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INTRODUCTION 

Curly top is it virus disease of sugar beets (Beta llulgaris L.) and 
other plants. In areas where it occurs as an epidemic it is tho most 
destructive of all beet diseases and also causes great losses in other 
crops, especially beans and tomatoes. The geograpbic distribution 
of the disease corresponds \vith the distribution of the beet leaf­
hopper, Eutettix tenellus (Baker), the only known agent of t.rans­
missirm. The studies reported in this bulletin were conducted in 
southern Idaho, where curlv top has been regularly important in 
limiting the production of sugar beets, beans, and certain garden 
crops. 

Since Ball (2)3 announ~ed the discovery of a causal relation between 
the feeding of the beet leafhopper and "curly leaf" or "blight" of 

I Received Cor publlcntlon Jan. 12, 1938. 
I The writers acknowledge the many hel.,Clll suggestions of Eubanks Canmer, senIor pathologist, Divl3ion 

of Sugar Plant Investigations. Thanks are due P. N. Annand, special research BSSistant, Cormerly in char,16 
of beet I~afhopper investigations, and J. C. Chamherlln, BSSociate entomologist, Bureau of Entomology and 
Plnnt Qllllrantlne, for their 'ooperation and [or facilities offered !.t tbe Twin Falls (Idaho) statiou. Thanks 
are also due R. L. Piemelsel, physiologist, Division of Sugar Plant Investigations. for information on desert 
host plants. 

, Italic numbers In parentheses refer to Literature Cited, p. 45. 
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sugar beets, both the disease 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 (Norta altissima (L.) Britton),4 fii.'{weed (Sophia 
parviflora (Lam.) Standl.)/ and green tansymustard (S. lO1tgipedicellata 
(Fourn.) Howell).6 The important summer host in the desert areas 
is Russian-thistle (Salsola pestifer A. Nels.). 

From the standpoint of the habits of the beet leafhopper in southern 
Idaho, the knowledge of the facts pertinent to the epidemiological 
studies reported in this bulletin has been well summarized by AnnaDd 
et a1. (1), who state as follows: 

These annuals [mustards] mature and disappear early in the season, and the 
leafhoppers fly to places where green hORts 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-thistlf' (Salsola pestifer A. Nels.) maintail'.!:l 
large populations in the desert during the summer after the mustards, chiefly 
Norta altissima (L.) Britton and Sophia parvijloru (Lam.) Stand!., have matured 
and dried. 

Although none of the past studies has dealt specifically with epide­
miology 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 lea,fhoppers taken 
from ArtemiRia and Airiplex cl;d not produce curly top on beets, hut 
that after feeding on diseased beets they were then capable of pro­
ducing infection. Smith and Boncquet (22) corroborated Boncquet 
and Hartung regarding the inability of leafhoppers from desert weed 
hosts to produce infection. 

Boncquet and Stahl (6) first demonstrated that wild vegetation may 
serve as a source of the causal agent of curly top. By means of non­
viruliferous leafhoppers they proved that a disease on common mallow 
(Malva parviflora L.) was the same as curly top on beets. 

Stahl and Carsner (23) demonstrated that leafhopper 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 acqltired the curly top virus 
and transmitted it to beets. 

CtLrsner and Stahl (9) observed fields in Utah where leafhoppers had 
been present a sufficient time to allow for the emergence 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 

• Also called Jim Hill mustard. Sil'Umbrim,) aUia.rimum L. Is a syurnym. 

I Synonyms: Sophia 40phia CL.) Britton: &'V",brium !ophia L. 

e SynonyIh~: Sophia filipes CA. Gray) Heller; Si&1lmbrium inci8um filipes A. Gray. 
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most of the leafhoppers that flew into these fields in the SPl'i.ng were 
non viruliferous. 

The work of Severin and his coworkers 7 (16,17,19,20,21) greatly 
extended the list of plant species susceptible to curly top. Many 
species, in a wide range of plant families, were found naturally infected 
and a great many others were shown to be susceptible by experimental 
inoculations. Included in this list were a number of food crops as 
well as a large number of flowering ornamentals. 

Severin (19) reported briefly on the overwintering of the virus in 
perennial plants. He also gave consideration to overwintering of the 
virus in the leafhoppers and concluded that 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 investigation:; 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 areas has been 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 desert breeding areas during the 
spring, summer, and ffLll seasons and in beet fields during spring and 
summer. These latter studies have included 6 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 occurring in cultivated 
crops for the respective years. 

REACTION OF DESERT HOST PLANTS TO CURLY TOP VIRUS 

'rhe areas of desert host plants of the beet leafhopper are, of course, 
constantly changing, but their relative extent in southern Idaho in 
1934 is shown by Piemeisel'and Chamberlin (15). A survey of close 
to 12,000,000 a.cres of desert lands in the Snake River plains showed 
approximately 2,000,000 acres classified as "primary" weed areas. 
Nearly one-fourth of this' was covered by Russian-thistle. As the 
survey was made in the fall, figures for the acreages 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" areas. Although irregular in its occurrence, green 
tansymustard appears abundantly in favorable seasons throughout a 
considerable part of this sagebrush area. This is particularly true in 
the fringes of sagebrush lands bordering the more permanent weed 
areas. In such situations green tansymustard is important as an 
overwintering and spring host of the leafhopper. 

7 SEVERIN, H. H. p .. and FREITAG, J. H. LIST OF ORNAMENTAL FLOWERING Pl.ANTS NATURALLY INF,ECTED 
WITH CURLY TOP OR YELLOWS DISEASES IN CALIFORNIA. U. S. Bur. Plant Indus. PInnt Disease Reptr. 17:
1-5. 1933. [Mimeographed.] 

http:SPl'i.ng
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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 thc mustards are again available, it was of interest 
to determine its reaction to and its effect on the virus. 

TUMBLEMUSl'ARD 

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 detail than is the 
case with other weed hosts. 

NATURAL INFECTION 

Tumblemustard frequently supports large leafhopper populations 
in the desert areas, but comparatively few plants develop symptoms 
from natural infection. In the spring of 1931 occasional tumble­
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 stall{s 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 seed pods were formed at all, 
they were dwarfed and produced only a few shriveled seeds. One of 
these plants is shown in figure 1 in contrast toa 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 9 cases of disease, 1 each from 4 different mustard plants and 
5 from a fifth plant. The mild symptoms on the infected beets indi­
cated that the virus from the mustard plants was decidedly low .. 
in virulence. 

In 1935 a trftce 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 produced infection-1 from plant No.4 and 2 from plant 
No. 10. Symptoms on the infected beets were very mild. 

In additIOn to these tests, attempts were made to obtain virus 
from naturally infected plants by the alcoholic precipitation method 
used by Bennett (3). In one test, 120 leafhoppers were allowed to feed 
for 6 hours on a sugar soJ.ution 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 plants mentioned 
in the preceding paragraph 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 a food chopper, the 10 lots of ground material were 
moistened with distilled water and allowed to stand overnight. 
The liquid expressed from each of the 10 samples was precipitated 

FIGUnE I.-A, .dealthy tumblemustard plant in flowering stage; B, diseased 
tumblemustnrd plant of the type occasionally found ill the desert. 

with alcohol, and 40 non viruliferous 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. W, 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. 6,7, 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 obtained from leaf and stem tissues. Bennett 
and Esau (4) showed a higher concentration of virus in the seeds and 
adjacent tissues of beets. 

EXPERIMENTAL INOCULATIONS 

In studying the reaction of tumblemustanl 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 various stages of development. 
Only 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 leafhoppers were replaced by non viruliferous leafhoppers. The 
latter were allowed to remain on the inoculated mustard plants 6 
clays 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 beets became diseased. Symptoms 
were mild Oil the beets, indictLting that the virus from the mustard 
plants was low in virulence even though it was highly virulent in the 
leafhoppers used for inoculation of the mustard plants. N one of 
the mustard plants developed visible symptoms. The low percent­
age of leafhoppers that acquired virus from the inoculated mustard 
plants was evidence that there was very little increase of virus in 
these plants even though some of them were infected. 

In a summer seeding of tumblemustard under field conditions, 18 
plants were inoculated and tested for infection, but no virus was 
obtained from them. These plants survived the following winter, 
:tnd in the spring two of them showed symptoms resembling curly 
top. Swollen veins and pronounced papillae on the leaves were 
typical of curly top. Thirty nonviruliferous leafhoppers fed on each 
of these plants for 11 days and were then transferred t.) seedling 
beets. None of the beets became diseased. It seemed almost certain 
that the symptoms on these mustard plants were due to infection 
with curly top. The failure of leafhoppers to acquire sufficient virus 
from these plants to infect susceptible seedling beets indicated tho,t 
the virus, if present at all, Was in such low concentration that the 
leafhoppers could not acquire it, or else that it was restricted to 
tissues on which the leafhoppers did not feed. 

Infection tests were made on large numbers ofrtumblemustard 
plants during the winter of 1931-32. By planting the mustard outside 
In the fall, so that the seedlirrgs 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 occasionally in the 
infection of a tumblemustard plant. However, in all positive cases 
a 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. 

It is concluded that tumblemustard is highly resistant to the virus 
of curly top. Even though some plants developed pronounced 
abnormalities that from all R.ppearances were symptoms of curly top, 
nonviruliferous leafhoppers only occasionally 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 that 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 a host for the beet leafhopper, is relatively unimportant in supply­
ing leafhoppers with curly top virus. 

FLIXWEED 

Results of early inoculation studies of fli.xweed suggested that plants 
of this species became infected without showing symptoms. Leaf­
hoppers obtained virus from symptomless plants, and even though 
virulent virus was used to inoculate the flLxweed 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 author, while stationed at 
Riverside, Calif., conducted tests on the reaction of flixweed to the 
curly top virus. Most of the inoculations were made by caging viru­
liferous leafhoppers on one or two leaflets of the plant, with the remain­
der of the plant tillcovered throughout the experiment. No symp­
toms developed on any of the plants, although the results showed 
that this species was susceptible. Under the conditions of these 
tests there seemed to be a rather consistent and uniform attenuation 
of the virus upon passage through flu.'Weed. C. F. Henderson, 
associate entomologiRt, 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,.tures commonly 
developed severe symptoms. Through Mr. Henderson's cc<)peration, 
the writers examined some of the plants showing advanced s,;rmptoms 
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 



8 TIWRNICAIJ BULLETIN 624, U. S. DEPT. O}' ,\GRTCULTURE 

of symptoms between an inoculated plant covered continuously by a 
Pyralin cage and a plant inoculated by means of a small leaf cage. 
The fact that virus was trn,nsferred from bc}th of t1J(>se plants proved 
that both were infected. 

A 


FIGURE 2.-11, Flixweed plant showing severe curly top symptoms. Plant 
exposed to five viruliferous leafhoppers for 10 days and grown continuously 
under a Pyralin cage in greenhouse. B, Flixweed plant exposed to eight 
viruliferous leafhoppers for 9 days by means of a small leaf cage and grown in 
open in greenhouse. No curly top symptoms when photographed 26 days 
after beginning of inoculation. 
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Flb:weed plants inoculated and grown under such conditions did not 
always attenuate the virus. Sometimes both attenuated and virulent 
virus was obtained from the same plant. Carsner (7) I:eported the 
attenuation of curly top virus on passage through Ohenopodium 
murale L. and other hosts. The fact that some of the beets inoculated 
with virus from O. 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 Ohenopodium through chickweed (Stellaria 
media (L.) Cyr.). The mechanics of attenuation of virus is not 
understood, but the results with flixweed 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 flhweed gro\ving under 
natural conditions. Curly top virus was obtained from naturally 
infected plants taken from the desert stands even though no symptoms 
other than yellowing of leaves and a slight sttmting of the plants were 
evident. Only attenuated virus was obtained from such plants. 

Experimental studies showed that under certain environmental 
conditions a virulent strain of virus, on passa~e through flixweed, is 
unchimged in virulence or is attenuated in varymg degrees. Flh.-weed 
is believed to be of oonsiderahle importance as a source of virus in the 
breeding areas of the leafhopper in southern Idaho. It is believed, 
however, that leafhoppers, for the most part, acquire attenuated 
virus from this species. 

GREEN TANSYl\IUSTARD 

Green tansymustard does not occur 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, but 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 beet leafhopper. 

Green tans}lnustilrd plants inoculated in the greenhouse as well as 
under natural conditions developed se\~ere symptoms of curly top and 
died without flowering. Under 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 e,-;dence 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 populo,tions of leafhoppers were found on stands 
of green tansymustard in the desert in the spring, it was not difficult 

ij!)2H-llS-2 
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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 

FIGURE 3.-.11, Green tansYllillsLara plaut IiL Lhe tilue eIght virlllifLrous leafhoppers 
were caged on it; B, same plant, photographed 7 days later, showing pronounced 
eurly top symptoms. 

in some years this extremely susceptible species is important in the 
development of a supply of virus for the leafhoppers in the desert 
areas. 
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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 
areas throughout the summer. Since it is the principal summer weed 
host for the desert leafhopper populations during the interval between 
the early summer 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 inoculation 
tests. No definite symptoms developed on the infected plants, but 
tests with nonviruliferous lea,fhoppers showed that the virus was 
present in the plants. There was evidence that virulent virus was 
sometimes attenuated on passage thr011gh 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 obtained from them in September. The plants 
made a 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 obtained 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 leafhoppers failed to become viruliferous even 
after feeding on the diseased pla,nts 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 Idaho desert areas, 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. Ail shown later in this 
bulletin, the percentage of viruliferous leafhoppers does not increas" 
as 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 brood are in­
fluenced by the supply and virulence of virus in the summer and fall 
populations of the preceding year. Thus a logical starting point 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 obtain virus. A "senson," as 
here used, extends from the summer of one year to the summer of the 
following year. 

METHODS AND PROCEDURE 

Collections of leafhoppers wera made at intervals throughout the 
respective seasons from the desert breeding areas. The leltfhoppers 
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were caged singly on susceptible beet seedlings in the greenhouse. In­
dividual infection records were made for each leafhopper, and the 
symptoms developing on diseased plants were classed as severe or 
mild. Plants developing mild symptoms were considered to have 
been infected by leafhoppers with attenuated virus, while the leaf­
hoppers inoculating the plftnts 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 leafhoppers from these points 
a,t intervals throughout the season. It was not always possible to 
obtain sufficient numbers for significant results. In some years this 
was particularly true of overwintered leafhoppers during the winter 
or early spring months. Collections were taken in late summer or 
during the fall months, usually from desert stands of Russian-:~jst]e, 
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 tbe 
winter. In early spring, when overwintered leafhoppers became 
active again, und when adults were numerous enough for collection, 
tests were made of samples of winter survivors. The plant species on 
which the overwintered lea,fboppers 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. 

Occasionally 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 Amaranthu8, Solanum, 
and Atriplex sometimes occurred and served as food plants for the 
leafhoppers. In other instances, because 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 
supplv in the leafhopper populations that were to maintain the virus 
and pass it on through host plants to the following generations. 

RESULTS OF STUDY OF DESERT LEAFHOPPERS 

YEARLY VARIATIONS IN SUPPLY OF VIRUS 

Studies on the virus supply in leafhoppers 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 general terms, and the computed per­
centages referred to in round nunlbers. 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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... 
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TABLE l.-[-(.esuUs of leafhopper testsjof 6 years, showing seasonal virus development. 
... _-_. -_.. .. '0' 

--.-.-~ 

j IL(~I1{- Leafhoppers ylru!lferous 
('01· hop· ISl'aSOll Hrood or population l'criod uf f!ulkcLion It·,,· persLiQns Atten' Vim·I.:!sted '1'otal uated lenl 

Num· NU11/· Num· Per· Per· Per· 
ber br.r ber cent cent cent 

rummer and fall. ..__..... 0 --- .------ --_ ... --- -------
Oyerwintered.•.__........ ·~iiir~·i2to·Apr~ii~ 5 '''140' --.... 

US 45.0 43.0 2.0

I U2Il-30.... Spring brood in desert. .•• June 14 to June 2L 2 52 3S no 73.0 0 

Spring brood in beet fields May 27 to June H. 5 H3 90 62.9 62.2 .7 
rummer and fall •..••••..• 0 
Overwintered••.•__ •.•...• ·Aii~~iitii·A·pr:3iC 5 .. i!i:i' ""ii1' 42.9 --30:i' 3.8

193(}-31. ••• Spring brood in deserL... June 27........... 2 80 i 8.8 i.5 1.3 

Spring brood in beet fields. May 25 to June 27. 5 lr.-I 10 11. 6 8.5 3.1 

rummer and fall. ......... Aug. 4 to Nov. 6 __ 14 1,8-17 84 4. t 4.5 () 


Overwintered............. Aft 14 to Apr. 28. 2 IiI 13 7.» 7.6 0
1931-32••.• Spring brood in desert.. ... 1\< ay 26 to June 28. 3 1.58 19 12.0 11.4 .6 
Spring brood in beet fields, June 13 to June 23. 4 132 JG 12.1 0.1 3.0 

rummer and fall. ......... July 20 to Nov. If>. 21 1,430 48 3.4 3.2 .2 

Overwintered............. Apr. 28 to May Ii. 2 4fi \l 0 0 0
1932-33.... Spring brood in desert. ... June 1 to June 0 .•. 2 011 0 0 0 0 
Spring brood in beet. fields. June 9 to June 26.. 12 350 15 4.3 3.7 .r. 

rummer and fall .......... July 28 to Oct. 0 ... 6 773 19 2.5 .9 1.6 

Overwintered............. Feb. 2 to Apr. 18.. 13 1.488 H H.O 2.5 .5
1933·34•.•. Spring brood in desert .. __ May l~ to .1une It. 7 S2\l 425 51.3 34.5 16.8 
ilpring brood in beet fields. Apr. 27 to :May 15. 12 9IH 29·1 30.5 19.0 11.5 

rummer and faiL ......... July 2 to Oct. L ... 41i 3.916 464 11.8 11.2 .0 
Overwinter~d............. Jan. 30 to May 13•• 14 1.506 302 19.4 15.0 4.41934-35.... Spring brood in desert ••.• May 13 to .1 unc 10. 7 610 314 151.5 43.0 12.Q 
Spring brood in beet fields. June 11 to July 2.. 23 1,352 761 56.3 34.5 21.8 

I Total percentage viruliferous not eqnal to sum of percentage attenuated and percentage virulent; 1 of 
the collections was not divided on the basis of virulence. 

In the spring of 1931, tests of overwintered leafhoppers showed that 
approximately 43 percent were viruliferous. About 9 percent of the 
spring brood in the desert were viruliferous. Collections taken in 
beet fields after the influx of desert leafhoppers averaged nearly 12 
percent viruliferous. In this year, even though the overwintered 
leafhoppers 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 brood developed. 

Large numbers of leafhoppers in the summer and fall populations 
in 1931 were tested, and n.n average of only 4.5 percent of them were 
viruliferous. All of the virus in these tests was attenuated. 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. Colle~tions 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-field leafhoppers carried 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 .. Foul' 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 viruliferous. 

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 6 collections 
made between July 28 and October 6; in the spring more than 1,400 
individuals were test.ed from 13 collections of overwintered leafhop­
pers made between February 2 and April 18. Because of the ex­
tremely early 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 
about 31 percent of the incoming leafhoppers 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. TIlls season, from an apparently small supply of virus in the 
overwintered leafhoppers, there was a rapid increase and distribution 
of virus throughout the host plants, 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 ] 935, collections of overwintered leafhoppers 
averaged 19 percent viruliferous. The&e collections were made 
between January 30 and May 13. Collections made prior to April 2 
averaged about 12 percent viruliferous, but as the season progressed 
more of the overwintered leafhoppers acquired 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 
substantiated by tests of leafhoppers that moved into beet fields. 
Ccllections from beet fields after dispersal from breeding areas 
averaged 56 percent viruliferous. 

Pertinent data from these tests have been assembled ill t.able 1 to 
show the sequence of virus development in the leafhopper popula­
tions for each respective year. No tests were made of faU popula­
tions in either 1929 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 had commenced. Since 
most of the leafhoppers in this latter group were originally from the 
desert areas, tests of these increased 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. If 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 populat.ion 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 at least once. In 2 years the combination of a low 
viruliferous percentage of overwintered leafhoppers followed bv a low 
viruliferous percentage of spring brood occurred, and in 2 years a 
high percentage of the spring brood leafhoppers became viruliferous 
even though 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 a 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 particularly true of the 
spring brood, which in some years included 11 low percentage of 
viruliferous individuals and in other years a high percentage. In 
order to study the development of virus supply in desert leafhoppers, 
tests were begun ,vith 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 later 
tests showed to what extent the virus was being maintained in the 
summer and fall populations. Regnrdless of whether a high or low 
percentage of the spring brood became viruliferous, the summer and 
fall populations were low in percentage viruliferous in aU years. 

As nn illustration of the changes in the virus supply in desert leaf­
hopper populations, data on collections from three desert stations 
during 1933-34 nre given in detail in table 2. These dnta show that 
a low percentnge of the leafhoppers were viruliferous in the faU 
(Castleford and Hubbs Butte) and thai, a low percentnge of the over­
wintered leafhoppers at these stations were viruliferous the following 
spring. 
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TA.BLE 2.-Results of tests of leafhopper collections from tI.ree desert stations in 
Idaho throughout 1933-34 

~ i 

1 \' Viruliferous leaf· , I"eaf· hoppers
Station and Dnte of col· Ilrol'd or popu·; 	 hop-Host plants

.1 	 Icollect.ion No. lection ~ation 	 I pcrs ; 
; tested A tl.en'l Vim· I'fot I ' Iunted t lent n 

----~----- l\rlll1~~l--;;:ll I~er. --;:::ICastleford: beT cent cenl etnl1.___________ Sept. 21, 1933 FnIL ___ ._ .. , _ 8al80la po..,i!er •••.••.....! 24 0 4. 2 4. 2
2____________ Mar. 12, ID34 Overwintered. S. pe,.tifer, Sophia pard· 170 0 .6 .n 

flora.3____________ Mar.20,19:14 _____<10 ..____ __ S. p••ti!er, S. parriflora' i 175 4.0 3.0 7.0 
Norla alti..ima.

4____________ Apr. P,103·1 _____tlo_____ • __ _ S. pesti!er. S. paroiflora. 48 2.0 0 2.0 
N. alli.,.ima, Bnd S. 
longipedirella/a.

S. p..li!er, S. parviflora, 
N. alti..ima, and S. 

5.___________ ),IIlY 14.193·1 Spring. __ ••. "- longipodicollala. ~OO 23.0 33.06____________ July 2.1034 .....do____ __ S. paroij/ora, S. pesti!er.. lOti 53.0 53.0 
Spring and 15.07._________ •. July 22.1934 S. pestifer_______ ._._____ 85 15.0 

sumlner. 
8_______ ..... Aug. 20,1934 Summer_____.. S. pestifer___ •_________ .. ,15 20 2.0 

Hubbs Hutte: 
1._____ ._ ... Sept. 5.1933 FalL..__ .."'j S. pesti!er _____________.. 394 .3 , o .3
2.____ .. __ .• , Sept. 19, IP33 •__ .•do.... ___ S. pe.,tifer_____________ .. 50 o (J o
3..__________ Feb. 2,lH34 Ol'crwintered. Artemisia tridentata_____ . 1:3 o o o
4___________ . Apr. 5,1934 _____ dO______ • __ , N. oltissima, S. pe.Ufa, 97 4.0 1.0 5.0 

S.longipedic.Uata.
5____________ Mny 31,1934 Spring..... __ N. alli.sima, S. peslifer, 107 23.0 W.O 42.0, S.longipedicellata, and 

S. parvij/ora.6____________ Juh' :n,1934 Spring an(l S. pesti/er_____ •_____ . __ _ 9.0 o 9.0 
summer. 

7__________ •• Aug. 10,1934 ISummer. --" 'I S. pes!ifer----..---.----- o 1.0 
Wendell: 

1___________ "Ior. 12,1934 Ol'crwintered -l S. parnij/ora, S. longi· I o o 
pedicel/ata, N. alii.,,';· 

.__ 	 mG.2_._______ '\ior. 19,193·1 -----dO.--.----. S. parvij/ora, S. longi. I 100 I 5.0 o 
r:ad.icellata, N. alliS8i./ I' 

3____________ "ray 14, 1934 Sprin~_____ ...1 S. 1Jarviflora, K longi· 114 01.0 33.0 W.O 
I vedicellata, N. altissi· 
i ';1W, and S. pesti!cr.

4____________ July 2, 19:14 SunJm~r____ .. ! S. pestifer. ______________ , 4-! I :1.0 \ a I 2.0 
5__ • _________ July 23, 1\l34 _____(10.._______ S. pestifer.. _____________ ! 87 2.0 t 1.0 ~1.1) 

__6____-_--_._--_--_-..,!-""_\.U_g_._2_0,_lU_:l_4..1.._-_--_.I_IO_._--_--_--_•...:.i_.s_·._PeS!ifer.---------~._.:~.,;.I__50....:..1_4_.0_1:....._0_,__4_0 

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 a movement 
of leafhoppers begun on April 27, almost a month earlier than any 
recorded date of movement in previouB years. Within a short time 
high populations were generally distributed over the desert and 
cultivated areas. 

No collections of spring-brood leafhoppers were obtained from 
desert stations until a.ftt'r the dispersal began. Therefore, there was 
no assurance that spring-brood leafhoppers taken from a given station 
had actually developed there. 

The general distribution of the susceptible green tansymustard is 
believed to 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 l tests showed that 22 percent of the overwintered leafhoppers 
were viruliferous on April 9. Collections taken at about this same 
time from other stations where tansymustard was absent or scarce 
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averaged from 0 to 5 percent of yiruliferous leafhoppers. A collection 
of spring brood taken on May 21 from the above-mentioned station, 
where green tansymustard was the exclusive host, showed that 91 
pel'ce,~t of the population were viruliferous. All collections of spring 
brood leafhoppers taken in :May and June averaged .51 percent 
viruliferous (table 1). 

It is shown further, in table 2, that as the season progressed the 
summer and fall populatiolls in 1034 did not ml1intain the supply of 
virus at its earlier high level. This was trull in each of the 4 years 
that tests were mude of full collections from Russian-tbistle. In 
1933, 2 small collections of spr'ing brood t.aken from the desert and 
totaling only 41 lel1fhoppers showed 0 percent viruliferous. More 
extNlsive collections taken from beet fields dlu·jng the influx from the 
desert tested 4.3 percent virulifcrous. It is therefore ussumed that 
between 4 and 5 percent of the spring brood desert popull1,tion was 
viruliferous in 1033. Fu.!l populn.tion" in the dl'sert. that year averaged 
only 2.5 percent vi1'llliferolls. Tbc failure of desert fall populations 
to maintain the supply of virus carried by spring populations is more 
striking in other years when the spring broods were more highly 
viruliferous. 

Special studies on the maintenancc of virus in desert leafhopper 
popubtions on Russiiln-thistle were millle in 1932. Square-rod plots 
of it susceptible variety of beets were planted at two places in the 
desert. 'Water was llltuled to these plots throughout the slimmer. 
The beets remained alive until late full but did not ha\Te sufficient 
wilter for good growth. These plots were surrounded by Russia.n­
thistle, and both the beets and Russian-thistle had the same nn,t,ural 
exposure to leafhoppers. Collections were mn.de at intervals from 
the beets and from Russian-thistlo neill'by, and tests were made to 
determine the pCl'centnp,'e of viruliferous len.fhoppers. The results of 
these tests nrc presented in table 3 mlll show clearly that a much 
higher perecntage of the populations on the hrets became virulirerous. 

TAnLl~ :3.~ ('ol1l)Jari,.on of lea/hoppers from s11gar bals {I"oltn in lhe desert and from 
Russia:n-Ihislle grou'ing adj.!ccnl to the heets, 19;J,J 

- -------1­

Le~f·Pale or 

Btntion and ("ull('d illn :\0. ('ollt'(·~ I h011- I Yiruliforous 


,1lCrs le~fho[l[lerstitHl i tested I 
I . 

.__. ! NIL1It'1- Nn1lt- I Per· 
'l'ultlc: ... __ .._...1 bcr20 , ber 9 I 	renl.15: ;!epl. 6 . .I{l!dn /·/Ilguri;,-._ .. . - ..I Sa/solrlllCslifer..•.• •. , 50 i 1 i 2 

_, Scpf:~ 22. {~. t'ul(J!zris __ ..... _. - 15 i 5 f 33 
i S. pc.,llfer....... •. illl a I 6 

:t... _ . ! Oct. JQ.. rl!. /'IllgariBe. . ;;" ~ 18 
loS. JUdlijer _. _•... 	 21 0 I 0 

.jC",ller.ml: 
.\11", 30 r~. I'Uigllri.,., .••. 	 .'tJ 101. .• 18. IJ(sllfrr. _. lqu II o 

,"11 :ill 20""[It - I rn wIYlris ..2 . . • "·18. w.,lrfer. ",I) , o 
. [I .," .111. 1IIIg'lri. - . <~\I :;, 32:l ..•. , .~, ·)S.lwili/er 	 :0 II o 

01. •• __ I, ·t. 21 ' H. fII/ynri.! _ 1"1 2.1 25 
5~ ~ ~ ~;,,' .. ~.~.! H. !'ulguri., ~q :il 54 

rot"l')!':1\ ,'1 ;:".'. 	 j n, I'U,'I]'lri.'l It:!'1 lao :10.:1 
I .~. pc,' ifa ~21 r. 1.5 

http:C",ller.ml
http:ol1l)Jari,.on
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The decrease shown (table 3) in the viruliferous percentage between 
September 6 and October 19 on the Tuttle beets is accounted for by 
the heavy movement of nonviruliferous leafhoppers to beets from 
adjacent Russian-thistle because of- the early drying of this plant. 
The increase in the population was quite noticeable on the beet plot. 
At Oastleford, Russian-thistle matured later and the leafhoppers 
were not forced to the beets until after September 23. On October 
24 there was a concentl'l1tion of leafhoppers on the beets, while the 
Russian-thistle hnd dried and very few leafhoppers could be found 
on it. Tests of 100 leafhoppcrs taken from beets on this date showed 
that 25 percent were viruliferous. This was a decrense of 'i percent 
from the percentagr viruliferous in the collection of September 23. 
A collection mncle on tbis beet plot on November 28 showed that 
54 percent of tbe POlJUlution IHl.d hecome virulif0.rOllS by that time. 
No wllections were ohtained from Russian-thistle on th0.sC la3t two 
dat~s. 

All curly top produced on greenllOllse plan ts by leafhoppers, both 
from beets and Russinn-thistlt' at Tuttle, ,yas of a mild type. In 
some of the early collections from beets ut Castleford nn occasional 
leafhopper cmTi~d yirulpnt virus. During Spptembpr, October, and 
November tlIPrc wns nn increase in hoth percentage of viruliferous 
leafhoppers and degree of yjrulence of yirus. The collection from 
beets on Novpmber 28 showed that more than hnlf of t11r leafhoppers 
had [lcqu11'cd yhulcnt yirus hy tlwt date. All infection produced hy 
leafhoppers taken from Rllssin.n-thistle at this station throughout the 
sefl-son W(1S of a mild type. 

Throughout, the (j years of this study Vil'lllrnt virus WiiS l'('latively 
rare in l0afboppcrs taken from ]~ussinn-thistle in Sllmnlt'l' I\nd £1\11. 
Howeyer, a largp majority of the lrafhoppet's collected in the summer 
from bc('t fidcls \\'(,1'P. well supplied with virulent yirus. Figure 4 
shows beds inocula ted hy lea1'hoppers taken from desert stl\l1ds of 
Russian-thistl(' in midsummer, in comptlrison with beets inocnltlted 
by bept-flrltl ]pa1'hoppers takcn at the samp time. The seYPl'ity of 
symptoms OIl the plants illoculatpd by b('et-fiplclleafbopppr:; is appar­
rent, hut symptoms nre not obvious in the group inoculated hy lenJ­
hoppers 1'rom Hussian-thistle, evcll though some of the plants were 
fl-etually infected. 

DEVEJ,OPMEN'f OF VIRUS IN LEAFHOPPER POPULATIONS IN 

BEET FIELDS 


As a rpsult of infpction and spread of curly top ill beets, th!;' spring­
hroodlenfhoppers tlu'tt mo\"e(l into the nelds from the desert hreeding 
n.reas becnme more highly viruliferous as the season progressed. By 
the time the summer field brood matured, a high percentage of the 
field population wns virulifPl'Olls. Tn studies of beet-field populations 
it vms found that, even though the incoming leafhoppers carried a 
limited supply of virulent virus, praetically all of the leafhoppers 
in the late slimmer popubtion 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 breeding areas began to 
reach the fields on June 13. Collections from four fields taken 
between JUDP 13 and June 23 avcmged 12 percent viruliferous. 
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FIGURE 4.-A, Beets inoculated by leafhoppers collected ill midsummer from 
beet Jield; fl, beets inoculated b.\· I('afhop]lcrs .11kl'1l at the same time as in A 
from desert slands of HUHsiflll-thislll'. 
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Three-fourths of the lealhoppers viruliferous ut this time carried 
attenuated VITus. Disease counts taken in the fields at the times 
of collections showecl that the increase in percentage of viruliferous 
leafhoppers was proportional to the increase of diseuse. 

TABLE 4.-Tests of spr£ng and summer collections of leafhoppers from beet Jidcls 
in 1932 

I i -.--

ICurly' Viruliferous leafhoJlpers 
Date of Collec· top in· I Leaf· 

Beet field AJlproximate location collec· lion, ClllelllX'I'hoppers Iftion I 1\0. In tcsteo Atten· Vim· 'l'otalI

nelo uutcO lent 

------I;;;::;liNllmber Percent I;;;;::; Percent 
Juno 13. 1 0 33 0 3 9 

Deckley••.•• Twiu Falls (2 miles north, 
1 mile wes'). 

JUtlO 25. 
{All~. G._ 
Aug. 10.. 
June 13. 

2 
3 , 
4 I 
1 

(I) 
03 
79 
0 

85 
55 
97 
30 

13 
2-t I 

0 I 
17 I 

5 
45 
78 
3 

IS 
69 
S4 
20 

Sackett., ..•• Filer (1 mile north, 1 mile 
WI'st). 

JUlle2S. 

{ 
July 15.. 
Jllly 2.;.. 
:lept. 12. 
.lImo ItL 

2[ 
3 
4 
5 
1 

4 
42 
I" 
~2 

II 

GO 
100 
Oil 

100 
59 

23: 
23 ' 
13 
3 
9 

Ii 
2B 
47 
6·1 
3 

28 
4~ 
GO 
G7 
12 

JUlie 20. 2 2 141 21 lJ 30 
Johnsun ..... , CU51lclonl (3 mil!)., cast, 1 June 28. 

mile north). , Sul:,- G... 
; Aug. 2... 
, Aug. 15.. 

Pnctor~·._ ••• Twia l'allJ {[ mile cast, 1 July 14.. 
vtile sOllth). 'I 

n'.. I.' l' '1 ,) {Jllne 23.Doone. ____ ._ ','Ill al ~ ! J Inl e west ---- July 15._ 

3 n 
4 34 
5 91 
6 : 9S 
1 I 30 I 
1 (11232 

I 

ISO 
100 
104 
100 
30 

10 IOr,
" . 

24 
26 

31a 
97 ;- i 
0 ' 9­ i 

-I i 

0 
20 
iii 
92 
10 

(I :14 I 

30 
52 
00 
!/5 
37 

041 

--------------~----~----.----~--------~---------
1 Trace. 

Figure ;j RhoWR graphically the chnnge in the virnliferolls condition 
of the population in the Johnson beet field nem' Ctlstleford in 1932. 
On June 16, 3 days after the movcment into thc fields began, 12 per­
cent of the leafhoppers were viruliferous and only a fourth of these, 
or 3 percent of the total population, cUITied virulent virus. It cun 
be seen in fi?:ure 5 that the incubation perio(l, or time required for 
symptoms to develop, was much longer in the first collections, find 
tbat this period became shorter as a larger proportion of the popu­
lation a~quired virulent virus. 

The results of tests of beet-fielcllenfhoppers in 1933 are shown in 
table 5. Thes(' data show again that even though a reln.tively small 
proportion of' th0 incoming leafhoppers were viruliferous when the 
insects reached the fields, there was a grr.duul increase of yirllS in 
the POpullltions ILl:; the seaSOn progressed. The extent to which the 
population becomes viruliferolls is, of course, drpelldent on the 
amount of cnrly top and the rate of its development. If high popu­
lations l1lo,'e into a field of young, susceptible beets, there may be a 
rapid distribution of disease over the entire field. ObyiotIsly with 
a high percentage of the plants diseased, morc of the leafhoppers 
acq uire yirus. The variations in the rate of development of diseuse 
and mtr of inert'fiSc in virulifrrolls leafhoppers he tween different 
fields arc no dou bt due largely to difreren('rs in the degree of infost/l­
tiou in the respective fields and to cliffel'en(,I'-" ill the llge of plants at 
the time of infestation. 
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FU,CRE 5.-Percentagcs of leafhoppers with virulent and attenuated virus, total 
percentage viruliferous, and average incubation period of all infections pro­
duced in greenhouse tests of collections made at intervals from the Johnson 
beet· field near Castleford, Idaho, :lurinl,! 1932. 

TABLE 5.-Tests of spring and summer collections of leafhoppers fre.n beet fields in 
1933 

i I j' Curly I Viruliferous leafhoppers 

I Date of ICollee· top ID' Leaf· I 

Beet Il~ld ,\pproximate IOestlOD co!lee· t1;'D I' ciqence hoppers IoUteD' I VIru. ,: _____: '~l~ fi~d tested. 'uated!~ Total 

I Percent INumb,,!pucent Ipercent IPuant 
TenChinCk..··1 Twin Falls (1 mile west)._•• June 22. 1 1 0 , " 0 I 0 ' 0 
J, Thomas... Cas~leford (3 miles south, 1 June 29.: 1 ~ ! 52 1 10 2 , 12 

mile west). June I" 1 (I}: 36 I 2 ' 4 
G. Thomas•• Castleford. (2 miles south, 2 JJuly ....c: ., . '."_' I 1-,' 3' Cn 

mdes west). lAug.22::1 31;"···3u·1 I&~ I i\ 5r. 62 
:'Iachace];:._. Duhl (2 miles east, 1 mile IJune 9 ..1 J 0 I r, " ' u 0 

uorth). 111'im ~~:! 11 ;; 1 f~ : t ~ ~ ~ 
Rouh!nek••. UI'hl (3 miles uorth, 2 miles . JUf~ }Y·i 4J " ]',', ~.~., i ...~ Il I ,3

enst). Ju.) ~._.' "_., 12 , , 0 
July 17.. 51" 32 49 I 12 31 ' 43 

! Au~. ~•• ,' 6~ r,.~ ~1:~ ; ~ ,9 02i 

SacketL__ •. Filer (I mile north, J m!le I'i!une 19.1 'J "G 
west). IJune 2». U • l!, ' F, 'J 5 

, IJJU pe_2t1<i 1, Ii ;;'1: !! U

!Ju.y •. --, ~ I t;J I} 3 3 
Zweigle........_••do................._••••• Au![.,L.; 3 4 11; li ' 11) 21 

: \'l·~Ug, 2,?.:.', .J ·····'-;'~·l ~"I' 3 . 23 29f , IiPpt. -.. ;, " l;'~' • 62 65I II'Tuue 24,1 '), '.'! • , .J, II 0 
T!Cku,r...,.,TwinFall,umilesn"rth:··il~\'ii~.itl 3' l~' 1~~. ~. I~ ii'. :'ept.2G. 4 : 32 !!U-l , 4 4\7, i 51I 'fJU!)' 1;',,' 1. (I' ~! ! 0 ' 0 
Walte.......1...•.,!o....................... J\:~nt=:J 5I {:1 l~~ i ?, • , ~ 

"'" 3 .~,~, i~,.p 10 ·1 h It)!i -; 33 
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Tests of beet-field collections in 1934 are shown in table 6. With 
one exception, tbis table shows tlHtt in 1934 all of the early collections 
of incoming leafhoppers agreed quite closely in the pcrcentage yiru­
liferous. The fields from which collections were made were in some 
instances widely sepa.rated. In the collections mnde during the first 
12 days after the leafhoppers began to reach the fields, the difi'el'cnt 
collections ranged from 26 to 45 percent yiruliferous. The low per­
centnge of yiruliferous leafhoppers in the collection from the Thomas 
field on April 27 may probably be eXl)lained by the location of tbis 
field and the date of collection. The field was on a farm immediately 
adjacent to the desert. On April 27 there was a sizeable infestation 
of leafhoppers in the field, wiliie the fields farther in to the cultivated 
trnct sho\\'od only nil occnsionnl leafhopper. 'Yithin a few days, 
howe,'o1', there was a grllcrnl infestation oyer llh)St of the sugar-beet 
area. It nppenred thn t til(' 1rafhoppNs first in festing the Thomas 
field came from some neaTby weed area, nnd that the leafhoppcrs 
developing at that source had not acquired ns mueh yirus ae; those 
coming in later from other arens. 

In H):34 most of (he beets wel'e Ull thinned 11 t the time the lellfhoppers 
began to rench the fields. Curly top de"c10ped slowly in the lIuthinned 
beets. Fur 2 w('eks nfter the infestation began there was only a trace 
of diseuse in mallY unthinned fil'lds as compared with from 40 to 50 
percent of plants with well-adynnced disease in some of the thinned 
fields. Since most of th" collections shown in table G were taken from 
1I11thinl1ecl beets, it is be1icyed that \"Cry little increase in the per­
centnge of yirulif(,l'OllS leafhoppers took place in the populntions in 
tbe unthinncd beets up to ~hy 15. 

TAl3LE G.-RLsulis of tests of leafhoppers collecled in beet fields £n 193.1. 

c' ---,-----:-----,--1--· :Yirulifcrous ICufhOP~: 
ThillJll'f1 01' ' Date of ' ('01- I 1.!'3f. 1__....,-__:--__ 

BeN f\pl<l Approximntc loeution I ullLlllllncd ; c,llIcr· 11'1'· 'hoppersi I \ 
fiel.ls I tum tion ILostNl IAlten·, Viru· Total 

1 I No. uated IICllt 
.c ..... -. ·-----'1----,--- --I Num. -;:: -;::1,-;:: 

, I ocr cr'lt ,,"i ant 
., ,i ('n~11cford (3 llIilcs {l·nfhinncu•.! AI;r., 2. ~ i o~ ')~ ~ I 4. 

J. I hOnln..; 'uuth 1 mile w!'st) I ;·-7<10-···_·_1 "Ia~ 10 - 10_ _0 (, 31 
•• ­·· ... J'hlllned c ;\1 n ,. 2·' 3 !l5 Ul ~I . ·13 

HI uhlr1('k Huhl (3 !llil!'~ north, 2 (rn.t:,iulll·11. I ;\Iuy 4 1 100 23 I .c.'l ! 30 
, --- 1l11!t·s en,I.. iTlunrll'd ...•1 June ~ 2 IJ·] r, , S6 

Britt I' Kimherly. (3 miles f-- •.,IO·'·-·'·I ;\Iny 0 27 1.i It I 26--.. ···-1 .outh. 2 IlIIles enst). I__ ._do_...___ .rnne Ii Hl71 [, 7·1 , 7Il 
;\fnchncek. __ Buhl (2 wIles east. 1 LllthillnelL, "IllY" I ~3 23 ' I. i ·10. .,' I }n.ih~ lIfJrll.lt. I,'
Z,,<!glc _.._.[ I"I!~ {llllflo 1I0rth, 1 _____<10••.• !lo..... , 1 i 1:l3: 2\1 ' 3 !c __ • __ 32 

I /laic "C'tl. I I'.! iLallUI'1l1ory.. : 1',rin Fulls (I mila Thilllled._ .• Mny I: M' 14 "Q 
I Wirth). I - I 34 

;\((·Cla!n._ .! Twill }'nlls (2 mill's I U1Ilhillned.. ;\(0), U I r,o i 22 13 35 
, southeast). ! I I I

~ta\'11 ·_c. c': 'r~~'~~tllnlls I? miles .•.••<10._.... ___'lo... I (12) 21 2t I 42 

Foctory. _. c.1 '!'win .Falls 11 mile •__ •.!lo._.. .! MoO' 7 IS : 20 17 I 45
C':Jst,lmiJpsoulh).! t I 

Sprn"ue••• -- ITa,?scn (~ mill'S SOUl!1l ·-I----;dO..... "I ". 0 I an o 31 31layPut?ler••• __ . TWill FJllIs (·t IIl1les Tbllll""I .... Muy 15 
I 

it) r 10 19 29 
~S() , 

Skinner.•• __ Buhl (2 miles ensl, 2 •• _._do_ •.. c. "Inl' 17 ' 60 j 23 27 50
miles north). ! :' 

Wilson_. ____ , Murtnngh (4 miles i l'1Ith!nne" .. : ."'II!' f> 1 ; 95 24 
, SOIH h. 2 mill'S ensl). I i 29 

http:lIfJrll.lt
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OVERWINTERING OF CURLY TOP VIRUS UNDER NATURAL 
CONDITIONS 

OVERWINTERING OF VIRUS IN LIVING PLANTS 

WILD HOSTS 

Severin (1.9) lists 14 species of plants, belonging to 11 families, in 
which curly top virus overwinters in the uncultivated plains find foot­
hills of Culifornia. The sume author records 16 perennial species 
susceptible to curly top, and plants of 3 of these species were found 
infected llaturally. 

In the leafhopper breeding Ul'(~ns of southern Idaho, there is, so far 
as knowll, aside from sagebrush, no per('nnial plnnt species of impor­
tance in the life history of the beet leafhopper. X ormally, the over­
wintering leafhoppers are inactive 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 either in the body of the leafhoppers or 
in fall-germinn ting annual plants that are infectNl before the leaf­
hoppers become inactive. 

In southern Idaho, germination of the mustr.rd species frequently 
occurs in the fnll, nnd often there is a c011si<l('rn ble period for th(' 
leafhoppers to feed on these plants b('fore cold weather brings on 
inacti,ity or dormn11cy of the insects. This has suggested that the 
mustard hosts gerlllUlfJ ting in the fall in the desert areas might be 
infected in the fnll nnd net as rese1'voiTs for the virllS throughout the 
winter in the leafhopper br('eding nreas. 

Flats of tumblel1lustard, p:reen tansymtlstard, nnd flixweed were 
plneed outside in October 1933 and eOY(,l'ed with cloth cnges. Fifty 
viruliferous mule Ienfhoppers were caged for 3 weeks on each flat. 
All s11lTiving leafhoppers were removed on Noyember 7. The Oats 
were brought into the greenhouse 011 F('brllnry ]0, nnd the plants 
were cnrefull.v ('xnmil1('(l for symptoms of curly top. No evidence of 
discnse could he found on tumhlemustard or fJixw('ct1. In the flat of 
grc('n tnnsym USiaI'd, no ]>('rC(,1l t of th(' plan ts sllOwed cllrly top 
symptoms.' XOll\'irulif(,l"OlIS Jenfhoppers w('re cng('c1 for 7 days on 
gronps of plnnts of tll(' tlll"l'(' sl)('('i(,8 nJld W(,I"(, then tml1sferrl'd to 
health)f h('('t sN'dljnp:~. ~Iost of the knfhoppcl"s from the gn'ell 
tl1JlsyH\ustnrd pl:lllts inf('('i('(1 the bc(·ts. An o('cnsioTlnI !('nfbopper 
Ironi the symptomJc.ss f1ixwN'd pI:11l ts ini'l'ct('d tll(' heets, hll t no yirus 
wns ohtairied from the leufllOPP(,l"s from tU1l1bJemnstard. 

Aftel' ::3 we('ks u t gJ'('cnhollsl' telllJwmtUl"('s, nhou t 2 pcrcen t of the 
flixweed plnllts dC'yploped curly top symptom::>. The yi1'uS was 1'e­
coyered from ~Oll1C or t hes(' pIn n ls nnd t ra llsferred to iwcj- seedlings. 
No symptoms den·loped 011 nlly I)f the tumhlel1lllstaJ"lI plants. All 
of the gr(,(,11 tnllsymustard plants that deyelopNl symptoms ('\'('utll­
ally died, while those plall ts that appare11 tly ('scnped infection prod llced 
normfll flower stalks and seed pods. 

These studies prov(' tlmt undm' expe1'im('ntnl conditiolls, two of the 
common desert weed hosts of the beet leaJ"hopper cnn serve flS reser­
voirs for the virus throughout mild winters in southern Idaho. The 
extent to which this occurs unciN nntuml conditions is not known. 

http:symptomJc.ss
http:mustr.rd
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SUGAR ImETS 

The WTtters have ohtaillcd curly top virus from sugar beets left in 
the field at burnsttime und exposed to suhzrl'o tempemtures at 

FIGURE 6.-Two views of the same field, showing overwintered beets remaining 
in the field after emergence of seedling beets, Twin l~al1s, Idaho, 1934. 

times during the winter. Some of these heets were brought 11lto the 
greenhouse carly in l\Iul'ch. and the ne"" growth de)\'eloping on them 
showed curly top symptom'>. Beet seedlings infected by leafhoppers 
that were nOllviruliferolls when caged on the oyerwin tereel beets 
developed S{'Yf'l'C curly top symptom". Since there had been no 
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chance of reinfection of these fi.eld beets, it was certain that the virus 
had remained in them throughout the winter. 

In the spring of 1934, after a mild winter, many fields showed that 
most of the beets left in the fields 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 a field in which new plants from overwintered roots are 
scattered conspicuously throughout the rows of spring-planted beets. 
Leafhoppers taken from the old plants averaged much higher in per­
centage viruliferous than those taken from weeds in the cultivated 
area. This was fldditiollal proof that the virus had passed the 
winter in these plants. 

OVERWINTERING OF VIRUS IN BEET LEAFHOPPERS 

On the basis of general observations it has been commonly assumed 
that the curly top virus overwinters in the beet leafhopper, but 
heretofore no experimcnts have been conducted to confirm this belief. 
Severin (19) found that the average period of infectivity during the 
adult life of 10 female heet leafhoppers, which completed the nymphal 
stages on diseased beets, was 83.9 days, followed by an average 
period of 50.1 days between the last infection and the death of the 
insect. Severin con·eluded that the infective power is not retained 
during the adult life of the oyerwintering female leafhoppers unless 
they acquire a 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. Oarter (10) suggested the 
possibility of such a change in virus. 

During the winters of 1932-33 and 1933-34, the writers conducted 
some experiments to determine whether the virus remains active 
thrl)ughout the winter within the body of the leafhopper and whether 
any change in virulence takes place. Tumb1emustard, :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 area. 

WI~l'~~R 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 a severely diseased beet 
for 20 days before being placed outside in hihernation cages for 
ovenvintering. 

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

On November 18, fl,nother collection was made from the Russian­
thistle area, and these leafhoppers were transferred directly to the 
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hibernation cages. Tumblemustard, fii.xweed, and green tansy­
mustard, both as pure stands and as a combined stand, were used as 
food plants in the cages. The mustards had been previously planted 
in wooden flats fitted with a square cloth cage of the type used by 
the Bureau of Entomology and Plant Quarantine in the study of 
winter mortality of the beet leafhopper. 

At the time the leafhoppers were placed outside for overwintering, 
on November 18, samples from each of the three groups were tested 
on beet seedlings, one leafhopper to each seedling for 6 days, to de­
termine the viruliferous percentages of the respective groups of leaf­
hoppers ancl the virulence of the virus carried by them. 'rhe infec­
tions resulting from the feedings were graded into five classes ranging 
from extremely mild to extremely seVNe, und assigned numerical 
values of 1 t.o 5, inclusive. This method of grading is essentially the 
same as that described by Giddulgs (11). At the completion of a 
test, a numerical average severity was calculated, and the average 
severity obt.ained Ul this mt111l1er was used as a measure of the average 
vll-ulence of the virus carried by the leafhoppers being tested. 

For about 2 weeks after the cages were placed outside, day tem­
peratures were high enough to permit considerable activity of the 
insects. No doubt some of the susceptible plants became infected. 
Early in December there was a rather sharp drop in temperature, and 
(or 8 days the minimum daily temperaturc was below zero. It is 
quite certain that the leafhoppers were inactiye thTOughout the last 
3 weeks of this month. In January, du,y temperatures sometimes 
were sufficiently high to suggest that the leafhoppers 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 tem­
peratures were quite low, many daily minima, being below zero. 
l'he1'e was certaully little, if any, feeding during that time. 

The surviving leafhoppers were removed from the cages OIl Febru­
ary 20 and tested on beets to determine 'whether flny change had 
occurred ill their ability to produce infcction or in the virulence of 
the virus. Table 7 shows the host plants on which the leafhoppers 
overwintered, tbe percentages of infection produced by samples of 
each group, and the vll-ulence of the virus carried by the respective 
groups before and aiter overwintering. These dal it show that the 
yirus brought tllrough the winter by the leafhoppers in this experi­
ment was apparently unchangecl in virulence. There is all indication 
that some of the leafhoppers that were viruliferous in November may 
hn,ve actunlly become nonviruliferolls during the 04 days of winter 
cnvil"Onment. It should be pointed out tllat in the tests of Novem­
ber 18, each lenfhopper was caged for 6 days on onl:y one plant. It 
is now known that such a test mny Dot give the actual percentflge of 
viruliferous leafhoppers in the group being tested. Even though a 
leafhopper may be viruliferous, it does not always infect the plants 
on which it feeds. Repeated transfers of a gronp of leafhoppers often 
show that a much higher percentage of the group is viruliferous than 
is shown by the infections resulting from a single feeding of each 
individual. This is particularly true in groups of leafhoppers carrying 
attenua tecl virus. 
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TABLE 7.-Tests on overwintering of curly top virus in the beet leafhopper, fall and 
winter of 1Y32-33 

Infection produced I Infection produced 
by samples of by sur~iving lenf. 
le&fhoppers !lna hOPP'rs and aver. 
re~~~ag~f ~\~~; nge ;iTulence ofGroup number. source, und beCore ovcnvin. ove!'·treatment of leafhoppers Hosi. plants on which lenf· Vl~US ?ftp.r
teriug, Nov. 18, wmtermg, Feb.hef~re bring piqced in hihar· hoppers overwintered 1932 20, 1013nation cages 

Plonts IA"erage Pl(l.nts Aver/lge
infected I viruleuce i infected 3 virulence' 

----------11----------1---1--------­

pac.,nt' Percent 
Norla aws,lima. _______ ....____ / 

32 1 1 

and caged on a mildly dis S. parvif/ora ..____ _..____ .._.. 26 ·12 1.2Group 1; collected in desert Sophia /ollgiprdicella!a _____ ..__ 1 

2.1 1.3eased beet for 20 days. Combinpu stand of above· 33 1.1named species. 

Group 2; collect,ed in beet field N.S. /ollgipedicellalaalll8,ima_ ------..----------/_ ,18 I 
: 

I
_____________ -I. 3 

,;4S. parcijlora_.._______________ _ 4,3and eaget! on a severely dis­ 88 .,' 4.0eased beet for 20 t!ays. Combined stand of above· dl 
nnmed specie~. 6~ 4.3IN. allis,'lma _________ ..________ / I 


Oronp 3; collected In desert S. /ollglpcrlicell.ta ......_____ .._ 
 10 1.1 
and tr8n~rerred directly to 108. pam/1ora ________ .._______ _ 3 1.0 

o 1.0hiberno lion cages. Combined stand of above­ 5 1.0named species. I
I In the November tests ~nch leafhopper fed on oniy 1 beet plant, hence the resulting infection percentages 

were probably .omewhat lowtir thun the nctual viruliferous percenta!!es, p'lrticulurly in groups 1 and 3. 
, 8everityofRymptoms in test plants was graded numerically I to 5. inclusive. '.Plms II numerical average 

severity was obtained. whi(,h is here used as u mensure of the uvernge viruienco of the virus carried by the 
respective groups of leafbcppers. 

3 Bach surviving leafhopper fed 011 -1 plants. The infection percentages therefore gave a close index or the 
actual viruliferous perrentl1ges. 

Each of the surviving leaJhoppers taken from the cages in February 
WitS transferred successively to foul' beet 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 
have increased this totn.lmore than 12 percent. Thus it seems safe to 
make a study of the ditrerences in the viruHferous percentages of this 
group at the beginning nnd at the end of the experiment. There is 
evidence that there was n. decrease in the supply of virus in these 
leafhoppers during the winter, regnrclless 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 cages in this group averaged from 
15 to 40 percent lower in percentage viruliferous. The greatest 
decrease, 40 percent, was in the cage that contained the highly resistant 
species, Norta altissima. In spite of this apparent decrease in supply 
of virus, the virulence of the virus in the dilferent groups on February 
20 was not significantly different from that of the same groups in 
November. 

WINTER OF 1933-34 

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. 

http:ollglpcrlicell.ta
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These leafhoppers were collected from Russian-thistle in the breed­
ing area early in October. In order to determine the percentage 
carrying virus at the time of collcction, 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 vein 
clearings appeared. It was evident that there was little virus in these 
leafhoppers and, further, that the virus present was cxtremely atten­
uated. Two groups-of these leafhoppers were caged on diseased beets 
for 2 weeks beforc being placed in the hibernation cages. Group 1 
was caged on a beet known to be infected with an attenuated virus, 
and group 2 was caged on a severely diseased beet infected with a 
virulent virus. 

On October 20, the leafhoppers were placed in the hibernation cages 
on pure stands of tumblemustard, fiixweed, and green tansymustard, 
and on a combined stand of these spee-ies. At this time, tests were 
made on sl1mples of lcafhoppers from cach group to determine the 
percentage viruliferous and the virulence of the virus carried by the 
respective groups. In these tests, each leafhopper was caged success­
ively for 3 days on each of three seedling beets. If a leafhopper 
infected one or more of the plants it fed OIl, that insect was classed as 
viruliferous. Those that failed to infect at least one plant were 
classed as nonviruliferolls. Similar tests of the slll'viving leafhoppers 
were made when they were removed from the cages, except that each 
one was caged for 7 days on each of tiu'ee seedling beets. 

The winter was very mild as compared with that of the previous 
year. The lowest temperature during the time the cagcs were outside 
was 8° F. Numerous examinations of the cages during the winter 
showed that the leafhoppers were active. When the cages were 
brought in on February 15, 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 1933-34 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 plunts. In 
the attenuated group, lea,fhoppers from the highly resistant tumble­
mustard tested 19 percent lower after overwintering. Those on 
fiixweed, 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 tansymustitrd, showed an increase 
of 41 percent in virulence. It was expected that the leafhoppers 
from green tansymllstard would test quite high, as many of tlH~ plants 
in that cage showed curly top symptoms when the leafhoppers "Tere 
removed in February. The weather had been sufficiently warm to 
permit infection of these plants and therehy provide a source of virus 
for those leafhoppers that were nonviruliferous when they were caged. 
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TABLE S.-Tests on overwinterin!l of curllliop virus in the beet leafhopper, fall and 
winier of 1933-34­

! !Lc.ll'hoppers be-' Lcafhopper$ aft­
1 fore oycrwiuter· cr overwinter­, ' in!" Oct. 20, ing, Feb. 15,I , 1933 1~34

IAlIOlOP-1 Host pbn!; ou whirl. lenfhoppers over­ /Yirm cmieo ;per g-roUPt wiutcrcd 
I ,I , Iy' rc i A vcr- virum.! A nr­

! IT1.1 I ., age vir- 'Jl~(> Y1r­
, erou~ j ulcncc I e!'ou~; ulenee t 

---1---- ----- I -~;----

PeJ't'o,l : i Perrent I 
f
Norta atti •.",""____________ • ______________ ~ I I {~6 1.0 

1__________ Altenu ItelL __ SOPllia}Ongj/'(diC<llata _____________________ 'r 5~ I 1.1i I ~~. 1.6 

1~·of~:;i:f:J~iiiijd-orni;(;vc:iiiiiiiC(iSPer,cs::i i ,fin j U 
N. awssiwa. ___ . __________________________ '} 'f 93: 4.3 

2__________, ViruJent. .. ___ S,.longipedircllata__________________________ ; !" I" l ~....ll I 4.a
liS' parr/llora.______ .. _.____________________ 4.7{ __~._L_____.__' Combined stnnd of "tJOyc·named spedr::. ___!~_____ :~.~ 

I !;eycrilr of ~ymptQm, in the ,~~t pho!. \V,,< gmrlc1 nnmeriC.111y 1 to:'. in('iu5j\e. Thus a nUIIlHical 
IlVera'!e Fewrity was ol·tninPlI, which b here u,"'! ali a mc.~sure of the average Yirulenr(' of the nrus cnrricrl 
by the re.spccti,-e groups of lcafhoppers. 

These results suggest that son1(' of the leafhoppers originally curry­
ing attenuated ,irus became J1oJlyiruliferous while overwintering 
on curly-top-resistant plnnts. It 8rems e\"ideJ1t, however, that during 
such mild wintprs as 1\.)33-34, the viruliferollS percentage of leaf­
hopper populations on green talls'yl1lustard mn-y be increased simply 
by infection and sprpau of the yirus throughout the plunts on which 
the leafhoppers overwin ter. Results on ayerage virulence confirlll 
these views. 

The llyernge virulence of the attenuuted virus wus 1.5 in October. 
Leafhoppers 'from l.ulllblelllustan] produced infections that uyerngecl 
1.0 in severity in February. The infections produced by the sUl'\Tivals 
from flixwecd llverugecl 1.3 in se\"erity, while those produced by the 
suryiyuls from u pure stand of grern tansymustarclllnd those from the 
mhture of the three species each tlveruged 1.0. The difl'prences are 
suggesti,e of some host influence, but further study would be necessary 
before mw definite conclusion could be made. 

In the {'ests of leafhopprrs with yirulent virus clming the mild winter 
of H)33-34, there wos appnren tly no influence of host plml is on the 
number of leafhoppers carrying t1H' yirus, 01' on the virulence of the 
virus itself, as is indicated in table 8. 

Studies in the winter of 1932-33 showed that in the leafhoppers 
with virulent virus cagrd on ~Voria altissima (group 2), the yiruliferous 
perc('ntagr. decreased 40 percent. The following year u similar 
group showed no sif!lJifican t decrease. 1\0 satisfactory explaJ1a tion 
of this variation has been rxperimentnlly establishcd. The UppaTrJ1t 
loss of virus by SOl11(' ()f HlP kafhoppPl's in the wintrI' of J932-3:-3 find 
the ]'rtention of yirus h~r Henrly all of the leafhopp(·rs the following ),ra1' 
mny hnyp been due to tilr diJ1"'l'rllCe in tbe sewrity of thr wintpr in 
tbe rC:'sppcth'c years through lUI eJ1'(>ct on the activity of tilr leafhoppers. 
During the first winier it is cprtnill thilt tbe leafhoppers fed yrry little, 
if any, betwren Decembrr 1 nnd FC'!Jrllilry 20. 'iYith thr existing cold 
weather, the leafhoppers wrre dormilnt durin~ ibis pcriou with the 
e~ception of possibly a fp\\, doys in ,Jullllur.\". '1'hr following }TPur, 

WIllieI' temperotnres were such that }pnfltopp<'rs were Ilctiw' during 
the wnTm part of most of the dnys. \Yllrtlwl' lenJhopper::: {pcding 
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more or less continuously on an immune plant lose less virus thun those 
dormant or inactive is still to be determined. 

From these investigations on the overwintering of curly top ,'irus in 
the beet leafhopper, the writers conclude that the virus may remain in 
the leafhoppers throughout the winter without apparent change in 
virulence. There is evitienci.' that, if viruliferous leafhoppers ure 
restricted for a period to llighly resistant or immune plant species, 
und('L' certain environmentul conditions, some of thC'1l1 mu:v become 
non viruliferous. . 

EARLY INFECTIONS IN BEET FIELDS BY OVERWINTERED 
LEAFHOPPERS 

It has b('('n demollstrated by Carter (10) that the type of \\'inter is 
di:rectly correlated with the percenbLge of hibernating lenfboppel's 
slllYiying the winter. Onrter's conclusions ure hnsed on hibernation 
cage tests as \\'C'11 ns on field studies of the populations going into hiber­
nation in dC'sCl't ureas and the populations of on~rwintered forms the 
following spring, Carsl1el' und Stuhl (9) point out tll:lt beets infected 
by leufhoppers o\'en\'intering in or near beet fields may se.l'\"e us S01l1'Ce8 
of inoculum for spring-brood leafhoppers in the field, Sen'rin (18) 
reported that before the spring flights occurred in 1919 in t11C' Salinus 
Vulley of Culifornia 55 percent of thC' sugnr beets were infected by oYer­
wintered adults that had remained in the cultivated :Lreas. Carter 
(10) reported the occurrence of "dark forllls" in beet fields as early 
as the first week of l\1ay in ] 02(1, but the influx of spring-brood leaf­
hoppers had nlreacly occurred and Citrter inferred that these dllrk­
colored lenfhoppers had come in from the d('grrt Itnd that they were 
from tll<' o\-el'wintcred population. Senrin (18) cite::; numerous i11­
stnl1CCS of nutumn dispersals of beet leafhoppers from cultiyutecl 
areas to uncllltivnted plains and foothills in CalifoI'llia, 

The writN'::; IHwe obtained. e,'idence that leafhoppl'l's may 11150 
OVP/'WilltN in the culti\-ated I:lnds in soutiH'l'll Idldlo, and It study 
wu~ 11111<1(' of thr importflIH'(' of IOC'lllly ()\'rl'wintC'l'ing iP:lfhopP('l'8 in 
til(' epi{/C'miology of the curly top diseuse. It j" well known that 
at ilarvcsttin10 th('J'c are Inl'ge llwnbers of lettfhop]lC'J's in bC'rt fields, 
Illnny of which probnbly go into hibemation nlong the hOI'lI('l'''; of 
till' fields or in nenrbv wepd lueas. ThC're is ns yrt no dire(·t r\'idrllcc 
in tbe Twin FIllls ltren, thnt IC'nfhopPN5 from' beet fields l'C'turll to 
the desert bl'ppding ground5 when the beets nre remo\'Cd, It is 
grunted thut there mil)' be some 1't'tUl'll movement, but so fnl' it 
bus not b(wn detect.ed experimentally, In 1932, lcnfiloppers wel'e 
found in brct fields feeding on the rell1nins of leave,> and petiolt'S 
] 0 days after the beets bud been topped nl1(1 removed from tilt' ficlcl. 
A few days Intel', as the food in the field disappeared, lenfboppers 
were found ruther abundantly on grass nnd weeds in a pasture adja­
cent to one of the beet fields. Whether any of the leafhoppers nlCwed 
to more disbll1t points was not determined. 

It is quite possible that sometimes there may be un early movement 
of overwintered leafhoppers from the desCl't areas to the cultiyated 
lunds in the spring, but it is not belie,'ed tlUlt such a mo\'ement is 
common in this section of Idaho. The extremely sparse populations 
of overwintered leafhoppers found in beet fields, the irregularity 
of early infections o,-er the cultivated urea us a whole, and the striking 
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predominance of these early cases of disease along the outer margins 
of the fields argue against a general movement of overwintered leaf­
hoppers from the desert to the cultivated areas. 

Observations in beet fields in 1930 nnd 1931 before any detectable 
movement of spring-brood lea.fhoppers occurrNl, s]JOwed that in most 
fields there could usually be fOllnd at least n truce of disease and in 
some instances from 5 to 15 percent. llost of the discilsed plants 
showed severe symptoms, nn~l it. was evident that they hnd been 
infected at un early stage. 'I he mfccted plants wefe localized, und 
sometimes as many as five consecutive plauts in a row or else several 
plants within n radius of 3 or 4 feet were diseased. This indicated 
thut probably aU of the diseased plants within OIl(' of the local spots 
had been infect('d by the. same leafhopp('r. 

In 1931, collections of overwintered leafhopper,:; w('rc made in 
beet fields or from w('('ds bordering the fi('ItIs, nnd these leafhoppers 
were tested in comparison with samples of the oyerwintcred popu­
lation in the desert arens. The number of su('h lenflloppers 1n beet 
fields is usunlly ,'cry low, and much time and crl'ort are required 
to collect desired numbers. The lenfhoppcrs were caged singly on 
seedling beets, nnd the resulting infections were eltlssified as mild or 
severe;' thus gi "ing the nllmbers of leafhoppers with attenuated Of 
yirulent virus. The details of the tests of these collections are 
presented in tfibIe 9, filong with comparative tests of o\'erwintered 
desert leafhoppers collected oyer fipproximately the same period. 
It will be obselTed that in this year tbe total pNcentnge of viruliferous 
lenfhoppcrs WitS higher in the desert collections than in those from 
beet Iield~. However, the quality of virus seemed to be significantly 
difl'erent. In the desert arens, 43 percent of the leaJhoppers were 
,-irulifcrolls, but only 4 percent of them caITied virulent virus; in the 
beet-field collections, only 32 percent wpre yil'uliferous, but 18 pNcent 
carried virulent virus. Such fl, differenec in the Tirulence of the virus 
found in lraJhoppers from the two sources, i. c., beet fields and desert 
I1reas, strongly suggests that at leilst some of those collected in the 
beet fields hall mowd off of hel'ts tlH' pre('('ding fan and had oveI'­
wintered ncar the Held~. 

TABLE G.-Tesls oj ovcru:r'nlcred leafhoppers collecled in desert ({TCaS and iH or ncar 
bed Jicltl.~ in the spring 0/1081 

,------ ---------,-
Col- ! 'r ! Yirulirerotls leaOlOPIlcrs 
Jec'- ; )h.l~ or : . l' .cnr- , ' ,Source (j01l coII,.~tionl II",! p .1I1t, hopper" Alten-! nrll-j " 

----i~ N~:_ ~..-l--~ __ .. ___ ::::~ i \~~: ~I~_> ___ ; 

' I 	 I ber Percent Ipercent /pcranr.. 	 1 IApr. 0 Norla alli$.~illla, Sophia pall'illar'l. S. 25 ·t.1 i 9 • 54 
r ,/onyipCllicelluta.· \. 

D~serL______ 2 , Apr. 30 ____ .do -- ------------- - •• : 1.10 ~91' 0 . 39> - -- •••• -- ____ 

3 ' Apr. 10 l-----dO- -..-.--..-'.---.-.-..-, ..-----. _'i b 363S! 4. IApr. 2, _____ <10. - ••• - ••• - ....-.-.---••••• --.--- 19 53 11 645 Apr. 30 _____ d£l. __ • ___ • _____ • ___ • _______ • ___ .__ 20 44 2 46 

1 Ailr. 10 Salsola, pe.ti!cr, (/lrTlOlloa[It'" "lbu1l1 10 0 (,0 00 
1,., Lacillea sCllrio/u iJlttgrala Gren. 
and Godr.

13eet flelt1____ 	 2 Apr. 17 I... __ c1o ____ • ______.._•• ___• _________ ••• 20 10 25 35 
3 Apr. 2S 1 •• ___ lIO __ •• _. _______________ ._. __ •_____ , 22 32 9 41 
4. :Mar I! Seedling hCcts __ ._. __ •____ ••••••____ •__ / 10 0 10 10 
f> ,Mar a L._.do_____________.._•• ___ ._ •. __ .____ 17 12 0 12 

--~~ Totallenfhoppcrs from desert 3re3s________._. ____________ •_______ · 2121 an I1 
4 43 

'Potul ICllfhoIlperS (rom beet flelds-- ___________________ • __ • _______ l 79 14 ~ 18 I 32 
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It was obvious in 1932 that overwintered leafhoppers in beet fields 
were negligible, and cOITelated with their scarcity was the almost 
total absence of the /Cearly" infections such as were commonly ob­
served in 1930 and 1931. Many fields were examined closely, but 
only two pl~nts showing symptoms were found before the dispersal 
of desert sprmg-brood leafhoppers began on June 13. . 

In 1933, early examinations of field beets and weeds adjacent to 
fields revealed only an occasional overwintered leafhopper. Because 
of the severe winter this area had experienced, the writers concluded 
that there would be little evidence of overwintered leafhoppers in 
the beet fields this seaSOll. Later developments, however, showed 
that there had been enough overwintered leafhoppers in some of the 
fields to produce a noticeable amoullt of curly top. At the time the 
spring brood adults were moving into the fields, many beet plants 
could be found with well-advanced symptoms of curly top. These 
cases of early infection were most frequently encountered along the 
outside edges of the fields and were definitely localized. Of still 
more interest wns the fact that no curly top could be found at this 
time in the late-planted fields. With the natural mortality that 
occnrs in the overwintered population in the spring, it seems eyident 
that late-planted fields may partially, or sometimes totally, escape 
exposure to overwintered leafhoppers. 

In the spring of 1934 a total of 5UO overwintered adults taken from 
the cultivated area averaged 20 percent viruliferous. Of those 
viruliferous, 83 percent carried virulent virus. A total of 1,488 over­
wintered leafhoppers from desel·t weed areas averaged 3 percent 
viruliferous. Of those viruliferous in this group, only 18 percent 
carried virulent virus. 

SPREAD OF CURLY TOP l~ROM EARL'{ INFECTION CENTERS 

In 1933, some field studies were mn,de oC the spread of curly top 
from infections produced by overwintered leafhoppers. Tests silo,,·('(l 
that only 4 percent of the incoming spring-brood leafhoppers were 
viruliferous, and the movement into the beet fieids did not begin 
until June 6. Under such conditions it was easy to follow the develop­
ment of disease in the fields and to trace the spread of curly top from 
the early infection centers. 

Two fields near Twin Falls gave a very satisfactory set-up for this 
study. These are recorded as the Tickner and Waite fields. The 
Tickner field was planted on March 31 and had been in beets the 
year before. The Waite field was planted on :May 2 and had not 
grown borts the previous year. These fields were about a quarter 
of a mile apart and were separated by a highway and some farm build­
ings. They were first visited on June 20, and on this date numerous 
cnses of severely diseased beets were found tlI"Olmcl the margins of the 
Tickner (early-planted) field. A careful search through the Waite 
field Tevealed no diseased plants. A light influx of spring brood 
leafhoppers had already ta.ken place, and both fields were infe::.tl'd to 
about the same degree. Beets in the Ticklll'T field were well advanced, 
having from 8 to 1.2 hu·ge leaves. In thG Waite field the plants were 
quite small, and thinning was j list being completed. The absence of 
disease in the late-plantrd field indicated tha t there had been no in­
fection by overwintered lenJhoppers and, furthermore, that plllnts 
infected by spring-bl·ood lea.fhopprl'l' hud not hud sufficien t time to 
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develop symptoms. It \vas obvious that the disease in the Tickner field 
on June 20 had resulted from infections by ovenvintered leafhoppers. 
If this disease had been produced by spring-brood leafhoppers, the 
younger and more susceptible plants in the Waite field should hfi.ve 
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 leafhoppers were made for tests. These data 
are summarized in table 10. It 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 \Yaite field. 

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.."i percent 
of diseased plants in fOllr nearby square-rod check plots. It should 
be stated that in years of heavier infestation. and >v-ith a higher per­
centage of the incoming leafhoppers viruliferous, such a contrast 
between early- and late-planted beet fields is not maintained. In­
stead. curly top spreads more rapidly and the leafhopper population 
becomes more highly viruliferous in the late-planted beets. Lnder 
such conditions. the diseuse may become so general, even in the early­
planted fields. that centers of infection caused by overwintered leaf­
hoppers may be masked quite early in the season. 

TA1lLE 1O.-Rale at u·lticlt curly lop developed and leafhopper populations became 
viruliferous in earl!l- and late-planted beet.s near TU'in Falls, [dalto, 19."18 

I I ,-,-~--,. I YiruJi'ernus leafhoPJ1ers I. Ilntp of ' Date of '.-u~IY tor L~nf- ,
!, " rnllee- tn"ldenre hopper< I f 
. !.l:lntmg I tihn ! in Heltf I tesrod i A~i~du- Virulent' Total 

.• , -- '-~: __'.'__-I-__•. ,:___I_,~ 

i, IPerCf1U I, Sumha: Ptlceni I' Percent : Percenl 
Tickner.,•••. _. :-'[ar.31 I July 2'1 3! Nl 3 71 10 
Waite ........ _. .._ ,:lfay 2 i .do____• (1) ISO t 2 f 1 i 3

Tlekner______ • __ . :lfar. 31 Aug. 12 ) 17 95 r II f H I 20 
",'"ite. _. __... ,.- ~flly 2 AUf!. II ; 3 7R : 5 I 1 ' 6 
Tickner............ _. ,rar, 31 :'ept. ao : 32 204 '\ 46 liQ 
"Yait.e. -~.~- .... ~~-~--.- :\rn~- 2 _ do .... _' 18 100 • 26 33 

1 Trncr~. 

In another earl.y-planted field west of 'fwin Falls, numerous cases 
of severely diseased plants were fOlmd around the margins on June 26. 
At one point there were 10 severely diseased plants ,\--ithin a radius 
of 5 feet. .A square rod was marked off surrounding these plants, 
and disease counts were made. Seventeen additional diseased plants 
were fOlmel out 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 were 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 is greatest when a high 
percentage of the leafhoppers 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 
gradually build it up from the seemingly limited amount that is 
brought in, or else they must acquire it after they reach the beet 
fields. The writers believe that, in some years at least, the initial 
infections produced in field beets by overwintered leafhoppers are 
important sources of inoculum for spring-brood leafhoppers moving 
into the beet fields from their natural breeding grounds. However, 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 obtained regarding the amount of disease 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 adults could be 
found. It was evident that these were the progeny of the over­
wintered adults that had been in the fields earlier in the season. 

SEASONAL EPIDEMIOLOGY OF CURLY TOP 

Although each of the six sea!:!Ons studied presented int.eresting devel­
opments in the epidemiology of curly top, only the seasons of 1933-34 
and 1934-35 are discussed in detail in this bulletin. In both of these 
years, the harvested acreage of beets consisted almost entirely of 
resistant varieties, yet the average yield in 1934 was 4.79 tons per 
acre as contrasted ,vith 15.3 tons per acre in 1935. With such ex­
treme differences in yields, it is of pa.rticular interest to study the 
operation of the various epidemiological factors in these years.s 

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

, Duling tbese sturlles, data oHalned by tbe TwIn Falls (Idaho) laborlltory, DIvIsIon 01 Truck Crop and 
Garden Insects, Bureau of Entomolo~y and Plant Quarantine, as to movement of beet leafhoppt'r5 Into the 
cultivated area bave been made available to tbe writers. 
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hoppers to sagebrush quite early in the fall. This precluded any 
carry-over of virus in fall-infested breeding hosts, and, further, it 
meant that the surviving overwintered leafhoppers would be dis­
tril;mted throughout the sagebrush area when the mustards germi-' 
nated and would not be concentrated in the usual weed areas. The 
following winter was decidedly mild, and this favored a high survival 
of the leafhopper population. 

Germination of mustards occurred to some extent 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 
a host for the leafhoppers that had moved to the sagebrush in the fall. 

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

SPRING CONDITIONS 

Unseasonably high temperatures prevailed during March, and by 
the end of the month the season was appro:\.-imatel)" 3 weeks in ad­
vance of normal for that time of year. April and May temperatures 
continued warmer than usual with a plus accumulation of 16.16° F. 
from normal for these 2 months. High populations of overwintered 
leafhoppers e:\.-isted in localized parts of the desert, and a low but 
uniformly distributed population was present on green tansymustard 
throughout large areas of sagebrush. Conditions were excellent for 
the development of both leaJhoppers and their weed hosts. Spring­
brood adults had appeared in some parts of the breeding area 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 contracts. 

IHJVELOl'MENT 01' YTHUS IN 1,~JA~'HOPPERS 

Tests of six summer and fall collections, totaling 773 leafhoppers, 
revealed that 2.5 percent were viruliferous. The following spring, 
13 collections from desert areas, involving ] ,488 overwintered leaf­
hoppers, ltveragec\ only 3 percent \Tiruliferous. These data suggested 
thfl t in general tbe virus supply was not increasing to Imy great extent 
in Lhe areas regarded as usually responsible for infestation of the 
cultivated lands. The collectiolls were taken mainly from combined 
stands of the three mustards. 

Extensive studies were not made of the overwintered population 
occurring on the wide expanse of green tansymustard in the sage­
brush lands, but limited tests indicated that in such areas the supply 
of virus increased to a much greater extent than in areas in which 
tumblemustard and fli.xweed 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 lea.fhoppers 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 tn ~111Y 15, collections from 11 
widely separated beet fields averaged 31 percent viruliferous. Oollec­
tions made from seven desert sta.tions between Ma.y 14 and June 11 
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 leaf­
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 which 
the spring brood developed even though not more than 3 percent of 
the overwintered leafhoppers were viruliferous when they became 
active in the spring. It is believed that the occurrence of tbe sus­
ceptible green tansymustnrd over wide expanses of sagebrush lands 
was mainly responsible for the large increase in tbe supply of virus. 

DAMAGE FUOl\! CURLY TOP 

A light movement of desert spring brood was first detected on April 
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 seedling stage. A very few 
early-plan ted fields were being thinned. Approximately 21,000 acres 
had been planted in the Twin FaJls-Jerome and the Burley-Paul­
Oakley districts. A portion of this acreage consisted of the resistant 
variety U. S. 1, which had been released commercially this season. 
Much of the planted acreage was abandoned either before thinning 
or later in the season. Many of the remainillg fields were neglected 
throughout the season. A total of only 2,619 acres was han-ested 
and the average yield wns 4.79 tons per acre. j\;Iost of the harvested 
acreage consisted of U. S. 1. A number of early-planted fields of 
U. S. 1 that were gi\Ten good care yielded from 9 to 14 tons per acre, as 
compared with 2 to 4 tons from European varieties in the same fields. 

Leafhoppers that moved into beet fields during the early part of the 
infiux 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 e~-posed to a population even 
more highly viruliferous than was shown by the collections taken 
from the fields 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 yirns, 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 varieties 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 sprinI;; season of 1934, bean planting began as early 
as May 25. In conSIderable acreage, germination was occurring 
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while the influ..: of leafhoppers was continuing in June. Curly top 
caused rather serious losses in both field and garden varieties. Hun­
gerford 9 reported a loss of 10 to 20 percent in Great Northern beans 
in 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 a time when most of the beans were in the seedling stage is 
believed to have increased the exposure of betms through a further 
mo-vement of leafhoppers from the beets that were remo-ved. 

SEASON OF 1934-35 

t"AU. AND WINTER CONDITIONS 

In the fall of 1934, germination of the mustards began during the 
last of October, and rains in Xovember ctlused 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. X ear the end of .In.nuary leafhoppers were active 
in the desert during the warm part of the day, and sizeable collections 
were easily made. Additional host germu1ation occurred in February, 
and precipitation was sufficient for the production of quite uniform 
and general stands of annuals, thus providing an abundance of plant 
hosts for the overwintered leafhoppers. 

SPRING CONDITIO:-1S 

Conditions in :\farch and April favored the development of the 
weed hosts. Tumblemustard, fli,,\veed, and green tansymustard were 
present in the usual areas, and, as in the predous spring, the latter 
species was generally distributed in dense 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 ~{arch, April, and :\'fay were very close to the normal, or the aver­
age for the past 28 years. Precipitation in April and :\iay totaled 3.9 
inches, an excess of 1.9 inches over normal. 

The excess of precipitation in April and ~ray and the accompanying 
cool, cloudy days, greatly retarded the development of leafhoppers in 
thr breeding areas. The beginning of oviposition was delayed to such 
an l .tent that by April 15 it seemed highly probable that there would 
be no appreciable movement of spring brood from local breeding areas 
before June 1.10 However, the high population of overwintered leaf­
hoppers and the abundance of weed hosts indicated that there would 
be large spring populations eyen though they would be late in maturing. 

D·EVELOl':\!E:\"'l' OF VIRUS IX LEAFHOPPERS 

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

'HUNGERFORD, C. W. Cl'RLY Tor OF YEGETAIlI.ES IN ID.\1I0. U. S. Bur. Plant Indus. Plant Disenso 
Reptr.18: 1',:1-174. 1934. [Mimeographed.] 

t. Infonnatlon regarding ovipOSition of leafhoppers was ohtalned from 11. n. ilarrles, Bureau of Ento· 
mologyand Plnnt Quarantine, 'PWill Falls, Idaho. 

http:Reptr.18
http:YEGETAIlI.ES


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

principal Russian-thistle areas of the Snake River Valley between IdahoFalls on the east and the Oregon State line on the west. A total of3,916 leafhoppers was tested, and an average of 11.8 percent was v-iruli­ferous. Only 0.5 percent carried virulent virus.
Tests of fall populations in tho 3 years prior to HJ34 had never shownmore than 5 percent viruliferous. Thus, it appeared that the popu­lation in the fall of 1934 went into the winter comparatively well sup­plied with virus. The winter WflS generally mild, and collections ofleafhoppers were made from some of the desert stations regularlythroughout the season. Tests of these showed that the viruliferouspercentage of the overwintering leafhoppers in Der-ember and Januarywas very close to the a,Yerage found earlier in the fall population. Asthe spring season advflnced, thero was an increflse in the percentageviruliferous at the stations where g-reen tansY1llustard was one of thedominant hosts. At SUell stations, collections in May showed thatnearly one-half of the oyerwilltered population had become viruliferous.Likewise, thore had been an increase in the proportion of leafilOpperscarrying virulent virus.
The increase in the viruliferous perr-entage of the overwintered pop­ulation and the appearance of diseased green tansymustard plants madeit obvious that th(' virus was becoming well distributed in the weedhosts on which tho spring brood ,\rould de\ '1lop. It was, therefore,e:\:pected that the spring brood would become highly viruliferous.This expectation was borne out by the fact that tests of spring broodtaken later from both the d('sert and beet fields averaged 55 percent\'irnliferOlls. 

DAMAGE FRO.\f CURf.Y TOP 

All of the commercial flcreage of sugar beets in HJ35 was planted toresistant varieties. Records of the Amalgamated Sugar Co. show thatof a total of 10,542 ar-rrs harvested, thrre wrro 10,372 acres of U. S. 1flnd 170 acres of A-GOO. Practically all beets were thinned and wellestablished when the spring-brood leafhopprrs began to move into thefields on June 4. The movement of leafhoppers continued until earlyin July, with the prak of the infesta,tion coming ,Tune 15 to 25. Beetfields became infested over the entire truct. to a degree believed to beequal to the hray)' infestntion of ]934. A study of time of phmtingand stage of growth of heets at the time of infestation with leafhoppersin 1935 showed that in this year most of the beets had grown about40 days longer before becoming infested with leafhoppers than was thecase in 1934. With the knowledge that in 1934 many well-cared-forfields of the U. S. 1 variety had yielded from 9 to 14 tons in spite ofthe extremely cnTly and heavy infestation of leafhoppers, the later in­festation 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 varieties stood up well in spite of the veryhigh populations of leafhoppers. In September, some fields showednyerage counts of more tha.n 125 leafhoppers per beet. Europeanvarieties in experimental plots at Twin Falls yielded 7.8 tons per acreas compared with an average of 21 tons pel' acre from four resistantvarieties. Figures released by the Amnlgamated Sugar Co. show thatin their territory in south-central Idaho an average yield of 13.7 tonsper acre was obtained frore a total of 10,542 acres harvested. In the 
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Twin Falls-Jerome district, an a,era~e 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 acre. 

In the Twin Falls district, serious curly top damage 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 Df 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 that some of the later-planted fields were 
damaged less than others. One large field of Great Northern, west 
of Filer, was planted June 27. There was never more than a trace of 
curly top in this field, even though extremely high populations of leaf­
hoppers mo,ed 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 planting 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 and some brief 
notes on other factors for sh: seasons are presented ill table 11. The 
average yield of beets for each season and a general 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 3 years. Likewise, in 
3 of the years there ,,,-as ligh t damage to beans and in 3 of the years 
severe damage. Howe,er, the years of light and of severe damage on 
beans did not correspond, respectively, to the years of high and of low 
yields 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, 
which in turn determines the date of dispersal and infestation of beet 
fields. 

Although yield records are available for this district as far back 
as 1916, no accurate information regarding the t;me of leafhopper 
dispersal is available for the years prior to the establishment of the 
Twin Falls field station of the Bureau of Entomology and Plant 
Quarantine in 1925. Oarter (10) reported on the time of movement 
of leafhoppers in the years 1925-28, and Annand et al. (1) recorded 
this information for 1929 and 1930. 



TABLE n.-Seasonal/actors in curly top epidemiology in southern Idaho and average yields of beets in the Twin F'aU:;-Jerome district, 1929-35 
~ 

Epidemiological factors 1929-30 193G-31 1931-32 1932-33 1933-34 1934-35 
~ 
oFallleafbopper population_ ----------- ______________ .___ __ High__________ ____ High______________ Low___ ___________ Very low______ Low________________ High_

Type of fall season ___________________ -____________________ Warm and dry____ Early, cold ________ Ve.y cold_________ Normal, dry __ Warm, dry__________ Warm. p:j 

Fall host germination _____________________________________ Very sparse _______ Early, abundant__ Late, sparse _______ Late __________ Very sparso _________ Late, good. 

Type of spring season_______________________________ ___ ___ Very early ________ Normal, dry_ _ ____ Late, wet. _____________do__ _ ___ __ Very early __ ________ Normal to late. ~ 

Date dispersal began, spring brood ________________________ May 24____________ May 24____________ June 13 ___________ June 6_________ April27_____________ June 4. 

Spring population in beet fields ___________________________ High______________ Moderately high __ Moderately low ___ Low__________ Extremely high _____ Extremely high. ~ 


!~)l~l~~;ii~~i:~~~~~~~~~~~~~~~~~~~~~~~]~~~:~ -!~i~~~~~~~~~~~~~~~~ -!~~~~~~~~~~~~~~~~~ fi~i~~~~~~~~~~~~~:~ tii~~~~~~~~~~ !?~~~~~~~~~~~~~~~~~~~ ~~~.
Curly top damage to beans _______________________ --- ______ Severe_____________ Light_____________ Ligbt _____________ Light. ________ Moderately severe__ Severe. ~ 

t::J 

I Only 46 overwintered leafhoppers tested. 

, Includes collections taken between Jsn. 30 and Apr. 2. Later collections showed that the overwintered population became more highly viruliferous during April and May. ~ 

3 Includes spring-brood leafhoppers taken tram desert areas and from beet fields soon after influx from desert areas began. 
I Entire commercial acreage planted to resistant varieties. O'l 
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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 leafhoppers into the fields began on or 
after June 4, while in years of low yIe1ds the movement began on or 
before May 24. In general, yields have been lower in proportion to 
earliness of leafhopper infestation and higher in years of later infesta­
tions. In 9 years when the commercial plantmgs 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 yields was in 1933 when the influx 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 average yield in 
1933 was 14.24 tons per acre as compared with averages of 8.53 tons 
in 1930 and 7.44 tons in 1931. Whil'3 seedling beets are in the 
critical cotyledon stage, a delay of only 2 weeks in time of exposure 
to leafhoppers will not decrease the damage from curly top sufficiently 
to insure satisfactory yields. However, after the plants have devel­
oped true leaves nnd are ready for thinning, such a delay enables them 
to reuch the post-thinning stage and to acquire more resistance and 
tolerance to curly top. Furthermore, early dispersals occur in years 
when the spring seasons I1re el1rly, I1nd in such sel1sons the spring 
brood matures more uniformly and high populations reach the fields 
quickly. In late spring seasons the maturation of the leafhoppers is 
uneven; host plants dry more irregularly; and the movement into 
cultivated areas may be of a slow, dribbling nature, or may consist 
of a series of light flights. Under the latter conditions more time is 
required to build up high populations in beet fields, and this gives 
the beets additional time to develop before becoming heavily infested. 

It is clenT that the various factors in curly top epidemiology are 
closely interrelated and that actually all of them are directly depend­
ent on climatic conditions. However, in order to have a 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 thu,t 
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 not planted until after April 1. Frequently weather con­
ditions, particularly rains, further delay planting so that much of the 
acreage is 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 calendar 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 season retards the development of spring-brood leaf­
hoppers and delays the movement into cultivated areas. Beet 
planting and seedling growth may proceed under weather conditions 
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that are decidedly unfavorable for ovipositing, hatchin~ of eggs, or 
nymphal development of leafhoppers. In a late spnng, climatic 
conditions seldom cause the average date of planting to be more than 
2 weeks 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 n~phs. 

The percentage of VITuliferous leafhoppers in the population that 
moves into beet. fields is believed to be of considerable importance, 
but because of numerous other factors affecting beet yields, it 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 1930. Only 11 percent of the incoming leafhoppers were 
viruliferous, yet the yield was slightly lower than in 1930, when 67 
percent of the spring population carried virus. In 1930 planting 
in general was unusually early. After the fields became so heavily 
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 decideclly unfavorable for beets under curly top 
exposure. These factors were no doubt responsible for the fact that 
the average yield 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 excellent growing conditions were no doubt 
largely responsible for the exceptionally high average yield of 16.43 
tons per acre. In 1933 there was a ligh t infes tation 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 
yield unless the infestation had occurred 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 territory 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. Kegligible 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 fa,orable as food plants for beet leafhoppers 
(1, 8), and since bean fields are exposed chiefly during the flight of 
leafhoppers into the cultivated lands anu not to a continuously high 
summer population it seems e"\--:ident that the supply of virus carried 
by the spring brood at dispersal time is of primary importance. 

SUMMARY A~D CONCLrSIONS 

These investigations included studies on the most important desert 
h!Jst 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 mus. The three mustard species, tumblemustard, flix:­
weed, and green tansymustard, are usuully considered as spring 
annuals, although there may be abundant germination in the full and 
winter months if there is sufficient moisture and if temperatures are 
fa,orable. Russian-thistle is the principal summer and faU breeding 
host for the desert beet leafhoppers. 

Tumblemustard is apparently of little importance as a source of 
,--:irus. It is extremely difficult to infect, and eddence suggests that 
even though some individual plants become infected, the virus does 
not multiply readily in them or else it 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. 

Fli'."weed is susceptible to curly top but often requires heavy inocu­
lation under high temperatures before denloping pronounced symp­
toms. Pla.nts are sometimes infected. and the virus can be obtained 
from them even though no symptoms are evident. As a rule, the 
\cirus 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 tans:Yll1Ustard is extremely susceptible to curly top, and 
lmder greenhouse inoculations it seems to be as susceptible to at­
tenuated strains of ,--:irns as to nrulent str(Lins. This species is very 
import(Lnt in the development of the supply of virus in the desert­
breeding areas of the beet let1fhopper. 

Inoculation tests on Russian-thistle showed that this species is 
~usceptible to curly top. Virus was recovered from inoculated plants 
('ven though no conspicuous symptoms were discernible. The virus 
was sometimes attenuated by p(Lssage through Russian-thistle plants. 

Fall leafhopper populations on Russian-thistle in desert areas were 
consistently low in percentage viruliferous, and the virus carried 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 population 
carried attenuated virus almost exclusively, while in other years a 
fairly high proportion of the leafhoppers acquired nrulent virus. 
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Even though spring-brood leafhoppers that moved into beet fields 
often tested very low in percentage viruliferous, repeated tests of 
collections taken from the fields during the summer showed that more 
of the leafhoppers acquired virus as the disease developed in the beets, 
so that by harvesttime practicnlly 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 leafhoppers without any apparent 
change in virulence. Other studies proved that both flixweed and 
green tansymustard plants, infected in the fall under e""perimental 
conditions, may 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 occurs under 
natural conditions. 

Fielci observations gave evidence that in some years leafhoppers 
which overwinter in the cultivated areas 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 ofi of beet fields the preceding fall. 

With respect to desert populations of leafhoppers and their in­
fluence (In sugar-beet production in Idaho, a point of importance is 
the proportion of viruliferous leafhoppers in the populations that mon 
into beet fields. The size of the overwintered population, the pre\-­
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 brood develops. How­
eyer, the type of spring season determines how these factors operate 
in the development of the \'irus supply. Generally, the spring brood 
becomes more highly viruliferous in years when the spring is warm 
and cndy. Howeyer, eyen in some years of en,rly 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 leafhopper 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 enry season, unless resistant 
\~arieties arc used, sufficiently high populations to produce serious 
damage reach the beet fields during the dispersal, provided other 
fnctors are fayomhle for an epidemic. 

Although many of the various epidemiological factors are directly 
related, the single factor of most importance in the epidemiology of 
curly top is belim-ed 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 haye been 6 years of high yields and 5 years 
of low yields of sugar beets in the Twin Falls (Idaho) district. In the 
years of good yields the movement of leafhoppers into the fields began 
on or after June 4. In years of poor yields 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 ~rowth 
of beets after they develop true leaves, and particularly after thmning, 
increases their resistance or tolerance to curly top. In southern 
Idaho, beets 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 ,yith the general use of resistant 
beet varieties. Early plantings 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
,elopment when leafhoppers move into the fields. 
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