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BIOLOGY AND CONTROL OF THE LIMA-BEAN POD 

BORER IN SOUTHERN CALIFORNIA 


By M. 'V. STONE;' Elltomology Research Division, Agricultural Research Service 

The lima-beRn pod borer (Etiella 
z-imckenell<b (Treitschke) is one Df 
the most sm-iolls insect pests of lima 
beans in California. It has been 
known as a pest of limn, ben,ns in 
this area since 1885. It attacks all 
vltrieties of lima. beans and numer­
ous wi lel host plan ts, pt'in(;i Pltlly 
species of lupines~ wild pea, and 
loeoweed. Losses by this pest were 
so great that studies were under­

ta.ken 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 demttlld for more 
effective methods of control, the 
work was resumed at 'Yhittier in 
1958 and nt Riverside in 1961. 
This is a report of the results of 
this work and not a recommenda­
tion of ltny of the materials used. 

Distribution in the United States 

.\.('('ot'(ling to Chittenden (.3),~ 

Albert Koebele first observed the 
I ima-bean pod borC!' as lL pest of 
ima benns in the l"nited States dur­

ing 1885 in El Domdo County, 
Calif. At that time he reported 
:hat the beans in tha.t vicinity were 

uch infested by Ian'ltC of this 
)ecie.'3. In t.his saml) publication 
'hittenden :dso recOl'ded observ:t­
ions by H. O. Marsh, who reported 

'n If,OH that lima Iwan pods weI:e 
nfestecl by lan'ae of this species 
t Santa Ana, (fanlen GI:ove, and 
\naheim in Omnge County and at 
Vatts a.nd Compton in Los Angeles 
ounty, C:tlif. 
A. O. LaI:Son (II) ['econled in 

926 the presence of pod borer la.r­
'al) in lima beans at the following 
oca.tions ill C':t1ifornill: San Diego, 
ent,lIm, Irvi.ne (Omnge County), 
\lente (Los Angeles COllnty), anel 

San Bernardino lind Stanisl:tlIs 
{)untie.c:;. 
Hyslop (10) reported t.hat the 

ima-oow pod bOl'Cr oec-urred ILt 

Pllllman, Wash., and that there are 
specimens in the U.S. National 
)fuseum collection from the follow­
ing places: Hampton, N.H.; 'Wee­
kapaug, R.I.; Key West and 
Archer, Fla.; Oxbow, Saskatche­
wan, Canada; Texas; Stillwater, 
Okln,,; Denver, Colo.; and specimens 
of the Vl1riety E. zirnckenella 8chisti­
colo'l' (now recognized as a synonym 
of E. zitnclwneUa) from St.ockton, 
Utah; El Dorado, Claremont, AJa­
meda., and San Diego, Calif. ; 

t Reti red 100.'3. 
Rodney Cecil (deceased) of the former 

C.~. Bureau of' Entomology and Plant 
Quarantine l'ondueted the work from 1931 
until his retirement in 1943. Gmteful 
Heknowh.'dgment is due D. F. ~Iillen of' the 
l'nin>rllity of California, South Coast 
l<'iel!l Stlltion, Irvine, for his ex<.'cIlent 
eftOIl(>rntion in maintaining the experi­
IIwntal plots of lima beans used for in­
se<.'ticide tl"ltil. and P. V. Vail, Entomology 
R('s('a reh Dh'ision, for aSSisting with the 
tipld ('xperirn('nts in 1.962. 

, Italic numbers in parentheses r('fer to 
Litt'rature Cited, p. 44. 

1 
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Springfield, Idaho; and Nogales, 
Ariz. Hulst (9) on distribution 
gives Florida, North Carolina, 
South Carolina, Texas, Colorado, 
and California. 

Flanders (6) reported in 1930 
that the pod borer had boon fOlUld 
from Sacramento to San Diego and 
that its distribution probably ex­
tended the lenf,rth of California. 
In 1929 he reared it from native 
hosts near Mazathin in the State of 
Sinaloa, Mexico. 

In addition to these reports, the 
following records on distribution 
"were furnished by the former Office 
of Insect Pest Survey and Informa.­
tion, Bureau of Entomology 'mel 
Plant QU[l,rantine: 

Kansa.s.-H. R. Bryson. In re­
port to Insect Pest Survey, August 
1931. "Legume pod mot.hs re­
ported working in beans at GL"eat 
Benet The oollns were adjacent to 
locust trees." 

Nevada.-Specimens in U.S. Na­
tional Museum. 

01·egon.-D.C. Mote, report July 
1936. "Ninety percent of the pods 
of LathYl'uS (beach pea) at SlUlset 
Beach are infested with E. zimck­
eneZZa." Specimens from Dufur, 

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

lVa.shington, D.O. - Specimens 
from District of Columbia" deter­
mined by C. Heinrich. (No date.) 

During thl~ investigations con­
ducted at Venturtt, CalIf., l?oo bOl"er 
la,rYae wel"e collect:ro in pods of wild 
or cultivat.ed host plants in every 
county of California.. In Ventura. 
County in 1946, a survey in 12 bean 
fields showed 4 to 8 percent of the 
pods infested with the pod bomr. 
In one 60-acre field neRr Saticoy 48 
percent of the pods were infested, 
and it "WiLS necessary to plough un­
der the ent.ire crop. In 1959, in­
spection of wRrehouse samples of 
helms from 87 fields comprising 
9,000 acres in the Irvine area 
(Or:mge County) showed. that on 
im average 13 percent of the bea,ns 
were damaged by t.he pod borer. 
In 22 of the 87 fields dRmage ex­
ceeded 20 percent and in one field 
42 percent of the beans \Yem lll­

mttrkebLble. In nntmatecl experi­
mental plots at the University of 
California, South Coast Field Sta­
tion at Irvine, in 1958 and 195f7 72 
and 40 percent of the pods, l"eSpec­
tively, were infested with the pod 
borer. 

Foreign Distribution 

1Y. D. Pierce (14) stated that the 

lima-belLn pod bomr oceurs in 
Europe, ,,\"frica, Asia, and the 'Vest 
Indies. Hulst (9), on distribution, 
added South America. C. P. 
Olausen (4) reported its presence in 
.Tapan. Other reeords 011 dish'ibu­
tion are Dutch East Indies (Indo­
nesia,) (21), Russia (16), Queens­
land, Australia ('/'), Cuba (20), 
Dominiean Republic and ;Puerto 
Rico (;YJ) , "MeXICO (20), and Egypt 
(8). 

Leonard and Mills (12) reported 
rear-ing the lima-bean pod borer 

from the pods of limR and gh'ing 
beRns, pigeon peas, nnd one or two 
other legumes in Puerto Rico in 
1931. Scott (18) stated that it WtU 
found commonly in 1935 and 193€ 
infesting wild and cultivated legu­
minous plants in all parts of Puertc 
Rico. 

In correspondence in 1962 with 
D. F. 'VRterhouse, Division of En­
tomology, Canberra, Australia, lu 
reported that Turnel"s unpublished 
card-index catttlog lists six speciel' 
of Etiella as OCCUlTing in Australia 

http:cultivat.ed
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These are 8'inae1'ella Meyrick, Ch1'Y­
sopOt'ella Meyrick, zincke-nella 
(Treitschke), 'walsinghamelZa Rag­
onot, melanell(t Hampson, and holo­
~On{t Low. 

I. F. E. Common of this Division 
at Canberra compared the genitalia 
of both sexes of specimens taken 
from the series la,beled by Turner 

a.s fl. zinekeneZZ{t with the figt!res 
of E. zinckenella given by Heinrich 
in his revision of the North Ameri­
can species of the Phycitinae. These 
Imve proved to be quite different 
fl'om each othel' and indicate that 
the sp~ies Tumer presumed to be 
E. zinckenella is in fact another spe­
cies, pOS3ibly E. beh'ri. 

Technical and Common Names 


In 18;3:2, the IinHL-ben,n pod borer 
was described by Treitschke (19, p. 

7201) and named Phycis zinckelU'lla, 
lL new species from Sicily. In 1881, 
P. C. Zeller (:8J) described the Ytlr­
iety Etiellit zindt'enella 8chi.~tiC'o/Oi' 
as E, Rchi8ticoloJ'. In lS!)O, Hulst un in his artide entitled Tlte Phy­
eitidao of North America gave a 
technical clescl'iption of t,hree spe­
('ies of eNella Zeller and named 
them zinckenella, Treitschke, 8chisti­
('0/0;' Zellel', and l'ltbribnsella, n. sp., 
Hulst. Chittenden (3, p. f26), 
quoted from n, letter thilt he re~eiyed 
from Dr. Dyar, May 28, 1909, as 
follows: -'I have. eomptLred the 
Etiel/a, species and. find only one and 
that. it is tIm same as th~~ l<jnropean 
zincl.'enella. Hulst's ;'ubribaulla is 
c\'idently a synonym, founded on 
an imperfect or badly mounted spec­
imen; 8chisti('%l' Zeller is pa,ler 
gray, less reddish tinted, the costn,l 
strip less sharply defined, but I 
think it It racial form only ...." 

In 191:2, Hyslop (10, p. ,90) in 
gi\'ing a possible expla,nation for the 
different teehniC'al names said, "It 
may be that the vltriety 8chi8ticolol' 

is tL nn,tive of the Pacific Slope of 
this continent, while the forms 
found in the eastel11 United States 
are the typical E. zinckeneZla re­
cently introduced into this country 
from the old world or South 
America." 

In 1931, the synonymy of this 
species was referred to the former 
Di vision of Insect Identification of 
the Buren,u 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 borer, wrote, 
"C. Heilll'ieh reported that Etiella 
8chisticolo1' Zeller is now rega.rded 
as a synonym of E. zinckenella 
(Treitschke) . The latter name 
would therefore be the proper one 
to use." 

The limit-bean pod borer has been 
known ltnd mentioned in the litera­
ture under the common nn,mes of 
t.he legume pod moth (10) and the 
lima-bean pod borer (3,5,6). In 
1931, the common name "limn,-belm 
pod borel'" was approved by the 
Amel'ican Associntion of Economic 
Entomologists (1). 

Host Plants 


In southern Califomin, the lima­ :md several species of leguminous 
bea,n pod borer has been observed plants. l ..arson (11) reported tlmt 
tLtta,cking all v:\,rieties of lima beans the pod borer rrmy occasionally at­
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tack the black-eyed cowpea and the peas and the sood of locust and wild 
COl"(lmon bush or pole oo.'U1. Hyslop vetches a,re also attn.cked." In addi­
(10) rea.c-ed tl.e pod borer from pods tion to these host plants. the pod 
of the common lupines and Canada borer has been reported ·atta.ckin~ 
field peas at Pullman, 'Vash. , in many other cultivated and wileL 
1910 and 1911. According to E. O. plants, as shown in the following 
Essig (5), "Bush lima, beans are list.a 

seriously injured in m}lny section;;, 
3 A.ll host plants listed are cultinlted 

but small whites, pinks, red kidney, except the last four entries under Russia. 

AFRIOA 

Scientific narM 
Oajanus indicus Spreng_______________________________ 
DoUallOs lab lab L _____________________________________ 

OALIFORNIA (U.S.A.) 
AstragalUIJ antiselli Gray______________________________ 
Astragalrt8 asymmetricus Sheld_______________________ 
A.Ytragalu8 lCllaopsis ('.rorr.) T. & G___________________ _ 
Astragalu8 trichopodus (Nutt.) Gray___________________ 
I8omcri.v arborca Nutt_________________________________ 
LathYrlis vcstitrts Nutt. ex T. & G _____________________ _ 
Lupinlls albifrons Benth. var. Clninens (Greene) C. P. Sm_
Lupinlls arborcII8 Sims________________________________ 
£upinlls bieolor Lind!. var. microphyllus (Wats.) O. P. SnL
Lupinus ca.udatl/s Kell________________________________ 
£lIpinlls formosu8 Greene______________________________ 
LIlpinll8 hartwcuii LindL______________________________ 
Lupinlls hirslitissimus Benth_________________________ _ 
Lupinlls latifoUlls A.gardh_____________________________ 
Lllpi:nlls lawi/forll8 Dougl. var. ealearatrts (Kell.) O. P. Sm_
Lu.p inu8 sparsijloru8 Benth____________________________ 
Lllpitws 8rtbvexus O. P. Sm____________________________ 
IJupinll8 .'I!Iceulent 118 DougL___________________________ 
LupinU8 NlltL______________________________trU)leat!l.~ 

Phascolu.s limcl/sis Macl'________________ .. _____________ 
Pha8colIl81Ilnatu.~ L. ynr.lunonallU8 Bailey______________ 
Phaseollls ·vIIIgari.'J L __________________________________ 
Vigna si-nell.'Jis (L.) SavL_____________________________ 

OEYLON 
Tephro8ia candida DC________________________________ 

OUBA 

f'1rotalaria incana L___________________________________ 

(Jommon name 1 

Pigeonpea (14). 

Hyacinth-bean (14). 


Locowee<i. 

Do. 

.Do. 

Milkvetch. 

Bladderpod. 

Wild pea. 

Lupine. 

Tnie lupine. 

Lupine. 


Do. 
Do. 


Garden lupine (6). 

Hairy lupine. 

Lupine. 


Do. 

Do. 

Do. 


Oommon lupine. 

Lupine. 

Lima (3). 

Dwarf lima (6). 

Pole and bush bean (14). 

Black-eyed cowpea (5). 


Vetch (13). 


Rattlebox (20). 

DUTOH EAST INDIES (INDONESIA) 

Glycine maw (I,.) ~Ierr________________________________ Soybean (21). 

FLORIDA (U.S.A.) 

Orotalaria illcana. L___________________________________ Rattlebox (14). 

Pi.'JUIII ,~ativum L___ __________________________________ Oanada field pea (14). 


See footnote at end of list. 
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GER~IANY 

Scientific 'IUIime oO1r&'1non 'lUJ,me J 

Lupinus sp___________________________________________ Lupine (2). 

JAPAN 
Pha,~eolus 'vulgaris L.._________________________________ Beans (4). 
PiSU1n 8p_____________________________________________ Peas. 

KANSAS (U.S.A.) 

Phaseolus 'vulgaril1 L__________________________________ Pole and bU8h bean (14). 

MEXICO 

!'icia tuba L __________________________________________ Horsebean (20). 


OJ:rLAIlO::\IA (U.S.A.) 

Crotalaria sagittalis L_________________________________ C{)UIIllOn rnttlebox (14). 

POERTO JUCO 

(Jajanus oa}an (L.) Millsp_____________________________ Pigeonpea. (20). 

RUSSL\ 

('([ragalla arborescelts Lam____________________________ Yellow acacia (1"1). 
all/aiM lIIax (L.) ______________________________ Soybean (1"1).~Ierr 

£('118 Clllinurj3 ~redic__________________________________ Lentils (20). 
Pi.~/.m 8p _____________________________________________ Pea (20). 
Robinia pseudo-acacia L______________________________ White 8.cacia (1"1). 

WASffiNGTON (U.S.A,) 

Pi.~uTl~ 8ativullt L______________________________________ Canada field pea (14). 

1 Host plants without referenc:e numbers were identified by C. P. Smith, San Jose 
State College, San Jose, Calif. 

Kind and Extent of Injury 

The lat'vR is the only stage of the ('entage of these pods usunJly drop 
]ima,-bean pod borer that injlU'es from the plant. The larvae either 
lima beans. It feeds only on the perish or emerge and enter other 
immature bean, boring an entrance pods. If the pods do 110t drop, the 
hole through the bean pod imme­ larvae remain until mature, feed­
clintely after emerging ft'om the egg. ing on the immature beans. TheThe entnmce hole through the green entire bean is seldom consumed, butpod heals anclleflves little evic1ence a small qnantity of larval feedingtha,t the pod is infested. On dry 

renders it unfit for use as food orpods, under slight magnification, 
seed.the hole is visible as a. brownish (Figs. 1 nnd 2.) 


sunken area about the size of a pin­ The economic loss caused by Jar­

heacl. 1V"hen larnle enter pods ll'ss \'ill freding can be divided into four 

than 2 inches in length, a large per- elasses. First, yield is reduced from 
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TC-18M AND TC-7505 

lfIO('I1F. I.-Lurvae of IiIIIa-bean pod borer in pod, showing damage and characteristic 
frass: A, Nntural size; fl, enlarged 

droppin~ of pods. The amount. of 
this Joss IS cliflic.nlt to determine, but. 
in some ll1ountilinous [.reas where 
several .huyae enter each pod it is 
impossible to get, any pods to re­
main on the phillts until late in the 
seasoll, ",henlo\\" night. temperatures 
prevent odposition uy the lima­
berm pod borer adults. This loss is 
present in e\'ery field, but is much 
less in areas of lower pod borer 

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

Second, [t direct; loss results when 
beans are partially or entirely ellten 
by larvae so that. they [tre unfit for 
sale [LS food or seed. _\. third and in­
dil'ec! loss (mused by the lima-beltn 
pod bore!' is the cost. of removing 
dam:tged ueans. The lima beans re­
ceived at the warehouse must. be 
cleaned to meet the requirements of 
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the Californi:t Lima Bean Growers 
Association. This standard pennits 
not more than 2 percent by weight 
of culls in belms sent to market. 
The damaged beans are removed 
with machinery and by hancl. In an 
avemge season this cost amounts to 
$1 per 100 pounds of beans, and if 
the beans are exceptionally wormy, 
there is an additional charge of 75 
('ents for the Becond clean'ing. 
Fonrth, a reduction in market price 
and loss of sales t'esnlt when larvae 
aro present, in green lima, beans sold 
('.ornrnereially. No records are avail­
able on the amollnt of this 105.'3 to 
the market operator. 

TC-7S01 

FIGURE 2.-Lima beans damaged by Uma­
bellll pod borer. Note pinhole injury 
ill ,benn to left, ClluSed by young larva 
that failed to develop. 

Other Pod-Boring Insects 


Sevel'ftl insects in the larval stage 
that fe~d on li!l1lt bean:, in pods may 
be confused WIth the luna-bean pod 
bOI·cr. In CaJifornitt the larval 
feeding damage to lima beans by the 
('otton square borer (Stryrnon 
t//p1inl(s (Hiibner)), the COl'll ear­
worm (Heli.othi8 ze~~ (Boddie»), 
and the lima-bean pod borer is often 
dimwIt to distinguish, although the 
larvae are not similal' Rnci clH'h ha:; 
('hal'llcteristic feeding habits by 
whieh the damage can be distin­
guished. 

The cotron square borer adult has 
It wing expanse of 25 to :30 mm. The 
npI){,'t' slIrface is it ulli form monse 
gnty and the under surface is pale 
gmy with an indistinct oblique ro\\' 
of orange and blue spots 011 the front 
wings and !L more distinct. row on 
the hind wings, which also have 
two reel spots. Each hind wing 
tel'minates in two slender tails, one 
long and the other very shott. Each 
wing has (L submarginal row of 
small blue spots and a large red 
spot near the margin, which par­
tin,lIy encloses a black spot to give it. 
the appearance of an eye. 

The mature .larvae are 10 to 12 
mm. in length and 6 to 7 mm. in 
widt.h (fig. ~). They are a pale 
green and have It velvetlike appear­
llllce. They eltt a hole through the 
bean pod and feed on the immature 
beall (fig. 4-). The frass is voided 
on the exterior surface of the pod, 
since the larvae seldom entirely 
enter the pod. The feeding damage 
can be recognized by It round section 
eaten out of the side of the bean 
without any attached fmss or web­
bing, in contrast to the tunnel-type 
feeding scars by the lima-bean pod 
borer with webbing and adhering 
fmss. According to Essig (5), this 
species is distributed over most of 
the l"'nited States and is abundant 
throughout the western region. 

The' eo I'll earworm adult is about. 
;20 111m. long and has [t wing expanse 
of 31) to 40 mm. It varies from .light 
oli\'e green to dark reddish brown. 
The Illtttllre latTa is 35 to 40 mm. 
in length and \'ery robust.. It varies 
'frolll pale gl'('Cn to dark brown, with 
dmraC'lel'isti(:lighter and darker 
markings. The larVlt is about three­
foul·tlls inch ill length before it 
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Jo'llin!~: :~. ('ottolL squnl'(' !loepr lnn'n fl'{'dil1~ 011 Iillla 1)(':111. (CourtC'sy of K. L. 
.\litltllt·hnlll, l'lli\', of ('alif.• RirpI""it!l'.) 

J<'!,Wlif; ·k ,~r,illla ""oW" dalllng-l·d hy "ot­
IIIU sq'IHI"l' III'fl')" r('"uI"tpsy of'K, L. 
Slhld!pham. ['Hi\' or ('nHf.. Hin'r"hlt'.) 

..;tal'l...; til rPI'd oll JiIUtt Iwall pod,; (Ii!!. 
;.). I I (,tll..; 1'1l1I':UIt'(' holl''; abo1lt OIH" 

foll/'j It illl,!t ill diallll'll'l' nnd d('­
\ olll',; all Ill' oldy part of 11ll' illl­

lJr:tlll!'p !.P:llt.., ;11 :t I)(H l (Ii!!. li), 'I'hp 
,'01'11 P;lI'\\ 01'111 la ITtll' d i If!']' frolll tlll' 
p'"! III,I'I'!' I:u'\':ll' in :-i"p alld l'olora· 
I!oll. TIll' d;llll:t!!P i..; dill'pJ"l'lltiulPd 
by ]:\O"k oj' \\('!fl,illg Hlld a largPJ" 
;1111011l1! of 1'1':\"''''. 

I II 1)11('1'10 I{ i('o 1 \\'0 ot hpI' pod 
!JOl'PI'';' J/l/l'lIl'tI "x/Il/ufix {( ;('\"Pl') 

alleL Flllrr/ditl fiIIlIWI'IIS h(,III'I'..2·al'l' 

a';';(ll'iat('ll with thl' lilll;t-bt'an pod 
hot,pl.' Oil lillla bpilll::> and wild host 
p!:tllh rL('onanl lwcl :Jlill,; (Ill, 
\\~()l(,()tt U,!j, nnd ~('()tt (18)). 
"-oh'ott (JJ, II ... 1.14.) dl\~cl'ibed the 
adnlt of .II. tud/llrtli8 "as \'PI'\' aeti\'(' 
and, wh~'ll not lIyin!! abol1t; slamh.; 
witlt wing..; Ol1tspl'pad , , " TIll' 
fon'wing:-; an' ('h(}('oi:llP bl'o\\'n, with 
It lar,!!p whitl' t I'iu l1!!lIla l' spol on the 
I'l'Ol1l Illal'!!in aud Illl' hilld willgs 
ar'p siln'I'Y' whi!l' with a h(,()\\'ll sp'ol 
at 'hI' ('OI'IlP(, III 0 1'(' distant froJ\l till' 

It{)(h', Thp lal'rHp an' gl'llprallr or a 
('I'l':ltllr whitl' alld (';111 lllOS! J'(~:ldilr 
hI' tli~lillglli ...lll'd hy Ilwir sppttprl 
:lpPp:ll'alll'l" for I Ill',\' ha \'P fOil I' I:U'gl' 

black 01' tin I'k gl'a,\' spols Oil t lu' had\: 
or 111':11'1\' l'\('I'\' ,;{'!!lllPnt:' The 
lanaI' ali\'a \':-: niakp ;lll {'xi! IlOiP in 
till' pod Ihl'iJllglt wltich thpy dispose 
of t Ill'il' fl'nss. 

From ,Yoic'ol t 's dl'!-'('!'i p!ion I his 
adult (':til h" distingltishNl front 
adllits of t ht' lillUl-hi'an pod hOl'PI' 
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1T ,.1'1') 

F/!.{'R~: 0. Unm hl'll/lS dnlllllg-pd hy ('1Jt'1l 

(':1 rWurHl. 

by its Illtu·killLrs HIl(l ollt,o.;prpnd 
\\:ing~ Whl'll at n's!. ill ('OIltrasl to 
t IH' 'I igitlly fold!'!l \dll!..'" or til!' pod 
I>OI'PI' ill ~illJjlllr po-.itiOIl. TIll'lnr­
rap of t hl's(' t II!) sp{~('i('s, all hough 
apPl'oxilll:L!l'ly tIll' :-;;Ulll' "i7.\', han' 
dllJ'l'I'('nt t'olomt ion Hlld II la,rkillj...rs, 

The j>I'P-Hpn('(' of' frllss on the 01lt.­

:-;idp 0 f' pods lIn mH,gc(l by ,II, te8tll­
/ft/iR wOllld d istingllish It. frolll in­
jlllT b,\' tlw pod bOI'cr, whieh always 
leH\'(',c; I'm!';s in the pod. ill. /estu­
1t//i8 (Iot.'s Ilot (X'('·Ul" in t.he rnited 
:-It,a,II'.'i. Leonard and ~rills (12) 1"(,,­

porII'll t hat I h i::; ::;1X'('i('s se(1tns to be 
gNwrally distrii>ut('.(l throughout 
(lte slIblropical and t ropiral '7.on£.','1 
01' both the Xl'W a.nd Old 'Yodds. 
I t is of (~'ollolllic imlX>L·t~tIl('e as il 
ill'S! of' limlL Ill~ans in PlIl'lt.) Hieo 
and ('ubu. 

'1'11(' ad"lt::; of F. 1'(,/11l('('J!,~ and 
thl' I)()(L borpl' al'e Rimila.r in t:.hat 
tllP}' both tightly fold the,il' '''in:.,''5 
p:lI·:l.llpl 10 Ihpi!' body ",h(\11 at, rest. 
\\Col{'ot( (J,!) rpportpd thl' adllit of 
F. PI'I/ltl'! liN as "('harn('terkss, ineon­
spi('lIolls gl'eyiRh browl1, with no 
llladH'(l 01' w('11 defined patteI'll on 
! 11(' willgs, hllt with t he interesting 
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habit of often keeping th.e ends of to Wolcott, are almost indistin­
its anteIUlae underneath Its folded guishable. According to Leonard 
wings." '1'he larvae of the pod and Mills, F. pell!ucens is known 
borer and F. pellucens, according only in the"West Indies. 

Descriptions of Stages 


Egg 

The egg (fig. 7) is elliptical and 
approximately two-thirds nun. in 
length and one-third mm. in diam­
eter. It is glistening white when 
first deposited and adheres securely 
to whate,-er 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 }a,rva, emerges. 

Larva 

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

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

Pupa 

The pupa (fig. V,A and B) ranges 
from 8 to 10 mm. in length and from 
2.5 to 3 mm. in width. It. is light 
green when newly formed, later 
c1utnging to light brown or amber. 
The pupal case shows the outline of 

FIGURE 7.-Eggs of lima-bean pod borer on bean pod. (X 5.) 
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l~IO UII~J S.-Ma.ture larvae of Ilma-bellll 
pod hOI·pr. (X ri.) (Conrtl'l!Y or K. 
J" ~Ii([<ll('halll, UlliV. of Cnlif., Uiver­
si(le.) 

A B 


tho wings from a side view, and on 
the \'entrn I surface the proboscis, 
eyes, and head lU"e outlined. 

Adult 

Tho adult of the lima-bean pod 
borer. (fig. 19). is ~l. ~my moth. In 
lL restll1~ position It IS from 15 to 20 
nun. in .length and from 3 to 4 mill. 
in width. 'With tho wings spread 
it is from 24 to 26 111m. The fore­
wings are marked with an orange 
blUld am'oss the inner third of each 
wing and a white stripe along the 
outer margin from base to apex of 
each wing. Tho hCltd lLPpelU'S to 
tonnilmto in It snout, which is 
formed of two labin,l pa1pi, slightly 
leBS than ;3 mill. in length and one 
shorterlltbial pal pus. Tho lutir­
like antennae are approximately 7 
111 Ill. in length. The male mlty be 
diRtinguished from the fCl11ltle by an 
enhu·gement. at the base of the 
an ten nile. 

TC-18M 

Jj'w URE !).-Pupa~ (A and 11) ami cocoons (a and D) of lima-bean pod borer. (X 5.) 
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FIGURE lO.-Adult of lima-bean pod 
,borer. (X 6.) (Courtesy of K. L. 
Middleham, Univ. of Calif., River­
side.) 
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Life-History Studies 

The life-history studies were COll­
ducted in a screen-wire insectary, 
supplemented by field observations 
at Ventura, Calif., from H)31 to 
1935. Observations were made on 
:2,318 adults for preoviposition, od­
posi tion, and len (rth of 1 i fe. The 
length of the incul)tltinn pe60d was 
determined for :2-:1:,O()O (!.ggs, and 631 
larnle were reared to determine the 
length of the larval period. Be­
cause 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 o\rerwintering period. The 
t,empcmture and l'elati\"e humid­
ity, determined with hygrothermo­
graphs in the insectary, Wlire ap­
proximately identiclll with outdoor 
eondi t ions. 

To obtllin o\riposition records and 
eggs, a pair a f newly emerged lldults 
were placed in a cage and prO\-ided 
with food and pods of lima beanfl 
or lupines to stirnulate oviposition. 
The cages were 8 inches square and 
1·1: inches high, with ,L hinged glass 
door on one side and with the other 
sides and top (o\-ered with medium­
weight muslin. The food was a, 10­
percent honey solution, placed in a 
wtttehgi<tss, fi \led with stri ps of 
yucca pith. The strips of yucca 
pith floated in the food and provided 
a resting place for the feeding 
adults, 

The eggs were deposited on im­
mat\ll'clupinc or lima bean pods on 
the flool' of the cage. Each day the 
eggs were remO\ced with it thin shav­
ing of the pod and phced in small 
glass villls. "When the eggs hatched, 
the larnte were transferred to im­
mature lima. beans and placed in 
individual vials. Fresh food was 
added as necessary until the larvae 
m!.ttured. The mature larvae were 
transferred to glass-co\rered cocoon­
ingracks (fig. 11), where they could 

be obselTed spinning cocoons, trans­
forming to pupae, and emerging as 
adults. 

Incubation Period 

A summal'y of the incubation 
period for 2-:1:,000 eggs deposited 
front ~Iarch to Xovember 1931-35, 
inclusi\'e, is given in table 1. These 
records show that the duration of 
the incubation period varies with 
the temperature. For instance, in 
Hl:n when temperatures averaged 
71 0 F. in .July and August, themmi­
mum period was only 5 dttys and the 
sett?Ollal a \'erage was 10.9 days, 
\Y!uch was the shortest recorded dur­
ing the 5-year 'Period of these 
studies. The maXlIllWll incubation 
period, ;3;) days, occurred in April 
193;3, when temperatures averaged 
56 0 This year <11so had the lowest• 

tem peratures and the longest sea­
!:ional incnblltion period, 18.9 days. 
The incubation period for all eggs 
under observation averaged 15.4 
days. A total of 69 percent of the 
eggs hate-hed. Hatching usually 
occurs from 10 a.m. to 2 p.m. The 
lalTa emerges through tt circular 
hole cut in the free end of the egg­
shell. 

Larval Period 

The duration of the larval period 
y,tries 'with the temperature and the 
kind of food. The larvae, of course, 
cle\'elop more rapidly on lima beans 
during .June, .July, and August. 
The minimum period was 13 days 
for a brnt hatching in July 1931, 
and the mltximum 65 days was for 
a ]an',t hatching in April 1932, as 
shown in table 2. The average dura­
tion of the larval period for the 631 
individuals under observation was 
:35 days. 
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.. cd 

FrGtme 1l.-Glass·('on~red cocooning rack used in life-history studies to determine 
length of prepupul an(! pupal periods. 

The lI('\\"1\' lHltcllPd larntc arE' 
posith'ely phototropi(' and, thel"e­
fon\, all\a \':; ('rawl upwal"d on host 
plants to,,:ard :;tl"Ongl'l" light. This 
r(>(l<'rioll aids thpl1l in locating pods 
borne on fli(' OlltPL' periplll'l"Y of' wild 
host plants and sOllie nlL'iNiE's of 
]inm b(\an:-:. Tlwy prdpL' illlnltltlirE' 
[loth:, prohably b(:(·tlu:5(' 0 f l'(tsier en­
t1'an<'(' [0 rllP helm:'. "'Ill'1l Sli itable 
pods art' IO!'llted, they imnlP<iiately 
bor(> an elltrancp hole to th(' bE',U1S, 
",h('1"e tllp\" f('(\(luntil maturp. Lar­
ml pntnui('p holrs lwal qllic'kly and 
lp,1\"p 110 ('xteriol' infU('atioll that the 
pod ('ontains a lan·a. The J:UTtlE', 
whpn matllL"(', pat an exit hole 
through tht' pod anel drop to the 
soil. 

Pl'epupal and Pupal 

Periods 


The nmtUL"P lar\"it, after lea \-ing 
the pod, entl'!"S the soil to n. depth 
ranging from one-half to :2 in('hes 
and spins a l'o("oon (fig. 0, (' and D). 
'rile length of time it may remain 
as an inaetin' ltuTa or prepupa in 
its eo<'oon depends on the time of 
\"pal' the lurnl matures. as shown in 
table ;~. ThO$(> that l;lature from 
)[ay to A.lIgusr ,yill transform to 
pUpill' in f1'olll H to:2{ days, but prac­
tically all that mature after August 
will pa:;s (he winil'!" in the mature 
latTa/. stage. 1Yhen t he temperature 
during the spring and summer is 



------------------

TABLE 1.-Du.ral'i{)n of inoubation period of eggs of lima-bean pod borer in outdoor in/Jeotm'y and tevLl)emtu'I'es 
-1 during months showlI, rentu?'a, Calif., 1931-85 ...... 
---'-'-~~'~---'-"b 	 Tem­ c:lInl!lIbntioll period! 	 perll ­ o

? Total 	 t"'lure o1 "{Pllr ('ggs 	 . -- I R '!'i 
€'I" 	 .i\larcl April l\'lay June July AII- tep- Octo- • 0-\ Aver-IH!lt\ge rtll1ge o 

..jgust em- ber VI~~\lI- age
l ~ ~ ~ ____________•_______________1___1___ 

~., 
Days Days Days Da1/s o It'. t::1 

NlII/lber DIlYs Days Days Days Days Days Days
7 .) 	 10.9 5-20 6:3-71!J. >1 6. 7 9.8 14.6 	 o1931. _.• _ _.." 	 (i,(i43 15.6 13.2 .~ 	

14.0 8-2\) 58-64 o 
1!J32 _______ ... - ----.--_.---- 6.3\)2 14.8 Hl.5 15.0 I·t 1 12.9 	 13. 1 14.3 14.7 

~21. 1 18.0 0-33 56-641033 ____________ ---.-.------- 4.,627 25. !) 22. 6 17.6 13. 1 	 14.8 18.3 17.8 >"3 
1034 _________________ •. -_.---- 13.7 10. 0 	 ]2. 1 12. I 16.8 13.0 7-23 60-66 ::03,648 16.7 17.3 ]2.71035 __________________________ 14.3 12.2 	 10.8 II. 8 17.2 14.0 8-24 57-60 .§l2.600 	 18. 2 10.6 

5-aa 56-71 oTotal or ilverflgc._________ 24.000 15.7 10. a 16.8 13.8 11. 0 11. 6 13.3 16.2 21. I 15.4 	
"'l 

-~--~-

TABLE 2.-Dura.tion of larvril period of lima-bean pod o01'er in ou.tdool' inseotary and teMperatures dU?'ing 1lWnths ~ 
shown, Ventura, Oalif., 1931-35 

~ 
ILarval period 

Tllll1 pm.- c:l 
Totlll l'l

I 	 a~ro 
Yeur larvlle 

,July August I Sep- IOctober IA vel'llge I RUllge \ I'I\llg(' ~ 
tember

April Muy ,J lIllll 
"d 

---------------------------------------.--- o 
t::1 

o 
Number Days Days Days Days Days Days DaY8 Days Days F. 

c:l1031 _____________________ 	 27 3\l 28 13-40 03-71 o3r-0) 18 20 21100 34
1932___ " ___________ ._____ 	 44 36 40 20-65 58-64 ::0

100 54 40 :35 33 38 	 l'l1933_____________________ 	 43 38 :33 - ... ---- .... - -------- .. --_ ... - ... - 40 26-58 54-04 ::0160 441034_____________________ 	 34 26-48 50-66:33 34 35 30 -------­122 30 371935_____________________ 29 27 	 28 :34 41 32 23-41 63-00
59 - ... - ...... --- - ... ------

3!J 35 13-05 54-71
Total or Ilvcmgc_____ 631 42 3\l 31 2\J :31 34 	 I-' 

C1 
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TABLE 3.-Durat·ion of prepupat period of lima-bean pod borer in mttdoor 
im8ectary dwring months shown, Ventura, Oatij., 1931-35 

Month 

ApriL ____ .__________________________ 
May_________________________________ 
JunEL_________________________________
July_. ___ • ______________ ._____________ 

.~ugust-------------------------------
Septembcr_____________________________ 

Total or averagc. ____.____________ 

below normal, some larvae will re­
main inacti\re for' two wintel"S and 
one summer before tmnsforming to 
pupae. 

The pupal period is passed in the 
('oeooll formed by the larva in the 
soil neal' the host plnnt. The length 
of the pupa,1 period val·jes with the 
se:1...')on of the yait[· and with the tem­
pera,ture. Low tempemtures dur­
ing the spI"ing andfltl1 increase the 
length of the pupal period, whereas 
higher temperatures dUl'ing the 
,;llmmer decrense it. The minimum 
pupal period for the 1,804 inclivid­
lH1ls observed during 1931-35 was 
16 days, the maximum was 101 days, 
n.ncl the average was 3() c1a..ys, as 
shown in ttLble 4. 

Adult Period 
Emergence From Pupa 

The first indication of the emer­
gence of an adult- from the pupa is 
\I, dil.rkening of the pupal ellse, 
caused by the ('hange from pupa to 
adult. The moth emerges fl'om the 
pupa.\ case through Rn opening in 
the dOl"Sa.l l't'gion and cmwls 
through a tl'ltP doot' in the cocoon. 
It- next kieks and digs its Wlty to 
the wil surface, (TllWls on some up­
right objc(:t, and spl~ellfb; and dries 
its wings. (rhe moth emerges in the 

Pr"'pupal period 
Total 

prcpupae 
Average Range 

Number Days Days23 47 9-84 
224 19 14-24 
426 15 10-22
845 11 2-14 

412 11 8-14 
30 15 13-22 

'---1-,-96-0-'1-----20-'------8--8-4 

early morning usually before 9 
o'clock. ,,\Yhen its wings a.re dry, it 
seeks covet· on the undet"Surface of 
leaves and remains ina.ctive lmtil 
night. Moths are strong fliers and 
capable of migrating long distances 
to reach their host plants. 

Mating 

The newly emerged adults mi­
gmte t.o (mel feed on the nectar of 
flowering plants. :Males a.pparently 
locale the females while feeding, 
and after lL pn~1imin!\,ry cOUliship 
in tl1e ltir, they settle on a plant to 
mate. Adults in cago.'1 mate several 
times, but. the females that mate 
only once deposit fertile eggs the 
renminder of their lives. 

Preoviposition Period 

The length of the preoviposition 
period, 0[' the ehtpsed time from 
adult emergence to first oviposi­
tion, may vary 'from 1 to 44 d:tys, 
as shown in table 5. There is 
some vari:ttion with. inclividuacl 
mot hs, but. in general the effect of 
tempet'atnre on activity of the moth 
controls the .length of this perilXl. 
Long preoviposition periods usually 
oecur during March and April, 
when the :wemge daily tempel'll.­
tureis lower Hum from ~fllY to 
October. 



til.... o 
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TABLE 4.-Duration of pupal period of lima-bean pod borer in outdoor insectary atnd, temperatures duriJng months t:I 

sMwn, Ventura, Oalif., 1931-35 
~ 

Pupal period ~ Total Temper­ gYear pupae ature 
April May June July August Septem- Aver- Range range 

bcr age ~ 

1931__________________________ Number Days Days Days Days Days Days Days Days o F. ~ 
171 30 29 21 18 27 33 26 16-47 63-711932 1________________________ 414 -------- 45 39 39 40 44 41 27-69 62-631933__________________________ 
377 38 42 5a 49 46 18-67 61-631934 __________________________ -------- -------­
573 -------- 37 31 30 41 5i 38 22-101 62-661935__________________________ !269 -------- ---_ ... _-- 35 30 37 46 37 20-56 64-67 lIIJ 

Total or average_________ 1,804 30 37 33 32 40 45 36 16-101 61-71 ~ 
---- -:.-. ;g 

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

g 
lIIJ = 

.... 
~ 
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TABLE 5.-Preoviposition perWd aM oviposition reaords ofli71UJ,-bean pod borer in outdoor insectary aM tempera­
tures, Ventura, Oalif., 1931-35 I

E:; 
Length of preoviposition Eggs depositen 

t:I:1period Average 
Year Period of emergence or Females temper­ ~ egg deposition ature t.".l

:Maxi­ Mini­ Aver­ Maxi­ Mini­ Aver­
mum mum age mum mum age ~ -c.>

Number Days Days Days Number Number Number o F. t-:I
193L _ _ ____ ___ __ ______ Mar. ll-Sept. 16 _______ _ 37 28 11 121 1 26 673
1932_ __ _ _ ___ __ _ _ _ __ ___ Mar. 7-0ct. 3 __________ _ ­80 38 2 9 232 1 58 62 
1933. _________________ Mar. 13-Nov. 27 _______ _ 68 30 2 12 259 1 45 60 ~ 
1934. _________________ Feb. 26-0ct. 22 ________ _ 99 44 1 12 143 1 17 63 rn
1935 __________________ Feb. 25-Nov. 11 _______ _ 91 44 1 10 167 1 21 62 

t::1 
t.".l

Total or average_.J Mar. 7-Nov. 27 ________ _ 375 37 1.8 11 184 1 33 63 ~ 
~ 

I 
~ 
\:!l 

t.".l 
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Oviposition 

The lima-bean pod borer deposits 
its eggs during the night on pods, 
flower bmcts, or stems of the host 
plants. Low temperature retards 
activity and oviposition, but it also 
prolongs life. ",Vhen o\Tipositing, 
the female curves the abdomen for­
ward beneath the body, extends the 
slendel' ovipositor, and deposits the 
eggs singly or in groups of from 2 
to 12 eggs. . .. . 

A summary of the onposltion 
records for :~75 females shows that 
the eggs deposited ranged from 1 
to :WI) and t~veraged 33 (table 5). 

Longevity 

The data on longevity include th~ 
length of life of adults trom time of 
emergence until death, as shown in 
table 6. Adult longevity varies with 
the individual and the prevailing 
tempera.ture whell emergence oc­
curs. Their lifespan is]ongest dur­
ing periods of low tempemture in 
~Iarch, April, October, Iwd Novem­
ber and shortest in the warmer inter­
val :from :May to September. In 
these studies the adults emerged be­
tween February 18 and ~Tovember 
27 and lived trom 1 to 69 days; the 

average period was 19 cla.ys. There 
was no difference in the length of 
life of males ancl females. 

Overwintering 

Lima-bean pod borers pass the 
winter as mature larvae in theil" co­
coons. During this period they can 
be found in tllP soil of lima bean 
fields and under perennial lupine 
bushes. The length of the overwin­
tering pe60d varies: depending on 
the time of year the lanTae mature 
and the weather conditions in the 
spI'ing, which may hasten or retard 
adult emergence. 

Table 7 shows the length of the 
overwintering period for 4,287 
larvae that survived overwintering 
in three different media from Hl30 
to 1D37. The la.rvae that were "."'er­
wintered in cocooning racks and 
sand jars were kept in a screen-wire 
insectary. The larvae that were 
o\Terwintered outdoors were in soil 
in screen-wire cages and exposed to 
conditions prevai.1ing at Ventura 
during this period. The length of 
the overwintering period under in­
sectu,ry conditions averaged 7 
months for larvae confined in co-

TABLE 6.-Longevity of adults of lima-bean pod borer in outdoor in.'1ectary 
and temperatures, Ventura, Oalif., 1931-35 

-

Year 

1931 ______________ 
1932 _______________ 
1933_______________ 
1934 _______________ 
1935 _______________ 

Total or 
average_______ 

Period of emergenee 

Mar. 4-Nov. 11._____ 
Mar.7-Nov. 14______ 
Mar. 13-Nov. 27____ 
Feb. 26-Nov. 26_____ 
Feb. IS-Nov. ll _____ 

Mar. 4-Nov. 27______ 

Longevity 
Average 

Adults temper­
.Maxi- Mini- Aver- ature 
mum mum age 

Number Days Days Days o F. 
197 61 2 21 66 
276 48 2 20 62 
629 69 I 20 60 

-?444 a_ 1 16 62 
397 67 1 19 62 

1,943 59 1.4 19 62 
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cooning racks to 1.2 months for overwintered indoors, as shown in 

larvae confined in sand. Outdoors table 8. 

the period varied from 5 to 9.3 The nutxirnum overwintering pe­

months and averaged 7 months. The ried <>f 16.9 months was for a larva 

place of overwintering did not af­ that entered hibernn,tion in the fall 

fect the length of the period, but It of 1932 lUld did not emerge as an 

greater percentage survived when adult lUltil the spring of 1934. This 


TABLE 1.-Time of emergence and duration of overwinterilng period of 
larvae of lima-bean pod oore1' 1'eared under different conditions, 
Ventu1'Ct, Oatij., 19J0-37 

Cocooning racks Sand jars ill Outdoor cages 
in insectary insectary 

Month emerged Duration Duration Duration 
.Larvae of over- Larvac of over- Larvae of over­

emerged winter- emerged winter- emerged winter­
ing ing ing 

period period period 
._-

Number Months Number Afonths Number MonthllJanu&ry _________________ 4 2.8 3 3. 0Fcbruary ________________ -------- -------­
11 4.8 18 3.4 

~{arch___________________ -------- -------­
58 4. 1 29 0.2 1 5.0 

ALril--------- - - - - - - ----- 108 5.8 126 6. 5 165 6. 3N ay ____________________ 
571 6. 9 857 7.3 280 .6.8Junc____________________ 
365 8.5 754 8.1 47 7. 6July_____________________ 
201 9. 1 533 9.1 6 9. 3August__________________ 6 10. 5 88 10. 3 -------- --------Septcmber_______________ 1 10. 7 55 10.7 ----- ... _- --------

Total or average____ 1,325 7.0 2,463 7.2 499 7. 0 

TABLE 8.-Sumval of overwinterim,g larvae of lima-be(]/1/, pod borer reared 
under different conditions, Ventura, Oalif" 1930-37 

Cocooning racks Sand jars in Outdoor cages 
in insectary insectary

Year 

Larvae Survival Larvae Survival Larvae Survival 
observed observed observed 

Number Percent Number Percent Number Percent19ao-3 L _________________ 118 64.4 935 5. 01931-32 __________________ -------- -------­
a85 66. 2 637 70.6 1,523 1l. 2 19a2-33__________________ 573 50.8 1,139 70.0 883 23. 11933-a4___________ ____~_- 257 62. 3 163 66. 91934-35 __________________ -------- ------- ­
572 46.7 502 75.3 .200 12.0 

1935-36_~ 421 65.6 364 88. 2 350 15.119:36-37____ _____________~ 650 62.9-------- .. ------- -------- --------
Total or averagc____ 2, 326 59. 3 a, 455 72. 3 3,891 13.3 
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prolongation of the overwintering 
period may lHt"e been due to thl' 
lUlusually low temperature pnwail­
ing during the,srring and summer 
of 19:33, Slllce thiS WH!; the only in­
stnnce when this phenomenon was 
observed clming 1!J:30-3i. 

Total Life Cycle 
The total life {'yele from egg to 

adult undel' illl:'cetat"y eonditions in 

southcl'll ('nlifol'llia cluring Ul31-35 
ranged from 2 to 9.S months and 
Iweraged 5.5, as shown ill table D. 
The complete life cycle was shorter 
hom April to August when then' 
was no o"erwinterillg pet·iod. Tem­
perature was aiactor ill lengthening 
or shortening this cycle, since low 
temperatumretards all the de"elop­
mental stages and therefore ll'ngth­
ens the complete life cycle. 

Oalij.,1931-35 

~Ionth eggs deposited 

~Iarch._ ... __ .• _________ -'., ____________ _ 

tF:~~~::===:=:'=:==:::::=:::::::::::::
June•.• __ • __ ., ••• _•.•••.••• __ • ___ . ____ _ 

July ____________ ••..•... _.••••.•••••• 

AugusL__ . __ ..• _. _"""." .•_ • ______ . 

September••.• _._ .. ____ • _. ________ .. __ . 

October_ .••••• ___ •• __ . ___ .. __ .. _._ .•.• 


Total or average .. _••..••••••. _._ 

TABu~ 9.-Average d1tration of egg-to-adltlt period of lima-bean pod borer 
in outdom' insectary wnd tempemt1treS dlwing month8 shown, Ventw'a, 

Amount of I Duratioll of 
eggs egg-to-adult

deposited 

561 

period 

ll[onths 
4.1 
3.5 
3 ? 
3. !) 
3.4 
8.3 
8. S 
8. 5 

5.5 

Average 
temperature 

o F. 
61 
63 
64 
64 
64 
60 
58 
56 

61 

Seasonal History 


In southem California the .lima­
bean pod borer eompletes one brood 
on ltnnunl wild host plants, pd­
ma.ri.ly on lupine~<;, wild peas, and 
IO('oweeds, from Jbrch to June. 
From two to fOllr ht"oods develop 
on lima beans lind perennia,1 lupines 
from ,J IInc to Deeembet·. The num­
ber of broods that de,'elop each year 
is aJredecl by pre\'lliling weather 
eonditions, sin('O below·normlll tem· 
pemtures retard nnd abO"e-normal 
temper:ttures aeeelerate ~Trowth of 
the deYelopmental stnges. 

The pod borer overwinters as a 

mature latTa in a cocoon in the soil 
nea,r the host plant on whieh it de· 
,'eloped. Observations made of se,"­
£'ra.1 t.housand lat','ae O\'er It 5-year 
period showed that all those Il1I{tur­
ing before .Tuly did Hot o,·el·winter. 
Of those that mature in .JlIly, an 
aYN"age of H percent m·el,\,·inter, in 
~\.lIb'1ISt :"):3 percent, in September S!) 
percent, and all that matllre later 
overwi nter. Larvae ovet'winter in 
the fiehl the entire ye:u', since sOllie 
start in .Tuly and not all emerge 'Us 
adults until Ootober of the follow· 
ing yeIU". 

http:ma.ri.ly
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;';ome prepu pUll ;11'1' in til(' lield 
every month, but the largest number 
O('ClIt' fl'om O\"PI'wintered brnlP 
from FebrwlI'y to ,Tilly lInd frOIll the 
broods develojl('(l on lupines and 
limn beans frolil ~\pril to SO\'ember 
(fig, 1:2), The grNltPst lIumbel' 
would b(1 in the (i('l(t dlll'illg .July 
with sOllie nlrilltion, depending 011 
weather conditions due to seasonal 
\"ariation, 

Emel'rrelH'e (l t' adult!; from 0\"('1'­
\\"intere:i' lalTlIe start:; in .JanlHtlT 
and ('ontinuesillto Sept'('lllbel' (ta.bi~ 
i), .\Ithough adults Plll('rgp 0\'('1' It 

IOllg ppriod, Illo:-,t pgrpss .in ~ra.r and 
.fUIIl', _\<lult:-; that t'lllprge frOI1l 

January to )(ay llIigrate from old 
bean fields and odposit on wild 
host plants, whereas those llmt 
egrC'ss frolll .r IIIW to Octobel" o\'i­
posi t on I i lila ben liS (lig, 1:2), 

Thl' adults frolll the. \)roo(l tim! 

lot' :1 "ol)r-; _ 
~ .PA1'"f)t-.j 

-,f­ pOSiT,eN 

HATtH1NG 

<.- AR'JAE 

':.fRW,NTER: 

,-ARVAl:: 

,"l'",F:AWINTEA· 

IHe; ,-ARVAE ;O..Li ee:A,r F'iE1-o---..,..... -_", ' 
JAN FEB MAR A,PR MA,'i 

deyelop 011 annual lupines emerge. 
lUld migrale to the. cll'Y limlL bean 
I'rop ft-om the- last part of June to 
_\ ugust (fig, 12), Adults are in the 
lit,ltt each month of the year, but 
they an> present jrlgreatest nllmbel1i 
(lu ring August :\Ilcl September, 

In southern California rgg depo­
sition begins on annua.! lupines in 
~rarch and ('()ntillll~ thl'ough May, 
Eggs an' deposited on pet'cllllial 
lupines from ~ray too X on~mber, 
O\"iposition ()("curs on the dry lillla 
hpan ('1"0» lIlainly during .July, _\u­
gust, and into ~rpt:el1lb('L' on late­
pia 11 ted bea ns, 

Pod \}ore-l" lal"\":lo al"P IH'esent on 
annual and pet"ennial lupines frol1l 
~[nl'dt to December anel on lima 
bean crops from .Tuly to October, 
They are most abundant on both 
hosts f\"Om August to October, 

, 
,t ...,.t __~ 
B,EAN fiELD 

JUN JUt. MJG SEP OCT NOV DEC 

l"rot;RE J2,-Sl'usonal deYt'lo[)lIll'nt of lima-beau pod borer, showing relationship 
between infestation in wild host plants, principally lupines, and in lima beans, 
(OYerwintering larnle are ill prepullal stage,) 
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Ecological Relationship Between Infestation in 
Wild and Cultivated Hosts 

The relationship between the 
lima,-u('all pod borer infestation in 
wild aluL f'lrltinlt('(l host plants NUl 

be ('ol'l'elaie(L with the srtlsol1fll life 
histon' and hilbits of the inse.ct, 
Pod l)orers o\'el'wint('r as mature 
Inr\'ae in ('()('oons j n the soi Lunder 
lupine plants Or in the soil of the 
old bean field from the time thr,\' 
nmtul'P in the fall until they tt'tU1S­
form and elllergC' as adlllts from 
.J~ulLuuT to October the following 
yeal', In sOllth(lL'n CalifoL'nin.. llO 

lima l)l'illt plants are. !i\'ing from 
Xo\'emocl' to )I:ty on which adults 
ran ()\'j posi t; therpfo1'l', those borN'S 
that o\'l'rwintl'l' in t1mold bean fields 
mig-mil' to ll('tlrby wild host phnts. 

The two Illost· e<'onomicmlly im­
portant wild host plants in this area 
al'~ the rommon lupine (fig, 1:3), an 
annllal, and the tree lupine (fig,1+.), 
it l)('rennia1. The. eommon lupine 
gro\ys in Itl! the ('oashtl ('Ollllties of 

TC-1BOr. 

1<'[(1UR~: 	 l:.t,--(XlIIUllOIl lupill~\ n wild host 
of Iimll·belln pod bOl'l'r. 

southern California OllllntllHinlfed 
hnd adjarent to bean fields and in 
the foothills and mountain areas, 
It sets pods and is in i'ested \\'ith pod 
oorer Itll.Tae frOI1l FebL'lHll',Y to.June, 
with the he.ndest ini'eshltioll in 
April. Tho tree lupine g-rows 
along- the (,O:lst in the sand dunes 
and uncul ti va ted nreas, It. is not 
so abundant as the (,01ll11l0n lupine, 
but has It hell"Y pod oorer infesta­
tion from .June to Xo\'emuet', 

Lim:L benns planted in Apeil or 
May set pods in .luly and are har­

("IGCIl,: '·I.-Tn'(' lupine, a wild hOi:;t or 
lillla-heall pod hOfl'r. 

\'psted in Sept('mbel', O('tobe1', 0[' 

laLer, depending on the. time of 
phlllting, The l:u'\'ae that mature 
Oil these lima beans pass the winter 
in the soil Of t he old bean field and 
lalTae that matHre on perennial lu­
pines late in the fall pass the winter 
in the soil under the lupine plants. 
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Tho degt'ee of infestation nlries 
with the distance between wild and 
culti \"a ted hosts and the "RL'iety of 
lima beans, It is obviotls that bean 
pltlnts located near wild host plants 
would have a hea.vier infestation 
than plants sc\'eraJ miles away, 
since it larger number of migrating 
adu1ts would stop on the nearest 
beans to oviposit. 

In the same loealitv where envi­
t'onn1l.'ntlll 'i'actol'S n;'e apparently 

the same, there are always more 
wormy pods on lima bean varieties 
or the bush type, which set pods 
high oll the plant, than on vine 
nU'ietiei> with low pod set. This 
<lilfel'en('e of infestation is due to 
the habit of the newly hatched posi­
tiyely phototropic larvae to ahmys 
era wI upwlu'd on the plant in search 
of a pod, This reaction of the lar­
vae ser\'es them well in locating 
pods on wild host, plants, 

Natural Enemies 


The lima-bean poct borer has Ycry 
few nalu ral enemieB in this eotln­
try. In Califot'l1iu the i'ol1O'1yinl! 
spN'ies were rplu'('(I: Bmcon tycILii 
(Muesebeck), llicamb1l8 {S(,'(J.mOtl,q} 
apZopctppi (Ashmead), e'~ljpt!l8 te­
jonen..qiB Cresson, 1'-I'iclwm.JHu mace­
l'atwn (Cresson), E1'ynnia. to1'tl'icis 
(Coqui11ett), llnd two spe<'les of 
Angilia from pod hOt'er latTue col­
lecte,d in, pods of wild host. plants, 
The..'le pal'il:;ites all ilttaek the 1:11'­
vae, but their combined etl'ol"ts 
rarely kill 0\'el'10 perC'ent, 

In addition to these parasites, 
Flandel'S (C) recorded rea t'ing B i'Il­

<'on gelechiae Ashme:td, Ettl'ytoma 
sp. (nl'llr lylodemlfltiR Ashmead), 
and ZCLi1'opis {OJ'trici(Us Crawford 
from pod boret' IntTae in Califor­
nia, Hyslop (10) reported rear­
ing two species of parasites-Apan­
teles etiellae Viere<'k !t1lcl Br.af'on 
hy8lopi (Viel'eck)-from pod borer 
lal'vne at Pul1man, ",Yasll, 

H, L, Parker, in unpublished 
notes, recorded renr'ing the follow­
ing parasites from pod borer larvae 
coll(>(,ted in Friln('e and Hungary: 

An.i8opt~",omallts sp, 
,ts(}oyuJlfcr q!lal1ridentutu, 'Vesmllel 
Brucon pcctoruli8 Wesmael 
Hra<;on piger Wesmael 
Call!poplc~ tricO'I.()ripcs (Schmiecle­

knecht) 
('Ilel(mu,~ ina,11itus (L.) 

Cyrtoptyx lichtcn,~t.cini. (}Iasi) 

Blaslllus atrutu,y Boward 

Bpiur1l8 sp., Hll" (probably Scum­


bus sp,) 
Burytoma appcnciig(lster (Swede­

rus) 
Ie" ltell IIIon if/notus ~'onscololllbe 


Plrancroloma 1llanijrotls (Nees) 

l'impla !!//Ilcti1Jclltri.g Thomson 

l'ri,~toIllCI"/IJl vulltcratol' (Panzer) 

Sil1oplloru,~ ju,~ei("arpus (Thomson) 

'['ac" ill id sp" "B" 

Tllchinid Sll" He" 

Zcnil7ia roseulluc Ball & Beamer 


synonym of P,~cu(/opcricl/(/etu il/· 
siclio81l (Robineall·Des\'oidy) 

In Hnssi:1 tIle pod borer attack:; 
soybeans, Rlld from there the fol­
lowing parasites are reported: 

~t!Jl"/fIlo/t stc/wMI"I/H! Thomson 
(1{i) 

Bupcllllu,Y urOZCf111lS Dillman (15) 
Buplaetrrls blcolor (Swederus) 

(15) 
Ollloryus /lIsdplica, Thomson (16) 
Pilllp[,a nigriscllposG Thomson 

A nyitio lip. (probably Ifnro!/rnrs (l6) 
sp.) Pimpla vClltricosu Tschek (15) 
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Pod Borer Parasites Introduced and Reared 

(1935-39) 


The injury to lima beans by the 
pod borer is caused by progeny of 
a 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 culti vated host 
plants. In 1935, the strawbetTy leaf 
roller parasite (illa(Yrocent1~.Y an­
C1jliv01'U,S Rohwel') was introduced 
and successfuUy reared in the labo­
ratory on pod borer larvae. This 
parasite also overwintered in pod 
borer larvae and emerged the fol­
lowing spring at approximately the 
same 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 ft'om weekly collec­
tions of pods in t1le Ventura area 
for the next 4 years. 

In 1036, 300 ill. arnvylivo1'll8 adults 
were received from the parasite 
laboratory of the former Bureau of 
Entomology and Plant Quarantine 
at Moorestown, N.J. Two hundred 
and fifty of these pamsites were 
released on pod borer-infested tree 
lupines. The remainder of the ship­
ment-25 males and 25 females­
were placed in a large screen-wire 
cage III the field, in which were 
growing lima bQans infested with 
pod borer Jarvae. 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 pamsites 
emerged from these larvae. 

In 1936, 197 adults of Bnwon 
j)igcl' n,nd 493 adults of Plwnel'o­
tOflW pl(Jtni/,l'oruJ were received from 
H. L. Parker, who had collected 
them in France. These parasites 

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

In 1937, 3,105 P. planifl'on8, 314 
Bmoon pecto'raZiJs, and 1,142 B. 
pigeJ' adults \yere receiyed and Jib­
el'ated on pod bot'er-infested tree 
lupines. This host plant grows on 
wast.eland and is not disturbed from 
year to year. Pods were collected 
from these plants at. weekly inter­
vals, from .June 11 to December 24, 
but no imported parasites were re­
covered. The pod borer infestation 
in these pods ranged from 20 to 80 
percent, with up to lll)ercent para­
sitized by nati,-e parasItes. 

During 1938, 28,404 lima-bean 
pod borer parasites were received 
from the Foreign Parasite Labora­
tory at Saint-Cloud, France. These 
parasites <Jl1sisted of 1,209 B. pige1', 
1,535 B. pectomlis, 753 Oyrtoptyw 
lichtem.ytei:ni, and 24,818 P. pZami­
/'I'on.'J adults. An were liberated 
with the exception of 200 B. l)iger, 
55 B. pector'alis, 226 O.lichtensteini, 
and 2,254 P. 7)Z(bni/,I'OnR adults, 
which were used for breeding stock. 
The first three species oviposit in 
lnrvae; therefore, mature larvae of 
Arnaga8ta kiihniella (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. pigel' and B. pect01'ali81eft their 
cocoons and died a few days after 
being exposed.. The experirnenta 1 
rearlllg with (f. lichtenRteini was 
successful 1111c1 adult pamsites 
emerged from the .11. kuhmiella 
larvae. B. l)igcr was recovered in 
1938 from pod borer larvae in tree 
lupine pods. By the end of the sea­
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son, it was parasitizing 20 percent 
of the larvae. 

P. planifJ·o1!.8 oviposits in the host 
egg but hatches in the larvae. In 
1938, from .July to November, 
4:02,000 A. lciihniella eggs were ex­
posed to P. planifrrm.:'J. Using the. 
system developed by Parker Rnd 
Smith of the Foreif,fll Parasite Lab­
oratory in FrRnce, 15,800 P. pZclJni­
frons specimens were renTed. These 
were used fOI' breeding stock with 
the exception of 3,000, which 'were 
released in San Diego and Santa 
Ba.rbant Count.ies on late lima 
beans. The undeveloped parasi­
tized larvae were overwintered in 
cold storage to be released on pod 
borer-infested wild host plitnts in 
the spring of 1939. 

't'he r~u'ing of P. phtnij1'ons was 
continued in ]9~9. A new species 
of pod borer pa.raGite, Oheloml8 
inanitwi, was received from France 
and laboratory rea.l"\xl by the same 
technique as for P. pZanifrons, with 
the exception of holding the eggs 
48 hours before . 'ley were exposed. 
During the year, 29,454 O. i1wnit1l8 
and 7,850 P. pla.nifrons adults were 

reared. These adults were released 
on pod borer-infested wild host 
plants in Ventum and Santa Bar­
bara Counties and on late lima 
beans in San Diego COlmty. The 
pa,rasites were released on peremlia,l 
,,"ild host plants located adjacent 
to lima bean fields. In 1942, Cecil 4 

reported that sma,H numbers of both 
parasites were recovered in pod 
borer larvae collected in bean fields 
adjacent to Ventura. 

Between July and September 
1959, Benjamin PuttIer of the In­
sect Identifica,tion and Parasite 
Introduction Brnnch, Entomology 
Resea,rch Division, ma,de surveys of 
bea,n fields a,nd native lupines in 
the sand-dune a,rea, near Ventura 
to determine the status of the para­
sites B. pige1', P. planifrons, and O. 
inanitu8, which had been imported 
from Europe during 1936-38 and 
released in southern California,. 
Puttler found the lupine pods he..'w­
ily infested with pod borer larvae, 
but no pod borer infestutions in the 
commerica,l lima bean fields a,dja­
cent. None of these parasites were 
recovered in this survey. 

Cultural Control 


Field Plowing 
Since lima-bean pod borers over­

winter as mature Iar'\'ae at a depth 
of one-half to 2 inches below the sur­
face of the soil in bean fields, it, is 
possible that some control of this 
pest eould be achie\'ed by a cultural 
practice that would cO\rer these 
lan'ae to tL sufficient depth to pre­
vent emer'gence of resulting adults. 
1Yith the ordinary cultural methods, 
the seedbed for beans gmwn without 
irrigation is only gi ven a shallow 
cultivation in the spl~il1g \\'ith disk 
and harrow and seldom plowed. On 
land that i-; irrigated, the seedbed 
is plowed to:t depth of 8 to 14: inches 

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 t.he fa,ll of 1936 and 
in 193i.. Mature htrvae in cocoons 
were buried at depths of 2, 4, Rnd 6 
inches in two types of soil in which 
lima beans are grown in the Ventura 
tlrea , Yolo fine sandy lmtm is a 
loose type of soil under a,lmosL all 
conditions, whereas Yolo sandy 
loam is heavy soil and packs when 
worked wet. One hundred larvae 

, See footnote 1, p. 1. 
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were buried a:t 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 
fmcl spin cocoons at wlultever depth 
desired. An adult unable to fly 
after emerging through any depth 
of soil or from the checks was classi­
fied as defonned. In \riew of the 
similarity of the results each season, 
the data were combined and are 
presented in tilble 10. 

.Tudging from these experiments, 
It large percentage of adults from 
o\'erwintered larvae can be pre­
vented from emet'ging by covering 
the larnw with () or 1\10re inches of 
soi1. It is noted that the percentage 
of deformed adults increased with 
the depth larvae were buried, and 
this was especially tme in the 
helnril'l' soil. Deformed wings are 
undoubtedly causcd b1 delay in 
spreading and drying of wings after 
adults emerge from the pupal cases. 
ExamilUltion of the soil after com­
pletion of each expet'iment showed 
tlmt approximately the same num­
ber of adults emerged in each tYl?e 
of soil and that the difference III 

number of those that reach the sUJ'­

face is due to their physical inability 
to force themselves to the surface 
after emerging trom the pupal cases. 

These experiments indicate that 
fall plowing of old bean fields to a 
depth of 8 inches or more would be 

of value in reducing the emergence 
of adults from o\'erwintered larvae. 
This practice would improve .the 
physical condition of the soil for 
absorption of winter rains, and ero­
sion could be (we\'ellted on hillsides 
by plowing lJl contours and by 
planting a winter covel' crop. The 
cover crop would also increase soil 
fertility. 

Time of Planting 

Inspection of pods in eady- and 
late-planted bean fields has shown 
that. eady-pl:tnted beans have less 
pod borel' damage than late-planted 
beans. This is to be expected, be­
cat: ie the later plantings would be 
subjected to the ser:ond 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 helms were 
planted at 1o-da.y 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 
11)60 and the .Tune 15 planting in 
19G1 did not produce sulticient pods 
for inspeetion. Plots were two rows 
wide and 58 feet long and replicated 
five times in It l'anclomized block. 
"Then the beans weL'e mature, dry 
pods in each planting were removed, 

TABLE 10.-Em,ergence of adult8 of lima-bean pod borer from coooons 
bltried at dilfer'ent depths in two types of 80il, Ventura, Oalif., 1936-38 

Yolo fine sandy loam Yolo sandy loam 

Depth buried (inches) 
Adults Adults Adults Adults 

emerged deformed emerged deforlned 

Number Percent Number Percent2 ________________________ 
143 4.9 11a 16.24 ________________________ 
106 8.5 9:3 24. 56 ________________________ 
144 31. 4 37 58.3Check____________________ 
148 2. 7 148 2.7 
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and 50ll, 750, and 500 pods for each 
year, respecth-ely, were examined 
for pod borer injury. Xo insecti­
cides were used on these beans. 

In 1960, It yea.r in which pod 
borers were espe('lally destructlYe, 
cxce.ssive injury (52 to 71 perecnt) 
oecurred in early as well as in late 
belln plantings, as shown in table 11. 
In eontrast, in 1961, when pod 
borers were less injurious, only 6­
and !3-percent injury oe(:llrred in the 
~\pril 15 aml 'Ma)' 1 plantings as 
compared with ();d pet'eent ill the 
)fay :~O planting. Pod damage in 
1!)(j2, when pod borers were ex­
tremely destl·\lcti.-e, followed the 
pattern sho\\'11 in 1961. Injury 
l'ilngN] froll) alow of 14:- and I3-per­
cent; in the April 1 and 15 plantings 

to it high of 9-1- and 95-percent in­
fested I:lods in the May 30 and June 
15 plantings. 

In 1931, Cecil planted baby limas 
(Henderson bush) and lnrge limas 
(Yentum) on successive dates to 
determine. the degree of intestation. 
The results show that the earJy­
planted beans had considerably less 
pod borer inj ury than the late­
planted beans, as giyen in. tltble 12. 

It is oln'iolls il'om these studies 
that pod. borer injury to lima. beans 
ean be l-edllced by planting early in 
April. Years ago it was impra.c­
tic-able to plant eady in cold soil be­
I:ause of excessive bean rot. Now 
with fungicide-treated seed a.va.il­
!Lble, good stands 11m obta,ined from 
plllntin:.,TS made in early April. 

TAHLE n.-Effect of time of pZnnting on degree of pod borer 'injury to 
Yentll1'a lima bean pods, SOltih Ooa.'1t Field Station, Irvine, Calif., 
19(i0-6tf. 

Pods damaged by pod borer 
Date plnlltrd Date han'ested 

I 1961 1962I 1960 -----------, ,-----1------1-----

Apr. L _____________ IAug. L _____________ \- Perce;:i Percet; Perce{~ 

15____ ... _... ____ Aug. 15_____________ 71 6 13 
~{ay L. ____________ . Sept. L_____________ 52 a 43 

16_______________. Sept. 15------------- 57 15 55:m ___________ , __ Oct. L ______________ 1I__________ 62 94 
June 15. ______________ Oct. L ____________ .- __________ __________ 95 

TAlIL~' 12.-EffN't oj time of planting on degree oj pod bOJ'el' inj1t1'Y to ~ 
lima bean varieties, Ventura, OaUj.,1931 

I 
Hendersolt bush VenturaI 

I 

Dat!' plantrd r 
I 

D,ltc matt1rrd Wormy Date matured WormyI 
I pods pods 

-- ....-
Percent Percent

t\fny 15__ • _ _ • ____ Au~ 20 __________ Sept. 20 __________ 
JUlle 5________ .. --j Srpt. 10__________ 5 Oct. 5 ____________ 40 

4 
812 ___________ Oct. 3L__________J u1y 7_ ------.--.i Oct. 5S 91 , 

~"r_ 
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Control With Traps 


Bait Traps 
The a.dult pod borer can locate 

host plants in its migrations be­
tween wild tlnd culti \'[1te(1 hosts, 
possibly by smell, s;ince the adults 
feed on the nectar in the. flowers. 
In fl11 n.tt~mpt to determine what. 
odor would attract adults, the. fol­
lowing chemic'al oils were tested in 
the. field between l!):1f and lO:3G: 
Star anise, Illw;tard, hw('nder, rose­
malT, ('arVOI1(', gerlLniol, \\'hitl.' 
thyme, peppermint, bitter almonds, 
sweet hireh, banana, ('[ll'a\\,[\,y, ce!­
l'IT see(l. cedarwood, clo\'(~s, corl­
[UHler, fennel seed, juniper ben'ie_,>, 
lemongrftss, ~(essina.lemon, nutmeg, 
pellnYI:oYfl..l, gl.'rani UI~l, sassa.fms, 
sandal wood, swe('t baSI I, and worm­
s(,I.'<1: nbo, !Lnisie aldehyde, amyl 
benzoa.t,e, ni('otine suI i'llte, amyl and 
methyl SlL! iey late, einnam ic alde­
hyde, and benzn,hlehyde. 

III :llldit iOll to t he~e ('hem i ("ills, 
brews made from lillm beRns and 
from plants, pods, and flowers of 
lupin('s \\,el'e used. The, ehemirals 
were tested at roneentTnt'ioll::; of 
OJ)~3, O.(J50, 0.075, IUlll (U()O pew'enl 
ill fL IO-percent sugar l-lolution. 
,YRrer an(l I~ lO-pc('('ent sligar solu­
tion. Wits ll;;('(l as eh('('ks in. the· same 
type of ('ontainer IIsedfor testing 
the ehl'mi(,ltls. The baits were ex­
p()S(·d in gl11nite. plld(ling pallS, tP/::! 
irwhl';'; in diltllleh'r and :3 inehes in 
depth, These pitns \\'ere placed 011 

raeks, 12 jncl1es aboye. the soil sur­
face, Or appJ'oximately the same 
height as the bean plants. The. bait 
pans were loeated along tlH'. mlu'gin 
of a large field of lima. beans and 
between the bean field and wild host 
plants in order to attract [tdults mi­
grating from wild 10 ('ultivllted host 
phnts. The bait tmps remained in 
the field from the time the beans 
strtrte<l blooming on .July 10 until 
hlu:n~ted the fil'St pad of Sepiem­

bel'. During the 1.1 yetU~ this experi­
ment WfiS in opemtioll, none of the 
chemicaIs te..qted were· sufticiently at­
ITacti\"e to be of ltllj" ,"ttlue as a COIl.­
trol remedy. 

Light Traps 

Laboratory tests showed that the 
pod borer was positively photo­
I ropie, with a high sele.::ti\'ity for 
monoehrol111ttic blue. In field tests 
('ondueted fOI' :~ years the pod bOL'er 
was attmeted to ('olore(1 light and 
killed with all. electrocuting <Iexice 
(fig. 15). The results in 103G indi­
eated that light tmps might be a 
means of pod borer ('ontl'01. How-

FIGURE 15.-Insect eledrocntor in opera" 
tion in field, with attached fl1nnel and 
jar for colle-ding elloctrocuteu insects. 
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(wer, large Held tests in 10:3, and 
H)~H, with one (rap to an a('re ill 
15- and ~;kl('re fields, gil \"(' unsnt is­
bcton' results Oil tltt;> hasis of num­
ber o{ adults (';LU!!,ht per light. 

The pod 1>0r('r population was 
small in both seasons owing to un­

hvol"(lble weather conditions. The 
cost of instal1inO' light traps, the 
Iligh mtio of males to females, the 
slludl Ilumber of moths captured, 
and the llnce1tainty of infesbLtioll 
made. this method of control im­
praeri('l\.ble. 

Control With Insecticides 


Procedure 

fnseeti('ideB W(lre teBted on two 
types of lima bealls gTOW!l in soutlt­
een California. The Yentum or 
'"vining" variety is grown ('0111 lI1e r­
(·jldly for dry bellm;. The Fonlho()k 
01' bush Yarit,ty is grown principally 
for g-reen beans and for seed. Both 
t.ypes we·!·e planted in rows ao ill('hes 
tLpart from Apl·il 10 to .July 1. 
"'1H~1l there is inade(1uiHe minfall 
during the winter, fields planted 
to dry beans itre. g-enemlly prein'i­
gated in February or ~,rar('h and the 
crop may be flHTl)\\·-in·igated one€' 
in ,fuly or ~\ug-u~t. Fields planted 
to FO['dhook 1>t>;l1I8 Illay also be pre­
irriga.ted and the crop also may be 
irrigated two or tit reEl times or more, 
(h>,pending on the soil type and e1i­
malie condition:;. Fordhook betUlS 
matU['e ill no to no <Ia.n;, whereas 
tim dry-bean erop rl-'(lllil~s fJ"(~1l1 l~() 
d:tys 01' 10ng(,J: to reaeh matlil"lt)". 

Experill1ents w('re cOlldueted in 
plots of \':lrying- :;ize in grOWN'S' 
Iwan field:; in Omnge. Count,· :lIlcl ttl 
th(\ (-ni\'ersity of ('alifornill, South 
Coast Fi('ld Station near TI"\'ine. 
La.rge-plot· experiments \\"pre gl'nel'­
alh" conducted ill (liT-bean fields in 
plots +to 1() ro\\"S' \\:ide by 110 fpct 
()[' IOllger. Expe['iments in slI1all 
plots were usually ('ondurted ill 
pl:mtillf.TS of Fordhook beans in 
single-row plots :>0 to no feet long. 
•\11 plots w(>t'e an'iUlged in randolll­
ized blorks with. fin', six, or eight 
repI icateH. 

In sm;~1J plots, emulsion sprays 
were :1,ppli(',(l to both sides of the 

row with:L knapsack sprayer at the. 
mte of ;m gallons pm' acre for the 
first: 11pplication and upwttrd to ()2 
gallons for the succeeding ones. 
Dusts were applied with rota,ry 
hand dusters at from 30 to 40 
pounds per acre of the diluted dust. 
In large plots, sprays were applied 
at the rate of 25 to 50 gallons per 
acre with (l. conventional power 
spmyer, equipped with eithel' a, 
fonr- or eight-row boom, with three 
T-jet nozzles per row. 

The number of applications va·r­
ied from two to as many as four, 
depenclin~ on the infesbttion and 
rate of growth of the crop. The 
Hrst application was made at the 
termination of blossoming or when 
small pods were present, the second 
waS when the pods were 1 to 11;2 
inches long, and the renminder were 
at 10-day or 2-week intel·vals. 

The etfect of the tI.·eatments on 
pod oorer populations was deter­
mined by p!cking and shelling 100 
or more frreen or dry pods per plot 
and exan~ining these for injury due 
to the pod borer. Yield dahL were 
obtained by harvesting and 'weigh­
ing the belLns from 1/100-acre areas 
in the centel' of each plot. As It 

further check on damage, 2-pound 
stllnples of the threshed beans were 
retained and from 200 to 300 beans 
pel' sample were examined for 
injury. 

An insectic·ide to be efl'ecti ve 
ILgainst t.he pod borer should h:L\'e 
ron tact as well as long residual ac­
tion, in order to protect the pod 

http:pl:mtillf.TS
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from newly hatched larvae that 
crawl about se~king to enter it. 
Very minute quantities of the pod 
surface are consumed by the ne,,~ly 
hatched larvae in gaining entrance, 
and once they are inside they re­
main until mature. Unlike the 
corn eitrWorm, 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 entin~ bean plant be 
thoroughly coated with an insecti­
cide during the time the larvae are 
hatching. 

Experiments in 1958 

In the initial control experiment, 
new and older insecticides were 
tested in dusts or sprays against the 
pod borer in single-row plots 50 feet 
long. Each tre:ltment and check 
were replieatecl five times. The 
beans were of the Fordhook variety 

and were planted later than usual, 
on .Tuly 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, 
Telodr-in,5 and carbophenothion 
showed promise when judged by the 
percent reduction in damaged pods. 
All the materials except Monsanto 
7769 I1lld cryolite significantly 
reduced the number of infested 

• See list of chemical names of proprie­
tary materials at the end of this bulletin. 
Mention of these materials does not con­
stitute their endorsement by the U.S. 
Department of Agriculture. 

T.\BLE l3.-Effectiveness of 'Various imeoticide dusts and sprays agaimt 
lima-bean pod borer on F01'dhook lima beam, South Ooa8t Field Station, 
iJovine, Oalij., 1958 

Insecticide 1 

DuslaCarbaryl 10______________________ _ 
Endrin 2..... _____________________ _ 
Endosulfan 'L____________________ _ 
Malathion 4_____________________ _ 
Methoxychlor 10 _________________ _ 
Cryolite 72 ______________________ _ 

Sprays
Telodrin 1.25______________________ 
Carbophenothion 4_ _ _ _ ____________ 
Phosphamidon 4.__________________
Ethion 4. ___________________ ._____ _ 
Monsanto 8574 L_________________ 
Monsanto 77692__________________ 

Active Yield of 
ingredient Pods Reduction dry beans 
per acre infested 2 in dam­ per acre 

per appli ­ aged pods (lOO-lb.
cation sacks) 

Pounds Number Percent Number 

Check. ____________________________________ _ 262 
290 

2.4 69 
.8 135 

1.8 136 
L8 144 
2.8 242 

21. 0 248 

L 0 1022.0 1071. 0 1392. 0 
143.1. 0 235

1. 0 

76 13.4 
53 11. a 
53 8.•5 
50 11. 9 
16 10.0 
14 10.5 

65 11.5 
63 11. 7 
52 12.3 
51 10.7 
19 10.6 
10 9. 4 

L.S.D. at 5-percent leveL ____________________ _ 42 
---------- 10.2 
---------- 2.0 

1 Percent in dusts; pounds per gallon in sprays. 

2 Examined 400 pods per treatment. 
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pods. 'When judged by yields of fromT-! to 83 percent. Ethion, cry­
dry beans, only carbaryl fm(l phos­ olite, and DDT-toxaphene. gave, 
phamidon g(t\·e. significant increases ptu-tin.! control. On a yield basis, 
over the check. Cryolite, which \\'as carbaryl, ethion, and cL'}'olite were 
recomrnended years ago for ('ontrol· superior, but all the beans were of 
ling this pest, was ineffectiw. poor quality because of the feeding 

The. beans in the untreated plots of rhe pod borer. Endrin affected 
were dama<red extensiyely hv tlw the bloom, caused R poor pod set, 
[)(}(l bOl'pf;-I~-pe['('ellt" in'fested and thus aceounted for the low yield 
pod:'. 1!l[JH pl'o\'ed to be one of the obtained. 
'wor:-t pod hOI·t'l· yNtI~. 

In another experiment on Ford­ Expel"iments in 1959 
hook berlns planted 011 .June Ii'l, n. 
72-percent cryolite dust WflS com­ Inseetieides sho\\'ing promise in 
pared with DDT-toxaphene flnd 1058 were compared w.ith other 
with other mtlterials. Plots were materials in single-row plots of 
foul' rowS (10 fe.et) wide by 1:)8 FOl'dhook beans planted on April 
feet long and replicated six times. 11. Spmys were applied with hand 
The sprays were applied with the sprayet·s at 60 gallons per acre per 
power spra:yer at ~O gallons pel' acre. app1iclttion ilnd dusts at -10 pounds 
_\.pplications were made on _\.ugust per aCTe. Applications were made 
5, H, :uH1 25. Yield c1tlta were ob­ on .r line 9, In, :H, and 30. Data. on 
tained by hfu','esting and threshing injury were obta,ined by inspecting 
the beans in the iom 1'0\\':'; of e:tell pods between .Tuly 13 and 22. 
plot. The results, as gi"en ill table ]5, 

Infested pod counts showed that ::;110W that carbaryl was superior 
all 11laterials \\'ere ef[('eti"e in reduc­ when applied in a. spray at I and 2 
ing injury in sOllle degl'l'e, a:,; shown pounds aet.ual per acre and in a dust 
in table 14:. Cal'bophenothioll, en­ at ~ pounds. Carharyl dust at 1 
elL'in, and e:Ll:lml'yl were the most pound <lid not gi \-e nclequate ('ontrol. 
etl'erti \'e, reducing damaged pods )Ialath ion <111(1 endosulfan dusts and 

TABI.,E 1+.-Etfecti1.:enes8 of 1'([,7'iollS ·vll.secticide 8Pl'(LYS and cryolite du~t 
ngavrvst lima.-bean lJocl bore/' on F01'dhook linw beans, 8mdh OOMt Field 
Station, Irvine, Oalif., 1958 

-~".----~-.-~---------------;------.,.------

Reduction IYield of dry 
1nSPclicidp I (pounds IWI' Pods in damllged I bpalls pel' 

lief£' pl'f IIpplicatioll) : inf('sted' pods aere (lOO-lb.
I . sacks)

.-----"---------------: ",,,,,,;:,-1 
PerCeTlt Number 

Carbopiwl1olhioll 2 _.. ___ " 	 41 83 9. 0 
53 78 4. iiEndrin 1 "" - - - - - - •. - --1 
62 	 10.2CarbaryI2 .. _ - ... -.- - ... - '----l

Eth iOIl 2_ _ _ _ _ _ _ ___ . _ _ _ _ _. __ 10.2 
Cryolite 25 ____ . __ .. ,,_ .... _.. , ___ . 90 ~! \1 9. !l 
DDT 2-toxuphl'll£' 4 ___ . _ ___ • . _ ... 137 4:3 8.5 

243 ----.--_ •. -I 

95 

1.2 
l 

f~:t.- ~t-5~p~;cc;;t-I('~;ci~ =~: ~ ~: ~ .: - - j 
! 	

42 -... --~ .. --'"'..., ... ; 

H. 1 

1 Em ulsi fia b\(' canc£'1l trn tes, l'xcl'pl 72-perccn t eryali te dust. 

, Examined 450 pods p('r trpatnH'lIt. 
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TABLE l5.-Effectiveness of various iruJectidde dusts anul spm,ys and 
Bacillus thuringiensis 'wettable powde1' agaimt lima-bean pod bOl'e?' on 
Fo,,.dhook linw, bea1l..s, South Coast Field St(Ltion, Irvine, Calif., 1959 

Active 
Insecticide 1 ingredient 

per acre per 

DuslsCarbaryl 10. ________ • _________________ { 

Malathion 4 __________________________ _ 
Endosulfan 3 _________________________ _ 

SpraysCarbaryl 4 ____________________________ { 

Dicldrin 1.5 ______ • ___________________ _ 
Ethion 4 _____________________________ _ 
Heptachlor 2 _________________________ _ 
1\:cpone 2 __________ • __________________ _ 

Wellable powder 

B. lhllrillgiensis J________________________!
check 

application 

Pounds 
1, 
2 
1.5 
1 

1 
2 
1 
1 
1 

L.S.D. at 5-percent leveL ___________________________ i( 
1 

1 Percent in dusts; pounds per gallon in sprays. 

1 I
I 
1 I . 

Reduction 
Pods in damaged 

infested 2 pods 

II/umber Percent 
16 (6) 

4 (7) 
5 (8) 
8 (5) 

6 (4) 
5 (0) 
6 (6) 

22 (17) 
34 (U) 
43 (21) 

32 (12) 
50 (13) 
15 (11) 

68 
92 
90 
84 

88 
90 
88 
56 
32 
40 

36 

~ Examincd 300 pods per trcatment. Figures in parentheses indicate number of 
earworms. 

J 70 billion bacillus spores pcr gram (l\ferck). 

a dieldrin sprn,y were also highly 
effecti\·e. Ethioll, heptachlor, Kep­
one, and Bacilllf,.~ thtll'ingiensi8 were 
inefi'ectiYe. 

.As carbaryl showed supet'iority in 
the 11)58 experiments, an experiment 
was eondu('ted to det~rm ine the ef­
fect 0 f varying the time and number 
of applications. Fordhook beans 
planted on April 17 were used. 
Plots wem,ingle r'ows arranged in 
randomized blocks with fi\re repli­
cates. Carbllt'Sl was applied in a 
spray on three dates. The results, 
ItS gi ven in table 16, show no signif­
icant difference in the effectiveness 
of dates or number of applications 
of ear·bary!. Applieations on .June 
I) and 01 reduced pod. borer damage 
the most. 

A May 25 planting of Fordhook 
bea.ns wns used for compltring a. 
Bacillu8 thw'ingien.sis dust and 
sprn.y with five insecticide sprays. 
Plots were four rows (10 feet) wide 
by ISO feet long and were replicn.ted 
six times. Applications were made 
on July 13, 21, 28, IHul August 4:. 
The effectiveness of the matel'ials 
wns determined by inspecting green 
pods aml threshed be~ms. Yields 
were also obtained. 

Pod inspections, as given in table 
17, showed tlmt in co!nparison with 
the check all matel'Hlls except B. 
tkw'ingien8iB significantly r'e(llleed 
pod injlll·Y. Enclr'ill and Telodrin 
at 2 pounds per acr'e were especially 
effective. Carbaryl, carbopheno­
thion, and phospJmmidon at 1 
pound and both formultttions of B, 
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TABLE 16.-Etfeativene88 of time 
(mel number' of (tppZications of 
carbaryl spray c:.!lltinst lima-bean 
pod bore'i' on FO1'dhoolc lima 
bearUJ} Sottth Ooast Field Station, 
h('i.ne~ ('alif.~ 1.969 

Reduc­
Date of Pods tion in 

applications 1 

in June 
infest­
ed' 

dam­
aged 
pods 

9_________________ _ Number Percent 
15 5616_____________ .• __ 
22 3524 ___ • _____ .• _____ _ 13 62

9 and 16__________ _ 21 38
16 and 24. ________ _ 11 68
9 and 24________ ... _ S 76
9, L6, and 24 _______ _ 12 65Check_____________ _ 

34 
L.S.D. at 5-percentleveL _________ .. __ N.S. 

1 I pOllnd per acre per application. 
1 Examined 300 pods per treatment. 

thuI'ingien8is gave poor control. 
Telo(lt'in and endrin were also 
snperior in reducing damage to the 
threshe,rl beans. The high percent 
injury to the threshed be.'lns indi­
cated th!lt the pod borer continued 
to ieed on the beans aiter they had 
been cut and while drying pnor to 
threshing. 'Vhen judged on the 
basis of vield, only Telo<lrin signifi­
cantly il~Cl'ea,sed the yield of Ford­
hook bellns. Yields in the endrin 
plots were exceptiOJ,laJly poor, be­
cause repeated applIcatIOns caused 
excessive blossom drop and poor 
pod set. In 1958 another brand of 
endrlll also reduced pod set 
similarly. 

A combination dust of carbaryl, 
DDT, and Ke1thane was COmp!lred 
with a DDT-carbophenothion dust 
against pod borers on Ventura lima 
bians. Plots were eight rows (20 
feet) wide by 600 feet long, with 
six replicates of each treatment and 
check. Applications were made 

'with an eight-row power duster on 
.July 15, 23, 30, and August 7. 
Exltmination of pods showed thltt 
the carbaryl-DDT-Kelthane dust 
significantly reduced injury to pods, 
but it was far irom being effective 
commerciuJly. Yields were about 
the same, averaging 10 sacks per 
ltcre in the dusted and untreated 
plots, as shown in tllble 18. 

Experiments in 1960 

.New materials were eompared 
with carbaryl in toxicity in a field 
of Yentura 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 le.'lst pod 
damage. General Chemical GC­
4072 and GC-3583 gave slightly 
better control than car'baryl. The 
remaining materials gave inade­
quate control-from 38- to M-per­
cent reduction in damaged pods. 
Pod borers were less destructive in 
U)60 than in the previous 2 years. 

A large-scale field experiment was 
conducted to compare carbaryl with 
Teloc1~l, en dosu]fan , and mala­
thio~ Plots were 16 rows (40 feet) 
wide by 107 ieet long. Ventura 
limas -were planted on May 9. ....<\n 
eight-row power sprayer was used 
to apply the sprays at 25 gallons per 
acre. Applications were made on 
,July 15, 25, amI August -1. 'Vhen 
two ILpplications were used, the 
AuO'ust 4: application was omitted. 
Tw~ applications of Cllrbaryl at 1 
and 2 pounds per acre and Telodrin 
at 1 pound glwe significantly higher 
yields than the check or the other 
'materials, as shown in table 20. Ex­
amination of the threshed henns in­
dicated no differences in the degree 
oi borer injury due to the treat­
Inents. In some instances there was 
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T.\ULE 17.-Etlectil'ene8s of various in8ectlcide .~pray8 and Bacillus thu­
ringiensis ,Just and spray against lima-bean pod bore?' on FordJwok 
lim.a beans, South OOMt Field StatiO'n, ir1Jine, Calif., 1959 

Active Reduc- Reduc- Yield of 
Insecticide (pounds 

per gallon) 
ingredient 
per acre 

per appli­
cation 

Pods 
infested I 

tion in 
damaged 

pods 

Threshed 
beans 

damaged 7 

tion in 
damaged 

beans 

dry beans 
per acre 
(IOO-lb. 
sacks) 

Pounds Number Percent Number Percent Number 
Endrin 1.6 _________ { 1 25 85 56 75 7.7 

2 10 94 48 79 5.1 
Telodrin 1.25_______ { 1 51 70 107 53 14.4 

2 13 92 37 84 15.1 
Carbaryl 4 _________ { 1 103 39 133 41 13. 1 

2 27 84 75 67 13.3 
1 110 35 169 26 13.0Cftrbophenothion 4_ { 2 66 61 109 52 13.8 

Phosphamidoll 4 ____ 1 95 44 162 29 12.8 
B. tht"it~gien8i8(dustp___________ 1 124 27 141 38 12.5 
B. thuTingiensis(spray) \ __________ 1 160 6 200 12 13.3Check. ____________ ------ .... --- 170 ----- ... -- 227 -------- 12.0 
L.S.D. at 5-percentleveL __ • ________ ------ ... --- 40 -------- 75 -------- 2.0 

, 
I Examined 450 pods per treatment. 

l Examined 600 beans per treatment. 

3 Merck's Agritrol, 5-perccnt dust, 5 billion bacillus spores per gram. 

I Merck's Agritrol, wettable powder, 70 billion bacillus spores per gram. 


TABL'E l8.-Effectiveness of insecticide dust com"Mnatlons again/.d lima­
bectn pod bore?' on Ventura Uma beans, SO'Uth Coast Field Station, 
h1Jine, Calif., 1959 

Amount Yield of Iper acre Pods Reduction dry beans 
Insecticide (percent) per appli- infested I in damaged per acre 

cation pods (IOO-Ib. 
sacks) 

Pounds Number Percent Nu.mber 
Carbaryl5+DDT 5+ Kelth!luc 3 ____ 30 13 79 10. 1 
DDT 5+carbophenothion 3_________ 32 25 60 9. 6Cbeck____________________________ 

62 10. 0 --------,..- ----------L.S.D. at 5-percent leveL___________ 39 N.S. 

Examined 450 pods per trentment. I 
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TABLE 19.-Etfectiveness of various insecticide sprays against lima-bean 
pod bOl'er on Ventu;ra lima, beans, South Goast Field Station, Irvine, 
Galif., 1960 

Reduc­
Tnsecticide I (pounds per acre) Pods in­ tion in 

fested 2 damaged 
pods 

Number PercentGuthion l _______ • ______ •• ___ • _____ __________________ _~ 10 88General Chemical G0-4072 1. ___________________________ j 12 85General Chemical GC-3583 1 ___________________________ _ 18 78Carbaryl 2 _________ • _________ "________________________ _ 22 73Bayer 22408 L _________ " __ " ____________________________ , 29 64N aled 2 ___ ,, ___ " _____ " _" _ ,,_"" ___ , __ " ____________ "_____ _ 30 63 
31 61

Geigy G-30492 1______________________________________ _ 
Bayer 29493 1 ______ ". __ '''" _______ , _._. _________________ ! 32 60
Phosphamidon 1______ " ___ • _______________ • _________ --_.I 34 58Trichlorfon L ____ , __ , ____________ " __ " ______ .. ________ ._ f 41 49
Dimethoate I. _______ " _____ " __ ... ____ " __________ " ___ --ICheck________________________________________________ _ 	 50 38 

80L.S.D. at 5-percent le1'eL ________________________________, 35 

- .--~'"-------,~--. 

I Emulsifiable concentrates, excf'pt carbaryl and trichlorfon, 85- and 50-percent 
wettable powder, respectiyely. 

2 Examined 600 pods per treatment. 

TABLE 20.-Ejfectivrmess of vm.zous inseotioide sprays against li11w,-bean 
pod borel' on Ventura limn be(ln.~. Rrott Field, Irl'ine, Oalij, 1960 

Reduc­ Yield of 
I nsecticide (pounds per aere per I,Applicn- IThreshed tion in dry beans 

!l,pplkation) , tions ! beans damaged per acre 
damaged I beans (IOO-lb. 

sacks) 

--------------------------1--------1--------1--------1-------
Number Number Percent Number

Telodrin L ___ "_,, _" .. ______ . ,, __ "" 3 20 47 14.6 
2 32 16 14.2Caf~~~~l_:__________ .• __ .--. _______ { 3 46 13.0 

1,3 II 19 50 13.9
2 ________ . ____ . _______________ { 2 59 14. 3 

3 15 61 12.8 
Endosuifan L ... __________________ { 2 40 ------ .... --- 13. 9 

3 25 34 1'2.3 
57 10.9~llllathic;1l 1.5_ -. ---- --" -- - - - --- - --l{ ~ Check ____________________________ , _______ - __ 35 8 13.0 
38 	 12.1 

L.S.D. 	at 5-prrcent Icvl'L ___________ , _________ .i 24 2. 0 
I I.----..-.-,-..,~-------.-'------=-----.:.-------'-----

I Examined 1,200 beans per treatment. 
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more pod injury in the treated than 
in the untreated plots. Plots treated 
with three applications of carb:tryl 
at 2 pounds pet· acre had the least 
injury. 

Experiments in 1961 
Tests were continued on Ventura 

limas to evaluate the etreetiveness of 
ditrer(,llt insedieido sprays against 
the pod borer. Plots were four rows 
wide (10 feet) by oa feet long, with 
six replicates. _\ppli(~ations were 
made wi.th the power sprttyer on 
.ruly 5, H), and .\Ul!I1St~. Yield 
data \\"pre obtained by threshing the 
hetU1S in. the two epnter rows. The 
results of this experiment are shown 
ill table :H. 

Pod borer injury in untreated 
plots inW61 waS unusually light­
only i-pPrct'llt infested pods as ('Olll ­

pared with 72- and {O-percent. in­
jury in the 1958 and lU50 experi­
ments. Judging by the results of 
tllC pod insriections, there was no 
significant difference between treat­
ments and check in pod injury. 
Both dosages of Guthion and endo­
:1II!fan at :2 pounds per acre ga "0 the 
best control. Inredu('ing pod borel' 
injury to the threshed beans, Guth­
ion at both dosages and endosulfan 
fwd Zednlll at ~ pounds were signif­
icantly bettel' than thoeheck. Naled 
was t1~e least efl'ective. 'Vhen com­
pared on a yield basis, Zectran at 
2 pounds, Guthion at both dosages, 
and earbaryl and diazinon at 1 
pound per :;('1'(> were superior. 

An experiment was conducted to 
evaluMe the etl'ectiveness of Guth­
ion, carbaryl, and endosulfan when 
applied at the same dosages in 
sprays and dusts. FOI'Clhook beans 

TABLE 21.-Ejfeetiueness of various in-seetieide sprays agaimt lima-bean 
pod bO'l'el' on T'entWYt lima beam, S01dh Ooa,gt Field Station, h'vine, 
Calij.,1961 

I f Reduction Yield ofI 
Insecticide (pounds per. Pods in- Reduction I Thrcshed in dnm- dry beans 

acre per application) I rested 1 in dnm- bcans aged per acre 
. aged pods damaged 2 beans (lOO-lb. 
i 	 @~~ 

--------------1------1-------1------1------1-------
Number Percent Number Percent NumberElr~~l~l~~~~ _:~ ::=:::: =:1 

Cuthion: :0.75. __ •• ___________ _ 
1.5•... ______________ 1 

Dtazlllon L ___________ 1· 

Curb/lryl: 

~:=======:=:=:=::::::I 
Trichlorfon 2_ - - - -- -- - - -It 

Zectmn:1. ____________ • ______ , 


? 	 • 

Nl~ic~12:: ====:: =:: =:: ==t 

l~~~.-~t 5:p~;c~~t-l-e~~:1
! 

1l 
7 

8 
9 

16 

21 
17 
18 

27 
16 
3121 

48 
67 

62 
57 
24 

o 
19 
14 

0 
24 

0 

15 _________ _ 

I Exnrnined 300 green pods per treatment. 
2 Examined 1,200 beans per treatment. 

18 40 12 
8 73 11 

7 77 13 
10 67 13 
20 :33 	 13 

22 27 	 13 
12~g L_____ ~~_ 12 

19 37 11 
13 57 14
3:3 _________ _ 12 
30 11 
14 	 1.8 

I 
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were planted on May 31. Sprays 
were applied at 62 gallons per aCl'e 
with kllapsaok sprayers and the 
dusts at 35 pounds per acre with 
rotary haml dusters. Applications 
were made on .June 28, .July 10, and 
21. Yie'ld data were obtained by 
picking and weighing the (h-y-bean 
pods on 10 plants per plot at har­
vesttime. The results, as given in 
table 22, show that there was no 
significant ditl'erence 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 ousts 
ill reducing inj ury. 

Le:wes Oil the Fordhook plants 
treated with endosulfan spmy at 1 
and 2 pounds per acre turned yel­

lowish after the second application. 
Pod set a,ppeared to have been af­
fected, as the numbers and weight 
of the pods were reduced sigmfi­
cantly by one-half when compared 
with the check and other materials. 
The i-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. 

III another experiment new mate­
rials were a,pplied in sprays in 
single-row plots of Fordhook beans 
planted 011 May 1. Applications 
were made on .June 27, .July 7, and 
17. The results are shown in table 
23. Telodrin, Guthion, and Shell 
SD-3562, each applied at 1 pound 
per acre, gave significant reductions 
in damaged pods. Plots treated 

TABLE 22.-Ejfectivenes8 of 'IJariO'lM ,insecticide sprays and dusts against 
lima-beem pod b07'e1' on F ordhook lim.a, oeans, South Ooast Field Station, 
h-1,ine, Oalij., 1961 

Insecticide (pounds per acre per 
uppl ication) I

Reduction 
in damaged

pods 1 

Pods per 
plant 

Weight of 
pods per 

plant 

Guthion: 
Sprays 

1._______________________________ _ 
.) 

Carb~ryl~-----------------------------
1________________________________ _ 
2. _______________________________ _ 

Endosulfnn:1________________________________ _ 

? 
-~--------------------------------

Percent 
79 
96 

54 
63 

33 
33 

Number 
12 
14 

14 
14 

7 
6 

Ounces 
1.5 
1,8 

1.7 
1.7 

.9 

.8 

Dltsts 
Guthion: f1_. _______________________________ ' 63 

2 _______________________________ ~_ 75 

Carbaryl:1._________ •• _____________________ 29 

2 17
Endo;~if;~~ -­ - - - -­ - -­ - -­ -­ - - ­ -----­ --­

1.________________________________ 25 
2_________________________________ 25 

Check ___________________________________________ _ 

Jj.S.D. at 5-percent leveL_______________ N.S. 

15 
14 

14 
14 

11 
11 
12 
2 

t 

1.8 
1.8 

1.6 
1.7 

1.3 
1.4 
1.4 
.3 

1 Examined 300 green and 125 dry pods per treatment. 
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TABLE 23.-Effectivelleaa of vari0U8 imecticide apraya agaimt lima-bean 
pod borer on Fordhook lima beam, 8QUth Ooaat Field 8tation1 lrviM, 
OaUj.,1961 

Insecticide (pounds per acre per 
application) 

Experiment A Telodrin L ______________________ _ 
Guthion L ______________________ _ 
Shell SD-3562 L _________________ _ 
Shell SD-4294 L _________________ _ 
Bayer 29493 L ___________________ _ 
Dimethoate L ___________________ _ 
Geigy G-30494 L ________________ _ 
EndosuIran 2 _____________________ _
Check. __________________________ _ 
L.S.D. at 5-percent leveL__________ _ 

Experiment B 
Zectran:0.5__________________________ _ 

1, __________________________ _ 
2 ___________________________ _ 

Carbaryl 2 _______________________ _ 
Trichlorfon 2 _____________________ _ 
Stauffer ASP-51 L _______________ _
Check ___________________________ _ 
L.S.D. at 5-percent leveL__________ _ 

Pods 
infested 1 

Number 
5 
7 
8 

10 
11 
15 
23 
24 
19 
11 

11 
6 
6 
4 

13 
16 
21 

N.S. 

Reduction 
in damaged 

pods 

Percent 
74 
63 
58 
47 
42 
21 

--.-------­

48 
71 
71 
81 
38 
24 

Pods per Weight of 
plant 2 pods per

plant 2 

Number Ounces 
11 15 
12 14 
13 14 
12 14 
12 14 
13 17 
11 13 
6 10 

13 18 
2.2 2.6 

1 Examined 300 green and 125 dry pods per treatment. 

2 Based on 60 plants per treatment. 


with endosulfan and Geigy G-30494 toxicity with carbaryl, Zectran, and 
had more infested pods than the Guthion in a field of Fordhook 
check. Endosulfan discolored the beans planted on :May 1. Plots were 
leaves and reduced pod set and single rows, 48 feet long, and rep­
yields as in the previous experiment. licated six times. Applications 

'When carbary], trichlorfon, and were made with hand sprayers on 
Stauffer ASP-51 were compared .June 21, July 7, and 17 in experi­
with Zectran at varying rates per ments A, B, and C, but were delayed 
acre (table 23), there was no signif­ until July 10, 17, and August 2 iIi 
icant difference between these mate­ experiment D. The results are 
rials and the check .in the degree of given in table 24.
injury to pods. Zectran at 1 and 2 Of the eight materials tested in 
pounds per acre and carbaryl gave experiment A, only Zectran gave a good control of the pod borer, significant reduction in damagedwhereas trichlorfon and Stauffer 

pods. The Bayer materi:lls 25141, ASP-51 gave fair control. 
44646, and 373!4, with reductions in 
injury from 52 to 58 percent, gave Experiments in 1962 
partial control. Plots treated with 

In the 1962 experiments against dimethoate and with some Bayer 
the pod borer, 22 new materials materials had more pod injury than 
applied in sprays were compared in the check. 
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TABLE. 24.-Etfectiveness of various insecticide sprays against U1lUJ,-bean 
pod bore1' on Fordhook lima beans, Sottth Ooast Field Station, Irvine, 
OaUj., 196~ 

Insecticide (pounds per acre per application) Podsinfested l Reduction in 
damaged pods 

Experiment A Number PercentZectran 2 _________________________________________ _ 
8 76Bayer 25141 L ____________________________________ _ 14 58Bayer 44646 L ____________________________________ _ 15 55Bayer 37344 L ____________________________________ _ 16 52 

General Chemical GC-3707 .5 _______________________ _ 29 12Bayer 32651 L ____________________________________ _ 31 6Bayer 36205 .5 ____________________________________ _ 37Dimethoate 1 _____________________________________ _ 53Check____________________________________________ _ 
33

L.S.D. at 5-percent leveL __________________________ _ 21 

Experiment B 

General Chemicftl GC-4072 L ______________________ _ 2 91CarbaryI2________________________________________ _ 3 87Bayer 47940 L ____________________________________ _ 3 87Bayer 46676 1 _____________________________________ _ 4 83Bayer 41831 L ____________________________________ _ 14 39
Pyramat (Geigy) L ________________________________ _ 15 35Bayer 39007 L ____________________________________ _ 18 22Isolan 1__________________________________________ _ 19 17Dimetilan 1 _______________________________________ _ 20 1331 ___________ _ 
Check____________________________________________ _ 
Endosulfan 2 ______________________________________ _ 

23
L.S.D. at 5-percent leveL ___________________________ _ 12 

Experiment C 

Stauffer R-1504 L ________________ .. _______________ _ 5 81Zectran 2_________________________________________ _ 7 73 
American Cyanamid 43064 L _______________________ _ 8 69
Shell SD-3562 .5 __________________________________ _ 9 65Famophos 1_______________________________________ _ 13 50 
Union Carbide UC-10854 L ________________________ _ 13 50
Stauffer N--2788 L ________________________________ _ 18 31 
Union Carbide UC-8305 L _________________________ _ 22 15 
Trichlorfon 2 1.5 ___________________________________ _ 31
Dimethoate 1_____________________________________ _ 33Check____________________________________________ _ -----------­26 
IJ.S.D. at 5-percent leveL __________________________ _ 12 

Experiment DZectran 2 _________________________________________ _ 3 86Guthion 1________________________________________ _ 4 82
Ortho 5305 1 ______________________________________ _ 7 68Phorate 1 _________________________________________ _ 15 32 
General Chemical GC-3707 L ______________________ _ 15 32
Di-Syston L ______________________________________ _ 16 27
Dimethoate 1_____________________________________ _ 18 18Check____________________________________________ _ 

22 
L.S.D. at 5-percent le\'e1. __________________________ _ 11 -----------­

1 Examined 600 pods per treatment. 
2 50-percent wettable powder. 
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In experiment B, General Chem­
iCltl GC-4072, carbaryl, and Bayer 
4:79-10 and 46676 r~luced pod injury 
fl'Offi 83 to 91 percent. The other 
materials glwe poor control, with 
39-percent or less reductions in in­
jury. Endosulfan not only was 
ineffective but caused n. yellowing 
of the foliage, which reduced pod 
set and yields in the same manner 
as in 1961. 

In experiment C, Stanffer R­
150'1, Zectran, America.n Cyana.mid 
43064, and Shell SD-3562 showed 
promise by reducing pod injury 
feom 65 to 81 percenl', The six other 
ma.t(:rill1s g:we reductions in injury 
or 50 percent or less. 

Of the seven materials tested in 
experimen.t D, only Zectran, Guth­
ion, and Ortho 5305 reduced injury 
significantly, with reductions from 
(;8 to 86 pm·cent. Phorate, Genera] 
Chemical OC-370i, Di-Syston, and 
dimethoate were ineffective. 

Discussion 

Of the insecticides tested in 1958, 
frLir to good contro] was obtained 
with cltrbaryl, Telodrin, and carbo­
phenothion. Endrin showed prom­
ise, but affected bloom and reduced 
yields. Cryolite, long recom­
mended for the control of the pod 
borer, ga.ve pa.rtial contro1. 

In 1959, car'baryl applied either 
in a dust or spray glwe good control 
in one experiment and fair in an­
other. Carbophenothion was also 
inconsistent. Bacill'll,g thuringien,gis 
applied in n. dust or spray was in(>£­
£ective. Other materia Is failed to 
give cornmercild control. 

Expedments in 1()60 showed 
Guthion, General Chemical GO­
4.072 and GC~35S3, and car­
ba,ryl superior. In another experi­
ment carbaryl applied at difl:erent 
dosages !Lnd times and Telodrin 
gave fair control, but they increased 
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be:LIl production siglli ticantly In 
some instan(.'€S. 

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

In experiments in 1962, the best 
control was obtained with General 
Chemical G0-4072, Zectran, car­
baryI, Bayet' 4:794:0, Bayer 4:6676, 
Sta.uffer R-1504, and Guthion. 
Three applications of these ma­
terials gan' Sl- to 91-percent reduc­
tion in pod injury. 

None of the 54: insecticides tested 
against the pod borer 011 lima beans 
from 1955 to 1962 gave outstandin~ 
commel'cial control. In repeated 
tests carbaryl at 2 pounds actual per 
acre per application (3 or 4: applIca­
tions) was the most effective, aver­
aging SO-percent reduction in pod 
injury. Catbaryl was also effective 
against the corn earworm and gave 
fair to good control of lygus bugs. 
Howevet·, it cMlsed excessive build­
up of the two-spotted spider mite 
(l'ef?'anvch1UJ tela'riu.~ (Lo» on 
beans, Guthion and Zectran ap­
plied at 1% 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 residue information 
lleither has been registet'ed for use 
on beans. Both en(h'in and endosul­
fan showed considerahle promise, 
but. tests with these matel'ials were 
discontinued because they affected 
pod set and reduced yields. Other 
promising materials that shouid un­
dergo further testing' are Telodrill) 
General Chemical GC-40i2, Bayer 
4:il)40 alld 466iG, and Stauff'er R­
150-1. 

Because of cost, bean growers 
have been reluctant to apply more 
than two applications of insedi­



42 TECHNlCAL BULLETIN 1321, U.S. DEPT. OF AGRICULTURE 

cides to control insects oh beans. damaged pods), failure to muke ad­
Nevertheless, in years such as 1958 ditional applications meant that 
and 1959, whelJ pod borers were ex­ grQ',:ers experienced losses far in 
tremely destructive (72-percent excess of the cost of the insecticides. 

Summary 

The lima-bean pod borer (Etiella 

zinckene71a (Treitschke» is one of 
the most serious insect pests of 1ima 
beans in California. It was first 
reported damaging limit bea,ns in 
the rruited States during 1885 in 
El Dorado County, Ca.lif. It oc­
curs in several States fronl. the 
Pacific to the Atlantic Ocean and 
is widely distl'.ibuted throughout the 
world. 

The lima-bean l)(xl bor"Cr' is pri­
mtn'ily it pest of Illna beans, but it 
has been repolted da,O'laging other 
val'ieties of beans llnd repL'Oducing 
on several wild host plants, especial­
ly species of lupine (LupintloS) , 
wild pell, (LatlLyrlt.~), and locowee.d 
(.!i8tragalu8) . 

The larya, is the only stage that 
injures lima beans. It feeds only 
011 immatnre beans !Lfter eating an 
entrance hole through the pod. 
Economic loss is caused by drop­
ping of immature pods, whidl re­
duces yield, loss of beans from 
larval feeding, and cost of separat­
ing ul1Chmaged from damaged 
beans, 

There a,re ge,rel'al insects in the 
liLr\'td st~'tge that feed on lima beans 
and !I,re often confused with the 
lima-belt,n pod l:xwer, :Llthoug'h the 
larnte llee not similar and each has 
chamcteeistic feeding' habits hy 
which it. can be identified. 

The life h.istorv of the lima-bean 
pod borer showe(1 a wide mnj!'e in 
length of ditl'el'(>nt pel·iods, as de­
termined by re:tring' the ,'arious 
sta,ges in a screen-wire insectary 
outdoors, supplemented by obsernl­
tions in the fil'ld from 19:31 to 11)3;) 
at Yentur:l, ('alif. Higher tem­
penttures fl"om .Tune to September 

decreilse the length of different de­
yelopment periods and lower' tem­
peratures during the other months 
increase the Jength of elwh period, 

The adult lives from 1 to 69 days. 
During an average lifespan of 19 
ellLY8, a, female Will deposit on an 
~ \'erage 33 eggs. Eggs:tl"C ~epos­
Ited on or near pods of wIld or 
cultivated host plants. The incu­
ba,tion per"iod ranges from 5 to 33 
days and it \·erages 15. From 13 to 
65 days is required for the newly 
hatched ]a.rvae to enter pods and 
feed until matm"C. "\\Then mature, 
the lan'ae lea.ve the pods and enter 
the soil to a depth of one-half to 
9 inches, where they spin cocoons in 
which they later transform to pu­
pae. The pupal period lasts from 
16 to 101 da,ys. The total life cycle 
from egg to adult requires from 2 
to 9.8 months. One brood develops 
011 ILIlllual wilel host plants from 
)hrch to .June, and from two to 
four broods develop on lima beans 
and per"Cnniallupines from June to 
December. They overwinter as lar­
vae in cocoons in the soil of old bean 
fields. 

The relationship bet.ween t.he 
lima-benll pod borer infestation on 
wild and cultivated host plants is 
cOl'l'elated with the seasonal life his­
toey and habits of the insect. 

Varieties of beans that set their 
pods high on the plant, such as the 
bush type, usually ha.ye the largest 
percent.tge of wormy pods, whereas 
the vine type 01' varIeties that set 
pods low on the plant have the low­
est percentage of wormy pods. 
This difference of infesration is due 
llpplll'ently to the normal photo­
tropic response of the poel borer 1ur­
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vae that stimulates them to crawl 
towttrd the stronger light or periph­
eral of the plant in sea.rch of food. 

The lima-bean pod borer was 
found to have severa.l native para­
sites, none of which were effective 
in reducing the abundance of the 
spedes. Six species of pttrasites of 
the p<xl borer in foreign cmmtries 
wm·e introduced and liberated as 
adults in southem California. 

Experiments ill which mature 
overwintering lalTae wel·e covered 
with different depths of soil showed 
that a large percentaO'e of the re­
sulting adults could be prevented 
from emerging when the larvae 
were covered with 6 or more inches 
of soil. 

Surveys conducted over many 
yeal"S show that late-planted beans 
hare always had more p<xl borer 
injury than early-planted };leans, 
but field experiments to substantiate 
this trend lun-e been contradictory. 

Nwnerous aromatic chemicals 
were tested in bait tra.ps in the field 
from 1934 to 1936, but none of the 
baits used were sufficiently attrac­
tive to adult. pod borers to be of [LIlY 

value as [L control remedy. 
A series of labomtory tests 

showed that the pod borer adult was 
positi vely phototropic, with a high 

selectivity for monochromatic blue 
light. In field tests conducted for 
3 years pod borer adults were at­
tracted to colored light and killed 
with an electrocuting device. How­
ever, the cost of installing light 
traps, the high ratio of males to fe­
nudes attracted, the small number 
of moths captured, aml the uncer­
btinty of infestation made this 
method of control impractica.ble. 

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 ll-pplications) was the 
most effective, with an average of 
SO-percent reduction in llod injury. 
Carba.ryl was also effecbve against 
the corn earwonn (Heliothis zea 
(Boddie» and gave fair to good 
control of lygns bugs. Its main 
disadvantage 'was that it increased 
infestations of the two-spotted 
spider mite (Tetntnychu8 tel(will8 
(L.» on beans. Guthion and Zec­
tran applied at 11;2 or 2 l:>?unds ac­
tual per acre per applica.tlOn (3 or 
4 applications) gave good control 
of both the pod borer and lygus 
bubrs. Other materials that should 
be 'investigated further are Telo­
drin, Genera,l Chemicll-l GG-4072, 
Bayer 479-10 and 46676, and Stauf­
fer R-1504. 
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Chemical Names of Proprietary Materials 

Mentioned in This Bulletin 


Amet'ican Cvanamid ~-('r('1 it" pthylplle (diethoxyphosph inoth ioy!) 4306-L___~ ___________ _ 
e1it hioimidocad)onate

Bayer' 2240iL ___________ _ Ofj-diethyl O-nllphthalimido phosphoro­
thiontp 

http:CrrEGAJ.EH
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Bayer 2514L____________ 

Bayer 29493____._________ 

Bayer 3265L____________ 
Bayer 36205_____________ 

B!lyer 37344 _____________ 
Bayer 39007_____________ 
Bayer 4183L____________ 

Bilyer 44646 _____________ 
Bayer 46676_____________ 

Bayer 47940_____________ 

Di-Syston ______________ 

Famophos ______________ 

Geigy G-30492 __________ 

Geigy 0-30494-_________ 

O,o-diethyl O-p-methylsulfinylphenyl phos­
phorothioate

O,O-dimethyl 0- [4- (methylthio) -mAolyl] 
phosphorothioate

4- (met.hylthio) -mAolyl methylcarbamate 
6-methyl-2,3-quinoxalinedithlol cyclic S,8­

dithiocarhonate 
4- (methylthio) -3,5-xylyl methylcarbamate 
O-isopropoxyphenyl methylcarbamnte °,o-dimethyl 0-4:-nitro-7n-tolyl phosphoro-­

thioate 
4-dimethylttmino-m-tolyl methylcarbamate 
O-ethyl 0- (2-ethyl-6-methyl-4-pyrimidinyl) 

ethylphosphonothioate 
0-(3-chloro-4-cyanophenyl) O,O-dimethyl 

phosphorothioate
O,O-diethy} 8-[2-(ethylthio)ethyl] phospho­

rodithioate 
O-p- (dimethylsulfamoyl) phenyl 

o,O-dimethyl phosphorothioate 
O,O-dimethyl S-[ (phenylthio) methyl] phos­

phorodithioate 
S -(2,5-dichloropheny lthio) methyl 

O~O-dimethyl phosphol"Odithiottte 
Geneml Chemical GC- 2-chloro-1-(2,5-dichlorophenyl)vinyl diethyl 

3583-_________________ phosphate 
General Chemical GC- dimethy13-hydroxyglutaconatedimethyl phos­

3707 _________________ phttte 
General Chemical GC- 2-chloro-1- (2,4-dichlo.rophenyl) vinyl diethyl

407:2 _________________ phosphate°Guthion ________________ 

Isolttn _________________ 

Kelthane _______________ 
Kepone ________________ 

Monsanto 7769__________ 

~fonsanto R5iL_________ 

Ortho 5305______________ 
Pyramat _______________ 

Shell SD-3562__________ 

Shell SD-4294 ___________ 

Stauffer ASP-5L_______ 
Stauffer N-2788 _________ 

,O-dimethyl S- (4-oxo-1,2,3-benzotriazin-3­
(ill) -ylmethyl) phosphorodithioate 

l-isopropyl-3-methyl-5-pymzolyl dimethylcar­
bamate 

I,l-his (p-chlorophenyl) .2,2,2-trichloroethanol 
decachlorooctahydro-1,3,4-metheno-2H-cyclo­

buta[cd]pentaJen-2-one 
hexaethyl [ (ethylthio) m( thyl idyne]triphos­

phonate 
tetramethyl (dithiodimethyJene) diphospho­

nate 
7n-8ec-butylphenyl methyJcarbamate 
4-methyl-2-propyl-6-pyrimidinyl dimethylcar­

bamate 
2-dimethylcllrbamoyl-1-methylvinyl dimethyl 

phosphate 
dimethyl 2- (alpha-methylbenzyloxycarbonyl)­

I-methyl vinyl phosphate 
0,0,0 ,0"tetrapropyl pyrophosphorothioate 
O-ethyl 8-p-tolyl ethylphosphonodithioate 
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Stauffer R-1504 _________ O:O-dimethyl .S-phthalimidomethyl phos. 
phorodithioate

Telodrin _______________ 1,3,4,5,6,7,8,8-octachJoro-l,3,3a,4,7,7a-hexahy_ 
dro-4,7 -meth:moisobenzofuran 

Union Carbide U 0-8305_ - 3-chJoro-5-methyI-3-thio-2,4-dioxa-3-phospha­
bicyclo [4.4.0] decnne 

Union Carbide UO-I0854_ m-isopropylphenyl methylcarbamate 
Zectran ..----__________ 4-dimethylamino-3,5-xylyl methylcarhamate 

U,S. GOYERNIoIENT PRUITING OfFICE: 19115 0--744-014 



... ~ 

".. 
.' 

jl 
! 
I 
I 

.' 

I 
t 

\ 
1 

.J 

•I 
f 

~
;] 

I. l;.. 
. \ 

.1 

.\ 
'( 

. I 

j 

"":.~-~,..~"S:. ",,';" 


