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INTRODUCTION

The genus £mpotsca contains 2 number of leathoppers of much
ceonomic importance in the United States ax pests of certain essential

L Spbiftend for pulilication Tune 13, 1042,

®rpie writers are greaily indehtml to J0 W, Serivener for muel assisfines with deluils
reported T (his paper: also to 5. . nke, . Q. Erlanson, and others of the Dureau of
Mani Tndustiy, Soils, and Agrienltueal Engineering, fur fdentilving plowts and verifying
teelmical names.  Acknowledgment is nlse mude o the Divisions of Tirux nnd Delated
I'lnnts, Fornme Crops awd Diseases, and Trait nml Vegetable CUrops and Diseases, of tlhiak
Dureay, Lo permilting abservalion an a wide variety of available plant species grown st
Arlinetgn Experinent Far,

SLAGE T i —1



http:r<;III/l0a.ml
http:EmpOfl.1l

2 TECHNTCAL BULLETIN 850, U. 8. DEPT. OF AGRICULTURE

crops. Species belonging to this genus cause material losses of such
staple forage crops us alfalfa, clover, cowpeas, and soybeans, and thus
add to the difticulty of meeting our wartime needs for meat and dairy
products. They nre ulso important pests of such wartime essentials
as potatoes, beans, fruits, cotton, and peanuts. Information on t(he
identity, distribution, and host plants of these economically impor-
tant insects is thus of divect aid in devising and applying measures
for wheir control and in meeting the current demand for inereaswl
production of foud, fiber, and oils,

In foreign countries at least 10 species of the genus Empoasea injure
votton and are listed s serions or major pests of this important erop,
Four of these species are injurious to eustor beaus, the source of an
important oil.  One of these foreign species, easily confused will
£. fabae and closely related species, is also considered a major pest
of tea and ix injurious o sugaveane, sugar beets, potitoes, orange
and other fruit trees, and has caused a seareity of mulberry leaves
in seviculture.  Most of these species breed on a number of plants,
neluding wiid host plants, and ave found abundant on weeds,

Some species of this genus have been reported as veetors of plant
disenses. il others have been suspeeted as potential vectors of certuin
virus disenses in variows parts of the world. A lknowledge of the
distribution and host plants of the species of this genus, thus involved
or suspecled, is therefore of inestimable aid in the coutrol of such
disexses,

From an ceonomic standpoint, the potuto leathopyper, Empoascn
Jeboe (Harris). is the most important species of the genus in the
United States because of the severe damage it causes Lo many truck
and garden crops, as well as to many forage-crop legumes and to a
wide variety of nursery stock and other plants of economic impor-
tance. Severa) of the elosely related congenerie species alse have
been observed to injure various kinds of plants under a wide viriety
of conditinas,

Many host plants of the potato leathopper are now being tested
as cover crops in connection with soil conservation practices involving
strip eropping and the use of suitable cover crops for various types
of condition=. It iz often of much aid in cropping mettiods to be
able to lacate certain crops at suitable distances from other suscep-
tible crops which are host plants of species belongiug to the genus
Lmpoasca.  Information on the distribution and host plants of the
economieally impertant potato leafhopper and other closely related
species of the genus Empousea is, therefore, of veal practical value.

During the cotirse of studies on the biology and control of the
potato leathopper on ferage-crop legumes it beeame necessary to know
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the identity of the various species of Eupoasca® which closely re-
semble fabee and to study carefully their various host plants and the
distribution of the ditferent species of £mpoasca invelved. In this
work much speecial technique had to be developed. because the species
are s0 small and extremely active, and because moest of them cannot
e definitely differentiated by morphological characters except by ex-
amining structures within the abdomen of the male, more especially
in the male genital chamber. The basic observations for this paper
were made largely at the Arlington Experiment Farem, Arlington,
Vi, during the period 1929 to 1941, inclusive. and included the
identification of more than 50,000 male specimens of £ poasca.

Prioe to 1931 (24)* mieh confusion existed as to the identity of
many of the common species of this genus. and therefore much of
the carlicr Hterature dealing with their host plants is of deubtiul
accurncy. A comprehensive search has been nade, however, for all
available references in the literature of Ampoasca, and effort has
Leen made to list only authentie records of securrence or distribution
of the various species.  Wherever possible. particularly with the
domestic species, these have heen verified frons specifie identifications
of muaterial procured from varions sources and collected by many
individuals,  HMost plants from which the various species have been
reared are distingnished from plants upon which adults of the vavious
species of foponsea were merely collected.

The plants upon which adults were collected ave vonsidered of in-
portance only insofar as they may provide an indication as to
host plants upon which the species may feed or may be reared.
Such plants may be of ne great significance for two veasons: (1}
Adhizlts of many species of £wponsce feed on or are collected on many
plants in which they de not deposit their eggs: (2} in no instance
have adults been observed causing any appreciable damage to plants
ritless egas had also been deposited in such plants. It should net be
inferred, however, that an extremely henvy population of adults
may not severely injure u plant without the aid of nymphs.

The rezults presented in thi= bulletin have re-emphasized how very
essentinl i€ is to know the correct identity of an insect in order to
asvertain its definite veonomie status and its eapacity for causing
injaury to ifs host plants. The wide variety and comparatively large
number of host plants from which nany of the species of Empoasca
have been reaved reaftiom the economic itmportance, both actual and
putential, of members of this genus.

A0irder Homoptern, family Cicadellidae,
CTtalle numbers in parem beses refer io Literature Cited, p. 143,
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METHODS

Unless otherwise specified, the identity of host plants on which
cmpoascan species were reared, as reported by the writers, was ascer-
tained by collecting nymphs on the plants in the field and reaving
these on the same host matervinl to the adult stage, for specifie 1den-
tification by morphological churacters within the abdomen of the
nmile. Since only u preliminary study has been made (7) as to
whether adequate valvalar characters occur among the females of
this genus, the problem was often complieated by the necessity of
having male adults for specific identification. Not inlrequently only
females were rearved from some collections, especially from rhose
taken on uncomimon hosts, The male genital characters used for
specific tlentification are concealed and can best be revealed and
examined by a preparation of the chitinous structures, involving the
destenction of the softer parts by sonking gradually in a 10-percent
solution of potassiom hydrexide.  Methods and apparatus used in
identitying large numbers of lrafhoppers have previously been
deseribed.®

Extreme care was exercised to colleet nymphs only from plants
sufliciently ixolated from other species of possible hosts to male
certain that the nymphs occurring there had hatched from eggs de-
posited in the plants on which the nymphs weez found, and had not
migrated from other plants. The smaller nymphs (first or second
instars) huve not heen observed to move from plant to plant and
ave very dilficult to Jdislodge from their natural host plants,

FORLEIGN SPECIES OF EMPOASCA

Beenuse of the economic importance of certain species of f'm ponsea
that apparently oecur only in foreign countries, foreign species that
have been reported as damaging cconomic erops have also heen listed.
Approximately LI8 foreign ¢pecies and 7 foreign varieties of Ewmpoeasca
are mentioned in the liverature.  Of these, 13 identified species and 5
sdditional forms unidentified as to species have been reported to be

[economic importance,  An annotated disenssion, which includes the
recorded hiost plants and localities of such reported econeinic species,
treated in alphabetical order, is here presented.  E'm poasca hipunciata
and & smearngdula, which are both foreign and domestic species, will
be discussed in their proper order among the latter,

In the lists of host plants as given by the various authors cited, the
names given are those used by the writer of the artiele cited. if in Engr-

Prloos, W, WnekLze, N H, and SonivesEr, T W, METHDDS AXD APFARATUS USED 1N
IDENTIFYING LARGE NUMHRHS OF LEARHOPIERS OF THE GENIS EMPOASCK, U, B Bur, int,
and Mant e, KT 728 ppe, Tilus, G [DProcessed, |
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lish. If from a publication in a foreign language, the names are given
ng accurately as they can be translated, unless it seems best to give the
foreign-language name without transiation. The technical names of
the plants mentioned in this builetin have been reviewed in the Division
of Plant Bxploration and Introduction of the Bureuu of Plant Indus-
try, Soils, and Agricultural Engincering and meet with the approval
ot the specinlists of that Division.

Fatroasca BENEDETTO( Paoh

Described in 1033 (90) from cotton in Italian Somaliland, Anglo-
Egyptinn Sudan, and Tanganyika, Kmpoasca benedettoi was reported
by Hareis {54) as infesting cotton in Tanganyika, and by Russo (106)
as injuring colton in Itadian Somaliland, but not transmilting leaf-curl
or lenf-crinkle. Hargroaves (52), in investigntions in Uganda in 1034,
observed reddening of the leaves of cotton ou a plot attucked by three
speeies of leafhoppers, of which benedettol was the most abundant.
Ballard (8) reported in 1937 that investigations were in progress
Palestine on the blonomics of this species and its possible relation to
a virus disease of potato and eggplant.

Eapoasca Biob1Tera Matsumura

In a preliminary report on the studies of certain discases of cotton
in China, Teng (179) stated that cyrtosis of cotton was definitely
known to be ussociated with Empoasca bigutiuda and might possibly
be due to direct insect injury. 'This species, the original deseription
of which has uot been loented, was ineluded among the chief pests of
cotton in China by Li and Chou (©2), and was reported by Fulada
(44) and by Shiraki {770} as injurious to cotton in Formosu, and by
Kuwayama {89) as attacking cotten in Manchuria,

Esroasca picipiENs Paoli

S mpoasca decipiens was deseribed in 1930 (87) from beet, eggplant,
potuto, and tomate in Italy, later (89) reported as occurring also on
castor-oil plant, Helianthus tuberosus, herbs, kidney bean, oak, and
vine in Italy, and (87) as occurring on barley, berseem clover (7'
folium afezandrinum), Cappuris sp., castor-oil plant, eotton, kidney
bean, lenti), maize, sugarcane, sweetpotato, tomato, and wheat n
Egypt. Ribaut {703) veported it as oconrving on plants, shrubs, and
trees in France and western Tuvope.

Emroasca peEvastans Distant

The species &mpousca devastans was deseribed i 1918 (4]) as a
sorious pest of cotton in Nagpur, British India, and reported by
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Fletcher (43, p. 276) as a bad pest of cotton in various localities in
Indin, and by Vuillet {122) as among the most dangerous of the less-
known cotton pests in British India. Husgin (68) stated that
. devastans definitely causes lenf-crinkle of cotton in the Punjab, and
Husnin and Lal (52) reported this species as one of the most serious
pests of the American cotton in that locality, with Hibisens asculentus,
1. witifolius, Solanum melongena, S. tuberosum, and Althaeq rosea,
its ulternate hosts, often damaged severely.

It was reported by Thomas and Krishnaswami {120} as a vector of
u transmissible disease of brinjal, or eggplant (Solanwm melongenay,
an important vegetable crop in southern India, {his leafhopper being
common i the brinjal fields in Coimbatore, where the disense was
first observed.

Exroasca noricui Paoli

Proli, in 1930 (8/), described the species f'm poasca dotichi from
Dolichos leblad in Ttalian Somaliland and later (89, 90, and 91)
reported it ag abundant in the Transvaa] and Belgian Congo and at
Ibadan, Nigeria, on cotton, bea, cowpea, bean (tepary, Mg, and
bonavist). pennut, and Indian corn. Russo (706} veported it ns
mjurious to cotton in the.Ttalian Somalilund.

Eatroasca racianis Jacobi

Empoasca faciulis was desevibed in 1912 {3} from Dutch Bast
Afriea on cotton. It i= one of the najor pests of cotton in Indin and
northeen, central, and southern Africn. It has heen reported by many
investigators as abundant on cotton and also oceurving on Hibiseus
abelmoschus, Bambara groundnuts (Uoandzeia sublerranca), cowpea.
diverse cucurbits, Dolickos, field pest, Hibisens esculentus, monkey nut,
Ricinus communis. sword bean (Canaralia ensifornisy, and tobucco.
Bebbington and Allan (72) reperted Thespesia to be n wild host
plant and reared nymphs from cotton on leaves of Thespesia and those,
from Thespesic on cotton, their developmental period comparing well
with that of nymphs from cotton reared normally an cotton,

Heavy infestation by Empoeasca facialis has been associated with
premature reddening of cotton foliage, but Jack {60) reported experi-
ments in this connection to indieate that although this reddening is
probably induced by Ieathoppers, it is probably a characteristic reac-
tion of a variety rather than a result of attack, Vuillet (122} ob-
served a close relationship Dhetween the spread of bacterinl rust of
cotton and of mosaic disense and the increase of £ Jucialis., Monteil
(78} described the injury to cotion in French Equatorial Africa by
a Jeathopper (identified as possibly £ facialis) which appears when
cotton comes inte flowoer and is found thronghont the season on the
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leaves and young shoots. The injury consists of a crinkling of the
foltnge and withering of the extremities. Monteil stated that as a
potential vector of diseases the insect deserves further study. Kirk-
patrick (63) stated that the disease could be conveyed experimentilly
by nleurodids or by E. faciglis, but that the latter was certainly not
mainly responsible. Golding (48) and Jolinston (63) procured only
negative evidence, however, in experiments to prove it a vector of
leaf-crinkle or leaf-curl. Likewise, in experiments to transmit to-
bacco mosiic in Rhodesin, Roberts (104) was unsuccessful with fe-
eialis. Paoli {88) observed that crinkling of leaves of cotton occurved
only in the presence of facialis; but he attributed this to the effect of
the inseet’s saliva and not to the transmission of a virus capable of
clevelopment after inoculation; and stated that the decrease in symp-
toms at the end of the season was not due, as usually thought, to the
advent of rains but in Xtalian Somaliland to a mymarid parasite,
Anagrus seassellutii Paoli, which attacks the lenfhopper’s eggs.

Hargreaves (37) observed a close conncetion between hairiness
of the foliage and vesistance to infestation by facielis, and Juck (61)
recommended breeding of plant strains of high resistance to leaf-
hoppers as one of the primary considerations in the selection and
breeding work,

The abundance of fucialis on cowpen, groundnut, and pea in South
Africa has been noted by several investigatovs, and Parsons (93)
in Nutal reported its attack on Bambara groundnuts (commonly
called “jugo beans”). an infested crop being difficult to harvest
owing to the breaking of the slender peduncles when the plants
were lifted, with the result that most of the nuts were left in the
soil.  Soyer {11¢) included K. facialis minong the inseets occurring
on peanuts in the Belgian Congo, but repoyted negatfively on this
gpecies as a vector of “rosctee.”

Myers® in a compilation of literature on the insects of the castor
Lean, stated that facielis sometimes causes considerable injury in
the Niger Valley of Afriea. in Italian Somaliland, and in the Khar-
toum district of the Anglo-Egyptian Sudan.

Espoasca FLavescens (Fabricius)

Fabricius {40, p. 46) described Cicade flavescens from Gevmany
in 1794 Tt was later revorted by other investigators as occwrring
generally throughout Europe and novthern Africa on sliriplex,
Chenopodium, Clematis, hop, potato, rasphberry, sugatr beet, and vines,
and on many herbaceous plants and deciduous and coniferous trees.
Melichar (¥5) reporvted flavescens frum Ceylon, and Distant (33)

FATYERR, G INSECTS OF THE cAsTOr-nEAX. T 8 Bue, Ent. and Plane Quar., F—I69,
149 g 108, [ Provessanl, |
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found this species in Indin in tea gardens. Tt is now commonly
known as the tea green-fly and is one of the most widely distributed
of the major pests of tea in northeastern Tixlin. Tt has been generadly
accused of producing a stunted growth on the plants attacked in
Tadix. hut eage experiments by Andrews () gave pegative vesults,
and the appearanee of the stunting effect at the time when the in-
soets are most aetive is thought to be mevely coincidental and <ue
te some cause independent of Empoasea flavescens. Shivaki (100)
reported favescens s a pest of tea in Formosa and also injurious
to orange trees and sugareane, and itx injury to mulberry as caus-
g seareity of leaves for serieulturists.  DuPasquier (36) reported
Haveseens as a pest of tea, feeding on the young shoots in Tndo-China.
India {Assam. Darjeeting), Formosa, and Japan., Tt was also re-
ported as mjuvious to peach and phoa trees in Formosa by Kay-
ashina (64}, and included by Kowayama (68) among the more in-
jurious pests of apple in Japan.

Both in India and Baypt flarescens attacks the castor bean
{Ricinus communis) awd hm been veported as particularly injurious
when the plants are young, sucking the juices to sueh an extent that
the plants fade, carl, and eventually die.

Blattud (17 listed Empoasea flaveseens as injuvions 1o Menth
erispa Loin Crechoslovakia, and reported (78) that this species oc-
curred in great numbers on celery in hatheds in Bohemis aud was
associated with a severe ontbreak of mesate, previously unvecorded
in Czechoslovakia, '

Otanes and Bntae (86) mentioned }‘{mw «cons anong the more injori-
ous of the sucking nwects on cotton iy the 1’]1111[);}1;1& It caused
the Teaves to enel and contributed to the failure of an extensive cotton
planting. It also accnrred there on eggplant and potato.

Investigations in Germany by Ileinze {57) showed fareseens to
be common on potatoe. but unuble to transmit the potato v irus, although
its attack caused a rolling of the Jeaves similar in appewrance to that
due to the virns of lea f-roll,

Isaki and Huashimoto (38) ceported farvescens nbundant on rice:
i OQita, Kyush, Japan,

Fmpousea faveseens is among the inseets listed as atface King sugar
heet in Czechosiovakia, Germany. and Sweden. Acvording to Schneider
(208} injures the palisade and pavenchyma tissues and vascular
bundles.  Rambousele (/07) observed one instance in Crechostovakin
where the beet leaves were infected by this speeies with what appeared
to be mosade disease,

Aldthongh farosecns s been reported upon severnl aceasions from
the United States, Cuba, Puerio Rico, and Bolivia. all these reports
resulted from studies made before the use of genital structures in
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identification work becume conunon, Since this species is easily con-
fused with fuber and closely related species, no authentic records of
its vccurrence in these localities have thus far been obtained. Al-
though Osborn {82} reported flarescens in his survey of Cuban
Homoptera as having a wide range in Cuba but “not known to oecur
on cane or grasses,” md as occurring in Bolivia (82) and in Puerto
Rico {83). he Iater {84) listed the Puerto Rico record of flavescens
under fubalis,

Exroasca Lysica | Bergevinid

Bergevin and Zanon (£8) included the description ot Iimpoasea
Tybica in 1922 as Chiorite lybica from grape in Afviea, Kruger {67)
reported it as having inereased fo dangerous proportions on vines
in the Qistrict of Benghazi and the plain of Barce {Atrica), damag-
ing the folinge by causing it to become dark and to fall, the grapes
ot to ripen well. the young shoots to develop with short internodes,
and the leaves to cur! up. Ruiz and Mendizdbal (703) reported
arapevines in Almeria, Spain. to he veriously injured by the insect,
it causing a discoloration Feolored rust™ and crinkling of the leaves,
with grapes stunfed and ripening late,

Bedford 7 reported the abundance of lybica on cotton in the Sudan
as causing noticeable damage to the older leaves, particularly in the
cuse o8 Amerienn cotton. A laler veport {4:3) stated that hopperburn
was observed on cotton plants in cages into which 7ybica had been
introduced a month eartier.  In his veport for 1837-38. Bedford (74}
stated that Zybica was sbundant and vesponsible for the wsnat hopper-
burn, e alse noted the breeding of this species on *weika® (Hibiveus
exeulentus) . its abundance on *lubia™ (Dolichos lublab), and its pres-
ence on Cajunus eajan, Rhynchosia memnonia, “berscem?” (Medicugo
sativay, “dur®  (sorghum). Withanin somnifera, and  Geimwm
basilicum.

Earoascs xoraray Melichar

The species Empoascq nottfe wax deseribed in 1903 (7/2) from
Cevlon.  Misra (76) veported the appearance in North Bihar, India.
of enormoens swarins of A, wofala on votfon, sucking away the sap
which would have gone to mature the plants, atud eausing the leaves
to curl badiy. to become pale and seared, and to drop off prematorely.
Vuiller (722) lists £ notefe among the most dangerous of the less-
known cotton pests in British Indin.  Grumwald (49) vecords nelutu
as injurious to castor-oil plant (Ricinus communis) n India.

tienEoun, L W, ENTOMOLGGICAER SECHON AGRICELTURAML REREAWT BELEVICE. HEPGHT
UN WORK CARBIED OUT BY THE STAPP OF SR S2eTIoN RUWING TR SEABON 1531/35, Ruilan
A Res, Serv. Ann Lpk TG 63300, Hins, 1, | vocessed.]

hEELE I, N =
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EmPoasca sienata Haupt

Empoasca signate wus described in 1927 from Palestine (58).
Bodenheitmer and Klein (19) reported cousiderable damage by this
species to eggpiunt (Solanum melongena) in Palestine, pepper and
tomato also being attacked. Young plants ave most severely attacked,
the leafhoppers occurring on the lower surface of the leaves, which
become discolored and eurl at the edges.

EMPOASCA TERRA-REGINAE Paoli

Deseribed in 1936 (92) from cotton at Biloela, Queensland, Aus-
tralin.  Reported in 1989 by Smith (774) as u cotton pest in Queens-
land, where it was proving itself more serious than for some time
pust, muny areas being heavily infested late in the senson. Evans
(39} included this species among the Queensland leathoppers that
attacl alfalfa, saying:

*or o I8 woulll appear that B, ferre-reginee 38 of eomsiderable oconomiic
impoertance, since in additlon to being recorded from Tucerne (Darling Dowus)
und tomatoes {(Dimbulah), specimens luve boon received from AMoroe, New South
Wales, necompanied by n repart that they were nbunilant an vegeiables and
woeids.

Empoasca spp. {undetermined)

Mo (77) reported an Empoasca that caused leaf-curl on Hibiscus
sabdariffe in the Netherlands Tudies. Incidentally, £. fabae was
reaved from X, sabdarifa L. «t Avlington, Va., in 1629,

Dulzetto and Muscatello (85) described a type of lesion becoming
increasingly common on oranges and mandarins in orchards in Sicily
that are heavily infested by an emponscan species, and suggested that
the punctures eaused by the feeding of the insects might be responsible
for the injury.  Russo (297) reported a species of £ poasca attacking
oranges in Sicily and causing what is enlled fetola, an injury similar
to the fruit-spotting in California cansed by fabee (77).

Baker (6) reported a species of Ewmpoasea, abundant on papaw
in ‘Prinidad, that caused symptons similar to those described by other
authors ns curly leaf. but constituting u “stigmonose™ effect owing to
the Targe numbers of insects feeding on the plants.

Lever (70) reported an wndescribed species of £m poasca oceurring
as a pest of cotton in Kji.

Wille (£28) gave 2 brief account of investigations showing that
leaf-curl of cotton, first observed in the Tuaura Valley, Pern, in 1938,
was most probably eansed by the feeding of an undescribed species of
Empodscr that had not previously been observed to canse economic
injury.
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DOMESTIC SPECIES OF EMPOASCA

Approximately 181 domestic species of Empoasea have been de-
seribed, of wiich at least 15 have injured plants enough to be con-
sidered economically important. Twenty-three species have been
reaved at Arlington, Vu., in the manner deseribed under Methods.
The niumber of host plants from which the species of Empoasce have
been veared ranged from 1 for the less abundant species to 108 differ-
ent host plants for the more abundant fedae.  Thirty-nine species of
host plants had more than 1 species of Empoasca rearved from each of
them, as shown in tuble 1. ‘Ihe maximum number of species reared
from a single species of host plant was 7, as in the case of both potato
and sweetpotato, A single collection of nymphs from 1 host plant,
such as sunflower, sometimes yiekded 4 species of Empoasca. Thirty-
one of the species involved in these studlies are discussed, in alpha-
betical order,

AnLE 1= st plants from ackich miore than 7 species of Empousea were reared
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Emroasca ssrurta Delong

DeLong deseribed mpoasce abrapta in 1931 (24, p. 48) and gave
16 the common me western potato leathopper.  This species has not
been found east ot Missouri. It was reported in 1933 from New Mex-

IMmnvke 1L—"Cypieal stippling prodneed by
Fmpoayen abrupta on Aster sn, when
confined to this host in o celuloid vitge,

tco {1) us u peést of potuto, pro-
ducing cfiolation and hopper-
burn. In 1939 McKinney (74)
reported it as injuring Irigh po-
tato to an important degree in
the Salt River Valley, Aviz.
Records have been obtained,
Trom matevial identified from
miscellaneous collections, of its
oceurrence in  the following
States: A rizona, California,
Colorado, IKansas, Missour,
New Mexico, Oregon, and
Texas. It 1s mainly a truck-
crop pest, and, according to
varigus published reports too
numerous to be cited, it has been
collected from the following
plants: Alfalta, artichoke,
_Lster sp., bean, beet, enlendula,
cantuloupe, cassaba, celery,
corn, cotton, cucumber, cicur-
bits, dahlia, egoplant, gherkin,
lettuce, melon, okra, parsnip,
pepper, potnto, red clover, Soli-
dago sp., squash, suntlower,
sweetpotato, tomato, turnip,
and watermelon. It has also
been identified from collections
taken in trap lights in Kansus,

DeLong (29) vearved abrupta
Fromy material eollected on po-
tatoes in California, females of
which vyviposited on sugar beets

en vonte to Columbus, Ohio.  Comparizons of (he type of injury pro-
duced by abrupia with that produced by febae have shown that no
hopperburn is produced on potate plants infested by alrupta, ut the
result of infestation is a speckled-white appearance or stippling which
is ontively different, and readily distinguishable from the injury
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caused by febae. The same difference has been noted on” bean
plants. :

During 1931 abrupte was reared at Arlington Experiment Farin
front material collected by R. A. Blanchard on potato and alfalfa in
California. It was alzo reared from nymphs collected on calen-
dula which was being severely injured at Leavenworth, Xans., and
from nymphs collected on dahlias both at Leavenworth and at Bev-
crly Station, Mo. It was bred on alfalfa, dster sp., bean (Phaseolus
wulgarie 1.}, red clover, Solidago sp., and sweetpotato in confinement,
but seemed to prefer potuto. From records on oviposition and nymphal
devetopment obtained at Arlington Experiment Farm from 1931
10 1932, abrupte appeared to be very prolific, ranking probably second
to fadae.

From n comparison of the feeding habits of abrupta with febue, it
was found by Smith and Poos (2/8) that abruptae belonged to u group
characterized by a habit of feeding on the mesophyll tissue of the
leaves (fig. 1), while fabae evidently fed by preference on the phloem,
or water-conducting tissne: and that the diffevences in feeding habits
seemed to be correlated with the physiology of the species.

Exsroasca aLBorersa Gillette

The species Empoasca albonewre is widely distributed throughout

the United States and was originally described (44} from specimens
from Colorado, Mississippi, and Virginia. More recently this species
has been identified in miscellancous collections trom Alabama, Califor-
nia, Connecticut, the District of Columbin, Kansas, Kentucky, Mary-
land, Missouri, Montann, Nevada. New Mexivo, New York, North
Cavolina, Ohio, Oregon, Pennsylvania, Tennessee, Texas, Utah, Vir-
ginia, and Wyoming. It was originally reported from “native plants”
and from plum in Colorado and has also heen recovded (f27) us
ocearring on alalfa, crtemisie, articheke, aster, C'hrysothamnus,
giant ragweed, and white pine.  This species has been collected both as
nymphs and as adults on dogfennel (Anthamis cofula 1.) and on rag-
weed {Ambrosie artemisiifolia L.), and has been taken in trap lights
and in a wind trap at Arlington, Ya.: and in trap lights at Clemson,
3. C., Knoxville, Tenn., and Richfield, Titah,

Earrossea aripa Delong

Empoasca arida has been collected only in Arizona, California,
andl Utah, It was described in 1931 (24, p. 49) from a large series
taken chiefly from sugar beet and alfalfa. Tt has been talken abun-
dantly from sugar beet ane potato; also collected on alfalfa, bean,
arvot, celery, Chinese eabbage, cucumber, eggplunt, icttuce, parsnip,
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squash, Swiss churd, and tomato. Reports of field observations (:33)
mdicate that where this species is abundant the leaves of the infested
plants show a conspicuous injury—white spotting, or white stippled
injury—owing to a loss of chlorophyll.

FAIPoAsSca BATATAE Paos

The sentor author (25 in 1933 deseribed a leafhopper from a lnzge
series of specimens reared on sweetpotato at Arlington, Va., and from

Fuivke 2 —Trpieal stippling produced by Bumpoasee atatae on Swred pod i, one
el jts preferred hogi plants,

specimens colleeted as nymphs from the sime host plant at Fort Myers,
Fla. in 1931 and 1032, giving it the name Fupoaseq batatae, Sveci-
mens were alzo received from Brazil, eollected on eotton. grohona,
fegumes, mud sweetpotato, It injures the folinge of sweetpotato by
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Feeding on the leaves and produces a distinct and prominent stippling
(fig. 2). This species has also been identified from specimens taken
in 1934 at Philadelphia, Pa., in a cargo originating in Honduras.

Espoasca BIFURCATA Delong

DeLong described £m poasca bifurcata in 1931 (24, p. 40}, reporting
it as apparently very common throughout the eastern part of the
United States. It has been identified from specimens coliected in
Alabuma, the District of Colnnbia, Connecticut, Florida, Georgia,
Kansas, Kentucky, Louisinna, Maryland, Massachusetts, Mississippi,
Missourt, New Hampshive, New~Jersey, New York., North Cavolina,
Ohio, Pennsylvania, South Carelina, Fennessee, Texas, Virginia, West
Virginia, and Wisconsin,  Adults of bifurcata have been collected
from a variety of plints, such as alfalfa, aster, Corcopsis sp., corn,
crapemyrtle (Legerstrocmiv indica 1), dock, dogfennel {lnthemis
cotula 1.}, endive, £rigeron spp., fulse nettle (Bockmeria cylindrica
(L) Swartz), goldenvoed (Solidago sp.}. Laburnum sp., Polygonum
«p.. vhubarb, rye. speneming (Menfhe spicata LY. sweetclover, and
wittow, It has been identified from a collection swept from weeds at
Vineland Station, Ontario, and from specimens taken at Philadelphia,
Pa.,in 1936 from a carge of bananas from Guatemala,  This species
was listed (46) nmnong the iusects taken ot altitudes of 200 and 500 feet
nan airplane trap in Louisiana. It has also been identified in collee-
tions from trap Hghts in operation at Arlington, Va., and at Knoxville,
Tenn,, and from a wind trap at Arlington.

IHast plants from which Empoasca biturcata has been reaved at
Arlington Experiment Farm are as follows:

Acondte (Aeonitum papelins L.) Ironweed (Vernpnie altissimae Nutt.)

Artichoke, Jerusalem {Holianthus - Lottaee:

bergsus L) prickly (Lactuca serviola 1)

Aster {dAxter =p) wild {Leetuea cunaidensis L)

Boneser (Iupaterinm porfeliatum L.} Aiols:

Cottstoot {(eesitann farfare 1) reppermint { Wentho piperitn L)

Dabllin {Daklia =p.) water mint {Mewlha aquotica L,y

False loosestrife (Steironema cilictum V'ovate {Solagrum taberosune L)

(1.} RBaf.) Ragweed (Awbrosiv artemisiifalia 1..)
Gobtenrod (Nolideyo spb Sage (Sefvie hispenica L.

Horsemints: Sunflower (Ffelianthus s T}
Monarda didym L. sSweeipelato (fpomoece iatas Poir.}
Monarda wmoliis L. Tansy (Taneertwm rilyare L)

Harsenetble (Solenwm corplinense L.y Wortvwoud {Artemisin abyinthinm 1.)

‘This species feeds on mesophyll tissue of leaves and produces
definite spotting, or stippling. on the upper surface (fig. 3) us
described by Smith and Poos {77.3),
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Emproasca p1eUNcTaTa {Oshanind

A fureign species, probably introduced into the United States. was
oviginally described by Oshanin in 1870 (85. p. 212) as Chlorita
bipunetata. from Samarkand, Russin. Haupt (53) described this
species as Empocasce punctum, from Germany, and Ilater Ribaut
{702)y gave to jrmctum the new nnme Aawptl. Paoli {22), placing
Chlorita bipunctata
Qsh. K mpousca prenc-
fum Hpt.,, and £m-
poasca haupti Ribeut
as synonyms ot Kw-
poasva bipwiclata
Osh., redeseribed this
spevies and Hiustrated
the internal male gen-
ttalin.

Thisspecies has been
reported as seenrring
on ¢cotton in Asiatic
Russia, on elm in mid-
dle Europe. and on
hemp in Italy. Tt has
been ulentified  from
material collected in
180 by F. F. Smith
on Kuropean el in
Peunnsylvania, s
more recently haxs heen
reported by G .
Knowlton as bheing
very abundant on Si-
berian ehnr i Utal.
Spechens of Lhis spe-

Meenre do—"Fyideat  stippding prodaesd by e
pousew bifurcate on Nolidago sp, one of 65 pre. .
ferved host PR, vies  liave alse been

: wlentified from Wi-
noti, Outario, where Wil Lo Putman reported it as very injurious
ot Chinese el (s pumilay.

Exrossca nmon Goding

Goding {47) deseribed Kmpousew bivdii in 1800 from numy =peci-
mens taken in Ilinois from leaves of apple. hean, hop. walnut, and
some weeds, nedding i to the lange list of apple pests, from ohservations

if
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repented during two seagons. He described the injury to the apple
Jeaves as “plainly to be seen. the leaves being diseolored wherever
a puncture had been made.”

Owing to confusion in tiie type sories and a superficial resemblance
among several species of this genus, the specimen redeseribed and
ilustrated by DeLong (24, p. 41) as Enipousca birdii proved {(120)
io be identival with the species later described by DeLong and
Caldwell (30) as vergena. and the specinien designated (1:26) lecto-
type of K. bivdii Goding proved (o Le identical with that deseribed
by DeLong {28) as infuxca.  Asa vesuit of this confusion in identity,
host and loeality records appearing previeusly in the literature may
likowise have been confused and ave, therefore. not considered
authentic.

This species has been collected both as nymphs and as adults on
sweetpotato at Arlington, Va. and other places in the vicinity of
Washingten, ). C.. and has been identified from collections taken in
& wind frap st Arlington Experiment Farm and from cotleclions
taken in teap lights in Virginia, Tennessee, andl Wansas, It has also
Deen identified from material collected on alfalfa in Ohio and Indiana,
on bindweed and red clover in Ohio. on hops in Canada, and from
miscellanevus collections from Towa and the State of Washington.
In 1938 Gilbert s reported injury to hops at Fournier. Ontario. by
Empoasca bivdii, stating that the lower leaves of the vines were 50

badly “bopper burnt™ in many cuses that this injury undoubtedly
would have some effect on the crop.

Eapoasca cnirELata Delong and Davidson

Empousent ehelata was deseribed in 1936 (42} from two specimens
collected at Okolona., Miss. from (' retaegus. Tt has been idlentified
from colleetions mende in Florida and from collections taken in trap
Hulits at SArlington. Va.. and Knoxviile, Tenn,, and has also been
vearerd from nymphs collected on shining sumac (Rhus copellina L)
at Hanover, Ivor. and Suttolk, Va.

Earrgasca pELOMGT Poos

Fint posisea de fongi was deseribed 1o 1933 (50) from a lurge series of
adult specimens collected as nymphs near Ovcoguan. Va., from horse-
nettle (Sefannm carolinense LY. Tt was also veared fram nyvmphs
collected on horsenettlo at Arlington, Va., and reaved on potato in

S Reparrted by LA Bert in FILLRR OROEAND Gannkx bvsgeTs.  Canda Dept. Age,
Caneul, Tnsert Post Bov, G225 353, 10s [Irocessed, ] See o 275
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life-history studies in an insectary. Adults were collected on alfalia
at Luray, Va., and in trap lights at Arlington, Va., and Knoxville,
Tenn.

EMroasca miLitara Delong and Davidson

Empoasca dilitare was described in 1985 (37) from New Mexico,
but no host plant was recorded. It has been identified at Arlington,
Va., from a large series of males from nymphs collected in 1937 by
(. W. Barber from papaya (Carica papaya L.) at Redlands, Fla., and
sent to the authors for rearing.

Esmpoasca pistRacta DeLong and Caldwell

Empoasca distracta was described in 1934 (30) from two specimens
collected at Aitica, Ohio. Tt has been reared at Arlington, Va., from
boneset (Eupatorium perfoliatum L.), ironweed (Vernonia altissima
Nutt.), and snowball (Fiburnwm oprdus var. rosewm L.), and was
collected on ironweed at Kingman, Kans., in 1930.

Earoasca pitata DelLong and Caldwell

Empoasea. ditate was described in 1934 (30) from two speciinens
collected at Cedar Swamp, Ohio, It has been reaved at Arlington,
V., from nymphs collected on suntlower and has been identified from

collections taken in trap lights at Arlington; Va., Manhattan, Kans.,
and Knoxville, Tenn.

Exarpoasca ERIGERON Delong

DeLong described Empoasca erigeron in 1931 (24, p. 48) as re-
sembling fabee and undoubtedly mistaken by previous workers for
that species on wild host plants in early spring. It occurs commonly
on Erigeron spp. and similar wild host plants, overwintering in the
egg stage in the old plant stems and, at Arlington, Va., hatching early
in the spring. In northern Virginia it appears to be, next to fabae,
the most abundant species of Empoasca, and it has been recorded from
the following other Staites: Connecticut, the District of Columbia,
Florida, Illineis, Indiana, Lounisiana, Kansas, Maryland, Michigan,
Mississippi, Missouri, New Hampshire, New Jersey, New York, North
Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, ‘Texas, and
Wiseonsin.

Records have been obtained of the occurrence of Empoasca erigeron
on the following plants: Bean, blackberry, chard, chickweed, clover,
corn, dahlia, endive, false nettle (Boekmeria cylindrica (L.) Swartz),
grasses, hollyhock, marigold, narcissus, potato, and sweetpotato.
This species has also been identified in collections from Vineland Sta-
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tion, Ontario, where it was reared by Willlam L. Putman from

Prunella vulgaris, drctium minus, Aster spp., and Solidago spp.
Identifications of Lhis species have been made from adults collected

as nymphs and reared at Arlington, Va., from the following host

plants:

Actinomeriy alternifolia {L.) DC. Fulze loosestrife (Steironema cilistum

Altalfa (Medicago zativa L.} {L.} Rat.)

Articlioke, Jerusalem ¢ Helinnthus Fleabsaue (Erigeron spp.)
tuberosns L) Goldenrod :

Aster {Axfer sp.) white {Solidago dicolor L.)

Beneset: wreath (Solidago caesig L.}
Eupuatorium perfoliatum L. pinebarren {Solidago fistulose Mill)
Bupatorivin sessilifolivm var. vaseyi Ground ivy {(Nepeta hederacea (L)

{Porter} Feru, and Grise Trevisan)

Burdock {dAretinm sp.} Inula {fnula helenium L)

Carrot, wild {Dancus carote L.} Ironweed {Fernonia altisgima Nutt.)

Castor-bean {Ricinus communiz L.} Milfoil (Achillea millefolinm L.}
afnip (Nepeta calaria L.} Perilia (Perille ocymoides L.}

Chrysanthemum {Chrysanthemnum sp.)  Ragweed (Ambrosia artemisiifolia 1.)

Cocklebur {Xanthinm sp.) Ragweed, piunt {Ambrosia trifida 1.}

Coltsfoor (Tusditayo forfare L.} Sage (Swivie hispanics L.)

Coneflower, purpie (Fchinacea pur- Sunfower (Helianthua annuug L.}
puree (L) Moenclh.) Tansy (Terecefum vulgare L)

Duthtin (Deklia sp) Wormwood (Ariemisiv absinlhimm L.}

Dock {Rumex sp.) Zinnia (Zinnia sp.)

This species has also been identified from material taken in trap
lights in Kansas, South Carolina, Tennessee, and Virginia; in wind
traps at Columbas, Ohie, and Arlington, Va.; and from airplane traps
st altitudes up to 6,000 feet in Louisana (46). The injury produced
by this species is the typical stippling {figs. 4 and 5) characteristic
of the species of this genus that appear to feed largely, if not entirely
on the mesophyll tissue.

Earroasca FABAE {Harris)

‘The species Empoasca fabae was originally described by Harris
(3) in 1841 as L'ettigonia fabae, injurious to Windsor bean in Massa-
chusetts. It is commmonly known as the potato leafhopper and is one
of the more important pests of forage-crop legumes and certain
truck crops. It oecurs over a wide area and is often particularly
abundant and injurious in the eastern half of the United States.
1t has been reported from the following States: Alabama, Arizona,
Arkansas. California, Connecticut, Florida, Georgia, Idaho, IHinois,
[ndiana, Lowa, Kansas, Kentucky, Louisinna, Maine, Massachusetts,
Michigan, Minnesota, New Hampshire, New Jersey, New Mexico, New
York, North Cavolina, North Dakota, Ohio, Pennsylvania, South
Carolina, Tennessee, Texas, Virginia, West Virginia, Washington, and
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Wisconsin, and also from collections in trap lights on lighthouses in
Delaware Bay (777} and in an airplane trap in Louisiana at elevations
from 20 feet to 7,000 feet (46). Approximately 20,000 specimens of
fabae have been identified by the writers from eollections in trap lights
operated in Kansas, South Carolina, Tennessee, and Vivginia, and in

Figere -L—"Typical stippling prodneed by Emponsca origeron on Solidegn sp.,
vnge of ils preferes] host plants. The diark area near fhe tip of the leaf was
pradduced by infecetion of mildew.

wind teaps m Ohio and Vieginia. Outside of the United States it
has been reported from Avgentina, Bermuda, Bolivia, Brazil, British
Columbia. Costa Riea, Cuba, Mexico, Nova Scotia, Ontario, and Puerto
Rico and it hasg beeu identified from specimens taken at Philadelphin,
Pa.. from a eargo of bunanas from Guatemala,
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REARED FROM-—Continned,

Reaxns:
garden, various varleties (Pha-
seolua pulgaris L)
lima, several garden varieties
{ Phaseolug Itinatus var. ma-
crocarpus Denth.}
mung  {(Phascolua
Roxb.)
rice {Phescolux calcaraius
Roxb.)
Heer, sugar (Bela vulgaris L)
Birch (fetula sp.}
Blnckberry (Rubus sp.)
Bonarlst bean {Doliches labfab I..)
Boxelder {Acer negundo L)
Broadbenn (¥Viein fuba L.}
Buckthorn, aider (Rhamnnug fran-
gula L.}
Buttertly-pea (Centrozema sp.}
Castor-bean (Ricinws communis L)
Cherry :
flowering oviental {Prunus sp.}
sour {Prunus cerosug L.}
Chestnuat (Castanes denfata
{Marsh.) Borkh,)
Chinese chestnut {Castanca s}
Chinquapin {(Casfanen pimita (L)
Milt.)
Clovers:
alsike (Frifotivm  hybridum
L}
busht {Lexpedeza enncate {Du-
mwont) G. Don)
bush (LZespedeza sp)
ved (Prifofivm pratense L)
strawberry (Trifolivm resupi-
natum )
sweet (Melilotug albe Desr.)
sweeb (Melilotus officinalis (1.}
Lam.}
white (Frifotium repens, 1)
zigzag (Drifolivm medivm 1.3
Cocklebur (Xunthivm sp.)
Cotton {Gossypinm sp.)
Cowpea { Vigna sincnsis (L) Endl}
Cow vetch (Vicig cracee L.}
Cracea {(Pephrosia torvicaria {L.)
Pers.)?

Aurens

REARED FROM—Continued.

Cracen (Pephrosia virginiana {L.}
Pers.}
Crown vetch {Coroniila vurig L.}
Cucumber {Cuoumis salivug L.}
Dahlta {(Daklie sp.)
Dock :
brond teaf {Rumer obiusi-
folins 1.}
mrrow leaf (Rumer crispus
L}
Egupiant (Solanum melongena 1.)
Elm:
Anterican  {(Flmug americana
L.}
dwart (Ulmus punite L.}
False indlgo {dmorpka glabra
Poir.}
Guizotiu abyssinica (1. £.) Cass.
Hackberry {Ccitis occidentaliy L.}
Hemyp (Cannabis sativa 1.}
Hickory (Carya sp.}
Hollyhaovk {Afthaew sp}
Horsenettle (Selanum varolinense
L.}
Todige (Iudigofera sp.)
Tnuli (Fnuie heleninm 1.3
Jupanese puagodi-tree (Sophora ja-
ponica 1.}
Knotweed (Polygonum pensyivani-
erne 1.)
Kudzu {FPueeraria thunbergiana
Benth.)
Laburaunm sp.
Lallemuntia iherica Fisch. and Mey.
Leapedezn (see clover, bush)
Licorice:
Glycyrrkize glabra L.
Glyeprriiza  lepidota  {Nutt.)
Pursh
Locust, back (Robinia prcudo
acacia. 1.}
Lupine ( Lupinus menis Dongl.)
Mullow (Mulra s
Marigeld, African (Togetes erecla
L)
Marshmallow {Althaea officinalis
L)
Maple {Aeer sp}

* Nymphs colleets]l on this host nnd reared only to the second imstar. They were

maturad on Whippoorwill cowpen.
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REARED FROM—Continued,

Mexicar solunum {(Solanum torvwm
Swartz)
Milk vetelr {A#tragalur faleaius
Lame.}
Mk veteh {(Astragalus Qlyeyphylla
E.}
Afimosg sp.
Ouk:
bluckjnck (Quercus maridan-
dice Muench.}
northern red {Quercus magimg
{Marsh.} Ashe}
nost {Quercua steliata Wang.}
serub  (Quercus  ilicifolia
Wang. )
white (Qurercus alba 1.}
willow {Querens pheling L.)
yellow chestnab (Queress sudi-
enbergii Engelm.)
Guobryehis arenaria DC.
Pupnyn (Cerica pupapa 1)
Pennut {Arachis hypogaca L.)
Digweed {(Amaratthus retroflezus
L.}
Plum {Prunwes americana Marsh.)
trpeweod ( Phidolaece sp.)
Potale (Solanum tuberosum L.}
Rattlebox:
Crotalaria incana L.
Crotataria intermedig Kotschy
Crotalarin lancegiafa E. Mey.
Crotalaria yraramorniiz Biker
f.

REARED FROM-—-Coutinued.

Redbud {Cercis cenadensis L.,)
Rhubarh (Rhewm rhaponticttn: L.)
Rose {Rose spp.}
Hoselte {Hibisous sabdariffe 1..)"
Hose-mullow {Hibisena eunnabinus
L.}
Boybenn (Glpcine sofe Sieb, ond
Zuee,}
Strawberry {Frogarie sp.}
Struwflower {Helichrysum. sp.)
Sumng :
shining { Rhns copalling 1)
smooth (hus glabra L.}
staghoru (Rhws tpphine L)
Sunflower {Helivhihus annuug L)
Sweetpotato (Fpomoeq bataleas
Poir.}
Walnut, English {Juglars regia 1.}
Willow {Sealiz sp.)
Wisteria :
Anericun (Wisferia floribunda
f. roxce {Bean) Rehd. and
Wils.}
Chinese {(Wistorin sinensis
{Bimy) Sweet)
Worntwood {Artemisia absinthinm
L.}
Yeltow-wond  (Cladrastizc luitca
(Michx.} K. Koch)
Zinnia {Zinnia sp.)

GCENERAL CONSIBERATION OF THE HOST PLANTS OF EMPOASCA FABAR

From the list of host plants presented here from which £. fabae has
been reared, it seems evident that this species is not eccentric in its
food-plant reactions. The number of distinet species (when botanical
varieties and the more important horicultural varieties are disre-
garded) from which nymphs were collected and reared to adult for
identification is well over 100. The insect is sometimes a pest of
cconontic importance on plants other than fruit, vegetable, and forage-
crop plants. Usually ouly the leaves and stems are attacked, the
Iarger leaf veins nnd the more tender stems and petioles being most
frequently infested, but orange fruits have been reported injured by
adults,

Wl Tlien Mo £33) repprted an oeidentWled spocios of Bampanseda injorious to Hibkscus

sgbdoriffe in the Netherlunds boelies, sttacking vomnr paris of the planls and cansing
tenf-curl.
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Many factors undoubtedly affect the infestation of certnin host
plants such us their seasonal development, characteristics, environ-
ment, frequency of occurvence, and distribution. Although the study
of {he host plants of this lenthopper is not entirvely complete, und the
consideration of some of the problems has had to be regarded as only
u supplementavy investigation, there are certain facts relevant to the
environment of the plants concerned which obviously affect their
status as hosts of this insect. Because of the concentrations of popula-
tions on such favored hosts as alfalfa, bean, cowpen, and potato, the
proximity of certain other hosts to such crops has at times markedly
influenced the extent of jnfestation in the latter. Most of the ravely
infested hosts, however, have not been found immediately adjacent
to such sourees of infestation, but occurred in aveas which were appar-
ently affected only by fluctuations in the general seasonal abundance.
While fluctuation in the number of insects from generation to genera-
tion probubly dovs not greatly affect the relative frequency of infesta-
tion in the more favored and commonly oceurring host plants of thig
ingeet. it doubtlesy has the effect of limiting muny of the less fuvored
or rarely occurring ones in seagons when these ingeets ave loss sbundant
than usnal,

EFFECT OF SEASONAL DBEVELOPMENT. CONDITION, AXD CHARACTERISTICS OF
TIHE PLANT ON INFESTATION BY EMPOASCA FABAL

Some plants, such as onk and hickory, are apparently of most
siguificance as fivst-generation hosts, whereas others, such as aitalfa,
are suitable for attack ahmost continuously throughout the season.
Tender shoots of oak and hickery, as well u1s those of the usually less
abundant boxelder and black locust, are suitable host plants of this
species throughout the summer, but in the Atlantic Coastal Plain at
feast it appears that onk snd hickory are of special significance in that
they are the principal hosts by which this insect migrates northward
at the beginning of each senson (96). Fmpoasea fabae has not heen
found breeding on mature leaves and stems of oak and hickory, but a
Jarge brood of adults of this species matnres on these hosts abont June
15 at Aclington, Va., just prior to the time the leaves of these trees
become full-grown. These plants are therefore important as hosts
for feeding and building up the populations of this insect during its
northward migration each spring amld previous to its appearance in
destruetive numbers on commereial erops. These hosts, as well as
other tree and shrub hosts, aee also hnportant in producing a constant
supply of adwdts of &, fubge for the reinfestation of such crops as
alfnlfa, bean, and potato which are mature or ready for harvesting at
rlous infervals during the growing season each year,
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It 1s also obvious that the development and condition of plants
at the time of egg laying and subsequent nwymphal feeding may in-
fluence the frequency and intensity of infestation on them. It is
equally true that the inherent characteristics of these plants may
affect their susceptibility to hjury by the insects. This has been
shown in studies with vavious seleetions of alfalfa which exhibited
different degrees of resistance to injury. That the condition as
well as the development of plants affects the rate of oviposition
and nymphal developnient on them is shown by records on oviposition
amt nymphal development on peannt plants in different stages of
developruent (tables 2 and 3}, The data presented in table 2 show
it LEG-percent increase in the number of eggs deposited in the younger
plants, wlthough the older plants werve comparable in size and ap-
peared to be in a succulent condition and, therefore, apparently
suitable for oviposition. Tn table 3 it is indicated that approximately
15 percent less nymphs developed to adults on old plants, which
were apparently comparable except for age. than on the younger
plants. This is of much practieal impertance in the peanut-growing
area of sontheastern Virginia, where in normal seasons no insecti-
vides for the control of this insect need be applied after about
August 18 unless abnormal weather conditions make the peanut
vines more succulent than usual. The abundance and continuity
of favored host-plant species are Important factors in determining
the intensity and relative frequency of their infestation, although
favorable weather conditions are at least equally important for the
building up of heavy populations of this insect.

TARLE L—0riposition tests with Emponsce fubne' on peanuls.  Artington, Va.,
138
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TARLE B-——Nymphal development of Hmpousea fabuae on peannt plants of different
ages.  Arlington, Va.. 1938
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During 1929 and 1930 (4) o nomber of furage-crap and other
plants were msed in comparative tests to ascertain which plnts
Febue chose Tor oviposition, and also the relative number of nymphs
developing to the adult stage on these plants, In studying  the
physical characteristios of certain preferred host plants as correlated

Fuwirug 6. Baponaeca frhios onlargmel B odGaneters, with Russinn rod clover (1),
ol Fennessee red elover 07 1o show conguerative pubesesnee with telition
I g <ize of the gdult leaflopper.

witho oviposition. nvinphal development, aml injury caused by this
speeies, the amonnt of injury present on several of these host plangs
seemed to be vorrelated insome way with the amount and type of

the pubescence borne by these plants, T general. the rough-hairy
pubescent varietive. within o spredes, usually were much less injured
by this Jeathopper than the nonpubesvcent or appressed-pubescent
. l
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varieties (fig. 6). More nymphs of fabae hatched from certain hosts
than from others, regardless of whether such hosts were very hairy or
only slightly pubescent. The number of nymphs of fabae that de.
veloped to adults on the different species and varteties of plants tested
was not inversely proportional to the amount and type of pubescence
on these host plants.
It seems probable, ) T
therefore, that factors
other than the ampunt
and type of pubescence
are at least in part
responsible for the re-
gistance to the injury
by fabae observed in
some of the strongly
pubescent varicties,
According to the re-
sults of the tests in
1929 and 1930 on
choice of plants for
oviposition (99) it ap-
peared that febae pre-
ferred wpotato and
theretore was one of
the few insects bear-
ing the correct com-
mon name. Since that
time, however, broad-
bean (Vieia faba L.)
has been found to be
much preferred to po-
tato by fabas, both for
oviposition and for
nymphal development

frigure  T—Injury fo broadbenn by FEmpoasce
(fig. 7). During the firbiie ; infested plant at left.

period September 1938

to January 1941, inclusive, fubae developed through 26 generations
on broadbesn, whereas only 20 gencrations of a similar strain devel-
oped on potato. Adults developing on broadbean appeaved to be
larger and more vigorous than those developing on potato.

DISEASELIKE INJURIES CAUSED BY EMPOASCA FABAE

The injury caused by Empoasca fabue is usually characteristic for
each species of plant injured (figs. 8, 9, 10, 11) and often results in
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the partial, sometimes in the total, destruction of the plant. That
the amount of injury which fabae causes to its host plants is directly
proportional to the number of insects present on these plants was
shown (98) with hairy Peruvian alfalfa and with Kansas common
alfalfa in 1931 (fig. 12): - That the diseaselike injury ‘produced on
alfulfa by febae is not systemic was shown by a test illustrated in
figure 13. Adults of the potato leathopper confined to one half uf
an alfalfa plant cansed no injurious effects npon the remainder of
the plant. The early stages of the injury to an individual leaf are
illustrated in figure 14,
This injury usually
begins with discolora-
tion along the midrib
of the leaftet, As the
injury progresses the
distal end of the leaflet
is the first to die.

From a study of the
feeding habits of Em-
poasca fabee (113) it
was shown that this
insect feeds on the
phloem tissue or xylem
vessels, which results
in a more serious in-
jury to the host plant
than that caused by
other species that feed
only on the mesophyll
tissne. This species’
s therefore the most
injurious domestic emponscan species as well as the most generally
known beecause it has been proved to be responsible for certain strik-
ing types of diseaselike injury, resulting from physiological disturb-
ance, on many plants of economic importance. '

In addition te the more destructive type of injury eaused by this
method of feeding, the wide range of host plants of Empoasce fabae
and the additional number of generations (94) which it develops
each season are extremely significant in explaining its extreme abun-
dance and therefore jts importance in comparison with its close
congeneric relatives,

On alfalfa the diseaselike injury caused by Empoasce fabae has
been commonly known as “yellows,” “yellow-top,” or “leathopper

Frouke 8—Injury to cowpen by Empeases fobae;
infested lenf at left.
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yellowing.” Tt is preferable to refer to this us potato-leathopper-
m_]un’ (100), since the term “yellows” or ~yellow-top” usually cae-
ries the inference that a virus or bacterial disense is involved, and
beenuse various shades of pink, red. and purple, as well as yellow,
are usually present.  On potatoes the injury is known as hopper-
burn, leafroll, or tipburn. Oun peanut it has produced a comdition
sometimes called pouts, which is known to be more commonly eatsed
by thrips {(97). The commmon s\':nptoms of the diseaselike injury to
peanuts (7} caused by fabae are a burning of the tips and the mar grins
of the leaves and a yellowing and dwarfing of the foliage.

Brorre O—Injury to egeplant by Hspoasca fabue? infested plant at right

This species has been reported as causing serious damage to dablias

{73. 120}, resuiting in tip burning of leaves and dwarfing of growth,
and ws cansing w condition similar to potato hopperburn on holl\ hock,
marigold (711) .‘md zinhia. It has also been reported from Bermuda
by Waterston (7.24) as causing hopperburn on watermelon snd as
doing (mm(lvmblo damage to foliage on gladioli early in the season
{.f,.’}) From California. Lewis (77) reported Fmpoasca fabae as
causing a fruit-spotting injury to navel and Valencia oranges, which
Rusxo {2607) compared with a serious disense of the orange l\no“n in
Sicily as fetola, and stated that it was probably due Lo some species
of Empoasca there, Severe burning of tips of Wisteriu flovibunda f.
rosea { Bean) Rehd. and Wils. by fubee was observed in 1039 at Arling-
ton. Va., and symptoms of tip-kitling and leaf-wilting were wcmded
i 1940 (122 trom field (111~l‘1\.:t10n~, on young '-;t‘t‘(n!n“": of Rosa
mudtiflore at Arlington Experiment Faro.
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Inoatest eonducted during 1853 1o tntitney o the disenselike in
jury eaused by this beathopper was developed in Talinn ved elover,
Omchuly 28 seserely injueed plant iz 193 was protected from the
msevt wmd o Ovetober 18 after 30 had vecavered it normal growih
P 160, 30 was reinfesied. O November 2 0 wis agtin ~everels
Nyured gie 179,

PEOASSAMISSTO Ok LW E st Asb s BY MO AR 4 B AT

Fron time o Ginne K s poese s ol s been ~tspected of transmi
tee various plant diseases, but ot of the experimental evidenee

Wiarse 188 bafury doo ypevant by Puepoasca Bt 2 infosied plant ot rish,

lut~ Prooved negative, A Im-ili\'u evidence, Muncie 109 reported,
Frenn esperiments in Mickigo, that fooculation test~ showed that yel-
I dwart disease of potatoes was eansed by o viens transmritied by
et of tiber arafie vnd by the pedato leathopper (£ fobacy and
the potato apbid (Vo casiplup <olanifoli5y . the former feing the
Better eavrmr, bt Bhiek™s experiment= £ 763 to trusmnit the viens of
Hais edisease with fafen wave peentive evideoee, Fajardo 1571 re-

pocted timt teials wath redes in the tranemis<ion of nnsaie diseie of

the b cmve veeative re-nlis, Brterley €29, W experiments in the
traresputs~tong of po-abe of dabiio~ Fonmd that it was ot transnited
by rdon e son ¢ 00 Atated dis all availabhle evidenee indiested
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ithat the pathological symptoms eansed by fubae on forage legumes
were not due to the transmission of a virug by this insect. Tate (715),
from transmission tests with fabee. coneluded hat this species was not
cupable of transmitting the virus of ouion yellow dwarf.

Esmroasca Fasanis Delong

In 1930, Smith and DBarker (£77), fram obeervations on the “vel-
lows™ disease of benns and related plants in Haiti, found this very

fevere bean adisease to be eaused by the feeding of a small green Jeaf-

Frivee L -lujury w Japanese pagoda-tree (Sophore Japonieol by Faipouded
fabire : injnred twiz at lefr.

hopper of 1he genus Ewpoased and stated ~TE appenred likely that a
yellow cendition of adjacent peanuts infested with the same Jeaf
hoppers was velated to the bean velfows" Thix lafhopper. deseribed
by Delong .22 as Bwpoaser falalis. was reporfed as “extremely
abundant upon beans amd sweetpotataes and the wost important
species of economie leat hopper in Haiti upon truck crope”™  This
spevies has been identitied from specimens collected by T, M. Wadley
in 1936 on bean in Mayaguez, P. R Tt was vecorded by Walcott
{7207 in the Niat of inseets of Pueeto Rica az acanrving a0 an Ses-
bania yrandidore, beet, enrrot, cowpea, malejillo, melon, morning-
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wlory. potate, tubacee, and tomiate. Ta the report of the Paerto Rieo
Expoeriment Station for 1939 {5) AL frbulis was recorded as injuring

the Teaves of smallsecded varietios of Tima beans, while thaee of largo-

P me 120 Bl of fufestation by Fagmuses Tabie on vezeinively propagaind
phicd= of Ladey Peeavion siadfn o0y il Kahisos cotien atnita 8y in
VRN s Uninfiesdeni o A0 30 adudts o ooo st adnbes s ol 160 aeinlis s o0 nneageld plang,
seviaral infe-tatbon, Pl plants weve transOeveed Yeom el enses 1o Whineh
Howerird« for photowraphing aminst @ backeeansl valed danes LMoot sgmires,
Al Poos el JJefogson

seeded varienies were infested bt non injured. Tt was alsa reporied
that the yellowing sad mottling of the Jeaves appesred o e ensed
by the Teeding of this feafhopper aad not by o viros,



http:nn.Ll-.Tl

HOST PLANTS OF THE GENTS EMPOASCA 33
Eatroasca FiLaMeNTA Delong

DeLong (24, p. 43) described Empoasca filamenie from specimens
collected in Ovegon und Washington. It was later designated by
Delong as a high-attitude species, occurring abundantly on crops
growing at 006 to
G000 feet elevation,
but seeming to be
searce at altitudes of
less than 1.000 feet,
1t has also been iden-
tified by the authors
in collections from
Canada and from the
following Western
States: Arizona. Cali-
fornia. Colorado,
Idaho, Montana, Ne-
vadn, New Mexieso,
Oregon, [tah, Wash-
ington. and Wyoming.
It has been reported
as abundant on po-
tato, bean. and sugar
beet especially, and as
oceurring also on al-
falle, artichoke, car-
rot, cucumber, ege-
plant, herbs, parsnip
{Japanese). squash,
sweetpotato, and to-
mato. It has also been
wdenttfied from speci-
mens collected by I8,
Hambleton in Brazil
on hean foliage, cotton
planis, Leguminosae,
srasses and  weeds,
and “sweetpotato or
=oyhean.”

FPiavee 13~—Diseasolile injury $6 alfalii by Fwm-
noased fubue nor systemic. Cages over shools ol
Zawumeyver and the same plant: A, Tofested; B, wninfested,

Kenrns (£33 reported

negative results in attempts to transmit bean mosaie with flumenta,

as Jdid wlse Dyvkstea and vwhitaker (J7) in attempts to transmit vari-

ons potiafo vicuses,
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Thix species was rearad on potate and alfalfa at Adington, V.,
From naterial iimported Trong Californin and studied o comparison
of Teedine habits on alfadfa and cowpea. It belongs to the group of
whivh each species produces a0 detinite =potting or stippling on the
upper strface flies 1S5, charetsrisie ol ihe sprecies whivhy feed on
mesp iy Ossae,

Fateosso s gossy il Delong

Freponsea gosypid wis deseribed in 1932 0220 from specinet s
colleeted fram votton at Hinehe, Hadtio It has been identified by
the authors fromy specimens collected by B WL Hambleton i 10%4

Fretae BE O Leavis ol adfalfa =lowing o VEosarety stomes of ajary by 2o s
farderie vonupieedl with o8 noemal leaf

L eotton plants me Vieosa, Minas-Geraes, Brazil: al=o from a single
specinten colleeted By RoHD Beamer in 131 at Mobile Bay., Ala,
Osbarn oy reported  gasaypd? as ocvurring on catton in Puerto
Rico.  Ilamblewn wad Sauer 50} peported 0 as a0 pest of minoe
importanee vy votton in northea~tern and =outhern Beazil,

Fatroasc s waness o Walslo

Fon povsed maligne was originally deseribed by Walzh in 1~G2

420 as Ol lveano v meddiier 0 connection with g discussion of
e blight of apple wnd pear and it probable causes. This species
= an apple leafhiopper for which the common name green apple
leafhiopper was praposed by Delong (), Tt overwinters jn the
e stace in the apple ewies amd hatehes in the spring. Tt has been
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reported as abundant and destructive on cultivated and wild Cra-
faegus and as oceurring on pear, prune, and plum in various locali-
bies. It has been identified in collections from Arkansas, California,
Colorado, Idaho, Illinois, Iowa, Maryland, New Hampshire, New
York, Ohio, Oregon, Penunsylvania, South Dakota, Utah, Virginia,
and Wisconsin and has been reported in conspicuous numbers on
apple trees in inadequately sprayed orchards in Canada.
This species hus been
collected in the trap
lights at Arlington, Vu.,
and has been reared from
nymphs collected on ap-
ple. It has alse been
idenfified in collections
from trap lights at
Knoxville. Tenn. It was
reported by ¥, I, Smith
(112} to be breeding in
large numbers on ram-
bler rose at West (irove,
Pa, and adults were
reared by him in small
numbers on butterfly
rose.  From studies made
of comparative feeding
habits it was found {113)
that mefigna feeds pri-
marily on mesophyll tis-
sue and causes a very
finely peppered stip- . T
pling on the leaves, Ob- F!(.}l.'iil-i 13 —llian red clover plant severely
injured 1y Empogsce fabuee; photographed

servations g over )
> s made Tuly 26, 1033,

several yvears on hateh-
ing of maligna on apple established May 1 as the earliest hatch-
ing date at Avlington, Va.. only one generstion a year being noted.

EMPoAsSCA oBTUSA Walsh

‘The spectes described as Kmpoasca obiusa by Walsh in 1862 (123),
in comection with fire Llight investigations, is u relatively large,
broudheaded species that is apparently very common on willow and
poplar. It has becen recorded also from alfalfa, apple, bireh (Betula

BOHess, W. A FRUIT INSECTS OF THE SREAS0ON 1038 |X ONTARIO. Oanads Dept. Agr., Canad.
Tnseer Post Rev, 17244020 1839, {Drocessed.]  Sce po 46.
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Lufor Michingd, vattonwaoesds gisees, <hoeepc el (W wlwia anansti-
tedie L amd Virginin ereeper:s anmd reported from Quebee and
rom the Tollow iy Sees: Mabama, Colifornia. Colorada, Cone-
pectient, Distrier of Colimbias THinoi~, Towa, Kansa- Maine, Now
thanpslire. News Jdersey. New York, Obide. Pennsylvania, South
Carchng, Tenoe-—ce, Viecinun ad Wiscan-in, Tl spevies s
beein bdestivd frone materind Giken oo teap Heles ar Avelowton, Va,
at Munhattan il Hayve Koans. and e Koesville, Tenn. and feom
witd traps at Arlincton, Voo and Columbu-, Ohio.

Sapn uding pvel closor pling o= <o B Heare 130 Poliy reesnerel
prhiotoctaplsd e tedney 14, RS

Euroase oy raev ae O

Frovjorerset gt it doserilind e B3T3y Crom spechinens col-

Teteed on e ppese Lo Mavaguea, P R sad reported 1a be
a~=onriniesl wirhe the "il!ilu‘h‘\'-iup thevaee™ ol pripaLYaL I caoe l‘.\]h‘l‘i--
et~ a Srae the Paveto Theo Aoviealiurad Fxperiment Station e
e piroditeed -~ of papaya plane and later ~yvmptonis re-

-eanbiine those of boancliy top developed,

Fairoce s eyt by Debong

lh-i,is[w_': tlp-.:‘j'illmi f‘,‘;;;[;ur!w.f }u,..rhr[;,r ii] Heed g_’:‘ 7 LRS! i'!-”n! ..I"-'»i
miens collectsd e Maine, Pennsylvanias and Tennes-ce. bt ao s
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vlard was nentioened, b TS 0 was resved Trome nvonplies eallicnnd
by AL VL Nathvuny ou Do de deaideo s Mae=le ae Cohimbies, Olin,
Varter b was rveordod by Kpow oo voes Drom Ut mad by Davulwon
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chusetts, New Hampshire, Pennsylvania, Tennessee, and West Vip-
ginia. This species has been reared at Arlington Experiment Farm
from nymphs collected on black locust (Robinia pserdoacacia L) in
Pennsylvania and Virginin, and reported as reared from R, pseudoq-
cacia by William L. Putinan at Vinelund Station, Ontario.

Eatpoasca pLEBEIA Delone and Davidson
=]

DeLong and Davidson (31) recorded Empoasca plebeia in the ovig-
mal description, in 1935, from Arizona, Florida, and Haiti, but no
host plant was mentioned.

In 1937 it was veaved and

identified at Arlington, Va.,

from nymphs collected on

papaya (Carica papaye L.)

and on ('esérum sp. in Flor-

idn by G. W, Barber,
Exroasca mantata Gillette

Empoasee radicta  was

originally described in 1898

(49) from specimens col-

lected in Colorado. It was

later vecorded from the Iis-

triet of Columbia, Mary-

land, Missouri, Tennessee,

and ‘Texas, colleeted from

grrasses and herbaceous veg-

etation, with no definite

records of host plants until

; ' recently. when this species

FIGURe .]R.—S{ipp_hng pf'mluvvd on fllf:lI.f:I was reared, in 1939, at Ar-

teallet by Fapodsca filements during 24 . -

Tours of foeding. lington, V., from nymphs

collected on int {Mentha

erispa 1.). horsemints (Wonarda didymea L, A . mollis L., and 3.

punctate L.}, sage (Selvie officinalis 1), and valevian (1 aleriana

officinelis 1.}, In 1ML two specimens of radiute were tuken in the
teap Light= at Arvlington Experiment Farm. Va.

Earoasca recurvata DeLong

The original description of Kmpoasce recurvate in 1931 (24, p. 38)
recorGad two male speciinens collected at Clavksville, Tenn., but
1o host plant was mentioned.  This species has been identified from
collections made in Califernia, Florida. Iflinois, Kansus, Kentucky,
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Minnesota, Missouri, New York, North Caroling, Ohio, Pennsylvunta,
South Carolina, Virginia, and Washington, D. C. Tt has been col-
Jected on alfalfa, beun, chickweed, cotton, dock, nettle, skunk cabbage,
sweetclover, and wild cherry. and was found at Arlington, Va,,
during wawim periods in winter and early spring, feading on tender
shoots of wild honeysuckle {Zonicera japonice Thunb.) which was
puartly covered by dried leaves. It has been found abundant late
in the autumn in Virginia on chrysanthemum, on which it was caus-
ing a mottling of the
feaves, It has  also
been collecied in the
trap lights and in «
wind trap at Arling-
ton, Vo, and inoa teap
light at Knoxville.
Tenn, Tt has heen
reared Trom the fol-
lowing hosts: Ameri-
can spikenard (cLradia
recemose. 1.), Aster
spr.. belladonna
i-ltropa belladonna
). bindweed ('on-
volvulus sepinm 1.,
eastorbean  (Ricinus
vomimunis Y. cow-
pens dahlia, hewp
{Cunnabic setive 1.},
Indian hemyp (o poey-
nim cunnabinum 1.y,
mint (Heatha erispa
1.3, Peritla oeypmaides
L. potato, sape {Nel-
e Rhispanicae 1.,
siitash  (Cwewrbite maeima Duchesne), strawflower (Helickrysum
spa ) sunflower (Hefianthies amrnus L) sweetpotato, and wintergreen
(Gawltheria procambens 12,

i was also veared on brondbean (Viene fube L) fron eggs from
n female adult collected on alfalfa near Fredericksburg, Va., Mayv 6,
IH0, in an attempt to record the earliest seasonal occurrence of
Empoasea febae.  Fhe injury caused by this speeies {o the midrib of
a cowpea leaf when confined to this host plant is illustrated in figure
19.  The injury caused when confined o potato {fig. 20) wonld appenr
to justify forther study. This species. like E. fabae, apparently
feeds on the phloemn of its host plants.

Fraves -—=lpjury caused by Mwpodsee recureatn
to the mideih ol a civpes lea! when confined to
s host plant.
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Enmroasca saLicis Wheeler

The species Empoasea salicis, whith was described in 1937 (126),
has been reared from nymphs collected on willow at Arlington, Va.,
and has been taken in frap lights both at Arlington, Va, and
Knoxville, Tenn,

Estroasca saTivag Poos

Pous (95) described Empoasca sativae in 1933 from specimens
collected in large numbers on alfalfa in Kansas and Louisiana. It
has since been identified
from collections on alfalfa
in North Carolina, Ohio,
and Virginia; from sweep-
ing in an apple orchard and
from collections on grape
at  Artington, Vu.; from
- Melilotus indice (1.) All
at Baton Rouge, La.; on
banana debris at Philadel-
phia, Pa., originally from
Hondnras; from {'entro-
sema sp. and indigo (fadi-
gofera sp.) in Puerto Rico;
from cotton plants in Bra-
zil; and from miscellaneous
collections {no host plants
recorded) from Arizona,
Californin, and Texas.
This species has alse been
ek 20—1pjury 1o potato lealet by Eme- taken in trap lights at Ax-
poases recurrate oo eage. lington, Va., and at Knox-
vitle, Tenn., and wag tenta-
tively identified by P. W, Oman as £ poasca n. sp. near abrupta from
specimens taken in an airplane trap at elevations of 500 and 1,000
feet at Tallulah, La. (46). Adults of sativae have been reared and
identified at Arlington, Va., from nymphs collected on alfalfa by
Norman Allen at Baton Rounge, La.

Eatroasca saaracouLa ( Fallén)

The species originally deseribed from Sweden by Fallén in 1806
{42} as Cieadn smavagdule was ater described as Empoasea smaray-
e (Fallén) by Gillette (45). This is & species of wide distribution
throughout Europe as well as in Canada and throughout the United
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States, where it has been recorded from QCalitornin, Colorado, Con-
necticut, Maine, Michigan, Missouri, New Hampshire, New York,
Oregon, Peungylvanin, Tennessee, Virginia, and Wisconsin, It is
common on willow and oceurs nlso on alder, birch, Crataegus rimedaris
Nutt., linden, poplar, and sallow. Tt has been faken at Arlington
Experiment Farm, Va., both on willow and in the trap hights, and
has been identified in a collection from trap lights at Xnoxville, Tenn.
This species has recently been identified in a collection received from
William L. Putman, who reported finding it, both as nymphs and
as adults, on an unidentified willow species grown as an ornamental
at Vineland Station, Ontario,

Exmpaasca sorana DeLong

Impocsen solena was deseribed in 1931 {24, p 50) from two male
adults collected on potato in Louisiana. I breeds abundantly on
potato and pigweed {dmaranthus retrofieaus L.} at Arlington, Va.,
and has also been reared from nymphs collected on the following
hosts : Aster sp., black nightshade (Solanum nigrum L.}, Cestrum sp.,
chayote {Sechivm edule (Jacg.) Swartz), Mexican tea {Chenopodium
ambrosioides L.}, papuya (Carica papaya L.}, pokeweed (Phytolncea
sp.), amd sweetpotato, It was reported as sbundant on cotton in
Louisiana in 1937, It has been identified from collections taken from
alfalfa, castor-bean, chickweed, dahlia, lemon trees, nightshade leaves,
sugnr beet, willow, and weeds. This species was also identified from
specimens taken in 1936 at Philadelphia, Pa., in a cargo of bananas
otiginally from Guatemals. Tt was also taken in an airplane trap,
at elevations of 200 to 1,000 feet, in Louisiana, and from trap lights
in Kansas, Tennessee, and Virginia. Other records on the distribu-
tion of this species include Arizona, California, Florida, Georgiy,
Kentucky, Tllinois, Missouri, South Carolina, Texas, and also the
Bahamas, Honduras, Mexico, Panama, and Sunto Domingo. Tt was
reported in Hawaii (21} ns causing considerable injury (“leathopper
burn™} to potato, watermelon, and ecastor-bean and “stippling of
chlovrotic spots” on slmaeranthus. New host records recently reported
(71} for Hawaii included solana in abundance on lettuce and on pea-
nuts; and also a3 most abundant and causing “hopperburn® on beans
in hot, dry sections such as Lualualei.

Some evidence of feeding injnry to potato by this species (fig. 21}
in confinement was observed at Arlington Experiment Farm. Fur-
ther studies of the feeding habits of this species seem justified gince
it has appeared te be more abundant than febee on potato in early
May in the vicinity of Charleston, 8. €. This species, as well as
fabae and recurvaia. apparently is a phicem feeder,
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In transmission experiments conducted in Hawail (760), solena col-
lected on papaya guve negative vesults us a possible vector of a virus
disease of paprya.

FHURE 21 Tnjury eawsed by Fiepocser sl to potato whon confined tnoa cnge
Extpoasca TRIFascIATS Gilletle

Empousea Frifusciata i= 1 common species on cotionwood (Populus
dettoides Marsh) and Lombardy poplav (Popudus nigre italice
Maench.), Tt was deseribed in 1898 (f7) from specimens from Kan-
sag. Lhinot=. and Towa. It has been recorded alsa from Arizona,
Colormdo, Conneetiom, Massachugetiz, Miz=ouri, New Joersev, New
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York, Ohio, Pennsylvania, and Tennessee and has been identified from
a collection taken in the trap light at Arlington, Va.

Empoasca VERGENA Delong and Caldwell

DeLong and Caldwell {30) described Empoasca vergena in 1934
from specimens collected in Ohio and Illinois. It has been rearved
on stinging nettle (Urtica gracilis Ait) in life-history studies at
Arlington, Va., and has been identified from collections taken in
trap lights operated in Kansas, Tennessee, and Virginia, and from a
ntiscellaneous collection taken in Pennsylvania.

Emroasca spp.

Since males are necessary for most specific identifications in the
genus Empoascq, the plants from which only indeterminate females
were reared from the nymphs collected on them are not listed under
any definite species, but are considered, for the time being, as host
plants of Empoasce spp. They were Parietaria officinalis L. and
Salvie austriaea Jacq. Host plants from which nymphs were col-
lected, but not successfully reared to adult, are rose geranimm {Pelar-
gonium.  graveolens (Thunb.) L'Her.) and crapemyrtle (Lager-
stroemia indiea 1), '

SUMMARY

Many species of Empoasca cannot be definitely differentiated by
external morphological characters but must be identified by structures
within the abdomen of the mule, particularly the genital chamber.
Correct identity of these species, based on a special technique, is essen-
tial in ascertaining their econmnic status and capacity for causing
injury to their host plants.  The study of the relative seasonal abund-
ance, hest plants, biology, and feeding habits of the species investi-
gated at the Arlington Experiment Farm, Arlingion, Va.. included
the specific identification of more than 30,000 male specimens of
Fin poasea.

Records of occurrence and host plants of 13 foreign species are com-
piled from the literature because of their reported econemic impor-
tance. Thirty-one domestic species of which at least 15 have injured
plants enough to be considered economically important are similarly
treated,  Uwenty-three of these species were veared af the Arlington
Experiment Farm.  The number of different host plants from which
these species were rearved ranged from 1. for the less abundant em-
poasean species. to 108 host plants for febae, the potato leafhopper.
Thirty-nine species of hosgt plants had more than 1 species of £m-
poasca veared from each of them.  Potato and sweetpotato each had
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the maximum of 7 species rearedt {rom them. The wide variety and
commrltn ely irge number of host plants from which muny of the
species of Fmpoasca bave been reared re-emphasize the economic im-
portance, both actual and potential, of imembers of this genus.

The most important domestic species of Fmpouser 18 undoubtedly
fabae. which is one of the very injurious pests of forage-crop legumes
and certain fruck crops. Tt occurs over a wide area and iz often
particularly abundaut in the castern half of the United States. It i
apparently the most injurious domestic species of Empoasea beenuse
of the large variety of host plants on which it feeds. because of its
ability to build up its populations rapidly under favorable cenditions
through a number of generations. and because of its peculiar habit
of tll\Iﬂ“‘ its food from the phloem and xylen: rather than the mese-
phylt of the hest plant, At least two domestic species { recurvalt
and xeluna) have shown evidence of having feeding habits similar fo
those of fubue,  The disenselike injury caused by febae is usuallyv char-
acteristic for each species of plant injured and 12, accordingly. known
by various names. L. febae hus been suspected from time to time of
transmitting various plant diseases. but mwost of the experimental
evidenee has been in the negative.
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