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Host-Piant SclcC'Iicm hy thc Mexican Bcan 

ld.lTJ!RA G. Auc;usn r-.:E,z· • F. w. FISK; R. H. DAV LDSO N,' U~l~Pó~U~cOMtlhC1'61fCLEARY• 
11 ABSTRACT 

Thc ;o.lexican bean hectle, Epi!aclnw ••ari<•rstis Mul ­
'an t, fccds ~clcc tivcly on ccrta i11 spcc ics of 1-'lwseo/us lo 
thc cxclns ion of lhe rcmaining repn~scntati vcs of lhis 
anrl olher genera of bcans. ln a stndy of thc chemical 
brtors undcrlying lhis sclccli,•e fccding, lhc phagoslimu­
lanl fral'lion in lhc sccds of 1'. v ulgaris was isolatcd and 
iikntiíicd as sncrose. Bioassay of 13 sugars and 15 
an1ino arids showed that only sucrose and, lo a lesser 
<ll'¡:rcc, it s hcxóSe"Cciiñponcnts induccd fccding by lhe 
lwl'!le. Thc sccds as wcll as lcavcs of thc nonrcsistant 
'i"·cies of l'hascolus \\'ere fonnd to havc a highcr con­
rcntration of sucrosc, g lucosc, and fntelosc, thercby rc­
\Taling !he role thcsc sugars play as arreslants in hosl­
plant sclcct ion by l hc bcctle. Bioassay of tbe volatilc 

1-fost preicrencc in lll;llly phy tophagous spccies of 
insccts is \\'CII kno\\'n, a nd thc iactors, in the host and 
ni the pcst , that make possihle this prcícrencc are 
l'lll'rcntly rccciving an cx tcns ive probc fro m severa ! 
111rc~tigators. Faclo rs in thc p lant conccrn it s physi­
ra l and c hcmi cal makcnp. \\'hi le those of the pest con­
n ·rn its percepti ,.e po\\'ers. Rccognition and suhse­
qncnt selcc ti on o f thc food-plant by the insect cal] 
into pJ;¡y a IJ;¡rmoniou s coordi nation of all t hese fac­
t••rs. Severa ] of thc easily discernible phys ical at­
trihntcs of plants. s ize, shapc, and color, are too 
r;1 r iahlc a nd possess no uniqucness that cou!d possibly 
aid thcir recognition hv the pcst . Vision. phototaxis, 
¡;cotax is, ami hygrotaxis play a part in dirccting in­
'l'Cts to thc proper cn,·i runmcnt fo r fecding and m ·i­
prosition: hut the ulti matc close- rangc fnrces, operat ­
lllg' in the food-plant selection hy the hos t -spcci fic 
pl'sts, a re prcsumed to he larg-e!y chcmical- regulated 
i••r thc most part by smell ami laste. 

1~ ver sin ce thc fi rst accounts hv V erschaff elt 
( I'J IO) a nd i\ lclndoo ( 1919) in vited ;~ttention to the 
pnssible re lat ionships ht>I\\Tt'n the c hclni cal constit­
ucnts of p!ants and host -specilic phytophagous in ­
'ccts, considerable progres s h;¡s been made in un­
ral·cl ling somc of the c;\usa l fac tors underly ing thi s 
phenomcnal host-speci ficity of ccrtain insccts. D eth-
1<'1' ( 1953 ) , Kcnnedy ( 1953), Lipkc ;md Fraenkcl 
( 1 <J.'i(¡ ) . Heck ( 195ó), a IHI Thors tci nson ( 1960) p ro­
lide some o( the ,-ery helpíul reports in thi s fic ld of 
-tndy. Thcse repo rts gi ,·e an adcquale ins ight into 
tl1c int ricacies o f thc pro h!em ami list a n cxtensi ,·e 
t.ihl iography to the work oi othc r in vcstigato rs sincc 
\'<'rscha ffcl t. A survey of thi s literature reveal s 
<' lllphas is a long 3 basic !ines of ill\·cstigation : ( i ) con­
,jderat ion of thc nu t ritinnal all(l nther facto rs res idcnt 
111 plants a nd leading- to the insect's "passi,·e'' sclcc­
!lflll of host-plants : ( ii) :;earch for nmmutritious . at ­
tr:¡cti,·c or rcpcllcnt facto r ;: responsihlc for "acti ve" 
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fraction from fo liagc of host-pla nts yicldcd pos1t1ve ol­
factory responses from l'vlcx ican bcan bcctlc larvae, and 
only indi rcct cv iclcncc of similar responses from thc 
!!,\l~Jl1s . Thcsc lindi1Jgs inclicatc lhc prcscncc of a short-
~·ange atlractant in tl1c volatilc constitucnls o f host­

plants. T be inflncncc of ~lh attractan~s <!_1.1~1 ar~cstants 
111 host-planl sclechon by msccl pesls 1s ili!fusscd, and 
lhc signif1cancc o f quant itative cliffcrcnces in esscntial 
nutricnls ) 11 hosl-plants is sl rcssed. Phytogeographical 
factors rclat~o thc 10 colnlllon spccics of fJ!tascolus 
al so are discusscd, emphasizing lhat in host-plant sclcc­
l ion thcir role, if any, is only subordinale to stimulant 
chcmicals in plants. 

selection or r ejcction by phytophagous insccts; ami 
( iii ) phy~iological changes in the plant and their im­
pact o n the fooll-find ing be ha vi o ral pattern o f t he 
pcst. Despitc lhesc 3 differ cnt approaches-nutr ients, 
secomlary chemicals, a nd physiological changes within 
the pla nt-it is o bvious that the emphasis in all these 
i1westiga tio ns of host-plant selcction in phytophagous 
insccts remains essentially one of finding specific 
chcmntactic stimuli res ting in o r emanating from the 
plants. 

The iVlcxican bcan beetl c, Epilac/ma varivcstis 
i\1 ul san t ( Colcopte ra: Coccinell idac), exhibits host­
specific ity . Of t he 5 genera of heans, Vig11a, Phaseo­
! ~t s, Dalirlros, Gl::ciuc, Vicia, t he heetle shows marked 
prcferencc to only certain spccies o f Phaseolus. A ll 
o thcrs ( ha rring a neg lig ihle number of inter specific 
crosses showing "sl ight to intermcdiate" suscepti bi lity, 
lmt ne,·er preferred ) are categorized as res is tan! to 
t hc pes t ( \ Vul fenbarger 1961) . The insect m ay, under 
experimental and occasiona lly even field co nditions, 
live on certain p lants totally unrelated t o legumes 
( .·\uclai1· 1959) . Elmo re ( 1949) provides a list of 
pla n ts the pcst did not accept under experimental 
couditions, and a fe w it fed upon but w ithout sub­
sequent reproduction. T he invest igat io n reported in 
thi s paper was madc to identi fy the plant const ituents 
el ici ting thosc chenwtactic r esponses in the beetle 
that a id its une rr ing recognit ion a nd d iscreet accept­
ancc of its preferred hos ts. 

li!ATERIALS 

Throughout thc period o f this study, a large cul­
ture o f M:exican bean beetles was mainta ined in the 
grcenhousc. The bcctles were rea red mostly on red 
kidney ami lima varieties of bean p lan ts. Separate 
cages for adu lts, lanae, pupae, a nd newly emerged 
a<lults faci l italed the use of samples of unifo rm age 
in ;¡J] hioassays. \ Vhcrc feed ing act ivity was the cri ­
te ¡-io n soug ht. young ad ults ( not older t han 8-10 
days) and carl y second- ancl th i rd-instar larvae were 
fnund to yield m ore consistent r esults than other 
stages of the bcct le. 

Sceds fo r analysis were secu red from commercial 
as well as vari ous o ther sources (Aug us t ine 1962) . 
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l ' l.i lltiil!.!" fnr fnli :1gl' :111 :11 y~i~ \ \\' IT a l the rall' n f -10 
to .J.; ,,Td" pn cacli <1- iucli pot . : \ ¡:rico \\'atn -~oluhle 
¡d:1 111 food 17- 17- 1/ \\':!"' mixer! tn h:df ~trcng-lh. and 
l·a..:h l'ol r('n:i\T(l j(, lll oí thc ~<•lut ion. T hc \\·ater 
"'IIPPIY in thc ~aurcr;. hold ing- lhc pols was rcplcnishcd 
l'\ cry othc r day. a nd lhc foliagc for ana lysis was 
pirk~d al\\'ays from planls ahoul thc same stage of 
gro\\'th-\\'hcn thc lrifoliate lc:ll·es were just unfo ld­
ing-. 

.\1 ETIIU IIS 1\/\IJ RESC JJTS 

:\lost o f lile d:unag-c done hy lhe J\lex iran hcan 
hcctle. E. •·arin·!;tis. lo the susceptible bean planls 
is deioliation, although holh la 1Tac a nd adults are 
kno\\'11 to fecd 011 pods of some , ·ar ieties after foliage 
is dcstroycd. AdulLs o r lar\'ae, fccd ing irom below, 
cal rag.~cd a rcas in l hc lo\\'cr surf;~ce of the lea f, 
oitcn abo cu tt ing- through the uppcr su rface. The 
damagcd lea f is a pecul iar net\\'nrk \\'hi ch c ha rac­
tnizes lhe a ttack nf lh is pcst ( Jfm ,·a rd 19 11 ) . Be­
ca use of thc pcst's prcfcrcntial fced ing on lcaf j ui ces, 
it \\'as po«t ulatcd that the inscct may attack filter 
papn t reated \\'Ílh a ny a llractant f racti on from its 
hus t-pla nt tissucs. lni t ial ill\·cst igat ions ( n yers 1961) 
u~ing thc leaf juices ohtained hy mincing lea ,·cs of 
l'lwscc>lus 'i'ltlyaris l .. in a \\"aring- hlcndor pro,·cd 
thc prnct'durc sati,íac tory. :\ damag-ed leaf a nd thc 
pa11crn of kc<ling on filter p;q>cr with lea( juices ;¡re 
~ho\\'n in l; ig-. 1. 

Fxc. 1.- Pattcrn of fceding on lca\'CS a nd filter paper. 
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J:.rtru<'lioll of s,·,·ds.-S tt~rag-e oí sceds IS eas1cr 
1 han tl'l:l l oí foli:1ge, and secds al so assure a rcady 
Sll pply of un iior111 n1a tcr ial fnr chcmical :~ nalys i s . A l! 
,·arictics o( J>. •·u/y,Jris :~re knm\'ll to be susceptible to 
se\'C' re a tta..:k by the bcetle ancl, there fore, seeds of 
one of it s cnnmwn \'arieties (red kicluey bean ) were 
choscn for t huroug-h fractionation to isolate the prin­
cipa l fccding' st imulant fo r the lll exican bean heetle. 

!\ mixtmc oi ground seeds of P. v ulgaris and a 
small qu;ult ity of Sl'a sand was placed in <L sinte red 
glas~-hottom \Tss<'l and extractcd in a soxhlet appara­
tus : firs t with elhcr ahsolute a11CI t he n w ith 95% ethyl 
alcohoL Each sample was extractcd for 20 to 22 
hours. T he extract fractions, aftc r the removal of the 
sohTnt in ,·a..:uo, wc rc d ri cd in a Yacuum desiccator 
and hioassa,·c{l. T hc fr;~.ctionation scheme ;~.nd thc rc­
~ults of th~ bioassay of thc fract ions a re founu in , 
Fi¡;;. 2. J:y techniques listcd in Table 1, the active 
iugredien t in the et ha nolic frac t ion was idcnt ified as 
S \ICI'OSC. 

Bioossay.-T hc ~ccd ext racts were d issolved in 
known \'olumcs ,,¡ thc sol\'cnt. ami \\' l1atman );o. l 
( 4.25 cm) filler paper discs were trea ted with meas-

S eeds of P hoseo lus vulgoria 

! o round o n d s i eved l 

1 
E.xtroc l wil h onhydrous 

ethy l ether 

Ether d ls t illo te Ether Insoluble residue 

1 . 
Evop orote 

.¡, 
1 

Extroct with 95% ethonol 
t 1 :¡, 

Deep yellow, 
greoay precipit o te 

(-) 

Alcohol aoluble Alcoh ol inaolublt 
lroclion res i due 

r (-) 

Evoporote Add MoO 

~ ~ 
Redd l sh- brown, 
syrupy prec ipitote 

( t+tt) 

Yellow - oreen 
solution 

~ 
Disti llote 

1 

1 
Decont 

1 

Treo! with octivo te d 
chorcool ond f i ller 

J. 
Resldue 

(- ) 

1 

~ .¡; 
Fi ltrote 

1 
Reduce votume under 

Residue 
H 

pressure ond odd onhydrous ether 

Yellow- white, f loccutent Fi ltr<11'1 
precipitate (-) 

1 (+H+) 

Dissolve in obsolute ethonol 
ond repeot pro cen of puriflcotion 

~ 
White c rystolline substonce 
( identif ied os suc rose l 

( H++) 

Fu;. 2.- Fract iona tion schemc of sccds of Phascolus 
ntlgaris, and hioassay of the fractions. (-) , inactive al 
fccding s timulan t ; (++++) , vcry active fceding stim· 
ulant. 
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Tat.k 1. - l tknt ilir;t\i ~>ll 11Í tht' pha>.:o~titnn\an t crystal ­
linc material from tite ~('Cds of 1'/wsmlus ;·ulyaris. 

Test 

\ldtin~ point 

l~círact i t•c 
itulex 

lnfrarctl spcclra 

Chromatng­
raphy, nnhy­
urolyzcd 

hyurolyzcd 
(\\'ith di!. 
HC1) 

Octa -aceta te• 

Unkn0\\'11 crystals 

11).5° c. \\' ilh 
dC(Iliii J>OSition 
alpha - 1.537-t 
heta - 1.5(,4') 
lrkntical \\' ith 

S llCI'Il'C' 
R, t·alnc (O.i ! ) 
and spot color 
( bro\\'n ) as of 

:;; lJCr<I$C 

Rr valncs (O.i() 
and O.H) aiHI 
colors of spots 
(~late bluc atal 
palc hru\\·n) as 
r>f >.:hKosc anrl 
frtll' lo~c rcspcc­
ti,·cly 
71"-72° c. 

Sucrosc 

u~s· c. \\'ith 
tlet·ompos ition 
al pha - 1.5376 
beta - 1.5651 

------------·---------

urcd amouuts ni thesc sulutious. These di scs a nd the 
' 'controls '' \\' t' re thcn placcd in a \'acuum oven fo r 
20 tu 30 minutes lo retlltn·c all traces of the sol\'ent. 
l' l:tccd in a pctri di sh, thc clry d iscs \\·ere moistcncd 
1\'ith a few drops of \\'atcr ami exposed to one or more 
hcctlcs stan·cd ca rli c r for 20 to 24 hqu rs. T hc petri 
rlishcs t\T rc thcn transierrcJ tu Boekel desiccators . 
Fecding- 111arks ni thc he<:tles rm cx tract-trcated d iscs 
was cuns idcrcd as sug-g-est i \'e of thc presence of a 
ltost-plant fractinn s<·n·ittg a s a fceding st imulant 
lor thc insccts. 

Kccping trcatccl di scs for intcnals longcr than 1 
lo 2 ltours allCI adcquate \'Cntilation are esscntia l tu 
~; tt isfactory t c~ting cunditions. l'sc of an air pump 
and a watcr -lillcd gas-buhblcr scnd ing a continuous, 
linc ~trcam of hum id a ir through Hockel desiccator s 
fac il ita tcrl prolongcd pcrioJs of tcst ing. ~ix to cig-h t 
~mall hules in thc lids of thc sterilc plastic petri di shes 
a~su rcd adcqua te ,·en! ilat ion. ,\ t a tcmpcrature of 
t{2• to 8-t• F ami rdati,·c lnnuidity uf 70'/o to 7G7o, 
di,cs moistcncd \\' ith 0.2 mi of water were found to 
rt'lain GO'lo to 707o of thc moisture even after being 
inthe dcsiccators fo r 12 hours. 

Tcstin r¡ "sugar a/1(1 a111ino acid trcfcrenccs" of tite 
bcc/lc.-ldcntificat ion of thc phagostimulant fraction 
as sucrosc ami thc knowledg-e of thc growing rccogni­
ti •m among rcscarchcrs in tite tield uf inscct nu tr ition 
( lto 1960; Thorstc i n~< lll 1')60 ) of the ~ig-nificance o f 
nntricnts as fecrling- stinntla nt~ for phytophagous in­
,t·cts nccc. si ta ted tcstin¡r t he suga r preferenccs of thc 
:\lcxican hcan hcctl c. Solutions of the fo llowing 
~ugars werc preparcd at , ·arying concentrat ions : glu­
C'l'iC. fructm.c. g-alactr¡sc. manno~c. arahinose, rihose, 
rhanmo~c, xylose, . uet·o~c . maltose. lactose, cellohiose, 
.nul raflinosc. 1 n each Jar¡.:-e petri dish 7 tilter papcr 
,Ji,o. cach t reatcd with ;¡ diffcrcnt sugar, were cx­
l"•~ct l lo 5 lo ú staned bcetles for periods ranging 

fr"n1 1.? tn IX hours. Thc s ug-ar solut ions wcrc ap­
pl i~·d in 0 . .? mi port ions to each di se. Only 3 of thc 
U q ¡¡.;ars tcstcd st imulatcd fccdin¡.; by the hcctle. 
( La P idus et a l .. in press) . The dcgrce of the in­
~cc t's prcfcrcncc fo r lhcsc three sugars may be in­
dicatcd a s : 

suc ruse 2 fructose > ¡;lucosc 

A 111ininmm cnncc ntration o f 0.05M sucrose gave 
opt imut n rc~ul ts ( ~ymholicall y shown as + ++ a nd 
++++in the re~ult s of the hioassay ) . 

Ethanolic extrae! ~ of plant t issues contain, hcsides 
t races nf sc,·cral chemical const itucnts, chiefly ca r­
bo hydratcs (free sug-ars in part icular ) and am ino 
ac ids . T hc pur ilied fraction ( containing only s ug-ar ) 
as \\'ell a s thc c rudc ethanolic cxtract scrvcd as 
cqually cffccti ,.e phagosti111ulants for the hect le. The 
activity, if any, of the amino acid fraction in in it iat­
in g- fccding- hy the beetle, t he rcforc, had to be eval­
uated. Bioassay of \'arying conccntrations of cach of 
15 sclcctcd ami no acids ( g lycine, alanine, valine, 
lcucinc. proli ne. phcny lalanine. aspa rtic ac id, glutamic 
acid. scrinc. cystine. tyrus ine, arginine. histidine, 
lys ine. ami tryptophan) ga ve negative results. 

Qua 11/itot i<·c estimo/ ion of s ugars i11 secds.--Fol­
lo wing thc fi nding tha t suc rosc and its hcxos~ com­
ponents wcre phagostimulants o f considera ble impur ­
tancc for thc bcetlc, the amounts of thesc suga rs in 
secds of resistan! and nonresistant species of Phasco­
lu s \\'Cre dctcrmincd hy the Munson-Walkc r pro­
ccdu rc (Horwitz 1960) . T he r esults a re shown in 
Table 2. 

E.rtractim; of lca<·ts.-The Mexican bean heet le 
fccds only nn thc fuliage of its hosts, not t he sceds. 
T hc cst imation and compa ri son o f the amounts o f pre­
ferrcd sug-ars . t hercfore, was extended to thc !caves 

· of thc resistant and nonrcs istant specics of P!tascolus. 
S nmplcs o f frcsh foliage (primary leaves from plants 
wi th t rifoliate lea,·cs just unfoldi ng) wcrc rapidly 
pickccl. wcighccl ( 1 O g), and imrnediately plungcd 
into a \\'aring blcnclor containing ISO m i of XO% 
cthanol a t ;o· to ;s·c, and lacera ted with scissors 

Tahlc 2.- l'crccnlage dry wcigltt of rcducing and non­
rcducing su~ars in sccds of rcsistant and nonresistant 
~pccics of f>iws,·o/u.<. { :--l odified from LaPirlus 1963.) 

P ercentagc oi: 

Non- Total 

S pccics 
Rcducing reducing "prcfcrrct.l 

sugars sugars sugars" 

Rcsistant : 
V IIIIIII!JO 0.02 0.8 0.82 
P. 1111 /'CIIS .01 .9 .91 
P. alrop,rp~trcus .01 .9 .91 

l\onresistant: 
1'. <·11l,qaris .03 2.0 2.03 
P. lt111allls .U2 1.9 1.92 
P. coccint'liS .02 2.0 2.02 
P. ucutifolius .02 2.0 2.02 
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hcnca th t hc ~ur fan· nf ¡}¡,· a kohnl. This HTI rapid 
prnc<'ss ing of t he )c;¡ IT.' 11·;¡s to in;¡r t i rate cnzym;ttir 
rc;tdions. csptTi;tlly .tite hydrolysis of sucmsc. l ~arh 
S;Jinple \\':t S hlendcd for (> t o 7 minutes and thc m ix­
ture, togcthcr with anuthcr s;tmplc uf 00 ml of lwt 
Xtl )i- cthanul uscd lor rinsing- thc blcmlor. \\';JS tr;¡ns­
inrcd in;¡ stoppcrcd Jlask to an ckrlric oYen ;¡( ~O" C. 
Thc cxtracts wcre maintainct\ at thi s tempcr aturc ior 
10 to 2 hours. Extractinn oi free sugars. amino 
aci d~. aud plant acids is essent ially complete<! whcn 
chlurophyll appears cxt r ;¡ctcd. Thc s;unplcs 1n•re al­
lo\\'cd lo cool. filtercd u s iug a louclmcr funncl. ami 
c;tch res iduc washcd ll'itlr óO llli of lwt so;;.. cthanol. 
l ~r¡u;tl ;utHJunt s nf acti1·a!t'd charcoal wcre added to 
the filtra tes. a tHI the samples wne filtcred ;¡ftcr 1 S 
minutes. Thc clear ctlt;uwlic cxtracts IH're thcn 1n;tdc 
\l]> tn 250 m\ with 807o ethan(l\ ( ('xtraction procNlure 
lt;td rcsultcd in a s light loss in the 2(>0 mi of dhanol 
u sed in carlicr stcps) . ami refrigcr;ttcd. 

Frnm the same plants, at the same time, du¡dicate 
s;unplcs of foliage 11-erc picked. 11·c ighed. ;JIHI dried 
lo ronstant wcight in a ll clcct ric OI'Cn at so·c. Dry 
11·eights of thc s;¡mplcs wcre dctcrmined hy this trcat­

mcnt. 
Q 11alllilali<•c ,·stilllalio ll of Sll.f}lli'S i11 !he lcaf cx­

lra.-ts.-Thc cPlo>rimctric nwthod oí :\ebon ( ]<144 ) . 
altlwugh csscntially fo r reducing su~ars. \\'a~ u sed 
to ;H h·; tnlag-e in thi s slluh· fn r abo estim;tting non ­
rcducing sug-ar s followin~ their hydrolysis hy 5'/o 
ox;tl ic acid. 

~t;tlldard sugar solutifJIIS ( g lucosc . f ructosc. anrl a 
mixtli i'C of gl ucosc. fructosc. ;¡nd sucrosc) of \'arying 
st rength. ami in 2 sct s. wcre pn:pared. One sct was 
treatcd \\'ith ;¡cti,·atcd charcoal. Us ing coppcr r ('a­
gcnts and arscnolll(llyhdatc solution. color de11.~ities 

wcrc rcad in a Hausch anrl Lomb Spectronic-20 
colorimeter at a wa 1·e lcnglh of S20 lll¡.t ( ¡\ ugnst in e 
! <)(,2). Sampks conta ining sucrosc \\'ere hydrolyzcd 
with S7o oxalic acid. and for thcse sampks the vol­
un tt' of copper n·:tgcnt was douhlcd t o compcm;:tte 
fu1· the p i 1 changc caused l>y t.hc acid. l ' lotting den­
sity :tgainst COIK<:ntrat ion. standard cun'l's ( st rai ght 
!in,·;;) wcre dra11·n for the 2 sl'ts of s tandards . Q,·er­
;tl l p~rccntage loss of sugars dueto charcoal trcallllent 
wa, I01n. 

One-ml sa lllpks of tllt' ethanoli c t>x tracts of thc 
io li ag-c 1\Trc lirst r<';ltl for rcducing- sngat·s . and tl wn 
lite lt_,·tlrolyt<'d "" lltpil'" for tlw tot;tl sugar <'ontent. 
Tite dit'f,•renL'l' ll':ts takt'll tn indicatc tlu• :tn1ount of 
,.,unosc. l';tpcr chro1natogr;1phy of thc lcai c xtracts 
l·e,-calcd glucosc. fruc tosc, ;1 nd s ucrose, thereby con­
lirming that thc culo rin1 ctrie cstimat ions \\'Crc pre­
d um in;tntly of thcsc 3 sugars. Hcsult~. aftcr corrcct­
ing for pcrccnt ;¡~-c ln~scs due to ch;¡rcoal l rcatment. 
are !>hm,·n in T ahlc 3. 

J:xtracliou aud bioassay of 1/u: <·olatilc COIISiiluculs 
frolll /icau fo!ia.tf<'.- \'olatilc fncti o ns from thc fol i;1ge 
.,¡ res istant and IHllllTSistanl spcc ics nf hcans \\'ere cx­
tracted 11·ith ;¡ \'irtis frcczc-drying app;1ratus. , \ mix­
ture ol Cellnsol H' r eth\·knc glycnl nwnon t cth.~ · l cther) 
;l!ld dry ice (solid carhon dioxide ) pr01·idcd refrigera-

Tahk 3.- l'crr<'ntagc of reducing ami non-rcduci ng 
sngars in thc !caves of rcsistant ami non-resistant species 
of l'illl.ll'olus. 

Pcrccntagc dry wt. of: Pcrccnt-
------ age 

:\on- T otal f resh st. 
Hcdnc- rcduc- ''prc- of "prc-

ing mg fcrrcJ fc rred 
Spcc ics sugars" " sugars sugars sugars 

1Xe~i~tant: 

J>. 11/llllf/ 0 2.6 5.4 R.O 0.602 
/ '. <111/'CIIS 1.55 0.61 2.16 0.342 
J'. a/r(lf'lll'fiii'CIIS 1.3 2.16 3.46 0.43 

:-.Jnnresistant: 
1'. t•u/_r¡aris 

i ) ( ;olden \\' ;¡x 11.48 R.O 19.48 1.35 
ii ) Str inglc>> 6.2 6.1 12.3 1.6 

r ;rccnpod 
iii ) Red Kídncy 11.0 4.6 10.6 l. U 

1'. IIIIIIIIIIS 10.6 r •. 1 16.7 1.33 
[' cocrillcus 9.6 ().2 15.8 0.8 

----

tion to thc 1·acuum chamber, ;¡nd ;¡n infra r ed lamp 
r controllcd h1· a variable transformcr ) outside the 
irccze-dr~·ing- flask h elped to mainta in the tempera ­
! me ins ide thc tlask at 30• to 3ZOC. Undcr thcsc con­
ditinns. /o;¡.. lo /5% dehyd ration of previously frozen 
fnliagL' s; tmplc~ of 25 g was poss ible in about 20 
1nimttes. , \ fter ca eh extrae! ion ( o r after continuous 
extrae! ion of !'C\'l'ral samples of fol iage of the samc 
")ICCie~). tite 1nixture o f w;¡t e r vapor ami the volatilc 
fractinn frozcn o n the o uter surface of the "co ld 
finger" 11·;¡s alhl\\·ed to collect in t hc bottom lbsk. 
S;unples cnllcctcd werc inuncdi;¡tely bioassayecl. Ex­
tractcd constitucnt s refrigerated fo r 20 to 24 hours 
p roved incffcctiiT in bioassay. 

T it e aqueous cxtracts containing the volatile fra c­
ti(IIIS from tite foliage were tcsted fo r their a ttractivc­
ne~s to t l1c ;\lexican bcan h('etlc by 3 methods. 

i\ f l'!ltml 1.- f rce ex posure of bcctlcs to cxtract 
samples : ¡: ¡¡ter paper di scs \\'ere t reated wi th solu­
t ions of ei thcr s ucrose, fructose o r g lucose, and al­
lowcd to cln·. ~omc of tltesc discs were moiste11ed 
with O.Z-1nl .portions of cxtracts cont;tining the vola­
t ilc co nst itue11ls, ;¡nd the others with water. The m oist 
di scs \\TIT placcd in pctri di shcs a nd exposcd to 
stancd hcl'lles for pe r iods ranging 10 to 12 hours. 
Ui scs trcated with only yoJatilc const ituents from h ost 
plants had 11o fcedi 11g- m;¡rks; those with only sugar 
~olution had fcll' fced ing ntarks : those \\'ith sugar 
solution plus ,·olati le consti tucnt s of res is tant beans 
ltad fcw feedin¡:r marks \\'h iclt. ;¡t hest , could he tle­
scri hcd as "nihh\ing'' marks as is evi1lcnt in F ig. 4, 
" ·llilc thc rli scs treatcd wit h sugar volatilcs from h ost 
species bore e xtensiYe "hit ing' ' marks ind icating 
clcarly the participation of a prcfcrcnce in t he fccd­
ing heha 1·iour of tite hcctles ( Figs. 3 a nd 4) . U nder 
thc tc."t cn ndition,; . this prd c rc ncc can be ascribed 
nnly to thc , ·ola ti le fr;¡ction addcd to thc sugar 
treatnl di sc. Tlw volatile fracti on by itsclf d id not 
induce feeding ami. thercforc. has no imlcpcndcnt 
phagn~timulan\ ;1ct iYity . Prciercntial fccding on discs 
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I ; IG. 3.-Atlraction of standa rd sugars and host-plant 
"volati lc>'' lo thc ~ l ex ican bcan hcctlc. 

ha1·ing- both . .;uga r ~olut ion and n>1ati lc fraction from 
lea1Ts of ho~t spccics can he cxp1aincd ;15 a n cffcct 
.,¡ hoth nli;tctory at H1 gu;<tatory rc~pon~cs of thc hcet1e . 

\ le t hocl 2.- l~x po~mc oi hcl'llcs to sucro~c-trcatcd 
lilter pa pcr rli scs plac<'d m·cr crucih1es containing 
kaf extt·act samples: \ 'olatilc fraction.< of !'. , -u!garis 
and /'. lu11alus 1\TIT p lacee! in small crucibles , aml 
lilter paper discs treated wi th s ucrosc so1ution were 
kcpt nn'r t hc cntr ihles. . \ chnicc of fo ur crucihles 
1 Tai>lc 4 ) was placecl in each crystal1izatio n di sh a!l(l 
t'X¡>llsed lo starn·d hcct les. T hc crystall izatio n cli shes 
¡wrlllitted nwrc f rcerlo111 of lllPITlllCIIt to t hc insects . 
:111rl ;¡t the same t ime al so o ffn ccl thcm choiccs m·er 
11 hich thcy wou1d lWt he "iorced " to crawl as w hen 
rnnlincd to thc li1nitl'd space ins idc pct r i di s ht·s. 
Sug;tr-trca ted di scs o1·er crucihlcs conta ining vola­
ttk fraction from hnst p1 a nts h;td more fecding- m;¡rk,; 
than t ho~e sinJilarly p l:tcl'cl u1·cr cruci h1 cs con t;¡ining 
ILttn 01· 1·ol:t1 ile frac t inn írom rcsist:1nt spccies. A 1-
llitllli:'h this ton is indin·ct e1·irl<'llCC of t he o1f:tctori ly 
altradant propert i<'~ oi the 1·o lat ile frac t ion frn n1 ho~t 
¡>iant'<. i t i,; hcll<'r than thc cvidencc oht;¡inet\ hy 
\ 1 vt horl 1. 

\ 1 d hod 3.-T<'~l ~ in ol l:t c!o111clC'rs : 01 fac:t omcters 
.,f the \ '-tulle t-'·pc a s IITII as mod ificd fom1s of it 
li t-re u~cd fur tcsti ng t hc olfactory responses of t hc 
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FI<~. 4 .- :\ ttraction of "volatiles" from res i~ta11t ancl 
11011-t·csi,lan t s pccic~ of bcans to the ~l exican bean 
bcct lc. 

lwctlc tn 1·ol;ttilc fractions fron1 the bean fol iagc. Re­
su lt ~ 11-ere 111ost1y inconc1usive. Some of thc observa­
! irms. ll'ht'l l a nalyzcd hy thc 1enicnt mc;¡su re of J.1ela­
t ile l>i spcrsinn. seeJncd to indica te the prescncc nf an 
ol factnry stinnJiu.« in t hc volatile fr;¡cti on. Th is indi­
cati on 11·as rcn<kred 1·oid by t hc 111ore string-ent t -tcst, 
at 1hc .~'/;, ~ig-nili c:lllcc 1c,·el ( t\ ug-ustinc 19ó2). 

U/factor\' r.·sf'ollscs of thc:: /an·ar.- T hird- inst;¡r 
1;¡ n-<t<'. prl'l·ious1_1· sta n ·ed for S to 1 O hours . wcre 
nffcred t hc choice of 2 small petri di shcs-onc con­
tain iug; 5 t111 of the aqueous ex tract ohtai ne(l by 
frc<'ze-dryi ng lea1Ts of !'. ~ · ul_r;aris. and the other con­
taining water. Thc pet ri di shes wcre p1 ;¡ced S cm 
apart insidc a largc cryst:11l ization dish. 'vVith vcry 
li ttlc ll':lndcring bctween thc petri di shes. the la r vae 
s:>o1 1 rlamhercd on ;¡ml into t hc pct ri d ish containing 
thc cx tract samp1c. l~csults of 2 such tes ts are shown 
in T ahle S. 

(;us chroll/aloyraphy of <·olatilc fra ctious froll/ 
fo/iort··--.'\qtH'Citl s fr :tctions obt:1incd hy frcczc-d rying­
lwan ioli:t.t.:t' liTre extracte<! with cithcr pet roleum 
ct 11t' r nr ct hy1 cthcr. cxcess soh ·<'nt JTmm·ed us ing a 
rot ;tn· lilin ('\·aporato r. ;¡nd chromatog-raphi c nms 
II'CIT JJJ; t<le of thc "odnr fracti on " of the plants. 
¡\crogT:lph 11 i-Fi ::\1 odel-600 " ·;¡s used with hyd rogen 
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Tahlc 4.-Bioas~ay ,,·ith thc volatik fractions in cru­
t· ihles cuvcrcu with O.OSM sucrose- trcatcu filtcr paper 
cli~cs. 

"\"ola! iles" N umber of assays• 
1n \ 'ol - --·---- --

cruciblcs unte 2 3 4 

/'. <:ulyuris 3 mi. 

1'- lwwtus 3 mi. 
Control 1 

+++ ++++ ++ +++ 
+++ ++++ ++++ +++ 

(water in cru­
ciblc with sucrose­
treatcd disc as 
covcr ) 

Control 2 
(water in cru­
cihle with watcr­
trcatcd disc as 
covcr) 

++ ++ ++ + 

a- lndirat<·l' 110 h ·(•ding- marks 011 clisc . 
+ lndicatcs thc intcnsity of freding on disc. 

Aame innization detector ami nitrogcn as the carricr 
ga~. The 10' X J~ .. colmllllS ( \ Vilkens r nstnunent & 
Hesearch. lnc. California ) contained eithcr 20% 
L.-\C-2-R..J..J(¡ ! a dipatc pnlyestcr of dicthy lene glycol 
p;trtially crosslinkcd with pcntacrythritol) or 20% 
Carhowax óOOO on ó0/80 lircln·ick. Optimum range 
of colnmn tcmperature wa s ¡o·-¡:; •c. Aow rate of 
carricr gas 30 mi pcr minute, ancl alic¡uots of 1.0 
¡.ti wcre inj cctecl. i\ lthoug h the chromatograms of 
thc different ho~t spccies compare favorably (sug­
J.!'t'~ting- idcntical \"()latile constitucnts in injectecl sam-

Tahlc 5.-l~csults of tests exposíng larvae to host­
plant volatilc f ractions. 

\ 'ol.nf 
volatile 
fract ion, 

and 
numher 

1 1 ost-plant of lan-ac 

P. '<'lllgaris S mi. 
3S larvae 

P. 'i.'lllynris S mi. 
\ 1) JaHaC 

I ntcrval 
111 

minutes 
- - -

S 
10 
15 
? " _J 
.10 
32 
-15 
50 
55 
75 

12U 
5 

15 
Ju 
JS 
-15 
75 

105 
11 0 
liS 

t\ umber of larvae 
on or in• 

--- -~ -- -
Ext rae! ·'Control" 

container container 
(x) (y) 

- - --------
2 
() 

7 3 
1) (j 

14 4 
13 
15 S 
20 3 
21 3 
32 3 
34 1 

3 1 
() 1 
S 2 

!() 
1) 1 

12 4 
14 1 
15 1 
17 1 

" fr ypothcsls: i • y; S igniñcance )e\'e l : 5 %; t-calculatcd: 
4.5822; t-tabu lal<d : 2.03. 

pies) , low percentag-e impuritics in the conunercial 
soh·ents u sed ( pctroleum ethcr and ethyl ether) were 
founcl to be dcfinitcly interfcring with these chromato­
graphic runs. \Vork is now in progress to purify 
the solvents ami to ohtain chromatograms yielding 
to precise interpretation of pca ks. 

l'IIYTOGEOGHAI'IIICAL CONSIDERATIONS 

Tt is assumecl tha t. during evolution, phytophagous 
insccts hecame adapted to their environment in a 
many-sidccl manner. Such an adaptation. instead of 
heing exchls í,·ely confined to nutritional rec¡uirements 
o f the insect, might have bcen one of selecting a 
whole hiotope, its ecocl imate, its natural enemies, and 
so on, as wcll as its food (Kennedy 1953). lt is 
tcmpting to intcrprct thi s very reasonable assumption 
as suggesting that host-specificity of phytophagous in­
~ects is nnt hccause of any special stimuli emanating 
frotn the food plants. but is mostly a recognition of a 
particular spccies of plant ami all t hat goes with it 
ccolog-ically. Spccies of heans belonging to Vig11a, 
Do/ichos. ami Glyciuc are essent ially Asiatic in origin, 
ami those o f l ' icia a re native to the Mediterranean 
region. Thc g-cnus Plzascolus, to some species of 
which the l\Jcxican bean bcetle is unmistakably pa r­
tia!. includt•s representati ves nat í,·e to the Old World 
as wcll as the Ncw W orld ( Hcdrick et al. 1931) . 
The illcxican hean heetlc ís a New-\Vorld species, 
a nd mnst of the resistan! spccies of beans are native 
to the Olcl \Vorlcl. This difference in place of origin, 
at first sig-ht, sc,·ms to suhordinate or contradict the 
clll'motacti c ba~is of host-plant selcction, and lay 
empha~ is on phytogeography. 

A closer study of the ten common spccies of 
/>/l(lscolus ( f>. 1'11/(!(l ris. P. luuaws. P. cocciuetls, P. 
acutifo/ius. 1'. lllll llfJ O, P. aureus, P. aco11tijolius, P. 
calcaratus. J>. augularis, and P. atrof'zt,rpurczc.s ) re­
,·cals that / '. a/ropurpurcus, which is na tive to South 
.-\mcrica ·an<l nccurs ahundantly throughout Mexico, 
Cuatemala an<l Sah·ador ( Piper 1926), is resistant 
to thc i\lexican hcan hectle. At least 3 of the Orien­
tal spccics of 1'/wsco/us (P. aureus, P. calcara/11s, 
and /'. Ollfl lllaris ), as wcll as severa) species of other 
genera of heans, have long been widely culti vated in 
parts of thc t\ew vVorld. The abscnce of any nutri­
tional corrclation bctwecn the places o f origin and 
sp tTad of the plan t spccies and the place of origin of 
the :\lcxican hcan heetle is ol.J,·ious. There should, 
therefore, he a factor or factors far more s ig ni ficant 
than any which phytogeographical records indicate of 
the host spccies, that contribute to food-plant specific­
ity of the insect pest. The evolutionary processes 
may have cc¡uipped the inscct with its "powers of 
chemot;1ctic perception a nd evaluation o f the nutrients 
in spccific foocl plants' ' a nd not with "ability to cli s­
t inguish natíve spccies of plants from closely rclated 
introduced spccies." Tn short, host-plant sclecti on is 
largcly dependen! on the chemotactic perception by 
the host-spcci fic insect pest, ami a JI other factors, 
known and unknown, are only of seconda ry impor­
tance. 
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Tht• :'lkxic;¡n hean kt•tlc. l:f'ilac/11/a ~·ori~·cslis, 

,!J,>\1 ·~ in its ioncl -plant 'ekctiw1 a markC'd prdnencC' 
tn nnly n·rtain 'i'lTic, of 1'/wsco/u.c In a ~carrh for 
tlw cht'nl"lactic 'llnlu l;lllt~ n•,iclent in the host spe­
l'll''· t'thanolir e'trartion ;md puritic:Jtion of frac tions 
iro111 the :<eccb of 1'/ta.i'<'tJ/us ~·u/!faris L. rt'Yealcd the 
g-u, tatory sti11111lant fraction to he ~ttcrosc. Hioassay 
oi 13 sdcctcd sug-ars and. Iikell'iSc. separately 15 
;unino acids abo ranked ~ucrose a~ the most polcnt 
¡<u,tatory st imu lant. follo1n'd in orcler hy frurtosc aml 
g-lucn>oe . . \ co111parison oí tiH' anJO!lll tS of thesc 3 
sug-ars in thc ~n·d' of re~i~tant all(l no11resista11t spc­
ries of 1'/wsco/us showed a hig-hcr perc<'ntag-c of su­
no>oc in h"~t spccic~. Si11cc thc hcctlc fccds on only 
tht· fnliagc oi Íh hc>'ts. thc cn1npariso11 was extended 
to tlll' lcan·s ni the rc~i~tant and no111TSÍ:<tant specics 
uf thi~ g-clllls. ¡:.,liag-e of thc sn~repti hle spccies was 
fnund to hal'l' a highcr perce11lag-c of thc J sug-ars­
sucrose. gluro<c and fructosc. Thcse fmdings ;unply 
iu .... ti fy thc ronrlu,ion that in nature thcsc 3 sug-ars 
are the principal ¡:ustatory stinmlan ts fnr thc Mcxi­
can bc;¡n beetle. :\ lso based on the finding-~ of this 
>tudy, <•11c 111ig-ht \Tillure to sugg-est that whcrc cer­
tain sug-ar:< ( ur any other chemical constitucnts in 
host-plants) are knmn1 to ~ene as primary phago­
~timulant s fo r an inscct JlC'-t, quantitat i1·c estimation 
of such constituents in thc secds of thc host and re­
Iatetl ~pccics oí plants will scn·e as a quick index of 
iood-plant acreptahility or, con,·crsely, rcsistance 
r,J.a l'irlus ct al. 1%3). 

Cmnparison uf the percen(;¡ges oi thc nonrcducin~ 
.'llg"ars ( nwst ly ~u e rose ) in ,.ceds and lea ves (Tablcs 
2 alHI 3) may Jlll"C a quc~ti"11 as to why thc figures 
ohtained fnr lea \'C' do not n·tlcct the same clcar -cut 
rclationship ohtaincd for sccds. i.e .. percentage dry 
ll'eight uf suero'e in seeds of susceptible specics was 
tll'icc its perccntagc in resi~tant specics: or why pcr­
n·nta¡.;c uf rcdurin¡.; sugars lpart icularly g lucosc) is 
highn in lea1Ts than in ~eccl'. Surrose is cssen t ially 
a storagc su¡;ar. ami it is rcasonahle to assumc that 
1h prnportions in seccls wnuld cxhihi t a more stablc 
pattcrn than in lea\TS. Thc rclatiYe proportions of 
t.:luc(lse, fructosc. and sucrCisc in lca,·cs 111!1~1 ;dways 
be in a sta tc of tlux. 1Tcogni1.i n¡: thc f;¡ct that hiosyn­
tht•sis of thesc sugars is an i11nnccliatc consec¡uc11ce of 
phntosynthcsis. 1 )espite the apparent disparity in 
~ome cletaih- of thc quantit;ltil·e cstimations of the 
3 su¡.;ars i 11 It-a' l's ;¡s ccnnpa n'd tn ~ceds of J>lwscolus 
·'PI'·· it is nhYiou~ that thc :<11111 total of thesc 3 su¡.;a rs 
iu thc plant ti»sllL'' docs grea tl y influcncc thc latter's 
acccptability to thc :\lcxican l•ea11 hcetlc. 

Scarch for tlw plant fraction rcspon!'ihle for a pos­
,ihk nlfactory ~~ inwlus for thc hect les has nnt yielded 
conrlusiYe re~ult~. Re~ult s ohtaincd using- adult 
ht•dlcs and ,·olatile fractions nf P. nt!yoris in 2 types 
of olfactonJctcrs fl'll short of the ideal standards 
l'llllnriatt:d lty ll o,kins and ('raig- ( 1934 ) and cus­
t<ml:u·ily arccplt'd by researrhcrs in the field ( Dethicr 
1'14/). 1 lmYl'\Tr. indircct c1· idc11rc of the participa­
tion of an olfactory stimulus in thc food sclect ion of 
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th~· :'lkxic:u1 hl'an ht•ctlc was secn in thc more intcnse 
ftot•ch11g un tiltcr paper discs trcatcd with both sugar 
soluti1111 and the volatile fraction from the !caves of 
l w~t-pbnts. than on discs treatcd with sugar solution 
;done. Open exposurc of third-insta r larvac to petri 
di'hL'' rontainíng- aqut·ous cxtracts of the volatile con­
stitul'IIIS pro,·idcd unmistakable evidcncc of olfactory 
signa!~ reach ing· the inscct at a close rang-c of 3 to 
:) Clll. This linding-. incidentally. is in g-eneral ag-rcc­
nlent '' it h simila r rcports ( Dethicr 1937; Chin 1950; 
:\lunakata et al. JCJS9) gi1·ing positi1·e evidence o[ 
olfactory rc,ponses from lan·ae of certain phytnph­
ag-ou" inscct~. a ncl inconclu~ive result s with adults of 
the s:JlllC spccies . . It is cntircly possihle that this dif­
¡,.,Tnrc in t he he ha viour of Ianae ami adults may be 
dm· to thc unknown con1plex of waxing- and W:Jning 
th rt·,hold len·!:. im·o!Ycd in the overall bchavioral pat­
tcrn of the t,,.o stag-es. Feecling bcing- a prime func­
tion nf bn·ac. it is rcasonahlc to assumc that, in this 
stagt'. t he re ,,·ould he a mín imum interfercnce by ex­
cit;ll ion t IJrc.-h•,hls othcr than those initiating and 
mainwining feeding. 

J n striking- contras! to the frequcnt failures rcported 
by in1·cstigators cmployi ng- complcx olfactometers, 
thc "scrcen te~t~·· of Dcthicr ( 1937) ancl Chin 
( 1950 ). thc ''tul>c tests'' cleviscd hy illunakata and 
hi s a~sociatcs ( 195'1). a nd the ordinary "pctri dish" 
tc,ts surcessiully c1nployed in thc prcsent study with 
thc l:trrac of thc :\lcxican hcan bcctle, suggest the 
inappropriatencss oi comhining highly complex ol­
fartomclers with thc subtlcties characteristic o( ol­
factory sig-n;ds. Thorste inson's ( I9Gü) rcAection that 
the Ullnatural rcstrictions imposed hy the apparatus 
on frcedom uf 1110\Tillent, or the introcluctio11 of ex­
tram·ous th igmotactir stimuli intericrin~ with normal 
hcha1·inur of the in~ccts may also he rcsponsible for 
the ire¡¡ucllt sorry rcsults eneountcrcd in the expcri­
nlents cmploying hig-hly complex ol factomctcrs, has 
a :<¡>(·eial appeal to thc prcsent a uthors. Thc apparcnt 
"incrcascd etliciency" sug-gcstcd hy the complexit~· of 
a n olfactolllctcr may in practice pro1·e to be "enhanced 
unnatur:dne'~,;· to thc insect, interftring with the co­
ordinatecl rctlexcs invo!Yed in its or ientation. 

:\s to thC' chcnwtactic stimulants (arreslants. at­
tractants. and rt'pcllcnts) in plants, two possihi litics 
exi;.t: thc specilir stimulan t constituent may be qua/i­
lali; ·,·ly ditTerent fr<Jm the more common chemicals 
in plants, or may be the eftcct only of qlt.alltitoti~·l! 
diffcrcnccs in eme or mor e of the common chemicals 
in pla11ts. The first strcsses thc necd a ll(I, therefore, the 
presence of "odd'' ur secondary chemirals in plants; 
t hc SCC()nd rccogni zrs the possible intluence of c¡uanti­
tat i ,.e cli ff crcnces in the esscnt ial nut ricnt constitucnts 
o[ plants in food-plant selcction of host-specific pcsts. 
S trict adhcrcncc lo the first possihi lity would S<'cm 
more instíncti 1·c than logica l. J t is known that Sll)'Cr­
optinlal or hyp<'rnptimal concentrations of ccrtain 
othn\\'isc attracti,·e r hemicals are a,·oided by ínsccts. 
Ohscn·ations of this nature dccidedly reflcct the 
;.timulant-rulc of quantitatil'e differences in the chcmi­
cal c ;nstitucnts of thc food material. 
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l'rdnrt·•l ;nn\ prnlnng c<l Ít'\'<ling on s pecili c phn ts 
is t he l' ~St' I ICC of host -spcci licity cx hihit cd hy ccrta in 
phytoph:l¡;<~us pcs ts. 01 factor y and gus tatory íacttl­
ti cs uf thc pes t are inmln :d ch ietl y in thc rceog nit io n 
and a ttack of its choicl' iood plant~ . Thcsc two ehcnto­
tactic scuscs ncccs,;a rily dept' IH I on allrac/cllt/ (s) in 
pl :llll~-spccific ch cmit·als dr:twing- thc pes t to thc 
pbut, a s 1\"CII ns arrcslantt .t )-chcmica ls sening a~ 

cfkctin• phag-M tinml ant s aru l therchy nraintai ning­
pro longcd fccd ing hy th c pcst. 1\11 a ttrac t:mt-arrestant 
c•nnhi nat ion. wherc prescnt. ll'ottld n :1tttrally be more 
prdcrrcd than any eme :tlcmc. Recent s tudics nn a 
holl II'CCI' il a rres tan! cxtractant from colton ( Kcllcr 
ct a l. J<)(,J) provirlc a ¡;ood cxamplc of t hc inereascd 
prcien·ncc tn stt eh :1 C<Hnhiuation. Thc stucli cs on 
host plaut select ion oí thc .\lexican hcan lwct le. 1!. 
n rr i-;·<sl is. show that ~w;ccptihlc spcc ies of Phascol11s 
h a ,·c a h i~hcr conccntration nf thc prcfcrred sttg-ars. 
This firuliug-. t hc refn re. doC's n ot fa1·or a summary 
cxclusion o f nutricnt .; as p ntcnt i:d fecding st in ml:t n ts 
and rcg-u lato r s c1f focu l-plant sclection by phyto phagou s 
insPct s . O n thc contra ry. itt thc Plwscolrr.f ~ pp. thc 
cnnccnt ration of ;;ucrn;;e and its hexnse cun1p01H: nt s is 
sccn to play tht• role of thc lll'l't'S/aut for thc .\lcxican 
hcan hcetlc. Thc short - ran~c o lf:tc to r y sen sc exhihitcd 
hy thc la n ·ac. ;llld ;~1..-o c\·iclcnt in adn lt hcct lc!':. s ug-­
~est s thc presenrc nf a n allracfall/ ch c111ica l o r chc111i­
c:d s in the ,·olatile fract ion of the host plants. The 
idcntity of the at t ractant i;; yct to he e~tabli shecl." 
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