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INTRODUCTION

Curly top is & virus disease of sugar beets (Beta vulgaris L.} and
other piants. In areas where it occurs as an epidemic it is the most
destructive of all beet diseases and also causes great losses in other
crops, especially beans and tomstoes. The geographic distribution
of the disease corresponds with the distribution of the beet leaf-
hopper, Eutettiz fencllus (Baker), the only known agent of trans-
nussian.  The studies reported in this bulletin were conducted in
southern Idaho, where curly tcp has been regularly important in
limiting the production of sugar beets, beans, and certain garden
CIops.

Since Ball (23 announred the discovery of a causal relation between
the feeding of the beet leafhopper and “curly leaf” or “blight” of

i Hepalved for pubiication Jan. 12, 1938,

1 The writers acknowledge the many belphil suggestions of Eubsnks Carsner, sentor pathologist, Division
of Sugar Plant Investigaticns, Thanks arsdue B, v, Annand, special research assistant, formezly In chargs
of beet leathopper invastieations, and J. C, Chamberlin, assoetate sntemologist, Bureay of Entomelogy and
Plant Quarantine, for their ‘ocoperation sod for faciiities offered ..t the Twin Falls {Idahs) station. Thanks
are alss due B. L. Plemeisel, physiologlst, Divicion of Sugar Plant Investigations. for lnformation on desert

host planta,
* Italic pumbnrs In psrontheses refer to Literature OCited, p. 45.
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gugar beets, both the diseass and the insect vector have been studied
extensively by many investigators.

Haegele (12, 13) studied the distribution of the beet leafhopper and
its plant hosts in Idaho. Carter (10) made extensive ecological studies
on the beet leafhopper in southern Idaho and reported on the plant
host sequence and the spring movements of the leafhopper from its
desert breeding grounds to the cultivated areas. The above-named
studies showed that in southern Idaho the beet leafhopper breeds in
desert areas, where it completes its early summer brood or broods on
the spring-maturing annuals. The three important spring weed hosts
are tumble mustard (Norte altissima (L.) Britton),* flixweed (Sephia
parmflore (Lam.) Standl.},® and green tansymustard (S. longipedicellata
(Fourn.) Howell).® The important summer host in the desert areas
i1s Russian-thistie (Salsola pestifer A. Nels.).

TFrom the standpoint of the habits of the beet leafhopper in southern
Idaho, the knowledge of the facts pertinent to the epidemiclogical
studies reported in this bulletin has been well summarized by Annand
et al. (1), who state as follows:

These annualz [mustards] mature and disappear early in the season, and the
leafhoppers ily to places where green hosts are available, including irrigated
sections where certain cultivated crops serve as summer hosts, These flights may
carry the insects many miles from their breeding grounds. In some breeding
areas a portion of the insects remain in the desert on summer annuals. This is
true in southern Idaho, where Russian-thistle (Salsola pestifer A. Nels.) maintairs
large populations in fhe desert during the summer after the mustards, chiefly

Norta altissima (L.) Britton and Sephia parviflora (Lam.) Btandl., have matured
and dried.

Although none of the past studies has dealt specificelly with epide-
mioclogy of curly top, various authors have pointed out certain facts
that are of an epidemiological nature. Such information has resulted
chiefly from investigations made in California.

Boncquet and Hartung (5) reported that beet leafhoppers taken
from Artemisia and Afriplex ¢id not produce eurly top on beets, but
that after feeding on diseased beets they were then capable of pro-
ducing infection. Smith and Bonequet (22) corroborated Boncquet
and Hartung regarding the inability of leafhoppers from desert weed
hosts to preduce infection.

Boncquet and Stahl (8) first demonstrated that wild vegetation may
serve as a source of the causal agent of curly top. By means of non-
viruliferous leathoppers they proved that & disease on common mallow
(Malva parvifiora L.) was the same as curly top on beets.

Stahl and Carsner (23) demonstrated that leathopper nymphs were
“nonvirulent'’ upon emergence from the eggs, but became able to
produce infection after feeding on diseased plants.

Severin (16) discovered that some of the leafhoppers from desert
vegetation were capable of producing infection on beets. He listed
10 plant species from which leafhoppers acquired the curly top virus
and transmitted it to beets.

Carsner and Stahl (9) observed fields in Utah where leathoppers had
been present = sufficlent time to allow for the emergencs of a high
population of nymphs (50 to 75 per plant), yet less than 0.5 percent
of the plants in the field were diseased. They concluded that evidently

t Also called Jim Hill mustard. Siepmbrivr: afsximim L. s s gynroym.

¥ Synonyms: Sophia sophis (L.) Britton: Siepbrium tophia L.
b Synonyws: Sophin filfpes (A, Gray) Beller; Sisymbrium incisum filipes A, Gray.
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most of the leafhoppers that flew into these fields in the spring were
nonviruliferous.

The work of Severin and his coworkers ? (16, 1 7,19, 20, 21) greatly
extended the list of plant species susceptible to curly top. Many
species, in & wide range of plant families, were found natursliy infected
and a great many others were shown to be susceptible hy experimental
inoculations. Included in this list were a number of food Crops 8s
well 23 o large number of flowering ornamentals.

Severin (I9) reported briefly on the overwintering of the virus in
perennial plants.  He also gave consideration to ovérwintering of the
virus in the leafhoppers and concluded thas overwintering leafhoppers
do not retain their power to infect during all of their adult life unless
they acquire additional virus at some time.

OBJECT OF INVESTIGATIONS

The object of these investigations has been to discover the factors
that appear to be important in the epidemiology of the curly top
disease in southern Idaho and to study their resultant interaction.
The reaction of the important desert host plants of the beet leafhopper
to infection with the curly top virus has been determined. The ques-
tion of overwintering of the virus, both in the leafhopper and in host
plants, has been investigated. The possible importance of leafhoppers
that overwinter in the cultivated aress has heen considered. General
studies have been made of the percentages of leafhoppers found to be
viruliferous, and of the types of virus (attenuated or virulent) present
in the leafhopper populations in the desers breeding areas during the
spring, summer, and fall seasons and in beet fields during spring and
summer. These latter studies have included § successive years and
have given results varying widely from year to year. An attempt has
been made to explain these yearly variations and finally to correlate
some of the results with the amount of curly top oceurring in cultivated
crops for the respective years.

REACTION OF DESERT HOST PLANTS TO CURLY TOP VIRUS

The areas of desert host plants of the beet leafhopper are, of course,
coustantly changing, but their relative extent in southern Idaho in
1934 is shown by Plemeisel and Chamberlin (15). A survey of close
to 12,000,000 acres of desert lands in the Snake River plains showed
approximately 2,000,000 acres classified as “primary”’ weed aress.
Nearly one-fourth of this'was covered by Russian-thistle. As the
survey was made in the fall, figures for the screages of the mustard
species could not be obtained, but it is believed that usually the
mustards cover an acreage about equal to that of Russian-thistle.
About 9,000,000 acres of overgrazed sagebrush lands were classified
as ‘“secondary” arcss. Although irreguler in its cccurrence, green
tansymustard appears sbundantly in favorable seasons throughout a
considerable part of this sngebrush area. This is particularly true in
the fringes of sagebrush lands bordering the mere permanent weed
areas, In such situations green tansymustsrd is important as an
overwintering and spring bost of the leafhopper.

T8evemN, . H, P, 6od FREITAO, J. T, LIST OF ORNAMENTAL PLOWERING PLANTS NATURALLY INFECTED

WITH CURLY TOP OR YELLOWS DISEASES IN CALIFORNIA. U, 8. Bur. Plant Indus, Piant Disanse Reaptr, 17:
-5 1923, {Mimeographed.]
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Since the three mustard species are of such importance in the
development of the spring brood leafhoppers that move into the
cultivated lands, it was obviously important that their reaction to
curly top be determined. Likewise, since Russian-thistle is the
principal summer host in the desert, maintaining both the leafhopper
and the virus until the mustards are again available, it was of interest
to determine its reaction to and its effect on the virus.

TUMBLEMUSTARD

In the early studies of the reaction of tumblemustard to infection
with curly top virus, it became apparent that this species bore a peculiar
relationship to the virus. Because of this, tests on tumblemustard were
more extensive and the results are reported in more detait than is the
case with other weed hosts.

NATURAL INFECTION

Tumblemustard frequently supports large leafhopper pepulations
in the desert areas, but comparatively few plants develop symptoms
from patural infection. In the spring of 1931 ocecasional tumnble-
mustard plants in desert stands showed symptoms that were suspected
to be those of curly top. Some of the plants were yellowed and
dwarfed and remained in the rosette stage. Others developed flower-
ing stalks to varying degrees, but these were abnormal. The central
stem and petioles were twisted and sometimes enlarged, and the leaves
were narrow, thickened, and curled. If sced pods were formed at ali,
they were dwarfed and produced only a few shriveled seeds. One of
these plants is shown in figure 1 in contrast to o normal plant.

Twenty of the apparently naturally infected plants were tested
separately for the presence of curly top virus. Nonviruliferous leaf-
hoppers were caged on each mustard plant, and after several days
they were transferred to seedling beets. Usually two insects, but
sometimes as many as five, were caged on each beet. In a total of
80 beets exposed to leafhoppers from the 20 mustard plants there
were O cases of disease, 1 each from 4 different mustard plants and
5 from s fifth plant. The mild symptoms on the infected bests indi-
cated thet the virus from the mustard plants was decidedly jow
in virulence.

In 1935 a trace of diseased tumblemustard plants was again notice-
able in desert stands. Ten of these plants were tested for curly top,
but only two afforded successful transfers of the virus. In a total of
80 leafhoppers transferred singly from the mustards to seedling beets,
only 3 produeed infection—I1 from plant No. 4 and 2 from plant
No. 160. Symptoms on the infected bests were very mild.

In addition to these iests, attemnpts were made to obtain wvirus
from naturally infected plants by the alcoholic precipitation method
used by Bennett (3). In one test, 120 leafhoppers were allowed to feed
for 8 hours on a sugar sclution containing the precipitate from green
plants. The leafhoppers were then caged singly on beet seedlings
for 1 week. One beet seedling developed curly top. In another
test, precipitations were made from each of the 10 planis mentioned
in the preceding parsgraph on which tests had been made by direct
feeding of leafhoppers. The plants had been dried at room temper-
ature and stored for 4 months, After each plant had been ground
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separately in & food chopper, the 10 lots of ground material were
motstened with distilled water and allowed to stspd overnight.
The liquid expressed fromn each of the 10 semples was Precipitated

Fioune 1.—A, sdealthy tumblemustard plant in flowering stape; B, diseased
tumblemustard plant of the type oceasionally found in the desert,

with aleohol, and 40 nonviruliferous leafhoppers were fed for 6
hours on the sugar solutions containing the precipitates. They
were then transferred singly to beet seedlings, where they remained
for 7 days. The results showed that no virus was obtained from solu~
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tions prepared from plants No. 4 and No. 19, from which leafhoppers
had acquired a limited supply by direct feeding when the plants were
first collected. However, virus was obtained from the solutions
prepared from plants Nos. 8, 7, and 8. Of a total of 120 leafhoppers
fed on the solutions from these three plants, only 4 produced infection
on the beets to which they were transferred.

Aborted seed pods were collected from diseased tumblemustard
and precipitations were made of the material 4 months after collection.
Curly top virus was obtained from the precipitates but in no higher
concentration than was cbtained from leaf and stem tissues. Bennett
and Esau ({) showed o higher concentration of virus in the seeds and
adjacent tissues of beets.

EXPERIMENTAL INOCULATIONS

In studying the reaction of tumblemustard to curly top, many
different series of plants were experimentally inoculated and then
tested by means of nonviruliferous leafhoppers to determine whether
the plants were infected. Tests were conducted at different, times of
the year and included plants in varicus stages of development.
Ounly certain representative experiments are included in the following
discussion.

In one inoculation series, 15 viruliferous leafhoppers were caged
on each of 40 small tumblemustard plants. In some instances the
leafhoppers remained on the mustard plants 30 days. The virulifer-
ous leathoppers were replaced by nonviruliferous leafhoppers. The
latter were allowed to remain on the inoculated mustard plants &
days and were then transferred singly or in groups to seedling beets.
A total of 841 beet plants were exposed to leafhoppers from the mus-
tard plants; of this group only 5 bects became diseased. Symptoms
were mild on the beets, indicating that the virus from the mustard
plants was low In virulence even though 1t was highly virulent in the
leafhoppers used for inoculation of the mustard plants. None of
the mustard plants developed visible symptoms. The low percent-
ago of lealhoppers that acquired virus from the inoculated mustard
plants was evidence that there was very little incresse of virus in
these plants even though some of them were infected.

In a sumamer seeding of tumblemustard under field conditions, 18
plants were inoculated and tested for infection, bué no virus was
obtained from them. These plants survived the following winter,
and in the spring two of them showed symptoms resembling curly
top. Swollen vemns and pronounced papiliae on the leaves were
typical of cutly top. Thirty nonviruliferous leafhoppors fed on each
of these plants for 1t days and were then transferred to seedling
beets. None of the beets became diseased. It seemed almost certain
that the symptoms on these mustard plants were duo to infection
with curly top. The failure of leafhoppers to acquire sufficient virus
from these plants to infect susceptible scedling beets indiented that
the virus, if present at all, was In such low concentration that the
leafhoppers could not aecquire it, or else that it was restricted fo
tissues on which the leafhoppers did not feed.

Infection tests were made on large numbers of "tumblemustard
plants during the winter of 1931-32. By planting the mustard outside
in the fall, so that the seedlings were exposed to frost and low tem-
peratures, the plants could be induced to flower when transferred to
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the greenhouse. Inoculations of plants in various stages of growth
and with large numbers of leafhoppers resulted occasionslly in the
infection of a twumblemustard plant. However, in all positive cases
& very low percentage of infection resulted in the transfers from the
mustards. In all cases, too, the virus from the mustards produced
mild symptoms on beets. Less than 2 percent of the inoculated
mustard plants developed disease symptoms. Extensive tests of
three plants showing symptoms resembling those of curly top gave
negative results. .

1t is concluded that tumblemustard is highly resistant to the virus
of curly top. Even though some plants developed pronounced
abnormalities that from all appearances were symptoms of curly top,
nonviruliferous leafhoppers only ocoasionally acquired virus when they
fed on such plants. Not only was it difficult to infect the plants, but
it seems that the virus did not increase to any great extent in plants
that became infected. Furthermore, there was evidence thaf viru-
lent curly top virus was usually attenuated on passage through
tumblemustard plants. The results of the study of tumblemustard
warrant the conclusion that this species, even though very important
as g host for the beet leafhopper, is relatively unimportant in supply-
ing leafhoppers with curly top virus.

FLIXWEED

Results of early inoculation studies of Sixweed suggested that plants
of this species became infected without showing symptoms. Leaf-
hoppers obtained virus from symptomiess plants, and even though

virulent virus was used to inoculate the flixweed plants, it was rather
uniformly attenuated on passage through this host. However, later
tests did not give such consistent results.

During the winter of 1931-32 the senior aunthor, while stationed at
Riverside, Calif., conducted tests on the reaction of flixweed to the
curly top virus. Most of the inocculations were made by caging viru-
liferous leafhoppers on one or two leaflets of the plant, with the remain-
der of the plant uncovered throughout the experiment. No symp-
toms developed on any of the plants, elthough the results showed
that this species was susceptible. Under the conditions of these
tests there seemed to be & rather consistent and uniform attenuation
of the virus upon passage through flixweed. C. F. Henderson,
associate entomolegist, Bureau of Entomology and Plant Quarantine,
called the writers’ attention to the fact that in some inoculations he
had made of this species, plants exposed to small groups of viru-
liferous leafhoppers and covered with a Pyralin cage throughout the
experiment under relatively high greenhouse temper-itures commonly
developed severe symptoms. Through Mr. Henderson’s cc operation,
the writers examined some of the plants showing advanced symptoms
of curly top, and tests on this material, as well as on other material
furnished them, substantiated his results.

Inoculated plants covered continuously with Pyralin cages and
grown under high temperatures in the greenhouse frequently devel-
oped pronounced symptoms. It seemed evident that the increased
temperature induced by covering the plants with cages influenced the
expression of symptoms. Figure 2 shows the difference in expression
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of symptoms between an inoculated plant covered continuously by a
Pyralin cage and a plant inoculated by means of & small leaf cage.
The fact that virus was trensferred from both of these plants proved
that both were infected.

TFicure 2.—d, TFlixweed plant showing severe curly top symptoms. Plant
exposed lo five viruliferous leafhoppers for 10 days and grown continuously
under & Pyralin cage in greenhouse, B, Flixweed plant exposed fo eight
viruliferous lcafhoppers for 9 days by means of a small leaf cage and grown in
open in greenhouse. No curly top sympioms when phofographed 26 days
afier beginaing of inoeulation.
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Flixweed plants inoculated and grown under such conditions did not,
elways attenuate the virus. Sometimes both attenuated and virulent
virus was obtained from the same plant. Carsner (?) reported the
attenuvation of curly top virus on passage through Chenopodium
murale L. and other hosts. The fact that some of the beets inoculated
with virus from C. murale recovered completely from symptoms while
others retained definite symptoms suggests a range in the degree of
attenuation. Lackey (14) found that complete restoration of the
virulence of curly top virus was not always obtained by passing
attenuated virus from Chenopodium through chickweed ~(Stellaric
media (L.) Cyr.). The mechanics of attenuation of virus is not
understood, but the results with fixweed suggest that in plants
developing pronounced symptoms the virus increases to such an
extent or at such a rate that the plants do not have the power to
attenuate all the virus.

Conspicuous symptoms did not develop on flixweed growing under
natural conditions. Curly top virus was obtained from naturelly
infected plants taken from the desert stands even though no symptoms
other than yellowing of leaves and a slight stunting of the plents were
evident. Only attenuated virus was obtained from such plants.

Experimental studies showed that under certain environmental
conditions a virulent strain of virus, on passage through flixweed, is
unchanged i virulence or is attenuated in varying degrees. Flixweed
1s believed to be of considerable importance as a source of virus in the
breeding areas of the leafhopper in southern Idaho. It is believed,
bowever, that leafhoppers, for the most part, acquire attenuated
virus from this species.

GREEN TANSYMUSTARD

Green tansymustard does not oceur as regularly from year to year
as the other mustard species. In 1931 it was so scarce that there
was difficulty in collecting sufficient seed for experimental purposes.
In 1932 there was a dense growth over most of the area, and early in
the season it formed a green mat over the ground in a large part of
the sagebrush area. In 1933, again it was relatively scarce, bus in
both 1934 and 1935 it was abundant and was generally distributed
over the vast acreage of sagebrush lands. A point of special interest
in connection with this species is that it is indigenous to the southern
Idaho breeding areas of the bect leafhopper.

Green tansymustard plants inoculated in the greenhouse as well as
under natural conditions developed severe symptoms of curly top and
died without flowering. TUnder greenhouse conditions there appeared
to be little difference in the reaction of this species to virulent and at-
tenuated strains of virus. Attenuated virus from flixweed, which pro-
duced mild symptoms on seedling beets, produced severe symptoms on
green tansymustard. There was no evidence that this attenuated
virus was increased in virulence on passage through green tansy-
mustard.

Figure 3 shows a green tansymustard plant at the time of inocula-
tion, and the same plant 7 days later showing severe curly top symp-
toms,

When any sizeable populations of leafhoppers were found on stands
of green tansymustard in the desert in the spring, it was not difficult

59214~ 38—
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to find diseased plants. Because of the dense stands the percentage
of diseased plants was, of course, very low, but it was evident that this
species is easily infected under natural conditions. It is obvious that

A
i

Tigure 3.—-, Green sansymustard plant su whe time exght viruliferous leafhoppers
were ceged on it; B, snme plant, photographed 7 days later, showing pronounced
curly top symptoms.

in some years this extremely susceptible species is impertant in the
development of a supply of virus for the leafhoppers in the desert
aress.
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RUSSIAN-THISTLE

As a host of the beet leafhopper, Russian-thistle is of extreme im-
portance in the maintenance of populations in the desert breeding
aress throughout the summer. Sinca it is the principal summer weed
host for the desert leafhopper populations during the interval between
the early suramer maturity and fall germination of mustards, the role
of Russian-thistle as a host of curly top virus is also very important.

Seedlings of Russian-thistle were infected in greenhouse moculation
tests. No definite symptoms developed on the infected plants, but
tests with nonviruliferous leathoppers showed that the virus was
present iu the plants. There was evidence that virulent virus was
sometimes attenuated on passage through Russian-thistle, but often
virus recovered from inoculated plants of this species showed no
change in virulence.

Russian-thistle plants growing along a roadside were inoculated in
June, and virus was obtamed from them in September. The plants
made & luxuriant growth and at no time showed any disease symptoms.
Plants taken in September from a desert area where large populations
of leafhoppers were present throughout the summer were tested with
nonviruliferous leafhoppers. Virus was ohtained from a low percent-
age of these plants. Even though some of the leafhoppers acquired
virus by feeding on certain plants, thus proving that the plants were
infected, most of the lesflioppers failed to become viruliferous even
after feeding on the diseased plants for 2 weeks. The dry, hardened
condition of the plants probably made it difficult for the leafhoppers
to feed in tissues containing virus.

Under natural conditions in the [daho desert arveas, Russian-thistle
does not seem to be a favorable plant for the increase and distribution
of the curly top virus. During the period of these investigations,
summer and fall collections of leafhoppers from this species have been
consistently low in percentage viruliferous. As shown later in this
bulletin, the percentage of viruliferous leafhoppers does not increas~
a3 rapidly nor rise as high in the population on Russian-thistle in the
desert areas as it does in the population in beet fields.

SUPPLY AND VIRULENCE OF VIRUS IN LEAFHOPPER
POPULATIONS

A significant factor in the curly top problem in southern Idaho is
the supply of virus brought into the fields of cultivated crops by the
spring brood leafhoppers that move in from the desert areas. The
percentage of leafhoppers with virulent virus is also important. The
amount and character of virus carried by the spring breod are in-
fluenced by the supply and virulence of virus in the summer and fall
populations of the preceding year. Thus a logical starting peint for
a seasonal study of virus development is with the summer and fall
populations. Winter survivors from this group infect spring hosts
from which some of the spring brood obtam virus. A “season,” as
here used, extends from the summer of one year to the summer of the
following year.

METHODS AND PROCEDURE

Collections of leafthoppers wers made at intervals throughout the
respective seasons from the desert breeding areas. The leafhoppers
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were caged singly on susceptibie beet seedlings in the greenhouse. In-
dividusal infection records were made for each leafhopper, and the
sympfoms developing on disessed plants were classed as severe or
mild. Plants developing mild symptoms were considered to have
been infected by leathoppers with attenusted virus, while the leaf-
hoppers inoculating the planis that developed severe symptoms were
classified as having virulent virus. No doubt many insects with viru-
lent virus also carried attenuated virus, which was masked in the symp-
toms on the inoculated beets. This was not important, because the
aim of the tests was to determine the proportions of the population
carrying, respectively, attenuated and virulent virus.

The usual procedure was to select certain points in the desert as
collection stations and to make tests of leathoppers from these points
at intervals throughout the season. It was not always possible to
obtain sufficient numbers for significant results, In some years this
was particuiarly frue of overwintered lenfhoppers during the winter
or early spring months. Collections were taken In late summer or
during the fall months, usually from desert stands of Russian-tlistle,
and tests were made to determine the percentage of viruliferous leaf-
hoppers and the predominating type of virus. This gave information
regarding the virus supply in the population that was to go into the
winter. In early spring, when overwintered leafthoppers became
sctive again, and when adults were numercus encugh for collection,
tests were made of samples of winter survivors. The plant species on
which the overwintered lesfhoppers were feeding and ovipositing
were noted, and successive collections were made to determine whether
the virus was being distributed in the host plants and whether the
overwintered population was becoming more viruliferous.

Qccasionally other plant species besides mustards and Russian-
thistle were present at the points of collection. This was true in some
of the abandoned farm lands where species of Amaranthus, Solanum,
and Afriplex sometimes occurred and served as food plants for the
leafhoppers. In other instances, beeause of the absence or sparseness
of the usual host plants, the leafhoppers were concentrated on what-
ever green plants were available. Tests were made of collections
from such temporary or incidental hosts not particularly to show the
influence of these species on the supply and virulence of the virus but
primarily to provide a more or less continuous picture of the virus
supply in the leafhopper populations that were to maintain the virus
and pass it on through host plants to the fellowing generations.

RESULTS OF STUDY OF DESERT LEAFHOPPERS
YEARLY VARTATIONS IN SUPPLY OF VIRUS

Studies on the virus supply in leathoppers in desert breeding areas
were begun in the season of 1929-30. Details of this work are reported
in table 1. The results from the various calculations made in the
period 1929-35 are discussed in genernl terms, and the computed per-
centages referred to in round numbers. No tests were made of fall
populations in 1929, Overwintered leafhoppers collected in the spring
of 1930 averaged 46 percent viruliferous, Limited tests of spring
brood taken in the desert showed that 73 percent had acquired virus
by the middle of June. Samples of spring brood taken in beet fields
after dispersal from desert areas tested 63 percent viruliferous.
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TavLe L—Resulls of leafhopper bests for 8 years, showing seasonal virus development.
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In the spring of 1931, tests of averwintered leafhoppers showed that

approximately 43 percent were viruliferous. About 8 percent of the
spring brood in the desert were viruliferous. Collections faken in
beet fields after the influx of desert leafhoppers averaged nearly 12
percent viruliferous. In this year, even though the overwintered
leathoppers were rather plentifully supplied with virus, it appears that
factors were not favorable for the dissemination and increase of the
virus in the plants on which the spring broed developed.

. Large numbers of leathoppers in the summer and fall populations
in 1931 were tested, and an average of only 4.5 percent of them were
viruliferous. All of the virus in these tests was sbtenusted. The
following spring, overwintered leafhoppers averaged about 8 percent
viruliferous, and these, too, carried only attenuated virus. Spring
brood from the desert tested 12 percent viruliferous, with less than 1
percent of the population carrying virulent virus. Collections taken
in beet fields after dispersal averaged 12 percent viruliferous, closely
approximating the percentage for those taken in the desert areas.
Three percent of the beet-ﬁe%d leafhoppers earried virulent virus.

In the summer and fall of 1932, collections from the desert averaged
3.4 percent viruliferous. The following spring, limited tests of both
overwintered and spring brood leafhoppers collected in the desert
gave no viruliferous individuals. - Four percent of the spring brood
that moved into the beet fields were viruliferous. In this season,
as in the previous one, the desert leafhopper populations at no time
became highly virulifercus.

Tests of summer and fall collections in 1933 showed that 2.5 per-
cent of the population were viruliferous, and in the spring of 1934
overwintered leafhoppers tested 3 percent viruliferous. The summer
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and fall tests included more than 700 leafhoppers in 8 collections
made between July 28 and Qctober 6; in the spring more than 1,400
individuals were tested from 13 collections of overwintered leafhop-
pers made between February 2 and April 18. Because of the ex-
tremely ently movement of spring brood leafhoppers, collections of
this brood from desert areas were not made until after there had been
a general dispersal over the desert and into the cultivated areas. The
influx into beet fields began on April 27, and collections made from
the fields between that date and May 15 showed that an average of
ahout 31 percent of the incoming leathoppers were viruliferous. Col-
lections from desert areas from May 14 to June 11 showed that about
51 percent of the population there had become viruliferous by that
time. This season, from an apparently small supply of virus in the
overwintered leafhoppers, there was a rapid increase and distribution
of virns throughout the host planis, so that the spring brood became
rather highly viruliferous.

Summer and fall collections in 1934 gave tests on approximately
4,000 leafhoppers. An average of 12 percent of these were virulif-
erous. In the spring of 1935, collections of overwintered leafhoppers
averaged 19 percent viruliferous. These collections were made
between Januery 30 and May 13. Collections made prior to April 2
averaged about 12 percent viruliferous, but as the season progressed
more of the overwintered lenfhoppers rcquired the virus. The spring
brood in the desert in 1935 averaged about 52 percent viruliferous.
That this percentage was representative of the desert spring brood is
substantinted by tests of leafhoppers that moved into beet fields.
Collections from beet fields after dispersal from breeding areas
averaged 56 percent viruliferous.

Pertinent data from these tests have been assembled in table 1 to
show the sequence of virus development in the leaihopper popule-
tions for each respective year. No tests were made of fall popula-
tions in eitber 1920 or 1930. In other instances, because of the small
number of individuals tested, the data are limited. Included in table
1 are the results of tests of spring brood leafhoppers collected in beet
fields after dispersal from the breeding areas hed commenced. BSince
most of the leafhoppers in this latter group were originaily from the
desert areas, tests of these incrensed the total numbers of spring
brood on which data were obtained.

It is clear from these studies that the supply of virus in leafhoppers
varies appreciably from year to year. Furthermore, they show that
there must be certain environmental factors which influence the
development of the virus in the leafhopper populations. I it is
assumed that the supply of virus in the spring-brood leafhoppers
results from that brought through the winter by the overwintering
population, there may be the following combinations or developments
in regard to the amount of virus in the overwintered and spring-brood
leafhoppers: (1) Overwintered leafhoppers highly viruliferous, followed
by a highly viruliferous spring brood; (2) overwintered leafhoppers
highly viruliferous, followed by a spring brood with a low percentage
viruliferous; (3) low percentage of overwintered population virulif-
erous, followed by a highly viruliferous spring brood; and (4) ver-
wintered leafhoppers with a low percentage viruliferous, followed by a
spring brood with a low percentage viruliferous.
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During the 6 years of this study, each of the above-named condi-
tions occurred ai least once. In 2 years the combination of a low
viruliferous percentage of overwintered lesfhoppers followed by a low
viruliferous percentage of spring brood oceurred, and in 2 years a
kigh percentage of the spring brood leafhoppers became viruliferous
even fthough a relatively small proportion of the overwintered
population carried virus when they first became active in the spring.

SEASONAL DEVELOPMENT OF VIRUS

The supply of virus, as measured by the percentage of viruliferous
leafhoppers In & given brood or population in one season, often dif-
fered in varying degrees from the supply in the corresponding brood
or population in other seasons. This was particulerly true of the
spring broed, which in some years included a low percentage of
viruliferous individuals and in other years s high percentage. In
order to study the development of virus supply in desert leafhoppers,
tests were begun with collections of the summer and fall populat.ons.
These were followed by tests of overwintered leafhoppers as soon as
they became active the following spring. Tests of spring brood gave
a measure of the development of virus in this population, and Tater
tests showed to what extent the virus was being maintained in the
summer and fall populations. Regardless of whether a high or low
percentage of the spring brood became viruliferous, the summer and
fall populations were low in percentage viruliferous in all years.

As an illustration of the changes in the virus supply in desert leaf-
hopper populations, data on coilections from three desert stations
during 1933-34 are given in detail in table 2. These data show that
8 low percentage of the leathoppers were viruliferous in the fall
(Castleford and Hubbs Butte) and that s low percentage of the over-
wintered leafhoppers at these stations were viruliferous the following
spring.
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TasLg Z~—Resulls of lests of leafhopper collections from liree deseri slafions in
Tdahe throughout 1388-84

Virttiiferous reaf-
happers
Haost piants e " T
i S ALen- Viru-
i B \uated | lent |
' I

Station and Date of ¢ol~ | Hrogd or popy--
collection No. leetion iation

Totnl

Per- | Per- | Per-
cent | cent cenl
oF, 1033 | Fall.o_ooo.... | Solsela pestifer, : 8 4.2 4.2
L1213 | Qverwintered b 3, pestifer, Sophia parei- H i .8 5
ora.
. 206, 1934 rem w-ma- | 8. pestifer, 8. poreiflora, 3.G
« Noria aitissima. ;
21034 8. pestifer, 5, pargifiora, p X 0
A, altissitee, and 5. :
tongi pedirelinta,
8. pestifer, S. parviflora,
i N, gitiasima, and S,
s 14,1930 | Spring.. ... .. langipedicellata,
2008 | __da.___ .. S, parsiflora, 8. pestifer..
20,1084 | Spring ol S, pestifer
suminer, i
8 . 30, 1934 S, pestifer
Hubrhs Hubie:

Famacmme -e. . 51933 wcame oo ]| 8. pestifer

@ . 19,1833 dn 5.opestifer ...

L 2, 1434 Arlemisia tridentatn..____
5, 1934 10, ee . ... IV, sltizsima, 8. pestifer,

8. longipedicetiata,

F 3, 10M | Bpringa. ... . 1 N aitistimg, S, pesfifer,

| 3. langipedicelintn, and
S, paroiffora.

A, 1834 § Spring and | S, peatifer

sdliner,

LML Y | Samnmter

i
. 1%, 1034 | Overwinlered | 5. pareiflora, 8. loagi- 1
i pediceliata, N, alifxxi-
I .
. 15, 1951 - doo...... | 8 parviflora, S, longi
} pedicellata, N, aitissi-
me.
14,1038 | Sprivp.o......| & pursitiors, S tongi-
i pediceflate, N, oltissi-
. mity anl S, pestifer,
July 2,184 | Bommer____ .. 5. pesifer
July 93, 1934 - 5. pestifer .,
Augr. 20, 1044 v 8, pestifer

The spring season of 1934 was decidedly early. Warm weather in
March and April was favorable for both the development of spring-
brood leafhoppers and the distribution nnd increase of virus in plants,
The maturity of the spring brood was so hastened that o movement
of leafhoppers began on April 27, alnost & month ecarlier than any
recorded date of movement in previous years., Wishin a short time
high populations were generally distributed over the desert and
cultivated areas.

No coliections of spring-brood leafhoppers were obtained from
desert stations until after the dispersal began. Therefore, there was
no assurance that spring-brood leafhoppers taken from a given station
had sctually developed there.

The general distribution of the susceptible green tansymustard is
believed 10 have aided materially in building up an abundant supply
of virus in the desert spring-brood leafhoppers in 1934. At one
station, not included in table 2, where this mustard was the only
host, tests showed that 22 percent of the overwintered leafhoppers
were viruliferous on April 9. Collections taken at about this same
time from other siations where tansymustard was absent or scarce
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averaged {rom 0 to 3 percent of viruliferous leathoppers. A collection
of spring brood taken on May 21 from the above-mentioned station,
where green tansymustard was the exclusive host, showed that 91
ercent of the population were virnliferous. All collections of spring
rood leafhoppers tauken in May and Junc averaged 51 percent
viruliferous {table 1).

1% is shown further, in table 2, that as the scason progressed the
summer and fall populations in 1034 did not maintain the supply of
virus ab its enrlier high level. This was true in coeh of the 4 years
that tests were made of fall collections from Russinn-thistle. In
1933, 2 small collections of spring brood taken frem the desert and
totaling only 41 leafhoppers showed 0 percent virulilerous. More
extensive collections taken rom beet ficlds during the influx from the
desert tested 4.3 percent viruliferous. It is therefore assumed that
between 4 and 5 percent of the spring brood desert population was
viruliferous in 1933.  Fall populations in the desert that vear averagad
only 2.5 percent viruliferous. The {atlure of desert fall populations
to maintain the supply of viras carvied by spring populations is more
striking in other years when the spring broods were more highly
viruliferous.

Specinl studies on the maintenance of virus in desert leafhopper
populitions on Russian-thistle were made in 1932, Square-rod plots
of o susceptible varicty of beets were planted af two places in the
deserf. Water was hauled to these plots throughout the summer.
The beets remained alive untd late {21l but did not have sufficient
water for good growth. These plots were surrounded by Russian-
thistle, and both the beets and Russian-thistie had the same natural
expasure to leafhoppers. Collections were made at intervals from
the beets and from Russian-thistie nearby, and tests were made o
determing the pereentnge of viruliferous leufhoppers. The results of
these tests are presented in table 3 awd show clearly that a much
higher percentage of the populations on the heels beeame viruliferous,

Tasuis 3. Comparizon of leafhoppers from sugar beels grown in the deseri and from
Russian-thisile growing adjucent fo the heels, 1902
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The decrease shown (table 3) in the viruliferous percentage befween
Sepiember 6 and October 19 on the Tuttle beets 1s accounted for by
the heavy movement of nonviruliferous leafhoppers to heets from
adjacent Russian-thistle because ofv the early drying of this plant.
The increase in the population was quite noticeable on the beet plot.
At Castleford, Russian-thistle matured later and the leafhoppers
were not forced fo the beets until after September 23. On October
24 there was a concentration of leafhoppers on the beets, while the
Russian-thistle had dried and very few leafhoppers could be found
on it. Tests of 100 lealhoppers taken from beets on this date showed
that 25 percent were virultferous. This was a decrease of 7 percent
from the percentage virvliferous in the collection of September 23.
A collection made ou this beet plot on November 28 showed that
54 percent of the population had become viruliferous by that lime.
No collections were obtained from Russian-thistle on these Inst two
dates.

All curly top produced on greenhouse plants by leafhoppers, both
from beets and Russian-thistle at Tuttle, was of a mild type. In
some of thie carly colleetions from beets at Castleford an oceasional
leafhopper carried virulent vires. During September, October, and
November there was an increase in both percentage of viruliferous
leafhoppers and degree of virulence of virus. The collection from
beets on November 28 showed that more than half of the leafhoppers
had acquired virulent virus by that date. Al infection produced by
leafhoppers taken Irom Russian-thistle at this station throughout the
season was of a mild type.

Throughout the ¢ years of thig study virulent virus was relatively
rare in leafhoppers taken fromn Russian-thistle in summer and fall.
However, n lnrge majority of the leafhoppers collected in the summer
from beet fields were well supplied with virulent virus. Iigure 4
shows beets inoculated by lealhoppers taken from desert stands of
Russian-thistle in nidsummer, in comparison with heets inoculited
by beet-ficld leafhoppers taken at the same time. The soverity of
symptoms on the plants inoculated by beet-field leathoppers is appar-
rent, but symptoms are not ebvious in the group inoculated by leaf-
hoppers Irom Russian-thistle, even though seme of the plants were
actually infected.

DEVELOPMUNT OF VIRUS IN LEAFHOPPER POPULATIONS IN
BEET FIELDS

As o result of infeetion and spread of curly top in beets, the spring-
brood leafhoppers that moved inte the fields from the desert breeding
areas hecame more highly viruliferous as the scason progressed. By
the time the summer field brood matured, a high percentage of the
field population was viruliferous. Tn studies of beet-field populations
it was found that, even though the incoming leafhoppers carried a
limited supply of virulent virus, practically all of the leafhoppers
in the late summer population in the fields were supplied with the
virulent type.

Table 4 gives the results of tests on collections taken from beet
fields in 1932, Leafhoppers from desert hreeding areas began to
reach the fields on June 13. Collections from four fields taken
between June 13 and June 23 averaged 12 percent viruliferous.
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Ficure 4.—4, Beets inoculated by leaflioppers coliceted in inidsummer from
bect field; B, beets inveulated by leathoppers . aken at the same time as in A
frem desert slands of Russisi-thistle.
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Three-fourths of the lealhoppers viruliferous at this fime carried
attenuated virus. Disease counts taken in the fields at the times
of colleciions showed that the increase in percentage of viruliferous
lerfhoppers was proportional to the inerease of discase.

TaBLE 4.—Tests of spring and zummer colleciions of leafhoppers from beet fields
in 1082
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Figure 5 shows graphically the change in the viruliferous condition
of the population in the Johuson beet ficld near Custlelord in 1932,
On June 16, 3 days after the movement into the fields began, 12 per-
cent of the leafhoppers were viruliferous and only a fourth of these,
or 3 percent of the total population, carvied virulent virus. It can
be seen in ficure 5 that the incubation period, or time required for
symptoms to develop, was mueh longer in the first collections, and
that this period becanie shorter gs a larger proportion of the popu-
jation arquired virulent virus.

The results of tests of beet-field lealhoppers In 1933 are shown in
table 5. These data show again that even though a relatively small
proportion of the incoming lcafhoppers were viruliferous when the
mseets reached the fields, there was a gredual inerease of virus in
the populations as the season progressed. The extent to which the
population becomes viruliferous is, ol course, dependent on the
amount of cily top and the rate of its development. If high popu-
lations move into a field of young, susceptible beets, there may be a
rapid distribution of disease over the entire field. Obviously with
a high percentage of the plants diseased, more of the lealhoppers
acquire virus. ‘The variations in the rate of development of disease
and rate of incrense in virudiferous leathoppers between different
fields are ne doubt due largely to differences in the degree of infesta-
tion in the respective fields and to differences in the age of plants at
the time of inlestation.
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Fiucre 3.—Percentages of lealhoppers with virulent and attenuated virus, votal
percentage viruliferous, and average incubation period of all infections pro-
duced in grecnhouse tests of collections made at intervals from the Johnson
beet feld near Castleford, Idaho, during 1932,

TARLE 5.—Tests of spring and summer collections of leafhoppers fre.n beet flelds in
238
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Tests of beet-field collections in 1934 are shown in table 6. With
one exception, this table shows that in 1934 all of the early collections
of incoming leafheppers agreed quite closely in the percentage viru-
liferous. The fields {rom which collections were made were in some
instances widely separated. In the collections made during the first
12 days after the leaflioppers began to veach the fields, the different
collections ranged from 20 to 45 percent viruliferous. The low per-
centage ol viruliferous leathoppers in the collection from the Thomas
field on April 27 may probably be explained by the location of this
field and the date of eollection. The field was on a farm immediately
adjacent to the desert., On April 27 there was a sizeable infestation
of lealhoppers in the field, while the fields farther into the cultivated
tract showed only an occasional leafhopper. Within a few days,
however, there was a general inlestation over most of the sugar-bect
area. 1t appesred that the leafhoppers first infesting the Thomas
field came Irom some nearby weed aren, and that the leafhoppers
developing at thal source had not acquired as much virus as those
coming in later from other areas,

In 1934 most of the beets were unthinned nt the time the leathoppers
began to reach the fields,  Curly top developed slowly in the unthinned
beets. For 2 weeks after the infesiation began there was only a trace
of disease in many unthinned fields us compared with from 40 to 50
percent of plants with well-advanced disease in some of the thinned
fields. Since most ol the collections shown. in table 6 were taken from
unthinned beets, it is believed that very little increase in the per-
centage of viruliferous leafhoppers took place in the populations in
the unthinned beets up to May 15,

TavLe G-Resulls of lesls of leafhoppere collccled in beet fields in 193
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OVERWINTIRING OF CURLY TOP VIRUS UNDER NATURAL
CONDIFIONS

OVERWINTERING OF VIRUS IN LIVING PLANTS
WILD HOSTS

Severin (19) lists 14 species of plants, belonging Lo 11 families, in
which curly top virus overwinters in the uncultivated plains and foot-
bills of California. The same author records 16 perennial species
susceptible to curly top, and plants of 3 of these species were found
infected naturally.

In the leafhopper breeding areas of southern Idaho, there is, so far
as known, aside from sagebrush, no perennial plant species of impor-
tance in the life history of the beet leafhopper.  Normally, the over-
wintering leafhoppers are innetive for periods during the winter, and
in winters of steady low temperatures there may be little or no feeding
over a period of several weeks.  Under such conditions the curly top
virus must survive the winter cither in the body of the leafhoppers or
in fall-germinating annual plants that are infocted before the leaf-
hoppers beceme innctive.

In southern Idaho, germination of the mustard species frequently
occurs in the fall, and often there is a considerable period for the
leafhoppers to leed on these plants before cold weather brings on
inactivity or dormaney of the insects. This has suggested that the
mustard hosts germinating in the fall in the desert arcas might be
infected in the fall and act as reservoirs for the virus throughout the
winter in the leafhopper breeding areas.

Flats of tumblemustard, green tansymusiard, and flivweed were
placed outside in October 1933 and covered with cloth cages. Filty
viruhierous male leafhoppers were caged for 3 weeks on each fiat.
All surviving leathoppers were removed on November 7. The (lats
were brought to the greenbouse on Febraary 10, and the plants
were carefully examined for symptoms of curly top. No cvidence of
disease could be found on tumblemustard or fixweed. In the flat of
green tansymusiard, 90 pereent of the plants showed eurly top
symptoms.  Nonviruliferous leafhoppers were cnged lor 7 davs on
groups of plants of the thyee species and woere then fransferred to
healthy beet seedlings.  Nost of the lealhoppers from the green
tansymustard planis inlected the beets.  An oceasional leathopper
from the symptomiess flixweed planis infected the beots, but no virus
was ohtained from the Tegfhoppoers from tumblemnstard.

After 3 weeks at greenhouse temperatures, about 2 percent of the
fixweed plants developed curly top symploms. The virns was re-
covered from vame ol these plants and transferred to heet seedlings.
No symptoms developed on any of the tumblemustard plants.  All
of the green tansymustard plants that developed symptoms eventu-
ally died, while those plants that apparently eseaped infeetion produced
norms} flower stalks and seed pods.

These studies prove that under experimental eonditions, two of the
cominon desert weed hosts of the beet leathopper can serve as reser-
voirs for the virus throughout mild winters in southern Tdaho. The
extent to which this oceurs under natural conditions is not known.
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SUGAR BEETS

The writers have obtained curly top virus from sugar beets left in
the field at barvesttime snd exposed to subzero {emperatures at

Ficune 6.—Two views of the sume field, showing overwintered heets remaining
in the feld afler emergence of seedling beets, Twin Fallz, Idaho, 1934,

times during the winter, Some of these beets were brought into the
greenhouse early in March, and the new growth developing on them
showed curly top symptoms. Beet scedlings infected by leafboppers
that were nonviruliferous when caged on the overwintered beets
developed severe curly top svmploms. Bince there had been no
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chance of reinfection of these field beets, it was certain that the virus
had remaived in them throughout the winter.

In the spring of 1934, after & mild winter, many fields showed that
most of the beets left in the ficlds at harvest in 1933 had survived the
win‘er. Overwintered roots developed new growth in the spring,
and many of them showed curly top symptoms. Figure 6 gives two
views of & field in which new plants from overwintered roots are
scattered conspicuously throughout the rows of spring-planted beets.
Leafhoppers taken from the offd. plants averaged mueli hizher in per-
centage viruliferous than those taken from weeds in the cultivated
aren. This was additional proof that the virus had passed the
winter in these plants.

OYERWINTERING OF VIRUS IN BEET LEAFHOPPERS

On the basis of general obscrvations it has been commonly assumed
that the curly top virus overwinters in the beet leathopper, but
herctofore no experiments have been conducted to confirm this belief.
Severin (19) found that the average period of infectivity during the
adulé life of 10 female beet leafhoppers, which ¢ompleted the nymphal
stages on diseased beots, was 83.9 days, followed by an average
period of §0.1 days between the last infection and the death of the
msect. Severin concluded that the infective power is not retained
during the adul$ life of the overwintering female leafhoppers unless
they acquire & new supply of virus during the winter. Whether or
not the character of the virus carried by the leafhopper changed dur-
ing the winter period was not known. Carter (I10) suggested the
possibility of such & chsuoge in virus.

During the winters of 1932-33 and 1933-34, the writers conducted
some experiments to determine whether the virus remains setive
throughout the winter within the body of the leafhopper and whether
any change in virulence takes place. Tumblemusterd, flixweed, and
green tansymustard were used as hosts for the leafhoppers in these
experiments, since these are the principal overwintering hosts under
natural conditions in this ares.

WINTER OF 1932-33

Studies were made of groups of leafhoppers carrying a virulent
strain of virus as well as of groups carrying an attenuated strain.  For
a supply of leafhoppers with virulent virus, collections were made
from a beet field on October 29 and caged on & severely diseased best
for 20 days before being placed outside in bibernation cages for
overwintering.,

Since there was not an available supply of nonvirulilerous leaf-
hoppers for building up a colony carrying attenuated virus, collec-
tions. were made from a Russian-thistle area in the desert. Collec-
tions from this point thronghout the scason had shown that a very
low percentage of the population was viruliferous and that very few
of these carried virulent virus. These leathoppers were collected on
October 29 and were caged for 20 days on o beet that was known to
have been infected with an attenuated strain of virus.

On November 18, another collection was made from the Russian-
thistle arca, and these leafhoppers were transferred directly to the
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hibernation cages. Tumblemustard, flixweed, and green tansy-
mustard, both as pure stands and as a combined stand, were used as
food plants in the cages. The mustsrds had been previously planted
in wooden flats fitted with a square cloth cage of the type used by
the Bureau of Entomology and Plant Quarantice in the study of
winfer mortality of the beet leafhopper.

Ag the time the leafhoppers were placed outside {or overwintering,
on November 18, samples from each of the three groups were tested
on beet seedlings, oue leafthopper {o each seedling for 6 days, to de-
termine the viruliferous percentages of the respective groups of leaf-
hoppers and the virulence of the virus earried by them. The infee-
tions resuliing from the {eedings were graded into five classes ranging
from extremely mild to extremely severe, snd sssigned numerical
values of 1 to 5, inclusive. This method of grading is essentially the
same as that described by Giddings (71). At the completion of o
test, o numerical nverage scverity weos caleulated, and the average
severity obtained in this manner was used as & measure of the average
virulence of the virus carried by the leafhoppers being tested.

For about 2 wecks after the cages were placed outside, day tem-
peratures were high enough fo permit counsidernble activity of the
insects. No doubt some of the suseeptible plants became infected.
Early in December there was a rather sharp drop in temperature, snd
for 8§ days the minimum daily temperature was below zere. Tt is
quite certain that the leafhoppers were Inactive throughout the last
3 weeks of this month. In January, day temperatures sometimes
were sufficlently high to suggest that the leathoppers might have been
active during a part of the month, but it is not known to what extent
feeding occurred. While the cages were out in February the fem-
peratures were quite low, many daily minima being below zero,
There was certainly little, if any, feeding during that time.

The surviving leafhoppers were removed lrom the eages on Febru-
ary 20 and tested on beets to determine whether any change had
occurred in their ability to produce infection or in the virulence of
the virus. Table 7 shows the host plants on which the lealhoppers
overwintercd, the percentages of infection produced by samples of
each group, and the virulence of ihe virus carried by the respective
groups hefore and alter overwintering. These dati show that the
virus brought through the winter by the leathoppers in this exper-
ment was apparently unchanged in virnlence. There is an indication
that some of the leathoppers that were virwdiferous in November may
have actually become nonviruliferouns during the 94 days of winter
environment. It should be pointed out that in the tests of Novem-
bor 18, each leafhopper was caged {or § days on only one plant. It
ts now known thab such & test may nob give the aclual percentage of
viruliferous leafhoppers in the group bewng tested. Even though a
leafhopper may be viruliferous, it does not always infeet the plants
on which it feeds. Repeated transfers of 2 group of leafhoppers often
show that o muech bigher percentage of the group is viruliferous than
is shown by the infections resulting from s single feeding of each
individual. Thisis particularly frue in groups of lenthoppers carrying
attenuated virus.
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Tantg 7.—Tests on overwinlering of curly top virus in the beel leafhopper, foll and
winler of 1432-88
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Each of the surviving leafhoppers taken from the cages in February
was transferred successively to four heet seedlings. It is believed
these tests showed closely the actual percentage of viruliferous leaf-
hoppers in the respective groups after overwintering.

Leafhoppers in group 2 supplied with virulent virus tested 88 percent
viruliferous in November. Repeated tests of this group could not
haveincreased this total more than 12 percent. Thus it seems safe to
make a study of the differcnces in the viruliferous percentages of this
group at the beginning and at the end of the experiment. There is
evidence that there was o decrease in the supply of virus in these
leafhoppers during the winter, regardless of the host on which they
were caged. At least 88 percent of them were viruliferous when they
were placed in the cnges on November 18, On February 20, the sur-
viving leafhoppers from the four coges in this group averaged irom
15 to 40 percent lower in percentage viruliferous. The greatest
decreasc, 40 percent, was in the cage that contained the highly resistant
species, Norty altissima. In spite of this apparent decrease in supply
of virus, the virvlence of the virus in the different groups on February
20 wes not significantly different from that of the same groups in
November.

WINTER OF 1531-34

Additional tests on the overwintering of the virus in the body of
the leafhopper were made during the winter of 1933-34. These tests
were similar to those made the previous year, except that only two
groups of leafhoppers were used and, further, that all of the leafhoppers
came originally from the same source.
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These leafhoppers were collected [rom Russian-thistle in the breed-
ing area early in October. In order to determine the percentage
carrying virus ab the time of collection, 156 leafhoppers were tested
on beet plants. Five plants developed faint symptoms of curly top,
but all of them lost all signs of infection within 5 days after the veln
clearings appeared. It was evident that there was little virus in these
leathoppers and, further, that the virus present was cxtremely atten-
uated. Two groups-of these leafhoppers were caged on diseased beets
for 2 weeks before being placed in the hibernation cages. Group 1
was caged nn a beet known to be infected with an attenuated virus,
and group 2 was caged on a severely diseased beot infected with a
virulent virus.

On October 20, the lenfhoppers were placed in the hibernation cages
on pure stands of tumblemustard, flixweed, and green tansymustard,
and on o combined stand of these species. At this time, tests were
made on samples of leathoppers {rom each group to determine the
percentage viruliferous and the virulence of the virus earried by the
respective groups. In these tests, each leafhopper was eaged success-
ively for 3 days on each of three scedling beets. If a leafhopper
infected one or more of the plants it fed on, that insect was classed as
viruliferous. Those that failed to infect at least one plant were
classed as nonviruliferous. Similar tests of the surviving leafhoppers
were made when they were removed from the cages, except that each
one was caged for 7 days on each of three seedling beets.

The winter was very mild as compared with that of the previcus
year. The lowest temperature during the time the cages were outside
was 8° I. Numerous examinations of the cages during the winter
showed that the leafhoppers were aetive. When the cages were
brought in on February 13, the leafhoppers could be captured immedi-
ately without any warming-up period. In the cages having pure
stands of green tansymustard, many of the plants showed curly top
symptoms when the cages were brought in, and other plants developed
symptoms after a few days at greenhouse temperatures.

The detailed results of the tests on the overwintering of the virus
in the leafhoppers in 1933-84 are shown in table 8. A random sample
of the leafhoppers with attenuated virus (group 1) tested 55 percent
viruliferous when the hibernation cages were set up in October. When
they were brought in on February 15, separate tests were made of
samples from each cage of separate or of combined host plants. In
tho attenuated group, leafhoppers from the highly resistant tumble-
mustard tested 19 percent lower after overwintering. Those on
flixweed, which is at least partially resistant to curly top, tested 20
percent less in February than in October. The survivors on the
extremely susceptible host, green tansymustard, showed an increase
of 41 percent in virulence. Tt was expected that the leafhoppers
from green tansymustard would test quite high, as many of the plants
in that cage showed curly top symptoms when the leafboppers were
removed in February. The weather had been sufficiently warm to
permit infection of these plants nnd therehy provide a source of virus
for those leafhoppers that were nonviruliferous when they were caged.
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Tasrg 8~—Tests on overwintering of curly lop virus in the beel leafhopper, fall and
winler of 19353-34
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These results suggest that some of the leafhoppers originally carry-
tng aitenuated virus became nonviruliferous while overwintering
on curly-top-resistant plants. Tt seemns evident, however, that during
such mild winters as 1933-34, the viruliferous percentage of leafs
hopper populations on green tansymustard may he increased simply
by infection and spread of the virus throughout the plants on which
the lealhoppers overwinter. Resulls on average virulence confirm
these views.

The average virulence of the atfenunted virus was 1.5 in October.
Leafhoppers from tumblemustard produced infections that averaged
1.0 in severity in February. The infections produced by the survivals
from {lixweed averaged 1.3 in severity, while those produced by the
survivals from a pure stand of green tansymustard and those from the
mixture of the three species each averaged 1.6. The differences are
suggestive of some host influence, but further study would be Necessary
before any definite conclusion could be made.

In the tesis of leafhoppers with virulent virus during the mild winter
of 1033--34, there was apparently no influence of host plants on the
number of leafhoppers carrying the virus, or on the virulence of the
virus itself, as is indicated in table 8.

Studies in the winter of 1932-33 showed that in the lenlhoppers
with virulent virus eaged on Narte altissima (group 2), the viruliferous
percentage decreased 40 percent. The following year a similar
group showed no significant decrease.  No satisfactory explanation
of tlus variation has been experimentally established. The apparent
loss of virus by some of the leafhoppersin the winter of 1932-33 and
the retention of virus by nearly all of the leaflioppers the followine yvear
may have been due to the difference in the severity of the winter in
the respective years through an effect on the activity of the leathappers,
During the first winter it is certain that the lealloppers fod very little,
if any, between December 1 and February 20, With the exmsting cold
weather, the leafhoppers were dormant during this period with the
exception of possibly a few days in January. ‘The following year,
winter temperalures were such that leaThoppers were active during
the warm part of most of the days. Whether leafhoppers feeding
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more or less continuously on an immune plant lose less virus than those
dormani or inactive is still to be determined.

From these investigations on the overwintering of curly top virus in
the beet leafhopper, the writers conelude that the virus may remain in
the leathoppers throughout the winter without apparent cliange in
virulenee. There is evidence that, if viruliferous leaflioppers nre
restricted for & period to highly resistant or immune plant species,
under certain envircomental conditions, some of them may become
nonvirnliferous.

EARLY INFECTIONS IN BEET FIELDS BY OVERWINTERED
LEAFHOPPERS

It has been demonstrated by Carter (10} that the type of winter is
directly eorvrelated with the percentage of hibernating leafhoppers
sutviving the winter. Carter’s conclusions are hased on hibernation
cage tests as well as on field studies of the populations going into hiber-
nation in desert areas and the populations of overwintered forms the
following =pring.  Carsner and Stahl {9) point out that beets infected
by leafhoppers overwintering In or near beet fields may scrve as sources
of inoenlum for spring-hrood lealhoppers in the field. Severin (18)
reported that before the spring flights occurred in 1919 in the Salinas
Valley of California 35 percent of the sugar beets were infected by over-
wintered adults that had remained in the cultivated areas. Carter
(10 reported the occurrence of “dark forms” in beet fields as early
as the first weel of May in 1926, but the inllux of spring-brood leai-
hoppers bad already occrrred and Carter inferred that these dark-
colored leafhoppers had come in [rom the desert and that they were
from the overwintered population. Severin {/8) cites numercus in-
stances of auvtumn dispersals of beet lealhoppers from cultivated
areas to unculiivated plains and loothiils in Califarnia.

The writers have obtained evidence that leafhoppers may also
overwinler in the cultivated lands in southern [dabo, and a study
was made of the importanee of loeally overwintering leafhoppers in
the epidemsioloey of the curly top disease, 1t is well known that
at harvesttime there are large numbers of leathoppers in beet fields,
many of which probubly go into hibernation salong (he borders of
the lields or in nearby weed areas.  There 1s ns vet no direet evidence
1 the Twin Falls area that leafhoppers Irom bheet fields return to
the desert breeding grounds when the beets are removed. 1t is
granted thut there may be some return movement, but so far it
bas not been detected experimentally.  In 1832, leafhoppers were
found in beet fields fecding on the remains of leaves and petioles
10 days afler the beets had been topped and removed from the field.
A few days later, as the food in the field disappeared, leafhoppers
were found rather abundantly on grass and weeds in a pasture adja-
cent to one of the beet fields.  Whether any of the leafhoppers moved
to more distant points was not determined.

It is quite possible that sometimes there may be an early movement
of overwintered leafhoppers from the desert aveas to the cultivated
lands in the spring, but it is not believed that such a movement is
common in this section of Idahe. The extremely sparse populations
of overwintered leafhoppers found in beet fields, the irregularity
of early infections over the cultivated area as a whole, and the striking
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predominance of these early cases of discase along the ocuter margins
of the fields argue agsinst a general movement of overwintered leaf-
hoppers from the desert to the cultivated areas.

hservations in beet felds in 1930 and 1931 before any detectable
movement of spring-brood leafhoppers occurred, shiowed that in most
fields there could usually be found at least a trace of disease and in
some instances from 5 to 15 percent. Most of the diseased plants
showed severe symptoms, and 1t was evident that they had been
infeeted at an early stage. The Infected plants were localized, and
sometimes as many as five consecutive plants in a vow or else several
plants within a radins of 3 or 4 feet were diseased.  This indieated
that probably all of the diseased plants within one of the local spots
had been infected by the same leathopper.

In 1931, collections of everwintered leafhoppers were made in
beet fields or from weeds bordering the fields, and these leafhoppers
were tested in comparison with samples of the overwintered popu-
lation in the desert areas. The number of such leafbopners in beet
fields is usunally very low, and much time and effort are required
to collect desired numbers.  The leafhoppers were caged singly on
seedling beets, and the resulting infections were classified as mild or
severe, thus giving the numbers of leafhoppers with attenuaied or
virglent virus. The details of the tests of these collections are
presented in table 9, along with comparative tests of overwintered
desert leafhoppers collected over approximately the same peried.
1t will be observed thatin this year the total percentage of viruliferous
lealhoppers wus higher in the desert collections than in thoss from
beet fiekls, Towever, the quality of virus seemed to be sienificantly
different. In the desert areas, 43 percent of the leafhoppers were
viruliferous, but culy 4 percent of them carried virulent virus; in the
beet-ficld collections, only 32 percent were viruliferous, but 18 percent
carried virulent vitus.,  Buch a diffevence in the virulence of the virus
found in leafhoppers from the two sources, i. ¢, beet fields and desert
areas, strongly suggests that at least some of those collected in the
beet felds had moved off of beels the preeeding fall and had over-
wintered near the fields.

TaBLE 9.—Tesls of evcrwinlered leaflioppers collected in deserl areas and {u or near
beet ficlds in the spring of 1631
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1t was obvious in 1932 that overwintered leafhoppers in beet fields
were negligible, and correlated with their scarcity was the almost
total absence of the ‘“‘early’ infections such as were commonly ob-
served in 1930 and 1931, Many fields were examined closely, but
only two plants showing symptoms were found before the dispersal
of desert spring-brood leafhoppers began on June 13. '

In 1933, carly examinations of field beets and weeds adjacent to
fields revealed only an occasional overwintered leafhopper. Because
of the severe winter this arca had experienced, the writers concluded
that there would be little evidence of overwintered leafhoppers in
the bect fields tbis scason. Later developments, however, showed
that there had been enough overwintered leafhoppers in some of the
fields to produce n noticeable amount of curly top. At the time the
spring broed adults were moving into the fields, many beet plants
could be found with well-ndvanced symptoms of curly top. These
cases of early infection were most frequently encountered along the
outside edges of the felds and were definitely loealized. OF still
more interest was the fact that no curly top could be found at this
time in the late-planted fields. With the matural mortality that
acears in the overwintered population in the spring, it seems evident
that late-planted fields may partially, or sometimes totally, eseape
exposure to overwinterad lealhoppers.

In the spring of 1934 a total of 590 overwintered adults taken from
the ecultivated aren averaged 20 percent virulilerous. Of those
viruliferous, 83 percent carried virulent virus, A total of 1,488 over-
wintered leafhoppers from desert weed arcas averaged 3 percent
viruliferous. Of those viruliferous in this group, only 18 percent
carried virulent virus.

SPREAD OF CURLY TOP ¥ROM EARLY INFECTION CENTERS

In 1033, some field studies were made of the spread of curly top
{rom inlections produced by overwintered leafhoppers.  Tests showed
thet only 4 percent of the incoming spring-brood lealhoppers were
viruliferous, and the movement into the beet ficids did not begin
until June 6. Under such conditions it was easy to follow the develop-
ment of discase in the fields and to trace the spread of eurly top {rom
the early infection centers.

Two lields near Twin Falls gave o very satisfactory set-up for this
study. These are recorded as the Tickuoer and Waite fields. The
Tickner field was planted on March 31 and bad been in beets the
year before. The Waite field was planted on May 2 and had not
grown beets the previous year. These fields were about a quarter
of 2 mile apart and were separated by a highway and some farm buildl-
ings. They were first visited on June 20, and on this date numerous
coses of severely diseased beets were [ound around the margins of the
Tickner (carly-planted) field. A careful search through the Waite
field revesled no «iseased plants. A Hght influx of spring breod
lealhoppers had already taken place, and both. fields were infested to
about the same degree.  Beets in the Tickner feld were well advanced,
having from § to 12 large leaves. Tn the Waite field the plants were
quite small, and thinning was just being completed. The absence of
disease in the late-planted field indicated that there had been no in-
fection by overwintered leafhoppers and, furtherimore, that plants
infected by spring-brood leafhoppers had not had sufticient time to
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developsymptoms. It was obvious that the disease in the Tickner field
on June 20 had resulted from infections by overwintered leafhoppers.
If this disease had been produced by spring-brood leafhoppers, the
younger &nd more susceptible plants in the Waite feld should hsve
shown even more disease than the older plants in the Tickner field.

In July, August, and September disease counts were made in these
fields, and collections of leathoppers were made for tests. These data.
are summarized in table 10. 1t can be seen from this table that in the
Tickner field of early planting, more curly top developed, a higher
percentage of the leafhopper population acquired the virus, and there
was proportionately more virulent virus in the leafhopper population
than was shown in similar studies of the later planted Waite feld.

The infection centers when first discovered usually consisted of from
one to eight diseased plants. As the season progressed, more of the
surrounding plants became diseased. Even late in the season it was
sometimes possible to trace back to the plants infected early in the
season by the overwintered leafhoppers. In the Tickner field on
June 20, one of the diseased plants was well separated from others,
and the spread of disease from it was followed throughout the season.
On August 15, in a square rod surrounding this plant, 16 percent of
the plants were diseased as compared with an average of 3.5 percent
of diseased plants in four nearby square-rod check plots. Tt should
be stated that in years of heavier infestation. and with a higher per-
centage of the incoming leathoppers viruliferous, such a contrast
between early- and late-planted beet felds is not maintained. In-
stead. curly top spreads more rapidly and the leafhopper population
becomes more highly viruliferous in" the late-planted beets. TUnder
such conditions. the disease may become s, general, even in the early-
planted fields, that centers of infection caused by overwinterad leaf-
hoppers may be masked quite early in the season

TanLe 18.—Rale al which curly lop developed and leaikopper populntions became
viruliferous in early- and late-planted beels near Trwin Falls, fdaho, 1833
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In another early-planted field west of Twin Falls, numerous cases
of severely diseased plants were found arcund the margins on June 26.
A% one point there were 10 severely diseased plants within a radius
of 5 feet. A square rod was marked oft surrounding these plants,
and disease counts were made. Seventeen additional diseasod plants
were found gut of a total of 211 plants. Symptoms were just beginning
to appear on these later-infected plants. ~ On July 25, August 29, and
September 27 there werc 32, 81, and 92 percent of diseased plants,
respectively, in this plot. In other parts of this field not showing
infection centers an average of about 15 percent of diseased plants
were obvious on September 27.
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Leafhopper populations in most fields remained quite low during
the 1933 season.. Even the late-planted fields produced good yields
in most instances. In one late field, planted May 12, counts showed
50 leafhoppers per 100 feet of row on June 23. On August 4 there
were only 4 percent of diseased plants in this field and only 20 percent
on September 27. On June 26, tests showed that 9 percent of the
leafhoppers in the field were viruliferous but less than 2 percent carried
a virulent strain of virus. It seems that in this particular field all
injury from curly top had to result from a gradual increase and spread
of the virus brought in by spring-brood leafhoppers.

It is obvious that the damage to field beets 1s greatest when a high
percentage of the lealhoppers carry virulent virus while the plants
are small and very susceptible. If the leafhoppers from the desert
areas do not bring in an abundant supply of virulent virus, they must

vadually build 1t up from the seemingly limited smount that is

rought in, or else they must scquire it after they reach the beet
fields. The writers believe that, in some years at least, the initisl
infections produced in field beets by overwintered leafhoppers are
important sources of inoculum for spring-brood leafhoppers moving
info the beet fields from their natural breeding grounds. Ilowever, in
years, such as 1934, when the fields become infested with high popula-
tions of spring-brood leafhoppers while the beets are small and
extremely susceptible, the infections produced by overwintered leaf-
hoppers are probably of little significance.

In addition to the infections produced in beet fields by overwintered
leafhoppers, it may be that the nymphal progeny of the overwintered
leafhoppers is also important in curly top development. No data
were obtsined regarding the amount of disense produced by nymphs
from eggs laid by overwintered leafhoppers in the beet fields. How-
ever, observations in 1932 showed that there were noticeable numbers
of nymphs in some fields before any spring brood adulis could be
found. It was evident that these were the progeny of the over-
wintered adults that had been in the fields earfier in the season.

SEASONAL EPIDEMIOLOGY OF CURLY TOP

Although esch of the six seasons studied presented inleresting devel-
opments in the epidemiology of curly top, only the seasons of 1933--34
and 1934-35 are discussed m detail in this bulletin. In both of these

years, the harvested screage of beets consisted almost entirely of
Tesistant varicties, yet the average yield in 1934 was 4.79 tons per
acre as contrasted with 15.3 tons per acre in 1935. With such ex-
treme differences in yields, it is of particular interest to study the
operation of the various epidemiological factors in these years.®

SEASON OF 1933-34
FALL AND WINTER CONDITIONS

The extreme drought during the summer of 1933 caused a reduction
in the stands of desert annuals, and there was a corresponding reduc-
tion in the fall population of leafhoppers. Early maturity of Russian-
thistle and the absence of fall-germinated mustards forced the leaf-

! During thess sturles, deta ot-talned by the Twin Falls {Idato) Jaboratory, Division of Truck Crop snd

Garden [neeots, Bumay of Entomolory and Plaut Quarantlas, as te overnent of beet leathapgiers into the
cult[veted area have been mods available to the writers,
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hoppers to sagebrush quite early in the fall. This precluded any
carry-over of virus in lall-infested breeding hosts, and, further, 1t
meant that the surviving overwintered leafhoppers would be dis-
tributed throughout the sugebrush area when the mustards germi--
nated and would not be concentrated in the usual weed areas. The
following winter was dectdedly mild, and this favored & high survival
of the leafhopper population.

Germination of mustards occurred to some exient in the Glenns
Ferry area late in November, but did not begin in the breeding areas
nearer Twin Falls until the latter part of January, Both tempera-
ture and precipitation were above normal in February, and the mus-
tards developed abundantly over the sagebrush lands, thus providing
o host for the leafhoppers that had moved to the segebrush in the fall.

Overwintered leafhoppers were active on the desert near Twin Falls
early in February. Although the population was considered to be
low, leaflioppers were rather unmiformly distributed over wide nreas,
Higher populations were present in the breeding arcas around Glenns
Ferry.

SPRING GONDITIONS

Unscasonably high temperatures prevailed during March, and by
the end of the month the season was approximately 3 weeks in ad-
vance of normal for that time of year. April and May temperatures
continued warmer than usual with a plus aceumulation of 16.16° F.
from normal for these 2 months. High populations of overwintered
leafhoppers existed in localized parts of the desert, and a low but
uniformiy distributed population was present on green tansymustard
throughout large areas of sagebrush. Conditions were excellent for

the development of both leafhoppers and their weed hosts. Spring-
brood adults bad appeared in some parts of the breeding ares by
April 15, and the number of spring-brood insects increased rapidly
thereafter. In spite of the earliness of the season, beet planting had
been delayed from 2 to 3 weeks because of a disagreement between
the sugar companies and the beet growers concerning confracts.

DEVELOPMENT OF YVIHUS IN LEAFHOPPELS

Tests of six summer and fall collections, totaling 773 leafhoppers,
revealed that 2.5 percent were vir uliferous. The following spring,
13 collections fIOI‘Il desert areas, involving 1,488 overwintered leaf-
hoppers, averaged only 3 perccnt viruliferous.  These data suggested
thot in general the virus supply was not increasing to any great extent
in the areas regarded as usually responsible for infestation of the
cultivated lands. The collections were taken mainly from combined
stands of the three mustards.

Extensive studies were not made of the overwintercd population
occurring on the wide expanse of green tansymusterd in the sage-
brush lands but limited tests indicated that in such areas the supply
of virus increased to & much greater extent than in aress in which
tumblemustard and flixweed predominated. At one station where
green tansymustard occurred in a pure stand, collections of over-
wintered leafhoppers taken during April averaged about 20 percent
viruliferous. A collection of 118 spring-brood leafhioppers taken
there on May 21 was 91 percent viruliferous.

The dispersal of leafhoppers began before any collections of the
spring brood were made at desert stations. During the first 19 days
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after the movement began, April 27 to May 15, collections from 11
widely separated heet fields averaged 31 percent viruliferous. Collec-
tions made from seven desert stations between May 14 and June [1
ranged from 14 to 94 percent viruliferous, with an average of 51 per-
cent. It appeared that in certain parts of the breeding area where
green tansymustard was prevalent a large proportion of the lead-
hoppers remaining there until after June 1 acquired virus before
moving into the cultivated areas. It was evident that conditions had
been favorable for distribution of the virus in the mustards on whicl
the spring brood developed even though not more than § percent of
the overwintered leafhoppers were viruliferous when they became
gctive in the spring. It 1s believed that the occurrence of the sus-
ceplible green tansymustard over wide expanses of sagebrush lands
was mainly responsible for the large increase in the supply of virus.

DAMAGE FROM CURLY TOP

A light movement of desert spring brood was first detected on Aprid
27.  The magnitude of the flight increased quite rapidly and within a
few days there were high populations of leafhoppers in beet fields
over much of the district. Because of delayed planting, most of the
beets were then germinating or in the secdling stage. A very few
early-planted fields were being thinned. Approximately 21,000 acres
had been planted in the Twin Falls-Jerome and the Burley-Paul-
Oalkley districts. A portion of this acreage consisted of the resistant
varviety U. 8. 1, which had been released comumercially this season,
Mucl of the planted acreage was abandoned either before thinning
or later in the season. Many of the remaining fields were neglected
throughout the season. A total of only 2,619 acres was harvested
and the average yield was 4.79 tons per ncre. Most of the harvested
acreage consisted of U. 8. 1. A number of early-planted felds of
U. 5.1 that were given good care yielded from 9 to 14 tons per acre, as
compared with 2 to 4 tons from European varieties in the same felds.

Lealhoppers that moved into beet felds during the carly part of the
influx averaged 31 percent viruliferous. About one-third of these
carried virulent virus. With later samples from desert areas averaging
51 percent viruliferous while the movement was still continuing,
indications were that beet fields were exposed to a population even
more bighly viruliferous than was shown by the collections taken
from the felds during the early part of the movement. Further-
more, curly top developed rapidly in the beet fields that were thinned
prior to or during infestation. Collections from two fields on June 6
and June 8 averaged, respectively, 79 and 86 percent viruliferous.

From the standpoint of curly top, it is difficult to conceive of any
year in which the sugar-beet crop could be exposed to more drastic
conditions. The season demonstrated that under certain environ-
mental conditions a high population of spring-brood leafhoppers, well
supplied with virus, could build up from a comparatively low over-
wintered population having a limited virus supply. It also brought
out the fact that even with the use of varieties as resistant as U. S, 1
or probably with verieties much more resistant, exceptional conditions
can arise that make the curly top disease still an important factor in
sugar-beet production in southern Idaho.

With the early spring season of 1934, bean planting began as early
as May 25. In considerable acreage, germination was oceurring
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while the influx of leafhoppers was continuing in June. Curly top
caused rather serious losses in both field and garden varieties. Hun-
gerford ® reported o loss of 10 to 20 percent in Great Northern beans
n the Twin Falls area in 1934. Contracting seedsmen estimated a
reduction in yields of 60 percent in garden and canning varieties.
The plowing out of approximately 17,000 acres of beets in this dis-
trict at 2 time when most of the beans were in the seedling stage is
believed to have increased the exposure of beans through a further
movement of leafhoppers from the beets that were removed.

SEASON OF 1934-35
FALL AND WINTER CONDITIONS

In the fall of 1934, germination of the mustards began during the
last of October, and rains in November caused further germination.
In general, the mustards were sparsely distributed over the desert
areas and were abundant only in low places where moisture had ac-
cumulated. High populations of leafhoppers went into the winter.
The lowest temperature at Twin Falls in December was 13° F. In
January there were two nights with minima of —5° F., but the low
temperatures were not of sufficient duration to reduce leafhopper pop-
ulation significantly. Near the end of Jonuary leafhoppers were active
in the desert during thie warm part of the day, and sizeable collections
were easily made. Additional host germination occurred in February,
and precipitation was sufficient for the production of guite uniform
and general stands of annuals, thus providing an abundance of plant
hosts for the overwintered leathoppers.

S5PRING CONDITIONS

Conditions in March and April favored the development of the
weed hosts. Tumblemustard, flixweed, and green tansymustard were
present in the usual areas, and, as in the previous spring, the latter
species was generally distributed in (lense stands over vast acreages of
sagebrush. High populations of overwintered leafhoppers were pres-
ent in many places in the desert weed areas. The mean temperatures
for March, April, and May were very close to the normal, or the aver-
age [or the past 28 years, Precipitation in April and May totaled 3.9
inches, an excess of 1.9 inches over normal.

The excess of precipitation in April and May and the accompanying
cool, cloudy days, greatly retarded the development of leafhoppers in
the breeding areas. The beginning of oviposition was delayed to such
an . .tent that by April 15 it seemed highly probable that there would
be no appreciable movement of spring brood from loeal breeding areas
before June 1."® However, the Ligh population of overwintered leaf-
hoppers and the abundance of weed hosts indicated that there would
be large spring populations even though they would be late in maturing,

NEVELOPMENT GF VIRUS IN LEAFHOPPERS

In the summer and fall of 1934, in addition to collections from the
usual desert stations, collections of leafhoppers were obtained from the

*HUusGERFORD, C. W. CURLY TOP OF VEGETARLES IN IDATIO, 1, 5. Bur, Plunt Indus. Plant Disease
Roptr. 18: 1T8-174 1534, [MImeographed.]

18 Inforination regarding oviposition of leathoppers was uwhtained rrom ¥, H, Harries, Burean of Ento-
nlegy and Pluot Quarantlne, Twin Falls, [dahe,
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principal Russian-thistle areas of the Snake River Valley between Idaho
Falls on the east and the Oregon State line on the west. A total of
3,916 leafhoppers was tested, and an average of 11.8 percent was viruli-
ferous. Only 0.5 percent earried virulent virus,

Tests of fall populations in the 3 years prior to 1934 had never shown
more than 5 percent viruliferous, Thus, it appeared that the popu-
Iation tn the fall of 1924 went into the winter comparatively well sup-
plied with virus. The winter was generally mild, and collections of
leathoppers were made from some of the desert stations regularly
throughout the season. Tests of these showed that the viruliférous
percentage of the overwintering leafhoppers in December and Japuary
was very close to the average found carlier in the fall population. As
the spring season advanced, there was an increase in the percentage
viruliferous at the stations where green tansymustard was one of the
dominent hosts. At such stations, collections in May showed that
nearly one-half of the overwintorad population had become viruliferous.
Likewise, there had been an increase in the proportion of leafhoppers
carrying virulent virus.

The ncrease in the viruliferous percentage of the overwintered pop-
nlation and the appearance of diseased green tansymustard piants made
it obvious that the virus was becoming well distributed in the weed
hosts on which the spring brood would des alop. It was, therefors,
expected that the spring brood would become highly viruliferous,
This expectation was borne out by the fact that tests of spring brood
taken later from both the desert and beet fields averaged 55 percent
viruliferous.

DAMAGE FROM CURLY 0P

All of the commereial acreage of sugar beets in 1935 was planted to
resistant varicties. Records of the Amalgamated Sugar Co. show that
of & total of 10,542 acres harvested, there were 10,372 acres of 1. 8. 1
and 170 acres of A-600. Practically all beets were thinned and well
established when the spring-brood leafhoppers hegan to move into the
fields on June 4. The movement of leafhoppers continued until early
i July, with the peak of the infestation coming June 15 to 25. Beet
fields beeame infested over the entire tract to o degree believed to be
equal to the heavy infestation of 1934. A study of time of planting
and stage of growth of heets at the time of infestation with leafthoppers
n 1935 showed that in this vear most of the beots had grown about
40 days longer before becoming infested with leafhoppers than was the
case in 1934, With the knowledge that in 1934 many well-cared-for
fields of the U. 8. 1 variety had yielded from 9 to 14 tons in spite of
the extremely early and heavy inlestation of leafhoppers, the later in-
festation of 1935 was not so alarming to the growers as that of 1934,
Consequently, no acreage was abandoned.

The summer of 1935 was quite favorable for the growth of beets.
In general, the resistant varietics stood up well in spite of the very
high populations of leafhoppers. In September, some fields showed
average counts of more than 125 leafhoppers per beet. European
varieties in experimental plots at Twin Falls vielded 7.8 tons per aere
as compared with an average of 21 tons per acre from four resistant
varieties. Figures released by the Amulgamated Sugar Co. show that
in their territory in south-central Idaho an average yield of 13.7 tons
per acre was obtained from a total of 10,542 acres harvested. In the
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Twin Falls-Jerome distriet, an averare of 15.3 tons per acre was ob-
tained from a total of 2,953 acres. In this district there were many
fields that averaged more than 20 tons per scre.

In the Twin Falls district, serious curly top damsage occurred in
beans in 1935. Representatives of the seed bean industry estimated
that yields of the garden varieties grown for seed were reduced from
40 to 60 percent. Some fields of highly susceptible varieties were
total failures. The dry bean varieties, Great Northern and Pinto,
were both damaged appreciably.

With the bulk of the leafhoppers moving in between June 15 to 25,
practically all of the beans were exposed in the seedling stage. A
few observations showed thaf some of the later-planted felds were
demaged less than others. One large field of Great Northern, west
of Filer, was planted June 27. There was never more than s trace of
curly top in this field, even though extremely high populations of leaf-
hoppers moved into the beet fields in that locality. A number of field
observations suggested that a delay in planting of as few as from 5 to
10 days avoided serious damage to beans. The observations in bean
fields this season gave additional support to the belief that at least in
some years much can be done to avoid curly top damage in bean fields
by plenting according to the date or period of influx of leafhoppers.

RESUME OF EPIDEMIOLOGY STUDIES

For the purpose of summarizing the epidemiological studies, data
on the seasonal virus supply in leafhopper populations snd some brief
notes on other factors for six seasons are presented in table 11. The
average yield of beets for each season and & genersl classification of
the damage occurring on beans are also included in this table. Beet
yields were good in 3 years and poor in the other 8 years. Likewise, in
3 of the years there was light damage to beans and in 3 of the Tears
severe damage. However, the years of light and of severe damage on
beans did not correspond, respectively, to the years of high and of low
¥ields of beets.

The data in table 11 show that the most apparent correlation is
between the dates of dispersal of spring-brood leafhoppers and the
average yields of beets. This actually means a correlation between
the stage of development of beets at time of infestation and average
yields at harvest. Furthermore, the same correlation exists between
the type of spring season and average yields. This is true because
the type of spring governs the time of maturity of the spring brood,
g%ilch in turn determines the date of dispersal and infestation of beet

elds.

Although yield records are available for this district as far back
as 1916, no accurate information regarding the time of leafhopper
dispersal is available for the years prior to the establishment of the
Twin Falls field station of the Buresu of Entomology and Plant
Quarantine in 1925. Carter (J0) reported on the time of movement
of leafhoppers in the years 1925-28, and Annand et al. (/) recorded
this informstion for 1929 and 1930.




TaBLE 11.—Seasonal factors in curly top epidemiology in southern Idaho and average yields of beels in the Twin Falls-Jerome district, 1929-35

Epidemiological factors 1929-30 1930-31 1931-32 1932-33 1933-34 1934-35

Fall leafhopper population igl High Very low... High.
Type of fall Season. Early, cold.._.....{ Very cold r .| - Warm.,
Fall host germination. . -.| Early, abundant..| Late, sparse. Very sparse... -| Late, good.
Type of spring season._.. Normal, dry...-..| Late, wet Very early Normal to late.
Date dispersal began, spring brood..._ May 24 June 13.. April 27

Spring population in beet fields. _ i Moderately high__

Viruliferous, fall population: _.percent._. -
Viruliferous, overwintered population._ _
Viruliferous, spring populalion 3
Average yield of beets per acre___ g X 24 9

Curly top damage to beans._....._____._._ i i i Severe.

une 4. :
Extremely high.
11.8.

1. Only 46 overwintered leafhoppers tested. .

? Includes collections taken between Jan. 30 and Apr. 2. Later collections showed that the overwintered population beeame more highly viruliferous during April and May.
3 Ineludes spring-brood leathoppers taken from desert areas and from beet fislds soon after influx from desert areas began.

¢ Entire commercial acreage planted to resistant varieties.
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From 1925 to 1935, inclusive, there were 6 years in which the
average yields were high and 5 years of low yields. In each year of
high yields the movement of leathoppers into the fields began on or
after June 4, while in years of low yields the movement began on or
before May 24, In general, yields have been lower in proportion to
earliness of leafhopper infestation and higher in vears of later infesta-
tions. In 9 years when the commercial plantings of beets in this
section consisted entirely of susceptible varieties, there were 5 years
of high yields and 4 years of low yields. The earliest infestation
during the 5 years of high vields was in 1933 when the infiux of leaf-
hoppers began on June 6. This was only 13 days later than the date
infestation began in both 1930 and 1931, yet the sverage vield in
1933 was 14.24 tons per acre as compared with averages of 8.53 tons
in 1930 and 7.44 tons in 1931. Whils seedling beets are in the
crifical cotyledon stage, & delay of only 2 weeks In time of exposure
to leathoppers will not decrease the damage from curly top sufficiently
to Insure satisfactory vields. However, after the planis have devel-
oped true leaves and are ready for thinning, such a delay enables them
to reach the post-thinning stage and to acquire more resistance and
tolerance to curly top. Furthermore, early dispersals occur in years
when the spring seasons are early, and in such seasons the spring
brood matures more uniformly and high populations reach the fields
qguickly. 1In lafe spring seasons the maturation of the leafhoppers is
uneven; host plants dry more irregularly; and the movement into
cultiveted areas may be of a slow, dribbling nature, or may consist
of a series of light flights. TUnder the latter conditions more time is
tequired to build up high populations in heet fields, and this gives
the beets additional time to develop before becoming heavily infested.

It is clear that the various factors in curly top epidemiology are
closely interrelated and that actually all of them are directly depend-
ent on climatic conditions. Howaever, in order to have o more tan-
gible point for discussion, it is concluded that the stage of develop-
ment of beets at the time of exposure to leafhoppers is the most
important factor in epidemiology of curly top in this territory. Theo-
retically, it might seem that the development of beets should corre-
spond with the rate of development of spring-brood leafhoppers,
regardless of whether the spring season is early or late. However,
these studies show that such is not the case. In spring seasons that
open early the weather may be sufficiently warm during February
and March to speed up greatly the development of overwintered
female insects so that oviposition begins decidedly early. Even
though the spring continues warm and open, the bulk of the beet
acreage is ot planted until after April 1. Frequently weather con-
ditions, particilarly rains, further delay planting so that much of the
acreage 18 not seeded until after April 15. Thus, warm weather in
February and March may favor the development of leafhoppers
without having any appreciable effect on the beets. In other words,
unless exceptional conditions arise, planting occurs over nearly the
same colendar period each year, while the period of oviposition of
overwintered leafhoppers and subsequent development of the spring
brood may vary widely in respective years.

A late spring seagon retards the development of spring-brood leaf-
hoppers and delays the movement into cultivated areas. DBeet
planting and seedling growth may proceed under weather conditions
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that are decidedly unfavorable for ovipositing, hatching of eggs, or
nymphal development of leafhoppers. In a late spring, climatic
conditions seldom cause the average date of planting to be more than
2 weels later than in an early spring, while in these two types of
season there may be a difference of 6 weeks in time of appearance of
the first spring-brood nymphs.

The percentage of viruliferous leafhoppers in the population that
moves Into beet fields is believed to be of considerable importance,
but because of numerous other factors aflecting beet yields, 1t is diffi-
cult to measure the importance of the virus supply. In 1930 leaf-
hoppers began to reach the fields on May 24, and fields became infested
with high populations averaging 67 percent viruliferous. The follow-
ing year the infestation began on the same date. High populations
reached the fields, but the degree of infestation was somewhat lower
than in 1830. Only 11 percent of the incoming leafhoppers were
viruliferous, yet the yield was slightly lower than in 1930, when 87
percent of the spring population carried virus. In 193¢ planting
m general was unusually early. After the fields became so beavily
infested with leafhoppers late in May, about half of the acreage was
taken out or abandoned. Consequently the average yield of 8.53
tons per acre was obtained from fields that were quite well advanced
when they became infested. In 1931 the planting season was later,
and the summer was decidedly unfavorable for beets under curly top
exposure. These factors were no doubt responsible for the fact that
the average yvield was 1.1 tons per acre higher in 1930, even though
greater numbers of leafhoppers moved into the fields and a much
higher percentage of them was viruliferous than in 1931.

In 1932 an average of 12 percent of the spring population was
viruliferous. A moderately light infestation that did not begin until
June 13 and a summer of axcellent growing conditions were no doubt
largely responsible for the exceptionally high average yield of 16.43
tons per aere.  In 1833 there was a light infestation of leafhoppers that
began on June 6. Only 4 percent were viruliferous. Yields aver-
aged 14.24 tons per acre. It is believed that had high percentages of
the leafhoppers carried virus when they first reached the fields in
1932 and 1933 there would have been more damage from curly top,
but probably not enough to have caused an unsatisfactory average
vield unless the infestation had aceurred at an earlier date.

In 1934 the extremely early and heavy movement of leafhoppers
that began on April 27 was sufficient to drastically reduce yields even
if the viruliferous percentage of the incoming population had been
very low. The average yield of 4.79 tons per acre was the lowest on
record since beet production began in this ferritory in 1916. Since
this low yield was obtained from resistant varieties, it is clear that
all factors were decidedly favorable for a serious epidemic. The
fact that 40 percent of the incoming leafhoppers were viruliferous was
no doubt one of the factors which made the curly top epidemic so
severe.

Excellent yields were obtained in 1935 in spite of the fact that 55
percent of the leafhoppers that moved into the fields were viruliferous.
The beets were well advanced when they became infested. Thus it
appears that with the use of resistant varieties the supply of virus in
the leafhoppers reaching the fields is not of great importance except
in years when beets are infested during the seedling stage.
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The supply of virus in the leafhoppers that infest bean fields is
believed to largely determine the extent of damage to beans. In
1930, 1934, and 1935, when the spring populations were highly viru-
liferous, curly top caused serious damage to beans. Negligible dam-
age resulted in bean fields in 1931, 1932, and 1933, when low percent-
ages of the spring populations were viruliferous. Time and degree of
infestation are important factors in the epidemiology of curly top in
beans. Beans are not favorable as food plants for beet leafhoppers
{Z, 8), and since bean fields are exposed chiefly during the fHight of
leafhoppers into the cultivated lands and not to a continuouslty high
sumreer population it seems evident that the supply of virus carried
by the spring brood at dispersal time is of primary Importance.

SUMMARY AND CONCLUSIONS

These investigations included studies on the most important desert
hnst plants of the beet leafhopper in Idaho, with special attention to
their reaction to curly top and their role in supplying leafhoppers with
curly top virus. The three mustard species, tumblemustard, fix-
weed, and green tansymustard, are usually considered as spring
ancuals, although there may be abundant germination in the fall and
winter months if there is sufficlent moisture and if temperatures are
favorable. Russian-thistle is the principal summer arnd fall breeding
host for the desert beet leafhoppers.

Tumblemustard is apparently of little importance as a source of
virus. It is extremely difficult to infect, and evidence suggests that
even though some individual plants become infected, the virus does
not multiply readily in them or else if is inactivated to a great extent.
A low percentage of the viruliferous leafhoppers that fed on infected
plants produced infection when transferred to beet seedlings.

Flixweed is susceptible to curly top but often requires heavy inocu-
lation under high temperatures before developing pronounced symp-
toms. Plants are sometimes infected, and the virus can be obtained
from them even theugh no symptoms are evident. As 2 rule, the
virys is attenuated on passage through this species. It is believed
that flixweed is responsible for the fact that the virus carried by desert
leafhoppers is predominantly of the attenuated type.

Green tansymustard is exiremely susceptible to curly top, and
under greenhouse inovculations it seems to be as susceptible to at-
tenuated strains of virus as to virulent strains, This species is very
important in the development of the supply of virus in the desert-
breeding areas of the beet leafhopper.

Incculation tests on Russian-thistle showed that this species iIs
susceptible to curly top. Virus was recovered from inoculated plants
even though no conspicuous symptoms were discernible. The virus
was sometimes attenuated by passage through Russian-thistle plants.

FFall leafhopper populations on Russian-thistle in desert areas were
consistently low in percentage viruliferous, and the virus earried by
such leafhoppers was largely attenuated.

The viruliferous percentage of spring-brood leafhoppers varied ap-
preciably from year to year, with a low of 4 percent in one year
and a high of 67 percent in another. Frequently this populstion
cartied sttenuated virus almost exclusively, while in other years a
fairly high proportion of the leafhoppers acquired virulent virus.
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Even though spring-brood lesfhoppers that moved into beet fields
often tested very low in percentage wiruliferous, repeated tests of
collections taken from the felds during the summer showed that more
of the leafboppers acquired virus as the disease developed in the beets,
o that by barvesttime practically 100 percent of the beet-field popula-
tion carried virulent virus,

Experimental studies showed conclusively that curly top virus can
survive the winter in living beet feafhoppers without any apparent
change in virulence. Other studies proved that both flixweed and
green tansymustard plants, infected in the {all under experimental
conditions, mey retain the virus during the winter and that the virus
can be recovered from such plants in the following spring. No data
have been obtained with respect to the extent that such oceurs under
natural conditions.

Tield observations gave evidence that in some years leafhoppers
whichi overwinter in the cultivated arcas are important in initiating
outbreaks of curly top and that this source of infection may some-
times increase the damage from the disease. The fact that many of
the locally overwintered leafhoppers carried virulent virus suggested
that some of them had moved oil of beet fields the preceding fall.

With rospect to desert populutions of lealboppers and their in-
fluence on sugar-beet production in Idaho, & polnt of importance is
the proportion of viruliferous leaflioppers in the populations that move
into hect fields. The size of the overwintered population, the prev-
alence and distribution of weed hosts, and the rate of development
and size of the spring brood all affect the development of the supply
of virus in the weed hosts un which the spring breod develops. How-
ever, the type of spring season deternines how these factors operate
in the development of the virus supply. Generally, the spring brood
hecomes more highly viruliferous in years when the spring is warm
and carly. However, even in some years of early spring seasons, the
virus supply may be restricted by the scarcity of susceptible weed
hosts, low leafhopper populations, or by combinations of various
factors.

The magnitude of lealhopper infestations in beet fields is, no doubt,
of importance from the standpoint of damage from curly top, but the
writers are inclined to believe that in every season, unless resistant
varicties ave used, sufficiently high populations te praduce sericus
damage reach the beet fields during the dispersal, provided other
factors are Iavorable for an epidemic. )

Although many of the various epidemiological factors are directly
related, the single factor of mosi importance in the epidemiology of
curly top is believed to be the stage of development of beets at the
time they become infested with leafhoppers. Records show that in
the past 11 years, there have been G years of high yields and §_years
of low yields of sugar beets in the Twin Falls {Idaho) district. In the
years of good yields the movement of lealhoppers into the ficlds began
on or after June 4. In years of poor yiclds the movement began on
or before May 24. A delay of relatively few days in time of Infesta-
tion is decidedly advantageous to beets if the delay comes after the
plants have developed beyond the cotyledon stage. The rapid growth
of beets after they develop true leaves, and particularly after thinning,
increases their resistance or tolerance to curly top. In southern
Tdaho, bests in general reach this stage during the latter half of May,
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so that a delay in infestation until after June 1 enables the plants to
escape exposure during the critical seedling stage.

The size of beets, or stage of development at time of infestation
with leafhoppers, will continue to be an important factor in the curly
top problem In southern Idaho, even with the general use of resistant
beet varieties. Early plentings usually will result in more or less
negligible injury from curly top, while late plantings may be dam-
aged appreciably. Early planting is desirable, and seeding should
not be extended over too long a period, as this will automatically
place a certain proportion of the acreage in the critical stage of de-
velopment when leafhoppers move into the fields.

LITERATURE CITED

.'\.SNAND,AP‘ N., Cuamseruy, J. C.,, Hexpersox, C. I, and WaTess,
H A

1932, MOVEMENTS OF THE BEET LEAF HOPPER LX 1930 [N SOCTHERN IDAHO.

U. 8. Dept. Agr. Cir. 244, 24 pp., illus.
Bau, E. D.

1906. THE BEET LEAF-HOPPER (EUTBTTIX TENELLA). Utah Apr. Expt.

Sta. Ann. Rept. (1904-03) 16: XVI.
Bexxerr, C. W,

1935, sTUDIES ON PROPERTIES OF THE CURLY TOP VIRCGS. Jour. Agr.
Research 50: 211-241, illus.

and Esat, EATHERINE.

1936. FUATHER STUDIES Q¥ THE RELATION OF THE CURLY TOPF VIRTS TO
PLANT TISSTES. Jour. Agr. Research 53: 593620, illus.

BoxcaveT, P. A, and Harrung, WilLraw J.

1915. THE COMPARATIVE EFFECT UPCY SUGAR BEETS OF EGTETTLX TENELLA
BAKER FROM WILD PLANTS AND FRGM CURLY TOP BEETS, (Phyto-
path, Note) Phytopathology §: 348-319, fllus.

and StagL, C. F.

1G17. WILD VEGETATION AS A SOGRCE OF CURLY-TOP INFECTION OF SUGAR
BEETs. Jour. Econ, Enf. 10: 302-307, illus.

Cars¥ER, EUBANES, .

1923. ATTENUATION OF THE VIRUS OF SCGAR BEET CURLY-ToP. Phyto-
pathology 13: [7+£3]-757, illus.

1920. STSCEPTIBILITY OF THE BEAN TO THE VIRUS OF 8GGAR-BEET CGRLY-
T0P. Jour. Agr. Research 33: 345-348, illus.
and StamL, . F.
1924, STUDIES ON CUBRLY-TOP DIREASE OF THE SUGAR BEET. Jour. Agr.
Researeh 28: 297-320, illus.
CARTER, WALTER.
1930. ECOLOGICAL STUDIES OF THE BEET LEAF MOPPER. [, 3. Dept.
Agr. Tech. Bull. 206, 115 pp., illus.
GibpiNgs, NaHTM J.
1637. A GREENHOUSE METHOD FGR TESTING GURLY TOP RESISTANCE IN
sTGAR BEETS. Phytopatholegy 27: 773-779, illus.
Harcsrr, Roaxp W.
1927, THE BEET LEAF-HOPPER (EUTETTIX TENELLUS BAKER)) 4 SURVEY
i¥ 1pag0. Idaho Agr. Expt. Sta. Bull, 156, 28 pp., illus.

1932, FIELD STUDIES OF THE BEET LEAFHOPPER, ECTETTIX TENELLTS
BAKER. Idaho Agr. Expt. 8ta. Bull. 182, 51 pp., illus.
Lackery, C. F.
1432. RESTORATION OF VIRCLENCE OF ATTENTUATED CURLY TOP VIRGS BY
PASSAGE THROUGH STELLARIA MEDIA. .Jour, Agr. Research 44
735763, illus,
PiexEiseL, R. L., and CaaMmBERLIN, J. C.
1936. LAND-TMPROVEMENT MEASURES IN RELATIGN TO A POSSIBLE CONTROL
OF THE BEET LEAFHOPPER AND cURLY Tor., U. S, Dept. Agr.
Cir. 416, 24 pp., illus.



http:1YILLI.Ur

46 TECHNICAL BULLETIN 624, U. S. DEPT. OF AGRICULTURE

{16) Severw, Hexery H. P.
1927. CROFS NATURALLY INFECTED WITH SUGAR BEEY QUELY-TGP, Sclenc:
68: 137-138.
an
1929, ADDITIONAL HOST PLANTS OF curuny ror. Hilgerdia 3: [595]-636,
illus.
(18}
1933. FiBELD OBSERVATIONS ON THE BEET LEAPHOPPER, XUTETTIX
) TENELLUS, IN CALIFORNIa. Hilgardia 7: [281]-360, illus.
(19
1934. WEED HOST RANGE AND OVERWINTERING OF CURLY-TOP VIRUS.
Hiigardia 8: 263-280, illus.
[94)] and Frerrag, Junius H.
1934, ORNAMENTAL TFLOWERING PLANTS NATUIALLY INFECTED WITH
CURLY-TOF AND ASTER-YELLOWS VIRUsEs. Hilgardia §; 233-
2860, iltua.
{21} and Hewnperson, CuarLes T
1928. SOME HOST PLANTS OF cURLY wopr. [lilgardia 3: {338]-382, ilius.
{22} Sairen, Rawru B, and Boveguer, P, A,
19135, CONNECTION OF A BACTERIAL GRGANISM WITH CURLY LEAF OF THE
sucar BEgr. Phytopathology 5:{335]-342, illus,
{23) Sraurn, C. F, and Cansner, LoBaNKS.
1918, OBTAINING REBT LEAFHOPPERS NOXVIRCLENT AS TO CURLY-TOP.
ferELiMINARY FAPER.) Jour. Agr. Research 14: 303-394.




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secretary of Agricullure_.. .. . HeNry A. WaLLack,
Under Secretary. _._.__ . .. ceieicieee.- M. L. Wirsox,
Assislant Secrelary Harry L. Browx.
Coordinetor of Land Use Planning and Diree- M. 8. EISENTOWER.

tor of Information.
Director of Extension Work ... . C. W.\WairBurTOX.
Diirector of Finance_____... . . W. A. Jume.
Direcior of Personnel___ _ .- .. . .. Rovy F. HEXDRICESOXN.
Director of Research.__. . __.. .. _ . . James T. JARDINE.
Solicitor MasTIN G. WHITE.
Agricullural Adjustment Administration. .. . H. R. ToLLEY, Administrator.
Bureau of Agricultural Economics___.. . .. A. G. BLACE, Chief.
Bureau of Agricultural Fngineering... . __ 8. H. McCRroRryY, Chief.
Bureau of Animal Industry -« -... Joux R. MoELER, Chief.
Bureau of Biological Survey___.... .. . Tra N. GanrIELSON, Chief.
Bureayu of Chemistry and Seils... ... ___ . Hexry G. K~Nicur, Chief.
Commodity Exchenge Administration.__. . ). W, T. Dover, Chief.
Bureau of Dairy Industry O. . REED, Chief.
Bureau of Entomelogy and Plani Quarantine. LEe A. Brroxe, Chief.
Office of Experiment Staffons____ . ... JanmeB T. Jaroiwg, Chief.
Farm Securily Administralion___.. . _ .. W. W. ALEXaANDER, Administrator.
Food and Drug Administration_____ . WatTer G. Canrsern, Chief.
Forest Service «.--.. FERDI¥AND A. Birncox, Chief.
Bureau of Home Economics__.._.... .._... LoUiss STAxLEY, Chief.

CrariseL R. BaRNETT, Librarien.

Bureau of Planf Industry_____ .. . ... E. C. AvcuaTer, Chief.
Bureau of Public Roads_._.._ . __._ . Troamas H. MacDoxanp, Chief.
Sofl Conservation Service. ..., __ . H. H. BexsEeTrr, Chief.
Weather Bureau c . eieiiie-o-- Wriuis R. GrEGe, Chief.

This builetin is a eontribution from

Bureaw of Plant Industry E. C. Accurer, Chigf.
Divisien of Sugar Plant Investigations... E. W. BraxDES, Principal Pathelo-
gist, in Charge.

47

1§ GOVEFSMINT PRINTING CFFLIE- L9124



http:ALL.-I.CE




