
HILGARDIA 
A Journal of Agricultural Science Puhlished by 

the California Agricultural Experiment Station 

VOLUME 17 OCTOBE~ 1945 NUMBER! 

CONTENTS 

CHARACTERS, DISTRIBUTION, AND FOOD 
PLANTS OF PHLEPSID LEAFHOPPER VECTORS 

OF CALIFORNIA ASTER-YELLOWS VIRUS 

DWIGHT M. DELONG and HENRY H. P. SEVERIN 

EVIDENCE OF NONSPECIFIC TRANSMISSION 
OF CALIFORNIA ASTER-YELLOWS 

VIRUS BY LEAFHOPPERS 

HENRY H. P. SEVERIN 

UNIVERSITY OF CALIFORNIA' BERKELEY, CALIFORNIA 





H I L G A R D I A 
A Journal of Agricultural Science Publish~d by 
the California Agricultural Experiment Station 

VOL. 17 OCTOBER, 1945 No! 

CHARACTERS, DISTRIBUTION, AND FOOD PLANTS 
OF PHLEPSID LEAFHOPPER VECTORS OF 

CALIFORNIA ASTER-YELLOWS VIRUS1 

DWIGHT M. DELON~ AND HENRY H. P. SEVERIN8 

INTRODUCTION 

SEVERIN (1934, 1940)' has previously reported that 3 species and 1 physio~ 
logical race of leafhoppers transmit the California aster~yellows virus. The 
present paper deals with the characters, distribution, habitat, and food pJants 
of six species of phlepsid leafhopper vectors. A companion paper (Severin, 
1945) presents evidence that the transm ission of the virus by the 6 species is 
not specjfic. 

The genus Phlepsius was establislJed by Fieber (1866) for a small number 
of European species. Van Duzee (1892) published the first paper on North 
American forms and recorded 18 species, including 13 new ones. Later his 
catalogue (Van Du.zee, 1917) recorded 63 species and 1 variety of Phleps'ius, 
including 7 species occurring in California. Ball (1918), who recorded the 
Mexican and Central American species, established 4 new subgenera. Osborn 
and Lathrop (1923), publishing a synopsis of the genus, discussed 89 North 
American species and 1 variety of both genera, and recorded 11 species occur~ 
ring in California. After their paper had appeared) DeLong (1923) discussed 
the food plants and habitats of some of the North American Phlepsius. Ball 
(1927) discussed the synonomy of North American phlepsids and established 
1 new subgenus. A later paper (Ball, 1931) described some new species and 
varieties of Phlepsius. DeLong and Caldwell (1937) in their check list of the 
Cicad~llidae of America, north of Mexico, recorded 69 species and 4 varieties 
in the genus Phlepsius, 5 species occurring in Cal1forrua i and 29 species and 

. 1 variety in the genus Texanan'tts, 7 species distributed in California. 
DeLong (1938a) described 4 new species of Texananus and 3 new species 

of Phlepsius. In the same year (1938b), he described 3 new species of Tex· 
ananus, one of which, pergradus, is a vector discussed in this paper. 

DeLong also (1938c) studied the male genitalia as distinguishing characters 
of closely related species, or of species regarded as synonymous with the genus 

1 Received for publication November 8, 1944. 
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P.hZepsius of North America. The ventral segment of the female was illustrated 
as an aid to be used in identification if the males were not included in the 
series. Keys were constructed for the species in 3 subgenera, :including 46 
species and 1 variety of Phlepsius, 9 species and 1 variety of Pendara, 6 species 
of Paraphlepsiu8, 1 species of the new subgenus J osanus, and 1 species of 
Zioninus, or a total of 63 species and 2 varieties all belonging to the typical 
Phelpsius group. 

DeLong (1939) discussed the members of the majestlls group of Texananus 
and described 4 new species. In the following year (1940) he discussed the 
species of these 2 genera occurring in Mexico, illustrating the genitalia of all 
the Mexican species and describing 9 new species. Later (1943) he described 3 
more new species of western Texananus, 1 of which, latipex, is also a vector of 
the aster-yelrows virus. Then, again, in two separate papers (1944a and 1944b) 
DeLong described 13 more new species of the Mexican fauna of Phlepsi1ts and 
Texananus, listing all the species of these 2 genera occurring in Mexico and 
illustrating the male and female genital strnctures. 

Until 1918, all the leafhoppers with brown ramose pigment lines were 
placed in Phlepsius~' the whole group commonly was called the phlepsids. That 
year, Ball separated the narrow-headed forms, which he named Texananus. 
Because the European-type species is narrow headed, the name Texananus 
is lil{ely to become a synonym of Phlepsius, whereas the broad-headed group 
will probably become Paraphlepsius_ 

GENERAL DISTRIBUTION 
The species of Phlepsius and Texananus reach their greatest known abun­

dance in the temperate regions of North America. Probably the greatest 
number of species would be found in the lower or central Mississippi Valley. 
Examining the genus Phlepsiu8 proper, one finds that approximately half of 
the known North American species occnr in the southeastern states, whereas 
about one fourth are northeastern in distribution. When compared with this 
eastern p~'edominance of species) about 7 per cent occur in the sou th.western 
states) 7 per cent in the plains states, and 13 per cent in the western United 
States and western Canada. 

If the species of Texananus are considered iu J ike manner, the predominance 
is reversed, for these are most abundant in the western and southwestern 
states, More than 35 per cent of the group are southwestern in distribution, 
and slightly less than that number are western and northwestern. Only 5 per 
(:ent are sontheastern, approximately the same number are plains species, and 
some 15 per cent are northeastern in distribution. Apparently) then, the genus 
Phlepsius, comprising about twice as many species as Texa,natnus, is predomi­
nantly eastern; Texananus is predominantly western. This supposition is 
borne out by recent work upon the Mexican fauna of this group: the species 
of Texanamts are fairly abundant in Mexico; those of Phlepsius are rather 
scarce. Were it not for the fact that the subgenus Tropicanus, together with 
several recently described species, is definitely tropical, the genus Texananus 
would be decidedly predominate in distribution. 

Even if the species of Tropicanus are included, the genus Phlepsius is still 
represented in Mexico by less than one fourth the number occurring in the 



Octoher, 1945 ] DeLon{J-Severin: PhZepsid Lea/hopper Vectors 3 

United States, whereas two thirds as many species of Texananns have been 
recorded for Mexico as for this country. 

In connection with the western distribution of these two groups, one notes 
that 5 of the 6 vectors of the aster-yellows virus in California belong to the 
genus T exananus. 

HABrr AT AND ~"OOD PLANTS 
The habitat may range from bog or marsh to the arid southwestern plains. 

Most of the species feed upon grass or herbaceous plants and are found under 
varying conditions. Some occur on the herbaceous growth of the pine wood­
land fioor, and several are abundant in swamp and marsh. Certain of these 
species are common in the Florida everglades, either on the maiden cane­
sawgrass association or in the moist prairies. In the northern fresh-water 
marsh, several species occur on the Carex-Phragrnites association or the 
l1mcus-Eleocha;ris-Sc.leria association. Still others are found in a prairie­
grass habitat. A few species occur in the sphagnum-tamarack bog association, 
whereas others are manzanit.a species, connned to Arctostaphylos and similar 
types of vegetation. 

Though few species live upon trees, one interesting group is the brown-and­
white~banded species, all of which feed upon pine. Certain species live upon 
the southern pines, Pinus pal1lstris, P. cariba.ea, and the like; others live upon 
the northern white pine, P. Strob~(s~' and still other northern species on P. 
rigida and P. virginiana. Certain phlepsid species, distinct from those in the 
United States, are found harbored by the Mexican speeie~ of pine. 

The meadow, upland pasture, and other grazing areas support large popu­
lations of several species. Phlepsius irro,.at~(s (Say) is both the most common 
and the most widely distributed species of the genus. The cbarA.cter of the 
meadow may vary to a high degree. The grassy area may be high or rolling­
and well drained, or it may be a low, wet meadow; ill consequence, the kind of 
plant and the humidity factor may vary decidedly. Such conditions determine 
largely the occurrence and abundance of different species in the various areas 
of the United States. Thus each of the species of Poa, AncIr'opogon, Aristida" 
B{Jutelow, and other grasses has its specific kinds of phlepsids. 

The optimum habitat for several species is found in open woodland areas 
of the deciduous forest, especially in the mixed mesophytic forest, where the 
humidity and ground moisture are rather high and there is a rich growth of 
herbaceous plants. Some species live in more restricted parts of these forests, 
such as the ground layer of a mixed hemlock-beech woodland. '1'he Texananu,s 
majest1ls group occurs only in the more densely shaded woodlands, on the 
herbaceous ground layer. 

IDENTIFICATION AND SEPARATION OF SPECIES 
The na,rrow-headed species, being similar in color and external appearance, 

cannot be easily distinguished by these characters. The last ventral segment 
of the female abdomen and the chitinous structures of the genital chamber, 
partieularly the aedeagus, are the most dependable means of separating the 
species of this group. Illustrations of these genital structures are appended 
-.as an aid in identifying or separating these species of Phlepsius and 
:Te:ronanus. 
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KEy TO THE SIX SPECIES 

1. Head as wide as pronotum ..................................... Phlepsius apertinus 
-Head narrower than pronotum ........... . ... . ... . ............................ 2 
2. Smaller in size, not axceeding 5.5 mrn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 
-Larger in size, 6 mm or more in length ................................... _ .. _ . .. 4 

3. Fomale segment with a rathor broad, rMtangular median notch. Male styles tapered, 
narrow on apie,al third, the sickle-shaped portion of aedeagus narrow, with a long, 
slender, basal "handle" and without a thumb at base of curved portion ........... . 

Texwn~slathropi 

-Female segment with a short, narrow V·shaped notch at middle of broadly excavated 
portion. Male styles broad all apicaJ third; the sickle·shaped portion of aedeagus with 
a short, broad basal "handle" and a long thumb protrusion at base of curved portion 
extending more than llalfway to apex ......................... TexaMnus pc'rgradu8 

4. Female segment slightly produced at middle, forming a blunt tooth on either side of 
median V·shaped notch. Male plates long, tapered to acutely pointed apices, which 
reach or exceed apices of pygofer ........................... Texananus spatulatus 

-Female segment broadly excavated on posterior margin, not produced at middle. Male 
plates short, rounded at apex or with blunt tips, not reaching apex of pygofer. . . . .. 5 

5 .. Female segment broadly excavated, without a median notch. Male plates broadly 
rounded, together semicircular in shape. Aedeagus ventral process sllOrt, thick, with 
prominent dorsally and ventrally produeed processes at blunt apex. The dorsal por-
tion is a small, sickle-shaped process ......................... Texananus o"regonus 

-Female segment broadly excavated, with a short, median V·shaped notch. Male plates 
short, divergent at apex, and bhUltly pointed. Aecleagus ventral process slender, 
simple, elongate. The dorsa.l portion is sieklc·slH1pcd, with apex bifid. Texana.nuslatipea; 

PHLEPSJUS APERTINUS OSBORN AND LATHROP 
(Plate 1) 

The head of Phlepsius apertin1ts is a little wider than the pronotum, and 
the anterior portion of the elytra appears to have a pale band. 'rhe length is 
6 to 6.5 mro.. The vertex is bluntly angled anteriorly and acutely angled, with 
the front forming a rather definite margin. The length at the middle is less 
than half the basal width between the eyes. The vertex, pronotuID, and scutel­
lum are white, with brown or black irrorations. There is a pale, irregular band 
in front of the middle of the clavus. There are a few large, whitish areas on the 
apical portion of the clavus and elytra. The costa is marked with several black 
spots. The front is black at the base; it is paler, with broken arcs, below. 

In the female the last ventral segment slopes on the lateral margins to the 
rounded posterior angles. The posterior margin is broadly, deeply excavated 
almost to the base of the segment, the excavation being broadest at the base. 
The margins of the apex of the excavation are formed by broad, toothlike, 
pointed projections extending' from the posterior margin at eit.her side. The 
male plates are elongate, broad at the apex, rounded to the outer margins. The 
styles are long and narrow, extending almost to the ap~x of the plates, tapered 
to bluntly pointed apices. The aedeagus is rather short, broadened at the base, 
and tapered to a pointed apex. In a lateral view it appears barbed, with one 
barb close to the apex on the posterior margin and another barb more basal on 
the anterior marg-ill. There is a short process near the base, extending anterio­
dOJ'sally. The pygofer bears a long, slender spine on the ventro-caudal margin. 

Geograrphir Ran{]e.-Phlepsius apcrtinus is found in Oregon and Cali­
fornia. 
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Distribution and Food Plants in California.-This species of leafhopper is 
common in fields of alfalfa (Medicago sativa) in the Santa Clara, San Joa­
quin, and Sacramento valleys. The localities in which the food plants grow 
and the populations were collected are as follows: 

Sonoma County: A small number of adults were swept from pasture vege­
tation at Triniti, on June 4,1943, by N. W. Frazier. 

Santa Clara County: In Gilroy, on May 10, 1943, a few adults were cap­
tured in an alfalfa field by J. H. Freitag. 

Sacramento County: In a locality known as the "Sacramento Pocket," on 
September 5, 1941, many adults were taken by H. H. P. Severin and N. W. 
Frazier, by sweeping cocklebur (Xanthium canadense), which grew in the 
shade of trees. On September 12, 1941, also, Severin found adults in abundant 
quantity in fields of alfalfa and Ladino clover (Trifolium repens L. var. Zatum 
McCarthy), and wild licorice (Glycyrrhiza Zepidota). 

Merced County: Two females were swept from pasture vegetation by N. W. 
Frazier on the summit of Pacheco Pass, May 6,1943. 

Madera County: At Madera, on October 9, 1941, a few adults were caught 
in an alfalfa field by N. W. Frazier. 

Fresno County: On October 9, 1941, at Fresno and Selma, a small number 
of adults were taken in alfalfa fields by N. W. Frazier. 

Tulare County: On May 4,1941, at Woodlake, many adults were collected 
in an alfalfa field by N. W. Frazier. Later, on June 1 and on July 4, 1944, 
adults were commonly taken in a grassy Ladino clover field by J. H. ]'reitag. 
At Exeter, on October 9, 1943, adults were collected in abundant numbers by 
N. W. Frazi.er on bur-clover (Medicl1go hispida) , as well as on annual yellow 
sweetclover (Melilotus indica), on common foxtail (Hordeum murinum) , 
and on certain grasses. 

TEXANANUSLATHROPIBAKER 
(Plate 2) 

Texananus Zathropi is one of the short, broad species of the ovatus group. 
The length is 5.0 to 5.5 mm. The vertex is short and blunt, almost twice as wide 
between the eyes at the base as the median length; the margin is thick. The 
vertex, pronotum, scutellum, and inner border of clavus are yellow, with 
fuscous irrorations. The elytra is whitish and hyaline, marked with dark 
brown and fuscous. The costal area has darker spots. 

The female segment is short and is broadly, shallowly excavated, with a 
deep quadrangular excavation at the middle. 

The male valve is broadly triangular; the plates are strongly convexly 
rounded to a produced blunt apex on the inner margin. The styles are broad 
at the base, concavely rounded on the outer margin, and tapered to blunt 
apices, which are turned outward. The aedeagus is composed of two parts, the 
lower part being rather long and narrow in lateral view, tapered to a pointed 
apex, and the dorsal part being sickle-shaped, with a rather long, straight 
basal portion. 

This species was first described as Phlepsius annulatus (Osborn and Lath­
rop, 1923); but Baker (1925), finding that name preoccupied, named the leaf­
hopper P. lathropi. 
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Geographic Rangc.-One female was reported to have been collected from 
the base of Mt. Hood, and one male from Alsea Mountain (Oregon) on under­
growth at the edge of a fit' forest. The species was taken at Los Angeles, Cali­
fornia, by D. W. Coquillett ; and in Nevada by C. F'. Baker (Baker collection). 

Distribution and Food Plants in Calif ornia.-The localities and food plants 
of Texananus lathropi in Califorllia are as follows: 

Sonoma County: At Triniti, on .June 25, 1939, a mixed population contain­
ing 22 specimens of Texananuslathropi and 1'. lat'i1)(:x was collected by N. W. 
Frazier on drying pasture vegetation in a mOllntainous area at an elevation 
of 1,800 feet. Later collections in the same locality were made by Frazier as 
fonows: May 29,1942, when 10 females were captured on bur-clover, wild pea 
(Lathyrus Bolande1'i) and Thermopsis mac'rophylla; on June 4, 1943, when 
1 female was taken on wild pea; and on June 8,1944, when 1 male was caug'ht 
on pasture grasses and weeds. 

Alpine Valley: On March 28, 1942, N. W. Frazier collected 8 females on 
bur-clover. 

Marin County: At San Rafael, April 5, 1943, 1 fema.le was collected, prob­
ably on wild pea, by N. W. Frazier. At Montara.. July 31, 1942, 1 female was 
captured on tree lupine (Lupinlls arbDreus), by H. H. P. Severin. 

Napa County: N. W. Frazier collected 1 female on wild pea at Dry Creek 
School on April 5, 1943. 

Merced County: N. W. Frazier also caught 1 female on pasture vegetation 
at the entrance to Pacheco Pass on December 19,1941. 

Tulare County: At Exeter, October 10, 1939, 1 male and 3 females were 
taken on puncture vine (Tribulus Tcrrestris) by H. H. P. Severin. 

This leafhopper oc(mrs in the fog belt and in the interior regions of Cali­
fornia. rfhc dates of collection indicate that it overwinters in the adult stage. 

TEXANANUS PERGRADUS DELONG 
(Plate 3) 

'l'his is a small species of the ovattts group. The length is 4.5 to 5.5 mm. 'fhe 
vertex is bluntly angled, about 1 % times as wide between the eyes at the base 
as the median length. The color is variable. In darker specimens Ii brown spot 
occurs on either side of the apex, and a broken brown band between the eyes 
on the disc. The scutellum has four brown spots on the anterior margin. The 
elytra is pale, with dark-brown ramose pigment lines. There are three pale, 
distinct spots along the commissure. 

The female last ventral segment is rather strongly, broaJJy excavated, with 
a ShOlt V -shaped notch at the apex of the excavation. 

The male valve is produced and triangular. 1'he plates are short, br(lad, 
st.rongly, convexly rounded, together appearing semicircular. 'fhe styles are 
elongated, narrowed except at the base. The apex is bluntly angled. The 
aedeagus in lateral view shows a slender, delicate, ventral process and a 
broader sickle-shaped dorsal process, whic11 has a long prominent thumb at the 
base of the curved portion. 

Geographic Range.-The states in which Texananus pergradus was col­
lected include Oregon, California, Utah, Colorado, Arizona, New Mexico, 
Texas, and Mexico. 
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Distribution and Food Plants in Cal.iforni-a.-As determined by N.W. 
Frazier, the localities and food plants of this leafhopper in California are as 
follows; 

San Luis Obispo County: Two males and 1 female were caught in pasture 
and abandoned vineyards at Santa Maria on June 12,1942. 

Ventura County: On June 11,1942, at Cavin Station, 3 miles east of Fill­
mOl'e, 27 males and 24 females were collected on annual yellow sweetclover 
and annual burweed (Franseria acanthica1'pa), growing in the Santa Clara 
river bottom. 

Orange County: On June 5, 1942, at Anaheim, 2 males and 1 female were 
swept from anllual burweed growing in the Santa Ana river bottom. 

H.iver-side County: At Banning, June 5,1942, 3 males and 12 females were 
collected on annual burweed. 

San Diego County: At Boulevard, 5 males and 5 fema.les were taken on 
Franseriasp. on June 7,1942. 

San Bernardino County: On June 5, 1942, at the entrance to Cajon Pass, 
1 male and 2 females were captured on Lotus sp. 

Tulare County.: On pasture vegetation along a riverbank at Woodlake OIl 

May 4, 1940,12 males and 14 females were coilected. 
San Joaquin County: At Byron, November 12, 1942, 1 male was ~wept from 

Bermuda grass. 

'l'EXANANUS SPATULATUS VAN DUZEE 
(Plate 4) 

This is the largest and most common species of the genus in the southwestern 
United States and Mexico. The length is 6.5 to 7.0 mm. The vertex is produced 
and bluntly angled, almost twice as wide between the eyes at the base as the 
median length. The margin is thick and rounded. The color is brown. The 
vertex has a mottled transverse band between the eyes, anterior to which are 
two triangular mottled spots. 

The female last ventral segment is short, with broadly rounded lateral 
angles. rfhe posterior margin is slightly produced at the center and bears a 
V-shaped notch extending about one fourth the distance to the base. The 
posterior margin is broadly, shallowly excavated on either side, between the 
lateral angles and the produced tooth on each side of the median notch, 

The male valve is short and triangular. The plates are long, tapered to 
acutely pointed tips, which extend to the apex of the pygofers. The styles, 
broad at the base, are rapidly narrowed to slender apical portions, which are 

- pointed on the outer apical margins. The aedeagus has a pair of long, slender 
ventral processes and a dorsal process that arises at the base, is bent caudad, 
and forms a ventral and dorsal branch at about half its length. The ventral 
branch is long, slender, and acutely pointed. 

Geographic Range.-The distribution of this species includes California, 
Colorado, Kansas, Texas, and Mexico. 

Distribution and Food Plants in Cali/ornia.-The localities and food plants 
of this leafhopper in the San Joaquin Valley were as follows: 

Merced County: At the summjt of Pacheco Pass, May 6, 1942, 136 adults 
were collected on pasture vegetation by N. W. Frazier. 
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Tulare County: On October 10, 194J, at 1 vallhoe, 4 male~ and 8 females 
were collected on rough pigweed (Amaranthus retroflexU$) , by H. H. P. 
Severin, N. W. Fra.zier, and J. E. Freitag. At Exeter, on October 10, 1941, 
1 ma.le was captured on puncture vine, by H. H. P. Severin; on April 1, 1942, 
5 males and 5 females were taken on redstem filaree (Erodium cicutarium) , 
by N. W. Frazier; and at Woodlake, on Ja.nuary 8, 1942, he collected 3 males, 
3 fema.les, and 28 uymphs from reclstem filaree, and from wllitestem filaree, 
(E. moschatum). 

Kcrn County: At Delano, October 10, 1941, 2 males and 1 female were 
caught in an alfalfa field by H. H. P. Severin. On December 21, 1941, at Arvin, 
62 males and 68 females were taken below leaves of nettle-leaf goosefoot 
(Chenopodium mwrale), and also on grass under leaves in grape vineyards, 
by N. W. Frazier and J. H. Freitag. 

Evidently this leafhoppel' overwinters in the nymphal and adult stages and 
undergoes an incomplete hibernation. 

TEXAN AN US OREGONUS BALL 

(Plate 5-) 

Texananus oregont~S is a rather robust species, 6.5 mID. in len6rt.h. The 
vertex, produced and bluntly ang-Ied, is about two thirds as wide between the 
eyes as the median length. It is pale brown, with black markings at the ends 
of the claval veins along the posterior margin of the elytra. Although it re­
sembles superbus and other species of the genus, the genital structures will 
easily distinguish it from allied species. 

The female last ventral segment is short and broad. The lateral margins 
slope to rounded posterior angles. The po~tcriot' margin is broadly, shallowly 
excavated, and brown-margined. 

The male valve is short and triangular, with a blunt apex. The plates are 
short, broadly rounded from base to apex. Together they appear semicircular. 
The pygofers are a little longer than the plates. The styles are broad on the 
basal two thirds; the apical third is abruptly narrowed and produced as a 
narrow portion on its iuner margin. The-aedeagus is bifid at the apex, with 
a dorsal process arising near the basel which is sickle-shaped on the apical 
portion. The aedeagus proper is rather short, in lateral view broadened at the 
apex, with a dorsally directed and a ventraUy directed pointed process. The 
apex is truncate. 

Geographic Range.-This leafhopper has been recorded from Washington, 
Oregon, California, and Mexico. 

Distribution and Food Plants in Oalifornia.-As determined by N. W. 
Frazier, the localities and food plants of populations collected in California, 
are as follows: 

Sonoma County: At Triniti, on May 12, 1940, 10 males and 12 females were 
taken on bur-clover and wild pea. On March 28, 1942, 1 male and 5 females 
were taken on wild pea. On February 13,1943,2 males and 1 nymph (a female 
after the last molt) were captured on an annua1 species of Lotus and on wild 
honeysuckle (Lonicera hispidula Dougl. var. californica Jepson), On April 7, 
1943,1 female was swept from wild pea. On June 8,1944,2 nymphs (1 male 
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and 1 female after the last molt) were caught on pasture grasses and weeds. 
At Alpine Valley, on March 28, 1942,4 females were collected on bur-clover. 

Napa County: Two females were taken on wild pea at Dry Creek School, 
February 13, 1943. 

rfhe collection data show that the adults winter over. 

TEXANANUS LATIPEX DEIJONG 
(Plate 6) 

This is one of the short, broad phlepsids of t.he ovat1tS group. The length is 
6 mm. The vertex is bluntly angled, almost twice as wide between the eyes at 
the base as the median length. The vertex, pronotum, and scutellum are yel­
lowish, marked with brown ramose pigment. The basal angles of the scutellum 
have dark-brown spots. The elytra are more heavily marked with brown pig­
ment, with three distinct commissural spots. 

The female last ventral segment is short, with rather prominent lateral 
angles, between which the nosterior margin is rather deeply, broadly exca­
vated, with a slight median V-sl1aped notch. 

The male valve is tria.ngular. The plates are short, eonvexly rounded to 
bluntly pointed, produced, diverging apices. The styles are elongated, con­
cavely curved, and tapered to narrow blunt apice~. The aec1eagus is composed 
of an upper and a. lower portion. In latera.1 view the ventral portion is rather 
long, narrow, and btpered to an acute tip. The dorsal portion is broad, strongly 
curved, sickle-shaped, broadened apically, and bifid at the apex, forming two 
stout teeth. 

Geographic Ranae.-Texananus Zatipex oc:cnrs in British Columbia, Wash­
ing-ton. Montana, North Dakota, Oregon, Idaho, Wyoming. California, Ne­
vada. Utah. Colorado, Arizona, New Mexico. Texas. and Me:x:ico. 

DistriD1tiion and F()od Plamts in. Calif()1"'Jlia.-The localities in which tbis 
leafhopper was collected in California and its food plants are as follows: 

Sonoma County: At Triniti, on ,Tune 25, 1939, a mixed population of 
Texananus latipex and T. lathropi was collected on drying pasture vegetation 
in a mountainous a.rea at an elevation of 1,800 feet. One female was taken on 
pasture vegetation July 14, 1943, in the same lo('..ality. At Alpine Valley, 
March 28, 1942, 1 female "'as capturen on bur-dover by N. W. Frazier. 

San Mateo Connt.y: On September 19. 1941, at Half Moon Bay, 1 female 
and 1 nymph (a female, after the last molt) were taken on spiny clotbur 
(Xanth1:ttm SP1:?l.()Sum) by H. H. P. Severin. 

Santa Clara County: At Milpitas, February 19,1943,3 females were caught 
in a denleted. grassy alfalfa field by .T. H. Freitag. He also collected 1 female 
in an alfa.1fa field at San J ()se on March 4, 1942; and 1 female on grasses in a 
bop: at Gilroy on AUg"ust 11, 1942. 

Alameda County: At Pleasanton, ,June 30, 1943,1 female was captured in 
an alfalfa field by J. H. Freitag. 

Madera County: On October 9, 1941, at Madera. 1 female was taken in an 
alfalfa field by H. H. P. Severin. At Chowchilla, Decembe,r 19, 1941, 4 female~ 
and 2 males were collected on pasture veg-etation by N. W. Frazier, 

Fresno County: At Fresno, November 17, 1941) 4: females and 2 males werf' 
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caught on redstem filaree, and 2 females were collected on Bermuda grass 
(Cynodon Daetylon), on April 22, 1942. At Raisin City, on December 22, 
1941, 1 female was taken on grass by N. W. Frazier. 

Tulare County: At Exeter, on October 9, 1941, H. H. P. Severin captured 
1 female in an alfalfa field and 2 females on puncture vine. At Visalia, June 
18, 1942, 1 female was caught on inland saltgrass (Distichlis stricta), aud 
at Ivanhoe-EIderwood, April 29, 1943 was collected 1 female on pasture vege-
tation by N. W. Frazier. ' 

Kern County: On October 10,1941, at Delano, 1 female was collected in an 
alfalfa field by H. H. P. Severin. 

Evidently TexOlYtan1ls latipex occurs in the fog belt, in the San Joaquin 
Valley, and in the mountains of Sonoma County. This insect overwinters in 
the adult stage. 
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PLATES 

1. Phlepsius apM'tinus Osborn and Lathrop 
2, Texananus lathropi Baker 
~L Texo-nanus pergradus DeLollg 
4. Texananus spatulaius Van Duzee 
5. 'l'exanamts 01'egonus Ball 
G, Texananus lat1:pex DeLong 

KEY TO FIGURES ON PLATES 

A-Dorsal view of head, PI'OllOtUIU, find scutollum 
B-Veutml view of male genitalia 
C--Latcl'al viE'w of lYHI.lC genitalia 
!) , . Ventrnl view of female hl.!lt ventral segm~Jlt 

'I{ IW 'ro 1"1OU RE 01::'l'A1L OU'fLIN F;S 

- - - - - - - style 
, _ • _ . -. aedeagus 
.. , ...... , dorsal spine of pygo£er 
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PHLEPSIVS APERTINVS 
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(For explanation of plate see page 14.) 

[15 ) 



HILGARDIA, VOL. 17. NO, 1 [DELONG-SEVERIN] PLATE 2 

TEXANANUS LATHROPI 
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TEXANANUSPERGRADUS 
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(For explanation of plate see page 14.) 
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TEXANANUSSPATULATUS 
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TEXANANUS OREGONUS 
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EVIDENCE OF NONSPECIFIC TRANSMISSION OF 
CALIFORNIA .ASTER-YELLOWS VIRUS 

BY LEAFHOPPERS1 

HENRY H. P. SEVERIN' 

INTRODUOTION 

IT MAY BE NECESSARY to define two terms before proceeding with this paper. 
Specificity is the transmission of a particular virus by one or two closely 
related species of vectors. "When a virus can be transmitted only by one or 
two closely related insects and cannot be transmitted artificially (except by 
grafting) the insect transmission is considered obligatory" (Leach, 1940).8 

Fonnerly it was assumed that a specific relation exist.edbetween each plant 
virus and its aphid vector. Among the viruses transmitted by aphids, speci­
ficity is now regarded as exceptional rather than common. 

In the opinion of Smith (1937), a rather strong point in favor of a specific 
relationship between leafhopper and virus lies in the fact that certain pla.nt 
viruses can be transmitted by only one species. Heretofore it has been assumed 
that the aster-yellows virus could be disseminat.ed only by the aster leaf­
hopper, Macrosteles divisus (UbI.) = [Cicadula sexnotota (FoIL)], and by 
no other means except grafting and budding of the plant. 

According to Kunkel (1926), the intimate and specific relation existing be­
tween the aster-yellows virus and its insect vector is important evidence that 
the causative entity is biological rather than chemicaL Leach (1940) empha­
sizes the biological, obligatory, and highly specific transmission of viruses by 
leafhoppers. 

Tbere may be some viruses which Clln be transmitted by only ODe species of 
leafhopper. During the past thirty years many species of leafhoppers collected 
in sugar-beet fields were tested by the auth()r for the transmission of the curly­
top virus, but up to the present time no other vector is known exce~t the beet 
leafhopper, Eutettix tenell1tS (Baker). According- to DeJ.Jong (1942), the 
North American fauna of leafhoppers, north of Mexico, consists of 2,000 
species belonging to about 150 genera. No other species of the genus Eutettix 
has been tested up to the present time. It is naturally assumed that closely re­
lated species in the ~ame genus should be tested; on the other hand, species in 
genera belollging to different subfamilies may be vectors. The sugar beet is an 
introduced plant, and it may be possible that if leafhoppers are c()llected on 
native host plants of the virus, other vectors may be discovered. As will be 
discussed with aster yellows in this paper, host plants highl.\' susceptible to 
the virus should be used instead of the Bug'ar beet. 

Herewith is presented evidence that the transmission of the aster-yellows 
virus by six species of phlepsid leafhoppers is n()t specific. The characters, dis­
tribution, and food pla.nts of these six vectors are discussed in a companion 
paper (DeLong and Severin, 1945). It is eyident in the following review of 
literature that the prevailing concept has in general favored specificity. 

~ Received for publication November 8, 1944. 
• Entomologist in the Experiment Station. 
a See "Literature Cited" for complete citation, referred to in the text by author and date 

of publication. 
[28 ] 
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REVIEW OF LITERATURE ON IJEAFHOPPER-TRANSMITTED 
VIRUSES 

Aster YellowR.-Severin (1929) reported the transmission of the California 
aster-yellows virus to celery, lettuce, and ornamental flowering plants by th€:: 
short-winged Mter leafhopper. Severin and Haasis (1934) showed that potato 
could be experimental1y infected with the virus by means of the short-winged 
aster leafhopper. The virus was not recovered by previously non infective leaf­
hoppers from infected potato plants, nor from potato tubers obtained from 
plants showing 'symptoms of aster yellows. Severin (1940) proved that potato 
was naturally infected; also that the virus was recovered and transferred to 
healthy asters by the long-winged aster leafhopper, a race of the same specjes. 
Severin (1934) report.ed the transmission of the California aster-yellows virus 
by the mountain leafhopper, Colladonu,s monta-nus (V.D.) == (Tltamndtettix 
man/anus V. D.), and by the geminate leafhopper, Idiodomts geminatus (V. 
D.)=(T. geminatu.s V. D.). In a recent paper, Severin (1942) stated that the 
mountain and geminate 1eafhoppers are the most important vectors of the 
virus to delphinium, and that both species breed on this plant under natural 
conditions, Delphinium is an unfavorable food plant of the short-winged and 
long-winged aster leafhoppers; some of the insects feeding on the plant died 
within 4 to 6 houTs, and most of them within 24. 

Sugar-Beet Curly Top.-Ball (1906) associated the abundance of the beet 
Jeafhopper with curly top in the beet fields. Considerable controversy appears 
in the literature as to whether he was the first to prove that curly top was 
induced by this insect. He c.aged 14 beets in the field , introduced beet leaf­
hoppers into 7 cages, and used 7 as controls (Ball. 1909) . Cages 1 to 3 were fail­
ures; the insects escaped. Ball stated "Temperature and moisture could not 
be controlled and no curly top was produced in the remaining cages." In an­
other experiment, 12 leafhoppers and their eggs stopped the growth of a beet 
in less than 2 weeks; and they toget.her with their progeny killed it in less than 
2 weeks more. A footnote reports the occurrence of curly top in cages arranged 
by T. G. Titus in joint investigations with Bal1. Shaw (1910) demonstrated 
that the beet leafhopper caused curly top of sugar beets in cages in the field. 
The leafhopper occurs in British Columbia (Davis, 1927), western United 
States (Severin, 1933) , Lower California (Severin and Henderson, 1928) , 
and western Mexico as far south as Gnasave, Sinaloa (California AWicultl.lr al 
Experiment Station, 1928). 

Fawcett (1927) reported a similar curly-top disease of sugar beets in Argen­
t.ina-a different strain of the virus, transmitted by the leafhopper A,qallian 
ensigera Oman . This leafhopper was first determined as Agallia sanguinolenta 
(Prov.) by McAtee in 1928 and lat.er (during the same year) as A. sticti­
collis Stal by Osborn and Ball. A. stidicol7is is the species referred to by 
Fawcett (1925, 1927) and by Severin and Henderson (1928); but Oman 
(1934), examining numerous specimens from Fawcett and Henderson, failen 
to find St.a1's species in any of the material. There seems to be at present no 
reason to believe that A. sticticollis occurs in the sugal'-bp-et-growing region,~ 
of the Argentine Republic. 
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PiM'ce's Disease of Grapevine and' Alfalfa Dwarf.--Hewitt, I<'razier, and 
Houston (1942) reported that two undetermined species of leafhoppers in the 
g'enera Draeculacephala and Ca,'neocephala transmitted the virus of Pierce's 
disease of grapevine. In a later paper Hewitt, Frazier, Jacobs, and Freitag 
(1942) named, as vector's of the virus, the green sharpshooter, D. minerva 
Ball j the redheaded sharpshooter, C. fulgida N ott. j and the blue-green 
sharpshooter, N eokolla circellata (Baker) = [Cic.adella circellata (Baker)]. 
Frazier (1945) lists the following (j additional species of leafhoppers as 
vectors: Ca.rneocephala trigu,ttata Nott., Helocha1'a delta Oman, Neokolla 
gothica (Sign.), N. confiuens (Uhler), N. heiroglyphica (Sat,), and" Cuerna 
occidentalis Oman & Beamer. All are species of the subfamily Amblycepha­
linae= (Cicadellinae) , according to Medler (1942). 

Alfal,fa Witches'·Broom.-Menzies (1944) has presented evidence that the 
leafhopper Platymoides acut1tS Say is the vector of the virus of alfalfa 
witcbes'-broom. This disease occurs in vVashington. 

False Blossom of Crcunberry.-Dobroscky (1929, 1931) demonstrated that 
the virus of false blossom of cranberries is transmitted by the blunt-nosed 
leafhopper, Euscelis st?"iatulus Fall. The disease occurs wherever cranberries 
are grown in the United States. 

Peach Yellows.-Kunkel (1933) proved that the vector of peach-yellows 
virus is the pI urn leafhopper, 111 acropsis trimacltlata (Fitch), The dissemina­
tion of the virus in nature had defled the efforts of plant pathologists for forty­
five years. Peach yellows is limited in its distribution to the eastern United 
States. 

Potato Yellow Dwarf.-Black (1937) has proved that virus of potato yellow 
dwarf is transmitted by the clover leafhopper, Acertatagallia sanguinolenta 
(Prov.) ; and his findings were confirmed by Walker and Larson (1938). In a 
later paper Black (1941) reported that A. sanguinolenta carried a strain of 
virus from New York and that Agallia constricta V. D. transmitted a strain of 
virus from New Jersey. According to bim, lithe results indicate that there 
exists a high degree of specificity, perhaps an absolute specificity, in the rela­
tionship between the two varieties of virus and the two related leafhoppers." 

Clover Club-Leaf.-In a recent paper, Black (1944) reported that Agal­
li.opsis novella (Say) collected near Washington, D. C., transmitted two 
viruses to crimson clover; but in nature the diseases are unknown. 

Dwarf 01' Stunt Disease of Rice.-The relation of leafhoppers to the dwarf 
disease of rice was first experimentally proved by Hatsuzo Hashimota, a local 
grower of Shiga prefecture, in 1884, according to Ishikawa (1928) on the 
authority of Katsura (1936). Takata (1895-96) concluded that among several 
leafhoppers investigated, Deltocephalus dorsalis Motsch. was not the vector 
of the virus causing dwarf disease of rice j but in his further investigations 
in 1900 Takata reported that only the rice leafhopper, N eph.otettix apicalis 
Motsch. vaT. cincticeps Dhl., was capable of transmitting the virus. According 
to Fukushi (1937), Japanese plant pathologists have generally regarded the 
rice leafh()pper as the sole agent that transmits the virus. In his studies on the 
relation of several species of leaihoppers to the transmission of the virus, j). 

dorsalis proved to be another vector. Dwarf of rice has been a serious disease 
in Japan for many years. 
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Agati, Sison, and Abolis (1941) demonstrated that the rice leafhopper, 
N ephotettix bipunctatus cincticeps, is also the vector of the virus of dwarf 
disease of rice in central Luzon. 

Streak of Corn (Maize).-Storey (1925a, 1928) reported the transmission 
of the virus of corn by the maize leafhopper, Cicadttl1:na mbila (China) = (Bal­
cltttha mbila Naude). Later he found that two other closely related species, 
C. zeal China and C. storeyi China, carry the virus (Storey, 1937). The most 
efficient vector is C. mbila. Evidently, 3 species of leafhoppers belonging to 
one genus transmit the virus. Streak of corn is a destructive disease in South 
Africa. 

Mottle of Corn (lI1aize).-Storey (1937) discussed the transmission of the 
virus of mottle of corn by 3 species of leafhoppers-Cicadttlina mbila Naude, 
C. zeal China, and C. storeyi China. He suggests that the mottle and streak 
viruses may be regarded as two strains of one virus. In his text and summary, 
however, he states: HThe mottle virus is regarded as a new one, unrelated to 
that of streak disease." This is the first example of 2 viruses being transmitted 
by the same 3 species of leafhoppers. An insect already carrying one virus 
may also take up and transmit the other. The disease has been found in Tan­
ganyika Territory. 

Stl'eak Disease of Sttgar Cane.-Storey (1925b) reported that the virus of 
streak of sugar cane is spread only by the maize leafhopper, Cicadulina mbila. 
By feeding the leafhoppers on the tip of a single leaf of diseased sugar cane 
and then transferring them to the tip of a single leaf of healthy cane, he caused 
5 to 19 plants to develop streak. The virus from corn caused only a transitory 
infection of sugar cane, from which the plant subsequently recovered. The 
virus from sugar cane produced in corn a permanent but mild form of streak 
disease. Storey and McClean (1930) concluded that the virus of corn streak 
and the virus of cane streak are not identicaL Evidently, C. mbila transmits 3 
VIruses. 

According to Storey (1926), attenuation of the virus of cane streak occurred 
in passage from sugar cane to corn by use of the maize leafhopper, Cicadttlina 
mbila. The transfer of the virus to corn streak to cane caused only a few 
chlorotic stripes, and the foliage was healthy thereafter. The cane plants were 
therefore thought to have been infected by the virus from maize, but to have 
recovered from it. 

Sugar-Cane Mosaic.-No leafhopper is known to transmit a mosaic virus 
up to the present time. Kunkel (1944) in a review of Bawden's (1943) book 
called attention to the fact that the virus of sugar-cane mosaic is disseminated 
by aphids, but is not known to be transmitted by any species of leafhopper. 
Brandes (1920), Ingram and Summers (1936), Ingram (1937), Ingram, 
Haley, and Charpentier (1939) reported that Draecttlacephala portola Ball= 
[D. mollipes (Say) Abbott and Ingram (1942)], failed to transmit the virus 
of sugar-cane mosaic. The following species of aphids are vectors of the virus: 
corn aphid, Aphis maidis Fitch, reported by Brandes (1920), Kunkel (1922), 
and Chardon and Veve (1922); rusty plum aphid, Hysteronettra setariae 
(Thomas), reported by Ingram and Summers (1936), Ingram (1937), and 
Ingram, Haley, and Charpentier (1939); spring grain aphid, Toxoptera 
gramintlm Rond., reported by Ingram (1937), Ingram and Summers (1938), 
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and Ingram, Haley, and Charpentier (1939) ; and Carolinaia cyperi Ainslie, 
Tate, and Vanderberg (1939). 

Chlorotic Streak of Sugar Cane.-Abbott and Ingram (1942) offer proof 
that the leafhopper Draeculacephala portola is a vector of the virus of chlo­
rotic streak of sugar cane. The disease occurs in the Gulf states. 

Yellow Dwarf of 1'0bacc.o.-According to Hill (1941), the leafhopper 
Thamnotettix argentea (Evans) is the vector of the virus of tobacco yellow 
dwarf in Australia. 

'Wallaby Ear Disease of Corn (Maize) .-Schindler (1942) concluded that 
the leafhopper Cicadula bimaculata Evans is responsible for the wallaby ear 
disease, which is probably caused by a virus. He reported transmission to corn 
in 2 cages containing C. bimaculata; and in 4 of 5 cages containing C. bimacu­
lata and the corn leafhopper (fulgorid) Peregrinus maidis Ash. In 1 cage 
containing P. maid1's, the disease failed to develop. 

Big Bu,d of Tomato.-Hill (1937, 1943) reported that the virus of big bud 
of tomato and tobacco yellow dwarf was transmitted by the leafhopper 
Thamnotettix argentea (Evans). The list of additional economic plants ex­
perimentally infected by T. argen.tea includes eggplant, pepper, sugar beet, 
white and red clover, also ornamental flowering plants and weeds, a total of 
23 species of plants of 13 families. Evidently this leafhopper transmits two 
viruses. Big bud of tomato occurs in all the Australian states. 

Ryjkoff (1935) and Ryjkoff and Karatchevsky (1935) consider tomato 
woodiness, virescence of tobacco flowers, belladonna, and weeds in the Crimea 
and Ukraine to be identical with big bud of tomato. They suggest that the 
leafhopper Agallia sinuata is responsible for its spread. in the field. 

Ldtle-leaf of Eggplant.-Thomas and Krishnaswami (1938) reported that 
2 speeies of Jeafhoppers disseminate a virus to eggplants. The virus was 
transmitted from diseased eggplants to 19 of 59 healthy plants by Eutett1'x 
phycitis Dis.; to 1 of 9 healthy plants by Empoasca devastens Dis. The disease 
causes considerable damage to the crop in south India, resulting in dwarfed 
leaves and sterility. Hill (1943) considers little-leaf of eggplant to be either 
the same as big bud of tomato or a closely related disease. 

VIRUS TRANSMISSION EXPERIMENTS AND BIOLOGY OF 
TEXAN ANUS LATHROPI BAKER AND T. LATIPEX DELONG 

A species of Texananus was collected on July 31, 1934, in miscellaneous 
sweepings on weeds, grasses, and ornamental flowering plants in South Can­
yon Nursery, near Montara, San Mateo County. A population was reared on 
celery infected with the California aster-yellows virus, but during the winter 
the leafhoppers died. This species proved to be T. latipex DeLong, described 
by DeLong (1943). Five years later 22 adults were collected by N_ W. Frazier, 
on drying pasture vegetation in a mountainous area at an elevation of 1,800 
feet near Triniti, Sonoma County, on April 25, 1939. A large population was 
reared on diseased celery. Adults were sent to P. M. Oman, Division of Insect 
Identification, Bureau of Plant Quarantine, Washington, D. C. Oman! found 
a mixed population containing T. lathropi Baker and a new species. Before 

• P. M. Oman in a letter to the author, dated May 6, 1941. 
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he could publish a description of the latter, he joined the United States Army. 
He sent the leafhoppers to R. H. Beamer, University of Kansas, Lawrence, 
Kansas, for determination. Beamer forwarded the specimens to DeLong, who 
described the new species as T. latipex. Etherized females of the two species 
were separated from a mixed population by means of a binocular microscope, 
and the investigations were resumed. 

A study was undertaken with the two species of leafhoppers to determine 
the efficiency of the vectors in transmitting the virus by single males and 
females, each kept on a healthy celery plant until symptoms of the disease 
developed, or for 2 months if no symptoms appeared. Varying numbers of 
adults were kept for different periods on healthy celery and asters and upon 
successive asters. Attempts were made to determine the latent period of the 
virus and the retention of the virus in the adults. The ability of the two leaf­
hopper species to transmit the viruses of curly top and Pierce's disease of 
grapevine was also investigated. Life histories of the two phlepsid species 
were studied. 

METHODS AND ::EQUIPMENT USED WITH THE TWO VECTORS 

Etherized adult males and females of both species were segregated under 
a binocular microscope. The cages used and the method of transferring leaf-

. hoppers in a dark chamber have already been described (Severin, 1930, 1931) , 
Repeated capturing of the leafhoppers results in a mortality and was there­
fore avoided in all experiments. During transfers of the adults to successive 
healthy celery plantq, the clay pot on which the cage rested was jarred on the 
table in a dark chamber, and a breath of air was blown between the petioles 
to free the plant from leafhoppers. 

TRANSMISSION OP CALIFORNIA ASTER-YELLOWS VIRUS 

To Celery by Single Males and Females.-An experiment was conducted on 
the transmission of the virus by 150 males and 150 females of Texananus 
lathropl:, each kept singly on a healthy celery plant. The males and females 
had completed the nymphal stages on diseased celery, requiring an average of 
59.5 and 66.4 days, respectively, during January and February (table 10). 
Whenever an infected celery plant became unfavorable as food, the nymphs 
were transferred to a second diseased celery plant. A total of 300 adults were 
kept singly on healthy celery. The males infected 28 of 150 plants inoculated 
or IS.7 per cent and the females 24 of 150 plants or 16.0 per cent. 

A ~jmilar test was made with 100 males anell00 females of Texanamls lati­
?)CX, each kept singly on a healthy celery plant. The males and females com­
])l~ted t.he nymphal stages on diseased celery, requiring an averag'e of 52.6 
(lays and 56.3 days, respectively, during February and March (table 10). 
The males infected 18 of 100 plants inoculated and the females 32 of 100 
plants. 

To Celery Alte1'nating with AStC1'S in Daily and Weekly InoclI,lations.-The 
transmission of the virus to successive celery and asters by each species of 
leafhopper was compared. Lots of 40 recently molted males or females, which 
had completed the nymphal stages on diseased celery, were transferred daily 
for 42 to 46 day!'! to healthy celery alternating with asters. In a similar experi-
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ment weekly inoculations were made alternately on celery and asters. Table 1 
indicates the results. 

As this table shows, when the males and females of T exananus lalhropi were 
transferred daily to celery alternating with asters, the males infected 20.2 and 
the females 11.4 per cent of the celery, respectively. When transferred weekly 
to celery alternating with asters, the males infected 50.0 and the females 45.8 
per cent of the celery. Under the same conditions, transmission by T. latipex 
was as follows: daily transfers to celery, males 25.0 per cent and females 22.5 j 
weekly transfers to celery, males 44.4 per cent and females 58.3. Evidently 

TABLE 1 
TaANsMIssION OFVntuS TO CEI,EI!.'X ALTE&NATlNG WITH ASTERS IN DAILY AND WEEKLY 

INOCULATIONS, RV ADUvr Texananus lathropi AND T. lattpex 

Celery Astel'$ 
Adults 

Number Speoiefl lind number 01 alive 
of lots IIdults in each lot. Plants Plan 1.6 Per cent. Plants Plants Per cent at end of 

inoc- infected infected ino,,- inlected infected 6 weeks 
ulated ulated 

Daily inocullltions 

8 T.1Clthropi. 4{) males ...... 168 34 20.2 168 2 \.2 20-35 
8 T.ltUhroJYi. 4() leOlales .... 18{ 21 I\.4 179 2 1.1 21-33 
Ii T.latipe.t. 40 males ....... 116 29 25.0 113 4 3.5 18-33 
6 ' T.IClUpa. 4{) females ..... 138 31 22.S 135 14 10 .4 1&-35 

Weekly inoculatioM 

8 '/' . lathrop{,. 40 males . . .... 24 12 5(1 .0 24 0 0 .0 IS-3S 
R T . lathrop{, 4{) females . , ., 24 II 4611 24 0 0 . 0 211,37 

1\ T.latipa . 4{) mll.les . ..... 18 8 44 4 III '2 22 .2 35-30 
4 T . lcdipez. 4() females , .... 12 7 08.3 12 i 0 

I 
0.0 )~,21 

t.he period of exposure of healthy celery to the leafhoppers is important in 
the virus transmission_ 

A total of 347 asters were inoculated by lots of 40 males or females of 
Texana?tus lathropi in daily transfers, and 4, or 1.2 per cent, were infected; 
but of 48 asters inoculated in weekly transfers, none showed any effect. In 
daily transfers, lots of 40 males or females of T. latipex inoculated 248 asters, 
infected 18 or 7.3 per cent in daily transfers. They infected 2 of 30 asters, or 
6.7 per cent in weekly transfers. 

To Asters Alternating with Celery in Daily and -Weekly Inoculati01ls.-
1'he retention of the virus by single males and females of the two species of 
leafhoppers, to be discussed later, indicates that many leafhoppers cause only 
1 infection apiece during adult life. For this reason, lots of 40 males a.nd 40 
females were transferred daily and weekly during a period of 6 weeks to asters 
alternating with celery,instead of celery alternating with asters as in the 
previous experiment. The results appear in table 2: lower percentages of infec­
tion were obtained in asters and celery in daily thfln in weekly transfers with 
both species of leafhoppers. 
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To Successive Celet·y Alternating with Asten, by Varying Numbers of 
Adnlts Reared on Infected Celery.--A study was made of the transmission of 
the virus by single males and by lots of 5, 10, and 20 males of Texa;nanus Zati­
pex reared on diseased celery and transferred to celery alternating with asters. 

TABLE 2 
'fRANSMISBION OF VIRUS TO ASTERS AurERNATINa WITH CELERY IN DAILY A~T1) WEEKLY 

INOCULATIONS, BY ADULT Te.'Cananus lathropi AND T. Zatipex 
-

Asters Celery 
Adult8 

Number Specie;! and Ilurn ber of alive 
01 Jots a<1 ults i 0 each lot Pienta Pla.nts Per ~nt Pla.nm Plants PM' CPnt a.t end 01 

iooo- inoc- 6 weeks 
ulatffi infected infected ulated infe..,ted infected 

Da.ily inocula.tions 

4 T. lnlhropi. 40 males ..... 84 9 10.7 84 28 33.3 2()-23 
5 T.lathrorn. 40 females .... lOS 5 4.8 105 29 27.6 21-30 

12 'f.lotipex. 40 males ....... 252 16 6.3 252 69 27.4 21-32 

Weekly inoculations 

8 T. iaIM·opi. 40 males. , .... 24 3 12.5 24 14 58,8 25-40 
9 T. la/hropi. 40 females ... , 24 2 8.3 24 7 29,2 25-36 

11 7'.loJ:ipex. 40 males .• , , . , 27 4 H.g 27 16 59.3 20-36 
8 T. ioUpel'. 4(} females ..... 24 8 33.3 24 12 60.0 24-35 

TABLE 3 
TRANSMtSSION OF VIRUS TO SUCCESSIVE CELERY ALTERNATING WITH ASTERS, BY VARYING 

NUMBRI{S OF ADULT Texananu'8latipcx REARED ON INFECTED CELERY 

Number of Number of males Plants I Plants Per cent Plants Plants Per cent 
of 10[" in each lot inoculated infected infooted iuoculated infected iufooted 

First set ()( celery First ~et, of I\.!iters 

100 1 100 11 1l.0 100 1 1.0 
50 .5 50 12 24.0 50 2 4.0 
50 10 50 37 74,0 50 18 36.0 
60 20 60 40 80.0 50 12 12.0 

Second set of ct>lery Second set of esters 

WI) 1 .. . , .... .. . , .... 
511 5 .'10 4. 8.0 50 0 {I,O 

50 1U 50 17 l4.0 50 5 10.0 
50 20 50 J\ 22.0 50 4 8.0 

Each of the 100 males was kept on a healthy celery plant for 4 weeks and then 
was transferred to a healthy aster and kept there during adult life. Lots of 5, 
10, and 20 males were changed weekly during a period of 4 weeks to successive 
celery plants alternating with asters. Table 3 shows the results. 

One hundred males tested singly on celery and then on asters infected 11 
celery plants and only 1 aster. Fifty lots of 5 males caused 24.0 per cent infec-
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lions of celery; 50 lots of 10 males, 74 per cent; and 50 lots of 20 malt>s, 80 
per cent. Again the period of exposure of healthy celery to leafhoppers ill~ 
fluenced virus transmission. 

The percentages of infections with the second set of celery, the first and 
second sets of asters, show no progressive increase with lots of 5, 10, and 20 
males; but lower percentages were obtained with lots of 5- than with lots of 
10 and 20 males. 

To Successive Asters Alternating with Celery, by Varying N'llmbers of 
Adults Reared on Infected Asters.-In the previous experiment the percent­
ages of infection showed no progressive increase with varying numbers of 

TABLE 4 
TR..A.NSMISSION OF Vmus TO SUCCESSIVE ASTERS ALTERNATING WITH CELERY, BY VARYING 

NUMBERS OF ADULT Texananu8 latipex REARED ON INFECTED ASTERS 

Number Number of males Pla.n\./< Plants Per cent PlantH I P\aota Per cent. 
of Iota in each lot iooculated infeol,ect infected inoeumt.cd Infected infected 

First set of aste,rs First set of celery 

100 I 100 4 4.0 100 10 10,0 
100 5 100 4. 4.0 100 5 6.0 
W 10 1iO 2 4.0 50 8 16.0 
50 20 50 8 J6.0 50 20 40.0 
6 40 6 I 16.7 6 5 83.5 

Second set of asters Secood set of celery 

100 I .. .. ... . , , . .'" 

100 5 60 0 0.0 50 8 6.0 
50 10 6() 2 4.0 50 7 14.0 
/j() 20 50 4 8.0 50 8 16.0 
6 40 6 0 0.0 6 4. 66.7 

leafhoppers reared on infected celery; hence another experiment was con­
ducted with males of Texananus latipex reared on diseased asters. Table 4 
gives the results. 

One hundred males each tested singly on heal thy celery for 4 weeks, infected 
10 celery plants, as compared with 11 plants in the previous experiment. In 
the first and second sets of celery there was a progressive increase in the per­
centages of infections obtained with lots of 5, 10, 20, and 40 males transferred 
weekly. Again there was no progressive increase in the percentages of infec~ 
tions with lots of varying numbers of adults in the first and second sets of 
asters. The number of leafhoppers, however, plays an important role in the 
transmission of virus to celery. 

To S1tccessive Asters by Adults Reared on Infected Asters.-In the experi­
ment on the transmission of the virus to celery alternating with asters, no 
asters became infected by lots of 40 males or females of Texananus lathropiJ or 
by females of T. latipex in weekly inoculations (table 2). In the experiment 
on transmission to asters alternating with celery, the percentages of infections 
by both species of leafhoppers in weekly inoculations varied considerably. 
For this reason another experiment was inaugurated in which the period 
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of expo~ure on each successive aster was increased to 3 weeks with. lots of 40 
males or females of T. Zatipex reared on diseased asters. The results are indi. 
eated in table S. 

A total of 56 asters were inoculated by 10 lots of 40 males each, and 24 asters 
or 42.9 per cent were infected; and 27 of 55 asters or 49.1 per cent were ill­
fected by lots of 40 females (table 5). With both males and females, the 
highest percentages of infections were obtained with the first set of asters. Ali 
the results show, the period of exposure of healthy asters to infective adults 
affects the percentages of infections obtained. 

TABLE 5 

TRANSMISSION OF VIRUS TO SUCCESSIVE SETS OJ' ASTERS INOCULATED FOB. THREE WEEKS, 

.B'l( ADULT Texananu8 Zatipex ItEA&ED ON INFECTED ASTERS 

Number Number o( adults Plllnts PJaDLs 

I 
Pcr cent Pla.nts Plaut<> 

I 
Per ceDt 

of lots in p.ac), lot" inoculate<! inlected infI'Cted inoculated infected infected 

---
lo'irst 8~t of &.Stera Socond set of 88ters 

10 40 males ... . .. . . . .. 10 

I 

10 

I 

100.0 10 

I 

4 

I 

40.0 
10 40 females . . . . . . .. ... 10 8 SO .O 10 6 60.0 

Thin I set 01 &.Sters I;'ourlh set of RlIters 

10 40 malas .. . . . ... . ....... 10 

I 

5 

I 

50.0 ~~ 30.0 
10 10 females . .. .. .. ....... 10 4 40.0 10 4 40.0 

Fil th set of a.~ters Si)(th sat of asters 

10 40 malea . . . . .. ... ... ... 9 

I 

0 

I 

0 .0 7 2 28 .6 
10 40 fema.les .. . ... . .. .. . . 8 1 12 .6 7 4 57.1 

Total ot aU sets 

10 40 males . . " .. . ....... 66 

I 

24 

I 

42.9 
10 40 females .. .. . . ...... 55 27 49.1 

.. AdulLs IIlive lit the elld of 12 W 18 weeks: males, 11-28; females, 15-35. 

LATENT PERIOD OF VIRUS IN ADULTS 

The literature on the so-called virus-incubation period in leafhoppers may 
be briefly reviewed. Smith and Boncquet (1915) were first to use the term 
"incubation period of the inciting agent of curly leal" in connection with 
the beet lea.fhopper. Severin (1921) mentioned the "incubation period of 
the causative agent of curly leaf" in the same insect and later (1931) spoke 
of the "virus-incubation period." .As pointed out by Bawden (1943), the term 
"incubation period" jmplies a fixed time during which the virus develops or 
multiplies. Storey (1939) wrote of ((a delay in the development of infective 
ability," termed by other workers the "latent," "waiting," or "incubation 
period," and he coupled it with the retention of the virus by the vectors. 
Leach (1940) employs the term alatent period" :in his textbook. 

The latent period of the virus in the two species of leafhoppers was deter-
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mined by using lots of 80 previously llollinfective males or females, which 
were kept on diseased celery for 1 day. Daily transfers were made to successive 
healthy celery during a period of 41 days. The mortality of the adults by the 
end of 42 days was recorded. The results appear in table 6. 

The minimum latent period of the virus in Texananus lathrop'i, using 80 
males or fema.les, was 7 and 8 days, respectively; in T. Zat1:pex} with 1 lot of 80 
males, it was 8 days (table 6). The maximum latent period in T. lathropi was 
33 days with 80 females; in T. ZatipexJ 37 days with 80 males. Four lots of 80 
adults of T. lathropi and 3 lots of T. latipex failed to transmit the virus. 

DByson 
infected 

celery 

1 
I 

TABLE 6 
LATENT PER.JOD OF VIRUS IN ADULTS OF Two SPECIES OF PH'LEPSIDS, 

ON DISEASED CELERY 

Successive 
plnnl.8 

inoculated 

41 
41 

41 
41 
41 
41 

41 

41 

Plants Per cent Day" after trao.s{ef on wruoh successive 
infected infected infectioILB o~urred, including 

initial da.y on infected celery 

Two lots of 80 males euch, Tuananus ltdArop{, 

IS 36.6 7,10,13,14. )6, 17,20,21,22,23,25.28. ao. 31. 42. 
6 14.6 9, 13. 19, 20, 3t). 36, _ .... , .... , . , , . , . . . . - . . . , 

Four lots of 80 females each. Tt%at1antu ta/Af'op-i 

8 
3 

17 

19.6 
7.3 
7.3 
4,9 

8, 13. 14, JO. 19, 24,30. 42 ............ , ... ' ... . 
ll, 12, 14 ........... """", ..... _,,, .. ""_ 
33, 37. 42.. ................................. , . 
14, 17 ........ • ...... . " .. , ...... ""'" _" .. 

Two lot.s of 80 males each. TUllnllllU! laiipa 

8,9, '2, 15. 16,20, 2Z, 24,26,27,29,32,36,37,39, 
olO, 41 ...•..•........ _ . , . , ............... , . , , 

4.9 37,39 ....................................... , 

RETENTION OF vmus 

Adults alive 
II~ end of 
i2 days 

38 
37 

28 
54 
25 
68 

41 
32 

By Varying Numbers of Adults.-To determine whether a longer period 
of exposure on diseased celery to varying numbers of adults is a factor in 
transmission of the virus, lots of 40, 20, and 10 males or females were kept on 
diseased celery for 8 days, and then each lot was transferred daily to healthy 
celery during 34 days (table 7). 

As table 7 shows, two lots of 40 males and 1 lot of 20 males of Texananus 
lathropi produced 3 infections and 1 lot of 40 males caused 2 infections. 
Single infections occurred with 13 lots of 40, 20, and 10 adults of T. lathropi 
and 4 lots of 40 males of T. latipex. Evidently the number of leafhoppers kept 
on diseased celery for 8 days) and then transferred daily to healthy celery 
during a period of 34 days, determines the number of infections obtained. 
Seven lots of 40,9 lots of 20, and 11 lots of 10 adults of T. lathropi and 6 lots of 
40 and 410ts of 20 males of T. latipex failed to cause infection. 

Since 7 lots of 80 adults of Texananus lath1'opi produced 2 to 15 infections 
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TABLE 7 

RETENTION OF VIRUS BY VARYING NUMBERS OF ADULT Texananus lathropi AND T. Zatipex 

Days on 
infected 
celery 

8 
8 
8 
8 
8 

8 
8 
8 

8 

8 
8 
8 

8 
8 

8 
8 

8 

8 
8 
8 

8 

Successive 
plants 

inoculated 

34 
34 
34 
34 
34 

34 
34 
34 
34 

34 
34 
34 

34 
34 

34 
34 

34 

34 
34 
34 

34 

Plants Per cent Days after transfer on which successive 
infections occurred including infected infected 8 days on infected celery 

3 
3 
2 

Five lots of 40 males each, TexananU8 lathropi 

8.8 
8.8 
5.9 
2.9 
2.9 

10, 13, 31 .................................... . 
21,26,31 .................................... . 
39,42 ....................................... . 
16 ........................... " .............. . 
20 ........................................... . 

Four lots of 40 females each, Texananus lathropl: 

3 

2.9 
2.9 
2.9 
2.9 

15 ..................................... . 
20 ........................................... . 
30 ........................................... . 
36 ........................................... . 

Three lots of 20 males each, Texananu8 lathropi 

8.8 
2.9 
2.9 

36, 41, 42 .................................... . 
38 ........................................... . 
42 ...•........................................ 

Two lots of 20 females each, TexananusZathropi 

2.9 
2.9 1 :~::::::: ::::::::::: ::::::::: :::::::::::: ::::: 

Two lots of 10 males each, Texananus lathropi 

2.9 
2.9 

1 26 ........................................... ·1 
40 ........................................... . 

One lot of 10 females, 1'exanonus lathropi 

2.9 1 34... ......................................... 1 

Three lots llf 40 males eHch, '1'exananUl~ latipex 

2.9 
2.9 
2.9 ~.··: .. ::::::: .. ·.:.··:·::::::::::·:·::::::::I 

One lot of 20 males, Texananu8 latipPl 

2.9 1 17 .......................................... ·1 

Adults alive 
at end of 
42 days 

35 
18 

19 
19 
30 

14 
28 
33 
28 

UJ 
16 
10 

17 
15 

9 
6 

6 

29 
20 
26 

16 
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(table 6) or an average of 5.3, in determining the latent period of the virus, 
it seemed desirable to increase the time spent on diseased celery. Two lots of 
80 female T. lathropi, after completing the nymphal stages on infected celery, 
an average of 66.4 days (table 10), were provided with healthy celery for 41 
days. Each of the 2 lots caused 23 infections, or 56.1 per cent. Again it is 
evident that the amount of virus obtained by the nymphs in a long period on 
diseased celery, and the number of adults used, influences the number of in­
fections produced. 

By Single Adults.-The retention of the virus was determined by single 
males and females of both species of leafhoppers, all of which completed the 
nymphal stages on infected celery. Each leafhopper was confined in a cage 
enclosing a healthy celery plant until symptoms developed and then was 
transferred daily to successive healthy celery plants during adult life. The 
results are indicated in table 8. 

The virus was retained 5 to 77 days (males) or 62 days (females) by Tex­
ananus Zathropi; 22 to 39 days (males) and 1 to 42 days (females) by T. 
latipex. Two adults of T.lathropi and 10 of T. latipex caused only 1 infection 
each. The period on the first plant is not included in the retention of the virus, 
since the adults were able to acquire the virus again. 

ATTEMPTS TO TRANSMIT VIRUSES OF CURLY TOP AND PIERCE'S 
DISEASE 01' GRAPEVINE 

Because of the interest in two other prevalent viruses, attempts were made 
to transmit these by means of the two species of leafhoppers. 

Fifty noninfective female Texananus lathropi and 50 noninfective male 
T. latipex were kept on curly-top beets for 2 days after which each lot was 
transferred to 10 successive healthy sugar beets. All beets remained healthy. 
At the end of 12 days, 43 females of T. lathropi and 40 males of T. lrJtipex 
were alive. 

Texananus lathropi failed to transmit the virus of Pierce's disease of grape. 
vine to 10 healthy grapevines and 10 plants of common or Chilean alfalfa, 
Medicago sativa L.; and from alfalfa dwarf to 10 healthy grapevines and 10 
alfalfa pla.nts. T. latipex also failed to transmit that same virus to 5 healthy 
grapevlnes and 5 alfalfa plants and from alfalfa dwarf to 10 healthy grape­
vines and 5 alfalfa plants. 

BIOLOGY OF TEXANANUS LATHROP! AND T. LATIPEX 

DeLong and Severin (1945) have described the characters of the male and 
female Texananus lathropi and T. latipex. These closely related species can 
be readily distinguished by the U-shaped excavation (plate 1, A) which ex­
tends halfway through the last ventral segment of the female T. lathropi and 
by the V-shaped indentation (plate I, B) of the posterior margin of the last 
sternite of T. lat1.pex. 

According to Osborn and Lathrop (1923), very few species of P Jdepsius 
have been studied for life history; there is an opportunity for careful work 
in determining detail of habits, life history, and ecology. 

Oviposition.-'fhe eggs of Texananuslath1'opi are deposited in two rows in 
the petioles of celery (plate 1, C) or in the stems of aster plants. One egg of 
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TABLE 8 

RETEN'I'ION OF VillUS BY SINGLE ADULTS OF Two SPECIES OF' PHLEPSIDS 

WITH CELERY AS THE HOST PLANT 

Da.ys on 
fi.ret folant 

be ore 
symptoms 
developed 

28 
29 
28 
29 
29 
28 

26 
34 

30 
24 
28 
23 
80 
30 
40 
24 
28 
30 

26 

25 
32 
36 
33 
45 
21 
44-
42 
42 

Plants 
inoculated 

alter 
first 

infeetlon 

77 
24 
II 
80 
86 
79 

60 
95 

98 
34 
28 
76 

SO 
59 
57 
41 
41 
19 
16 

H 
103 
29 
28 
2 

70 
51 
51 

. 
Plants Per cant 

infected iolented Da.Y8 alter first infection Lon~evitv 
alter after on which successive of a ults: 
fil'llt first infeeLiona oceurred days 

infeetion infeclion 

Six lots of single ma.les, T~ananU81a1hTopi 

12 
6 
2 

1 
o 

1 
o 

Ii 
4 

o 
o 
o 
o 
o 
o 
o 

8 

o 
o 
o 

16.6 
26.0 
1.8 
1.2 
1.2 
0.0 

37,39,41,44,47. 63,~, 57, 5S, 68, 68,72,77 ....... . 
4, 6, 6, 16, 17. 21. ............................... . 
4, Ii ................... . ........................ . 
n ............................................. . 
10 ...................................•.......... 
O. ,"" ...•...............•......•.•......•.•.•.. 

105 
63 
39 

IIXl 
115 
107 

Two lots of single females, TeJ:a1tanu.s /.atltropi 

1.8 
0.0 1 ,, ··· ······ ··········1 0 ....... • •.. •• ....... •. ... • ..• • .... . ............ 

82 
129 

Eleven tots of 8; ngh~ male.., Ttt:Wnan u.s latipe:z 

5.1 
11.8 
3.6 
1.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

26, 27, 28, 36, 39. . .. . .. . .. .. .. .. .. .. .. .. .. .. . .. . 128 
14,32,33,34......................... ........... 58 
28....................... ............. .......... 1i6 
22 ............................................. , 09 
0............................................... 110 
0..... .... .. ... ...... .. ...... .... . .. ........ .... 89 
0..... .. .... .. ... .. . .... . .. ... .. .. .. . ........... 97 
0..... ........ . .... ... . . .... . .. .. .... ........... 65 
0 ...... •... •• ..• •... •• ..•.... ••.. •• ...... ,...... 69 
O. •.•• ••........•.••.•.. •... • .....•.•. . •.•..... 49 
0................. . ............................. 41 

Nine lots of single femalea, Te:wnll1!.~ latipll2 

18.2 
9.6 
3.4 
3.6 

60.0 
100.0 

0.0 
0.0 
0.0 

8, 10, 14, 23, 25,29, 3a, a7 ...... , ........... . ... , 
2, 6, 19, 20, ao, 40, 42. , ......................... . 
29 ..•.. , .. , ..... ' •................•.............. 
14 ............................................ .. 
2 ...•........................................... 
1. ............................................. . 
0 ......•....•....•.•..........•.•........•...... 
O ••••••.•••••••••••••••••••••.•••••.••.••..•... 
() .............................................. . 

69 
135 
66 
61 
47 
22 

114 

93 
93 

one row is deposited between two eggs of the opposite row (plate 1, D), The 
petiole sometimes cracks when long rows of eggs are deposited. After inserting 
the egg in the petiole, the female secrets a liquid (which becomes white when 
dry) in the form of a papilla over each egg puncture. Sometimes the papilla 
terminates in a hairlike structure. The papillae covering two eggs in opposite 
rows are arranged in V shape. In hatching, the nymph often pushes off the 
papilla. After all the nymphs have emerged from two rows of eggs, the zigzag 
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arrangement of the openings of the egg punctures can readily be seen with 
a binocular microscope. The papilla is a secretion from the accessory glands 
and probably protects the eggs from parasites. 

The eggs of Texananus latipex are deposited singly or in one short row. 
A quantity of accessory gland secretion covers the egg puncture and may be 
flattened against the petiole; or the papilla may be upright or vertical, ter­
minating in a hair. 

TA.BLE 9 

DURATION OF EOG PERIODS AND D41I,Y EMERGENCE OJ' NYMPHS OF Two 
SPECIES OF PULEPSIDS 

ERgs d~posited Eggs dep06ited Eggo deposited E~ deposited 
January 1&-22; February 1&-19; March 16-20; pril 16-19: 
temp~re.ture: 
72.80-78.9° ; 

temperature: 
68.5°-77.1°; 

tem~erat~~e : 
67.6 -76.6 , 

tern ~eratore: 
60. "-79.7°; 

Days from mean 68.4 0 F mean 60,6· F mean 09 0 F mean 60° F 
oviposition 
to hatAlh;ng 

Percent- Percent,.. Percent- Perooot· 
Nymph9 age Nymphs age Nymph3 age Nymphs age 
hatched of total hatched of total hatehed of total hatched of total 

bntahed hatched hateherl hatched 

Taal1anU81aLhtopi 

19 ................... .. .. . . 65 5. 2 34 19 .0 2.3 
20........... . . . ..... ...... 4. 1.7 3GO 29 .0 71 39.7 5 11.6 
21 .•... ,.............. . .... 68 29.3 375 30.0 45 26.1 17 39.5 
22.............. .... .. . .... 62 26.7 241 19.4 24 13.4 13 30.2 
23............. ............ 60 25.9 153 12.3 2 .2 16.3 
2~.............. ........... 22 9.6 a6 2.8 0 .6 
25............. ... .. ....... 13 5.6 8 0.6 
26 .. , . .. .• ,',., .. .... . .... . 3 1.3 3 0 .2 

TotaL . .. .. .. . ... . , . . . . . . . 232 1.2.0 179 

Tl:tll?tonu.3 la.tipa 

19 .••... .. ......••. , •.• .... 29 27.4 

20 ...... . ........ ... . , .. '" a 13.0 17 31.5 41 38.7 2 11.1 
21.... .... ........ .. .. .. ... S 18.0 25 46.3 22 20.8 11 61.1 
22............. . .. .. .. .. ... 7 30.0 Jt 20.4 9 8.5 3 16.7 
23 ........... , ... . . . . ... . .. 8 34.8 1 1.9 5 4.7 2 ILl 
24 ........... .. ..... .. .... . U 
25 ...... ....... ...... , . .. .. '.3 

Total .................... , 23 64 106 18 

Egg.-The average length of eggs deposited by the two species of leaf­
hoppers is 1.05 mmj the average width 0.28 mm. The eggg are translucent when 
first deposited. They are elongated and are narrower at one end than at the 
other. Near the hatching period, the compound eyes of the embryo become 
visible. 

Egg Periods.-The egg periods of each species of leafhopper were deter­
mined from eggs deposited during 4 months from January to April, inclusive. 
Females of each species were confined in cages enclosing potted celery plant'i 
and were transferred daily to successive plants during a period of 3 to 7 days. 
The plants in which the eggs were deposited were covered with cages and ob-

: 
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TABLE 10 

DURATION OF PERIODS BETWEEN MOLTS OF Two SPEClltB OF PHLEPSIDS 

Duration of stadia. dn~ 

Sex and MU\ bs.tched 
First Second Third Fourlh Fift.h Total iIl$tar instar instar illSw inst.a:r 

Te:zananus lathrop1. 

MalI'S: 
Jalluary 20. ... . . .. .. . . . ...... .. . 11 8 9 11 20 59 
January 30 . . . . . . ......... .. . ..... 13 7 8 \} 19 56 
Jllnuary 30 ....................... 12 \} 9 11 21 62 
Febnw.ry I .. .......... .. ... ... ... 11 S II 11 22 61 

Allernat ... ... •••• I • ~ • ••• • •• • •• 11. 7 8.0 8.7 10 .S to.S &9.D 

Females: 
Ft'bruary 1 .... - .. . - ... .. .. ... .... 11 9 \) 12 22 63 
February 10 . . ............. ... .... 12 \) 9 J4 20 64 
February 10 ... ......... ....... ... \} 10 10 14 21 65 
February 10 .. ........... ...... ... 12 11 12 18 20 68 
February 10 .............. ..... .. . 14 10 12 \5 2t n 

Averagll ...... ... .. . .... .... ... 11.6 9.8 JO .4 19.8 !!O.8 86. * 

Tellmanuslatipu 

Malee: 
FebrufII'Y 4 . . ... . .. . ......... . .... 10 \} 8 to 19 66 
February ll .................. .... 13 9 11 12 14 59 
March 6 .......................... 16 10 6 8 13 62 
Maroh 6 .......................... 12 9 6 'i 13 47 
March 7 .......................... 12 10 7 8 12 49 

AlIeTage ... ......... . . ...... ... 1£ .4 9.~ 1.6 9.0 14.' 5~.8 

Femaloo: 
February 4 ... .................... 10 9 8 10 III 56 
February 4 . .. .................... 10 11 \) 11 16 56 
February' ................... . ... 11 10 10 12 17 60 
February 7 . . ..................... 12 12 11 15 Zl n 
FebrullrY g .. . . . . .....•.•.. . ...... 12 9 9 12 18 60 
February 11 . . . .... . ...... .. . . .. . . 13 \I 11 12 14 69 
February U .......... .. . . ........ 12 \I 10 13 17 61 
March 4 .............. . ... ...... ... 7 11 IS 9 14 54 
Mllorch5 •......................... 10 8 10 9 17 64 
March 5 . . . .............. . ........ 13 12 6 12 15 6& 
Man:h 6 .. ................. .... ... 12 9 6 8 15 50 
Marcb 7 . .. ................ .... ... 9 10 7 8 11 45 
Maroh 7 . .. . . ... .. ...... ...... . ... 10 10 7 9 13 (9 

Average . . . ... ..... . ......... .. 10.1 9 .9 9 .0 1$ .0 '6.0 58.S 

served daily for the hatching of nymphs. Eggs deposited during one day 
usually hatched over a period of scyeral days. In an effort to measure the egg 
periods more accurately, a daily COtUlt of the nymphs hatched in each cage 
was taken, Ilnd the results of each monthly test were summed up and tabu­
lated. The egg periods, with the number and percentage of nymphs that 
hatched, are indicated in table 9. 

As thiB table shows, the egg periods of Texananus Zathropi were longer with 
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eggs deposited in January and February than ,vith those laid in l\iarch and 
April. In T. latipex the periods were longer with eggs deposited in January 
than with those dating from February, l\1:arch, and April. T. lathropi pro­
duced more eggs than T. la.ti,pex, though approximately equal numbers of 
females were used. Conceivably, a higher percentage of the T. Zathropi may 
have been at the egg-laying stage. 

Period between Molts.-The interval or period bet,veen molts (stages or 
stadia) and the total duration of the nymphal stages of both species of leaf-

TABLE· 11 

AVERAGE MEASURE,MENTS IN MILLIMETERS OF Two SPECIES OF PHLE,PSIDS 

AFTE,R EAC'H MOLT 

Diameter, head across Length, head, thorax, Length, head to end 
compound eyes and abdomen of wings 

Nymphsand adults 

Range 
I 

Mean Range 
I 

Mean Range 
I 

:Mean 

'PexananU8 lathropi 

First instar .......... 0.40-0.43 0.41 1.15-1.32 1.24 ...... & .... . ... 
Second instar ....... 0.53---{).57 0.55 1.62-2.1G 1. 81 ••• & .... ., .. , 

Third instar ......... 0.73-0.76 0.75 2.43-2.80 2.60 ... . ..... .... 
Fourth instar ....... 0.94-1.03 0.99 2.97-3.40 3.16 a ••• ....... ..1 .. 
Fifth instar ......... 1.27-1.36 1.31 3.73-4.34 4.03 ..... .... ... ... 
Adult male .......... 1.39-1. 44 1.42 4.43-5.41 5.02 4.59-5.20 4.97 
Adult female ........ 1 .46-1. 55 1.51 4.94-5.99 5.43 5.08-5.48 5.26 

TexananU8 latipex 

First instar .......... 0.39-0.40 0.40 1.15-1. 38 1.25 .... ... .. . .... 
Second instar ....... 0.53-0.55 0.54 1.59-1. 89 1. 73 . . ~ . ... . ....... 
Third instar ......... 0.66---{).71 0.69 1. 89-2.48 2.21 ... . ..... . .. " 

Fourth instar ....... 0.89-0.96 0.92 2.67-3.32 2.84 .... ... .. . ... 
Fifth instar ......... 1.17-1.31 1.24 3.43-4.10 3.80 ... ,. ..... . ... 
Adult male .......... 1.34-1. 49 1.40 3.89-5.18 4.68 4.37-5.02 4.79 
Adult female ........ 1.35-1.51 1.45 4.43-5.55 4.99 4.78-5.35 5.00 

hoppers is given in table 10. The n1ales of Texananus Zathropi required 5·6 to 
62 days, an average of 59.5, to complete the nymphal stages; the females 63 to 
72 days, an average of 66.4. To reach the adult stage, the males of T. latipex 
required 47 to 59 days, an average of 52.6; the females 45 to 73 days, an 
average of 56.3. With both species of leafhoppers, the total duration of the 
nymphal stages is shorter for males than for females. 

Measurements.-· -Table 11 gives the average measurements for various parts 
of the body of ten specimens one day after each molt, together with measure­
ments for the adults of both leafhopper species . .As shown by the mean meas­
urements, the nymphal instars, males, and females of Texananus Zathropi 
are larger than those of T. latipex. The males of the two species are smaller 
than the females. The instars can be determined accurately from the measure­
ments of the head across the compound eyes. 

Color of Nymphal Insta.rs.-Recently hatched nymphs of both species are 
white with pink compound eyes. A few hours after hatching, the nymphs of 
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both species become dark brown or black, with light areas of brown, yellow, 
and white that give them a mottled appearance (plate 2, A to F). The color 
patterns of the five instars of both species are almost identical j but, in general, 
the nymphs of Texananus Zatipex are darker than those of T. Zathropi. 

Color of Adults.-Adults of Texana;nus lathropi have a slight rosaceous 
tinge, a little more distinct on the elytrae than on the head and pronotuIn: 
Osborn and Lathrop (1923), who described the species, discuss the color pat­
tern in det.ail. Two patterns occur with the males and femaJes of T. latipex­
nark-brown and light-brown forms, mottled with wIlite and black (plate 2, 
G, H, I, J) ; details are given by DeJ.1ong (1943). 

Mating.-An attempt wa~ made to mate female Texananus lathropi with 
male P.latipex after the Jast. molt, and female T.Zatipex with male T.lathropi. 
The experiment was repeated with 10 females of each species. Coition did not 
occur. Though eggs were deposited by some females, not a single nymph 
hatched. Evidently the two species will not cross or interbreed. 

Preoviposition Pen·od.-The period from the time the female reached the 
winged stage after the last molt until egg' laying began was determined with 
each species. The preoviposition period of 2 females of Tenananus latkropi 
that passed through the last molt on January 17 and 20, was 40 and 44 days 
respectively. Two females that reached the winged stage on April 16 required 
20 and 34 days. The preoviposition period of T. laMpex that passed through 
the last molt on May 2 was 34 days; May 4,16 days j and May 6,23 days. 

Egg-laying Capacity.-To determine how many eggs a single female of 
Texananus lathropi deposits during her adult life, 1 female and 1 to 5 males 
after the last molt were confined in each cage enclosing a large healthy celery 
plant. When the celery became unfavorable as food, the female and males 
were tran~erred to a second plant-sometimes to a third. The eggs were 
allowed to hatch; and the total number of nymphs removed from each cage 
would equal the egg-laying capacity, provided all the eggs hatched. The 
nymphs were removed twice a month from each cage. The numbers that 
hatched from eggs deposited by each of 5 females were as follows: 229, 231, 
345, 369, and 395, or an average of 341. The numbers t.hat hatched from eggs 
deposited by each of 4 female T. latipex were as follows: 140, 171, 180, and 
208, or an average of 175. 

VIRUS TRANSMISSION EXPERIMENTS WITH 
TEXANANUS SPATULATUS VAN DUZEE 

(Plate 3, C, D) 
A study was undertaken on the possibility of transmitting the virus during 

the nymphal stages. To determine the efficiency of the vector, virl:1s-transmis­
sion experiments were conducted wit.h single males and females j varying 
numbers of adults were tested on healthy celery and asters, and upon succes­
sive asters. Attempts were made to determine the latent period of the virul') 
in the adults, and the ability of this insect to transmit the viruses of curly top 
and Pierce's disease of grapevine. 

The characters, distribution, and food plants of Texananu.s spatnlat1tS ha.ve 
already been discussed by DeLong and Severin (1945). 
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EXPER~TAL METHODS 

In the transmission studies of the California aster-yellows virus, adults 
were used that had completed the nymphal stages on infected celery, and 
sometimes on asters. If leafhoppers were not reared, then the adults were fed 
on diseased celel"Y for 10 days or longer to complete the latent period of the 
virus. Noninfeetive Texanam.ts spatulat1tS were obtained by allowing females 

TABLE 12 
TRANSMrSSION 011' VIRUS TO CELER.Y BY VARYING NUMBERS OF NYMPHS OF 

Texa11anus spatulat'l1.B 

Celcry 

N"mbe,· N'lmbcr of Days on DaY'lQn 
nympM in infected healthy 

I I 

oflo~ each lot celery celer~' Pllln~ Plants Per cent 
iunocul8.led infected inleciM 

Stadium I 

3 (\ a 3 3 0 0.0 
2 li 4 , 2 0 0.0 
3 10 J 3 3 0 0.0 
2 10 4 4 2 0 0.0 

Stadium II 

2 5 tl 6 2 2 0.0 
~ 6 12 7 3 3 0.0 
2 10 II Ii 2 2 100.0 
3 10 12 7 3 3 100.0 
2 20 10 6 2 2 100.0 
3 20 II i 3 3 100.0 
.j 20 I~ 8 " " 100.0 

Sta.dium TIl 

2 oS 20 10 2 '2 100.0 
J 10 20 10 3 3 100.0 
2 20 20 10 2 2 100.0 

Sladium IV 

2 5 30 30 2 2 100.0 
I 10 30 30 1 I 100.0 
1 20 30 30 1 I 100.0 

to oviposit in healthy sugar beets, immune to aster yellows; and the nymphs 
that hatched were transferred to healthy celery. Because sugar beets aTe not 
a favorable food plant of this insect, many nymphs failed to reach the adult 
stage. 

TRANSMISSION OF VIRUS TO CELERY 

By Varying Numbers of Nymphal Instars.-An experiment was conducted 
to determine whether each nymphal instar could transmit the virus. Lots 
consisting of varying numbers of each instar were fe.d during varying periods 
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on infected and healthy celery. AB the results show (table 12), the first instar 
was not able to transmit the virus, whereas each lot of the second (with 2 
exceptions), third, and fourth instars infected healthy plants. 

By Single MaZes and Females.-A comparison was made of the transmis­
sion of the virus by single male and female leafhoppers. After the adults had 
remained on diseased celery for 30 days, each leafhopper was fed on healthy 
celery until the plant manifested symptoms or until the insect died. As table 
13 shows, 34 of 100 males and 29 of 100 females transmitted the virus to 
healthy plants. 

By Varying Numbers .of Adults.-A comparison was made of the infec­
tions produced by 5 males and 5 females that had completed the nymphal 
stages on diseased celery. Each lot of adults was transferred to a healthy celery 

Number 
of lots 

100 
100 
2S 
25 

TABLE 13 

TRANSMISSION OJ!' VIRUS TO CELERY BY V A.R.YrNG NUMBF.Jt,S OF' ADULT 

TexananU8 spatulatus 

Fil1!t set of celery Second Bct of celery 
Number 

of IIdull8 in 
in each lot Plants Plants Per cent Plants Plants Per cent 

inoculated infected infected inooulated infeclAld infected 

I male ...... . ... .. ... . .. 100 34 3{.0 .. .. .... 
I female .... .. .. . .. ... . . 100 29 29.0 .. .. .... 
limales ...... . ... .. ... . . 25 22 88.0 15 6 40.0 
S femalea .... . .... . .. .. 25 18 72.0 8 4 50.0 

plant and kept there until symptoms developed j then the surviving adults 
were transferred to a second healthy celery plant. 

Table 13 shows the results obtained. The virus was transmitted to the first 
set of healthy celery by 22 of 25 lots of 5 males, or 88.0 per cent; and to 6 of 
15 of the second set of plants, or 40 per cent. It was transmitted to the first 
set of celery by 18 of 25 lots of 5 females, or 72.0 per cent; and to 4 of 8 plants 
of the second set, or 50.0 per cent. 

TRANSMISSION OF VIRUS TO ASTERS ALTERNATING WITH OELERY 

A comparison was made of the transmission of the virus to healthy asters 
and celery. Five lots of 40 males and 510ts of 40 females, which had completeo 
the nymphal stages on infected celery, were transferred daily or weekly to 
f;Hccessive healthy asters alternating with celery (table 14). 

The percentages of celery plants infected were as follows: daily, by male~ 
28.7 per cent, by females 17.3 per cent; weekly, by males 80.0 per cent,. by 
females 23.1 per cent. Since lower percentages of infections were obtained 
in daily than in weekly transfers, evidently the period of exposure of the 
leafhoppers on healthy celery is a. factor in virus transmission. In daily and 
weekly transfers of the males and females, only 1 :tRter was infected, and that 
was by daily transfers of the males (table 14). 



October, 1945] Severin.· Nonspecific Transmission of Aster·Yellows Virus 43 

TRANSMISSION OF VIRUS TO ASTERS 

In the experiment on the transmission of the virus to asters alternating 
with celery in daily and weekly transfers, only 1 aster was infected of 188 
inoculated (table 14). For this reason, the period of exposure on each aster 
was increased. Fifty lots of 5 males or 5 females that had completed the 

Number 
of lots 

I) 

I) 

/j 

I) 

NumOOt: 
of lots 

50 
50 
25 
25 
5 
5 

TABLE 14 
TRANSMISSION OF Vmus TO ASTERS ALTERNATING WITH CELERY, BY ADULT 

Texananus spatulatus 

Mtm Celery 

NUID.her of adults 
in each lot 

Plants I Plant/! Pe'/' cent Pla.nts Pta.ntg 
in oc U lat.ed infected infected inoculated infected 

Daily inoculations 

4<J males ......... . ...... 79 1 1.3 80 23 
40 females ...... .. ... . .. 81 0 0.0 81 14 

Weekly inoculations 

41} males, .. , ............ 15 0 0.0 15 12 

40 f emAl es. .. ........... 13 0 0.0 13 :I 

TABLE 15 
TRANSMISSION OJ' VIRUS TO ASTERS BY VARYING NUMBERS OF ADULT 

Texananus spatulat'U·s 

Number of adults ill each lot 

t ma.le ................................................. . 
l(emale ...... . ... . ......... . . , . . ....... . . , ............ . 
5ma-lre. 
Ii.rema.lea .•.... •• ... •... •... • . .. •• ... • . .. . •... •... •• .. . • 
40 roll-lea, ...... .. ... . .. ' .. ...... .. ... . ....... "" " " .. . 
40 females ..... .. .. .. .. ' .. .. . .... . ... .. .. . .... . ... .. . ' " 

Plants 
inoculated 

50 
50 
25 
21i 
59 

150 

PlanL~ 
infected 

o 
o 
2 
3 

Per cent 
infected 

28,7 
17.3 

80.0 
23.1 

Per cent 
infected 

0.0 
0.0 
g,O 

12.0 
1.7 
0.7 

nymphal stages on diseased celery were transferred and kept on healthy aster 
until they died. Two of 25 asters, or 8.0 per cent, were infected by lots of 5 
males j 3 of 25 asters, or 12 per cent, by lots of 5 females (table 15). Possibly 
if the adult life on asters had been longer, a higher percentage of infection 
would have resulted. 

It was decided to rear the leafhoppers on diseased asters instead of celery. 
Ten lots of 40 males or females were transferred daily to successive healthy 
asters during adult life. One of 59 asters, or 1.7 per cent, was infected by the 
males j and 1 of 150 asters, or 0.7 per cent, by the females (table 15). 

Fifty recently molted males and 50 females reared on infected asters were 
transferred singly to healthy asters. No aster yellows developed. 
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LATENT PERIOD OF vmus IN ADULTS 

The latent period of the virus was determined with lots of 40 males or 
females. After 1 day on infected cdery, the adults were transferred daily to 
successive healthy celery plants throughout a period of 41 days. The mortality 
of the adults at the end of 42 days was recorded (table 16). The minimum 
latent period of the virus was 6 days; the maximum, 35 days. Only 18 of the 
410 celery plants inoculated, or 4.4 per cent, became infected. This low per~ 
eentage can be explained by the fact that each healthy plant was exposed to 
t.he adults for 1 day. One lot of males and 1 lot of females failed to transmit 
the virus. 

TABLE 16 

LATENT PERIOD OF VIRUS IN ADULTS Oll' TexananU$ spatulatus WITH CELERY 

AS THE HOST PLANT 

DaY9 on 
infcctOO 
celery 

Sucoeasive 
plants 

inocumted 

41 
41 
41 
41 

41 
-4.1 
41 
41 

Plants 
infected 

3 
3 

3 
3 
2 
2 

Per cent Days after transfer nIl which. succesaive 
infected iniootioJIB occurred, including 

initial day on infected celery 

Four lots of 40 males eaoh 

7.3 
7.2 
2.4 
2A 

6,19,3.5 ................ , ........... .. 
12,14,15 .................................... . 
33 ... , .. ,.,", .• ,." ...•.• ,., ................ . 
a5 ................................ .. ... .. ... . 

Four lots of 40 females ol\4lh 

7.3 
7.3 
4.9 
4.9 

17,18,29.,., .. , ..... , ....................... . 
23.41,42 .............. .. ........ .. ......... .. 
16, 19 ....... " ........ , .................... .. 
18.27 ................ , ................ . ...... . 

RETENTION OF vmus 

Adults alivs 
at end of 
42 days 

29 
16 
21 
37 

22 
26 
30 
11' 

By Varying Numbers of Ad'ulis.-To determine whether a longer period 
of exposure on diseased celery is a factor in transmission of the virus by 
varying numbers of leafhoppers) lots of 20, 10, and 5 adults were kept on 
infected celery for 8 days and then were transferred daily to healthy celery 
for 34 days (table 17). Nine lots of 20 males and females infected 23 of 306 
plants inoculated, or 7.5 per cent; 9 lots of 10 males and females infected 
39 of 306 plants, or 12.4 per cent; and 4 lots of 5 males infected 4 of 136 
plant..'l, or 2.9 per cent. The latent period of the virus with lots of 20) 10, and 5 
adults cannot be determined accurately: since the insects were kept on dis­
eased celery for 8 days, it is not known whether they picked up the virus on 
the first day or later. 

By Single Adults.-The retention of the virus was determined by use of 
single males and females, each of which had completed the nymphal stages 
on diseased celery. Each leafhopper was kept on a healthy celery plant until 
the latter showed symptoms; then the insect was transferred daily to succes­
sive healthy celery plants throughout its adult life. Table 18 shows the results. 
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One male retained the virus £01' 84 days, and 1 female for 99 days. SevE'lI 
males and 6 females produced only 1 infection. The first infection is not. 
included in the retentiou of the virus, since the adults were able to pick up 
the virus again. 

TABLE 17 

RETENTION OF Vnws BY VARYING NUMBERS O~' ADULT Texananus spatulatus 

Number of 
adults iD 
each lot 

20 
20 
20 
20 
20 

20 
20 
20 
20 

to 
10 
10 
10 
10 

10 
10 
10 
10 

/) 

/) 

/) 

:; 

Da.v~ on 
infected 
celery 

8 
8 
8 
S 
g 

S 
8 
S 
S 

8 
8 
8 
8 
8 

8 
8 
S 
S 

S 
B 
8 

8 

Successive 
pJs.nts 

inoculated 

34 
34 
34 
34 
34 

34 
34 
34 
.'14 

34 
34 
34 
34 
34 

34 
34 
34 
34 

34 
34 
34 
34 

-
Plants Per ~ot Dayg a.fter transfer on which successive 

infected infected i of ectioos OCCllrred, including j oi tin! 
da.v on infected celery 

Five Iota of 20 males each 

5 
3 

14.7 
8.8 
3.0 
3,0 
3.0 

37,39, 40.41, 42 ...... . .. ' " . " . , .. • . ., . 
\), 11, 15 ............ . '" ............... . 
13 .................................... . 
25 ..... , .............................. . 
39 .. , .••.. , . , .............•.. • • ..•. , ... 

Four lou> of 20 females each 

6 17.6 16.24,26.32, 34.36. .. , .. , .. .. ...... ~ . 
3 S.1l II, 12, 15 .. . . . ~ - ...... } . . ... . . ... . .. . 
2 5.9 12, 4! " .. ......... ... ... .............. 

3.0 31. ...... ... . ........... _- .. ........ 

Fi ve lots of 10 males each 

12 36.3 10,11,17,23.24,29,80,33,34,87,39,42 ... 
7 20.6 14, 30, 31.32, 34, 38,40 ................ 
/) 14.7 9, 10. 3B. 40. 41. ............. .......... . 
4 11.8 22, 23.33, 35 ...... ...... . .. .. .. . .... . .. 
3 8.8 26, 28, 35 ..•.. , , , ...... •. , ...... , ...... 

Four Iota of 10 femailltl eru:h 

4 11.8 28, 3li, 3B. 40. .. .... . . .. . ... .. 
:2 5.9 31, 41. ... .. . . . . " ' . " ... . . . . . .. . -

3.0 38 .. .. ... .. . . ... • 1 •• • ... . . ... . .. 
3.0 39. . ~ . . . ... ... .... .. . ... . ... . . ... .. .. 

Four lot.s of 5 males (l8.ch 

3.0 
3.0 
3.0 
3.0 

9 ................. . .. , ................ . 
30 .................................. .. 
32 ............ _ ....................... . 
39, .. " .. .. ... .......... .. 

Adults alive 
at end of 

42 day~ 

H 
II 
9 
7 
9 

9 
/) 

17 
13 

8 
10 
8 
4. 

6 

9 
6 
6 
/) 

4. 
3 
3 
5 

ATTEMPTS TO TRANSMIT VIRUSES OF CURLY TOP AND PIERCE'S 
DISEASES OF GRAPEVINE 

An attempt was made to transmit the curly-top virus by means of Tex­
ananus spatulatus. Fifteen lots of 5 to 20 males or females reared during the 
nymphal stages on nettleleaf goosefoot (sowbane), Chenopodium murale, 
were exposed to curly-top beets for periods varying from 2 to 14 days; and. 
then each lot was transferred to a healthy beet. All beets remained healthy, 
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An attempt was made to transmit and recover the curly-top virus from sus­
ceptible host. plants on which Texananus spatulatus were collected in the 
field. Noninfective leafhoppers after feeding on 2 nettleleaf goosefoot plants 
and 2 rough pigweecls, ilmaranthus ,·etro/lexus, inoeulated by infective beet 
leafhoppers, failed to recover the virus and transmit it to healthy sugar beets. 

In another test 135 adults collected on pasture vegetation on the summit 
of Pacheco Pas!') on May 5',1942, were distributed on 3 curly-top beets and kept 

DI\Y~ on 
nret fclant 

be ore 
d';mp lom9 

eveloped 

39 
46 
46 
:w 
39 
26 
41 
27 
31 
23 

31 
35 

28 
45 
37 
:1I 
34 
27 

TABLE 18 

RETENTION OF' VlR.US BY SINGLE ADUWS Ol" Texan-anus spatulatus WITH 

CELERY .AS THE HOST PLAN'!' 

Pla.nts 
inoculated 

After 
Ii ret 

infection 

105 
95 
36 

98 
21 
14 
12 
50 

4. 
2 

169 
95 

131 
102 
35 
12 
4 
1 

Plan1.8 
infected 

nitef 
(irst 

infection 

U 
4 
2 
0 
0 
0 
0 
0 
0 
0 

4-
3 
o 
o 
o 
o 
o 
o 

Per oont 
infected Dl\ya after finlt Infection 

alter on whic.l, suceeasive 
first i nf ections o<:curred 

infection 

Ten lots of single males 

5 .7 14. 17, 30, 37, 38, 39 . . . .. . .. . . 
4.2 26, 54, 63, 84 ." . . .. , ' - . . . • 0. - .. . . ~ ... .. "' . 
5.6 H, 27. ., .. . .. . " .. .. .. . . . . ~ . ... .. ... . . . .. 
0.0 ... .. .. . . .. .. .. .... . , .. . .. .. .. .. ... .. . . 
0.0 "'4. . , . ~ .. .. ' .. . .. " . . - ~ .. - . ~ - ... '" . . . .. 
0.0 .. . . .. .. ... .. . .. ... ... .. ... .. .. ... .. .. .. .. 
0.0 .. ... ....... . .. . .. .. . ... ... .. .. .. . .. . ... .. ... 
0.0 ... . . .. . .. . . .. . " .. ... '. .. .. ... .. . .. .' . 
0.0 . .. . . .. ... ..... .. ...... ... ... . . ... ... .. ... .. 
0.0 .... . .. ... ... .. . .. ... .. .. . .... .. . .. . .. 

Eight 101.8 of single females 

2.3 
3.2 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 

45,62, 79,99 .. , ................ . . ...... . 
26,35,60 .. ..... .. .... .... ... ..... "' ..... . .. 

Longevity 
of adults, 

dllY9 

144 
141 

82 
132 
60 
40 
b3 
77 
35 
25 

200 
130 
I5!I 

/47 
72 
43 
38 
~8 

there for 2 days i then each lot was transferred to a healthy sugar beet. All 
beets remained healthy. 

Lots of 20 adults of Texanamts spatulat~ts, after feeding on Pierce's disease 
of grapevines, failed to transmit the virus to 6 healthy grapevines and 5 com­
mon or Chilean alfalfa plants, and from alfalfa dwarf to 5 healthy grapevines 
and to 5 alfalfa plants. 

There was no evidence to show that the beet leafhopper, Eutettix ienellus 
(Bakers), could transmit the curly·top virus to healthy grapevines. Severin 
(1928) demonstrated that Hairy Peruvian alfalfa, 111 edicago sativa L., was 
naturaJly and has been experimentally infected with curly top. The beet 
leafhopper failed to transmit the virus of Pierce's disease of grapevine to 
healthy gl'apevines and alfalfa. 



Oetober, 1945] Severin: Nonspecific l'mnsmi.ssion of .Aster-Yellows Virus 

T.EXANANTTS PERGRADUS DELOKG AS A VECTOR 
(Plate 3, E, F) 

47 

rrhis phlepsid leafhopper has been collected on a variety of food plants, as 
shown by DeLong and Severin (1945). It has been reared on celery infected 
with aster yellows, but few nymphs reached the adult stage. 

Adults that completed the nymphal stages on infected celery were tram;­
ferred singly to healthy celery. If symptoms of the disease developed, the 
insects were fed on one or more additional plants. Single males and females 
each transferred to one or more healthy celery plants transmitted the virus 
to 5 of 14 and 11 of 22 plants respectively (table 19). In other tests, adults 
collected in the field ,,,ere kept on infected celery for 10 days or longer to com­
plete the latent period of the virus, before transferring to healthy plants. 
Lots of 2 to 10 adults infected 12 of 31 plants inoculated as shown in table 19. 

TABLE 19 

'l'RANSMISSION OF VIRUS TO CELERY BY VARYING NUMBERS OF ADUL'l' 

Texananus oregonus 

Males Females 

I 
Numher Number Number Plants Phnts Per cent Number Plants Plants Per cent of of adults of of adults 

lots in each lot inoculated infected infected lots in ea~h lot inoculated infected infected 

---- ----

8 
1 
1 
4 

.. 

---

1 14 5 35.7 11 1 22 11 
2 7 1 14.3 1 2 12 2 
3 1 I 100.0 2 3 2 1 

10 4 4 100.0 2 5 4 2 

.. .. .. . .... 1 10 1 1 

TEXANANUS PERGRADUS DELONG AS A VECTOR 
(Plate 3, G, H) 

50.0 
16.7 
50.0 
50.0 

100.0 

'l'his leafhopper was reared on celery infected with aster yellows from 12 
males and 14 females collected on May 4, 1940, on pasture vegetation along 
a riverbank at Woodlake, Tulare County. The characters, distribution, and 
food plants are reported by DeLong and Severin (1945). 

Fifty males and 50 females tested singly on healthy celery failed to cause 
infection, but 1 aster was infected by 1 of 50 males as is shown in table 20. 
Twelve lots of 10, 25 lots of 20, and 5 lots of 40 males produced 1, 5, and 1 
infections as indicated in table 20. 

PHLEPSIUS APERTINUS OSBORN AND T-,ATHROP AS A 
VECTOR 

(Plate 3, A, B) 

This leafhopper is common in alfalfa fields. The characters, distribution, 
and food plants have been discussed by DeLong and Severin (1945). The 
insect has not been reared on any host plant up to the present time. 

Adults collected in the field were kept on diseased celery for 10 days or 
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TABLE 20 
TRANSMISSION OF VIRUS TO CELER.Y AND ASTERS BY VARYING NUMBER.s OF ADULT 

Texananus pcrgradu8 

Number 
of 

lote 

50 
12 
12 

~ 

6 

2 

Number 
of 

lots 

9 
1 
1 
1 
1 
1 
1 
I 
1 
3 

Males Females 

Number Plants Pla.nte Per cent Number Number Plants Plants of e.dull.$ of of adults 
in each loi inoculated infected infeeied tot" in each Jot inoculated infected 

Cetery 

1 60 0 0.0 50 1 50 0 
5 12 ° 0,0 2 5 2 0 

10 12 1 8.3 1 10 1 0 
20 25 6 20.0 3 20 3 0 
40 48 1 2.1 5 40 45 0 

Asten 

40 50 2.0 2 40 60 o 

TABLE 21 

TRANSM.ISSION OF VIRUS TO CELERY BY V ARYlNG NUMBERS OJ!' ADULT 

Phlep3iu6 apertinu8 

Males Females 

Number Plant8 Plants Per cent Number Number Phmts Pla.nts of adult~ inoculated infected infected of of adults inoculated infected in each lot lots in~chloi 
. - . 

1 13 7 53,8 10 1 14 8 
2 1 0 0.0 1 Ii 2 0 
5 1 0 0,0 1 6 2 1 
9 1 1 Loo.O 9 20 12 Ii 

10 1 1 100.0 1 25 5 1 
12 2 2 100.0 1 30 1 1 
13 2 0 0.0 . . .. .. . . 
14 3 2 66.7 .. .. .. , . 
15 1 0 0,0 . , .' ., " 
20 3 0 0,0 . . .. .. . . 

Per oellt 
infect.ed 

0.0 
0.0 
0.0 
0.0 
0,0 

0.0 

Per cent 
infected 

67.1 
0,0 

M.O 
41.7 
~O . O 

100.0 
.... . 
..... 
..... 
- .... 

longer to complete the latent period of the virus. Males and females tested 
singly on healthy celery plants transmitted the virus to 7 of 13, and 8 of 14 
plants respectively. Lots of 2 to 30 adults produced 14 infections as shown 
in table 21. 
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SUMMARY 

Six newly demonstrated vectors of the California aster~yellows virus are 
reported in this paper; this proves that the virus is not transmitted by a 
specific leafhopper. 

Texananus lathropi and T. latipex: The infections produced by 150 males 
and 150 females of T.lathrlJpi, each kept singly on a healthy celery plant, was 
18.7 and 16.0 per cent respectively, and by 100 males and 100 females of 
T. latipex was 18.0 and 32 pel' cent respectively. 

Lots of 40 males or females of both leafhopper species, placed on celery 
alternating with asters, caused lower percentages of infections in celery in 
daily than in weekly transfers, a fact indicating that the period of exposure 
of healthy celery to the leafhoppers affects virus transmission, Lower per­
centages of infections occurred with asters than with celery; and, with one 
exception, lower percentages of asters were infected in daily than in weekly 
transfers, Higher percentages of infections occurred with 6 successive asters 
inoculated by TexanatHls latipex every 3 weeks than in daily inoculations or, 
with one exception, weekly inoculations-a fact again demonstrating that 
the period of exposure of asters to leafhoppers influences virus transmission. 

Since there was an increase in the peX'centages of infections in celery with 
lots of 5, 10, and 20 adults, apparently the number of leafhoppers playa role 
in virus transmission. 

The minimum latent period of the virus in the males and females of Tex­
ananus lathropi was 7 and 8 days respectively; in T, Zatipex with 1 lot of 80 
males it was 8 days. The maximum latent period in T. lathropi was 33 days; 
in T. latipex, 37 days. 

The virus was retained by single adults of Texananus lathropi from 5 to 77 
days and by T. latipex from 1 to 42 days after the first infection was produced. 
Many of the leafhoppers of both species caused only 1 infection each. 

Attempts to transmit the viruses of curly top and Pierce's disease of grape­
vine by means of the two species of leafhoppers were failures. 

Life history studies were made of the egg periods, egg-laying capacity, and 
duration of the nymphal instal'S. 

Texananus spat'Ulatus: The aster-yellows virus was not transmitted by the 
first nymphal instal'; probably the latent period of the virus was not com­
pleted. All other nymphal instal'S transmitted the virus. 

Single males infected 34 per cent of the celery, and single females 29 per 
cent. Lots of 5 males transmitted the virus to 88.00 per cent and lots of 5 
females to 72.0 per cent of the first set of celery and to 40.0 and 50.0 per cent 
of the second set respectively. 

Lots of 40 males and 40 females infected 28.7 and 17,3 per cent respectively 
in daily transfers to successive celery plants, and 80.0 and 23.1 per cent in 
weekly transfers. Only 0.6 per cent of the asters were infected in daily trans­
fers and none in weekly transfers to successive asters, 

Lots of 5 males and 5 females kept on asters during adult life infected 8.0 
and 12.0 per cent of the asters respectively, Lots of 40 males and 40 females 
reared on diseased asters infected 1.7 and 0.7 per cent, respectively, in daily 
transfers to successive asters. 
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The latent period of the virus in the adults was 6 to 42 days. 
One male retained the virus for 84 days, and one female 99 days. Most 

adults cause(}" one infection and then apparently lost the infective dose. 
All attempts to transmit the curly-top virus by means of Tcxa,nallus spat1/,­

latus were failures. The leafhopper did not recover the virus hom susceptible 
host plants on which they were collected in the field, such as Chenopodium 
murale and Amaranihus 1"et1'ojlexus, and transmit it to healthy sugar beets. 
This leafhopper failed to transmit the virus of Pierce's ilisease of grapevine 
anu alfalfa dwarf to bealthy grapevine seedlings and a1£al£a. 

There was no evidence that the beet leafhopper could transmit the curly­
top virus to heal thy grapevine seedlings or the virus of Pierce's disease of 
g"l'apevine to healthy grapevines and alialfa. 

Texananus oregonus: Males and females tested singly on healthy celery in~ 
feeted 5 of 14 plants and 11 of 22 plants respectively. Lots of 2 to 10 adults 
jnfected 18 to 34 plants inoculated. 

Texananus pergradus: 100 males and females kept singly on healthy celery 
caused no infections, but 1 aster was infected by 1 of 50 males. Twelve lots 
of 10, 25 lots of 20, and 5 lots of 40 males produced 1, 5, and 1 infection. 

Phlepsi1(S apertinus: With this species, 13 males and 12 females infected 
7 of 13 and 8 of 14 celery plants respectively. Lots of 2 to 30 adults produced 
14 infections. 
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