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During recent years them  has been m  increasing in te re s t in  

the use of m ttraotanta and repellen ts in  the f ie ld  of in sect contro l. 

Although many a ttrac tiv e  m aterial#; lo th  natural and synthetic* have 

been studied c ritica lly *  there is. a need for' more studies with the- 

in ten t of developing nor* effec tiv e  material© to  a ttra c t insects# Since 

1922 whan Smith (M ) and others dSmnastoated th a t geraniol and other 

chemicals war# a ttra c tiv e  to  the Japanese beetle* FopilH a Japonic* Mew** 

man* taany workers have tr ie d  nearly' two hundred ohesaicela attempting to  

find  mere e ffic ie n t fo r mmsr -iware trap s baited  w ith *h»

trac ten ts  have been used as a means of eontrolllng Japanese beiiXei* 

these. trap s have been halted fo r more than ten years M th a 'atixtmrs. 'iOn*- 

s is t in i  o f nine parts of gspantei end one p a rt of eugenel* During World 

fa r . 11. shortages of these m aterials made th e ir  use almost. 'p?ohi^*tiVe 

and i t  was nooesssry to  seek p rac tica l substitutes*

icfeantosf stodieh' wais the fd iversity  «f mtoyXand
■■■( !■. V  i, *? • * : '*’■

and have been conducted every year since I f  hi# these studies Carried on

Cery^ iX&ngford, Muma, Mi&, the. w rita r  'have R educed, form ulae which .are 

y  b e k e a .  m l*. ta<IV

oated that the ratio of iamteri&la.. ueed .has important bearing upon the

attractive values produced. I t  wid found that whm certain' a&irsctsnbs
'  ■-' *■-

are mimed together "the attractive value is  inereseed# but - when other* 

are added the values are depressed#.



m m m  w€sek m  s m m m . m m m  a ttb a g ta & is

In tlim early  studies on methods to  control the Japanese b ee tle , 

i t  was meted th a t the ad u lts, which are polyphytaphagous, favored certain  

food plants' and mmmS strongly a ttrac ted  to  ripening fru it*  In W22 

Bldfamend (32) and others tr ie d  may odorous compounds. Many essential'-'

O ils -war# tested! seat® were found tofee a ttra c tiv e , may were neu tra l 

in^ th e ir ’e f f e i t i  and s t i l l  'Others appeared to  fee repellent* Constituents 

of' these essen tia l o ils  were studied, '’and geranlol proved to  fee outstand­

ing in  a ttrac tin g  the Japanese beetle* la te r  Uatsger {21} showed geraniol 

to  few.#:, palmary a iira c ia n t fo r the Japanese beadle* its also showed/-th^ 

i t s  effectiveness could fee. m aterially increased fey the addition o f - eugenol. 

-therefore, the standard fofsaila o f nine, part# geranlol and on#, part eugeaol 

was used as- the a ttra c ta n t fro* 193® un til, shortly  -after 19h0 when the 

raw m aterials fo r the production of these cheaieale became very lim ited, 

th is  .wade i t  essen tia l th a t substitu te  athr&ctants fee developed. Heaing; 

and Chisholm (9) suggested th a t anetfeole could fee substitu ted  fo r geraniel 

and plsenta le a f  -o il fo r eugenol in  the standard b a it without s ig n ifi­

cantly changing the- catch of beetles., ta rn  j t  ul* (2d) showed'th4t- the 

geranlol-eugenol formula Could fee diluted, h a lf and h a lf with a 'mixture 

of f i f ty  P«r cent mineral o i l  in  deodorised kerosene without m aterially  

reducing the  effectiveness of. the,bait*  Langford and Gory (2k) modified 

the formula, with the use of caproic .-acid aadphenyl ethyl hutyrate and 

got essen tia lly  'the same efficiency as fey using', 'the standard; geranlol— 

eugenol mixture* Langffea^:-'and^l^s wrdter {l$) Showed 'that phenyl ethyl
’■% ■* •• t. £' jk *•*¥ $

acetate  increased the attractiveness o f b a it combinations. Langford





s

purpose

The |larpows of th ie work was to  maks » »yot«*a%lo otuefcr of th* 

relative-.v»X*»o of eix  aatapjUti* .for atfcraofcipg .tbe Japanese beat!*,

Th«y wer«,-ckosifeR b^eaua  ̂ bhej Jimd *hom earlier $Jfgfca and
*•*" a ‘ 'f

i > ; , _. . *r

were eoa^abibie* Alt&ottgli nuob work hm  %mm done heretofore* there m s

a d efin ite .need Jttor oiir&M. d itto ed  ;^os^arieon» # f la

'■wmimm Hi### et*idl#§ m m  # a ris f the

m m m  a t Mi# $xilwer#ti;r #£ Soilage Park#- §aX0t3Xft%i<m# were-

made tefi is i .  whieh «f the baits were wm&% eeeaoNslcal as weXl as acMlt 

attractive*
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Anethole* th is  ffftSefiel is  I s  oeMM&y' fem i in

essen tia l o ils*  I t in  ft4dei«$&i&ffJi ^  n .strong ss ise  odor*

Anesthola a i* till» d  free suite* fennel, or jte s  o il*  which iiteti,.|h ft
_ *. ; tv . . _. _-. «■ 'I . ^  ' » ' ’> - •?  ̂ \ ;  %  ’-V\ : "

IfnilSiilfc j^ s^ X S ^  | i  IA+is%i& i© pa^|».^ i*1i|l baits*

I%mm& ethyl a ssists*  _ IMd »ot«risl in  *n ester o f ©anti© acid*

I t  ig  ;* c o lo rle s s ' 4 * 1 1$*^ J^inlljissi 5o r poaehwiike Oder*

Saproio sold* fh le  f a t ty  so ld  i f  found e e ^ o n ly  in m bure in, 

an ijsal a ae ra tio n s sad aneratiena# and in  liv in g  and dacosipoaing green 

p lan ts*  I t  la  a  © ligh tly  yellow  liq u id  w ith n strong. g o ftt-lika  odor o r 

•tench* lam gford and Gory ( lb )  fe te d  i t  to  be m a itra e tf tn i,

b u t i t s  ftffftctiveneas v aried  considerably  w ith th e  source* A dulteration# 

in  th® e© eiiereiftl. products «sy eliang# th e  a ttra c tiv e  q u a litie s  o f th is  

•a tfc ria l*

Fhenyl ethyl butyrate* fhia ester of butyric acid is  e od orless 

liquid w ith  ft fe in t iensiy odor o f overwrite apples* Susa e t el* (M ) 

found i t  to  be a proaising iw itcrial for mixing with $he gsr®niol*cug®nol 

ooebiRfttion without eft th riftily  lewerMg the attractive qualities*

Im aginations* Mcfetend (32 ), Van leeuwen (bd)> fXeadng (8) ,  end 

Langford o t i t l . £16} have ©hewn th » t c e rta in  m iatures o f tiro o r snore 

m ttrae tan ie  a re  mpwp%&fr to  th e ir  coopenentsu Langford end h ie  c©~ 

workers*. s ta ted , th a t in  n ineteen  c teb in a tien a  o f Mfttert&is f if te e n  bed 

a ttra c tiv e  values th a t eeceedai th e  A ttrac tiv e  value o f any sue cosoponent. 

th e y  a lso  showed th a t one^th ird  o f th e se  f i f te e a  nom inations had aibfao**- 

tiv e  values th a t esceftdftd th e  combined value o f e l l  th e  components o f th e  

ite tu re #  In  stud ies, o f th e  $m&m ab trec tftn ts  derived  fr<m fo u r o f th e
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favor#d ©£ the Japanas© th«y imm& ae« tie #41%

cuprelc acid* augan©!* g#gaAXc&*- *a4 pbm̂ l bihyl alcohol ire bo pponent 

1b e&® as»»* <32) £©tmtl 1b: M i ©fcudtire th a t e©** ©f th«*

O b f  th* ©ll* war© mm attra© :%iv«s than ih© ©I&*

tfc©«B*lY©s, Urn eonelitdMf; th a t m&-m*t£k &iXn ©£t©» ©oas&tia

a£a»k3uis c©n«tit^»ut»* % /theft* © tuiiaii th *  ©Ix m%®cUXm cho*«i* w«r« 

shown t©;%©: g#©& a tira a ta sb *  fo r  ik© .&#*&* &m tfea lr mm

ala© wfe#© la  ©©*&ina%XeM0 w ith  tk#  ©%b©f M te rifc l*  thay X&©r«m#©4 ih© 

attractiv«yri*»s o f the o r aianrM a* a  <̂fiiX&«6ni I© r «n att£*© i*«b

witheu’fe mfct*rifiaXy l©w*itog tit© a^bao^ncnt oatch. tire#© »*t*rXal»

*r© iaot chaatiealXy ao tira  with ©ire ©xoept fo r ©a* poaaihl© co«hi^

natioTi. fh*$* mmf b# a  s lig h t *«t® rifX e*tim  ©£ g*r#ni©X by &i#r©t© a®i&* 

th is  raaotion wima-d fee 'v© ^ aXoŵ . taiMhs «avor*l jeontka to  coiaplata a t 

teaparatm rae of %mm tire** mm hundra-l f if ty  d«gr#«a Fahr«nh»it» '**£ tb* 

ip«i|iiA e§ fd ta ib  tbp  #d#h£ ©£
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m

of Hi*h Attractir* Indice* a&ay

not »lŵrm ijidiemto that a ooat?£ia*tim of «aterial» i*  p?aott«ftlf MfOim&e 

it*  oo»t miflst t>« too it£§li* £o#t~ind*3L x^Moi « ia  tfcatfmforo ea&eMatlKt 

tm tho Mw&zkm&kms %$m% «lmm̂  ife# i&diooij tfeagr *r* g iv*» i»

fti&UMi X1V# XXV$* 1XV1I* fib# l if t m i a#** ofetMfttd by aividing th« * * ti- 

mt#& oo it by tb* mrmwpmMmg iMtim*



XDU Itidioes of bcatlos caught Hfith embiimtiona 
cuganol la  100*

Oojihiuatlona o f i Proportions

*  “  .a J U L ^ . % ^  j £ l   i . . . , , £ j£ a . , . j .

-0oriiJÊ oI*-aaothoI# t 1$?

0orS8*ii$N ^ -351

S#jmnio3**eaproic 1M

0era&ioX-*£!£l x n
lugonol-anotholc im

3M

iaganol^ci^roio %m

gogonol^P® im

M s%k&%m»+PBk lit

Anetholc^saproic 3&

10

fS&woaproio 38

F I M t 1*3

OaprotcM® * 22

m
10)* 81 ?0
213 IPS 122
196 m m
22# 6k 212
n 92 88

2ia m 18?
113 m .S5S-
n$ w 91
m 22 ■«?■■
u m ■ t t

$ i? 12
m 43 #
29 m III
20 29 23
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rl___r..............................................i .... . ..r . ................................................ .....t  . I & f f l f t f c i r i . . . . .

1 3 3 1 3 3 1 3 0 1 7

2 * 5 2 2 1 2 *  •

7 8 7 3 2 * 9

l i f t 6 2 3 6

1 1 9 1 6 3 3 1

TO 6 1 2 6 2 2 * .

1 6 6 1 3 8 6 7 2 0

X U l 1 3 0 S o 2 5

7 3 5 1 2 3 2 1

3 0 3 2 * 6 5

3 1 3 8 2 5

1 6 1 3 1 3

# 6 2 * 2 3

2 9 I S  ’ 1 6

3 ? 1 2 6  V  ■-•

* *  |  v  i "T **•»

f .: '

'^T "Vt "



fe b ie  & £* In d ic e s  o f  b e e tle s  e&ugbt w ith  com binations o f  th re e

Cê b liiatlon* of * Proportion*
m aterials « IMl̂ l!/- t  6-2“2 t 3*3*3* *
€ereniol*«tigenol-j»netlol« 1- MB, loU 130

(leraidol-ecgetiol^PM i ,S»fc 282 310

der«niol--eugen<3l--eapro.ic # 336 326 398

$37 178 lb7

Ge3?^sisiol*enetbole**^i *. 150 9b 59

G eraRiol-A oethole^eproie t litQ m 118
* 36 3® 15

Bmtm i s f 181 ib s

179 12b 195

Qersnlol’*-ee|jrolo**PISi 320 6b 8b

EugenoX-aja*thol«-FSl IfS 195 161

3^en0l-*ametboie-^oe|xroic I U*t 191 192

1 ■56 .67 67

l^enol-iF ii^aftproic % '’23l - 263

^igenol-FM -FiBT .;•' w' •?’' <-• t lb9i?" "IV V * 19b :182
* V § 
’ -1%

t/ j ■■
‘: ’98 ? ■ v -’ -'% V

v j *  ^
jyssetfeol#*^ - &%' f t 96

% ) ,, 'l l - i' *' *>’ 26

M et^oSM iaprolef^i® 32 .37 ||2

Ptt-Gaproie**FlB i 73 78 93



u

*

2-6*2- t 2-2-6 i. 1*4143, t 1—1—8 *
137 ' l& 32? 105

33® 252 $& 95

E ll 238 f tlt 251
lip 128 IQS 106

3l*3 56 J§ 60

*143 60 96 113

s i 17 n r 31.
86 96 m 1®7

m 67 52 98

120 77 $6 109

138 m U«5
216 172 365 123

65 67 39 65

176 338 189 230

223' 1 # 158 125

105 182 189 92

62 '75 •72 # •,83:

36 29 1*2 39
f A

-  jfc  ><¥
.sr' ..■£?

78
;  0  I ,

71*
'L * 7  i ¥ "* .;■ v .  :rf 

66

/>  .fssf
* ■ '& , / ‘ /■ 

J 4k t

*'
v'»'



fafetl# XXI, of beetles caught w$Mi ecfâ inkticua of four

0;i®â iSBti,iOBa of | . Proportion*
nit^iaOUsi . *t /*« ^ 4 ^ , I jyfc7*X̂**A t 3 4 4 4  » 1--1—1»7 |

&netholo«*FEA. t 
O eraniol-oug^ol-

3QS 231 188 162

i^ th o ij^ p p o to f
C*€raniol-ougenol-

195 221 219 191

0«ncaioX<*K5Ug'̂ iol̂
9?

398

101 67 68

.. t J7JU 263 300

'n& &m[' i
#ofiaiicQbN^

m 296 21*6 .272

cmpfoic**F3  ̂ i 
(lorantoX^^aiothoXo**

m 281 280 160

l^*M3a^c40 $ 
G«ranlol-anethol&-

178 85 91 156

jpEMHBi * 137 Is 70 59

OOfiOie^F®. i
Go2?aB.S,oX**FEXw

100 65 8% 70

saj^olc^Fi© t 
BagoiioX-ajncthcXo^

m 107 88 61*

FEa-K5«̂ a*otc i 
gî eii©X-sanothoXo**

118 H I H2 11*9

*»**» ''' * 
Scg«a©X-̂ Gcth0X#-

105 61 90 67
.cap^ie*»JW i 131* 109 86 301*

eaprcfcl#«fW 171 137 170 Hf3

57 51 70 70



1A

1S> 829 m m IS?

1SS 209 a5s 16? l? a

m m n m 91
270 298 m 281 895

99? 282 m 297 .386
325 £19 2U& ask<jlF W * i # 313'

3$t 130 100 195 m

M* 111 » 93 10?

ai5 332
■ .W  ,

82
•iJ,i, 159 T ta" -M MS

m

1 * 7i& y .  K. - -

ISO
. JT"'. - - T-

=.•• '*? /  •-*fe f
i ?  ;

159 168 162 

,  109

129 8? « 93 92

aw 225 . M -r* 5 ' ; \ « T l 200

80 m 50 iSl,? 59
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m m m m m

langford e t aj.* (I#) pel&ted m% th a t m ixtures o f sttr& etants# on 

ike whole# were iscre a ttra c tiv e  than any component* Richmond (32) abated 

th a t ger&niol is  o laarly  the primary a ttra c ta c ! of the Japanese b se tls , 

but combined w ith eugenel i t s  effectiveness is  Increased* fa s ts  a t the 

U niversity o f Harjrlasd (16) showed th a t sons m aterials such m  phenyl 

stby l, alcohol# eaprole said# and' others gave additive values to  the 

a ttrac tiv en ess of the m ixtures to  which they were added* Undoubtedly 

th e  proportions o f the m aterials M  m mixture had m  influence m  the 

efiaitiThsSiess fo r a ttra e tia g  the insects* A nine' to  quo mixture of 

geraniol ami augenol produced an index of l i li  while equal amounts of 

these chemicals gave an index of ll*3* therefore# in  these stud ies data 

were analysed to  show the re la tion sh ip  of mixing these chemical# with 

others and .also- to  show the e ffe c t of the various proportion# or concen­

tration©  o f M aterial# on the stirae tlv en o ss of a mixture*

Evaporation may also  b© a fac to r influencing th e ' a ttra c tiv e  quail** 

tie s  o f a mixture* However.# te st#  run during the w inter month# and also- 

concurrently with the adu lt b eetle  season in  the mmmr o f 19k9* showed 

th a t a l l  the m aterial## except phenyl ethy l butyraie* used in  these te s t#

evaporated a t  about the same Sate* ffcere wore no ilg& if lean t d ifferences
- *./’ 1 • *

• \Ut * _ » * ;* * /•

in  the ra te s  o f evaporation* although aneth<^e#- which we# the poorest 

a ttra itc a t wh-sti used alone, evaporated fa s te r than- the ether#* ItiiSiyi 

*ttWl H n ^ im A  * fck  «0I*  * ^ * jr  th a t l** o 4 Br  BE «r i k f . ’

% jf, > * ■« v: • *• f
Based on the work of Must* e t si* (27) m d  other "unpublished work a t  the 

U niversity of tey land#  it,wa#-as#u»ed --that most" o f .tkesd* m aterial# could
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t te i ,  mm p art o f  gars®Mk, m&- # iii4  to a w&atimm- o f #;!#& jwo&g 

of oogaaol an t ana part oaob off ataiiife©!© atti ©aproi© -mM$■ w3$k. ait lataae 

o f f  X l * t $  t b i t  a  w a a  a n  I n o r o a a a  i n  4  b #  u t t r a e t l c m  o f f  w a r  f i f t y  f a r -  © a n t  t o  

m  issiis off t i l*  Claraalol i*  no t only a- good ofciraotofti* but i t  baa 

a itiM vo ebaraotari« tioa| wMoh atairojj* i t  an© of tbo moat important «ato~ 

ria l*  fo r attrfcciia# Jafsaaaa b«atlaa,

^upanol* fb ia  ©ba»i©aX east bm mm of t i a  primary attrae-*

tan ta , an v*ry ffttsr airisla attraot*nt»  g&va graator catch## of Japan### 

baatXo** In ttaae atatlos auganoX ranboi awomTbo garaniol* Ltk# 
garaniol, atiganal baa tho charao tarlatie  Of IrtOraaaiog tha attracti^anaaa 

mi a  Oiasfcaro wb#n mddat in  aaa ll fuanlMaa* &icb«*oiit 0 2 }  notad tM t 

■tdwin- angiOdl, w*a a tto d  to  goraniol th# aitrmoMvones# a t' tfe# -bait tebraairb 

it*  fo r Imm  than tan  yaara itt* ^t*«d^rd b^It m«t#d la  tit© tbtuM litt;

of trap a m§M tfe^gfeoiit' tba ©©iMbry ma it ig&£»o-- ©ff »&&• $wia-©ff gor** 
O f i i O X  - i m s 4  « #  p a r t  m $ . : m g m ®&0 I n  f a f e l a  S l i / i f e o .  i n t t e  t g e t i f e o r  o f  l i l i

f o r  t k i a  m t a f c u r #  M  m n d a r i c a i ^ d f  i b i s i  ®m  f a r t  o f  # n § « i t © X  & » < . o d d a d  t o  

mi**© fa r t#  of %h*'abhor isatarii&a ifca a ttrao tiv #  walne* .aro :iaoraiE*ad 

l a w .  t b i r t y  t o  # «  h u m d r a d  o i a t y  p a r  © O u t *  f t s a  I n o r a a a a a  o f  hM&m m lm *  

of gush ooj»fe3aatioaa war© as follow** tMariy per ©ant ©ban oddodi to  gpr* 

an io l, on® hmdrad fo rty  par cent nfh*n sb1*«0. with anethol®, sera than on® 

busidrai 'par aasb vkm  p tag rl atfcfi aoataia* mm
pm mm% whm, Mdad to eaproie acid, ant mmm tfcam ssla#ty pip*- o«nt *ba& 
mgat witb phanyl atbyl botyrato* tugomol protmcat ulao a n  a t t i t im  iralua 

irt«n mix«d wi^- ooablmatlon# of two or" inara m atariais* ill^an on# p art of 

ougttnol wm mism4 with a ooofeinatlom of oino p a rti of goraniol ant. ona 

|mft of' ani^sol% abiok baa an iniaat o f -  %hm attrmotlwi Wkm
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fa&lyf IEHH1* 1t»* mxMmMjmm "&t ®rSj&s im
a ttrac tin g  %bi Japan*®®

€$€3dbiiistiens ♦*»#
p 4 |sc ^ ii^ i|: # Oost^i&toc; ra tio |  ¥fodfaaiy

' i m 398

{2«-6-«2} # 6$ 338
®&vmiQ%^ugmol**c&pmic**

S3 336

(2**2-i4) i m 328

■ ' i m 3@6

a m  » 82 2WL
SaraMiol-Kiaproie-

(9-1) I f® 396
Q«raai<si-PS*-*

(7-3) * 8k 8*5
Geraniol-eugenol—

(9»1) (Standard toalt) f n i 161t
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.1* leeord' of bse%l»ai Bat%mr? % of

lft#«yX£3Ji ,#f f. fl$» ■. .- . . . . . . . .  ■■ . : . . . . . .

* • ■ .  0**jf-31 v » ,1675

i t

 ,#*

Buge»ol XO 

jBMpsgjT

m 1567 2180 555 1290 118

>*199CV- m $ 537 Ut72 135

p * 1550 276© 3U5
#•. ->e .

lii20 139

1359 .lefel * '

-* s* 4 i>!
i p p j $ k  ? f i M 121*

715 2b35 2510 303 litOS 129

5*9 3106, m o 310 13®i 125

1»90 8275 1325 825 1050 loo

330 105 360 51 156 Hi

to ta ls  i 9,716 5,Wtf lk,393 15*585 !»62li 
" ”' aattrso ttw e Value of W genoliV iO Q "...



tib ia  II*  Hicord 0 t beetles cmmght giraniG l^ogonol
te&bs* (to ta i*  fo r four ro#Ii:c&tio&«}

and 1. J§9* o f bootloa o«u§htol .1: .

i f

Sugo&oi

1 liOQli 27X0 3700 5n s 0033 828 125

1 S005 3385 5359 6398 3M7 1087 164
« 389ii 3247 50O7 5895 9X9 948
1 4837 3570 5013 45o6 858 942 342

l 3900 ms SJbiif U608 839 879 133
* 2863 2465 6658 1*694 94® 881 133
1 31S®. 1519 5209 2604 727 663 200
< tea 555 353 834 282 m is
zB*skC SWISS'.36*745 .MM§ '6,7®* '



fab le III#  iixalyaL* of tb s booties eaxaflfefe by the
combination of goraatol and smotliolo*

Heplioation* 3
Mean | t  Cost“Proportion®! 1- ' >  2 ' 1 3 • "VI* "1 p r  b a it

I t  -  1 ,1 w n  % m t m  m s . s m  m>.100

9 ~ t  $ m$& ik%9 2%sk 2 im 2155 170

7 - 3  i koos n i 1082 l i t . i6m Xk9

3 — 5 i 2km  U31 * »  »aJ*. 128

3 ** ? t 169k 366 613 590 .526 107

1 — p 6X9 MS 386 532 t i l 016

0 -10 i m% a i t 32i 270 t i l 071

Least s ig ^ ifis sa t dif£jp«»sa between proportion 
ttOtixui. a t IfL. 3©86-

Aaalyai® of Vxxtm m

Sottree of \ 
Variation® j

\ Begrae of t inHia of 
i  ....................

t * 
i fiprianss, i„. ...._jr...„......

^p lication® 3 %W 7#tero '

froportio®®-: & :2% 6iljtl20 l*77% fll !#f3*

i*ww I f 5*628*050 S3ktm

to ta l i t

*F ral'w  ragairad fo r aigaific& ne* a t 5#4ps±nt Is  2*66 
,.$ta&dard erro r o f differences



fable If, Analysis of the beetles caught by cettbinaticme
of migenol .and PSA*

tWmrfSwk* nm*t ..,,,̂ R eplications
Ifeaa n Goat per b a itA y --- --------------Y*~ tr »

Ml.~ 0 « m i 12£S> 20IJ 2560 21*62 *t #0*200

9 — X. *23236 i*315 3575 1*796 5979 »* *198

7 -  3 *1X050 3561 2*120 1*903 5908 *,* .193

5 •» i  

3 •*> 7

i ^200 

* 5058

3621 5115
v*’’J * 

261*1* * 1*609
1633^ 

■:2*X?f *

: ’ lt§l*i* ** 

•'*■ 2*121 **

•168

.163

X  *• ? 1 1026 2X96 3593 , m ?«b: 32*18 , **"7. Z ifa s

0 4X0. »*A • r j l ^
--y* W * S ; j

1 ^ l p | 1286 \ j. 1662 Vi
. *4 "t i "  V
H J k  &

wSn W

le a s t sig n ifican t d ifference between proportion
®»mi$ £ tf J>$ &  26j$2 ■  ̂ ^'5 '*• rj -a



tiifel*. Analysis &£ the beetles- esu&hh by combination
of emgemel* aneihole and fie*

■MMiMHMlitiaa

*.-.3.'■ ,'.t>....*„ fa... m »-  k.:::n.i  iCostxmr bait'*'■ * ■ ' " *•  ̂ •? i v
8-4-4

-#■■■ * ■ 
1 722*5 3850

 ̂ ).' V
5259 5Ul» #0*185

ft
s*& lr 5051, t  ; *3.70

I*!*** '' ■ 6905 ,jW ^ fr !̂BS> laseu s,*  * llto

* 281*5 1 0 6 ltO?$ .2755 3563 .105

M2M& * 2iii2 6376 '.3km' 3627 .160

1*4-4. 1 £210 6397 236© 23$* 31*05 .098

I 261*8 5&O3 U35 231*5 3758 .168

Lsast significant diffwanee betwesn prsportion naans 
a t  gf



Table ? f * Atialyst* the beetles caught by combination
of m aterials geran lo l, eugenol end PM*

Proportions* Eoplieatlon*
t> "■ ”"•- ■*’,*, ' V‘;v i't ■$

Coat pip b a itT  T T T nt" T  Mesne t

.IMjWl i

'—mm •*-«•#••

'5221&Q 773#,. # |5
r «*;’ U -/
"7035 "5375

\  ?
„ .5786 , . SG.182.J!'V %

.383

3*-3H3« ' 7070 7135 6245 3967 610U .185
O.JUO 3990 io ii#  8390

> ? 
l*0dl 6645 .191

2*3H5 3093 10185 5815 3907 5750 .181

liMMJL 3095 9324 6695 6364 6319 .196

s 2415 im s  h$m 3531* 3842 .178
• • • - ■ ■ ■ •    v

le a s t significant- difference between proportion means. 
4 t 55 ar 2021
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Table 911. Analysis of tho booties caught by eeefeinatleo
of fflatoftols e u ^ c l*  anethole and HU*

. V

.** f
PrapM̂dmmv

' f t *?

,; sVkepllelttone
§{ , f J? '? >? '•£’ .£",  ̂/ • *1 *'■

", A-'f *!■ S? ;V'
' peansft'

?' f 1 r .;!
*' •'■'■

Cost pox- bait ..C /  2 *..  i i ...i r ^
* 2980 7310 91*28-■ A 11971* 7923 10.171

t 2178 7toU 1*525 J9795 .183

?88 5377 t#25 9325 1*879 .308

i 112? 7587 3722 1i367 1*196 *168

B m m w  t Xii$6 691*5 1*885 5896 1*798 .158

■ ' s l&9f 8890 811*9 5225 51*88 .162

111*97 11709 5385 7585 .166

1 i m 8582 8535 1*106 5135 .11*1

ĝoOf̂ wli, 1 m i 8980 8093 5072 1*997 *161

lea st significant <Ufferep.e» between proportion means 
at 0  m 2882 •



fa b le  ¥IXX* B eetles oanghi by ceabiaat1m  of 2,3* 
or J* m ateriala*

Combinations and f 
f^oportioasi* §

HepXlcatlone Cost fo r
■IT"'’’».....2 " * ' 3" » l£ “ii Uoans t b a it

G eranlol 9 t 
anetbole 1 t 

Bugenel S ^m e^ela 
i  ' * 

Geraniol T^eugenoX

2556

1*102

U*89

m s
21*51*

3850

21*21

5259

2155

sm»
.17©

.185

1**1 UXV . ;JL**
w » i  * 2908 7310 91*28 11975 7923 .171

laeaab eif^fX oam t difference between c^ b iaa iio n  
mean© at- :£# lev e l 1st 2*128*



$!&&* IX# cimgfet by of
$$t»«l parts o f 2$y ,  or I* awtarialt*

C o m b i n a t i o n s  a n d  t

i % ^ © r t i p S i , |

. . ^  E a p l i c a t i ^ n s  . ....

r  j *  *  i  i s a n i

d o s t  f o r  

i  b a i t

Q e r a n i o X  . g *  

i m e i b b l o  f '

^  *  

s u m

' ■ *  c

k s x  m

?- '

~ ' m k . 1 2 8

E o ^ e n e l  3 * ~

* * » * & & *  S ' 1 - *  

f t *  3 * i m 6 m  3 1 & 9 m % 1 0 6 8 . I S O

o n f m o i  2 *  

a n c t h o l ®  f *

P S A  2 *  t 3 M 6 m s  m s m i 1 * 7 9 8 . 1 6 7

Boast sig n ifican t M iim tm m - between combination 
tuoamss a t $$ lavel M 32U3*



T *blo X, A verage num ber' e f b e e t le s  cau gh t per tr a p  
tup iaatc?rteXs*

V >\> &•" " \
tifatotomiiLon of
jiS te a e is lS r  - .5 ? ■ . . . . S . ....... 9 - 1  * ... J|. .= *£ *** ..*£

I  !* C JjbsI ^ * / a vv ■ S * *M ?ar | " r Jl*91*

O eran ioX -an eth o le  i 31*51 2355 1671

f-  ’ • / •.! 1 j f p o j .T* ■ ■ secy* 3l2»l

O eranio2.*-Q #roic t 2921* 1*916 3256 3988

1*588 3232 1651 1836

B u g o n o l-a n eth o le 2092 1628 1926 U6M»

Cug«»^@St. 21*82 5979 5908 U175

S u g en o l-c ep ro le 2693 3G&3 2867 3762*

f t tg e n o l-F li la s? l»93l* 6610 3761*

1*02 101$ 6245 730

A iJsthi^^aproiO 507 553 820 U*20

AnebhoXe^FfB m 371 812 579
P M ^ & p rtd e 336? 22*75 8303 2505

2957 2012 1378 2918

1521 1398 8011 1567



t o

3 » -  7 i  1  «*• 9  # 0 - 1 0
Eugwiol i 

<  1 0  , 1

\  W a g k &  t

\  *

t im i t i T ® 3133 5to

9 2 6 1*55 2.85 2073

19 0 3802 3263 2570

353*2 3566 m 2511

301*2 1*170 799 2561*

11*97 1278 51*6 3*92

i n ? i 32*18 1662 506

3769 3510 131*8 672

m 3 23m 1180 875

663 993 18?6 2893

1O90 3332 873 3500

7?? «75 m 3*915

2515 2323 1005 -3636

1980 3033." .6857

1332
' • i J U i

2525 175? 6857
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wlth eotsibination» off $mm mtbmi&lm*

:> «’ t

%*j§*4 %C‘ XeSJ&f’ 1 Xim**S 1 10 «
3852* £S$0 £81*2 2338 2231*

6685 $1$Q 6319 3682 mi
jjijto mi J6ii? mk 1632’

2036 wm 25?3iO isa o 11*98.
■am 1X32 567 ,8035

ms 3068 1701 1997 1767

3 3 $ 268 292 529 %m
S I M mki 2830 "issa S857'

mi 1373 1053 1990 201i0

m3 15& 111*3 2095 9a)|n
3m 3627 3W$ 3758 8588

m s 2*526 m3 3839 2632

3 M ■138# 815 2336 2071

SS>12 932*6 5377 mm mm
32*32 259? 22i38 xm 1539

367? sm mi n,n> 1539

3 k n xm x m 2962 2366

2*12 330 2*69 2*39 n i l

m 539 509 s m l i l t

683 838 m 721
1
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■Mble Xltt. Ingieetf o f feaetlM  caught in  19Uk when th e  
a ttra c tiv e  value o f geraniolp-m igenol (£»1) 
m ixture is- 10G*

Gerandol-PBB



1*7

fahi#  3dt?m. India#* #£ beetle# caught la  19hS the a ttra c t­
ive value Qt geraniol-cugenol (9-1) m ixture islQ Q .

ICftterials I
Proportion*

O' a J*. :#*'..„:..®-*2........'t1.r..**—»..., .-2-S» ... . -» ...,gl

G eraiiicl-ea^rG le t ts> 11
SugenGl-anethole $ n
.Ittgenol-Pta I U*5
^ ig eael-cafira ic * 21 13
lugeiiG 1-In t: 1 2 3 56 i #

* ■iiJhwi 56
Anetfeola-FIB a 8 65 20
■eaproie-M . * 97 n< 1*7

8—1—I t  1—8—Gii 1—l«*8t3 li3'< 3*i.1!1— 9 y 1—3 i^
O eraaiol-augsuol- 

caproic |  
Geranlol-eug&nol- 

Ft® i

..#fign$ole t 
Ittgcao^aiiethole- 

oap p ic  ... %

'V 0  ,, '*. ■., i*
B ugtnol-saprolc-

PIS t

173
tk k  1 222

V

f  w

285
...... -V .

71
C ■ \

,. 186
k

Z 'T *

 ̂ y

301

162

•5 ' i |  i z x  

9$
. ~A.

.ti-l-U -1  | « 2/3-2/3**8~2/3 * • 1 y ..i ̂ fjiiiil
Geraniel-eugenol- 

enetholG-PEK i
a#raaiGl-#ug#aol— 

cap?#le~Fl& t 
^Agenol-aaatholG- 

caprolc-FIB t

232

67

'123

175

279
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Table XV* Indlmm  o f beetle® caught la  19h& ^m  the a ttra c tiv e  
value o f ger&&icX~eug«aeX (9**1) issirture is  100*

Material®

i 8**2 s 6*4t i t 2~$ f XHt.
OeraaioX-eugeuoX * 91

90
% hi

£tigeaol~aaeth©l* * 
®age6ei--Pll. •*

*
t 71

An#thole-FM *
luetholo-oaproic * 26

'rf'%

> » 33

I f  
f?  
13

‘mu*$ -24

38 lilt

n  "■% % * / Jr*\

Oeraaiol-eugeii®!**
aiatbhoX© . . f. 

Oerauiol-eugeuoi** 
P E I  i

i t~9~ |
*  •: - V  *  ' " i . ;  %  S  V  4

;i= '   ̂ ?itsH

w
?*B i 1 X2

M »

i

111

M l - igugeaol-aiietfeo!#**
fix  t

iugouQl-aaetliole**
u ap ^ ie  i

MB I
BugeuoX~9Ei~*

s

pm

73

1*6

99

63

69 81 83

»

81

60

aeraniol^eugftjaol- 
aneth®Ie**B® *

Oeranlol-»eugaBol-*, 
auetfeolo-oaproie**
wm i m
PM-PEB *

’Eugenol-anathol«- 
caproia-Pffl .»

9?

78 9$
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Table I?3PU lattices ®£ bmtlmB  ©aught lit l$k$ whm  th e  
a t t r a c t iv e  v & l n m  & £  (9 -1 )
m&x&wrQ i«  !©§«

:$ I
9 — X )i 8 ■■*' t  1 ' 2 V 8  ' * 1  -  9

8© *^i© l-eug«^ol I 86 81

Q r n t m i : m

3fog©Bol*»enethoX« i it?
2ugeiioX-P£A I 128 n

8-1-1 Ii i “i6*i t i~i*-8
0«rani©l**magaaol^ 

fm  t m n  s?

Euganol-aneihol©-*
PE& t a t



Wtttm lad iees beetle* caught by individual 
m ateria ls.

le te v ie ls ».
Saasoa

19i^» i 19!iit» i X9li6* t 3$h7*i19ll2#M 19k9M*
f* jfi --MiMi-ff, e ML*euer&nJ.ox i 9k 101* 9h 76 12!*

l& genol l|0 31 33 69 100

Ansthol© 3? 22 9 15

Phanyleth^l A cetate i lit 3« 61

Gaproio acid : 11 30 lb 22 33

bu%r»hiIS J§ 6k 22 38
f e ta«ji'UiLL.'e» mi iiSSJpvy *■ 7 U 12 21

m fta d a r t in  Xpl0 was sugsiioX w ith a ttra c tiv e  value a t  XOO

#$tm&ard for other yeere m s geraniol^euganol (9~X) alxture
w ith a ih rsd iiv e  veins e f 100

#CstXculatad w ith geraz& oi^sgeft &3L( 9**X) itstotnre having th e  
ettrm tX ve mXmm si* 100
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Tafclo XXXI. gyt|autt^a.<eo|fcyoe f 40 gets balta o f esagbtoatiwa

llfctsriiO J I .............   ■ . IWIi>l3Qg^
1§ ,*  o i ..9 -  It? 3 -  7 <!: 1 ~.9 :! 0 O

GerftRiol-*usE^oX» i  as® *.182 ».186 #*19® #-19it 1.198 #..foo

.150 *17© ,149 ,128 .107 *|8© *0?5

'|- .180 .180 ,.179 .178 ,177 *176 .175
Gttr«iniol-*«aproiG i .18© .176 .167 *158 .14? .140 ,135

,18© .202 •246 ,290 *334 *378 .400

«Ugft&6l~FM | .2©© .198 .191 .188 *183 *178 .175

*?0® .194 ,181 .168 .155 .142 *135

,ltsgm*ib#i§ t .200 ,220 *26© .3® *340 .380 ,4oo
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ftfelo  II?* ftfetlo o f m$%n to  tti#  attr& etiv©  Indleea o f
tteo coafeiiiatioas o f two mioid&Xa*

Ifetecrl&Xa $
I0**0 I-.: .9*1 .1i 7-3 'I .$*5. A. „ M M 1-9 t  0-10

t m t i l 129 m 21*6 11*9 100

G sraniol’-orictholo* 163 181 m 837 39® 3t&

Qeraniol-?£A t it# 81* 92 m 227 gift 357
G»raniol**caproIo * m 90 128 99 106 286 373
Oeirm ioM ® isS ig s 381* 137 281 232 1290

Ku^cnol-P*^ 200 $2 81* 101 110 129 261

Eug*noX«caproio | #00 172 260 .108 12® 109- .27®'

RugfsnoX-*?l3 i too 185 161* ,330 1*66 71*5 1*29



s?
Table XIVI* iia tio  of oosts to  bit® a ttra c tiv e  indlcsa of 

cottbin&tlosift. of t|p?oo m torialo*

m
§01

caproio
§ar*Mol^fjg4«'

FIS

PISA

- I ®

*s
12?

81

6$

9k
190

67

8S

70

'$■ I
116-

&

• . . J  6? 
^  81

14
M

9t

P B

62

66

79

li8

Hi6

■ @L 

66

Wk |8 1

91

63

286
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'• .. •> ; - v ■ ... v4 

'Ifttariti& tt ? | ............... '*'* \ ..  .^' r .
i j ; . * . . < | . , i  a  %  ■-.*& %  •-*% a  * § ■ " % •  % •■ %  A  <Sr'*%*.,-'4' . J *
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$6
i ;  '  4, 

'  1 9  .
0 M i

ttEiotboX©»-eaproi€s i 86 31 ■to n

0oi?aKloX»oug0â X-«
IMHM&j&ie I 1 & 51 66 m

GerftuioX-^nethaXe-'
$ $ f c # e i g & o l &  i m 120 '179 m
caproie-*FfS m 181 193 m

. WMÂ ernpmM we 9U 1U6 n

is® 116 181* m



T't v „* y

2»2*2‘2» H'- iitak! ML JHh: if 2—ii—21*? Ji 2*3-li-2 f; t*4Mh4 s

m 76 57 71 85

i f Ik m 89 8lt

61; 76 60 62 56

92 11? Hi? li.1 338

155 13? 190 185 lit?

83. 105 83 90 89
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