time when the first trifoliate leaf
was unfolding. Carborundum powder was used as an abrasive in
transfer of the viruses, and the residue was washed from the rubbed
leaves with a fine spray. This method was used in all studies of
symptoms, host range, and properties.
EXPERIMENTAL RESULTS
REACTION OF BEAN

In greenhouse studies strain 14, strain 17, cucumber virus 1, and
celery virus 1 were used to inoculate the following varieties or strains
4 The torm "isolate" is used in this paper to designate a virus from a given source without impljnng that it
is necessarily a distinct strain.
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of bean: Asgrow Stringless, Black Valentine, Stringless Black Valentine, Asgrow Valentine, Tendergreen, Early Stringless Green Pod,
Giant Stringless Green Pod, Full Measure, Bountiful, French Horticulture, Ruby Dwarf Horticulture, Tennessee Green Pod, Wisconsin
Refugee, Idaho Refugee, Corbett Refugee, Kentucky Wonder Pole
(white-seeded). Navy White, Kentucky Wonder Pole (regular), Sure
Crop Black Wax, Hodson Wax, Brittle Wax, Improved Kidney Wax,
Pencil Pod Black Wax, Wardwell Kidney Wax, and Keeney Golden
Wax. At least 2 series, each containing 5 to 25 plants, were inoculated
from each variety. All varieties inoculated with strain 14 developed
symptoms. This virus was successfully recovered by transfer to
young tobacco plants of juice extracted from each of 16 varieties
selected at random. Many attempts to recover the other 3 viruses
were unsuccessful.
It is evident that strain 14 is distinctive in that it is the only one of
the four viruses used which affects bean. Wellman ißS) attempted to
infect bean with celery virus 1, but likewise secured negative results.
Harter (7) described a virus (believed to be related to cucumber virus
1) that was pathogenic on several varieties of lima bean (Phaseolus
lunatus L.), but not on kidney bean or pea. The preliminary report
by the writers {37) is apparently the first record of the successful inoculation of a virus in the cucumber mosaic group to kidney bean and pea.
More recently Zaumeyer {39) has reported two strains of cucumber
virus affecting pea, sieva lima bean, and broadbean {Vicia jaba L.),
but not kidney bean.
Although no variety was found immune to strain 14, some differences
in expression of symptoms and in the amount of stunting, mottling, and
necrosis occurred. In general, these symptoms were not sufficiently
distinct to warrant placing the varieties in different classes as suggested by Pierce {21) for bean virus 1. The range of symptoms may
be said to include about all those described for both bean virus 1 and
bean virus 2. On the other hand, it is difficult to ascribe to strain 14
any one symptom or group of symptoms which might be sufficiently
characteristic to set it apart from the other two viruses just mentioned.
Four varieties representing the range of symptoms were selected for
detailed study.
The unifoliate leaves of the Wisconsin Refugee develop a distinct
drooping within 4 or 5 days after inoculation with strain 14. If these
primary leaves are not fully developed at the time of inoculation, vein
clearing and yellowing are also produced in them. The first trifoliate
leaf next shows spinasty and vein clearing, with each leaflet twisted
and curved slightly inward from the apex. As the leaf continues to
develop, a diffuse yellow mottle appears, while the second trifoliate
leaf develops a more distinct mottle of the same type (fig. 1, (7).
The drooping of the unifoliate leaves serves to distinguish strain 14
from bean virus 2, which Pierce {21) described as causing a downward
drooping of the first trifoliate. Since bean virus 1 does not affect the
position of the leaves, epinastic response may be used to distinguish
each of the three viruses in the early stages of development on plants
inoculated in the simple leaf stage in the greenhouse.
Soon after the appearance of the first symptoms induced by strain
14, retardation in growth is evident (fig. 2). This difference becomes
even greater with age and is frequently the chief means of distinguishing the diseased from the healthy plants. Retardation in develop-
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mciit of leaves may be seen in figure 1, C, E, which shows a healthy and
a diseased leaf from Wisconsin Refugee plants of the same age. The
petioles and tlie internodes are also shortened, and stimulation of axillary buds gives the plant a bushy appearance, expecially under field
conditions.
In the same field in which strain 14 was originally isolated certain
Wisconsin and Idaho Refugee plants developed a light yellow mottle

1.—Symptoiiis ¡jroduced in .3 wcck.s on the second trifoliates of plant.s of
four varieties of bean inoculated with strain 14: A, Mottling and wavy leaf margins in Hod.son Wax; B, |)ronounced mottiing, vein banding, and dark green
islands in Sure Crop Black Wax; C, diffuse mottk', .slight curling of apices, and
extreme reduction in size in Wisconsin Refugee; 1), chlorosis near.margins and
deeper than normal green in the region of the midvein in Full Measure; E, uniiioculated leaf of Wisconsin Kef ugee. Note marked reduction in size of all inoculated leaves.

FIGURE

similar to that described for bean virus 2 {21). Isolations from these
plants consistently produced symptoms ou both tobacco and beans.
Since >mder greenhouse conditions the inoculated bean plants later
outgrew the leaf mottle symptoms, it was concluded that bean virus 2
was probably not present in these plants and that the field symptoms
were due to strain 14. Other plants in this field showed necrosis of
leaves, petioles, and stems, a symptom which was especially prominent
at the pulvinus and growing tip. It is now beli(!ved that one or more
yellow strains of 14 WCTC present in this field, since those necrotic
symptoms are similar to those later produced with such strains of th(i
virus.
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Further field trials were conducted during the summer of 1939 near
Racine, Wis. Three 50-foot rows of Wisconsin Refugee were planted,
and when the third trifoliate was unfolding tlie first 20 plants of each of
two rows were inoculated with strain 14. One month later the infected
plants showed marked stunting but had not developed a definite
mottle. The only other signs of disease were the irregular glossy surface and vein clearing of younger leaves. An occasional uninoculated
plant in each of the three rows also showed symptoms similar to those
which had been inoculated. Transfer of inoculum from these plants to
tobacco demonstrated that they were also infected with strain 14. By
the end of the season 90 percent of the uninoculated plants had become
infected. In no case was mottling or necrosis very evident; marked

l''j(iUKF, 2.—yl, T'niiioculatcd WiscoiLsin Uefugee bean plant; B, plant of samo age
as that in A, inoculated 3 weeks previously with strain 14. Note extreme
retardation in growth.

stunting and the glossy, wavy appearance of the l(>aves were the only
distinguishing symptoms. As compared with the few 7-emaining
healthy plants, tiic production of pods on these diseased plants was
greatly reduced, and small misshapen pods were more common. The
natural spread of the virus was probal)ly brought about by aphids.
The potato aphid, Aiacrosiphum (Illinoia) solardfolii (Aslim.), was
abundant and an occasional peacli aphid, Myzus -persicae (Sulz.), was
observed. Although the capacity of the potato aphid to transmit
strain 14 has not been investigated, it is an established vector of cucumber virus 1, while M. persicae is shown later in this paper to be a vector
of strain 14.
Considerable variation in symptoms has been shown to occur on
Wisconsin Refugee in the greenhouse and in the field. Even greater
variations occur between different varieties. On Sure Crop Black
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Wax, symptoms are more pronounced than on any of the other varieties tested and they closely resemble those produced by bean virus 2.
Initial symptoms are much like those produced on Wisconsin Refugee,
with drooping of the unifoliates and vein clearing of the first trifoliates, the latter condition usually changing gradually to vein banding. Light yellow areas soon develop and gradually spread to all
parts except along the larger veins, which remain dark green (fig. 1,5).
Occasionally, the vein banding symptom does not persist and the
mottle is more like that of bean virus 2, except that the yellowing is
less extensive. Scattered small dark green islands commonly occur.
The plants are stunted to about the same degree as those of Wisconsin
Refugee.
On Full Measure the symptoms on the first and second trifoliate
often resemble those of bean virus 1, as described by Pierce {21) on
Stringless Green Refugee. Vein clearing is followed by chlorosis,
especially along the edges (fig. 1, ¿)). On some leaves small dark
green areas appear scattered promiscuously over the lighter green
surface or concentrated along the larger veins. These symptoms may
continue to appear on developing leaves, but usually become entirely
masked. Stunting is less severe than in Wisconsin Refugee.
Symptoms on Hodson Wax are usually very mild under greenhouse
conditions. The first and second trifoliates usually show a mild,
diffuse mottle and occasionally darker green areas (fig. 1,-4). On
later-developing leaves it is often impossible to detect any mottling,
and the leaf may show only an irregular, glossy surface. Stunting is
less marked than with the varieties described above, and it is often
necessary to transfer the virus to other hosts to ascertain infection.
In general, stunting is the most constant symptom of strain 14 on
the bean varieties studied. The slower rate of growth causes a reduction in size of leaves and a shortening of internodes and petioles.
Stunting varies with the variety, but it is a more constant feature
than in the case of bean virus 1. Mottling of the leaves is extremely
variable, depending on the environment as well as the variety. The
slightly irregular, glossy surface is a rather constant feature but is too
indistinct to be detected by the casual observer. Masking of leaf
symptoms in the greenhouse and field is common. More extensive
field observations are needed to determine the most constant field
symptoms.
The reaction of the bean to various ^'yellow'' and ''dark green''
substrains of 14 is discussed later in this paper.
REACTION OF PEA

Three varieties of pea were inoculated with the same four viruses
used in the bean studies. The results (table 1) show that symptoms
appeared in all cases except in the plants of the Wisconsin Perfection
variety inoculated with cucumber virus 1 and celery virus 1. Furthernaore, in the case of the Alderman variety local lesions only were
produced after inoculation with celery virus 1. In no case was cucumber virus 1 or celery virus 1 recovered from inoculated pea plants
even though symptoms had occurred. Strains 14 and 17, on the
other hand, were recovered quite readily.
The symptoms which develop on young plants inoculated and grown
in the greenhouse will be described first.
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1.—Comparative symptoms on three varieties of pea inoculated with strain 14t
strain 17j cucumber virus i, and celery virus 1
Strain 14
Variety

Plants
inoculated

Alderman
Alaska
Wisconsin Perfection

Strain 17

Plants
infected

Plants
inoculated

Plants
infected

Cucumber virus 1
Plants
inoculated

Plants
infected

Celery virus 1
Plants
inoculated

Plants
infected

Number Percent Number Percent Number Percent Number Percent
137
82
55
24
47
20
10
120
62
74
28
50
14
12
28
21
88
49
52
27
30
0
17
0

1 Only local lesions were produced.
2 The only symptom was stem necrosis at the base of the inoculated leaf.
STRAIN

14

When young pea plants of the Alderman variety are inoculated
before the first leaves have unfolded, the initial symptoms appear in
4 or 5 days as a wilting or necrosis of some of the rubbed leaves and
stipules. In 6 to 10 days there appear on the youngest leaves diffuse,
yellow-green areas which may develop into a more definite mottle
(fig. 3, JB), or may disappear entirely. The developing leaves on
infected plants tend to remain folded and slightly twisted. A pronounced stunting soon follows, with reduction in size of leaves and
shortening of internodes as the most conspicuous symptoms (figs. 4
and 5). The lower leaves continue to wilt and die, and under greenhouse conditions 35 to 50 percent of the plants of this variety develop
faint, but definite, watery, purple-brown, necrotic streaks on the stem.
Necrosis may advance up one side of the stem or affect the entire
plant, including leaves and growing tip. Leaf necrosis is usually most
evident along the veins. If the growing tip is killed, new shoots may
develop in the axes of the lower leaves, but they remain stunted and
often show mottling. Infected greenhouse plants may persist for some
time but eventually die prematurely.
On the Alaska variety symptoms are similar to those on Alderman
except that stem necrosis is more extensive. Symptoms on Wisconsin
Perfection frequently appear as diffuse necrotic areas on the leaflets
and occasionally as a streaking on the petioles and stem. Stem
necrosis is more pronounced and mottling more distinct than on the
other two varieties. The killing of the growing tip is also common.
Symptoms produced by substrains of the virus on this variety are
described later in this paper.
In the field two 50-foot rows each of Alderman and Wisconsin
Perfection were planted, and 4 weeks later 20 plants in one row of
each variety were inoculated mechanically with strain 14. Mottling
of some plants and stunting of others were evident in 2 weeks, and
many later developed a mild necrosis of the stem and growing tip.
At 5 weeks all inoculated and a few uninoculated plants had developed
the disease. By the end of the season 95 percent of all the plants
were infected, and isolations from representative plants gave only
strain 14. Since the potato aphid could be found on almost every
plant and the peach aphid on an occasional one, it is probably that
one or both of these species spread the virus from the artificially
infected plants.
302144'-41
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Initial symptoms on naturally infected plants were similar to those
described above except that death did not often occur as promptly.
However, the main shoots usually died and secondary branches developed near the base of the plant. The rosettelikc appearance of

3.—Symptoms on leaflets and pods of peas iuoculatod with strain 14:
A, Leaflet from uninoculatcd Wisconsin Perfection plant; Ü, leaflet from Alderman inoculated with strain 14 (note diffuse mottle) ; C, D, leaflets from Wisconsin Perfection inoculated with yellow strain of 14 (mottle is more distinct
than in B); E, pod from uninoculated Alderman; F, G, necrosis of pods from
field-inoculated Alderman plants; //, /, twisting and stimting of younger pods
from the same variety.

FIGURE
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these shoots (fig. 5) was due to extreme shortening of the internodes
and distortion of the leaves. MottHng of leaves and necrosis of
stems were less common on secondary branches, but necrotic ñecJíing
of leaves and stems usually developed. Blossoms which were well

]"iGUBE 4.- V\'i.scoiisiii Perfection pea plant (A) 3 weeks after inoculation with
strain 11. Note extreme reduction in size as compared with uninoculated
plant (B), as well as necrosis of lowest leaves and mottle of young leaflets.
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developed at the time of initial symptoms usually dropped, while
small pods became distorted and necrotic (fig. 3, H, I). Some older
pods remained quite normal, while others showed severe necrosis
(fig. 3, F, G), and peas from the latter were occasionally mottled or
necrotic. On the secondary branches only a few pods set, and these

5.—Portion of an Alderman plant naturally infected in the field with
strain 14. The iuteniodes of side branches remain short, and faint necrosis
occurs along the veins of some leaflets.

FIGURE
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either developed normally or showed symptoms as described above.
The virus was readily recovered from stem, leaves, and pods.
STRAIN

17

The symptoms of this virus closely resemble those described above
for strain 14 on the same three pea varieties. Stem necrosis, however,
is more pronounced and vein clearing of the young leaves is more
common than mottling. Stunting is equally severe, and plants showing necrosis usually die prematurely.
CUCUMBER VIRUS

1

In no case has this virus been recovered from inoculated pea plants,
although a few such plants have shown definite symptoms. In a
10-plant series of Alderman, 1 plant developed a necrosis of rubbed
leaflets and petioles; in a few days necrosis had advanced 1 cm. along
the stem. Besides this necrosis, stunting was the only additional
symptom noted on this plant. In another plant in the same series
distinct stem and top necrosis occurred, followed by early death of
the plant. In still another series of this variety faint necrotic streaking
developed on stems of 3 plants. Out of 12 inoculated plants of the
Alaska variety, one showed stem necrosis at the base of an inoculated
leaf. In 3 separate series inoculation to Wisconsin Perfection gave
negative results. From these experiments it is doubtful if pea should
be considered a host of the strain of cucumber virus 1 used, but it is
indicated that the virus may occasionally enter and progress within
the tissue.
CELERY VIRUS

1

Similar preliminary results indicated that this virus may also go
to peas. In one series of 10 Alderman plants necrosis of inoculated
leaflets and stipules developed on 2 without the appearance of systemic
symptoms. In another 4-plant series of Alaska speckle necrosis of
leaflets and stipules occurred on 3 of the plants. No attempt was
made to recover the virus. In 3 separate series inoculation to Wisconsin Perfection failed to produce symptoms. Further studies are
needed to determine whether peas may be considered a host of this
virus.
SUBSTRAINS OF VIRUS 14

Tobacco leaves infected with strain 14 occasionally showed bright
yellow areas on the older leaves (fig. 6, A) similar to those described
by McKinney (20) for common tobacco mosaic and by Price (^4) for
cucumber mosaic; from these areas ''yellow^' substrainj were isolated
(fig. 6, B, C). In addition, two other substrains, ^'dark green'' and
''normal green,'' were isolated from tobacco leaves infected with
strain 14. The ''dark green" isolate was obtained from a small
raised area of tissue darker than normal green. The other was from
a nearly normal green area on the same leaf.
On tobacco the yellow substrains produced amounts of chlorosis
varying with the isolate (fig. 6, 5, C). Mottle was accompanied by
much leaf distortion and stunting. One of these isolates (fig. 6, B)
was used to inoculate cucumber, Wisconsin Refugee bean, Wisconsin
Perfection pea, and Black cowpea (Vigna sinensis Endl.) in the green-
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house. On cucumber the small circular chlorotic primary lesions
rapidly spread to produce a yellowing and quick death of the cotyledons. Chlorotic sunken streaks next appeared on the hypocotyl.

6.—A, Bright yellow spot in a tobacco leaf infected with strain 14.
From the tissue of such spots "yellow" strains wore isolated. B, C, Leaves
from tobacco plants infected each with a different "yeUow" isolate of strain 14.

FIGURE

followed by a yellowing of the true leaves. Infected plants usually
died soon after systemic symptoms appeared. Initial symptoms on
Wisconsin Refugee bean and Black cowpea were epinasty of the
rubbed unifoliate leaves followed by chlorotic areas on these leaves.
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Systemic symptoms frequently developed as a severe necrosis of stems,
petioles, and leaves. Necrosis of the pulvinus was especially prominent. Most of these plants died prematurely. On those which
survived or did not show necrosis a bright yellow mottle of the leaves
and severe stunting of the plants developed. The mottle symptoms
on cowpea were similar to those described by Price {ßJf)) for his Yi
and Y2 strains. Wisconsin Perfection peas infected with the yellow
substrains show more distinct yellow mottle (fig. 3, C and D), more
leaf distortion, severe necrosis, stunting, and a higher mortality than
do those infected with the original strain.
The dark green substrain was also compared directly with the other
substrains. On tobacco it showed a mild but distinct mottle of dark
green raised areas dispersed on a normal green background, and
distortion and stunting were less severe. In general these symptoms
were also typical of the dark green isolate on cucumber. Black cowpea,
Wisconsin Refugee bean, and Wisconsin Perfection pea. The normal
green substrain produced symptoms on the above hosts identical with
those of the original strain. In all cases the yellow substrain produced
the most severe symptoms, while the dark green strain was milder
than any of the substrains or the original isolate.
From these experiments it is evident that, as has been reported
for the cucumber mosaic virus (24), it is possible to isolate a number of
substrains which remain stable, give distinct symptoms, and differ
from one another in their severity on the respective hosts.
RELATION OF TEMPERATURE TO SYMPTOM EXPRESSION

Idaho Refugee, Kentucky Wonder Pole (regular), and Full Measure
beans, and Alderman and Wisconsin Perfection peas were included in
a study of the relation of temperature to expression of symptoms.
After inoculation with strain 14 by the usual method, 10-plant
groups of each variety were placed in temperature-controlled greenhouses at 16"^, 20"^, 24°, and 28° C. An equal number of check plants
was placed at each temperature.
Epinasty of the unifoliate leaves was the initial symptom on bean
at all temperatures, but time of appearance varied from 2 to 3 days
after inoculation on plants at 28° C. to a week or more at 16°. Diffuse
yellow areas next developed on the unifoliate leaves of plants at 28°,
and in 5 days vein clearing and distinct mottle appeared; at tiie end
of 2 weeks severe necrosis of stems, leaves, and growing tip had
developed on 20 percent of the plants. The progress of the disease
in plants at 24° was somewhat slower, and at 2 weeks vein clearing,
mottle, and stunting, but no necrosis, were evident. The mottle
developed still more slowly at 20°, but at 2 weeks the disease had
advanced nearly as far as at 24°. At the end of the experiment the
only symptom on plants at 16° was epinasty of the inoculated primary
leaves.
Infected Wisconsin Perfection pea plants first showed mottling of
the leaves at 24° C. in about 11 days, and stunting of the inoculated
plants at all temperatures was then evident. In one experiment, 18
days after inoculation, 9 of the 10 plants at 28° were either dead or
severely wilted and a few showed a faint necrosis of the stem; at 24°
4 of the 10 plants had developed faint necrosis of the stem and had
died prematurely; at 20° typical mottling developed on 6, and on 1
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necrosis of the growing tip occurred; at 16° none of the plants showed
symptoms other than stunting.
Although the disease is most severe in its effect on peas and beans
at 28°, the most typical symptoms develop at 24°. At 20° they
occrn: more slowly and with less severity, although they are nevertheless typical in appearance. Symptoms other than epinasty are
completely masked at 16° C, but the virus is readily recovered from
inoculated plants held at this temperature.
PROPERTIES OP THE VIRUSES

The properties of strains 14 and 17 were studied to determine how
closely they conform to those reported by Johnson (15), Hoggan
(iO), and Price (24) for cucumber mosaic viruses and by WeUman
(33) for celery virus 1. In the matter of longevity in vitro cucumber
virus 1 used in other studies reported herein was compared with
strains 14 and 17.
Expressed juice from tobacco plants recently infected with the
viruses was treated and then used to inoculate tobacco as the test
plant. Ten plants were used as a test unit and each experiment was
repeated at least once (table 2).
2.—Comparison of certain properties of cucumber virus 1, strain 14j end
strain 17 as determined by inoculation of tobacco i

TABLE

Strain 14 Strain 17

Strain 14 Strain 17
Temperature (°C.)

Trial
1

Untreated
45°
50°

55°
60°

_

65°
70°
75°

"*

6
5
10
5
0
0

Tolerance to dilution

Longevity in vitro

Thermal inactivation point

Trial

Time
aged
(days)

2

1

2

10
9
9
5
3
0
0

10
10
10
7
3
1
1
0

10 None
10
1
2
10
7
3
4
1
0
5
0
6
7
8
9
10

Cucumber
virus!

Strain 14 Strain 17
Dilution

Trial

2

1

2

1

2

1

10

10

10

8
6
6
1
0

10
4
1
0
0
0
0

10
8
6
1
0

10
10
9
2
1

5
6
2
1
0

9
7
6
4
0

Trial

1

1

2

10
9 10
9
10
10
9
4
9
9 "5" 2
4
10
3
0
9
1
0
10
1
6
0
0
0
0
0
1

Trial

Trial

Trial

_--

None
1-10
1-100
1-1,000
1-10,000

2
9
4
2
1
0

.

1 Figures represent the number of tobacco plants infected out of 10 inoculated with the virus indicated.
THERMAL INACTIVATION POINT

The method used for heating the virus samples was the same as
that described by Price (23) and later used by him in comparing yellow strains of cucumber mosaic (^4)- The thermal inactivation points
of strains 14 and 17 were found to be between 65° and 70° C, when
exposed at this temperature for 10 minutes. These figures are in
close agreement with those reported by Hoggan (10) for cucumber
mosaic viruses and are within the range given by Johnson (15) for
classification of the cucumber virus group. Price (24), using the
same method, obtained a variation from 64° to 72° for eight different
strains, but concluded that they were essentially similar in their resistance to heating. WeUman (33) found that celery virus 1 occasionally
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remained infective after treatment at 75°, but that it was inactivated
in all samples treated at 80°.
LONGEVITY IN VITRO

The expressed juice from aging studies was stored in stoppered test
tubes at 20° to 22° C. The longevity in vitro was 7 to 8 days for
strains 14 and 17. In one trial, however, one plant became infected
by inoculum aged for 10 days, although none were diseased after
inoculation with the same extract at 9 days. These results are in
general accord with those for cucumber virus 1, which was found to
lose its infectivity at 6 to 7 days, though Johnson {lô) and Hoggan
{10) report 3 and 5 days, respectively, for this virus.
TOLERANCE TO DILUTION

Dilutions were made with sterile distilled water and the plants
were inoculated immediately. There was no significant difference
between strains 14 and 17. The maximum dilution at which infection occurred was usually 1-1,000, although in one case it was 1-10,000.
These results are in general agreement with those reported by other
workers for the cucumber mosaic virus group {10, 33), which ranges
from 1-1,000 to 1-100,000 in maximum dilution from which infection
may be secured.
INSECT TRANSMISSION

The green peach aphid, Myzus persicae Sulz., was studied as a
possible vector of strains 14 and 17. Nonviruliferous aphids were
raised on healthy cabbage plants and later transferred to a variety
of infected hosts, on which they were allowed to feed from 48 to 72
hours. At the end of this period 10 to 15 aphids were transferred to
each healthy plant to be infected. After another feeding period of
48 to 60 hours the aphids were killed by fumigation. In the transfer
of a small number of insects a brush of red sable's hair was used, but
for larger numbers the leaf method of Hoggan {8) was found useful.
Strain 14 was transferred by means of aphids from tobacco to
tobacco, yellow sweetclover {Melilotus officinalis (L.) Lam.) to pepper
{Capsicum annuum L. var. California Wonder), kidney bean to pepper,
spinach {Spinacia olerácea L. var. Bloomsdale) to pepper, pepper to
pepper, and pea to jimsonweed {Datura stramonium L.). Strain 17
was also transmitted by the same vector from pea to spinach and
from spinach to spinach. Six plants served as a test unit in each
case. The virus was recovered from all hosts except jimsonweed.
The incubation period in the hosts varied from 14 to 21 days. No
experiments were conducted to demonstrate the length of time
required for the aphid to become infected or the length of time it
remained infective.
SEED TRANSMISSION

Transmission of bean virus 1 through the seed of common bean
was first demonstrated by Eeddick and Stewart {29), but bean virus
2 was found non transmissible by Pierce {21). Doolittle and Gilbert
{5) have given evidence to prove that cucumber mosaic may be transmitted through the seed of the wild cucumber {Micrampelis lohata
(Michx.) Greene), and Kendrick {16) demonstrated occasional transmission of the same virus through the seed of muskmelon varieties
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Honey Dew and Persian (Cucumis melo L. vars. inodorus and
reticulatus Naud.).
In a total of 580 pea and 440 bean seedlings grown from seed of
plants infected with strain 14 none was found to be affected with
the virus. The pea and bean seeds used were obtained from both
naturally and artificially infected field plantings reported earlier in
this paper. Further trials are needed to determine conclusively
whether this virus is transmitted through pea and bean seed, but
these preliminary trials suggest that it is not. No seed transmission
studies with strain 17 have been made.
HOST RANGE

Rather than ascertain the infectivity of strains 14 and 17 on a
series of plant species chosen at random, it was considered more to
the point to make a study on known hosts of the cucumber mosaic
group of viruses. This list includes those plants most commonly
infected in nature with cucumber virus 1 and, secondly, those which
have been more recently reported as hosts of this virus or strains
closely related to it. As strains 14 and 17 were first observed on peas
and beans, other legume hosts, such as lima bean, cowpea, lupine
{Lupinus angustifolius L. and L. hartwegii Lindl.), and sweetclover
were of special interest. A list of the plant species susceptible to one
or more of the four viruses studied in this paper and the cardinal
symptoms produced on each host are given in table 3. This list
includes 19 species belonging to 16 genera and 6 families. In addition
none of the four viruses was found to be infectious on White Dutch
Clover {Trifolium repens L.) or soybean (Soja max (L.) Piper var.
Manchu). From 5 to 50 plants or more of each species were inoculated, and with few exceptions the virus was recovered when signs of
disease developed.
A study of table 3 will reveal that all plants susceptible to cucumber
virus 1 are also hosts of strain 14, and, in addition, the latter virus
brought about infection on Fordhook Mammoth Pod lima bean and yellow sweetclover. Broadbean, susceptible to celery virus 1, was the only
plant tested not infected by strain 14. The celery virus also produced
infection on all plants tested except Fordhook Mammoth Pod lima
bean and yellow sweetclover. The host range of strain 17 paralleled
that of cucumber virus 1 and in addition included yellow sweetclover.
It is not the purpose of this paper to describe in detail the symptoms on all the hosts infected with different viruses. However, it
should be mentioned that in general the symptoms on the respective
hosts were similar as to type, and any variations between viruses
were mostly in degree or intensity. For instance, under field conditions, cucumber and squash infected with strain 14 not only produced plant symptoms identical with those of cucumber virus 1, but
also gave rise to wartlike areas and distortion of the fruit. The
similarity of the mottle symptoms of the four viruses may be seen in
figure 10, while typical variations in these symptoms are shown on
tobacco in figure 7. It is at once apparent that symptoms produced
by strain 17 on this host are much milder than those of the other
two viruses. Symptoms of strain 17 (fig. 7, C) most closely resemble
those of '^cucumber mild mosaic virus'' described by Hoggan (10).
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Strain 17 was somewhat unstable and occasionally symptoms similar
to those of cucumber virus 1 appeared on tobacco. Transfer of the
virus from such plants give rise to stable substrains. Strain 14 produced many types of symptoms on tobacco leaves, including oak-leaf
patterns, savoy, and reduction of leaf lamina. The principal difference in this regard between strain 14 and cucumber virus 1 was
a slightly greater amount of yellow in the lighter areas of the mottle
pattern produced by the former.
On cowpea, primary lesions were produced by all four viruses (fig.
13, A) similar to those described by Price {24). The necrotic lesions
produced by cucumber virus 1 were slightly larger and more numerous
than those of the other three viruses. In addition, strain 14 produced other primary symptoms, such as circular chlorotic areas which
later often became partly necrotic (fig. 13, B, C) and had a tendency
to spread out along the main veins. Systemic symptoms, such as
mottling, leaf distortion, bronzing (fig. 13, 0), and severe stunting,
developed on this host (fig. 14, i?).
Dark necrotic lesions were produced on the inoculated primary and
true leaves of watermelon by cucumber virus 1 and strains 14 and
17 not unlike those described by Wellman {So) for celery virus 1.
The yellow halo about the necrotic lesions was usually conspicuous
and on one plant inoculated with strain 14 a yellowing developed over
the entire plant. An attempt to recover the virus was unsuccessful.
The infection of Henderson Bush lima by all four viruses is of
interest in view of Harteras (7) report that a strain of cucumber
mosaic was infectious to eight varieties of small-seeded limas but not
to the large-seeded Fordhook types tested. Of the writers' four
viruses only strain 14 infected Fordhook Mammoth Pod. The symptoms of the four viruses on Henderson Bush lima were similar and
developed as epinasty, vein clearing, motthng, stunting, and occasionally bronzelike necrosis of leaves and necrosis of stems and growing
tip. Strain 14 produced the most severe symptoms of the four viruses
and death of the plants was common. The symptoms observed by
the writers on this host are not unlike those described by Harter (7)
except that the latter did not mention any necrotic condition. Since
cucumber virus 1, as well as the other three strains used in this study,
infects Henderson Bush lima bean, it is obvious that this is not a good
differential host for strains of the cucumber virus group.
The serious disease that developed from inoculating lupine with
strains 14 and 17 and cucumber virus 1 is similar to the lupine disease
reported from Germany by Köhler {17, 18), who considered it to be
identical with Ainsworth's {1) ''yellow-mottle mosaic'' (cucumber
virus 1 of Johnson).
Wellman {33) reported local lesions on leaves of broadbean inoculated with celery virus 1 but did not obtain systemic infection. In the
course of the experiments reported herein typical local lesions were
also obtained with this virus, and in a few cases systemic symptoms
also developed.
Inoculations of strain 14 to perennial chrysanthemum gave symptoms
which suggest a similarity to those of other viruses on this plant as
reported by Valleau {31) and Burnett (á), although the reaction of the
viruses described by these investigators was different on other hosts
from that of the four studied here.
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7.—Conipariiblc leaves from tobacco plants inoculated with: A, Strain
14; B, cucumber virus 1; C, strain 17 (note the diilusc mottle); Ü, leaf from an
uninoculatcd plant in the same series.

FIGURE
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SPECIFIC IMMUNITY PRODUCED IN ZINNIA BY STRAIN 14

Price (25) has sliown that zinnia plants mottled by any of several
different strains of cucumber mosaic virus are immune from his strain

I'lCiUUE 8.- A, ]iOaf from uiiinoculatod tomato; H, leaf from tomato itioculatod
with strain 14 (note stunting and shoestring type of leaflet distortion; a diffuse
mottle also occurs).

6, which produces necrotic primary lesions. Preliminary tests
indicate that zinnia leaves mottled by the writers' cucumber mosaic
virus strain 14 are also afforded protection from infection by strain
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9.—A, TiCaf from a healthy s])iiiach plant; 13, leaf from a .spinach plant
infected with strain 14 (note mottle, distortion, and stunting) ; C, leaf of (California Wonder pepper infected with strain 14, showing mottling and dark
green island; I), diffn.se mottle and distortion in leaflets of Datura stramonium
infected with .strain 14.

FIGURE
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6/ In one test 5 young zinnia plants wore inoculated with strain 14
and allowed to become thoroughly mottled; then 4 leaves on each
plant were inoculated with strain 6. Five healthy plants were
ino;'ulated with the latter virus only, and set apart for contn.ls.

10.—Comparable leaves from White Spine cucnmlicr plants inoculated
with: A, Celery virus 1; B, strain 17; C, cucumber virus 1; D, strain 14 (note
the similarity in the mottle symptoms on this host).

FIGURE

Lesions did not develop in any of the mottled leaves. The 5 control
plants developed a total of 173 lesions. Tn a second test new leaves
on each of the same 5 plants infected with strain 14 were inoculated
with Price's strain 6. As in the first trial no lesions developed on the
leaves mottled by strain 14, while 5 new control plants developed a
3 \ sample of cucumber inosaic virus strain 0 was kindly furnished hy Dr. W. C. Price.
SÜ2144—41
4
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total of 129 lesions. A third series of 5 plants inoculated with strain
14 were again inoculated with strain 6 before all leaves showed a
distinct mottle. Four lesions developed on 2 of the leaves that did
not show mottling. Five control plants inoculated with strain 6
only, developed a total of 81 lesions on the same number of leaves.

11.—A, Leaf of Honey Dew muskmelon plant inoculated with cucumber
virus 1 ; B, leaf of name variety as in A inoculated with strain 14 (note the
similarity in mottle symptoms) ; C, leaf of Cocozelle squash plant inoculated
with strain 14; D, leaf of same variety as in C inoculated with strain 17 (note
the more diffuse mottle in the latter).

FIGURE
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Five zinnia plants mottled with cucumber virus 1 were also inoculated
with strain G, but no lesions developed on any of the leaves.
These preliminary tests tend to confirm Price's {25) report that
zinnia plants mottled with cucumber mosaic virus are immune from
infection bv a second strain of the same virus. If the failure of

FiouRE 12.—A, Cotyledon of Kleckley Sweet watermelon inoculatod with strain
17 (note the typical necrotio local lesions and their similarity to those on
cotyledons from plants iiiocniatcd with strain 14 (ß) and cucumber virus 1 (C)).
D, E, F, CotyledoiLs of Cocozelle .squash inoculated with .strain 14: Early
chlorotic lesions are shown in D; necrosis sometimes follows, as in E; commonly
the early chlorotic lesions acquire a dark green halo, while the remainder of
the cotyledon turns yellow, as in F.
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13.—A, Nccrotic lesions on inoculated unifoliate leaf of Black cowpea
infected with cucumber virus 1, (celery virus 1, strain 14, and strain 17 produce
similar but fewer lesions on this host) ; B, larger clilorotic local lesions which
have become necrotic, a type which also follows inoculation with strain 14.;
C, later stage of type shown in B, necrosis having spread along the veins; I),
bronzing and yellowing on leaflet of a first trifoliate from a Black cowpea
l)lant infected systemically with strain 14.

FIGURE
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14.—Black cowpea: ^4, Loaf from uiiinoculatcd control; l{, extreme
mottle and distortion on leaf from plant .svsteinically infected witli strain
14.

FIGURE

15.—-4, Uninoculated jjlimts of Liipiniifs nngiiKlij'olius L.; B, severe
stunting of plant infected with .strain 14 (mottling, chlorosis, wilting, and
necrosis also occur); C, comparable plant infected with cucumber virus 1.

FIGURE
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necrotic lesions to develop on the leaves mottled with either cucumber
virus 1 or strain 14 is due to a specific acquired immunity it would
seem to demonstrate further the close relationship of strain 14 to the
cucumber mosaic group.
SEPARATION FROM ONE ANOTHER OF THE FOUR VIRUSES STUDIED

Strains 14 and 17 may be separated from mixtures with bean virus
1 and bean virus 2 {21) y pea virus 1 and pea viruses 2A, 2B, and 2C
{SO) by inoculation to either tobacco or tomato. The five lastnamed viruses may also be freed from strains 14 and 17 by transfer
to broadbean.
The four viruses studied cannot be completely separated from one
another when present in admixture. Hawever, certain combinations
of these viruses in the same plant may be readily separated out by
means of differential hosts. Strain 14 can be isolated from a mixture
of any of the other viruses by inoculation to kidney bean, cowpea, or
Fordhook Mammoth Pod lima bean. Strain 17 can be separated
from either cucumber virus 1 or celery virus 1 by inoculation to garden
pea or yellow sweetclover, but it cannot be separated from a mixture
with strain 14. Celery virus 1 is freed readily from the other three
viruses by inoculation to broadbean. Cucumber virus 1 cannot be
separated from any of the other viruses by the methods employed.
DISCUSSION
In this investigation an attempt has been made to describe and
identify two viruses which were found occurring naturally on pea and
bean. On the basis of symptoms, host range, modes of transmission,
physical properties, and immunity studies it appears that they are
related to the cucumber mosaic virus group, of which cucumber virus
1 may be given as the type virus (4, 15). Since the term '^cucumber
mosaic virus group ^^ has been commonly used by a number of workers
in classifying a particular strain or group of related viruses, the following review of the more pertinent literature is given in an effort to orientate the use of this term and to focus attention on the fact that strains
apparently isolated experimentally from the same well-recognized
virus may differ in symptoms and hosts affected as do those isolated
from natural material.
In 1916, Doolittle {3) and Jagger {ll)y working independently,
reported the occurrence of a transmissible mosaic disease of cucumber.
Later Doolittle {4) gave a more complete description of symptoms,
host range, physical properties, insect and seed transmission of his
virus. He found that expressed juice from mosaic plants was rendered noninfectious when heated for 10 minutes at 70° C. or aged in
vitro more than 3 to 5 days, and that dilutions of 1 to 10,000 still
produced infection. All species of Cucurbitaceae tested by Doolittle
and Walker {6) were found susceptible except those of the genus
Citrullus (watermelon and citron). Of the latter only the greenseeded citron was infected. Additional hosts in other families were
found susceptible, including tobacco, pepper, Physalis spp., catnip
(Nepeta cataria L.), Martynia louisiana Mill., milkweed {Asclepias
syriaca L.), pokeweed {Phytolacca decandra L.), and pigweed {Amaranthus retroflexus L.). Johnson {15) suggested cucumber virus 1 as the
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technical name for the cucumber mosaic virus and recommended that
the one described by Doohttle (4) be regarded as the type virus.
The natural occurrence of a number of cucumber mosaic viruses
which differ either in symptoms, physical properties, or host range
have been reported and some have been isolated experimentally.
Jagger {12) distinguished between ''white pickle^^ mosaic and a second
mosaic of cucumber which caused a mottle of leaves but gave rise to
no symptoms on the fruit. He {13) also reported a third mosaic disease
on summer crookneck squash and pie pumpkin which could not be
transmitted to cucumber. E. M. Johnson {14) on the basis of symptoms produced on tobacco described the following three types of
cucumber mosaic. Valleau and Johnson {32) had earlier characterized
type 1 by the term ''puffed;^' this type produced symptoms on cucumber similar to those described by Doolittle (4). Cucumber
mosaic types 2 and 3 produced different symptoms on tobacco but
were similar on cucumber and certain other hosts. Porter {22) made
a study of cucumber mosaic obtained from a number of States,
including Iowa, New York, California, Kansas, and Kentucky. On
the basis of symptoms produced on cucumber he concluded that all
samples except one were similar to Doolittle's virus {4). Porter
referred to these isolates as ''cucumber virus 1.*' The isolate which
diflFered from the others was called "cucumber virus 2^'; this was
obtained from Bettendorf, Iowa. In addition to differences in
symptoms on cucumber (var. White Spine) the latter virus infected
watermelon. West India gherkin {Cucumis anguria L.), and African
citron {Citrullus vulgaris Schrad). Recently Price {28) has shown by
immunity studies the similarity of Porteras "cucumber virus 1'^ and
Doolittle^s cucumber virus 1.
Hoggan {10) has described a "yellow cucumber mosaic^' virus
which differed from cucumber virus 1 in producing a bright yellow
mottle on tobacco and other hosts, but it had identical properties,
modes of transmission, and host range. It was considered a variant
of cucumber virus 1. A second virus, "cucumber mild mosaic,'^ was
described by her as producing milder symptoms and being lower than
cucumber virus 1 in thermal inactivation point, tolerance to dilution,
and longevity in vitro. She considered that this virus also belonged
to the cucumber mosaic virus group.
Price {24) was able to isolate a number of yellow mosaic and necrotic
type viruses from the bright yellow spots which appeared on the
leaves of tobacco infected with Porteras {22) "cucumber virus 1.^'
Each strain was found to produce different symptoms on several
hosts, but all were similar in regard to thermal death point and aging
in vitro. In another experiment in which cucumber mosaic virus
received from E. M. Johnson was passed from primary lesions on
cowpea in successive transfers, Price obtained evidence that the
virus may occasionally become altered. This occurred when certain
of these transfers on cowpea developed both yellow and necrotic
lesions. Subsequent transfers to cowpea from the yellow lesions
again produced yellow primary lesions, a severe systemic mottle, and
also a yellow mosaic in tobacco.
In England Ainsworth {1) has described three mosaic diseases of
cucumber. Two of these, which he refers to as "green mottle mosaic''
or "cucumber virus 3" and "yellow mosaic'' or "cucumber virus 4,"
respectively, occur naturally only on cucumber and differ in host
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range from the third, ^^yellow mottle mosaic" (''cucumber virus 1"),
since they induce systemic infection of watermelon, but they are not
infectious to solanaceous plants. He reports that they also differ
from cucumber virus 1 in ability to resist aging in vitro for 9 months
or longer, and to survive heating for 10 minutes at 80° C, though
they are inactivated at 90°. The ''yellow mosaic" virus differs
from "green mottle mosaic" only in symptoms produced on cucumber
and is regarded as a strain of the latter. Ainsworth regards cucumber
viruses 3 and 4 as distinct from cucumber virus 1, the last-named
being identical with Johnson's (15) cucumber virus 1.
It has been shown that viruses of the cucumber mosaic group are
the causal agents of a number of common diseases of plants other than
cucurbits. Hoggan (9) gave evidence that the disease originally
described as "spinach-blight" by McClintock and Smith (19) is
probably identical with cucumber mosaic (cucumber virus 1) on
spinach. Wellman (S3) has described a virus causing a serious disease of celery (celery virus 1) with a much wider host range than
cucumber virus 1, but it has physical properties and symptoms
similar to those of the latter virus. More recently Price (26) in his
immunity studies has given further proof of the close relation between
celery virus 1 and his strain of cucumber mosaic virus. He has also
shown (27) that the viruses of lily mosaic, ordinary cucumber mosaic,
strain 6 of cucumber mosaic, and celery mosaic produce similar
symptoms on lily, and that zinnia leaves infected with the passage
strain of lily mosaic virus are immune to infection from strain 6 of
cucumber-mosaic virus. Wellman (34) has also obtained infection
on banana with celery virus 1, resulting in symptoms similar to
bunchy top of banana. Köhler (18)^ working in Germany, described
a lupine disease which he concluded was caused by Ainsworth's (1)
yellow mottle mosaic virus of cucumber (cucumber virus 1). Harter
(7) obtained a virus from lima bean which he concluded belonged
to the cucumber mosaic virus group.
The cucumber mosaic viruses occurring in the United States, reported above, are shown to have certain definite similarities, and those
which were studied most critically gave further evidence that they
belong to the same group. From the present information it appears
that there are a large number of closely related viruses which may
differ greatly in symptoms and hosts affected. However, cucumber
virus 3 and cucumber virus 4 reported from England (1) appear to be
distinct from cucumber virus 1 and, therefore, probably do not belong
to the same group.
Strain 14, described in this paper and found occurring naturally
on pea and bean, has a host range that parallels, yet exceeds, that of
cucumber virus 1. In property studies the two viruses are similar,
and on certain plants symptom differences are hard to distinguish.
The principal difference is the ability of strain 14 to infect systemically
kidney bean, Fordhook lima bean, pea, jimsonweed, cowpea, and
yellow sweetclover. Cucumber virus 1 and celery virus 1 cannot
be considered infectious on pea, but the fact that symptoms developed
on a few plants inoculated with these viruses suggests the possibility
of obtaining strains from these viruses that readily infect pea. The
work of Price (24, 27), who obtained a strain of cucumber mosaic
systemic on cowpea and a passage strain of the lily-mosaic virus on
tobacco, lends support to this hypothesis, and furnishes a plausible
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explanation for the origin of strains 14 and 17. Strain 14 resembled
more nearly celery virus 1 in symptoms, property studies, and host
range than did any of the other viruses studied. However, there were
certain hosts that were infected by strain 14 but not by celery virus 1,
and vice versa.
Strain 17, also described in this paper, produces symptoms on
tobacco and cucumber which are nearly identical with those of
*'cucumber mild mosaic virus^' described by Hoggan (10). The
properties of the two viruses do not differ significantly. Strain 17
has a host range which differs from that of cucumber virus 1 only in
the ability of the former to infect pea, jimsonweed, and sweetclover
systemically. Only in symptoms do the two viruses differ appreciably.
At present the natural occurrence of strains 17 and 14 has been
limited to pea and bean plantings near Madison, Wis. Diseased pea
plants from various parts of Wisconsin showing similar symptoms were
not infected with these viruses. Whether the limited occurrence of
these strains on legumes is due to their recent origin or to environmental factors is at present only a matter for speculation. Harteras
(7) report of a cucumber mosaic virus on lima bean in Maryland and
Zaumeyer^s (39) discovery of two viruses of this group on pea in
Colorado suggest a widespread occurrence of cucumber mosaic viruses
on legumes. Sweetclover, which is a host of strains 14 and 17, supplies
a common biennial legume in which the viruses may overwinter.
Strains 14 and 17 differ distinctly from the viruses of bean mosaic
described by Pierce (21) and the pea viruses reported by Stubbs (30)
in host range, properties, and symptoms on certain hosts. Zaumeyer
and Wade (40, 41) and more recently Zaumeyer (38) have reported
a number of viruses affecting pea and bean. These also differ in
either host range, properties, or symptoms. However, two of these
(alfalfa viruses lA and IB) (38) are of special interest since they infect
systemically a number of hosts susceptible to strains 14 and 17,
including tobacco, zinnia, and cucumber. The properties of alfalfamosaic viruses lA and IB, including thermal inactivation point,
longevity, and tolerance to dilution, are within the range reported
by several workers for strains of cucumber-mosaic virus, but because
of the differences in symptoms and host range it is not probable that
they are related to cucumber virus 1. Nevertheless immunity studies
similar to those described by Price (25) and other direct comparisons
of the viruses might prove of value in demonstrating more distinct
differences or similarities.
On the basis of the present information viruses 14 and 17 appear to
be as closely related to cucumber virus 1 as a number of other viruses
previously reported. Whether they should be regarded as strains or
as related viruses is largely a matter of definition. In this paper they
have been referred to as strains primarily for the convenience of placing
them in the cucumber mosaic virus group, of which cucumber virus 1
is referred to as the type virus.
SUMMARY

The two viruses discussed in this paper, one affecting peas and the
other both peas and beans, were found inducing disease on these
plants in nature. Since this investigation has given evidence that
the two viruses are related to cucumber-mosaic viruses they are
tentatively referred to as strains 14 and 17 of that group.
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The symptoms produced on peas and beans are described in some
detail. Strain 14 infected all 25 strains of bean and the 3 varieties
of pea tested. Minor varietal and strain differences were observed
and examples of these are given. Strain 17 infected the 3 varieties of
peas tested but none of the 25 strains of bean. Neither cucumber
virus 1 nor celery virus 1 infected any of the above varieties of bean
systemically, but a few pea plants inoculated with these viruses
developed local symptoms. However, infection could not be obtained
in successive experiments, and for this reason peas are not regarded
as hosts of the last-named viruses.
Three substrains of 14 were isolated; two of these remained stable
and produced distinct symptoms on tobacco, cucumber, bean, pea,
and cowpea. The '^yellow" isolate produced a more severe disease
while the ''dark green*' isolate was less virulent than the original
strain.
On plants infected with strain 14 the disease was most severe at
temperatures of 24"^ to 28*^ C, within which range stunting, mottling,
and necrosis occurred. Inoculated plants held at 16° developed no
symptoms except stunting and epinasty of inoculated primary bean
leaves.
The properties of strains 14 and 17 were found to agree in general
with those described for several cucumber-mosaic viruses. Strains 14
and 17 remained infectious in vitro 7 days at 20° to 22° C. The
tolerance to dilution is about 1 to 10,000 for strain 14 and 1 to
1,000 for strain 17. The thermal inactivation point for strain 14 is
about 65° C. and for strain 17 between 65° and 70°.
The two viruses were readily transmitted by means of the peach
aphid to and from a number of host plants. Mechanical transmission
was also accomplished with or without the use of carborundum
powder as an abrasive. No seed transmission was obtained in 580
pea and 440 bean seedlings grown from seed of plants infected with
strain 14. Seed transmission was not studied with strain 17.
Table 3 gives a summary of the hosts infected and cardinal symptoms produced by the 4 viruses. This list includes 19 species belonging to 16 genera and 6 families. Strains 14 and 17 infected all plants
susceptible to cucumber virus 1, and strain 14 was pathogenic on a
number of additional hosts. Strain 17 differed from cucumber virus
1 only in systemic infection on pea, jimsonweed, and yellow sweetclover. The host range of strain 14 closely paralleled that of celery
virus 1 on the plants tested, but each virus infected certain hosts not
susceptible to the other. On some hosts the symptoms of strains 14
and 17 were similar to those of cucumber virus 1, but on other hosts
certain differences were evident. Soybean (var. Manchu) and White
Dutch clover were not infected by any of the 4 viruses.
Preliminary immunity studies give further indication of the close
relationship of strain 14 to the cucumber mosaic group.
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