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The lima-bean pod borer {£tiella
zinckenelle (Treitschke)) is one of
the most serious insect pests of lima
beans in California. It has been
known as n pest of lima beans in
this area since 1885. [t attacks all
varieties of lima heans and numer-
ous wild host plants, principally
species of lupines. wild pea, and
locoweed. TL.osses by this pest were
so great that studies were under-

Aecording te Chittenden  (3),°
Albert Koebele first observed the
lima-bean pod borer as a pest of
ima beans in the United States dur-
ing 18385 in El Dorado County,
Calif. At that time he reported
‘hat the beans in that vicinity were
nuch infested by larvae of this
pecies. In this same publication
“hittenden also recorded observa-
tons by TL. . Marsh, whe reported
n 1508 that lima bean pods were
nfested by larvne of this species
t Santa Ana, Garden Grove, and
Anaheim in Orange Clounty and at
Vatts and Compton in Los Angeles
‘ounty, Calif.

A, O. Larson (/7) recorded in
926 the presence of pod borer lar-
e in hma beans at the following
ocations in California: San Diego,
“entura, [evine (Orange County),

uente {Los Angeles County), and

San Bernarding and Stanislaus
‘ounties.

Iyslop (10) reported that the
ima-bean pod Dborer occurred at

' BIOLOGY AND CONTROL OF THE LIMA-BEAN POD
BORER IN SOUTHERN CALIFORNIA

By M. W. Stoxng Enlomology Research Division, Agricultural Research Service

taken in 1931 at Ventura, Calif, to
determine its life history and habits
and to develop methods of control.
The work was discontinued in 1943,
but owing to the demand for more
effective methods of control, the
work was resumed at Whittier in
1558 and at Riverside in 1961
This is a report of the results of
this work and not a recommenda-
tion of any of the materials used.

Distribution in the United States

Pullman, Wash., and that there are
specimens in the U.S. National
Museum collection from the follow-
ing places: Hampton, N.H.; Wee-
kapaug, RI.; Key West and
Archer, Fla.; Oxzbow, Saskatche-
wan, Canada; Texas; Stillwater,
Qkla.; Denver, Colo. ; and specimens
of the variety £ zinckenella schisti-
coler {now recognized as a synonym
of E. zinckenella) from Stockton,
Utah; El Dorado, Claremont, Ala-
meda, and San Diego, Calif.;

! Retired 1963.

Rodney Cecil {deceased) of the former
".8. DBurean of Entomolegy and Plant
Quarantine conducted the work from 1931
until his retirement n 13, Grateful
acknowledgment is due I). F. Millen of the
University of Californin, South Coast
Field Stutinn, Irviue, for his excellent
conperution in mnintaining the experi-
mental plots of lima beans used for in-
seeticide fests, and I, V. Vail, Entomology
Resenreh TDHvision, for assisting with the
old experiments in 1962,

? Ttalic minubers in parentheses refer to
Literature Cited, 44,

1
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Springfield, Idaho; and Nogales,
Ariz. Hulst {9} on distribution
ives Florida, North Carolina,
outh Carolina, Texas, Colorado,
and California.

Flanders (6) reported in 1930
that the pod borer had been found
from Sacramento to San Diego and
that its distribution probably ex-
tended the length of California.
In 1929 he reared it from native
hosts near Mazatlin in the State of
Sinaloa, Mexico.

In addition to these reports, the
following records on distribution
were furnished by the former Office
of Tnsect Pest Survey and Informa-
tion, Bureau of Entomology and
Plant Quarantine:

Kanses—JIL. R. Bryson. In re-
port to Insect Pest Survey, August
1931. “Legume pod moths te-
portedd working in beans at Great
Bend. The beans were adjacent to
locust trees.”

Neveda—Specimens in TJ.S. Na-
tional Museum.

Oregon.—I.C. Mote, report July
1936, “Ninety percent of the pods
of Lathyrus (beach pea) at Sunset
Beach are infested with £. zinck-
enalle.”  Specimens from Dufur,

U.8. DEPT. OF AGRICULTURE

Astoria, and Hillsboro, July 1936,
determined by C. Heinrich.

Washington, D.. — Specimens
from District of Columbia, deter-
mined by C. Heinrvich. (No date.}

During ths investigations con-
ducted at Ventura, Calif., pod borer
larvae were collected in _pogs of wild
or cultivated host plants in every
county of Californin. In Ventura
County in 1946, a survey in 12 bean
fields showed 4 to 8 percent of the
pods infested with the pod borer,
In one 60-acre field near Saticoy 48
percent of the pods were infested,
and. it was necessary to plough un-
der the entire crop. In 1959, in-
spection of warehouse samples of
beans from 87 fields comprising
9,000 acres in the Xrvine area
(Orange County) showed that on
an average 13 percent of the beans
were damaged by the pod borer.
In 22 of the 87 fields damage ex-
ceeded 20 percent and in oune field
49 percent of the beans were un-
marketable. In untreated experi-
mental plots at the University of
California, South Coast Field Sta-
tion at Trvine, in 1958 and 195¢, 72
and 40 percent of the pods, respec-
tively, were infested with the pod
borer.

Foreign Distribution
W. D. Plerce {14) stated that the

lima-bean pod horer occurs I
Turope, Africa, Asia, and the West
Indies. Flulst (9), on distribution,
added South America. P.
Clansen () reported its presence in
Japan. Other records on distribu-
tion are Dutch Tast Indies (Indo-
nesia) (27), Russia (76), Queens-
land, Australia (7), Cuba (20},
Dominican Repuh]ic and Puerto
Rico (20), Mexico (20), and Egypt
(8).

Leonard and Mills (72) reported
rearing the lima-bean pod borer

from the pods of lima and string
beans, pigeon peas, and one or two
other legumes in Puerto Rico in
1931. Scott (78) stated that it wag
found commonly in 1935 and 1936
infesting wild and cultivated legu-
minous plants in all parts of Puerto
Rico.

In correspondence in 1962 with
D. F. Waterhouse, Division of En-
tomology, Canberra, Australia, he
reported that Turner’s unpubhishe
card-index catalog lists six specied
of Ftielle as occurring in Australia
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These are sincerelle Meyrick, chry-
soporella  Meyrick, sinckenellu
{Treitschke), walsinghamella Rag-
onot, melanella Iampson, and holo-
zona Low.

L F. B. Common of this Division
at Canberra compared the genitalia
of both sexes of specimens taken
from the series labeled by Turmer

as F. zinckenelle with the figures
of £. zinckenelln given by Heinrich
in his revision of the North Ameri-
can species of the Phyecitinae. These
have proved to be quite different
from each other und indicate that
the spesies Turner presumed to be
E. zinckenelle is in fact another spe-
cies, possibly £. behs,

Technical and Common Names

In 1832, the lima-bean pod borver
was described by Treitschke (19, p.
201} and named Fhyedls zinckenelly,
i new species from Sieily, In 1881,
P. C. Zeller {22} described the var-
ety Etielln zinckenelle sehisticolor
as £, sehisticolor. In 1890, Hulst
{7} in his nrticle entitied The Phy-
citidae of North America gave a
technical description of three spe-
cies of EHelln Zeller und named
them zinckenelle Treitschke, sclist-
cofor Leller, and rubribaselle, n. sp.,
Hulst.  Chittenden (3, p. 26),
qucted from a Jetter that he received
from Dr. Dyar, May 28, 1909, as
foliows: “I have compared the
Ftieliaspecies and find only one and
that it is the same as the Kuropean
zinckenelle. Hulst's mbm’ba.?e}(a is
evidently a synonym, founded on
an imperfect or badly mounted spec-
imen; schisticolor Zeller is paler
gray, less reddish tinted, the costal
strip less sharply defined, but T
think it a meial formonly .. . 7

In 1912, Hyslop (0. p. 90) n
giving a possible explanation for the
different technical names said, “It
vy be that the variety sehisticolor

is o native of the Pacific Slope of
this continent, while the forms
found in the eastein United States
are the typical £. zinckenelle re-
cently introduced into this eountr
from the old world or South
America.

In 1931, the synonymy of this
species was referred to the former
Division of Insect Identification of
the Burenu of Entomology and
Plant Quarantine. Harold Morri-
son, in a letter dated February 25,
1931, relative to the correct name
of the lima-bean pod bover, wrote,
“C'. Heinrich reported that Eiella
sehistieolor Zeller is now regarded
as u synonym of E. zinckenella
{Treitschke}. The latter name
would therefore be the proper one
to use.”

The lima-bean pod borer has been
known and mentioned in the litera-
ture under the common names of
the legume pod moth {10) and the
lima-bean pod borer {3, 5, 6). In
1931, the cotnmon name “lima-bean
pod borer” was approved by the
American Association of Economic
Entonologists (1}.

Host Plants

In southern California the lima-
bean pod borer has been observed
attacking all varieties of }ima beans

and several species of leguminous
plants. Larson (71) veported that
the pod borer may occasionally at-
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tack the black-eyed cowpes and the
common bush or pole bean. Hyslo
{10} reared tha pod borer from pods
of the common iu ines and Canada
field peas at Pullman, Wash,, in
1910 and 1911. According to E, O.
Essig {5), “Bush lima beans are
seriously injuored in many sections,
but small whites, pinks, red kidney,

U.8. DEPT, OF AGRICULTURE

peas and the seed of locust and wild
vetches are nlso attacked.” In addi-
tion to these host plants, the pod
borer has been reported uttacking
many other cultivated and wild
%).lrmts, as shown in the following
ist.®

*All host plunfs listed are cultivated
except the last four entries under Russia.

AFRICA

Scientific name
OJajaenus indicus Spreng -

Clommon naine
- Pigeonpea (14).

Dolichos lablad L

Hyacinth-bean (14).

CALIFORNIA (U.8.A.)

Adstragalus anfizelll Gray

Astragaelus asympietricus Sheld

Aztrapalus lewcopsiz (Torr.) T. & G _
Antragalus trichopodus {Nutt} Gray_.____

Tsomeris arborea Nutt

.Do:

_____________ Milkvetoh

-—-- Bladderpod.

Lathyrus vestitus Nutt. ex T. & G

Wild pea.

Lupinug atbifrons Benth. vor, eminens {Greene) C. P. Sm_

Lupinus grboreus Sims

Luniue.
Tree lupine.

Lupinng bicolor Lindl. var. microphyllug (Wais,) G P. Sm_

Lupine.
Do.

Lupinug candatuy Kell .

Lupinus fornogus Greene
Lupinus hartwegii Lindl

Do.
Garden lupine (4).

Lupinug kirsufissimus Benth____

Hairy lupine.

Lupinus lutifolivs Agardh

Lupine.

Lupinug lazifforus Dougl, var. calearatus (Kell.} C. P, 8Sm._

Fupinue aparsifioris Benth___.

Do,
Do.

Lupinusg sndvesus C. P, Sm

Do.

Lupinug succulentus Dougl

Common lupine.

Lupinug truncatus Nutk _
Phaseolus limensis Mack

Laupine.
Limg {3}.

Phaseolus lunofus L. var. funonanus Badley . __
Phaseolus vulgaris Lo______
Figne sinensiz (L.) Savi

Dwarf lima {6).
Pole and bush bean (14).
Black-eyed cowpea {5).

Tephrosia candide DO _— - Veteh (13},

CUBA

Mrolalgrig incana Ti-_ ---— Rattlebox (26}.

DUTCH EAST INDIES {INDONESIA}

Fycine maz (1.} Merr —— - Sorybean (21}.

FLORIDA (U.5.A.)

Crotalaria incana T,
Pigum sativum Ti___.__

Rattlebox (14},
Coanada feld pen (I4).

See footnate at end of list,
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GEREMANY

Scientific name
Lupinus sp

Comamon name !
Laupine (2),

Phaseclis vulgaris L.

-——- Beans {4}.

Pisum 8p-...

I’eas.

EANSAS (U.B.A.)

Phaseoluy vulgaris L

Vieie fube L

- Pole and bush bean {13},

- Horsebean {£20).

QELALIOMS (T.B.A.)

Crotalaria zagitialis L

Counnon rattlebox (1),

PUERTO RICO

Pigeonpen {20}.

. Cujenus cejon (L.) Millsp

RUBEIA

Caragund arbdorescens Lam
Giycine maz (I.) Merr

Yellow acacia (I7).
Sorbean (I7).

Lo enlinariz Medic

Lentils {2¢).

Pigant spo_

Pea (20).

Robinie pscudo-acacia L

‘White acacin {17},

WASHINCTON (U.B.A.}

Pisum sativum L _

Ceanada field pea (14).

" Host plants without reference numbers were identified by C. P. Smith, San José

State College, Ban José, Calif.

Kind and Extent of Injury

The larva is the only stage of the
lima-bean pod borer that injures
lima beans. It feeds only on the
immature bean, boring an entrance
hole through the bean pod imme-
dintely after emerging from the egg.
The entrance hole through the green
pod heuls and leaves little evidence
that the pod is infested. On dry
pods, under slight magnification,
the hole is visible as a brownish
sunken area about the size of a pin-
head. When larvae enter pods less
than 2 inches in length, a large per-

centage of these pods usually drop
from the plant. The larvae either
perish or emerge and enter other
pods. If the pods do not drep, the
larvae remain until mature, feed-
mg on the immature beans. The
entive bean is seldom consumed, but
a small quantity of larval feeding
renders it unfit for use as food or
seed. (Figs.1and 2.)

The economic loss caused by lar-
val feeding can be divided into four
classes. First, yield is reduced from
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TC—1864 AND TC-—-T505

Fiorrs 1—Larvae of lima-bean pod borer in pod, showing damage and characteristic
frass: 4, Nataral size; 2, enlarged

dropping of pods. The amount of
this loss is diffieult to deternmne, but
in some mountainous areas where
several larvae enter erch pod it is
impossible to get any pods lo re-
main on the plants until late in the
season, when low night temperatures
prevent oviposition by the lima-
bean pod borer adults. This loss is
present in every feld, but is much
less in areus of lower pod borer

population, where seldom more than
one larva enters a pod.

Second, & direct loss resulis when
beans are partially or entirely eafen
by larvae so that they are unfit for
sule us food orseed. A third and in-
divect loss caused by the lima-bean
pod borer is the cost of removing
damaged beans. The lima beans re-
ceived at the warehouse must be
cleaned to meet the requirements of
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the California Lima Bean Growers
Association. This standard permits
not more than 2 percent by weight
of culls in beans sent to market.
The damaged beans are removed
with machinery and by hand. Inan
average season this cost amounts to
$1 per 100 pounds of beans, and if
the beans ure exceptionally wormy,
there is an additional charge of 75
cents for the second cleaning.
Fourth, a reduction in market price
nnd loss of sales result when larvae
are present in green lima beans sold
commercially. No records are avail-
able on the amount of this loss to
the market operator.

TC—T881

Frours 2.—Lima beans damaged by lima-
besin pod borer. Note pinhole injury
inr bean to left, cuused by young larva
that failed to Gevelop.

Other Pod-Boring Insects

Several insects in the larval stage
that feed on lima beans in pods may
be confused with the lhnu-bean pod
borer.  In California the larval
feeding damage to limn beans by the
cotton square borer {Sérymon
melines {Hiibnery), the corn ear-
worm (Heliothis zew (Boddie)),
and the lima-bean pod borer is often
difficult to distingniish, slthough the
tarvae nre not similar and each hay
charpeteristic  feeding habilts by
which the damage can be distin-
guished.

The cottan square borer adult has
# wing expanse of 25 to 30 mm. The
npper surface ig 4 uniform mouse
gruy and the under surface is pale
gray with an indistinet oblique row
of orange and blue spots on the front
wings and a more clistinct row on
the hind wings, which also have
two red spots. Each hind wing
terminates in two slender talls, one
long and the other very short, Fach
wing has & submarginal row of
small blue spots and a large red
spot near the margin, which pur-
tinlly encloses a black spot to give it.
the appearance of an eyc.

RN B W S

Ths mature larvae are 10 to 12
mm. in length and 6 to 7 mm. in
width (fg. 3). They are a pale
green and have a velvetlike appear-
ance. They eat a hole through the
bean pod and feed on the immature
bean (fig. 4). The frass is voided
on the exterior surface of the pod,
since the larvae seldom entirely
enter the pod. The feeding damage
cun ba recognized by a round section
eaten out of the side of the bean
without any attached frass or web-
bing, in contrast to the tunnel-type
feeding scars by the lima-bean pod
horer witn webbing and adhering
frass. According to Essig {5), this
species is distributed over most of
tLe United Stafes and is abundant
throughout the western region,

The corn enrworm adult is about
20 mm. long and has a wing expanse
of &5 to 40 mm. It varies from light
olive green to dark reddish brown.
The mature larva is 35 to 40 mm.
in length and very robust. It varies
from pale green (o dark brown, with
chagaclerigtic lighter and darker
markings. The larva is about three-
fourths inch in length before it
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Frovne 3.

Cotton sipuare borer Inrva feeding on lima bein.

gurktesy of . T.

Middleln, Univ, of Calif, Riversides)

Foet wi L= Dima b dumaged by eot-
toir spiire borers nUourtesy of K. L.
Mislhibleham, UViiv of Calif,, Riverside)

<tart= Lo Peed on i beaon pods g,

31, Iresu=entraee holes aboug one-
foneth ineh i dinneter and  de-
vors adl or ouly part of the im-
mearaee beans jna pod tlig, 61, The
carn earswarm lnevae dier fron the
podd Lorer Bnrvae i size il eolorn-
ton. The damage i< diferentinned
by lack ol webbinge amt o larger
atnnt ol Tisres,

[n Puerto Rico two other pod
horers- Waprura kxtulolis (deyer}
and Aol e petineens Zeller—-are
associated with the Thua-bean pod
borer on lHma beans and wild Dost
planes Leonard and Mills (123,
Woleatt 122, and Seott {/8)).
Woleott (.22, p. 2447 deseribed the
aclwdt of M. festulalis “as very active
and, when not {lying about, stands
with wings outspread .. .. The
torewings wre choeolate brown, with
i large white teingndar spot on he
Mront margin aud the hind wings
are sitvery white with o hrown spot
ar the corner more distnt from the
body. The larvae are generally of a
creamy white and ean most eoadily
he dhistingruished by their spotied
appearanee, for they have four Luge
Blaek o darek eray spots ot the baek
of nearly every segment,”  The
Furvae always make an exit hole in
the pod through which they dispose
of their frass,

From WoleolUs deseription this
adult ean be distinguished  from
adults of the Hma-bean pod horer
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Firee Jo Corn parworm tnrvn Feeiling on limn beans,

| Courtesy of K. L. Middle-

i, Unive of Calif., Riverside, )

T T

Firare . Lima beans domnged by corn

H1PWorht,

by its markines and  owspread
wings when at rest, in eontrast to
the tighily folded winew of the pod
bover in similar position.  The lar-
vae ol these two speeies, althongh
approximately the sune ~ive, have
iferent coloration amd muekings,

The presence of frass on the out-
side of pods drunaged by M. testu-
fuliv would distinguish . from in-
jury by the pod borer, which always
leaves frass in the pod, M. lestu-
felis does not oveur in the Unifed

States.  Leonard and Mills (£2) -
ported that this specles seems to be
gonepally distributed  throughout:
the sublropical and tropical zones
of both the New und Old Worlds.
It is of econontie importance as o
pest of lima beans in Puerto Rico
and Cuba.

The adults of 2. pettueens and
the pod borer ave similar in that
they both tightly fold their wings
parallel (o their body when at rest.
Wolcott (.22) reported the aduli of
. pelluee s ws characterless, incon-
spieuous greyish brown, with no
murked or well defined patiern on
(the wings, but with the interesting
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habit of often keeping the ends of
its antennae underneath its folded
wings” ‘The larvae of the pod
borer and A. pellucens, according

TECENICAL BULLETIN 1321,
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to Wolcott, are almost indistin-
guishable. According to Leonard
and Mills, . pellucens is known
only in the West Indies.

Descriptions of Stages

Egg

The egg {fig. 7) is elliptical and
approximately two-thirds mm. in
length and one-third mm. in diam-
eter. It is glistening white when
first deposited and adheres securely
to whatever it touches. The
chorion is almost colorless and
transparent. The developing em-
bryo, observed through the eggshell,
is first pink and later changes to
gray just before the larva emerges.

Larva

The larva when first hatched is
slightly over 1 mm. in length, with
a white or cream-colored body and
Mature larvae range

a Black head.

from 12 fo 15 mm. in length and
from 2.5 to 3.5 mm. in diameter
(fig. 8). The head is black or yel-
Jow with similar-colored mandibles.
The dorsal surface of the body is
reddish pink or tan. The ventral
surface has three pairs of thoracic
legs and five pairs of prolegs situ-
ated on the third, fourth, fifth,
sixth, and ninth abdominal seg-
ments.

Pupa

The pupa {fig. 9, 4 and £} ranges
from 8 to 10 mm. in length and from
2.5 to 8 mm. in width. It is light
green when newly formed, later
changing to light brown or amber.
The pupal case shows the outline of
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Fougus S—=3azture larvne of lima-hean
wixl borer, (X D)
£ Mitlliehnm, Univ. of Culif.,, River-
abthe,)

Froune §—Pupae {4 and 8) and cocoons {(f and D) of lima-bean pod borer.

{Courtesy of K.

the wings from a side view, and on
the ventral surfuce the proboscis,
ayes, and head are outlined.

Adult

The adalt of the lima-bean pod
bover {fig. 10) is a gray moth. In
o resting position it is from 15 to 20
mmi. in Tength and from 8 to 4 mm.
in width, With the wings spread
it is from 2¢ to 26 mm. ;i‘he fore-
wings are marked with an orange
band across the inner third of each
wing and a white stripe along the
outer margin from base to upex of
each wing. The hend uppears to
torminnte in a snout, which is
formed of two labial palpi, slightly
less than 3 mm. in length and one
shorter labial palpus. The hair-
like antennae are approximately 7
mm. in length. The male may be
distinguished from the femals by an
enlargement. at the base of the
antennae,

TC—1864

(X&)
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Fiouvre 10—Adult of lima-bean pod
borer. (X 8.) {Courtesy of K. L.
Middleham, Univ. of Calif,, River-
side.)
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Life-History Studies

The life-history studies were con-
ducted n a screen-wire imsectary,
supplemented by field observations
at Ventura, Calif, from 1931 to
1935. Observations were made on
2,318 adults for precviposition, ovi-
position, and length of life. The
length of the incubation period was
determined for 24,000 eggs, and 631
larvae were reared to determine the
length of the lurval period. Be-
canse of natural mortality, only
1,960 records were obtained on the
prepupal period, 1,804 records on
the pupal period, and 9,672 records
on the overwintering period. The
temperature and relative humid-
ity, determined with hygrothermo-
graphs in the insectary, wore ap-
proximately identical with outdoor
conditions.

'To obtain oviposition records and
eggs, a pair of newly emerged adults
were placed in » cage and provided
with food and pods of lima beans
or lupines to stimulate oviposition.
The cages were § inches square and
14 inches high, with o hinged glass
door on one side and with the other
sides and top rovered with medium-
weight muslin. The food was a 10-
percent honey solution, placed in a
watehglass, filled with strips of
yucca pith. The strips of yucca
pith floated in the food and provided
2 resting place for the feeding
adults,

The eggs were deposited on im-
muture Jupine or fima bean pods on
the floor of the cage. Each day the
egas were removed with a thin shav-
ing of the pod and placed in small
minss vials. When the eggs hatched,
the larvae were transferred to im-
mature lima beans and pliced in
individual wvials. Fresh food was
added as necessary until the larvae
mattured. The mature larvae were
transferred to ginss-covered cocoon-
ing racks (fig. 11}, where they could

he ohserved spinning cocoons, trans-
forming to pupae, and emerging as
adults.

Incubation Period

A summary of the incubation
period for 24,000 eggs deposited
from March te November 1931-35,
inclusive, is given in table 1. These
records show that the duration of
the incubation period varies with
the temperature. For instance, in
1931 when temperatures averaged
71° F. in July und August, the mini-
mum period was only 5 days and the
seasonal average was 10.0 days,
which was the shortest recorded dur-
ing the B-year period of these
studies. The maximwn incubation
period, 33 days, occurred in Aprl
1933, when temperatures averaged
56°. This year also had the lowest
temperatures and the longest sea-
sonal incubation period, 18.9 days.
The incubation period for all eges
under observation averaged 15.4
days. A total of 89 percent of the
eggs hatched. Flatching usually
occeurs from 10 a.m, to 2 p.m. The
larva emerges through a civcular
hole cut in the free end of the ege-
shell.

Larval Period

The duration of the larval period
varies with the temperature and the
kind of tood. The lurvae, of course,
develop moere rapidly on lima beans
during June, July, and August.
The minimum period was 13 days
for n larva hatching in July 1931,
and the maximum 65 days was for
a larva hatching in April 1932, as
shown in table 2. The average dura-
tion of the larval period for the 631
individuals under observation was
33 days.
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Figrre 11.—Glass-covered cocooning rack wsed in life-history studies to determine
length of prepupai and pupal perinds.

The newly hatched larvae are
positively phototropie and, there-
fore, always erawl upward on host
plants toward scronger light, This
reaction aids them in locating pods
borne on the outer periphery of wild
host plants and some varieties of
lima beans.  They prefer immalure
pods, probably beeause of casier on-
trance (o the beans. When suitable
pods are loented, they immediately
bore an entrance hole to the heaus.
where they feed antil mature. Lar-
val entrance holes heal quickly and
leave ne exterior indicacion that the
pod rontains a larva. The Jarvae,
when  mature, eat an exit hole
through the pod and drop to the
soil.

Prepupal and Pupal
Periods

The miature larva, after leaving
the pod, enters the soil to u depth
ranging from one-half to 2 inches
and spins a cocoon {Hg. 9, € and 7).
The length of time it may remain
45 an inactive larva or prepupa in
its rocoon depends on the time of
year the larva matures, us shown in
table 3. Those that mature from
May to Mugust will transform to
pupae in from §to 24 days, but prae-
tically all that mature afier August
will pass the winter in the mature
larval stage. When the temperature
during the spring and summer is




Taste 1.—Duration of incubation period of eggs of lima-bean pod borer in outdoor insectary and temperatures
during months shown, Ventura, Calif., 1931-35

Incubaiion period Tem-
Total pera-
eges i _ Na. ! ture
Marea ] June | July | Au ‘?gg Qcto- \:\(*(x)x\ Aver- [Range| range
T ber LT age. '

ber

im0 FLO~HFL

Days | Days | Days | Days eI,

14. 6 10, 9 | 5-20 63-71
4.7 14: 9 | 8-29 H8-64
17. 8 . ] 18.9 | 9-33 56~-64.
16. 8 13.9 | 7-23 60-66
17.2 14. 9 | 8-24 57-69

tn

Nunber | Days 1 Days | Day
G, 641 . 3. 9.4 6.

; 4.1 2.

17. 6

13. 7

14. 3

WO O]

16,2 | 211 | 15,4 | 5-33 | 56-71

o=

Total Or AVEraEe e aweunn] 24 . , b 13. 8

Tasre 2.—Duration of larval period of lima-bean pod borer in outdoor insectary and bemperatu1'es during months

shown, Ventura, Calif., 1931-35

Larval period
Total : . Temper-
larvac ature
June July August Sep- - | October | Average | Range [ range
tember

Number 5 Days Days s Days Days Days °F.
190 : 18 20 : 2 39 13-49 63-71
100 35 33 36 20-65 58—-64
160 g 38 33 26-58 54-64
122 36 33 34 : : : 26-48 59-66

59 29 27 34 : 21 23-41 63-69

YAY0d a0od NVIF-VIWIT FHIL J0 TOULNOD dNV ADOT0I1d

Total or average.... . 631 : 3¢ 31 29 : : ¢ 3¢ 13-65 54~71

¢l
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Tavwr 8.—Duration of prepupal period of lima-bean pod borer in outdoor
insectary during months shown, Ventura, Calif., 1931-35

Prrpupal period
Month Total pHby pe
prepupac
Avernge Range
Number Days Days
Aprll L el 23 47 9-84
May e 224 19 14-24
JuRe i eioo_ 436 15 10-22
Jaly o 843 i1 ¢-14
Awvgust_ L e el 412 11 3-14
September. . L 30 15 13-22
Totol or average. ..o __.____ 1, 960 20 8-84

below normal, seme iarvae will re-
main inactive for two winters and
one summer before transforming to
pupae.

The pupal period is passed in the
cocoont formed by the larva in the
soil near the host plant. The length
of the pupal period varies with the
season of the year and with the tem-
perafure. Low femperatures dur-
g the spring and fall increase the
length of the pupal period, whereas
higher {emperatures during the
summer decrease it,  The minlinum
pupal period for the 1,804 individ-
uals ohserved during 1931-35 was
18 days, the maximum was 101 days,
and the avernge wus 36 duys, us
shown in table 4.

Adult Period

Emergence From Pupa

The first indication of the emer-
gence of an adult from the pupa is
a davkening of the pupal case,
caused by the change from pupa to
adult. The moth emerges from the
pupal case through an opening in
the dorsal region and  crawls
through a trap door in the cocoon.
It next kicks and digs its way to
the soil surface, crawls on some up-
right object, and spreads and dries
its wings. The moth emerges in the

early morning usually before 9
o'clock. When its wings are dry, it
seeks cover on the undersurface of
leaves and remains inactive until
night. Moths are strong fliers and
capable of migrating long distances
to reach their host plants.

Mating

The newly emerged adults mi-
arate to and feed on the nectar of
flowering plants. Males apparently
locate the females while feeding,
and after u preliminary courtship
in the air, they settle on a plant to
mate. Adults in cages mate several
times, but the females that mate
only once deposit fertile eggs the
renttinder of their lives.

Preoviposition Period

The length of the preoviposition
period, or the elapsed time from
adult emergence to first oviposi-
tion, may vary from 1 to 44 days,
as shown in table 5. There is
some variation with individual
moths, but in general the effect of
temperature on activity of the moth
controls the length of this period.
Long preoviposition periods usuall
occur doring March and  April,
when the average daily tempera-
fure is lower than from May to
Qctober.




TABLE 4.—Duration of pupal period of lima-bean pod borer in outdoor insectary and temperatures during months
shown, Ventura, Calif., 1931-35

Pupal period
Temper-
ature

July August Segﬁem— . range

Number Days 1 °F.
y 2

27 63-71
40 62-63
53 ! 61-63
41 J! 62-66
37 : 64-67

40 : -101 61-71

1 Two larvae transformed to pupae between Feb. 15 and 22 and remained in the pupal stage 49 days.

YIAYOd dO0d NVIL-VIATT THL J0 TOYINOD ANV ADO0T0Id
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TasLe 5.—Preoviposition period and oviposition records of lima-bean pod borer in outdoor insectary and tempera-
tures, Ventura, Calif., 1931-35

Length of preoviposition Eggs deposited
period . Average
temper-

Period of emergence or Females
ature

egg deposition

Maxi- Mini- Aver- Maxi- Mini- Aver-
mum mum age mum mum age

Number Days 1 Number | Number | Nu mg))er
6

Mar. 11-Sept. 16 37 ! 121

Mar, 7-Oct. 3 232 58
, 259 45

143 17
167 : 21

184 33

Total or average. - -

FIALIAOIYOV. 30 ‘LddA "S'Q ‘18€1 NILATINE TVOINHOHL
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Quiposition

The lima-bean pod borer deposits
its eggs during the night on pods,
flower bruacts, or stems of the host
plants. Low temperature retards
activity and oviposition, but it also
prolongs life. When ovipositing,
the female curves the abdomen for-
ward beneath the body, extends the
slender ovipositor, and deposits the
eggs singly ov in groups of from 2
to 12 eggs,

A summary of the oviposition
records for 373 females shows that
the eges deposited ranged from 1
to 259 and averaged 33 {table 5).

Longevity

The data on longevity include the
length of life of adults from time of
emergence until death, as shown in
table 6. Adult longevity varies with
the individual and the prevailing
temperature when emergence oc-
curs. Their life span is longest dur-
ing periods of low temperature in
March, April, October, and Novem-
ber and shortest in the warmer inter-
val from May to September. In
these studies the adults emerged be-
tween February 18 and November
27 and lived from 1 to 69 days; the

average period was 19 days. There
was no difference in the length of
life of males and females.

Overwintering

Limu-bean pod borers pass the
winter as mature larvae in their co-
coons. During this period they can
be found in the soil of lima hean
fields and under perennial lupine
bushes. The .lengtlll of the overwin-
tering period varies, depending on
the time of year the Iarvae mature
and the weather conditions in the
spring, which may hasten or retard
adult emergence.

Table T shows the length of the
overwintering period for 4,287
larvae that survived overwintering
in three different media from 1930
to 1937. The larvae that were :ver-
wintered in cocooning racks and
sand jars were kept in o sereen-wire
insectary. The larvae that were
overwintered outdoors were in soil
in screen-wire cages and exposed to
conditions prevailing at Ventura
during this period. The length of
the overwintering period under in-
sectary conditions averaged 7
months for larvae confined in co-

TaBLe 8.—Longevity of adults of ima-bean pod borer in outdoor insectary
and temperatures, Ventura, Calif., 1931-35

Peried of emergence

Longevity
Average
Adutts temper-
Maxi-| Mini- | Aver-| ature
mim | mum

Mar. 4-Nav, 11
Mar. T-Nov. I4______
Mar, 13-Nov. 27____
Feb. 26-Noav. 26.____
Feb. 18-Nov. 11

Days | Days
61
48
69
52
&7

Mar. +Nov., 27......

59
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cooning racks to 7.2 months for
larvae confined in sand. Qutdoors
the period varied from 5 to 9.3
months and averaged 7 months. The
place of overwintering did not af-
fect the length of the period, but a
greater percentage survived when

U.8. DEPT. OF AGRICULTURE

overwintered indoors, as shown in
table 8.

The maximum overwintering pe-
ricid of 16.9 months was for a larve
that entered hibernation in the fall
of 1932 and did not emerge as an
adult until the spring of 1934¢. This

TasLe T—Time of emergence and duration of overwintering period of

larvae of
Venture, Calif., 1930-5¢

timu-bean pod borer reared under different conditions,

in insectary

Cocooning racks

Sand jars in
insectary

Qutdoor cages

Month emerged
Larvae
emerged

Duration
of over-
winter-

ing
period

Duration
of over-
winter-

ing

Duration
of aver-
winter-

ing
period

Larvae
emerged

Larvae
emerged

Number
4

Junuery 2

February 1!
58
108
571
365
201
]

1

Manths

i j—
DR

Months | Number

Number
: . 0

3

Total or average_.__| 1,325

~

O | I D 00— 00

2, 463

TanLe 8.—Survival of overwintering larvae of lima-bean pod borer reared
under different conditions, Ventura, Calif., 1930-37

in insectary

Cocooning racks

Band jars in
insectary

Outdoor cages

Larvae
observed

Survival

Larvae |Survival

observed

Larvae {Survival

observed

Number
118
385
573
257
572

Percent
64,
fifs.
a0.
82,
48,
65,

Number Number | Percent
935
1, 523

883

Percent

Total or average____
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prolongation of the overwintering
period may have been due to the
wnusually low temperature prevail-
ing during the spring and summer
of 1333, since this was the only in-
stance when this phenomenon was
observed during 1430-87.

Total Life Cycle

Tha total life cycle from egg to
adutt under insectury conditions in

southern Californis ducving 1981-35
runged from 2 to 9.8 months and
averaged 5.5, as shown in table 9.
The complete life cycle was shorter
from April to August when there
was no overwintering period. Tem-
perature was a fuctor in lengthening
or shortening this cycle, since low
temperature vetards all the develop-
mental stages and therefore length-
ens the complete life cyele.

Tasre 9—Average duration of egg-to-adult period of lima-bean pod borer
in outdoor insectary und temperatures during months shown, Ventura,

Culif., 1931-35

Amount of ! Dursation of Average

Month eggs deposited CEES cgg-to-adult | temperature
deposited period
Number Months ° K.

Mareh .. 42 4. 1 61
April. L 70 3.5 63
MY e 121 3.2 64
June.. oL L. 105 30 G4
July ... L LIIITmommmmmh 62 3.4 64
August . T 88 8.3 60
Beptembero. .o 30 88 58
OQeteber .. (... .__._.TTC 4 8.5 56
Total or average ... .. . ...__. 561 3.3 61

Seasonal History

In southern California the lima-
bean pod borer completes one brood
on annual wild host plants, pri-
marity on lupines, wild peas, and
tocoweeds, from March to June.
From two to four liroods develop
on lima beuns and perennial lupines
from June to December. The num-
ber of broods that develop each year
15 affected by prevailing weather
conditions, since below-normal tem-
peratures retard and above-normal
temperatures accelerate growth of
the developmental stages.

The pod borer overwinters as a

mature larva in a cocoon in the soil
near the host plant on which it de-
veloped. Observations made of sev-
eral thousand larvae over u 5-year
period showed that all rhose matur-
ing before July did not overwinter.
Of those that mature in July, an
average of ¥ pervent overwinter, in
August 53 percent, in September 89
percent, and all that mature later
overwinter. Larvie overwinter in
the field the entive year, since some
start in JJuly and not all emerge as
adults until Qotober of the follow-
ng year,
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Bomo prepupae are in the feld
every month, but the largest number
aceur  from  overwintered larvae
from February to July and from the
broods developed on lupines and
lima beans from April ro Noventber
(. 12). The grentest number
would be in the field during July
with some variaiion, d@pen:lmg on
weather conditions due to seasonal
varigtion.

Emergence of adulis from over-
wintered lurvag starts in January
and continues into Neptember (table
7). Adthongh adults cmerge over 2
fong period, Tnost curess in \Ia\' and
June.  Aduls that emerge from
January to May migrate from old
bean fields and oviposit on wild
host plants, whereas those that
egress from June to October ovi-
posit on bum bheans (Ag. 12).

The adults from the brood that
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develop on annual lupines emerge
and migrale to the dry lima bean
erop from the lust part of June to
August (fig. 12}, Adnlisare in the
ield each month of the yeur, but
they are present in greatest numbers
tlmmu August and ‘suptembm

in a(mthem California egy depo-
sition begins on annual lupines in
Murch and continues through May.
Eggs are deposited on perennial
lupines from May to November
Oviposition oceurs on the dry limin
bean crop mainly during July, Au-
gust, mid into September on Iale-
planted beans.

Pod borer larvae are present. on
annuad and perennial lupines from
Mareh to December and on lima
bean crops from July to October.
They are most abundant on both
hosts fron August to October.
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Frovae 12.—8easonal development of lima-bean pod borer, showing relationship
hetween infestation in wild host plents, principally lupioes, aud in lins beans.
{Overwintering larvie are in prepupal stage)
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Ecological Relationship Between Infestation in
Wild and Cultivated Hosts

The velationship Dbetween the
lima-hean pod borer infestation in
wild and enitivared host plats can
be correlaied with the seasonal life
history and habits of the insect.
Pad borers overwinter as mature
larvae in cocoons in the soil under
lnpine plants or in the soit of the
old bean feld from the time they
mature in the fall until they trans-
form and emerge ns adults from
January to October the following
year. In sonthern California no
fima bean plants are living from
November to May on which adults
can oviposit: therefore, those borers
that overwinter in thaold bean fields
migrale to nearby wild host plants,

The two most economically im-
portant wild host plantsin thisarea
ara the common lupine (fig. (3}, an
annual, and the tree Inpine (fig. 14},
a perennial. The common lupine
grows in all the coastal counties of

TC—10800

¥Fiaure 1A —-Common lupine, n wild host
af Hin-benn pod bover.

southern California on uncultivaled
land adjacent to bean fields and in
the foothills and mountain areas.
It sets pods und is infested with pod
borer larvae Trom February to June,
with the heaviest infestation in
April. The tree lupine grows
along the vonst in the sand dunes
and uncultivated areas. Tt is not
so abundant ag the common lupine,
but has 2 heavy pod borer infesta-
tion from June 1o November,
Tima beans planted in Aprii or
Muy set pods in July and ave har-

- TE

Fiovas 14h—"Tree lupine, @ will host of
lim-bean pod borer.

vested in September, October, or
later, depending on the time of
planting. The larvae that mature
on these lima beans pass the winter
in the soil of the old hean field and
Iarvae that mature on perennial Tu-
pines late in the fall pass the winter
in the soil under the lupine plants.
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The degree of infestation varies
with the distance between wild and
cultivated hosts and the variety of
lima beans. It is obvious that bean
plants located near wild host plants
would have a heavier infestation
than plants severni miles away,
since o larger number of migrating
adults would stop on the nearest
beans Lo oviposit.

In the same locality where envi-
ronmenial Tactors nre appurently

Natural

The Lima-bean pod borer has very
few natural enemies in this coun-
try. In Californin the tollowing
species were veared: Bracon fychil

Muesebeck), Seambus {Neambus)
aplopappi (Ashmead), Cryptus te-
Jonensis Cresson, Tvichomane mace-
ratum {Cresson), Krynnia tovtricis
(Coquillett), and two species of
Angitic from pod horer Jarvae col-
lected in pods of wild host plants,
These parasites all attack the lar-
vae, but their combined efforts
varely kill over 10 percent,

In addition to these parusites,
Flanders (£) recorded rearing Bru-
cont gelechive Ashmend, Furyloma
sp. {near fylodermatis Ashmead),
and Zatropis tortricidis Crawford
from pod borer larvae in Califor-
ma. Hyslop (70) reported rear-
ing two species of parasites—.d pan-
teles etiellue Viereck and Bracon
hystopi { Viereck)—7from pod borer
larvae at Pullman, Wash.

H. 1. Parker, in unpublished
notes, recorded rearing the follow-
ing parasites from pod bover lurvae
eollected in France und Hungary:

Angitia sp.
D1

fprobably Harogenes
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the same, there ares always more
wormy pods on lima bean varieties
of the bush type, which set pods
high on the plant, than on vine
varieties with low pod set. This
difference of infestation is due to
the habit of the newly hatched posi-
tively phototropic larvae to always
crawl upward on the plant in search
of a pod. This reaction of the lar-
vae serves them well in locating
pods on wild host planats,

Enemies

Aniaopleromalus sp.

Azvogaster guadridentala Wesmnel

firacon pectoraliy Wesmtel

firucon piger Wesmanel

Campoplez tricoloripes {Schmiede-
knecht}

Chelonns inanituy (1)

Cyrioptyr lickionsfeini {Mash)

Elasmus alralus Howard

Kpiurws sp., “B" (probably Scum-
bus sp.}

Hurytoma appendigaster (Swede-
tus)

fekncumon. ignotrs Fonscolombe

Phancroloma planifrons {Nees)

Fimple panctiventris Thomson

Privtomerus valherafor (Panger)

Sinophorus fuscicarpus {'Chomson)

Tackinid sp., VB

Pachinid sp., “C"

Zenillin rogseanae Bull & Beumer
wynonyin of Pyendoperichecta in-
vidigse (Robinenn-Desvoidy)

In Russia the pod borer attacks
soybeans, and from there the fol-
lowing purasites are reported:

Agrypon  stencestigmae Thotuson
{16}

Bupeinmus wrozonns Dalnan (15)

Eupleetrus bicolor  {Swederus}
{15)

Ommorygus fusciplica Thomsou (16)

Pimple  wigriscapose  Thomson
{16}

Pimpla venlricosa Tschek (15)
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Pod Borer Parasites Introduced and Reared
(1935-39)

The injury to lima beans hy the
pod borer is caused by progeny of
2 brood reared on wild host plants
from March to June. For this rea-
son parasitic forms were imported
for colonization on pod borer-in-
fested wild host plants to reduce the
number of pod borer adults that mi-
grate from wild to cultivated host
plants. In 1935, the strawberry leaf
roller parasite (M acrocentrus an-
eylivorus Rohwer) was introduced
and successfully reared in the labo-
ratory on pod borer larvae. This

arasife also overwintered in pod

orer larvae and emerged the fol-
lowing spring at agproximutely the
shme time as pod borer adults. A
small colony of these adults was re-
leased on pod borer-infested lupines
in 1935, but none of these parasites
were recovered from weekly collec-
tions of pods in the Ventura area
for the next 4 years.

In 1936, 300 A ancylivorus adults
were received from the parasite
Inboratory of the former Bureau of
Entomology nand Plant Quarantine
at Moorestown, N.J. Two hundred
and fifty of these parasites were
released on pod borer-infested tree
lupines. The remainder of the ship-
ment—23 males and 25 femnales—
were placed in a large screen-wire
cage in the field, in which were
growing lima beans infested with
pod borer larvae. The bean pods
from the plants in the cage were all
picked before the pod borer larvae
emerged and were placed in emer-
gence racks to catch the larvae
as they matured. No parasites
emerged from these lnrvae,

In 1036, 197 adults of Bracon
Piger and 493 adults of Phanero-
toma plamifrons were received from
H. L. Parker, who had collectesl
them in France. Chese parasites

were released on pod borer-infested
lupines. Lupine pods from the two
arens where these parasites wers
relensed were collected at weekly in-
tervals during the year, but no para-
sites were recovered,

In 1937, 3,195 P. planifrons, 314
Bracon pectoralis, and 1,142 B,
piger adults were received and lib-
erated on pod borver-infested tree
lupines. This host plant grows on
wasteland and is not disturbed from
vear to year. Pods were collected
from these plants at weekly inter-
vals, from June 11 to December 24,
but ne imported parasites were re-
covered. 'The pod borer infestation
in these pods ranged from 20 to 80
percent, with up to 11 percent para-
sitized by native parasites,

During 1938, 28,404 lima-bean
pod borer parasites were received
{rom the Foreign Parasite Labora-
tory at Saint-Cloud, France. These
parasites onsisted of 1,200 B. piger,
1,535 B. pectoralis, 183 Cyrtoptyx
lichtensteind, and 24,818 P, ploni-
frons adults. All were liberated
with the exception of 200 B. piger,
55 B. pectoralis, 226 C. lchtensteini,
and 2234 P. plenifrons adults,
which were used for breeding stock.
The first three species ovipesit in
larvae; therefore, mature larvae of
Anagaste kithniella  (Zeller) in
cocoons were exposed to them.
Females of each species were ob-
served probing the larvae with their
ovipositors. The larvae exposed to
B. piger and B. pectoralis left their
cocoons and died a few days after
being exposed. The experimental
rearing with (7. lchtensteini was
successful  and  adult  parasites
emerged from the A. kiihnielle
larvae. B. piger was recovered in
1938 from pod bover lirvae in tree
tipine pods. By the end of the sea-
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son it was parasitizing 20 percent
of the larvae.

P. planifrons oviposits in the host
egg but hatches in the larvae. In
1938, from July to November,
402,000 A. kihnielle eggs were ex-

posed to P. {;Zan.a'f-rm. Using the ,
€,

system developed by Parker and
Smith of the Foreign Parasite Lab-
oratory in France, 15,800 P. plani-
frons specimens were reared. These
were used for breeding stock with
the exception of 3,000, which were
released in San Diege and Santa
Barbara Counties on late lima
beuns. The undeveloped parasi-
tized larvae were overwintered in
cold storage to be released on pod
borer-infested wild host planfs in
the spring of 1939,

The rvearing of £. planifrons was
continued in 1939. A new species
of pod borer pavacite, Chelonus
tnanifus, was received from France
and laboratory reaved by the same
technique s for P. planifrons, with
the exception of holding the eggs
48 houars before .hey were exposed.
During the year, 29454 . inanitus
and 7,850 £. planifrons aduits were

Cultural
Field Plowing

Sinee lima-bean pod borers over-
winfer as matnre larvae at o depth
of one-half to 2 inches below the sur-
face of the soil in bean felds, it is
possible that some control of this
pest could be achieved by a cultural
practice that would cover these
Iarvae to a sufficient depth to pre-
vent emergence of resuiting adults.
With the ordinary cuttural methods,
the seedbed for beans grown without
irrigation is only given a shallow
cultivation in the spring with disk
and harrow and seldom plowed. On
land that i+ ivrigated, the seedbed
is plowed to a depth of 8 to 14 inches

U.5. DEPT. OF AGRICULTURE

reared. These adults were released
on pod borer-infested wild host
plants in Ventura and Santa Bar-
ara Counties and on late lima
beans in San Diego County. The
parasites were released on perennial
wild host plants located adjacent
to lima bean fields. In 1942, Cecil * -
reported that small numbers of both

arasites were recovered in pod
orer larvae collected in bean fields
ndjacent to Ventura.

Between July and September
1959, Benjamin Puttler of the In-
sect Identification and Parasite
Introduction Branch, Entomelogy
Research Division, made surveys of
bean fields and native lupines in
the sand-dune area near Ventura
to determine the status of the para-
sites B. piger, P. planifrons, and C.
inanitus, which had been imported
from Europe during 1936-38 and
released in southern California.
Puttler found the lupine pods heav-
ily infested with pod borer larvae,
but no pod borer infestations in the
commerical lima bean fields adja-
cent. None of these purasites were
recovered in this survey.

Control

or deeper in the fall and then disked
and harrowed in the spring.

To determine whether covering
mature larvae under several inches
of soil would prevent emergence of
adults in the spring, an experiment
was started in the fall of 1936 and
i 1987. Mature larvae in cocoons
were buried at depths of 2, 4, and 6
inchies in two types of soil in which
lima beans are grown in the Ventura
avez. Yolo fine sandy loam is a
loose type of soil under almost all
conditions, whereas Yolo saundy
Toam is heavy soil and packs when
worked wet, One hundred larvae

' See fontnote 1, p. 1.
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were buried at each depth each year
in the two types of soil. For a
check, an equal number of mature
larvae were allowed to enter the soil
and spin cocoons at whatever depth
desired. An adult unable to fly
after emerging through any depth
of sotl or from the checks was classi-
fied as deformed. In view of the
similarity of the results ench season,
the data were combined and are
presented in table 10,

Judging trom these experiments,
a large percentage of adults from
overwintered larvae can be pre-
vented from emerging by covering
the larvae with 6 or more inches of
soil. Tt is noted that the percentage
of deformed adults increased with
the depth larvae were buried, and
this was especially frue in the
heavier soil.  Deformed wings are
undoubredly caused by delay in
spreading and drying of wings after
adults emerge from the pupal cases.
Examination of the soil after com-
pletion of exch experiment showed
that approximately the same num-
ber of adults emerged in each type
of soil and that the difference in
number of those that reach the sur-
face is due to their physical inability
to force themselves to the surface
after emerging from the pupal cases.

These experiments indicate that
fall plowing of old bean fields to a
depth of 8 inches or more would be
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of value in reducing the emergence
of andults from overwintered larvae.
This practice would improve the
physical condition of the soil for
absorption of winter rains, und ero-
sioni could be prevented on hillsides
by plowing in contours and by
planting a winter cover crop. The
cover crop would nlso increase soil
fertility.

Time of Planting

Inspection of pods in early- and
late-planted bean fields has shown
that early-planted beans have less
pod borer dumage than late-planted
beuns. This is to be expected, be-
cat e the later plantings would be
subjected to the second brood of ovi-
positing moths and those migrating
from wild hosts (fig. 12).

To obtain definite information on
the effect. of time of planting on the
degree of injury, lima beans were
planted at 15-dny intervals from
April 1 until May 30 in 1960 and
from April 1 until June 15 in 1961
and 1962, The May 30 planting in
1960 and the June 15 planting in
1961 did not produce sufficient pods
for inspection. Plots were two rows
wide and 58 feet long and replicated
five times in a randomized block.
When the beans were mature, dry
pods in each planting were removed,

Taste 10.—Emergence of adults of lima-bean pod borer from cocoons
buried at different depths in two types of sotl, Ventura, Calif., 1936-38

Yolo finc sandy loam Yolo sundy loum
Depth buried (inches)
Adults Adults Adults Adualts
emerged deformed emerged defarined
Neumber Percent Number Porcent
- 143 4. 113 16. 2
- 106 8.5 93 24. 5
B oan 144 3. 4 37 58. 3
Cheek. . 148 2,7 148 2.7
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and 500, 758, and 500 pods for each
year, respectively, were examined
for pod borer injury. No insecti-
cides were used on tflese beans.

In 1960, a year in which pod
horers were especially destructive,
excessive injury (32 to 71 percent)
occurred in early as well as in late
bean plantings, as shown in table 11,
In contrast, in 1961, when pod
borers were less injurious, only 6-
and 3-percent injury ocenrred in the
April 15 and May 1 phlntings as
eompared with 62 percent in the
May 30 planting. Pod damage in
1962, when pod borers were ex-
tremely destroctive, followed the
pattern shown in 1961, Injury
ranged from a fow of 11- and 13-per-
cent in the April 1 and 15 plantings
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to a high of 94- and 95-percent in-
fested pods in the May 30 and June
15 plantings.

In 1931, Cecil planted baby limas
{Henderson bush) and large limas
{Ventura) on successive gﬁtes to
determine the degree of infestatton.
The resuits show that the early-
planted beans had considerably fess
pod borer injury than the late-
planted beans, as given in table 12.

It is obvious from these studies
that pod borer injury to lima beans
can be reduced by planting early in
April. Years ago it was imprac-
tieable to plant early in cold soil be-
vause of excessive bean rot. Now
with fungicide-treated seed avail-
able, good stands are obtained from
plantings made in early April.

TanLe 11—£&ffect of time of planting on degree of pod borer injury to
Ventura lima bean pods, South Coast Field Station, [rvine, Calif.,

196062

Daie planted

Date harvested E

Pods damaged by pod borer

1960 E 1961 1962
£ 1
} Pergent Percent Percent
Apr. L. _L...C | Aug b 67 15 14
| T, Aug 19 i 7i 6 13
May looocaoiiceoaan. Sept. Lo oooiee oo 52 3 43
W . Bept, V5 L oo, a7 15 35
21 S L0 A I S 62 94
hune 15, .o oo [ 1Y T U SAUURPEPUPIRY [P 95

Tamk [2—Fffect of time of planting on degree of pod borer injury to 2
lima bean varieties, Ventura, Calif., 1931

!

Henderson bush

Ventura

Date planted

i Date matured Wormy Date matured Wormy

% pods pods

!

| Percent Percent
Mav 150 .. .. Aug. 200 o .. 59 Sept. 200 .. .___
June s Sept. I00. L. .. 81 Oct. 5o ___ 40
July T o et YR e 58 1 Oct. 31___ ... _ 91
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Control With Traps

Bait Traps

The adult pod horer can locate
host plants in its migrations be-
tween wild and culiivated hosts,
possibly by smell; since the adults
feed on the nectar in the flowers.
In an attempt to determine what
odor would attract adults, the fol-
lowing chemical oils were tested in
the feld between 193+ and 1936:
Star unise, mustard, lavender, rose-
mary, carvone, geraniol, white
thyme. peppermint, bitter almonds,
sweer bireh, banana, coaway, cel-
ery seed. cedarwoud, cloves, cori-
adler, fennel seed, juniper berries,
lemaongrass, Messina lemon, nurmeg,
pennyroyal, geranium, sassafras,
sandalwooed, sweet basil, and worm-
seect: also, anisic aldehyde, amyl
benzoate, nicotine sul fate, umyl and
methyl salieylate, cimnamic alde-
hyde, and henzaldehyde.

In nddition to these chemicals,
hrews mads from lima heans and
from plants, pods, and flowers of
lupines were used. The chemicals
were iested at concentrations of
0.0:23, 1,050, 0,075, and 0,108 percent
in a lo-percent sugar selution.
Water and w L0-percent sugar solu-
fien was used as checks in the sume
type of container wsed for testing
tha chemicitls. The baits were ex-
posed in granite pudding pans, 814
inches in dinmeter and 3 mches in
depth, These pans were placed on
racks, 12 inches above the soil sur-
fnce, or approximately the same
height as the bean plants. The bait
pans were located along the margin
of o large fHeld of Hma beans and
between the bean field and wild host
plants in order to attract adults mi-
graring from wild to cultivated host
plants. The bait traps remained in
the field from the time the Dbeans
started blooming on July 10 until
harvested the first part of Septem-

ber. During the 3 years this experi-
ment was in operation, none of the
chemicals tested were sufticiently at-
tractive to be of any value as a con-
trol remedy.

Light Traps

Laboratory tests showed that the
pod borer wus positively photo-
fropic, with a high selectivity for
monochromdtic blue. In feld tests
conducted for 3 years the pod horer
was attructed to colored light and
killedd with an electrocuting device
(Ag. 15}, The rvesults in 1936 indi-
cated that light traps might be o
mewns of pod borer control. 1Tow-

F1aURE 10.—Inzect electrocutor in opera-
tion in field, with attached funnel and
jar for collecting electrocuted insects,
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ever, large ficld tests in 1937 and
1038, with one trap to an acre in
15 angl 23-acre Helds, rave unsatis-
fuctory resulps on the hasis of num-
ber of adults eaught per light.
The pod borer population was
small in both seasons owing to un-

Control With

Procedure

Inzecticides were tested on two
Ly pes of lnm heans grown in south-
ern California. The Venturn or
“vining” variety 1% grown commer-
cinlly for dry beans. The Fordhiook
or bush variety is grown principally
for green beans and for seed. Doth
types were planted in rows 30 inches
apart from Aprl 10 ro July L
When there s inadequare rainfall
during the winter, fields planted
to dry heans are generally preirri-
gated in February or March and the
crop niay be furrow-trrigated once
m July or August. Fields planted
to Fordhook beans muy also be pre-
irrigated and the crop also may be
irrigated 1wo or three times or more,
depending on the seil rype and cli-
malic conditions. Fordhoolk beans
mattiee 1 20 to 110 davs, whereas
the dry-bean crop requires from 120
days or longer to reach niturity.

Sxperiments wero conducted i
pots of vurying size in growers’
hean Bields in Orange County and at
the University of California, South
Coast Field Station near Irvine.
Large-plot experiments were gener-
ally conducted in dry-bean fiekds in
plois 4 to 16 rews wide by 110 feet
or longer, KExperimenrs in small
plots were nsually conducted in
plantings of Fordhook beans in
single-row plots 0 to 60 feet long.
Al plots were arranged in random-
ized Llocks with five, six, or elght
replicates.

In smadl plots, emulsion sprays
were applied to hoth sides of the

fuvorable weather conditions. The
cost of installing light traps, the
high ratio of males to females, the
small number of moths captured,
and the uncertainty of infestation
muadle this method of control im-
practicable.

Insecticides

row with a knapsack sprayer at the
rate of 30 gallons per acre for the
first application and upward to 62
rallons for the succeeding ones.
Dusts were applied with rotary
hand dusters at from 30 to 40
pounds per acre of the diluted dust.
In large plots, sprays wers applied
at the rate of 25 to 50 gallons per
acre with a conventional power
sprayer, equipped with either a
four- or eight-row beoom, with three
T-jet nozzles per row.

The number of applications var-
ied from two to as many s four,
depending on the infestation and
rate of growth of the crop. The
first application was made at the
termination of blessoming or when
small pods were present, the second
was when the pods were 1 to 14
inches long, and the remainder were
at 10-day or 2-week intervals.

The eflect of the treatments on
pod borer populations was deter-
mined by picking and shelling 100
or more green or dry pods per plot
and examining these for injury due
to the pod borer. Yield duata were
obtained by harvesting and weigh-
ing the beins from 1/160-acre areas
in the center of each plot. As a
further check on damage, 2-pound
samples of the threshed heans were
retained and from 200 to 300 beans
per sample were examined for
injury.

An insecticide to be effective
against the pod borer should have
contact as well as long residual ac-
tion, in order to protect the pod
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from newly hatched larvae that
crawl about seeking to enter it.
Very minute quantities of the pod
surface are consumed by the newly
hatched larvae in gaining entrance,
and once they are inside they re-
main unti! mature. Unlike the
corn earworm, which may enter sev-
eral pods, a full-grown pod borer
seldom enters more than one pod.
It is important, therefore, that the
pods and the entire bean plant be
thoroughly coated with an insecti-
cide during the time the Iarvae are
hatching.

Experiments in 1958

In the initial control experiment,
new and older insecticides were
testec in dusts or sprays against the
pod borer in single-row plots 50 feet
tong.  Lach treatment and check
wers replicated five times. The
beans were of the Fordhook variety

and were planted later than usual,
on July 1. Applications were made
on August 8 at the time of blossom-
ing, August 18, 28, and September
8. The effectiveness of the treat-
ments was determined by picking
400 mature pods per treatment from
September 10 to 29 and examining
these for injury. Yield data were
obtained.

As shown in table 13, none of the
insecticides controlled the pod borer
effectively.  However, carbaryl,
Telodrin®  and  carbophenothion
showed promise when judged by the
percent reduction in damaged pods.
All the materials except Monsanto
7769 and cryolite significantly
reduced the number of infested

* Bee list of chemical unmes of proprie-
tary muterinls at the end of this bulletin.
Mention of these materials does not con-
stitute their endorsement by the U.S.
Depariment of Agriculture.

TanLe 13—F fectiveness of various insecticide dusts and s;mys againgt

lima-bean pod borer on Fordhook lima beans, South Coast Field Station,
Irvine, Culif., 1958

Active Yield of
ingredient Pods Reduction | dry beans

[nsecticide? per acre i infested? in dam- per acre

per appli- aged pods | (100-1b.

cation sacka)

Dusls Pounds Number Percent Number
Carbaryl 10 ... .. .. 2.4 69 76 13. 4
Badrin 2. o . .8 135 83 11. 3
Endosulfan 4..._______________..__ .8 136 53 85
Malothion 4. ____ . _________ | S 144 50 .9
Methoxyehlor 10, .. ____.__________ 2.8 242 16 10. 0
Cryolite 72 _____ .. 210 248 14 10. 5

Sprays

Telodrin 125 _______.____.__.___ 1.0 102 65 11. 5
Carbophenothion 4__ . ___________._ 20 L7 63 1.7
Phosphamidon 4_ . _________________ 1.0 139 52 12. 3
Bthion 4. .o 20 143 51 10. 7
Monsanto 8574 .. .. ___. 1.0 235 19 10. §
Monsanto 7769 2. __ . ___.______ 1. & 262 10 0 4
Sheck. e 200 |- _o._ 10. 2
LS.D. at 3-percent level . _._______|.___ . " 42 |l 2.0

! Percent in dusts; pounds per gallon in SPrays.

? Examined 400 pods per trentment.
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pods. When judged by yields of
dry beans, only carbaryl and phos-
phamidon gave significant increases
over the check. (ryvolite, which was
recommended years ago for controh
ling this pest, was ineffective.

The beans in the untrented plots
wers damaged extensively by the
pod  borer—T2-pervent  infested
pods. 1955 proved to be one of the
worst pod borer years.

In another experiment on Ford-
hook heans plaated on June 18, a
T2-percent cryolite dust was com-
pared with DDT-toxaphene and
with other materials, DPlots were
four rows {10 feet) wide by 148
feet long and replicated six times,
The sprays were applied with the
power sprayer at 30 gallons per sere.
Applications were made on August
5, 14, and 25. Yield datz were ob-
tained by harvesring and threshing
the heans in the four rows of euch
plot.

Infested pod counts showed that
all prterials were effective in reduc-
ing jury in some degree, as shown
in mble 14 Carbophenothion, en-
drin, and carbaryl were the most
effective, reducing damaged pods
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from T4 to 83 percent. Ithion, ery-
olite, and DDT-toxuphene gave
partial control. On a yield basis,
carbaryl, ethion, and cryolite were
superior, but all the beans were of
poor yuality because of the feeding
of the pod borer. Endrin affected
the bloom, caused & poor pod set,
and thus accounted for the low yield
obtained.

Experiments in 1959

Insecticides showing promise in
1038 were compared with other
materials in single-row plots of
Fovdhook beans planted on April
17. Sprays were applied with hand
sprayers at 60 gullons per acre per
application and dusts at 40 pounds
per acre. Applications were made
on June 9, 16, 24, and 30. Data on
injury were obtained by inspecting
pods between July 13 and 22,

The results, as given in table 15,
show that earbaryl was superior
when applied in a spray at 1 and 2
pounds actual per acre and in a dust
at 2 pounds. Carbaryl dust at 1
pound did not give adequate control.
Malathion und endosulfan dusts and

TasLe 1d~—FEfectiveness of various insecticide sprays and eryolite dust
against lima-bean, pod borer an Fordhook lima beans, South Coust Field

Station, Irvine, Calif., 1958

E
: Reduetion | Yicld of dry
Inseeticide ! {pounds por Pods in dumaged | heans per
sere per application) , nfested® pods acre {100-1b.

! sacks)

1 Number Percent Number
Cuarbophenothion 2. ... _._.. e 41 83 L0
Eandrin 1., . ... .. L .. ool 33 75 4.5
Carbaryl 2., .. . .. e 62 74 10,2
Bthion 2___ . . _ .. . .. .l 945 61 19,2
Cryolile 25.. . . e e 18] 59 g 9
DT 2-toxaphene 4.0 .. . . 147 43 83
Cheele . o oo .. I O 243 L. 4.1
[.5.03. ab 5-pereent levelo ... ... .. U 42 .. . 1.2

! Emnlsifiable concentrates, except 72-pereent eryolile dust,

: Exnmined 454 pods per treatment,




BIOLOGY AND CONTROL OF THE LIMA-BEAN

POD BORER

33

TasLE 15.—FEfectiveness of various insecticide dusts amd sprays and
Bacillus thuringiensis wettadle powder against Ema-bean pod borer on
Fordhook lime beans, South Coast Field Station, rvine, Calif., 1959

Insecticide!

Active
ingredient
per acre per
application

Reduetion
in damaged
pods

Pods
infested?®

Dusty
Carbaryb 10 .o eeaaeooos

Carbaryl 4

Dieldrin L3 oo
Ethion 4

Heptachior 2

Kepone 2

Wellable powder
B, thuringiensiz?

Cheek . Lo
L.8.D. at 5-percent lovel

Nuwber Percent

i6

Pounds
L

! Percent in dusts; pounds per gallon in sprays.

? Bxamined 300 pods per treatment.
eaTWOorms,

Figures in parentheses indicste number of

¥ 70 billion bacillus spores per gram (Merek}.

a dieldrin spray wera uiso highly
effective. Ethion, heptachlor, Kep-
one, and Baeilius thuringiensgis were
ineffective,

Ascarbaryl showed superiority in
the 1958 experiments, an experiment
was conducted to determine the ef-
fect of varying the time and number
of applications. Fordhook beans
planted on April 17 were used.
Plots were single rows arranged in
randomized blocks with five vepli-
cates., Carbaryl was applied in a
spray on three dates. The results,
as given in table 16, show no signif-
icant difference in the effectiveness
of dates or number of applications
of carbaryl, Applications on June
9 and 24 reduced pod borer damage
the most.

A May 25 planting of Fordhook
beans wus used for comparing 2
Bacillus  thuringlensis dust and
spray with five insecticide sprays.
Plots were four rows {10 feet) wide
by 136 feet long and were replicated
six times.  Applications were made
on July 13, 21, 28, and August 4.
The eftectiveness of the materials
was determined by inspecting green
peds and threshed heans. Yields
were also obtained.

Pod inspections, ns given in table
17, showe(l that in compurison with
the check all materials except 5.
thuringiensis significantly reduced
pod injury. Endrin and Telodrin
at 2 pounds per acre were especially
effective. Carbaryl, carbopheno-
thion, and phosphamidon at 1
pound and both formulations of B.
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Tapce 16.—FK fectiveness of time
and number of applications of
carbaryl spray cgainst lima-beun

od borer on Fordhook lima
eans, South Coast Field Station,
[reine, Calif., 1959

Redue-
Date of Pods tion in
applications! infest- dam-
in June ed? aged
pods
Number | Percen!
| S 15 56
| L 22 35
2 F S 13 52
Gand 16 ... . 21 38
I6and 24 ___.__ 11 68
Gand 24 ... 3 76
9, 16, and 24__.__.__ 12 65
Cheel_ . oo oo 34 ..
L.8.D, at 5-percent
level  o.ocooo. - NS el

11 pound per acre per application.
? Examined 300 pods per trensment.

thuringiensis gave poor contrel.
Telodrin and endrin were also
superior in reducing damage to the
thresherl heans. The high percent
injury to the threshed beans indi-
cated that the pod borer continued
to feed on the heans after they had
been cut and while deying prior to
threshing, When jucfged on the
basis of vield, only Telodrin signifi-
cantly increased the yield of Ford-
hook beans. Yields in the endrin
plots were exceptionally poor, be-
cause repeated applications caused
excessive blossom drop and poor

pod set. In 1958 another brand of
endrin  also rteduced pod set
similarly.

A combination dust of carbaryl,
DDT, and Kelthane was compared
with a DDT-carbophenothion dust
against poid borers on Venturn lima
beans, Plots were eight rows (20
feot) wide by 600 feet long, with
six replieates of each treatment and
check. Applcations were made
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with an eight-row power duster on
July 13, 938, 30, and August 7.
Examination of pods showed that
the ecarbaryl-DDT-Kelthane dust
significantly reduced injury to pods,
but it was far from being effective
commercially., Yields were about
the same, averaging 10 sacks per
acre in the dusted and untreated
plots, as shown in table 18,

Experiments in 1960

New muaterials wete compared
with carbaryl in toxicity in a field
of Ventura limas planted on May 11.
Applications were made on July 6,
13,21, and August 1 and there were
six replicates. The results of the
individual treatments are shown in
table 19. All materials except di-
methoate reduced damage to pods.
Guthion resulted in the least pod
dumage. General Chemical GC-
4072 and GC-3583 gave shightly
better control than carbaryl. The
remaining materials gave inade-
quate control—from 38- to 64-per-
cent reduction in damsged pods.
Pod borers were less destructive in
1960 than in the previous 2 years.

A large-seale field experiment was
conducted to compare carbaryl with
Telodlp"ul, endosulfan, and mala-
thiom.” Plots were 16 rows (40 feet)
wide by 107 feet lon% Ventura
limas were planted on May 9. An
eight-row power sprayer was used
to apply the sprays at 25 gallons per
acre. Applications were mude on
July 13, 25, and August 4. When
two applications were used, the
August 4 application was omitted.
Two applications of carbaryl at 1
and 2 pounds per acre and Telodrin
at, 1 pound gave significantly higher
yields than the check ov the other
materials, as shown in table 20. Ex-
amination of the threshed beans in-
dicated no differences in the degree
of borer injury due to the treat-
ments. In some instances there was
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TasLe 17—£ fectiveness of various insecticide sprays and Dacillus thu-
ringiensis dust and spray against lima-bean pod borer on Fordhook
lima beans, South Coast Field Station, [rvine, Calif., 1959

Active _ Reduc- Redue- | Yield of
Insecticide (pounds | ingredient | Pods | sion in | Threshed | tion in | dry beans
per gallon) per acre finfested!ldamaged] beans jdamaged{ per acre
per appii- poda }damaged? ] beans {100-1b.
cation aacks)
Pounds Numger Percent Numbcsrﬁ Perce?m Numbg:r
s 1 5 85 5 i
Endrin 1.6~ { 2 10 94 43 79 51
. = 5i r 107 14,

. H 103 39 133 41 131
Curbaryt 4. .oeonoo- { 2 27 84 75 67 3.3
Carbophenothion 4. { é Iég g? igg §g ;'g g
Phosphamidon 4. .. i 095 44 162 20 12. 8
B. thuringiensis

{dusty’ _____.___. 1 124 27 141 38 12. 5
B. thuringiensis

{sprayy . .oo-- 1 160 i 200 12 13.3
Cheek o oo ) 170 4 s v 2 S 12.¢
L.5.D. at 5-percent

level o o ccn e 40 e 75 Jeeoea o 2.0

! Examined 450 pods per treatment.
* Eyxamined 600 beans per treatment.
3 Merck’s Agritrol, 5-percent dust, 5 billiop bacillus spores per gram.

+ Marck’s Agritrol, wetiable powder, 70 billion bacillus spores per gram.

TanLe 18.—Kffectiveness of insecticide dust combdinations ageinst lima-
bean pod borer on Ventura lima beans, South Coast Field Station,

Irvine, Oalif., 1959

Amount Yicld of
per acte Pods Reduction | dry beans
Insecticide (percent) per appli- | infested! jin damaged] per acre
cation pods {100-1b.
ancks)}
Pounds | Number Pereent Number
Carbaryl 5+ DDT 5+ Kelthave 3_ . __ 30 13 79 10. 1
DDT 5-+carbophenothion . ... . 32 25 60 9.6
Cheek oo e meme e e 62 | .- 10. 0
1.8.D. nt 3-pereent level L. ... 39 | ... ... N.5,

! Examined 450 pods per treatment.
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TapLe 19— fectiveness of various insecticide sprays against lima-bean
pod borer on Ventura lima beans, South Coast Field Station, Irvine,
Calif., 1960

Reduc-
Insecticide! (pounds per acre) Pods in- tion in
fested ? | damaged
pods

Number Percent

12
18
22
26
30
Geigy G-30492 1 31
Bayer 20493 1 ; 32
34
41
50
80
35

* Emulsifiable concentrates, except carbars] and trichlorfor, 85 and 50-percent
webttable powder, respectively.
7 Examined 600 pods per treatment,

TaBLe 20.—FE fectivencss of various insecticide gprays against lima-bean
pod borer on Ventura lima beans. Reoti Field, rrine, Calif, 1960

Redue- Yield of
Ingecticide (pounds per acre per Appliea- § Threshed tion in | dry beans
ppplication) ' tions boans damaged | per acre
: dumaged! heans {100-1b.
siteks)

Number Number Percent Number
3 47

Endosulfan :

Malathion £.5.oooonooooooaond
Cheek '

O 1T L0 by S0 b3 T i 1D
T 19 9 50 1R B3 b i D0 Bt e
DO ODWOMWWE S

t Exnmined 1,200 benus per treatment.
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more ped injury in the treated than
in the untreated plots. Plots treated
with three applications of carbaryl
at 2 pounds per acre had the least
injury.

Experiments in 1961

Tests were continued on Ventura
limas io evaluate the effectiveness of
different insecticide sprays against
the pod borer. [lots were four rows
wide (11} feet) by 93 feet long, with
six replicates. Applications were
made with the power sprayer on
July 3, 19, and August 2. Yield
data were obtained by threshing the
beans in the two center rows. The
results of this expertment are shown
in table 21,

Pod horer injury in untreated
plots in 1961 was unusually light—
only T-percent infested potls us cont-

wredd with 72- and <{}-percent in-
jury in the 1958 and 1959 experi-
ments. Judging by the results of
the pod inspections, thers was no
significant difference between treat-
ments and check in pod injury.
Both dosages of Gruthion and endo-
sutfan at 2 pounds per acre guve the
best control.  In reducing pod borer
injury to the threshed beans, Guth-
ion at both dosages and endosulfan
and Zectran at 2 pounds were signif-
icuntly beiter than thecheck. Naled
wias the least effective. When com-
pared on a yield basis, Zectran at
2 pounds, Guthion at hoth dosages,
and carbaryl and diazinon at 1
pound per acre were superior,

An experiment was conducted to
evaluate the effectiveness of Guth-
ion, carbaryl, and endosulfan when
applied at the same dosages in
sprays and dusts. Fordhook beans

TanLe 21 —Z& fectiveness of various insecticide sprays against lima-bean
pod borer on Ventura lime beans, South Coast Field Station, Irvine,

Cealif., 1961

Pods in-
fosted !

Tngecticide (pounds per
acre per application)

| Reduetion
it dam-
aged pods

Yieid of
dry beans
per acre
(100-1b.
sacks)

Reduction
in dam-
aged
beans

Threshed
beans
damaged ?

Endosulfan: Number
1

Girthion:

| PN !
Diazinon 1

Wuled 2 e ie e meane l

L.8.D. at 5-percent, levul_;

Percent
4

Number
18
67 8 73

F
L0
20

Percent
4

Number
12

22
19
30

13
33
30
14

! Bxamined 300 green pods per treatment.

: Bxamined 1,200 beans per breatment.
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were planted on May 31. Sprays
were applied at 62 gallons per acre
with knapsack sprayers and the
dusts at 35 pounds per acre with
rotary hand dusters. Applications
were made on June 28, July 10, and
21, Yield data were obtained by
picking and weighing the dry-bean
pods on 10 plants per plot at har-
vesttime. The results, as given in
table 22 show that there was no
significant difference between treat-
ments and check in pod borer dam-

age to the bean pods. Guthion ap-,

plied either in a spray or dust
caused the least pod injury. Sprays
were more effective than dusts
in reducing injury.

Leaves on the Fordhook plants
treated with endosulfan spray at 1
and 2 pounds per acre turned yel-

TasLe 22.—F& fectiveness of
lima-bean
Irvine, Culif., 1961
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lowish after the second application.
Pod set appeared to have been af-
fected, as the numbers and weight
of the pods were reduced signifi-
cantly by one-half when compared
with the check and other materinls,
The 4-percent endosulfan dust ap-
plied at the same rates reduced the
number of pods per plant from 9 to
13 percent, but did not discolor the
foliage.

In another experiment new mate-
rials were applied in sprays in
single-row plots of Fordhook beans
planted on May 1. Applications
were mude on June 27, July 7, and
17. The results are shown in table
23. Telodrin, Guthion, and Shell
8D-3562, each applied at 1 pound
per acre, gave significant reductions
in damaged pods. Plots treated

various insecticide sprays and dusts against
od borer on Fordhook lima beans, South Coast Field Station,

Insecticide (pounds per aere per
upplication)

i

Weight of
pods per
plant

Redugtion
in damaged
pods !

Pods per
plant

Cuthion:

Carbaryl:

2
1

Percend Number Ounces
79 12

96 14

54 14
63 14

33 i
33 6

Whegats ~Ith gooo

! Examined 300 green and 125 dry pods per treatment,
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TanLe 23.—F fectiveness of various insecticide sprays egainst lima-bean
pod borer on Fordhook lima beans, South Coast Field Station, Irvine,

Cualif., 1961

Tnsecticide (pounds per acre per
pplication)

Pods
infested !

Reduction
in damaged
pods

Pods per

Weight of
plant 2

pods per
plant 2

Ezperiment A
Telodrin 1
Guthion 1
Shell 8D-3562 1
Bhell SD-4294 1
Bayer 20403 1
Dimethoate 1
Geigy G-30494 1
Endosulfan 2

L.3.D. at 3-percent level
Experimen! B

Zectran:
0.5

2
Carbaryl 2
Triehlorfon 2 . . oo

Percent
74

Ounces
5

! Examined 300 green and 125 dry pods per treatment.

? Based on 60 plants per treatment,

with endosulfan and Geigy G-30484
had more infested pods than the
check. Endosuifan discolored the
lenves and reduced pod set and
yields asin the previous experiment.

When carbaryl, trichlorfon, and
Stauffer ASP-51 were compared
with Zectrun at varying rates per
acre (table 23), there was no signif-
i1eant difference between these mate-
rials and the check in the degree of
injury to pods. Zectran at 1 and 2
pounds per acre and carbaryl gave
good control of the pod borer,
whereas trichlorfon and Stauffer
] ASP-51 gave fair control.

Experiments in 1962

In the 1962 experiments against
the pod borer, 22 new materials
applied in sprays were compared in

toxicity with carbaryl, Zectran, and
Guthion in a field of Fordhook
beans planted on May 1. Plots were
single rows, 48 feet long, and rep-
licated six times, Applications
were made with hand spravers on
June 21, July 7, and 17 in experi-
ments A, B, and C, but were delayed
until July 10, 17, and August 2 in
experiment D. The results are
given in table 24,

Of the eight materials tested in
experiment A, only Zectran gave a
significant reduction in damaged
pods. The Bayer materials 25141,
44646, and 37344, with reductions in
injury from 52 to 58 percent, gave
partial control. Plots treated with
dimethoate and with some Bayer
materials had more pod injury than
the check.
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TasLE, 24 —F ffectiveness of various insecticide sprays against lima-bean
pod borer on Fordhook lima beans, South Coast Field Station, Irvine,

Calif., 1962
Insecticide (pounds per acre per application) Pods infested!] Reduetion in
damaged poads
Erperiment A Number Percent

ZeetrAn @ . o o e e 8 76
Bayer 25141 1 _ o 14 38
Bayer 44646 1 __ . _ e 15 55
Bayer 37344 1. ool 16 52
General Chomical GGC-3707 5. oo 29 12
Bayer 32651 1 . __ . o 31 6
Bayer 36205 5 . o e 37 oo
Dimcthoate 1. e — e 5% 2 T,
Cheeke oo e b 2
1.5.D. at 5-percent level- _ - . o . ceeee— - 21 oo

Ezperiment B
General Chemierd GC-4072 1 . ___...__ 2 9l
Carbaryl & e e 3 87
Bayer 47940 1 __ e mmae- 3 87
Bayer 46876 1_ e 4 83
Bayer 41831 1 _ . e 14 39
Pyramat {Geigy) 1o s 15 35
Bayer 30007 1 —m————— 18 22
Tselan 1 _ o e ammmm— e raaaa- 19 17
Drimetilan 1o oo e e 20 13
Endosulfan 2. e Bl |-
CheeK o o o e e —mm e —meam bt T [
LR.D. at S-pereent level. .- 12 | miimaas

Erperiment C
Stauffer B-1504 1_ _ e iceea 5 81
BeobPRIL B o mmmmmmmmm————mmmmm 7 73
Ameriean Cyanamid 43064 1__ .. ._ 8 69
Shell BD—3562 5. . L e e 9 65
Famophos 1. . . o 13 50
Tnion Carbide UC-10854 1. e 13 50
Stauffer N-2788 1 o oo e 18 3i
Union Carbide UC-8305 1___ . _ . oo 22 15
Trichlotfon? Y5 o o e e b1 I S
Dimethoate 1 e maal F5 % S FE
CReeK o o o e e e mmmm—— e —mmm D6 | e
L.8.ID. at 5-pereent level. - - oo oo oo 12§ o e —-

. Experiment D

FendTan 2 o e camm—————— 3 86
Guthion 1. . e 4 82
Ortho 5305 1. e —maaa 7 68
Phorate 1o o e 15 32
General Chemieal GC-3707 1. ____________.____ 15 32
Di8yston . e mmmmn 16 27
Dimethoate 1 _ o e ——ee e 18 i8
CReeK o o e ot M 22 |-t
1.8.D. at 5-percent level . o o e b5 B

!t Examined 600 pods per treatment.
? B0-pereent wettable powder.
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In experiment B, General Chem-
ical GC-4072, earbaryl, and Bayer
47940 and 46676 reduced pod injury
from 83 to 91 percent. The other
materials gave poor control, with
39-percent or less reductions in In-
jury. Endosulfan not only was
meffective but caused a yellowing
of the foliage, which reduced pod
set and yields in the same manner
as in 1961,

In experiment C, Stauffer R-
1504, Zectran, American Cyanamid
43064, and Shell SD-3562 showed
promise by reducing pod injury
from 83 to 81 percent. Thesix other
muterials gave reductions in injury
of 50 percent or less.

Of the seven materinls tested in
experiment D, only Zectran, Guth-
ion, and Ortho 5305 reduced injury
significantfy, with reductions from
68 to 86 percent. Phorate, General
Chemical GC-3707, Di-Syston, and
dimethoute wers ineffeetive.

Discussion

OF the insecticides tested in 1938,
fair to good control was obtained
with carbaryl, Telodrin, and carbo-
phenothion. Iindrin showed prom-
ise, but affected bloom and veduced
yields.  Cryolite, long recom-
meided tor the controi of the pod
horer, guve partial control.

In 1959, carbaryl applied either
in a dust or spray gave good control
in ohe experiment and fair in an-
other. (arbophencthion was also
inconsistent. Bacillus thuringiensis
applied in a dust or spray was inef-
fective. Other materials failed to
give commercial control.

Experiments in 1960 showed
suthion, General (hemical GC-—
072 and  GC-8583, and car-
baryl superior. In another experi-
ment carbaryl applied at diflerent
dosages and times and Telodrin
gave fair control, but they increused

bean production significantly in
somis 1nstances.

In 1961, endosulfan, Guthion, and
Telodrin were the most effective in
reducing pod injury. Endosulfan,
however, discolored the leaves and
reduced pod set and yields. Zectran
used for the first time showed
promise,

In experiments in 1962, the best
control was obtained with General
Chemical GC072, Zectran, car-
baryl, Bayer 47940, Bayer 46678,
Stauffer R-1504, and Guthion.
Three applications of these ma-
terinds guve 81- fo 91-percent reduc-
tion in ped injury.

None of the 54 insecticides tested
against the pod borer on lima beans
from 1958 to 1962 gave outstanding
commercial control, In repeateﬁ
tests carbaryl at 2 pounds actual per
acre per application (3 or 4 applica-
tions) was the most effective, aver-
aging 80-percent reduction in pod
injury. Carbaryl wus also effective
against the corn earworm and gave
fair to good control of lyaus bugs.
However, it caused excessive build-
up of the two-spotted spider mite
(Tetranychus telarius (L)) on
beans. Guthion and Zectran ap-
plied at 134 or 2 pounds actual per
acre per application {3 or 4 applica-
tions} gave good control of both the
pod borer and Iygus bugs, but owing
to the lack of restdue information
neither has been registered for use
on beans. Both endrin and endosul-
fan showed considerable promise,
but tests with these materials were
discontinued because they affected
pod set and reduced yields. Other
promising materials that shouid un-
dergo further testing are Telodrin,
General Chemical GCHOT2, Bayer
47940 and 46676, and Stauffer R—
1504,

Because of cost, bean growers
have been reluctant to apply more
than two applications of insecti-
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cides to control insects on beans.
Nevertheless, in years such as 1958
and 1939, when pod borers were ex-
tremely  destructive  {72-percent

TECHNICAL BULLETIN 1321,
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damaged pods), failure to make ad-
ditional applications meant that
growers experienced losses far in
excess of the cost of the insecticides.

Summary

The lima-bean pod borer (£tiella
zinckenella (Treitschke)) is one of
the most serious insect pests of lima
beans in California. If was first
reported damaging lima beans in
the United States during 1885 in
Bl Dorado County, Calif. 1t oc-
curs in severa] States from the
Pacific to the Atlantic Qcean and
is widely distributed throughout the
world.

The lima-bean pod borer is pri-
marily a pest of lima beans, but it
has been reported dumaging other
varieties of beans and reproducing
on several wild host plants, especial-
ly species of lupine (Lupinus},
wild pea {Lathyrus), and locoweed
(Astragalus).

The Iarva is the only stage that
injures lima beuns. It feec%s only
on immature beans after eating an
entrance hole through the pod.
Economic loss is caused by drop-
ping of immature pods, which re-
duces yield, loss of beans from
larval feeding, and cost of separat-
ing undamaged from dwmaged
beans.

There are several insects in the
lnrval stage that feed on lima beans
and are often confused with the
lima-bean pod berer, although the
larvae are not similar and each has
characteristic feeding habits by
which it can be identified.

The life history of the Jima-bean
od borer showed n wide range in
ength of ditterent periods, as de-

termined by rearing the various
stuges I a screen-wire insectary
outdoors, supplemented by observa-
tions in the field from 1931 to 1935
at Ventura, Calif. Higher tem-
peratures from June to geptem‘r)er

decrease the length of different de-
velopment periods and lower tem-
peratures during the other months
increase the length of ench period.

The adult lives from 1 to 69 days.
During an average lifespan of 19
days, a female will deposit on an
average 33 eggs. Eggs nre depos-
itedd on or near pods of wild or
cultivated host plants. The ineu-
bation period ranges from 5 to 33
days and averages 15. From 13 to
65 days is required for the newly
hatched larvae to enter pods and
feed until mature. When mature,
the larvae leave the pods and enter
the soil to a depth of one-half to
2 inches, where they spin cocoons in
which they later transform to pu-
pae. The pupal period lasts from
16 to 101 days. The total life cycle
from egg to adult requires from 2
to 9.8 months. One brood develops
on annual wild host plants from
March to June, and from two to
four broods develop on lima beans
and perennial lupines from June to
December. They overwinter as lar-
vaa in cocoons in the soil of old bean
fields.

The relationship between the
lima-bean pod borer infestation on
wild and cultivated host plants is
correlated with the seasonal life his-
tory and habits of the insect.

Vaurieties of beans that set their
‘pods high on the plant, such as the
sush type, usually have the largest
percentage of wormy pods, whereas
the vine type or varieties thai seb
pods low on the piant have the low-
est percentage of wormy pods.
"This difference of infestation is due
apparently to the normal photo-
tropic response of the pod borer lar-
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vae that stimulates them to crawl
toward the stronger light or periph-
eral of the plant in search of food.

The lima-bean pod borer was
found to have several native para-
sites, none of which were effective
in reducing the abundance of the
species. Six species of parasites of
the pod borer in foreign countries
wera introduced and liberated as
aduits in southern California.

Experiments in which mature
overwintering larvae were covered
with different depths of soil showed
that a large percentage of the re-
sulting adults could be prevented
from emerging when the larvae
were covered with § or more inches
of soil.

Surveys conducted over many
years show that late-planted beans
have always had more pod borer
injury than early-planted beans,
but field experiments to substantinte
this trend have been contradictory.

Numerous aromatic chemicals
were tested in bait traps in the field
from 1934 to 1936, but none of the
baits used were sufficiently attrac-
tive to adult pod borers to be of uny
value as a control remedy.

A series of luboratory tests
showed that the pod borer adult was
positively phototropic, with a high

43

selectivity for monochromatic blue
light. In fleld tests conducted for
3 years pod borer adulfs were at-
tracted to colored light and killed
with an electroeuting device. How-
ever, the cost of installing light
tmlas, the high ratio of males to fe-
males attracted, the small number
of moths captured, and the uncer-
tainty of infestation made this
method of control impracticable.

Of the 54 insecticides tested
against the pod borer on lima beans
from 1958 to 1962, carbaryl at 2
pounds actual per acre per appli-
cation (3 or 4 applicafions) was the
most effective, with an average of
80-percent reduction in pod mjury.
Carbaryl was also effective agminst
the corn earworm ({Heliothis zea
{Boddie}) and gave fair to good
control of lygus bugs. Its main
disadvantage was that it increased
infestations of the two-spotted
spider mite (Zetranychus telarius
(I?J)} on beans. Guthion and Zec-
tran applied at 114 or 2 pounds uc-
tual per acre per application {3 or
4 applications) gave g control
of both the pod borer and lygus
bugs. Other materials that should
be investigated further are Telo-
drin, General Chemical GC—072,
Bayer 47940 and 46676, and Stauf-
fer R-1504.
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Chemical Names of Proprietary Materials
Mentioned in This Bulletin

American Cyanamid 2-evelic ethylene  (diethoxyphosphinothioy!)
3064 dithioimidocarbonate
Bayer22408__.__________ 0.0-diethyl  O-naphthalimido  phosphoro-

thioate
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Bayer25141_____________ 0,0-diethyl O-p-methylsulfinylphenyl phos-
phorothioate

Bayer29493 _ . ________ 0,0-dimethyl ¢}-{4- (methylthic) -m-tolyl]

hosphorothioate

Bayer 32651 ___ . __..__ 4- (methylthio) -m-tolyl methylcarbamate

Bayer 36203 .__ ... 8-methyl-2,3-quinoxalinedithiol cyclic 8,8-
dithiocarbonate

Bayer37344_ ______ .. __. 4-(methylthio)-3,5-xylyl methylcarbamate

Bayer 30007 . ___ (-isopropoxyphenyl methylearbamate

Bayer4183i. .- 0,0-dimethyl O-%t-nitro-m-tolyl phosphoro-
thioate

ayer44646____________. 4-dimethylamino-m-tolyl methylearbamate

Bayer 46676 __ ... O-ethyl = O-(2-ethyl-6-methyl-4-pyrimidinyl)
ethylphosphonothioate

Bayer 47940 ___________. O-(3-chloro-4-cyanophenyl)  0,0-dimethyl
phosphorothioate

Di-Syston . ____ 0,0-diethyl S-[2-(ethylthio)ethyl] phospho-
rodithioate

Famephos ... 0-;9-(dimethfrlsulf:\moyl) phenyl
,0-dimethyl phosphorothioate

Gelgy G-30492__________ 0,0-dimethy] S-[ (phenylthio)methyl] phos-
phorodithicate

Geigy G-30404__________ &-(25-dichlorophenylthio) methyl

7.0 -dimethy] phospherodithioate
General Chemical GC- 2-chloro-1-(2,5-dichlorophenyl}vinyl diethyl
11321 N —— phosphate
General Chemical GC- dimethyl 3-hydroxyglutaconate dimethyl phos-
AT e phate
(ienera]l Chemical GC- 2-chloro-1-(2,4-dichlorophenyl)vinyl diethyl

4072 oo phosphate

Guthion - _______ 0,0-dimethyl  S-{{-0x0-1,2,3-benzotrinzin-3-
(4H) -ylmethyl) phosphorodithioate

Isolan o 1-isopropyl-3-methyl-5-pyrazolyl dimethylcar-
bamate

Kelthane - .- 1,1-bis{ p-chlorephenyl) 2,2,2-trichloroethanol

Kepone o decachlorodetahydro-1,3.4-metheno-2H-cyclo-
buta[cd]pentalen-2-one

Monsanto TT69__._______ hexaethyl [ (ethylthio) m¢thylidyne]triphos-
phonate

Monsanto 857T4____ __. _ tetramethyl  (dithiodimethylene)diphospho-
nate

Ortho 5305 _______.__.__ m-sec-butylphenyt methylearbamate

Pyramat oo 4-methy!-2-propyl-6-pyrimidinyt dimethylear-
bamate

Shell SP-3562____ _.__. 9-dimethylearbamoyl-1-methylviny]l dimethyl
phosphate

Shell SD-4294__________. dimethyl 2- (alpha-methylbenzyloxycarbonyl})-
1-methylviny] phosphate

Stauffer ASP-51_.._____ 0,0,0,0-tetrapropyl pyrophosphorothioate

Stauffer N-2788._____._. O-ethy! S-p-tolyl ethylphosphonodithioate
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Stauffer R-1504 ________ 0,0-dimethyl  S-phthalimidomethyl phos-
phorodithioate _
Telodrin o ________ 1,34,5,6,7,8,8-octachloro-1,3,30,4,7,7a-hexahy-

dro-4,7-methanocisobenzofuran

Union Carbide UC-8305__ 3-chloro-5-methyi-3-thio-2,4-dioxa-3-phospha-
bicyclo[4.4.0]decane

Union Carbide UC-10854_. m-isopropylphenyl methylearbamate

Zectran - ______________ 4-dimethylamino-3,5-xylyl methylcarbamate
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