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T ABSTRACT I

.Ph. D, Jean-Pierre R. Le Blanc - EAntomology'

TRAPPING AND MONITORING TECHNIQUES FOR PLUM CURCULIO,
CONOTRACHELUS NENUPHAR (HERBST) (COLEOPTERA: CURCULIONIDAE), 3
"IN A SOUTHWESTERN QUEBEC APPLE ORCHARD

. Six published sampling techniques, and six trapping and

three moni toring techniques developed by the author, were tested in

a southwestern Quebéc insecticide-free apple orchard to determine a

reliable trapping and/of monitoriqg technique for the plum curculio.

Adult captures in’'intercepting funnels were distributed,
in time and space, gccording to the seasonal development and ecology
oil" this insect. Fémales were found to oviposit, pi;io;' to fruit set,
on mature (grrar‘my Smith apples a‘ttached at major branch junctions in
standard McIntosh apple trees. Relationships’betwelen ovibositién on
these "momtormg" apples and "June" drop and harvest damage werg
found. Plum curculio damage was concentrated near potent1a1 over-

¥

wintering sites.

-~ t

1 s

A superior Y-tube insect olfactometer was designed and used
to test potential attractants for plum curculio. - Two fungicides,
benomyl and fenarimol, were found to have no effect on plum curculio

during its summer soil phasé.
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' la nouure, sur des pommes Grarmy Smith mQres attachées a'des fourches

RESUME«

Ph. D.. Jean-Pierre R, Le Blanc - . Entomologie

t

TECHNIQUES DE PIEGEAGE ET DE DEPISTAGE DU CHARANCON DE.LA . \
PRUNE, CONOTRACHELUS NENUPHAR (HERBST) (COLEQPTERA: CURCULIONIDAE),
DANS UNE POMMERAIE DU SUD-OUEST DU QUEBEC.

Six techniques q'échmtillaf:;'xage qc(n;xizes, six techniques de pié-
- .
geage et trois de dépistage mises au point par 1'duteur, ont été mises
et située

a 1'épreuve dans une pommeraie non arrosée aux insectici
dans le sud-ouest du Québec afin de déterminer wne technique Tisble de
piégeage et/ou de dépistage pour le charancon de la pr'une

. Les captures d'adultes dans des entonneirs d'interception se
sont distribuées, dans le temps et l'espace, en accord avec ledéveloppement

saisornier et l'%logie de cet insecte. Les femelles ont.pondu, avant
importantes de pommiers McIntosh standards. Des relations entre l'ow}a‘\;;yk
positdon sur ces pommes "témoins" et les dommages A la chute de "Juin”

et & la récolte ont été établies. Les dommages du charancon de la

prune ont été plus prononcés prés des sites probables des quartiers )

d'hiver de 1 'insecte.o

@
o

Un olfactométre plus fonctiormel a été. nfis au point et utilisé
lors d'essais de substances attractives pour ce charangon. Deux
fongicides, le benomyl et le fenarimol, n'ont pas démontré d'effet:sur

le charangon de la prune durant sa phase souterraine de 1'été.
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Four general sampling ‘techniques (ulfraviolet“ light;tz'ap, suction

apparatus, emergence cage, and soil sampling) were tested for the

northern univoltine strain of Conotrachelus nenuphar (Herbst).
Only the ultraviolet light~trap warvants further testing, however,

this would be for the southern mtiltivoltine strain. T

It was established that the boll weevil (Anthonomus grandis Boheman)

sex and aggregating pheromone (grandlure) has no cross attractiv/e,-

ness for C. nenuphar northern strain. //

h!

Intercepting funnels hung under apple trees were found to capture
plum curculig} adults in sufficient numbers (second only to jarring)
to follo;v the seasonal development of this ‘1nsect~. The distrilbﬁtion
of ca\aptu;es in the orchard indicated that such traps should be

placed within 50 m of potential ovdrwintering sites.

Tests with five other trapping techniques developed by the author
(colour sticky traps, shelter traps on the tree and on the gz*Zmnd,
and infcerception traps, one made out of ’!;VC and the other using the
boll weevil .trap) revealed this insect's poor flying aBility and

apparent lack of a b'road;spectmm response to visual, olfactory and

stereckinetic stimuli.

~  viii
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5. A superior Y-tybe inseot olfaotmter m designed and used to :
test potential attractants for plum curoulio. .
ﬁ . 6. i"lum curculio females were found to oviposit, p‘riér"to/ fiuiﬁset’. |
3 - .

on mature Granny Sm:.th apples attached at maJor branch - Jtmctlons'

’

in standard apple ‘trees.

* I

7. Relationships between oviposition on these "monitoring" apples

and 'June" drop and harvest dﬂmage were found.

' 8. "June" drop and harvest damage assessments, carried out three

years over the entire 1,7 ha orchard, revealed a definite con-

centration of curculio damage near iaotgnti_a_lm,o}{emintgring sites.
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9. Two fungicides, benonyl and fenar:imol, were found to have no

effects on plum curculio during its summer soil phase.

4

W




. A T i"'-'““
) Byt SR T sh :
ERETIY [ DA AT T
R ' RN . ,f,
P A b & PR
»‘E— : ; “?b‘},} ‘ ':;;* r: N ! ;l 1}
. by ;/' “a . \: ,
4 N ,‘,:}::I)(?L‘;‘; 3}:« w ¥ ’» oy ! ‘
R Aan e 0
' 5 ) ' : ! ‘ ‘: e Y Lo ? T b '5" I T '};:s{ai
el B L T
ABSMTtoooo-ooouo--oo.ntuifd'u”;'-\{'nvo.o-tovcionluu,itd‘m “Qc’idu'oa-n.mx4 ‘““f :';é"” . e .Eaérfl.“I‘
RESMOQ-Q-n Ilblocqtli‘\'a c({onooc0‘0;,..106"(30‘0a-b,oo"_.".:nt;‘t" J.i ‘; . ’:’(;“;ﬁ
1’Aﬁmm0@mms......r..‘........‘».“3'.'-...-......,..-';--.‘-u,..’..u Lo Vi :’;~
) " . “n[’ 1 ) 2 ! " - A , '
CONmIB‘JTIONS To momDIGE“.“C..."’...." .0“"...‘.‘..“".b.‘..". v'iii “‘l
o ) . " (n‘ - ’ ' c : S
LIST OF TABLESO-QQQQ;Q.:;pQt."-Q_‘.ncoCs.nQ.o.nt.-cqvllcgaolcyoetti: N xv - f i
- ! - Lo . .
| .
LIST OFFIGURESIQ“‘0.0]O"I...CI-..’.'lll..‘!‘t....ti.'..ﬂ?‘l!l".". ;XViii° ’ , »;.-
ity ’ . . ‘ ) ,,
2 ’ ; s o : 2 r
1.0 “INTRDDU“IONQ.l'.’f...-‘.'ll..".'.l"..."..‘."ll‘....'l..... 1 !
* ! . . - f
101 Backg!‘ounduto;na-otc.m...--..'-.-n.-....-.‘i...-o-.c-.... " 1} * E
- i . N ;
1.2 The ?1um m ullo’..'l'.l...’.'.--0......0‘0'.'..."“." 2 t
. ¢
1.3 Pest Status Of Plum Curculioi...covievvesrnns Miggecnn. -3 .
C 1. - o P
1.4 Need for Trapping and Monitoring Techniques.......coeaes 4 i
v S ' , R
1.’5 TheSiS Outline_d.ldccaﬁooc.n.u-oclth!lnlr.ult-g“‘ioo;'oo;. 5 K §-.
. ¢ ‘\ ' < ’ Yo
: ) . . . _ . ‘ {
\1.6 The Experimental ?rchard.“"’....“lrf".".‘....:‘Il.l.‘ M 5 . !,. ~
. ' - ! i
- . . .. ‘x . i
: ) i . ) Lo - |
2.0 LITERATURE RE‘VIEW.‘I"Q..’O;’.D\QQQC.‘O'ﬁll.(“..l‘lﬁb"l.!“"..:.OD - 8 : ;
2'1 Intmuction...l‘...ll.\"..l....,..l:'...".‘.,.':...'.. - ! 8 >; ;: -
- ' ] ' o -]
2‘2 Biolqy.;...-onntcl'o'l'o..d“t.-qodllqvono..-ct‘?l'l-ctlntcll 8 4 %~ }
‘o { . . AR . . 6
2‘2.1 Life histom.;....'...'I’.."..'...";l.‘....l.‘.‘ . 8‘ "' .
- 2.2.2 Univoltine and multivoltine strains.......%.iv.e.. . i
2.2.3 Diapause............-..u..-..,......n..x......c..' . 12 - ;
2.2.4 ‘Spririg emergence and appearance in host Gx\-ees... o214
2.2.5 ovmosltion....l.":‘-"llll.“.'.....lli..‘a‘t‘.;l~." - 16 ::::.4‘ *
- - ' LT e ( ‘ ) )
« A R ) * '-\ o { ) .
. X ) \ N " /’.“ L * . ‘ u"' . I‘ ’
. @ “\ . . - ‘L ' ’ CT .
o - S ‘:-, s ,:;‘,‘,“; r;«:{ ‘\'3,\ i ‘b_. e b
N e TR SURRPA et - R .
TR ;‘f’;tr':x;givf P R O S ' »

.
Beay
'
%
kS
i
s




~

~r

ey

2 3 1 Distrib‘ltion‘l..'.l..lD.ltll'-.QI‘...."".II'O.IQ
2.3.2 ‘Commercial hogt plant preference........viscveeuse
» 2.3.3 Natural reservoirs and resurgence.........sceecess
2.3.4
2.3.5

)

Dispersal (marking experiments)....cevevecsaaacses

L] L] ovemintering sitOSIOOQ'.l'.‘.O/'ll“'..‘..lti"...l -
2.4 Fmit Inj“!’y.‘.l'l"...ll.......l..l....\..C....‘.’I'Il‘.l
' 5
- 2.481 Damage-..-.......-.....--.--,-..........-........c.
- 2-402 Daﬂlage diSt!‘ibutiOR...-.---....-.-....--'.........
:‘ 2.5 BehaViOural Traits‘..l.‘.‘.l..'.ll.l...llll..l‘l.&t..‘.'o‘
; ) .
i 2 . 4
; n 2.591 Tha‘latosls'll‘.....lld.0.00.'..l..'l.‘l!.l.t'l-'.l
I - 2.5.2""Stridulation-....-.............n.....-..---.-.......
!' 2.5‘3 Locomotion"l.:;..l....‘.QD.'.,'.'...O".ll.l.’.l"
] i ~2.5.4v"Diel activity.cceieiirecetiitnreiiicnoitiieenanin
! L N
: 2.6 Trapping and Monitoring%Techniques......................
i - .
% 2.6.1 Visual observations...ceccevefeceistennssersrsnacans
| 2.6.2 ™Ransom chip" method......?/;.................“.... N
N ‘“.g " 1 2.6.3 Jarring.e.iiiieeccrciicnesefiiiieiiiiiaciiianieenss
! ‘ 2.6.4 Attractant st1mu11..........................Q.....‘
i"; ! w-»-g% % ! ) Y
i f ¥ 3.0 PUBLISHED SAMPLING TECHNIQUES.e.vecveecvasessvansasnasaenans
LA h
: ‘ T
P b2 3.1 Introduction./c.....cveeaiiiieeeeiitiinntctscnnncenanens
m
% 3.2 mf'raviole}; (UV) Light=trap..eeeeesieneiirenrsninannnens
: 5
E 1\ 3‘2‘1 M&terials a!‘d methods.l.'l...l...l‘.l...l.l.lll...
i 3.2.2 Results and discussionO...ll.l.'l.l‘..........|.<..
,3 3.3 Suction Apparatus............a.........'..................
' ) 3.3.1 Materials and methods..c.cvevveeencranccsstssncsvone
E’ ?0302 ReSUItS and diSCUSSiOD--------..--45-.-----o.-..--.
i - v
] 3.4 Emergence Cage....viseeecessnocssssroostsssasssassasssns
. o .. for
i . 3.4.1 Materials and methods......cieciieeiiniviniiennnens
; 3.4.2 Rgsul’;s and discussSion. . . icivesteteectscnroonces
- “-' 305 SOil Sampling....‘.n...-......-.........................
‘\;;YP d - 3-5.1 Matel‘ials m\d me‘thOdS......--...--....-.-n...o... o
3.5.2 Results and discussion....virscecresnccrsescacsnss
(;x ) p
;- i -
I3 - . xl
o B ; .
f TN e - oo T T e e e e

17

17
20
21
21
22

+ 25

25
26

27
28
28
29
29
30
30
30
31
32
34
34
34

35
36

37

38
39

40

40
41

41

42
43




i A T

o

R

. v .

\3'6 Lure for Japmese Beetle---o-.o------.---'.;o---...---.-

3
3

3.7 Synthetic Pheromone for Boll Weevil...cceessnccecscannss

3.7.1 Materialﬂ and mathods.na.o-0!0‘..0.0...0..!00‘....
3.7.2 Results and discussion.......cccceeevccccctcanaans

308 Jarring.---..---.-c--.---:M:k‘.-..-uurunga-o.-----o-...---.

4.0 TECHNIQUES INVOLVING THANATOSIS.e:csccesvrncssosrossosvoscens
4.1 Introduction..ciccovereesersessneassssnossssscssscsscsnssse

402 DPOP Clothooooono.'lo‘.o--o-llu'-lognc-ntcacan.tto---tto

4
4

4.3 Jarring Detached Branches........cocicoevscotocsscscaans

4
4

4.4 Intercepting Funnelg.......................{.&............

.

6
6

2
2

3
3

v

-1 Materials and methOdS-b.....n..--;-.-.......-.--.
.2 Results and discuSSiON.....ctissoceronvassssssccns

.1 Materials and methods.....ccvvrveases
.2 Results and discusB8ion....ccsvvrecrtcerecrrssecnens

1 M‘terials andmethods'l'...."..CII.‘.QIl'll'l...‘
2 Results and discussSion..eevrracarnssaccvscscscssces

«

~

1]

Q

b

L

’

;o e crvrens e

4.4.1 Materials and methods.....ccviiveeverecncrstnncens
4.4.2 Results and discussion.....ceicveeesiveans

4.4.2.1 Sex ratio of captures......icveeiiiiencss

4.4.2.2 Captures in relat:.on to plum gurculio
seasonal development.....ceveevaesteroannes
4.4.2.3 Captures in relation to trap location....:

5.0 TRAPPING TECHNIQUES DEVELOPED BY THE AUTHOR«::.:seocsvsvcess

5.1 Introduction-ooon.'-ocu.o-o--ocololuonn-.noouuq-ooclo--o

5.2 Colour Sticky TrapS.cicecvecescveneteassotsisaosssnsancs

5
5

.

2.
2

Materials and methodS. ... veeevevocrercnoosrrnnnes
Results and discusSion.e..ceeriveeceececoassesswes

xii

&

]

44

44

45

45

46
47

48

51

51

51

52
52

53

53
54

55
55
57
59
59

62

65

65

65

65
68

- B B vms

A o 2 &



e e R i

ap

o
5.3 Shelter Traps.l..I.00.'..0..'0..00!........'00.Ql.!.‘l.l 69
5.3.1 Shelter trap on the tree.....coveeeeervnsrtssncces 69y
_ 5.3.1.1 Materials and methods.........ccevtuennnns 69
i 5.3.1.2 Results and discussSion....cccivieoceeceacen - 70
3.2 Shelter trap on the ground......c.eeeseecsscrsoess 70
5-,.32 1 Mate!‘lals Ind methOdB---....-....--....... 71
5.3.2.2 Results and diSCUSSEION.ceassereeencereenss 72
5.4 Attractant Assays (laboratory work).....s:eececeescesee, 72
’ !
5.4.1 Introduction.........eeeeeee ceseenesstiseesseasse o 79
5.4.2 Y-tube insect olfactometer, Version Iieeecssesseees - 73
5.4.2.1 M#terlals and methods......cvvveevecnranns 73
5.4.2.2 Results and discusSion......evvecevegsosns 76
5.4.3 Y-tube 1*sect olfactometer, Version ITM.......... 79
5.4.3.1 Materials and methods........evcvvvnnianns 79
5.4.3.2 Results and discussion.............uvvuen, 83
5.5 Attractant Assays (field WOrk).eeveeevreorsscoascconenna 87
|
5‘5.1 Introductiionlﬂl.liﬂl.ll.l..’lllf\..l"‘l.."ll".ll 87
5.5.2 Polyvinyl chloride (PVC) plastisol interception 88
trap..... Veessteraaocsntsecsareteeaans teeccnerientent
5.5.2.1 Materials and methods ...... cessesanns ceeee 88
5.5.2.2 Results and discussion.......c... cetrtesns 90
5.5.3 Boll weevil trap used as interception trap........ 92
* 5.6.3.1 Materials and methods.......... B eerirence 92
5.5.3.2 Results and disScuSSioN..eeeeressccssssnsse 93
6.0 MONITORING INSECT EFFECTS
- Tl{E GR.ANNY SMITH APPLE TECHNIQUE.--.........‘--...-....... 97
6!1 Introduotionll...l..l'll...l..'.lIl'.l.l....‘.......-.‘. 97
6.2 Preliminary WorK.....iieveeeeeseersnesssinoecsoronsrnseans 98
6.3 Materials and Methods......ccoc0vven.. Ceeseceetrrorssnans 100
6.3.1 Experimental orchard..........ivevevercencnanrinns 100
6.3.2 Experimental design.........cciiivevcnniincinnnnans 100
6-303 Soout‘_apples (Gl‘anny Smith)--.........-...o.c..... 102
6.3.4 Other experiments...... vertseseaes cecsersseanssanns 103
6.3.5 Damage assessment.............. teerecciracsatnsnns 103

xiii

T e i

%



R

P

604_ Results and Discussion.olivccoliolnlu-otvn.noct-c.noo.-o

6.4.1 Monitoring at different vertical levels in “the
t!‘ees.....................‘.*........-.......-n....
Summary of results.......cccceeeervecccicscnaiiine
Monitoring differences according to tree .« .
quadrants....evesssssssensssossrsssscnssasasesssan
6.4.4 Monitoring differences according to orchard
SECLOIBeserreaserrsorsnoosossacsossosssssssnssrsesns
6.4.4.1 arrelatmn between plum curculio effects
on Granny Smith apples and June drop and’
harvest damage assessments, and between
damage assessments.........cececeicenaan.
6.4.4.2 Analysis of damage assessment at June
drop and harvest in the experimental
orchard. . ivveevspranccasrsesoscrssrancsnrees

7.0 EFFECTS OF FUNGICIDES ON PLUM CURCULIO....... ceesseasannans .o
7.1 Introduction..eccicecicesvessssosnasscanescs cesrsecvsnes

7.2 Materials and MEthOdB . «cveeesssessnoossonasesenessaenses

72 Field&ork‘.. lllllllll 4 % 5 00 8 & & P BB O CEBSSER e ANV
7.2.2 Laboratory work......... veesesassaenan N
7.3 Reédults and DisScUSSION..vievereetresvasvsonosonsacnnrnans '
7.3.1 Larval emergence rate from collected apples.......
7.3.2 Adult emergence rate from the soil......ce0utveess
7.3.3 Effects of the fungicides benomyl and fenarimol

on the soil phase of the plum curculio............
7.3.4 Effect of benomyl on plum curculio 4th instar
larva in the laboratory..,...

8.0 GENERAL CONCLUSIONS AND INDICATIONS FOR’ Fl'JTURE RESEARCH.....

9.0 BIBLIOGRAPHY..Q;... ..... serearseos Ctsiis e irsresassanasrssens

xiv

105
105

105
110

112

112

125

1356
135
136

136
138

139
139
141
141

144

146

150

R i e L o m tE 4 TR T



LIST OF TABLES

Table Page

. 1. Variations in head capsule width (mm) of Conotrachelus

nenuEhar larva]. instars.'...i....l..i.lll......"l"..'.". 10
2. Depth of ove}wintering sites of caged plum curculio....... 24

3. Relationship between number of adults of Conotrachelus
nenuphar captured and trap distance to the adjacent
wood;ot, Frelighshurg, Quebec, 1979...... erevevsestsananye 63

[ e S PR S e

4. - 0lfattometer Version I. . Triel - tests .(no odor) and apple
esgencgtestsfor €. nenuphar in 1979. Room temperature

20 -22C..l.lll.'l’.l.""l:l'.l..lllllIi‘.llo‘..l.'.l."' 78 é
2 \ t
5. Olfactometer Version II. Perfume oil attractant tests 2
for C. nenuphar in 1980. Room temperature 20 -21C....... 85

6. Olfactometer Version II. Host tree structures and
perfume oil attractant gests for C. nenuphar in 1980.
Room temperature 20 -21 C.veveieerrensessanss vessaavesenaea 86

7. Incidence of scout-apples (4/tree; 1/quadrant) with plum
curculio eviposition scars at fruit set....civviveeearvenes 107

8. Incidence of June drop apples (100/scout-tree; 25/quadrant)
with plum curculio oviposition scars.......c.cocveeveeenan. 108

9. Incidence of harvest apples (100/scout-tree; 25/quadrant,
18 on the tree and 7 fallen ones) with plum curculio !
oviposition scars and/or nutrition punctures............ v 109

10. Frequencies of plum curculio damaged apples per quadrant
at harvest, 1980...¢c..ccvvecrvcnencrnes PR T IP erases 111 )

11, Value and significance of the statistic G, as calculated

for frequencies of Granny Smith apples showing plum

curculio oviposition scars, and of plum curculio June-
! drop and harvest damaged apples obtained from the cardinal )
‘ points of the compass, Frelighsburg, Quebec....... e ranns 113

12. Summary of the monitoring of plum curculio effects with
Granny Smith scout-apples. Dates and phenological stages
of the McIntosh cultivar, Frelighsburg, Quebec............ 115

i el AR S R B M W T ———— Com e AP AR L T £ TR o e M3 g i meaas



Table

(3 : 13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

‘Page

Dates and ﬁhenolog1ca1 stage of the McIntosh cultivar
at the time of the first plum curculio detection by
any method in the experlmental orchard, Frelighsburg,

Quebeco-...-.--o----......--..-.---...---.-..---..v-...-.-

116

Summary of Granny Smith, June drop and harvest apples
showing plum curculio effects, and expressed as percentage
per orchard sector per year, Frelighsburg, Quebec......... 118

"Spearman" rank correlation coefficient values when Granny.
Smith apples, June drop and harvest damaged apples showing
plum curculio effects are correlated.........cecvevaeanns . 120

Summary of frequencies of plum curculio damaged June

drop and harvest apples per class of Granny Smith apples

showing plum curculioheg%EEts’prior to fruit set, .

Frelighsburg, Quebec.......civieievierveonnsrenancsee ceceas 121

Value and significance of the statistic G as ealculated

for frequencies of plum curculio June drop and harvest

apples per class of Granny Smith apples showing plum

curculio effects prior to fruit set.......cvveeveeveeenne, 122

Summary of Granny Smith apple monitoring of plum curculio
effects and damage assessment at June drop and harvest

for two insecticide-free orchards during the 1980 growing’
SEASON.ssvevarersorsossenasnns Ceeaees veeecearracnrasnaaegs , 124
Fregquencies of plum curculio June drop damaged apples

per experimental orchard sector per year, Frelighsburg,
QUEDEC. e e veverreracraranearesraa e e cteree et earans Comnonn 126

Frequencies of plum curculio harvest damaged dpples per

experimental orchard sector per year, Frelighsburg,
Quebec....cveueeanns Ceteeseterracentnesans U 21

Frequencies of plum curculio June drop and harvest

damaged apples per experimental orchard sector for the

three growing seasons, 1978, 1979, and 1980, Frelighsburg,
Quebec.....cev.nn Cereens Certeiere et Ceereteiacsanntaanas 128

Summary of calculated G values for frequencies of June

drop and harvest damage analyses from the experimental
orchard sectors, Frelighsburg, Quebec..,........ Cerieneas .. 129

xvi

oot ) L rator Mn WL Zd W bl FRRIAY 3 R s it Mt num o gewes Sn s R R s ST e IOV,

'
N
=



Q

Table

23.

24i

25,

-

Summary of significantly different experimental orchard
sectors with respect to their fregquencies of.June drop

and harvest plum curculio damaged apples, Frelighsburg,. 132

[

Quebecllll...ll.l.llhg A-.....l‘....l.’.".l‘l...—lx AL A .0
Estimates of survivorship of ‘g . nenuphar during its
summer soil phase when exposed to fungicides present

in the soil by dripping under apple trees in the experi~ 143

mental orchard, Frelighsburg, Quebec, 1978...¢.000c00veass

Estimates of mortality of C. nenﬁghar 4th instar larva
exposed to benomyl for 52 hours.....e.vceeiveoreeceesss cee 145
i B f
{ \ .
|
i
I
j
/ .
i
|
f ‘
/
/
/ .
/
‘/
/ -
/
[
f
e
/
’V
|
/

/ t
xvii

e oA s v B o ey IR A e

&



LIST OF FIGURES

' , Page
Exlperimental orchard (1,7 ha) at Agriculture Canada
. Experimental Farm, Frelighsburg, Quebec. Orchard
I‘OWB (A-N)--.'o-vc.o-u.ou-o--noohi.jonocc'o-.n-uao--ao-- .o , 7
Plum curculio, Conotrachelus nenuphar (Herbst), distri-
bution in North America (Chapman 1938, p. 13 -
reproduced with permlss:v.on)...................... ..... 18

Plum curcullo, Conotrachelus nenuphar (Herbst) ) " distri-
bution in Canada (Insect Distribution Maps, CANADA, \
vol 2’ 1960"‘1964).'..-"..lt.l.l..l..oo'..lol..‘.ltl..ll 19

(A Intercepting funnel hung under an apple tree branch
in the experimental orchard at Frelighsburg, Quebec, .
1979, (B) ClOSE—UP««errsevrosrecerncecrsannesionannnnsos 56

Location of the 10 intercepting funnels (a-j) in the ‘ .
experimental orchard at Frelighsburg, Quebec, 1979....... 58

Histogram of weekly capture of Conotrachelus ngnuphar
adults with 10 intercepting funnels in the experimental
orchard at Frelighsburg, Quebec, 1979.....cc0vivvuns. vees 1 60

5

Schematic view of row "M' of the experimental orchard
at Frelighsburg, Quebec, 1977. Sticky colour trap
locations.,vvevvnevnnannnn feeaceiasaenans 67

McIndoo's Y-tube insect olfactometer (top view), (after
MeINdoo 1826). cceuvrvevnreenesecrrarosearsnsnanas Cereens ‘e 74

Y-tube insect olfactometer, Version I, 1979 (top view).
Numbers in parentheses, (1) to (6), correspond to
modifications (see text).u....viiioniinaiioiiniiia., 75

Y-tube insect olfactometer, Version II, 1980 (top view).
Numbers in parentheses, (1) to (14), correspond to
modifications (see text)........ O A 81
Release rate of isoamyl: igovalerate from PVC strips

hung in a fume hood at 25~ #1,5°C....tv.ieiviinnnnen 91

Histogram of bi-weekly total captures of Conotrachelus
nenuphar adults in 13 boll weevil traps nailed to the
trees at Frelighsburg, Quebec, 1980.........c..cciununnnn. 94

xviii

e et et s . e

[ R



. N
s e T SO - L e s
5 .
v )
N .
‘ . .
-’ .
- P - a
. v

Figure \ . ’ Page
(;} 13.  Total captures of Conotrachelus nenuphar adults in
- 13 boll weevil traps with two attractants and two
positions at Frelighsburg, Quebec, 1980...cccievvercres 96

14, Experimental orchard, Frelighsburg, Quebec, 1978-1980.
: Orchard sectors {I-v) and scout-tree locations.......... 101

15.  Plum curculio oviposition scars on Gr Smith scout- ’
%apples hung in the experimental orcha:gmart Frelighsburg,
Quebec, 1977-1980. ‘

(A) Scout-apple in tree, (B) Oviposition scars, 1877,

: ° (C) Oviposition scars, 1980, (D) Tdemer evovsrvncosnsnns 106
f 16. Daily numbers. of Conotrachelus nenuphar, 4th instar

1 larvae dropping from 18 750 infested apples held in

% cages and collected at Frelighsburg, Quebec, 1978....... 140
!

17.  Daily numbers of Conotrachelus nenuphar adults emerging
from the soil in nine emergence cages at Frelighsburg,
Quebec, 1978....... Ve ereensonas teerescenan fesesessnsane 142

o e o e 8 e
£
N
{

g!

Xix

"*Mm—:mn Pe——
¥

PO




nt "
.

1.0 INTRODUCTION

1.1 Background

Since insecticides became available they have remained the primary

2

method of control for the plum curculio, Conotrachelus nenuphar (Herbst). ~

Although over 2 000 references on plum curculio have been published, little
infor&ation is available relating the p;pulatﬂbn density of this insect

to economic damage. However, as the plum curculio depends on the host
fruit directly for its deveiOpmentfﬁl suspect that the economic threshold
will be found to be very low. Insecticide applications (presently one at
the calyx stage and another eight éggten days after) are invariably made
)acéording to the local "spray calendar", i.e., without knowledge of C.
nenﬁghar presence or relative abundance. The potential problems associated
with such a strategy include the development of insect resistance to K
éhemical-insecticides, resurgence oa the pest, secondary pest outbreaks,
and noh—target effects comprising impacts on the environment and on human
health, as well a; economic penalties resulting from unnecessary applf—

cations. .
' The determinaéion of economic injury levels and economic thresh-
olds for'major éests affecting importang/crops appears, together with the
implementation of integrateh systems of pest management that are less
dependent on the use of chemical inseéticides, to be a valid approach for |
resolving thse problems. An early prerequisite for such a strategy is
the design of reliable trapping and monitoring technigques capable of
yielding accurate estimates of pest population density.

With respect to the development of alternatives to chemical

control, LeRoux (1971) has reviewed the biological control attempts on

pome fruit in North America for the period 1860 tq 1970. He reported only



" erected the genus Conotrachelus, but merely listed the species included.

: 2
two '""gross' attempts to'coqyrol C. nenuphar biologically, one with the

braconid Aliolus curculionis (Fitch),'and the other with the ichneumonid

Tersilochus conotracheli (Riley), and no major aftempts have been made,

using these insecte or others.

o

1.2 The Plum Curculio

In most modern general texts of entomology (e.g., Borvor et al.

1981) Conotrachelus nenuphar (Herbst) 1797, is classified as follows:

Order: Coleoptera - \\\
\
Suborder: Polyphaga . \\\
Superfamily: Curculionoidea \uww__”-m_u_w__-_ﬁﬁﬁﬁh
\q ‘ Family: Curculionidae

Subfamily: Cryptorhynchinae.
This species was first described by Herbst (1797) under the name Cu;;ulio
nenuphar. The synonymy of this species is given by Quaiﬁiance and Jenne
(1912), Chapman (1938), and Schoof (1942). . ‘
As reported by Quaintance and Jenne (1912), the generic position

of this insect changed several times and the genus Conotrachelus was

accredited by some authors to Latreille, although this appears to be an

error. Schoof (1942), on the other hand, noted that: "Dejean, 1835,

Schonherr, 1837, was the first to bring together in a desgriptive manner
. "\
the known species of Conotrachelus". N

According to Schoof (1942) the 'type is probably ;k Zool. Mus.

Berlin". I cohfirmed this by writing to the 'Museum fiir Naturkunde der

Humboldt-Uni., DDR 104 Berlin'". Dr. Hieké\replied informing me that the

\ | ]
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type is in their.collection, but .he noted that the series of C. nenuphar
comprises seven specimens including the “type which, hogever, is not marked.
Hence\'one of these seven specimens should be selected as the leci;otype.

Sixteen of the specimens that I collected, .selected to represent
the brfoa‘d ranée of ‘morphological variability, were 'sent to the Bio-

systematics Research Institute of Agriculture Canada for identification.

Dr. D. E. Bright confirmed that all were Conotrachelus nenuphar tHerbst).

The Institute retained four of the specimens and the remaining 12 were

deposited in the Lyman Entomological Museum, Macdonald Coliege of McGill

-

U . 3 R - ) ' ' .
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1.3 Pest Status of Plum Curculioc s

t

several food plants was reported to amount to "several million‘dollars'
in the United States at the beginning of this century (Quaintance and Jenne
1912). Snapp (1930) reported that the 1920 outbreak in the peach orchards

of Georgia '"took a toll to the value of several million dollars". 1In fact,
4 |

he reported that the produce from about half of Georgia'\s\ peach actreage

was not marketed that year because of plum curculio damage\.\ Chapman (1938)

reported that plum carculio should be classed as the second most important

-pest of deciduous tree fruit;—superseded-oniy-by thecodling mothy, -

Laspeyresia pomonella (L.). .

Reporting on the principal -arthropod pests occurring in apple

orchards of midwestern énd eéstern North America, Cro‘ft (1978) listed plum

curculio as an "annual key pest" together with the codling moth, Laspeyresia

pomonella (L.), the red-banded” leafroller, -Argyrotaenia velutinana (Wik.),

mﬂéf maggot, —Rhagoletis pomonella (Walsh)+ According=to-Croft—an-

»

‘tannual key pest" is one that "attacks the fruit directly, 'near‘ly every

-
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Q ) In southwestern Quebec, Paradis (1955). reviewed the principal

e

) ¥ ; : : ’ , ‘ 4
year, and has limited potential for control by biological means".

outbreaks of plum curculio between 1884 and 1954. He conciuded that it
generally causes signiﬁcan:c losses to apple production two years out of
five. 1In our region, however, this ins:;(v}as reported to be in complete
regression aft;,er- 1955 (Paradis 1968). In 1969 a reﬁs’urgence was reported
to have started (Paradis et al. 1974; Paradis 19763 Paradis et al. 1977).
At the prese,n,ft time in our region plﬁm'cﬁr‘culio is classified as one of
the four "major pests" of apple orchards, i.e.; respoxzsible for economic

losses in the majority of our pr_le orchards if no treatments are applied

(Paradis 1979). / _

. 1.4 Need-for Trap{ngand Monitoring Techniques

Paradis (1979) noted that specific monitoring technigues are
available for e‘éﬂ of the three other major pests of our apple orchards -

Rhagoletis pomonella (Walsh), Orthosia hibisgi (Guen.), and Panonychus ulmi

(Koch) ~, but none are available for the plum curculio, and he concluded

. - 14
that the replacement of calendar sprays by directed control would result

(A

in a 20% reduction in' the r:umber of required insegﬁicide and acaricide
applications. \
It is evident that the develompnt of ?rapping and/‘or moﬁitoring
" techniques for the plum curculio is critical if directed control is to b;e
implemented-and if int_egra’ted orchard pest management (IPM) is to become

" . a reality. This need exists throughoui: the area in which plum curculio

5T, -

occurs. The importance of the curculio problem was underlined in a bio-
econonic study of its injury to apples (Hall 1974). Hall found that a

@"moderately" successful control programme (with two sprays) for the plum
§ )

curculio alone, would result in a cost-benefit ratio of close to 20:1 one

.




%
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year a'fter spraying ‘has c'ea,'sed and 60:1-the following.year; he

) concluded that since "it is necessary to grade all fresh fruit before sale

\
or storage...the mcreased expenses alone (caused by t}ns operatyon) may

turn even modest injury into” devastatmgblusses in net mcome".

Athough some progress towards apple orchard integrated. pest [ )

.t

' management has been.made during'»‘tﬁe last decade -~ especially with the

3

itse of pheromone traps for Lepidoptera (Paraa'is 1979) - "A multiple-
| K '
speo:.es control tactic is not yet a)ra:.lable for a pest eomplex guch as

the c\odl:mg moth, ’che red—banded leafroller, apple maggot, Rhagoletl

Eomonella (Walsh“) and plum curculxq, Conotrachelus nenuphar (Herbst) .

Such a control system will be essential for the midwestern and eastern

.

North America apple‘pest complexes if pheromo'ne meaéures aré to compete
effecj:iv 1y with broad—spectrum chemical control measures which provide

these same benefits." (Croft and Hoyt 1978).

! . -

1.5 Thesis Outline

-

In view of the above situation I focussed on finding

-

reliable trapping and/or vmonitoring technigues for the plum curculio. It
was carried out mainly in a southwestern Que?ec apple orchard (described
below). Results are presented here under the following chapt31\f‘ headings:

Literature Review, Published Sampling Techmques, Teehmques Involvmg

. Than%s, Trapping 'rechm.ques Develaped by the Author, Mom.tormg Ingect

Effects -~ the Granny Smlth Apple Technique, Effects oﬁ‘ Fung:.cldfas on Plum

Curculio, and General Conclusions and Indications for Future Research.

1.6 The Expemmental Orchard

&

The focal point of my fleld research was a 1,7 ha "expemmental

orchard" ! referred to as the I-west section of the Department of Agriculture

A\
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of Canada Experimental Farm located at Frelighsburg, Quebec (45° 03" N, |

e
s

l{‘;:r e ! ]
4 _ I
This orchard had,not been sprayed with insecticides (only

1

fungicides) since the 1974 growiné season, and Conotrachelus né;'mp}xar was
known to be pr-éser;t. The orchard consists principally of m(;re(:‘lzf%én 200
standard trees of the McIntosh cultivar ( 90%), the rest b;aing mé’ii)ly of -
the Cortland culti\;ar (10%). The experimental orchard J}s bordeféd on
three sides by a deciduous mixed woodland, the edge of':wﬂich is expected
to be a major overwintering site for this weevil. On: \it; east side is a
larger plot of conventionally sprayed apple trees (Flg 1)

Each tree within the experimentai ofchafé is referred to according
to a grid system, .l; to N for orchard r(fws, and 1; ;‘2, 3‘,‘.. . for the trees

in each row, starting at the north end (Fig. 1). :
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2.0 . LITERATURE REVIEW

D

2.1 Introduction
. 9

i

The literature on Conotrachelus nenuphar (Herbst) is substantial. ‘

During the course of my work I collected over .2 000 references concerning
this weevil. The ptfesent literature review,‘ however, is limited to those
articles of relg¥ance to the development of trapping and monitoring tech~
niques. It ishar;*ariged undemx" the following major headings: Biology,

Ecology, Fruit Injury,/ Behaviour, and Trapping and Monitoring Technigques.

References dealing with specific techniques are cited in the appropriate

4

2.2 Biology
2.2.1 Life history

Tilton's (1804, cited in Anon. 18089) account of ﬂlg habits of

-

MCurculio” in Willich's Domestic Encyclopedia probably refers to C. nenuphar

and is the first published record of this insec‘t's biology; although he

. i
‘incorrectly stated that it overwinters as a grub.

A

After producing a series of papers on plum curculio dealing with

such topics as egg-laying (Quaintance and Smith 1902), life history

(Quaintance 1905) and control {Quaintance and Scott '1910), Quaintance

published a 250 page 'full account" entitled "The Plum Curculio’ (Quaintance

~ —_

o [ .

and Jenne 1912). This is still the major source of information about this

inseb{:, which Quaintar;ce occasionally referred to as that "little Turk".

of parﬂcular value is his 440 reference annotated bibliography covering

the period 1736 to 1911; together with his notes on synonymy, distribution,
description of development stages, life history, habits, natural enemies,

and control measures. '

°
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The essential features of C. nenuphar life cycle are as follows.
In our region (southwestern Quebec) overwintering adults be:ome active one
to two weeks bef‘ore fuli bloom of the McIntosh.apple cultivar. Paradis / f\\
(1956) observed this in cages within an orchard an average of 11 days prior
to full bloom in this region; and Smith and Flessel (1968) obtained their
first jarring captures on McIntosh trees an average of six days prior to
full bloom at Geneva, New York.

Once> they reach the host trees the beetles feed on petals and
leaves, and mating occurs (Crandall 1905; Paradis 1957; Smith and Salkeld
1964 )-. As soon as the fruit is set, females start to lay eggs and will

oviposit into fruit as small as 0;6 cm diameter (Garman and Zappe 1929).
H ' t
Eggs ‘Héch three to twelve days later, depending on temperature (Paradis
1956) . The larvvae feed solely within the fruit, which suffer premature.
abscission as a result of the larval feeding (Levine and Hall 1977). This,

however, should not be considered as part of the "natural" physiological

fruit drop (Detjen 1.926).

Quainténce and Jenne (1912) described the larva and noted the §
occurrence of four larval instars; ﬁubsequent researchers have used.average
width of head capsules to distinguish them (Table 1).

The fourth instar larva leaves the fallen fruit shortly after
"June"‘ drop, enters the.soil to a depth of about 30 mm to pupate and adults
emerge in late summer (Chapmani938 ). Thus, .t}}é.}soil under the host trees
contains the fourth instar larva, the pupa and the adult of the new gener- -
ation. The average length of this soil phase varies, depending upon soil ]
temperature, from 28 to 33 days in southwestern Quebec (Paradis 1956).
Most adults of the new generation emerge after mid-August in this region, !

i

move into the trees, and start feeding on the maturing apples (Paradis 1956),.
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Table' 1. Variations in head capsule width (mm) of Conotrachelus
- t e ¢
. , " nenuphar larval instars.
' ‘. it
“ — - e 2
. B * J N ) . ’
- i "' Larval instar ot
, - " Source of
- T II III oV material Reference
. i - (strain)
’ Y 0,28 0,45 0,69 6,96 Connecticut Garman and
‘. P (northern) Zappe 1929
0,26 0,45 0,62 0,92 Geneva, N.Y. Chapman 1938
, (northern)
7 w
0,29 0,51 0,78 1,10 Niagara, Ont. Armstrong * 1958
. (northern)

P »

* 'This author based his findings on "the largest number of cast head

t
capsules, ‘&.g., 97 to 146 per instar.
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nFeedirig continues and by tﬁe first week of October curculios are no longer
found on the trees (Le Blanc et al. 1981).

In addition to the larva, accurate descriptions of the egg, pupa,
and adult are provided by Quaintance and Jenne (1912). Observations on the
life history of plum curculio on apples in the. Ur;ited States are given by
Brooks (1910), Cranc;:;ll {1905), Dozier et al. (1932), Garman and Zappe
£1929), Grahamé(1938), Lathrop (1949), Stearns et al. (1935), Riley (1870),

and Whitcomb (1929; 1932).

. Useful, though less complete, accounts are provided by Butler

w Qe

and Dozier ()19?,29), Chapxjan and Hammer (1932), Cook (1890), Crosby et al.

(1929), Drigiers (1935), Filinger (1940), Frost (1942), Garman (1927; 1934),

Garman and Tewisend (1950), Jacklin and Yonce (1970), Johnson and Hays (1969),

Knight (1922), Lathrop (1955), Mutchler and Weiss (1925), Petit (1904),

Sanders . (1928), Sarai- (1969), Slingerland and Crosby (1914), Swaine (1909),
Taylor 1909), Walsh and Riley (1868a), and Williams and Dozier (1929).

>

Canadian' accounts of plum curculio life history/ on épples are
provided by ‘Armstrong (1958) for Ontario, and Parad'is (1956) and Petch (1927)
for southwestern Quebec. Earlier, l?ss detailed accounts are given by' ‘
Caesar (1917), Godbout "(1933), and Huard (1.916).

Snapp (1930) provided a comprehensive ?f:coqnt of the life history
of C. nenuphar on peach trees in Ge?rgia patterned after the work of

Quaintance and Jenne (1912). Snapp (1940), also published additional in-

" formation on the occurrence of a second brood in that state. Other, less

"complete, accounts of plum curculio occurrence on peach in the United States

are provided by Bobb (1952), Chandler and Flint (1935; 1939), Hutson (1933),

Leiby and Gill (1923), Leiby and Harris (1924), Quaintance (1905), Smith

v
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tisll), Steiney and Worthley'(1941),;an& Wylie (1954). -

| Surprisingly little has been published on the life history of
. ’ \

plum curculio on its naturﬁl host, Prunus spp.. A brief aobount‘on plums
i . \ ‘ !

' (or prunes) in the United Sfates is provided by Cox (1951); and in

. Canada by Bethune (1907), and Saundergs (1870); observations of

plum curculio occurrence on cherries in Nova Scotia are reported by Brittain
and Pickett (1933).

In addition, plum curculio occurs on blueberries and accounts are
provided by Beckwith (1943), Fulton (1946), and Mampe and Neunzig (1967),
who noted that although adults reared on blueberries were smaller than on

other host fruit (peaches or apples) their fecundity was not reduced.

2.2.2 Univoltine and multivoltine strains

| Plum curculio is univoltine north of Virginia and multivoltine
(t&o and sometimes a partial third generation) to the south (Schoene 1936).
Chapman (1938) mapped this difference (see Fig. 2) baging his conclusions on
the observations of Snapp (1923) -in Georgia, Chandler (1927) in
Illinois, Petch (1927) in southwestern Qﬁebec,'Garman and Zappe (1929) in
Connecticut and Stearns (1931) in Delaw;re, who hypothesized that
the variable number of generations per year over plum‘curculio's range ﬁqy

be explained by differences in genetic make-up. While it is clear that our

(southwestern Quebec) specimens are the univoltine strain, it is not known

to what extent ‘they differ from the southern multivoltine strain in terms

of their biology and ecology.

)

€

N

2.2.3{ Diapause
The southern multivoltine strain of plum curculio is capable of

continuous reproduction. Smith (1957a; 1957b), for example, maintaiped a
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culture from North Carolina for over 40 generations without hibgrration.

Stevenson and Smith (1961) found that when crossing southern and northern
strains, while the progeny of all crosses were viable, the level of fertility
and fecundity of the F generation varied. Efforts to achieve genetic con-
trol, by means of the reduced fertility and fecundity of certain crosses,
were not successful (Padula and Smith 1971). These studies, however, did
indicate that the two plum qurculic; strains, although showing some genetic
differences, were not reproductively isolated.

The northern uni_volti;]e strain requires a period of hibeqxation for
oviposition to take place, and the requirements for breaking the reproductive
diapause of this northern strain vary over its range (Smith and Flessel 1968).
Mampe and Neunzig (1967) found that they could break the diapause of second
generation adults of the southern strain by placing females in a confrolled‘
environxl}ent chamber at 1,7°C for 120 days. While crossing ‘f“ield collected
first generation adults of the southern strain with some from a strain reared
in the laberatory for moxe, than 15 years, Featherson and Hays (1971) found
that, in general, the more "wild influence" in the genotype, the higher is
the rate of diap;use in the progeny. . B

Gaydon (1972) found that while squthern strain first generation
adylts (from South Carolina) were &a;pproxima{:ely 85% reproé;gtive, about 85%
of the@ adults of the second generation exhibited reproductiv; diapz;use. In
the laboratory, he found ti'lat photoperiods -of 12 or mgge hours/ 24‘ hours
produced reproductive a;dults while photoperiods of '1ess~ than 12 hs;urs/ 24
hours induced diépause in a_du{lts. In the field, similar studies demdngtrated
that a 16 hours/day 'photoperiod will result in the prodhction of mainly

. @

repr;oductive adults. These findings could explain partly why in southwestern

’ %uebec, where most adults of the new generation emerge after mid-August

[
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(Paradis 1956), they exhibit a reproductive diapause and require hiber-
’ ¥

nation to be able to oviposit the following spring.

&

o

2.2.4 Spring emergence and appearance in host trees

Spring emergence of hibernating plum curculios and their appear-
ance in host trees has been related to certain soil and air temperature‘
thresholds.

'Quai“ntance and Jenne (1912) found that plum curculios became
active after the mean air temperature reached 12,80 ~to 15,6°C for three or
four days and became abundant on apple trees after sever“al days at 15,600
or more. This was confirmed by Dozier et al. (1932) in Delaware, Chapman
(1938) in New York, and Lathrop (1949) in Maine. A similar situation wés‘,
found to hold true in peach orchards by Snapp (1930) in Georgia, and Graham
(1938) in Maryland; Whitcomb (1929; 1933) .in Massachusetts, however, found
that adult activity is relatively insignificant when the dai".ly maximum is
below 23,9°C.

Bobb‘ (1949; 1952) in Virginia, _found that adults, in céges within
peach orchards,’ began to emerge when me,:an soil temperatures 7,6 cm below
the surface reached approxin;;tely IOOC; and Paradis (1956) in southwestern
Quebec, found that adults in cages, within an apple orchar;i, started to

emerge when air temperature reached 19'00 to 15,6°C and soil temperature

2,5 cm below the surface reached 13,3o to 13,9°C, and that emergence reached

v

t

a peak at (air) 16,1°C and (soil) 14,4% rt;spectively.
Smith and Flessel (1968) critically reviewed these studie;s and,
based on their own data, concluded that '"the establishment of precise pre-
requisites for emergence will require. more sensitive measurements of temper-
ature and humidity than have generally been employed, giving due regard to

-

the actual site of hibernation of the beetles".
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Time of emergence of C. nenuphar hmso been correlated \\vith
host tree phenology. Generalizations are more difficult to make than with
temperature, however, as such relationships vary with host species and
cultivar. Crandall (1905) in Illinois, reported first detection one week
after petal' f?ll (dpple cultivar not specified) one year, and one week be-
fore full bloom the fgllowing yeax:'., 7During the former year he apparently
used visual detection, while in the latter he jarred the trees. Quaintance
and Jenne (1912) found that in some years emergence may be retarded until
after petal fali (apple cultlzivar not s;;ecified). Garman and Zappe )( 1929)
in Connecticut found, however, that emergence of‘;the forthern strain in
field cages generally started when the blossoms of m;sft apple varieties
were turning pink, and that curculios began to ai)pear on host trees between
pink bud and calyx stages. Chapman's (1938) extensive jarring records con—
curred with these findings for the McIntosh cultivar in New York.

The most comprehensive study was carried out ox; the McIntosh
cultivar in Maine (Lathrop 1949). He found that: (1) over a six year period
70% emergence (in cages within an apple orchard) was completed an average of
0,8 day p;ior ;;o petal fall (range: 8,4 days beforeto 13,;1 days after petal
fall), (2) over a six year period 10% emergence was completed an average of

22,3 days prior to petal fall, (3) over a five year period, jarring records,

-however, revealed peak pimbers of adults in the trees an average of 15 days

after petal fall, while the most r;épid increase in their numbers on apple
trees was fourid to be three days prior to petal fall, and (4) this .lapse of

time between plum curculio emergence and its appeararnce on host trees may be
's \ .
accounted for by the occurrence of a definite period during which the beetle
Y
. .. : , t *
remains sluggish. Similar observations have been made by Chandler (1953),

T

Paradis (1956), and Smith and Flessel (1968).
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2.2.5 Oviposition \
Number of eggs laid by individual females is very variable, from
one to just over one thousand (Armstrong 1958; Brooks 1910; Crandall 1905;
Paradis 1956; Quaintance and Jenne 1912; Quaintance and Smith 1902; Smith
1957a; Snapp 1930). In these studies, recorded maxima rangedéfrom 122 to
1 016 eggs and minima from 1 to 126. Most first generation s?uthern strain
females were, however, found to lay more eggs than horthern ones, an average
of 215 eggs/female (based on seven experiments) compared with 123 eggs/
.female (based on 10 experimenfs) respectively (see especially Smith 1957a).
Control of plum curculio by means of the sterile male techq}qu;,
using chemosterilants and gahma raéiation, has been tested, but results have

not been encouraging. These studies were inspired by the successful loecal

eradication of the screwworm,' Cochliomyia hominivorax (Cogquerel), through

the release of sterile males.

Apholate and tepa, alkylating agénts, Bnly feduced the production
of plum curculio larvae at concent£ation§ that caused high mortality to both
males and females (Roach and Buxton 1965). While 2 kr of gamma radiation
from a ®0¢co source resulted in an 87% decrease in the F, progeny and a 31%
decrease in the Fo» efforts to increase these amounts by raising the rad-

iation dose were judged unlikely to be practical because at a dose of 10 kr

50% of the treated plum curculio males died within 10,3 days"of the exposure ‘

(Lippold et al. 1968). Jacklinet al. (1970), using substerilizing doses of

gamma rays (4 to 6 kr), concluded, however, that their results were "en-

_couraging enough to warrant testing of the technique in the field".

Growth regulators, such as diflubenzuron, should be further
investigated, as low doses of this chemical reduced pupation and eclosion
/ -
in the laboratory, although preliminary field trials were inconclusive

(Calkins et al. 1977).
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2.3 Ecology

AN - L

2.3.1 Distribution
The plum curculio is native to Canada and the United States of
America, its distribution coinciding with ;Fs native food plant, the wild
plum (Crandall 1905). This author noted that it occurs within the area
bordered'by Canada to the north, the Gulf of Mexico to the south, the
Atlgntic Ocean to the east and the one hundredth meridian to thé’west, the
exception being-a record from Bitter Root Valley, Mon%ana. This latter
occurrence, however, was statéd without foundation seven years later by
Quaintance and Jenne (1912) who establishéd more»precisely the distfibution
limits of this insect pest, based on a collecti;n\df reports from several
investigators. |

“

Chapman (1938) provided further details of plum curculio

A

‘distribution (Fig. 2). In the U.S.A. he extended its range into six States

(including Montana) and in Canada into six provinces (Manitoba, New Brunswick,
Nova Scotia, Ontario, Prince Edw;rd Island and Quebec). He staEfd "The
northernmost point in the speci;s' range is Winnipéé, Manitoba, and vieinity,
at approximately 50° north latitude. The southern limit appears to be about
28° north latitude, occurring both in Florida and Texas. Largo, Florida, is
the southernmost record known to the writer.... With the exception of the
isolated area in Montana, the western boundary of diséribution falls near the

100th meridian from Texas to central Nebraska and along the 105th meridian

s

' from there northward. The eastérn boundary is, of course, the Atlantic

Ocean'.
In Canada (Fig. 3) it appears to occur east of the Rocky Mountains
wherever deciduous fruits are grown (Armstrong 1958). In Nova Scotia,

however, it is .only an important pest in unsprayed cherry orchards (Brittain

>
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The broken line indicates the boundary between the northern univoltine o
and the southern multivoltine strains of the plum curculio.

Fig. 2. Plum curculio, Conotrachelus nenuphar (Heﬁbst),

distribution in North America (Chapmpn 1938,
p. 13 - reproduced with permission).
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® ) N . R - X
KNOWN OIS TRIBUTION OF THE PLUM CURCULID, S ; . N g
CONOTRACHELUS NENUPHAR(HBST.), IN CANADA \ i\ / s
@ OCCURRENCE RECORD q P ii‘l;i?{‘w N . }
. " . < ’ y "
MAP COMPILED'IN 1959 FROM RECORDS AVAILABLE oy TR
AT DIVISIONAL HEADQUARTERS, OTTAWA, CANADA , #J , _
FIELD OFFICERS ARE REQUESTED Toxeﬂn:r OBVIOUS . = ) :
DISCREPANCIES IN DISTRIBUTION RECORDS TO NEADQUARTERS. ) w. L ’
. g ,

Fig. 3. Plum curculio, Conotrachelus nenuphar (Herbst),

distribution in Canada (Insect Distribution Maps, -
N - w0
CANADA, vol. 2, 1960-1964).
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and Pickett 1933).- .In Quebec it is recorded as ''fairly common" by( .
< - N \ ~

Provancher (1877) and it is reported by Petch (1927) in the followipér 14
counties of Quebec: Beauharnois, Brome, Chateauguay, Deux-Montagnes,
Huntlngdon, Iberville, Ile d'Orléans, Jacques Cartler, Kamouraska,

%

Missisquoi, Rouville, Sherbrooke, Stanstead, ancf Vaudreuil, Swaine (1909f

was the first to?’record this pest in the Macdonald College apple orchard.

o

2.3.2 Commercial host plant preference

[

‘Host plants include nearly all commercially grown pome and stone

fruitss plum, cherry, peach, apricot, apple, pear, quince and nectarine,

B 7
" and oviposition preference follows this order, except for nectarine for

which there\ i's insufficient data (Quaintance and Jenne 1912). 1In Quebec,
Petch (1927) reported that curculios 51gn1flcant1y damage apples, parti~
cularly early varieties, and he also noted their occurrence on pear, plum,r
cherry, and ''haw ’anc;‘ wild crab", Whitcomb (1929) confirmed their preference
for early varieties (e.g., Duchess, Yellow Transparent and Gravenstein), and
noted that McIntosh apples are less severely attacked. The preferer\lce“f’or
cherry over apples was apparent in Gthe Annampolis Valley, Nova Scoti;
(Brittain and Pickett 1933)’,’l whereas in New York,> Chapman (1938) found
apple to be prefefred second only te plum, which is generally considered as
the original host of this insect (Cox 1951).

Experiments with the multivoltine strain in Arkansas demonstrated
that while .plum curculio prefers peach to \ap?1e~ in the field, this relation-
ship is reversed in the laboratory (Wylie 1954). 1In the Niagara Peninsula,
Ontario, while apricots and nectarines are the favoured host, the plum
curculio can complete its life cycle on gooseberry (Armstrong 1968).
Quaintanck and Jenne ( 1912) had I:ecorded this plant and huckleberry, grape,

.-

strawberry, currant and wild persimmon as occasional hosts. Blueberry has’

™
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. 2.3.4 Dispersal (marking experiment

- some.may move to adjacent trees.

21

subsequently been added to this list’ (Beckwith 1943; Fulton 1946).

v ta

2.3.3 Natural reservoirs and g'esurgence. “ . —
S,
In addition to’its oeourrence on cultlvated fruits plum curculio

is common on wild fruits. This pa‘rtly e’xplains the success of this species

M

and, in particular, its abili%y %o rapidly reinfest orchdrds in which spray -
programmes have been discon‘tfinued (Hagley et al. 1977) (see also:. Chandler )

) ¢
1942; Glass and Lienk 1971; Hall 19721) Plur curculio has been recorded on

wild plum (Prunus spp. ), hawthorn (Crataegus spp.), and crabapple (Malus,

spp. ) and also in black knot of p'lum (growths/ cankers) caised by the fungus

D1botryon morbosum (Schw.) Thelss. and Syd., on Prunus spp.’ (Chapman 1938 ;

Qualntance and Jenne 1912; Whlteomb 1929) _In addltlon‘to black knot, it

has also been recorded from "plum pockets'', these latter being caused by

Taphm.na communis (Sadeb. )- Gles. (Wylle 1966). »

K

Plum curcullo occurrence on wild fruit may explain the variability

Rad

in the level of control achleved by bumlng potential overwmterlng s:.tes

around orchards, while a 50% populatlon decrease wag reported by Graham

0

3

(1938), Smlt;h (1948) commented that the method was ineffective.

r

s . . ¥
Various studies using mark, release and recapture methods have
- ?

been carried out to determine movement of plum curculio gdults.ﬁithin

N

N . Lt v

orchards. First generation plum curculio adults disperse very little and
. N N A

mo‘s_t; probably stay on-the tree to which they migrate in the spring, while

:

For example, of 649 marked (details not given) plum curculio
released on a single ti"ee if a peach ohchard— in Georéia bordered on three

51des by woodlots, extenswe Jarring revealed that only 13 were found on
- r

trees 10 to .30 m away, a '"'few'" being foumd on nelghboumng trees, "most"

AN

s i e =

T

i i Ponrontd b

~



22

1

remaining on the release tree (Snapp 1940). 1In an ear%ier experiment,
involving 1 500 marked plum curculios, it was found that adults of the
first generation refia‘ned in a peach orchard even after all the fruits were
harvested (Snapp 1940).

In another experimeni: 200 plum curculio adults, marked with
met\'all-ic powders, were released dur{ng May in a woodland at a common point

15 m from the edge of the orchard (Steiner and Worthley 1941).

Recapture was achieved by frequently jarring trees within the orchard.

. g ;2 While one beetle '"moved" 146 m ove‘r 10 days and another 'travelled'" 205 m

9.

Nt aver 40 dayé, 80% of the recaptured beetles were J'arred‘from the two trees

i

nearest to the point of release.

Radioisotope tracers have a1_s~o been used in plum curculio dis-
persal studies (Rings and Layne 1953; Rings 1954); although these experi-
ments were designed more to determine th;most suitable isotope than the
dispersal behaviour of this insect. Ofvthe 473 marked plum curculios
released, 193 were® recovered and their“a\{erage flight distance (different

\
for each of the five isotopes being tested) ranged from 19 to 42 m.

0

Dispersal of 718 marked ( enamel lacquers) first generation plum

curculios released within a blueberry field was also found to be very limited

(Mampe and Neunzig 1967). Two of the recaptured individuals were found in
a guiescent state near to their release point (distance not specified),
suggesting "some' but '"little" movement, from the field, made by adults

'

entering hibernation.

2.3.5 Overwintering sites
Plum curculio are generally assumed to overwinter in surface soil

and litter along the edges of woodlots adjacent to orchards. It has also

been suggested that they might find similar shelter along hedge rows, fences,

-
-

.
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and stone walls or in rock giles within orchgrds. While very’few beetles
have actually been found within such loqations. plum curculios have often”
been found to be most abundant in tree rows adjacent to woodlots (G.raham
1938; Smith 1948; Snapp 1941; .Stearns et g_l{ 1935; Wylie 1954) and Rlum

curculio damage has generally been found to be more abundant there (Crandall

¢

'1905; Crosby gzgl_. 1929; Forbes 1906; Garman and Zappe 1929; Hutson 1933;

Leiby and Harris 1924; Quaintance and Jenne 1912; Snapp 1930; Whitcomb 1929).
Only Garman and Zappe (1929), Snapp (1940), and Bobb (1949) actually
reported finding plum curculios at the edge of woodlots. Snapp, for

example, found "many'' (number not specified) hibernating plum curculios in

the large quantities of debris collected during the winter from the edges 042?;3

woods bordering peach orchards in Georgia. Beetles have also been found

-

under litter within orchards. As some of these beetles have been observed
to'be still active, however, it is possible that they had not yet completed

their fall migration, having been retarded in their journey by unfavourable

weather conditions, particularly low temperatures. This appears to be the

case with 'respect Fo the two records by Quaintance and Jenne (1912) of nine
. hY

beetles found in the fall at ground level, under matted litter, in small

~

, .
depressions under apple trees, and of 23 beetles found in similar sites on

other occasions. Despite this finding of 41 beetles within orchards, -thesre‘
authors nevertheless conclgded that "unquestionably Fhe bulk of the curculio
adult population hibernates in trash in woods adjacent to orchards'.

*In rearing Icages, wh?n adequate shelter is provided, usually over

90% of the beetlgs hibernate within, and/or immediately under, the litter,

the remainder going into the soil, rarely déeper than five centimeters

N ¢

(Table 2). Also, given a choice, beetles have been found to hibernate under
p

maple and apple leaves (76% of 209 curculios) rather than under dried grass,

¥
z
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Table 2. Depth of‘ovgfwintering sites of caged plum curculios.
l\l AN
L s Location of hibernating beetles (%) }g.
Plum No. of ) .Between In soil - -

curculic’ caged Within litter - - Time of Reference
strain curculios litter and soil <2,5cm | 2,5 - 5,1cm | >5,1cm observation :

Southern b 111 ' 50 , 30 20 0 ) November® Snapp 1930

. ® N N > )
SGuthern 449 89 - 9 27 o ’ o March! Snapp 1936
“Southern 143 " 0. © 38 .49 5 ‘ 8 March " Bobb 1949
' « ) -
Southern not stated 0 100 .0 Q 4] Spring Smith 1948
x - B ,
S ) ; - o

Northern: 884 0 93 4 2 1 - March' ~ Armstrong |
1958 i
N i
’ ) 1

Northern 761 0 95 5 0 o April Smith and
, - Flessel . .
- . . 1968 i

lNote: 73% of all the beetles in this experiment emerged from hibernation during March, which suggests that they had

€

started to move upwards during early March (Snapp 1930).
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stones or corrugated paper (Whitcombllszs). Their tendency to seek shelter
was first reported by Quaintance and Jenne (1912) who noted that, when kept
in glass jars, théy tended to crawl out of sight between pieces of sod.
Beetles probably only enter the soil when the littpg layer does not provide
adequate shelter (g.g.; 2,5 cm)\}see,Smith 1948). Bobb (1949), however,
found that in Virginia, 58 of 100 caged curculios hibernaied within the
. second and third inch of soil (5,1 to 7,6 c¢m) in March. The cages éontained
only'aeqd grass and winter mortality averaged 79%; therefore'lack of shelter
may have been responsible for this behaviour‘and for the high mortality.
.Snapp (1930) also founélihat most beetles (93%) died during the winter when

no "sheltqg" was available. When such material (dried leaves) was available,

only an average of 25% of the beetles died. The fact that some beetles

. . . Lad, 1 . NN
survive the winter in soil is suggested, however, by the occasional finding
4 -

-

;ttached to their boaies'i .

N

in spring of some beetles in the trees with clay

g

2
3
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(Garman and Zappe 1929).

el

A study by‘Lafleug and Hill (personal communication), currently in

progress, using radioisotope tracers to mark plum curculio adults, is de-.
™ L

signed to adcurately determine the actual overwintering site of this ingect.

Their study takes’ place in the ﬁputhweétern Quebec "apple orchard that was

the focal point of my work.

-—

2.4 Fruit Injury “ *

2.4.1, Daﬁége #

The main economic damage to apples is vdused by new generation
e + »

Y &

adglt plum curculios feeding on maturing fruit in late summer and thereby

1

making them unmarketable as fresh fruit. oOn young'fruit, howeverfvthese
- A%

-

N L3 . ® » » ’ ‘
nutrition punctures (made by curculios coming out of(hlbernatlon) cause
o ro ‘ -
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" consequently, the total time taken for the egg-laying sequence.
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ny

deformationg (resembling cat facing), whereas on mature fruit the cavities
made beneath the skin A(by the curculios' long snout) make it impossible to
store such apples (Paradis 1957)., ’ -

o fn addition,” oviposition and subsequent larval feeding within
hN A .

P

young fruit kcéuse ,th;jsew_ affected apples to be shed at "'June" drop (Detjen

1938; Lq':;ine and HalllAiQTZ). while this could reduce the final hdrvest in

years of p";f)or fruit set, in other ¥ears it could augment the natural bene-

» - v . . R
ficial procéss of physiological thinning. .
' %
r ‘t,, . -

scars are provided by Chapman (:1938) and Detjen (1938). The most accurate

rs

description of. aviposition, confirmed by n\y own observations, is provided by
N n

Riley (1870) agc'lf comprises the following stages: (1) excavating a hole with

the beak, .(2) turning about face and then laying one egg in the hole, (3)
turning again and pushing the egg into the hoie with the snout, and (4)

B ) A ‘ N
cutting a cre,scent—sgaped slit just above the hole thereby creating a flap

in the skin that prevents the growing fruit from crushing fhe egg. Other

less accurate or less detailed descriptions are provided by Walsh (1867) and

Quaintance and Jenfie (1912). Crandall's (1905) observations of three ovi
positing females confirmed the above pattern, and he further ndted that it

varied primarily in the time taken to complete the various operations, and,
n

~

i

2.4.2 Damage distribution

<

e’spécialiy whefi they are adjacent to woodlots, the suspected overw';intering
X

i t
sites (Chapman 1938; Crandall 1905; Crosby et al. 1929; Forbes 1906; etc.,
; L — e pdicd

see '‘Overwintering sites" section of this review). Only two studies, howeversy

have actually assesse;i damage throughout an entire orch,?.rd. Oatman and Legner

1

L3

’r_

Detailed des’gx‘:igtionsw and photographs of nutrition and oviposition

Injury to fruit by plum curculio is .heaviest near orchard margins

v
t
e
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(1968) found the above generalization to b& true in an insecticide-free,

three acre (1 2 ha), souri cherry orchard in Wisconsin and LeRoux's study
(LeRoux and Reimer 1959; LeRoux 1961) in an unsprayed 12,7 acre (5,1 ha)
apple orchard in southwestern Quebéc was, howeve"r, inconclusive. LeRoux's
orchard was only bordered on one side by a woodlot, ‘the other sides abutting
commercial sprayed orchard-sﬂ; and he divided his orchard into four equal

a

blocks, a design less capable of revex?ling a difference between central and
\ ' [y >
marginal damage then if there had been a central block. Also, his obser-

vations of C. nenuphar damage, which was very low, were combined with data

for four other insect pests, i.e., Archips argyrospilus (Wlkr.), Laspeyresia

“E‘ mnon'eﬁa (L.}, Coleophora serratella (L.), and Spilonota ocellana (D. and S.),

-

D)

together with mechanical injury to fruit from hail. The data for total plum

« curculio nutrition and oviposition damage derived from 16 sampling occasions

over two years (eight/year) were analyzed for variance 'with respect to blocks,
trees, levels within trees, quadra,nts of trees (cardinal points‘ of the compass)
and levels X gquadrants. Significant variation due to blocks was found on two
o::;:asions (-duripg the same year) and variation due to trees was found signifi-

t i3 * 3 . - - 3 I3
cant only on one occasion. Significant variation due to levels within trees,

°

quadrants of trees, and levels X quadrants were found on three, four, and one

occasion respectively. For none of the above significant variations was a
. % M
multiple comparison procedure performed.

t Jeu -

2.5 Behavioural Traits
Direct observation and subsequent utilization of insect behaviour

in trap design has been a most productive approach to insect monitoring in

\‘ . !
the past (Prokopy, personal communication). Such observations for plum
éurcufio have been made with respect to: thanatosis, stridulation, locomotion

and diel activity. | " \
»

B T P



Y e

e A A SRS A A e i 2 s

i

2.5.1 ”Thanatosis / s ,R

Pldm curculio adults, together wi;th‘many other -Col‘eoptera, exhibit
death feigning - also ‘termed refle*x immobilization or thanatosis by »
wigglesworth (1972) — when disturbed. Cook (1890) was probably —the fizﬂ*st to
scientifically record this beh;viour when ';w wrote: "Whenever the’weevil,
or the limb on which it rests is jarred, the curcuiio draws up its legs and
falls from the tree". Chapman (1938) supplemented his description of cur-
culio death feigning with a detail;,-d phot(;graph of one individual assuming

the,position. This behaviour was much exploited in the past when jarring

trees to detect begﬁ:les and thereby decide when control action was indicated.

, . " ¥

2.5.2 Stridulation

Plum curculios stridulate by means of abdominal movements but they
cannot do so if their elytra are immobilized <;r removed. Stridulation was
first observed in C. nepuphar by Riley (1871) and described ‘as mainly related
to abdominal movements rather than hind leg movements by Snapp (1930). Mampe
and Neunzig (1966) found that curculios are only attracted to sounds made by
individuals of the opposite sex, and Carlysle et al. §1975) used scanning
electron microscopy arid sound analyzing equipment to illustrate the stridul-
atory apparatus'’ r;orphological differences for male and female plum curculio,
together with the production of di§similar sounds by-each sex.f I{nalysis of
this weevil's "stress sounds' indicated that its stridulation capability is
not only a displacement activity but may also have an aposematic value (Webb

et al. 1980). The present state of knowledge about this behaviour in C.
\

nenuphar seems to indicate, however, that acoustical techniques are unlikely

-

" to be useful,in trap designs.

e i
A

L
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"critical level for activity more often than in the south (Smith ahd Flessel

29 ¢,

2.5.3 Locomotion
{

4

Plum curculio appears to fly only rarely, and is usually found
crawling on the branchesof trees (Hauschild and Prokopy 1977). Cook (1890),

who was the first to publish observations on their movement, reported seeing

w

plum curculios walking up tree trunks an&,also flying from the ground to the |

v r o

tree. Few subsequent observations have been made ‘and-the only quahtitative ) )

" -

study of plum curculio locomotion on trees is that of §wens et al. (1982)
conducted in two unsprayed orchards (apple and plum) in Massachusetts. It
seems !from these observations that for traps to be successful, they would

have to catch crawling rather than flying plum curculios.
,'( .

2.5.4 Diel activity p

e

Plum curculio feeds primarily at night when climatic conditions,

-

partlcularly temperature, are favourable, although- eggs are laid about

1

equally durlng the day and nlght

Crandall (1905) observed 17 pairs of curculios over four months in

T

cages within the insectary; 1 037 eggs were laid during the day and 917 at

A

night whengas the ratio for feeding punctures was 2 594:3 037.- These obser-.

St

vations were supported by those of Qualntance and Jenns (1912)and Snapp and Alden

(1924). Gaydon (1972), however, observed ev1dence of,mpstly nocturnal

s - + a

Jactivity. He found that at mié3ﬁay, resting southern ‘strain curculios became

activ; "soon' after a tarpau}inhhﬁs placed over theii“céges in ?he field.
He also'noted that cﬁrculioskbécame active in the trees (in South Carolina)
earlier in the evenlng on cloudy days than on cleas r _days. His use o% a
fluorescent dye for marking inseqts may;\however, have made them easier to i

detect at night th&n in the day. In the more northern region of plum gurculib's

range this pattern may be modified, as the night témpe;a%ure droﬁg\welow/the

ot

-~

1968).
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2.6 Trapping and Monito;ing Techniques

No monitoring.traps have been devéloped for plum curculié, jarring
being the only method that has been uséd to indicate the presence and
relative abundance of this insect. Thus, the results of the testing of 15*“
techniques in this study can unfortunately not he com%ﬁred with those of

previous researchers.

2.6.1 vVisual observations 4

Direct ebservations of plum curculios withiﬂ orchards are difficult
because of their cryptic colouration (Taylor 1908). Gaydon (1972) used a
fluorescent dye to try to overcome this problem and Lafleur and Hill (personal
communication) arévpresently succéssfully. using beetles labelled with 652h to
study their behaviour throughout the year in the same southwestern Quebec
apple orchard~I used for my work. Owens et al. (1982) wiil shortly be
publishing their data fo; c.a., 128 hours of observations of 171 overwintered
é&hlts in"élum and apple trees in Massachusetts, over four growing seasons.

Cook's (1890) observations surprisingly remain the most detailed published

account: ‘'During June, at time of egg-laying, the beetles often spend the

[ETRR

day, especially early in’June, when the weather is cold, concealed under

clods or chips, beneath the trees'. )

2,6.2 '"Ransom chip' method
The habit of adults to hide under shelter has been used to trap

them. Ransom (1870), an innovative and successful grower (peach, plum and

a

cherry) in Michigan, being unable to find the “curculio" on his trees early
in the spring, searched among the leaves, chips,- sticks and stonés on the

ground under the trees and found them to be abundant. Based on this obser—

vation, he decided £o provide the beetle with'numerous artificial sheltering
C

Y

3o -
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sites (mainly chips of various material), which he then turned over each day

K_}‘ and hand collected the beetles as a control measure. Apparently this was

[

successful as he reported collecting and killing 2 514 curculios in two hours

1

| from under 200 trees. Otheré, however, were less successful (see Cock 1890)

/ and the method became part of orchard '"folklore'. Quaintance and Jenne (1912),

for example, were only able to find 13 beetles in five days this way, whereas
! )

e «

‘ ’ i Jjarring yiélded 309 adults during a comparable period of searching. -

I -

i ‘; 2.6.3 Jarring

Jarring evolved' from being the only available method for con-+
/ trolling adult plum curculios (before insecticides were used) to the only
;o | method used for monitoring them; and this situation persists today.

One of the most innovative early jarring devices was '"Dr. Hull's
| Curculio Catcher" (Walsh and Riley (1868b). A large inverted umb?:'ella was
" — attached to a wheel barrow; the umbrella had a slit allowing i;s insertion
up to the tree trunk. The front end of the barrow was equipped with a
bumper, and pushing the "machine" strongly against the tree jarj*ed it

! sufficiently to cause curculios to fall into the umbrella, which acted as a

—— — S

b

[T UL S UM PPN

c;a.tching funnel; these beetles were then removed and destroyed. This con-

traption was. soon replaced by a sheet stretched on a light wood frame and

the trees were then hit with a v;ooden (and later rubber) mallet (Cook 1890;
™ Petit 1904). One of the problems is t':hat curculios resting in cavities in
t.he bark or infruits, as }:hesej de\;elop, are o.ften not diélodged by jarring
(Crandall 1905). Also, this i:echnique is more practical for plum and peach

trees than for standard apple trees, which have more high branches that

P

cannot be jarred practically. In such case, the technique becomes a slow
[y

L and tedioys task (Brooks 1910). A lengthy early historical review of jarring

' . , ¢ v A

, is prov:{ded by Quaintance and Jenne (1912) together with an evaluation of the
« s ! A

-
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economic benefits to be derived from its usage. ‘Unless cheap labor was
readily available, however, jarring was rapidly replaced by improved spraying
methods as they became available (Slingerland and Cresby 1814).

Jarring persisted, however, as the primary tecl_mique“ used to -

o

gather ecological data about this species (Snapp 1930), tb time insecticidal "-"

sprays (Chapman 1938), and evaluate their efficacy (Chandler 1940). In a
later study, however, Chandler (1948) found that the examination of June
apples for plum curculio damage was more accurate for determining the effect-

iveness of insecticide sprays. Jarring has also been used in conjunction

with mark, release and recapture techniques in blueberry fields in North

Carolina (Mampe and Neunzig 1967).
» The advantages; disadvantages and appropriate uses of Jarring
were reviewed by Wylie (1951)\ and further comments are provided in Chapter 3
g’ s

of this thesis. For obtaining large quantities of plum curculio adults,

rearing is a more produgtive-method.

z

“d

2.6.4 Attractant stimuli »
e

Tests in the laboratory using: the McIndoo olfactometer (McIndoo

1926) have not revealed any strong attractants for plum curcullo, and

‘-J‘

e —— et

pheromones are thmight m“‘emst-—éﬂoyt,anq\(}llﬁnjmck 1976) none haylng
\—\\

been igolated up to the present; although I am aware of only one research ———-

project that has exam:med this mattér (Calkins, personal communication).

"y
-

< Many substances that mlght be expected to attract plum curculio

~
%

have been found to be only sllghply ‘attractive, and others even slightly
o ; " ¢
repellent. Nevertheless overwintered beetles appear to readily find suitable

host trees in the spring. They have even been found (in Florida) to oviposit

X N

1
on.green thinning apples (c.a., 2,5 cm diameter) hung in oak thickets

>

isolated from the nearest plum thicket by 100 m of thick wood (Calkins et al.

1976). >
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During laboratory studies of the attractiveness (;f many tree
p‘arts (peach tree ba;k, leaves, fruit and blossoms) and chemicals, including
peach distillate, only butyl acetlate; was found to be slightly attractive to
plum curculios; although in the‘field no beetles were attracted to this
substance over a 42 day period (Snapi: and Swingle 1929a; 1928b). Other
substances wére, however, found to be slightly attractive in the field:
salicylaldehyde early in the season and gallic acid late in the summer
(Snapp and Swingle 1929b). The number of insects caught w.ere so low, how-
ever, that these captures might be accounted for, by beetles accidentally
falling into the traps. ; ; = -

One of fhe main problems (in the laboratory studies) was :che-
unevenness of the air currents in the McIndoo olfactomefer (Garman and Zappe
1929). Design cha\pges made by the preserrxt author appear to have solved th'is
problem and have clearly improved the apparatus (see Chapter 5). '

Plum curculio adult females are reported to be active both during

Y

. the day or night (Quaintance and Jemne 1912), and in cages, Garman and Zappe

(1929) found adults to be "decidedly positive to light". Positive orient—ég

-
PXEN

ation to ultraviolet iight has been reportéd with soutt%ern strain plum
curculios held in cages i’n olrchards (Payne et al. 1973), but experiments by
the present author with the northern strain in an apple orcilard provided
contradictory results (Chapter 3); also, no records of light-trdp catches

of . the pest were found in the literature. ”

—~—
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3.0 PUBLISHED SAMPLING TECHNIQUES

&

g "/ 3.1 Introduction - T
a A - 4‘1

During four growing seasons, ranging from 1977 to 1980, six

[

sampling techniques were tested for C. nenughark',‘. Four are gex{eral sampling
t'échniques: ultraviolet (UV) light-trap, suction apparatus (D—-v,gic), emer-
! - gence cage and soil sampling. The other two involved specific insect baits:

pep+eugt_3nd1, the lure for the Japanese beetle (Popilla japonica Newman),

and grandlure, the sex and aggregating pheromone for the boll weevil

(Anthonomus grandis Boheman). Jarring was also used to detect and collect

plum curculio.

© All thesé\experiments were carried out in the 1,7 ha "experimental

orchard" located at the Department of Agriculture of Canada Experimental Farm
at Frélighsburg, Quebec. As noted in the Introduction of this thesis, in

which this "experiméﬁtal orchard" is generally described, reference to
/

location within the orchard is made throughout this Chapter, and others, /
‘ /

according, to the grid system defined therein (Fig. 1).

i v 5,
3.2 Unltrav{olet (Uv) Light—trap

I}V light—traps were used first b& Robinson and Robinson (1950) to
collect insects, especially nocturnal :)nes. They found that‘many species are
attracted by radiation in the near ultraviolet region of the spectrum. Frost

—~ . (1958) reported that the addition of baffles to the trap increases captures.

"

i ) Using a UV light-trap, Frost (1957) reported capturing Curculionidae,
4
o 8
i however- he did not indicate the genus or species. (Quaintance and Jenne (1912)
» Q
) mentioned that C. nenuphar flies at night, especially on warm, ‘caln nights,

and Payne et al. (1973) found that laboratory reared southern strain plum
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their distance from the light source increased. Because of these obser—

.o 3/ 4

0

curculios oriented to UV light, the degree-of orientation decreasing as

vations, I decided to test the UV light-trap for plum curculio.

§
3.2.1 Materials and methods

<

I used the Ward 4-baffle trap (No. ,29wsoozl) equipped with an eight
watt blacklight fluorescent tube (GE FBTSBLZ*) with peak spectral fadiation '
c.a. 360 nm. The collecting pa11 contained water, with a drop of llquld

detergent added .as a wetting agent, to prevent escape of captures.
In 1977 four of these traps were installed on the west side of
«

the expermental orchard adJacent to the woodlot}. Two were five meters

above ground level ip the crown of trees N--12 and M-7 and the other-two at
ground 1eve1 under the dmp 1,1ne of “trees N-14-and M-—9 (Fig. 1). These

~ ”
locations were chosenbecause plum curculio damage is known to be most in- ,

<

tense at such sites. A fifth ‘trap was "installe,d two meters above ground .

level in a plum t‘reel(gggi_n_t_x_é_._‘ spMW) two .kilome}ters north of the experimental |
orchaﬁd. The four *Erapsdin the orchard were ;owered by a 300 watt gasoline "
generator and the one in ?;l.xe plun; tree by domestic electricity supply.
The- four -traps in thc; experimental orchard were operated'fvrom
2100 h to 0500 h the next morning on the following days: May, 17, 118, 19
(full bloom), May 26 (frult set) and June 7, 8 and 15. These periods were

chosen because plum curcullo usually emerges and mlgrates to host trees at

v *

re ~

lWard;s Natural Science Establishmem?“l Inc., Rochester, NY

2(:}etneral Electric Company, Cleveland, 0h5:o.

RT3

T R o




b

et

f
N

0 U OV VU S, ... . Y
. .

g %

) T s A A 1

LRV E RS e ke s o

1

' ti‘xe time of full bloom (Smith and Flessel 1968); oviposition begins at

! / £, v

36

-

‘Fruit set (Chapman 1938); and most oviposition scars, 80% in a study by

Paradis (1957), are made in June. The trap in the plum tree was operated

from 1900~h to 0700 h the next morning, for two to three nights a v;eek,

¢

depending on. weather condltlons, between May 9 (plum tree full bloom) to

-

June 15.
’lt:./' v n

3.2.2 Results and discussion - - % N .

fiot a single '_plum curculio was captured in any of these five
>~
traps. This :Ls suﬁprlslng because curcullos were deteo\ted g(xrmg the day

by Jarrmg in the v.1cm1ty of the traps and, on May 25, 96 out of 120 small

‘Y‘ fre L2

fruits (80%) collectd'd from the pl,um tree were found to be damaged by plum

curculio. _The oni;r hopeful sign was that, in the early morning of June 16,

-

one pluti curculio was found resting on the outside of the collecting pail of

the trap in the plum tree. : 8
’ N ‘\ -
The observations by Payne et al. (1973) regarding the orientation

-

of the southern multivoltine si:fgin to UV light were made on caged indivi-
N R &

-

duals located Between nine met nd 853 m from the light source. These

beetles were held in open ended wooden tunnels (61 cm long and 52 em? in

|
cross section), and could choose between moving toward ef.ther the UV source
or ambient night luminosity. The regression of aciult‘plum curculios response
to UV light on the distange from the 1light source of caged individuals was
established. The correlation coefficient (r) calculated for this linear
relationship was -0,95 (P< 0,01). The maximum response, 93% of the bet;tles
mov—ing tc; the UV illuminated side of the tunnel,/waé recorded up to 37 m
from the light source. Payne, however, did not test UV light-traps for

capturing plum curculio, and no close range attraction tests have been re-

ported in. the literature. Also, other published records of UV light—trap

[
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. wattage and trap design. | 4 ~
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Y
catches contain no records of C. nenuphar captures.

My experiment, while not confirming or contradicting Payne's

- observations, does suggest a possible close range repulsion to high in-

’

tensity UV light. Since my experiment took place at a time of .year when
the nights were ‘still quite cool (experiméntal orchard air temperature mean
minimum)]': May 1977, 7, 7° .C; June 19<77, 11,4 c), it is poss;ble that plum i
curculio_ was not active then. Also, as these beetles are poor fliers .
(H auschild and Prokopy 1971), the 4-baffle traps used may have inherent
de51gn 11m1tat10ns. -

Detection of plum curculio.for directed control purposes has
‘to be achieved‘ prior to fruit set, the time of the most efficient calendar
spray for its control. At our latitudes, warm, calm nights are not frequent
at that time of year (experimental orchara mean’air temperature for iuay based
on seven year'recor&slz 11,5°C). Thus, it is-unlikely that UV light-traps
can be used:tg monitor this pest in-our region. At more southern latitudef

or with the multivoltine strain, however, it may be pos§ib1ek to use such

traps, although experiments will first have to be conducted to find the best

4

v

3.3 Suction Apparatus ‘ . .
Vacuum suction machines for sampling arthropod fauna on vege-
# - ' .

)
ks

tation were developed first by Johnson et al. (1955). Dietrick et al. (1959)
modified the apparatus by adding a larger collecting cone equipped with an
organdy net. A light backpack version, designed by Dietrick (1961), is now

widely used and generally referred to as the D-vac.

N

-
3

c o Frelighsburg Experimental Farm, Meteo Station No. 2, about 100 m
east of the experimental orchard.

1
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A P-vac was successfully used by Rivard et al. (1979) for

sampling the strawberry weevil (Anthonomus\\g_ignatus Say) in strawberry and
raspberry plots located in the vicinity of the expérimental orchard. Since
plum curculio is well known for its reflex immobilization behaviour (see

under "Jarring! in this chapter), the hypothesis that individuals could, be
. P

~

f:ound on the herbaceous stratum beneath apple trees was investigated.

] - -
'
.

3.3.1 Materials and methods . o

—

The suction apparatus used was the D-Vac Insect Nc/:t (No. 24 1),

equipped with a nylon ;rgandy collecting bag. The suction cone opening is
one square foot (929 cmz). When used on ground vegetation the cone was held
at about five centimeters above ground level for four to fiye seconds per
Unit sample. On acc'essible apple tree branches, the suc¢tion cone, being,

held upvzard, was moved along their underside as close as possible for eigh‘tv
: - 2

to ten seconds per branch. - !

N+ Mt b i R ARt =

In. 1978, the apparatus was used on the vegetation beneath 10 randomly
% > ¢

selected trees\in Trows K‘, L, M, and N of the experimental orchard (Fig. 1).
Also, 25 branc’l‘xes on trejes ‘on rows M and N were e\)gplaored with t;lé D~vac., ’
These locations were chosen :co maxinize chances of capturing C. nenuphar:
later assessment of '"June rdrop"'damgge showed that 47% of the dropped fruits
were damaged by plum curculio in this-section of the orchard (see Chapter.5).
The experiment was performed during the morning of June 8, one

week after fruit set, when plum curculio are most numerous on trees and

*actively ovipositing. Their presence was ¢onfirmed by the abundance of

recent oviposition scars on the small fruits.

1])--Vac Corporation, Riverside, California.’ g

~
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x{ rd
Under each of the 10 selected trees I put the suction cone down P
}

110 times: twice in each. of the qardinal quadrants under the canopy and g

b
twice near the trunk. Each sample from one tree was removed from the cone [

s

for later examination. The 25 branches were submitted to the D-vac suctjon

- 2

one after the other and this comPrlsed the eleventh sample The first 10.. |
N

samples covered 9,3 n? of ground surface. ~ ' ‘. ﬁ
v , 4. _ 4 :
3.3.2 Results and discussion *
i Thorough hand sortiné of the eleven samples revealed ng plum

T

. f , x
curculio. This result is not surprising for the sample taken on the trees. -

The apparatus 1s not designed for aerial use, and curcuhos dlstugbed by

-~

the sound and vibrations mdy have drcspped to the, ground. On the other hand, -

1S

this result is surprising for the 10 ground level samples. F1rstly, the *

~ i

apparatus ingown to be efficient in this,ty,pe of habitat. Secondly, I -
expected that in addition to any individuals -already on the ground, others,
} [~ !

disturbed by the sound and vibrations of the*D-vac, would fall from' the trées, ™
/ al o n; ’ ¥
feign death on the ground for several minutes, and hence, be captured also. T

R
¥

Thus., it seems tha{: nthe’sound and’ vibrations from thek machine do
J . e S 4 W
not cause plum curculid to fall of’fhthe branches. Also, that plum'curculio o= '

does not occuf on the herbaceous s‘tmtum beneath apple trees at that time."

\'I;hls was further conf1rmed by the wdrk of another graduate st‘udent, Dbr, Guy :
* * K4 s

Boivin, who found no plum curculie, in 1979, durmg hig mirid sampllhg

. o ',‘1

program in the same e;cperimental orchard. He sampled an 11, 6 m’ ground

surface area with ’the D-vac, twice a week between May and September.

-
-~

In view of these results no further éx’periments were carried out

oo 7 . . - .
with the D-vac. It seems unlikely that suélt.ion ,z;pparatus can be used to

“

effectively détect plum '~eurcu1io.~"

~
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3.4 Emérgence Cage v, *
. i Lo

- ¢ K " -
Emergence cages of variable design are widely used by entomol- .

ogists to capture inseéts escaping From soil and vegetation. Inf{the

t

following experiments I attempted to captﬁ;re emerging overwintered adult

plum curculios prior to thein spring migration-

& A
~ N -
' ‘ 4

3.4.1 Materials and methogs~
¥ ™ > . Nt

For my experiments I used bottomless wooden frame cages, 80 tm x

N

~

80 cm and 30 cm high, covered with 16 mesh galvanized screen. There is a
20 cm wide sliding door in the roof of. each cagqfJ Cages were sunk -five
4

centimetgrs into the groynd to prevent escape of emerging plum curculios.

N 1

.In 1977 four of vt}'iese cages. were insta,lléd over trash and leaf

*

litter at the edge of the adjacent woodlot, three along the” west side of

. -

%a *’ [
the experimenital orchard end -one on the-southrside. Two other cages were
. ; .

s 5 4 b )
installed within the orchard upder trees M~14 and H-1 (Fig. 1). In 1980

k3
N

~ S - N
nine cages were installed three to four meters into the woodlot over trash and
oy h, v"( ‘X” N ,\n B
leaf litter; three per side, equally spaced, 'along.the.west, north, and,sot‘:lth

sides of’f "the orchard. -The woodlot locdtions were chosen:as they appeared to

'
,

be the mast likely overwintering sites fof plum curculio.

In 1977 the cages were installed on May 9, four days, before,tl;é

- N * LY
y ’ e

. . , .
~pink bud stage, and in 1980 on April 22, one week before green tip. This
N~ s #

earlier installation was to.ensure that plum cufculios awakening earlier
, ., ,

v -

.

than usual from overwintpring sites would be c,aptﬁred. Ir.\,1977 the cages
§8 . R
were examined on May 10, 12, 13, 17, 18, 20, 25, 27, 31 and June 2 ~one week

. Al . .
“after fruit set) .and in 1980 om April 29, May 7, 12, 13, 14, 15, 19, 23, 26,

+
hel

27, 30 and June 5 (at fruit set).

. N o h <
X

i cal b Atk n o ®
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3.4.2 Results and discussion i \

No plum curculios were found. As the total area under the cages /

2

is relatively small (about 4-m° in 1977 and 6 m in 1980) it may be that a

overwintering adults were simply missed. Thi§ would be most probable if

RO

plum curculio exhibits an aggregated overwintering pattern. The ability of
. kl

plum curculio to survive in these emergence cages and my ability to detect

- them was confirmed in two other expériments (Chapters 5 and 7). On these

!

[R—— - . *
occasions ,either plum curculio damaged ''June drop" apples or curculllo larvae

A EY

collected after dropping from them were introduced into similar cages located }

under trees in the experimental orchard or in the adjacent woodlot. After

4 €

the curculios had pupated, hundreds of emerging adults of the new generati‘on

§

were collected in August, by hand or with an aspirator, from the screen and

: " %
the wooden frame of the cages. . ' ‘

Gt

Thus, until more is known about the overwintering behaviour jof
p

this insect, further work with emergence cages is not likely to be productive.,,'(

x,

»

3.5 Soil Sampling
' The ideal sampling technique for plum cux:cuiio would be one that

assesses population density of overwintered adults migrating to the orchard

x

-prior to fruit set. Knowledge of the location of overwintering sites would .

be useful baekground informatioh for such an approach. By mid——Octolge{z: in"
southerwebtern Quebec, the beetles have left the trees for their ove;;winteriﬁg'.

"

sites (Le Blanc et al. 1981). Thus, plum curculio adults were marked and

n

released in the experimental orchard and soil samples were collected later

to detect the overwintering sites.
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3.5.1 Materials and methods

In 1979, 641 plum curculio adults reared from thinning apples in

o

emergence cages were marked on or:e elytra with a dot of yellow lacquer; and

Pl

g £
402 others were marked with g’ red dot. For ease of marking, insects were

held in.batches of 10 for 30 seconds in a refrigerator at 7°c. It took a

~ v

whole day to mark the‘fiﬁrst group and the following morning no sign of

_:toxicity of the lacquer had been detected. Some were observed flying in

the holding cages‘and this was considered evidence ofﬂflight‘ ability of the
marked insects. The first group (yellow ones) was brought to the experi-

mental orchard on August 30. The insects were released in six trees-in the
center part of the orchard by simply leaving the cages open on the ground

-

near the trunks. -Two hours later all cages were empty. The second group
- » h -

o

(red ones) was released on September 24. Marking plum curculio with ''enamel"

&

dots on the elytra was carried out successfully by Mampe and Neunzig (1967).
They reported noi i1l effects on longevity or behaviour as a result of ;narking

and three individuals recaptured the following season assured then of the

~

<

o

durability of the marks. - -

[}

Soil sgmplés were taken -on November 7, after migration and before
’ . . . \n . .
snow cover, and examined for ovemlntpx\'mg plum curculio adults. The samples

were obtained by cutting with as:knife?\jaround a square wooden template (64 cm?)

1

placed on the ground, Each sample waé removed with a shovel, cut to 5 cm ..
thick and put in a labelled polyethylene bag, making sure thgt Jthe soil and
the vegeLtat’ion cover of the sample are not c‘iis:turbed. "The samples were
kept at 5% ux;till extragtion, which was conducted over the following month.
Sample size was determined partli'y by the availability of extraction apparatus

and because I considered that by using large numbers of small samples I would

increase my chances of finding curculios. Relatively shallow samples were
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taken because Smith and Flessel (1968) rhad found that when provided *with a

~

vegatative cover less than 5% of the beetles hibernate in soil, 95% being

found at the soil”surface. -

<

As some‘hibernating oyrculios. have been found in the past Wwithin
orchards (Quajr}tar;ce ;md/ Jenne 1912) as well asin woodloﬁs adjacent to
orchards (Garman and %appe 1929), samples were taken in both sites. Within
the orchard 50 trees were randomly selected and three samples take'nx from
the s0il under each of them, one n:ear the trunk, one ‘under the d;'ip\ line
and one in the middle of the row between the selected tree and its closest
neighbour. In the woodlot, éamples were collected Lat three stations along
edch of five transects perpendicular’ to three sides of the orchard. one
extendmg north and the other south from elther end of row Y, and three on.
the west side star.tmg at trees N-2, N-8 and N-13 (Fig. 1). Three samples
were ‘l;akén at edch of the three —stations, which were 10 m, 40 m and 70 m
into the woodlotr. Thus, a total of 195 samples were collected,

The samples were all processed in a Hill (1969) modified Kempson

et al. (1963) behavioural extractor (see-also Behan 1972). Extraction ‘was

4

ha

carried out until the éan;ples were completeb: dry (three to four days).

v
A
~

N

3.5.2 Results and discussion ) \ ‘e

Beetles were found but no plufn curculios. To check if any had
remained in the samples these wére hand sorted twice after first removin‘g
most of the dried soil by sieving; no curculios were found.

<

As a relatively small area of soil was sampled (9 600cm2 in the

-

orchard and 2.880 cn® in .the woodlot) it cannot be concluded -that plum curculio

does not hibernate in these areas. It was hoped that some individuals would

be found (especially marked ones) in one of the areas sampled, thus indicatiné

0
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where to intensify the search the following spring. T

LN , k b
As another graduate student, Mr. Ge;ald Lafleur, began @ study

()
of the overwintering behaviour of plum curculio in 1980 using radioactive

labelling, no further soil samples were collected. If I had continuéd the
3

.experimént I would have collected many mofe samples from a wider range of
fo t f

habitats and extendihg further within the woodlot. Experiments would also
* be carried out to determine if plum curculios introducted into soil samples

Gare extracted in the Hill extractor.

v ’ . ' r
]
3.6 Lure for Japanese Beetle g

An attractant and trap for the Japanese beetle (Popilla japonica

5 Newman) were first dﬁyeloped‘by the USDA Bureau of Entomology (Courtney 1931).
In 1977.I:obtained ten Japanese beetle traps and lure, pep+eugenol
- : (2-phenylethyl propionate and eugénol, 7:3) (McGovern et al. 1970);4£rom the
Agriculture Canada Japanese Beetle Survey Progfam for Quebec. These were
testeg‘for their attractiveness to plum curculio.
. 3.6.1 Matérials and methods

, \ The trap I used is similar in §éze, shape and colour to the commer-
: e

.

‘ cially available_Ellisco Tr?p1 and Qonsists‘qf a metallic 4-baffle device;
painted yellow, inserted/above ; collecting funnei. The 1ur;’is dispensed
by a wick coming out of a small reservoir placed in the center of the baff1§s.
Tﬁe trap hangs froﬁ"a metal gallows about 1,5 m above ground.
Two traps- were located along the south edge of the experimental ~
- orchard, four along the west ‘edge, two along the north edge and two near the

center of the orchard. This way eight of the 10 traps were located along

1

‘;# Ellisco co Inc., Philadelphia, Pennsylvania.

. e

o e i
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edges of the orchard adjicent to the woodlot to intercept plum curculios

migrating from their most likeISr overwintering sites. The traps were in-

stalled on May 9, 1977 (four days before pink bud stage) and monitored on
K1

x

May 10, 12, 13, 17, 18, 19, 20, 25, 27, June 2 and 10 ttwo weelgs after fruit
set). This covered the peripd of plum curculio mass’ emergence and migration’/.

k- ) . . -4
to the orchard. . o ’

%

s -

3.6.2 Results and discussion

T

-

Two plum curculios were captured on May 17, one day before full -

bloom, in one trap situated on the west side of the orchard. As this is

x

hardly an encouraging result in an orchard known for its high population

density of plum curculio, no further experiments were conducted with this

.
trap. . 4

-

3.7 Synthetic Pheromone for Boll Weevil

-

In the last two decades, as the chemical synthesis_ of insect

pheromones was achieved, their use in surveys and control attempts increased

rapidly. If the.existence of such a.chemical meésenger could be demonstrated

for either sex of the plum curculio it would provide us with a means of

trapping them or of increasing the efficacy of other trapping devices. >
w

Unfortunately, when I initiated my wq;'k, isolation and identificdtion of a

\

plum curculio pheromone had not been reported, and this situation persists

presently~ ; T -

N

Since thelate si’xties,pheromor;es have been used successfully to
monitor many Lepidoptera. While pheromones are specific, usually this is
due not to differences in their chemical composition but rather to the ratio

between their constituents. For example, 1i~tetradecenyl acetate ‘is the sex

- t
K1

pheromone of female European corn borers, Ostrinia nubilalis (Hbn, ), .and it

1,
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is optimally attractive to males when its (Z) and (E) isomers are present
in the ratio 100:4 (Klun 1968). A related species, the smartweed borer,
Ostrinia obumbratalis (Led.), is attractéd, however, to a 1:1 mixture of

x

these two isomers (Klun et al. 1973). Species felated at the family level

may also be attracted by the same chemical. Thus, the red-banded leafroller,

Argyrotaenia velutinana (Wlk.), and the oblique—banded leafroller,

Choristoneura rosaceana (Harr.), also have 11-tetradecenyl acetate as their

sex pheromone, and again particular ratios of (z) and (E) isomers determine
the specificity of -the pheromone (Roelofs and Arn 1968; Reolofs and Tette
1970). Even when a pheromone is ''tuned-in" for a species by the.proper
mixture of it;*, components, non-target captures of related species are o}ten

en?gsﬁts_ered. For this reason, I decided to test grandlure, the synthetic

pheromone for the boll weevil, Anthonomusrggandis Boheman, (Cross et al.

1969; Tumlinson et al. 1969), for its attractiveness for plum curculio.

3.7.1 Materials anthmethods
* Through Ddo. D. D. Hardeel, I purchased this pheromone incorporated
in 4 cm2 slow release wafers (Hercon0 dispensersz) at a concentration de-

signed to last for at least 28 days in the field. Grandlure field attract-

ancy tests for pium curculio were carried out with two different traps: a

- boll weevil tr'ap:5 and a sticky trap4. An insecticide was used in the boll

1Pes’c Management Specialists Inc., Starkville, Mississippi.

M
¢

2Herculite Division of Health Chem Corp., Néw York, N. Y.
3Stor-y Chemical Corporation, Willoughby, Ohio.

Model 1C, Zoé&con Corpbr‘ation, Palo Alto, California.

{e

1
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- weevil traps to prevent captures from escaping; a 4 en’ slow release in-

sectf;idal chip (Herc:orxo Insectape: with Baygimo ) containing propoxut: in

a 10% AT formulation was inserted in each trap collecting chamber.” These

)

were claimed to be effective for 28 days under field conditions (Hardee,

-
(3

persogal communication),.’ : ) .
In 1978, both trapping systems were tested in' the experimgntal
orchard and in a commercial orchard about eight kilometers to the south.
Four boll weevil traps, three containing a ’pherOmone wafer and an insect-
icidal chip, were installed in trees M-3, M—~13 and K-6 within the experi-
mental o;'chard (Fig. 1). A control, containing only an insecticidal'chip,
was hung in tree M-67 Two similar traps containing the pheron;one and the
insecticide -were insta}Lled in the commercial orchard n the side adjacent

to a woodlot. All $ix traps were installed in tree crowns (three to four

& . :
meters above the ground) on May 10 (green tip). The first four traps were

monitored on May 11, 16, 18, 20, 23, 24, 25, 26, 27, 28, 30, 31, June 3 and

7 (one week after fruit set). The two in the commercial orchard were moni-

a

tored.on May r1, 16, 20, 23, 27, 30, June 3 and 7. Two sticky traps, one

with the pheromone and the other serving as control, were installed at eye

e ~

level in trees N~13 and N-12, rfespectively, on May 25. These were monitored

every day from May 26 to June 3. Another sticky trap containing grandlure

was hung in a plum tree, two kilometers north of the experimental orchard
and monitored on the same days asithe two in the experimental orchard.
Locations and dates of these tests were chosen to maximizé chances of plum

)

curculio captures.

3.7.2 Results and discussion

In all, f;iye plum curculios were captured. Four on May 16, in boll

5

weevil pheromone traps; three were in tree M—13 and one in tree K~6. The

kel

!
!
S

i

i
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)

fifth curculio was captured on May 31 in the sticky trap hung in the plum

( } tree. On June 3, new pheromone wafers were put in each trap, but no more
plum curculios were captured. In addition to monitoring the traps I also

examined the a&jacent regions on the tree for individuals that might have

i e Ferwm mendn s

been attracted by the pheromone, but that did not enter the trap. None

were seen.
While the sticky ‘trap seems unsuitable, the boll weevil trap
holds some promise, and probably the next stage is to experiment with its

location on the tree (see Chapter 5 for a fuller discussion). However, B

the pheromone was not strongly attractive for plum curculio. This could

»

be questioned on the basis that the traps used were not designed originally i

for plum cﬁrculio, but no detection o‘:f‘\ curculios near the traps further i

SONS

supports? this conclusion. Further studies of this phem\qmone using different v
ratios” of the four components of grandlure should be carried out. The
grandlure composition used in these tests waswa mixture of its four components

I, ITI, III and IV in a ratio of 30:40:15:15 (details are given in Tumlinson

et al. 1969). _

- 4

5 ey

3.8 Jarring

: At the beginning of my study, in 1977, excepting visual obser- |
vations, jarring was the only published technique available for the detection
.and ;ollection of adult plum (%urc‘ulios from host trees. Jarring had also !
; +  been gsed as a control meaéure (v&alsh and Riley 1868b) before the development
3 v

of chemical insecticides.

LE 3 The success of this technique is caused partly by this insect's

behaviour of "reflex immébilization'. This trait, exhibited by many ’Cbleoptera,
. oy 4 -

and particularly by plum curculio, is also termed thanatosis or more simply -
' s
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death feigning (wigglesworth 1972).

When jarring was replaced as the means of control by chemical
~insectic:’5de's, its use persisted to detect and collect the pest. Jarring
‘is generally accom\plished by hitting the tree limbs sl"xarply, once or twice,
with a mbbernmallet or a stick covered with ﬁbber to minimize bark damage;
dropping ir;sects are collected on a sheet of contras‘i:ing colour, the drop
cloth, held close under theujarred limb (Wylie 1951).

In thi~s study wherever jarring is mentioned the following pro-
cedl;re is implied. A one square meter white drop cloth, on a frame of two
dia’gon;xlly @segﬁ;ed pi‘eces of light wood was held close under the jarred

R

tree li;zrb. The 1imb was usually J:arred by means of two sharp rapid blows
wi;:-}x a 1,5 m long hardwood stick, four centimeters in diameter, "the hitting
end being covered by a piece: of rubber.

Jarrirtg results are affected by many variables: size of the
jarred limb, ‘size of the drop cloth, strength of the biows, height of the
“jarrer", time of day and weather conditions, principally ambient air
temp;rature and wind velocity. For example, when air temperature exceeds
22-23% plum curculio will more often fly away rather than drop. If it

is cooler but windy curculios will drop, but not neceésarily onto the

drop cloth. All these factors preclude standardization of jarring, a

- prerequisite for reliable methods of population density assessment and

damage prediction. Other limitations of this technique for plum curculio

sampling are discussed by Wylie (1951).

When the population density of plum curculio is relatively high

> (as in my experiment in which harvest damage was in excess of 20%), jarring

"is the simplest means'for collecting adult curculios., Thus, it can be usea

to detect presence of the pest and, when jarring is carried out systematically

)I

in favourable locations and proper weather conditions, it can reveal time of
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-appearance of the fi:ist individuals on the host trees. However, jarring

in low population densitj areas, is a very tedious technique unlikely to
be reliable for directed control purposes.

o

Because of the difficulties with standardization of the technique,

o

records of ‘J'arring were not kept. Jarring wasaused, however, throughout

the stt;dy to collect small numbers of adult plum curculios when they were

needed for experimentation, When large numbers of adults were needed-. they

were reared from collected thinning apples, a far more efficient m;sthod,

depending essentially on the numbe;- of damaged "June drop' apples collected.
In the next chapter three t'echniques that exploit this ''death

feigning' behaviour of plum curculio are presented.

T S Ll i S e o i s

-~
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,4.0 TECHNIQUES INVOLVING THANATOSIS

"

4.1 Introduction

‘ Certain limitations of jarring have been liste;l in the previous
chapter. In this chaptei‘, three experiments are descrribed that aim to
c‘ounteract these difficulties and to exploit, in different ways, the refiex
immobilization behaviour of C. nenuphar.

In the first experiment the effect “@)decreasmg even:mg temper—

atures on r”plum curculio dropping from host trees was -investigated. The
secand experiment involved jar;'ing small branches, detached from the trees,
and the third ﬁmeasured‘ the incidence of plum curculi_o dropping from the ‘t'rees -

because of natural causes, principally wind.

4,2 Drop Cloth

‘ During the period whgn Jarring was used to control plum curculio, -
it was normal to jax; each tree in its totality. For that purpose an upside
down "umbrella'", the diameter of the tree canOp&, secured on a wheelbarrow

equipped with a tree I;umper, was used (Walsh and Riley 1868b). Later, large

tarpaulins, or sheets of contrasting colour were spread under each tree, \

the tree trunk or -l;ranches being hit with a large mallet or a stick and the
beetles collected and destroyed by physical means. In this experiment I
wanted to examine the effect of decreasing evening temperature on 'the rate
of plgm curculio falling from host trees. It was éxpected that as the temper-
ature dropped, to some par‘;icﬁlar_ threshold, the beetles would become less
active and some would fall from the trees.

When ambient air temperature is relatively high (above 22°-23%),
plum curculios are more active and if disturbed- many fly rather than fali

§ -

and feign death. When temperatures are lower the beetles become less active

- 4
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and even quiescent. At such. times they are more likely to drop when the
win'd vibrates the branches of-the trees.’ My hypothesis was that, as “a ' .
critical air.temperature .is reached'during the evening or night, at least some
plum curculios would .drop from hc;st trees. *?

‘ The hypothesis was first teste@d in the laboratory. Small apple
branches,‘ 9_.3; » 1,5 m) with curculios on them, were brought into a walk-in
refrigerator in which the air was still. While none fell at 15°C, an

average of seven out of ten fell, without shaking the branches, within the

first 15 minutes at 10°C (the experiment was repeated three times).

4.2.1 Materialé and methods

In 1977, a nine meter square drop cloth was spread under tree

N-8 (Fig. 1). This tree was chosen hecause plum curculios were detected on

it by visual observation during the day (1800 h). The drop cloth was cut

open on one side to the gLenter to accommbdate the tree trunk. velero? was

used to hold the slit closed. The corners of the cloth were anchored to.

the ground by small posts.
The drop cloth was examined every hour from 2100 h on June 15
until 0100 h the following day. Ambient air temperature decreased from 15%

to 10°C in the experimental orchard during this period and the wind was very
- , %
light. Based on my laboratory observations this lowest temperature would

-

appear to be adequate to test my hypothesis. ¢

4.2.2 Results and discussion
\
Not a single curculio was detected on the drop cloth. Curculios

may have dropped in the refrigerator because the temperature decrease was
sudden, while in the field this decrease was gradual, extending over four

hours. This may have given the curculios time to move to suitable shelters.
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Alternatively some éurculios may have fallen between inspection periods and

- - 1,

simply escaped from the drop cloth.
In view of the negative result, the inconvenient time of sampling
and restrictjvé requirements for a successful result, the experiment was

not repeated.

4.3 Jarring Detached Branches

Previous observai:ions“ by Paradis (1957) indicated that at least
some plum curculios feed on the apple blossom. To test if the blossdm mi‘ght
attract'cu;'culios that ha&' Jjust emerged from éwerwinterir;g I decized to jar
bunches of small apple branches - the development of which had been advanced
in the greénh9use - piaced in the experimental orchard prior to the natural -

]

blooming period.

4.3.1 Materiacls and’ n.x\ethods .

For the purpose of this test, in la?:e April 1977, 300 branches
one meter long were pruned from insecticide- free McIntosh trees of the
experimental orchard. They were immediately put in a large parbage pail

-~

cbntainiﬂpg\ water, to prevent air infiltration at the cut ends. Later the
same an the branches were transferred into plastic pails installed in a
greenhouse at the Agriculture Canada Research Station, Saint-Jean, Quebec.
The pails contained an aqueous solution comprising nutrients and blooming
promoters: 4,0% saccharose, 300 ppm 8-hydroxyquinolinol citrate, 30 ppm
silver nitrate, 50 rpm aluminum nitrate’ (%ousselle, personal communication),
) On May 6, when the branches were in full bloom, they were placed -
in the experimental orchard in ten pails, each containin§ 20 branches to-—
gei:her with the -same nutrJ':tive solution that was used in the greenhouse:

d
Two pails were spaced equally on each side of the orchard and two were put

-
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near to the center. This d'esign was chogen to ‘provid.e »infgrmatjton about -
the migration of overwintering adults to the orchwd.

The branches were monitored for plum curct}:lio over a five 'day
period, first visually, and ‘then by lightly shaking the branches over a
piece of white cardboard. This operation was done twice a day, between
0800 h and 1000 h and also between 1700 h a-nd* 1900 h. These times were
chosen to avoid high tempei‘.atures when the beetles would be more active, and
more likely to escape deteetion. Monitc;ring was carriedout on May 9, 10, 12

and 13 (during the orchard pink bud stage).; On May 13 the branches in the

pails lost their petals and the experiﬁlent was terminated. _

N i

4.3.2 Results and discussion
Plum curculio was not detected by this technique, although on

May 6, the day when this experiment commenced, two plum curculios were

’ Jjarred from a blooming plum tree, two kilometers north of the experimental

orchard. Although weather conditions at this time were suitable for curculio
emergence, jarring in the experimental orchard on May 9, 10 and 12 reveal;ed
no plum curculios. Thus, it cannot be concluded that such branches could
not #ttract plum curculios because if they had been inst'ailed later, captures
may have been obtained, although at that time the branches would have been
i\n competition with the blossoms of the trees. Also, —th? fact thai\: the pails
were at ground level rather than in the crown of trees might have made them
y

less attractive. The ability of 20 branches in a pail at' ground level to

attract ingects waé, however, apparent from the numerous pollinators that

“ ~
were found on the blossoms when searching for plum curculio. X

Because of the negative result and of the difficulty in synchron;
izing blooming of the cut branches with plum curculio migration and pink

bud stage in the orchard, the experiment was not repeated.

A
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4.4 Intercepting Funnels

The final method based on thanatosis that I tested \;as suggested
by the work c\>f Steinerv (1965). Steiner hung funnels in apple trees to
collect falling arthropods killed by pesticidal spreq-(é.

In my experiment large funnels were u;ed to catch plum curculios
falling from the trees because of natural causes, principally wind. The.
funnet}s were ins-talled when plum curculios are likely to be migrating to

the orchard between pink bud and full bloom stages, and, once there, feeding

on leaves and blossoms, i.e., before they do any economic damage. At this

time night temperatures often fall below 1500, or even 10°C, and plum curculio

dropping from the trees, due to wind, is likely to be at a maximum.

)
[

4.4.1 iﬂaterials and methods

Ten funnels were construoted (Fig. 4). The upper openi‘ng' is
0,65 m2 (i.ev, 2/3 the size of a oneﬂmeter square drop cloth ) and consists
of a plastic hoop to which is attached, by heat soldering, a cone made ot;
heavy gauge (0,15 mm) green polyethylene. This colour was chosen to avoid
contrast with the orchard cover, which might have repelled plum curculios
from exploring the tree limbs above the funnei ) The t;ase of the funnel
cone, bearing d circular two kilogram weight, is 1?serted in a plastic pail,
sunk 30 cm inté the ground. The pail contains a tr:lpoa to which a vertical
metal rod, 45 cm long, is screwed to prevent the funnel bz)a.se‘ ’f‘rom blowing

out of the pail. The pail is one quarter filled with a suspension of the

insecticide perxnef:hrin1 (0,2¢/ 1)z to which is added the wetting agenf

L ambush. 25 WP, Chipman Inc., Stoney Creek, Ontario.

b

2Dosage of commercial product.
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Fig. 4. [(A) Tmtercepting funnel hung under an apple tree 'branch in
c the xperimental orchard at Frelighsburg, Quebec, 1979.
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Tergitolch?x (0,5-1,0 m1) to prevent escape of captured insects.) Thfé”
insect;é,{de permethrin was chosen for its rfast knockdom;: effect and low
mammalian toxicity. The wetting agent Tergitolo was chosen ‘becausg, in
contrast to “most liquid detergents, it is odorless at least to humans,

and it was hoped it would be unlikely to influence plqm curculio behaviour. .
Three ropes, attached to th; hoop, were used to secure the funnel to a
suitable tree limb.

| The funnels were iriétalled in the experimentai orchard, one t.;nder
each of 10 McIntosh trees (Fig., 5). The distance between each funnel and
the adjacent woodlot wa;s recorded. All the funnels were installed on May 7,
1979 (three days befere the pink bua stage) and monitored once a week until
October 15 (two weeks after harvest). Captures were removed by pouring the

-
contents of each pail through a sieve into a spare pail. The liquid in

the p?ils ‘was ‘replenished when needed and generally replaced- every two weeks,

. Or more ofte\n at times of heavy rain. Weekly captures were stored in

labelled jars containing 70% methanol and /éexed, at a later date, according

\
to the method of Thompson (1932).

4.4.2 Results and discussion - ~

Plum curculio adults were first captured by this method during

‘the week prior to May 14 (full bloom, May 15). During the second week of

October there were no captures and so the experiment was terminated. Al-
though total number of éaptures is small (76 individuals in 10 funnels),

their patterns of distribution in time and space were found to be related

[ '
-

to the seasonal development of plum curculio and to its ecology, respectively.

jUm'.on Carbide Canada Ltd, Toronto, Ontario.
\
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4.\4.2.1 Sex ratio of captures !

., i
Except for the first week, when male:fémale capture ratio was

1:1, fenthles generally. outnumbered males” (43:33 or 1,-3:1 f‘or‘the seas;)n).
This ratio, however, was potv significantly different f’rom 1:1 (x2= 1,316")1.
These findings contrast with Smith and Flessel's (1968) observations from
jarring, that males appear earlier .than females on host trees in spring; .
however, these data do support their finding, during their z;ight year st‘ﬁdy,
of a seasonal dominance of females in jarring captures. Based on extens?‘we
observations, Smith and Flessel (1968) also reported that plum curculio sex
ratio.of emerging adults after pupation was 1:1. 'l‘h?él‘i‘él;tl though’not
statistically significant, difference in the sex ratio of seas&rlalqcaptures

observed in the present -study may be accounted for by variations due to

sampling and/or female curculio's longer persfgtehce on the trees and/or by

a slightly higher winter morta%males.

4.4.2.2 Captures in relation to plum curculio seasonal development

Maximum number of captures, with a weekly average of 7,8 individ-
! t
uals for the ten funnels, occurred in May whén flowering buds passed from

4

pink tip to fruit set (Fig. 6). At that time plum curculios become active,
colonize apple trees, and begin to feed and mate. I;'l both 1979 and 1980, on
warm May days, plum curculios were observed mating in the apple blossonms.
While this is the first recorded observation of this behaviour, it seenms

likely that apple blossoms might provide a focal point:for bringing the

sexes together. !

1)(2 = 3,84; «=0,05 and one degree of freedonm. b

7
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Fig. 6. Histogram of weekly capture of Conotrachelus nenuphar adults with 10 -
- intercepting funnels in the experimental orchard at Frelighsburg, ’
. Quebec, 1979, ’
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' generation adults by removing the dropped apples containing the next generation
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"
R )

A second capture period (3,5 individuals per week), extending
from June 11 to July 23 (Fig.‘s), coincided with the peak oviposition period

(June) and the physiological fruit drop (July). This decline in captures ,

reflects the increase in overwintei'ing adumlt mortality once mating and ovt-
position is completed. Very few.individuals are thought to hjbernate a
second time (Paradis 1956).

° During the last week of July and the first three weeks of August,

\

"when plum curculio pupates in the soil, no captures were recorded. This

probably reflects the small amount of generation overlap for this insect in

° N

our region. -~

*

The final capture period (3,4 individuals per week) extending

from the last week in .August to the first week in October ‘(Fig. 6), coincided

with the emergence of the new generation. These sexually immature adults .

»

feed on maturing fruits until harvest when they start to ;nigrate to their K
\ overwintering sites. Migration is completed by the time all the leaves have e
fallen. ~—

Clearly the critical time for monitoring plum curculio to provide

useful information for its control is before friit set. At that time the

1

ten funnels had captured 28 individuals, 37% of the total for the season. g

-

Such a density would be expectéd to cause iﬁmediatg_extenéive damage to - the
yO\‘mg apples, and the subsequent larval development in the fr.'uifs:i‘:o'si:gnif‘i*-
cantly increase the pH‘ysAiological fruit drop (Levir;e and Hall 1977) and ‘ y
probably also final yield. It is possible, however, that éaﬂrly»damage t;> g

young fruit would constitute a beneficial thinning mechanism of apple~trees,

The maturing fruits, however, would have to be protected from damage by new -

%

.’z)&”

\
2
.
B .
'ﬂwti‘hw‘a.g‘, -

py

of plum curculios, or alternatively by aﬁpi‘ying an additional insécticiée' i

ry

spray in August.
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 While the main ‘capture périod in 1979 was before fruit set only

28 individuals were collected and this is ;;robébly,'not adequate to accurate—
ly detect low population densitfles, which would be necessary for its use as
a monitoring technique in directed control programmes. This is further

)e;mphasizeq by the fact that in 1979, harvest damage by plum curculio in

the experimental orchard exceeded 68% (based on 2 500 -apples).

4.4.2.3 Captures in relation to trap location |

The most significant finding of this experiment was that number

+

of captures of plum curculio increased as the distance between funnels and

£ -

the woodlot decreased {Table 3), Thus, thé five funn;ls nearest to the

woodlot (within 46 m), captured 57 of the 76 individuals (75%). The signific-~

‘ance of this finding was‘ further examined statistically. Data concerning
numbers of captures ,_afxd dis;tance_ of each trap from the woodlot, were trans-
ij‘ormec} into théir respective (anks. The Spearman ranl“( correlation co-
efficient was then'cal;:ula?ted according to Daniel (1978). The ry statistic -
value obtaingd[isﬁ—o',szo and is hiéhly significant (a=0,01), i.e., plum
curculio is most 1significant1y captured within 50 meters of‘the woodlot.
This is explained by the availability of appropriate shelter in the woodlot
“for overwintering adults. - :,—

These fi‘nding\s ;upport the assumption of past workers that plum

“ ]
curculio might overwinter in woodlots adjacent to orchards (Chapman 1938;

Crandall 1905; Paradis 1957). This assumption was based on the fact that

~ damage by plum curculio was more often higher in rows adjacent to woodlots

or to areas offering most shelter for overviintering curculios. In additiogg*
Snapp (1930) and Stearns et al. (1935) observed that more plum curculios

were jarred from trees in rows adjacent to woodlots; their data, however,
L ’ &

are from studies carried out in peach orchards in Georgia and Delaware

- v !
. R
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Table 3. Relationship between number of adults of Conotrachelus nenuphar

captured and trap distance to the adjacent woodlot; Frelighsburg,
Quebec, 1979. ' .
Observed data "Rank of data"l
Funnels
Captures ' Distance (m) Captures Distance
A 10 13 8 R
B 15 19 9 . 2
c 9 23 7 3
D 7 41 6 4
i k1
E" 16 46 10 5
Ny -
F * 6 51 5 ) 6
’g‘ T
G 3 60 2,5 7
“H 3 64 2,5 8
I 5 69 4 9 .
J T 2 91 f 1 10

1"Ra.nk’s of data" are used to ealculate the "Spearman" rank correlation
coefficient: L

P21 8 z(di)2
s —T-a—r d. = difference in the ranks of the
n{n--1 1 variables for one observation
n = number of observations = 10.
r_ = -0,82; highly significant (a = 0,01). (Daniel 1978: pp. 300~-306).
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respectively, where the plum curculio is the southern multivoltine strain.
(__" Quaintance and Jenne (1912), working with the northern univoltine strain,

found that more were jarred in May from the first row of peach trees

adjacent to a woodlot in a Michigan orchard. This orchard comprised only.

70 trees planted in six rows, and from early June to August curculios
were uniformly distributed over the whole orchard. This may imply that a
' large enough orchard (more than one hectare) is necessary to obse‘kye this

pattern on a seasonal basis; this is in agreement with Chapman's (1938)

findiﬁg {that in orchards comprising only a few rows 'while the population

may be quite uneven, peripheral concentration is less evident". Also, plum

v

curculios may only colonize larger orchards to the extent needed for the

females to lay all of their eggs. In such cases, control measures should

G R S R

be concentrated on perimeter rows: especially those adjacent to woodlots or
other areas offering adequate shelter for overwintering sites. Data for

plum curculio damage assessment in the experimental orcha{d (taken during

R el

three consecutive years) further support these concIusions (Chapter 6).

]

The major part of this section has been published (Le Blanc et al.

5 M P

g

1981).
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5.0 TRAPPING TECHNIQUES DEVELOPED BY THE AUTHOR

5‘.1 | Introduction

. Insect population &ensity can be monitored by sampling. Some
sampling techniques, for example the D-vac, require continuous operation
thus, are mechanieal. Other techniques, such as pheromone traps, “rely on
the'::) response to stimuli and are behavioupral techniques that both
attract and retain insects (i.e., colour sticky tra;ps); others simply retain
those that they intercept (i.e., pitfall traps).

This chapter contains descriptions of several experiments using
traps for C. nenuphar designed by thhuthor. The first section deals with
colour sticky traps, and the second with two "shelter" traps, one located
on the tree and the other on the ground: Finally, ‘l;;ne tlfxird section deals

with labor tory and field tests of potential attractants for plum curculio.

5.2 Col : Sticky Traps
Sticky traps are firstly interception devices, like the fly paper
used in buildings or the sticky bands around tree trunks. In addition,

howevér, the size, shape and colour of the object on which the non-repellent

“adhesive substance has been applied has a significant effect on -the success

of the trap. Thus, it is common to test a variety of sticky trap designs

(Prokopy 1968b).

5.2.1 Materials and methods ) . )
In the present 'study a conical shape was ¢hosen instead of the

more usual flat plate design, becauge, (1) it provides an intermediate

between the vertical and the horizontal, and (2) it offers an omnidiréctional 5

catching surface. Seven’ colours were tested.

7
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To make the trap, a paper template was made and used to cut
cardboard piéces of identical size. Each piece was rolled and stapled
in the shape of a truncated cone of the following dimensions: upper radius
3 cm, lower radius 6 cm, height’ ;5 cm, and a catching su{\face of 432,5 cmz.
:‘I'o hang these trlaps, each was inserted over an inverted plastic cup (6 cm
of bottom diameter) with a hole in its center allowing it to be attached
to a tree branch by a metal wire. 'fhe catching surface was completely
covered h’rith'the’ non—repell‘;%t ad};esive Bird 'l‘anglef‘ooto 1, applied by
meanz; of a spray can.

Seven colours were tested; black, silver, pink, white, green,
red and yellow (with three replicates of each). Yellow was tested because
of its well-known attrac‘l;iveness to many insects. The other colours were
chosen for their similarity to different parts of the host tree: black
bark and crevices, silver tip, pink buds, white petals, green young fruit
and mature red apples.

‘ In 1977, 12 trees (M-2 to M-13) in the west part of the experi-
mental orchard were selected for the experiment ‘(Fig. 1). These were known
to contain populations of plum curculio. Each tree was divided vertically
into three sectors, west, north-east and south—east. This provided 36
sectors in-which the 21 traps could be installed. Trap allocation in these

',
sectors was randomized, but in such a way that each colour appeared once in

i
each of the three chosen compass orientdtions (Fig. 7). The traps were
attached to ;;eripheral branches in the ui)per half of the trees (4,5 - 5,0 m

above ground level), in order to be as visible as possible. Jarring obser—

vations had already revealed that the upper half of the trees contained

Yrhe Tanglefoot Company, Grand Rapids, Michigan.
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more plum curcuh:.os than the lower half,
The 21 traps were installed on May 13 (pink bud stage) and moni-
tored on eight occj;asions over a 31 d:ay period: May 17, lg, 20, 25, 27,

.

June 2, 10 and :;,67\’3(24 days after calyx).

5.2.2 Résults and discussion

As no plum curculios were cap¥ired, visual response to colour
could not be‘ asc;rtained. However, since no curculios were caught by wind
impaction, this result suggests that curculios do not fly this high above
the ground level at that time. This supports Prokopy and Owens' finding
(personal communication) that plum curculio is a poor flier, This conclusion
is further supported by the work of another graduate student, Dr. Guy Boivin
(personal communication), who found only four pium curculios early in the
season of 1979 during a tarnished plant bug, Lygus lineolaris (P. de B.),
monitoring programme in the same experimental orchard. He used 21 rectan-
gular (18 cm x 14 cm) sticky traps painted white;‘ 15 were located within
the orchard and the other six in the adjacent woodlot. All were monitored
weekly between early May and late October. As his traps were at 0,5 m
above the ground, it is possible that curculios a1§o do not fly at this
level. These, and other direct observations, suggest that plum curculio
either reaches the host trees by crawliné up the trunk or, more likely, by
makingf many short erratic flights (as I observed them flying many times)
from ’under the Ytree canopy.

In view of this negative result no further experiments were carried
out with colour sticky traps. Such free hanging traps seem inappropriate
for plum curculio as they réquire their captures to be airborne. However,
sticky traps were tested further for their interception ability by locating

then directly on tree limbs (see Section 5.5.2)
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5.3 Shelter Traps A
The following two experiments were designed to trap plum curculio
adults by providing them with artificial resting sites. In the first
experiment, resting sites were provided on the trees at the time of year
when the new generation aduli:s emerge and colonize the trees. In the
second experiment, resting sites were provided on the ground, early in
the season, to detect whether overwintered adults seek ghelter in''the .
herb?ceous ;tratm under the trees.

5.3.1 Shelter trap on the tree \
In our region new generation adults emerge_{;l August and feed
on maturing fruits before migrating to their winter’ guarters in early
October. Paradis (i)ersox:tal communcation) had observed that plum curculio
adults are often found in the crevices betwee‘n touching apples. I further
noticed that beetles sheltering in these sites do not produce the usual
characteristic curculio feeding punctures, but rather dig themselves into
small "caverns", in which they spent much of their time. Always a single
|

beetle was found in my observations of this phenomenon. These observations

prompted the design of a shelter trap for plum curculio.

5.3.1.1 Materials and methods ‘ .
The trap was made of wood (10 cm long and 10 cm in diameter) cut

from wind damaged apple tree limbs. In each 50 holes were drilled (2 cm

deep and 6 mm in diameter). The hole diameter was chosen to accommodate

curculio adults, which are less than 6 mm wide. Each trap was attached

to a major breu;ch Jjunction with a wire, two to three meters above ground

level, in dense foliage.

In 1977, two traps were attached in each of ten trees (N-3 to N-12)

in the experimental orchard (Fig. 1). This row was chosen because it is
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immediately adjacent to the woodlot, the most likely overv;intering site for
;hnn curculio. The two traps were attached at different branch jur:ctiona s
one on the upper side and the other on the under side of a branch, on the
woodlot side of the trees. The location of the trap was chosen to inter-
cept curculios crawling on either side of the branches.

The traps were installed on August 17 and monitored at dawn and
late afternoon on six occasions over a 13 day period: August 19, 23, 24,
25, 30 and 31. This perit;d coincided with peak emergence of the new gener—
ati—on. The times of day chosen for inspection corresponded with the hours

of minimal and maximal air temperatures, when I considered curculios most

likely to be found in resting sites and/or less active.

5.3.1.2 Results and discussion
Q\None were found, possi?ly because fruit and lgarll; c¢revices are
more attractive to curculios. -This may be partly explained by their higher
humidity because by the end of the experiment the wooden traps were quite
dry. Further efz‘orts to overcome this by soaking the traps in water were
also unsuccessful as the wood did not readily retain the water and it pave
oi-‘f a strong odor. Because of the negative result, and long time required
to carefully examine all the holes in each trap, this experiment.was termi-.

-

nated.

5.3.2 Shelter trap on tht'a ground

Ground dwellers, such as carabid bee\tles, commonly shelter beneath
logs and stones. Consequently I decided to test 'the hypotixesis that plum
curculios that had fallen from the trees, or that were crawling towards
the trees, might, on encountering ground shelters, ‘remain under then; for
some period of time. This was further-suggested By the "Ransc-)m Curculio

Remedy', an early "cure" for plum curculio (Ransom 1870). This required

b § - e R —
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that all vegetation under the tree be removed and the ground levelled.
: ¢

Then material of all kinds (bark pieces, stones, corn cobs, pieces of

leather, etc.) were laid on the bare ground. Eariy' in the morning these
"chips'' (e.g., Ransom 6hips Process) were “turned over and the’hiding cur-
culios collected by hand. Today such a control mf:thod would certainly b;a
questioned, although it did suggest that a ground shelter trap could be

used for detecting the pest.

R

5.3.2.1 Materials and methods

Very simple ground shelter traps were made: half-inch (1,27 cm)
pine boards were cut in rectangular pieces ( 30 cm x 15 cm). Areas of
equal size were prepared to receive these traps by cutting the vegetation
as short as possible (one centimeter). This was done because insects under
the boards, and those falling from them during inspection, would be diffi-
cult to find in long grass.

In 1978, 21 traps were made: 12 traps were ingtalled under trees
along three transects, two of which included the last four trees at each
end of row M and the other perpendicular to the west side of the experi-
mental orch%rd including trees k-7, L-8, M—7 and N-7 kFig. 1). These three
transects were extended into the adjacent woodlot, and nine other traps
(three per transect) were added, six between the orchard and the woodlot
and three others about one meter inside the edge of the woodlot.

The traps wexlf-e installed on' May 11 Q(green tip) and (molnitored
three times a day (0700 h-0830 h; 1300 h~1430 h; 1700 h-1830 h) on eight
occasions over a 23 day period: May 16, 17, 24, 25, 28, 30, June 3 and 7

(one week after fruit set). This period encompassed the time of peak spring

o
b ~

migration to the orchard.
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5.3.2.2 Results and discussion

As no plum curculios were found the method was abandonec!. This

-t

- result, particularly for the 12 traps within the orchard, suggests that

plum curculio does not occur on the herbaceous stratum beneath appie—trees
at the time of the experiment, or that adequate protection is provided by
the herbaceous cover. The apparent absence of plum curcu}io in the her-
baceous stratum, however, was further supported by the negative result in

the D-vac study (Chapter 3).
5.4 Attractant Assays (laboratory work) >

5.4.1 Introduction

Potent attractants have been used by many researchers to increase

»  trap captures; thereafter, preciseness and reliability of population density

assessment and damage prediction are accessible objectives for the implemen=
tation of directed control programmes. Consequently, several substances

were tested for their attractivene.ss to plum curculio in the laboratory.

For this a modified Y-tube insect olfactometer was used.

Although McIndoo (1926) had successfully used a Y-tube olfactometer

to test attractants for the Colorado potato beetle, Leptinotarsa decemlineata.

(Say), Garman and Zappe (1629) were unable to obﬁ,éin reli;ble positive
resqlts with plum curculio. l-lnevenness of the air current passing-into
the stems of the tube was their reported major cause for inconsistent
results. 1In the same year, however, Snapp and Swi'ngle (1929a) reported
succéssfully attracting plum curculios to butyl acetate in the laboratory,
although they were unable to confirm this attraction in the field and so
discontinued their laboratory studies. In another series of experiments

S

with a Y-tube olfactometer these authors were unable to detect any attraction
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to plum curculio for various peach tree structures (i.e., bark, blossoms,
leaves, and green fruits‘,); in fact, they concluded that these structures
were repellent (Snapp and ‘Swingle 1929b).

' As Nno modificktions had been published, I decided to try to .
improve the design of the Y-tube olfactometer for use with plum curculio.

Two models were tested (Version I and Version II).

5.4.2 Y~-tube insect olfactometer, Version I

5.4.2.1 Materials and methods

McIndoo's Y-tube olfactometer (Fig. 8) was replicated according
to the designer's specifications (McIndoo 1926) and the following six mod—
ifications were made\(indicated by the numbers 'in parentheses in Figure 9):
(1) single air inlet, (2) activated charcoal air purifier bottle, (3) ident-
ical air pathway in each stem, (4) use of distilled water for the gravity
water siphon air pump and for the water bubblers, (§) odor dispensed by a
wick in one of the water bubblers, the other eq‘uipped with a control wick
that was ﬁdry or that carried the solvent \;sed for the odor, and (6) @{ght
watt fluorescent UV light instead of the filament 75 watt blue daylighg"« .
bulb. This modified apparatus was then tested.

The individuals used in these preliminé\ry tests were the plum
curculio adults collected during August 1978 in the three control replicates
of the fungicides effect tests (see Chaptex; 7). These 462 adults of the new

generation were brought to the laboratory in carton cages and provided with

pieces of insecticide-free McIntosh apples and distilled water. I wanted

.'the insects used in the tests to reflect, as much as possible,. the stage

of overwintered spring migrating plum curculios. Therefore these beetles

were éxposed for two weeks to an 11 hour photoperiod; Gaydon (1972) reported

- e an
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Fig. 8. McIndoo's Y-tube insect olfactometer (top view), (after McIndoo 1926).
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that a 12 hour photoperiod or less would induce diapause in the multivoltine
) . "
southern strain of the species. No data are available for our univoltine

¥
northern strain. In our region the natural photopeﬂ/b'd is about 12,5 hours

in mid—‘Sep\timPe'r g‘nd diminishes to 11 hours in l;xid-0ctog‘ev,_ when all pl:un
curculios v\ét:vuld’ have left the.trees for their interi quarters.

v Following this procedure, 150 begtles weréNgut in each of two
rectangular plastic ' trays (30 cm x 60 cm x 6 cm) filled with four centi~
meters of ster}iz-ed potting soil obtained from the Macdonald College green—
l\m\ouse. Distilled water ‘was addéd tg the soillto provicie adequate moisture.
Each tray was covered by a screen and a polyethylene film to prevent (1)
insect escape and (2) loss of mLSisture. The insects were then incubated
at '4,00-5,0% for a period of 120" days to break the diapause. Tfpe trays
were then brought out of the incubator and kept‘-at 20°-21°c. After a three
day ‘“reactivation'' “period, the beetles became active. During the following
two’days 160 individuals we(re collected from the underside of the screen and

xizu‘t: into carton holding cages provided with wicks contéining distilled

water, and with no food, . b
. 18D

>

5.4.2.2 Results and discussion
»

First a series of prgliminary tesis was conducted to exclude the

possibility of bias in the ap\pnm%’tﬁs.ﬁﬁatches of 12 individualg were intro—
. .
duced into the olfactometer dark bottle; both water bubblers contained
“distilled water. Beetles leaving the dark bottle during the 20 minutes
test period were recorded. Seven' trials, comprising 84 individuals, were
carried out. -The last trial was extended for two@additional\ 20 minute

periods. The 20 minute aeration period is determined By the capacity of

the gravity siphon air pump (i.e., the time it takes for the 23 1 of distilled

N -
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water to pass from one reservoir to the other). The result:s aré g‘i
in Table 4. Only four beetles came out of the dark bottle during
tests Although these four distributed themselves evenly beéveen the two
stems, they represented an insufficient nunber (5%)\/i%re§§ondmg beetles
for odor tests to be performed.
The dlstllled water'w1cks were then removed from ‘the hold:mg

cages and a second series of seven tests was carr1ed@t with batches Of 10
individuals that had been deprived of water for one day. The results of
these tests are presented in Table 4. 1In this experiment 29 (41%) of  the
70 beetles tested came out of the dark bottie, and distributed themselves

equally between the two stems of the Y-tube, thus revealing no bias in
N

(the appana\tus This result also suggested that depriving beetles of water

pI‘lOI‘ to tgstu\&\\lncreases the number responding.® The last of these runs

el o e § it e T iy Wb Tl B s TR
.

was prolonged for five additional 20 m1nute perlo . While thls did not cause

/ - .
more beetles to'respond, it was noted that the number of insects per stem

“varied during this longer aeration perfod. Thus, some beetles amy change

sides during prolorxgea 'tesi.:s or return to«the dark chamber. Because of\

this, the 20 minute test period was used in all subsequent trials with this
\

During a third series of eight tests, batches of 12 individuals

fieprj)féd of water for four days, were tested 'to see if prolonged deprivation

of water would increase the number responding. Results are also presented

in Table 4. 1In this case 34 (35%) of the 96 individuals responded by coming

out of the dark bottle. As this is less than for the group.deprived of
food “and water for only one day, it was decided that the one day deprivation

period prior to tes%ing would be employed for all subsequent tests.

«
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Tiblé 4. o0lfactometer Version I. Tria}ﬁ%tests (no odor) and appl @
. esgence tests for C. henuphar” in 1979. Room temperature
. " 20°-22%. - X .
P 3 .. <
hi : 7
. 1 Numbers of beetles ] . Aeration time
Stem A Stem B Not responding Total insects oot ”
- (odor)  (comgrol) ~(dark bottle)  per_test o mnutes
? ' Notdeprived first exposure, trial tests . .
0 0 . 12 12 . 20 . §
) .1 0 11 12 20
0 . 0 " 12 .12 20
g o, 0, 12 .12 | 20
1 T o 11 .12 20 j,
L 0 . o 12 12 ~ 20 ‘
0 2 -10 Az ‘ 60 J
2z 2 80 84 .
Deprived one. day, first exposure, trial tests
4 2 4 ! 10 ‘ 20
X 1 3 6 10 20
-2 1 7 10 20 . |
A 9 3 5 10 . 20
2 1 . 7 10 20 P
{ ) 1 3 6 ' ¢ 10 20 .
4 - 2 s 2 6 . 10 120 :
| ) . 1T 15 ‘ rE) +.70 ) )
3 X .
! Deprived four days, second efposure, trial ats . \2 |
'3 "2 7% 12 ] : ;
5 2 . 5 12 % 20 |
. 3 5 4 12 , 20 }
’ 1 1 10 12 . 20 g
; 0 0 . 12 12 20 |
s 4 Y2 6 12 20 4
; , 1 : o’ 11 12 : 20 !
; 3 2 7 12 20
f : 20 14 .63 3 .
’ Deprived one day, second exposure, test side wick +0,1 ml apple essence
| 3 3 ‘ 6 12 " 20
. 1% 2 1 g 12 ! 20
; . 2 . 7 < 3 12 - ! a 20
f. S e (0] -1 ) 12 20 \
i 2 3 7 12 _ . 20 \\
9 15 36 60 ' '

e
-l
S

v = lNorthern univoltine strain from Frelighsburg, Quebec.

; . . * Apparatus acetone wash; odor and control sides interchanged
‘ C Grand total for Version I: 87/226 or 38% responding (first series not ‘s
£ : o '

included) .
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Trials were conducted to test the attractiveness of an apple‘

-

eated five times "o"nlyo (because of a shortage of beetles). This applg

essence was a 32 000 fold concentrate’ obtai%ed from the Summerland Agri- oo
- . W .
culture Canada Research Station, British Columbia. As it was a develop-

/

mental product being examined for itﬂ:s; attraction to deer, Odocoileus

.
hemionus (Rafineaque), it was not possible to obtain data concerning the . ;

\

compound, other than that at was natural and very apple-like to human
: ° o |
olfaction. The apple esSence was introduced into the apparatus on a one

centimeter long dental wick impregnated with 0,1 ml of the concentrate.

" This wick was attaéched with a small wire under tht{ stopper of the water

bubbler on the test stem of the Y@ube ./fBe ’

en each test the appar:atus j
was washed with acetone; odor and control sides (bybblers) were inter-
changed. Results are presented in Table 4. Out of| 60 beetles, 9 (15%)

went into qxe odor branch of the Y-tube,.and 15 (25%) into the control

- side; thus, suggesting a poésible repellancy of the product. Beetles |

£ the total.

3
ary~trials M/;'\

and in the &dor trial, and because certain possibilities for jmprovements i
. » — et “,‘lg -

responding (coming out of the dark bottle) represented 4

Because of the limited response, both in the preM

z a

in the design became apparent, it was decided to redesign the apparatus

before carrying out further tests. Special modifications were required in

‘relation to the UV light source, the pathway of air flow (and particularly

of the exhaust air) and the attachment of the dark chamber {o the Y-tube.

4.3 Y-tube insect olfactometer, Version II

§5.4.3.1 Materials and methods )
Taking into Dconsideration what was learned from the preliminary s

tests performed with the firstversion of the olfactometer, a second version

’
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~ ; ) . §0
was btlxi‘lt (Version II) (Fig. 10). This inoorporu’éedithe following 14
moz‘iifications‘: (3.3) the air purifier is a glass‘ column (50 om long and .

L]

(=]

2 cm indiameter) containing finer ground activated charcoal to increase

i 1) L)
‘ surface area, {2) at both ends of this column thege is 3 cm of cotton wool

;,to, prgvent room dystfrom entering and cl}grcoal dust from lealving the

- o »

. - W col

, (3) single water bubbler «(200 ml of Eistilled water in a 500 ml
enmeyer flask), (4') both Y-tube stems are open at their distal end and
colléeting chambers (250 ml glass bottles acting. as ps$tfall ‘t:mlps)~ are
inserted over their end to prevent insects from moving back or clvxanging‘

sides during the experiment, (5) air 6ow is split at the gxit of the water

7 bubbler; e;ch branch is connected to one of the coflecting chambers, 3.'_.5_.,

Figure 10 that the incoming air is charged with odor from these dispenseﬁ‘s
\ : »
o]
. before entering the Y-tube), (7) the UV light is dimmed by J§Mlack card-

{

‘board bearing a‘slot (2 cm x 6 cm) and a rotating plate, i

of the slot, has openings of varioug sizes making the light st

diameter hole was made at the stem's junction facing the light source, and

a 1,5 mm thick clear fused silica chip was glued with epoxy to permit

-
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cotton wool
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\
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7. parentheses, (1) to (14}, correspond to modifications (see text‘).
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water tap vacuum pump pem\&g variable air flow speed and duratflon of

r
insects are introduced into the main branch of the Y-tube in a metal test

1':ube ;.nserted over its ;and‘, pemit@g them: to eérlwthe main branch’with_
out any obstacle (a glass test tube is ‘i\nserted over the metal one an
attached to a rubber stopper. on the maih branch to av‘oid /gir leakage),
(12) all rubber stoppers are cqver?d with ; paraffin film that is.changed

between each experiment to avoid impregnation by residual qdors, (13) a

aeration‘period, and (14) the water outlet of this pump.is inserted into .
f‘

a sink drain inside a fume hood that is coqtinuously operated,‘ thus, per—

mitting immediate evacuation of used air.
Some of the insects that were tested in this second olfactometer

were reared in the field from damaged 'thirming apples that had ‘been placed

L4
in emergence cages under trees in the woodlot adjacent to the experimental

orchard. From\ mid-August 1979 until mid-September, new ‘generaf{:ion adults

were collected in these cages- ur;,cier chips of cc;rrugated pa?e:@placed\oyer
e apples that had been left there to provide humidity and food. More

than 2 200 adult plum curculios were collecte:d. Half of these were used

in the soil sampling experiment (Chapter 3) and the other half was brought

into the laboratory and treated in the safie manner as those used in the

L

«

C{-—-«*

tests with the Version I olfactometer. However, to. be able to bring insects

+ -
& 4

out of hibernation in small numbers instead of starving them in bulk,, they
were placed v:’.n plastic covered cups containing 4 mixture of sterilized soil
.and peat moss (1:1) obtained from the Macdonald College greenhouse. 'Fifty
,cup;s, each with 20 beetles, were incubated. \q_Smith and Flessel (1968)

had reported that high moisture was as damaging as low humidity in such”

artificial hibernation experiments, each plastic cover was perforated by

-,

\
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small holes to prevent m\ter condensat;on. Five cups, without insec'cs,,
were placed on top of the others to monitor%moisture status, which remamed
satlsfdctory throughout the incubation period. Unfortunately the 1ocat1on

of these cups caused evaporatmg water from under to keep them(fno:tst wlulq_\

-

the ones below, containing the insects, dried. Only 52 of the 1 100 beetles

xsur'vived in this relatively dry environment. Thes«{ were used ih a series

of flve tests with Avon1 "A-5002 apple blossom perfume oil (composltlon re-

'

talned by the cOmpaxw) To ensure volatilization of thg fragrafice a

' saturated water solution of the perfume oil was 'mixed with ethanol (95%

pqre), :.as a go~solvent, in a 4% concentration; the control for these tests

~

comprised a 4% ethanol aqueous solution. .
. - ¢
¢+ -Because of the shortage of beetles, 325 plum curculios were ob-
tained from the Agriculture Canada Research Station in Vineland, Ontario.

These cu{-c ios, however, were the multivoltine strain that had been reared

from thinning apples and had not hibernated. These were used in four series

of four tests each to examine response to natural and synthetic odors.

5.4.3.2 Results and discussion

To verify\if the various modifications of the olfaé¢tometer were

Irtdeed improvements, the following tests were performed. . However, in view

]

of the reduced number of available beetles, it was decided to carry no
preliminary tests and to rely on those done with Ver§ion I that revealed
no bias of the Y-tube itself. | ;
‘ Fifty of the beetles saved from the unsuccessful hibernation

procedure were used to carry out four trials (three with 10 and one with 20

individuals) to test the attraction for plum curculio of Avon A-5002 apple
LY

: #

' lavon Canada, Pointe-Claire, Quebec.
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blossom perfume pil. JResults n?. presented in Table 5. From these tests

84

Q ) 'plum curculios seem attracted to ﬂte odor in a ratio of 5:2. It is .

significant to note that 37 (74%) of "fhe 50 beet}es tested resporfded

N

)' (came out of the dark test tube). in these tria].a with the mociifiésl appas
ratus. This suggests that the modJ.{lcatlons were benef:.clal.
‘With the ‘%nultlvoltme stx:gm ‘of plum ¢ ul:gp\’four series of

* four trials each were performed to’test the followi g materials:: ggple ‘

» . ) 8

buds (pink bud stage) collected from McIntosh branches adva'pced “ih the
. 2 .

a

laboratory, green thinning‘apples {McIntosh), 0,1 ml of pure (95-99%) |

1soamy1 isovalerate impregnated on a one centmeter long dental wick (this

substance is used in the food 111dustry to mimick apple flavour) and, Avon

3

i A-5002 apple blossom perfume o0il: (in the same manner as previously -repoz:ted').

s | Results of these tests are presented in Table 6. Both apple tree
stmgturejs appeared to repel plum cug'cu{io,,a.n unexpected ‘result but in
agreement with the observations of Snapp and Swingle (1928b) with peach

ee structures.- Isoamyl isovalerate see'med neutral. Most surprising,
C:wever, was the result mith the i)erfuma 0il, which was "repellq'nt to tpe

»]

it had been seemingly attractive to the univoltine northern strain in a

& ! a

ratio of 5:2 (Table 5). One could speculate that while the univoltine
strain is found 'primarily on apple in our région, the multivoltine strain
infests mainly peach jin‘the south. The small nﬁmber: of testé performed,
however, prevented any statisi:ifg:al verification of this hypothesis. g

While the odt)rstrials were inconclusive it is significant to note
that in the series of trials with'Ver‘sion 11 of ’th’e olfactometer,~202 (63%)
of the 320 beetles tested responded. This 1&( a 25% net ;improvemen‘:i
Q ' results obtained with Version ‘I. While further modifications would probabl‘&

be beneficial, lack.of beetles and other essential resources, ar;d the fact

?
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multiveltine strain of the plum curculio in a ratio of 3:2 gTaglg/é), while = °
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Perfune 1os‘t1' attraotagt tssts

C. in 1980. Room temperature 20 -21C.
<
- _Numbers 'of beetles Aeration time
Stemw A Stem B Nqt responding Total ingsects In minutes
(odor) , (control) * (dark tube) per test
' ' " * ) .
l‘ “‘ \ »
Avon A 5002 pe'rfume oil, control ethanol
+ * \ v N
. Beetles starved one day, first exposure - , ¥ . '
.. { , - S ‘ .
5 . 2 —~ 3 T 10 60
) & ’ .
5* 1 4 . ’ 10 60
6 -2 2 . ‘10 g 60
11+ 5 - 4 . 20 60
d
27 - .. 10 13 ‘ 50:
S

o

-

!Northern univoltine strain from Frelighsburg,-Quebec.

% Apparatus ac'e"ton,e wash; odor and control sides ,interchanged.

Grand total for Version II:
strain). . Ce

- N
N

N

N

37/50 or 74% responding (with northern

. s i i eyttt e e
+
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Table 6.  Olfactometer Version\II. Host tree gtructures and perfume
- _ " .0il attractant tes{s Yor C. nenuphar in 1980, Roonm.
( ) temperature ‘20°-=~21 C. \ 5 - . -
) B - “.\ . # ‘
a . ] Numbers of beetles ... .Aeration time
Stem A Stem B Not responding Total insgets Ry In minutes
(odor)  (control) (dark tube) per test :

Advanced pink buds; contro ' nil

0 11 9 20 60
7+ 8 5 20 60
7 7 6 20 , 60
6% 11 .3 20 . 60
20 37 23 : 80
Green thinning apples; control nil
1 10 9 20 60
g* 6 6 " 20 60
0 9 R T 200 - 60
4w 10 6 o 20 60
e 35 R | 80 ’

7

Isoamyl isovalerate Q,1 ml on dental ﬁick; control dry wick |

5 5 10 . 20 - . 60
5* 6 .9 20 ‘ 60
. 7 6 7 20 . 60
7* 6 7 20 60
> 24 23 33 80

Avon A 5002 pérfume 0il; control ethanol

3 5 ' 12 20 60

6% 8 6 .20 60

8 "6 6 20 60

4+ 10 6 20 60

7T . 29 730 B0 ‘
\:,’ 0 E -

. J‘Sou’chern mualtivoltine strain reared at Vineland Agriculture
‘Canada Research Station, Ontario. % .

' 2»All beetles starved one day, first exposure.

* Apparatus acetone wash; odor and control sides interchanged.
. Grand total for Version II: 202/320 or 63% responding (with
c%’“ ' southern strain). ) )
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that the growing season was approaohing. led to the dec:.si.on to termmate

"laboratory ‘experiments in favour of - ﬁeld tr:.oxis to test attractant odors.

1 ' . n

- '

-

5.5 J{ttr"ac.tant/ Assays (field work)
N a )

5.5.1 Introduction

- Based on the trapping techniques tested so far, Chapters 3, 4,
"~ and 5, and my direct observations of the pest in the i’iel’d and those of
ot}ie;' investigators (Prokopy and OW'ens, personal commtmioaf_;ion), it became
increas:'u:gly evident that plum curculio focusses ité gctiw;ities on the host
tree, ‘spending mos£ ‘of its time on it after early spring migration to the
o;'chard, g;enerally comencing at pink tip. In fact, I suspect that most
beetles remain on the tree on which they f;rst land in the spring, or on
it and its closest qelghbours.

‘ _-This applé pe;t's poor flying ability, and appareht lacl; of a
broad spect;q;m response to visual and olfactory stimuli, did not hold out
mich hope* for f‘inding an effective trap. It appe:;red, however, that its *
most likely mode of locomotion after migration to the apple trees is
exploratory random crawling on tree 'l;ranches up to the blossoms a;xd/or

the youpgﬁruit clusterz. _This suggested that inte;'ception traps located
at maj}:r branch_ junctions sho{xld be tested. Codnsequently two field experi-
ments were demgned to test interception traps. |

The first experiment involved a trap combuung a number of

., factors; ‘éolour, shape, odor, and also the location of the trap on the tree.
In the seeond;expenimex?t,' artificial and natural odors were testedﬂ using

the boll weevil traps (Chapter 3), eguipped with wick dispenserd and-further

tested trap location on the tree.

'
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5.5.2 Polyvinyl ehlt:ride (PVC) plastz.sol mtorcdptiou trap* S -
Pvc plast:tsol h;s been u!ed aueoessﬁ.tlly as a slow—re],van A o

plastlc formulation of the cabbage looper, Tra.chgglusm m (an *),. - .
pheromone, c1s-7-dodeceny1 a,cetnte (Fltzger;ld et al. 1973) Advantages LA
of usmg plastlsol are that the -trap can be of any colour, size or shape, -
an_1 that the rate of odor release can be controllgd by vary:.ng its con-

_centration in the plastisol. ) ‘ - . 1

.
N 0

5.5.2.1 Materials and methods

Two bafches of PVC plastisol were prepared according-to ﬂ;e recipe |

provided by Fitzgerald et al. (1973), The first batch was separated into

&

four portions to determine the appropriate amount of attractant to add to
the plastic. In three of these portions isoamyl isovalerate1 , a substance ‘

~used in the food industry for artificial apple flavour (taste and.odor),

was added to yield 1, 5,’and 10% concenration by weight;ﬁ;&g fourth bortion

(=]

being the control. Prohibitive labour costs prevented replication. The :
four [)portions were mixed and proceésed on a commercial mill? for two minites,

i
, i
the mill's rollers being at 150°c (isoamyl isovalerate'boiling point is %

191°-194 C) s to produce strlps on_e millimeter thlck. The  strip obtained
from each portion was then cut into a rectangular pzece (30 cm x 15 cm)

This tlnckness was ohosen to permit the traps to be bent over a tree branch
‘sa

and the size to entirely cover a:major branch junction such that its three

parts would be in contact with the trap.

X ’ - \ i

y .
19'5-99% pure, ICN Pharmaceuticals Inc., Plaihview\. New. York.

L -

/

2a11 ingredients -(except 1soamy1 isovalerate), apparatus and
labourwere provided by Carlew Chemicals Ltd., Montreal. )
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The four strips w;re hung in a fume hood at 25° ¢ 1,5°C and
20 + 5% relative humidity. Release rate of isoamyl isovalerate was
estimated by weighiné (in mg * 0,1 mg) the samples weekly over ; 21 day
period. Weight loss from the control sample was subtracted froq weight
loss of the plastisol/attractant strips, because some of the plasticizer
and stabilizer added to the plastic resin in the fabrication process'could

)

be lost by volatization.
The second batch of plastisol, which was to be used to test the
attractant in the field, was separated into two portions, after an odor-

less green colourant was added to the mix to mimick, as close as possible,

the young green apples. Isoamyl isovalerate (10% by weight) was added to

one of the portions, the other being used as the control. This concentration

was chosen because’it was estimated to last sufficiently long (see Fig. 11)
for the prOposed'field trials. The PVC strips, obtained~fr§£‘the two
portions, were cut into fectangles (30 cm x 15 cm x 1 mm) to provide 15
scented traps and 15 control traps: These were then kept in a freezer at
-35°C (isoamyl isoYalz}ate melting point is -78°C) until needed.

Thirty trees '(McIntosh) in the experimental orchard were randomly
selected and scented and contr .traps were allocated to them alternately.
The traps were attached over major branch junctions {on the upper half of

'
the trees) by two galvanized wires, ohe at each end. A band (5 cm x 10 cm)
of odorless adhesive, Tangletrap‘n 1, was placed centrally on both sides of
each trap. These traps were installed on May 14, 1980 (pink bud stage),

and examined for plum curculio presence twice a week until petal fall, and

then once a week until the end of August, i.g., for 3,5 months.

{

o lThe Tanglefoot Company, Grand Rapids, Michigan.
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5.5.2.2 Results and discussion -
In the first series of experiments }veight loss measurements

indicated that isoamyl isovalerate was released from the plastisolu over
an extended period. After 21 days, loss of this chemical was 39%, 38%
and 32% for the 1%, 5% and 10% concentrations respeactively. As the 10%
concentration appeared to be the IZ:Zest lasting,-it was chosen for the ’
field tests. Data, corrected for weight loss in tile control, are plotted
in Figure ‘#1. After an initial high level of release of the attractant
;iuring thel f‘irst week, the rate of release de::reaised)J d{zring the second
and 1(:hird weeks. Also, release rate decreased in approximate proportion
to concentration; thus, the 5% concentration releagsed about five times
the amount of the 1% concentration and the 10% one al:i:))ut twice that of

[J

the 5% one. These results confirm those obtained by Fitzgerald et al.

(1973) and seem characteristic of polymer formulations.
' %

In the field trials, however, only two plum curculios were captured,
both on May 19 (three days before full bloom), one on a control trap and
the other on a scented trap. _The one captured on the control was on the

’ [
top side of the trap, indicating that it could have fallen onto it, -and

~

the one on the scented trap was captured between the trap and the brancﬁ,
suggesting it may have crawled under the trap for shelter. This second

capture represented the way in which it was hoped that these traps would

catch plum curculios. ’

The lack of captures suggests that isoamyl isovaalerate, which was

A

shown to be neither attractive or repellent to the multivoltine southern

(2]

strain of plum curculio in the laboratory, was also not attractive in the

field, at least at the 10% concentration.

.
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Fig. 11. Release ‘rate of isoamyl isovalerate from PVC strips
hung in a fume hood at 25° 't1,5‘fc. e
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5.5.3 Boll weevil thap used' as interception trap '
In 1977, tests with free hanging boll weevil trapsl, with grand-
lure” as an attractant, were unsu;;essful in capturing plum curculio.
(Chap;erss). In 1980, furth?r tests were carried out witp this trap but,

in this case, two other pgtential attractants were tested and the traps

This was in response to my observations, and to those of other investigators
(Prokoﬁy and Owens, personal communication), that plum curculios crawl on

the branches more than tkey fly from one branch to another. -

5.6,3.1 Materials and methods
’ The attract;ﬂts were held in a dispenserbréservoir,dév'ces
comprising a 10 ml vial containing a piece of pipe cleaner that carried the
attractant to a small piece of sterilized cotton inserted in the mouth of

the vial. This vial was then inserted in the center part of/the base of

two attractants

the trap in which a hole was drilled to accommodate it. T

tested in the field were: (1) apple juice extract, obtained by centrifuging-

whole apples (Cortland cultivar) with a domestic juicer, /and (2) Avon A~5002

apple blossom perfume 0il using the formulation tested in the olfactometer
Version II. The apple extract was prepared in sufficient amounts for .the

needs of the experiment and kept frozen at -5% in 30/ml quantities, the
W

— ,
amount required to replenish all the vials. Also, to prevent captures

escaping from the traps, a four centimeter square jinsecticidal chip2 was

r
4 >

S

T

1Story Chemical Corporation, Willoughby, Ohio.

- ' ( g
2"4—month" Insect Strip, Green Cross/Products, Division of
Ciba-Geigy Canada Ltd, Toronto, Ontario. )

O,

Dapetl

\ o "
\

:M‘ e

e A S P e A R




RN - ,, 93
added to each trap; this slow-release material contained the insecticide
dichiarvos in an 18,6% AI fbfmglation. <

The experiment was performed within another insecticide-free

, orchard on the Frelighsburg Experimental Farm. The orchard is located

gone kilometer north of the experimental orchard and is quite similar in

size, shape; variety, and age. However, it is adjacent to a woodlot only
on its north side. An infestation of plum curculio had been noticed in
thisfércharq during the.p;evious éear. Accordingiy 13 trees,‘éajacent to
the woodlot, were selected for this experiment.

‘ Five. traps were charged with the perfume oil, three with the apple

Jjuice extract and five others served as controls. This number of controls

were used because it was suspected that the trap would even be succ%ssful

14

» solely as an interception device. For the five traps, containing the
perfume o0il, and for the five control traps, containing only theﬁinsecti—
cidal chip, three of each were nailed on majof.rising brayches, two meters
above ground, and two were nailed omto tree trunks, one meter above ground
1evel; for the three traps, containing the apple juice extract, two were

on branches and one on a tree trunk. The traps were-installed on May 22

(full bloom) and exaﬁéfed weekly until October 23, i.e.,. for five monfhé.

5.5.3.2 Résults and discussion
During the 1980 growing season, the 13 tr;ps captured 24 plum
curculio adults; bi-weekly number of captures are presented in Figure 12.
Although total number of captures is less thangone third that obtained (76)
in the intercepting funnel experiment (Chapter 4), their distribution pattern
<: does correspond to plum curculio's seasonal development. However, in view
of this smaller number of total captures the pattern is not as cleaf as

that revealed by the intercepting funnel results; only three distinct '\\

b
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Fig. 12. ‘Histogram of bi-weekly total capéureSAof~Conotrachelus nenupbar adults in 13 boll weevil Y

traps nailed to the trees at Frelighsburg, Quebec, 1980.
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capture ggx;iods are evident. The first period, with 16 capturesx“‘(67%),

&

extended from May 2; (f"u11' bloom) unti} July 3, and corresponded to plum
curculio miération and oviposition. The second period, from July 3 to
July 31, which cowrigeé one capture (4%), cBrr;s;:onded th.o thishweevil's
soil stage. Finally, the third- éeriod, from July 31 to (September 11, with

seven captures (29%), eorresponded to the appearance of the new generation.

S e 30 P o MR W
o

Difference in numbers of captures, with respect to the two
attractants and the control is shown in Figure 13. 1In addition, catches

on branches are compared with ‘those on the tree trunk. As controls captured

At

more plum curculios (an avé’;'“age of 2,6 individuals per trap) than perfume

oil traps (0,4 individual) and almost as many as the ap'ple Jjuice extract

ones (3,0 individuals) it must be concl;xded that the ';attractants" were

not effective. It is sigx{ificant, however, that in each group of traps,

almost all captures were obtained in those traps located on the branches.

These two observations su:gest that trap location is critical and that \the |

trap operates merely as an inte;*ception device. Also, the presence of N

certain substances (e.g., perfume 0il) may act as repellents. \_O‘
It is recommended that future efforts to design efficient traps

for the plum curculio focus on interception traps that could be located

on rising branches (or at the junction of two rising branches); also that

further-experiments be conducted to find attractant colours, sizes, shapes

and odors. >




No. of )
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- _._itrap on trunk(s)
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Fig: 13. Total captures of Conotrachelus nenuphar adults in 13
boll weevil tidps with two attractants and two positions
Ci . at Frelighsburg, Quebec, 1980.
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6.0 MONITORING INSECT EFEECTS - THE GRANNY SMITH APPLE TECHNIQUE
k‘:ﬂ

6.1 Introduction

During the first year of my study (1977) seven techniques for

]

samplipg Conotrachelus nenuphar were tested (Chapters 3, 4, and 5). The

results, while discouraging, did indicate that pium curculio adults are
very difficult to trap.

| My initial aim was to obtain relative population indices }:hat
could be correlated with fruit damage, thereby providing a reasonable tool

for decision making in directed control programmes. Graham (1948) working

ith the codlihg moth, Carpocapsa (?Laspeyresia)pomonella (L.), found,

w
h,Zwever, that "satisfactory comparison o.f treatments }arfbe made on theu

asis of the number.of injured fruits", i.e., on ,th.e/ basis of insect effects.
Also, the distinctive semi-circular egg-laying scars made by plum curculio
'femal{ansl the irregular feeding punctures made by the adults of the new
generation on maturing fruits had been used by LeRoux (1961) to evaluate
c .‘ ’nenughar damage on apples in a southerwestern Quebec orchard. Further- g
more, Calkins et al. (1976) had previously used green thinning apples hung

in plum and oak thickets to study the spatial and temporal oviposition
patterns of plum curculio, although this had not been developed into a
practical monitoring technique. o

The obje;:tives of the threé year experiment reported here were to -
obtain the following information by monitoring for insect effects: (1) time
of plum curculio migration to the orchard, (2) its presence and abundance’
prior t.o apple fruit set, and (3) detection <;f relationships between these
5

findings and damage ass¥ssment both at '"June'" drop and har(';est. The establish-

ment - of such relationships was considered to be the first step towards
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replacing preventative "calendar’ sprayin;against C. nenuphar by directed
control. The experimental de(sigfx 'selected for the study was intended to

' yield information that would accurately indicate "when" and "where" to

apply controls, e.g., insecticides.

6.2 Preliminary Work
During the 1977 growing season, a.method empioying mature Granny
Smith apples for monitoring effe:ts of C. nent;ghar was developed. These
apples were chosen for the following rreasons: (1) their greencolour (as
females normally oviposit into the young green fruit) and for their size
* (c.a. | 5 cm diameter), which offers a larger oviposition surface than green

thinning apples, (2) their easy visibility in the trees, (3) their commer-

cial availability prior to natural fruit set in our region, and (4) their
freshness), having been recently harvested in South America. These‘apple;; )
were also|\found to stay fresh longer in the field than local appl.;s that .
had been stored over wi/nter (see be-lpw). \,L

For the first exper:iment I used 21 Granny Smith apples. Prior fo

their installation in the exper{mentai orchard, these apples were thoroughly

washed in lukewarm water to remove any pesticide resigues. Seven apples

— were dipped into melted Tanglefoote 1, to test if they would 'E:apture C.

( nenuphar adults.” This was attempted because Prokopy (1968a) was successful
in estimating the apple maggot, Rhagoletis pomonella (wWalsh), adul&abun»

_}dance in apple orchards with red wooden sticky spheres suspended from -apple
tree branches. The 14 others were installed intact to ver;fy if they would

attract plum curculios for oviposition. Of these 14 apples, four were

A

1The Tanglefoot Company, %*and Rapids, ‘Michigan. .
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attached with a gﬁlvaniied wire, five centimeters below a tree branch and

10 were installed at major branch junctions. All of the'apples were placed

6

in the upper half of seven trees'(N-3 to N-8)'in the most westerly row of

the eﬁperimental orchard (see Fig..1), adjacent to the surrounding woodloQkL\x

This location ‘was chosen to maximize détection of the apples by plum curculio.
- ) - - b s

Each of these trees had one sticky and two non sticky apples. The Granny

Smith app1e§ were installed on June 23 and>éxamined on three occasions over

a 19 day period: June 24, 29 and July 12. -

i
<

On June 24, three plum curculio oviposition scars were detected,

five more on June 29 and six additional ones on July 12, for a total of 14{

all on non sticky apples (see Fig. 15,B). No adults were captured on the

seven sficky apples. This c;;firmed my earlier observations with colour

sticky traps (Chapter 5) that this insect is not readily trapped by such

devices. It is also important to note’ that the 14 egg-laying scars occurred

on seven of the 10 appies installed at major branch junctions (i.e., 3, 2,

1, 2, 1, 2, and 3), none on the four hanging apples. This suggests -that

plum curculio females reached tﬁe Granny Smith apples by walking along the

tree branches rather than by flying to Qhem. Consequently, in all sub-

sequent experiments Granny Sm%th apples were placed at major branch junctions.
After 19 days, ten (71%) of the 14 uncoated Granny Smith apples

were still in adequate condition’fof th® detection of egg-laying scars.

This coincidgg with the 20-day average (five years) period between éinﬁ’

Bud stage and fruit set for standard trees in the experimental orchard;

this bei;g the time when E, nenuphar must be monitored. Consequently,

because ‘'they remained in good condition', Gran?y Smith- apples were used

in alf subsequent experimgnts. .

Finally, it is significant to note that the 14 egg-laying scars

were made at a time when the Granny Smith apples were in competition with

A
v
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curculio. Thus, it was expected that even more oviposition scars migir(:

be obtained on Granhy Smith apples that are present prior to natural fruit’

N

100

-

thousands of young green apples, the natural ovipogition sites for plym

f
e s e i s ol

3 el

set, i.e., when alternative oviposition sites are not available. What

Lt

remained to be discovered was whether females would, in fact, lay eggs %

at this earlier time. Based on those preliminary results a more extensive
v &

experiment was conducted to test ‘the feasibility of using Granny Smith

b P sl Sl i

apples to monitor popul'ations of plum curculio.
& \

6.3 Materials and‘Methods

6.3.1 Experimental orchard

»

The reader may refer to the Introduction of this thesis (section,

> . . .
1.6) for a complete description of the experimental orchard. It is, however,
represented here again, including additional information refated to the

experimental design and the scout—-trees location (Fig. 14).

6.3.2 Experimental design ;

Thé experimental orchard was divided into five séctors (roman

N\ .
numerals, Fig. 14) of approximately 45 trees each: the four sides and the

center. This design was chosen to studil spatial distribution of plum
curculio \qf:fects (egg-laying scars on Granny Smith apples} and of its damage |
at "June" drop and fall harvest. In each of these five sectors (considered
here as treatments), five scout-trees, all McIn{:osh, were randomly chosen |
(Fig. 14). 1In e;dditi‘on. the crowns of the 25 scout-trees were divided
horizontally into‘upper and lower half and vertically into four equal -
quadrants, according to the four cardinal points of the compass. This '

provided eight scout-apple locations per tree, and 200 for the entire orchard.

In 1979 and 1980, -the design was simplified and scdut-apples (100) were
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. installéd only in the upper half of scout-trees.

6.3.3 Scout-apples (Granny Smith) o g \
‘ ", /u{e scout-apples used in each of ‘the three ,xg:::were of the‘)

T

Granny Smith cultivar, chosen on the basis of the results of the prelinfi--

nary 1977 ‘experiment. These apples ‘were imported fr‘om Chile, and purchased

Q¢

wholesale ', durmg the last: Wee{ of Apr-ilv dfrom the same fruit broker each

year. Theqe were exactly 100 apples per )box, each approxzmately five centi-

14

meters in dglameter. They were storegi in a walk-in refmgerator at 5 f_l?C

°

until needeci. . ) )
4 ’ —

Installation of these scout-apples at major branch junctions re-

quired that a metal needle be first driven thi-ough the central part of *©  _

q
| 1 .
h

each apple core. This facilifated insertion ?f the gaﬁlvgnized wire, 30 cm
long, without diamaging the apple skin; for secure retention of t‘e\ apple
by the wire a hexagonal galvanized nut (14 mm Lide and) 6 mn thick) was
attached at one of its ends, the free end being seguregi around/bf ranch
Jjunction. This type of attachment permifted the insertion of ‘scout-apples
into the '"V" part of major branch junctions (see Fig. 15,4).

During each growing season, scout—apple; w?re installed at pre-
'pink bud stage (;!;c%ntosh cﬁitivar) and examined every two days until the
first egg-laying scars were detected (see Fig. 15,C). A final examination.
was performt‘:}zwo days after the calyx stage in 1978'. and 1979 and early o
‘the morning of the third day in 1980, because of a heavy rain the seco%
day. » This timing of the final examination corresponds to fruit set and
is thej latest moment-at which a dec’ijsion regarding spraying has tg be taken;

During the final examination, every scout-applf showing one or
more plum curculio egg-laying scar(s) was recorded. This unit was chosen

because of the variability of the number of egg-laying scar;g scout—-

apple observed dumng the 1977 preliminary experiment. ‘

{ ' \
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6.3.4 Other experiments

;

During the 1979 growing season, in order to test the technique

. at low plum curculio population densities, five local commercial sprayed

orchards were also monitored. “In each of these orchards five randomly .
chosen scout-trees (in rows adjacent to woodlots) received four Granny

smith scout-apples (one per cardinal point of the compass) installed in

)}
- s ™

the upper half of trees. These apples were installed at pre-pink bud stage
and examined for plum curculio oviposition scars twb~days after the calyx

stage. ~

5

In addition, during the 1980 growing season, two insecticide-~free
’ \ -
orchards were monitored in a similar way; one at the Frelighsburg Experi-
mental Farm, one kilometer north of the experimental orchard (described in

the section on the boll weevil trap in Chapter 5) and the other at ]"Acadie, .

less than 10\;inn west of the Saint—Jean,vA‘gricu@\ture Canada Research Station.

6.3.5 ﬁamage assessment

.,

) " Plum curculio damage in "the 9xperimental orchard was as:sessed
at two different moments during each of tl_le three growing seas::s. rThis
was done also durin% 1979 in the five commercial orchards and during 1980 in
the two insectici&e—fz:ee orchards.

The first damage assessment was carried out af'ter the physio—
logical fruit drop had occurred. This /natural phenomenon of pren‘la\i‘:ure
apple fruit absci.ss:ion is often referred to, initially by New England
gr:lw\v}ta\rs, as "June" drop, because invariably in that regian it occurs during
this month. At our higher latitudes, however, it takes place more ofte}x
during the first two weeks of July. It was important to record plum curculio

damage at that time bécaus_e' the young fruit bearing active plum curculio

larvae fall at June drop.(Levine and Hall 1977). Thus, high plum curculio

&,

|
}

T et e AR 5 v g S A A=<



Do

104 -

-

infestation can result in a significant decrease in yield at harvest.

In the experimental orchard June drop infestation was iassesse
by randomly collecting 25 failen apples per cardinal point of the compags
under each of the 25 scout-trees. In thi's way, 2 500 apples were collected
(500 per orch;xrd sector) each growing season and those with one, plum curculio
egg-laying scar or more were recorded. This assessment was performed on’
July 12 in 1978, July 3 in 1979 and July 10 in 1980. )
~ Plum curculio damage-was also assessed at harvest. Fhis damage
includes firsf:ly, oviposited apples in which plum curculio larvae did not —
develop (because eggs were infertile or aborted, or in which the larvae
were kiloled by the pressure of therapidly g,rowing fruit) -~ these bear
crescent shaped egg-laying scars that have healed, résﬁlf:ing in a shield-
like necrosis on the skin of mature fruit — and secondly, nutrition punc-
tures - circular holes made through the apple skin by this beetle's long
beak - made by the emerging adults of the new generation. 1In these nutri-
tion punctyres the pﬁlp under the puncture is exca;rated and the slijin around '
the hgie shows a dark halo of necrosed tissues '(making it relative1§l easy
to identify). Both of these types of damage render apples unmarkétable
for fresh consumption. Such damage may also make those aﬁples more suscepti-
ble to disease or shorten their storage life. ’

In the experimental orchard harvest damage was assessed by
randomly collecting 25 apples per cardingl point of the compass, 18 from
the tree and seven fallen ;nes for each of the 25 scout-trees. In this
way, 2 500 apples were collected (':}00 per orchard sector) dur%ng each growing
season, and those_ with either one or more shield—lil;e skin necrosis and/or
one or more plum curculio feeding puncture were recorded. This assessment
was performed on September 15 in 1978, September 17 in-1979 and September 19

1

in 1980. N

e
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In addition, in 1979, similar June drop and harvest plum curculio

i it et = et

a

damage assessments were carried out in the five commercial orchards on

s =

June 29 and September 19 respectively. In the two insecticide-free orchards

in 1980, plum curculio June drop and harvest damage were assessed on July 10

L)

=
and September 18 respectively.

6.4 Results and Discussion

6.4.1 Monitoring at different vertical levels in the trees
During 1978, while Granny Smith scout-apples were installed in ‘

dpper. and lower halves of the trees, egg-laying scars were detected only
' on .apples in tk-lé upper halves of the trees. Accordingly, the experimental
déSign was immediately simplii"ied and the variable "tree level" eli minated.
Thus, the analysis of results for the three growing seasons is based on 100
scout-apples installed in the upper half of the trees (Fig. 15,C and D). ;
LeRoux (1961) detected signifif:ant differences in the vertical [
dis‘tribution of ’plum curculio damage later in the growin'g season: mid-July 5
in 1958 and late ’July‘ in 1959, and again in mid-September in 1959. This .
migﬂt suggest that pl@ curc‘ulios favour different levels in \the trees at 3'

different times of the year. It should be noted, however, that LeRoux's

observations were of plum curculio populations at a much lower density.

~

6.4.2 Summary of resultsq

Results are presented in Tables 7, 8, and 9. The first column
; . :
of each table indicates the orchard sectors (I to V). The second column

-

identifies each scout-tree according to the adopted grid system, A to N

for ;Jrchard rows and 1, 2, 3.0 for the trees in each row, starting at the
_north end (Fig. 14). Column three, four and five correspond resbectively
-~ to the 1978, 1979, and 1980 growing seasons. For .each of the five ?rcha

o )

.
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FIG. 15, PLUM CURCULIO OVIPOSITION SCARS ON GRANNY SHITH SCOUT-APPLES HUNG IN
THE EXPERIMENTAL ORCHARD AT FRELIGHSéURG, QUEBEC, 1977-1980.
- (R) SCOUT-APPLE IN TREE, (B) OVIPOSLIION SCARS. 1977,

' "(C) OVIPOSITION SCARS, 1980, (D) [DEN.
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Incidence of scout-apples (4/tree; 1/quadrant) with plum

curculio oviposition scars at fruit set.

¥

Table 7.
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&

with plum curculio oviposition scars.

108

Incidence of June drop apples (100/scout-trees; 25/quadrant)

Sector

Scout—trees 1

July

7 1978

July 3 1979

July 10 1980

N

]

E W

"T. N S E W

T

N S EW T

L]
Zo=R=Z X

II

WY

II1

W ox» o

v

HR MmO

<
G v ey b b

W X F O NY W DO W

S I -

13
15
12
15
14

11

13
11

2 |
© OO O

O RNOoDM

13
11
12

6
13

55

15 7
9 19
14 11
10 9
14 15

»

62 61

[~ B~
N oW

36 22

=
o w

(oY
(-]
(=Y
-~ W\

44 :

58
49
32
"8

23
23
17
16
25

235 104

17
34
18
17
37

123
27
35

10
65

143

15
18

9
10
15

67

25 23 25
23 24 17

18 23 21

18 18 18
20 21 25

96 .
807“

79
70
91

104109106 423

14 14 11
13 19 18
19 10 12
10 6 6
12 6 15

68 55 62

12

8

9
14
19 2

= O

W —— G Sowwm— G A= —— S—

QORE NN

19

54
68
50
32
48

———

252

38
29
24
38
83

——

212

52

69 -

57
51
67

296

21
18
17
15
22

93

1
15
7
12
9

54

14
4
5

14 .

14

51

19
19
19
12
19

88

17

18
13
22

9
19

81

14
13

6
‘9
11

—

53

18
19
16
17
17

87

8
13
6
14
12

53

[ =3, S B

10 %5

38

33

76
69
74
53
77

349

50
52
28
44
38

212

40
23
22

40 77

59

184

1See Fig.

14.
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Teble 9. Incidence of harvest apples (100/scout-tree; 25/quadrant,
18 on the tree and 7 _fallen ones) with plum curculio
oviposition scars and/or nutrix,ion punctures.

Sept. 15 1978 Sept. 17 1979 Sept. 19 1980

Sector  Scout-trees N S EW T N SEW T NSEWT
w /

M 13 13 6 9 6 34 17 21 17 18 73 15 19 25 16 75

N 9 8 920 7 44 16 16 19 19 70 19 14 19 16 68

I M 8 8 910 9 36 21 19 16 189 75 21 16 22 17 76

L 3 10 12 12 4 38 22 19 18 20 79 15 19 17 15 66

N 3 10 12 18 14 54 20 20 22 22 84 21 20 20 22 83

— e — r— — m—— S— — — —— a—— vt St wma— —

49 48 69 40 206 96 95 92 98 381 91 88103 86 368

810138 39 17 19 18 14 68 11 11 12 9 43
10 10 1510 45 16 15 17 20 68 9 10 12 11 42

oo ~R
W= N

I 1110 5 9 35 19 151515 64 8 7 9 8 32
210 8 8 28 16 18 16 21 71 10 8 10 11 39

18 13 17 17 65 14 16 12 156 57 9 10 10 11° 40

49 53 58 52 212 82 83 78 85 328 47 46 53 50 196

c 4 910 12 7 38 19 14 17 16 66 10 15 11 11 42

A 4 5 8 4 5 22 1212 13 16 43 10 13 10 8 41

III c 8 6 2 511 24 12 8 14 9 43 11 13 7 11 42
B 7 810 10 9 37 15 12 15 11 53 12 11 13 13 49

B 11 10 16 16 13 55 23 16 21 25 85 11 12 14 13 50

38 46 47 45 176 81 62 80 67 290 54 64 55 56 229

‘ D 13 19 17 11 15 62 17 19 16 13 65 16 12 14 14 56

" F 15 17 20 13 12 62 21 18 18 19 76 13 14 16 14 57

v I 12 1115 10 7 43 2i°'21 16 14 72 13 12 12 15 52
K 15 18 15 19 16 68 20 21 18 20 79 14 1618 17 65

M 14 13 12 15 17 57 22 24 22 19 87 16 154717 65

78 79 68 67 292 101103 90 85 379 72 69 77 77 295

111 8 7 5 9 29 1014 1615 55 3 5 8 4 20

I8 1211 10 9 42 1822 1916 75 5 5 7 6 23

Vo 0 4 7 7 9 27 1919 1821 77 1 2 5 O 8
F 13 9 915 7 40 17 11 1812 58 8 8 5 2 23

G 11 41015 3 31 1614 1718 65 9 8 7 9 33

——— —— —— — — — ottt S S— —— —— — ——— — ——

36 44 52 37 169 80 80 88 82 330 26 28 32 21 107

R
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sectors in each of the growing éeasons, horizontally derived (row). totals
correspond to a particular scout-tree and vertically derived (column)
totals to a particular cardinal Jpoint of the compass; also, for each

orchard location a grand total is given.

~

6.4.3 Monitoring differences according to tree quadrants

/
* My null hypothesis was that frequencies of plum curculio ovi- /

position scars on Granny Smith apples and frequencies of "June" droi: and |
o

fall harvest damaged apples would be found to be independent of the cardi

points of the compass. In order to test this.the three annual sets of data
per qua‘drant (plum curculio oviposition s-cars on Granny Smith apples an
the two damage assessments) were submitted to rows and columns tests of
independence using the G-Test proposed by Sokal and Rohlf (1981:pp. 731-747).
As this type of analysis o% frequencies is used thr'ougho'u; this
experiment a working example based on the data of the 1980 harvest//damage
(see Table 9, data of September 19, 1980), is presented to illustr/'ate the
technigue. The colu,:ln totals for each guadrant are summed together to
generate total number of damaged apples per guadrant for the entire experi-
mentallorchard; this number is based on 625 collected apples. -The four
totals thus obtained, corresponding to the four cardinal points of the
compass, were then used to' generate Table 10, which giv:as the frequencies
of damaged apples per quadrant. The statisticG is equal to 2[tf In f (for
the cell frequencies) - £f 1n f (for rows and columns totals) + n ln n],
where n=grand total (2 500). The degrees of freedom for the G-Test are
equal to (rows - 1)x(columns ~ 1), as for a chi-sguare test. The calculated
G value is compared with a chi-square distribution critical value at the

level a=0,01? for the given number of degrees of freedom. The null hypothesis

is rejected 91:/ t?leva level when the calculated G value exceeds the critical

\' - .
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Frequencies of plum curculio damaged apples per guadrant at

™

T

Table 10.
harvest, 1980. .
IS /»v'/ -
Quadrant Apples Total = % damaged
Damaged Undamaged
. .

" North 290 335 625 46,4
South 295 3\37 625 472
East 320 305 625 B\n,z\)
West 290 335 6 46,4

. AV
N o AV
Total 1.195 1 305 50 ;
~ ¥

N

Calculated G value = 3,98 not significant,

2
Xo,01

1

&G

= 11,35 for three degrees of freedom.
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chi-square table value. Thus, in this case, as G is 3,98 and the critical
ghi-square table value is 12,84 at a=0,005 and 11,385 at 3=0,01 and three
degrees of freedom, the ;1u11 hypothesis cannot be rejected at either of

these levels. In other vords, at these levels of significance, the per

quadrant variation in harvest damage frequencies in 1980 can expla¥ped

o b

by chance variation in the samples, and it cannot be ass

in any one of the four gquadrants of scout-trees are more significantly

damaged by plum curc}llio than in any other one. The eight other analyses
were performed in the same way. The nine analyses correspond to the three
sets of data obtained during each of the three growir;g seasons. The nine
calculated G values are presented in Table 11, with their corresponding
signrificance.

Clearly there is no statisticai evidence for significant differ-
ences betwgen the frequencies of plum curculio egg—laying scars on Granny
Smith apples or frequencies of plum curculio damaged apples at June drop
and harvest according to the cardinal points of the compass. Thus, in

further analyses, this variab%;jwas not considered.

@

This result is in accordance with LeRoux's findings (1961). 1In
his experiment only on four out of 16 sampling occasions did he find sig-
nificant differenhces amongst quadrants; three in 1958 (mid and late July,

and mid-August) and one in 1959 (early August).
6.4.4 Monitoring differences according to c;rchard sectors

6.4.4.1 Correlation between plum curculio effects on Granny Smith apples

and June drop and harvest damage assessments, and between damage

assessments
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Table 11. Value and significance of the statistic &, as calculated for
frequencies of Granny Smith appYes shewing plum curculio
‘oviposition scars, and of plum curculio June drop and harvest
damaged apples obtained from the cardinal points of the
compass; Frélighsburg experimental orchard, Quebec.

Data set / year Calculated ¢ value Significance

- %

Granny Sm‘:éh apples

1978 1,48 ns *
1979 \ ' 2,22 ' ns
1980 ‘ 2,26~ ns

June drop apples "

1978 3,14 ns
1979 1,70 "“ ns

1980 ) " 1,40 ns

Harvest apples

1978 10,90 ns
1979 N 2,14 ; ns
1980 : 3,98 ns =

* Not significant; x%’m = 11,35 for three degrees of freedom.
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t
In directed control the decisjon as whether to spray must be made
7

prior to the appearance bf actual damage. This is particularly true in
pomiculture where curative control is not acceptable because of the ex-

tremelb; low economic thfeshold, damage having to be maintained below one

percent at harvest for fresh market apples. Thus, an effective trap must

’ «

provide the needed information prior to the occurrence of actual damage.
From the above data it is clear that Granny Smith scout-apples permit
detection of C. nenuphar presence in orchards since 9, 15 and 19% of these
apples were found bearing plum curculio egg-laying scars during the three
growing seasons of my study. The varim;s dates and phenological stageé of
the McIntosh cultivar at whi’ch the Granny Smith a;fples were installed and
monitored in the experimental orchard‘are given in Table 12. Included are
the pe.riods of detection of the first egg-laying scars and of the final
examinations when the data used in these analyses were recordgd.

f’h‘ft**is*ignificant to note that the first plum curculio egg-laying
scars on Granny Smith apples coincl’idéd with the time at which the trees
were in bloom. This activity of females of the species, however, does not
coincide with the’ time of“ this insect's migration to host trees. The dates
over the four year period (1977 to 1980) at which plum curculio aduits were
first detected in the expe;'imental orchard by any method afe given in
Table 13.

In genei-al; plum curculios are presént in the orchard from about
pink bud stage, but egg-laying on Granny Smith apples was not observed to
start until full bloom. Also, egé»layfiwnvgfdﬁ "host-tree apples "obviously
cannot begin until after fruit set. Tl.me fact, however, that ovipositior;'
can start before fruit set supports the use of the Granny Smith scout-apple
technique, although jarring is supérior for detecting the early presence of

individuals. Jarring, howev;r, is less reliable for fog-ecqsting damage
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Table 12.  Summary of the monitoring of plum curculio effects with Granny Smith scout-apples.
Dates and phenologlcal stages of the McIntosh cultivar; Frelighsburg, Quebec.

Growing Installation of Monitoring of Detection of first " Final
season scout-apples at scout-apples ‘egg-laying séar and exémination

pre-pink bud stage (pink bud stage) ° its location = {calyx)
: (full bloom)

1978 May 18 May 20,23,25,26 May 26, M-8 June 1
. (May 20) (May 25) ‘(May 30)
1979 May 8 May 10, 12, 14 ‘. May 14, D-13 May 23
{May 10) ' (May 15) (May 21)
1980 " May 14 May 19,21,23,26,28 May 28, M-8 : June 4
(May 15) (May 22) , (June 1)
i
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Table 13. Dates and phenological stage of the NcIntosh cultivar at
the Aime of the first plum turculio detdction by any
ethod in the experimental orchard; Frelighsburg, Quebec.
« ¢
Growing First Pink bud Location Detection
season detection stage (tree) method
1977 "May 17 May 13 c.a. M-9 Scarab trap (Chap. 3)
1978 May 16 May 20 M-13, K-6 Boll weevil trap
(Chap. 3)
S e e
1979 May 8 May 10 F~6 Mirid sticky trap
. ¥ g (Chap. 5) :
1980 May 15 May 15 F-~15 Jarring
\\
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(see Chapters 2 and 3, for a discussion of its shortcomings). In 1978 the
first egg-laying scar on a Granny Smith apple was detected 10 days after
the first plum curculio adult was captured, six days after in 1979 and 13
days after in 1980. This delay is explained by the spring mating of this
species, as reported by many researchers. This suggests, however, that
hogt trees are probably the main focus for mating and supports my opinion
that trapping and/orvmonitoring should be p;rformed on host-trees. ‘Most'
important is the fact that plum curculio‘effects on Granny Smith appies
were always detected about the time of full bloom, prior to the calyx stage,
and therefore befgfé the critical time of decision making regar@ing spraying.
Plum curculio effects on Granny Smith apples monitored at the final
examination were correlated with June drop démage and harvest damage assess-
ment vglues. Also, the two damage assessﬂent values were correlaﬁ;d ’
together. For these ;n;iyses the variables are: (1) for effects on Granny
Smith apples, the percentage of scout-apples per-orchard sector (the four-
';ides and the central portion of the ifperimental orchard) showing one or,
more plum curculio eggilaying scar, (2) for Juné drop damage, the percentage
of apples per orchard sector showing one or more plum curculio egg-laying
scar and, (3) for harvest damage, the percentage of apples per orchard
sector showing one or more plum curculio‘oviposition shield-like necrosis
of the skin and/or one or more nutrition puncture. Correlations between
v%riabies averaged over three growing seasons and five sectors are as
follows: (1) Granny Smith scout-apples and June drop damaged apples, (2)
Granny Smith apples aﬁd harvest damaged appéfs and, (3) June drop damaged
apples'and harvest gamaged,apples. fhé statistic used is the Spearman

rank correlation coefficient (rs) (Daniel 1978). The data are summarized

in Table 14 and the rank correlation coefficients, their %ignificance and
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Table 14. Summary of Granny Smith, June drop and harvest apples showing plum curculio effects, and
expressed as percentage per orchard sector per year, Frelighsburg, Quebec.’
1 Granny Smith apples June drop apples ' — Harvest apples
Sector (20/sector) - (500/sector) § (500/sector)
5\ s
(
1978 1979 1980 % 1978 1979 1980 % 1978 1979 . 1980 %
I 15,0 0,0 35,0 16,7 47,0 84,6 69,8 67,1 41,2 76,2 73,6 63,7
I1 0,0 15,0 15,0 10,0 24,6 50,4. 42,4 39,1 42,4 65,6 39,2 49,1
III 5,0 20,0 15,0 13,3 28,6 42,4 36,é 35,9 35,2 58,0 45,8 46,3
Iv 25,0 20,0 30,0 25,0 41,2 75,4 53,8 56,9 58,4 75:8' 59,0 64,4
\'4 0,0 20,0 0,0 6,7 16,2 59,2 26,2 33,9 33,8 66,0 21,4 40,4
1 . P \
See Fig. 14.
~
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the (rs)z, which might giv@“éﬂmgai?re of how much of the variat%on in one
variable is explained by the variai:\im\in the other, in Table 15.

Clearly, from these results the percentage of Granny Smith apples
with\plum curculio e -1aying scars is significantly correlated with the
percentage of damaged June drop and harvest apples, these two last per-
centages correlating significantly together. This suggests fhat the use
of Granny Smith scout-apples as a detecting tool of possible future harvest
Qamage %s feasible. On the other hand, correlation analysis can be mis-
ieading; énd sometimes a corre;ation in time or space, rather than between
the' observed variables, underlies high values of correlation coefficients.

i Accordingly, to further verify this relationship, it was of
interest to see if it was possible to. demonstrate a dependence between the
first variable (Granny Smith scout-apples sthing plum curcu1i0~oviposition
activity) and the two others (Jpne drop and harvest damaged apples)
regardless of time or space Gqfch;rd sector) at or in wh{ch they were
measured. Since the number of Grénny Smith apples showing plum curculio
oviposition activity varied for all of the experimental orchard during the
nthree growing seasons from zero to seven, it was possible to re-group the
data into three classes as follows: (1) those orchard sectors with 0, 1,
or 2 Granny Smith apples showing plum curculio effects prior to fruit set,
(2) those with 3, 4 or 5 and, (3) those with 6 or 7. The June drop and
harvest numbers of damaged apples for'the gorresponding sectors were then
totalled on an experimental orchard sector bgéis for the three growing
seasons. A rows and columns test of independence using the G-Test was
perfb£ﬁed. The data are summarized in Table 16 and the talculated G values

and their significance in Table 17.

Clearly in both cases, the null hypothesis, that frequencies of
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Table 15. - "Spearman" rank correlation coefficient values when Granny Smith

apples, June drop and harvest damaged apples showing plum
~curculio effects are correlated.

- *

Variables S N 2
correlated r (r))
8 5
#

2
Granny Smith and 0,80 » 0,64
June drop apples

Granny Smith and , 0,90 * 0,81
. harvest apples ) :
June drop and 0,90 » 0,81

harvest apples
J/

* Significant at“a=0,d5 for three degrees of freedom (Daniel 1978:pp 300-306).




Table 16. 1§ummary of frequencies oprlum curculio damaged J drop and harvest apples per
{hclass of Granny Smith apples showing plum curculiz effects prior to fruit set, .
)

\Eg:i;ghsburg, Quebec.

. /
§ Granny Smith)apple class } June drop apples Harvest apples
" showing plum curculio .
effects damaged undamaged total % damaged damaged undamaged <total % damaged-
1 =
0, 1, or 2 901 1 599 2 500 36,04 1 045 1 455 2 500 41,80 |
. ) ;
3, 4, or 5 1 974 2 026 4 000 49,35 2 250 1 750 4 000 56,25 1
|
, ¥
6 or 7 : 618 382 1 000 61,80 663 337 1 000 66,30 |
Totals 3 493 4 007 7 500

% 3 958 3 542 7 500 °

e e e =

\..

™~
121

prv——

G R S e o e e ) WAL R s s b X e - T e e e st

. . -~ e e et
R AR A i S P S DA A e



Lo
Lermeeme i
¢

3
|
|

\ 122

Table 17. Value and significance of’ the statistic G as calculated for
frequencies of plum curculio June drop and harvest damaged
apple{for classes of Gramny’ Smith apples showing plum
curcuiio effects prior to fruit set.

!

A

2

Variable Calculated G value Significance , E

£
e
June drop apples 219,14N . *
Harvest apples . 215,36 *

4

* Significant at a=0,01; and two degrees of freedom = 9,21,

2
Xo,00

L SAYT




a

123
June drop and harvest damaged apples is independent of the classes of
Granny Smith a;)ples showing l;lum curculixo effects prior to fruit set, must
be rejected. Thus, the relatidrfshii:s indicated by the rank correlation co-
efficients (’riable»ls) appear to be real. This suggests that more work is

warranted with the Granny Smith scout-apples technique to further clarify

[

these relationships and to evaluate the most appropriate number of’ scout-
apples required per orchard to detect plum curculio presence and predict

its demage levels.
“ TR .

Monitoring with Granny Smith apples was also carried out in five
commercial sprayed orchards during the 1979 growing season. For these
experiments the results are unii’orm: no plum curculio egg-laying scars
were detected on any of the 20 scout-apples in each orchard. In addition,
June drop and harvest damage assessments, based on )500 apples collected at
eachﬁperiod per orchard, revealed no damage by C. nenuphar. Either plum
c:u‘culio was totally :bsen‘c from these orchards or at,such low population
densities (because of .the spraying programmes) that this monitoriilg tech—
nique and damage assessment procedures were not efficient enough to detect
its :presence. Most' probably the damage assessments represent reality, but
the monitoring prior to fruit sét still remains to be evaluated in low
population density situations. For this the technique would have to be
tested in orchards in which insecticidal spraying would have been a;gcently
stopped; these orchards, however, were very scarce in our region during the
period of this study.

’ In 1980, the Granny Smith monitoring technique was also tested
in two insecticide-free orchards; the results are sumarized in Table 18.
Compgrisons of these results with those of the experimental orchard could

-

&
be criticized, but it is significant to note that they agree, however, witl}
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Table 18.
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Summary of Granny Smith apple monitoring of plum curculio ]
effects and 'damage assessment at June drop and harvest for
two insecticide~free orchards during the 1980 growing season.
. }
4
o

.

.

¥

.
1

Granny Smith apples . June drop damaged Harvest damaged
orchard showing plum curculio apples, based on apples, based
effects, based on 20. 500 apples. on 500 apples.
Frelighsburg 25% 66% 72%
" L'Acadie _20% 52% 60%
LY
/ .
P
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the general pattern observed in the experimental orchard. For example,

| _-June &rop and harvest; also, 'June drop and harvest damage are consistent

summarized in Tables 19, 20, and 21 and the calculated G values obtained

125

detection of plum curculio oviposition activity on Grann& Smith apples prior

. . v - %
ta fruit set is followed by .a significant amount of damaged apples at
/. « !

-

with respect to each other. No statistical significance, however, can be

inferred concerning these isolated cases.

6.4.4.2 Analysis of damage assessment at June drop and harvest in the

experimental orchard
It appeared important to examine further the data of damage

.
assessment to extract all possible relevant information, more particularly-

concerning the distribution of damage throughout the experimental qrchgyg.

.

This mainly because, while timing of chemical control measures against

C. nenuphar is adequately dictated by apple tree phenology, little is known
- / “

O e A o2

concerning the areas within an orchard where those control measures should

oy,

be applied.
Year by year an overall analysis of damage frequencies amongst :

the five sectors within the experimental orchard at June drop and harvest

were performed. The frequencies of damaged apples (at June drop and harvest) 3

\

recorded amongst the five sectors of the experimental orchard (its four

sides and its central portion) (roman numerals on Figure 14) were submitted
— .

to rows and columns tests of indépendende using the G-Test. The data are

S SN b R LRI

for each of these eight analyses and their significance are presented in

SR A B

Table 22.

Sirice XS,OOS = 14,86 for four degrees of freedom, eéch.of the
calculated G values in Table 22 are significant at P<0,005, and ‘the null

hypothesis, that frequencies of damaged apples is independent of the

[
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" Table 19. Frequencies of plum curculio June drop damaged apples’ % |
experimental-orchard sector per year, Frelighsburg, Quebec.

e e e

- -
’ Apples
K Year Sector! Damaged Undamaged Total " % damaged
//
1978 I 235 265 500 ' 47,0
K I1 123 377 500 24,6
111 143 357 500 28,6 ’
Iv 206 294 -, 500 41,2
\/ 81 419 500 16,2
Total ’ 788 1712 . -2 500,
1978 1 a2 ‘ 77 500 84,6
11 252 248 500 50,4 ;
III 212 ' 288 500 42,4
i v . a7 123 " 500 75,4
v 296 204 500 59,2
s [
Total 1 560 940 2 500
, by -
1 = .
1980 1 349 151 500 69,8
. 11 212 88 © 500 42,4
111 184 316 500 36,8
v 269 77321 500 53,8
' <131 369 500 26,2
Total ‘ 1 145 * 1355 2 500

1See‘ Fig. 14.
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- Table 20. Frequencies of plum curculio harvest damaged apples per
experimental orchard sector per year, Frelighsburg, Quebec.

e

~b ,

- ; -
~ ' Apples
| /}bar sector! ) Damagéd~-...  Undama Total % damaged .

< :

1978 I 206 .- RN 500 41,2
IT 212 288 500 = 42,4 g
ITI 176 324 S 500 35,2 ,
v .. 292 208 500 58,4 !
v ’ 169 331 500 33,8 %
] | i
Total 1 055 1 445 2 500 |
:
1979 I 381 119 500 76,2 f
IT 328 172 500 65,6 i
11 290 210 500 58,0 ?
IV 37 " 121 500 75,8 i

v . 330 170 500 66,0 ?

!
@ . ' ‘Total . 1 708 792 2 500 ;
| |
f 1980 I 368 132 500 73,6 |

E 11 196 304 500 39,2

; 111 229 , 271 500 45,8
§ v " 205 205 - 500 59,0 §
i / v 107 393 500 21,4 '

Total 1 195 1 305 2 500
: 1See Fig. 14.
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C lsee Fig. 14.

Table 21. Fre'quencies of plum curculio June drop and harvest damaged
- apples per experimental orchard sector for the three growing
(ﬂ_) seasons, 1978, 1979{Q\’and 1980, Frelighsburg, Quebec.
Apples
Sectorl Damaged Undamaged Total % damaged
/
“ tég
June drop
I 1 007 493 1 500 T 67,1
II 587 913 1 500 39,1
. III 539 961 1 500 35,9
Iv 852 648 1 500 56,8
v 508 992 1 500 33,9
. Total 3 493 4 007 7 500
Harvest
I 955 545 1 500 63,7
11 736 764 1 500. 49,1
I11 - 695 805 1 500 46,3
i
IV 966 }l§§\~ 534 1 500 64,4
v 606 894 1 500 40,4
Total 3 958 3 542 7 500
) P
,/ L

!
i
i
)
E
|
{




129

Table 22. Summary of caloulated G values for frequencies of June
drop and harvest damage analyses from the experimental
orchard_sectors, Frelighsburg, Quebec.

4
Sets of damage Calculated Significance
assessment (year) G values
\
June drop
1978 147,67 . *
1979 L 272,08 *
1980 _ . ‘ 230,70 *
, .
. Y
" Harvest .
1978 78,17 - *
1979 55,05 *
1980 | 328,38 *
Overall .

(1978, 1979, 1980)

June drop - 523,09 ‘ *

Harvest 280, 85 ' *

S o e —

)

* Significant at a=0,01; xg o1 and four degrees of freedom = 13,27.
. . ’
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experimental orchard sectors, must %e rejected each time. Ih other words:
the frequencies of plum curculio dﬁmged apples at June drop and harvest,
vary by more than chance, from sector to sector in.the experimental orchard
and are dependent of these sectors, i.e., their location. ‘
Inspection of the frequencies of June drop dnd harvest damaged

apples in percentage seems to indicate that orchard sectors I and Iv,

'(those immediately adjacent to the surrounding woodlot, thus closer to

areas offering adequate overwintering sites for large popglations of C.
nenuphar), are more susgggkible to plum curculio attack. It would be more
useful, however, to find out which of these differences in plum curculio
damage amongst the experimental orchard sectors are statistically signifi-
cant. This would noﬁ§only‘indicate yhere to strengthen our monitoring
éfforts but could suééest where control measures should be concentrated.
To find out which experimental orchard sectors are significantly
different from others with respect to their frequencies -of June drop and
harvest plum curculio damaged apples, each set of damage assessment was
subjectéd to an a Eosteriori Limultaneous test procedure (STP) of homo-

ggneity (of sets of experimental orchard sectors) proposed by Sokal and
v ] 4

Rohlf (1969:pp 582-585). Such an analysis tests:the independence of selected

subsets of orchard sectors by revealing those subsets that are homogeneous

and those that are not. In other words, this STP analysis allows one to
A\

determine which ofchard sectors are significantly diffe}ent from the others.

This prqceduré is analogous to an analysis of variance (a significant G
instead of a significant F) followed by a multiple cgmpafisons procedure
(an STP analysis instead of a Duncan's (1955) MRT}.

The experimental orchard sectors that are significantly different

R

from otheis with respect to their frequencies of June drop and harvest plum
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»

curculio damaged abples are shown in Table 23. As for the previous G-Tests

(' . performed on this data, these results are preseﬁted for each growing season
and for an overall three year analysis for both periods of damage assessment.
" These results strongly suggest thaf sectors I and IV are most

susg§ptib1e to C. nenuphar attack. On the average these two sectors, .

immediately adbacentfto the surrounding woodlot, were the ones also with

| the highest rates of C. nenuphar egg-laying activity detected on Granny
Smitﬁ”scout—apples prior to fruit set (16,7% and 25,0% respectivel&), and

’ : peréistently'the ones with the highest damage percentage at June drop and
harvest, on a yearly and overall basis. This supports the general assump-—
.tions of previous workers about the locations of plum curculio overwintering
sites (still to be accurately determined) and the highest susceptibility of

4 - orchard areas in the immediate vicinities of such sites. Most imp6rtantly,

however, it strongly indicates where to concentrate monitoring and control

B efforts for a directed control scheme.

; , Furthermore, in sector V (the central area of the orchard) plum

éqrculio egg-laying activity on Granny Smith scout-apples is at its lowest

5 ‘
' (6,7%). Accordingly, it is in this orchard sector that June drop and

harvest plum curculio damage is almost always at its lowest level, indicating

: that trees in the central portion of the orchard are less susceptible to

Gk
- C. nenuphar attack; as if plum curculio females migrating into the orchard

in the spring from their hibernating guarters would lay their eggs in the
s .

first host-trees encountered, ‘their egg complementAbeihg depleted without

‘necegsitating infestation of more remote trees.

a
This experiment suggests that, in general, if a 1,7 ha orchard

:
t
1
i
L
i
¢
1
§(
|

does not have its central area significantly infested by the pest, a larger

orchard would have a central area even less affected B& C. nenuphar, simply

-

because, in this latter case, the centr%é area of the orchard wgul& be more
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Table 23," Summary of significantly different experimental orchard

sectors with respect to their freguencies of June drop
and harvest plum curculio damaged apples, Frelighsburg,

Quebec.

June drop damage assessment . - Harvest damage assessmgnt
Year Sector* % damaged Year Sector* % damaged
1 47,0 ar%® v 58,4 awt

. v 41,2 a 11 42,4 b’
1978 111 28,6 b 1978 I 41,2 b
11 24,6 b ‘ 111 35,2 b

vV 16,2 ¢ v 33,8 ¢

1 84,6 a F I 76,2 a

v . 75,4 b v 75,8 a

1979 v 59,2 ¢ 1979 v 66,0 b
II 50,4 "¢ I 65,6 b

III 42,4 4 7 ) n\‘u 58,0 b

I 69,8 a’ 1 73,6 a

v 53,8 b v 59,0 b

' 1980 11 . 42,4 ¢ 1980 . .III + 45,8 ¢
III 36,8 ¢ I1 39,2 ¢

v 26,2 d v 21,4 d

. I 67,1 a v 64,4 a

. IV 6,8 b ' 1 63,7 a
Overall IT 39,1 ¢ Overall o S 49,1 b
8-79-80 1y 35,9 o - T8TR0 gy 46,3 b
v 33,9 ¢ v 40,4 ¢’

* See Fig. 14. .

**  Those pe;centages followed by the same letter are not significantly
different at a=0,05. (STP analysis) (Sokal and Rohlf 1969:pp 582-585).
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isolated and remote from the overwintering sites. In order to detect such
a behavioural pattern it wag™ necessaify to use an experimental design with
a disti central area, as employed in this study.

(.“One should be ex\tremely prudent, however, about making broader
ger;eralizations on this matter, because my findings are only valid for
orchards of almost square layout with adjacent periphera% woodlots or with
other appropriate plum curculio overwintering sites such as fences, rock
piles, hedge rows, etc.. For orchards with a different layout, however,
my findings could suggest that monitoring and control measures_should be
concentrated in the vicinities of such similar sites, even'/;f they occur
in the central area of orchard. For example, some orchards have been
planted in the past around man-made rock piles (resulting from soil prepa-
ration), stfictly for convenience, and these sites may host significant
plum curculio popu1a1‘:ions during winter.

Finally, these results suggest two further experimentsrtjlét :

could be performed: (1) the control measurés could be applied in the most

" plimcurculio prone areas of orchards and adjacent rows when appropriately

”

located Granny nS\r{nﬁi?k: scout-apples detected plum curculio presence, and (2})
for orchards in which the spray programme is in force, the second of the
two sprays against C. nenuphar would be dif'ected only towa‘rds susceptible
areas; it would be difficult, presently, to do the same for the first
calendar spray (calyx stage) because other appl?g\pests are often part of

this spray target; the second one, however, is al\;o used to control the

oystershell scale, Lepidosaphes ulmi (L.}, which in our area is classified

as an occasional apple pest (Paradis 1979). These two experiments would
necessarily include particular plum curculio June drop and harvest damage

assessments, carried out on at least 500 randomly collected apples ffowm

[
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susceptible areas. Such a method is most likely to reveal presence of

nenuphar and also be a guideline for planning the following gmwing

season's momtor:mg and control actinties.
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7.0 EFFECTS OF FUNGICIDES ON PLUM CURCULIO
:7 .1 Introductie;n
This study, performed during the 1978 growing season, vexamined
the action of the fungicides benoiyl and fenarimol on plum curculio during
, the soil phasé of this beetle's life cycle. After compkleting its develop-
ment inside the apple, the larva leaves the fallen fruit and burrows into
the s0il to a depth of about 30 mm (Chapman 1938). This soil phase, during
. which the insect undergoes pupation, ends with the emergence of‘ sexually im-
mature adults of the new generation. The soil phase extends over 30 days,
generally between mid-July and m_id—August in our region (Paradis 1956).
Thi‘s._ experiment was conducted because, due to lack of space on
- the Frelighsburg Experimental Farm, the experimental orchz;rd, which had
been delsignated for the plum curculio research, had to be shared with Dr.

L. J. Coulombe of the Agriculture Canada Research Station in Saint-Jean,

Quebec, who was testing fungicides against the apple scab, Venturia inaequalis

3

(Cke.) Wint.. It was agreed that these tests would be repeated in the same
way during the three years (1978, 1979 and 1'980) that the plum curculio
research had been planned to avoid adding a further variable and any
associated bias. The possibility that the fungicides might affect the plum
curculio, however, remained.

Of the eight fungicides being tested in May 1978, benomyl and
fenarimol were selected for examination. Benomyl was chosen because of its
well-known biocidal effect on earthworms (Stringer and Wright 1976), mites
(Childers and Enns 1975; Poe and MacFadden 1972) and certain insects (Binns
1970; Colburn and Asquith 1973; Tomlin 1977). Fenarimol was chosen because

nothing was known about its insecticidal properties. The other fungicides,

)
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tested against the apple scab by Dr. Coulombe, were: captan, dodine,

glygaine, methyl thiophanate, metiram, and triforine.
7.2 Materials and Methods

7.2.1 Field work

The fungicides used by Dr. Coulombe in the experimental orchard

were commercial products sdld under the names Benlate‘D and Bloab. Benlatév,

a product of E.I. duPont de Némours and Co., is a wettable powder containing

benomyl as the active ingredient in a 50% concentration. Blodb, a product

- of Elanco Products Co., Division of Eli Lilly and Co., is an emulsifiable

concentrate containing fenarimol as the active ingredient in a 12,5% con-

~

centration.

In one of Dr. Cohlombe's treatments benomyl was applied as a

mixture with fenarimol at 0,40 kg/ha and 0,30 1/ha (0,20 kgAI/ha and 0,04 1AI/ha),

respectively. In another treatment, fenarimol was applied alone at
0,60 1/ha (0,08 1AI/ha). Each treatment was applied eight times between
mid-May and the end of June 1978. Spraying was done with a Swanson sprayer
releasing 4,49 hl/ha of mixture at a pressure of 1734 KPa. There Qene
three replicates of each treatment, each plot containing an average of -
five trees (McIntosh&cultivar) surrouﬁéed by buffer trees and having been
randomly selected in the ‘experimental orchard.

The effects of the two fungicides on the survival of 4th in;tar
larvae, pupae and adults of C. nenuphar in the soil under the treated trees .
vas investigated. Six emergence cages'(deécribed in Chapter 3) were in~

n

it
stalled under the drip line of the trees; one in each of the three replicates

[

of the two treatments and three other cages were placed under unsprayed
trees (controls) at the edge of the adjacent woodlot. The cages were

installed on July 5, and sunk five centimeters into the ground to prevent
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escape of plum curculios; the first larvae were introduced into the cages
on July 9.

‘ Plum curculio larvae were obtained from infested fallen apples b
collected on July 5 and 6 from an insecticide-free orehard two l;ilometers
north of the experimental orchard. This was to. av;Jid depletion of the

plum curculio population in the experimental orchard. Of the 42 750 apples
collected, 18 750 (44%) bore at least one crescent shaped oviposition scar,

typical of plum curculio.

These "plum curculio" apples were divided into five batches by
weight, each containing approximately 3 750 damaged apples. On July 6,
these were placed in five corresponding wooden boxes and installed inside
the adjacent woodlot for the tollection of emerging plum curculio larvae,
according to the method described by Paradis (1956). The bottom of each
box comprised a one centimeté:r wire mesh screen above a linen sheet to
catch the falling larvae and prevent them from :antering the soil. The
linen was in direct contact with the soil to provide enough m-oiéture to
avoid larval mortality from dejiccation. To further minimize larval
mortality, dropped larvae were collected and recorded twice a day at 0700 h
and 1800 h, between July 7 and 29.

Collected larvae were equally distributed twice each day between
the emergence cages. By the end of July,\' 350 larvae had been introduced
into each emergence cage. Between August 9 and September 19 each of these
cages was inspected daily to collect and record any emerging plum curculio
adults. Those recovered from the six cages in the treated plots were

returned to their orchard of origin, while those from the control plots were

kept for future laboratory attractant tests (Chapter 5).
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7.2.2 Laboratory work , -

The most likely fungic}.de to demonstrate an insecticidal effect
was benomyl. Unfort{t“nately, -in none of the treatments, was benomyl sprayed
ialqne. Consequently its effects on C. nenuphar larvae were examined in ‘

__W laborl*atorslr.w Watgr suspensions of the prc:duct were prepared at two
coriceritrations (0,680 and 1,370 g/1; 0,340 and 0,685 gAI/1); one was
slightly less and ‘the other sligh.tly more than the. concentration of benomyl
sprayed in the field. Fjilter papers impregnated with these suspensions
were placed in covered petri dishes. Eilte\r paper impregnated with dis-
tilled water and dry filter paper was used as the control.

of the 359 fourth instér larvae collected on Jixly 22, 348 were
divided between 12 petri dishes (29 each). This permitted three repli-
cations of the four treatments.

The dishes were examined once every hour for the first six hours
and then after 9, 24, and 52 hours when the experiment was terminated.

By !this time most of the larvae in the three dry controls had become in-
active.

Larval mortalit& was assessed by recording those larvae that did
not réspond to touching v:ith an entomoiogical needle as dead.

The 154 larvae that survived either of the benomyl treatments
were put together in a screen covered pail containing moist soil and peat
moSss a;md kept in ’;he insectary of the Experimental Farm. The pail was

examined daily, from August 9 until September 19, to collect and record

emerging adults.

r
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7.3 Results and Discussion

7.3.1 Larval emergence rate from collected apples-

on .F‘igure 16 is shown the daily dropping of C. nenuphar 4th

Winstar larvae from the apples in the five boxes installed inside the

¢

woodlot. The first larvae were obtained on July 9 and the last ones on

July 26. . O0f the 3 520 larvae collected, 3 150 were distributed equally
between the nine emergence cages and 349 were used in the laboratory test.

In addition, 11 were discarded and 11 were lost during manipulations.

If it is assumed that each of the 18 750 damaged apples placed
in the wooden boxes had only one oviposition scar (i.e., one egg), then

. ‘the 3 520 fourth instar larvae represents a-survival of 19%. Similarly

two eggs would give a suprvival of 9,5% and a corresponding mortality

of 91,5%; this representing the summation of infertile eggs, egg mortality,

and first to third instar larval mortali®y. This latter is probably nearer

reality as most of the apples collected had one to three oviposition scars.
It is suspected that the main mortality f\‘actors are: (1) crushing of young
larvae by rapid fruit growth, and (2) the ;ction of direct sunlight upon
fallen fruits (Crandall 1905).

~ The, three almost equal peaks in numbers of collected larvae

(Fig. 16) probably reflect a succession of favourablue and unfavourable clima-
tic conditions during the preceding oviposition period. Also, since larvae
were collected twice a day (to avoidsidesiccation) numbers of larvae obtained

in early mornings could be compa%ith those obtained in early evenings.

The ratio of total larvae falling ff-om the fruit during the night to those

falling during the day was 2 200:1)320 or 1,67:1. As this ratio is highly

significantly different from a 1:1fratio, (x2=219,5 and corrected for contin—
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Daily numbers of Conotrachelus nenuphar 4th

instar larvae dropping from 18 750 infested
apples held in cages and collected at
Frelighsburg, Quebec, 1978.
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uity of distribution)1 it can safely be concluded that more larvae &fopped
t A

during the night.

7.3.2 Adult emergence rate from the soil

On Figure 17 is shown the daily emergence of C. nenuphar adults

of the new generation in the nine emergence cages.

on August 14 and the last ones were recovered on September 18; the total

g

number of adults was 1 117.

To estimate natural mortality during the soil phase, only data

-~

?\ :

L4

The first adult emerged

from the three control replic;tes should be considered. 0f the 1 050 larvae

~

introduced into these cages, 462 (44%) were recovered as adults.. Natural

mortality in soil may, however, be slightly lower than 56%, as a few beetles

may have escaped detection.

4

7.3.3 Effects of the fungicides benomyl and fenarimol on the soil phase

of p

Of the 1 050 larvae introduced into the three emergence cageé

lum curculio

’

installed in plots treated with the mixture of benomyivand fenarimol, 325

larvae (31,0%) reached_the adult stage, while for. the't 050 larvae in the

fenarimol plots, 330 (31,4%} were recovered as adults; this compared with

a survivorship of 44,0% in th€ control cages (Table 24).

These 13% and 12,6% differences in survivorship between the two

!

< s
treaﬁhéﬁt means and the control mean cannot, however, be regarded as signifi-

cant because of the wide variation among the replicates, especially in the

fenarimol plots (Table 24). This suggests %hat more replicates (possibly

1

x2=6,63; a = 0,01 and one degree of freedom.-
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Fig. 17. Daily numbers of Conotrachelus nenuphar adults emerging from

the soil in nine emergence cages at Frelighsburg, Quebec, 1978.
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Table 24. Estimates of gurvival . of ¢. nenuphar during its summer
‘ soil phase wher exposed to fungicides present in the soil
by dripping under apple trees in the experimental orchard;.
Frelighsburg, Quebec, 1978.

L]

4 _ %-survival /replicate
Treatments *

I 11 IIX Mean + SE

Benomyl S50WP
0,40 kg/ha and [ )
fenarimol 12, 5EC . 41,1 16,3 35,4 - 30 113,0
0’30 l/ha . “

<
Fenarimol 12,5EC
0,60 1/ha 57,4 13,7 23,1 31,4 23,0
Control 33,7 47,7 50, 6 44,0 ig,o

-’D N

* Dosage of commercial products
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withu fewer individuals) would constitute a more appropriate experimental

design. However, if similar results were obtained during subsegquent
!
comparable growing seasons, some insecticidal effect against plum curcullo

could be attributed to these fung1c1des -

“

7.3.4 Effect of benomyl on plum curculio 4th instar larva in the
laboratory

Average mortality after 52 hours exposure to benomyl (9,680 and

1,370 g/1) impregnated filter papers and fungicide-free wet and dry filter

papers was 16,1%, 6,7%, 14,9% and 75,9% respectively (Table 25). Clearly
. there is no statistically significant difference between ben(;myl treatments
and the wet cogtrol. Lack of moisture, how'ever, did significantly increase
mortality. .

- g
0f the 154 "larvae that survi‘{ed exposure to'benomyl treatments, 116
(75%) reached the adult stage in the insectary. This result is comparable .
with the one of Smith and Flessel (1968), who found that 65% of C. nenup_h;
larvae (not exposed to benomyl), put in m01st soil and peat moss, reached ’
th:s adult stage. This suggests that benomyl does not adverseliy affect
‘\.4/ thls part of the plum curculio life cycle. Effects on fecundity, however,
l were not examined.

Some parts of this chapter have been published (Le Blanc et al.

1979).
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Table 25. Estimates of mortality of C. nenuphar 4th instar larva exposed
to benomyl for 52 hours
o %
1 l % mortality/replicate Mean’
Treatments. :
I 11 III X
Benomyl 5OWP . o al
0,680 g/1 13,8 20,7 13,8 16,1*
Ny
Benomyl 5O0WP 4 a
. 1,570 g/1 ' 6,9 0,0 13,8 6,9
Control ;
(wafer) 10,3 13,8 20,7 1?,9
a t
fgﬁ;;“l. ' 93,1 72,4 62,1 b 75,9”

1Dosage of commercial product

‘2Treatments with no significant’ difference (p=0,05) between means are
» followed by the same letter. Duncan multiple range test after an arc sin
vV~ % transformation (Duncan 1955).
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8.0 GENERAL CONCLUSIONS AND INDICATIONS FOR FUTURE RESEARCH

While the specific conclusions relating to each of the experi-

¢

ments conductefl during the course of this work are presented in the

- « \;\' Gt
respectivé chapters, it 1§ relevant now to make some general comments

and in%icate areas where future research work is warranted.

Plum curculio is clearly a difficult insect to trap. Its poor
flying ability and apparent lack of a broad spectrum response to visual,

olfactory and stereokinetic (thigmptaxis) sfcimuli, and reported lack of

- long range auditory response, do not hold much hope, for finding an

eff 191:'4: trap.

This is further underlined by the failure o

the/sixuk)lished

sampling techniques, reported in Chapter 3, to capture Wdults. This is

particularly discouraging because four of _these techniqués are regarded
as general methods. Jarring, on the other hand, persists s the beét
technigue to detect first appearance and relative abundancg of plum
scurculio adults within hogst trees. It is a tedious and tipe consuming
method, however, and is unlikely to yield estimates of C. ryenughar
population density that are accurate enough to be useful for the esté—-
blishment of economic thresholds. "It should be noted, however, that
because gquality standards for storage and marketing of the fresh produce

are so high, such a threshold would be very low. It may even constitute

the mere detection of plum curculio within the orchard.
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The use of intercepting funnels, however, was found to be more

practical than jarring and should be tested further within 50 m of potential
overwintering sites in orchards with low population densities of éhe plum

curculio. Results with ‘the funnels also indicated the need for an accurate

determination of overwintering site(?the plum curculio. This would

-

certainly increase the efficacy of any

]

itoring techniques by optimizing
trap location. Research now needs to be c:lZucted to determine the plum
curculios' pathway of spring migratioh from the qven;intering sites to
their food plant, and also to determine their primary mode of locomotion

at that time, e.g., flying or walking.

As these beetles locate their food and pviposition sites on the
host trees by walking along the branches, the boll\ weevil trap, used as
an interception trap (nailed to the branqhes, Chapter 5), or other inter-

ception devices, should be investigated further.

In addition, the search should continue for stimuli that might

w

attract males andgfemales to the host plant early in the spring. Clearly
these beetles must be attracted to the trees by some stimuli at this time.
Further clues may be provided by the plum curculio habit of nibbling the
flower" petal and, in some cases, mating in the blossoms. The improved

insect olfactometer (Chapter 5), developed during the course of this work !

could be useful in such a study. A more potent stimulus than ultraviolet

light, however, capable of making the majority of the curculios leave the
dark test tube and enter either of the apparatus' branches shéuld first

be identified. v © .
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Until an effective trap, specific to C. nenuphar, is discovered,
recording this insect's “effects" on Granny Smith apples could be usea'as '
a reasonably reliable monitoring .technicﬂlue. While not as efficiert, or
easy to work with, as pheromone traps, this technique can be used to fore-
cast plum curculio damage. It has the important advantage of detecting
plum curculio presence on host trees prior to fruit set. To be effective,
the first calendar spray against C. nenuphar, must be applied at the

calyx, or at the latest immediately before fruit set.

/The significant rank correlation established between oviposition
on these "monitoring" apples and damage, particularly harvest damage, is
evidence that plum curculio oviposition scars on the, Granny Smith apples
can be used ‘co' predict future damage; this was further supported by the
demonstration that harvest damage was not independent of the number of .
Granny Smith apples showing plum curculio effects prior to fruit set.
These findings suggest that further experiments with the Granny Smith
scout-apple technique s‘hould be conducted to clarify this relationship,
and to permit its practical use for the detection of plum curculio and

to predict future damage by this insect.

During the course of this work it became clear that plum curculio
damage was concentrat;d within the experimental orchard in those areas
adjacent to potential overwintering sites (i.e., within 50 m of adjacent
woods). Thus, it may only be necessary to apply gontrols for plum curculio

to the trees (an equivalent of five to six rows inside the orchard depending

on monitoring results) adjacent to potential overwintering sites. This '
'
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should be tested I(perhaps ‘starting with the second calendar spray), ss, if

successful, it would ccnsidef;ﬁly reduce the cost of plum curculio control.

-

It is my belief that the plum curculio still warrants more
research, especially with respect -to its ecology and behaviour. The'
following comment made by Stern (1973 ip. 267) seems particularty appropriate

for th‘é plum curculio: "Of course there are pests. for which years of

" trial and error studies are required to develop proper -sampling techniques."

y .
In the meantime the Granny Smith scout-apple technigue seems to' be the

most reliable monitoring method available.

3
b e ot & ———————
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