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INTRODUCTION

SEVERAL INVESTIGATORS have recorded the experimental transmission of
virus diseases of plants to a large number of species in different genera
of many families. A review of the literature on the host range of certain
virus diseases shows an extensive host range as determined by experi-
mental infection, but the reported natural host range is often limited, as
illustrated in table 1.

The natural infection of ornamental flowering plants with curly
top has already been reported in a previous paper.”‘A list of the
plants experimentally infected, but without details of the experiments
or deseription of the symptoms, was published in the Plant Disease Re-
porter.” The details and results of the experiments performed to experi-
mentally infeet ornamental flowering plants with curly top are given
in the present paper. No intensive investigations have been conducted
to determine which plants are resistant or immune to curly top; only
plants experimentally infected with the disease are reported in this
paper. The symptoms on the susceptible host plants are briefly described.
The longevity of the last living male and female beet leafhopper, Eutet-
tix tenellus (Baker), was ascertained on inoculated plants and a record
was kept of all plants on which the leafhopper completed its life eycle.

* Received for publication February 14, 1936.

2 Junior Entomologist in the Experiment Station.

2 Associate Entomologist in the Experiment Station.

* Superseript numbers in parentheses refer to “Literature Cited” at the end of the
paper.
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METHODS OF EXPERIMENTALLY INFECTING PLANTS
WITH CURLY TOP

The methods used in the transmission of curly top to ornamental flower-
ing plants were somewhat similar to those described in the experimental
infection of economic plants and weeds reported in an earlier contribu-
tion.”” The ornamental flowering plants were grown from seeds in the

TABLE 1

HosT RANGES OF SOME PLANT VIRUS DISEASES AS DETERMINED BY NATURAL
AND EXPERIMENTAL INFECTION

Plants experimentally Plants naturally
infect infected
Virus disease Authority* Locality
Species| Genera [Families| Species| Genera | Families
Severin and co-
workers (7, 14, 15,
Sugar beet 17, 18, 19, 20, 25,
curly top 26, 27, 28) California 194 122 40 75 48 18
Carsner (6) California 14 13 8
Kunkel (11, 12) New York 170 150 38 9 9 4
Aster yellows Severin (21, 24, 26,
27) California 7 5 2 14 13 6
Southern celery
mosaic Wellman (33, 34) Florida 81 59 23 42 35 17
Tobacco ring-
spot Wingard (35, 36) Virginia 62 38 17 11 9 3
Bald and Samuel
Tomato spotted| | (5) Australia 35 15 4 4 4 4
wilt Smith (29, 30,31) | England 28 13 4 4 4 4
Gardner and co-
workers (8,9,32) | California 30 24 19 31 31 17
Tobacco mosaic | Grant (10) Wisconsin 29 24 14
Tomato bunchy
top McClean (13) South Africa 15 8 2

* Numbers in parentheses refer to numbers in list of ‘‘Literature Cited”” at the end of this paper.

greenhouse and were fumigated with Nico-Fume tobacco-paper insecti-
cide prior to using. Each plant was enclosed in a cage and inoculated
with eurly top by either infective male or female beet leafhoppers which
had completed their nymphal stages on beets in an advanced stage of the
disease. The number of insects used varied from 5 to 20, according to
the size of the plants. When the longevity of the adults was short, pre-
sumably because of unfavorable food, the plants were repeatedly in-
oculated by different lots of infective insects.
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The plants were exposed to the infective leafhoppers until symptoms
of eurly top developed, which usually required about two weeks; if no
symptoms appeared, the insects were kept on the plants for a period of
6 weeks. After inoculation the cage containing the infective specimens
was removed, and care was taken to see that the plant was free from all
insects.

Healthy plants of each species or variety were exposed to noninfective
beet leafhoppers as a check, and as a further check, healthy plants were
grown in cages free from insects.

No species or variety of ornamental flowering plant inoculated with
curly top was considered to be infected with the disease on the basis of
symptoms, unless the virus was recovered by previously noninfective
male leafhoppers or nymphs and transferred to sugar beets. From 2 to 10
plants of each species or variety were inoculated, as indicated in table 2.
Small plants were ordinarily used, but sometimes plants susceptible to
curly top would die before the virus could be transferred to sugar beets,
and hence larger plants were inoculated.

In one method of recovering the virus, the inoculated plants were ex-
posed to previously noninfective male leafhoppers enclosed in a cage for
a period of 2 or 3 days, or longer if the food material was favorable. (In
order to avoid egg deposition, females were not used in this type of
recovery tests.) The insects were then transferred from the inoculated
plant to two healthy beet seedlings, each enclosed in a cage. Two beet
seedlings were used in each test because occasionally a seedling is killed
by damping-off. The leafhoppers were confined in cages enclosing the
beet seedlings for a period of 5 to 7 days, and then the cages containing
the leafhoppers were removed.

In another method of recovering the virus, nymphs which hatched
from eggs deposited in favorable food plants by infective females used
to inoculate the plants, were transferred to beet seedlings. It has been
established “** that nymphs which hatch from eggs deposited by in-
fective females are not able to transmit curly top unless the nymphs have
previously fed on a diseased plant.

The inoculated beets were fumigated with Nico-Fume tobacco-paper
insecticide and were kept within insect-proof cages for a period of 3
months, if symptoms of curly top did not develop within the usual period
of 1 to 2 weeks. If the beets developed curly top, it is evident that the in-
oculated ornamental flowering plant had been infected with the disease.
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HOST RANGE OF CURLY TOP AMONG ORNAMENTAL
FLOWERING PLANTS

The number of ornamental flowering plants inoculated with curly top
and the number of infected plants from which the virus was recovered
by previously noninfective beet leafhoppers and transferred to beet
seedlings is shown in table 2. The host range of curly top among orna-
mental flowering plants includes 92 species in 73 genera belonging to
33 families.

Many species of ornamental flowering plants repeatedly inoculated
by different lots of infective beet leafhoppers showed no foliage symp-
toms and the virus was not recovered from such plants. These plants
apparently are either immune or resistant to curly top and are not
listed in table 2.

SYMPTOMS OF CURLY TOP

Environmental conditions are important factors influencing the expres-
sion of curly-top symptoms. High humidity and high temperatures with
a range of 70° to 110° F were maintained in the greenhouse during the
summer months. Certain species of plants which displayed no outstand-
ing symptoms of curly top might have developed them under different
humidity and temperatures.

Ornamental flowering plants infected with curly top show a variation
in symptoms. Many plants develop some of the symptoms developed by
the sugar beet as described in a previous paper.”® Other infected plants
such as Madagasecar periwinkle (Vinca rosea), common heliotrope (Heli-
otropium peruvianum), and purple candytuft (Iberis umbellata) did
not develop symptoms. Either such species are symptomless carriers of
the disease or the symptoms are entirely masked under greenhouse con-
ditions.

The effect of the disease on the flowers of many species was not studied
in detail. Young plants infected with curly top frequently produce no
flowers as they mature. Older plants infected before blooming often
develop dwarfed, malformed, and fewer flowers than healthy plants.
Some species of infected plants produce normal flowers.

A Dbrief description of symptoms on the individual species follows.
These symptoms are described in many instances from young infected
plants. Such symptoms are often more pronounced than those shown by
plants infected at a later stage of development. Plants grown from seeds
in the greenhouse and enclosed in cages often assume a spindling habit,
and the symptoms of curly top on such plants are often different from
those shown by plants naturally infected in the field.



Nov.,1936]  Freitag-Severin: Ornamentals Infected with Curly Top 271

MORACEAE, MULBERRY FAMILY

On Japanese hop (Humulus japonicus) infected with curly top no
symptoms were apparent.

CHENOPODIACEAE, GOOSEFOOT OR SALTBUSH FAMILY

Common summer cypress (Kochia trichophylla) infected with curly top
showed severe foliage symptoms and developed secondary shoots from
the axils of the leaves. The terminal leaves of the branches and axillary
shoots were dwarfed and twisted, sometimes in a spiral. The margin and
midrib of the leaves were sinuous, with knot-like swellings on the latter.
The leaves showed blister-like elevations on the lower surface and cleared
veinlets.
AMARANTHACEAE, AMARANTH FAMILY

Amaranthus aurora infected with curly top was stunted, having short-
ened internodes and secondary shoots arising from the axils of the
leaves. The terminal leaves of the main and secondary shoots were
dwarfed, with the outer margin rolled inward, and with the petioles
often bent downward or twisted (plate 1, A). The lateral veins were
sinuous, and developed knot-like swellings, and the veinlets were trans-
parent.

On Josephs-coat (Amaranthus gangeticus) the symptoms of curly
top were somewhat similar to those described on A. aurora. The leaf
tissue between the protruding lateral veins was sunken in such a manner
that the leaf resembled a corkscrew (plate 1, B).

On love-lies-bleeding (Amaranthus caudatus) the symptoms of curly
top were similar to those deseribed on A. aurora. Infected plants kept
out of doors developed a compact mass of dwarfed, curled leaves at the
apexes of the stems.

Feather cockscomb (Celosia argentea) infected with curly top was
stunted and developed numerous axillary shoots. The pluming heads
were dwarfed and had few branches (fig. 1), which were dark red or
brownish red in color instead of the normal scarlet.

On common globe-amaranth (Gomphrena globosa) the symptoms of
curly top were similar to those described on Amaranthus aurora.

NYCTAGINACEAE, FoUur-0’CLock FamiLy

Common four-o’clock (Mirabilis jalapa) infected with curly top was
stunted and developed dark, dull green leaves on the axillary shoots.
The youngest leaves were cupped outward and the veinlets were trans-
parent.
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PORTULACACEAE, PURSLANE FaAMILY

Common portulaca (Portulaca grandiflora) infected with curly top was -
stunted and chlorotic, bearing numerous axillary dwarfed leaves.
Common rockpurslane (Calandrinia grandiflora) infected with curly
top was stunted, the older leaves cupped outward, and the younger
dwarfed leaves formed a compact mass of curled leaves (fig. 2).

Fig. 1.—Feather cockscomb (Celosia argen-
tea): left, conical pluming head from healthy
plant; right, dwarfed pluming heads from two
plants infected with curly top, showing reduction
in number and size of branches.

CARYOPHYLLACEAE, PINK FAMILY

Sweet william (Dianthus barbatus) infected with curly top was stunted,
and had shortened internodes. The younger leaves at the apexes of the
shoots were dwarfed, yellow, and curled, while the somewhat older leaves
were often twisted (fig. 3) and had sinuous veins, cleared veinlets, and
protuberances on the lower surface.
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Fig. 2—Common rockpurslane (Calandrinia grandi-
flora) infected with curly top, showing stunted plant with
the older leaves cupped outward and the younger leaves
forming a compact mass of curled.leaves.

Fig. 3.—Sweet william (Dianthus barbatus): left, tip of a shoot from a
healthy plant; right, apical end of a shoot from a plant infected with curly top,
showing dwarfed, curled, younger leaves, and twisted older leaves.

3
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Chinese pink (Diunthus chinensis) infected with curly top was stunted
and developed secondary shoots from the axils of the leaves (fig. 4, 4).
The older leaves were curled downward (fig. 5, 4), sometimes in a circle
or spiral (fig. 4, A) ; they became chlorotic in the later stages of the

Fig. 4.—A4, Chinese pink (Dianthus chinensis) : left, plant experimentally in-
fected with curly top by infective beet leafhoppers, showing axillary shoots
with dwarfed and twisted leaves. The older leaves are curled downward, some-
times in a circle or spiral. Right, healthy check or control plant on which non-
infective leafhoppers had fed. B, Spiderflower (Cleome spinosa) infected with
curly top, showing secondary shoots forming a cluster near the apical end of the
plant owing to shortened internodes. The leaves at the crown of the plant are
dwarfed and cupped inward. The petioles of the older leaves are bent down.

disease, and usually had deep green veins. The leaves on the axillary
shoots were dwarfed and twisted (fig. 4, A). Protuberances were pres-
ent on the lower surface of the leaves.

Heddewig pink (Dianthus chinensts var. heddewigir) infected with
curly top was stunted, with shortened internodes, and numerous axillary
shoots. The leaves were curled downward and were often twisted. Pro-
tuberances resembling tiny warts were present on the lower surface of
the leaves with pits or depressions on the upper surface of the leaves
corresponding to the position of the small elevations on the under side.
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On grass pink (Dianthus plumarius) the symptoms of curly top were
similar to those described for Chinese pink (D). chinensis).

Carnation (Dianthus caryophyllus) developed leaves at the apex of
infected plants and on the secondary shoots which were chlorotic and
curled downward. '

Babysbreath (Gypsophila paniculata) infected with curly top showed
no symptom of the disease under greenhouse conditions.

Fig. 5.—4, Chinese pink (Dianthus chinensis) infected with curly top, show-
ing stunted plant with older leaves curled downward and with dwarfed, fila-
mentous, terminal leaves. B, Common mignonette (Reseda odorata) : left, floral
inflorescence from a plant infected with curly top, showing flowers with sepals
and no corollas; right, stem from an infected plant showing axillary shoots.

Drooping catchfly (Silene pendula) infected with curly top developed
young leaves which were dwarfed, twisted, sometimes folded inward
along the midrib, and had knot-like swellings on the sinuous veins.

Maltese cross (Lychnis chalcedonica) infected with curly top devel-
oped numerous secondary shoots with dwarfed terminal leaves showing
an inward curl or rolling of the outer margin. The veins were distorted
with knot-like swellings, and wart-like protuberances occurred on the
lower surface of the leaves. The veinlets on the youngest leaves were
cleared.

On Haage campion (Lychnis haageana) the symptoms of eurly top
were similar to those described on Maltese cross.



276 Hilgardia [VoL. 10, No. 9

RANUNCULACEAE, CROWFOOT FAMILY

Poppy anemone (Anemone coronaria) infected with curly top was
stunted and chlorotic. The leaves were cupped downward (fig. 6) with
petioles often twisted.

Love-in-a-mist (Nigella damascena) infected with curly top showed a
marked stunting of the crown and developed dwarfed, yellow leaves,
while the petioles of the older leaves were often curled downward (fig. 7).

Fig. 6.—Poppy anemone (A4nemone coronaria) : upper row, three leaves from
a plant experimentally infected with curly top, showing downward-cupped
leaves; lower row, two leaves from a healthy plant.

Older infected plants developed axillary shoots, which again developed
secondary shoots forming a dense cluster. In the later stage of the dis-
ease, the plants were chlorotie.

Orange larkspur (Delphinium nudicaule) infected with curly top
failed to develop symptoms of the disease under greenhouse conditions. -

PAPAVERACEAE, PorPY FAMILY

Iceland poppy (Papaver nudicaule) infected with curly top had the
youngest leaves dwarfed and either cupped inward or outward (plate
2, B). A yellow discoloration developed between the veins of the older
leaves, while the area in the vicinity of the veins retained the green color
for a long time (plate 2, B).

The varieties of Oriental poppy (Papaver orientale) infected with
curly top included an unnamed variety, the horticultural variety
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Fig. 7.—Love-in-a-mist (Nigella damascena) : upper, three leaves from a plant
infected with curly top, showing crooked petioles; lower, terminal shoot, show-
ing marked stunting of the crown and dwarfed leaves.
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Salmon Queen, and an Oriental poppy hybrid. All were stunted and
chlorotic and had leaves cupped inward along the midrib.

CAPPARIDACEAE, CAPER FAMILY

Spiderflower (Cleome spinosa) infected with curly top was stunted,
with shortened internodes, and developed secondary shoots from the
axils of the leaves which formed a cluster near the apical end of the

Fig. 8.—Spiderflower (Cleome spinosa): upper, two
leaves from a healthy plant; lower, six leaves from a plant
infected with curly top showing discoloration, from mot-
tling to yellowing.

plant (fig. 4, B). The petioles of the older leaves often drooped (fig. 4,
B). The leaves on the axillary shoots and on the apical end of the plant
were dwarfed, curled inward (fig. 4, B and plate 1, C), and the tissue
between the protruding lateral veins was sunken. The veinlets were
transparent. In the later stages of the disease the leaves became mottled
and chlorotic (fig. 8).

CRUCIFERAE, MUSTARD FAMILY

On annual stock (Matthiola incana var. annua) the most conspicuous
symptom of curly top was the light-brown exudations from the petioles
and leaves, which later became dark brown in color. The plants were
stunted and had shortened internodes and numerous axillary shoots
bearing dwarfed leaves at the apical end of the plant. The lower leaves
were dry and the upper older leaves thick and leathery. Young plants
infected with curly top failed to develop flowers as they matured.
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Dames rocket (Hespertis matronalis), infected with curly top, was
stunted and had numerous secondary shoots arising from the axils of
the leaves. The younger leaves and those of the axillary shoots were
dwarfed and formed a compact mass, from which projected the older,
apparently normal leaves. The veinlets of the younger leaves were trans-
parent.

Honesty (Lunaria annua) infected with curly top showed no symp-
toms of the disease under greenhouse conditions.

Purple candytuft (Iberis umbellata) infected with curly top showed
no symptoms of the disease under greenhouse conditions.

RESEDACEAE, MIGNONETTE FAMILY

Common mignonette (Reseda odorata) infected with curly top developed
numerous secondary shoots near the growing tips of the stems (fig. 5, B,
p- 275), bearing dwarfed leaves curled downward, with sinuous margins
and distorted veins. Protuberances were present on the lower surface of
the older leaves. The inflorescence showed flowers with sepals, but no
corollas (fig. 5, B) or with withered corollas.

GERANIACEAE, GERANTUM FaAMILY

Fish geranium (Pelargonium hortorum), grown from cuttings and in-
tected with curly top, was stunted and developed an inward rolling of
the basal margin and an inward or outward cupping of the leaves. The
youngest leaves showed cleared veinlets and protuberances on the lower
surface. In the later stages of the disease, the lower leaves became chlo-
rotic. Single giant-flowering hybrid geraniums grown from .seeds in-
fected with curly top developed symptoms similar to those on fish
geranium.

TROPAEOLACEAE, TROPAEOLUM FAMILY

Canary nasturtium (Tropaeolum peregrinum) infected with curly top,
showed axillary shoots, twisted petioles, and dwarfed curled younger
leaves (fig. 9). Near the terminal ends of the branches, the lobes of the
older leaves were often curled.

EUPHORBIACEAE, SPURGE FAMILY

Snow-on-the-mountain (Euphorbia marginata) infected with curly top
showed cleared veinlets on the younger, dwarfed, inward-cupped leaves
(fig. 10). The older leaves were cupped outward and drooped from the
stem, and in the later stages of the disease turned yellow.
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Fig. 9.—Canary nasturtium (Tropaeolum peregrinum) :
left, apical shoot from a plant infected with curly top,
showing small secondary shoots arising from the axils of
the leaves; dwarfed, curled younger leaves; curled lobes
of older leaves; and twisted petioles. Right, healthy check
or control plant on which noninfective beet leafhoppers
had fed.

Fig. 10.—Snow-on-the-mountain (Euphorbia marginata): left,
apical end of a branch from a healthy plant; right, apical end of a
branch from a plant infected with curly top, showing cleared veinlets

on the younger dwarfed, inward-cupped leaves. The older leaves are
cupped outward and the lower leaves droop from the stem.
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SAPINDACEAE, SOAPBERRY FAMILY

Balloonvine (Cardiospermum halicacabum) infected with curly top was
stunted and developed secondary shoots from the axils of the leaves. In-
fected plants showed severe foliage symptoms. The leaves of the terminal,

Fig. 11.—Balloonvine (Cardiospermum halica-
cabum) : branch from a plant infected with curly
top, showing severe foliage symptoms. The leaves
of the terminal, lateral, and axillary shoots are
dwarfed, curled, and twisted in clumps. The mar-
gins of the older leaves are rolled toward the mid-
rib, with the tissue sunken between the lateral
veins resulting in protruding veins.

lateral, and axillary shoots were dwarfed, curled, and twisted in clumps
(fig. 11). The margin of the older leaves was rolled toward the midrib,
and the tissue was sunken between the lateral veins, which resulted in
protruding distorted veins (fig. 11). Wart-like protuberances were pres-
ent on the lower surface of the leaves.
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MALVACEAE, MALLOW FAMILY

Herb treemallow (Lavatera trimestris) infected with curly top was
stunted, and developed outward-cupped leaves showing transparent
venation. The plants were very suseeptible to the disease and wilted and
died prematurely.

VIOLACEAE, VIOLET FAMILY

Tufted pansy (Viola cornuta) infected with curly top was stunted, had
shortened internodes, and developed secondary shoots from the axils of
the leaves. The leaves of the axillary shoots were dwarfed and sometimes
cupped along the midrib, or the tips of the leaves were rolled toward the
midrib. :

ONAGRACEAE, EVENING-PRIMROSE FAMILY

Clarkia (Clarkia elegans) infected with curly top was stunted and
had shortened internodes. The youngest leaves were dwarfed, sometimes
twisted, or with the outer margin rolled inward. The older leaves often
drooped.

UMBELLIFERAE, PARSLEY FAMILY

Blue laceflower (Trachymene caerulea) infected with curly top was
stunted and chlorotic. The leaves at the apical end of the plant were
cupped outward and sometimes the cupping continued until each leaf
resembled a small ball. The petioles were bent downward and became
dry (plate 4, B) and often the entire plant wilted and died prematurely.
The flowers were dwarfed and malformed (plate 4, C).

PRIMULACEAE, PRIMROSE FAMILY

Top primrose (Primula obconica) infected with curly top was stunted.
The youngest leaves were dwarfed, cupped outward, and chlorotic be-
tween the veins, while the area in the vicinity of the veins remained
green. The veinlets were transparent.

Primula sazatalis infected with curly top was stunted, and the young-
est leaves were cupped outward (fig. 12, 4).

Cowslip primrose (Primula veris) infected with curly top was stunted
and chlorotic.

Oxlip primrose (Primula elatior) infected with curly top was stunted
and chlorotie, often wilted, and died prematurely.



Nov.,1936] Freitag-Severin: Ornamentals Infected with Curly Top 283

PLUMBAGINACEAE, PLUMBAGO OR LEADWORT FAMILY

On notchleaf sea-lavender (Limonium stnuatum), the youngest leaves
of infected plants were dwarfed and chlorotic.

Fig. 12.—4, Primula saxatalis: leaves from a plant infected with curly top,
showing outward-cupped leaves. B, Nest-egg gourd (Cucurbita pepo var. ovi-
fera) : axillary shoots from an infected plant, showing dwarfed, puckered, balled
leaves, with shortened petioles, and with dwarfed flowers. C, Spoon gourd
(Lagonaria leucantha) : terminal shoot from an infected plant, showing out-
ward-cupped leaves, and dwarfed tendrils.

APOCYNACEAE, DoGBANE FAMILY
Madagascar periwinkle (Vinca rosea) infected with curly top showed
no symptoms under greenhouse conditions.
CONVOLVULACEAE, MORNING-GLORY FAMILY

Crimson starglory (Quamoclit lobata) infected with curly top showed
an inward rolling of the margin of the older leaves with wart-like pro-
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tuberances on the lower surface (plate 2, C'). The younger leaves were
twisted and developed bent petioles.

Brazilian morning-glory (Ipomoea sctosa) infected with curly top
showed an inward rolling of the margin of the older leaves, puckering of
the blades, transparent venation (plate 3, 4), and sometimes wart-like
protuberances on the lower surface of the leaves. The younger leaves
were sometimes folded inward along the midrib (plate 3, 4).

Fig. 13.—Drummond phlox (Phlox drummondii) in-
fected with eurly top, showing stunted plant, with short-
ened internodes, and dwarfed, curled leaves.

POLEMONIACEAE, PHLOX FAMILY

Drummond phlox (Phlox drummondit) infeeted with curly top was
stunted, with shortened internodes (fig. 13), and had secondary shoots
arising from the axils of the leaves. The leaves on the axillary shoots
were dwarfed, linear near the tips, cupped inward, and chlorotic. The
midrib of the older leaves was sinuous and the veinlets were transparent.
The flowers near the apexes of the secondary shoots developed sepals but
no petals.

On purplebell cobaea (Cobaea scandens) infected with curly top the
apical leaflets were dwarfed and yellow, their protruding lateral veins
resembled a corkscrew, and the petioles bent downward. The somewhat
older leaves showed clear veinlets.

HyDROPHYLLACEAE, WATER-LEAF FAMILY

Spotted nemophila (Nemophila maculata) infeeted with eurly top failed
to show symptoms of the disease under greenhouse conditions. :
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BORAGINACEAE, BorAGE FaAMILY

Alkanet (Anchusa azurea) infected with curly top was stunted. Its
youngest leaves were dwarfed.

Chinese forget-me-not (Cynoglossum amabile) infected with curly
top was stunted, had shortened internodes, and developed axillary
shoots. The youngest leaves were dwarfed, curled, and twisted (fig. 14).

Fig.14.—Chinese forget-me-not (Cynoglossum amabile) :
left, terminal and lateral shoots from a healthy plant; up-
per right, flower stalks forming a dense cluster at the ter-
minal end of a branch from an infected plant ; lower right,
lateral shoot, showing dwarfed, curled, and twisted leaves.

Brown droplets exuded from the leaves and stem. The flower stalks from
numerous axillary shoots formed a dense cluster (fig. 14) and the flowers
were frequently dwarfed and reduced in number. ‘

True forget-me-not (Myosotis scorpioides) infected with curly top
was stunted, and developed numerous secondary shoots. The youngest
leaves were dwarfed, almost linear in shape near the apexes of the
shoots, and chlorotic. The older leaves were curled downward with the
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margin cupped inward. The leaves on the secondary shoots were dwarfed
and had a sinuous midrib and protuberances on the veins.

Common heliotrope (Heliotropium peruvianwm) infected with curly
top failed to show symptoms of the disease under greenhouse conditions.

LaBiaTag, MinT FAMILY

Scarlet sage (Salvia splendens) infected with curly top and kept out of
doors was stunted, had shortened internodes, and developed a compact
mass of axillary shoots. The margins of the leaves were often rolled in-

Fig. 15.—Scalloped salpiglossis (Salpiglossis
sinuata) infected with curly top, showing second-
ary shoots arising from the axils of the leaves and
base of the plant. The leaves of the apical end of
the plant and on the axillary shoots are rolled or
curled inward. The older leaves are cupped out-
ward.
ward (plate 3, C), or cupped inward along the midrib, the veinlets were
transparent, and the petioles were bent downward. The leaves near the
tips of the secondary shoots were dwarfed and chlorotic. The flowers
were reduced in number, dwarfed, often failed to expand, and some

remained green instead of the normal brilliant scarlet color.

SOLANACEAE, NIGHTSHADE FAMILY

Jasmine tobacco (Nicotiana alata var. grandiflora) infected with curly
top was stunted and had shortened internodes. The youngest leaves were
dwarfed, cupped outward, and had cleared veinlets.
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Common petunia (Pctunia hybrida) (Rosy Morn variety) infected
with eurly top was stunted and developed numerous secondary shoots
bearing dwarfed leaves. Protuberances were present on the veins on the
lower surface of the leaves of the secondary and apical shoots and gave
the veins a roughened appearance. The corolla of the flowers often failed
to expand and became dry. In the later stages of the disease the entire
plant turned yellow and died.

Scalloped salpiglossis (Salpiglossis sinuata) infected with curly top
was stunted and had secondary shoots arising from the axils of the leaves

Fig. 16.—Wiseton butterflyflower (Schizanthus wiseto-
nensis) : shoots and leaves from a plant infected with curly
top, showing semicircular and eircular curling of the
petioles of the younger leaves.

and base of the plant (fig. 15). The dwarfed, chlorotic leaves on the ter-
minal end of the plant and on the axillary shoots were rolled or curled
inward. The older leaves were cupped outward. The veinlets were trans-
parent (plate 3, B) and wart-like protuberances were present on the
lower surface of the leaves.

On Browallia speciosa the terminal leaflets of infected plants were
dwarfed, cupped inward along the midrib, and had protruding lateral
veins. The veinlets were transparent at the base of the older leaves, and
the petioles were bent downward.

Wiseton butterflyflower, Schizanthus wisetonensis (8. pinnatus X 8.
grahami) infected with curly top showed a circular or semicircular curl-
ing of the petioles of the younger leaves (fig. 16). The leaves on the sec-
ondary shoots arising from the axils of the leaves were dwarfed and had
curled petioles. Infected plants often wilted and died prematurely.
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SCROPHULARIACEAE, F1GWORT JAMILY

Yellow foxglove (Digitalis ambigua) infected with eurly top developed
youngest leaves which were dwarfed, cupped inward along the midrib,
and the veinlets were transparent.

Kenilworth ivy (Cymbalaria muralis) infected with curly top devel-
oped a large number of dwarfed leaves on the secondary shoots at the

Fig. 17.—Kenilworth ivy (Cymbalaria muralis): apical
end of branch from a plant infected with curly top, show-
ing dwarfed leaves on the secondary shoots at the nodes
and bent and looped petioles.

nodes (fig. 17) instead of rooting at the nodes. The larger leaves at the
apexes of the branches were slightly cupped inward with wart-like pro-
tuberances on the lower surface of the leaves and with bent or looped
petioles (fig. 17).

Pouched nemesia (Nemesia strumosa) infected with curly top was
stunted and chlorotic. The veinlets were transparent on the youngest
leaves.

(tolden monkeyflower (Mimulus luteus) infected with curly top failed
to show symptoms of the disease under greenhouse conditions.

ACANTHACEAE, AcaANTHUS FAMILY

Black-eyed clockvine (Thunbergia alata) infected with curly top- de-
veloped secondary shoots with dwarfed, puckered, yellow leaves (plate
2, A). The veinlets were transparent (plate 4, E). The petioles were
often bent downward.
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CUCURBITACEAE, GOURD FAMILY

The ten ornamental gourds listed in table 2 were experimentally infected
with curly top. The symptoms of curly top were the same on all ten. The
plants were stunted and developed secondary shoots bearing chlorotic,
dwarfed, puckered, outward-cupped leaves with shortened petioles (fig.
12, B, p. 283). The leaves on the secondary shoots resembled a small ball.

Fig. 18.—Cardinalflower (Lobelia cardinalis): left, healthy plant; right,
plant infected with curly top, showing dwarfed, inward-curled young leaves and
malformed, twisted, older leaves.

The older leaves were cupped outward (fig. 12, C), and dull green. The
tendrills usually were dwarfed. The veinlets were transparent. The
flowers in the axils of the leaves were sessile, and their corollas failed to
expand and often withered prematurely.

LOBELIACEAE, LoBELIA FAMILY

White-eye lobelia (Lobelia erinus var. speciosa) infected with curly top
was stunted, and had numerous secondary shoots bearing dwarfed, chlo-
rotic leaves.

Cardinalflower (Lobelia cardinalis) infected with curly top was
stunted. The youngest leaves were dwarfed, puckered, with inward-
curled margins and cleared veinlets. The oldest leaves were malformed
and twisted (fig. 18).
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ComProsITAE, CoMPOSITE FAMILY

Crowndaisy (Chrysanthemum coronarium) infected with curly top was
stunted, chlorotic, and had dwarfed, curled leaves.

Feverfew (Chrysanthemum partheniwm) infected with curly top
failed to show symptoms of the disease under greenhouse conditions.

Marguerite (Chrysanthemum frutescens) infected with curly top de-
veloped a dense cluster of dwarfed, chlorotic leaves at the apexes of the
stems and secondary shoots. The leaflets were curled inward, outward,
or folded inward along the midrib with bent petioles (plate 4, D).

Scentless false-camomile (Matricaria inodora) infected with curly top
was stunted, chlorotie, and developed numerous secondary shoots arising
from the axils of the leaves. The youngest leaves were dwarfed, curled,
and twisted.

Cucumber sunflower (Helianthus debilis) infected with curly top de-
veloped chlorotic, secondary shoots from the axils of the leaves. The
flowers were dwarfed (plate 4, 4).

Golden thinleaf sunflower (Helianthus decapetalus var. multiflorus),
infected with curly top failed to show symptoms under greenhouse con-
ditions.

All varieties of common zinnia (Zinnia elegans) grown in California
were experimentally infected with curly top. Infected plants were
stunted, and had inward-cupped leaves showing cleared veinlets.

On orange zinnia (Zinnia haageana) the symptoms were similar to
those described on common zinnia.

The cosmos varieties and species infected with curly top were common
cosmos (Cosmos bipinnatus), giant-flowering cosmos (Cosmos bipin-
natus) and crested cosmos (Cosmos hybridus). The symptoms on the
three were similar. Infected plants were stunted, chlorotic, and had
shortened internodes and secondary shoots arising from the axils of the
leaves. The leaflets were curled and twisted with the petioles sometimes
bent downward. ‘

Calliopsis (Coreopsis tinctoria) infected with curly top developed see-
ondary shoots with circular twisted leaves. The leaves on other portions
of the plants showed no symptoms of the disease except drooping of
the petioles. The terminal flower heads on the secondary shoots were
dwarfed.

On English daisy (Bellis perennis) the youngest leaves infected with
curly top were dwarfed, malformed, and cupped inward. The veinlets
were transparent, and wart-like protuberances were present on the lower
surface of the leaves.
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Swan-river-daisy (Brachycome iberidifolia) infected with curly top
developed secondary shoots from the axils of the leaves terminating in
tufts of dwarfed, twisted, yellow leaves (fig. 19). A tangled mass of
leaves was present at the apical end of the plant and at the end of the
stunted branches. The petioles of the older leaves were often curled
downward, upward, or twisted.

Bushy arctotis (Arctotis stoechadifolia) infected with curly top de-

Fig. 19.—Swan-river-daisy (Brachycome iberi-
difolia) : branch from a plant experimentally
infected with curly top, showing secondary shoots
arising from the axils of the leaves and termi-
nating in a tuft of dwarfed, twisted leaves.

veloped leaves on the secondary shoots which were dwarfed and had the
lobes curled inward.

French marigold (Tagetes patula) infected with curly top developed
axillary shoots bearing dwarfed leaves with the petioles curled down-
ward. The flower buds were yellow instead of green and the peduncles
were often curled downward.

Aztec marigold, or African marigold (Tagetes erecta) infected with
curly top failed to show symptoms under greenhouse conditions.

Winter cape-marigold (Dimorphotheca aurantiaca) infected with
curly top was stunted, and developed shortened internodes and axillary
shoots. In the advanced stage of the disease the terminal leaves were
dwarfed, curled, and yellow (fig. 20). The teeth-like projections of the
leaves were often curled inward. The longitudinal veins on the lower
surface of the leaves were distorted.
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Pot-marigold (Calendula officinalis) infected with curly top failed to
develop symptoms under greenhouse conditions.

Rose everlasting (Helipterum roseum) infected with curly top devel-
oped terminal shoots which were either erect or drooping with a cluster

Fig.20.—Winter cape-marigold (Dimorphotheca
aurantiaca) : branch from a plant infected with
curly top, showing dwarfed, curled leaves at the
tip of the stem and also on the secondary shoots
arising from the axils of the leaves. The teeth-
like projections of the leaves are often cuxled in-
ward.

of twisted yellow leaves around the bud (fig. 21). The margin of the
leaves below the bud were sinuous.

When small plants of strawflower (Helichrysum bracteatum) were
infected with curly top they were stunted, their youngest leaves were
dwarfed, twisted, and yellow in the advanced stage of the disease. The
somewhat older leaves were also twisted and the veinlets were trans-
parent. Plants infected at a later stage of development had numerous
secondary shoots toward the tip of the branches with twisted leaves
showing knot-like swellings on the veins.
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Sweet-sultan (Centaurca moschata) infected with curly top failed to
develop symptoms of curly top under greenhouse conditions.

Basketflower (Centaurca americana) infected with curly top failed
to show symptoms of the disease under greenhouse conditions.

On cornflower (Centaurea cyanus) infected with curly top, the leaves
of the secondary shoots were dwarfed and sometimes two adjacent leaves
were coiled downward.

Fig. 21.—Rose everlasting (Helipterum rosewm) : tips from plant infected
with curly top, showing ereect or drooping terminal shoots with clusters of
twisted leaves around the buds.

LONGEVITY AND LIFE CYCLE OF THE BEET LEAFHOPPER

A comparative record was obtained of the longevity of male and female
beet leafhoppers on plants on which the insects were not able to complete
their life history. Adults of the spring or summer generations were used
and not the dark adults of the overwintering generation. Two plants of
each variety or species were inoculated with curly top by either male or
female leafhoppers, and, by daily examination of each cage, a record was
obtained of the longevity of the last living male and female as indicated
in table 2. When the insects died after a short exposure on the host plant,
presumably owing to unfavorable food, the plants were repeatedly in-
oculated by different lots of insects and the range in the longevity was
determined. The longevity of the adults was often shorter on young
plants than on older ones.
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A record was kept of all host plants on which the nymphs, after hatch-
ing from the egg, completed their nymphal stages and acquired the
winged stage. The host plants of curly top on which the beet leafhopper
completes its life cycle are indicated in table 2. There was considerable
variation in the percentage of specimens reared to the adult stage on the
different host plants. This difference in population was probably due to
the variation in the amount of suitable food provided by the plant.

On unfavorable food plants, the nymphs hatched but soon died. The
nymphal stages were often prolonged, presumably owing to unfavorable
food.

The plants which were proved susceptible to curly top were not always
favorable food plants of the leafhopper. Plants which were suitable food
plants and on which the insects were able to live for long periods were
often found resistant or immune to curly top. On the other hand, the
leafhoppers often transmitted curly top to certain plants that were un-
favorable food plants, and on which they could live for only a few days.

SUMMARY

Curly top was experimentally transmitted to 92 species of ornamental
flowering plants in 73 genera belonging to 33 families. The virus was re-
covered from each species or variety of infected plant by previously
noninfective beet leafhoppers and transferred to sugar beets. The host
plants of curly top among ornamental flowering plants include 47 species
of annuals, 2 species of annuals or biennials, 11 species of perennials
grown as annuals, 3 species of biennials or perennials, and 30 species of
perennials.

Ornamental flowering plants infected with curly top show a variation
in symptoms. Fifteen species, including 6 species of annuals, 2 species of
annuals grown as perennials, and 7 species of perennials, failed to de-
velop symptoms of the disease under greenhouse conditions.

Many of the plants infected with curly top were stunted and devel-
oped numerous secondary shoots from the axils of the leaves. Chlorosis
and a development of shortened internodes was often characteristic of
infected plants. :

The leaves of some infected plants were dwarfed and often developed
an inward rolling of the outer margin, and later the entire blade showed
a pronounced inward curling toward the midrib. Other species showed
an outward rolling of the leaves toward the midrib. In still other species
the leaves may be cupped inward or outward, or they may be twisted,
sometimes in a spiral. Puckering and mottling of the leaves occur in cer-
tain species and malformation of the leaves in others.



Nov.,1936] Freitag-Severin: Ornamentals Infected with Curly Top 295

Many infected ornamental flowering plants developed cleared veins,
areliable symptom of curly top on the sugar beet. Another reliable symp-
tom of curly top is the roughened appearance on the lower surface of
the leaves developing after the veinlets have cleared. The veins develop
numerous small elevations resembling tiny warts. As the disease pro-
gresses, nipple-like papillae and knot-like swelling resembling galls de-
velop here and there on the distorted, thickened veins.

Some infected plants, such as annual stock (Matthiola incana var.
annua) and Chinese forget-me-not (Cynoglossum amabile) exude drop-
lets of brown liquid from the veins, midrib, petioles, and stems.

Wilting and premature death of the plants occur with blue laceflower
(Trachymene caerulea), Wiseton butterflyflower (Schizanthus wise-
tonensis), and herb treemallow (Lavatera trimestris).

Young plants infected with curly top frequently produce no flowers
as they mature. Older plants infected before blooming often develop
dwarfed, malformed, and fewer flowers than healthy plants.

The life cycle of the beet leafhopper was completed on 65 species of
ornamental flowering plants in 51 genera, belonging to 23 families.
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Plate 1.—A4, Terminal shoot of Amaranthus aurora infected with curly top, showing
dwarfed, terminal leaves with the outer margin rolled inward and with the petioles bent
downward or twisted. B, Terminal shoot of Josephs-coat (Amaranthus gangeticus) with
the tissue sunken between the lateral veins and with protuding veins resembling a cork-
screw. O, Terminal shoot of spiderflower (Cleome spinosa) infected with curly top, showing
dwarfed, inward-curled leaflets.
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€

Plate 2.—A4, Black-eyed clockvine (Thunbergia alata): chlorotic leaf from a plant in-
fected with curly top. B, Iceland poppy (Papaver nudicaule) : left, two small leaves from
an infected plant showing outward and inward cupping; right, three leaves showing suc-
cessive stages of yellowing between the veins, while the area along the veins remained
green for a long time. O, Crimson starglory (Quamoclit lobata): left, large leaf from a
healthy plant used as a check or control on which noninfective beet leafhoppers had fed;
right, large leaf from a plant infected with curly top showing protuberances on the lower
surface; small leaves showing malformations.
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c

Plate 3.—A, Brazilian morning-glory (Ipomoea setosa): right and left leaves, from a
plant infected with curly top showing inward rolling of the margin and transparent vena-
tion; lower center, leaf folded inward along the midrib; upper center, leaf from a healthy
plant used as a check or control on which noninfective beet leathoppers had fed. B, Scalloped
salpiglossis (Salpiglossis sinuata): leaf showing cleared veinlets. C, Scarlet sage (Salvia
splendens) : apical shoot from a plant infected with curly top showing inward roll of the
margin of the youngest leaves, cleared veinlets, and bent petioles.

[301]



HILGARDIA, VOL. 10, NO. 9 [FREITAG AND SEVERIN] PLATE 4

Plate 4.—A4, Cucumber sunflower (Helianthus debilis) : upper, flower from a healthy
plant; lower, dwarfed flower from a plant infected with curly top. B, Blue laceflower
(Trachymene caerulea) : left, healthy plant which had been exposed to noninfective beet leaf-
hoppers; right, stunted plant infected with curly top by infective beet leafhoppers showing
outward-cupped leaves and dried petioles. C, Blue laceflower (Trachymene caerulea) : left,
normal flower from a healthy plant; right, dwarfed and malformed flower from an in-
fected plant. D, Marguerite (Chrysanthemum frutescens): secondary shoots and leaves
from a plant infected with curly top, showing curled leaflets. E, Black-eyed clockvine (Thun-
bergia alata) : leaf from a plant infected with curly top showing cleared veinlets.
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