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., 

rRAPPING AND MON.ITORING TECHNIQUES FOR. PLUM CURCULIO, 
CONOTRACHELUS NENUPHAR (HEUST) (COLEOP'l'!RA: CURCULIONIDAE1, 

IN A ~OUTHWESTERN. QUEBEe .APPLE ORCKARD 

, 
Six publishe~ sampling teohniques, and six trapping and 

.' , three monitoring 'techniques developed by the author, were tested in 

a southwestern Queb~o insectioide-free Apple oOrchard to determine a 

reliable trapping and/or monitoring technique for the plum curculio. 
" , 

Adult captures in'intercepting fUnnels were distributed, 

in time and space, according to the seasonal development and ecology 

of this insecte Females were found to oviposit, prior to fruit set, 
1 

• i, -" 

on mature 'Granny Smith apples attached at major branch junctions in 
Il • • 

, ., 

s~andard Mclntçsh apple trees. Relationships between ovipositi6n on 

these . "monitoring" apples an~ "June" drop and harvttst- damag~ wer, 
, . \ 

found. Plum curculio damage was oonoentrat~d near potèntial ovel'-

wintering sites. 

1 

A superi.or y-tube insect ~ olfa'Ctom~ter w~s designed and used 

to test potential attractants for plum curculiQ •. '!'wo fungioides, 

benomyl and fenarimol, were found to have no effect on plum curculio , 

during i ts summer soil phase. 
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Ph. D.: Jean-Pierre R: r:.e Blanc EntœDlogie 

1ECllNIQUES DE PIEGEAGE ET DE DEPISTAGE DU ~ DE, lA 
PRUNE, "COtl>'J.'RAGHEWS NENUPHAR (HERBST) (COlEÇ>PTERA: aJRCULICMDAE)' ~ 

DANS ûfii P<:ME:RAIE DU SUD-OOEST bu ~, 

Six ted'lniques q'échantilla1rlage c:ooriÛes , six ·tech:!rlques de 'pié-
, . 

--.... 
geage et trois de dépistage mises au point par l'àuteur, cnt été mises 

à l'épreuve dans une pcmneraie rx:n arJ"'C?Sée aux ins~iC1 
~ ., 

dans le slXi-ouest du, Q.Jébec afin de détenniner \.l'le technique iable de '. 

piégeage et/ou de dépistage pour le chararr;oo. de la pn.J'lS', 

Les captures d' adul tes dans deS entamoirs d' intercepticn se 

sont distribuées, dans le tenps et l'espace, en accorct aveè ~e'dévelq:Jpement 

saisamier e~ l' ~logie de cet insecte. Les fàœll~ oot,' ~~, avant 

1 la nouure, sur des poomes Granny Smith rrllres attachées à 'des fot.Ù'ches . .. 
r 

irnnnrtantes de pœrniers McIntosh starrlards. Des relations entre l' ~ _.,....- -\., 

pos~on sur ces pannes "térroins" et les dCJl1ll8.ges à la chute de ,,~~n 

et à la récolte ont été établies. Les damages du charançon' dé la ' 

prune' cnt été plùs pl'a1Cl1Cés près de~ si tes probables des . quartiers 

d ' hiver de l'insecte, 

> ' 

Un 'olfactanètre plus fcn::tionnel a ébt mis au point et utilisé 

lors d'essais de substances attractives pcAlr ce 'charançoo, Deux 

féngicides, le benanyl et le fenariIOO1, n' cnt pas dérraltré ct' effet 'sur 

le chararv;cn de la prune dùrant sa Ji!ase souterraine de l'été. 
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1. Four goneral- .88mplinl 'techniques (ul~aviolet' liaht-trapt suotion 
-

apparatus. emergence cage. and soil suplinl) ftre tested fol', the 

northern univôltine strain of Conotrachelua' nenuphar ,(Herbat). 
. t:) 

On1y, the ultraViolet light-trap wart'anta furthèr testing, however t 

this would be for the southern mu1 ~ivol tine strain. 

2. It· was established that the boll weevil (Anthonomus pandis Boheman) 
'j 

sex and aggregating pheromone (grandlure) has no cross at'tPactive-
~ u /'-

ness for ~. nenuphar northern strain. ____________ ~-
. --------

3. Intercepting funnels hung under apple trees were found to capture 

p1um curoulio adults in sufficient numbers (second only to jarring) , " 

to follow the seaaonal development of this 1nsect. The distribution 

of c~;~es in the orchard indica~ed that such traps should b~ 
placed wi thin 50 m of potential overwintering si tes. 

'" 

l' 1 

lot. Tests with five other trapping techn~ques .developed by the author 
" 

(colour sticky traps J shel ter traps on the tree and on the ground, 

and interception traps, ~ne made out of PVC and the other using the 

boll weevil,trap) revealed this inse~~'s pOOl' flying aWflit,y and 

apparent laok of. a b'road' spectrum l'esponse to visud, olfactory and 

stereokinetic stimuli. 
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5. 
1 • ~ft17:~~ 

A superior Y-tJ,\be inaeot :"oltaow-ter Wu 'desianed and used to 
~ '.. " , ~ 

, < 

test potential', attractant. fOr piu. curcul.1o. ' 
, , 

- ,.. ( t.' ' , 

on mature Granny Smith apples attache4 at major branch :junctions ' 
1 

in stapdard .pple trees. 

7. Relationships between oviposi tiop on these "moni to~îng" apples 
• 

and "June", drop and, harvest damage were found. 

l' 8. "June" drop and harvest damage asses8ments, oarried out three 

years over the, entire 1,7 ha orohard, revealed a defini te con-

centrat~on of ourculio damage near pot~nti.,~J.,~~erwint~ring sit~s. , , 

CI 

9. Two fungicides, benomyl and fenarÎDIol. were found to have no , ' 

effeots on pla curoulio during i ts summer soil phase. -

." 
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1.0 INTRODUCTION 

1. 1 Background 

1 

Since insecticides became available they have remained the primary 

metho~ or control for the plum cu~culio, Conotrachelus nenuphar (Herbst). " 

Although over 2 000 references on plum curculio have been published, little 

information is available relating the populati~n densi~ of this insect 

to economic damage. However, as the plum curculio depends on the host 

fruit" directly for its developme~t~r suspect that t~e economic threshold 

will he round to he very low. Insecticide applications (pl'esently one at 

the calyx stage and another eight t~en days aftel') are invariably made 

according to the local "spray calendar", !..~., withQut knowledge of C.' 

nenuphar presence or relative abundance. The potential problems associated 

wi th such a strategy include the development of insect resistance to '1 

chemical"insecticides. resurgence of the pest, secondary pest outbreaks, , 
and noh-target effects comprising impacts on the environment and on human 

heàIth, ~s weIl as economic penalties resulting from unnecessary appli-

cations. 

The detel'mination of economic 1nJury levels and economic thresh

olds for major pests affecting important! crops appears, together ~ith the 

implementation of integrated systems of pest management that are less 

dependent on the use of ~hemical insecticides, ta he a valid approach for 

resolving t1fse problems. An early prerequisite for such a strategy is 

the design of reliable trapping and monitoring techniques capable of 

yielding accurate estimates of pest population density. 

with respect to the development of alternatives to chemical 

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

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

.. 
/ 

l '. 
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Cl 
wo "gross" attempts to co'\,trol .2,. nenuphar biologically, . one with the 

, , 

braoonid Aliolus ourculionis (Fitch), 'and the other with the ichneumonid 

Tersilochùs conotracheli (Riley), and no m~or attempts have been made, 
. 

using these insects or others. 

1.2 The Plum Curculio 
. 

In most modern general texts of entomology (~'i" Bonror ~ al. 

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

Suborder: Polyphaga 

\ 

\ 
Order: Coleoptera 

Superfamily: Curculionoidea ''------- ---------- ~-~ 

Family: Curculionidae 

Subfamily: cryptorhynchinae. 

This species was first described by Herhst (1797) under the name Curculio 
A 

nenuphar. The synonymy of this specie~ ~s given by Quaintance and Jenne 

(1912), Chapman (1938), ~d Schoof (1942). 

As reported by Quaintance and Jenne (1912), the generic position 

of this insect changed severaI times and the genus Conotrachelus was 

accredited by sorne authors to LatreiJle; although this appears to be an 

error. Schoof (Hf42), on the other hand, noted that: "De jean, 1835, 

. erected t~e genus Conotrachelu~, but merely listed the species included. 

Schonherr, 1837, was the first to bring together in a descriptive manner 
\ \ 

'" the known species of Conotrachelus l1
• 

According to Schoof (1942) the "tYPJ:l-i§.Jl.!,_oba~!y ~~ Zool. Mus. 

Berlinlt • ' l cohfirmed this by writing to the "Museum für Naturktmde der 

Humboldt-Uni., DDR 104 Berlin". Dr. Hieke\~eplied ~!.lforming me that the 

1 , 

j. 
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1 
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type is in their'.collection, but he noted that the series. of E,. nenuphar 

comprises seven specimens including the type which, however, ia not marked. 

Hence one of these seven sp~imens should be~elected as the lecto~e. 
1 

Sixteen of the specimens that 1 collected. selected to represent 

the br:oad ran"ge of 'morphologieal varfability, were 'sent to the Bio

systematics Research Institute of Agricultùre Canada !or identification. 

Dr. D. E. Bright confirmed that aIl were Conotraohelus nenuphar fHerbst). 

The Insti tute retained four of the specimens and the remaining 12 were, 

deposited in the Lyman Ent~mological Museum, Macdonald College of McGill 

University. 

1 

\ 
':l 
1 
f -
1 

1-: 3 Pest status of plum Curculio .' _. :' • 

The total--arlnual }05S oaus_cd by Pl' G~reulio 'ftttae:ekkls~t1trpIt10mn-1i-' t:-tsl:rl 
-----;-

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 toU to the value of severai million dollars". In fact, 
4 \ 

he reported that the produce from about half of Ge,orgia ,'s\ peach acreage 

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

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

Laspeyresia pomonell~ (L.). 

Reporting on the principal ·arthropod pests occurring in apple 
- -~~--- ~----- - - - - -

orqhard~ of midwestern and eastern North America, Croft (1978) listed p1um 

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

pomonella-(L.), he red-banded--leafroller-,---Argyrotaenia -velptinan; '(Wlk.), 
\ , 

fl'annual key pest" is one that "attacks the fruit directly, near,ly every 

, , 
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yelU", and has limited potential for control by biologieal means". 

In southw~stern QUebec. ?aradis (1955.~, X'èviewed the principal 

outbreaks of plum curculio between 1884 and 1954., He eoncluded that it 

generally causes signi'fjc~t losses to apple production two years out of" 

t'ive. In our region, however. this inse~as reported to be in complete 

regression after 1955 (Paradis 1968) 0 ln 1969 a res'urgence was reported 

to have started {Paradis !È. al. 1974; Paradis 1'916; Paradis .:! al~ 1977}. 

At the present time in our region pltÙn' curéulio is classif'ied as one of . 

the four "major pests" of apple orchards, .:ho!.; responsible for economic 

los ses in the majority of our Ipp,le orchards if no tr~atments are applied 

I
~_ (Paradis 1979). ~ 

l, • ___ -~l-.-4-Neéà-f-ot'~ and Monitoring Techniques 

Paradis (1979) noted' that .• specific monitoring techniques are 

I~ 1 available for eahb of the three other major pests of our apple orchards 

1 
f 
,-
\ 
k 
~ 
~ 

L--r 
1: 

1 

o 
\ 

\ 

Rhagoletis pomonella (Walsh), orthosi!l hibisa.i (Guen._)" and Panonychus ulmi 

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

that the replacement of' calendar sprays by direc~ed control _would result 
0-

in a 20% reduction in the numbel' of required insecticide and acaricide 
"-.0 

applications. 

It is evident that the development of trapping and/or monitoring 

- -~echniques for the plum curculio is critical if directed control i8 tO,be 

implemented' and if integrâted orchard pest management (IPM) is to become 

a l'eaU ty. This need exists throughout the area in which plum CUI'culio 

oeeurs. The importance' of t~e- curculio problem was underlined in a bio-

economic study of Hs injury to apples .(HaH 1914) _ Hall found that a 

.<!lJlmoderately" successful control programme (wi th two sprays) for the plum w ~ , 

curculi.o aione, would result in a cost-benefi t ratio of close to 20: 1 one 
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year âfter spraying ~li a s 
,'\ , 

'and 60: 1 . ~he folloWing, ~fU'; ~e 
• ~ ~ <>' 

,1 

concluded that sinee "it is necessary \to grade a11 ~resh fruit before sale 
'1 • .. \ 

~r storage •.• the increased e~ense~ alone (caused by this' ope~tl{onr~a.y 
, - , 

,~ '"Jo, U 

turn even, modest injuz-y into" devastating~ losses in net incomelt • ' , 
, ~ .. ./ 

AlthoUgh some prbgress towards apple orchard integrated. pest 
, \ 

man"gement has been "nade during ·.the lut d,eoade ;. espeoially wi tli the 

Use Çlf pheromone traps for Lepidoptera (Parad'is 1979) - liA multlple": 
~ \ "- 1 ''l,. 

speci\6s control tactic ~s not Y,et 'arailable for a pest o~lex such ~s 
o \ ' , '" , '. ' 

the codling moth. the - refl;panded leaf~ol~er, apple ~aggo:, 'Rhasoletis 

pomonella (Walshi' M.d' pl~ c~culiQ,t Conotrachelus nenuphar (Herbat>: 

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

North Am~rica apple< pest complexes if pheromone measures ar~ to com~ete 

effec.ti1lY ;'ith broad-spectrum cbeaieBl control measures ~bich provide 

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

1.5 Thesis OUtline 
'1 

In view of the above situation 1 focussed on f~nding 
, . 

reliable trapp:i:ng and/or monitoring techniques for th~ plum ouroulio. 
.., ... - ~ 

It 

" " 
was carried out mainly in a southwestèrn Quebec apple orohard (described 

(> 

below). Resu! t sare presented here tmder the following chapter headings: 
\ 

Li teratUre Review, Published Sampling Teclmiques, Tethniqqes ,':Itlvolving 
( \ '" # )~ , 

- Than~s, Trapping Teclûliques Developeg by the Auth~r, M~nitoring Inseot 
',,-

Effects - the Granny Smith Apple Techniqqe, Effects of.. Fungicid~s on Plum 

Curculio. and General Conclusions and Indications for Future Research. 

1 • 6 The Experimental Orchard 

The focal point of my field research was a 1,7 ha "experimental 
n 

orchard" i referred to as the I-wes·t section of the Department of Agriculture , 

, 
) 
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of Canada Experiment~l F'arm located at Frelighsburg, Quebec (45° 03" N;, 

1 

'\ 
"r 
\' 

This orchard hadl,,'nôt been sprayed wi th insecticide~ (c:mly 
o • 

6; 
, " 

1 

fungieides) sinee the 1974 growing season, and Conotrachelus n~nuphar was' 
.. , ' 

known to be present. The orchard consists principally of more, ~~an 200 

standard trees of the Mclntosh cultivaz: (90%), the res~ being malnly of ' 

• ' 0 

the Cortland cultivar (10%). The experimental orchard is borderéd on 
, . " 

three sides by a deciduous mixed woodland, the edge of, which is expected 

to be a major overwintering site for this weevil. On' 'its east side is a 

larger plot of conventionally sprayed apple trees (Fi;g,. i). 
/ 

Each trer within,the experimental orchard ia referred to according 
\ . 

to a grid system, A to N for orchard r~ws, and 1, ~:2, 3', ••. for the trees 

in each row, starting at the north end (Fig. 1). 
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Fig. 1. .E.xperimental orchàrd (1,7 ha) at Agriculture 

Can~dà Exp6riment~1 Farm, 'Frelighsburg, Quebec. 

Orchard rows (A - !'l). 
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2.0 . LITERATURE REVIEW 

2.1 Introduction 

The literature on Conotraohelus nenuphar (Herbst) is substantial. 

During the course my work J. collected over.2 000 references concerning 

this weevil. esent literature review, however, i8 limi ted to those 

articles of an~e to the development of trapping and moni toring tech-

niques. It is. arrartged unde~ the fallowing major headings: Biology 1 

Ecology, Fruit Injury, Behaviour,' and Trapping and Monitoring Techniques., 
/ 

References dealing with specifie techniques are cited in the appropriate 

chapters. 

2.2 Biology 

2.2.1 Life history 

" 
Tilton's (1804, cited in Anon. 1809) account of the habits of 

·:'Curculio" in Willich 1 s Domestic Encyclopedia probably refers ta Q. n&nuphar 
, 

and is the first published record of this insect 1 s biologyj al though he . 
1 

'incorrectly stated that it overwinters as a grub. 

After pr9ducing a series of papers on plum curculio dealing with 

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

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

.publi shed a 250 page "full account" enti tled "Tbe plum Curculio" (Quaintance 

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

insect, which Quaintance occasionally referred to as that '.'little Turk". 

,Of pariicular value is his 440 reference annotated bibliograph§ covering 

thè period 1736 ta 1911; together with his notes on synonymy, distribution, 

description of development stages, life history, habits, natural enemies, 

.. .L.... and control measures. 
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The essential features of ~. 1'lenuphar life oyole are as follows • 

... 
In our region (southwestern Quebec) overwintering adul ts become active one 

to two weeks before full bloom of the Molntosh~apple oultivar. Paradis / ~'t 

(1956) observed this in oages wi thin an orohard an average of 11 days prior 

to full bloom in this region; and Smith and Flessel (1968) obtained their 

first jarring captures on Mclntosh trees an average of six days prior to 

full bloom at Geneva, New York. 
, 

Once they reaeh the host trees the beetles feed on petal,s and 

leaves, and mating oceurs (Crandall 1905; Paradis 1957; Smith, and 'Salkeld 

1964). As soon as the fruit is set, females start to lay eggs' and will 

oviposit ~nto fruit as smalI as 0;6 cm diameter (Garman and Zappe 1929). 

~ 
Eggs hatch three to twelve days later, depending on temperature (Paradis 

(1 • 

1956). The larvae feed solely wi thin the fruit, which suffer premature, 

absci s sion 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). 
, 

Quain"tance and Jenne (1912) described the larva and noted the 

occurrence of four larval instars; ~ubsequent researchers have û'sed/average 

width of he ad capsules ta distinguish them (Table 1). 

The fourth instar larva le'aves the fallen fruit shortly after 

"June" drop, enters the_sail to a deptp of about 30 mm to pupate and adults 

emerge in late summer (Chapman 1938 ). Thus, t~e soil under the h?~t trees 

contains the fourth instar larva, the pupa and the adul t of the new gener-

ation. The average length of this soil phase varies, depending upon soil 

temperature, from 28 to 3.3 days il?- southwestern Quebec (Paradis 1956). 

~-

Most adul ts of the new generation emerge after mid-August in this region, 

move into the trees, and start feeding, on the maturing apphs (Paradis 1956). 

l' 
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Table,' 1. 
f .', 

Variatfons in head capsule width (mm) of C~notrache~us 

)-

0,2.~,_ 

0,26 

1 

, nenuphar larval instars. 

;, , 

'. • T 

.. ' Larval instar 

II 

0,45 

~. ~-

0,45 

0,51 
<. 

III 

0,69 

0,62 

0,78 

1 i~ 

. IV , ., 
~\ 

<9,96 

0,92 

1,10 

Source of 
material 
(strain) 

' . . 
> 

Connecticut 
(northern) 

Geneva, N.Y; 
(northern) 

Niagara, Ont. 
(northern) 

Reference 

Garman and 
Zappe 1929 

Chapman 1938 

Armstrong * 1958 

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

capsules, ~~.e., 9.7 to 146 Eer instar. 
~-
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Feedirig continues and by the first week of October curculios are no longer 

found on the trees (Le Blanc ~ al. 1981). 

In addition to the larva, accurate descriptions of the egg, 'pupa, 

.' and adul tare provided by Quaintance and Jenne (1912). Observations on the 

life_h~story of plum curculio on apples in the, United states are given by 

Brooks' (1910), cranqa'll (1905.), Dozier et al. (1932), Garman and zappe 
" --

t1929), Graham. (1938), Lathrop (1949), stearns et al. (1935), Riley (1870), 
" . 

a,~d Whi tcomb (1929; 1932-): 
-,.: , 

. 
~: . Useful; though -Iess complete, accounts are provided by Butler . , } ... 

ând Dozier (19.29), Chaptlran and Hammer (1932), Cook (1890), Crosby et al. 1 __ 

~ 

(1929)"DriggJrs (1935): ~ilinger (1940), Frost (1942), Garman (1927; 1934), 

Garman and- TeWlsend (195~)t Jacklin and Yonce (1970), Johnson and Hays (1969), 
" 

Knight .( 1922) ,- Lat!lrop, (1955), Mutchler and Weiss (1925), Petit (1904), 
, < 

Sande~t ~ (1928), Sarai- (1969), Slingerland and Crosby (1914), Swaine (1909), ,-
\ ;.. , 

.. Taylor-~~909), Wal~h and Riley (1868a), and Williams and Dozier (1929). 
k 

Canadian accounts of plum curculio life history' on apples are 

provided by Armstrong (1958) for Ontario, and Paradis (1956) and Petch (1927) 

for southwestern Quebec. Ear1ier, 1ess detailed accounts are given by 

Caésar (1917), Godbout '(1933), and Huard (1916). 

Snapp (1930) provided a comprehensive account of the life history . . . 
of C. nenuphar on peach trees in Georgia p~tterned after the work of 

i 

Quaintance and Jenne (1912). Snapp (1940), a1so puhlished additional in-

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

'complete, accounts of plum curçulio occurrence on peach in the United states 

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

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

, 
, 
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(:1911), Steiner and Worthley'Ü941), .. and Wylie (1954). ~ 
r •• 
1 

Surprisingly litt1e bas been published on the ~ife history of 
\ 

plum curculio on its na;tural host, Prunus spp •• A br-ie'f aoqount on pluma . \." 
, (or -prunes) in the United st~tes ls 

, 
provided by Cox (1951), and in 

Canada by Bethune (1901), and Saunder~ (1870); observations of 

plum curculio occurrence on cherries in Nova Scotia are reported by Brittain 

and Pick~tt (1933). 

In addition, plum curoulio oceurs on blueberries and accounts are 

provided by Beckwith (1943), Fulton (1946), and Mampe and Neunzig (1967), 

who noted that although adults reared on b1ueberries were smaller than on 

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

2.2.2 Univpltine and multivoltine strains 

p1um curoulio is univoltine north of virginia and multivoltine 

(two and sometimes a partial third generation) to the south (Schoene 1936). 

Chapman (1938) mapped this difference (see Fig. 2) basing his conclusions on 

the observations of Snapp (1923) ·in Georgia, Chandler (1~27) in 

Illinois, Petch (1927) in southwestern Quebec, Garman and Zappe (1929) in . 
Connecticut and stearns (1931) in Delaware, who hypothesized that 

the variable nurnber of generations per year over plurn "curculio' s range May 

be explained by differences in genetic make-up,. While i t i8 clear that our 

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

to what exterit ~ey differ from the southern multivo1tine strain in terms 

of their biology and ecoJogy. 

2.2.3 Diapause 

The southern muI tivoltine s'train of plurn curculio i8 capable of 

continuous reproduct~on. Smith (1957a; 1957b), for examp1e, maintaiped a 

f 
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1 
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'eul ture fro~ North Carolina for over 40 generations l'Ii thout hib.CfP'Kltion. 

stevenson and Smith (1961) found that when crossing southern and northern 

strains, while the progeny of aIl crosses l'lere viable, the level of fertility 

and ~ecundity of the F1 generation varied. Efforts to achieve genetic con

trol, by means of the reduced fertility and fecundity of certain crosses, 

l'lere not successful (Padula and Smith 1971). These studies, however; did 

indicate that the two plum çurculio strains, although showing some genetic 

differences, were not reproductively iso1ated. 

The northern un~voltine strain requires a period of hibe~~tion 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 (1961) found that they could break the diapause of second 

generation adults of the southern strain by placing females in a controlled 

environment chamber at l,7°C for 120 days. . While crossing field collected . , 
first generation adults of the southern strain with some from a strain reared 

in the laboratory for mo~e< than 15 years, Featherson and H~s (1971) found 

that, in general, the more "wild influence" in the genotype, the higher is 
... 

the rate of diapause in the progeny. 

• l'! Gaydon (1972) found that while sQuthern strain f1rst generation 

ad~lts {from South Càrolina} l'lere ,,~pproximately 85% reprod}19tive, about 85% 

of the adults of the second generation exhibited reproductive diapause. In 

t 
~he laboratory, he found that photoperiods -~f 12 or more hours/24 hours 

\ \ 

produced reproductive adults while photoperiods of 'less than 12 hours/24 

hours induced diàpause in ~dutts. In the field, similar studies demonstrated 
r 

that a 16 hours/day photoperiod will result in the production of mainly 

rep~oductive adults. These findi~gs c~uld explain partly why in southwestern 

, ,ec. .bere oost adul t • .olè the new 

, . , 

generation emerge after mid-August 
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(Paradis 1956), they exhibit a rep~oductive diapause and require hiber-

nation to bé able ta ovipasit the following spring. 

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. 

Quafntance and Jenne (1912) found that plum curculios became 

active after the mean air temperature reached 12,8° to 15,6
oC for three or 

o four days and became abundant on apple trees after several days at 15,6 C 

or more. This was confirmed by Dozier et al. (1932) in Delaware, Chapman 

(1938) in New York, and Lathrop (1949) in Maine. A similar situa,tion was 

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 i5 relatively insignificant when the daily maximum i5 

° below 23,9 C. 

Bobb (1949; 1958) in Virginia, found that adults, in c~ges within 

peach orchards, began to emerge when mean soil" tempe ratures 7,6 cm below 

i, 0 
the surface reached approximately 10 C; and Paradis (1956) in southwestern 

Quebec, found that adults in cages, within an apple orchard, started to 

o ° emerge when air temperature reached 19,0 to 15,6 C and soil tempe rature 

• 0 0 
,2,5 cm below the surface reached 13,3 to 13,9 C, and that emergence reached 

a peak at (air) 16,1
oC and (sQ.il) 14,4

oC r~spectively. 

Smi th and Flessel (1968') critically reviewed these studies and, 

based on their own data, concluded that "the e~tabli!lhment of precise pre

requisites for emergence will requi~e.more sensitive measurements of temper-

ature and humidi ty than have generally been employed, giving due regard to 

the actual si te of hibernation of the beetles". 

J 

J 
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of emergenc6 of f. nenuphar ~so been correlated with 

host tree phenology. Generalizations are more difficult to make than with 

temperature, however, as suoh r.elationships vary with host species and 

cultivar. Crandal1 (1905) in Illinois, reported first detection one week 

after petaI' fal1 (apple cultivar not specified) one year, and one week be-
• 

fore full blo~ the f~llowing year. During 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 petaI fall (appl~ cultivar not specified). Garman and Zappe (1929) 

in COnnecticut found, however, that emergence of the northern strain in 

field cages generally started when the blossoms of mos:t apple varieties 

were turning pink, and that curculios began to appear on host trees between 
,~ 

pink bud and caIyx stages. Chapman's (1938) extensive jarring records con-

curred with these findings for th~ Mclntosh cultivar in New York. 

The most comprehensive study was carried out on the Mclntosh 

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 
-l 

0,8 day prior tq petaI fall (range: 8,4 days beforeto 13,4 days after petaI 

rallt, (2) over a six year period 10% emergenceJwas completed an average of 

22,3 dàys prior to petaI fall, (3) over a five year period, jarring rècords, 

'however, revealed p.eak -!lPmbers of adul ta in the trees an average of 15 days 

after petaI fBIl, while the most râpid increase in their n~bers on apple 

trees was fouiid' to be three days prior to petaI faU, and (4) this ,clapse of 

time between plum curculio emergence and its appearance on host trees may be 
~ \ \ 

accounted for by the occurre~ce of a defini te period during which the ~eetle 

remains sluggish. Simil:r obse~vations hav~ been made byCbandler (1953), 

Paradis (1956). and Smith and Flessel (1968). 

\.. , 

) 
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2.2.5 oviposition 

Number of eggs laid by individual females is very variabl~, from 

one ta just over one thousand (Armstrong 1958; Brooks 1910; Crandsll 1905; 

Paradis 1956j Quaintance and Jenne 1912; Qusintance and Smith 1902; Smith 

1957a; Snapp 1930). In these studies, recorded maxima ranged from 122 to 
! 

1 016 eggs and minima from 1 to 126. Most first generation syuthern strain 

females were. however. found to lay more eggs than northern ones, an average 

of 215 eggs/female (based on seven experiments) compared with 123 eggsl 

.female (based on 10 experiments) respecti vely (see especially Smith 1957a). 

Control of plum curculio hy means of the sterile male technique, 
~ 

using chemosterilants and gamma radiation. has been tested, but results have 
1 

not been encouraging. These studies w~re inspired hy the successful local 
... 

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

the release of sterile males. 

Apholate and tepa, alkylating ag!nts, o~ly reduced the prbduction 

of plum curculio larvae at concentration~ that caused high mortality to both 

males and females (RoBch and Buxton 1965). While 2 kr of gamma radiation 

from a 60Co source resulted in an 87% decrease in the F1 progeny and a 31% 

decrease in the F2' efforts to increase these amounts by raising the rad

iation dose were ju'dged unlikely ta he practical because at a dose of 10 kr 
, 

50% of the tre~ted plum curculio males died within 10,3 daysnof the exposure 

(Lippold et al. 1968). Jacklin et al. (1970), using suhsterilizing doses of 

gaJllJl)8 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 he 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 P!cology 
, . ... 

2.3.1 Distribution 

The plum ourculio i8 native to Canada and the United states of 

Amerioa, its distribution ooinciding with its native food plant, the wild 

plum (Crandall 1905). This author noted that it oceurs within the area 

bordered by Canada to the north, the Gulf of Mexico to the south, the 

Atlantic Ocean to the east and the one hundredth meridian to therwest, the 

exception being- a record from Bitter Root Valley, Montana. This latter 

occurrence, however, was stated without foundation seven years later by 

Quaintanee and Jenne (1912) who esta~lished more preeisely the distr~bution 

limits of this insect pest, based on a collecti~n \oI ~eports from several 

investigators. 

Chapman (1938) provided further details of plum curculio 

'distribution (Fig. 2). In the U.S:A. he extended its ~ange into six states 
-

(including Montana) and in Canada into six provinces (Manitoba, New Brunswick, 

Nova Scotia, Ontario, Prince Edward Island and Quebec). He stated "The ... 
l-

northernmost point in the species' range is Winnipèg, Manitoba, and vicinit,y, 

at approximately 500 north latitude. The southern limit appears to be about 

28
0 north latitude, occurring both in Florida and Texas. Largo, Florida, is 

the southernmost record known to the writer •... With the exceptiQn of the 

isolated area in Montana, the western boundary of distribution falls near the 

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

, from there northward. The eastërn boundary i8, of course, the Atlantic 

Oce~" • 

In Canada (Fig. 3) it'appears to oceur east of the Rocky Mountains 

wherever deciduous fruits are grown (Armstrong 1958). In Nova Scot~a, 

however, it is ,only an important pest in unsprayed cherry orch~:rds (~rittain 

. i 

.: , 
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N.B.: The broken line indi9ates the boundary between the northern univoltine 
and the southern multivoltine strains Or the plum curculio. 

Fig. 2. plum curculio~ Conotrachelus nenuphâr (He~bst). 

distribution in North America (Chapman 1938, 
- 1 

p. 13 - reproduced,with permission~" 

~/ l 

.",~ ___ ~.""..,~A41i9,';;;i!= 

fi 

• 

~ 
CIO 

lA 
~ 

î 
,1 

o ! 
~ 

1 

1, 
! 

1 
! 

1 
1 

1 

1 

1 
l' 
i 
! 

1 
1 

< l 
l 

--~---_ ..... - '''-'''- ...... -~_ .... -" ................. ----~~-----~----



., _ •• _ .. -.,'"., .... ,./,,;t.~1W~~ ... Jf:;~':'.,-.... .,..'" , ~, '-~~J"!.'''''''''''' ""~,~ ... ~ .... ..,.--...t.~~~~""'l~W}IH~J'L ....... "'-;:' .... ~ .... }~~·.""":N:f'{"~*~Jlf.!f!!4WA!H#I' ... 't~,çx,,l!llloi.jit"M,4 ~~~ ... '!!)oet,,. ? ~'f 

" 
" 

~ 

,-

1 

; 
1 

i . 
l 

tr <Jo 

~ 

r' -...... .r._~j~~:" "~~~ -- \\ " 7-____ 1 • 
- ' 

IlMOIM otSTWIIUTIOM OF THE PLU» CURCÙU6. 
COHOTRACIIELIIS IENVPH4R(H8ST J. IN CANAD4 

• oc:cuRRENCE RECORD 

MAP C<*PILED'm 19" fQ RECORDS AVAIWLE 
AT DIVI$IOIAL HEADOUARTER$, OTTA,WA.CANADA 

1'1&\.0 OI'F'ICEIU AilE ItEQUesTED TOIlf:PotlT oa'llOlA 

'JISt'UPANCIES lM DISTlIIUTIOMlECOftOS TD HEADQUAlT!RS. 

Fig. 3. Plum curculio, Conotrachelus nenuphar (Berbst), 
distribution in ~anada (Insect Distribution Maps, 

c 

CANADA, vol. ~, 1960-1964). 
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provlmcher (1877)' and it is reported by Petoh (1927) in the followint< 14 è, 

counties of Quebec: Beauharnois, Brome, Chateauguay, Deux-Montagnes, 

Huntingdon, Iberville, Ile d'Orléans, Jacques Cartier, 'Kamouraska, 
, " 

Missisquoi, Rouville, Sherbrooke, stanstead, and Vaudreuil. SWaine (19091 

was the first too<record this pest in the Maodonald College apple orchard. 
'" 

2.3.2 Commercial host plant preference 

,Host plants include nearly aIl commercia11y grown pome and stone 

fruits:- plum, cherry, peach, apricot, apple, p~ar, quince and nectarine, 
l' 

. and oviposition preference follows this order, except for nectarine for 
\ ' 

which there is insufficient data (Quaintance and Jenne 1912). In Quebec, 

Petch (1927) reported that curculios significantly damage app1es, parti-

cularly early varieties, ,and he also n'oted their occurrence on pear, plum, 

cherry, and "haw and wild crab". Whi tCf).\llb (1929) confirmed their preference 
'= • 

for e-arly varieties (~.&., Duchess, Yellow Transparent and Gravenstein), and 

note<;i that Mclntosh apples are less severely attacked. The preference. for 
o 

cherr~ over appleS' was apparent in the Annapolis Valley, Nova scotia 

(Brittain and Piçkett 1933)',' whereas in New York, Chapman (1938) found 

apple to be preferred second only te plum, which is generally considered as 

the original host of this insect (Cox 1951). 

Experiments wi th the mul ti vol tine s train in Arkansas demons trated . 
that while plum curculio prefers peach to apple in the field', this relation-

ship. is reversed in the laboratory (Wylie 1954). In the Niagara Peninsula, 

Ontario, while apricots and nectarines are the favoured host, the plum 
, 0 ~ • 

ouroulio can, complete its life cycle on gooseberry (Armstrong 1958). 

QUa~ntanc'tl and Jenne (1912) had recorded this plant and huckleberryt grape, 

strawberry, currant and wild pers immon as occasionàl' hos ts • Blueberry hasf 
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subsequently been added_ to -thïs Hst" (Beckwith 1943; FuI ton 1946). 

2.3.3 Natura1 reservoirs and -resurgençe. ~ 
" • \L" 

In addition to 'its OCQurrenc~ "on cultivated fruits plum curculio 
" 

is common on wild fruits. 
l' 

This partly eXplains the suc~ess of this species 
~ " ~ " l , 

and, in particular, its abiÜ~y t'o rapidly reinfest orchà~ds in which spray.:; 

programmes have been discontil1ued (Hagley et ~1. 1977) (see a1so:, Chandler 
':1 '~--..... 

, " \ 

,1942; Glass and Lienk 1971; H~,n 197~). P.1um curculio ha~ been·'r~corded on 
-, 

~i1d plum (Prunus spp.), haw~orn (Crataegus spp.), and crabapple JMalu~. 

spp.) and also in black kpot of, p-lum (growths/ c~ers) caù-sed by the fungus 
l , , 

" 
J;>ibotryon morbosum (Schw.) Theiss. and Syd., on Prunus spp" (Chàpm~ 1938 

Quaintance and Jenn~ 1912; whîtcdmb 1929). In addition--to black luiot, i t 
1 

has also been recorded from "p~üm pock~ts~~, these latter being caused, by 

T~phrina communis (Sàdeb.)- Gi~~. (Wylie, 1~66). 

Plum curculio 'occu;rence on :wild fruJ t may explain the variabili ty 

in th~ level of cont~l ac'hieved by burn~n~' po~ehtilil. o:;e~intering 'si te'~ 
" Ir ... ~ " 

aroUnd orchards; whilë a 50% population, decrease was, rep01'ted by Grâ'ham 
~ , l' ~I 

, . 
(1938), Smi-çh (1948) commented that ae méthod was ineffectiye. 

. ((. . - . - ,~ 

• 2.3.4 Disp'er-s!'ll (marking experiment 

" 

Various studies using mark, release and recap\ure meth~ds have 
- \ 

been carried out to dete,rmi~e movement of plum curculio ~dul ts,";"i thin ' --, .", , 
orètiards. First generai;ion plum cu'rculio adults dispers~ very little and 

1 il; ... , 

, ' " ,', 
mOIii_t,:..probably s,tay on othe tree to which they migrate in' the sprin,g, while .-

, some"may move to adjacent trees. 
, , 

FOr. example, ot 649 marked (details, not given) plum curculio 
, , 

, '~/I, 

released on a single tr~e in a peach orchard in Georgla bordered on three 

sides by woodlots, exten~ive jarring teve,sled that only, 13 were found on 
, , ',., - ' ~ 

trees 10 to ,30 m away, a "few" being fou~ on neighbouring tr~es, "most" 

1 
1 

1 

~I 
'" i 
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remaining on the release tree (Snapp 1940). In an earlier experiment, 

involving 1 500 marked plum curculios. it was found that adults of the 

first generation rerila~ ned in a peach orchard even aftel' a11 t.he fruits were 

harvested (Snapp 1940). 

In another e~periment 200 plum cul'culio adults •. mal'ked with 
\ 

metallic powders, were released during May in a woodland at a common point 

15 m from the edge of the orchal"d (Steiner and Wol'thley 1941). 

Recapture was achieved by frequently jarring trees within the ol'chard. 

~WJtile one b~etle "moved" 146 ,m over 

'\~1I ~ver 40 9ays, 80% of the recaptured 

nearest to the point of release. 

10 days and another "travelled" 205 m 
, 

beetles were jarred from the two trees 

Radioisotope trac ers have al~so been used in plum curculio dis-

persal studies (Rings and Layne 1953; Rings 1954); although these experi-

~ents were designed more to determine the most suitable isotope than the 

dispersal behaviour of this insecte Ofythe 473 marked plum curculios 

r.eleased, 193 were' reccovered and their a,,:erage flight distance (different 

for· each of the five isotopes being tesied) ranged from 19 to 42 m. 

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 quiescent state near to their release point (distance nQt specified), 

suggesting "some" but "little" movement, from the field, made by adults 

enterirrg ·hibernation. 

2.3.5 Overwintering sites 

Plum curculio are generally assumed to overwinter in surface soil 

and litter aiong the edges of woodlots adjacent to ol'ch~ds. It bas aiso 

been sùggested that they might find similar. $helter aiong ~edge l'ows. fences, 

1 
i 
j , 

\ 



1 
1 
j 
, . , 

,T , 

) 

23 

and stone walls or. in rock ~iles with~n orch8fds. While ve~ few beetles 

have actually been found within such lo~ations. plum curcu~ioB have often'>< 

been found to be Most abundant in tree rows adjacent to woodlots (Graham 

1938; Smith 1948; Snapp 1941; Stearns ~ !!~ 1935; W,ylie 1954) and ~lum 

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

1905; Crosby et!l. 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. Snàpp, for 

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

the large quanti t~es of debris collecteq during the winter from the edges ~ 

woods bordering peach orchards in Georgia. Beetles have a1so been found 

under litter within orchards. As sorne of these beetles have been observea 

to'be still active, ho~ever, it is possible that they had not yet completed 

their fall migratio!,!, having heen retarded in their journey by unfavourable 

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

case with respect to the two records by Quaintance and Je~e (1912) or nine 
" \ "-

beetles found in the fall at ground level, up.der matted Htter, in small . 
/ 

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

other occasions. Despite this finding of 41 beetles with~n orchards, these 

authors nevertheless concluded that "unquestionably the bulk of the c~rculio 
1 

adul t population hibernates in trash in woods adjacent to orchards". 

, In rearing cages, when adequate shel ter. is provided, usually over 

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

the remainder gôing into the soil~ rarely dêé~er than rive ce~timeters 

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

maple and apple leaves (76% of ~09 curculios) rather than under dried grass, 

" \ 

( 
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Table 2. Depth o~ov~rwintering sites of caged plum curculios. 

Location of hibernating beetles (%) r ,/ . ~ 

~ 

plum No. of ,Bet'W'een In soil 
curculiif caged Within litter 
strain curculios litter and soil < 2,5 cm 2",5 - 5,1 cm 

r 
~ 

Southern ~' 111 
. 

50 l 30 20 0 
'" 

.. - . 
, 

j 

~oûthern 
~ 

2 <, 449 89 ' 9 0 . 
";, ' . 

" '- , 

r, " -:;:Southern 143 o ' p 

38 < 49 ' 5 
, 

. . .-
Southern not stated 0 100 .0 0 ,', 

"'- .>, 
, . 

1 

ssi 'cc 
~2 Northern' 0 93 4 

" 

" ~ 

': , 
Northern 7&1 0 95 5 0 

, , -,~ , . 
" , 

t' 

~ 

.1 

" . ' 
. 

>' 5.1 cm 

0 , 

. 
, 

0 

8 

0 

, 

1 4 

0 
~ 

" 

.,.. , . 

~ \ . 
j' 

Time of 
observation , 

November 1 
, 

March1 

March 
~ 

Spring 

j \ 
.. 'Y'" 

March' " 

April -. 

-

------
~ ~ , 

1 

Reference 

Snapp 1930 

Snapp 1938 

>' Bobb 1949 

Smith 1948 

Armstrong 
1958 

r 

Smith and 
Flessel . 

JI, 

1968 . 

INote : 13% of aIl thibeetles in this experiment emerged from hibernation during March, which suggests that they had 
1 ~ 

( 

'" 
started to move upwards during early March (Snapp 1930). 

.. 
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stones or corrûgated paper (Whitoomb 1929). Their tendency to seek shelter 

was first reported by Quaintance and Jenne (1912) who noted that, whon kept 

in glass jars, th~y tend~d to crawl out of sight between pieces of sode 
~ 

Beetles probably 6ttly enter the soi1 when the litt~r layer d~es ,not provide 

adequate shelter (~.'.&., 2,5 cm) (see. Smith 1948). Bobb 0.949), however, 
'l" .. 

found that in Virginia, 58 of 100 caged curculios hibernated within the 

, second and third inch of soil (5,1 to 7,6 cm) in March. The cages contained 
1 

on1y de~d 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 found that most beetles· (93%) died during the winter when 

no "shelter" was available. WHen such material (dried leaves) was available, 
..-; 

on1y an ave~age of 25% of the beetles died. The fact that some beetles 
. / 

survive the win ter in soil j isi! suggested', however, by the occasional finding~'" 
< -- ~ "'. 

" ' ' 
in spring of some beetles in the trees with clay attached to their bodies ': " 

~ 

(Garman and Zappe 1929). 
< 

A study by - Lafle'\I' and Hill (personal co~unication), currently i'ri' 

progress, using radioisotope tracers to mark p~um curculio adults, is dè~, 
\ ... ~ l 

signed to a~curately de termine the actual overwintering site of this insêct. 
,.' 

Their study takeso. place in the ,!3J.)uthwe~tern 9uebec 'apple orchard that was 
.' 

the focal point of my work. 

2 • 4 Frui t Injury 

. 
2.4.1" Damage 

• < 
,~ 

The main economic damage ~ apPtes is e~sed by new generation 
1 L' j- A-

"" V \ ,. .. 

ad') 1 t plum curéulios feeding on maturing fruit in rate summer and thereby 
'-- jo • 1 

.(-

making'them unmarketable as fresh fruit. O~ young fruit, however, these 
\ 

nutrition punctu~es (made 
. , 

by curculios ~oming out of. hibernation) cause ...... ... 
.' 

'\ 

.:.. .. " 

1 ',( 
• .1. 
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" 
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,tieformation, (resembling eat f'aeing), whex:eas on mature fruit the eavi ties 
.,"-

m,!lde beneath the skin (by the e~roulios' long snout) make i t impossible to 
~ ;,. '... .,.~ 

store aueh apples (Paràdis 1957).", 

c( "v)~< 'addftl.on;" oviposi tion and subsequent larval feeding wi thin 
"" .... ;,4~' • 

young frui t ~cause .those~ affected apples to be shed at "June" drop (Detjen 
v :1 \ 1 

1938; L~~ine and Ha~Li97~). While thi,s could reduce the final hltrvest in 
, ' ' 

\ :r 

years of P90r frui i:' set, in other years it could augment the natural bene- .. 
, " r 

le »'é 

fieial procéss,of p~siologiôal thinning. 
, ~ 

, ~ 

Oetailed de~~r~~tion~_and photographs of nutrition and oviposition 

scars are provided by Ch~PJ!.lan (1938) and Detjen (1938). The most aeeurate 
'. . -

description of oviposition, confirmed by my own observations, is provided by 
't . .. 

, ,-
~ Riley (1870) agd comprises the following stages: (1) excavating a hole with 

the beak; .,}2) wrning about face and then 1aying o~e egg in the hole, (3) 

turning agaip and pushing the egg into the hol,e .with the snout, and (4) 
~ h' 

cutting a ere~cent-shaped slit just above the hole ,thereby ereating a f1ap •• 
in the skin that prevents the growing fruit from crushing the egg. other 

1ess accurate 'o~ less detailed descriptions àre provided by Walsh (1861~ and 

Quaintance and Jenrle (1912). Crandall's (1905) observations of three ovi~ 

positing females confirmed the above pattern, and he further n6ted that it 

varied primarily in the time taken to complete the various operations, and, 
,'- \ 

C", consequently" the 'to_ta1 time taken for the egg-laying sequence. 
" 

2.4.2 Damage distribution 
, 

Injury to fruit hy plum curculio is .heaviest nea~ orchard margins 

E!specially wheft they are adjacent ta woodlots, the susp~cted oveniintering 
'1 , \ 

sites (Chapman 1938; Crandal1 1905; Crosby et al. 1929; Forbes 1906; etc., : ~ --~ -
see 1I0verwintering si tes" section of ~his ~eview). Only two $tud~es, ,however; 

have actua,~ly assessed damage throughout an entire orchfI'd. Oatman and Legner 

• j 
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~ ~ 

(1968) found the àbove generalization to b~ truc in an insecticide-free, 
. 

three acre (1,2 ha), sQur cherry of,ch4rd in Wisconsin and LeRoux's study 
, 1 

. 1 t 

(LeRoux and Reimer 1~59; LeRoux 1961) in an unsprayed 12,7 acre (5,1 ha) 
, . ... 

apple orchard in southwestern Quebec was, howeve'Î', inoonclusive. LeRoux's 

orohard was only bordered on one side bt a woodlot, 'the 'other sides abutting 
-Ji 

commercial sprayed orchards; and he divided his orchard into four equal 

blacks, a desigp less capable o~ revealing a difference between centra~ and 
'\ - 1 -, " 

marginal' damage then if there had be$l,a centI~al black. Alsa, his obser-

vations o'f E. nenuphar damage, which was very low, were combined with' data 

(~r four other insect pests, ~.~., Arahies argyrospilus (Wlkr.), Laspeyresia 
.:~ t. 

\p.omanel1a (L.), Coleophora serratella (L.), and Spilonota ocellana (D. and S.), 

", . 
together 'wi th mechanical in jury to fruit from hail. The data for total plum 

, ~u'rculia 'nu tri tion and oviposi tion damage derived from 16 sampling occasions 

over two years (eight/year) were analyzed for variance with respect to blocks, 

.- trees, levels wi thin trees, quadrants of trees (cardinal points of ~he compass) , 
and levels X quadrants. significant variation due to blocks was found on wo 

~ . 
occasions tduring the same year) and variation due to trees was found signifi-

cant only on one oçcasion. significant variation due to levels within trees, , . 
quadrants of trees, and levels X quadrants were found on three-, four, and one 

" . ocoaS10n respeotively. For none of the ab ove signifioant variations was a .' \ 

multiple comparis~n procedure performed. 

2.5 Behavioural Traits 
, 

Direot ob~ervation and subsequent utilization of insect behaviour 

in trap design has been à most productive approach to insect monitoring in 
\ 

the past (Prokopy, personal communication). Such o~servations for plum 

~urcurio have been made with respect to: thanatosis, stridulation, locomotion 

and diel aotivity. 
) 

.. 
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'" 2.5.1 Thanatosi~ 

Plûm curculio adults, togetlier with'many other ·coieoptera, exhibit 
l , 

• death feigning - also termed refle ~ iuunobilization or thanatosis by .. 

Wigglesworth (1972) - when disturbed. Cook (1890) was probably the first to 
\ .J 

soientifically record this behaviour when he wrote: lIWhenever the"weevil, 

or the limb on which it rests ia jarred, the curculio draws up its legs and 

falls from the trée". Chapman '( ÜJ38) supplemented bis description of cur-

culio death feigning with a detailed photo~raph of one individual assuming 

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

trees ta detect beet1es and thereby decide when control action was indicated. 

2.5.2 stridulation 

plum curculios,stridulate by means of Jibdominal movements Dut they 

pannot do so if their elytra are immobilized or removed. stridulation was 

first observed in Q. 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 th~t curculios are o~~ attracted to sounds made by 

individuals of the opposite sex, and Carlysle et al. ~1975) used scanninB 

electron microscopy and sound analyzing equipment to illustrate the stridul-

atory apparatus' morphologie al differences for male and female plum curculio, 

together with the production of dissimilar sounds by.reach sex. Analysis of . ~ 

this weevil' s "stress sounds"'- indicated that i ts stridulation capabili ty is 

not onlya displacement activity but.may also have an aposematic value (Webb 

ei; !!. 1980). The present state of knowledge about this behaviour in C. 
\ 

nenuphar seems ta indicate, however, that acoustical t~chniques are unlikely .. 
to be use fuI ,in trap dès igns . . , 

! 
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2.5.3, Locomotion 
J 

Plum curculio appears ~o fly only rarely, and is usually found 
, 

crawling on the branches of trees (Hauschild and Prokopy 1977). Cook (1890), 

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

plum curqulios wal"'k~ng up tree trunks and\. also flyin'g fr~m the ground to the 

tree. 
.' 

Few subsequent observations haye been mad~ 'and~the only quantitative 
> 1 

". 
study of plum curculio locomotion on trees is that of pwens ~ al. (1982) . 

• 1 

conducted in two unsprayed orchards (apple and plum) in Massachusetts. It 

seemslfrom these observations that for traps to be successful, they would 

have to catch'crawling rather than flying plum curculios •. 

, 
2.5.4 Diel activity 

Plum curculio feeds primarily at night when climatic conditions, 

particularly temperature, are favourable, although~eggs are laid about 
Ci 

equally during the day and night. 
( 

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

, 
cages within the insectarYi 1 037 eggs were laid du ring the day an~ 917 at 

-, . 
night when!as the ratio for feeding punc.ture~ was 2 594:3 037.' These obser-... 

vations were supported by those of Quaillitpn~e and Jenne (1912) and 'snapp and Alden " 

(1924) ~ Gaydon (1972), however, observed evïdence of,~o~tly noc~rnal 
, J , 

,activity. 
/ . ' 

He found that at mid~aay, resting southern 'strain' cUfculios became 
'" ? ..... , , ,- / 

active "soon" aiter a tarpaulin ~was placed over theiÎ>-' c~ges in ,~he fie Id. 

He also noted that curculios>~ecame active in the trees (in South Carolina) 

earlier in the evening on' cloudy days than"-on Cl~S. His' use of a 

fluorescent dye for marking insee,ta may.l, however, have made them 'èasier to 
... 

detect at night thàn in the d~. In the more northern region 9~plum curculio's 
~ J ....... 

range this pattern m~ ~e mod~fied, as the ~ight t~mpe~~~ure d~O~s~ elow/the 

critical level for activity more often than in the south (Smith ard 
.t )0 _~ 

1968) . 

\ .. . , 
1 

1 
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, 
No monitoring,~raps have been developed for"plum curculio, jarring 

! , 

being the only method that has been used 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 be compared with those of 

previous researchers. 

2.6.1 Visua! observations 

Direct observations of plum curculios within orchards are difficult 

because of their cryptic colo~ration (Taylor 1909). Gaydon (1972) used a 

fluorescent dye to try to ove~come this problem and Lefleur and Hill (personal 

communication) ar: presently successfully', using beetles labelled wi th 65in to 

study their behaviour throughout th~ year in the same southwestern Quebec 

apple orchard l used for my work. Owens et~. (1982) will shortly be 

publishing their data for ~.!., 128 hours of obs~rvations of 171 overwintered 
, .. 
adults in plum 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 
. - --- - -_. ------- -

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

clods or chips, beneath the trees". 

2.6.2 "RansolD chip"'- method 

The habit ot adults to hi de under shelter has been used ta trap 

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

cherry) in Michigan, being unable to find the ncurculio" on his trees early 

in the spring, searched among the leaves, chips,' sticks and stonès on the 

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

vation, he decided to provide the beetle with" numerous ar,tificial sheltering 
r 
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si tes (mainly chips of various mateJ'Ïal), which he then turned over each day 

and hand collected the beetles as a control measure. Apparently this was 
". 

successful as he reported col1ecting and kf11ing 2 514 curcu1ios in two hours 

from under 200 trees. Others, however, were 1ess successfu1 (see COOK 1890) 

and the method became Par':t of orcbard "folklore". Çt1aintance and Jenne (1912), 

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

jarring yielded 309 adu1ts during a comparable period or searching. 

2.6.3 Jarring 

Jarring evolved from being the on1y available method for con", 

, 
..> ' 

trolling adul t plum curculios (before insecticides were use<:U to the only 

method used for monitoring them; and this si~tion persista today. 

One of the mOEi t innovatiY6 ear l'y jarring devices was "Dr. Hull' s 

Curculio Catcher" (Walsh and Riley (1868b). A large inverted umbrella was 
, 

attached to a wheel barrow; the umbre11a had a slit allowing its inser~ion 

up to the tree trunk. The front end of the barrow was eq~ipped with a 

bumper, and pushing the "machine" strongly against the tree jarred i t 

sufficie,ntly ta cause curcuiios to faU into the umbrella, which acted as a , 
• __ .lo, ___ ~_~~_...!. _________ - - -- _ r-------___ ..... _____ __ """""-- _________ ~ _____ _ 

catching funnel; these, beetles were then removed and destroyed. This can-· -;.--- - --

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

the trees were then l\it with a wooden (and later rubber) 'mapet (Cook 1890; 

~ Peti t 1~04). One of the problems is that curculios resting in cavi 1:;ies in 

the bark or in fruits, as ~hes~~ deve1op, are often not dislodged by jarring 

(Crandall 1905). Also, this technique is more practical for plum and peach 
... 

trees than for standard apple trees, which have morel high branch~s that 

cannot be jarred practica11Y. In such case, the technique becomes a slow 
./ 4-

and tedioqs task (Brooks 1910). A 1engthy ear1y historica1 review of jarring 
. , 

is provided by Quaintance and Jenne (1912) together wi th an evaluation of the 
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economio benefits to be derived from Ha usage. UnlesB cheap labor .was 

readily available, however, jarring wu rapidly replaced by improved spraying 

methods as they became available (Slingerland and ,Cr()sby '1914). 

Jarring persisted, however, as the primary tec~ique'( used to 

gather ecological data about this species (Snapp 1930) ~ ta time insectici~al '" ,', 

sprays (Chapman 1938), and evaluate their efficaoy (Ch,andler 1940). In a 

Iater 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
Y 

sprays. Jarring has also been used in conjunction 

wi th mark, release and recapture techniques in blueberry fields in North 

Carolina (Mampe and Neunzig 1967). 

\ 
" The advantages, disàdvantages and appropriate uses of jarrin~ 

. . 
were reviewed by Wylie (1951) and fm'ther commentÉ; are provided in Chapter 3 

~ 

of this thesis. For obtaining large quanti ties of plum curculio adults, 

rearing is a more produq,tive--·method. 

2.6.4 Attractant stimuli 

~yst~· i,n the laboratory using' the Mclndoo olfactometer '(Mclndoo 

1926) have not revealed any strong attractants for plum curculio, "and \ 

1 
1:. 
1 

; 

_ --- --- __ ~ ___ • _ ~ --'_ ~ " ~I-C-", .,ri 

pheromones are tho1ght Î:ÎO'tU>exisH~d Gilpatrick' ; 9'76) none hayiJl~ ~ . 

'- ~ --------------
been isolated up to the present; although l am aware of only one re'Seiirch-------____ 

project that has examined this mattêt" (Calkins, personal' communicatio~). ' 

Many subst~ces that might be ~:Xpected to att:ract plum curculio 
'i '1, \ 1 .... 

have been found to be only slignPy'attractive, and others even slightly 

repellent. Nevertheless oveI!Wintered beetles appear to readily find sui table 
-,1, 

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

o~,green thinning apples (~.!.., 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 attraotivenesB of many tree 
0, 

parts (peaoh tree bark, leaves, fruit and blossoms) and ohemioals, inoluding 

peach distillate, only butyl acet'ate l!as found to be slightly attractive to 

plum curculios; although in the field no beetles were attracted to thfs 

substance over a 42 day pe~iod (Snapp and Swingle 1929a; 1929b). Other 

substances w~re, however, found to 'be slightly attractive in the field: 

salicyla1deo/de early in the season and gallié acid late in the summer 

(Snapp and Swingle 192911'). The number of insects caught l'lere sa 10w, how-

ever, that these oaptures might be accounted for, by beetles accidentally 

falling into the traps. 
• 

One of the main prob1ems (in the laboratory studies) was the, 

unevenness of the air currents in the Mclndoo olfactometer (Garman and Zappe 
\ 

1929) . 
1 

Design chapges made by the present author appear to have solved this 

problem and have clearly improved the apparatus (see Chapter 5). 

plum curculio adul t females are reported to be active both during 
~ 7 

the day or night (Quaintance and Jenne 1912), and in cages, Garman and Zappe '--. 

(1929) found adults ta be ,idecidedly positive to light". positive or"Ïent- $, 
J ' 

ation to ultraviolet light has been reported l'Ii th southern strai~ plum 

1 
curculios held in cages in orohards (Payne et !!. 1973)~, but exper.iments by 

the present author wi th the northern strain in an apple orchard provided 

contradictory results (Chapter 3); a1so, no records of light:-trap catches 

of _ the pest l'lere found' in the li te rature . 
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:3.0 PUBLISHED SAMPLING TECHNIQUES , , 

3.,1 Int'roduction' , . 

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

s~ling teclmiques were tested for Q. nenuph,w. Four are gen'eral sampHng 
, , 

l 

t1tchniques: ultraviolet (UV) light-trap, suction apparatus (D-v.~c), emer-

. genee cage and soil sampling. The other two involved speoifrc inseot baits: . 
pep+eug~nol, the lure for the Japanese beetle (Popilla japonica ~eWDlan), 

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

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

plum curculio. 
. 

. AlI thesé, experiments \(ere carried out in the 1,7 ha "experimentâ.l 
~ .. - ".2-

orqhard" located at the Department of Agriculture of Canada Experimental Farm 
>, 

at Frelighsburg, Quebec. As noted in the Introduction of this thesis, in 

which this "experimental orchard" is generally described, reference to 

(1 
location wi thin the orchard is made throughout this Chapter, and others, 

1 
according. to the ~rid system defined therein (Fig. 1). 

" 
3 .. 2 Ultraviolet (UV) Light-trap 

UV light-traps were used first by Robinson and Robinson (1950) to 
1 

colle ct insects., especially; nocturnal ones. They foijnd that many speoies 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. 

Using a UV light-trap, Frost (1957) reported capturing Curoulionidae, 
1/ 

ho~ever.he did not indicate the genus or species. Quaintanoe and Jenne (1912) 
a 

p 

mentioned that E. nenuphar flies at night, especially on warm, calm nights, 

and Payne !! al. (1973) found that laboratory re~ed southern strain plum 

1 
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ouroulios oriented to UV lig~t, the degree -~f orientation deorealiling as 
/ 

their distance from the light source inoreased. Because of these obser-

vations, l de.cided to test the tJv li,ght-trap for plum curculio. 

3.a.1 Materials and ~ethods 

1 
l used the Ward 4-baffle trap (No .. 29W6002 ) equipped with an eight 

watt blacklight fluoresoent tube (GE F8T5BL 2 .) l'Ii th peak spectral i'a~iation ,. 
" 

c.a. 36p tpn. The collecting pail contained water, with $ drop of l~quid 

deterg.ent add~d ,~s a wetting agent, to prevent escape of 
,.y :{ 

captures. 

In 1977 four of these traps we~e installed on the west side of 
- .ç 

the expe~imental orohard adjacent to th~ woodlo1l;. Two were five meters 

above ground level i~, the crown of trees N-12 and M-7 and the other-, two at 
if :; '-' 

, , 
ground leve! under the drip l;ine of -trees N-14'and M-9 (Fig. 1). These 

1" 
locations l'lere chosen l?ecause plum curculio damage is known to be mo~t in- ,. 

tense at such si tes. . A ~ifth 'trap was "iJ;lstalle~ two meters above ground 
. -' \ 

level in a plum tree (PrunuS sp il) two kilomëters north of the experimental 
, .J, 

orchard. The four .fraps in the orchard were powered by a 300 wat~ gasoline 

genèrator ~d the o~e in the pl~ tree by do~estic electricity supply. 
Î , 

The" four ·tpaps in the experimental orchar.d were operated from . . 
, 

2100 h to 0500 h the next morning on the following d,ays: MaYI 17, 18, :t9 
r 

(full bloom)~ May 26 (fruit set) and June 7, 8 and 15. These periods were 
~ , 

chosen because plum curculio. usually emerges and migrates to host trees at 

~ard; s 'Na~ral Science Establil3hmenr'Inc., Rochester, N. Y •• 

2 . 
General Electric Company, Clev~land, 'Ohio. 

" 
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the time of full bloom (Smith and Flessel 1968); oviposition begins at 
.. 

-f~it sét (Chapman 1938); and Most oviposition so&rs, 80% in a study hy 

Paradis (1957), ar'e made in June. The tl'ap in the plum tree was operated 
'-

from 190~h to 0700 h the next morning, -for two to three nights a week. 

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

JÙDe 15. 

, ,) ;l', / 
" 

3 .2.2 Resul ts and discussion 
i' . - ~ 
:Not a single .plum curculio was cap1rured, in any of the se five 
~ " 

traps. This ?-s'--sùrprising because curculios , 
_ J. 1,_ 

by jarring in the v;icini ty ~f 'the traps and, 

w'~re d~te~ted (uring the day 
J~' .... ~ ~ _ ~ 

on May 25, 96 out of 120 small ' 
'1~ 11'( 't" 

fruits (80%) collectéd from .the pmu; tree were found to be damaged by plum 
~ ~--

curculio. _The only hopeful s:ign was that, in the early morning of June 16, 
.. 1. " ~ 

( u "-

on~ plw& curcufio was found resting on the outside of the collecting pail of 

the trap in the plum tree. 
~ 

The observations by Payne et al. (1973) regarding the orientation 

of the southern 'multi::,oltine str~in to UV light were maGIe on caged indivi-
fI&' 

duals located between, nine metrJèi 853 m ffom the light source. These 

beetles weJ;'e held 'in opf?n ended wood en tunnels '(61 cm long and, 52 cm2' in 

cross section), and could choose between moving toward ei ther the lN source 
\ 

< 

or ambient. night ïumi~osi ty. The regression of adul t' plum curculios response 

to UV light on the distance from the light source of caged individuals was 

~stablished. The correlation coefficient (r) calculated for this linear 

relationship was -0,95 (p< 0,01). The maximum response, 93% of the beetles 

moving to the UV illuminated aide of the tunnel. was 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 li te rature • Also, other published records of UV light-trap 

. ' 

1 

1 
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'''-

oatches contain no records of .E. henuphar cap~es. 

My experiment. while not confirming or oontrad!eting Payne' 8 

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

tensitY UV light. Sinee !DY experiment took place at a time".. or /year when 

the nights were still quit~ cool (experimental orchard air temperature Mean 
,-( . 

minim~1.: May 1977, 7,7~C; June 1977, 11,40 C), it i8 poss~ble tha,t plum 

eurcul:to Has not active then .. Also, as these b~etles are poor fliers 

(8 auschild and Prokopy 19?,7) , the 4-baffle traps used may have inherent 

design limitations. 'r-

Detection of plAtm curculio., for directed control purpçses has 

to be achieved prior to fruit set, the time of the most efficient calendar 

spray for i ts control. At our latitudes, warm; calm nights arè not frequent 

at that time of year (experimental orcharii me an . air temperature t:or May based 

. ' 1 0 
on seven year records: 11,5 C). T~us, it is-'-unlikely that UV H.ght-trapè 

can be used to monitor this pest inrour region. At more southern latitudes 
,j 

. '~ 

or with the multivoltine stI'~in." however, it may be pos~ible to use s1}ch 
. 

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

wattage and trap design. 
, , 

, . 3.3 Suction Apparatus 

, 
Vacuum suction machines for sampling arthropod fauna on vege-, 

tation were developed first hy Johnson et al. (1955). Dietrick ~!!. (1959) 

modified thtt apparatus by adding a larger collecting cone equipped wi th an 

organdy net. A light backpack version, designed by Dietrièk (1961), is now 

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

lFreligbsburg Experimental Farm.! Meteo Station No. 2, about'! 00 m 
east of.. the experimental orchard. 

, , 

-'!"!rI!"1 lI!,II!tJl .. I ... IIIII.ICiII" ... --"' ... ·_·_ .. ..,..,..._ ............ ~-"- -
- .. - ~~~---~"'----.. _-_ ..... _.,"" ....... _ ... -............ ~-~ 
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"'" A 'D-vac was successfully used by Rivard !1!.!. (1979) fôr 

sampling the strawberry .,ecvil (Anthonomus,signatus Say) in strawberry and 

raspberry plots located i;' the vicinity of the exPerimental orchard. Since 

plum cut'cuHo is well known for i ts reflex immobi~ization behaviour (see 

" under "JarringL' in this .;::hapter), the hypothesis 'bhat individuals could, be 
(" ....... t l 

, .-
found on the herbaceous stratum beneath apple trees wàs investigated. 

\3.3.1 ,Materiats and methods 

1 
Tp.e suction apparatus used was the ~Vac Insect N~t (No. 24 ), 

equipped wi th a nylon organdy collecting bag. The suction cone opening is 

2 one square foot (929 cm ). When used on groùnd vegetation the cone was held 

at about fi v~ centimeters aboyé ground level for four to fi ye seconds per 

tlni t sample. On accessible apple tree branches, the suçtion cone, being ( 
( 

held up~ard, was moved along' their underside as close as possibl~ for eight 

to ten seconds per branch. 

In, 1918, the apparatus was used on tJte vegetation beneath 10 :randomly 

selected trees\.in rows K, L"M, and N of the e~erimental orchard (Fig. 1). 

r- " " 
Also, 25 branches on trees 'on rows M and N were explored wi th the D-vac . ./ 

-..J:. 

These locations l'lere chosen to maximlze chances of capturing f.. nenuphar.: 

later assessment of "June drop" damage shol'led t)lat 47% of the dropped frui ~5 

were damaged by plum curculio in this secti on of the orchard (see Chapter.6). 

The experiment was perfomed during the morning of June 8, one 

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

. acti·velY ovipositing. ~eir presence was- confirmed by the abundànce of 
.! 

recent oviposition scars on the smaH fruits. 

1 D-Vac corporation, Riverside, California.~ 
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Under each of the 10 selecte'd trees l put tlte auction cone down ::-
1 

10 times: tWice in eaoh; of the 'çardinal quadrants under the canopy and 
! 

twice near the' trunk. Each sample from one tree was ~moved from the cone 

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

one after the other and ,this compri~ed the eleventh~ample. 
~ - ~ J#' 

The fïrst 10" , , 
• 2 

samples covered 9,3 m of groWld surface. .,... . ~ 

3.3.2 Results)nd discussion 
~ 

Thorough hand sorting of the eleven samples revealed 1\9 plum 
.r -

. l "-
cureulio. TMs result ia not surprising fo.,r tlle sample taken on the trees. -" "~ 

< 
The apparatus i8 not designed for aeriai us~~ and curculios disturbed by 

t • 
\... .. <. .. .1- .. 

the sOWld and vibrations mày have dropped "to the; gro~d. On the o~het" hand, 
" j ~ -l' 

this result i8 surprising for the 10'groun~ level samples. 'Firstly, the 
,..... ~~ 1 ~ ~ 

apparatus t~Jknown to be efficient in this,type of habita~. ~êeondly, l ~ 
-

expected that in addition t'o any individuals -'1l1ready on the growird, others, , 
~ 1 

sound and vibrations of the "D-:-vac, ~Q.,,!ld fa11 from' the trêes, "4 
i 
disturbed by the 

~ , 
" 

feign death on the ~round fol" severa! minutes, and hel}Ce, be clY>tùred also. 
'. 1 

v..- 1,/ ;-. 

Thus, it seems that the sound and' vibrat:i:ons ·from the machine do 
1 G ., • , 

,1 ~ r ~ J 

not cause p1uœ cureul~d_to fali of~-the branches. QA~~O, that plùm'curculi~ 
.. '" l'''' ,,t { ,\ 

does not oceur on the herbaceous stratum beneath appl~ trees at tha~ time.' 
~: \ ~ <r ' 

\his wa~ further po~~irmed b,Y th~ wor,!( of anoth,~r' ,gra~u~<~e student, ,Dr. 9,uy 

Boivin, who found no plum curculiQ, in 1979, dur~irig bis mirid "samplihg '. . " , 
, ," ___ .... ,. t 

'- - . 2 
pro gram in the same experimental orchard. He sampled àn 11,6 m ground 

surface area wi th tire D-vac, twice a week 'between May and September. 
~ 

" ,,,l 

lIt view of these resul ts no further éxperiments l'lere carried out 
, il, 'r), 

with the D-vaco' It seems -unlikely that su6tion ,apparatus can be used to 

effecti vely d~tect plum '·~urculio • ..r 

:., 
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3.4 Emel'gence Cage '" 
i ~ ~ 

Emergence oages of variable design are widely used ~y entomol-

ogists to capture inseéts eso'aping"'"from Boil and vegetation. In,(the 
1 

~ 

fol1owing e~eriments l at~empted to captUre emerging overwintered adult , 

plum curc1,llios ... prior to theil1 spring migrat{-oh". 

-'''' 
3.4.l Materials and methods' 

4 
'r 

'. 
For my experimentf,; l used bottomless wooden frame cages, 80 'Cm x 

8Q cm and 30: cm high, covered l!ith 16 mesh galvanized ac~een. There is a 

20 cm wide sliding dodr in the roof of. ~ach cager. Cages were sunk -five ., 

centimeters into the groWld to prevent escap'e of emerging plum curcu1ios. 
~ 1 

" . 
/ ln 1977 four of ,these cag~ 'were instv.led over trash and 1eaf 

;. f' 

li tter at the" edge of th~ adj~cent wooçllot;", three along th~- w,~st side of 
, ~ -

Î'" ~ ! .. , 

the experimental prchard and '.one on the- -south "side-. Two other cages were 
/ f 

/ ~. ' ~ 

" 

installed, /~ithin the or;zc~arli er ~rees M-14 and H-1 (Fig. 1). In 1980 

nine cages \liere instalIed ree ta four m~ters into the wood lot over trash and 
""'t- .:/ 

~eaf litter; 

sides o~ 'the 

,;or -, 

three per side; equally sp,aced, ' along, the.~lI1es't, north and. sottth 
1 l' " ".. , 

< c 

orchard. -The woodlot locations were chosen· as they appeared ta 

be the mQst likely ove~in:~ring site! for p'lum c\\rculio: . 
, -

Iq 1977 the cages wer.e instaJ:1ed on May ,9, four days, before ,the 
l , 

, / 

"'pink bud stag,~;' and in 19~0 on April 22, o~e wee~ 1>efore green.. tip. This 
'.. \. -

earlier, installation !fas ta ·ensure that plum curêulios awakening earlier .. \ -

than usual from overw{nt~ring sites would be cpptured. In ,1977 the cag~s ~ 
'\ 

were examined on May 10, ).2, 13, ,17, 18, 20, 25, F' 31 and June 2 ..(one week 
" 

- after fruit set) "~d' in 1980 Oll- AprJl ,29, May 7, 12, 13, 14, 15, 19, 23, 26, 

27, 30 ~d June 5 ~at ...t'rui t set). 

< 

! 
\ ! 

" ... .lL r~ 

1 
1 

i 
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3.4. 2 Results and discussion 

No p1um curculios wore fpund. As the total area under the cages 

is relatively small (ab~ut 4·m2 in 1977 and 6 m
2 ~n 1980) it may be that 

overwint~ring adul ts were simply missed. This would be mast probable if 
" . .. ' 

plum curçulio exhibits an aggregated overwintering pattern. The ability of 
'1 

" pium curculio to survive in these emergence cages and my ability to detect 

them was confirmed in WO other experiments (Chapters 5 and 7). On these 
\ __ ~ "1:.. 

occasions ..ei ther plum curculio damaged "June d~p" apples or curcL\}-io larvae 
.,.:' ~" 

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

under trees in the experimental orchard or in the adjac'ent woodlot. After 

the curoulios had pupated, hundreds of emerging adults of the new generation 

were ,c0llected iT,l ,August, by hand or wi th an Jlspirator, from the screen and -. 
the wO,oden f;'~e of the cages. 

'. ~hus, until more is known about the overwinte~ing behavio7f 

this irl'sect t further work wi th emergence cages is not likely to he productive.) 

". 

3.5 Soil S~pling 

The ideal sampling t!=,chnique for plum cu~culio would he (me that 

asses ses population densi~ of overwinter~d adults migrating to the orchara 

",' prior ta frui t set~ Knowledge of the, location of oveMfinteri~g sïtes would 

be useful background iQ'formation for suçh an approach. By mid-octobe~ in' . 
• i'-

southerweStern Queb~ the beetles h~v~ 1eft the trees for their overwintering', . " 

sites (Le Blanc ~ al. 1981). Thus, plum curculio adul.ts were marked~J'and 
" , 

~ 

released in the experimental orchard and soi1 samples were collected later 

ta detect the overwintering si t'es. 

,> 

f 
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3.5.1 Materials and methods 

In 1979, 641 plum curculio, adults reared rrom thinning apples in 
i 

emergence cages were marked on one elytra with a dot or yellow lacquer; and 
..l 

• 402' othe ra were m~ked wi th (" red dot. For ease of marking, insects l'lere 

held in.batches or 10 for 30 seconds in a refrigerator at 7°C. It took a 
~-

" whole day to mark the' fi,rst group anQ 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 of'fligh~ ability of the 
\ 

marked insects. The first group (yellow ones) was brought to the ~xperi-

mental orchard ou. August 30: The insects were releaseq 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 a11 cages were empty. The second group ... ;. , 
(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 nol ill effects oh longevi ty or behaviour as a res'ul t or marking 

, 
and three individuals rec'aptured the fiollowing season assured them .of the 

durability of the marks. ,- _' \ 

Soil samples were .taken 'on ~ovember 7, after migration and before 

sno~ co~r. and e:""'ined for overwin~ing plum cur:culio adults. The samples 

were obtained by cutting wi1;h a "knife:\around a square. wooden template (64 cm2 ) 
1 • , , 
\ 

plaeed on the ground, Each sample was removed with a shovel, eut to 5 cm l' 

thick and. put in, a labelled polyethylene bag,' making sure that the soil and 
, . 

the vege~at'ion coyer of the sample are not disturbed. -The samples were 

kept at 5°C ~til extraçtion. which was conducted over the following month. 

Sample size was determined partly by the availabilit,y of extraction apparatus 
"" 1 .. 

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

increase my chances of finding curculios. Relatively shallow samples were 

f' 

,-, , 

\ 

l, 

1 
! 

l, -
1 

, 1 
! 
i 
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taken because smith and Flessel (1968) had found that when provided with a 
~ --, t ... 

vegatati ve covèr less than 5% of the beetles hibernate in soil, 95% being 

found at the soir-$urface. ' f 
• 

As some hibernating c~iolt have been found in the past wi thin 
~ 1 

ol'chards (Qua~~tance and! Jenne 1912) as weIl as -in woodlo1fs adjacent to 

orchards (Garman and ~zappe 1929), samples were taken in both sites. Wi thin 

the orchard 50 trees were randomly seleoted and three saniples taken from , 
, 

the soil under each of them, one near tne t~, one 'under the drip. Une , 

and one in the middle of the row between the selected tree ~d i ts closest , 

neighbour. In the woodlot, samples were collected at three stations along 

eâch of five transects perpendicular' to three sides of the orchard: one 
.1" ,;,1 

extending north..and the other south from ei_ther, end_ of ~ow '!J, and tru-ee Oh_ 
~ .1 ......, 

, , 

the west side starting at trees N-2, N-8 and N-13 (Fig. 1). Three samples 

were taken at eàch of the three stations, which were 10 m, 40 m and 70 m 

'" into the woodlot. Thus, a total of T95 samples were collected. 

The samples were a11 processed in a Hill (1969) modified Kempson 

et al. (1963) behavioural extractor. (see"~lso Beh~ 1912). Extraction 'was 

• ... 1 
carrled out until the ~amples we're comple.tely dry (three to four days). 

3.5.2 Resylts and discussion \ . 
)\ 

Beetles were found but no plum curculios. To check ~y had 
, ' 

remained in the samples these were hand sorted twice after first removing 

most of the drled soil by sieving; no curculios were found. 

2 As a relatively small area of soi1 was sampled (9 600em in the 
1 

orchard' and .2.880 cm2 in "the woodlot) i t _cannot be conc luded "that plum curculio 

r 'i 

-f-

does not hibernate in these araas. It was hoped that some individuals would , !l 
/ ' 

1 . 
1 

1 

be found (e~pecially marked ones) in one of the areas sampled, thus indicating 

r 
1 , 

/ 
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where to intensif y the search the following spring. 
, 

i ~J;" 

'As another graduate student, Mr. Gerald Lafleur, began ~study 

of the overwintering behaviour of plum ourculio in 1980 using radioactive 

labelling, no further soi1 samples were collected. If 1 had continuéQ the 
'1 

.experimènt 1 would have colleoted'~any more samples from a wider range of 
t' 1 

habitats and extendihg further within the woodlot. Experiments would also 

be carried out to determin~ if plum_curculios introducted into soil samples 
of' 

~are extracted in the Hill extractor. 

3.6 Lure for Japanese Beetle 

An attractant and trap for the Japanese beetle (Popilla japonica 

Newman) were first developedlby the USDA Bureau of Entomology (Courtney 1931). 

In 1977.I,obtained ten Japapese beetle traps and lure, pep+eugenol 
, 

(2-phenylethyl propionate and eugenol, 7:3) (McGovern ~t al. 1970), from the 

/ 
Agriculture Canada Japanese Beetle Survey Pro gram for Quebec. These were 

testep for their attractiveness ta plum curculio. 

3.6. 1 Matérials and methods 

The tral? 1 used is similar in size, shape and colour to the commer
\ ,-"-,,, 

cially àvailable~Ellisco Tr~pl and consists Qf a metal1ic 4-baffle device, 

painted yellow, inserted above a collecting funnel. The lure is dispensed 
, -

by a wick coming out of a small reservoir placed in the center of the baffles. 

The trap hangs from"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 a1011g the north edge and ,two near the 

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

lEllisco Co Inc., Philadelphia, Pennsylvania. 

' .. 

" 
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" edges of the orchard adji~ent t~ the wood lot to intercept plum curculios 

~igrating from their Most likely oveEWintering sites. The traps were in-

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

May 10, 12, 13, 17, 18, 19, 20, 25, 27, June 2 and ~O ftwo weeks after fruit 

set) • 
. r' ' 

This covered the peri~d of pi~ curculio mass emergence and migration/ ' -
\ 

ta the archard. 

3.6.2 Results and discussion 

!wa plum curculios. were captured on May 17, one day before full 

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

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

density of plum curculio, po further experiments were conducted with this 

• trap. 

3.7 Synthetic Pheromone for BoIl Weevil 

'. 

In the last two decades, as the chemical synthesis. of i~sect 

pheromones ~as achieved~ their use in surveys and contro~, attempts incre~sed 

rapidly. If the,existence or ~uch a.chemical messenger could be demonstrated 
. . 

1 

for either sex of the plum curculio it would provide us with a means 9f 

trapping them or of increasing the efficacy of other trapping devices. 
'1 

'Unfortunately, when l initiated my WQ;k; isolation a~d identification' of a 
~~.. , 

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

presently,,-

t 
1 

'. 
1 

'. 

'" 

.. "', ~ 'f 
Since the late si~ties,pheromones have been used successfully to .' 

monitor Many Lepidoptera. Wbile pheromones are specifie, usually this is 

due nat ta differences in their chemical composition büt rather to the ratio 

between their constituents. For example, l1-tetradecenyl acetatè'is the sex 

pheromone of female European corn borers, ostrini'a nubilalis (.Hbn. )., " and i t 

-', 

-. . 
1 • .~ 

• '1. 
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is optimally attractive to males when ïts (Z) and (E) isomers are present 

in the ratio 100:4 (Klun 1968). A related species, thè smartweed borer, 

'" . Ostrinia obumbratalis (Led.), is attracted, however, to a 1: 1 mixture of 

"-
these two isomers (Klun et !!.. 1973). Species ~elated at the family leyel 

may al~o be attracted by the same chemical. Thus, the red-banded leafroller, 

Argyrotaenia velutitrana (Wlk.), and 'the oblique-banded leafroller, 

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

sex pheromone, and again particular ratios of (Z) and (E) isomers determine . 

the specificity of -t,he pheromone (Roelofs and Am 1968; Reolofs and Tette 

1970). Even when a pheromone i8 "tuned-in" for a species by the .proper 

mixture of its components, non-target captu~es of related species are often 

en~red. For this reason, l decided to test grandI ure , the synthetic 

-
pheromone for the boll weevil, Anthonomus grandis Boheman, (Cross ~ ~. 

1969; Tumlinson et al. 1969), for i ts attractiveness for plum curculio. , --
3.7.1 Materials an~ethods 

, Through '~. D. D. Hardee1, l purchased thts pheromone incorporated 

in 4 em 2 slow release wafers (Hercon«> dispensers 2
) at a concentration de-

signed to last for at least' 28 da;vs in the field. / "Grandlure field attract-
< 

ancy tests for plum curculio were carried out wi th two different traps: a 
..-

boll weevil trap3 and a sticky trap 4 • An insecticide was used in the boll 

(' 

1 -
Pest Management Specialists Ine., Starkville~ Mississippi. 

2Herculi te Di vi sion of Heal th Chem Corp., N~w York, N. Y. 

3story Chemical Corporation, Willoughby, Ohio. 

4Model le, zoëcon Corporation, Palo_Alto, California. 
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, weevil traps to prevent captures from escaping; a 4 cm2 slow.release in-
'-

. sect~idal chip (~ercone Insectape' with BaygonO ) contai~ing propoXW: in 

a 10% AI formulation l'lBS inserted in each trap collecting ohamber: These 

were claimed to be e:ffe~tive for 28 days unde~ field conditions' (Bardee, 

person'al communication),. 
~ 

• 

In 1918, both trappiilg systems were tested in' the experim~ntal 

orchard and in a commercial orchard about eight kilometers to the sotith. 

Four bol~ wee,:"il 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 orchard (Fig. 1). A control, containing only an insecticidal chip, 

was hung in tree M-6~' Two similar traps containing the pheromone and the 

insecticide'were installed in the commercial orchard ,on the .side adjacent 

ta a woodlot. AIl, Six traps were installed in tree ~rowns (three to four 
(J' <, 

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 
~ 

l' (one we'èk after fruit set). The two in the commercial orchard were moni-

±ored, on May 11, 16, 20, 23, 21, 30, June 3 and 7. !WO stic~ traps, one 
0-

wi th the pheromone and the other serving as control, were installed at eye 
. 

level in trees N-13 and N-12, respectively, on May 25. These were monl.tored 

every day frOID May 26 to June 3. Another stidky trap containing grandlure 

was hung in a plum tree, two kilometers north of the experimental orchard 

and moni tored on the same days as ,Ithe two in the experimental orchard. 

Locations and' dates of these tests were chosen ta maximizë chances or' plum 

curculio captures. 

3.7.2 Resul ts and discussiOn 

, 
• 1 

1 
1 

1 
l, 

'1 
1 
; 

r 
j 
1 

1'(. 
~I ~ 

In aIl, five plum curculios were captured. Four on May 16, in baIl l' 
\ ' . 

weevil pheromone traps; three were in - tree M-13 and one in tree K-6. The 1. 
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fifth curculio was captured on May 3~ in the sticky trap hung in the plum 

tree • On ,June 3, new pheromone waf~rs wel'e put in each trap, but no more 

plum curculios were captured. In addition to monitoring ithe traps l also 

" 
exainined the adjacent regions on the tree for individuals that migltt have 

b~en attracted by the pheromone, but that did not enter the trap. None 

were seen. 

While the sticky ·trap seellls unsuitable, the bo11 weevil trap 

ho!ds some promise, and probably the next stage is to experiment with its 
, 

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

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

be questioned on the basis that the traps used were n~t designed originally 

for plum curculio, but no detection 0\ curculios near the traps further 

support; this conclusi~n. Further studies of this pherpmone using dif'ferent 
v 

ratios~ of the four components of grandlure should be carried out. The 

grandlure composition' used in, these ;ests was!] a mixture of i ts four components 

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

~ al. 1969). 

3.8 Jarring 

At the beginning of my ;;tudy, in 1977, excepting visual obser-

vations, jarring was the oitly published technique available for the detection 

_and collection of adul t plœn curc'ulios from host trees. Jarring had also 
, . . 

, 
been used as a control measure (Walsh and Riley 1868b) before the developlllent 

of chemical insecticides. 

The success of this teclmique ia caused partly by this insect' s 

-

t 
1 

behaviour of I1reflex immobi li zation" . This trait, exhibited by many Coleoptera, 

and partioularly by plum curculio, is also termed thanatosis or more simply 
, .... ' 
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death feigning (Wigglesworth 1972). 

When jarring was replaced as the means of control by chemical 

-"'~, insecticide's, its' use persisted to detect and collect the pest. Jarring 

/ 

" 

{/-' .. -

", 

, < 

'is general1y accomplished by hi tting the tree limbs sharply, once or twice, 

wi th a l"\1b~er maUet or a stick covered wi th rubber to minimize bark damage; 

dropping insects are collected on a sheet of contrasting colour, the drop 

cloth, held close under the jarred 1imb (Wylie 1951). 

In this study wherever jarring is mentioned the following pro-

cedure is implied. A one square meter white drop cloth, on a frame of two 

dia-gon~lly inserted pieces of light wood W8S held close under the jarred 
• !, 

tree limbe The iimb was usually jarred by means of two sharp rapid bl'ows 

with a 1,5 m long, hardwood stick, four centil)leters in diameter, the hitting 

end being covered by a piecé of rubber. 

Jarril!.g results âre aff'ected by many variables: size of· the 

jarred limb, size of the drop cloth, strength of the blows, height of the 

"jarrer", time of day and weather conditi?ns, principally ambien't air 
o. 

tem~rature and wind velocity. For example, when air temperature exceeds , 

22-239C plum curculio 'will more often fly away rather than drop. If i t 

" \ 

is cool-er but windy curculios will drop, but not necessarily ontÇl the 

drop clotho AU 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 dis~ussed by Wylie (-1..951-). 
-----

When the population densi ty of plum curculio is relatively high 

(as in my experiment in which harvest pamage was in excess of 20%) J jarring 

is the ~implest means "for collecting adul t curculios. Thus, i t cao' be use~ 

to detect presence of the pest and, when jarring is carried out systematdcally 
(l (l', 

in favourable locations and proper weather conditions, i t can reveal time of 

\ 
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- ) 

'appearance of the first individuals on the host trees: However, jarring 
.-

in low population densi ty are as , ia a very tedio~s teohnique unl'~kely to 

be reliable for directed control purposcs. 

Because of the difficulties with standardization of the technique, 
• , 0 q 

records of jarring were not kept: Jarring was uaed, however, throughout 

the study to collect small numbers of adult plum curculios when they wcre 

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

were reared from collected thinning apples, a far more efficient method, 

depending essentially on the number of damaged "June drop" apples collected. 

In the next chapter three techniques that exploit this "death 

fe~gning" behaviour of pium curculio are presented. 

-. 

• 

. ' 
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,,4.0 TECHNIQUES INVOLVING THANATOSIS 

4.1 Introduction 

Certain limitations of jarring have been listed in ~e previous 

chapter. In this chapte~, three experiments are des~ribed that aim to 

counteract these difficulties and to exploit, in different ways, the reflex 

immobilization behaviour of ~. nen~har. ,"'\ ' . 

~n the fi l'st experiment the effect 'lSId decrea~ing evening temper

atures on "lum curculio dropping from host trees was 'investigated. The 

second experiment involved jarring smaI1 branches, detac~ed from the trees, 
6 

and the third measured, thé incidence of plum curculio dropping from the trees ~ 
, . 

because of natural causes, principally wind. 

4.2 Drop Cloth 

During the period when jarring was used to contr~l plum curculio,· 

it was normal to jar each tree in its totality. For that purpose an upside 

-
down "umbrella", the diameter of the tree canopy, secured on a wheelbarrow 

equipped wi th a tree bumper, wàs used (Walsh an4 Riley 1868b). Later. large 

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

the tree trunk or branches being hi t wi th a large Mallet or a stick and the 

beetles collected and destroyed by physical me ans . In this experiment l 

wanted to examine the effect of decreasing evening temperature on the rate 
1 

- of plum curculio falling from host trees. It was expected that as the temper-

ature dropped, to some particùlar_ threshold, the beetles would become 1ess 

active and sO~e would fall from the trees. , 

When ambient ai~ temperature is relatively high (above 22o
_230 C), 

plum curculios are more active and if disturbed many fly rather than fall 
r 

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

! 
'1 

, , 
j 

1. 
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and even qui,escent. At such times they are more likely to drop when the 

wind vibrates the branches of" the trees" My hypothesis was that, as a ' 
, ~ 

critical air. temper~.:ture ls rea.ëhed"during: the evening or 'niglÎt" at least some 

plum curculios would.drop from host trees. ~ 

The hypothesis was first tested in the la~oratory: Small apple. 

branches, ~ .. !.., 1,5 m) with curculios on them, were brought in1(o a walk-in 

refrigerator in which the air was still. '. 0 
~ile none fell at 15 C, an 

average of seven out of ten f~ll, without shaking the branches, wït~p. the 

first 15 minutes at 10
0 e (the experiment was repeated three times) . 

. 
4.2.1 Materials and methods .. 

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

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

it by visual observation during the day (1800 hl. The drop 'cloth was eut 

ope~ on one side to' the "penter to aeeommodate the tree trunk. Velcro" was 
t 

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

the ground by smaH posts. 

The drop cloth w,as examined eve~y hour from 2100"'h on June 15" 

until 0100 h the following day. Ambient air temperatUre decreased from 15°C 

to lOoe i~ the experimental orchard during thil:! period and the wind was very 

'" light. Based on ~ laboratory observations this lowest temperature would 

appear to be adequate to test my Qypothesis. 

4.2.2 Results and discussion 

Not a single curculio was detected on the drop clotho Curculios 

May have dropped in the refrigerator because the temperatur~ decrease was 

sudden, while in the field this decrease was gradual, extending over four 

hours. This may have given the curculios time to MOye to suitable shelters. 

1 
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Alternatively sorne èurculios may have fallen between inspection periods and , , 
simply escaped from the q~ oloth. 

In view of the negative result, the inconvenient tlme of sampling 

and restrictivè requirements for a success~ul result, the experiment was , 

not' repeated. 

4.3 Jarring Detached Branches 

, .. 

previohs observations by Paradis (1957) indicated that at least 

some plum curculios feed on the apple blossom. To test if the blossdm might , 
" attract~cufculios that had just emerged from overwintering l decided to j~ 

-< 

bunches of small apple branches - the ùevelopment of which had been advanced 

in the greenhouse - placed in the experimental orchard prior t~ the natural . 

blooming periode 

~ 

4.3.1 Materials and'methods 

For the purpose of this test, in la~e April'X977, 300 brânches 

one me ter long were pruned from insecticide- free Mclntosh trees of the 

experimental orchard. They were immediately put in a large garbage pail 
. 

contain~Pi, water, to prevent air infiltration at the cut ends. Later the 

same day the branches were transferre~. 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 ppm, alumipum nitrate' (~ousselle, personal èommunication). 

On May 6, when the branches were in full bloom, they were placed 

in the experimental orchard in ten pails, each containirrg 20 branches to

gether wi th the same nutri ti ve solution that was uséd in the greenhouse ~ 
1 J 

Iwo pails were spaéed equ~lly on each aide of the orchard and two were put 

,i , 

" 

J 

~ 

1 
1-
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Q.ear to the center. This design was ohoflen to provide information about 
. l ' . . 

the migrat~on of overwintering ad111 ta to the orohard. 

The branches were monitored for p1um ourculio over a five'd~ 

period, first visually, and ,then by lightly shaking the branches over a 

piece. of white cardboard. This operation was' done twicè a day. betw~en 

0800 h and 1000 h and alao between 1700 h and 1900 h. These times were 

chosen to avoid high temperatures when 1;pe beetles .would be, more active, and 

more likely to escape deteotion. Monitoring was càrriedout on May 9, 10. 12 

and 13 (during the orchard pink bud stage r.;, On ~ 13 the branohes in the 

pails lost their petaIs and the experiment was tenninated: 

4.3.2 Results and discussion 

Plum curculio was not detected by this technique. altpough on 

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

jarred from a bloo~ing plum tree, two kilometers,north of the exper~mental 

orchard. Although weather conditions at this time were suitable for curculio 

emergence, jarring in the experimental orchard on May 9, 10 and 12 revealed 

no plum curculios. ,Thus. it cannot be concluded that such branches could 

not attract plum curoulios be~ause if they had been installed later" captures 

may have been obtained. although at that time the branches would have been 

ih competiti~n with the blossoms of the trees. Also, the fact that the pails 
\ ' 

were at ground level rather than in the crown of trees might have made them 
,# 

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

attract insects was, however, apparent from the numerous pollinators that 
... 

were found on the blossoms whén searching for plum cureulio. 

Because of the negative result and of the difficulty in synchron-::-, 

izing blooming of the eut branches with plum curculio migration and pink 

bud stage in the orohard, the experiment was not repeated. 
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4.4 Intercepting Funnels 

The final method based on thanatosis that 1 tested was suggested 
;' 

by the work of steiner (1965). Steiner h1:IDg f:unnels in apple trees to 

collect falling arthropods killed by pesticidal Bpr~s. 

In my experiment large funnels were used to catch plum curculios 

falling from the trees because of natural causes, principally wind, The

funne~s were installed wh~n plum curculios are likely to be migrating to 

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

on 1eaves and blossoms, !.!', before they do any economic damage. At this 

time night temperatures often faU below 15°C, or even 10oe, and plum curculio 

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

4.4.1 Matèrials and methods 

Ten funnels were construoted (Fig. 4). The upper opening ls 

2 0,65 m (i.e'" 2/3 the size of a one meter square drop cloth ) and consists 
I? 

of a plastic hoop to which is attached. by heat soldering, a cone made of 

heavy gauge (0,15 mm) green polyethylene. This, colour was chosen ta avoid 

contrast wi th the orchard cover,' which might have repelled plum curculios 

from exploring the tree limbs above the funnel. The base of the funnel 

cone, bearing ~ circular two kilogram weight, is i?serted in a plastic pail, 
" , 

sunk 30 cm into the ground. ,The pail contains a ti-ipo'a to which a vertical 

metal rod, 45 cm long, la screwed to prevent the funnel base' from blowing 
, 

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

insecticide permethrin 1 (0,2 'g/l) 2 to which ia added the wetting agent 

1 ' 
Ambush\ 25 WP, Chipman Inc., stoney Creek, Ontario. 

2 Dosage of commercial product. 
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Fig. 4. 
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'(A) ~tercepting funnel hung under an apple tree Ibranch in 

the ~perimenta~ orchard at Frelighsburg, quebec, 1979. 

(B) crose-up. ~ 
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Tergitol~ ~ (0,5-1,0 ml) to prevent escape of captured insects. Thé' 
.- J 

insect~ide permethrin was chosen for its fast knockdown effect and low 

- D ' mammalian toxicity. The wetting agent Tergitol was chosen because, in 
-

contr~st to most 1iquid detergents, it ia odorless at least to humans, 

and i t was hoped it wou Id be un.likely to influence plum curculio behaviour. " 
"-

Three ropes, attached to the hoop, were used to secure the funnel to a 

suitab1e tree 1imb. 
,. 

The funnels were installed in the experimental orchard, one under 

each of la Mclntosh trees (Fig. 5). The distance between each funnel and . 
the adjacent woodlot was recorded. AlI the funnels were installed on May 7, 

1979 (three days before the pink bud stage) and monitored oncé a week until 

" October 15 (two weeks after hanrest). Captures were removed by pouring the -contents of each pail through a sieve into a spare pail. The liquid in 

the ~i1s~as'replenished when nee?ed and genérally replaced- every two weeks, 

, or' more oft,n ,at times of heavy,rain. Weekly captures were ,stored in 

labelled jars containing 70% methanol and /~exed, at' a later date, according 
1 

ta the method of Thompson (1932). 

4.4.2 Results 8lld 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 

O~tober there were no captures_ and so the experiment was terminated. Al

though total number of captures is smaIl (76 individuals in 10 funnels), 

t4eir patterns of distribution in time and space were found ta be related 

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

~nion Carbide Canada Ltd, Toronto, Ontario • .,. 
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Fig. 5. Loqation of the 10 intercepting funnels 

(a-j) in the experimental orchard at 

FreI ighsburg J Quebec, 1919. 
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4.,4.2.1 Sex ratio of captures J 
1 ~ • , 

Except for the first week, when male:f~ntale oapture ratio was 

-
1:1, fenles generally outnumbered males"(43:33 or 1,3:1 for the season). . . 
This ratio, however,' was not,significantly different from 1:1 (i= 1,316,·)1 • 

• 
These findings contrast with Smith and Flessel's (1968) obs~rvations from 

jarring, that males appear earlier ,than females on host trees in 'spring; _ 
, 

however, these data do support their finding, during their eight year stùdy, 

of a seasonal dominance of females in jarring oaptures. Based on extensive 

observations, Smith and Flessel (1968) a1so reported that plum curculio sex 
--'------- ':./ 

ratio .of emerging adults after pupation was 1: 1. The sltght-t though not 

statistically significant, difference in the sex ratio of seasonal- ,captures 

observed i~ the present study may be acoounted for by variations due to 

sampling and/or female curculio 1 s longer pers~tehce on the trees and/or by 

a slightly higher winter mort.~~m.les. 

4.4.2.2 Captures in relation to plum curculio seasonal development 

Maximum number of captures, wi th a weekly average of 7,8 indi vid, 
uals for the ten funnels, occurred in May whèn flowering buds passesl from 

pink tip to froi t set (Fig. 6). At that time plum curculios become active, 

colonize app1e trees, and begin to feed and mate. In both 1979 and 1980, on 

warm ,May days, plum curculios were observed mating in the appl~ blossoms. 

While this is the first recorded observation of this behavi our , it seems 

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

sexes together. 

1 2 
X = 3,84; œ=O,05 and one degree of freedom. 

) 
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Histogram of weekly capture of ConQtrachelus nenuphar adul~s with 10 
intercepting funnels in the~xperimental orchard at Frelighsburg. 
Quebec. 1979. 
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A second capture period (3,5 individuals per week) J extending 

J " 

from June" 11 to July 23 (Fig. 6) J coincided wi th the ;peak oviposi tion period 
" 

(June) and the p~siological frui t ~.op (J,uly). This declirie 'in captures " 

reflects the increase in overwint~ring adult mortality once mating and ovt-
" '" , 

position is completed. Very few, individuals are thought to })ibernate a 

second time (Paradis 1956). 

During the last week of July and the first three weekp of 'A~gust, 
1 \ 

'when plum curculio pupates in the soil, no captul'"es were reoorded. This 

probably reflects the small amount of generation Qverlap' fol' this insect in 

our region-. 

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

from the last week in ...August ta the first week in October -(Fig. 6), coincided 

with the emergence of the new generation. These sexually immature adul ts 
~ , 

feed on maturing fruits until harvest when they start ta migrate to their 

ov:erwintering sites. Migration is completed by the time a11 the leaves have 

fa1len. 
• 

Clearly the critical time for monitoring plum curculio to provide 

useful inform~tion for i ts control is before frJi t set. - At' that time the 

ten 'funnels had captured 28 individuals, 37% of- the total for the- ~eason. 

Such a densi ty would be expectèd to cause immediate _ extensi ve damage to -the 
, ' 

~ ~ ,-- -
young apples, and the subsequent larval d~velopment in the fruita, to s~gnifi'" 

r 
l' 

1 
1 
1 

. '-

"-. 
.. 

cantly increase the pI1ys,iological fruit drop (Levine and Hall 1977) and 

- fi 

probably a1so :final yield. It i8 possible, however, that early-damage to 

young fruit would constitute a beneficial thlnning JIlechanism of applè"tre~~,~ 
'~,~ 

. . 
" , 

The maturing fruits, however, would have to be protécted from damage by new " ", ' 
',~ generation adul ta by removing the dropped apples containing the next generation 

of plum curoulios" or alt~rnatively by apptYing an addi tiona1 inseoticide-

spray in August. ( 

., 

, , 



l 
'i 

, 
l' 

! 
J" 

, 
') 

f 
,\ 
[ 

1 r 

fI",_ az*'W1t"'h&22E2~t:.~k"J,.r ,:p; l..'.... ___ ~ _______ ~ ............ _;;;.-_"":_~lt:''C:'''.'''''''''''''''''''''$ __ IIII'!IIII~*",!'!IM!0_1'Il,!m!'' __ M~am_I'lil~~!\!1.I!!)_~Jr«o<'ll , .......... - .... _ ~ 
," 

62 
"' 

While the main "capture pèriod in 1919 was,before fruit set only 
y .... {. 

2'8 individuals were collecte,d and this is probao1y:not adequate to accurate-

ly detect low population densit~s, which would be necessary for"its use as 

a monitoring technique in directed control programmes. This is further 

) emphasized by the fact that in 1979, harvest damage by plum curcl1lio in . " , 

" 

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

4.4.2.3 Captures in relation to trap lo~ation 

The most significant find~ng of ttiis experiment was that number 
- , 

1 

of captùre~ of plum curculio increased as the distance between funnels and , . ~ 

the woodlot decreased (Table 3), Thus, the five funnels nearest to the 

woodlot (wi thin 46 m), captured 5'7 of the 16 individuals (75%). .The signific-

'ance of this finding was further examined statistically. Data concerning, 

,numbers of cap't!Jres (~d distance, of each trap from the woodlot, were trans

forme~ into théir respective ?anks. The Spearman rank correlation co~ 

efficient was then'calculated according to Daniel (1918). , 
\_' The r statistic s 

value obtained is -0,82 and ia highly significant (11=0,01), !.~., plum 
, 1 Jr < Q • 

curculio is most significantly captured within 50 meters of the woodlot. 

This is explained by the availability'of appropriat~ shelter in the woodlot 

for overwintering adults. 

These f~ndings support the assump~ion of past workers that plum 
'~ 

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

Crandall 1905; Paradis 1-957). This assumption was based on the fact that 
" , 

, 
damage by plum curculi? wa~ more oftén higher in rows adjacent to woodlots 

or to areas offering most shelter for overWintering curculios. In additi~~~ 

Snapp (1930), and stearns et al. (193~) observed that more plum curoulios 

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

are from studies carried out in peach orch~ds in Georgia and Delaware 

"ft ~ ..... ,........ .... ---
• J 
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Table 3. Relationship between number· of adults of Conotrachelus nenuphar 
the adjacent woodloti FreI ighsbûrg , captured and trap distance to 

Quebec, 1979. 
( 

Observed data "Rank of data,,1 
FuMels . 

Captures ' Distance (m) Captures Distance 

~ 

A 10 13 8 1 

B 15 19 9 2 

C 9 23 1 3 

D 7 41 6 4 

""'t 
E'·, 16 46 10 5 

(i-

F II~ 6 51 5 6 

.f 

3 60 2,5 7 
, 

G 

'H 3 64 2,5 8 

l 5 69 .. 9 

J 2 91 ! 1 10 

l"R~KS of data" are used to calculate the "Spearman" rank correlation 
coefficient: r i 

s 

6 l:(d.)2 
a l d. 

l 
= difference in the ranks of the 

variables for one observation 

n = number' of observations:;;: 10. 

r :;;: -0,82; highly significant (a = 0,01). (Daniel- 1918: pp. 300-306). s 
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respectively, where the plum curculio is the southern multivoltine strain. 

Quaintance and Jenne (1912), working with the nor~hern univ:01tine strain, 

found that more were jarred in May from the first row of p,each trees 

adjacent to a woodlot in a Michigan orchard. This orchard comprised only, 
-

70 trees pianted in six rows, and from early June to August curcul~os 

welle uniformly distributed over the whole orchard. This May imply that a 

large enough orchard (more than one heotare) is ne'cessary to obse\~e this 

pattern on a seasonal basls; this is in agreement wi th Chapman t s ( 19':38) 

.... 4"...... h f'indlng '-lmat in orchards comprisin~ only a f'ew ro.s Itwhile t e population 

May be quite uneven, peripheral concentration is Iess evidentH. AIso, plum 

curculios may only colonize larger orchards ta the extent needed for the 

f'emales to layaI) of their eggs. In such cases, control measures should 

-
be concentrated on perimeter rows, especially those adjacent to woodlots al' 

other areas offering adequate she! ter for overwintering si tes. Data for 

plum curculio damage assessment in the experimental orch~d (taken dUl'ing 

three consecutive years) further support these conclusions (Chapter 6). 

The major part of this section has been published (Le Blanc et al. 

1981) • 
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5.0 TRAP,PING TECHNIQUES DEVELOPED BY THE AUTHOR 

5.1 Introduction 
\ 

65 

, Insect population density oan be monitored by sampling. Some 

sampling techniques, for example the D-vac, require continuous operation 

thus, are mechanü,al. other techniques, su ch as pheromone traps, "rely on , -

the re,sponse to stimuli and are behavioural techni~es that both 

attract and retain insects (!.!., colour sticky traps); others simply retain 

those that they intercept (! . .!" pi tfall traps). 

This chapter contains descriptions of severai experiments using 
~ 

traps for f. nenuphar designed by the author. The first section deais wi th 

colour sticky traps, and the second with two. "shelter" traps, one located 

on the tree and the other on ~he ground. Finally, the third section deals 

~ith lab~~ l" tory and field tests of potential attractants for plum curculio. 

5.2 Col sticky Traps 
) 

sticky traps are firstly interception dèvices, 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 

j 
) , 

! 
1 
l 
, 
j --
1 

\ 
1 
, 

adhesive substance has been applied has a significant effect on ·the succeJ3S . '* 
of the trap. Thus, it is common to test a variety of sticky trap defligns 

(Prokopy 1968b). 

5.2.1 Materials and methods 
" 

In the present "study a conical shape was chosen instead of the 

more usual flat plate design, becaus'e, (1) i t provides an intermediate 

• between the vertical and the horizontal, and (2) it offers ~ omnidireotional 
'. 

catching surface. Seven'colours were tested. 

• ~ - ~~_.- . --- -.----- -- - -. --.-...... -....----_.--,._----_ .. 
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To make the .trap, a paper template l'las made and used to eut 
, . 

cardboard pieces of identieal size. Eaoh piece was rol1ed and stapled 

in the shape of a truncated cone of the following dimensions: upper radius 

~ 2 
3 cm, lower'"radius 6 cm, height 15 cm, and a catohing .s\ace of 432,5 cm • 

To hang these traps, each l'las 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. The catohing surface was completely 

covered ~i th' the' non-repelÎlt adhesive Bird Tanglefoot
C 

1, applied by 

" 

means of a spray cano 

Seven colours l'lere tested; black, silver, pink, white, green, 

red and yellow (l'Ii th three replicates of eaoh). Yellow was tested becauae 

of i ts well-known attracti veness to many insects. The other colours l'lere 

chosen for their similari ty to different parts of the host tree: black 

bark and crevices, silver tip, pink buds, white petaIs, 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 l'lere selected for the experiment ' (Fig. 1). These were known 
r 

to contain populations of plum curculio. Each tree l'las divided vertieally 

into three sectors, west, north-east and south-east. This provided 36 

sectora in' which the 21 traps could be installed. Trap allocation in these 

'. 
,'.~ seotors was randomized, but in sueh a l'lay that each, colour appeared once in 

1 

each of the three chosen compass orienta-·Hons (Fig. 7). The traps l'lere 

attached to peripheral branches in the upper half of the trees (4,5 - 5,0 m 

above ~round level), in order to be as visible as possible. Jarring obser-

vations had already revealed that the upper half of the trees contained 

1The Tanglefoot Comp~, Grand Rapids, Michigan. 

j 
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, 

more plum curculios than the lower half. 

The 21 traps were installed on M~y 13 (pink bud stage) and moni-

tored on eight ocçasions over a 31 day period: May 17, 19, 20, 25, 27, 
J • 

"June 2, 10 and :~>( 24 days after calyx). 

5.2.2 Results and discussion 

As no plum cureulios were cap-'Mlred, visual response to colour 

could not be ascertained. However, sinee 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 ourculio 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 plum curculios early in the 

season of 1979 during a tarnished plant bug, ~ lineolaris (P. de B.), 

monitoring programme in the sarne experimental orchard. He used 21 rectan-

gular (18 cm x 14 cm) stic~ traps painted white; 15 were located within 

the orchard and the other six in the adjacent woodlot. AlI 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 also do not fly at this 
, " 

level. These, and,other direct observations, suggest that plum curculio 

either reaches the host trees by crawling up the trunk or, more likely, by 

ma king Many short erratic flights (as l observed them flying many times) 

rrom under the \ree canopy. 

In view of this negative result no further experiments were carried 

out with colQur sticky traps. Such free hanging traps seern inappropriate 

for plum. curc~lio as they require their captures to be airborne. However, 

stick,y traps were tested further for their intercepti6n ability by locating 

them directly on tree limbs (see Section 5.5.2) 
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5 .3 She 1 ter Traps 

The followfng two experiments were designed to trap pl~ 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 adults emerge and colonize the trees. In the 

second experiment, resting si tes were provided on the ground, early in 

the season, to detect whether overwintered adults see~;~hel ter in' -the 
,- ·'1--

herbaceous stratum under the trees. 
~ .. 

5.3.1 Shelter trap on the tree 
, \J 

In our region new generation adul ts emerge _ in August and feed 

on ~aturing fruits before migrating to their winter quarters in early 

october. Paradis (personal communcation) had observed that plum curculio 

adults are often found in the crevices between touching apples. I further 

noticed that beetles sheltering in these si tes do not produce the usual 

characteristic curculio feeding punotures, but rather dig themselves into 

smaH flcaverns", in which they spent much of their time. Always a single 
1 

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 om in dÏ'ameter) eut 

from' wind damaged apple tree limbs. In each 50 hales were drilled (2 cm 

deep and 6' mm in diameter). The hole diameter l'las chosen to accommodate 

curculio adults. which are less than 6 mm wide. Each trap was attached 

to a major branch junction wi th a wire, two to three me~ers above ground 

level, in dense foliage. 

In 1977 J' two traps were attachel!! in each of ten trees (N-3 to N-12) 

in the experimental. orchard (Fig. 1). Thia row was chosen because it ie 

...... ___ w_---
, i.:'-~(& ........ _t1 
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immediately adjacent to the woodlot, the Most likely overwintering site for 
~ 

plum curculio. The WO traps were attached at different branch junctians. 
Co. 

one on the upper side and th.e other on the under side of a branch, on the 

woodlot side of the trees. The location of the trap was ohosen ta inter-

cept curculios crawling on either side of the branches. 

The traps were instal led on August 17 and moni tored at dawn and 

late afternoon on six oooasions over ~ 13 d~ period: August 19, 23, 24, 

25, 30 and 31. This period coincided wi th peak emergence of the new gener

ation. The times of d~ chosen for inspection corresponded w[th the hours 

of minimal and maximal air temperatures, when l considered curculios Most 

likely to be found in resting sites and/or less active. 

5.3.1.2 Results and discussion 

'None were found, possibly because fruit and bark drevices 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 efforts to overcome this by soaking the traps in water were 
,ç 

also unsuccessful as the wood did not readily retain the water and i t gave 

off a strong odor. Because of the negative result, and long time required 

ta carefully examine aIl the holes in each trap, this experiment·was termi-. 

natëd. 

5. 3. 2 She l te,r trap on the ground 

Ground dwellers, such as carabid beetles, commonly shelter beneath 
\ 

logs and stones. Consequently l decided ta test (the hypothes~s that plum 

curculios that had fallen from the trees, or that were crawling towards 

the trees, might, on encountering gI'?und shelters, lremain under them for 

some period of Ume. This was further"-suggested by the "Ransom Curculio 

Remedylli', an early "cure" for plum curculio (Ransom 1870). This required 

" 
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that aIl vegetation under the tree be removed and .the ground levelled. 
,) 

Thon material of aIl kinds (bark piecol!I, stonos, corn oobs, pieces of 

leather, etc.) were laid on the bare ground. EarlY' in the moming thes,e -
1 

"chips" (~ . .&., Ransom Chips process.> were 'turned over and the hi ding eur-

CUli08 colleeted by h'and. Today such a control method would certainly be 

questioned, although it did suggest that a ground shelter trap could be 

used for detecting the pest. 

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 centime ter ) • This was done because insects under 

the boards, and those falling from them during inspection, would be diffi-

cul t to find in long grass. 

In 1978, 21 traps were made: 12 traps were installed under trees 

along three transects, WO of which included th~ last four trees at each 

end of row M and the other perpendicular to the west side of the experi-

mental orc~.rd including trees K-7, L-8, M-7 and N-7 (Fig. 1). These three 

transects were extended into the adj acent woodlot, and nine other traps 

(three pel' transect) were added, six between the orchard and the woodlot 

and three others about one meter inside the edge of the woodlot. 
, 

The traps were installed on' May 11 (green tip) and moni tored 

three times a day (0100 h-0830 h; 1300 h-1430 h; 1100 h-1830 h) on eight 

occasions over a 23 day period: May 16, 11, 24, 25, 28, 30, June 3 and 7 

(one week after fruit set). This period encompassed the time of peak spring 
" 

migration ta the orchard. 

/ 
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5.3.2.2 Resulta and discussion 

As no plum curculios were found the method was abandoned. This 

- result,particularly for the 12'traps within the orchard, suggests that 

( 

plum curculio does not oocur on the herhaceous stratum beneath apple-trees . 
at the time of the experiment, or that adequate protection is provided by 

the herbaceous cover. The apps:ent 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 inorease 

'" ", trap oaptures; thereafter, preciseness and reliability of population density 
-

assessment and damage prediction are accessible objectives for the implemen-

tationof directed control programmes. Consequently, several substances 

were tested for their attractiveness to plum curculio in the laboratory. 

For this a modified y-tube inseçt olfactometer was used. , 

Although McIndoo (1926) had successfully used a y-tube olfactometer 
\ 

to test attractants for ~he Colorado potato beetle, Leptinotarsa decemlineat~, 

(Say), Garman and Zappe (1929) were unable to ob1;!ain reliable positive 

results with plum curculio. Unevenness of the air current passing·into 

the stems of the tube was their reported major cause for inconsistent 

results. In the same year, however, Snapp and Swingle (1929a) reported 

successfully attracting plum curculios to but,yl acetate in the laboratory, 

alt~ough they were unable to confirm this attraction in the field and so 

disoontinued t~eir laboratory studies. In another series of experiments 

wi th a y-tube olfactometer these authors w.ere unable to detect any attraction 

-- \ 
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to plum curculio for various peaoh tree structures (!.!., bark, blosso~s, 

leaves, and greèn fruits); in faot, they concluded that these structures 

were repellent (Snapp and Swingle 1929b). 

As no modific.tions had been publish~dt l decided to t~ to 

improve the design of the y-tube olfactometer for use with plum curculio. 

!WO models were tested (Version l and Version II). 

5.4.2 y-tube insect olfactometer, Version l 

5.4',2.1 Materials and methods 

Mclndoo's y-tube olfaotometer (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 gr,avity 

water siphon air pump and for the'water bubblers, (5) odor dispensed by a 

wick in one of the water bubblers, the other equipped with a control wick 

that was dry or that carried the solvent used for the odor, and (6) ~ght 
,-

watt f1uorescen~ UV light instead of the filament 75 watt blue daylight" ~ 

bulb. This modified apparatus was then tested. 

The individuals used in these preliminary tes1;s were the plum 

curculio adults collected during August 1978 in the three control replicates 

of toe fungicides effect tests (see Chapter 7). These 462 adults of the new 

generation were brought to the laboratory in carton cages and provided with 

pieces of insecticide-free Mclntosh apples and distilled water. 1 wanted 

-the insects used, in the tests to l'eflect, as much as possible '0 the stage 

of overwintered spring migrating plum curculios. Therefore these beetles 

• two weeks to an 11 hour photoperiodj Gaydon (1972) reported 

-- .. ...-- ... .. r I~"'" t~ _....,_ ... ~ ...... --. .. _ ...... --..... -- '-
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Fig. 8. Mclndoo's y-tube insect olfactometer (top view) , (after Mclndoo 1926). 
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Fig 9. y-tube insect olfactoiDeter, Vef'Sion l, 1919 (top view). N\uDbers in 
pàrentheses ~ (1) to (6 ~, correspond to .IIIodifica1;ions (see text). 
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)6 
that a 12 ~our photoperiod or 1~ss !,ou:ld ind1,lce diapauee 'in the mul ti vol tine 

1 

southem strain of the species. No data are available for our univoltine 
. ~ ~ 

northern strain. In o1.lfl'egion the natural photoperfoa is about 12,5 hours 
,-L ~ 

in mid-Septemper and diminishes to 11 hours in mid-October, when aIl plum 
1 \ .', ' l' 

curculio$ would havé- 1eft the. trees for their quarters • 

Following Ws procedure, 150 be~tles were ut in each of uo 

rectangular plàstic' trays (30 cm x 60 cm x fi cm), filled with four centi

meters of sterlized pottin,g soil obtained from the Macdonald College green-
" 

, 
house. Distilled water "Was addéd t? the soil to provide adequate moisture. 

Each tray was covered by a screen and a polyethylene film to prevent (1) 

"-
insect escape and (2) 10ss of moi sture. The insects were then incubated 

at ~,Oo_5,O~ for a period of 120 days to break the ,diapause. 

o 0 
were then brought out of the in~ubator and kept ·at 20 -21 C. 

o 
The trays , 

After a three 

day "reactivation" c-period, the ôeetles became active. During the following 

WO days 160 indivi,duals were collected from the underside of the screen and 

" put into carton holding cages provided wi th wicks containing distilled 

water, and wi th no food. \ 
\ C., 

5.4.2.2 Results and discussion 

'" First a series of' tuMliminary t~ls-· was conducted to exclude the 
\~""' ~ .. 

possibility of bia~ in the ap)a~.;'':Batches of 12 individuals wer~ intro-

duoed into .the olfactometer dark bottle; both water bubblers contained 

, distil1ed 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~addi tional 20 minute 

periods. The 20 minute 'àeration period is determined 1Sy the capacity of 

the gravity siphon air PUIDP (!,.,!., the time it takes for the 23 1 of distilled 
" 

,,' 
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water to pass from- one reservoir to the other). The l"esul ts 
Q\? 

of the dark bottle during e , in Table 4. Only four beetles came out 

test~1 Al th~ugJ:1 these four distributed themselves evenly b~een ~e two 

stems, they represented an insufficient number (5%~re~Onding beetles 

for odor tests to be performed. 
, 

The distilleli water wicks were then removed from the holding 
.. j 

cages and a second series of seven tests was carried _t wi th batches 'of 1D 

individuals that J'lad been deprived of water for one;! day. The resuJts of 

these tests are presented in Table 4. In this expeHment 29 N1%) of/ the 

70 béetles tes ted came ~ut of the dark bottle, and distributed themsel ves 

êq~~l~y between the two Istems of the ~Y-tube, thus l'evealing no bias in 
,/ " "" / 

(the appara'tus. This result alsO sugge:;;ted that depriving beetles of water 
"-

prior to t~sti~--:i:~cre~ses the number respondin~. II' The last of these runs 

wa: prolonged for f~~~ -~~ditional 20 min~te: per&. While this. did not cause 

more beetles to 'respond, i t was noted that the number of insects per stem. 

'varied during this longer aeration pertod. Thus, some beetles,;.rray.. change / 

sides during prolonged tests or return to' the dark chamber. Because of 
. i 

this, the 20 minute t.est period was used in a11 subsequent trials wi,±h this 

apparatus. 
\ 

During a third series of eight tests, batches of 12 individuals 

depr.i;lèd or water for four days, were tested 'to see if prolongèd depri vation 

of water would increase the number responding. Results are also presented 

in Table 4. In this case 34 (35%) of the 96 individuals responded by coming 

out of the dark bottle. As this is less than for the group ~,depri vc:d of 

food"and water for only one d~, it was decided 'èhat the Olle day deprivation 

+ 
period prior to testill$ wpuld.he employed .for a11 subsequent tests. 
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stem A 
(odor) 

'J 
ua ... 10.1 

, 1 

"". 
Olfactometer Version!. Triallttests (no odor) and apple 
esaencg tests for E.. henuphar in 1979.. Room tempe rature 

. 20 -22 C •. 

78 

Numbers of beetl~s Aeratio,n time 

stem B 
(con.trOl) 

Not responding 
. (dark bottle) 

Total inseéts 
per. t~st 

~ 

In minutes 
! 

Not depri ved 
. 

first .exposure, trial tests 

0 1 0 • 
.. 1 0 

0 .0 
0 0/1 
1 r- 0 
0 0 
0 2 

'2 2"" 
Depri ved one, day, first 

4 2 
1 3 
2 1 
2 3 
2 1 
1 3 
2 ·2 

j4 15 

12 
'11 

(' 12 
12 
11 
12 

·10 
8"0 

'éxposure, ·trial 

4 
6 
7 
5 
7 
6 1 J 

6 
41 

12 
12 
12 

. 12 
12 
12 
12 

84" 

tests 
10 
10 
10 
10 
10 
10 
10 

"r,70 
~ 

) 

20 
20 
20 
20 
20 
20 
60 

20 
20 
20 
20 
20 
20 

120 

Depri ved four days, second e~osure, trial ~ts \ 3 \ 2 7' " ~ 12 
5 2 5 12 ~ 20 
3 5 4 12 20 
1 1 10 12 20 
0 0 12 12 20 
4 • 2 6 12 20 
1 0 11 12 20 
3 2 7 12 20 

20 14 62 96 

Depri ved one day, second exposure, test side wick +0, 1 ml apple essence 

1: ... 
3 3 12 20 
1* 2 12 20 
2 7 3 12 ... 20 

, 
1* O. , 11 12 20 
2 :3 7 12 20 

9" 15 36 l6() 

...... 1Northern univoltine strain from Frelighsburg, Qu~ec. 
* Apparatus acetone wash; odor and control sides interchanged 

Grand total ,for Version 1: 81/2.26 or 38% responding (first series not 
included) • 
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.. Trials were conducted to te~t 'the attractiveness of an apple 

. l' ,;s.ence odo;. BaÛh';~. of 12 inclividuals, oere.useÎl' and the 

--i--),eated five times 'only (because of a s,hortage of beetles). 

test was re-

This apple 
~ 

eSBtUlce was a 32 000 foid Qoncentrate' obta~ed t:rom the Summerland' Agri-
. .' '" . 

cultllre Canada Research Station, British Columbia. As it was a develop-, 

mental product being examined for i ta" a'ftraction to deer, Odocoileus ,. .. ' 

hemionus (Rafine8,que), it was not possible "to obtain dat~ concerning the 

compound, other than that ~t was natdral and very applè-like to human 
1 

olfaction. The apple essence was introduoed into the apparatus on a one 
~ 

centüneter long dèntal wick impregnated with 0,1 ml of the concentrate. 

, This wick was attâ"ched with a smaU wire under the stopper of the w~ter 
, " ~ '\ 

bubbler on the test stem "of the aube • ...,...-fne - en" each test th~ appa~atus 
was washed with acetone; odor and control sides ( bblers) were int~r-' 

changed. Resuilts aJ'!e presented in Table. 4. 9 (15%) 

~ent into <the ~4or branch 'of the y-tu~e" ~d 15 (2~%) into the control 

. side; thus, suggesting a possible repellancy of the pr uct. B~etles 

responding (coming out ,of the dark bottle) represented 4' f thé total. 

Because of the limi ted response, 

and in the Mor trial, and because certain PQS§ibilities for mprovements 
, ~ , --...-.d< ~ r ,,~ , -~-

in thetdesign became apparent, it was' decided to redesign the apparatus 

before carrying- out further tests. Special modifications l'lere required, in 

. relation to the UV light source, the pathway of air fiow (and particularly 

of the exhaust air) and the attachment of the dark chamber to' the y-tube. 

~. 3 y-tube insect olfactometer, Version II 

5.4.3. 1 1mteria'~s and methods) " 

Taltlng into consideration wbat was learned from the preliminary 
~ . 

tests performed wi th the first version of' t,he olfactometer, a second version 
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was built (Version II) (Fig. 10). This inoorporat'eef~he following 14 
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" • <J 

modifications: (1) the air purifier ia a glass oolumn (50 om long and .. 
2 cm ,indiameter) ~ontaining finer ground aotivated c!tarcoal to increase 

.f1ur ce area, (2) at both ends oi this oolumn the~e is 3 cm of cotton waal

!,to. pr ent roo~om entering and 0lprcoal dust :rom l~a;ring the " 

col , (3) single wat'er'bubbler -(20.0 ml of ~istil1ed water in a 500 ml 

(4) both y-tube stems are open at their distal end and 

collèeting chambers (2GO ml glass bottles actin&-,8s p'itfall traps) are 

inserted over their end to prevent insect's from movi~g back or changing . ' 

sides during the experiment, (5) air 60., ia split a~ the exit of the wâter 
, , ~ , 

1 ... v» 

/ bubbIer; each branch is connected ta one of the collecting chambers, ! .. !., 

th~ air flows ~ originà ing from the iar end of e~~~, ~f the two y-tube . 

. ste~s and' .charged ~theJl the odor. (or heir,·..solve~t as control); t~i~ 
rmi ts exposure of the or a viable time and aiso aHows insects 

" 

in the control stem to still turn back unt:l.1 they have" fallen int? the 

test odors c~ be introduced into one of t;be collecting chambers 
1 

an :i.mpregnated wick or as a liquid preparation in a 0,1 ml di's-

in this case the control would contain the soivent (note in 

Figure' 10 that the incoming air is charged with odor from these dispens~ 
\ 

,Defore entering the y-tube), (7) the UV light is dimmed by ack card-

-bOB(['d- bearip.g a{slot (2 cm x 6 cm) and a rotating plate, pl 

of the siott has openings of variouf'sizes making the light 

randomly to prevent insect fatigue or habituation, (.8) a Jne 
- '. 4J 

diameter hole was made at the stem' s junotion facing the light 

flicker 

r in 

and, 

a 1,5 mm tllick 91ear -fused silica chip l'las glue"d with epoxy to permit 

tran~i ttance of ul traviole radiations, ~(9) 'the length of the main stem of 

the y-tube was increased by insects with a longer 
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Fig. 10. Y-tub~ insect oJtactomete~. ve~sxOn Il'r1980 (top v~ew). , Numbers in 
{, parenthe~es, ('1) to (14), correspond to modifications (see teltt). 
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distance (iime) to orient to the odor, (10) the dark box coverin 

appararus was discarded.tn favour of using a -CC~lBpletely dt:.k 1'0 " the 

) inseot:- are intr6duced ,~nto the main branoh of, the y-tube in a Metal t~~~ 
l tube ins.rte<! over its ~a. permitwg tbem; to en'Sr ~be main branch with-

,~ 

out any obstaole (a glass test tube is inserted over the metal one and 

attached to a rubber stopper on the main branch to .void "il' leakage), , / 

Cl 

( 12) aIl rubber stoppers are covered wi th a P8faffin film that is· changed -, ' 

between eaoh experiment to avoid impregnation by residual Qdors, (13) a 

, water tap vacuum pump perm~ variable arr flow spe~d and duratl.on of 
. 

aeration period, and ()4) the water outlet of this pump.is inserted inta 

a sink drain inside a fume hood that is continuously operated, thus; per-
\ 

mi tting immediate evacuation bf used air. 

-

Some of the insects that l'lere tested in this second olfactometer 

l'lere reared in the field f.rom d8lll;8ged 'thinrting apples that had 'been place~ 

in emergence cages, under tre~s in the wood'lot adjacent to the experimental 

orchard. From mid-August 1979 until mid-September, new generation adults 

l'lere col1ected in these cages-unper chips of c~rrugated pa~~laced'Oyer 
" -e apples tha~ had been left there to provide hum~dity and food~ More 

200 adult plum curculios were collected. Half of these l'lere used 

in the soil sampling experiment (Cnapter 3) and the other half l'las brought 
, ~ 

into the ~aboratory and treated in the s~e manner as those used in the 
, 

tests l'li th the Ver~don l olfactome'ter. However, to. be a~le to bring insects 

out of hi~ernation in small numbers instead of starving them in bulk, they 

l'lere placed in plastic covered cups containing à mixture of sterilized soil 
c ~ • 

\l:l~d ~ moss (1: 1) obtained from the Macdonald College greenhouse. 'Fif'tf 

, cups, each ~ith 20 be~tles, were i?CUba~i th and Fless~l (1968) 

had reported that high moisture was as damaging as low humidi ty in such ~ 

'artificial hiben;tation experiments, each plas~ic cover was perforated br 
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'sma~l holes t? prevent water oondensati~n. Five OupS; without insects" 

1 "', ~ . . . 
u 1 

were placed on top of the otherJil to monitor DIOisture status, which remained 
1 ~ '~ 

• ..:1. ... 

satisfàctory throughout the incubation p~riod. Unfortunately the location ~ 

of thes~ cups oaused evapo~at_ing water' tram under ,to keep~ themll:ioist W~il, 1 

the ones below, containing the inseots, dried. Only 52 of the 1 100 beètles 

(

.";"'ived in thls relatively dry envirOlIIIOI!t. The.~' ... re u.ed i[ a •• rie. 

of five tests with ~vonl'A-5002 appie blossom perfwme oil (oomposition re-. . 
-t~ined by the Company). To ensl1!e volatiHzatio~ of th! f~agrafl~e a 

, saturated water solution of the perfume oil was 'mixed with ethanol (95% 
. 

p~re), as a po-solvent, in a 4% ooncentration; the control for these tests 

comprised a 4% ethanol aqueous solution. 

-BeQause of the shortage of beet1:;;, 325 lium curoulios were ob

tained from ~he Agriculture Canada Research st~tion in Vineland, ontario. 

These ' ou~of~o., ~ow.ver. wore the mul tivol tine .train that had heen reared 

from thinning apples and had not hibernated. These were used iri four series 

of four tests eacb to examine response to natural and synthetic odors. 

5.4.3.2 Results and discussion 

To verify~he various modifications' of the olfaètometer were 

'irtâeed improvements, the following tests were performè'd •. However, in view 

of the reduced number of available beetles, i t was decided to darry no 

preliminary tests and to rely on those done wi th Version l that revealed 

no bias of the y-tubé itself. 
J 

Flifty of the beetles saved from the unsucoessful hibernation 

prooedure welle used to carry out four trials (three with 10 and one witJ'l 20 

indi viduals) to test the attraotion for plum curculio of Avon A-5002 apple 
&> 

lAyon Canada, Pointe-Claire. Qu~be~. , 

, \, 
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.bl.o~som ~erfuÎne pi 1. ~ !e~~l ts" ? . p~sen~ed in Table. 5. From these tests 

. plum ourculios' seem attraèted to the' odor in a ratio of 5: 2. , It is , . , 
,iOI • ~ .. 1. ft. 

significant to note that 37 (14%) of lthe 50 beetles tested responded 
~ • ,,1 

< 
(came out of the dark test tube)· in these tria~ with the modifiep app&.-

ratu5. This suggests ~at the mOdi\icat~ons were benefioial. 

l 'with the 1imltiv~ltiJ1e stl:~Jn 'of plum 0 u~~our series of 

.'" four trials each were perf'ormed to(ft~st the' fol10w' g materials: '\ .apple ' 
:> ..' ... ---) 

buds (pink bud stage) coIleoted' froÙl McIntosh br ohes advanced "ih the ", 
• 1 l' .. 

laboratory, g~en thinning' apples (MeIntosh), 0,1 ml of pure (95-99%)' 

isoamy1 isova1erate impregnated on a one centimeter long déntal wick (this 
di e ~ 10" • , , 

substance, is used in the f'ood irdustry to mimi~k apple flavour)- and, 0 :Avon 
. - ' \" 

A-5002 app1e b1ossom perfume oil· (in the same manner as previously·repo~ted). 

-
~ Results of these tests are presented in Table 6. Both apple tree 

~ ~, 

structures appeared to repel plùm curculio,. an unexpeoted resul t but in 

agreement with the observat;ons of Snapp and Swingle, (192èb) with peach 

~e structures.- Iso~l isov@lerate see~ed neutral. Mo~t surprisi~g, 

'--eve:: was the result~perf~e, oil, which was ;"pell<!nt 100 t.he 

multiv~tine strain of the plum c~culio in a ratio of 3:24ap:-~·ji), while -

it had been seemingly attractive to the un ivo 1 tü~e northern strain in a 

ratio of 5: 2 (Table 5). One cou1d speoulate that while the univoltine 

is found 'primarily on app1e in our region~ the mul ti vol tine strain 

mainly peach~south. The amall nUmbe~ of test~ performed, 

however, prevented an;y sta~iç.al verifioation of thi:s hypothesis. 

strain 

infesta 

WhiIe the odor! trials were inoonc1usive it is significant to note 
. 

that in the series of trials with Version ~~ of It~e olfa~tometer,~~2 (63%) 

of the 320 beetles ~e~ted responded. This i8 a 25% net improvement~ver 
resul ts obtained wi th Versio~ 1. While further modifioations would probably 

~ . 
be beneficial, Iack, of beetles and -other essential resources, and the fact 
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Table 5. ,",Olfaotometer y'~rs~on II. pertwae oil- attraot~t t8ats 
~ in 1980. Rooar temperature 20 ,:,,21 Ci. 
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Nùmbers 'of beetles Aeration tilIIe 

Stem· A stem B Nqt responding Total insecte. In minutes 
(odor) (oontrol) (dark tube) peZ' test . 

1 1 

. , 
, -

Avon A 5002 perfume oil, control ethanol 
\ 

, 
Beetles starvèd,one day~ 

l' 
firs t exposure 1 

V 
.' 

5 2 r- 3 10 60 
'. 

II;> . \ 
5* 1 4 10 60 

, 

6 2 2 10 60 

, 
11* 5 4 '20 60 

~ '" 
27 0 10 /13 50' 

f 

. lNo~thern univ~ltine strain from Frelighsburg, "Puebec. 
. . 

... Apparatus aceton,e wash:' odor ~d oontrol sides ,interohanged. 
Grand total for Version !I~ 37/50 or 74% responding (with northern 
strain). ... o' • 

. 
-~-.-..-.------.. - ...... ------~--- --- -- -
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table 6. 

". ' r' 

, ' 
Olfaotoœete~ version'II: Hoat trée !tructures 
,oil -attractant' tes~ o~~. 'n~p!!!: in 1980. 
tem,perature '200"'21 C-.' ,~'. '. 

~ 

. , 

ànd perfume 
ROOJD· 

86 

N~bers of bee les " ,Aeration time 

steui A 
(odor) 

stem B 
(control) 

~dvanced pin~ buds; 

o 11 
1* 8 
1 7 
6* 11 

20 37 

Not responding 
('dark -t:ubo) 

control' nil 

9 
5 
6 

.' 3 

.f 

Green thinning apples; control nil 

1 
8* 
o 
4* 

13 

10 
6 
9 

10 

35 

9 
6 

11 
6 

32 

Total' inarts 
pOl' test , 

20 
20 
26 
20 

80 

Isoamyl isovalerate Q.,1 ml on dental wick; control dry wick 

20 5 5 10 
5* fi 9 
7 fi 7 
1* fi 7 

-'24 23 33 

Avon A 5002 perfume oil; control ethanol 

3 5 12 
6* 8 6 
8 ~ 6 6 
4* 10 6 

20 
20 
20 

80 

20 
20 
20 
20 

-:sQ' 

In minu;tes 

60 
60 
60 
60 

60'( 
60 ) 
60 
60 

'60 
60 
60 
60 

60 
60 
60 
60 

lsouthern multivoltine strain reared at Vineland Agriculture 
'~Canada Research sta~ion, Ontario. t 

~All beet,les starved one day, f.irst elij>osure.-

* Apparatus acetone wash; oder and oontrol si4es intero~ged. 
• Grand total for Version II: 202/320 or 63% responding (with 

southem strainl. 
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, 
't~t . ~e growing eeason wa!l approaohing. led to, the éieoisioD' ~ term~nate 

~ 1 

labor_tory -e,q,eriments ihfav~~ al 'field tri.,à to test attrac~ant odors. 
• n ) 

- 1 

5.5 Att~aotant, Ass~s (fieid work) . 
~ 

5.5.) i~troduotion 

Based ~ the trapping teohniques tested' so far:. Chapters" 3, 4. 

and 5. and my direot observations of the .pest in the field and those of . . 
other investigators (Prokopy and. OWens, personal oommunication). i t became 

increasingly evident that pIum CUl'Oulio foousses its activities on the host 

tree, . spending most 'of i t-s Ume on i t af~er early spring migration to the 

orchard, generall~ commencing at.pink tip. In faot, l suspect that Most 

beetles remain on the tree on w:'tlioh they firet land ih the sp:ring, or on 

it and its olosest ~eighbours • 

. -This appI~ pest' s poor' fJying abili ty, and apparent Iaok of a 

broad spectrum respon'Se to visuaI and olfaotory stimu~i. did not hold out 

much hopé for finding an effective trap. It appeared, however. that its 

most likely mode of, locomotion after migration to the apple trees is 
.. 

exploratory random orawling on tree branohes up to the blossoms and/or 
"", 

the yo~~ruit cluster~., This suggested that interception traps locate~ 

at major branch junotions should be tested. 
r 

, 
Consequently two field experi-

ments were designed to test interception traps. 

The first experiment involv~d a trap c~mbining a numb~r of 

faotorsj 'ëoIoQr, shape, odor, 'and a1sO' th~,location of the trap on the tree. 

In the seeond;-exper-iment. artificia1 and natural odors wet'e tested using 
1 

the boll weevil traps (Chapter 3), equipped 'With wick dispè~ser-s·and-further 

test~d trap location on the tree. 

, , , 
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5;.5.2 polyvinyl ehl~:rid~ <'WC) pla~t~.o1 ,into~pti~p ~ap'*' .' .. :. ~. .' :. {~' ' 
, ,. ,~. .. ... _ .. ~.t.~ ".,iI ~ ,",,'" ...... "," , ~ d t t .. 

WC' plastisol bas 'Î)een ~ed 'aucoea~f\ùly 88 • 81oW-rel~a .. j .:»~ . '. • :,:. 1.
1:,:," 

, ' ' : ~. <f \ ,.~ '1 ~.. « r, -:- • 

plastic formUlation 'of the' cabbage, loopei'. 'h'i:chOpluaia':,!!, (H1]n.';': .' ".: ':."': ~.' . 
-> ' ~ , , < ~,'",,'" - , .. \ 

, l , ~~ '>. ~ .. .."'. 

pheromone, cis-1-dodeoenyl ,,"cetate (Fitzgerald et al. 19731. Advant.g8e '.'~ '. 
t. 1 1 l' ~ ,/' .-.- -,,;."" v 

o~ using plastisol are that the -trap can be of any 0010111'" Bize or shaPe~ -; 

an~ that the rate of odor release can be controlled by: varying i ta con-

, centration in the plastisol. ) 

5. 5 .. 2.1 Material s and methocls , 

'!'wo batcbes of PVC plastisol "lere prepa~d according"to the recipe 

,provided by Fitzgerald!!!!. (1973). The first batch was separa~ed ~nto 
0.,. t1 " 

four portions to de termine the appropriate amount of attractant to "'add ta 

the Iüastic. In three of the se' portions isoamyl isovalerate:" J a substànoe 

used i~ the food industry for artificial aPllle flav~r (taste and.odor) 1 

was added.to yieid 1. 5.' an; 1011: con~on by weightPllJ1i\!e ~ourth portion, 

being. the control. Prohi~itive labour costs prevented replication. The' 

four 'i:>ortions were mixed and proce~sed on a oommeroial miU2, :for two minutes, 

the mill' s rollers being at 150
0 

C (isoamyl isovalerate' bôiling po~nt ia 

191°-194°C), to p~duce 'stri~; ~~~ millimeter thick. The· strip oôtained 

from each portion was then cut into a rectangular piece (30 cm x 15 cm). ' 

This thickness was chosen to ..permit the traps to be bent over a tree branch 
f~ 

and the size to entirely cO"fer a .major bran oh junotion such that ifs three 
" 

parts would be in contact wi th the trap. 

( 
\ . 

1~5-99% p~re, ICN Pharoiadeutioals Inc. t Pl~ÎlView\ New, York. 

, 2All ingredients, .(except ,isoamYl isovalerate), hpparatus and 
labourwere provided by Carlew Cl1emicals Ltd., Mo~t~ea1. 
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The four strips wére hung in a fume hood at 25 ± 1,5 C and 

2~± 5% relative humidity. Release rate of iso~l isovalerate was . 
estimated by weighing (in mg ± 0,1 mg) the sampl~s weekly Over a 21 day 

period. Weight loss from the control sample was subtracted from weight 

loss of the plastisol/attractant strips, because sorne of the plasticizer 
, 

and stabilizer added to the plastic resin in the fabrication process could 

be Iost by volatization. 

The second batch of plastisol, which was to be used to test the 

attractant in the-field, was separated into tw6 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 ot~er 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-from,the two , .~ 

portions, were eut into rectangles (30 cm x 15 cm x 1 mm) to provide 15 

scented traps and 15 control traps. These we~e then kept in' a freezer at 
'$" 

-350C (isoamyl isovalerate melting point is -78oC) untii needed. 

Thirty trees '(Mclnto~h) in the experimental orchard were randomly 

selected and ~cented and contr~otraps were allocated to them alternately. 

The traps were attached over major branch junctions (on the upper half of 

the trees) by two galvanized wires, one at each end. A band (5 cm x 10 cm) 

of odorless adhesive, Tangletrap~ 1, was placed centrally on both sides of 

each trap. These~raps were instaIled,on May 14, 1980 (pink bud stage), 

and examined for plum curculio presence twice a week until petaI fa1l, and, 

then once a week until the end of August, !.~., for 3,5 months. 

lThe Tan.glefoot Company, Grand Rapids, Michigan. 
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5.5.2:2 Results and discussion 

In the first series of experiments weight 108s me~8urements 

indicated that isoamyl isovalerate was released trom the plastisol over 

an extended period. M'ter 21 dl\Ys, loss of this chemical was 39%, 38% 

and 32% for the 1%, 5% and 10% concentrations respe~tively. As the 10% 
.,..."... 

concentration appeared ta be the longest lasting, ·,it was chosen for the 

field tests. Data, corrected for weight loss in the control, are plotted 
, J 

in Figure ·}1. After an initial high level of release of the attractant 
lJ • 

during the first week, the rate of release decreased~during the second 

and third weeks. Also, release rate decreased in apP!oximate proportion 

to concentration; thus, the 5% concentration released about five times 

the amount of the 1% concentration and the 10% one abOut twice that of ," 

~ 
the 5% one. These results confirm those obtained by Fitzgerald ~ !!. 
(1973) and seem characte~istic of polymer formulations. 

d 

In the field trials, however, only two plum curculios were captured, 

both on May 19 (three days befbre 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 falien onto it, oand 

the one on the scented trap was captureq between the trap and the branch, 

suggesting i t may have crawled under the trap for shei ter. This second 

capture represented the way in which it was hoped that theee traps would 

catch plum curculios. n 

;, 
The lack of captures suggests that isoamyl isovalerate, which was 

shown to be neither attractive or repellent to the muitivoitine southern 
o 

strain of plum curculio in the Iaboratory, was also not attractive.in the 

field, at least at the 10% concentration. 
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t Fig. 11. 
, 

Release rate of iso~l isovalerate from PVC strips 

r Cl 
~ , 

0' 0 hung in a fume hood at 25 tl,5.C. 
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BoU weevil \ap' used as i~terception t:ap 5.5.3 

In 19~7, te~s with free hanging baIl weevil trapsl, with grand-
, . 

lure' as an attractant, were unsuccessful in capturing plum curculio 

(Chapter'3). In 1980, further tests were' carried out wi~ this trap but, 

in this case, two other p~tential attractants were tested and the traps 

were nailed ta the trees~ so that they coul~funetion as interc~ption raps. 

This was in response ta ~ observations, and to those of other invest gators 

(Prokopyand OWens, personal communication), that plum curcu1ios cra l on 
t . 

the branches more than they fly trom one branch to another. • 

5.5.3.1 Materials and methods 

The attractants were held in a di spenser-réservoir. deVi' ce', 

comprising a 10 ml ,vial containing a piece of pipe cleaner tha carried the 

attractant ta a amaU piece of sterilized cotton inserted in t e mouth of 
" 

the vial. This vial was then inserted in the center part of the base of 

the trap in which a hole was drilled to accommodate it. T two attractants 

tested in the field were: (1) apple juice extract, obta~ ed by centrifuging-

whole apples (Cortland curtivar) with a dome~tic juicer, and (2) Avon A-5002 

apple blossom perfume oir using the formulation tested n the olfactometer . 
Version)I. The app~e extract was prepared in suffici nt amounts for .the . 
needs of the experiment and kept frozen at _50 C in 

~ {;:_~' 
amount required to replenish aIl the Vi~ Also, 0 prevent captures 

escaping trom the traps. a f~~entimet.r .q~;,nsecticida~ chip2 wa. 

1story Chemical Corporation, Willough t, Ohio. 

J 2" " 
"4-month" Insect strip, Green Cross Products, Division of 

Ciba-Geigy Canada Ltd, Toronto, ontario. 
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added to each trap; this slow-release material contained the insecticide 

dichlorvos in an 18,6% AI form~lation. 

The eXperiment was performed within another insecticide-free 

, orchard on the Frelighsburg Experimental Farm. The orchard i8 located 

tone 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 
... 

~iS orcharq during the,previous year. Accordingly 13 trees, adjacent to 

the woodlot, wer~ selected for this experiment. 

Five. traps were charged with the perfume oil, three with the apple 

juice extract and five others served as controis. This number of contraIs 

were used because it was suspected that the trap would even be successful 

.. solely as an interception device. For the five traps, containing the 

" perfume oil, and for the five control traps, containing only the insecti-

cidai chip, three of each were nailed on major.rising branches, two meters 

above ground, and two were nailed Oftto tree trunks, one meter above ground 
" , 

level; 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 ex~ed weekly un~i1 October 23, !.~." for five months". 

5.5.3.2 Rèsults and discussion 

During the 1980 growing season, the 13 traps captured 24 plum 

curculio adults; bi-weekly number of captures are presented ln Figure 12. 
, 

Although total number of captures is less thaIijone third that obtained (76) 

in the intercepting funnel experiment (Chapter 4), their distribution pattern 

does corres'pond <to plum curcul io' s seasonal development. However, in view 

of this smaller number of total captures the pattern is not as clear as 
1 

that revealed by the intercepting funnel resul ts ~ only three distin~ ...... ~î 
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Fig. 12. -Histogram-or bi-weekly total captures'or·Conotrachelus nenuphar adults 
traps nailed to the trees at Frelighsburg, Queoec, 1980. 
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The firet periOd, with 16 captures" '( 67%), éapture periods are evident. 
, a1.,.;.r--,j 

- ]1g '>tJ 

extended from~M~ 22 (~ull-bloom) until July 3 l and c9rresponded to plum 

curculio migration and oviposition. The second period. from July 3 to 
t1 '10. {;J ri 

July 31, which compri!3ed one capture (4"), corresponded to this weevil' s 

soil stage. Finally, the third"period, from July 31 to September 11, with 

seven captures (29%), eorresponded to the appearance of the new generation. 

Difference in numbers of captures, with respect to the two 

attractants and the control is shown in Figure 13. In addition, catches 
1 

on branches are compar~d with those on the tree trunk. As controls captured 

more plum curculios (an av~}age of 2,6 individuals pel' trap) than perfume 
-

oil trap~ (0,4 individual) and almost as maqy as the apple juice extract 

ones (3,0 individuals) it must be concluded that the "attractants" were 

not effective.' ,It is significant, J:towever, that in each group of traps, 

almost aIl captures were obtained in those traps located on the branches. 
(1 

These two observations suggest that trap location is critical and that the 

trap operates merely as an interception device. Also, the presence of 

certain substances (~.&., perfume oil) may aet as rep~!~nts. 

It is recommended that future efforts to design efficient traps 

for the plum curculio focus on interception traps that cou1d be located 

on rising branches (or at the junction of two rising branches); a1so that 

further-experiments be conducted to find attractant colours, sizes, shapes 

and odars. 

,-
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Fig. 13. Total captures of conotraèhelus nenuphar aduits in 13 

boll weevil trâps with two attractants and two positions 

àt Fr~lighsburg, Quebec, 1980. 
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6.0 MONITORING I~~CTS - THE GRANNY SMITH APPLE TECHNIQUE 

6.1 Introduction 

During the first year of my study (1971) seven techniques for 

samplipg Conotrachelus nenuphar were tested (Chapters 3, 4, and 5). The 

results, while discouraging, did indicate that plum curculio adults are 

very difficult to trap. 

~ initial aim was to obtain relative population indices that 

could be correlated with fruit damage, thereby providing a reasonable tool , 

for decision making in directed contro~ programmes. Graham (1948) working 

codling moth, Carpocapsa (:LaSpeyresia)pomonella (L.), found, w~th the 

1)bwever, that "satisfactory comparison of treatments ~e made on the_ 
/ ./ 

) 

asis of the number.of injured fruits". i..~., on the basis of insect effects. 

Also, the distinctive semi-circular egg-laying scars made by plum curculio 

femal~ ana the irregular feeding punctures made ~ the .dults of the new 

generation on maturing fruits had been used by LeRoux (1961) ~o evaluate 

f. nenuphar damage on apples in a southerwestern Quebec orchard. 
\ 

Fu rther-

more, Calkins ~ 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. 
, ,

" 

The objectives of the thre,e 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 to app~e fruit set, and (3) detection of relationships between these 
), 

findings and damage ass,ssment both at "June" drop and ha~est. The establ:ish-

ment of such relationships was considered to be the first step towards 
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l"eplacing preventative "calendar" spl"aying against f.. ileiluphar by directed 
, 

control. The experimental design selected for the stuay was in~ended to 

yield information that would accurately indicate "when" and "whel"e" to 

apply contro~s, ~.i., insecticides. 

6.2 P~eliminary Work 

During the 1977 growing sesson, a,method employing mature Granny 

Smith apples for monitoring effects of Q. nenuphar was developed. These 

apples wer~ chosen for the following reasons; (1) their green oolour (as 

females normally oviposit into the young green fruit) artd for their size 

(~.~. 5 cm diameter); which.offers a larger oviposition surface than green 

thinning apples, (2) their easy visibiIi~ in the trees, (3) their commer-

cial availabili~ prior to natural fruit set in our regipn, and (4) their 

having been recently harvested in South America. These'apples 

were also found to st~ fresh longer in the field than local apples that. 

had been stored over win ter (see b~ow). "'-.i-
l 

For the first experiment l used 21. Granny Smit~ appl~s. Rriur to . , 
their installation in the experimental orchard, these apples were thoroughly 

washed in lukewarm ~ate~ to rem ove any pesticide res~ues. Seven apples 
", 

---were dipped into melted Tanglefoot~ 1, to test if th~y would ~apture ~. 

nenuphar adui ts • ' ..., This was attempted because Prokopy (1968a) was successful 

in estimating the apple maggot, Rhagoletis-pomonella (Walsh), adul~abun-
1 
.dance in apple orchards with red wooden sticky spheres suspended from'apple 

tree branches. The 14 others were installed intact to verify if they would 
() , 

attract plum curculios for oviposition. of these 14 apples, four were 

l The Tanglefoot c~~.!.- ~and Rapids, ·Michigan. 
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attached'with a galvanized wiJ!fe, five 'ceri:timeters below a,tree branch and 

10 were inatalled a~ major branch junotions. AlI of the apples were placed 
. 

in the upper half of sevèn trees' (N-3 to N-9)" in the most-westerly row of 

the experimental orchard (see Fig.', 1), adjacent to the surrounding woodlo~~," '>-

~ 1" .. '\, ~ 
Tl]is loc~tion owas -cho.sen to maximize dtStection of the apples by pl~ curcul~o. 

~ 

Each ~f these trees hàd one sticky and two non sticky apples. The Granny 
.' 

Smith apple~ were installed on June a3 and~xamined on three occasions over 

a 19 day period: June 24, 29 and July 12. 
\ 

On June 24. three plum curculio oviposition scaré were detected, 

five more on June 29 and six additional ones on July 12, for a total of 14, 

aIl on non sticky apples (see Fig. 15,B). No adults were captured on the 
.~ 

seven sticky apples. This confirmed 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 

~n seven of the 10 app~es installed at major branch junctions (!.!., 3, 2, 

1, 2, 1, 2, and 3), none on the four hanging apples. This suggests ~hat 

p1um curculio fema1es reached the Gr~ Smith apples by wa1king along the 

tree branches rather than by flying to them. Consequently, in aIl sub-, 

sequent experiments Granny Smith apples were placed at major branch junctions. 
" 

After 19 days, ten (71%) of the 14 uncoated Granny Smith app1es 

were still in adequate condjtion for th~ detection of egg-laying scars. 
1 

This coincides with the 2o-d~ average (five years) period between pink 

bud stage and fruit set for standard trees in the experimenta1 orchard; 

this being the time when C. nenuphar must be monitored. Consequently, -" 
because "they remained in ~od côndition", Granny Smith-apples were used . 

t· 

in aIl subsequent experim~nts. 

Final1y, it ia significant to note that the 14 egg-1aying sc ars 
, 

were made at a time when the Granny Smith apples were in competition with 
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, , , 

thousands of young green appIes, the natural ovipo$i ti,on si tes for p~um 

curculio. Thus, i t was expected that even more' oyiposi tion soars migh~ . 
, ~ 

be ob~ained on Gr~ smith apples tbat are present prior to naturai fruit 
". 

set, ! . .!:.., when alternative oviposition sites are not av$Î.Iable: What 

remained to' be discovered was whether females would, in fact, lay eggs 

at this earlier time. Based on those preliminary r~sults a more'extensive 

experiment was conducted to test the feasibilit,y of using GrarlQy $mith 

apples to monitor populations of plum curculio. 
.b . 

. 
6,,:5 Materials and Methods 

. , 

6.3;1 Experimental orchard 

The reader may refe~ to the Introduction of this thesis (section, 
".. , 

• 

1. 6) ,for~ a complete description of the e~erimental orchard. It i8, however, 

>, represented here again, including additional information retated to the 

experimental design and the sC,out-trees location (Fig. 14). 

6.3.2 Experimental design 

Thé experimental orchard was divide~ into fiye sèctors (roman 
'" '\ . 

numerals, Fig. 14) ~f approximately 45 trees each: the four sides'and the 

center. This de~ign was chosen to study spatial distribution of plum 

c~rculio e,/fects (egg-laying scars on Granny smith apples) and of its damage 

at "June" drop and f~l1 harvest. In each of these five sectors (considered 

here as treatments), five scout-trees, aIl Mclntosh, were randomly chosen 

(Fig. '14). In additi'on, the crowns of the 25 scout-trees were divided 

horizontally into upper and lower half and vertically ~to rour equai 

quadrants, according to the four cardinal points of the compass. This 

p~vi~ed eight scout-apple locations per tree,' and 200 for the entire orchard. 

In 1979 and 1980, -the design was simplified and scout-apples (100) were 
/ 
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Fig. 14. Experimental orchard, F~urg, Quebec, 

1978-1980. ~Orchard sectors (I~V) and scout

tree locations. 
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102 1 

installèd only i~ the upper half of scout-trees. 

6.3.3 Scout-apples (Gr~ Smith). . 
, ' , 

',' ylie scout-apples used in each ~f 'the three ~~were of the" 

Granny Smith cultivar, chosen on the basia o.f the resu1ts of the preÜm\-' 
, .' . , 

nary 1977 exper~ent. These apples -wre imported fr'om Chile, and purchased - \ ~ , ' .. ~ '" 

wholesale , \ during the last '~e~ of Apr~l; from the same f~i t broker each 

year. Thezre were exactly 100 apples per lb~~, each approximately five penti

meters in diameter. They were st~re? in à wa~k-in refr.ig~r~tor a~ 50~i~c ' 
, 

until needed. 
, 

Installation or these_scout-apples ~t major branch Junotions re-

quired that a metai needle be first driven t~OUgh the centra~ part of ' 
\ . l ' rJ' , . 

t ' 
each apple .cor~. This facilitated insertion of the galvanized w,ire, 30 cm 

1 t .., ., 

long, without damaging the apple skin; for se~ure retention of ~ apple 

by the wire a hexagonal galvani2:'ed nut (14 mm,..ide and, 6 mm thick)/was 

attached at one of it. end., the f~ee end being .e~ured aroun~ranch 
junction. This type of attaohmen~ permitted the insertion ofscout-apples 

into the "V" part of major bran ch junctions (see Fig. 15,A). 

<> 

pink bud 

During each growing season, scout-apples were installed at ,pre-

stage (~Antosh c~l ti var) and examined eve~ two days until the' 

firs~ egg-~y~ng scars were detected (s~~ Fig. 15,C). A final ex~ination, 

was perform~o days a:fter the calyx stage in 1978 and 1979 and earl~ 
the morning of the third day in 1980, because of a heavy rain the second ~ 

day •• This timing of t~e final examination corresponds to fruit set and 

is the latest moment~at whioh a decision regarding spraying has to be taken • 
.l\ 

During the final examination, every scout-app1e showing one or 
Il 

, 
more plum curculio egg-laying scar(s) was' reoorded. This unit was chosen 

because of the' variability of the number of egg-laying scar~per."scout

apple observed during the 1977 preliminary experiment. 
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6.3.4 Other experiments 
, , 

nuring the 1979 growing season, in order to test the teohnique 

_ at low plum curcuIio population densi ties t five local commercial sprayed 

orchards were also moni tored. In each of these orchards five randomly' 

chosen s~out-trees (in rows adjacent ta wood1ots) received f?ur Granqy 

Smith scout-app1es (o~ per cardinal-point of the compass) installed in 
.<'l; 
(~ 'IJ 

the upper ha1f of ~rees. These apples were installed at pre-pink bud stage 

and e~amined for plum curculio oviposi tion scars two- c:iays after the calyx 

stage. 

In addition, during the 1980 growing season, two insecticide-free 

orc,hards were mon~tor~d in a similar way; one at the Frelighsburg Experi-

mental Farro, one kilometer north of the experimental orchard (described in 

the section on the boll weevil trap in Chapter 5) and the, other at l"Acadie, ' 

less than 10,; km w~st of the sa~nt-Jean :-~gri~u~~ture Canada Research' station'. 

6.3.5 Damage assessment 
'-

Plum curculio damage in 'the experimental orchard was assessed 
. ~. 

~t two different moments during each of the three growing seasons. This 

was done also during 197~ in the five'commercial orchards and during 1980 in 
1 

the two insecticide-free orchard~. 

Thê -first damage assessment was carried out after the physio-

logical ,fruit drop had occurred. This natural phenomenon of prema~ure . . 
apple fruit abscission is often referred ta, initially by New England 

g~~J;rs, as "~une" drop, because invariably in that region i t occurs dur1ng 

this month. At our higher latitudes, however, it takes place more often 

during the first two weeks of July. It waS important to record plum curculio 

damage at that time bècsuse the young fruit bearing active plum curculio . , 

larvae fall at June drop. (Levine and Hall 1977). Thus, high plum curculio 
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infestation can reBul t in a si'BJ'lificant decrease in yield at harvest. 

In the experimental orohard June drop infestation was liasses se, 

by randomly coileoting 25 fallen apples ~er cardinal ,point of the compa~s 

under each of the 25 Bcout-trees. In this way. 2 500 apples were collected 

(500 per or chard seotor) each growing season and those wi th one, plum ourculio 

eg~-laying scar or more were recorded. This assessment was performed on 

J),lly 12 in 1978, July 3 in 1979 and July 10 in 1980. 

Plum curculio damage-was also assessed at harvest. ~is damage 
1 

includes firstly, oviposited apples in which pl~ curculio larvae did not 

develop (because eggs were infertile or aborted, or in which the Iarvae 
\ 

were killed by the pressure of the,rapidly growing fruit) - these bear 

crescent shaped egg-laying scars that ha~e healed, re'su~ting in a shie!d

like necrosis on the sk:Î.n of mature fruit -' and secondly, . nutri tion punc-

tures - circ~lar holes made through the apple skin by this beetIe's long 

beak - made by the emerging adults of the new generat~on. In these nutri-
D 

tion punct\}res the pulp under the puncture is exoavated an~ );he skin around' 

the h61e shows a dark halo of necrosed tissues' (making it relativel~ easy 

to identify). Both of these types of damage render apples Uhmarkètable 

for fresh consumption. Such damage may also make those apples more suscepti-
" 

ble to disease or shorten their storage life. 

In the experimental orchard harvest damage was assessed by 

randomly collecting 25 apples per cardin~l point of the compass, 18 from 

the tree and seven fallen ones for each of the' 25 scout-trees. In this 

way, '2 500 apples were collected (SOOler orchard sector) during each growing 
. " 

season, and those with either one or more shield-like skin necrosis and/or 

one or more plum curculio feeding puncture were recorded. Thi's asses~ment 

was performed on "Septembe:r 15 in 1978, September 17 in"1979 and September 1~ 

in 1980. 
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In addition, in 1979, similar June drop and harvest plum curoulio 
o 

damage as-sessme~ts 'Nere carried out in the fi ve commérci&! orchards on 

June 29 and September 19 reàpectively. In the two insecticide~free orohards 

in 1980, plum curculio June drop and harvest damage were assessed on July 10 

and September 18 respectively. 

6.4 Results and Discussion 

6.4.1 Monitoring at different vertical levels in the trees 

During 19-78, while Granny Smith scout-apples were installed in 

upper. and lower halves of the trees, egg-Iaying scars were detected only 

\ on apples in thé upper hal ves of the trees. Accordingly, the experimental 

d~àign was immediately simplified and the variable "tree level" eliminated. 

Thus, the analysis of results for the three gro~ing seasons is based on 100 

scout-apples installed in the upper haIt' of the trees (Fig. I5.,C and D). 

LeRoux (1961) detected signifi~ant differences in the vertical " 

, 
distribution of plum curculio damage later in the growing season: mid-July 

in 1958 and late 'July in 1959, and again in mid-September in 1959. This . 
m~ght suggest that plum curculios favour .ifferent levels in the trees at 

different times of the year. It should be noted, however, that LeRoux's 

observations were of plum curculio populations at a much lower densi ty. 

6.4. 2 Summary. of resul ts 
'1 

Resulta are preselited in Tables 7, 8, and 9. The first column 

of each table indicates the orchard sectors (1 to V). The second co lumn 

idèntifies 'each scout-tree according to the adopted ~rid sys.tern, A to N 

for orchard rows and 1, 2, 3,~ •• for the ~rees in each roWj starting at the 

,_ north end (Fig. 14). Column three, four and five correspond respectivel~ 

.. - to the 1978, 1979, and 1980 growing seasons. For each of the five' orcha 

1 

\ 
i 

1 
i 
! 
1 
1 
\ 
1 

! ' 

• 1 , 
1 

i 
1 , . 

1 
'1 



. ) 

J 

1 

, , . 

", 

1 

... 
. A 

f 
, , 

J 

Ir f" 

106 

~ " 

... 
B 

FIG, 15. PLUM CURCULIO OVIPOSITION SCARS ON GRANNY SIHTH SCOUT-APPLES HUNG IN 

THE EXPERIMENTAL O'RCHARD AT FRELIGHSBURG, QUEBEC, ~977-1980 . 
... 

. (A) SCOUT-APPLE IN TREC (B) OYIPO~ION SCARS, 1977, 
, 
(C) OVIPOSITION SCARS. 1980, (D) IDEM. 
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7. Incidence 'of scout-apples (4!tree; l/quadrant) with plum 
curculio oviposition scars at fruit set. 

June 4 1~80 
N S E W T 

May 23 1979 
N S E W T 

June 1 1978 
N S E W T 

, 1 
Scout-trees Sector 

1 

II 

M 13 
N 9 
M 8 
L 3 
N 3 

K 2 
J 1 
G 3 
D 3 
B 1 ~ 

Ul ~-~ ! 
, B 7 

B 11 

D 13 
F 15 

IV 1 12 
K 15 
M 14 

V 

l 11 
1 8 
F 9 
F 13' 
G Il 

lse~ Fig. 14. 

~ 
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0000001102 
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o 0,10 1 0000001102 
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o 0 0 0 0 

'\00000 
o 0 0 0 0 
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0' 1 0 0 1 
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3 0 0 0 0 
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o 
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o 
o 
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o 0 0 0 0 
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Table 8. Incidence of June drop apples (100/scout-trees j 25/quadrant) 
with plum curculio oviposition sears. e \ i 

.' b 1 
1 

/ 1 Ju1l 7 1978 Jul~ 3 '1919 JuIl 10 1980 

1 
Sector Scout-trees N 5 E W T , N S E W T N S E W -T 

M 13 9 13 15 7 44; 23 25 23 25 96. 21 19 18 18 1'6 ! 
" N 9 13 11 9 19 5-8 23 23 24- 17 n·· 18 19 13 19 69 

1 
1 M '8 12 12 14 11 4-9 17 18 23 21, 79 17 19 22 16 74-

L 3 '7 6 10 9 32 16 18 18 18 70 15 12 9 F 53 
N 3 16 13 14 15 ~8 25 20 21 25 91 22 19 19 17 77 i -,- _\...: ---- ---- 1 57 55 62 61 235104 104109106423 93 88 81 87 34~ i , 
K 2 ' 0 .5 9 3 17 15 14 14- 11 54 11 17 14 8 50 1 
J 1 9 10 7 8 34 18 13 19 18 68 15 11 13 13 5~ 

II G 3 4 5 6 3 18 9 19 10 12 50 7 9 6 6 28 . 
D 3 6 4 6· 1 17 10 10 6 6 32 12 9 9 14 44 
B 1 10 12 8 7 37 15 12 6 15 48 9 6 11 12 38 

--..--- ---- ----
, 29 '3'6 36 22 123 67 68 55 62 252 54 52 53 53 212 

C 4 6 5 8 8 27 9 12 9 8 38 14 lQ 7 9 40 
A 4 2 3 1 0 6 8 8 6 7 29 4 7 5 7 23 

III C 8 9 5 14 7 35 5 9 ~ 4' 24 5 6 6 5 22 
B 7 3 4 0 '" 10 14 9 3 3,8 8 

)~--

3 12 14 , 9 9 40 
,~ 

B11 19 13 16 17 65 22 19 21 21 83 14 17 15 13 59 

---- ---- ----
39 30 39 35" 143 56 62 51 43 212 51 49 41 43 184 

D 13 8 10 12 9 39 17 16 14 17 64 13 17 15 18 63 
F 15 8 6 11 10 35 18 19 16 20 73 4 6 8 5 23 

IV I 12 2 3 1 3 9 20 16 16 18 70 8 12 10 10 40 
K 15 10 14 15 10 4-9 23 22 '23 23 91 19 18 16 21 .74-
M 14 19 16 14 25 74 21 18 19 21 79' 19 15 69 

1 
21 14 1 

1 , 1 ---- ---- ---- - 1" 
1 1 

1 . 47 49 53 57 206 99 91 88 99 377 63 68 70 68,269 , 
t 

1 11 1 2 2 0 5 12' 12 14 9 11 . 8 1 14 52 7 35 ! 1 8 6 7 10 10 33 16 17 15 21 69 ' 7 4 7 5 23 
V F 9 0 1 0 0 1 12 15 16 14- 57 4 5 5 3 17 

F 13 8 9 9 11 37 9 14 19 9 51 8 10~5 6 29 
G11 0 0 2 3 5 9 19 2f 14- 67 3 8 8 8 27 

---- ---- ----
15 19 23 24 81 58 77 89 72 296 ~1 38 33 29 131 

(), lSee Fig. 14. 
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k r Table 9. Incidence of harvest apples (100/soout-treej 25/quadrant, 1 
~ 

(;~ 
18 on the tree and 7 JMlen ones) wi th plum' curculio 

1 
oviposition sc ars and/or nutri~ion punctures. 

1 Seft. 15 1978 s~t" 17 1919 Seet • 19 1980 

J 
SectC?r Scout-trees N S E W T N S E W T N'S E W T 

~ 
M 13 13 6 9 6 34 17 21 11 18 73 15 19 25 16 75 j 
N 9 8 9 20 7 44 16 16 19 19 70 19 14 19 16 68 j l .M 8 8 9 10 9 36 21 19 16 19 75 21 16 22 17 76 
L 3 10 12 12 4 38 22 19 18 20 79 15 19 17 15 66 J. 

1 
N 3 10 12 18 14 54 20 20 22 22 84 21 20 20 22 83 ~ 

~ 

1 
---- ---- ---- 1 

49 48 69 40 206 96 95 92 98 381 91 88103 86 366 A 
J 

1 

1 

'h K 2 8 10 13 8 39 17 19 18 14 68 11 11 12 9 43 
J_ 1 10 10 15 10 45 16 15 17 20 68 9 10 12 11 42 

1 
II G 3 1110 5 9 35 19 15 15 15 64 8 7 9 8 32 

D 3 2 10 8 8 28 16 18 16 21 71 10 8 10 11 39 
t 

! B 1 18 13 17 17 65 14 16 12 15 57 9 la 10 11' 40 f 

1 ---- ---- ---- -
! 49 53 58 52 212 82 83 78 85 328 ~7 46 53 50 196 

1 C 4 9 10 12 7 38 19 14 17 16 66 10 15 11 11 42 
l 

A 4 5 8 4 5 22 12 12 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 f 

1 
B 7 8 10 la 9 37 15 12 15 11 53 12 11 13 13 49 
BU la 16 16 13 55 23 16 21 25 85 11 12 14 13 50 

1 

---- ---- ---- j 
1 

38 46 47 45 176 81 62 80 67 290 54 64 55 56 229 
~,-

r 
1 

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 

IV l 12 11 15 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 16/18 17 65 

'-----
./ -

M 14 13 12 15 17 57 22 24 22 19 87 16 15--1,.1-=-17 65 
;fJ , ---- ---- ----

78 79 El8 67 292 101103 90 85 379 72 69 77 77 295 

111 8 7 5 9 29 10 14 16 15 55 3 5 8 4 20 
l 8 12 11 10 9 42 18 22 19 16 75 5 5 7 6, 23 

V ,J- -F~-9,-- 4 7 7 9 27 19 19 18 21 77 1 2 5 0 8 
F 13 ~~ 9 9 15 7 40 17 11 18 12 58 8 8 5 2 23 
G 11 4 10 15 '3 31 16 14 17 18 65 9 8 7 9 33 

---- ---- ----
36 44 52 37 169 80 80 88 82 330 26 28 32 21 107 

C" ~ l ' 
See Fig" 14. 
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sectors in each of the growing seasons, horizonta11y derived (row)'. totals 

correspond to a particular scout-tree and vertically derived (column' 

totals to a particular cardina~ ,point of the compass j also, for each 

o~chard 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-

/ 
/ 

1 
position sc ars on Granny Smith apples and frequencies of' "June" drop and 1 
fall harvest damaged apples would b~ found to be independent of the cardiLl 

points of the compass. In order to test this, the three annual sets of dita 

per quadrant (plum curculio oviposi tion scars on Granny Smith apples an~ 
/ , 

the two damage assessments) were submi tted to rows and columns tests of 

independence using the G-Test prOPOS:d by SakaI and Rohlf (U81:pp. rl-747). 
As this type of analysis of frequenèies is used throughour this 

1 

expèriment a working example based on the data of the 1980 harvest/ damage 
;' 

(see Taàle 9, data of September 19, 1980), is presented to illustrate the 

technique. The column t9ta1s for each quadrant are summed together to 

generate total number of damaged apples per quadrant for the ~ntil'e experi-

mental orchard; 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 gives the frequencies 

of damaged apples per quadrant. The statisticG is equal to 2(Ef ln f (f'or 
, 

the cell frequencies) - Ef ln f (for rows and columns totals) + n ln nl, 

where n=grand total (2 500). The degrees of freedom for the G-Test are 

equal to (rows - l)x(columns - 1) J as for: a chi-square test. The calculated 

G value ;s compared with a chi-~quare distribution cri tical value at the 

level a=O,Ol for the given number of degrees of freedom. The null hypothesis 
~ . 

il rejected ~th; ~-i~vèl when the calculated G value exceeds the critical 

\ 

, , 
1 

~ 
1 

1 

1 
/ 
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Table 10. 

Quadrant 

North 

South 

East 

West 

Total 

_~~111 
Frequencies of plum cUNulio damaged apples per quadrant at 
harvest. 1980. 

, . 

Apples Total . % damaged 

Damaged undamaged 

... -, . 
290 335 625 46,4 

--...,--

) 
295 330, 

V 
625 41;2 

320 305 625 

290 335 46,4 

~/ 
\,l' 

1 ,195 1 305 

Calculated G value = 3,98 not significant, 

2 
X 0,01 = 11,35 for three degrees of freedom. 

1\' 

\" \ 
.~ 

" '. i 
'! ~ 
" 

1 
1; 
,1 
, 
" 
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chi-square table value. Thus, in this case. as G i8 3,98 and the critical 

~i-square table value is 12,84 st (1::.0,005 and 11,35 at ~O,Ol and three 

degrees of freedom, the null hypothesis cannot be rejected at either of 

these levels. In other words, at thes~ leveIs of significance, the per 
" 

quadrant variation in harvest damage frequencies in 1980 
,,-

by chance variation in the samples, and i t cannot be aas 

in any one of the four quadrants of scout-trees are more significantly 

damaged ~y plum cure,ulio 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 growing seasons. The nine 

calculated G values are presented in Table 11, with their corresponding 

sign,ificance. 

Cléarly there is no statistical evidence for significant differ-

ences between the frequencies of plum curculio egg-laying scars on Granny 
Q 

Smi th apples or frequencies of plum curculio damaged apples at June drop 

and harvest acc0:<iing to the cardinal points of the compass. Thus 1 in 

further analyses, this variab~as not èonsidered. 

This result is in accordance with LeRoux's findings (1961). In 

his experiment only on t'our out of 16 sampling' occasions did he t'ind s'ig-

nificant differehces 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 orchard sectors 

6.4.4.1 Correlation betw~en plum curculio effepts \' Granny smith apples 

and June drop and harvest damage assessments, and between 9amagè 

assessments 
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Table 11. Value and signifieance of the statistio G. as calo1.l1ated for 
froquencies of Granny Smith appleB ahawing plum curouli6 

'oviposition $cars~ anei of plW1l euroulio June drop and harv.st 
damaged appleJ'} obtainod tram the cU'dinal points of the 
compass; 'Frelighsburg experimental orohlU'd, Quebec; 

Data set / year Calculated G value Significance 

Gr~ smith apples 

\. 

1978 1,48 ns * 
1979 2,22 ns 

1960 2,26 I:Q ns 

June drop apples -" 

1978 3,14 ns 

1979 1,70 ns 
1960 1,40 ns 

Harvest applés 

1978 10,90 ns 
1979 2,14 ns 
1980 3,98 ns " 

2 * Not significant; xO,Ol ::; 11 ,35 for three degrees of freedom. 

• j 

". 

J 
A 
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~ In direoted oontrol the deoision as whether to spray must be made 
/ 

prior to' t~e appearance bf aotual damage. This ia particularly true in 

pomiculture where curative control ia not acceptàble because of the ex-
. ' 

tremely low economic threshold, damage having to be maintained below one 

peroent at harvest for fresh market apples. ~hus, an effective trap must 

provide the needed ïnformation prior to the occurrence of aetual damage. 

From the above data it is elear that Granny Smith scout-apples permit 

G deteeti~n of,2,. nenuphar presence in orchards sinee 9, 15 and 19% of these 

apples were found bearing plum eurculio egg-laying scars during the three 

growing seasons of my study. The yarious dates and phenological stages of 

the Mclntosh cultivar at which the Granny Smith ap~les were installed and 

monitôred in the experïmental orchard are given in Table 12. Included are 

the periods of detection of the first egg-Iaying scars and of the final 

examinations when the data used in these analyses were recorded. 

It-is-significant to' note that the first plum curculio egg-laying 
1 

scars on Granny smith apples coinc'idéd wi th the time at which the trees 

were in bloom. This activity of females of the speo~es, however, does not 

coincide with the'time of this insect's migration to host trees. The dates 

over the four year period (1971 ta 1980) at which plum eurculio adults were 

first deteeted in the experimental orchard by any method are given in 

Table 13. 

In general; plum eurculios are presént in the orchard from about 

pink bud stage, but egg-Iaying on Granny Smith apples was not,observed to 

start until full bIoorn. Also, egg-l~j_n~/host-trèe apples~obviously 
. 

cannot begin,until after fruit set. The fact, however, that oviposition· 

can start before fruit set supports the use of the Granny Smith scout-apple 
", 

technique, although jarring is superior for detecting the early presence of 

individuals. Jarring, however, is less reliable for fo~ec~sting damage 
~ 
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Table 12. 

Gllowing 
season 

1978 

1979 

1980 

t"'I ......... 

/ 

Summary of the monitoring of plum curculio effepts with Granny Smith scout-apples. 
Dates and phenological stages of the Mclntosh cultivar; Fr~lighsburg. Quebec. 

"--

--- ------- --------------c----~-----

Installati~n of 
scout-apples at 
pre-pink,bud stage 

.' 

May 18 

May 8 

May 14 

Moni toring of 
scout-apples 

(pink bud stage) 

May 20!2~,25.26 
(May 20) 

May 10, 12, 14 
(May 10) 

--

May 19.21,23,26,28 
(May 15) 

Detection of first 
Jegg_laying sôar and 
its location 

(full bloom) 

May 26, M-8 
(May 25)' 

. May 14. 0-13 
. (May 15) 

May 28, M-8 
(May 22) 

r, 
(, '-', 

,-' 

Final 
exœ.nation 

(calyx) ff 

June 1 
1 (May 30) 

May 23 
(May 21) 

June 4 
(June 1) 

-_ .... -----.._-~~--_ ... --. ...,."""'~ ............. '."''' ... ~-------- ,,-- ---- -- ----- - ------ --_ ....... """'".-."""~_...,;..:.ii ... ""' ___ ---
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Table 13. 

Growing 
season 

1977 

1"978 

1979 

1960 

, ' , 

lib , ..,. . tstZi t uu .. 'P.'. 

Dates and phenologioal stage of the McIfttosh cultivar at 
the;time of the first plum oul'CUlio dot&ction by IllY 
~od in the experimental orchard; ,Frelighsburg. Queboo • 

• 1 

116 

First 
deteotion 

Pink. bud 
stage 

Location 
(tree) 

Detection 
method 

\ 

l ' 

May 17 May 13 c.a. Mo·:9 Sbarab ~rap (Chap. 3) 

May 16 May 20 M-13, K-6 Boll weevil trap 

r· 

l, 

1 
1 ( Chap. 3) 

-, ~ y - - ----t"---
, 
1 

May 8 May 10 Mirid sticky trap 
1 

F-6 '. , ( Chap. 5) i 
y ,_/ 

May 15 May 15 F-15 Jarring 

.) 
1 

~\ 
" 

/ 
1 

.. 
" 

/' 

. \ 

'. 
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(see Chapters 2 and 3,' for a discussion of its shortcomings). In 1978 the f 
first egg-laying scar on ~ Granny Smith applewas detected 10 days after 

Gt> 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 repo~ted by many researchers. This suggests, however, that 

host trees are probably the'main focus for,mating and supports myopinion 

that tpapping and/or monitoring should be performed on host-trees. Most, 

important is the fact that plum curculïo~effects on Granny ,Smith apples 

.were always detected about the time of full bloom, prior to the calyx stage, 

and therefore bef~r~ the critical time ai decision making regarding spraying. 

plum curculio effects on Granny Smith apples monitored at the final 

examination were correlated with June drop damage and harvest damage assess-

ment vllues. " AIso, the two pamage assessment values were correlated 
rr ~ , • 

together. For these analyses the variables are: (1) for effects on Granny 

Smith apples, the percentage of_scout-apples per"orchard sector (the four' 

sides and the central portion of the experimental orchard) showing one or, 
a 

more plum curculio egg-Iaying scar, (2' for June drop damage, the percentage 

of apples per orchard sector s~owing one or more plum curculio egg-Iaying 
'" 

scar and, (3) for harvest dam~ge, the percentage of apples per orchard 
, 

sector showing one or more plum curculio oviposition shield-like necrosis 

of the skin andloor one or more nutrition puncture. Correlations between . ' 

v~riables averag~d over three growing seasons and five sectors ~e as 

follows: (1) Granny S~ith scout-apples and'June drop damaged apples, (2) 

Granny Smith apples and harvest damaged app~s and, (3) June drop damaged 
, 

apples'and harvest damaged apples. T4e statistic used i5 the Spearman 
't 

rank correlation coefficient (r ) (Daniel 1978). The data'are summarized 
s 

in Table 14 and the rank correlation coefficients, their significance and r, 

l' 

1 

1 
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Table 14. 

1 Sector 

.' 
r' 

,-,,' 

Summary of Granny Smith, June drop and harvest apples showing plum curculio effects, and 
expressed as percentage per orchar~ sector per year, Frelighsburg, ~uebec.-

Granny Smith apples 
(20/ sector ) , 

1978 1979 1980 % 

June drop apples 
(500/sector) 

1978 1979 1980 

~ rr 

~--r
% 

Harvest apples 
(500/sector) 

1978 1979 0 1980 % 

~----- ---- ---- --~ --==-=--"---- ..... ~-~~~ .. ~~--- --

;:;;;;a( ..... , 
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""'0,-
the (r )2, which might giv~Q~asure of how much of the variation in one 

s ~ 
", 

variable is explained by the variatIOn in the other, in Table 15.' 
"" 

Clearly, from these results the percentage of Granny smith apples 

with'plum curculio e~-laying sears is significantly correlated with the 

percentage of damaged'June drop and harvest appIes, these two last pe~ 

eentages correlating significantly together. This suggests that the use 

or Granny Smith scout-apples as a detecting tooI of pos~ible future harvest 

~amage is feasible. On the other hand, correlation analysis can be mis

leading, and sometimes a correlation in ~ime or space, rather than between 

th~ observed variables, under1ies high val~es of correlation coefficients. 

Accordingly, to further verify this relationship, it was of 

interest to see if it was possible to, d~monstrate a dependence between the 
, 

first variable (Granny Smith scout-app1es showing plum curculio,oviposition 

activity) and the two others (June drop and harvest damaged apples) 

regard1ess of time or space (~chat'd sector) at or in which they were 

measured. Since the number of GrJnny Smith apples showing plum curculio 

oviposition activity varied for aIl ~f the experimenta1 orchard during the 

1 three 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 cureu1io 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 .orresponding sectors were then 
, ' 

totalled on an experimental orehard sector basis for the three growing 

seasons. A rows and columns test of independence using the G-Test was 

perrormed. The data are summarized in Table 16 and the calculated G values 

and their significance in Table 17. 

Clearly in both cases, the null hypothesis, that frequencie~ of 

l' 

i 
Î 
~ 
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Table 15.' "Spearman" rank oorrelation ooefficient values when Granny Smith 

apples, , June drop and harvest damapd apples showing plum 
-curculio effects are oorrelated. 

Variables 
correlated 

Granny smith and 
June drop apples 

Gl"anny Smi th and 
harvest apples 

JWle drop and 
harvest apples 

-

.... 

r 
s 

0,80 .. 

0,90 * 

0,90 * 

;. 

• 
'-~ 

(r )2 
s 

.; 

0,64 

0,81 

0,81 

~ 

* Significant a~:â=0,05 for three degrees of rreedom (Daniel 1978:pp 300-306). 

t.-
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Table 16. 
{
/summary of frequencies of' plum curculio damaged r drop and harvest apples per 
'class of Granny Smith apples showing plum curculi ~ effects prior to fruit set, , 
~ighSbUrg, Quebec. , '-

June drop apples Harvest'apples 

~ 
--' 

Granny Smith)apple class 
showing plum'curculio 
effects damaged undamaged total % damaged damaged und8maged---total" d8mige<l-

0, 1, or 2 901 1 599 2 500 

3, 4, or 5 1 974 2 026 4 000 

6 or 7 618 382 1 OOQ 

Totals 3' 493 .( 007 7 500 

'" 

... , ,~ ... _ ........ - . __ .~_ .-1 __ "'.-'-_ ... _ .............. ........,. ___ ~_~ _~ .. _ .... 

~ 1 045 1 455 2 500 41,80 

49,35 2 ê'50 1 750 4 000 ~ 

~ 663 337 1 000 66,30 

3 5,(2 3 958 1 500 r 

"" '1 
) 

;, 
,1 

/1 
, IIr 
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Table 11. Value and significance ofVthe statistic G'as calculated for 
fre~encies of plum ouroulio jtme' drop and harvest damaged 
app~ fpr classes of Granny' sii1:th apples showing plum , 
CurèU~10 effects prior ta fruit set. 

,; 

Variable Calculate Significance 

June drop apples 219,14 * 

Harvest apples 215,36 * 

* SigJlificant at a=O, 01 ; 
2 

. XO,Ol: and two deg~es of freedom = 9,21. 
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June drop and harvest damaged apples is !ndependent of the classes of 

Granny Smith apples showing plum ourculio effects prior to fruit set, must 

be rej ected. Thus, the relationships indicated by the rank correlation co-
I 

efficients (Table.15) appear to be real. This suggests that more work is 

warranted with the Granny smith scout-apples technique to further clarify 

these relationshïps md to evaluate the IROst appropriate number of' SCQut-
~ . 

apples required per orchard to detect plum curculio presenoe and predict 

its damage levels. 

Monitoring "With Granny smith apples was a1so carried out in five 

commercial sp~ayed orchards during the 1979 growing season. For these 

experiments the results are uniform: no p1um curcu1io egg-Iaying scars 

were detected on any of the 20 8cout-apples in each orchard. In addition, 

June drop and harvest damage assessments, based on 500 apples cQllected at 

each period per orchard, revealed no damage by ~. nenuphar. Either plum 
.,. 

curculio was totally absent from these orchards or at,such low population 
" -

densities (because of~he spr~ing programmes) that this monitoring tech-

niqu~ and damage assessment procedures were not efficient enoug~ to detect 

its presence. Most probably the damage assessments represent reality, but 

the monitoring prior to fruit set still remain's to be evaluated in low 

population density situations. For this the ~echnique would have to rre 

tested in orchards in which insecticidal spraying would have been 'r~cently 

,stoppedj these orchards, however, were ve~ scarce in our region dùring the 

period of this study. 

In 1980, the Granny smith monitoring technique was also tested 

in two insecticide-free orchards; the results are summarized in Table 18. 

Comparisons of. these results with those of the experimental orchard could 
'1 

.fi 

be criticized, but it is significant to note that they agree, however, with 
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Orchard 
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Summary of Gruny Smith apple monitoring of plum cUI'Culio 
effects and \ damage assessment at June, drop and harvest for 
two inseoticide-free oroP,ards during the 1980 growing season. 
~ j 

\' 
\ 

",f " 

Granny Smith apples 
showing plum curculio 
effects, based on 20. 

June drop damaged 
apples, based on 
500 apples. 

Harvest damaged 
apples, based 
on 500 apples. 

-
Fre1igh~burg 25% 66% 72% 

, L'Acadie 20% 52% 60% 

, 
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the g~neral pattern observed in the experimental orchard. For example, 

detection of plum curculio oviposition activity on Granny Smith apples prior .. ~ 

'- - " ta fruit set is followed by . a significant amount of dam'hgcd apples at 
/ . 

'June drop and harvest; also, 'June drop and harvest damage are consistent 

with respect to each other. No statistical significance, however, can be 

inferred concerning these isolated cases. 
1 

6.4.4.2 Analysis of damage assessment at June drop and harvest in the 

experim~ntal orchard 

It appeared important to examine further the data of damage 

assessment to ex~ract aIl possible relevant information, more particularly' 

concerning the distribution of damage throughout the experimental ~rch~. 
This mainly because, while timing of chemical control measures against 

f. nenuphar i8 adequately dictated by apple tree phenology, litt~é i8 known 
/ 

concerning the area~ within an orchard where those control measures should 

be applied. 

Year by year an overal1 analysis of damage frequencies amon~st 

the five sectors within the experimehtal orchard at June drop and harvest 

, 
/ 

were performed. The frequencies of damaged apples (at June drop and harvest) 

recorded amongst the five sectors of the experimental orchard (its four 

sides and its central portion) (roman numerals on Figure 14) were submitted 
) ." p ...... -=- . 

to rows and columns tests of ind~penden~ using the G-Test. The data are 

summarized in Tables 19, ~O, and 21 and the calculated G values obtained 

for each of these eight analyses and their significance are presented in 

Table 22. 

2 
Sirice xO,005 = 14,86 for four degrees of freedom, eàch of the 

calculated G values in Table 22 are significant at P<O,005. and ,the null 

hypothesis, that frequencies of damaged apples is independent of the 

~-------:--_ ... -.-.. -- -- - - ~,------
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1 

" Table 19. Frequencies of plum curculio June drop damaged apples' PSr 
l, 
1 

experimenta1'orohard seotoi' per year, Frelighsburg, Que co. 1 
1 

\.. 
,,-' "..-.:" 

Apples 

Year Sector 1 
Damaged Undamaged Total % damaged 

/ 

1 
/ 

1978 1 235 265 500 47,0 
'II ~ II 123 377 500 24,6 1 

i 
III 143 357 500 28,6 

1 IV 206 294 500 41,2 

V 81 419 500 16,2 

Total 788 1 712 ·2 5001 

" 1979 l 423 77 500 84,6 -
II 252 ' 248 500 50,4 

III 212 288 500 42,4 

IV, 377 123 500 75,4 
'.-

'v 296 204 500 59,2 

-1 
, 

Total 1 560 '940 2 500 

1 
)l 

~ 
~ 1980 l 349 151 500 69,8 J , 
j 

1 II 212 

Jf 
500 42,4 , 

1 
III 184 3 6 500 36,8 

~ IV 269 ~ 321 500 53,8 , 
" f 
r 

V 131 369 500 26,2 

l Total 1 145 1,355 2 500 

f 
1 . 

18 - p" ee 19. ,14. 

C~ , 
1 
f 

1 

,) ,"'- 1 
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Table 21. Frequencies of plum curculio June drop and harvest damaged 
apples per experimental o~ohard seotor for the three growing 
seasons, 1978, 1979~ 'and 1980. Frelighsburg, Quebec. 

'\.,. 

1 Sector 

'~ 
June drop 

l 

II 

III 

IV 

V 

. , 
Apples 

Damaged Undamaged 

1 007 493 

587 913 

539 961 

852 648 

508 992 

Total % damaged 

) 

:l( 

1 500 "t 67,1 

1 500 39,1 

1 500 35,9 

1 500 56,8 

1 500 33,9 

1 
i 
l~ 

1" 
,1 
1 

'\. 'f 

1 
1 , 



1 

~-

~~~~~~,~mw __ ,*_4_' __ ._~_' ___ ' ____ ~ __________________ ~ ___________ Jà_._,._' ____ ._M ___ t~ __ ~_. __ __ 

(J, 
; 

Table 22. summary of·caloulated G values for t'requenoies of June 
drop and harvest damage analyses froa the expor-iillental 
-orchard. sectora, Frelighsburg. Quoboc. 

,1 
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Sets of damage 
assessment (year) 

Calculated 
G values 

Sign:l~icance 

June drop 

1978 147,61 . * 
1979 212,08 * 
1980 230.,70 * 

Harvest 
,~ 

1978 18,11 * 
1979 55,05 * 
1980 328,38 * 

Overall 

(1978, 1979, 1980) 

June drop 523,09 * . . 
Harvest * 

* Sigmificant at a~O,O~; X~,Ol and four degrees of freedom = 13,27. 
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experimental orchard septors, must be rejected each time. In other words, 

the frequencies of pluin curculio damaged apples at June CÙ'op and harvest, 

vary by more than chance, from sector to Bector in the e~erimental orchard 

and are dependent of these sectors, i.e., their location. 
/ --

Insp~ction of the frequencies of June, drop âhd harvest damaged 
. 

apples in percentage seems to indicate that orchard sectora l and IV, 

. (those immediately adjacent to the surrounding woodlot, thus closer to 
,', 

aFeas offering adequate overwintering sites for large populations of ~. 
\ 

nenuphar), are more sUl)<f~ible to plum curculio attack.lt would be more 

useful, however, to find'out which of these differences in plum curculio 
,', 

damage amongst the experimental orchard ~ectors are statistically signifi~ 

canto This would not\only1ndioate where to strengthen our monitoring 
\) , . 

efforts but could suggest where control measures should be concentrated. 

To find out which experimental orchard sectors are significantIy 

different from others with respec} to their frequencies 'of June drop and 

harvest plum curculio damaged appIes, each set of damage assessment was 
1 
1 

subjectèd to an a posteriori simultaneous test procedu~e (STP) of homo-
- J 

g~neity (of sets of experimental orchard sectors) proposed by Sokal and 
T , ~ ~ 

Rohlf (1969:pp 582-585). Such an analysis tests·' the independence of selected 

subsets of orchard sectora by revealing those subsets that are homogeneous 

and those that are not. 
_/ 

determine which archard 

In other w~rds, this STP ana~sis aliows one to 
\ 

\ 

sectors are significantly diffe~ent from the others. 

This prqcedure is analogous ta an analysis of variance (a si~nificant G 

instead of a significant F) followed by a multiple comparisons procedure 

(an STP analysis instead of a Duncan's (1955) MRT). 
1 

The experimental orchard sectors that are significantly different 

from others with re&pect to their frequenèies of June drop and harvest plum 

-, 
1 

1 s 
1 

1 

j 
1" 



" . 

il. 

\ 
t 

! 
1 
f 

1 
1 

1 r 
f 

l 
~ , 
\. 

" r 
f 
t 
t 
1 
,; 
i 

1 
1 

1 

( 

.. 

131 

curculio damaged apples are shawn in Table 23. As for the p,revious G-Tests 

performed on this data, these results art prese~te~ for each growi~g season 

and for an overall three year analysis for both periods of damage assessment. 

, These re~ults strongly suggest that sectors 1 and IV are most 

suseeptible to C. nenuphar attack. On the average these two sectors, 
\) --

immediate~y adjacent, to the surrounding woodlot, were the ones also with 

the highest rates of ~. nenuphar egg-Iaying activi~ detected on Granny 

Smith scout-apples pri?r to fruit set (16,7% and 25,0% respectively), and 

persistently the ones with the highest damage percentage at June drop and 

harvest, on a yearly and overall basis. This supports the generaI assump

. tions o"f previous workers about the l<?cations of plum curculio overwintering 

sites (still to be accurately determi~ed) and the highest susceptibility of 

orchard are as in the immediate vicinities of such sites. Most importantly, 

however, it strongly indicates where ta concentrate monitoring and control 

efforts for à directed control scheme. 

Furthermore, in sector V (the central area of the orchard) plum 

curculio egg-Iaying activity on Granny Smith scout-apples is at its lowest 

(6,7%) . Accordingly, i t is in this orchard sector that June drop and 

harvest plum curculio damage is almost always at its lo~st level, indicating 

that trees in the central portion of the orchard are less susceptible to 
Ij,~ 
.c. nenuphar attack; as if plum curculio females migrating into the orchard 

in the spring from their hibernating quarters would lay their eggs in the 
~ 

first~ hQst-trees encountered, 'their egg complement bei'ng depleted wi th out 
A 

'nece~sitating infestation of more remote trees. 
~ 

This experiment suggests that, in general, if a 1,7 ha orchard 

does not have its central area significantly infested by the pest, a larger 
. 

or chard would have a central area even le.ss affected by .2,. nenuphar, simply 

because, in this latter case, the central area of the or chard wguld be more 
'F .... 



. 
'~--

1 

1 

1 , ' 

,j 

. ' _ ",,,,,,. ___ ~. _______ ,,,ll_"'.t,,,, .... __ .... t!I_' _"_', • 

J 

Table 23.' Summary of signifioantly different experimental orchard 
sectors With respeot to their frequenoi.1 of June drop 
and harvest plum curculio damaged apple •• Frelighsburg, 
Quebec. 
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June drop damage assessment 

Year 

1978 

1~19 

1980 

Overall 
78-19-80 

, 
• 

Sector*. 

1 

IV 

III 

II 

V 

. 1 

IV 

V 

II 

III 

1 

IV 

II 

III 

V 

l, 

IV 

II 

III 

Y 

* See Fig. 14. 

% damaged 

47,0 a** 

41,2 a 

28,6 b 

24,6 b 

.16,2 c 

84,6 a 

1~,4 b 

59,2 0 

50,4 "0 

42,4 d lf 

69,8 a 

53,~ b 

42,4 c 
• 

36,8 c 

26,2 d 

67,1 a 

~6,8 b 

39,1 c 

35,9 c 

33,9 c 

" 

~ ~ 
Barvest damage assessment 

Yeu 

1978 

1979 

1980 

Overall 
78-79-80 

Sector* 

IV 

II 

l 

III 

V 

I 

IV 

V 

II 

II~ 

l 

'IV 

. III 

II 

V 

IV 

l 

II 

III 

V 

% dàmaged' 

58,4 a** 

42,4 b' 

41,2 b 

35,2 b 

33,8 c 

16,2 a 

.15,8 a 

66,0 b 

65,6 b 

58,0 b 

73,6 a 

59,0 b 

45,8 c 

39,2 c 

21,4 d 

64,4 a 

63,7 a 

49,1 b 
46,3 b 

40,4 c 

~ , , 
** Those percentages followed by the same lette~ are not significantIy 

different at 0=0,05. (STP analysis) (Sokai and Rohlf 1969;pp 582-585). 
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isolated and remote from the overw~~ing si tes. In order to detect such 

a behavioural pattern i t waènecessary to use an experimental design wi th 

a distr" central area, as employed in this stuqy. 

One should be extremely prudent, however. about making broader 

generalizations on this matter, because my findin·gs are only valid for 

orchards of almost square layout with adjacent peripheral 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 measur~ould he 
Ir 

concentrated in the vicinities of such similar sites, even' if they oeeur 

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), strictly for convenienee, and these sites may host signifieant 

plum curculio populations during winter. 

Finally, these results suggest two further experiments t:9èt . 
l 

could he performed: (1) the control measurès could be appl:i,.ed in the most 

.~um--éurculio prone areas of orchards and adjacent rows when appropriately 

located GraIl{ly Smith scout-apples detected plum cJU'culio presence, and (2) 
.. -..:-- "\-4-

for orchards in wnioh the spray programme is in force, the second of the 

two sprays against Q. nenuphar would he di;ected only towards susceptible 

areas; it would he difficult, presently, to do the same for the first 

calendar spray (calyx stage) hecause other appl~ pests are often part of 
A.. 

this spray target; the second one, however, is aliâ used to control tllé 

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 colleeted apples f~~ 
. " 
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~ a" 
susceptible a!'eas. Such a methed is ,JQOst likely te reveal presence of 

. f. nenuphar and also he a guideline for planning t~e following growing 

season' s monitoring and control aoti vi ties. 
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7.0 EFFECTS OF FONGICIDES ON PLUM CURCULIO 

7.1 Introductien 

This study, performed during the 1978 growing season, examined 

the action of the fungicides benomyl and fenarimol on plum curculio during 

the soil phase of this beetle's life cycle. After completing its develop-

ment inside the apple, the larva leaves the fallen fruit and burrows into 

the soil to a depth of about 30 mm (Chapman 1938). This sail phase, during 

which the insect undergoes pupation, ends with the emergence of sexually i~-

mature adults of the new generation. The soil phase extends over' 30 days, 

generally betwee~ mid-July and mid-August in our region (Paradis 1956). 

Thi's . experiment was conducted becausè, due to lack of space on 

~ the Frelighsburg Experimental Farm, the experimental orchard, which had 

been designated for the plum curculio research, had to be shared wi th Dr. 

L., J. Coulombe of the Agriculture Canada Research station in Saint-Jean, 

Quebec, who was testing fungicides against the apple scab, venturia inaequalis 

(Cke.) wint.. It was agreed that these tests would be repeated in the same 

way during the three years (1!}78, 1979 and 1980) that the plum curculio 

research had been planned to avoid adding a furthçr variable and any 

associated bias. The possibili ty that the fungicides might affect the plum 

curculio, however, remained. 

Of the eight fungicides being tested in May 1978, beno~l 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 1975j Poe and MacFadden 1972) and certain insects (Binns 

1970; Colburn and Asquith 1973; Tomlin 1977). Fenarimol was chosen beoause 

nothing was known about i ts insecticidal properties. The other fungicides, 

• 
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tested against the apple scab hy Dr. coulombe, were: captan, dodine, 
. 

gly~dine, methyl thiophanate, metiram, and triforine. ' 

7.2 Materials and Methods 

7.2.1 Field work 

The fungicides ~sed by Dr. Coulombe in the experimental orchard 

were cOllllD,rcial products s~ under the names Benlatell> and Blocll>, n;,';lat,II>, 

a product of E.r. duPant de N~urs and Co., i8 a wettable powder containing 

benomyl as the active ingredien:\n a 50% concentration. Bloc«>, a product 

of Elanco Products Co., Division o} Eli Lilly and Co.', is an emulsifiable 

concentrate containing fenarimol as the active ingredient in a 12,5% con-

centration. 

In one of Dr. Co&lombe's treatments benomyl was applied as a 

mixture with fenarimol at 0,40 kg/ha and 0,30 l/ha (0~20 kgAI/ha and 0,04 lAI/ha), 

respeqtively. In another treatment, fenarimol was applied alone at 

0,60 l/ha (0,08 lAI/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 were 

three replicates of each treatment, each plot containing an average of 

five trees (Mclnto~cultivar) surrounded by buffer trees and having been 

randomly selected in the'experimental orchard. 

The effects of the'two fungicides on the survival of 4th instar 

larvae, pupae and adults of ~. nenuphar in the soil under the treated trees _ 

was investigated. si~ em~rgence cages ·(described in Chapter 3) were in-
(J] 

stalled under the drip 1ine of the trees; one in each of the three replicates 

of the two treatments and three other cages were placed under unsprayed 

traes (con~rols) at the edge of the adjacent woodlot. The cages were 

installed on Ju1y 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 

collected on July 5 and 6 from an insecticide-free or9hard two kilometers 

north of the experimental orchard. This was to avoid 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 curoulio" apples were divided into five batches by 

weight, each containing approximately 3 750 damaged apples. On July 6" 

these were placed in fi ve corresponding wooden boxes and installed inside 

the adjacent woodlot for the collection of emerging plum curculio larvae, 

aocording to the method described by Paradis (1956}. The bottom of each 

box comprised a one centimeter wire mesh sere en above a linen sheet to 

f 
~ . 

catch the alling larvae and pre vent them from enter1ng the soil. The 

linen was in direct contact with the soil to provide enough moisture to 

avoid larval mortali ty from detccation. To further' minimiZe larval 

mortality, dropped larvae were collected and recorded twice a day at 0700 h 

and 1900 h, between July 7 and 29. 

Collected larvae were equally distributed twice each day between 
\,. 

the emèrgence cages. By the end of Jul~, 350 larvae had been introduced 

into each emergence cage. Between August 9 and September 19 each of these 
, 

cages was inspected daily to coilect and record any emerging plum curculio 

adults. Those recovered from the six cages in the treated plots were 

retumed 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 Laborator,y work 

The most Iikely fungicide ta- demonstrate an insecticidal effect 

was benomyl. Unfor't;1iliatély, .in none of the treatments, was benomyl sprayed 

alone. Conseqpently i:ts effects on 2.. nenuphar larvae were examined in 

~ laboratory., watr,r suspensions of the pr~duct were prepared at two 

concentrations (0,680 and 1,370 g/l; 0,340 and 0,685 gAI/l); one was 

slightly 1ess and the otl1er slightly more than the- concentration of benomyl 

sprayed in the field. F~lter papers impregnated with these suspensions 
\ 

were placed in covered petri dish~s. F.ilter paper impregnated with dis-

tilled water and dry fil ter paper was used as the control. 

Of the 359,fourth instar larvae col1ected on July 22. 348 were 

divided between 12 p~tri dishes (29 each). This permitted three repli-

cations of the four treatments. 

The dishes were ex~ined once every hour for the first six hours 

• and then artel' 9,- 24, and 52 hours when the experiment was tenninated. 
, 

By tthis time most of the larvae in the three dry controis had become in-

active. 

Larval mortali ty was assessed by recording those larvae that did 

not rèspond to touching with an entomologieal needle as dead. 

The 154 l~rvae that survived ei ther of the benomyl treatments 

were put together in a screen covered pail containing moist soil and peat .,... 
moss and kept in the insectary of the Ëxperimental Fam. The pail was 

examined daily, from August 9 until september 19, to collect and reco~ 

emerging adul ts. 

.... --:--.......... . " •. ). _ 1 

) 
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7.3 Results and Discussion 

7.3.1 Lar.val emergence rate from colleoted apples' 

On Figure 16 is shown the daily dropping of f. nenuphar 4th 

--instar larvae from the apples in the five boxes installed inside the 
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woodlot. The first la~vae were obtained on July 9 and the last ones on 

July 26. ,Of the 3 520 larvae collected, 3 150 l'lere distributed equally 

between the nine emergence cages and 349 l'lere 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 oviposi tion scar (!.!., one egg), then 
" . 

. 'the 3 520 fourth instar larvae represents a . survi.val of 19%. Similarly 

two eggs would give a SUl'vi val 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~. This latter is probably nearer 

reali ty as most of the apples collected had one ta U~ree oviposi tion scars. 

It is suspected that the main mortality factors are: (1) crushing of young 

larvae by rapid fruit growth, and (2) the action 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 favot,lrable and unfavourable ~lirna-

tic conditions during the preceding oviposition period. Also, since larvae 

l'lere collected twice a day (ta avoid.desiccation) numbers of larvae obtained 

in early mornings could be compa~ith thase obtained in early evenings. 

The ratio of total l~vae :fa'lling frOm the fruit during the night to those 

falling during the day was 2 200: lJ320 or 1,67: 1. As this ratio is highly 

'. 2 significantly different from al: 1 raho, (X =219,5 and corrected for contin-
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Fig. 16. Daily numbers of Conotrachelus nenupbar 4th 

instar larvae dropping from 18 750 infested 

apples beld in cages 'and collected at 

Freligbsburg, Quebec, 1978. 
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uit,y of distribution) 1 .. ' 
i t can safely be concluded that'c more larvae dropped 

during the night. 

\ 
7.3.2 Adult emergence rate from the sail 

On Figure 17 i5 shown the daily e.mergence of f. nenuphar adùlts 
t 

of the new generatio~ in the nine emergence cages. The first adult emerged 

on August 14 and the last ones were recovered on September 18; the total 

number of adults was 1 117. 

To estimate natural mortality during the soil phase. only data 

from the three control replicates should be considered. Of 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. 

7.3.3 Effects of the fungicides benomyl and f~narimol on the soil phase 
of plum curculio 

Of the 1 050 larvae introduced into the three emerg~ce cages 

installed in plots treated with the mixture of benomyl and fenarimol, 325 

larvae (31,0%)' reached .. the adult s~age, while for. the' 1 050 larvae in the 

fenarimol plo:s, 330 (31,4%~re recovered as adults; this compared with 

a survivorship of 44,0% in tHe control cages (Table 24). 

These 13% and 12,6% differences in survivorship between the two 

treat~t me ans 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 that more replic.tes (possibly 

1 2 X =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 $ur\ti val . of f. 1'lenuphar during its ,summer 
Boil phase wheri exposed to fungiciaes present in the soil 
by dripping under apple trees in. the experimentar orchard;'. 
Frelighsburg, Quebec, 1978. 
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with fewer individuals) would constitute' a more appropriate experimental 

design. However, if similar resul ts were obtained during subsequent 
r ; 

comparable growing seasons, some insecticida1 effect against plum curculio. 

could be attributed to these fungicides. 

7.3.4 Effect of benomy1 on p1um curculio 4th instar 1arva in the 
1aboratory 

Average mortali ty after 52 hours expoBure to benomyl (0,680 and 

1,370 g/l) impregnated filter papers and fungicide-free wet and dry fi1ter 

papers was 16,1%, 6,7%, 14,9% and 75,9% respectively (Table 25). C1ear1y 

i 
1 

" 

there is no statistically significant difference between benomyl treatments ."~ 

and the wet control. Lack of moisture, however, did significantly increase 

mortality. 

Of the 154 -I:rvae that surv~{ed exposure to 'benomyl treatments, 116 

(75%) reached the adul t stage in the insectary. This resu1 t is comparable ; 
. ~ 

with the one of Smith and Fiessel (1968), who found that 65% of E. nenuphar 

larvae (nqt exposed to benomyl), put in moist soil and peat moss, reached r 

th~ adult ,stage. This suggests that benO~Yl does not adversel~ affect 

this paI;'t of th€j plum curculio life cycle. Effects on fecundi ty J however, 

were not examined. . 

,Some .parts of thi s chapter have been published (Le Blanc ~ al. 

1979) . 
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Table 25. Estimates of mortality of c. henuphar 4th instar larva exposed 
ta benomyl for 52 hours -

% mortalit.y/replicate Mean 
. 

1 Treatments, 

l II III X 

Benomy 1 50WP 2 
13,8 20,7 13,8 16 ;"t'l.., 

0,680 g/l 

~ 'i.'l 

Benomyl '50WP 13,8 
(fr 

6,9a 
1, 37P~ g/l 

6,9 0,0 

Control 10,3 13,8 20,7 14,9a 
(wa~er) 

!~ 

Control 93,1 72,4 62,1 ~ 75,9b-
(dry) 

" 

1 
Dosa~e of commercial product 

.,.. 

2Treatments with no significant'difference (pcO,05) between means are 
followe.d by the same letter. Duncan multiple range test after an arc sin 

,. V-rtransfonnatio';;. (Duncan 1955). 
" , ' ,. 
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8.0 GENERAL CONCLUSIONS AND INDICATIONS FOR FUTURE RESEARCH 

While the specifie conclusions relating ta each of the experi-

men~s conducte8 during the course of this work are presented in the 
'-

respectivè chapters, it~:rs~evant now to make some generaI comments 

and in'icate areas where future'research work is warranted. 

Plum curculio is clearly a difficult insect to trap. rts poor 

flying ability and apparent lack of a broad spectrum response to visuaI, 

olfactory and stereokinetic (thigmptaxis) stimuli, and reported lack of 

. long range auditory response, 

eff7 trap. 

do not hold much hope for finding an 

th~li6hed ( 
This lS further underlined by the failure 0 

sampling techniques, reported in Chapter 3, This ls 

p~ticularly discouraging because four of_these techniqu are regarded 

as general methods. Jarring, on the other hand, per.sists s the best 

technique to detect first appearance of plum 

\curcuHo adul ts wi thin host trees. rt is a tedious and t e consuming 

method, however, and is unlikely to yield estimates of f. rl~nuphar 

population density tha.t are" accurate enough to be useful for the esta

blishment of economic thresholds. It should he noted, however, that 

because quality 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 he tested further within 50 m of-potential 

overwintering sites in orchards with 10w population densities of ~he plum 

curculio. Results with·the funnels also indicated the need for an accurate 

determination of overwinte~ing sit:(s~the plum ~urculio. This would 

certainly increase the efficacy of any ~ijOring .teChniques by optimizing 
. ~ 

trap location. Research now needs to be co ucted to de termine the plum 

curculios' pàthway of spring migratio& from the ~verwintering sites to 

their food plant; and also ta determine the~r primary mode of locomotion 

at that time, !:..,&., flying or walking. 

As these'beetles locate their food and viposition'sites on the 

host trees by walking along the branches, the boll weevil trap, usea as 

an interception trap (nailed to the branches, Chapt 5), or other inter-
\ 

ception devices, should be investigated further. 

In addition, the search should continue for stimuli that might 

attract males and females to the host plant early in the spring. Clearly 
3 

these beetles must be attracted to the trees by sorne stimuli at this time. 

Further clues may be provided by the plum curculio habit of nibbling the 
, 

flower petaI and, in sorne cases, mating in the blossoms. The improved 

insect olfaetometer (Chapter 5), developed during,the course of this work 

could be useful in such a study. A more potent stimulus tnin ultraviolet 

light, however, capable of making the majority of the curculios leave the 

dark test tube and enter either of the apparatus' branches should first 

be identified. 
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Until an effeotive trap, specifie to f; nenuphar, is disooyered, 
" ' 

recording this insect's "effeots" on Granny smith apples could be used as . 

a reasonably reliable monitoring ,technique. 'While not as effiéient, or 

easy ta work wi th, 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 oset. 1'0 be effective, 

the'first calendar spray against E. nenuphar, must be applied at the 
, '0 

calyx, or at the latest immediately before frui~ set. 

The significant rank correlation established between oviposition 

on these "monitoring" apples and damage, particularly harvest damage, i5 

evidence that plum curculio oviposition scars on the, Granny' Smith apples 

can be used to 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 shauld be conducted to clarify this relationship, . 
and to permit its practical use for the detection of plum curculio and 

ta predict future damage by this insect. 

During the course of this work it became clear that plum curculio 

damage wa5 concentrated wi thin the experimental orchard in those areas 

adjacent ta poten~ial overwintering si tes (.!..!::." within 50' m of adjacent 
cl 

woods). Thus, it may only be necessary ta apply contraIs 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 
y 
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should be tested (perhaps starting with the second calendar spray), as, if 

.. , 

sucoessful, it would c~nsiderably reduoe the oost of plum c~culio control. 

, 
It is ~ belief that the plum curcu~io still warrants more 

researcb, espeçially with respeot:~o its ecology and behaviour~ The ", 
following comment made by stern (1973:p. 267) seems particularry appropriate ... . 
for tHe plum curculio: "Of course' 'there are pests, for which years of 

trial and er,-or studies are required ta develop proper-sampling techniques." 
\1 _ 

In the meantime the Granny Smith scout-apple te,chnîque 8eems to' be the 
< 

most"reliable monitoring meth~ available. 

• 
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