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buring recent ysars thers bhas been an inoressing intsrast in
the use of attractants and repellents in the ficld of insect gontrols
Although asay attractive auterisls, both natural and synthetic, have
besn studied critically, thare is & need for more studies with the
intent of developisg more effsctive materiale to atiract inseeis, Bince
1922 when Smith (3%) and others demonstrated thet goraniol und other
chemicals were attractive to the Japanwse beetle, Popillis japenice Hew-

man, many warkera have tried nearly two hundred chemicslz attempting to
find moere efficient attractants. ¥Yor many years traps baited with ate
tractants have basn used as & means of sondrolling Japanese bEstles.
These traps have besn baitsd for mers than ten yeors with a mixturs €ov=
World

sisting of nine parts of geraniol and ens part of eugencl. 4
War 11 shertages of thess materisls made their uss almoat probibitive
and it wag neceassry to asek practical substitutes,
&aﬁ‘eﬁnﬁw nﬁmﬁe& mfrs« mmatad s A *hha University of Marylsnd
and have bean eaaduem ssrm year since 191;1. These studiss ‘surried on
T by wa,:«iﬂan;fﬁm, m, #£hd the ﬁ;*iw xmm ,ﬁrmt& xmm whieh are

Ha 2

TR

’Wtstmaing f‘ur a@'ﬁs&e&i&zz J;;mm@; baﬂiaa. fh&s wwka ha% 2lsg indie
- cated that the zwt.ia of mterialﬁ &Saei hag lmportant bearing upon the
attractive vnluea prmimmi. I‘ti ‘wid ma that when certain sttractants
are mixed tugaﬁher tiim aﬁtracbim w},m is Ancreamed, but whem othars
are a&m the values are depressed,



BARLY WORK ON JAPANESE BRETLE ATTRACTANTS

In the early studies on metheds to control the Japsnese beetle;
it was noted that the adults, wkich are pelyphytophagous; favored cortaln
food plants and wers strongly sttraeted to ripening fruit. In 1922
Richmend (32) snd others tried wany odorous compounds., Many essential.
01ls wore tested; some were found to be atiractive, many were néutral
in their effect; and still others appeared to be repellent: Constituents
of these essoritial oils were studied, and geraniol proved to be autntand~
ing in at.t;raéting the Japsnese beetle. Later Metsger (21) showed zmml
t0 be & primary attractant for the Japaness beetle. He nlso showed that
its effectivendss could be materially increasad by the addition of sugenol.
Thevefore, the standsrd formula of nine parts geraniol and one. part eugenol
was used as the stirsctant from 1930 until shortly after 1940 when the:
raw maoterials for the production of these chemicals bacame very limited.
This mode it egmential that substitute attractants be developed, Fleming
snd Chisholm (9) suggested that anethole could be substituted for gamﬁiai
and pimenta leaf oil for eugenol in the standard bait without signifi~
cantly changing the catch of beetles. MNuma gt al. (26) showed thit the
geraniol-eugenol formula could be diluted half and half with a mixture
of £ifty per cent mineral oil in decdorized kerosene without mstorially
reducing the effectiveness of the bait. Langford and Cory (1h) modified
the formmula with the useé of caproic ecid and phenyl sthyl butyrate and
got essentlelly the same afficiency a& by using the standard geranlol-
sugenol mw:*e. Langfmré and.: t»ho wnitar (15) fahawa::i that phenyl ethyl
acetate increased the attréow.vmmm of bait combinaticns. Langford
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The purpuse of %:iaiiu vf;zmk w;m o m & cw%smﬁm study of the
ms.atira ww aﬁ' six: mwmﬁ rw 4%:*&@:&& the. anm@sa beetls.
*!my mm mm haa:sme sm haei thm Was i eﬁ-lier %m:: and
wers gompabible. slt&mgh mh wark has bm done hcremi‘am, ishtra was
a definite nesd for a&rami mﬂ»ﬂsé mwmma of ¢ombinations in
various proportions. “fhess studfes were Senducted during the 19L9
sesson at the University of Maryleand, College Park., Caleulstions were
made to find which of the baits wers moust ecenomical as well as most

attractive,
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Anothols. This mturial :is m .ather- vhich iz commonly found in
sssential oils, It is m&awzwa Atade With a sbrong aniss coder,
mmm:m mwo& fmu aniae, fenml, er p:}:no oﬂ, whiak mﬁs t.hﬂ

. [ orsular “;ﬁ&aﬁm, ;u m mi’m amﬂ-h b&wm baits.

mw_ag_. a‘&}g}' m&tam. This moterisl is an ester of sasdic aslid,
It 1o s colorless lijuid with s delftate: foeiitke or poaci~liks sder,

Gaproic wcid., Thie fatly moid if feund ecmmonly in maturs in

animal secretions and exerstions, and im living snd décemposing green
placts, It s & slightly yellow liguid with a strong goatelike odor or
stench, Langford anéd Cory (L) found 1% t& be en sxeellent attractunt,
but its effectivansss varied considersdly with the source. Adulterations
in the cémmercidl products may change the atirsetive qualitias of this
Fhenyl ethyl butyrate, This ester of butyric acid is a colorless
1iquid with a faint musty oder of over-ripe apples. MNums st al. (28)
found it to be a promising saterial for mixing with the geranioleeugencl
combiriation without smaterislly lewsring the attractive gqualitiss,
Gombinations, Richmond (32), Vin Lesusen (L3), Fleming (8), and
Langford ob als (16) have shown that eesrtain mixtures of two or more

atiractants arsé guperior to their compensnts., Leangford end his co~
workers showed that in aiseteen cosbinatiens of xateriels fifteen bad
sttractive valuos that excesded tho sttrsctive value of any one cowponant.
They alse showed that enewthird of thess fiftsen combinatiens had attragw
tive values that sxcesdsd the conbined valus of sll the sosponents of the
aixtures In studies of the known sitractants derived from four of the



favored feod plants of the Japanesa bestls, they found scetiec scidy
capreic acid, sugenel, geraniel, and phenyl ethyl slcohel %o be present
in ene op ma. Richmond (32) found in his atudies thet some of the
cangtitusnts of the esmential oils were more attractive than the oils
themselves, s concludad; therefsre, thst essential sils often aomtatin
magring censtituentss Iu thess studies the gix materizls chosen were
shown to s geod ettractamts for the Japusese bestle in thelv omn rights)
alse when in combinabicns with the other materiale they fncreased the

bd a8 & diluent for an attrasbant

attractiveness of the wixture, or serve
withoud waberially lewaring the subssyient beetle cateh. These weterdals
are ned chemically sctive with one anether except for ene possible ceabie-
nation: Therse may be a maut. satm*iﬁuti@ ax niol by taprolc asid,
This met&m mxﬁﬁ aaefmty si‘aﬁ, tm.&iﬁg aawrsl wonths to complets at
bamﬁme of im than one h%ﬁmﬁ fifty aewn ?mmm, snd the

minlﬁiﬁg %ﬁtmn u‘.iﬂ qﬁ&iﬁ tm émréeﬁe aéérumt iﬁsmmm.

;
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AL tests wors operated under field conditions in standsrdized
trapes ALl traps were ldentical exoept for the chemieals used in bait-
bottles. To reduce possivle errora frem ussver evaporation thros X
inch wicking was used in the bait boltles instead of the regular half

arily used, Previeus tests had proved
the threewquartér inch wicks ¢ut flush with the meuth of the bait bottle
produced a minfoum of flustustien in wvaporation of tha test muterisls.
Bach of the six materisls was mixed with ane of the othsrs, with two of
the others, and with three sf the others in varied proportions as shown.
in Tables I,¥ and VII. &1l tests contadning geraniol, sugenol, gwﬁ#
anid phanyl ethyl acetuts were replicated four times end tests with ga~
proie soid ond phenyl sthyl butyrate twice. The experiments condvoted
with six materisls in three Mundsed aﬁ.ww gggﬁs& of whick seventy-
nine iﬁ.a »uww»gg naﬁ, eﬁe« aiyd Lo ga& gqaﬁwén twice. The
traps wexé w?naﬁ &., oni ¢§§§§ f«m%?a teas tot
aparts In esch a.w amt ﬁﬁ«% batberies: & trep i@ﬁy awwaﬁeu, as n
‘was uesds The number of &ﬁ%ﬁ E “emcli: @n#@%@ wap slght or twa, depand-

ing upen the nusbesr of mn&waﬁ«ugn.. .wu.w,,) aﬁ%.,m w.s sach battery were ro-
tated dally to overcoms any effschs of trep location er maidking effects.

4
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Determination of Cosb~index Basio. High attractive indices may
net nmw indicate that s combination of saterisls is practical, because
its cost might be too high, Cost-index ratios were therefore calculased
for the combinatiens that showed the highest indicea; thsy are glven in
Tables XLV XXVI, RIVIXs The figures were obtained by dividing the ssti-
nated sost by the corresponding index.
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Table XII. Indices of besatles caught with coaabinations
eugenol is 100,

Combinations of 1 »- - , | | ) ?rapaﬂims _
e 'TW=0 se3l 5 73 Eew
Ceraniclecugenol 1 12y a6k bl 143
Gersnieol-anothols 167 30k 81 70
Geranicl~FEA - sz 213 195 22
Geranislscaproic 1ns 196 130 159

6l

92

Gereniol-~PED 171 128 212
Rugenol-anethole 100 78 88
Eugenol-~PNA 100 21 231 187
Bugenol=caproic 100 113 107 158
Zugenslm-PED 100 119 159 21
Anethele~PEA b1 38 22 25
Anetholewcapreis 15 16 23 a
Anethole-PER 10 8 17 12
PRAwcaprolc 38 68 63 é9
PRA~PED u3 29 20 b3
Caproio-rED % 22 20 29 23




of two materials whem attractive value of

133 133

s 22
78 73 kg
iy 62 36
nyp 163 n
72 61 26 ok
166 138 67 20
b 1A 130 50 25
3 '
30

o
geEBEs

19 37 ek e




Table XX. Indices of beetles caught with cambinations of three

Gombinations of Proportions

o

meterinls Bulm1’ t Gulu 31313* :

Seraniclesugencl-anethole 1 128, 10k 130
- Geraniol~eugenol~FEA 29k 262 310
Geranicl-sugenol~cuproic : 336 326 308
Gerantol-eugensl-rEp - 97 178 W7
Geraniol-emethole~PEA . 150 ol 59
Gerentol-asethole-saproic + 140 o ns
Geraniol=anetholo~PEB - 36 30
Geraniol-PRA-caproid 157 181,
Beraniol~PEA=PEB .79 124
Geraniol=caproie-rES 120 64 8L
Bugencl-anethole-PEA 198 195 161
Tuganol-anethole«taproic 2 193 192
Ergenoleanethole-FES + 56 L 67
Buganol~PRA«canrole % 23& : ﬂ 260
Buganol-PRA-PEB 1 19k 82

EEw

-

9

Bugenol-cefrolosfER- .4 | 9k, s 98 Tigé

am.mwwm«amm S -1 97 96
32

Anethole-PRA~PIB 2 26
Anethola~caproiepPiB 3’? k2
PEAmCaprole-PER 1 73 78 93




materiale when attractive value of eugenol is 100.

»_5 o 1-»1~8

137
338

wnes BEEEE

161
292
238
128
”
60

17
96
&7
77
172
67
328
169

127

321
22l
165
28
96

27

& & v 3

39
189
158

103

95
251
106

B E g

107
98
103

123
68
£30
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Table ¥XI. Indices of beetles caught with coubinations of four

G&mbﬁ.mtim& of ;

_Proportions

mtérm:s o ?*-lwlwl

L)

171 s

1171 8

1wdwldn]

ﬁemwlmwmblw |
anethole~PEA 1 308
Jeraniol-gugenol~
anstholewcsproict 195
Geraniol=eugenols
angthole-PER ] 97
Geraniols~sugenole= ,
PEA-gaprolic % 398
Geraniol-eugonol~
PRA-PEB 1 295
Geraniocl~eugenslw »
CRProLomPED H 21k
Geraniol~angtholew _
PEAwcaproic ] 178
Garaniol-anethiole :
PRA~FER ¥ 137
dsraniol-snathele~ ,
caprole-PEB $
Georaniel«PRAm
caproio=Fin t 15
Bugenol~anatholew
PRAwcaproic - 118
Eugenel-anetholew -
PEA~PRR t 108
Eugencl-anethole- ‘
caprole~PER t i3k
Eugenol«PEiw
caproie~rin 1
caproloePER ? 57

231
221
101
374
296
28

as

107
m
61
102
A37
51

188
19
671
263
246
280
97
70
Bh
88

g 3 E

170
70

162
191
68
300
272
160
156
59
70
64
1o
67
1ok
W3
70




saterisls whom attractive valus of eugenol is 100,
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DISCUSSION

lsngford et al. (18) poluted out that mixtures of attractasts, on
the whole, were more attractive than suy component. Richmond (32) stated
that geranlol is olearly the primary attractast of the Japanese beetle,
but combined with sugenol its sffestiveness is inerswsed, Tests at the
Daiversity of Maryland (16) showed that scme materials such as phenyl
ethyl alechel, caproic aeid, snd others gave additive values to the
attractiveaess of the mixtures to which they were added, Undoubtedly
the m*?;wrtim of the asterisls iz a mixture had an influence en the
ﬁffﬁﬁﬁi;’é‘%eﬁz@ for attracilng the insects. 4 nine to one mixture of
geraniol and sugenol produced an index of 16L while equal amounts of
thess chemicals gavae an index of 143, Thersfore, in thess studies date
were analysed L0 show the relationsbly of mixing these chemicals with
others and alse te show the effset of the variens preportions or concene
tratiens of waterisls on the attrsctivencss of 4 mixture,

Bvaporation may alsoc be a factor influeneing the atbrazctive quali-
ties of a mixturs, However, tests run during the winter monthe and also
concurrently with the adult beetle season in the summer of 1949, showed
that all the materials, excep? phenyl etlyl hutyram, used in thess tests
eveporabed at about the seaxe ¥ate, There yure 1o siawmmt differances
in the rates of evaporation; ait.hnugl meﬁh&n, *nmh was the poorest
atbrecteat when wmd alm,. avaporated x‘aaﬁgr tham ma mhar&. E’lfwl

g

ethyl butﬁ'h‘bd wnmrxt&d ﬁﬁah rsm‘& niﬁﬁy ,m 1&3:3 a%her m%g'ﬁh* ‘

k3 T

Baged on t&m work of Mums at ﬂlu {2?) and ather unpublished work at the
University of Marylsnd, it was-assumed thal mest: of thesd materials could
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ywise, when one part of geranicl was sdded to & mixture of eight parts
of sugenol and one part each of spethole and caproic scid; with sn index
of 142, thers was an increase in the attraction of over Lifty per cent to
an index of 221. Gsraniol is not only & good atbractant, but it has
sdditive eharacteristics; which make: i éns of the most important matee
risls for ativscting Jupanese beetles.
Boge f'mlg This chemicel can be considered one of the primsty sttrace

tants, ar very few single attractants gave grester estches of Japanese
bestless In thess studies eugenol ranksd secend Yo gersniol. Like
gerantil, sugenel has the charactaristic of inereasing the attractivensss
of » mixture when sdded in samall guenities, Richmond (32) noted ihat
dded to geranicl the attractivoness ef the bait

“when sugenol was & e
sds Then for more than ten yesrs the standard baib used is the thousands
ure of nine parts.of ger-

of traps uséd throughout the sountey was & mix
aniol and ono part of sugenols In Table XIX the index number cflaﬁﬁ

for this mixture is underscersd, When one part of sugincl 1s addsd %o
nine parts of the other materisls the sfirsttive values are iacrensed
from shirty to one hundred sixly per cent. 7The incresses of indsx values
of such combinations ware &8 followas thirty per cent when added to gerw
aniol, one hundred forty per cent when wixed with snathole; mors this one
bundred per eent when mixed with phenyl ethyl acetate, ouo hundred sixty
per cent when added to caproic scid, and mors Vham ninety per cent t}@n
uped with phenyl sthyl butyrate. Bugonol produced alsc an additive value
when siixed with combinations of two or more meterials. When ons part of
ougencl wan wixed with & combination of nine parts of geraniol and one
part of anéthole; which mixbure has an index of 104, the attractive value
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axcopt anethole. Wien cépioe abid'wid 4dded +6.anethole in suall quan-
tities thers wes little or no sddidive value %o the stiractivencss of the
mixture. Oaproic acld incressed the indices nearly seventy per cent for
geraniol, thirtsen per cent for eugsndl, sighty por cent for phanyl ethyl
acetate; and sbout forty~five per cent for phenyl othyl butyrate. Caproic
scid also incressed the atiractive values of most wixtures. For sxample,
when one pirt of caprole scid was mixed with a& combination of uine %
of geraniol and one part of evgenol the attractive valus was approxizately
‘twice that of the geraniol-sugenol combimation. However, in some mixtures
the addition of caproie scid 4id not add to the value, but was neutral or
detracted frem it, Fhen one part of caproic adlid waz added to a mixturs
of eight parts of sugenocl sad one purt émch of anethole and phenyl ethyl
acstate; with an index of 198, the attractive value was reduced to 118,
Caproic acid had an séditive velue when wixed with sany materials or come
binations of materisls, but the results varied and caproic scid masked
khe atiractiveness of same combinsticna.

Pheny) ethyl butyrate. This meterial had about the same sttractive
index &8 caproic acid, Phenyl ethyl hutyrats, like anethols, did not
gonevally add such to the attractive velue when mized with the other aste—

rialss When sdded in small amdunts to enethole or gsproic scid the re-
sulting indices were sbout the ssne, When one part was added to nine
pards of geranicl or phenyl othyl acetate the rveasulting indlces were
about twenty~five per cent less than the velue of the other materials
used alone, However, when one part was sdded to nine parts of engenol
the indsx wai nearly twenty per vent grester than the one for sugensl,
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The best gombiunations of matertals. Of the thres hundrad fifty
cembinations of materials used in thess tests; ane hundred one mixtures

showed botter catches of Japanese bestles than the standard gersniels
sugenol uixture, Thirtyesix aﬁw»ﬁﬁ@w;ﬁgt £ifty per &%ﬁ.gﬁau and
aix mixtures wers appreximately twice an effisient as the %ﬁmﬁmaﬁf
In Tadle XIVIII on page 28 the cemdinstdons are arranged in the descending
order of their indices. The cost~index ratioc gives = direct method of
‘determining which mixtures combine high affeetiveness with low costs The
lower the retio the better the cembinaticr-tho best conbination of two
materisls was eugsnol with a small amount of phenyl #thyl scetate. The
addition of a #mall axount of caproi¢ scid to this mixture produced the
highest index for thres materials, but the most effective cembination

was a aixture of two parte esch of eugsnol snd phemyl athyl acetate and
six parts of caproic scid. The best combinstion of all consisted of seven
parts of geraniol snd one part emth of eigenol, phienyl sthyl scetate, and
caprolis acids
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Table FXVIII. The best combinations of materials for
attracting the Jopaness beestla,

Gollbinations and |
mymm $ Costeindax ratio 1 Index

ﬁmni&mamlwmmwprﬁw , ,
-t} ] by 398
2wl ) 3 &5 338
ﬁermialwngmalmgmim ‘ ‘ o
{Blad) $ 53 336
mgmhﬁx*’&wam@iw ,
{2=2+6) 48 328
ﬁmﬂa&wm&lmeﬁmWMw B o
~ (7e1=1e0) 1 6 306
i 82 2k
: 90 196

=3 i 84 195
ﬁwia&mmwlw , .
{9=1) (Standard bait) @ kW 16k

A gt
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Table Is Record of beetles caught. Batbery 1 of
geraniol~sugencl test.

"‘*‘“"5—*1’ of 1 o, of bestles caught per weoke
s Lgbs 2 ' %t BEh ¥ Averags 1Y

mm 10 partar 52 565 3567 ‘%m 585 1290

Gamzﬁah-eﬁgmalm s _ _
(9=1) mg jajégﬁ 1996 ¢ :’3&,?5 537 1472 135
&érunialueuganah ‘ » ‘ o
(7=3) 1675 772 1550 2760 3k 120 130
.Qarmiﬁz.mugenélﬂ 4,4; I W T % )
: Yooou , > 4360 : 1965 | 298 © 71351 a2y
éﬁrmmaﬁalﬁ— T L o
(3-7) * 11*751 715 2h35 2Lk 303 1408 129
Geraniol-eugenol= , - , o
(1~9) LY . #75- 520 3106- 2110 . 310 138L 125

Pugemol 10 1 ‘1136 k90 2075 1328 2089 1090 100
Bepty + 17 o ek 36 51 158 1k

Totals ¥ 9736 Splb7 Y393 15,585 2»62&

“Wattractive valus of sugenol is 100
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Table II. Eecord of beebles emught in the geranlol-eugenol
towta, {Totsls for four replicationg)

eriala and 1 zm of boetles saught per weal
P;?amrﬁimu o2 Tsb v end ¢ Srd § Iah ¥
Geramiol 10 parts ¢ ook 2710 3‘?%’

geraniol-sugensle

(9-1)

Jeraniel-euganol

(7=3)

Geraniel-eugoenels

(5-5)

Geraniel-eugenols

(3~7)

Geraniolseugenol

(1<9)
Eugenel 10
Eapty

t 5005 3385 535 6806 1187 1087 164

v 389% 3247 5007
e 4887 3570 5013
1 3080 2515 ShL6
t 2863 2465 6658
1 3150 iséy 5209
¢ ker  s55 353

11808
69l
260k

834

919
858
839
940
727
282

881
663
122

133
13
100

—FowTe

28,200 30,1086 365705 355259 55705

T #attTactive valus of sugenol 1s 100
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Table 111, Analysis of tho beetles caught by the
cozblnation of geranicl and snethole.

e

_ Replications
Proportionsy "X t & % 3 £ 4 % Mean #1 Cost per bait

1B-1 & 3970 1677 272k 5235 351 $0.180
$-X 1 2556 1h8y  21sh 221 2155 «170
7-3 1+ LOOS 717 1082 882 1672 <149
$-5 @ 2L88 131 933 1924 pENS N 128
3-7 & 1&sLh 366 653 998 926 +107
1-9 - 61y 285 386 532 LS5 086
0.0 s 253 288 1328 210 283 078

I;eas% sigm.ﬂmt ahggrm% hat.ween prz:pﬁrtﬁm
mosns at 5;...

Anslysis of Variance

Source of 3 msktn of 1 Sme of & , X
Variations : Freedem @ Squares ¢ Varisnce ¢ ¥

Replications 3 834775470

Froportions 6 28,661,728 by 776,955 8.93»
Error 18 95628,050 534,892

Total 27 146,767,248

*? va’.‘mt m.quir&d for sigai:‘iemea n 5%‘,! ;miat is 2.66
Stendard error of differences w 517.15



Table IV.

3k

Anglysis of the beetles caught by combinations
of sugenol and PEA.

Rerplim%ians

VPmportimﬁ +

A 1 ’f'“"‘?i 1 Mean 3% r}astpax*bsit

el
b

]

S }
-~ W W MO

111228
11050
£ 6205

WY o« WD
t

¥

&

~g.94 . t"‘ 322;5_

4

% IalS’I“

1 5056
1-~9 mﬁ,

1229 2013
L3ig 3575

3561 Liz0

3631 su9

26U ligs
2196 3593
~doi6 ™ wdos, ©

.....

1796 5979 & +198
k903 5%8 1t 193

:'55.3532«: ,Mhh ' .188

ms S u121 4 .133
ma& LRoaged w17 m

| I.eas& significant diffemca betmm ;:rayort&ezx
means st 3% - 2@32 5oty o

....-';

[
4



Table V. Analyels of the beetlss caught by combinetion
of sugensl, anethele and PEA,

Proportienst &egli;m;ﬁm _

e i S b Jic8 . o Means  3003b per balt
B-1-1  »llop 7Tek5 3880 sas9 sk $0.188
é-2-p-. 315§ AB75h. 3810 MTE . SOSL. ., .270
330300 adi esost 3n6s 3083t ks, ¢ daso
26 1285 596 Lo 275 3563 108
2-2-6 1 2UR €36 M 1 3627 RS
181 s 2210 6397 o860 235k 3405 098

p I, P v 2648 ShO3 k335 28hks 3758 «168

Least 'signﬁicmt difference betwesn Proportion xeans
£t 5% w11h3,
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Table VI, Analysis of the beetles caught by combination
of moterials geraniol, eugenol and PRA,

?romm: - ‘ T mam € Gaa‘h per balt
8-1-3 1 52250 7?m 5635 . ls?8 »s?as w-m&?a

622 . .1 tdugs qods "si7s rloef Tsssec .63
3r-30e3t - 2070 m5 é2bs 3967 610k 185
2m62 3990 A0l B30 N0kl  éals 191
2e2eb 3093 10185 5815 3907 5750 .161
181 3095 932k 6695 616k 6319 2196

1-1~8 s 21115 Lo1g ?45“33 35,% 3842 178

mms aigxaiﬂamt difference betwesn prayartmn BAINS
at 5% = 2021



Table VII.
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Analysis of the beetles caught by combination
of matarialﬁ garaaﬁnlﬁ augéa&l, aaathala and PEA,

¥ 5"

Proportionss’

ﬂﬁanaat

&aat p&r hait

T
R 20 T S
AedwTud
Lendelom? L]
Q 154 2 108
liwgm2e2 3
=l 3
oo o
22wl

£

7_295@ |

2178
988
1z9

166

1699

1750

1317
198

8582
6960

5896
5225
5385
5108
5072

1923
so83’
9325
L36T

4879

lagé
4798

54,88
7585
8135
ugo7

$0.171
+183
«108
+168
158
162
+166
+3l41
+161

Laant aigni!iaa&i diffarnwcn &u%w@en prepar%ian meansg
at 5% w 2882
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Table VIIX, Beetles caught by cembination of 2,3;
or 4 materials.

com};imtima and , Replications - Cost for
!’remr‘éimm ; 172 % 3t Lt Means & balt
Geraniol 9 3

‘anethole 1 p 2556 A8 alsh  2h2d 2155 +170
Eugencl 8-snethole B .

1-PPA 1 s  h1o2 72hs 3850 5289 Sl «185
Gersniol T-~eugenol

‘l-anethole 1~

PRA 1 t 2508 7310 91128 11?75 1923 »171

Loasﬁ siam.i’imt c&ifi‘et’emse Batwm ambmatinn
mesns at 5% level is L128,
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bap e
? ﬁ L

Table ‘xx. i 3&%1&& cauam b}v emhﬂntfmm of
ﬁml wﬁs of :2,,3, or 4 materials.

Goabinatisns and i _ g"}“n%ﬁi?m Gost for
Frap@rtim s S BT ; ﬁ 3 Mesne ¥ ball

Geraniol S- o G .
anethole 5 < 2488  Lh3: 933 :mh AN «128
m:smal 3t '
anathole 3% o ; _ o _
FRa 3¢ 8Lk 6905 3169 3053 L4168 «150
Geranicl 2%~ ‘
eugenal 27
anethole 2! , , »
PEA 2¢ t 165 69245 -hass E896 L4798 «167

| ant a&gnif:imh anmma batwom cmbmtim
means at 5% level is 32L3.



Table X.

Average nunber of beotlss caught per trap
two materisls.

;____3 1 iy »L ;a.. r 5,‘.._’)7]_{»

Ciierrmmlwmsm@h

Geraniol~PBA - o473

Geranicl=caproic
Geranidl=PES.
Bugenolsunathole
Pugenol=Pma
Rugénolscaprois
Bugenol-PRB
Anethoele-PEA
Anethole~caproic
Anethole~PED
PRA-gaprole
PEA-PER
Caproic-Pos

:

- oy
861 "/ o sab9.
¥ s - Gy ¥ SR Y

2158

Sk

4916

3z82
1628

5979
3043
Lo3k
1015

553

378
2475
2012

1398

1671
5014
3256
1651
1926

S908

2867
6610

820
812
2303

1378
2011,

CORugl

341
3988

1836

Léhh

1178

376
376L
730

519
2505
2918

1567




with the coubinetions of

Fogenocl ¢ Mpty
Je-7 2 1-9 ¢+ 0-310 1 v 3

119 W 3133 5
926 155 285 2073

1996 1662 1263 2570

35k2 1566 907 2511

3042 Ly7e 9% 2564

197 1278 SL6 hoe

L2y 3138 1662 508

3789 3520 1348 672

3023 2100 1180 878
863 993 1876 2893

1098 1332 873 3500
799 875 928 4915

2515 2323 1605 3636




Table XI. Aversge number of bestles caught per trap

Gombinaticns of «_____ Proportloms .,

nater: ] i

o _ Belel @ Ge2eR 3 34303
Geraniel-sugenclesnethols + 2869 2319 2896
Qeraniol-eugenol-FEA 5786 $552 610l
. , 5478 5328 5022
2820 2550 2100
3087 .
2467 1hos 2090
iol-ansthole 607 s02 26
?n&ﬁaw%&%gg kh72 5169 L230
Geranicl-PEA~PER 3651 2534 2150
GerantoleeaprolcPEB ks 1313 1718
Sugensl-ansthole~PEA suh 5051 168
Bugencl-atiethioloscaprotc 3136 030 So6ls
Bugenol~ansthole-FEB 1160 1392 1391
TugenclsPEA«caproic s 6566 1393 o9
Bugencl-PEA-PER G e ! Caesr T os0s
AnstholiFuacasrote L. o+ . Mgy e een® ]
Anethole~PRA<PES y, ' 216 ¢ 23l 297
Anethole~¢aproicwPEn e wwwMAWumwxwwa.w L77
PEA=cBprolamFED { oy ;.mﬁ C feé | ioky




with goablnations of thres materils,

%
¥

& wen

e

W

BB 4 geReb o 1B

sh

863

3877
8

288
2Th7

3627

934k
2599
2796
1879
330
539
830

2842
6319
3647
2940

567
1701

292
2830

1083

h33s

83717
238
2507

EREE

3238

233k 223k

1632

2033
1767

3702
2857

2071

20l:6

2366
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with combinations of fouwr materials.

W5

¥

.- 678

B ?‘ T

2505

3269
2639
5220
150l

oo

3181

R "
S 11 5, )
T -
%

2428
911

3053

2891

2377
901

2936

1076
1076
2358
3291

e dET8° %% 3272, | 4 3305V 1676
d meget A B A T T ‘

P




‘Table XIII, Imdices of beetles caught in 19LL when ‘&he
etiractive value of geraniol-sugencl (9«1)
wixture is 100, '

’ metim )
IS e

Geraufol-anethole 3 65
Seranisl-capreis ¢ 77
Geranlol-rEe

8 39
53 81 30
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Table XIV.. Indiges of beetles caught im 1945 whon the attract-
" ive value of geraniol-eugenol (9-1) mixture is. 100.

Preparﬁiemu
9l 202 o4 SeB % i‘-—ﬁ; 1:;2
79 79

Materials i

Geraniel-eaproic
Geraniol~PEN
Eugenol-anethols
Eugenol~PEA s 1LS
Bugensl-ceprole i
Eugenol-#ER .
Anethole-gcaproie i
Anethole«PED
ex;mﬁ@nm

— h i

123 56 109
s 56

& 20
97 9 7

a2
8

G A e S e W W S
o
ol
\ad
w

Belwls 1-&-& Iw1sB13139 30 :i»—i-?: %—9-%: Tehielit M«-h zné‘-hl

Berani.ol-sugenocl-

capreic $ 173 ) i
Gﬂrmielmaugenalv 5
Geraniel-anethole= P |

caprolic $ 182
Bugenol-anethole~ L
' “ﬁiﬁic ﬁz m LI R TR o A S '
Eugenol-anethdles' -~ v yop b o G I

P8 L B by |
'Mmolmag)ww« h .

s 285 301 95

g

ﬁml*&»l l 1—4&*1 a%/M/M-—E/.? t é\-h*»h*njg
Geraniel-sugenoie ' o

anethole-PED o 123
Geraniol-eugenocle o

caprolc~-PE8 1 232 175
Bugenolsanatholow

caprole-PEB 1 67 279
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Table XV. Indices of beotlss ceught in 1946 when the attractive
vaine of geraniol-~ougenol (9«1) mixture is 100,

Materials p__ . e
. o Fe1 8 B2t by 3 BeB 8 beb 28 3 19
Geraniol-sugenol 3 91 '
(oraniol-PEA ¢ 90
Geraniolw~caproic o 64 L7
Dugenol-anathols ¢ 130
Bugonol-PRA 3 =301
Bugsnsl-caprole 1 . gﬂ 33
Bugenol-~PES t 713 LT S
Anethole-PRA 3 17 T , -
Anethole-ceproic i 26 27 38 L 37 _ 30 .
Anethole~PEB - w7 %;3 3 e e
fﬁ&hﬁ&pﬁﬁiﬁ “‘i % J v‘ t % FoLr ‘{E.'-; . . : : A “
ﬁgpraihwm 5 L4085 ¢ 26 % s &

oyt

s..mmu 1&@;?@2;3@&&@&*z3¥3!3u%«-9~§

Geranicl-suganole .
anethole g ?&'
Oaraniglesugensle »
PEA s 17h
Geranioclseugenol~ | |
seproic + B 47
Geraniol<sugenol« * ,
BRE : 112 118 131
Geraniol-snebholas
caproie 1 65
{Eamielweapmmw -
Euganui—me’bb&léw
PRA s L6
Eugenol-anstholaw ,
cadproie ] &9 2 85
Eugenol-anetholew , -
PeR ] 99 81
Bugenol-Pih-
taproie 3 99
Eugenol-caproice |
PEB % 63 70 60

:2/3@/%&»2!3 1 2}3»-2/3%/3 $ mwm

Geraniolseugencl-

anethole~PEB 3 96
Geraniol~cugenals.

anethole~caproic— ,

PR ) 8k
geranicl=eugenel-~

PEA=-PREB § °7
‘Bugennl-anetholom

caproio~PER 3 78 95
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Table XVII. Indices of bestles eaught in 1948 when the
sttractive value of geranlolseugenol (9=1)
mizture is 100,

Matorials s _ Tropartleny @
Je3 1842 2 248 8 19

Geraniclseugencl 86 81
GeraniolsPih : 84

Bugenoi~anethols L9
Eugencl~PEA + 128 73

Belwl ¥ 28l 3 Yedsd

Geraniol~sugenol- ‘ _
PEA 3 135 92 By

Rugenolw~snethole=
PEA % a1




‘Table XVIIE. Indices of bestles ceught by imdividusl

¥aterials 'l

Geraniol
Fhenylethyl acetate 1

Caproic acid R 5 A 30
Phenylethyl butyrate: 38  Sh 22 38
Espty - 7 ¥ 12 2

#x3tandard in 1949 wes eugenol with attractive value of 100

#8tandard for other years was geraniol-sugencl (9-~1) mixture
with attractive valus of 100

#Celoulatad with geranicl-augenol({9-1) mixture having the
attractive valoe of 100



Table XXII. Eptimsted cogte ft kO gram baits of combinations

52

Materizls 1

Pvapav%iaas

10wt 9= u’!a,‘u%‘”*«%&:& ?:141-9:@“101

Qaﬁaaiﬁiag&gmﬁn&g

Gersniocl-anetholss
Geranicl-PRA E]
Geraniol-gsproic
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Table XXIV. Estimated costs of L0 gram baits of

Ustarials ¥
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combinations of four materials.
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Teble XXV. Ratio of costs to the attractive indices of
the combinations of two materiais.

S e . N T

10003 91 4 7e3 b 55 b 37 3 19 1 010
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Geraniol~PEB 158 137 28 232 1290
Rigencl-PKA 200 82 01 1 129 261
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Table XXVI: Ratio of costs to the abttractive indices of
combinations ¢f three asterialas
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Table XXVII.
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