|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




"m |0 b2 iz
—— ] s Mi3.2

=ik
”m T
T L
HL23 lis e

MICROCOPY RESOLUTION TEST CHART
HATIONAL BUREAU OF STANDAROS-1963-A

o 5
=72
“m T 2

= L
[IL25 iz jiie

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A



http:111111.25
http:111111.25

DEPOSITORY

gagks
September 1913

B Wﬂslll\lcmm I

‘The Beet Leafhopper and Its Control on
Beets Grown for Seed in Arizona
and New Mexi_co'

Ty Vax B, Rouxey

-
clgsiwtunt eitomotagist, Division of Track Crop and Garden Tnsect Invesligations,
Rurcaw of Enfomology and Plant Quarantine® lgricalturdl Researeh Admin-
istruation

CONTENTS

" Yage
Lstrachaetlon . [ Experittents on insechichial eontrol of tw heet
Sauree anid me of the fall ]nl’ulmtum . teafhopprer ...
InArizona, .. IO eve upmun. of o '-uimbh' insecticide and
In New AMexico - sptny orpuipiment . .. .
Nubies of heet leafhogpers roqulr\ o for H\jlll ¥ Experinental mothatls . .
to seed bess | Field L.\ih.ﬂl:llclllb, 1035 Lo 1841, uqus:\L .
Ty of iInjury Cultueal control . . . .-
Stmmary., . . . e emema
Literatisre eed o . o oov e o eeeaiians

(= R-T I - R [N F-

INTRODUCTION

The commereial production of sugar-beet seed on a large seale is a
relatively new agrienltural industry in the western part of the United
sr Stutes. Comniercial plantings for beet-seed production by the method
= of overwintering the p].mtw in the field were first made in Mesilla
o3 Valley, N, Mex,, Auri ing the fall of 1927, as reported by Overpeck et al.
ZH(S) 2 and sinee that time the induste ¥ Tas e\pdudul to various other
u:, agricultural distriets,
“A limitation of major importanee fo the production of sugar-beet
%\ ced in some distriets 1s damage from curly top. a vivos disense teans-
eemitted by the beet leathopper (L wtettic tenellux (Bak)). The intens-
e3ity of infestation by the leafhopper and severity of curly top damage
cavary from yvear to year, frequently resulting in a sharp reduction
ddin the vield of seed. The variety of beet. its resistance to cutky top
& “disense. the density of plant stand, and the rate of growth in the fall
“Fare factors which influence the activities of the ](."lfht)[]])(?l in the beet
vfields and the subsequent prevalence and severity of the curly top
"glisense which it transmits,

unbmirted for pabtiention PMecemler 2n, 143,
2Phe antor expresses Bis o preciation 1o Wo O, Cook and &AL Hills, of the Burean
'!-".nmmol(s-\ aml Mant Gaaranrin md o Enlunks Carsner, of ihe inecan of 1"laot Ta-
. and LA 'ru‘ullul I O eeting, for their helpful sugsestions dluring the
x of the work; to 0, A, Hills, Gearge T, York, and Myles Fo Bowen for asgistince
ning sume of the (I:t!d and to the heer-seed commictee, maprers, and field siaper-
visors of the Western dSeed Prodoction Corhoration for their helpful covperstion in
conpectiag with the experiments.
A Halbie numbers o pmirent beses fofer i Litersiure Cted, . 240
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By 1935 the indications were that in order to continue the profitubie
production of beet seed on a commercial basis year after year a control
of the beet leafhopper would be necessary in some of the main seed-
producing districts. Preliminary experiments conducted during Au-
gust, Septemnber, and October of that year served ns a basis for the
application of control measures against the beet leathopper on large
acreages of beets in Avizona, New Mexico, and Texas duving November
and December 1935, ‘This bulletin reports the results of experiments
conducted during the period 1935 to 1941 which were desigue('l to deter-
mine the effectiveness of a pyrethrom-in-oil spray and of cultural
measures for the control of the beet leathopper on beets grown for
seedd in the Satt River Vatley of Avizonn and i the Mesilla Valley of
New Mexico.

Bince the existence and survival of the sngar-beet industry in the
United States is dependent at present on the production of sugar-beet
seed in_this country, it necessarily follows that the insects and inseet-
borne diseases that affect the sugar-beet zeed crop must be considered
as aflecting attaiminent of crop production goals.

SOURCE AND TIME OF THE FALL INFESTATIONS

Tlie more important arens in which the sced is now produced include
the Salt River Vallev in Arizona, the Mesilla Valley in New Mexico,
valleys near Memet and Perris in sonlhern California. Shasta Valley
in northern California, Virgin Valley in southern Utah, several moun-
trin valleys in novth-central Utah, an avea near Klamath Falls and
the Rogue River and Willamette Valleys in Ovegon, and the Puget
Sound area in Washington. Inmost of these nreas beeb seed is planted
from August to late in September, and {he unthinned plants are over-
wintered in the field. Under these conditions they boit during the
following spring and develop a crop of seed that is ready to be har-
vested by July. This method of seed production is loeally known as
the “annual method” Lo distinguish it from the older and more la-
berions method involving transplanted stecklings,

The beet seed growing districts in southern Arizona and southern
New Mexico are surrounded by semidesert breeding areas of the beet
leafhopper ag shown in figure 1. The biack areas indieate ngricul-
tural districts where the seed Dbeets ave grown, and the shaded areas
indicate tervitory where the beet leathopper reproduces during the
summer and fall and from which the seed-heet field inflestations arise,
Summer eains, which isnally oceur from July to September, perminate
desert annuals which serve as host plants for the Teafhopper. The
voung beet plants become infested with the beet leafhopper in the fall,
m both Avizonn and New Mexico, by inflluxes from the nearhy semi-
desert areas contnining summer-lall liost plangs,

Ix Armzoxa

In Avizona the beet leathoppers that infest (he leets grown for
seed in the Salt River Valley come from semidesert areas completely
surrounding the valley, ns shown in Ggzure L. Che leathopper breeds
on vxtensive stunds of chinehweed (Peetis papposa A, Gray), Tide-
siramia lonuginose (Nutly Standl, Lrienthena portelecastrum T,
and oceasionally on Airiplez elegans (Mod.) D). Dietr.. beginning in
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Fioure 1.—Culilvaled districts in Avizona and New Mexico in whieh bests are
grown for sved where curly top is u problem in some sensons (black areas),
and summer-fall breeding areas of the beet leafhopper (shaded) whtich serve
a8 the source of fall movements info the beeots.

July and continuing until Iufe in the fail. Figure 2, 4, shows an area
where 62 percent of the ground is covered with foliage of chinchweed
and 1 percent with Tidesiromia, s these plants cccurred 12 miles north-
west of Phoenix, October 16, 1939,  In this environment at that time,
there were, on an average, G adult beet leafhoppers and 11 nymphs per
square foot of solid coverage. Figure 2, B, shows 80 percent of the
ground covered with Z¥destremia and 8 percent with Peetis at this
same time and in the same vicinity. In this environment there were,
on an average. 7 adules and 13 nymphs per square foot of solid coverage
on Zidestromiz comparved with 5 adults and 9 nymphs on Pectis. Such
stands are conuanen over the semi-desert areas, although usually move
plants oceur along the washes.

The nmnbers of leafhoppers produced ave governed largely by the
abundance of the summer plants, which in torn depends on the
amount of rainfall during July, August, and September, and on the
stand of Aériplex clegans, wluch germinates in the winter. Two
mencrations of the leathoppers nsually have been produced over the
semidesert areas by the time the beet leathopper moves into the culti-
sated areas and infests the beets, When beavy rains occur in Sep-
tember, as they did in 1983 and 1940, as many us two addifional
generations may be produced in the semidesert areas.  October and
November raing, which gevminate winter annuals in these areas, are
impor ot also in governing the number of leathopypers that infest the
seed-l-eet fields, because when these winter annuals germinate before
the snmmer plunts become dry they serve us hosts in the breeding
grounds for the leathoppers which otherwise would be forced into the
agricultural distriets to find favorable food plunts.
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Furme 2 Cowliers G2 pepeoinl
of the wrompu! i~ cnversd by folisiee oF chinelwesd CPfeefis paggresay wanl b oper-
vent by Fedestramida neaginosa s BOowhere sibond N ereent of the geound s
cosere ] Wil Fidosbrageid ansl S pereens wille Peetis,

Brets planted Teom the middle of Angost 1o the early pae of
September in the Nalt River Valley bave been infeatad 1o a2 cortain
extent by the hoer leafhopper as woon as they have serpinnied, sl
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the numbars of the beet leathopper in such fields have gradually
increased until the middle of September. The numbers of leat-
hoppers at this time of year, however, have thus far net been con-
sidered injurious, except 1n the instance of fields with poor stands of
plants, From the middie of September to late in October the leai-
hopper popuiations vsually do not increase in the fields, although
duting the 1941 season an influx oceurred October 4 to 6, pl_'incipaﬁy
from stripler elegans. This plant has been important as a host in
only one season during the perviod 1935—31. The largest infestations
in the secd-beet felds oceur about October 25, with accesionally
additional influxes late in November,

Beet leathopper populations often increase in Avizona seed-beet
fickds during April and May, as a vesult of spring movement from
winter annuals in the surrounding semidesert arveas.  These leaf-
hoppers cause seme damage, but not so much as that crused by an
cqual infestation in the fafl when the beets ave smail.

The desert foothill arveas arcund Safford also contain stands of
chinchweed and some 7'idestromine which are responsiole for bect
teathopper infestations in beets grown fov seed in that valley, Popu-
fation counts were made during only two fall seasons in that avea,
[n 1940 and 1941 maderate nunbers of beet leathoppers infested the
beets by Inte Beptember, but Jater increases did not oceur.

In New Mexico

In New Mexico the toothill aveas on both sides of the Mesilla
Valley and portions of the Deming Plain are known to be important
as a source of the beet leathoppers that infest sugar beets grown for
seed in that valley. Important host plants for the beet leafthopper
in these aveas during the suner include Pectis papposa, Tidestronia
lanvey inosg, Trienthena portufacastrum, and deanthochilon wrightii
Torr. Two generations of the beet lenthopper usually develop on
these gummer annuals. but i€ is principally the second-gencration leaf-
Loppuers from this soncee that infest the seed beets In the vailey late
in Septetnber.  Later infestations depend on food-plant conditions in
the breeding source. In addition to the four summer plants just
mentioned, a perennial peppergrass, or mustavd, Lepidivm alyssoides
A. Gray. vsually grows throughout the summer-hreeding aveas in
New Mexico and Texas (fig. 1), This plant usually does not support
large numbers of the beet lenthopper during September, although
leanthoppers from it contribufed to the infestation in the seed-beet
fields along with those from other summer annuals late in September
1011, L. alye oldes in the breeding aveas has been found to be more
beneficial than detvhments]l to the seed industry in Mesilla Valley,
since in its eapueity ns a host plant it hoids more leafhoppers in
the breeding source than it contributes to the eultivated arveas.
During the seazons when sumuner host plants were sbuandant andd
dronghts had eliminated the stands of L. elyssoides, severe leathopper
infestations geetrred in the beet fields. and influxes of this insect into
the cultivated avens extended over a much longer {)eriod.

Spring infestations of the bect leathapper in sced-beet fields aceur
also in New Mexico from late In April (o the widdle of June, but
these infestations in the spring, like those discussed for Avizoma.
have been considered of minor importance in injuring the beet-seed
croty with the eurly tap discase.
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NUMBERS OF BLEET LEAFHOPPERS REQUIRED FFOR
INJURY TO SEED BEETS

The density of the beet stands, the rate at which the soil becomes
covered by beet leaves, and the degree of shading are important
factors in determining the amount of curly tep injury that will vesult
from a given number of bect leathoppers. It has been found that in
thin stands of piants a reduction in the yield of seed muy be caused
by fewer leathoppers than are neeessary to cause this in dense stands.
It a stand is 5o thin that the soil will not be completely covered by the
plants as the result of their growth during the fali, it will be subject
to injary by eurly top. This will be espechlly so wnder the influerce
of warm fall and winter seasons which provide favorable conditions
for leafhopper reproduction in the beet-seed fields.  Another advan-
tage enjoyed by thick stands of beet plants as compared with thin
stands s that the shade and relatively low temiperatures crented by
such stands among the plants provide unfavorable environmental
conditions for the beet leathopper, which typically and prefecably
Inhabits sifuations where it is exposed to direct sunlight and relatively
high temperatures. Forthermore, there are many varieties of beets
considercd to bo resistant to enrly top, and al! these differ somewhat
in their degree of susceptibility to the disense. The variety will
alse nflect the growth of the plants and the depree of shading that
will result.

These factors contribute greatly 1o the diflienity of desigmating nny
definite number of beet le.lmoppu adults and nymphs per Cunit lenn‘th
of row as being rvequired before injury would be sxpected. Studies
made during 2 g -year period, however, have furnished the basis for
an estimate of potentinlly injurions numbers.  Tn a stand of 700 to
1,000 beets per 100 feet of row in the Salt River Valley of Arizona a
fall infestation of from 125 to 130 lenfhopper adults or nymphs per
100 feet of vow will vesult, by the following April or May, in about
20 percent of the plants bevoming infected with curly top. At least
this percentage of affected pl.mts is apparently required before the
yield of seed 15 mensurably vedueed in stands of this density, but thin
stands cannot tolerate sneh an infestation without a loss in yield.
Observations made during two seasons in (he Safford. Aviz., district
mdieate that somewhat similar numbers would be requived to induce
injury in that aven. A fall infestation of only T3 to 100 beet lewnf-
hoppers per 100 feet of row in stands of 600 to 800 beets per 100 fect
of vow hax cansed sullicient injury 1 the Mesilla Valley, N. Mex., to
wartant inseeticidal control measures. In Avizona more growth tales
place in the fadl and winter than in New Mexico, and the aver rige
stands in New Mexico are thinner than in Arizona. The qultmn‘
differerce in ail covernge in the two areas is probably lavgely vespon-
sible for the diflerence in numbers of beet lenthoppers chuuc(l to
¢use conspicunus injury,

TYPE OF INJURY

The injury by the beet fea fhopper to sugar beets as prown tor either
sugar or seed Is i the ivansmission of the curly top vivns,  This virus
causes a disense witich reduees the yield of seed by preventing the
more severely diseased plames from producing seed and by propor-
tonately redicing the yield of less severely affected plants. The
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disense also retards the maturity of the seed, and in some instances
there are indieations that the viability is also affected.

The mechanical injury eaused by the feeding or oviposition of the
insect is negligible,  Stahl and Carsner (20) showed that newly
hatched nympﬁs did not earry the curly top virus, and that other
nymphs did not carry it until after they had fed on a diseased plant.
This may be either a wild desert host plaut ov a cultivated plant such
as the sugar beet.  The Bureau of Plant Industry at their Riverside,
Calit,, InT)m'utm-y cooperited in obtaining information which would
indicate thut about 3 to 10 percent of the Jeafhoppers that infest the
Leets from the Arizona semidesert aveas in the fall ave eapable of
transmitting the disease af the time they come into the fields. 'This
percentags increases rapidly, however, beeaunse of the feeding on
diseased beets by lenfhoppers not previously carrying the virus

Wallzee and Murphy (77) state that beets planted for sugar in
Tdahe are much more susceptible fo curly top infection in the seedling
rtage than later and that vesistance to curly top develops with age.
This same phenomenon has been observed m conmection with soced
production in the Southwest., The prospects for seed production from
a plant ave increased as the beei increases in size before its infection
by curly top, although infection oconrring as late as April may reduce
the yield, Figure 3 tlustrates the effect of curly top on sngar-beet

Prarae 2 -3 hoalthy sugae-beet plani beginning Lo flower (right) compaeed with
thiree phanls Cefo) which aee atfectm with curty Top in varving degrees.
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plants grown for seed. The plant on the lett, which appears as a
roselle clump on the ground, iy so severely diseased with enrly top
that no seed stalk ix being produced. The second beet From the lett
has o seed stalk, but is so severely discased that it will probably pro-
duee no seed. The thied plant from the lolt is also Jiseased but i will
prodice seed, although the amaunt will probably be mueh less than
that yielded by the healthy or fonrth plint from the left, which is
9 feet ¥ inehes high,

Figmres & 5, and 6 Hlusteate the appearvanee of different amounts
of curly dop in stands of sugar beets grown for seed. The stakes shown
tn each fignre are 3 feot high and are 3 feet 4 iuches apart at the
ground. Fhe 3 photographs were taken in close proximity 1o one an-

D

Pt (W

Frerng L—LVortion of sugis-beet seed row with all T4 plis begween (he stakos
fferisd with envly top.

other on the Nuow Raneh in Mestlla Valley, N. Mex., May $0 194, on
tie variety U8, 200213, The 1 beet plants between the stakes in
fgnre b wore all disensed with an average severity of 2.9, according
to the wmethod of rating deseribed by Giddings (5). Adthough records
were nof teken, the viekl of 4 or 5 of the L plants in the group obvi-
onsly would be much below that of healthy plants. and the remaining
Sor 10 plants wonhd nof produce any seed owing to the severity of the
carly top dizease.  There were 21 beet plants hotween the stakes in
Bgvre B, and 8 of them were diseased, with a severity valing of 343,
Approximately one-thivd of the plants in this group would likely pro-
duece Hittle or o seed. Only 1 ol the 25 beets between the stakes in
figmre 6 was diseased with eiely top and this plant is not visibile in the
phutograph,




CETl BE R LI AL EeBEPRED by BEE IS GROIWDN RO SERD

XTRRNI AT :;‘“2.:.

L)

P toet vl ~iizan Bened ] pow wetl B oof Bhe U1 plands Bt the
~matoes e tod owotio iy tog

St b osamml ot w0tk 2l e 25 pland - Taepan peeqn Lo
The o s pinnt o~ et visthle jnotee pludozraph




10 TECHNICAL BULLETIN 8§53, U. 8, DEPT, QF AGRICULTURE

EXPERIMENTS ON INSECTICIDAL CONTROL OF THE
BEET LEAFHOPPER

DEevELOPMENT oF A SurranLe TNsEcmicine ann Spkay EQuirment

In 1933 Cook (/) veported the use of pyrethmun-in-oil sprays for
control of the beet leathopper on fall host plants in California, [t
i known that the oils hie used were not highly refined and that plant
injury resatted, hut large veductions were obtained in len Fhopper nuns-
bers, The seme year Lamimaun (%) reported the use of vefined white
oil sprays ngainst the grape lowthopper in Californin, stating that they
were vory effeetive hul costly.

The first prablent ax it appearved in August 1933 was to develop o
sprivy suitable for use on heet folinge thlt wondd not eause too much
injury, sinee the proprietary |)\'1(3Hunm m-oil sprays available at that
tine buuwd the plants to some extent. . During August and September
1935 undiluted kevosene and eombinations of kerosene and highly ve-
fined white otls were upplied with hand sprayers to beet foliage in a
field near Phoenix, Ariz., to determine the degree of injury cansed by
these aterinls to the plants

The undiluted kerosene seemed to eanse varving degrees of injury
in necortdance with vavintions in weather conditions, but through the
addition vl a white oil the tendency to plant injury was redoeed. The
mjnry to the plants decreased in severity ns he percentage of unsul-
Jonated residue of the oils was inerea e, By October 1935 the fol-
lowing pyrethrunr-in-oil spray was developed. and it has sinee proved
to ho .mai.wim\ nx an insecticide against the beet leathopper:

Parly
White oft i highly vefived potealemm oil having o visen=ity of 90 to 100
soeils Hayboll o 1000 B ol aocansul fona ted vesinhue of O jrereent b 10
Werentene (o gootl L‘.‘hllll' of eonmereiid Kerosene cmnpl\‘Ing with Fedewl
specificatfon VYV K211y e em e e ]
Pyrethrim extrael ('Ill extrict of prrethun thnwu in nl'tlnlt-um nil
having a perechrin cantent of ot loss thm 20 . pyrethring per
Y ey .

By Noventber and ])vt onber 1935 this [Il‘-('(ll(’ld(‘ wis bolng com-
wwereially applicd on seed-beet fields b the vate of 6 gallons per acre
with the machine illustrated o fAnee 7, 60 A minching of this {ype
was first used Tor contral of the heet llultlltq)|10| on sugnr heets grown
for weed al Litehfield Parl, Ariz. October 21 to 25, 1935, and since that
time it has been nsed For both commiereial and experimental spraying.
Thix insecticide and equipment were nsed o adl experiments repor el
in thiz buletin, exeept those on table feets during the BES-36 season,
Later work showed th af the G-gallun rale was suflicient al temperntures
ranging from 307 (0 757 1. bt that at higher temperaiures more insec-
tieide mist be used. until at l‘m||p|-r'::t'||rl"ﬁ above D37 as much as 9
pallons per aere was necessary to obtain saGsfactory rednetions
teafhopper nimber<. Wind velocities of from 8 io aniles per honr
4 feet above the ground did not iuterfere with spray operations, hut
tf the rale of application is inereasel both temperature and wind
velocity should be considered.

Two types of spray nuehines were avatlable. in one {fig. 7. 1), the
use of which was deseribed in the previous parngraph. o small jet of

e km e mmem o 1
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parethenn i ol was injected i Tow pressire binto s vapidly moving ar
alremit, wherst= the othier te 7008 atomized the ol ot about G
ponind=" pressie threneh o paintemne type of nozzle. This maehinge
stho e powd resnlts throneh applivaGon of 6 gallons per aere at the

I 225

D
b iy

I Talr ; ]

ot i T b Lo peres=a0ne puseeTute spiead tee g powe =tidacd of Teasts P the cantrod
vl e Lt s boppes s thee Sadt Wiver Villey ot Ariaoise Seplembey 250 TIHO
FEoLeh pressure e Bides ~pearice abie Dot ser Bnenloarses Arive, Novepder

Ton Tinin,

fower tenperattres. Both types of sprayers were sati=faciory (or
appls e pyrethraneineoll sprayss alilonghe the aerenee eapacity of
e low presstre el was preater,

Catpbedl v vse D pavethrome Tesotl sprays in 1956 and =howed thae
wibetaneal vebetior= tn e moaber o Teet feafhapper were obtained
By v ol Bt pdane ad 2ronnd equipinent. Dangli-<o Wakeland.
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and Gillett (8} conducted experiments in 1936 and 1937 in which pyve-
thrum-in-oil sprays were found to be very effective ngainst the beet
leathopper but did not appreciably reduce curly top injury or incrense
the yield in the experimental plots. The latter results were purtly at-
tributed to the redistribution of the leathoppers over the plots after
ench spray applieation,

Expemimisnrar Meraobps

The effectiveness of the spray treatments was judged by the ve
duction in numbers of leathoppers, the percentage of plants having
curly top, the yield of the beet soed, and the percentage of permination
of the sced.  The plot arrangements varied fron year to year, as will
be deseribed in the discussions of the individual experiments.

The numbers of beet i=afhopper adults and nymphs that survived
the treatments were obtained by sampling with the wid of a cage de-
seribed by Hills (5) or with a similar cage with shorter sides and a
removable lid which was found to be more convenient for connting
nymphs.  Counts were made in 1-square-foot unit areas of beet row
Jocated at random.  Approximately 30 such sampling units were ex-
mrined per acre before application and 100 after application.

Plots sprayed in the fall together with the wnsprayed plots were
sampled the foliowing April or May to determine the plant stand and
the porcentage of plants affected by curly top. All plants within
sampling units of 1 ar 2 linear feet of row in the different experiments
were connted and examined for curly top symptoms.  The sampling
units were localed systematically in such s manner as to be well Qis:
tributed over the central one-thivd Lo one-half of each plot.

The yield of beet seed per plot was oblained either Dy systematic
satmpling or by harvesting all seed from a definite central portion.
The seed was threshed and cleaned by use of mechanical equipment.

The percentage of seed balls having viable seed wus determined by
& commercin] concarn, and for this purpose the sanple for each plot
was 400 seed bnlls.

Temperature data were obtained by a thermometer the buib of which
was placed in the shade at half the height of the plants.  Wind veloeity
was measured by a portable anemometer placed 4 feet above ground,

Fizee ExeeErimexts, 1935 ro 1941, IwoLusive
PRELIMINARY EXPERIMENTS

Preliminary experiments were conducted at Litehfteld Park, Aviz.,
Oetober 21 Lo 25, 1935, The low-pressure ninchine (g, 7 1) was used
Lo apply various pyrethrum-in-oil sprays at the vate of about 6 gatlons
per aere.  The temperatare during the applientions ranged from 80°
to 90° ., and the reduction in adults of the beet lenthopper ranged
from 71 to 84 pereent. On the basis of these results commercial appli-
eations wore undertaken on beeks grown for seed in Arizona and New
Mexico,  During the progress of these applications datn were ehtained
to determine the percentage of rednetion in leathoppers by sampling
just before and agnin 24 howrs after the spraying. These data are
given in table 1.
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mapre 1—Reduction in beet leafhopper numbers obiained by commercial ap-
plicetions of pyrethrion-in-oil with the low-pressure machine ab varying
temperature ranges und rale of application in New MHezico and Arizona, 1935
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The pyrethrum-in-oil was applied at an average rate of 5.9 galions
per acre at o time when there was little or no wind. The average
reduetion in the ndult beet leathopper population under these condi-
tions was 95 percent. Later experiments showed a slightly higher
percentage of reduction of nymphs than udults obtuined by a given
application.

Six experiments with a high-pressure type of machine (fig. 7, B)
applying a proprietary pyrethrum-in-oil spray at the vate of about
¢ gallons per acre to table beets in Texas showed an average reduction
in adult leafhoppers of 96 percent during this same period.

SEASON OF 1935-36

During November and December 1985 commercial spraying with a
pyrethrum-in-oil spray was done on large acreages of sugar beets in
the Mesilla Valley of New Mexico and in fekds of table beets southeast
of Bl Paso in Texas, Arrangements were made to have an unsprayed
strip left in a number of fields to study the effect of the spraying. The
unsprayed strips vanged from 34 to 11/ acres in area depending on the
size of the field. In the sugar-beet fields, Nos. 1,2, and 3 in table 2, only
one spray application was made. In the table-beet fields, Nos. 4, 5,
and 6, a second spray application was made in such & manner that o
strip sprayed twice and a strip sprayed once could each be compared
with the untreated plot. The plot sprayed once in field 6 was ruined
by root rot. Observations for enrly top were made late in April by
examining 22 to 66 1-foot strips of row located at random in each plot.
The yield of seed was obtained in from 30 to 60 4-foot strips of row in
each plot.
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TaprE 2. —Results obtained by commercial upplications of pyrethvun-in-oil for
control of the beet leafhopper, ey indicated by strip-plot eeperiments in New
Mepico and Western-Tezas
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Shortly after the first spray application, during the period Decem-
ber 8 to 16, fewer beet leafhoppers were found in the sprayed than in
the unsprayed plots. An infiux of beet leafhoppers cccurred between
December 15 and 23, and examinations on February 1 and 2 showed
that the number of leafhoppers had increased in all plots. The
muarked Increase of leafhoppers in fields 4, 5, and ¢ after the first
application made a second application seem advisable, but it was not
applied until late in February. A survey made in March showed
that the number of leafhoppers had deereased in all plots. Notwith-
standing the shifting of leafhoppers from plot to plot and the late
applications, the treatments resulted in marked reductions in leaf-
hopper numbers, accompanied by reductions in curly top incidence,
and Increases in the yield of seed. 'The average yield of plots receiv-
ing one application was 34 percent greater than it was for the un-
treated plots and for two applications it was 69 percent greater.
‘There was a great deal of curly top damage, even in the sprayed
strips, and yields were poor in all cases.

he extremely low percentage of germinating seed produced is
undoubtedly largely due to factors other than curly top. Hills (6)
Iater showed by cage experiments that Lygus bugs reduce the per-
centage of viable seed. These insects were abundant in the fields that
season and they were probably a factor in causing the low germina-
tion. There was little difference in the percentage of seed balls
“having viable seed in the sprayed and unsprayed plots.

SEASON OF 1936-37

The planting for seed of beet vavieties which were nonresistant to
curly top was discontinued in the Mesilla Valley, N. Mex., in the fall
of 1936, and beet leafliopper infestations were very light in Arizona
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wlhere the suseepiible varieties were still planted. A rather isolated
field of beets near Buckeye, Aviz. contained a moderate infestation
by late October. The variety was Great Western No. 5, and at that
time its degrec of resistance to curly top was not known although
later it was founl to be approximately as resistant as U. 8. 83. A
randomized block experiment consisting of 12 one-half-acre plots with
3 replicates of 4 treatments was placed in the northwest corner of the
feld. The treatments consisted of plots sprayed twice, November 6
and 30; plots sprayed once, November 6: plots sprayed once, November
30; and the unsprayed checks. The quantity of insecticide used in
this experiment and thuose of subsequent seasons, except those con-
neeted with commercial applications. was sufliciently high to insure
a large percentage of reduction in beet leafhopper populations, since
it was recognized that some shifting of the leafhoppers occurred
between these comparatively small plots. Six plots were sprayed
November 6. 1936, with pyrethrum-in-oil at the rate of slightly over
9 gallons per aere with the low-pressure machine (fig. 7. A). Tem-
peratnres during the application ranged from 68° to 78° F.. and wind
velocities ranged from a slight breeze up to 15 miles per hour. The
average reduction in adult beet leafhoppers under these conditions
was 93.8 percent.  On November 30 six plots were spraved with the
same rafe of application as was given November 6. The temperature
ranged from G1° to 627 with no wind and vnder cloudy and high-
humidity conditions.  The average reduction in beet Jeafhopper num-
bors under these conditions was 93.7 perceat.  The results from these
{reatments are given in table 3,

Panis S—deosutts oblafued by sprafping cuarip top resisland beets Wwith pyrethriom-
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The number of leafhoppers recorded for November 7. 24 hours after
the frst application, demonst tated that large reductions had ocerrred.
Connts were made an December 1, 24 hours after the seeotd applica-
tion, and much larger reduetions were fouml owing to more favorable
weather af the 1ime of application.  Beet leafhoppers avevaged 151
per 10 feet of row on November 6 for all 12 plots, The 6 plots as vet
antreated on November 30 contaived an average of 225 adults per 100
foet of row. which showed that there had been an inerease.  During
the 2 weeks following the second application additional increases
ovenrred,

The percentages of plants atfected with curly top were obtained
by examining the plants in 75 2-font lengths of row in each plot during
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the period from April 29 to May 1,1937. This involved from 1,700 to
2,000 plants per plot. There was a reduction in the percentage of dis-
easel plants even though less than 1 percent of the unsprayed plants
were disensed.  Owing to the small percentage of diseased plants in
the unsprayed checks, seed yields were not taken. A factor contribut-
ing to the small percentage of diseased plants, aside from the plants
being moderately resistant to curly top, was the thickness of the standd,
there being more than 12 plants per linear foot of row in the fiekd.
Obviously it was not worth while, under the conditions of this experi-
ment, to spray for the control of the beet leathopper.

SEASON 1937-38

T'wo experiments were conducted near Buckeye, Arviz., during the
1937-38 season on sugay beets of the variety Standarvd Greal Western,
Ench experiment comprised 4 treatments on plots of one-half acre
arranged in a Latin squave. The 4 treatments planned were 1 early
spraying, 1 late spraying, 2 sprayings (1 early and 1 late), and the
unsprayed check.  After the first application in experiment 1 it was
found that the numbers of beet leathoppers were rapidly decreasing
owing to the unfavorable environment caused by dense beet foliage,
$o this experiment was left with 8 plots spraved once, Qctober 30. 1937,
and § plots unsprayed.  The pyrethrum-in-0il spray was applied with
the low-pressuve machine at the vate of 10 gatlons per acre. The tem-
perature during the application ranged from 88° to 89° F., and the
wind veloctty from 7 in & miles per hour 4 feet above the oround, The
average reduction of beet leafhoppers under these conditions was
0+ percent for adults and 99 pevcent for nymphs. Curly top data
were obfained by the examination of all the plants in 15 2-foat lengths
of row in each plot. The yield of seed per acre was determined hy
harvesting the seed from 32 3-foot lengths of row in each plot. The
results from experiment 1 are given in table 4.

Tantk d—Results frome spraying wwith pyreleem-in-oif for caonirol of the heet
tedafhopper in cxperinient £ Octaber 30, 1937, near Buckeye. Ariz.
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Owing primariiy to dense leaf growih. the numbers of lenthoppers
m the wasprayed plots decrensed from 401 per 100 feet of row on
November 1 to 96 on December 21 and to 77 by Janwary 21. Leaf-
hopper numbers in the sprayed plots increased slightly during this
same period.  On November 1 the beet leaves covered about 40 percent
of the soil surface: on November 30 they covered about 80 percent.
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and by December 21 approximately 95 percent. The smaller numiber
of leafthoppers in the sprayed plots as compared with the unsprayed
plots resulted in a significantly lower percentage of plants developing
curly top, and a significant increase in the yield of cleaned seed.
Curiy top counts made May 23 to 23, 1938, showed a 34.2-percent de-
crease in the total disease and a 57-percent decrease in severely diseased
plants in the sprayed plots ns compared with the unspraved plots.
The average yield of cleaned seed from the sprayed plots exceeded
that produced by the unsprayed plots by 55.1 percent. More seed
stalks were produced in the sprayed than in the unsprayed plots,
owing presumably to the denser shade and therefore lower tempera-
tures in the spraved plots. This agrees with the findings of Owen,
Carsner, and Stout {#). Seed stalks late in May averaged 230 per
100 teet of row in the sprayed plots. and 192.9 per 100 feet of row
it the unsprayed plotx.  ‘Ihe plots contained an average of 1,031 plants
per 100 feet of row.  The percentage of viable seed did not appesr to
be affected by the treatiment,

The average seed increase of 359 pounds per acre due to the one
spray application was worth $30. The cost of the treatment at the
10-gallon rate was approXimately $3 per acre. showing a net gain
of %25,

In experiment 2 of the 1937-38 season eight plots were sprayed
November 5 with an average of 10 gallons of pyrethrum-in-oil spray
per aere.  The temperature range during the application was 76° to
§9° F.. and there was x slight breeze.  Beet leafhopper reduction
under these conditions averaged 92 percent for adults andl 98 percent
for nymphs.  Jight plots were sprayed November 27 with an average
of 63 gallons of the insecticide per acre. The temperature range
during the application was 66° to 74° and there was a slight breeze.
The average reduction was 89 percent for adults and 93 percent for
nymphs. The curly top data were obtained from a central portion
of each plot, measuring 33 by 97 feet. by examining all beets in 56
sapling units of 2 feet of row each. The vield of seed was obtained
by harvesting all seed from the same central portions in cach plot,
ay were staked for curly top counts,

'l{he results from the treatments in experiment 2 ave given in
table 3.

Lanne d—KResudts from spraying wilh pyrethrum-in-oit for conlrol of the beet
foeafhopper during the 1937-38 geason, ag indicuted Ly experiment 2 near
Huckepe, Ariz,
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Within the plots there were, on an average, 1,267 beets per 100 fect
of row. TFewer lenfhoppers survived in the 4 plots sprayed twice than
in any of the other piots, although the single-application treatment
gave fair control. Only 4 or 5 percent of the beets produced seed
stalls, consequently the yield in all plots was extremely low. Produc-
tion of seed stalks was depressed by various fuctors unfavorable for
growth and reproduction besides eurly top, including infestation of
the soil by root-knot nematodes, low seil fertility, and high tempera-
tures accentuated by incomplete shading of the soil by the leaves.

SEASDON OF 1 539—10

During the winter of 193940 a single randomized block experiment
was conducted with 10 veplicates of 2 treatments in a ficld of reason-
ably uniform fertility west of Coldwater, Ariz. The vaviety of heet
wias American No. 1, and the plots measured 100 by 123 feet. The
yield data were obtained by harvesting from each plot all seed from
an avea in the central portion measuring 2714 by 32 feet. On Novem-
ber 6 and 7, 1930. 10 plots were sprayed with an average of 6 gallons
of pyrethrum-in-cil per acre.  The temperature during the application
ranged from 68° to 76° I, and there was no wind, The average adult
beet leathopper reduction was 92 percent, and st that time nymphs
were searce.  The results of this experiment arve shown in table 6.

Tante G.—Resulls obloined by spraping with pyrethrim-in-gil for control of the
oot leafhopper, a8 indicated by 10 replications of 2 treatments made Novrember
fFand 7. 1939, near Coldicaler, Ariz.
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Curly top counts made April 19 and 20. 1940. showed a 39.5-per-
cent decrease in total curly top and a 52.3-percent decrease of severely
disensed plants in the spraved plots as compared with the unsprayed
plots. The avevage vield of clean seed from the sprayed plots ex-
ceedail that from the unsprayed plots by 22.0 pevcent. The sprayed
plots contained an average of 319 seed stalks per 100 feet of row
compared with 2105 in the ungpraved plots. There were, on an
average. 580 plants per 100 feet of rew in the plots. There was no
difference in the percentage of seed balls having viable seed.

The average seed herense of 210 pounds per acre due o the one
spray application was worth §18.62. ‘T'he cost of the treatment at the
G-gallon rate was approximately $3.50 per acre, which showed a net
oain of 81518,

Photographs were taken of all plots April 18, 1940, from the same
position with respeet to cach plot. Figure 8. &I, depicts an unsprayed
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disease on April 18, Move seed stalks are apparent in the photo-
graph of the sprayed plot, and they are taller than those shown in
the picture of the unsprayed plot.

SEASON OF L940—41

A moderate beet lenthopper infestation was found to exist in the
seed-beet fields of Mesilia Valiey late mn September 19040, This was
the cavliest in the season that injurious infestations had been found.
About 500 acres of nonresistant beets grown for seed {variety UL 8.
200X 215} were sprayed commercially during the period October 4
to 25, 1848, n this vailay. Leathopper numbers at the time of treat-
ment ranged from §0 to 184 per 100 feet of row. The rate of applica-
tion, with a low-pressure machine, averaged about ¢ gallons of
pyrethrum-in-oil spray per acre and the temperaturves during the
appheations were comparatively high. Limited examinations of the
feathopper popuiations after spraving indieated that reductions
ranged between 70 and 80 percent,

A pair of experimental plots was provided in each of 5 fields by
arranging tor the spray operitors to leave unsprayved a 24-foot strip
across each feld, During the period May 8 to 12, records were made
of the stand of plants and of rhe incidence of curly top by examining
30 sampling units in each plot. The sampling umts for this purpose
ineluded 23 consecntive planks each,  The rosulis us pregented w fable
7 indicate that sprayving reduced considerably the percentage of plants
showing evidence of curly top as well as the percentage of plants
severely aftected, The injury to the unsprayed plots by curly top was
suflicient to warrant a spray application in the Black Mesa and Snow
Ranch fields where the plant stand was velatively thin, In the Santo
Tomas felds. however, there was a thicker stand of plants, and the
injury was not suflicient to have warranted the applieation of
nsecticides.

Tans To—{'uriy top incidence in stgar beels as affeeted by pand stand and by the
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CULTURAL CONTROL

Beet leathopper control by cultural methods has been found effec-
tive in reducing carly top mjury i nonreststant vavieties of beets.
Tarly planting, good stands, and eare conducive to rapid growth
nutif the leaves almost completely shade the soil have greatly reduced
euply top in seed-beet felds of the Sait River Valley. Aviz. Under
favorable conditions in this locality Leets planted from the middle
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vironments for the beet leathopper. By the thne the folinge covers
about 80 percent of the soil in the fields, beet leathopper adults begin
to leave them, and fields with 90 to 98 percent of the soil covered
with Jeaves have invarviably been found to contain small numbers of
leathoppers.  Furthermore, leafhopper reproduction does not occur
in fields where the foliage is dense. Fields with poor stands ov puor
crowth (fig. 9, B}, or both, are subject to October and November in-
festations, und there may be late fall and late winter vepreduction in
them during exceptionally warm winters such as that of 1939-40.
Tields with considerable soi! surfuce exposed during the wiunter
months may, under such conditions, be severely damaged.

A number of fields with diflevent degrees of soil coverage by beet
fenves were smnpled 1n the Lolleson, Aviz., district early in November
1939 to determine the number of bLeet leafhoppers in them. Seven
ficlds with an average cstimuted soil coverage of 3§ percent con-
tained an average of 137.1+2.8 bect leathoppers per 100 feet of row,
compared with £.32:0.02 leafhoppers per 109 feet of row in the same
puiber of fields with an aveeage estimated soil coverage of 98
pereent.

Several examples showing the cffect of folinge cover on beet leanf-
hepper populations shonld bring out its importance. The beet leat-
hopper population dala in (uable 4 for the unsprayed plots showed a
drastic decrease in leafhopper numbers between November 1 and
December 21, and o smaller but definite further decrease from De-
cembor 21 to January 21, These decreases in lenthopper numbers
were probably due to an increase in the density of the foliage, since
on November 1 the Toliage covered about 40 percent ot the soil sur-
tuce, on November 30 abont 80 percent, and about 95 percent on
Decemsber 25 The beet foliage in experiment 2 {tuble 3) did not
cover more than 73 percent of the soil surfaece during the winter, and
leathopper numbers in this field remained relatively constant in the
ungpraved plots between November 6 and January 18, A third
fleld studied this same geaxon. with o maximmm of 40 percent cover-
age during the winter, eontained an average of 246 beet leathopper
adults and nymphs per 100 feet of row on QOctober 26, and by late
January the numbers had increased {o an average of 610 per 100 feet
of row. ‘This increase was due principally to adults coming into
the field aund not as a result of reproduction.

Good ewdtueal practices wil also veduee losses from curly top in
nonresistant varieties in the Mesilly Valley of New Mexico, but they
have not been ro eflective in reducing leathopper populations there
ag in the Salt River Valley of Avizona, Moderate Jeafhopper infes-
tations have occurred in the Mesilla Valley ax early as the niddie
of September. when the beets were still small. and under such condi-
tions inrecticidal control mensures ave needed.  Owing to a colder
climate in New Mexico than that in Arizona, it 32 more diflienlt Lo
obtain the rapid growth of the beets necessary for enrty soil coverage.
In some geasons the seed-beet Aelds in the dMesitln Vallex ave subject
to large teathopper infestations thomg late Oclober aud Inter:
thorefore every effort should be made to obinin a dense leal growth
by that time in order to aveid the necessity of insectividal control.

Diata from che Safford, Az, distriet ave hmited, but fhe indi-
cations are that control of curdy top by enllural practices in thn
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district will be a little more difticult than in the Sait River Valley,
gince beets in that areax make slower fall growth and ave subject to
tdamaging bect leafhopper infestations in September while the beets
ave still small,

SUMMARY

Bects grown Tor seed in the Salt River and Safford Valleys of Avizona
and in Mesilla Valley, N, Mex., ave subject to full infestations of the
beet lewfhopper (Hutettin tenclius (Balk.)). ‘This insect transmits
from plant to plant a virus disease known ag curly top.  The source of
the leafhoppers that infest the fields is principally from adjacent semi-
desert areas where summer rains germinate such plants as chinclweed
(Pectis pappose), Tidestromic lanuginose, Trianthema portulace-
strum, and zleanthochiton wiightil, which serve as host plants from
July to September or later. 'The second generation of leathoppers
from these piants usually infest the beets, although in Arvizona when
September rains ave heavy the third and fourth generations of leat-
hoppers produced on summer host plants may also infest beets in the
Sult River Valley.

T'he variety of beet, the stand of plants, the rate at which the soil
surface becoies covered by beet folinge, and the degree of shuding ave
impoctant factors in determining the number of ‘beet leathoppers n
ficld of seed beets ean tolerate without noticeable damage from curly
fop. Observations made on nonresistant varieties indicate that in
Arizonn, with trom 700 to 1,000 plants per 100 feet of row, 125 to 150
beet fenthoppers per 100 feet of row are required to cause apprecizble
damage. sinee such stands can tolerate about 20 percent of the plants
being allected by curly top.  An infesialion of only 75 to 100 beet leaf-
hoppers pe: 100 feet of row in stands of 600 to 800 bects per 100 feet of
row has caused sullicient injury in the Mesilin Valley, N. Mex, to
warrant insecticidnl control measuves. In both distriets it has been
found that in thin stands of plants a veduction in the yield of seed muy
be caused by fewer lenthoppers than are necessary to cause similar
injury in dense stunds, _

The curly top disease reduces the seed vield of beets grown for seed
somewhat in proportion to the severity of the diseage.  Plants severely
diseased by late Aprit do not usually produce seed, whereas others Jess
goverely disensed produce seed but less of it than do healthy plants.
The disease apparently dovs not materially rveduce the viability of
the seed.

Experiments conducted during a G-year period (1935-£1) have shown
that signifiennt veductions in the incidence of curly top and increnses
in the seed yields ocenrred when the seed-beet fieclds were sprayed in
the fall with pyrethrum-in-oil for control of damaging infestations of
the Leet Jenfhopper.  Applications made at the rate of 6 to 9 galions
per aere eauved salisfactory veduetions in Leet leathopper nunibers in
the ficlds.  The 8-gallon rate was found to he suflicient at temperatures
from 307 to 75 1. As the temperature rises above 752 the rate should
be increased until at nbout 93° as much as 9 gallons per acre may be
necessatry {o obtain Targe reductions. Wind velocities above 8 1o 10
miles per honur alse limit the effeet of the insecticide, and both temper-
alure and wind veloeity should be considered when deciding on the
vate of appliecation.  The spray should be applicd as soon as possible
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after damaging beet leafhopper infestions oceur in the seed-beet fields,
such ns were usualty found in September, late October, or late No-
vember; the time coinciding with leafhopper brood development or
host-plant drying in the semidesert breeding aveas.

The more severe intestations of the beet leathoppet: have occurred in
[nte October or later in both Arizonn and New Mexico,  Beets planted
from the middle of August to the early part of September and given
good eultural cave ean usually be made practically to cover the soil
sneface 1n the Relds with folinge within albout 50 davs.  Tields with
over 95 percont ol the ground covered with beet foliage have been
found to provide an unfavorable condition for the beet leathopper, and
it Ehis condition is attained by Lde Qctolier or souner, such felds will
apparently nol be subjeet to subsequent infestations andd injury by the
lenthopper.  Sueh eultnral practices are lighly recommendel as an
aid to the reduction of injury by the heet Teathopper.
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