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SUMMARY

Beginning in 1933, and continuing through 1938, investigations
were conducted on the hiology and “eontrol of the cabb.ure looper
{. hu‘nqmp)’m brussivae (Riley )) as it oveurred on Jettuce in the Salt
River Valley of Arizona,

Diring vears and seasons of suflicient rainfall in southern and
central .\1'1/011.1 wild food plants. on which Iarge nunibers of loopers

3‘-rbl't'l.'(l. appear over (he desert areas, and app‘treutly the udults migrate
Cong distances between the cultivated and desert areas in ‘ul}ustmﬂ
S hemselves to the foed- plant sequences,
82  [u the Southwest two ¢rops are grown yearly. The crop seeded in
""sfaoptvmbvr and markefed during December and early dJanuary is
ZBlnown as the fall crop. The crop y seeded in the Latter half of October
'g:lf"(m(l miarketed during Maveh and early April is knewn as the spring
Serugh.

The spring crop is grown during the winter when the loopuer activi-
Sies are at their lowest, and therefore the lettuee goes on dw miarket
w&pz'-u{w-:llv free of looper injury,
e

Lt ted far poidieilion May Hy, R0

S22 e welter neknowhadses (v a dpaniee Teddered by xS BN VD B Hemaey, ol
- SVt Wildermioth i helplul suszestions, by members of Uue Ervision of Liseet Tdeniitien-

'Imil fn dbebrminine vavrions insecks ol by membees of the Bivision el Insecticide
Tyvestignrious e anslyring the insectivides,
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The fall crop is grown at g thne when the loopers are more abun-
dant, aml therefore it is subject to attack vear after year.

The egers of the eabbage looper are deposited singly on either side of
the leaves and may hatch in from 3 to 10 duys. The newly hatched
larva is dusky white, but takes on a light-green color immediately
after feeding begins,  The feeding period may last from 10 to 50 days
and there may be 4 av & larval stadin,  The cocoons are usually at-
tached to the nnder stde of the lower or ground leaves. During the
sunnner e pupal stage may Inst as fow as 6 days, but the entire winter
ny be passed by some of the Insects as pupae. With & wing spread
of approximately 115 inches the adults are capable of covering long
distances. Asmany as 200 eggs may be deposited by a single female,

All stages of the cabbage looper are attacked by parasites and pred-
ators.  Trichograming minutum attacks the eggs and effects an ap-
preciable vontrol, tachinids attack the larvae and pupae, and birds and
bats attack the adults. The combined effect of the natural enemies
in the sununer and the practice of growing lettuce during the fail and
winter allows the crops to be grown with a minimum of artificial con-
trol.

Little if any advanlage was gained by removing the disearded
plants from the field at the Gime of thinning,

I was determined from a study of plant-prowth records (hat let-
tuce conld be treated with potsonons inseeticides up to within 35 to 40
dave of harvest without leaving an objectionable vesidne to reach
the constinesr.

Fhe data for the control of cabbage loopers on lettuce were obtained
from field plots muging from % to 1 acre each. It was determined
under the irrignted conditions of the Southwest that derris dusts were
toxic 1o the cabbage looper. that eryalite or paris green could be used
to control loopers on small lettuee, and that when a mixed infestation
of loopers and beet armyworms oveurred ealeinm arsenate would be
wore effeetive for controfling the combined infestation than derris,
and equal to the eryolite or the paris green,

The rute of application ranged from 10 to 20 pounds per aere.
depending o the size of the plants and the kind of insecticide.
There was no appreciable difference in eflectiveness of early-morning
amd fate-evening applications of the various dusts.

Usually the more severe damage to lettnee from the attacks of the
cabbige looper comes hnmediately after the thinning of the plants,
and i the infestation at that time s controlled no further danmmge
vecurs. Tt s therefore preferable that the insecticides he applivd
310 5 days previoss to thinning to avoid a concentraled attack on
the plants teft standing, Tnsectictdes applicd before thinninge wiil
not be presen on the product that renclies the constner,

INTRODL CTHON

It has been known for many years that the cabbage looper (lufo-
grapha brassicac {Rilexv)) was vot only an miportint pest of crap
plants ol the eabbagee Tamily but that the species also attacked several
other erops, inehuding tettuce, beet, pea. celery, parsley, potaio. cotton.
tomato, and some flowering plants,in addition to many species of wikd
plant=. Athongh tettuce Bas been mentioned by munerons writers
an n host plant of the cabibage looper, very itle has been prblished
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dealing divectly with the biology and control of the leopers on lettuee.
During the d-year period imuediately prior to 1933, apparenty af-
fected by the nvnilability of large acreages of lettuee and an abundance
of other cultivated and wild host plunts, plus favorable climatic con-
ditions, the cabbage looper caused sevious damage to lettuce grown
under irvigation in the Salt River Yalley of Arizona.

Preliminary investigations in 1933 disclosed that the lettuce growers
were combating the loopers with seme degree of success by the appli-
cation of insceticides containing arsenicals, but that the use of these
materials fate in the development of the crop very often resulied in
the presence of lmrmtal residues on the marketed lettuce.

This bulletin reports the results of investigations during the period
from 1933 to 1938, inclusive, on the biology, seasonal oceurrence, and
t{;l{t'l'oi of the eabbage looper on lettuce in the Salt River Valley of
Arizona,

SEASONAL OCCURRENCE, ABUNDANCE, AND HOST-PLANT
RELATIONSHIPS OF THE CABBAGE LOOPER IN ARIZONA

During 1he early spring, summer, aud envly full of 1933, observa-
Hons were mugle on the seasonal occurrence, abundance, and fool-
plant relations of the cabbage looper ns found throughout the eulti-
vated and desert areas of south-central Arizona.

The minfall for the winter 193435 was more than fwice the normal
(. 1Y, During December 1934 and Fanuary, February, and Mureh
1935, 7.28 inches of rainfall were recorded at Phoenix.  The increased
amount of moisture caused rank growth of plants (fig. 2) over the
entire desert aveas, and the loopers bred readily on a number of these
wild plants,

No systematic counts of the numbers of cabbage loopers were made
during the early spring of 1934, but it was recorded that loopers were
ensily Tennd on severad =pecies of the desert plants.

During the latter half of April the plants dried vapidiy, and at
that time the aduht moths were cruerging and migrating to plants that
were =till flowering in the higher elevations. On the 5th of May
looper adults were too nutuerous to be counted as they fed on u wild
desert composite, Fneclia farinose Gray, which was jn full flower
along the foothills adjacent to the enltivated areas in the Salt River
Vidley.

Throughout My and June leopers were searce, A few could be
found on several speeies of plants. but considering the Iarge unmber
of adults prescut a =hort (e earlier it seemed that all host planes
wenld have been heavily infested.  The light larval infestation scemed
to iudicate that the adults migrated for aviposition to peints mare
distant Trem the cultivated aveax of the Sult River Valley.

Parime Anepst the lpopers were niore numeroas than at any Hne
sivee the carly spring. The summuer raing had produced suflicient
vegetation again over the desert aveas for widespread breeding to
(LIS th

Lonpers were veadily Foumld as fare oz 15 10 35 miles from sulfivated
areis i the Targqua Tlala Basing where population counts were talen
during August from Peedis pupposa Ao Gray. These recortds were
ade nt randem hy the sweep-ted method o 6 loealivies. amd arvae
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were taken in § of them about the busin, 35 larvae being taken in 650
strokes of the net. The insect nets nsed were from 12 to 15 inches
in diameter, with handles 2% fect long. The net swept the top
portions of the plants for a distance of one-fifth to one-fourth of a
cirele, or a strip approximately 6 feet long by 1 foot wide.

The total looper populntion on the p].mts “covered with the net was
not oblained, but the numbers taken from the different localities were
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comparable, and established the fact that loopers were breeding in
large numbers. The loopers talen were m the first and second larval
stadia, showing that o generation had been begun on Peetis papposa,
which covered large areas.  Previous to the summer rains only the
perennial desert brush had been growing there, and loopers had uot
Leon obisevved {eeding on these plangs,

The desert areas had been practically bare from fafe April to
Augrust, and ax the perennial brush is not a food plant, ane is led to
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helieve that the mlofts mrevate congprmratively Tong detanees i semely
ol plant= suitable for Tood and Tor o ipositiog,

Diving Seprember 1955, <imilar cotpts swere made e the desert
aren~ 1 Uhe ddineen Creels Basin 1o the et af the enltivated aren- ol
the Salt River YValien, the Tarqua Tlada Basin e the weat, aind the
Wickenbure, Marinette, wnd Paradise Valley areas to the north, The
lersee present ol tlos fise wiere full crvow. whiels fndiesred th
ceteration haul developed and thar winlis would he vmereine o lew
woele Liter o deposii ecos on the dettnee that would he sl Lt wonnn
Sepienther Btand 250 A thi- thoe sinner annitib an the deseer weree
dixte, and was o early Tor the Tullated wimer annuals wappear
fBos e Thas fond phat comdition Tavesd the awdalis to mizeate to
the endtis ated e v ohiine <tiable host= Tor coe deposition,
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calions e e cattseed by ovarinvons insanfad] and other climatie con-
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Fate, bt wher eonedition- on il sdesert are favorghle Tor Dveding,
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Isbued. Flie tettire ot the crop, prive hietiions, and the time ele-
fen e perekerai delent atenpt= b sel 50 ey lome, The fo-s
1. =ttt = wathered frown the opinions expressed by covers] reower-.
Bers beer pleed o Promn 50020 pereent slneing <o~ ol heayy info-ta-



http:l'al':l.li

6 TECHNICAL BULLETIN 346, U. S. DEPT. OF AGRICULTURE

tion. Plants that have been weakened and that do not produce normal
hends were not considered in these estimates.

In the fall of 1935 approximately 10,000 acres were seeded to lettuce
in the Salt River Valley. of whicl 9.200 to 9,500 acres were sprayed or
dusted. A part of this acreage received two applieations. Tt is esti-
mated that at $2.50 per acre per freatment these insecticide applicn-
tions vost approximately $235,000.

The appearance of Joopers on the small plauts 1s a danger signal,
and spraying and dusting ave begun at once. The more cautious grow-
ers dust or spray the small lettuce whether the loopers are present or
not. Such control practices are considered a neecessary insurance
against a possible lose

FOOD PLANTS

The enltivated Food plants of the cabbage looper upon whivh it has
been found feeding in the Salt River Valley are cabbage. exuliflower,
broecoli, lettuee, minsiavd, tirmip, radish, tomaty, pea, squash, canta-
loupe, watermelon, cuenmber. putato, sweet pea, hollybock, and
snapdragen.  The conmon wild food planis that ovenr on the desert
and wlonge water vourses in the valley under favorable conditions in-
clude Nicotiana trigonophylle Dunal; N, glanece Gralam {(tree
tobaceo}, wild mustards (at least five species), mallow (several species),

Csehseholtzia californiea Cham. (Californin poppy). Erodivm cicu-
terivm {1.) LHer., vedstem filaree or alfileria, Chucnactis stevioides
Hook. and A, (morning bridey. Pectis pappose A Gray (chinch-
weed), Lactuew spp. (wild lettuce). and @ few unknown species. The
Tooper hus heen revorded as feeding on a number of other plants, among
which are cotton, beet, celery. and spich.

With this wide variety o enlfivated and wild plauts to breed ou,
the {ood-plant sequence is so strongly interwoven that each succeeding
generation of loopers may fnd sufficient food to maintain an infestation
that might become of outbreak proportions at any time,

LETTUCE-PRODUCING AREAS AND CROP SEASONS IN THLE
SOUTHWEST

In the principal lettuce-growing districts of the Southwest two crops
of lettuce are produced yearly. These areas include the Sult River
Valley and the Yuma Valley in Avizona and the Tmperial Valley m
California {fig. 3).

The spring crap of lettuee, growing through the winter when the
Tooper activities are at their lowest, i comparatively free of looper
injury.  An aceasional larva may be found at all thoes, but the crop
is harvested in March or early in April before the spring infestation
reaches the point of causing danage.

In 1933 a series of examinations to determine the winter intestations
on the spring crop was begun on January 17 and continued through
February 26. During this period 17 exauminations were made of 30
plants each, TLots of 5 plants taken in 10 different places about cach
ficld constimted a sample. Only 20 eges and 32 Lovae were found,
This was a very light infestation that merely shows that the loopers
were present and remnined active during the winter,

‘Fhe fall crop, however, is grown at a time when the loopers are ap-
proaching the peak of abundancee and therefore is subject to more or
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less severe atfacks from year to vear during the early stuges of plant
growth, ‘This crop for the December and Januan market is usunlly

seeded between September 10 and 25, and germination takes place
within 48 to 72 hours. ‘The small plants may become infested soon after
they appear above the ground (fig. 4, . and B).

A maoderate infestation before the plants are thinned usually causes
no appreciable foss, us even wmore plants are taken out in the thinning
operation than are destroyed by the looper, whereas plants destroyed
after the lettuce has been thinned cannot be replaced and thevefore are
a total loss.

INSECT INJURY TO LETTUCE

During the early stage of plant development lettuce may be attacked
and severely damaged by insects ut any time. There are two critical
periods, however, during which the injury may become more serious
than at other times. The first critical period comes soon after the
plants appear above the ground, when they ave subject to the attacks
of grasshoppers. crickets, saltmarsh caterpiilavs; und cutworms. The
d.mszt from these msects may vesult in a complete loss,

The second critical period comes immediately after thinning, when
the cabbage loopers that werve infesting the plants that were discarded
find their way to and congregate on the plants left standing (fig. 4, €.

At this stage of plant development the infestation is Bt or is ap-
proaching its maximum vapacity for causing damage. One larva 1n
the last instar may destroy severad plants in a short time. When the
plants have become well established afrer thinning, the looper atiacks
do net usually eanse any appreciable los<. The plants snon become
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Frovke b L Geners! view el s lenaer sield ab g be T thinaing stonld o Bhovan s
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wtiapeiintedy alier gee thinnir of e pdants, Noteo tiwe disegrded plants i
the Poeren < ot the Jewer efi s dlie Sorrowes o0 the vighn Juive Teey opequesd tar
irrigigiog,
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Froves ;—Conerat view of a letinee feld about 10 days betore harvest

established and outgrow the subsequent infestations {fig. 5). As a
ritle the lettiee erop goes on the market showing very little or no looper
ingnry.

Cabbage loopers destroy or injure lettuce by consuming the leaves
or vegetable growth. When the plants are small they may be com-
pletely eaten, or the terminal bud may be destroyed or injured, which
causes the plant to develop axillary buds that usually do not produce

Figree Go—The lottuer plang on the left will not produce @ sormml marketable
Rend on secennt of injury or destruction of the terminal hud by cabbape loopers
during 1he early siages of plant growth.  Note the developient of axiilavy
buds, The letuee plant on the vight, with the same cullneal histery But not
injuret by cabbage leopers, will produce it warketable hodd.

i e
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markeiable heads thg, 6). or the plants tarn vegetative and develop
thick, feathery leaves with no tendeney to produce heads.

Ssothe plots beeome more mature, the onter edges of the alder
leaves seem to be prefereed by the loopers. Soveral Torvae miny feed
on the outer leaves of a rapidly developing plant and canse no appro-
cinblie losss whereias one levac boring ingo the hewd wonld destroy it
Loopers setdmn bove into and viddie the heads (lig. 7..1 and 2.

i
L: "‘.‘h_ i"
i

Frgewe T L Mature head of lettoee howing =evere slimage (0 1he oufor teaves
by vabhage Youpers s B, the same head s=pitt open showing 1hetf the Inevae did
unt hors into (he head ag eoriined Hieir fooding to the omer leaves,
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A characioristic feeding habit of the Javvae is to perforate a portion
cf the leaf near the edge.  The perforation is usually arve-shaped and
the arca outlined is governed by the size of the lavva that made it,
The are-shaped cut is made by the larva partly cotting out the leai
tissues ns far as it may reach from a more or less stationary point.
‘The segment outlined is not always immediately consumed, and sevaral
such aveas may be found on one lenf,  No satisfactory explanation can
be offered tor this type of feeding.

A loss that oceasionally oceurs at harvesttime is produced by excre-
ment falling into the wrapper leaves and soiling the head. This
damage is usnally caused by a few lavvac that ave feeding on the
cuter leaves, and the actual foss from the plant material consumed is
negligible,  Control measures ave ravely undertaken against the lavvae
at this time,

LIFE HISTORY AND HABITS
THe Ect STacE

'The hemispherical eges are finely engraved with longitudinal ridges
o ribs crossed with fine transverse lines (fig. 8. 21), They are pearly
white when first deposited, but as the larvae develop they turn a fow
shicles darker. A short time before hatching, the black head and
thoracic shield of the larva may be plainly seen as blackened aveas, and
fhe prominent setae appear as dark broken lines.

The egas are usually deposited singly on either side of a Jeaf, but
more ofien they are found on the under side and near the margin.
Eges may be deposited at any time during the year, and the incuba-

tion period may last from 3 to 10 days, depending on the temperature.

Tue Larvar Srace

‘The newly hatehed Inrva is dusky white with black head and thoraeic
shield. The setae ave long and conspictious but become less noticeable
in the later instars. Soon after the larvae begin to feed they take
on a light-green color and retain it throughout the larval and the first
part of the pupal period.  There ave thin. longitudinal, white lines
along the sides that become less noticeable in the last instav (fig. 8, B).

Owing to the fact that twoe out of four abdominal prolegs are
missing. the larva erawls in a looping manner. from which it derives
ihe name “looper.” The larva has the habit of curling into a ball-
shaped mass and dropping from the plant ot being digturbed.  The
large laven s a strong crawler and may cover comparatively long
distances in search of foad, The lavva passes through four or five
stadia and completes the feeding period in from 10 to 50 days, de-
pending on the seazonal temperature.  When full grown the larvae
are from 113 to 1ty inches ng. and the Inst two instars ave voracious
[eeders and consunte large quantities of plant tissues.

Tue Prran STace
When the fecding period has been completed the Iavva spins a white,

thin, fragile cocoon in which it transforms to a pupa which is cusily
ceen inside (fg. & (Fand 72). The newly formed pupa is light green,
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but darkens graduully antil o short time before the moth emerges,
when it takes on a dark brown or almost binck appearance,

The cocoons may be attached fo any object, bub more often they are
tound on the under side in the folds of the lower or ground lenves of
the hoest plants, or they may be sttached to clods ov “other ohjects on
the soil near the plants.

The pupal period may be passed in s few as 6 days during the sum-
mer, o the winter may be passed in this stage.

Tie Apuvnr STACE

The adult 13 a grayish-brown moth with a wing spread of approxi-
mately 114 inches, and an irvegulay, ch‘u‘lctvmstm marking in the
{front wing {hn 8, £N.

“The adulfs are seminocturnal and usttlly avoud streng sunlight,
They usually feed and deposit eggs about dusl, but. in cloudy weather
and in the falt when the evenings become ¢ool they muy be found active
throughout the day. They are qtmnrv, active Hiers and are apparently

tpable of covering long distances,

In cages the adults ms ry live 2 weeks it given suflicient moisture and
food, mud during that time a single temale muy deposit from 50 to
200 eggs,

The time requived for the complete life cycle depends on the tem-
perature, bnt it is possible to complete the exele. from the time the
egos are deposited until adults arve forns=t and ready to deposit eges,
within a period of 20 days.

SEASONAL HISTORY

TUnder the climatic conditions prevailing in the Salt River Valley
all stnges of the cabbage looper may be found al any time. The con-
Hintious breeding throughout the winfer, though greatly retarded by
the cold weather, benlm to build up popul.ltionc; that reach their max-
imun numbers mi]), in the fail {October 15 to November 15}, The
number of generations produced has not been determined, but it is
believed that as many as five to seven may oceuntr.

Hibernation in the true sense does not take place for the species as
a whote. Some pupae remain as such throughout the winter, which
extends from approxinmiely December 15 to February 1, but others
produce adults that feed and deposit egps during the warmer periods
throughout the winter.  Egps hateh and the larvac ave present during
the \\mior, but the normal functions and rate of development are
crently veturded.

NATURAL COXTROL

The cabbage looper is readily attacked by pavasites and predators.
The eggs are deposited on the leaves with no protective covering.  The
larvae feed on the outer leaves of the pliants in exposed locations. The
cocoons are fragite and none too well hidden. The adults may be
attacked by bivds, bats, and other predators. The prevalence of
parasites and predators to take advantage of these opportuntities
allows lettuce to Lie successtnlly grown with a minimum of avtificial
vonlrol during cortain years,
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Diseases of the looper oecur in Arizoha to a certain exteat, but
do not appear to afford an appreciable degree of control except
possibly during periods of excessive rainfall,

ParAsITES AND PrEDATORS OF THE Eecs

The egg parasite Trichogramme minutum Riley becomes prevalent
Juring the summer aid full, but varies in abundance in different fields,
During Qectober and November 1933, 305 looper eggs were collected
andd the parasitization ranged from 2.7 percent in one field to 384 in
another M a different locality. During October and November 1934,
parasitization ranged from zero to 47.1 percent in 963 eggs, and during
Qetober 1937 trom zero to 23,6 percent n 446 eggs.

During the fall, when there is an overlapping of generations of
the cabbuge looper, an appreciable degree of control may be obtained
when the larger Jarvae destroy the eges while feeding, us most of the
eggs are depusited ou the parts of the plant where the hurvae feed.

The remains of eggs that had been fed on by some predaceous form
have been observed, but no particular insect has been found at this
worlc.

ParasiTES AND Puepavoas ofF THE LARVAE

The larvae are subject to atlacks from several parasitic forms, the
predominating species being the tachinid Vorie rurelis (Fall.). These
parasites exercise an appreciable amount of control during the late
summer and fall, During November and December 1934, out of 312
farvae collected from the fields the parasitization ranged from 8L.1 to
100 percent, and during November 1987 the parasitization in 268 larvae
ranged from 63 percent in one fleld to 81.3 percent in another, The
lavyal parasites seem to be more uniformly distributed from field to
field than do the egg parasites and exervise a more effective control
against the looper.

One lot of looper larvae collected in December 1934 <howed a para-
sitization of 96.6 percent. At that time host Inrvae were comparatively
seavee wnd the tachinid adults were so numerous that Iooper larvae too
small to develop parasites normally were attacked, and consequently
17.2 percent of the parasitic larvae died for Jack of sufficient foed.
Larvae collected the following April. however, showed a parasitiza-
tion of only 18.8 percent.

During the course of examining looper larvac for parasites it was
not unconmon to find as many as five, six, seven, and eight parasites
per host larva. The average for all the looper larvae collected in Jan-
nary 1983 was 3.19 parasifes per host larva, and for all those collected
in November. December, and January 1931 was three parasites per
host. larva.

The following hymenopterons parasites have been reaved from looper
larvae: Fuplectus comstockii Hownrd, Mieroplitis brassicae Vier.,
Rogas rufocoralis Gahan, Sagaritis websteri (Vier.), and Copidosoma
truncatelfum (Dalm). A few of these forms may be found from time
to time, but they do not usually become sufficiently numerous to effect
any appreciable control.
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A predaceous ground beetle, Culosomea peregrinator Guér., wmul pos-
sibly others readily feed on the loopers. These beetles Iinve been ob-
served climbing the plants and devouring the larvae. The lurger
larvie secm to be more readily attacked by the beetles, whereas the
smaller larvae are attacked by spiders that inhabit the lettuce plants,

ParasiTES Axp PREDATORS 0F THE PUPAE

T pupne are not subject to the attacks of parasites to any appreci-
able extent. An undetermined tachinid has been reared that carries
over from the larval stage snd emerges after the pupse have been
formed. This parasite enters the body of the host in the forn of eggs
or newly hatehed lnrvae which are present on the food. Loopers reaved
in the laboratory from cges deposited in cages may become parasitized
by ingesting eggs or larvae of this species present on fooul taken from
e ficlds.

Cocvons are often found that have been opened and the pupae de-
stroyed, apparently by beetles, mice, or birds.

EXEMIES OF THE ADULTS

The adults ave attacked to some extent by birds, but bats exercise a
arenier degree of control. The moths are usually more active during
the evening when the bats ave feeding than when the bivds are awake.
Large numbers of wings of lutographe brassicae are observed from
time to time floating on the surface of the lakes in the early mornings.
and these are belteved to be from meths taken by bats.

CULTURAL CONTROL
Disrosan oF Letteee Puaxts Discarper 1x THE THINNING

1t had been observed during the course of the work in 1933 and 1934
that a large part of the damage to lettuce from looper attacks came
at or immediately following thinning. This was especially so if the
plants had been allowed to grow te a height of from 2 to 4 inches or
more before they were thinned. The larvae infesting the discarded
plants found their way to the remaining plants and established a con-
contrated infestation.” The removal trom the field of the discarded
plants with the Jarvae infesting them was attempted. but the habit of
the larvae of dropping from the plants upon being disturbed served to
hasten their establishment on the plants desired for the permanent
stand,

Two plots of approximately 1 acre each were selected for conduct-
ing the plunt-removal experiment.  In one of the plots the disenrded
plants were immediately raked up. put into baws, and taken from the
field. In the other plat the dizearded plants were left in the furrows—
the usal practice when lettnes is thinned,

Three davs and again 11 days after the removal of the plants the
larval counts wore neute in each plot on a sumple of 50 plants, Each
stmple was divided into 10 subsamples taken at random and each sub-
sumple consisted of 5 conseeutive plants.
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In the plots where the plants were removed from the fields by
laborers following immediately after the thinuers, an average of 0.66
karva per plant was fonnd 3 days atter the plants had been removed.
and an average of (.78 larva per plant 11 days after the plants had
heen removed.  Ta the plot where the plants were allawed to remain
m the fuerows an average of 0.61 larva per plant was found 3 days
after thinning. and 0.60 per plant 11 days after thinning. It was
noted at the time the plants were being removed that the lurvae were
dropping 1o the ground and erawling abont in search of food.

Approximately 20 days after thinning there were 307 plants that
would not produes marketable heads owing 1o looper injury on the
avre plof from whieh the discariled plants had been removed. as
compared with 382 planis on the aere w‘mt'o the discarded plants were
allowed to remain in the furrows. The margin of 75 plants saved
per acre seems ton small {or the prasiice fo become of cconnmic value.

Destroying the discarded plants at the tiwe of thinning by plaw-
mg theny under vould not be suecesstully accomplished.  The avstem
of planting {wo vows of lettuee on a bed does not allow for sufficient
20il to cover the discarded plantz without uprooting those left on the
side of the heds, and the furrows must be kept open for currying the
wrigation water.

INSECTICIDAL CONTROL
Aviowssie TiME For Seraving or Dustine

Stuties were inade with the idea of estiblishing a definite time or
period e the develapment of the lettuce plant at which spraying or
dusting might be done without feaving an objectionable residue on
the heads. The natural growth and developmeni of the head of
lettuee is frow the inside, and the vuter leaves =o overlup that those
tinderneath are protected. Tt naturally follows that it would be safe
1o nse poisonos insecticides if all the onter leaves were stripped off
when the lettucee was packed, but v order to protect the heads while
m transit elose stripping is nof practiced.

A number of leaves, however, are stripped from the plants during
commereind packing operation=. For eximnple. on ene oceasion an
avevage of 18 leaves por plant were stripped from 69 plamts during
the=e eperations, O this basis it would be safe to have remaining
on the plams after harvest, but before sivipping, not wmore than 1)
leaves that were exposed to applications of poisonous inseeticides.
The number of sueh leaves were deterined for a limited nnmber of
planis by reearding at intervals dncing the growing period (he feaves
that were exposed and those 1that died or were loft in the field at
harvest, FPhe resulting data s snmmavized in table 1 indicate that
wseeneides applied 1o these plants 35 to 40 days prior to harvest
would not renwin on the marketed produet,

Thiz period is a conservative one and is sufficiont to cover plants
that develop slowlv.  During scasonz of maximum growing condi-
tions the period of 85 to 10 days previous to harvest during which
spraying or dusting should not he done may he safely veduced 1o 25
to 30 days and =till leavie no residhe to reaeh the market,
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Tasrr L.—Number of lettnce Tearcs on farvested plants before and afier being
stripped for packing, classificd by the length of the time priov to harrest thet
they wwere exposed or wiproteeled by overlupping leaves.  Phoeniz, driz, 1934
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INSECTICIDE APPLICATIONS

During the course of the experimental work no spevial effort was
nude to apply a specific weight of dust to a given plot or plots. The
rate of application shown for the various insecticides used was obtained

by putting a given weight in the duster, treating a plot or plots, and
then weighing that which was left.  The thoroughness of each appli-
cation was judged from the appearance of the How of the dust or the
density of the dust cloud.

A rotary-lype hand duster was used in applying the insecticides. A
Y-shaped nozzle spreader arrangement (fig. 9) was used so that both
rows on a bed of lettuce coulkd be dusted at the same time.  During 1936
and 1957 one set of plots was sprayed cach vear. A eonstant-pressure
hand sprayer was etuploved in these tests. The insecticides were
applied when there was no wind. and the operator o guided the duster
or nozzle that each plant received a uniformly therough coverage.

Unless otherwise stated. the proportions of each of the ingredients
of the dnst mixtures appearing in the tollowing tables ave expressed in
terms of the commercial grade of the insecticide used, and of the
diluent. by weight.

A wide range in the rate at which the diflerent inzecticides were
applicd will be noted.  The density of the various mixtures seemed
to have had a direct bearing on this point. Tt was noted at the time
of application that the heavivr dust mixtures. such as paris green
and Lime, ervolite, and sulfur. and mixtures containing tale, flowed or
were dusted more redily than did the migtures of lighter densities,
such us derris and clay. derris and pyrethrum. and calelum arsenate.
In mesi of the experiments the tendency when the heavy duste were
uged zeems to have been Tor a greater amonunt of the insecticides to be
applied than was desived. and when the dust mixtures of the lighter
densities were applied. too little of the insecticides for a satisfactory
contrel,
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but the desrease in the infestation of the treated plots when compared
with the nntreated plots showed that any of the nsecticudes used may
controt the cabbage leoper to some degie.

Undiluted barium fluositicate appfied at the vate of 14 pounds per
acre indicnted excellent control, wherens barinm fluosilicate, 1 part,
{o lime, 2 parts, applied at the rate of 7 younds per acre showed o
apprecinble control. The derris-tobaceo dust {1.66 percent of rote-
none) gave good control, and the vesults on these plots and on those
where undiluted derris dust (3 pereent of rotenone) was used show
clearly that rotenone is very toxic to the cabbage looper. The paris
ereen, 1 part, to Hme, 5 parts. applied at the rate of 745 pounds per
acre showed an appreciable degree of control, but it was also indicuted
that the rate of application was too low. The degree of contral ap-
peared to depel to o great extenl on the rate of application and the
proportion of the active ingredients in the varipus mixtures,

EXPERIMENTS IN 10531

During 1034 the experiments were conducted on small-sized field
plots which included 16 treated and 8 untreated chieck plots of 114
acre cach. ‘The plots were 8 beds, or 16 rows. wide by approximately
100 feet long. and each treatment consisted of 2 replicates.

“The popuiation of the loopers was ascertained by exumining a sample
of 25 plants in each plot.  Each sample was made up of 5 sub=nmples
taken at random. and each subsample consisted of § consceutive plants.
During the examinations the live and dead larvae and the number of
eges on each individual plant were recorded separately =0 as to make
an individual infestation record for each plant.

At the time the insecticides were applied the looper populations were
determined on the plots to be treated.  The plots used as checks were
not examined until later.

From a study of the data for 1934 presented in table 2 3t s evident
that a distinet degree of control was obtained by the use of each of
the insecticides. This control was shown in the difference obtained
(1) in the percentage of plants free of jufestation in the treated plots
when compated with those in the vheeks. (2) in the average number of
latvae per plant for the treated plots wlen compa red with those found
in the untreated clieek plots, mrd (3) in the reduction ot infestation
from the original population.

TanLE De-Cutibege looper infestution on lettuee foltucing the application. of
insvetivides to plants after thinning, Ploenie, Ariz,

EXFERIMENTS OF Wi

P . : " ; ( i ' " Reslue-

[T ) e Mlants free of ¢ Larvae per tivm of
P I;.’f;&,?;:;," er Inrvae after ol aficr Tarval
- acre - At 13 .days G to 1§ days popnla-
! . : ! tiun 1

| Frapndy Pepeent
H 19 :

Inseeticidod amd diluems

Xnmber ! Percent
Doerrislay b5 percend ratetioter . Morting 0.62 } 8.4
IYerrig-Lale 105 peree sl rateinwet e
Derris-elay ILTE pereent retenottel . - L o .
Prorpis-lale 75 porcenl cotenonet do Loy
Cryalite s amgl elay o2 0 Evening
I'yrethon Qowersclay {1-000 o L
Urpris-ekay o8 B peneelth oteoned . dMernine
Pherpiselny s 1 pereriil rareioet Evening
1 onrewted] cheeks . - . .

i Perent reduerion during period between appilention af isecticide and the st exnmination, based oo
Pl [festanBore ng 1le ttoe of applivatiog,
S lmprtd ssmiterie erpelite pprtaining approximately U8 te B0 Pereeint of sl fiooalntminags,




20 TECHNICAL BULLETIN 346, U, 8. DEPT. OF AGRICULTURE

Tamp L--Culbage tooper infestativn ow Yeltwee following the upplication of
insveltividey o piatids after thinning, Phaenie, Ariz-—Contiatel
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A distinet control trend is shown in the decrease in the pereentage
from the vriginal infestation in the ircated plots. At the same time
there appeared to be an inevease in infestation in the untreated cheel
plots. The degree of control as indieated in the treated plots was
bigher than that actually shown, The elapsed period between the
thie that the insccticides were applied and the final examinations
of the plants were made allowed eggs (o hatch and larvae to feed on
new plant growth that carried no poison, and the percentagos as given
ineluded this ineveased infestation. A substantinl degree of conirol,
however, was obiained with each treatment. The 1 percent and 0.75
percent rotenone mixtures and the pyrethram dust showed approxi-
mately the same degree of control, the 0.5 percent rotenone ranked
gecowd, and the eryolite thivd.

Lt 1s concluded from these data that any of these inseclicides when
applied in sufficient quantity may effect a control of the abbage looper
on sl lettuce,

EXPROIMENTS TN 1uas

The experiments of 1935 were carvied ont on ekl plots similar
tu those emiployed in 1934 The infestation at the thue the inseeti-
cides were applied was approximately 0.5 larva per plant. The sub.
serpuent examinations revealed a general decrense in the infestilion
at the tirst-day, lifth-day, and tenth-lay examinations.  The decreaso.
heing somwwhat greater in the treated plots than in the checks, indi.
cated a control trend for the jnsecticides, but owing to the Hght ini-
tinl infestation mud the general decrense over all the pluts the tabu-
lated data for 1933 are not presented.

FEXPERIMENTS IX 180

The fall Tettuce erop of 1936 was seeded between September 10 and
23 Growing conditions were favorable, and the looper damage was
considerably below ihat wsually occurring, A survey of five fields in
represeutative loealities in the Salt River Vailey was made and an
average of 0,16 10 04 Javva per plant was found during Octoboer 9
to 28 Thix mfestation wax very light, but the experimental vonirol
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was condueted as had been done in previous yvears, Twelve plots were
(reated with the vavious insecticides nud funr plots were left untreated
as cheeks.

The examinations to determine loaper popuolations at the {ime the
msecticides were applicd on Qctober 26 showed an average of 0.2 larva
per plant. This infestation was rather low for evaluating the merits
of the various insectivides. but a control trend was shown when the
results of the population connts in the treated and check plots were
compured,  Since the infestation was so light, the tabulated data for
1936 ave not presented,

EXPERIMERNTS TX 1047

The procedure in conducting the experimental work during 1937
fellowed closely that for previcus years. The experiment consisted
of 14 treated and 2 untreaied check plots. The lettuee was thinned
on October 13 and the insecticides were applied on Qctober 14 to 15,
Weather was favorable during the experimental period. Tempera-
tures ranged slightly above normal and there was no rainfall. An
outhrenk of the vellow-striped armyworm (Prodenia ornithogalli
Guen.) eansed some loss e the stand when the lettuce was simall,

Irom the data presented in the 1937 block of table 2 the general con-
tral trend of the treated plots over the untreated ebecks was shown
io parallel very closely the {rends shown in 1934, The pereentage of
piants free of infestntion. the aversge number of larvae per plant,
and the decrease in the percentage of infestation fram the original
population count. with wome exceptions, show a decided advantage
in the insecticide-trented plogs as compared with the untreated checks.

The comparstive degree of control of one treatment over another
cannot be shown, since the rates of the insecticide application were
not comparable, bnt the Letter control indicaied in the plots where
unsting snifur wias used ax the diluent was probably due in large part
to the difference in the rates at which the inzecticides were applied.

Tu the plots where the derris-sulfir mixtures were nged 02357 pound
of rotenone per aere was applied. and on the plots where the derris-
clay mixtures were used (L0833 pound of rotenone was applied, or more
than 215 thues as much rotenone was nsed on one set of plots as on the
other. It was recognized. however, that sulfur influenced the control
to g greater extent than did the clay,

The relatively good control ax shown from the use of ground pyre-
thruom-sulfur-gronnd derriz was due to the liberal application of 0.1034
pound of rotenone added to the gromgl pyrethriom. with whatever
advantaee sulfur might add.

The degree of control as indicated fron the use of the derris spray
wis foo incongiztent {o permit any definite conclusions ta he drawn,
but the 0.0334 pound of rotenone applied per acre seemed to give a slow
rate of kill of the Tooper larvae. Tt was noted during the exami-
nation nmatde 3 davs after the spray was applied that the looper larvae
had ceased Feeding and that =eme had dropped  from the plants
although =til} alive. The examinaiions nude 7 days after {he spray
was applied indicated that the larvae did not recover bt died,

Thix same examnation Indieated that eggs muy hateh and the =small
Inrvae feed on new plant growth that carvies no poison. The count
of the rotal larval infestation showed an increase in the wverage num-
her of larvae per plant on the seventh day over the count made the
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thivd day after the insecticides were applied, and the percentage of
plants free of infestation showed a decrense for the same period.
When, however, consideration wag given only to the Tuevae that wers
present on the plants at the time the ingecticides were applied (tourth
and fifth instars), the average number of larvae per plant showed a
decided decrease, and the percentage of plants free of infestation by the
frge [arvae showed a deeided inerease.

The data gnthered from the experiments of 1937 show that good
control was obtuined. The decrease in the pereentage of in Fostat ion
in the treated plots and the decided inerease in the pvlu-nt apge of in-
Festadion in the check plots elearly show that these inse ctivides were
effective, and that when property applied they may control the cabbage

Jeoper attacking small lettuce,
ESPRERIMENTR 1N 108N

The sume geteral procednre was followed in condueting the oxperi-
ments in 1938 as had heen nsed duri it previous years Three insecti-
cidal trentments and vne cheek were each ll'{}llc‘ltt‘ll four times in o
systemalie square areangement of plots. “The lettuee was thinped on
Octaber 22, and the insecticides were applied on October 26.

The data presented in table 3 show a decided reduction in (he in-
festation following the use of the different insecticides.  The degree
of conirol ix shown by comparing the ditference in the infustation at
the time the insecticides were applied and the infestation 3 davs
fater. and by comparing the infestation of the untreated checks with
the infestation of the treated plots covering the same period.

Tavey B—-Cublaige loaper infestulion on leltuee follawing the upplicetion of
inscelicides to plantx ufter thinning, Phocnie, Ariz, 1938
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A the time the inseeticides were applicd, approximately 50 percent
of the plants were Tree of infestation. Five days Taier the pereentage
of plants free of infestation had materially increased in the (reated
plots and had materially decreased in the untreated checks.

Data were eollected whieh showed (hat after the treatment the plants
having three vr more larvae per plant were rare in treated plots, bhat
the percentage of plants with an infestation of three or maore larvae
ach in ihe untreated cheek plots remained practieally the same as
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in rthe original infestation—and usually it is in this group of highly
infested plants that the more severe losses oeeur,

It s concluded from these data that derris-clay and cryolite-clay
may give satistaciory control of the cabbage looper, but the degree ot
contrul obtained with enleium arsenate was go low as to indicate that
higher vare of application per acre would be necessary,

During the course of the expevimental work Inte-evening and eavly-
morning dustings were made to determine which might be more etfee-
five. but there was no appreciable difference in the degree of control
shown.  Sinee there is here usonlly little or no dew {o cause the dusts
to adbiere to the plants. the dusts shonld be applied at the time of
day when very little or no wind is blowing.

AIPLICATIONS PHEVIOUS TO THINNING

During the vourse of the experimental work conducted in 1936,
1037, and 1938 a series of tests were made each yeur in an effort to
cstablish the value of applying insecticides to small fettuee a few days
previous fo thinning.

In 1936 and 1937 the work wag planued in sueh o wmanner that the
insecticides might be applied from 3 to 3 days before thinning, but
each year T to 10 days elapsed between the time the applications were
made and the time the plants were thinned. This inereased interval
minimized the value of the resulting duta.

Tn the tall of 1936 the inseetivides were applied on October 12,
the Jettuve was thinned on QOetober 10, the fivst infestation record
was made on October 22, and the second on October 27, At ihe tine
the applieations were made the lettuce had from 3 to 6 leaves, and
the plants were from 115 to 3 inches in diameter aml overlapped one
ancther in the row.,

Kinee before ihe lettuce was thinned there was no method of deter-
mining the population of the loopers thai coukd be adequately com-
pared with one taken after thinning. the degree of contrel was dleter-
mined by comparing the papulation of the treated andd untreated plots
al intervals of 7 and 15 dayvs after rhe insecticides had been applied.
and by computing the pereentage of plants injured by loopers that
would not produce markeiable headls,

The experinental plots were § beds widde by 300 teet long and con-
{ained approximately #; ¢ of un acre each. There were two replicates of
saeh treniment.  The records on the looper populations were mude
by Tollowing the sume plan that has been deseribed previonsly for the
sxperiments in which the insecticides were applied after the lettuee
hiud been thinned.

The elapsed time of 7 days between the date the inseeticides were
applied and the first record ot infestation was too great for obtaining
Qata that would ghow the maximum degree of control. The general
trends. however, when the results of the trented plots are compared
with those from the untrested cheek plots. ag given in table 4, show
thar some control had been ehiained.
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Tavre d.—Cebbage looper infestution on lettuce following ihe opplication of

inseeticides to plants previous to thinning, Phoeniz, Ariz.
EXPERIMENTS OF 1946
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The exammation made 13 days after the insecticides were applied
showed an increase in the infestation over the 7T-day examination.
This indicated that the period of effectiveness of the insecticides had
passed, owing largely to the rapid growth of the plants.

In 1937 the snme general procedure was followed. The plots, how-
ever, contained one-eighth of an acre cach, and the plants ranged from
1 to d inches in dinmeter and had from three to five leaves «t the time
the nsceticides were applied, The plants were standing thick and
overlapped in the row. The insccticides were applied on October 2,
mid the jettuce was thinned en October 12. The infestation records
were madde on October 16 and 20.

The datn presented in the lower half of table 4 do not show any
appreciable advantage of one inuecticide over another, but a control
trend was indicated when the results of the treated plots as a whole
were compared with the results of the untreated checks. The first exam-
ination was made 14 days after the insecticides had been applied, and
durtng that time the plants hiad increased several diameters in size.
During this 14-day interval many looper eggs were deposited and
hatched, and many of the resuiting larvae fed on the unpoisoned plant
growth that had developed since the insecticides were applied. There-
fore. in judging the control values only the fourth and fifth instars
should be considered, since the small larvae were not exposed to the
insecticides, and to consider them would not give a true index of the
degree of control obtained.

The difference hetween the looper populations in the treated plots
as a whole and those in the untreated check plots was not great, and
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there were individual veversals within the treated plots that showed
higher infestations than in the untreated checks.  One of the cryolite-
clay plots and the caleium arsenate plots showed high looper popula-
tions, buf the general trend showed an appreciable degree of contvol
s favor of the insceticide treatments,

The same general procedure was followed in 1938 as had been em-
ployed in the previons yewrs. Conditions developed, however, that
allowed two series or grotps of experiments to be curried on, Group-1
experimentys consisted of 23 plots arranged in a systenmtic square of
4 insecticide plots and un untreated check, each of which was in 3
replicates. Group-2 experiments were similar fo those of group 1
except that 1 of the tusecticides was omitted, which allowed = 16-plot
arvangement with the 3 insecticides amd an untreated check, cach of
4 replicates. The presentation and discussion of the data from the
2 groups of oxperiments witl be talen up separately since therve was
sreat difference in the intestations in the 2 fields.

In the group-1 experiments the insecticides were applied on Qctober
6, when the plants were from 1 to 3 inches high and were well over-
lapping in the row. The lettuce was thinned on Qctober 9. thus allow-
ing an interval of 3 days between the time the insecticides were applied
and the time the lettuce was thinned. The infestation records were
made on October 11 and 19

The looper infestation was low in these plots ut the time the insecti-
cides were applied. Table 5 shows the mean infestation for the
replieates of group 1 recovded 3 und 13 days after the insecticides
were apptied and the pereentage of plants injured that did not make
heads. 'The infestation 3 davs after the insecticides were applied was
low. but a considerable inerease in the infestation of small larvae was
shown by the examination made 15 days after the insecticides were
applied.” The low infestation of the large larvae at the 13-day exami-
nation indicated that the variousinsceticides had effectively controlled
the infestation present at the tine the applications were made.

Tante G—Cebbage looper infestution on Iettuce folloicing the application of
insoeticides to planis previows to thinning, Phocrie, Aviz. 1038
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The percentage of plants injired that did not make heads was con-
paratively low following the use of caleium arsenate, paris green-lime,
and eryolite-clay. but rather high following the use of the Eerris-cl:ty.
This was due to an infestation containing not only cabbuge loopers
but also beet armyworms, and it has been determined that the beet
aratyworn cannet be readily killed with deeris.

In the group-2 experiments for 1938 the insecticides were applied
on Octoher 26, the lettuce was thinned on Qctober 31, and the only
infestation count was imade on November 2.

The looper infestation in these plots was higher than in those i
group 1, and table 5 shows that the untreated plots had an intestation
of 18I larvue per plant 7 days after the insecticides were applied; and
when the untreated check-plot infestation is used as a basis for cal-
culating the degree of control obtained following the use of the insecti-
cules it will be seen that the derris dust containing 1 percent of rote-
none in clay applied at the rate of 9 pounds per nere produced §6.2
percent sdecrease in the infestation, the eryelite and clay applied ot
the rate of 8 pounds per acre cave 823 percent decrense, and the cal-
citmt arsenate applied at the rate of 9 pomnds per acre 65.2 pereent
docrease,

The perventage of plants free of infestation and the percentage
mjured that did not head show the same geners! control teend as was
shown by the infestation count.

No appreciable difference in the degree of controt is evident belween
the derris dust mixture and the cevolite mixture. but the control shown
for the caleium arsenate seems to indicate that it may be less texic
to loopers and therefore may requirve o heavier rate of application to

give u satisfactory control of cabbarge loopers on small lettuee,

EFFECT O LOSS IN MARKETABLE STAND

The percentage of plantz missing, a5 shown from the data guthered
from the varions plots employed for testing the insecticides and thsoe
wsed ax untreated checks, may be the vesult of # number of influences,
such as poor germination, improper cultural methods, disease, and
attacks from varions insects.  There was no way of separating the
catises ol these different losses. but it was known that an important
part was due to the attacks of the ecabbage looper,

The loss attributable to cabbage loopers beeause of plants that did
not produce marketable heads was low, as the difference from this
cause between the Joss in the treated plots and that in the untreated
checks was not great. No data were collected or estimates made of
the loss sustained heeause injured plants were delayed in their de-
velopment, although they later produced marletable heads. but the
centbined losses from the nbove-mentioned sources were more severe
than was apparent from the datn presented.

Experiments conducted to determine the degree of Joss to the lettuee
crop due to the attacks of loopers when the mseeticides were applied
after the lettuce was thinned. and othiers to determine {he loss when
the insecticides were applied before the lettuce was thinned, linve been
dizens<ed.  When further damage was unlikely, examintions were
nunde in the experimental plots (5 10 20 days after the applicalion of
the insecticides, ta determine the pereentage of plants missing and the
perecniage of Tooper-damaged plants that did wot produce marketable
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heads. The data weve collected from each treated and each check plot
used during the different years and are presented in table 6.

ranLe O.—Lettuce plunts missing at harvestiime and those with dumaege caused
by loopers to the murkeled portion follewing the application of insecticides,
Mhoenip, Aviz,
APPLICATION MADE AFTER THINNING, 1815
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TanLy G——Lettuece plants missivg ol harvesitime end those wifh duinitge cansed
by loevpers to the muarketed portion foltowing the application of insecetivides,
Phoenie, Ariz.—Continued

AUPLICATION MADE BEFORE THINNING, (018
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The pereentage of foss, s indicated when the difference between
the treated plots and the untreated check plots was compared, was
very low, both for the percentage of plants missing and for the per-
centage of injured plants that did not produce marketable heads.
Tnn 19335 and 1938 the pereentage of injured plants that did not procuce
marketable heads in all the plots was much higher than for the other
yeuars, whereas the percentage of plants missing was greater during
1936 and 1937 than for either 1035 or 1938.

FFurther than noting a slight general control trend in favor of
the treated plots over the untreated check plots, the data presented
in tuble § seem fo indiente that little direct loss to leftnee in these
partieniar fields could be atfributed to looper attacks during 1935.
1936, and 1987, but during 1038, with a heavier infestation, there
sectied fo be a distinet loss that should be attributed to looper attacks,
buth in the perceutage of plants missing and in the percentage injured
that ditd not produce marketable hends.

In 1938 the plots treated with the derris-clay dust containing 1.0
pereent of rotenone show a greater loss than those plots treated with
the dust containing cryolite 1 paet to clay 2 parts, ov the plots treated
with caleiinm arsenate, or those treated with paris green 1 part to lime
6 parts. This greater loss was due. us bas been said, to a mixed
mfestation of ivopers and beet srmyworms in this field in 1988, and
uo way ot differentinting between the losses cansed by each of these
inzeets has been establizshed.

RELATIVE VALUE OF APPLICATIONS BEFORE AND AFTER THINNING

In 1938 two series of experiments furnished data from which the
results of insecticide applieations made previous to thinning the lettuce
and after the lettuce had been thinned conld be compared.” The same
insceticides were applied at identical rates in the respective plots in
each group of experiments. The lettnce in one group was dusted 5
days previous to thinning of the lettuce, and in the other group the
lettuce was dusted 2 days after the lettuce had been thinned.

The data presented in table 7 permit comparison of the infestations
following the two times of applying the insecticides. The looper
infestation was higher 5 and 6 days after the insecticides were applied
in the plots that were treated 3 days previous to thinning than it was
3 days after the insecticides were applied in the plots on which the
treatments were made 2 days atter the lstfuce had been thinned.
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TANLE To—aA comparison of the cabbage tooper infestation and dumaye 10 teltuee
wehen the insecticides were applied before and wfter thinning, Phoenir, Ariz,
138
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The better control of the loopers obtained when the insecticides
were applied after the lettuce had been thinned was due largely to
the more uniform application and coverage on the individual piants
after thinning than could have been ebtained before the plants were
thinned when they stood thick and overlapping in the row.

Bven thongh the looper larvae were more readily killed when the
insecticides were applied after tlie lettruce had been thinned, it does
not necessirily follow thai such inseeticides produce x move cconomienl
control. The Jarvae from the discavded plants congregate on the
plants left standing, and though the plants have been poisoned a
certain quantity of plant tissues will have to be consumed before a
lothal amount of poison has been ingested, and in the meantime the
small plants will have been injured or destroyed.

The data presented in that part of table T which compares the
percentages of plants destroyed and the percentages of plants injured
that did not produce marketable heads show that the losses thus
sustained were much greater when the insecticides were applied after
the lottuce had been thinned than when they were applied previous
to thinning,

DISCUSSION OF METHODS OF CONTROL

The experimental data presented in this bulletm indicate that when
infestations of the eabbage looper oceur on lettuce plants when they
are small and the folinge present will drop or be removed before the
lettuce heads reach market, a satisfactory cantrol cun be obtained by
applving a Jdnst mixture containing 1 part of cryolite 1o 2 parts of
tale ot similar diluent at the rate of 10 to 20 pounds per acre. At
this time satisfactory control can also be obtained by the application
of a dust mixture containing 1 part of pavie green to 6 parts of Thne
at the rate of 10 to 15 pounds per acre. or of undiluted culeium
arsenate at the rate of 10 to 15 pounds per acre.

When insecticide applications are required within ! or & weeks
prior to harvest or so near the time of harvest that resicdues will
yemain on the marketed praduct. i%e above-mentioned materials
<hould not be used.  Cabbage loopers may be eflfeciively eontrolied at
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this time by dusting the lettuee with awixture containing L percent of
rotenone pwpuul b\ diluting ground derris with tale or sulfur or by
applying a mixture of equal parts of prrethrnm fowers and tale at
the raie of 15 to 20 pounds per aere.  Indications are that faiely good
control can be obtmined with dist wixtures containing as little as 0.5
pereent of rotenone,

Usually the more severe dumage to lettuce from the attacks of the
eabbmyge ]rmpm colnes 11nnwd|.1wl\ after the thinning of the plants,
and if the infest; ttion at that time is controlied no Turther d.unu%
ustally oceurs. It s therefore preferabie that the insecticides
applicd 3 to 5 days previous to the thinning to avoid a (onwntmlvd
attack on the plams Jeft sianding. 1f this is done. no objectionabte
residue fron any insecticide applied at that stage of plant develop-
ment will remain o reach the consumer,

1Pt 1L power-open .xt(-{l multi-row duster that gives o sati=faciovy distri-
Bution of (T Toseerielde, Xotee the catvas used re confinge the dust.

The above rates of application for the insecticides may seom rather
high. but a guicle KL of the loopers 1= necessary. especially when they
appeat on the plantg immediately ofter the fettuce has been thinned,
mnl, furthermore, a thovough coverage of the plants with the inseeti-
cide is esfentinl, - Figure 10 shows a pewer-operated duster which will
mive satisfactory coverage of the lettuee plant= An efficient hand
dnster has been shown in figure ).

The looper infestation may net be =6 heavy as to cange severe losses
every vear, but asa safegured it s a good practice to apply jnzeeticides
a fow davs previous to the llumnll"‘ A thovougl covernge of the
plants i» essential, and this can be obtained only by .1p]J|\1lw the
insereticides when there is vers little or no wind. Tn the rrigated
valtlews of the Sonthwest the ar is wsunlly still late in the evening, at
night. or carly in the morning,

COS SUNERRMINT PRIETING DFFILE 1334
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