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IN'l'RODUCTION
THE INVESTIGATIONS of host plants of aster yellows are covered by three
reports. The present paper is confined to the work with aster yellows on
vegetable and seed crops. One other paper in this issue describes the disease
on ornamental flowering plants (Severin and Freitag, 1945). Weeds experimentally and naturally infected are discussed in a third paper (Frazier and
Severin, 1945).
In 1902' Smith described aster yellows, especially as it affects the flower;
he was the first to notice it in California. The disease is now generally distributed in most counties of the state. Among economic plants, celery is
seriously affected (Severin, 1929a) in certain years. During 1931 a general
outbreak occurred in the Sacramento Valley, and celery in many fields was
plowed under. Lettuce, carrots, parsley, parsnip, and potato (Severin, 1929a,
1932, 1940) have been demonstrated to be naturally infected; but the disease
is of no economic importance at present.
Field investigations of other host plants of this virus were conducted from
1925 to 1943. Several new vegetable host plants were noted, as recorded in
this paper. The infection of seed crops received special attention, and surveys
were made of seed farms and the ranches of seed companies. Attempts were
made to recover the virus from naturally infected host plants. The symptoms
were studied.
METHODS
The method of recovering the virus from naturally infected host plants
and the production of noninfective leafhoppers were the same as in previous
investigations (Severin 1929a" 1942). A detailed account of methods is given
in the third paper of this series (Frazier and Severin, 1945).
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HOST RANGE OF VIRUS
'!'he host range of the aster-yellows virus among economic plants naturally
infected includes 11 vegetables, 12 seed crops belonging to 14 species in 12
genera in 6 families, including those previously reported (Severin, 1929a,
1932, 1940). The season's duration of each plant is given in the following list:
Chenopodiaceae :
S pinacia oleracea L., *6 spinach, unknown variety; seed crop; annual
Compositae ;
Cichorium Intybus L., chicory; seed crop; perennial
Cichorium Endivia L., endive; vegetable; annual or biennial
Scoreonera hispanica L., black salsify; vegetable; perennial
Lactuca sativa L.* lettuce; vegetable (Severin, 1929a) and seed crop; annual
Lactuca sativa L. var. longifolia Lam., Romaine lettuce; vegetable; annual

Oruciferae :
Brassica oleracea L. var. capitata L., cabbage; vegetable and seed crop; biennial
Brassica oleracea L. var. botrytis L., cauliflower; seed crop; biennial
Brassica oleracea L. var, iiolica Plenck., sprouting broccoli; seed crop; biennial
Raphanus satious L., Long White Chinese radish; vegetable and seed crop; annual or
biennial
Liliaceae:
Allium Cepa L., onion; vegetable and seed crop; biennial
Solanaceae:
Solanum tuberosuan L., potato (Severin, 1940) ; herb
U mbelliferae :

Douous Carota L. var, sativa DC., Short White and Yellow Belgian carrots; vegetable
(Severin, 1932) and seed crop; annual or biennial
Petroselinum crispum N ym., Double Curled parsley and unknown variety; seed crop;
biennial or perennial
Petroselimum hortense Hoffm. var, radicosum Bailey, Hamburg or turnip-rooted parsley;
vegetable (Severin, 1932) ; biennial
Apium graveolens L. var. dulce DC., Golden Self-Blanching celery; vegetable (Severin,
1929a) and seed crop; Utah celery, vegetable; biennial or perennial
Apium graveolens var. rapaceum, celeriac; vegetable; biennial
Pastimaca sativa L., * Hollow Crown parsnip; vegetable (Severin, 1932) and seed crop;
biennial

'I'he virus overwinters in biennials and perennials; it also is carried over by
overwintering leafhoppers.
The virus was recovered by previously noninfective short-winged and longwinged aster leafhoppers from the naturally infected host plants and transferred to healthy aster or celery.
LILIACEAE, LILY FAMILY

Onion (Allium Cepa) plants grown from bulbs were collected on September 22, 1941, in a canyon of the Montara Mountains. These specimens showed
chlorosis of the leaves, which on some plants drooped and on others were
twisted and intertwined. Onions grown for seed production near Cotati were
Ii The asterisk indicates overlapping host ranges of California and New York aster-yellows viruses.
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also shown to be naturally infected with aster yellows during the summer of
1943. Since the symptoms were not those of yellow dwarf (Drake, Tate, and
Harris, 1932, 1933), tests were made to recover the California aster-yellows
virus from the diseased onions. Attempts were made to infect healthy onion
plants experimentally by means of different species of leafhoppers.
The virus was recovered from naturally infected onion by previously noninfective short-winged aster leafhopper, Macrosteles divisus (Uhl.), and by
the long-winged race of the same species. The former transmitted it to healthy
celery. The long-winged aster leafhopper on celery usually dies before the
so-called virus incubation period is completed in the insect; hence it was
transferred to healthy asters and transmitted the virus to them.
TABLE 1
LONGEVITY OF FIVE LEAFHOPPER VECTORS ON ONION PLANTS

Common and scientific names of leafhoppers

Lots
of 20
adults
used
number

Short-winged aster leafhopper, Macroeteles
divi8U8 (Uhl.)•.................................
Long-winged aster leafhopper, Macrostelee
divi8W' (Uhl.) .................................
Mountain leafhopper, ColladonU8 montanu8
(V.D.) ........................................
Geminate leafhopper, Idiodonus geminatu8
(V. D.) ........................................

Longevity of males

Longevity of females

Range

Average

Range

Average

days

daus

daY8

daYB

24

3-10

6.7

13-21

18.4

17

4-8

5.6

8-22

13.6

9

3-6

4.5

5-10

7.5

9

4-12

7.0

4-10

6.2

4

31-33

32.0

18-26

22.0

Acute-winged leafhopper, Acinopterus anculotu»
l . aw •..........................................

Danvers Yellow Globe, Red Wethersfield, and Sweet Bermuda onion plants
grown from sets, and Danvers Yellow Globe grown from seeds were all experimentally infected. These onion plants were exposed to lots of either 20 infective short-winged or 20 long-winged aster leafhoppers until the insects died
on the plants. After symptoms appeared on the infected onion plants, the
virus was recovered by lots of 20 previously noninfective short-winged or
long-winged aster leafhoppers and transferred to healthy celery and asters
respectively.
The long-winged aster leafhopper, which was the most efficient vector of
the virus to onion, was abundant in the canyons of the Montara Mountains.
Short-winged aster leafhoppers were captured on weeds growing in onion
fields and along roadsides near Cotati.
'I'he virus was also transmitted to onion plants by the mountain leafhopper,
Colladonus monianus (V. D.) = (Thamnotettix monianus V. D.) ; the geminate leafhopper, Idiodonus geminatus (V. D.) = (Thamnotettix geminatus
V. D.) ; and the acute-winged leafhopper, Acinopierus cnqulatue Law.
Table 1 shows the longevity of the last living male and female in lots of 20
adults of the 5 vectors on onions. The 5 vectors failed to complete the nymphal
stages on onions.
The first symptom on experimentally infected onion plants grown from
seeds or sets is a yellowing of the basal portion of the youngest leaves, gradually spreading until these entire leaves are affected. Sometimes the chlorotic
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leaves twist and intertwine as described on celery, carrot, Hamburg or turniprooted parsley, and parsnip (Severin 1929a, 1932). Sometimes, in the later
stages of the disease, the leaves droop and wilt, and the plants die.
The symptoms on naturally infected onions grown for seed vary in different
plants. Onion plants infected before the peduncle developed often showed
twisted and intertwined leaves, yellow or orange in color. Frequently the
pedicels, or flower stems, in the terminal umbel were greatly elongated (plate
1, A). The most striking symptom was the production of bulbils or bulblets
(Bailey, 1924) instead of seeds in the umbel (plate 1, B). The bulblets developed yellow or green leaves (plate 1, C). Often each bulblet was on a pedicel (plate 1, D), or some were sessile and others on pedicels (plate 1, E).
Experimentally infected seed crops grown from sets also developed these
symptoms. The manifestations of aster yellows on the umbels are called
"onion shaggy head" or, according to KenKnight (1943), "frizzle top."
As a result of scheduling the reading of a paper by the senior author, however, requests for information were received from W. J. Virgin" and Glen
KenKnight," In response, California aster yellows on onions was described to
them and identified in Virgin's photographs of diseased onions. The evidence
for natural and experimental infection of this vegetable was reported to them,
and the vectors were given. Though no mention was made of the source, it
was presumably on the basis of this correspondence that KenKnight (1943),
apparently failing to realize that the information was given confidentially in
advance of publication, issued the following statements:
There are two strains of the aster-yellows virus, the Eastern or Typical Strain and the
Western or California Strain. These differ in host range. It is possible that both are
present in Idaho. Both strains of the virus are spread by the six-spotted leafhopper, and
it has been shown that the California Strain can be spread by about twenty species of other
leafhoppers.
Onion plants affected with aster yellows ("frizzle top") produce seed stalks which have
leafy structures instead of floral parts. A healthy and diseased seed head are shown on
the cover of this leaflet.

Bulblets separated from the umbels from infected plants were planted, and
some grew. Previously noninfective short-winged and long-winged aster leafhoppers recovered the virus from these onions and transferred it to healthy
celery and asters respectively.
The incubation period of the disease in onion plants grown from sets ranged
from 9 to 23 days, an average of 16.3 days; and in Danvers Yellow Globe
seedlings from 10 to 20 days, an average of 15.0 days, when the basal portion
of the youngest leaves became chlorotic.
Kunkel (1926, 1931) reported that he experimentally transmitted the Ne,\\7
York aster-yellows virus by means of the aster leafhopper, Macrosteles
divisus = (Cicadula sexnotata UhI.), to 184 species of plants in 151 genera
belonging to 38 families. But he does not list a single plant of the family
Liliaceae, to which the onion belongs. All our attempts to transmit the eastern
8 Virgin, W. J. Associate Plant Pathologist in the Idaho Agricultural Experiment Station; letter to senior author dated July 15, 1942.
.,KenKnight, Glen. Associate Plant Pathologist in the Idaho Agricultural Experiment
Station; letter to senior author dated January 15, 1943.
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aster-yellows virus" to onions by means of short-winged and long-winged aster
leafhoppers were failures.
Doolittle and Wellman (1934) reported that southern celery-mosaic virus,
transmitted by the cotton or melon aphid, Aphis gossypii Glover, was the

Fig. l.-Celeriac naturally infected with aster yellows, showing shortened,
curved, and twisted petioles of youngest leaves.

first definitely established case of a mosaic virus affecting both dicotyledonous
and monocotyledonous plants. The natural infection of onions with California
aster yellows is the first example of a leafhopper-transmitted virus of the
yellows group affecting both dicotyledonous and monocotyledonous plants.
• Infected asters were received from L. M. Black, Rockefeller Institute for Medical
Research, Princeton, New Jersey.
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UMBELLIFERAE, P ARSLEY FAMILY

Celery (Apium graveolens var. dulce) grown for seed was demonstrated to
be naturally infected with aster yellows. Diseased plants were common in the
fields between Davis and Sacramento during the outbreak in 1931. The in-

Fig. 2.-Parsley plant, grown for seed, naturally infected with aster yellows, showing numerous axillary shoots at the apical end of the main seedstalk. Umbels failed to develop.

fected plants were stunted and chlorotic, with numerous bunched shoots at
the apical ends of the branches (plate 2, C). Severin (1929a) has described
the symptoms on celery in a previous paper.
Celeriac (Apium graveolens var. rapaceum) was proved to be naturally
infected with aster yellows. Diseased plants were common in a commercial
vegetable field near San Leandro during the autumn of 1936. The petioles of
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the innermost or youngest leaves are shortened, curved, and twisted (fig. 1) ;
sometimes they intertwine.
Parsley (Petroselinum crispum) grown for seed was shown to be naturally
infected with aster yellows. In 1933, 1 per cent of Double Curled parsley
plants had been infected with the virus before transplantation in the San

F ig. 3.-Parsley plants, grown for seed, naturally infected with aster yellows,
showing dwarfed compound umbels.

Juan Valley. Diseased plants after transplantation in the field are chlorotic
and stunted, with a dense growth of adventitious shoots (plate 2, E) . The
petioles of some of the leaves are twisted (plate 2, D) . A previous paper
(Severin, 1932) describes the symptoms on three varieties of parsley experimentally infected, together with the incubation period of the disease .
Parsley, grown for seed, with dense clusters of axillary shoots on all stems
and with deep green leaves was common on seed farms in the Salinas Valley.
The axillary shoots form a compact cluster of leaves at the apical ends of
the main and lateral seedstalks (fig. 2). The lateral seedstalks are short and
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bear upright secondary shoots. Umbels fail to develop on such plants (fig. 2).
The virus was recovered from plants showing these symptoms and was transferred to healthy asters and celery.
On the same seed farm there were occasional infected parsley plants that
did develop umbels. The pinnately compound leaves on these plants are
chlorotic and curled outward, and the compound leaves are dwarfed or absent
on the lateral seedstalks (fig. 3). The flowers of the compound umbels are
gTeen instead of yellowish green. The petals and stamens are replaced by
green leafy structures.
Carrots (Daucus Carota var, sativa) infected with aster yellows before
transplanting develop a dense cluster of dwarfed, chlorotic, upright adventitious shoots (plate 3, A, B) with dwarfed umbellets (plate 3, B). Carrot
plants, grown for seed. infected with aster yellows after transplantation are
conspicuous in the field during the blossoming period; the flowers are yellowish g-reen, in contrast to the showy white flowers on healthy plants. The outer
raylets in the umbellets and the pedicels are longer than normal (plate 3, C).
The calyx tube is longer than in healthy flowers. The peduncles are chlorotic.
On some infected plants the leaves are purple; on others the margins of the
pinnate decompound leaves are purple, and the remainder is green (plate
8, B). The leaves on some plants, probably in the advanced stage of the disease, are yellow, except that the midrib and lateral veins are green (plate
8, A). There is an increase in the number of rootlets on infected carrots
(plate 3, D), a condition which, in the sugar beet infected with curly top
(Severin, 1929b). has been described as "hairy" or "woolly root" or
"whiskered beets."
The symptoms, the recovery of the virus from naturally and experimentally
infected carrots, and the incubation neriod of the disease in 3 white, 1 yellow,
and 7 orange varieties have been described in a previous paper (Severin,
1932) .
Parsnip (Pastinar-a sat1:va.) , grown for seed, naturally infected with aster
yellows is chlorotic, both leaves and stems. The stems are sometimes curled
(nlate 4, A), and the peduncles twisted. The compound umbels on diseased
plants are yellow; on healthy plants greenish yellow. The raylets and pedicels
on infected plants are elongated (plate 4, B). Sometimes numerous compound
umbels develop, forming a cluster of tangled raylets and pedicels (plate 4, C).
CRUCIFERAE, MUSTARD FAMILY

Cabbage (Brassica oleracea var. capitata) near Irvington in 1939 was
found to be naturally infected with aster yellows. Such plants are dwarfed
and usually form no heads or very small heads. The youngest leaves exhibit
a clearing of the veins. As the leaves gTOW older, the veins swell on both upper
and lower surfaces, and become white. The youngest leaves are a normal
green, the older leaves chlorotic, and the oldest leaves white. Successive older
leaves become 'more and more outwardly and downwardly curled toward the
petioles.
Caulitlower iBrassica oleracea var. botrytis) grown for seed near Irvington
and in the Salinas Valley was natura.lly infected. Often the lateral flower
stalks are curved or twisted (plate 5). The flower clusters are usually dwar-fed
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on most of the stalks, with short peduncles and pedicels. Toward the apical
end of the stems, however, the peduncles and pedicels are often elongated,
forming a tangled cluster. No study has been made of the flower abnormalities of cauliflower naturally infected with aster yellows, since the flower buds
were not expanded.
Sprouting broccoli (Brassica oleracea var. italica) near Irvington in 1939
showed symptoms of aster yellows. A profuse proliferation of the inflorescence occurs, accompanied by phyllody, the tendency of the floral organs to
resemble leafy structures (plate 6, A) ; and by virescence, or greening, of the
flowers, The pedicels or stems of the flowers are elongated. The sepals are

Pig. 4.-Radish plants, grown for seed, naturally infected with aster yellows, showing proliferation of the flowers; the petals, stamens, and gynoedum are replaced by leafy structures.

enlarged, the petals reduced; both are leafy and green, The stamens are
usually reduced, but often enlarged and green; when enlarged the pollen
sacs expand to form leafy structures; the filaments are elongated into a stem;
and thus the stamens are replaced by bipinnate leafy structures (plate 6, B).
The gynoecium is elongated, sometimes club-shaped; the carpels bifurcate
and leafy (plate 6, B) .
Radish (Raphanus sativus) , grown for seed, manifesting natural infection
with aster yellows was common on seed farms in the Salinas Valley. Tufts of
green flowers occur on the apical ends of the seedstalks instead of the showy
white flowers seen on healthy plants of the same variety. A proliferation of
the flowers occurs, successive flowers with long pedicels developing from the
ovaries (fig. 4) , Often the petals, stamens, and gynoecium are replaced by
leafy structures (fig. 4) .
Long White Chinese radish collected near Irvington was demonstrated to
be naturally infected with aster yellows .
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·8
Fig. 5.-Longitudinal sect ions of Romaine lettuce: .it, flattened head of
dis eased plant showing outward-curled, dwarfed, chlor otic youngest leaves ;
B , upright and narrow or columnar head of healthy plant.
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COMPOSITAE, COMPOSITE FAMILY

Lettuce (Laetuca sativa) grown for seed in the Santa Clara Valley was a
failure in 1943, owing to aster yellows and spotted wilt. Infected plants often
fail to develop flower stalks. Some plants develop a short flower stalk ; on
them the lower leaves are normal, whereas the youngest leaves are yellow,
dwarfed, and curled outward instead of inward. The stems are dwarfed, and
often the veins and vein lets are cleared. The most conspicuous symptom on
plants with long flower stalks is the upright or vertical branches, with sec-

Fig. 6.-Endive naturally infected with aster yellows, showing stunted,
flattened, and yellow leaves, with heart leaves curled outward and dwarfed.

ondary shoots arising from the axil of the leaves at the apical end of the erect
flower head (plate 7, A) . Sometimes the branches are curved or twisted (plate
7, B) . A reliable symptom in late-infected plants is the enlarged flower buds
(plate 7, C) ; the rays are green instead of yellow.
Romaine lettuce (Lactuca sativa val'. longifolia) in the South San Francisco vegetable gardens was proved to be naturally infected with aster yellows.
The head is flattened in infected plants (fig. 5, A), instead of upright and
narrow or columnar as in healthy plants (fig. 5, B) . A longitudinal section
of the head of a diseased plant shows outward-curled, dwarfed , chlorotic
leaves (fig. 5, A).
A single chicory (Ci chorium. Intybus) plant 6 feet tall, grown for seed OIl
a farm in the Santa Clara Valley, was naturally infected with aster yellows .
The most striking symptoms are the numerous axillary shoots on all branches.

;;84

Hilgardia

[Vol. 16, No. 12

The basal part of these shoots and the midrib of the leaves are white. Th e
margin of some of the leaves is undulating or wavy; sometimes the leaf is
twi sted into a corkscrew (plate 8, C). The flowers, in heads, are bright azure
blue on healthy plants; but on the infected plant th e buds are dwarfed, fail
to expand, and are surrounded by linear leafy structures (plate 8, C ) .
Endive (Cichorium E ndivia ) in the Sout h San Francisco and Colma vegetabl e districts was naturally infect ed with aster yellows.· Th e symptoms on

Fig. 7.-Spinach plant, grown f or seed, n aturally infecte d with as te r yellows,
showing chlor otic, dwarf ed seedstalks.

endive are somewhat similar to tho se on lettuce. The most striking sympt oms
are stunting of the entire plant and yellowing of the leaves (fig. 6) .
Black salsify (Scorzonera hispanica) in the Colma vegetable districts was
also naturally infected. The long-winged petioles intertwine. The youngest
leaves are chlor ot ic ; but the older leaves are green.
CHENOPODIACEAE, GOOSEFOOT OR SALTBUSH FAMILY

Spinach (Spinacia oleracea) grown for seed was rarely found to be naturally infected with aster yellows. Infected plants are chlorotic and dwarfed,
with short seedstalks (fig. 7). The youngest leaves show a clear ing of the
veins and veinlets.
• We are indebted t o C. M. Tompkins, wh o collec te d endive and black sa lsif y that
wa s natu rally infected with the aster-yello ws virus.
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HOST-RANGE DIFFERENCES O'F CALIFORNIA AND
NEW YORK A,STER YELLOWS
Kunkel (1926, 1931), in his host-range studies, lists no plant of the family
Liliaceae. All our attempts to infect onions with the virus of New York aster
yellows were unsuccessful.
Kunkel (1926,1931) lists eight vegetables as host plants of the New York
aster-yellows virus. Three of these, indicated by an asterisk in the list on
page 574, are also hosts of the California aster-yellows virus.

SUMMARY
'I'he host range of aster yellows among economic plants naturally infected
includes 11 vegetables and 12 seed crops. These belong to 14 species in 12
genera in 6 families, including those previously reported (Severin, 192911,
1932,1940). The virus overwinters in biennials, perennials, and overwintering leafhoppers.
The symptoms are described for each species or variety proved to be
naturally infected.
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[SEVERIN-FRAZIER] PLATE 1

Plate I.-Onion naturally infected with aster-yellows virus : A, pedicels in terminal umbels,
greatly elongated; B , sessile bulblets developed in the umbel instead of seeds; 0, sessile onion
bulblets that have developed yellow or green leaves; D, onion bulblets and flowers on pedicels;
E, sessile onion bulblets and flowers on pedicels in same umbel.
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[SEVERIN.FRAZIER] PLATE 2

HILGARDIA. VOL . 16 . NO . 12

Plate 2 .-.1. B . Shoot and umbel from a healthy celery pl ant; C, cluster of shoots at the apical
end of a branch fr om a celery pl ant, grown for se ed , naturally infected with a ster yellows ;
D, twisted petioles from parsley plants, grown for seed , natu r ally infected with aster yellows ;
E , parsley plant s showi ng dense growth of adventitious shoots.
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[SEVERIN.FRAZIER] PLATE 3
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Plate 3.-Carrot plants, grown for see d , naturally infected with as te r yellow s ; A , d ense cluster of dwarfed , upright, adv en ti t iou s shoots; B, numerous axillary sho ots wi th d warfed umbellet s ; C, urnbell ets sho wing elonga ted ray lcts and pe d icels ; V , ca rrot sho wing in cr ease in number
of rootlet s .

[ 591 ]

[SEVERIN.FRAZIER] PLATE 4

HILGARDIA. VOL. 16 . NO . 12

Pla te 4 .-Parsnip plants. grown for seed, naturally infected with ast er yellow s ; A. cu r led
and tw ist ed stems ; B , elon ga te d r ayl et s and pedi cels; 0, compo u n d umbellets sho win g cluste rs
of tangled raylets and pedicels.
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[SEVERIN.FRAZIER] PLATE 5

Pl ate 5 .-Cauliflower plant, grown for seed, naturally infected with aster yellows, showing
curved or twisted lateral flower stalks.

r 593 ]

[SEVER IN-FRAZ IER] PLATE 6
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Plate 6 .- Broccoli plants, grown for seed, n a turally infect ed wi th aster
yell ows : A , profuse proliferation of the in floresce nce, accompanied by ph yllody , or th e te ndency of th e flor a l organs to r esemble leafy st r uc t u res, and
by vlr esceuce, or gr een ing, of th e flowers ; B , en la rged leafy sepals, redu ced
petal s, r edu ced or en la r ge d sta m en s, gy no eciu m elongated and frequently clubshaped, and carpels oft en bifurca te . Low er right, clu st er of abno rmal flow ers.
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[S EVERIN.FRAZIER] PLATE 7

Pl at e 7 .-Lettuce pla nts , grown for seed . natu r ally infect ed with ast er yellows : Lt, upright
or vertical bran ches , with second ary shoots rh·;ing from the axil of the leav es ; B , curved or
twist ed branches ; C, enlarged flow er bnds ; D, normal flower buds and fruits with pappus of
ach en es protrud ing from a healthy plant.
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[SEVERIN-FRAZIER] PLATE
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Plate B.-I,eaves from carrot plants, grown for seed, naturally infe cted with ast er yellows: A, chlorotic leaf with gr een midrib and lateral veins ; B , margins of leaf purple instead of green ; 0 , ch icor y plant,
grown for seed, naturally in fect ed with aster yellows, show ing numerou s axillary shoots, with the margin of the leaves undulating or wavy ;
somet imes the leaf is twisted into a corkscrew. The flow er buds are
dwarfed, fail to expand, and are su r r ou n ded by linear leafy structures.
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