A MOSAIC DISEASE OF CABBAGE'
By R. H. LARSON, research associate in plant pathologyj University of Wisconsin,
and formerly agent. Division of Fruit and Vegetable Crops and Diseases, Bureau
of Plant Industry, and J. C. WALKER, professor of plant pathology, University of
Wisconsin, and agent, Division of Fruit and Vegetable Crops and Diseases, Bureau
of Plant Industry, United States Department of Agriculture ^
INTRODUCTION

For several years a mosaic disease has been observed on cabbage
(Brassica olerácea capitata L.) in southeastern Wisconsin, but not
until 1934 did it become widely prevalent. Preliminary investigations
of the disease started in that year have already been reported by
isiank (4).^ The present writers took up the study in 1936 when the
great destructiveness of the disease emphasized the need for more
detailed information concerning the properties, vectors, and host
range of the virus.
The masking of symptoms which may occur on cabbage has undoubtedly delayed recognition of the real severity of this disease.
Its potential destructiveness was clearly emphasized in 1936 when
widespread occurrence followed a heavy infestation of cabbage aphids
which continued for the major part of the growing season. The yield
from several thousand acres was reduced by approximately one-half,
and the internal necrosis of heads which became evident at and following harvest resulted in still further losses.
The object of the present study was to record the symptoms of this
disease on cabbage and other hosts, to determine the host range of
the virus, to investigate the means of its transmission and overwintering, and to describe the virus as well as possible by a study of its
properties. Preliminary reports have been published elsewhere
PREVIOUS WORK ON VIRUS DISEASES OF CRUCIFERS

The first reports of a transmissible virus disease on cruciferous
plants were made in 1921, when, as a result of independent investigations in two laboratories, the mosaic disease of turnip (Brassica
rapa I..) was described. Gardner and Kendrick (11) at the Indiana
Experiment Station transferred, by mechanical inoculation, the infectious entity from naturally occurring mosaic-diseased turnips to plants
of the sarne species. They did not secure infection on radish (Raphanus sativus L.). Schultz (28), working concurrently at the Bureau
of Plant Industry laboratories in Washington, D. C, had brought to
his attention by W. A. Orton mosaic-diseased plants of turnip,
Chinese cabbage (Brassica pekinensis (Lour.) Gagn.), and pot-herb
mustard (B. japónica (Thunb.) Sieb.). He found that the infectious
entity could be transmitted interchangeably between the three species
1 Received for publication January 6, 1939. Cooperative investigations of the Wisconsin Agricultural
Experiment Station and the Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry
U.S. Department of Agriculture.
, - ^r..
2 The writers express sincere appreciation to Eugene H. Herrling for making the photographs used m this
paper. Valuable assistance was rendered by a grant from the Federal Works Progress Administration.
3 Italic numbers in parentheses refer to Literature Cited, p. 390.
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either by mechanical inoculation or by means of the aphid vector,
Myzus persicae (Sulz.). A mosaic disease of Chinese cabbage has
since been reported in many parts of the world {1, 6, 5, 9,15, 20,23, 25,
35, 45), and recently the disease on this plant has been described fully
from Cahfornia by Tompkins and Thomas (42). Equally widespread have been reports of turnip and rutabaga mosaic (2, 5, 6,10,14,
13, 16, 26, 45), the former having been described most completely in
a recent paper by Tompkins {4O). Other reports of mosaic on crucifers
before 1930 were on Raphanus sativus caudatus (L.) Bailey from India
(19), and on an unnamed species of Raphanus and on charlock
(Brassica arvensis (L.) Ktze.) from Denmark (13). Between 1926
and 1929 a number of cruciferous hosts to the sugar-beet curly top
virus were reported from the Pacific coast (22,29,30).
As early as 1910, Stewart (34, p. 167) observed in New York fields
a necrotic flecking of the outer and inner head leaves of cabbage. He
did not suggest a virus as the inducing agency, but it may well have
been that his observations were concerned with the effects of cabbage
mosaic. A chemical study of a mosaic disease of cabbage was reported by Jodidi et al. (17) in 1920, although these workers were
unable to demonstrate that they were working with an infectious
virus disease. In 1924 Spierenburg (33) in Germany noted internal
flecking of cabbage which resembled the symptoms of cabbage mosaic.
Following the preliminary report of cauliflower mosaic in New York
by Thatcher (36), Clayton (6) reported extensive cross-inoculation
studies with the virus from mosaic-infected rutabaga on Long Island.
He failed to secure infection on cabbage although he transmitted the
virus to its sister subspecies, cauliflower and Brussels sprouts (Brassica olerácea botrytis L. and gemmijera DC.) and to several other crucifers. The first authentic transfer of a mosaic virus to cabbage was
reported in 1934 by Tompkins (37) in the transfer of cauliflower mosaic
to that host. In 1935 Hoggan and Johnson (16), who obtained inoculum from a naturally infected turnip collected in southeastern Wisconsin by the senior author of this paper and from horse-radish collected in Illinois, secured positive infection of cabbage. It was
obvious by this time that probably several mosaic viruses of crucifers
occurred, and the last-mentioned authors were the first to make
studies of the properties of this group (16). In this same year the
first natural occurrence of mosaic on cabbage was described from
southeastern Wisconsin by Blank (4). This was followed by reports
from Oregon * and Washington.^ A ringspot virus disease of cabbage
was described from England by Smith (32) in 1935, but this disease
appears to be distinct from mosaic and more likely is similar to the
disease reported later from California by Tompkins et al. (4I).
The^fuU account of the cauliflower mosaic of the Pacific coast (39)
shows it to be distinct from the disease described in this paper. Among
the other cruciferous hosts upon which the natural occurrence of
mosaic has been described recently are wild radish (Raphanus raphanistrum L.) (43), rape (Brassica napus L.) (5, 18), colza (B. napus L.
oleij'era DC.) (18), horseradish ^ (7), pe-tsai and Chinese mustard (2),
honesty (Lunaria annua L.) (24) j wallflower (Cheriranthus cheiri L.)
* MCWHORTER, F. D. MOTTLING OR BREAKING IN DAME'S ROCKET IN OREGON. Ü. S. Bur. Plant Indus.,
Plant Dis. Reptr. 20:199. 1936.
s JONES, LEON K. OBSERVATIONS ON PLANT DISEASES IN WASHINGTON IN 1936. U. S. Bur. Plant Indus.,
Plant Dis. Reptr. 20:230-235. 1936.
« KADOW, K, J., and ANDERSON, H. W. BRITTLE ROOT OF HORSERADISH IN ILLINOIS, U. S. Bur. Plant
Indus., Plant Dis. Reptr. 20: 288. 1936.
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(S, Rej)t. 21; SI), dames rocket (Hesperis matronalis L.)/ and stock
(Matthiola incana R. Bv.) (12, SI, 38). The mosaic disease of water
cress (Nasturtium officinale R. Br.) (,5), was shown to be due to a strain
of cucumber virus 1. The identity of many of the other virus diseases
just mentioned, howevei', remanís hi doubt because of the lack of

1.—A, Xonwfi, infected leaf showing mottle and chlorosis; U, chlorosis
followed by necrosis in a leaf in which infection has progressed for a longer
interval; C and I), outer leaves of diseased mature cabbage showing chlorosis
and bands of necrotic tissue. In C the necrosis is limited to an area extending
from midrib to margin.

FIGURE

sufficient study of tiie virus concerned in each. case. It is obvious
that the time has come wlien tlie mere record of a mosaic disease of
crucifers is oi little value. A thorough analysis of symptomatology
of the disease on various suscepts and a study of the properties of the
virus are essential for distinction.
' See footnote 4.
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SYMPTOMS OF MOSAIC DISEASE ON CABBAGE

The appearance of the mosaic disease as it occurs on cabbage in the
greenhouse and under field conditions in southeastern Wisconsin will
be considered first. Symptons do not develop in the inocuhited leaves
but rather in those which become infected later through systemic
spread of the virus. The first symptom on young systemically invaded
leaves is a slight yellowing with a clearing of the veins beginning
usually at the distal portiou of tlie leaf. This is followed by mottling
and more distinct vein clearing (fig. I, A). The symptoms which

P'uiURE 2.—A, Mature cabbago hoad infected with the viru.s .showing interna!
necrosis of the parenchyma. B, Parting of leaves from core due to ab.scis.sionlayer formation as a result of virus infection. C, a, uninocuiated control;
6, plant inoculated during the early part of the season, showing in comparison
with the control the effect of progressive stunting and defoliation.

develop later vary considerably. They commonly consist of slight
vein banding and savoying of the leaf lamina while the normal production of "leaf bloom" is retarded. The retardation of bloom
produces a disthict off-type color in the bluer varieties, giving them a
decidedly yellowish cast. As infected leaves become older, necrotic
spots commonly occur on or along the veins and in the parenchyma
(fig. ], B). The spots on young inoculated plants are usually 1 to 3
mm. in diameter, sunken, and blue black in color. On the veinlets
they may be linear, but on veins and midribs they are circular. The
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3.—A, ViniKS-free seed plants; B, advanced stage of virus symptoms on
infected seed plants, consisting of declined vigor, defoliation, and impaired
seed set.

FIGURE

savoying of the iiiterveintil tissue, which is usually a deeper green
than normal, is often followed by twisting or curling of the TTiidrib.
In the field the symptoms may be masked very effectively, depending upon environment and possibly to some extent upon the variety.
Warm midsummer weather is favorable to this disease, and in south-
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eastern Wisconsin July and August are the months when it appears
most conspicuously. Growth may he stunted without any sign of
mottle or necrosis. Owing to leaf chlorosis and suppression of bloom,
the color may a.p[)oar yellower than normal. The outer leaves are
inclined to he more ei'CH't and, heing cui'ved along the midrib, to clasp
the iiead more tightly than is normal. Tlie outer leaves show a variety
of effects. Diffuse to prominent mottling may occur, sometimes
followed by necrotic spots in the interveirud I'egions of the leaves.

4.—A, Leaf of mature cauliflower infected witii tiie virus, sliowing vein
banding, mottle, chlorosis, distortion, and midrib twisting; B, chlorotic and
necrotic mottle in the form of vein banding on sprouting broccoli.

FKíUKE

Or, with little evidence of chlorosis, a necrosis may occur, either in
spots or in contimious or interruptecl bands which often extend to the
etlge of tlie leaf. These Jiecrotic areas are t)rown, blue black, or purple,
and as tliey grow older tlie tissue becomes dry and brittle (fig. 1, C
and U). A coimnon effect of systemic infectioii of cabbage is premature leaf drop. This may proceed whether or not other symptoms
are conspicuous or even distinguishable. This conditioTi results from
prenuiture formation of the abscission layer between the midrib or
petiole and the mahi stem, antl it is one of the most destructive phases
of the disease (fig. 2, C).
Head necrosis also occurs (fig. 2, A, B), although it is not so frequent as the symptoms already tiescribed. It develops either as the
head approaclies maturity in the field or later in storage or transit.
Sometimes it is confined to a few outer head leaves but it may be
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scattered throughout the head. Commonly only a portion of a head
leaf is affected from exterior to center. The necrosis is usually in the
form of small, sunken, brown to black spots which are most numerous
in the interveinal tissue where they may merge with one another to
form larger spots. Black leaf speck may also result from suboxidation or low temperatures in storage, but this type is not associated
with premature leaf drop. One common effect of the virus on the
stored heads is the continuation of the untimely and premature formation of the abscission layer between petiole and main stem (fig. 2, B).

5.—A, Chinese calibagc itioculatefl witli tlic oabliage mosaic virus, showing .stunting, vein clearing, chlorosis, and leaf twisting, while the older leaves
show necrosis; B, uninoculated control of the same age.

FIGURE

This effect may proceed up the entire lengtii of the core, making the
head worthless for market.
The masking of symptoms in cabbage plants is emphasized in holding them for seed production. It has been a common observation by
the writers that normal healthy appearing plants selected for seed
purposes often develop severe symptoms after the seed stem and
branches have emerged in the greenhouse, or in the field the following
season. Mottle of leaves, stems, and pods is connnon in such cases,
followed by necrosis, drying, and premature dropping of the leaves.
The vigor of such plants is often greatly reduced, and an increase in
blasting of flower buds may occur (fig. 3). Necrosis of seed pods and
impaired seed set have been often observed.
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SYMPTOMS ON OTHER CRUCIFERS

The cabbage mosaic disease occurred in destructive form on cauliflower in southeastern Wisconsin in 1936, and the virus, when recovered, was found to be identical with that on cabbage in the same
area. When young cauliflower plants are inoculated in the greenhouse
the first symptoms are vein clearing, slight mottling, and yellowing
of the younger leaves. The vein clearing gi'adually changes to vein
banding, which consists of continuous, narrow, dark-green bands
parallel with the midrib and veins but more conspicuous along the
veins (fig. 4, A). Chlorotic bands along the veins may occur as well.

i'lGUHE 6.—/I, Radish (Globe type) infected with the cabbage mosaic virus
showing systemic infection, stunting, chlorosis, and retarded development
of the fleshy hypocotyl; B, uiiinoculatcd control.

Mottle may consist of smafl spots or large areas. Necrosis appears
later in the form of brown to blue-black linear lesions at the outer
edges of the green or chlorotic bands along the veins. In the field vein
banding and leaf distortion are particularly conspicuous as well as
mottle and necrotic banding. Leaf distortion is much more conspicuous than on cabbage. The symptoms are often more severe on
one side of the leaf than on the other and the resultant uneven growth
causes much twisting of leaves and one-sided development of the
plant as a whole.
In other subspecies of Brasdca olerácea—kale, Brussels sprouts,
kohlrabi, and sprouthig broccoli—systemic vein clearing is again the
first sign of infection, while conspicuous mottling, necrosis, leaf distortion, and general retardation of growth are conspicuous. Chlorotic
mottle followed by necrotic bands paraUel with the veins commonly
develops on these hosts as on cauliflower (fig. 4, B).
Chinese cabbage is very susceptible to the cabbage vims. Vein
clearing, chlorosis with some mottling, and necrosis are conspicuous.
Leaf distortion is very common and pronounced general stunting of
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the plant follows early infection under optimum environmental
coriíütions (íig. 5).
Infected radish leaves develop vehi clearing, mottle, slight chlorosis,
and savoying. There is also some malformation and twisting. The
plants are stunted and normal enlargement of the hy[)()c<)tyl is retarded
(fig. 6).
Syin|)t()nis on amiual stock {Matthiola incuria (L.) R. Br.) consist of
vein clearing, chlorosis along the veins, mottling, and slight to severe
stunting. liCaf malformation teruls to he linear with some twisting
arul curling (lig. 7). Complete or sectional breaking of the flowers

KinuRE 7.—A, Healthy Matthiola incana (annnal stock), Ü, virus-infected plant
showing stunting, vein clearing, and a limited amount of chlorosis.

in the form of streaks or bands results in distortion, with imdersized
and variegated petals (fig. 8).
Other cultivated crucifers found to be susceptible are listed later
in the paper. The chief symptoms on all of these are varying degrees
of systemic vein clearing, chlorosis, mottling, leaf distortion and
stunting. The mottling is very conspicuous on dames violet (fig. 9).
TRANSMISSION STUDIES
METHODS AND MATERIALS

The virus used in these studies was obtained from cabbage grown
in the yellows-resistance trial plot in Kenosha County, Wis., and has
since been propagated on cabbage in the greenhouse at Madison, Wis.
Frequent transfers were made to healthy cabbage to insure a constant
supply of inoculum. The greenhouse temperature usually ranged
from 22° to 25° C, and frequent fumigation for the control of insects
was practiced. Artificial inoculations were made with extracted
juice, and powdered carborundum was used regularly as an abrasive
on cruciferous hosts (27), but was found to be unnecessary on many
of the other susceptible hosts.
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Healthy cabbage and turnip plants were employed for rearing
colonies of the peach aphid (Aíyzvtt persicae (Sulz.)) and cabbage
aphid {Brevicoryne hrasdcae (L.))- To increase vigor and to purify

8.—"Jiroaking" of (lowers in the terminal racemes o( Matthiola incnna
infoctod by the cabfjage mosaic virus; petals undersized and variegated.

FKUIHE

the cultures, new colonies were increased by transferring winged adults.
Small numbers of viruliferous apbids were transferred directly to test
plants with a camel's-hair brush, avoiding contaöt between the trans-
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for brusli aiul the test plants. When u largo immber was to be transferred, a leaf with many apliids was detached and placed on a small
piece of paper and the paper was allowed to rest on the leaf of the
healthy test plant until the viruliforous ajihids migrated to the plant.
Reinoculations from test plants were made to tobacco and cabbage
to determine tlie presence or absence of the virus. All plants tested
for susceptibility to the virus were chocked in this manner. Sus-

FiGURE 9.— Symptoms produced by tlio cabbage mosaic virus ou leaves of dames
violet: A, Leaf from uniuoculated coutrol; B, loaf from inoculated plant showing very conspicuous mottling.

ceptible species were repeatedly tested and compared with uninoculated controls. Details of unusual methods are described later.
CULTIVATED CRUCIFERS SUSCEPTIBLE TO THE VIRUS

All the cruciferous species tested were found capable of harboring
the virus and of exhibiting symptoms when infected. The following
list contains the forms tested; the symptoms on many of these have
already been described.
Brassica olerácea viridis L. (kale—var. Dwarf Green Curled).
/i. olerácea L. gemmifcro DC. (Bru.ssels sprouts—var. Long Island Improved).
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B, olerácea capitata L. (cabbage—vars. Wisconsin Hollander, Wisconsin All
Seasons, Jersey Queen, Marion Market, Golden Acre, Danish Ballhead, and
Mammoth Rock Red).
B. olerácea botrytis L. (cauliflower—^var. Snowball).
B. olerácea botrytis L. (broccoli—var. Green Sprouting).
B. olerácea gongylodes L. (kohlrabi—var. Early White Vienna).
B, napus L. (rape—var. Dwarf Essex).
B. campestris (L.) napobrassica DC. (rutabaga—vars. American Purple Top and
White Russian.)
B. rapa L. (turnip—vars. Purple Top White Globe and Snowball).
B. júncea (L.) Coss. (leaf mustard—var. Tender Green).
B. pe-tsai Bailey (Chinese cabbage—var. Chihli).
B. alba (L.) Boiss (white mustard).
Cheiranthus allionii Hort. (Siberian wallflower).
Matthiola incana R. Br. (stock—var. Dwarf Ten Weeks).
Hesperis matronalis L. (dames violet).
Lepidium sativum L. (garden cress—var. Extra Curled).
Raphanus sativus L. (radish—vars. French Breakfast and Crimson Giant).
WILD CRUCIFEROUS HOSTS

All cruciferous weeds inoculated were found to be susceptible.
Dwarfing and slight mottling with some vein clearing are the usual
symptoms. In the case of shepherds-purse, wild peppergrass, and
hoary alyssum the early symptoms on fairly old leaves appear in 10 to
15 days after inoculation as chlorosis along the leaf niargins, slight
savoying, and mottle, followed eventually by necrosis and dea^h
(fig. 10). Young leaves become dwarfed and curled, but they persist
and give the plants a stunted appearance. This dwarfed, rosette appearance is typical of the naturally infected plants of these weeds
found in the field. The seedstalks and pods from such plants are
usually malformed.
The following species were tested. In each case the habit of the
plant in the upper Mississippi Valley is indicated (A = annual; WA=
winter annual; B== biennial; P=perennial).
Berteroa incana (L.) DC. (hoary alyssum) A or P.
Capsella bursa-pastoris (L.) Medic, (shepherds-purse) A or WA.
Neslia paniculata (L.) Desv. (ball mustard) A or WA.
Radicula palustris (L.) Moench. (marsh cress) A or B.
Sisymbrium officinale (L.) Scop, (hedge mustard) A or WA.
Sisymbrium altissimum L. (tumblemustard) A or WA.
Lepidium virginicum L. (wild peppergrass) A or B.
Lepidium sativum L. (peppergrass) A or B.
Thlaspi arvense L. (pennycress) A or WA.
Brassica arvensis (L.) Ktze.. (charlock) A.
Brassica nigra (L.) Koch (black mustard) A.
Brassica júncea (L.) Coss. (Indian mustard) A.
NONCRUCIFEROUS HOSTS

In contrast to hosts that show a mottle and chlorosis when systemically infected with the cabbage mosaic virus, Swiss chard (Beta
vulgaris cicla L.) and sugar beet (B. vulgaris L.) develop an erratic
localized type of systemic lesions (fig. 11). The first symptoms exhibited are numerous small dark local spots. These increase in size,
the center changing to a brick red, and on coalescence, necrotic areas
develop in the parenchyma, giving the eftect of vein banding. In the
older infected leaves severe necrosis develops first at the distal portion
and progresses toward the base. The tissues gradually become dry
and brittle and the leaf dies.
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FiGUiiB 10.—Crueiforous weeds infcctod with the cabbage-mosaic virus: A, Shepherds-purse; li, wild peijpergrass; C, lioary alyssum. a, Uniiioculated controls;
h, inoculated plants.

Systemic itifcction in spinach (Spinacia olerácea L. var. Bloomsdale)
appears as conspicuous vein clearing, well-marked progressive chlorosis,
and some necrosis. Considerable malformation oí the leaves and
stnnting are very evident (fig. 12, ß, b).
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Infected larkspur {Delphinium ajacis L.) develops mottle with slight
necrosis at the tips of the loaves. Later bleaching and vein handing
of the leaves is evident. The older infected leaves become dry and
brittle aTul drop. The iid'ected plants are usually very nuich stunted.
The flowers show breaking in the form of white streaks or flecks.
Systemic infection in petunia (Petunia, hyhrida Vilm. var. Rose King)

11.—A, Jirratic tyjx! of systemic infoctioii on leaves of sugar boot (a, b, c)
infected with tlic cal)l)age-mosaio virus; uiiiuoculated control (d). B, b, Infected plant of Swiss chard showing localized or spot tyi)e of systemic infection;
a, uninoculated control.

FIGURE

results in a nuirked stunting, conspicuous mottle, and chlorosis without
breaking of the flower (flg. 12, A). In calendula {Calendula officinalis
L. var. Balls Orange) the flrst symptoms appear as clearing of the
veins and mottle. This is followed by pronoimced mottling and
necrotic spotting. A twisting of the leaves and severe sttmting are
evident. Zinnia {Zinnia elegans Jacq. var. Orange and Gold) shows
vein clearing followed by chlorosis and stunting.
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REACTION OF SPECIES OF NICOTIANA

Infection of cruciferous and iioncruciferous hosts described above
was definitely systemic. In the s])ecies of Nicotiana tested infection
was either locahzed, erratic (i. e., inoculation resulting in local lesions
followed by systemic infection), or systemic (fi^. 13). In tobacco
(variety Connecticut Havana No. 38), A'^. tabacum calyciflora L., A'^.

KniURE 12.—A, a, I'liinoculatod iH>tmna; h, petunia infected by the cabbagc;iiiosaic viru.s, sliovvitig proiiuinu'ed vein clearing, cldomsis, and stunting.
B, a, Uninoculated spinach; h, virns-iufcct(!(i spinach plants shovviufç stunting
and conspicuous chlorosis.

sylvestris Speg., and in the Fj hybrid of A'^. tabacumy^N. glutinosa,
small individual necrotic lesions appear on the inoculated leaves in
from 3 to 4 days. The necrotic area enlarges rapidly up to 3 cm. or
more in diameter, usually showing a brick-red center with concentric
rings and a darker band at the edge. The older lesions become dry
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and die out, and as they coalesce a larg'e part of the leaf becomes involved. No systemic invasion occurs. A'', sylvestris differed from
the rest in that the local lesions did not appear OTI the inoculated
leaves until 12 to 15 days after inoculation.
In Nicotiana glutinosa a faint halo type of chlorosis a[)pears in from
12 to 15 days on systemically infected leaves, which is followed by a

13.—A, a-c, Older local lesions on the F¡ liyhrid of Nicotiana iabacumXN.
glulinoaa produced by transferring Myziis ¡iirrHicae from cabbage infected with
the mosaic virus. B, Infected leaves of A', glidinosa: a and 6, Older chlorotic
lesions and necrosis; c, early lialo type of clilorotie spots that form on systemically infected leaves to which the virus lias spread from lower inoculated
leaves.

FIGURE

more conspicuous yellowing with shojht necrosis. The necrosis gradually involves the entire leaf but the virus is not fatal, for symptoms
continue without preventing llowcring and seed setting (fig. 13, B).
In A'^. rustica L. no primary symptoms appear on the iiioculated leaves.
Secondary symptoms appear in about 15 days, consisting of irregular,
diffused chlorosis and definitely marked progressive mottling of light
and dark-green areas. Leaf distortion may follow in the form of onesided infection and twisting (fig. 14, A, a, b).
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In Nicotiana re/panda, Sims prima ry local lesions appear in 3 to 4 days
with dark centers and concentric rings. They enlarge and coalesce to
form an irregular necrotic pattern, the inoculated leaves often becoming completely necrotic and dry. Early secondary symptoms consist
of mild local chlorosis followed successively by mottling and necrosis.
The plants usually are very much stunted. In N. quadrivalvis

FiouKE 14.—A, Symptoms of systemic infection of Nicotiana rustica by the
cabbage-mosaic virus are cliloratic spotting and distortion (a, b) ; Healtliy
control (c). B, a, Stunting, vein clearing, chlorosis, and leaf malformation of
A^. muUivalvis infected with the cabbage-mosaic virus; b, uiiinoculatcd control.

Pursh primary symptoms were not observed on the inoculated leaves.
Vein clearing and yellowing of the younger leaves occurred in from 14
to 16 days, followed by stunting of the growing point. Leaf distortion
in the form of twisting and narrowing appears with i)rogressive chlorosis and savoying. No necrosis develops and the symptoms continue to
appear until flowering. Chlorosis, vein clearing, and stunting of the
younger leaves arc evident on A'^. multivalvifi Lindl. in about 15 days,
with no primary symptoms on the inoculated leaves. The chlorotic
patterns gradually become necrotic in older plants (fig. 14, B, a).
179777—39
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15.—Leaf symptoms produced by systemic infection of the cabbagemosaic virus on Nicotiana langsdorfii, showing chlorotic mottling and distortion
of the intercostal area.

FIGURE

Systemic infection appears in the form of conspicuous chlorosis on A'^.
langsdorfii Sclirank. Well-marked mottling of light- and dark-green
areas with some leaf distortion follows (lig. 15). In A^. bigelovii (Torr.)
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S. Watts the virus produces pronounced, systemic infection in the form
of conspicuous stunting and chlorosis 15 days after inoculation.
SPECIES NOT INFECTED BÏ THE VIRUS

Attempts to transmit the cabbage-mosaic virus to the following
species were unsuccessful:
Yellow dock (Rumex crispus L.); buckwheat {Fagopyrum esculentum
Moench), var. Silver Hull; pigweed {Chenopodium album L.); broadbean (Vicia faba L.); nasturtium (Tropaeolum majus L.); var. Golden
Gleam; pansy (Viola tricolor L.), var. Black King; tomato (Lycopersicum esculentujYi Mill.), var. Globe; red currant tomato (i. pimpineUifolium Dimal); potato (Solanum tuberosum L.), vars. Irish Cobbler
and Rural New Yorker; nightshade (S. nigrum L.) ; eggplant (S. melongena L.), var. Black Beauty; buiïalo-bur (S. rostratum Dunal); Nicotiana sanderae^ Sñ.Jider; N. longiflora Cav.; A^. nudicaulis S. Wats.;
snapdragon (Antirrhinum orontium L.), var. Rust Proof; muskmelon
(Cucumis melo L.), var. Milwaukee Market; cucumber (G. sativus L.);
var. Chicago Pickling; Watermelon (Citrullus vulgaris Schrad.), var.
Stone Mountain; dandelion (Taraxacum officinale Weber) ; head lettuce
(Lactuca sativa L. capitata Hort.), var. Iceberg; and China-aster
(Callistephus chinensis (L.) Nees), var. Giant Blue (Wilt resistant).
INSECT TRANSMISSION

The species of insects found on cabbage in the field, viz, the cabbage
aphid (Brevicoryne brassicae), green peach aphid (Myzus pérsicas
Sulz.), and the imported cabbage worm (Pieris rapae L.) were studied
as possible vectors. In view of possible variations in the concentration of the virus in leaves of different ages on the same plant, viruliferous aphids from leaves of corresponding ages were used in all transmission studies. Cabbage (var. Jersey Queen) and shepherds-purse were
used as test plants. In tests with the cabbage aphid it was found that
the feeding time required for nonviruliferous apterous forms to acquire
the active principle was one-half hour and transmission of the virus
was accomplished in a period of equal length. When the apterous nonviruliferous peach aphids were tested, the time to acquire the virus
was slightly longer, although transmission of the virus to healthy test
plants resulted after a feeding time of one-half hour. The short feeding period on both diseased and healthy test plant indicate quite
definitely that a long incubation period of the virus within the two
vectors does not take place. It was also foimd that viruliferous cabbage and peach aphids are capable of infecting four consecutive
healthy test plants without intermittent feeding on the source of
inoculum. A feeding period of 1 hour was allowed for each successive
test plant. The possibility of reinfection of the aphids with accumulated virus from the test plant does not seem likely because of the
short feeding period on consecutive test plants. The alate forms of
both species were also shown to be capable of serving as vectors.
The cabbage worm was found to be effective in transmission of
the cabbage mosaic virus in greenhouse tests. A small number,
usually three, viruliferous cabbage worms, having previously fed on
diseased plants for 24 hours, were transferred directly to the test
plants and allowed to feed for as much as 4 hours and not more than
6 hours since longer feeding periods completely defoliated the test
plants. In four series of 5 plants each, it was found that 16 of the 20
test plants produced typical symptoms.
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TEMPERATURE RELATIONS OF THE DISEASE
The relation of temperature to the disease was stuciied under
controlled conditions in the greenhouse. Healthy cabbage plants
were artificially inoculated and an equal number (20) placed in each
of a series of greenhouses which were kept as uniformly as possible
at 16°, 20°, 24°, and 28° C, respectively. An equal number of checks
was included. Two such experiments were conducted with similar
results. At 16° a very slight mottling developed, visible with transmitted light only, and there was no vein clearing. Otherwise it was
not possible to distinguish between inoculated and healthy plants.
Slight symptoms occurred at 20° and a few plants showed vein
clearing. At 24°, vein clearing and a distinct increase in mottling
occurred with some necrosis on most plants. Pronounced symptoms
occurred at 28°, although an increase in the chlorotic type of mottle
developed. When diseased plants grown at the higher temperatures
(24° or 28°) were removed to the cooler greenhouse (16°), new foliage
of normal appearance developed. These series showed conclusively
that the disease is expressed more rapidly and severely at high air
temperatures, a result which is in full accord with the observations
made upon the epidemiology of the disease in the field.
PROPERTIES OF THE VIRUS
In the study of the properties of the cabbage-mosaic virus, expressed
juice of diseased cabbage plants was treated and then used to inoculate
tobacco as the test plant. The average number of local lesions on
one leaf of each of 10 plants in three trials each was used as the
criterion for comparison (table 1). The longevity in vitro at about
20°-22° C. was found to be between 24 and 48 hours. The virus
has an inactivation temperature at or near 55^ for a 10-minute treatment and a dilution tolerance of about 1 to 1,000. The virus is
readily inactivated by drying.
TABLE

1.—Properties of the cabbage-mosaic virus as determined by local lesions formed
on inoculation to tobacco
[10 plants inoculated in each of 3 trials]

Longevity in
vitro
Period
of exposure at
20°-22°
C.
(hours)

0.._
12
24

.

Average
number
of lesions
on 30
leaves

126
92
24

Thermal deathpoint
Temperature of
the 10minute
exposure

±20
52
53

Tolerance to
dilution

Average
number Diluof le- tion
sions
on 30
leaves

130
121
12

0
1:10
1:100

Average
number
of lesions
on 30
leaves
141
81
11

Longevity in
vitro

Thermal death
point

TemPeriod Average
peraof expo- number
ture
of
sure at of le- the 1020°-22° sions minute
C.
on 30 expo(hoiu-s) leaves
sure
48
72
96...__.

9
0
0

54
55
56

Tolerance to
dilution

AverAverage
age
number Dilu- number
of leof letion
sions
sions
on 30
on 30
leaves
leaves

3
0
0

1:1,000
1:2,000
1:3,000

1
0
0

In the study of virus diseases of cruciferous crops, reports of property studies have been given in only a few cases. A summary of the
data reported are shown in table 2. Because of the uncertainty still
existing concerning the number and identity of the viruses reported on
cruciferous hosts, it seems well to indicate briefly the significant differ-
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ence between the viruses mentioned in the table and the one described
in this paper. The cabbage-mosaic virus reported herewith, when
compared as to properties and host reaction with the mosaic on turnip
of Hoggan and Johnson (16), appears to be similar if not identical.
The cauliflower virus described by Tompkins (39) differs in the absence of infection on any species of AHcotiana, in the masking of symptoms at high temperatures (above 20° C), and in each of the properties
listed in table 2. The black-ring virus of cabbage differs from the
cabbage mosaic virus in greater longevity in vitro, in a higher inactivation point, and in its low temperature optimum. The Chinese
cabbage mosaic virus of Tompkins and Thomas (4^) differs from the
virus described herein in all of the properties studied and in the fact
that it became systemic only in cruciferous hosts. The turnip mosaic
virus of Tompkins (J¡0) did not become systemic in cabbage.
TABLE

2.—Comparison of properties of crucifer viruses as determined by different
investigators
Authority

Host

Hoggan and Johnson 1935 (16) _. Turnip .

Virus disease

Longevity
in vitro

24-48 hours
at22°C.
14-15 days
Tompkins 1937 (39) .
Cauliflower
-.-do
at 22° C.
Tompkins et al. 1937 Ui) ...
Black ring,.. 72 hours at
Cabbage
22° C.
Tompkins and Thomas 1938 (4ê). Chinese cabbage. _ Mosaic.--.- 72-96 hours
at22°C.
Tompkins 1938 (4.O)
do.. -. 2-3 days at
Turnip
22° C.
Larson and Walker
do
24-48 hours
Cabbage
at22°C.
Mosaic

Inactivation Dilutemperature tion tol(10 minutes) erance

54

°C.

75

1-1,000
1-2,000

59

1-1,000

Between 73
and 75.
Between 60
and 63.
55

1-5,000
1-3,000
1-1,000

RELATION OF THE VIRUS TO CABBAGE SEED
In 1936 mosaic was severe in the yellows-resistant cabbage plots in
southeastern Wisconsin. There were some indications that infection
occurred in the seedbed from which the plants were taken. This bed
was in a secluded spot where crucifers had not been grown for many
years. A large number of cabbage seed lots from a great many
sources were included in this seedbed, and it is possible that the virus
may have been introduced with one or more lots of seed.
During the winter of 1936-37 numerous diseased cabbage seed
plants were grown in a cool greenhouse at 16°-20° C. for seed pod
and seed formation. When extracted juice from young whole seed
pods was used as inoculum all test plants developed virus symptoms.
When only the young immature seeds (milk stage) were used as a
source, the extract also proved to be infectious. Inoculations made
with the extract from mature seed pods and with that from the
mature seeds resulted in no infection of the test plants.
Mature seeds obtained from severely infected seed plants were
used in seed-transmission trials in the greenhouse. A total of 5
plantings was made. All possible precautions were taken to prevent
contamination from other sources. From a total of 1,764 plants, 26
were suspected of being diseased upon examination at the transplanting stage. These were reset for observation and it was found that 2
of the young plants showed definite mosaic symptoms and the juice
extracted proved to be infectious. During the course of this experi-
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ment between 3,000 and 4,000 plants were grown from seed from
known healthy seed plants, in the same greenhouse, without any sign
of disease at the transplanting stage.
While the data secured are not sufficient to serve as a basis for
final deductions, two tentative conclusions seem to be clear. (1)
The virus systemically invades the flower parts and the young pods
and seeds, but if present in mature seeds it is there in such a state as
not to be readily extracted. (2) The virus, if seed-transmitted, is
not so perpetuated in a large percentage of cases even when seed is
collected from very severely diseased pods. In spite of the very
small number of cases of seed transmission, the growing of plants in
crowded seedbeds and the effective means of spread by aphids combine to leave this means of virus introduction and dissemination a
highly important one unless even rare seed transmission can be
disproved with absolute certainty.
OVERWINTERING OF THE VIRUS

Since all cruciferous weeds found in Wisconsin that were tested
proved to be susceptible, it was thought that the winter annuals and
perennials that become infected in the latter part of the growing
season as a result of migration of viruliferous cabbage or peach
aphids might serve as an overwintering source of inoculum. A large
number of cruciferous and noncruciferous weeds were collected in the
early spring of 1937 before seedbed planting time. These weeds were
growing on the borders of commercial cabbage and cauliflower fields
that were heavily infected with the virus during the growing season of
1936. Many of the weeds collected were dwarfed and rosetted and
their leaves were chlorotic and necrotic. Artificial and aphid (M.
persicae) inoculations to young cabbage and shepherds-purse plants
resulted in the recovery of the cabbage mosaic virus from only two
cruciferous weeds, shepherds-purse and pennycress. None of the
noncruciferous weeds yielded the virus. These two weeds are very
common winter annuals in southern Wisconsin and may well become
an important overwintering source of the virus or strains of the
virus from which aphids may transmit to seedbeds and early transplanted fields in the spring.
RELATION OF CABBAGE VARIETIES TO THE DISEASE

In the course of field observations during the widespread occurrence
of this disease in southeastern Wisconsin in 1935 and 1936 all the
varieties exposed were infected. It was noted, however, that although
general infection did occur some varieties were more severely damaged
than others. Marion Market seemed to be most generally and
severely affected, whereas Globe in adjacent plantings was less seriously damaged even though it sustained as high a percentage of
infected plants. Wisconsin All Season seemed to produce quite
successfully in spite of general virus infection.
Some preliminary results were secured at Madison, Wis., in 1936
in a comparison of inoculated and uninoculated plants of several
standard varieties, all but one of which (Penn State Ballhead) had
been selected for resistance to yellows (Fusarium conglutinans Wr.).
One row of each variety was inoculated artificially with juice extracted
from diseased plants, soon after the plants had recovered from trans-
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planting. Thorough apphcation of insecticides to control insect
vectors was practiced throughout the growing season. At harvest
weights of heads were taken from 10 inoculated and 10 uninoculated
plants of each variety. The results are given in table 3.
3.—Comparative yields of healthy cabbage plants of different varieties and
of plants inoculated with the cabbage-mosaic virus soon after transplanting

TABLE

Average weight of heads
Variety
Healthy

Penn State Ballhead
Marion Market
Wisconsin Ballhead
Wisconsin Hollander
Globe
Wisconsin All Seasons

._

.__
_._ .
___.
__

Ounces
54.0
76.1
55.8
49.2
63.0
71.5

Diseased
Ounces
27.8
46.2
46.2
41.3
53.3
63.7

Decrease of weight in
diseased plants

Ounces
26.2
29.9
9.6
7.9
9.7
7.8

Percent
48.5
39.3
17.2
16.1
15.4
10.9

These trials are too limited to furnish sufficient data upon which to
base an evaluation of varieties. They do confirm, however, the field
observation that Marion Market is more readily damaged than Globe
and Wisconsin All Seasons. In this trial Penn State Ballhead appeared
to be much more susceptible than the yellows-resistant varieties of the
same type, Wisconsin Hollander and Wisconsin Ballhead.
DISCUSSION
It is obvious from the results of this investigation and that of
other workers that a number of strains of virus affect the crucifers.
Some of these appear to be confined to this family while others have
a much wider host range. Some crucifers such as turnip and Chinese
cabbage are very susceptible to all strains. On the other hand, some
economic crucifers have a sufficiently differential reaction to aid somewhat in diagnosis.
The cabbage mosaic virus described in this paper seems to differ
in several respects from crucifer viruses reported elsewhere. It is
extremely virulent on cabbage in the Middle West, where its optimum
temperature prevails at a time when the cabbage crop is usually just
past the transplanting stage. Common cruciferous winter annuals in
this area which become infected in late summer are capable of carrying
the virus over winter readily. The cabbage aphid, which is commonly present, is an effective vector of the virus throughout the spring
and summer. The customary procedure of growing plants in crowded
seedbeds creates a situation especially favorable for extensive dissemination.
The recent sudden appearance of cabbage mosaic in destructive
form cannot be explained with entire satisfaction. It has imdoubtedly
been present to a minor degree for many years. Symptoms are
readily masked under a cool environment and many aspects of the
foliage symptoms have undoubtedly been confused with those of other
diseases.
Further study of the variation of this and other crucifer viruses is
needed. In view of the findings in other virus groups it is reasonable
to expect variations in respect to host range, properties, and virulence
in this group. The extent of such variability will in some measure
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determine the eventual severity of the disease and it will also have an
important bearing on the progress that may be expected in the development of resistant varieties. ,
SUMMARY
The mosaic disease of cabbage discussed in this paper is one that
has been extremely destructive to the crop in southeastern Wisconsin.
The symptoms brought about on cabbage and many cruciferous
and noncruciferous hosts are described.
All cruciferous hosts, cultivated and wild, which have been tested
were found to be susceptible.
Among noncruciferous hosts are three important crop plants, Swiss
chard, sugar beet, and spinach, and three ornamentals, larkspur,
petunia, and zinnia.
The reaction of several species of Nicoiiana is given because of the
importance of these facts in distinguishing the virus from others.
A list of plants that did not become infected upon inoculation is
given.
Three insects found commonly in commercial cabbage fields, Aiyzus
persicae (peach aphid), Brevicoryne hrassicae (cabbage aphid) and
Pieris rapae (cabbage worm) are vectors. B. hrassicae picked up the
virus from diseased cabbage plants in a feeding period of one-half hour
and viruliferous aphids infected healthy test plants in a feeding time
of one-half hour. M. persicae required 1 hour to secure the virus,
although the feeding time for infecting healthy plants was the same
as for the cabbage aphid. Both alate and apterous forms of the two
species of aphids are vectors.
Environmental conditions play an important part in the destructiveness of the disease and expression of plant symptoms. The disease is most severe at temperatures of 24° to 28° C, within which
range stunting and necrosis occur. New foliage appears symptomless
when infected plants are held at 16° C. or lower.
The virus is transmitted mechanically with the aid of carborundum
as an abrasive. It remains infectious in vitro for 24 to 48 hours at
20°-22° C. The tolerance to dilution is about 1 to 1,000; the virus is
inactivated when held at about 55° C. for 10 minutes. Drying
inactivates the virus.
The virus has been recovered from young seed pods and immature
seeds of cabbage but not from mature pods or seeds. Seed-transmission has not been finally proved.
It has been definitely demonstrated that overwintering cruciferous
weeds are an important source of inoculum in southeastern Wisconsin.
Indications from preliminary trials confirm field observation that
certain cabbage varieties are more tolerant to the disease than others.
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