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ABSTRACT

Traps baited,with synthetic pheromoze, trans-8, trans-10

dodecadien~1-0l, were used to sampie bodling moth, Laspeyrésia
porcnella (Ll) populations inﬂ% commercial orchards in the Okanagan
Vélley during 1973 and 1974. Catches exceeding an average of 2 males/
.. .

trap/0.4 ha. &ﬁring'Z consecutive weeks indicated damaging populations.
With sprays applied on this basis, a‘réduction of 43ll% in the number
of preventative sprays which woﬁld have been applied was attained
without increases in fruit damage.

Both influx of maies aﬁd females were shown to influenée
interpretation of catéhes but additional traps placed around orchards
reduced male influx and pinpointed L. poﬁonella infestations outside

monitored orchards.

For 4.05 ha. commercial orchards, the-economic threshold for
: i -
\J .
L. pomonella damage was established at 3,978 apples (i.e. the number

of apples which would have to be damaged before the costs of a spfay

. were returned). Optimal control strategies are proposed whereby

pesticide influences on L. pomonella populations could be further

v

reduced, particulafly during the spring generation. If comprehensive

data were available on population dyﬁamics of L. pomonella populations

in commercial orchards, catches could be used to estimate potential

N . ¢« - o
damage levels on an economic basis during the spring and summer

generations. More research is necessary in unsprayed commercial orchards
' ) -~
-

K N .
before catches can be related more directly to potential damage occurring

later in the season.

iii




.

The results of this study indicated that monitoring of

Z. ;cmozellﬁ'populations with pheromone traps should be promoted
for use in commercial 6rchards. Costs of production and
environmental effects would be substantially reduced with codling

moth, population monitoring.

S . iv
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INTRODUCTION

The codling moth, Laspeyresia pomonellafiL.), has been recognized
for many years as a 'key' pest in the development of pest management
systems in apple and pedr orchards (Barnes 1959; Madsen and Morgan 1970;

Hoyt and Burts 1974). The ipjury daused by the larvae is direct. In-

fested apples may drop from the tree before harvest or harvested apples
that are injured are culled at the packinghouse. Two types of direct
injury occur: 1) stings are superficial penetrations made by first-instar -
larvae, and 2) entries indicate that the attacking larvae surviyed at .
least one moult and began tﬁnnelling towards the centre of the fruit.

In the absence Qf satisfactory»éopulation sampling procedures,
érophylactic calendaf sbray programs are usually recommended in most fruit
growing éreas.é in the Okanagan Val{gy, yearly éééts 5f such spray pro-

grams for codling moth control on an estimated 25,000 acres of ‘apple or-

chard total approximately $852,000 based on an_avigage of 2.5 sprays at

5

s

$l3.60/ag;e/spray (Appendix 1l; M. D. Proverbs, personal communicajc'ion).l
Despite the obvious beﬁefits of increased yieid and guality obtained with
the use of broadrspectrum persistent insecticides, less desirable effecté
both to the environment and on secondary pome fruit pests haQe occurred in .
the past (Madsen and Morganrl970; Newsom 1974; Croft and Brown 1975). ‘Fon—
tinually increasing costs of spray chemicals, and public and scientifié
concern)over pesticide use and misuse has led to research toward alterna-
tive conﬁrol strategies. These include management techniques (Pickett;,

Putman and LeRoux 1958; Stern etral. 1959; Bartlett 1964; Geier 1966; .

Summerland Research Station, Agriculture Canada, Summerland, B.C. , » ﬁ

1
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I

Beirne 1967), sterile insect releases (Proverbs, ﬁew£;n and Logan 1966)
aﬁd'pheromonal,/hormohél and genetic controls (Gastbn;{Shbrey and Saario
1967; Williams 1956; Lavel 1969). The development ands, geceptance of -
new methods within the agr%cultgral industry-will &g?énd on their meet-
ing the current demands fbfAhigher\crop yields and uniform high QUalityf

L. pémoneZZa haé two complete generétions;éer yedf:aﬁd a |
Ipartiai third iﬁ‘some years- and lbcation; in the dkanagan Valley of
British Columbia. The lifefpyclé can be>summafized as follo%s. Fiffh—:
instar larvae complete development within the épﬁle, exit and overwinter
ron the tree and }%rthe grbund. Pupation oecurs in the spring with the
adults emerging from late April to mid-July. Tﬁése aduits-méﬁé,‘fémalés
oviposit and the spring generation larvaé enter and compl€te deVeldpmenf
in~the maturing apple during the spring and early su;#er. Larvae‘leaﬁe‘
fhe fruit, some entering diapause and the majority pupating. Adults Of,
the summer generation emerge.from,July to mid-September, mate and oyiposi&.
Their larvae bomplete‘development,.with most entefing diapause and over-
wintering. Some adults emerge to_begin a thirﬂ:generation during Septembervy
and October but the larvae do ndt Eeaéhﬁmaturity. |

While the codling moth in the Okanagan Valley can be controlled
effecti%élx_with‘the organophosphates; Gu£hion,'Zolone and imidan (Madsen
1970), the use of pesticides in the past has created many proﬁlems. »
A Insecticide resistance, dgstruction qf beﬁeﬁi;ial poilinators, predators

" and parasites{ increased populations of’ﬁhytophagous mites and soil |

- contamination have followed pesticide use (Dowping and Arrand. 1968;

- ' Madsen and .Morgan 1970; Proverbs 1970).




.
7

"

Classical meth%ds;of Bioloéical control tried against
Y e ] . - )
¢k, pomonella have been(ﬁnsucgessful to date (Proverbs 1970). Integrated

*. control and sterile moth releases are-now beiﬁg tried. A sterile moth'
% : . o ‘ ) ' T -
release program is being planned for approximately 1,500 acres in’the

Similkameen Valley during 1976 (M.D. Proverbs, personal communication).

hod

A second program bgsed on the principles of integrated control (Go@ialés

e

1973). . has been partially developed for [L..pomonella in the’ Okanagan
%giiey (Madsen 1971). Three general recommendations before implementiég

g i

tintégratéd control strategies are (Gonzales 1973):

1) growers should become familiar with the pésts ahd théir
Q .
vggédators and pafasites;
2) numbers of pesté and damage caused should'be monitored‘éé)
avoid treating on<§redetermined»calendar Hates; andr
3) :peétiéideé, apbropriate AOSaggs aﬁd timing bf’sprayl

‘applications must be selected to produce little or no

effect on natural enemies within each particular ecosystem.

The’devélopment of commercial integrated mitefcontrol programs
in the Okanagan Valley of Washington (Hoytvl969) and British Columbia.

(Downing andTArrand;l968) illusfratgs the:abGVe recommendations exceed-

T e

fhéLy well.  Within these prbgrams mortalityiof nature enemies of phyto- . =

phagdis mites,- particularly Typhlodromus occidentalis (Nesbitt), was

minimized by usifg selected chemicals at'16Wer rates than previously

recommended for L. meoﬁéZZa’éontrol (Madsen 1970).. A better understanding

&

by growers that some pest populations can be limited by natural enemies
- and abiotic factors and some pest damage can be tolerated economically

led to gradpalfacgeptancé of integrated mite'control.




.-

g

One of the most difficult steps in implementing an- integrated

i~

program is to monitor population size and the damagé caused by the pest..
i i . )

Population sampling difficulties are encountered in determining an
. . t‘_—;{ W - 5 - ) . . )_ ry
"economic threshold" iz 20 pomonella. Sampling of larval stages is
- ) .
. * 7 . i )
difficult because the low populations in commercial orchards would require

large and time-consuming samples for relia%&e population estimates.
=a v ety .

/ A

/ e x : . : ) :
J/Sdmpling of adults is pré%erable since itjﬁﬁdicatesﬂpotential,fchndity

_. which can be related to the economic injury caused by larvae during each

subsequent generation.
The ﬁethodimost commonly ﬁsed to monitor i. pomoneZZa'flight

'ﬁériods forvtiming chemical sprags has Beén,to trap both sexeé with
fermenting bgit pans or_ultraviqégt light traps—kMadseﬁ 1967). However;
these methods reflect true population sizé only for very low or higﬁ
densities (Madsen 1971). When substituted into arsimulatiqn model,
Zafghes in fermenfing bait pans provided a diréct‘estimate of high
density ﬁopﬁlations (Geier and Hillman 1971).

| Madsen and Davis (1971) teéted the h&pothesis that female-baited

N

traps could indicate pépulation lévels ahd distribution within an area.
Subsequent studies with traﬁg-baited with iemales or synthetic pheromone
(Roelofs éf al. 19715 indicated that male captureg could be usefui for
estimating native populations (Madsen and Vakenti 1972, 1973a). When
used in conjunction with visual-observations for injuréd’fruit,'male

captures indicated the need for chemical controls in commercial orchards,

although not on a well-defined economic threshold basis.




[

adult L. pomonella populations. and fo correlate males captured in

My objectives gerevto obtaiﬁ a reliable methog‘for sampling

+

synthetic pheromone traps with the amount of damage occurring during

each generation. The following hypotheses were tested during 1973-74:

1

2)

3)

4)

that synthetic pheromone can be substituted for female moths

in trapsy

b : 2
that the number of males captured is related to the number of

females present and the amount of damage caused within an
orchard; -

that traps placed outside monitored orchards identify séufces-
of infestations and rééuce influx df males eﬁabling traps
within monitored orchards toyreflect actual populations more
clearly; and ;

that a mean male catch in the orchard gfaps of 2 males/trap/
0.4 ha. during 2 consecutive weeks represénts the ecoqomié

threshold for codling moth damage.



GENERAL MATERIALS AND METHODS

L

Epiy

Description of Orchards Studied and Previous History

Relating To Climate, Codling Moth Populations,

'Seasonal Spray Programs, and Harvést Damage

a,

.Seven orchards were selected to repfesent the’range Of";limate

(TablevI) an& ﬁest inténsity within tﬁe.major fruit growing regions of the
Siﬁilkémeep and Okanagan Vaiieys (Fig. 1)5 The productipn detai}s in
Tablé'IIqre 6ﬁl§.esp?ﬁates sinée most growers are continually removing
trees, replanting With‘younger trees of different varieties and re-grafting
treés. »Aiso,‘yo;ngAtrees are coming into production each year. Since

the orchards are commercially operated, the research was subject to a wide
range of cultural practices such as‘chemical and hand thinning, different
methods of irrigation, variable h;rvesting procedures and varging degréés
of gréwer interest and knowledge of peét4damage«rélationships. Applé

varieties and other fruits were interplanted in small blocks,'often

surrounded by additional blocks owned by the same or a different grower.

Synthetic Pheromone Trap Sampling Procedures
Synthetic Pheromone Formulations

In 1973, 1.0 mg synthetic codling moth pheromone, trans-8, trans-
70, dodecadien-1~ol (Roelofs et al. 1971; Beroza, Bierl and Moffit 1974)

impregnated in rubber caps (Pherocoga CM, Zoecon Corporétion, Palo Alto, Cali-

. fofhia) was suspended in traps (Madsen and Vakenti 1973a). The caps were



Table I. Altitude, temperature, growing period and precip-

itation for -locations -in the Okanagan and Similkameen B

Valleys, British Columbia@ v I a
-8
. - , i nual
Altitude Mean July Mean Yearly Groylng Anpga .
Area (m) Temp. (°C) Temp. (°C) Period Precipitation
’ ) (Days) (mm)
Coldstream, g, 4 19.4 7.2 " 200  60.8
Vernon
Kelowna ‘353.7 - 20.0 8.3 , 200 , 49.1
Summerland 454.6 21.1 ’ 8.9 212 © 45,2
Penticton 341.8 20.0 8.9h 217 47.6
Oliver 307.3 -21.1 8.9 226 42.5
. Keremeos 429.9 21.7 9.4 221 - 40.2

-

a Temperature and precipitation means are based on 10-20 year
records maintained from 1931 to 1960 (Arendt 1972).
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Fig. 1. The location and elevation of each study orchard
is shown in relation to the main population centres of the
Okanagan Valley, British Columbia :

~
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replaced monthly. In l974,vidéntical pheromone-impregnated rubber caps

were used in the Kidston, Fitzgerald and Substation orchards. - Trapsiin'“7‘

-

- N .
the other four-orchards were baited with'l mgs synthetic pheromone impreg-

nated in polyvinyl resin bars (Pherocon CM;X;.Zoecon Corporation, Palo

&

Alto, California). Since this formulation was'effective in the field in
South Africa for at least 8 weeks (H. FP. Madseh, personal communication)
the baré were replaced every 8 weeks. The bar was placed on the centre

of the Stickem surface of the trap.

Trap Designs, Placement and Dénsity «
A particular trap design must ;eet certaiﬁ requirements such as
trapping efficiency, field maintenance, cbst'and avgilability. A cylin-
drical cardboard carton with a replaceable liner (Fig. 2) similarvto
that described by Proverbs et al. (1966) was used in most instances.
* This trap ﬁeeté all the abové criteria.(Madsen and Vakenti 1973b).
Another trap (Pherocon ICP, Zoecon Cérporation,_Palo Alto, California)
Figs. 3, 4) was substituted in all but the kidston and Fitzgerald -

e

orchards during the 1974 season.
Traps or trap liners were replaced whéen the Stickem(:)surface be-
came ineffective because of qbntamination with debris or moth wing scales

(P. Westigard, personal commUnication).

Trap placements in 1973 were at 1 trap/0.4 hectares. Based on

©

2 . . ,
Agriculture Canada Research Station, Summerland, B.C.

3 . . . ) : . .
Research Scientist, Oregon State Experimental Station, Medford,
Oregon. ‘ '

T e e R R
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Figsﬂ”2—4. Traps used to monitor L. pomonella populations.

Cylindrical carton trap shqQging Pherocon CM pheromone cap
suspended 1 (Fig. 2). Pherocon ICP trap in operating

position ig. 37 and separated to show location of Pherocon
CM cap. {(Fig. 4). Arrow points to location of flap used in
older design L~ :
- r - -
. -
o 4

N
W}

N\
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results from South Africa (Myburgh et al. 1974) which showed that a
single pheromone trap effectively monitored the population within 1 hec-
tare,” the 1974 traps density was changed' to 1 trap/hectare in the Poweli,

Barker, Workman and Fmery orchards. A slight modification was made in

the Emery and Workman orchards: trap-monitored areas covered 0.4 hectares
or 2 hectares on alternative halves of the orchard each week iﬁ order to
test the area a single trap would monitor under B.C. conditions.
In 1973, traps were placed in adjoining orchards and residential : }\a-
areas to minimize codling moth attraction from these areas to traps

located within the monitored orchards.

tion Treatment Zevels Used t
ne the Need for Control Sprays

In previous experiments (Madéen and Vakenti 1973a), visual obser-
vations for codling moth damage were conducted when high mgle catches
were recorded in orchards. With these supplemental visual observafions,
trap catches exceeding an average of 2 males/trap/week after petal‘fall

indicated that fruit damage would probably occur during that generation.‘

-

By utilizing traps located outside orchards (Figs. 5-14), a higher male

catcﬁ level was tested during 1973-74 to indicate when treatmeﬁt wés
necessary. A grower was advised to spray if traps within the monitored
orchard captured 2 or more males/trap during 2 consecutive weekly samplesf .
The margin for growers accepting damage during the studytrgmained}low

so in some cases it was necessary to recommend or agree toréprays thatﬂ

were not considered necessary. Contracts were made withrcdoperating

crowers whereby they were reimbursed for codling moth damage exceeding 1%

at harvest.
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Sampling Procedures For Estimating Codling Moth Damage

During thé growing season, codling moth infestations wéfe'esﬁi-}
mated by usiné visual observations. These were conduéted 5;(one Oor more
persdns-spehding one minute per tree searching for damaged apples dn‘
trees selected throughout. the orchard.

At harvest, damage was detgrmingd in the field by examiqing each
apple variety in bins while picking was in progress. Usually, 250
apples (or approximately 10% of the crop).were checked in each bin, but
as many as 500 were sampled per gin in some orchards‘(% of the total crop
sampled varied from 4 to 70). The sample size/bin was increased to
obtain satisfactory estimates of damage whenigrowers inadvertently re-
moved biqs from orchards before they could'be sémpled. Except for the
Emery orchard, Golden Delicious apples wefe~not_sampled in the orcﬁérd
because they are suséeptible to.bruising. Cull apples were egamined

after they ha?;béen sortéd at the packinghouse. _In éome orchards, la;ge
ﬂumbers of droppéd apples.were cﬁeéked beéause pickers discarded inséct¥
damaged apples. To counteract this, a number ofvtrees were completély
picked and checked for damage.

Damage distribution 'in each of the orchards was determined where
possible by recording bin locations. Coaling motﬁ damage was cate@ofiZed
as follows wherever possible: spring generation entries, summer genera-

tion entries and stings. If larvae were found in the apples, the appleé‘f

were dissected and the instar was estimated and recorded.

o \__ - - S Rl o s e G N LUK AN e TS G IE s ie e S e




' SYNTHETIC PHEROMONE TRAPPING METHODOLOGY

Influence of Trap Designs and Synthetic Pheromone Formulations

on Determining a'Standard\Monitoring System

€.

During the study, experiments were coﬁducted'to aetéfﬁine‘the
best practiéal trapping unit to récommend for use in Okanagan Valley com-
mercial orchards. Madsen and Vakenti (1973b) previously‘réported the
Sectgr 1 and Cylindrical carton trap de;;gns as best in meeﬁing the fol-
lowing criteria:vtrapping efficiency, field ;ervicing, durability, com- .
mercial‘aVailability, ana acceptdble cost. ‘

Additional trap designs weréyﬁested dufing 1973 using the ﬁethods

N

outlined by Madsen and Vakeﬂti (1973b) .  Threevnew;§esfgns'wer%.compared‘
with the Cylindrical carton, Sectar l‘and U.C. ?hecho; aesigns. fhese
were the Pherocon ICM’(same as the Pherocon Icé’desién shown in Fié. 3

' exceét that the roof was aluminum), the;Phe;océﬁ 16 (same as- the Rherocon
"ICP &eéign except that plastic spaCe;S were incorporated to keep\é;e roof "
and bottom 5 cm. apart, similar to Fig.-4);‘and the Pherocon IC design

modified by turning flaps on ﬁhg bottom -sticky surfacé‘upwards, Eié. 4) .
The Cylindricél carton,. Sectar i and Pherocon ICM désigns cap-
tured significantly more malesvghan the other'designs,(fable IIILVIn
this test, the. Gylindrical carton;trap was és effective as the Se;t#f 1
design. In the previous test (Madsen and Vakenti 1973b), this was ﬁoﬁ
-the case. Reasons for ﬁhis disparity‘are not_known siﬁce experimgntal

methods were the same. Other experiments have yielded different results

for the same trap designs tested in other fruit growing areas. Culver

16
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apd Barnes (1973) reported no significant differences in male catches
with Pherocon IC and Pherocén ICM tr;ps’in California. Howell -(1973)
fogﬁd Sectar 1 and Phero;gn ICM traps substanfially better than Pherocon

ICP, ﬁoweli open wing (Pherocon I) and Howell closed wing trap (Pherocon

-IC) designs. Madsen et al. (1974) reported Pherocon ICP traps. to be

effective in South African population monitoring experiments. Although

‘

no comparative tests have been conductéd with the Pherocon ICP trap in

: s . . -
British Columbia;-the similarity of this design to the Pherocon ICM trap
used in 1973 susgésts thét‘itlwould be as effective as the Cylindrical
carton or Séétar 1 designs (Table III). ;

Respohse of codling moth males to a particular trap seems to .
depend upon an opening through which they can crawl after terminating
flight on the exterior trap surface (Madsen aﬁd Vakenti 1973b; Riedl
and Croft.l§74; M. D. Proverbs, persogal communicationl). The Sectar
l,7Cylindricél carton, Pherocon ICM’and Pherocon~ICP designs facilitate
‘this behavioral response. Coﬁfliétiﬂg results obtained with trap de-
signs testea in different regions could be the result of varying-exéér—' -
imental design, slight genetically-based geoéraphical behavioral
differences in the moths (Bush 1973), brvdesignf;and environmental-
dependent'differences iﬁvthe rate of evaporation.and concentration
around the trap openings (Sﬁorey 1970). Excessive pheromone 6bncentra:
tions could cause sensory adaptation or arrestment prior to érrival at
the‘pheromone source, thus reducing trap catches (Shorey 1970; Doane

and Cardé 1973).

All the trap designs tested were ranked from O to 5 for each of
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the criteria mentioned earlier. The Cylindrical carton and Pherocon ICP’
designs’ ranked highest in meeting the criteria for .a commercial trapping

unit.. Other designs met individ%gl criteria better, particularly in

%

fieldgservicing but overall did not rank high enough to recommend their

commercial use. The Sectax- 1 design, dithough being highly efficient in
. 7 k :

R
o

trgbpipg males, would not be suitable because frequent replacement of con-
W : ] , :
taminated traps would increase costs to the grower.

The synthetic pheromone formulation used in the trap package

must retain equal effectiveness during successive sample periods to give

constant sampling Capabiiitiés and be ‘long-lasting to save costs’in re-
newing the lure. It must also outcompete native females particularly in
high populations so that significant numbers of males are captured.

In an experiment, the Pherocon CM ;ubbgr cap impfegnated with 1
and 2 mg synthetic pheromone was compared wiﬁh 5‘variations of the
Pherocon CM-X formulation: " These consisted ;f varying amounts of syn-~
thetic phefomone impregnated in 2.5x1.0x0.6 cm. pieces of poljvinyl
covered in a resin formulation containiné an anti-oxidant and éithér’or

>y

N
both an U.7. absorber and a reduéing agent stabalizer., The formulations,
T o

each with 3 replicates, were ;eéted in Pherocon IC traps hun'.one per
tree, 1.6 m. above ground on an outside limb. The traps wefe deployéd
in a randoﬁized block design in a 0.5 hectare block of ornamental crab-’
apple trees containing 101 trees planted 6x6 m. apart. Trap catches
were recorded weekly. «

For patent reascns, the Zoecon Corporation did not divulge the

identity of the anti-oxidant, U.V. absorber and the reducing agent

1

T S P
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’ stabalizer, nor the precise amoﬁnts of synthetic pheromone used in the
Pherocon CM-X formulation. The numbef Sf males captured with 2 Pherocon
CM-X lures and the Pherocon CM rubber caps did not differ significahtly.
More’experiments comparing the effectiveness of the Pherocon CM apa CM~X
formuiations are necessary before the Pherocon CM-X formulation can be
recommended. 1In Caiifornia, Culver and Barnes (1973) found the Pherocon
CM and Pherocon CM-X formﬁlations outqpmpeted native females for 4 and 8
weeks, respectively. The Pherocon CM-X formulatioﬁ would reduce sampling‘
costs‘but observations from other areas indicated this formulatién lost
attractiveness dﬁring unusually hot weather (C. Olson, personal pommuni-
cat';ion).4 Reasons for fhis‘ére not known but this formulation.is no |
.lbnger being:offered for commercial sale. More reseéréh is necessary to
establish if‘ﬁhé‘Pherocon CM formulation retains egual attractiveneSs
from week-to-week dﬁ?ing‘a 4 weék period. |

At present, the fheroéon CM%?BEmgkation and the Cylindrical
carton or Phefocon ICP trap designs are the best choices available fo;_a,,
standard, commercial:trapping unit. ‘By employing)such a unit, some of

the variables influencing male.catches would be reduced.

\ 3

L.

s
o

Trap Placement Schemes

F

T

—

In this research, the objectives were to determine if:

~

1) the number of males captured in pheromone traps represent the

population and damage distribution;

Zoecon Corporation, Palo Alto, California.

L]
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2) placing traps outside the monitored orchards reduced influx of

males so that males caught in the orchard are related more

meaningfully to absolute male density; and

3) the outside traps could identify external sources of infestation.

Results were limited by pesticide intervention and the incomplete harvest

sampling procedures necessary in commercial orchards. However, captures

and damage distribution in each orchard provided both direct and in@ipect
information. |

Madsen and Vakenti (1973a) report difficulties in interpreting
the number of males captured‘in’traps situatgd on oréhard boundaries because
the average weekly catches often exceeaed the treatment level of 2 moths/
trép/week.' Therefore, visual checks of the'orchards were necessary so
that unnecessary sprays were not appliéd. As little damage was found along
the bordefs‘of some orchards, it was concluded that males wére'attfacted
frém external sources to fthe boundagy trapé. -

To estimate the number of males which were still attracted to
.monitored orchards even with traps placed outside, the number of‘males

trapped during each generation was compared with the number of males ex--

pected to emerge within the orchard (TableIV). The numbers of males .

estimated to emerge during the spring and summer generations were calculated 4

>

using the following formulae (n varied from 2-5 varieties):

Estimatéd number of males

. Kab

expected to emerge in the = 1‘-2;9 -
spring gené&ration . : ‘ -

s

Q.
TN

e
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Where a is the number of apples sampied in each variety which had summer
geheration larval exit holes the previous fall (Proverbs 1971), b is the
total number of apples harvested.thé érevious year in é;ch varietj} c 1is
’the Eumber of apples sampled in each variety and K = 0.4, i.e., 0.8 x
0.5, based 6n a 20% ovérwintering mortality in succdessfully established
larvae5 (Proverbs 1971) and a 50:50 sex ratio in adults emergin? during
the spring.
Estimated number of males dab

expected to emerge in the = . - (——) (2]
summer generation *

M

Where a is the number of apples sampled in each variety at the same-year
harvest with spring generation larval exit holes, b is the total number
of appies harvested in each variety, ¢ is the same as in formula [1], and
d = 0.5, based on a 50:50 sex ratioc in adults emerging during the spring.

For formula [2], it is assumed that all larvae which leave the
frgit during the spring generatioﬁ find pupation sites and successfully
develop into adults. Not'included, is the estimated 15% of the spring
generation larvae entering diapause (Proverbs 1971). These assumptions
were made to provide a maximum estimate of males expected to emerge so
there would be lesé chance to overestimate the influx of males.

In Table IV, over 100% of the males estimated to be emerging dur-

ing the spring generation were trapped in 8 of the 13 orchards. The

Y

5 . . - . .
In this equation, no mortalities are assigned to mature larvae

searching for cocooning sites either on the tree or in the ground debris
after leaving the apple. Clark et al. (1967) assigned a mortality of 70%
when computing life systems for the codling moth in Australia and Nova
Scotia. :
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exceptions were in orchards which had infestations exceeding 1% at harvest
during the previous year and consequently a higher emerging aéult popula-
tion during the spring.” In the Kidston, Powell, and Fitzgefald,orchards
it was particularly evident that males were coming in from adjoining
areas. Influx of males was prevalent in the summer generation, as over

' 100% of the males éstimated tovge emerging were captured in .10 of the 12
orchards. The extensive influx of males was not surprising, considering
the number of host trees in the surrounding areas (Figs. 5-14).

In the Kidston orchard in l973>and 1974, the number of males
caught outside the monitored block were consistently higher than within
(Fig. 5). 1In b;th years, the codling ﬁoth épray programs on the apple
blocks east, west and south of the Kidston block were the same as applied
to the main block (a 3-spray proggam) except that a summer generation
spray was not applied to the east block during 1973. The major influﬁ of -
males appeared to come from neglected backyard trees located north of the
block (traps l,Ala, 2) (Fig. 5). Several trees with all the fruit in-
fested with codling moth in both years were found in a resident's back-
yard. The infested fruit had not been picked from the trees in both
years, and this could easily have accounted for the males captured in
these traps. The 3-spray prog?am was effective in keeping the number of
adults emerging within the Kidston orchard low during each generation
(Table 1IV).

Ig the Fitzgerald orchard block,_nd codling moth spr;ys were’
applied in either 1973 or 1974. 1In 1973, one spring generation spray was

T
applied to the first apple block north of the Fitzgerald orchard (Fig. 6)

-



Fig. 5. Diagrammatic representation of the Kidston orchard
area, Vernon, showing the location of outside and inside
traps for 1973 and 1974 (trap number 1A added during 1974}.
Numbers beside trap locations refer to mean weekly catches
for 1973 (upper figure) and 1974, respectively

»
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Fig. 6. D c representation of the Fitzgerald
orchard area, ¥slowna, showing the location of outside .
3 for 1973 and 1974. Numbers beside
refer to mean weekly ;atches for 1973 ‘ ,;ﬂk
e) and 1974, respectively o ey




“y

FITZGERALD AREA - KELOWNA B.C.

@

n}‘

Chearries Appies Open Field !
Applés
- - » - -
3 Mcintosh Trees
| 6.3
o @« ]
R R R L T R e
N
N
\
Al
Cherries : 1.3
N LY K ) 39
A 0,8 4. 5.2
- 24 0o
Apples : )
3.3 . FITIGERALD
X \ .
Z.s,l N |
N 0.3 Appiles ‘/
s (- R
- N 3‘ 0,7
t Apples
N sLock
N 1
A - v
s N : '
N 0.6
. 19 i '
\ E | 0. .
N 5 ‘ 2.0 A 0 6 ~
A
- N * v «‘.’\‘
N . R .
N .
ES N
N oosh e
Apples, N - 5. 1Sy
pressssssrsrsnssrrerrsersveprrvessny, .
6.0 . . Ch""..’
N B !
o " New
Appies : Planting , Apples
y -
) i
A - Mew
pplas Appiss . R _
- Planting
; i SCALE
. -

. OUTSIDE TRAPS

A oscrano Taars




29

and to the-old Mc;ntdsh trees bordering the east side of the study'block

\

(Fig.“6). ﬁgtg apﬁle block adjoining the south border received a full

spray program in both years. 1In l974,tthe block immediately north of

the Fitzgerald block wéS—partiallyvsprayed once on its nor?hrbbrderlr

The 3 McIntosh trees along the east‘border were not sprayed during 1974;u7

The number of males trapped withinvfhe'Eitzgeraid orchard were
+ ' low in 1973,(Eig.;6j but the number 6f males coming in from outside
sources was considerable, based on the very low expected emergences

within the orchard (Table IV). The high catches obtained in traps 1, 2

and 3 {outside traps) indicated infestation sources outside the block.

An infésted orchard was found north of traps 1 and 2, probably accounting

for most of the males in these traps. The 3 trees -adjoining the east

’

border of the study orchard were not sampled at harvest in 1973. HowéVef,‘

estimates at harvest of holes left by larvae of the spring genération in

i974 (5.14% spring generation.damage) indic;ted a ‘heavy infestation in .
1973. | |
| In 1974; éatches in pheromone-baited tréps were slightly higher
than in 1973‘withiﬁ the Fitzgeréld biock but again dufing‘the'spring
generatf&ﬁlﬁﬁles came in from outside,; based on the number of méies ex~
peéted to emérge withiﬁ the orchard. By plotting the distribution of
damage’by the sprigg and. summer generatiS;Sv(Fig. 7)., it.was;aéparenﬁ
that, particulariy!during tﬁe summer generation,'femalés came ih from

the 3 ungpréyed trees along the east border ovipositiﬁg on trees border-
ing #hé new planting area. In addition, a single row .of Golden Delicious

trees along the east border was infested as determined by visual samples



"Fig. 7. DiStrdibution of damage at harvest caused by spring

and summer’generétion codling moth in the Fitzgerald block
1974 (% of crop sampled at harvest--4.4) ’

~ - ~
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at harvest. As the infestation in the apple block‘immediatelyynorth was

low.(0.0h%'harvest damage), few females could have come from this block.

L

Also, the infested orchard fo;;&;during 1973 was sprayed.during 1974 and
little co&ling moth damage was degected at harvést in 1974. So'ﬁhe poten-
tial number ofrfemales dispersing from tﬁié orchard would.be very low.

The inflﬁence of females moving from an infested area was ihdi;
cated in the Workman orchafdhduring.the 1973 spring generation. Although
-catcheé within theé orchard did not exceed the treatment level, increasing
nﬁmbers of apples infested by codling moth wére found both along the
north bofder of therorchard and in the édjoining unsprayed apple block
(Fig. 8). A potential dispersal distance of'at least 200 m. for females
was found by M. Di\f;ovefbs (pgrsonal cdﬁmunicétion) becéuse radio-active
larvae w%fe found near the eagevéf a 2 hectare block of apples nearly
200 m. from where'females‘were released.,.

The catches within the Workman orchafd during 1974 were higher
reflecting én~increased-pqpqlation density (Fig. 9)., Although catches

in the outside. traps were similar to thbseLrécprded'during 1973 (Fig. 8),

little harvest damage was observed in the apple block bordering;thgkf/, e

‘Workman orchard. This suggests that males wéreJEBQiﬁg out of the Workman

block. - ' - : .

As part of a 1974 experiment  conducted by M. D. Pfoverbs“(per—

sonal communication), l,OOOlyirgih males (marked with fluorescent powder)
Swere reléeased July 31lst from a ground reléase station in the middlerof}

the south part of the Fitzgerald orchard (Fig. 7). On August 2nd, 1,200 .

=

additional males were released.. Marked males captured in the}Eitzgerald;



Fig. 8. Diagrammatic representation of the Workman orchard
area, Naramata, showing the location of outside traps for

1973-74 and the inside traps for 1973. Numbers beside out-
side trap locations refer to mean weekly catch figures for
© 1973 (upper figure) and 1974, respectively. ‘

Fig. 9. Locatlon of inside traps for the Workman orchard
1974. - Numbers in each)quadrant refer to mean weekly catch
for the area in 1973 (upper figure) and 1974, respectively
(traps W-1, W-1 (a,b,c,d) and W-2 or W-2, W- 2 (a,b,c,d) and
W-1 functlonal on -alternative weeks).

33
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area traps were recorded from July 29th to August 5th (Table V). The
results indicated that: .(l) males could fly considerable disténces
without being intercepted by traps stationmed inbetween their origin and
a monitored orchard, and (2) some‘males-could be expected to disperée

out of a monitored orchard.

Another release-recapture experiment at the Substation?drchardv &
- ’ J . : .
showed that influx of males could occur from sources heavily infested

)

with codling moth. Inrthis,éxberiment (M. D. Proverbs, personal communi-

cation), 1;650 virgin marked males and 1,650 virgin, P;é labelled females

were released on July 19, 1974 from a station located approximatelyflOO m.
into the block of apples immediately east of the monitored Block (Fig.

10). The numbers of males recaptufed were recérded weekly from July 23rd
to August 12th (Table VI). The resqlts indicated that ;ost of the released"

males intially stayed in the area where the high population offfemales

was present (traps 1-3 outside). This was confirmed by the distribution

of labelled larvae found at harvest (M. D.‘Proverbs, personal~commuﬁicaﬁion).

Only late£ dﬁd;more-males disperse into the monitorediprcha;d'as iﬁdicated
by catches oﬁ July‘29tﬁ’(inéidé traps 1-5). Although theéé were grtificiallf—
creéted'populations? ﬁaleévwould,be-expected'tO—ﬁéﬁe fipm outside sources |
even where‘the'napive female population would be'Higﬁ enough to compete
with pheromone—baited traps.. ’

In ﬁhe Barker orchard, theﬁdegree of Which the influx of male;‘
influenced catches within the 6rchéfd“(figs. 11 and 12) was not as‘éleaf
as in other orchards (Table IV). During the 1973 spring generation,‘an
estimated 41.27 of the males emerging within the orchard were trapped.

3

Some of these males probably originated in the semi-abandoned orchards

L U S U Y S
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Table V. Number of sterile codling moths released and re-
captured in traps located varying distances from a release
station within the Fitzgerald orchard, July 29th to
August 5th, 19749

Trap Distance Fr?m ' Number Males Recaptured ‘
Number? Release Station Released - Released Total

: (m) July 31 ) Aug. 2 Recaptured
1 (inside) 200 55 : 45 100
2 " : 150 138 E 5 ‘ 153
3 " 100 - 75 8 A .83
4 (outside) 200 : 62 | 8 70
50" 250 s 32 77
3 " 400 61 - 10 2
4 (inside) 300 o 3 7 10
s v 300 | 13 14 27
1 (outside) - 500 12 14 %
2 " 400 9 12 | 21

a Supplementary data from experiment conducted by M. D. Proverbs
in which add;tional pheromone traps were deployed both inside and out-
side the Fitzgerald block. .

b

Pheromone trap numbers same as in Fig. 6.

Ny
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Fig. 10. Diagrammatic representation of the C.D.A. Substation
orchard showing the location of outside and inside traps and
fertile moth releases for 1974. Numbers beside trap locations
refer to mean weekly catches for the spring (upper figure),
summer (middle figure), and season (lower figure)
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Table VI. Nufber of virgiﬁ, markeda males recaptured'in
traps located varying distances from a release statiom

100 m. outside the monitored C.D.A. Substation orchard,
July 23rd to August 12th, 1974

Distance From Number Males Recaptured on Recording Dates

Niéggr Release Station - July July Aug. ° Aug. - Total
(m) 23 29 6 . 12
outside ) -

1 180 60 95 7 0 162

Z o140 .73 90 9 0 172

3 60 : 72 56 17 0 145

o - _

4 60 12 29 10 1 51
Total o217 - 270 43 1 530
inside

1 260 | 6 23 3 - Q- 32

2 200 11 26 2 o - 39

3 100 ‘ 7 - 49 7 2 65

4 138~ 12 14 16 1 43

5 ' 200 -1 53 3 0 61

Total 41 163 31 3 ' 240

™ Marked by dust application of Day-GloCE)fluorescent pigments.

o
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A
2

Fig. 11. Diagrarmatic representation of the Barker orchard
area, Keremseos, showing the location of outside traps for
1973-74¢ and tne inside traps for 1973, Numbers beside out-
side traz _zcations refer to mean weekly catches for 1973
(upper figure; and 1974, respectively

Fig. 12. Lccatlion of inside traps for the Barker orchard,

1974. liurzers In esach guadrant (dotted line) refer to the

mean weexiy catch in 1973 (upper figure) and 1974, respec-
tively

R T
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located near outsidé trap 5, approximately lOO'm. from area 1 (Fig. 11).

The influence of these sources heavily infested during'l974‘was more pro-

-

nounced particularly during August and September as the trap in area 1

(trap 1, Fig. 12) consistently = aptured maleé exceeding 2/trap, even

though 2 cover sprays had already been applied. It is evident that out-

side traps 4 and 5 identified an infested source which was verified as

an unsprayed, abandoned‘pear and appie orchard ' These traps probably

reduced the influx of males from this source éufficiently so that catches

in inside trap 1 reflected a potentially damaging pdpulation”level late
in the season.
In the Powell orchara, captures.within'the orchard (Fig,'l3)

were also influenced by the influx of mQLéS'from the outside (Table IV).

In I§73, backyard and neglected trees.wiﬁh apples infested were found in

&reas near outside traps 1, 2;.3,~and 6A(Fi§. 13). The apple and pear

block adjbininé'the west side‘gf the Powell block received a full spréy

program during both years. Thérefbré, most of the males caught in traps -

4 and 5 probably originated from the scattered trees located fufther

west (Fig. 13). The signifiecant reduétion.in“cdféhesfduring 1974 in

outside traps 1, 2, 3, and 6 (Fig. 13) resulted from more careful spray- -

ing of these neglected trees. For example, a group of dwarf Red
Delicious trees in the area of outside trap l_haa‘a spring and’ summer -

codling moth spray dppYied during 1974, primarily because the grower

checked the trap in 1973, and because traps in his orchard during X973

- A

indicated a potentially damagihé'codlingﬁpoth level. As no cover sprays

were applied in the Powell orchard in 1974, the slight increase in male

B St o LI CTRPE N
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{

Fig. 13. Diagrammatic representation of the Powell.orchard-
area, Summerland, showing thé’lqpation of outside traps for
1973-74 and inside traps for 1973. Numbers beside trap
- locations refer to mean weekly catches for 1973 (upper
figure) and 1974, reépectively. Means followed by the same
letter not significant, t-test, P < 0.05

Fig. 14. Location of inside ‘traps for the Powell orchard,
1974. Numbers beside trap locations refer to mean weekly
catches for 1974. Numbers ;in each quadrant refer to mean
weekly catches in 1973 o
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.catch (Fig. 14) probably reflected an actual increase in population .

density within the .orchard rather than influx of males.

Since the Emery orchard was isolated from the influx of adults,

the trap captures could be more easily related to the damage distribution

in ‘the

orcharqi(FigS. 15 & 16). deling moth populations wbre modified

. by pesticides but certain inadequacies in spraying occﬁrrgd because the

orchard borders é campsite and bird sanctuary. Sprays must be applied

so they will present the least hazard to Canada goose nesting and

offspring.

-spring

This orchard was not included in the study until after the

generation codling moth spray had been applied in 1973. At least

5 factors contributed to a codling moth problem in the orchard:

1)

2)
3)
4)

5)

incomplete control occurred because considerations for wildlife
~prompted too early spraying. This was indicated'by high catches
during July and August;

the summer generation spray was applied 10 days later than recom-
mended. As a resqlt of the‘daﬁage occurred during this:periédé-
two pear trees and an apple tree beside a fruit stand were left
unsprayed during L973; | .

trees in the campsite were not sprayed during‘the summer génefation

in 1973; and .

a potentially damaging population late in the season indicated

by Erap catches, was not chemicélly controlled because,§egulaf
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Fig. 15. Location of traps for ‘the Emery orchard, Vaseaux
Lake, 1973

Fig. 16. Location of traps for the Emery orchard, 1974.
Traps serviced 1 or 5 .acres during each sampling period. -~ -
(i.e., E1+E1A,E1B,E1C,EL1D and E2,E3,E4 or E1,E3,E4 and E2,
E2A,E2B;E2C,E2D) ' ) - '

TN
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visualAchecks of the orchard showed that the amount of late-

e . )
season damage was not increasing enough to warrant a spray. S

The'numbers of summer generation and late season malés captured
(Table VII) weré significantly correlatea with the damagg in each area
(N = lQ, r calculated = 0.9182, .01 = 0.8343).6' Therefore,'the female
popuiation within eéch area also correlated with males captured. In area»

'2, late season captures were influenced by-malés emerging from the un-

- sprayed apple and pear trees by the fruit stand (Table VII). Iﬁ 323 pears .
diSéeéted near‘harvest (1,371 collected}, exit holeg left by the spring

and summer genetatibn larvae totalled 56 and 184, respectively. The
number of live larvae found was 508, with 807 of these lafvae iﬁ instars
1-3. Based on the number of multiple-injured fruit in the sample,lfemales
did not move appreciaBlg distances from the pear trees which was further
supported by the low late season infestation recorded in area 2 (0.02%).

The results in the Emery orchard suggest that male captures coula
be directly related to damage levels occurring within areas of an orchard.
Male and female dispersal in other orchafds and the difficulties in obtaining
adequate harvest samples to determine damage distribution prevented attempts
to establish more precise relationships between specific areas in thé other
stuay orchards. |

- In the orchards sthdied, catches in pheromone-baited traps were
shown to be infiuenced by males coming in from infested areas. gemales
-

6 Value of the correlation coefficient for P < 0,01 from Fisher
and Yates (1963) for 6 degrees of freedom.

T
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were also shown to disperse from areas infested with codling moth. The
influx of males and females influences interpretatioq of capturesscausing
both excessive and low estimates of the potential damage which could
ochr within an orchard. Therefogé, unless an crchard is isolatéd,
influx of adults must bé taken into considefation. I conclude that, al--
though the outside traps prevented some influx of mélés, infmost of the
orchards extensive influx of males still occurred. Catches in traps
placed outside ;rchards identified infested sources. In South African
orchards, Myburéh et al. (1974) reported that outside trapsrpinpointed
areas infested with codling moth.
Future research must take into account the humber of infestédv
apples and pearsjoccurring ib‘orchafdé during thg pr%vious year's haf—v
vest so that estimates of the adult populations and the potential num-
bers of dispersing iﬁsects in aajoining areas can-be made. inc?éésing
~the numbers 6fﬂtraps outside an orchara"céuid further reduce infiux of
~“males, but results from a sterile ﬁale reiéése.made at'the Nuyéns oréhard,
Okanagan Centre, suggests th;t influx woula no£ necessarily be greatly
reduced or eliminated. In this expgriﬁent, 1,200 sterile males (30 Kiad,
 internally marked) were reléased from 4 stations lbcated”in a 4~acre

block. Traps were deployed at a density of 8/acre. While 75.5% of the

males recaptﬁred were recovered in these traps, 24.5% of those recaptured

+

were in traps depls?ed~at—l%acre im-the-remaining 8—acres-of orchard.-- - —-
The ability to directly measure influx of adults would enable captures

within an orchard to te related more meaningfully to the damage expected.
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The Effects of Monitoring Area arfd Population Density

on Pheromone Trap Efficiency

Two impoftant factors affect trap efficiency: (1) the extent of
the monitoriné area for a trap, and (2) competition from native females
for males during each sample.period.

In 1973, trap densities were kept at approximately 1/0.4 hectares.
In 1974, in some orchards, a density of 1 trap/hectare was used based on
preliminary data from South Africa (H; F. Madsen, personal communication).2
Riedl and Croft (1974) showed that the trap/tree ratios of 1/25 to 1/150
trees (with an average of 65 trees/hectare) were within thengpitoring
range of a single trap, and that a slow increase in catches occurred from
70 to 250 trees/trap. A single trap was foqﬁd to effectively monitor i.8
hectares when the codling moth density was high énough'tovcause damage in
South African orchards (Myburgh ét al. 1974). Therefore, the trap den-
sities utilized during this study did not exceed the monitoring range of
'; trap by the criteria obtained thus far. - '

ﬁﬁkﬁ It is difficult to estimate the'degree to which increasing the

zonitoring range of tfaps in some of the orchards in 1974 influenced
catches. For recommending application of sprays,'éhangés in the monitoring
range was notAconsidered to reduce catches., However, for making accurate
damage predictions, variable trap densigies can be compensated for by

multiplying the mean number of infested fruit/tree for each individual trap

station by the number of trees serviced by the respective trap (Riedl and

-

Croft 19734) .,
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A method proposed by Woif, Kishaba and Toba (1971) could be
adapted to/ggtermipe the‘trapping area and performance of traps at-
various densities from release. and recapture data. The influence of
female population density on trap efficiency can be tested Qy artifi-
cially creating female populations (Howell 1974). Riedl and Croft (1974)
found the total infestation at harvest incréaﬁed gradually up fo a
cumulative mean catch of approximatelyrloo males/trap buf above this point
mean catch did not increase much whiie the total infestatién incréaéed
rapidly. But this poiﬁt ébxrespondéd to harvest infestation exceeding
20%‘0r well above}an econoﬁiqﬂthreshold level. Howell (1974) concluded
that practical numerical estiﬁétes based on catches in sex attractant.
traps ére possible for low pdpulations only. His experiménts,'hoﬁever,
utilized female-baited traps which are not as effective as synthetic
pheromone~baited traps (Mad§en and Vakenti 1972; Culver and Barhés 1973).

Further research is necessary to determine ;he monitbringu
area of,a single trap and the performance of traps deployed at various
densities under. B.C. conditions. This should enable trap demsity and
pla;;;;;t schemes to be established so that traps will be efficient in
capturi?g ?ales uprto and exceeding economic threshold population levgls.

At present, captures in traps deployed atS1/0.4 hectares inside orchards

indicate codling moth population levels requiring chemical control.

=
3
)
L
“

=
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POPULATION MONITORING AS A PEST MANAGEMENT TOOL: |

1

§E;ayé Applied When a Minimum Population Level

Indicated by Captures

One goal of pest manaéement is to redube pesticidelinput. For
ﬁhe codling moth this can be‘accbmplished b§ eliminafing sprays b;sed on
a pre;determined calendar and by sprayingvonly when populatibn~estimate§
based on cétches in pheromoné traps exceed.a minimum lgvel. In’this‘way,
thelnumber of sprays applied in the gtudyyprchards (Table VIIIfwasreduced‘

3 -

by 43.1% compared to a calendar spray program (B.C; Dept. Agric. 1973,

41974), | o | | o

Catcheg for the Kidston orchard (Fig. 17) indicated high codling
moth pppulatiéns in neighbouring orchards and potentially damaging popu- ™
lations withithhe ééchard duringlboth ygars; Since‘ﬁhe spraying leyel
Qas exceeded freéuently; a full, 3-spray programrﬁas ;ecommended aﬁdf
applied in both years (May 29th, June 27th, and August 8tﬁ in 1973, and
&une'l9th, August 6th, and‘August 28th in 1974). 1In 1974, cool spring
,weathé; delayed devélopment of the spring generation, ané above~normal
temperatures in August and Septémﬁer caused extendedlcédiiﬁé moth aétivity.
As a resultﬁ damage at harvest approachéd 1% even though 3 sprays were;/
applied (Table VIII).

The Fitzgerald orchard (Fig. 18) had a low population within the
orchard, and higher populétions in neighbouriﬁg orchards. 1In 1973,.no

codling moth égrays were aéplied and the harvest damage was very low

‘(TableVIII)-In 1974, the gépches showed a potentially damaging level on

P

53



! : . : E

K3

54

vw%mumw vwmauuo 2y3 jo N\a 03 mu@mmu mhmuam G*

, o
o ' “ o < Umumw>um: uasum uwnﬁsc Te3oL S , , .
i ; v , 001 ' S9T3I9TIRA [T® UT 3ITNIAJ @wmmEMU Taqumy v - -
o ) i : . . o mEouw.Uwumasono meEMU.umw>Hmn ucwouwm_mmmuw>4 q
; ’ o - -~ &q pejusseadex paTdues 10 usssid jou sariatxes o1ddy o
1€V o G°0cC Te30% e
96°ST 8€°0 - ¢Z°0 09°0 v0°0 - - .91 Sz v.6T . SoQWL I
8502 £ET°0 - €070 9T 0 0070 Co- - 0 o€ . €L6T ‘I9¥IRG
88°0T  SLt'0 - - 0€°0 06°0 0L°0 - - £oge z PLE6T Oye xnesse
£6° 7T S0°T  06°0 501 vZ'T 9870 - - £ €€ z €L6T ‘ Kxowg
95709 , ' 06°T - 08T 06T or' ¥ - 08°0 € eg z pL6T - ejPWEIEN
TZ°%L.  6£°0 - ST*0 Soy T ve'o - 29°0 €£°€€ z €L6T ‘ weun{zoM
§9'9 6070 - - 0T0. 0T°0 - - 00T 0 pL6T  puerIowmms
0s°% .- G500 - = IT°0 - zo'o . - .. - 9°99 T €L6T . ‘TTemod
oLte bLo - - 0L’0  0T°0 - - 00T 0 vL6T BUMOTOY
st'v . LO0O - - 0T°0 €0°0 - . - 00°0 : 001 0 €L6T ‘PTeabz3Td
Tg's o607 - P 08°0 - 060 0T°0 0 € YL6T . uouadp
oy g “6bP1° 0 - - £€2°0 , - £0°0 - 90°0 ) 0 3 €L6T .~Coum@ﬁx
o ‘ o ] ” ) urexboxd wezboxd .
‘. perdwes jebexsay  "sutM  "T92d°D TS pay uejxaeds  pnl  YSOIUIOW kexdg xep butaoat , .WOaamuoq
dox) . S mEmumoum\WSAHOQacoz -UaTe) WoId -UOW UYITM . Iedx wwﬂouo
. 1B30L FO % © .. uot3yerndog y3ztm wmm&do 3IsdaTeH JULDIDd A sAexds ut patrddy L P ‘H

uoTIONPRY % m%mumm.#

- . *Dg \amaam> uebeUuRy(Q SUy3 UT POMOTTOJF
%chausou Emumoum JepuaTed Aeads-¢ e yitM pexedwod se yjow burtpoo x03 weaboxd HuraojlTuow
uotjerndod 307Td © Y3zTM pauTtelqo mmm&d@ 3soaley pue @mﬂﬁmmm,mhmumm I2A00 JO Isqump *IITIA 9Tqed

TR



55

Fig.:l7. .Catches in traps baited with synthetic- pheromone
for the Kidston orchard, Vernon, 1973 and 1974 (arrows in-
dicate spray application dates) ‘

Fig. 18. Catches in traps baited with synthetic pheromone
for the Fitzgerald orchard, Kelowna, 1973 and -1974 '
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June 17th and 24th, and again on August 26th and September 3rd (Fig. 18).
Although damage was expected, the grower chose not tb'apply sprays dur-

ing 1974. The infestation at harvest was 0.7% in the major variety, Red

Delicidus. o - R

The Powell orchard (Fig. 19) had lOW’populations ihdi&ated in
N

both. 1973 and 1974. 1In 1973, males captured aid not exceed ﬁhe‘spréying ;
level but the growef chose tb‘spraybauring tﬁe summer. In 1974, the .
treatment level‘qu exceededvonce bup no codling moth>sprays were récom—'
mended. At harvest infestation of 0.1% justified this decision (TableVTII).
$he'catehese32thin tﬁé Workman orchard (Fig. 20) indicated a
moderate codling moth population;level in 1973; but higher’ in 1974.' Dur-
ing the spring generatioh invl97é, the spraying ievel was nét exceeded
bﬁt a spray was applied on Jgne'lst becahse an adjoining orchard showed
higﬁ~codling’motﬁ ﬂumbérs and there was evidenée‘that an infestat%on was
deyeioping‘algng §ne border. - HoweQer, £ﬁefcontrol obtained was évidently
inadequate and the démaée‘duriﬂg the spring’genefatibn was'féund dis-
t;ibuﬁed'throughout the orchard. :Since most of the damage océurred in
. ola, 1érée,Spaftan and Mthtdéh on the othér side of the Workman Block,
poér spray application could have acéounted‘fqr this damage. Another

=

spray was applied»oh Auguét 8th, and the harvest damage averaged 0.38%

although catches indicated another population level requiring spraying .

 in late August (Fig. 20). 'A.spray was not applied because residues would
have been too.high at harvest. i
In 1974, the Workman orchard catches indicated damaging popula=

tion levels especially during August and early September. Two sprays were



Fig. 19. Catches in traps baited with synthetic pheromone
for the Powell orchard, Summerland, 1973 and 1974 (arrows
indicate spray application dates)

Fig. 20. Catches in traps baited with synthetic pheromone
for the Workman orchard, Naramata, 1973 and 1974 (arrows
indicate spray application dates)

58
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applied (June 20th andJJuly\ 2’9£h), and although a third was indicated by
the catches, it was not applied becaﬁse of the difficulties encountered
in applying a spray in a high density plénting near harvest. As a
result, the harvest infestation jwas above 1% in 3 of the 4 Variéties
(Table'VIII). Dissection of aﬁé}es showed that most of the larvaerfound
were in instars 1 to 3, indicating that ﬁmchfbf the damage occurred
shortly before harvest.

The tfap captures ih‘the'Emery orchard (Fig.’2i) inq%cated dam-
aging population levels throughout July, Augusﬁ and: early Sep?émber in
1973 but only 1 summer generation spfay was applied on July 29%th. Many
of the males caught\éﬁring the late season were shown previously to have
came from unsprayed pear trees and poorly spréyed trees in other sections
of the orchard. Although the spraying leyel was exceeded and little
Mnsecticide residue remained on the trees after the July 29th‘spray, an
additionalyspray was not recamrended because few fresh attacks on the
ffuit’wergdobserved. Tﬂe pear_trées were sprayed during 1974 and the
late-season flight was substantially reduced (Fig. 21). The number of
males captured reflected the low late-season damage.

In 1974, éhe captures indicated potentially daméging population
levels during both generations and 2 sprays were applied (June 15th énd»
July 25th). There was <1% injured fruit (Table VIII) and most of these
apples were from trees in the campsite and near a house Qhere adequate
spray -coverage was difficult.

. The Barker orchard (Fig. 22) had potentially damaging populations

and infested sources in neighbouring orchards.” Three sprays were applied
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Fig. 21. -Catches in traps baited with synthetic pheromone
for the Emery orchard, Vaseaux Lake, 1973 and 1974 (traps . .
.not installed in the Emery orchard until June 4, 1973;

arrows indicate spray application dates)'.

Fig. 22. Catches in traps baited with synthetic pheromone
for the Barker orchard, Keremeods, 1973 and 1974 (arrows
indicate spray application dates) ¥
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in 1973 (May 25th, July 2nd, and August 2nd) and-the hafvest,damaéérwaso'
well bélow acceptable levels. 1In 1974, a similar pattern in catches was
recorded but with high numbers captured during August énd early September.
Two spfayé were applied to the entire orcﬁgrd\(Juné 30th and July-31lst),
and a third spray was applied.to only Qne‘block of iargé Red Deliqious
trees (August 29th). 'The tfap in this block captured high numbers of
males while the number of males céptured in the‘other orchard traps were j
below Z/ﬁrap,v The fe;ults§at harvest showed that little damage occurred
in tﬂ; Biocks which did not receive the third spray. Most of the damage
ca;ééd by the summer generation was found in the Red Delicious block.

In most ofrthe study orchards, sprays were applied if the aver-
age number of males captured e#ceeded 2/trap during 2 consecutive weeks.
The spraying level was shown to be of practicél use in eliminating cal-

'~ endar spraying in the 6 commercial orchards during 1973 andrl974.v Little

or no damage would be expected to occur if the average number of males

captured/trap was below the spraying level unless influx of females

Spring Generation TraECatéQ;;/;;E\Damagz’
’ ’ \/

Caused by the Spring Generation _

occurred.

1

In those orchards where the codling moth populations were not in-

fluenced by sprays, the captures would be used to try and establish relation- .

ships with actual numbers of injured apples. Since sprays were applied in
most of the orchards, a number of assumptions were used to estimate the

number of apples which would have been injured if the populations were not

- o rs
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controlled. These are as followsé ’ . ¥

1) the total number of fruit harvested was calculated by multiply-
%

. ing the ﬁumbgr of bins harvested by an average of 2,500 %pplés/

n

bin (based on 100 apples/box and 25 boxes/bin);

2) the percent of the crop samplea in each orchard (TaBle 8) re-

w

- reflected the total number o%fapples»injured ﬁy codling mogh
la;vae; | |
- 3) the number of apples available.fo; the spring geﬁeration was
the samé as the nugber harvested during that season. This

»  minimized difficulties in determining crop sizes befoge and

—

after thinning during the spring generation;
4) the potential number of larvae overwintering in an orchard was

equal to the number of summer generation larvae exits found in .

rl

fruit during the previous year's harvest (Proverbs 1971);
5) no mortality was assigned to mature larvae searching for and
establishing overwintering sites _because in the low populations

in commercial orchards little competition for cocooning sites
[

would be éxpected'(ée}er and Hillman 1971);
6) mature larvaé from both the spring and summer generations con-
tribute to the numbér of overwintering larvae (Geier and Hillman
1971) . Proverbs (1971) did not include the estimatea 157% pf the
spring generation larvae which enfered diapausé‘under Okf?f%f?'ﬂ B

Valley conditions when estimating the overwintering population;

7) a 50:50 sex ratio in larvae establishiﬁg overwintering sites was
assumed in these orchards although differential mortalities

4



could have occurred during pesticidgfépplicétioné} aﬁawfiuétﬁ;.i

ating sex ratios could be influenced by populatioh density
L

(Hagley 1974; MacLellan 1972);

8) an overwintering mortality of 20% caused by the parasite, Asco-

\

4 gaster {uadridentata Wesmail., bird prqedation and cold winter

»

/temperﬁnures was assumed (Proverbs 1971);
\ ) '

S : \ . . '
9) pupal mortality prior toe the emergence of spring generation moths —_ -
f

was not included as it is probably léw‘(Ferro and Harwood 1974);

10) the emergence ratio of adults during the spring generation was

B considered as 50:50 in both years although fluctuating ééx ratios
between years has been reported iHagley 1974; MacLellan 1972);
11) reports on female codling moth fecundityvduring the spring gen-
eration vary (Ferro and Harwood 1974). An average of 50 eggs/

female was used, a value previously used in computing codling‘

o
=

moth life systems {Clark et al. 1967). The mortalipies of cod-

ling moth eggs and lst-instar larvae were assigned by assuming
that each female prodchs either 5, 10 or 20 injured fruit {this

- represents 90, 80 an % ‘mortalities in these stages).

~ y
The number of apples expected to be injured during the spring
generation was estimated using the following formula: ..
- Estimated number cof apples dx (3]
injured spring generation -
L. - S o - I _
) P
Wnere d is the number of females expected to emerge during. the spring ... _
generation calculated oy using Eguarion {1] (p. 21) and x is 5, 10 or 20
g )
injured fruit,/fsmals 1
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In Table TX;the pobulafion estimates and the number of apples
injured during the spring éeneration are given for the orchards. Linear
Vregressions were used to determine if relationships could ge established
between the number of actual or calculated injured fruit and the popula;

tion estimates obtained with traps.. The population estimates tested were .

as follows: , -

1) the number of times a spraying level of an average 65‘2 males/

|

trap/week was exceeded during the spring generation;

2) vthe number of times an average of 2 males/trap/?uring 2 consec&—
tive weeks was exceeded GUrlngfthe spring generatién;

.3) the total number of males captured in the ofchard traps during -
tﬁg flight of the spring generation divided by the number of

hectares in each orchard to obtain the total males captured/

hectare (the length of the spring flight was averaged from Figs.

l
LY

17-22); and
4)" the total numbef of males ééptured in the orchard traps during a
3-week period before the lst codling moth spray would be applied
in commercial orchards according to B.C. Dept. Agric. recommen-
dations (B.C. Dept. Agric. 1973, 1974). This figure was converted

to males captured/hectare. ;

The two population estimates based on a spraying level being ex-
e . ceeded did not reflect the total number of apples {actual or calculated)

damaged in these orchards (r = 0,16 for estimate 1 and r = 0.27 for esti-

mate 2). The number of males captured/hectare during the spring

R TN N



“SYIDM SATINOSSUOCD _ : \\

_ © , ‘pot1dde sdAeads uorieasusab burtads ou YiTs SpIeydIo
uT uoTrjerdusb butads w:u &g @wusm:ﬂ A1T1en3oe safdde jo Iaqunu oyl 0u IaJax sassayjusaaed ur muvnEﬂz.Q
.uﬂswm paanlfur gz x0 QT ~m.mw05©oum butbaouo wﬂmEOM\&uma - *
\ ' v
,Hvo.mm 1z8°'2T QAmmo.vaHv.o 0°¢T £°8¢ . € A ww,
9L T8t ter rrr , €°€T € S
ToL'p 18€°7 T6T'T - €61 . 0Lz T e
v0'% 1202 110’1 , 979t S £°6¢ | 9 . 8
T09°T 108 €°LT 8 €c 4 14
1502 9201 Ly . : T°1T T T _
T QA@BV T 134 S°9 z £
T T QAHV T : 8°TT | 66T , 1 I ‘
T T | QAOOH.HvH , 0°6 L°TT z £ Y
T T onmHV T S 16 T c
19T 8 1% 17T 26T v € ;
)
Wwr't T2 Tog T°1T : . T°1¢ r v M
(3/4 02) (/4 0T) (3/4 G) uoT3leIsUSY butidg UoT1eADUaY ﬁmmwwamitf%wwwmw W
pS9SEaIOUT uot3ierndod yltsa pebeureg ‘oqeq Aeads obeaoay buradg ‘saejooq POPADIXRI [DADT

soTddy JO IoqumN polewTasd

Aq exexoon/seTen paternumooy  /paanided saTew Tr3ol

bButAvxds sowry,
e e A

Y

WMmH pue ¢/6T butanp patrdde sAeads Inoyltm SpPILYLIO ApNis UT UHOTIRIDUAD
butads sy3z butanp pabewep saTdde jo foqunu pPajrWT}Sd dUF PUR SO3RWTESS voTivTndolq )1 OTONL



generation was correlated with the number of apples injured by the spring'

generation (Fig. 23). These relationships, though, are limited on prac-

tical terms for predicting the number of injured apples because: .
\

1) more information is needed from commercial oxrchaxrds where insec-
ticides are not applied during the spring generation. This
would allow the use of actual infestation levels rather than cal-
culating estimated damage (Table IX); and -

~ » . .

2) /;E}S population estimate depends on obtaining the total number

of males captured for the spring generation before damage pre-

dictions could be generated. Damage would occur before these

data were available.

Significant correlations were not obtained (r = 0.18) using the

number of males captured before the spring generation’codling moth spray

. would normally be applied in commercial orchards (i.e., 4 weeks after the

first males are captured). Kiedl and Cro%t'(l974) suggested Qithholding
sprays‘until trapping results indicated that the infestation levei
approache@ the economic threshold. They observed little fruit damage
after 4 weeks but damage increased rapidly after 6 weeks of frap catches.
This approach would limit pesticide préssure on early season populations
nd ailow damage cérrelations to be based on previously-taken figures
23l and Croft 1974).

To examine whether insecticide pressure could have been further -
reduced or 2liminated during ithe scring generation, preliminary economic

znresholds for codling motn damage were formulated. The economic




rr

N
N\

Fig. 23. Relationships between the tbgal males captured/

hectare during the spring generation an&\the estimated num-
ber of injured apples without sprays appiied'in the commer-
cial orchards, 1973-74. Damage was estimated by using 3
theoretical population increases; 1 % produces-5, 10 or 20
injured fruit. Orchards in which the estimated damage
would have exceeéded the economfic threshold are marked:

E = Emery, S = Substation, B. = Barker, and W = Workman.
value of correlation coefficient for P < 0.05 for 8 D.F.

is 0.6319 and for P < 0.1 it is 0.5494 (Fisher and Yates
1963) T \

-,
"
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threshold for L. pom;nella‘damage was established at 3,978 apples>injured
b& the épring generation. Thiévfigure corresponés to the éoint at which
the total costs of a control ‘action (i:e., 1 application of Guthion) éfé
returned by reducing this damage. The formula poposed by Southwood and
Norton (1973) was used:

C(a) <Y (s(a)) . P-Y (s) .P o
Where C (a) refers to the total costs of a control action, a, or $136.40
- for applying Guthion on 4.65’ha. (Appendix 1, 4.05 ha. is thé€ average
acréage of the orchards studied; Y (s) . P refers to the dollar loss if -
no control action is taken wﬁéh Y the total number of apples harvested,
" P isrtherprice‘receiVéd per unit of c_:rop7 and 8 is éhe level of pest
damage; and Y [s»(a)] . P refers ta the dollar gain’when a pest Eont;ol

action, a, is taken (an effiéacy of 99.97 for.a Guthion spray was arbi-

°

trarily selected).

A figure of 3,978gapplesvdama§eq by the s;ring generation repre-
sented yield losses varying from 0.44 to 1.75Z.A Therefore, the number
of appieS:iﬁjureH rather than tﬁeaz damage was use& as the economic
threshold so that actual dollar loésés Qr gainsicquLd be»caléﬁlated when _‘
sprays‘were or were not applied. Table X sﬁoﬁs that theAeconomic thresﬁoid

varies with the acreage on-which the pest population is to be controlled.

7A price of $0.127pound was usedras this is an ayerage value
guaranteed by the B.C., Income Insurance Act (B.C. Dept. Agrix. 1974b).
Dellar losses were calculated based on codling moth causingfonly losses
in vield and no dollar return from injured apples. For converting the
crop to 1lbs., a conversion of 3.5 apples/1lb. was used.



Table X. Economic thresholds for codling moth damage

based on the costs of treating a pre-determined acreage
. once converted to the number of injured apples required

before control costs are returned by spraying ‘

PO

Orchard - Costs of 1 Control 'Economichhreshold Theoretical Pbpulation
Size Action, C(a) \ “Damage Level Level Causing Damage?
(ha.) : , ($) . »(Number of apples) Number Number

0.4 13.64 ( | 399 40 40
1.2 40.92 1,194 119 119
2.0 - 68.20° | 1,989 199 199
4.0 136.40 | 3,978 398 . 398
6.1~ o 224,60 o 6,551 | 655 - 655
8.1 - 272.80 _ 7,956 | 796 | 796
20.2  682.00 | 19,892 / 1,989‘ 1,989
40.5 o 1,364.00 39;784 ' 3,978 3,9%8

202.4 - 6,820.00 _ 198,920 > 19,892 . 19,892

o %\ ssuming that 1 female produces 10 injured fruit during
> the spring generation. ) :



1

The actual dollar return from, the control action(s) given in

Table XI were calculated as follows:
1) if no control actions were applied, the dollar return was calcu-

/ .

# e Y

s
&

lated by subtracting the loss in yield from the costs of 1 con-

trol action;>and
it was .calculated by:
[5]

if control(s) were applied,

2)
C (a) - [(a - b) * P]

Where a 1is fhe number of apples damaged if controls were not
applied and b is the observed damage determined at harvest.

(Efficacy of the control action isnot, therefore, arbitrarily

set at 99.9% as in eguation [gl.)
In the orchards where no céntrols were applied, . the damage exceeded the
" economic threshold in only the Substation orchard in 1974. In the

orchards where 1 ,or 2 sprays were applied, the control costs were not

returned by reducing the potential damage which would have occurred with-
if the efficacy of a-spray

out spray applicatioﬁs (Table gi). However,

was greater, one was Jjustified in the Barker (léQE), Workman (1973). and
Emery (1974) orchards if the highest the;re£ical p'pulation.incréase 19

croduces 20 lar;aé) o"éurred. The second spray applied in theiBatke?

orchard during 1973 was not economically justified (Table XI}.

If the damage potential/female exists in the area of 10 injured
cring generation under Okanagan Valley conditions, com-

rowers could absorb loss of fruit by the spring generation on

ruigcgiging the s
mercial dros 11
) s

bh



‘uInisI IeTIOp @Yyl burienored 10 pesn sem aanbry Ainlut stwom ayy p
| - "3Tn1}
‘paanfur woiy 3(nsax sassOT ATuo a7 pue paases axe Aeads § jo s3soo ayzx ‘parTdde sAeads ou aourg 5 .
*abevwep’ po uﬂEaumo oyl

butpesoxa’ sbewep Tenioe ayiz I0J JUNOOOE pTNOD nwﬁmeu jo xsam:a 10 satdwes ommEmv IS2AIRY UT SI0IXY q

.
‘ : sgAeads

Jo ®duasge syl UT 3Tnaj paanfur pz 10 T ‘g 2onpord arATeT POIIJUTMIBAO WOIJ bulbhbiowd SoTew] P

. N
p?9°0L- v9 0L~ 9 0L~ TS50% 0v9 52 - 0T8T 0TV ’9 . 0 PL6T woT3TISqng
627921~ a- q- s9% 09L . 08e 06T T bL6T
ve 1z~ GL°96T- §GTLET- zoT “09L'¥ 08€’7 06T'T z €L6T TaIeg
ov°pe- v9'€6- 87821~ €LL 0v0'y 0z0'2 0T0'T T PLGET Azou
S6°8G- 9L ETT~ a- 96 00Z’€ 009'T 008 T PLGT
89°GT- z8° 8- 96°6TT- 6LY L00T'¥ Se0'T A T €161 AP TOM
5TL 86+ ZL 86+ zL 86+ 660°T 0. 0 0 0 PLEY
092 0ET+ 9Z"0ET+ 9z 0ET+ 6LT 0 0 0 0 £L61  plreIobzaTd
SEBIEETH €8 EET+ €87 EET+ L | 0 0 0 ) 0 vLOT
o0F " 9ET+ OV 9eT+ O "9 T+ 0 . 0 : 0 0 0 €161 o TTOMOg
q- q- q~ tov 09T . 08 oy T L6T
bT TET~ £8°652- LE BIT~ §CT ory‘T 0ZL . 09¢ T EL6L umonsEpiy
(102) E (16) ASOAITT (107) (10T) (a6) S
pseaaoul uotrieIndog TROHTIDIOY, v ' 13A19HJ:~ uorieTndod: TPHT10I00Y], A Lo TOUS
per1ddy uoT3ov 3Tnag poanlug sXexds Jnowat™m SACIAS - ATTA PR 10
Houu:ou :uaz :usuwm umﬂaoo t @w>uwmﬂo uasum ﬁwusm:H # @ouﬁEauaq H

5 A>uouomwmﬂumm.mm3 PasSn UOTIOER TOIRJUOD SOJLDTPUT + pupR ATTIRSSDONUUN POSN
UOT30® TOIJUOD S83BRDTRUT UINIHI IBRITOP -) uoTjexauab . burtads oyl buranp HUTIANOHO 3TnI) painlul
Jo zoqumu TeT3iualod pajerwriso ayl jsutebr poTrdde STOIFUOD FTM WINJOI TPTIOUPUT  ~1Y JTOVL



75

economic terms. Further increases in damage could be limited during the

4 LJ

summer éeneration with a wéll—timed;ieffective control action. This
hypothesiszwould deﬁend on gféwérs foliowing preventative spraying prior
to adop£iné a population monitoring program.

.By establishing ar economic threshold for codling math damage,
it was shown that pesticide pressure during the spring generation could
have been limited further than it was d;ring fhe study. ‘Thgrspraying'
level used in this study was a safe one. As more'populatiqn d;;aﬁics
éétg are generated from unsprayed comﬁercial orchards, ﬁhe spraying level

could be modified to give economic damage predictions for both the spring .

generation and for later in the season.

Summer Generation Trap Catches and Damage Caused

by the Summer Generation

fCertain assumptions were again made so that captures céuld'be

related to the total daﬁage occurring if sprays were not applied during
the summer generation» In those orchards where pb.sprayé’wérerapplied,
the observed rather than the calculated injury le;el was usea} Other +

; ’ '
assumptions, as follows, were necessary since measuring and predicting the
pépulatidn increase per generation and between generations is difficult
since it-varies between generations, and is influenced by many variables,
particularly, weather (Proverbs 1971) and because specific mortality

dzta were not available for the Okanagan Valley:

k=4

that all of the larvae injuring and subsequently

'._)
=
H
rt
%
1
03]
[\
w
w
§
19
(AN

leaving the fruit during the+spring would successfully develop

into adults of the sumer generation;



2) sﬁmmer females, with a fecundity of 50 eggs/ , were assumed -
to p#oduce 15, 30 or 40»lérvae capéﬁie of injuring fruit. This
represented 70, 40 or 20% mortalities in eggs and neﬁiy—haféhea
larvae; and

‘3) otherlassumptiohs‘ﬁgéd to calculate-dgmage caused bybthe 3ummér_
genérgéioﬁ are detailed in the preﬁious'sectién related to
calculating spring generation damage.

The number of apples expgcted.to be injured by the summer geﬁera-’ 
tion was calculated for each orchard usiﬁg'Equétion [3] (p. 65), where d |
becomes the numBer of females expected to emérge during the summer generation
(Equation [2], p. 23), and x ‘is 15,'§o'or 40 injured fruic/female.

The population estimates tested were the ngmber,Of times the 2

spraying levels were exceeded and the total.number of males captured/

-~

hectare during the summer generation éigngth of the gemmer generation was

averaged from Figs. 17-22). The number of times the 2 spraying levels

Qere exceeded were not correlated with the numbgr‘of injured fruit caused
by the summer generation without sprays'applied (r ?alues of 0.39 forll-‘ (
weer sample and 0.35 for 2 weeks} sémp}é)h"The total number of males
captured/hectare was significéntly cbrrelated with thelnumbe;’of injured
fruit caused by the summer generation-(Fig. 24), As with total spring

catches, total summer catches-are of little\ﬁfabtiéal value for predicting
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¥

Fig. 24. Relationships between the total males -captured/.
hectare and the estimated number of apples injured without « .
sprays applied during the summer generation, 1973-74. Dam-
age was estimated in those orchards where sprays,were needed
by»using—3 rates of population increase, 1 % ﬁrdduces 15, o .
30 or 40 injured fruit in the absence of sprays. Orchards . )
in which the damage would have exceeded the economit thres- A
hold are marked: E 5 Emery, S = Substation, B = Barker, , . £
and W = Workman. .Value of correlation coefficient for
) P < 0,01 for 9 D.F. is 0.7348 and for P < 0.00l it is
0.8471 - '

- -

Y
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hcotentlal damage because damage would occur before enough.data werevwf

o ,i .79

collested from traps.
To examine whether the sprays applled durrhg the summer genera—”

tlon were economlcally justified, the pot al damage expected to be“_

 Caused by females produced fram the spring g eration was comparedrto;

the econamic threshold (Table XIT). A figure of 3,978 apples repre- '+

sented the econamic threshold for summer generation damage in these

. o ’ e
camercial orchards. The dollar return from any control-action applied

was calculated as for the spring generation (Equation (5], p.73).

A summer generation codling moth spray was not recommended in

the Powell orchard during 1973, but the grower elected to apply a spray -

,onéAugust 10th. Since no females were expected to emerge, the grower

did not recover any of the coq&gol -costs (Table XII) EIEhough ho
surmer control actions: were recammended in the Fltzgerald orchard during
1974, the 5,607 injured applee found at parvest would have justified a
control action (lete season damage included in the totai). ‘
With the potential'population increase arbitrarily set at 1 9

producing 15 injured fruit, none of the recoﬁnended sprays. were economi-

cally justified because this population increase would not hHave resulted

" in epough injured apples to pay for each spray (Table XII). However,

eince the rate of popuiation increase between the generations is unpre-
dictable and could be high, upper limits were used to safeguard against
underestimating the number of applesrinjured. Proverbs (i97l) found the
increase per generation varied from 2- to 28- fold with an average increase

of 6- fold in experiments with cagedradults. He also noted that the
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increase in the larval numbers auring the summer generation in the
Ckanagan Valley is three or more times that of fhe spring\generafion.
Higher theoretical population increases (1 % produces 30 6; 40 injured
fruit) would have resulted in encugh injured apples to pay for one spray
in the Workman (1974), Emery (1973 and 1974), and Barker (1974) orchards
(Table XII).

Since it is difficult to estimate the damage occurring during
the late season because 1t could bg causeérzg\late emerging females from
the spring generation or females produced by thé\summer generation, the
economics of the spray applied to half of the Barker orchard in 1974 are
unknown. Further research on population dynamics of late season adults
is needed because high catches were recq;ded in soﬁe orchards but the
number of apples injured before harvest (Table XIII)'wasrun:ashigﬁ as
expected. Controlling the number of apples injured late in the season
would not have paid the costs of a spray in the orchards listed in Table
XIII.An additional sﬁmmer spray was justified in the Workman orchard in
1974 pecause a total of 3,504 apples were.found at harvest (Tables XII-
and XIII). A further spray Qouid not have been economic in the Emery
crchard because many of the apples were injured before the summer spray
was‘;appliedf ﬁnough damage did not occur during the rest of the season
tc pay for the costs of another spray (Tables XII and XIII).

It is difficult to project the number of apples injured by the
summer generation when control(s) are Aot apéiied against the spring

generation. Certain porulation parameters can be arbitrarily selected

<C give a theoretical copulation increase during the spring generation.



Table XIII.
caused by

financial return obtained by controlllng damage

lazte season moths,

1973-74

Orchard

Total Number Apples

Return With 1

- N
rear Damaged Late Season@ Control Ection/$
b g
xidston 1974 295 ~126.29
Fitzgerald 1274 2,726 -42.94
Workman 1973 713 -111.96
- 1974 1,237 -93.99
Emery 1973 1,043 —lQQ.64
1874 - 295 -126.29
Barker 1973 23 -135.61

a Apples

at harvest with instars 1-3 present.



This allé&s a spring generation population to be estabiisﬁed (or the .
number of injured apgles) based on the number of females emerging from

larvae overwintering during the previous season. A theoretical summer

L
generation peopulatiorn can be calculated using various rates of between %LJY

generation increase in moth numbers. However, attempts to relate“catéhes
during the spring generation with the number of apples injured by the
summer generation are difficult because the data are lacking for L.
pomonella popuiations in unsprayed commercia; orchards. Additional re-
search is needed so that realistic estimates can be made of population
increases expected during z generation and between generations in vary-

.

ing weather conditions and locations in the Qkanagan Valley. The sprays
needed in this study prohibited establfshingrrealistic prediction; of
summer damage by catches during the spring generation.

Projecting summer damage using theoretical per generation and
be?ween'gene;ation porulation increases indicates that precise damage

5

ccrrelations for the summer generation may noﬁ be required on a practical
level, particularly, if sprays are not applied during the spring genera-
tion: In Table XIV thé number of apples injurea~by the summer genera-
tion was egéimated by using a 2.5-fold increase during the sbrihg
generation and a 3.5-, 7.0- or 9.8-fold between®¥géneration increase (in-

creases equivalent to 1 § producing 5 injured fruit during the spring

generation and 1 % during the summer geheration producing 15, 30 or 40

injured fruit). 1In 9 of 12 orchards, the damage approached or exceeded
the economic threshold of 3,978 apples (Table XIV). Similarities in the

amount of damage caused by the summer generation were obtained with the

R e 3 R ikl b £ ot < 8T e e ek e o b i, < & ama e § mmr et £ id S = mit e i
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Table XIV. Estimated number of fruit injured by the summer

generation with no seasonal sprays applied (assuming a

2.5-fold increase during the spring generation and a 3.5-,

7.0- or 9.8-fold increase

[F.I.] between the generations)

Estimated Number
Injured Fruit

Estimated Number
Injured Fruit

Orchard Year Spring Generation Summer Generation
(2.5-F.I.) (3.5-F.I.) (7.0-F.I.) (9.8-F.I.)

Kidston 1973 360 1,260 2,520 3,528
1974 a03b 1,411 2,821 3,949

Powell 1973 04 0 0 0
1974 752 263 525 735

Fitzgerald 1973 1794 627 1,253 1,754
’ . B T
1974 1,0994 3,847 7,693 10,770

Workman 1973 1,025 3,588 7,175 10,045
1974 941 3,294 6,587 9,222

L
Emery 1974 1,010, 3,535 . 7,070 9,898
‘:)

Barker 1973 1,190 4,165 8,330 11,662
1974 aesb 1,628 3,255 4,557

Substation 1974 4,051P 14,179 28,357 39,699

.

=

a . ’ .
Actual spring damage used because sprays not applied.

b Actual spring damage used because the calculated damage at a’
2.5-fold per generation increase was lower.



éef)generafion increase for the spring generation set at.5-fold, because
Clarkret al. (l967)ls;owed that the greatef the relative size of the
spring generation, the ldwef'was the rate of increaée between generations.'
Damage correlations estimating thé amours: of séring generation
damage from spring generation catches (Fig. 23) cogld be used along with
predictions of between gene:ation increases to project infestation levels,
c;used bi.the summer éeneration. Spray decisions would be made on an
econcmic threshold basis. Alternatively, since summer géheration catches
were correlated with the estimated summer damage (Fig. 24)L'Ehe>potential
overwintering population could be estimated. A simulation model could
be built similar to the one developed by Geier aﬁa Hillman (1971), in
which the spring generation damaée was accurately estimated from the
number of overwintering larvae successfully established. Summer cakches
could be used to determine the number of bverﬁintering larQée instead of
searching vegetation and debris under trees, the tree trunkfat and below
o

ground level, crotch, base df main limbs and crown of sample trees for

cocooning sites. This is limited on a practical basis because sampling
B~ =

—

at low popﬁlations would be too time chsuming. Detailed sampling of\
fruit at harvest for larval exits is possibie but limited for use in a
commercial monitoring program for L. pomonélla. As more déta are
obtained from unsprayed commercial orcﬁéras, catches during the spring
geneiation-may prove uééful in directly predicting damage caused by the

summer generation.
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Forecasting Spray Timing With Catches

>
] .

Timing insecticide applications for maximum effect against the
target organism means predicting the period of greatest codling moth egg
g ' -
hatch. Accurate prediction is difficult because moths emerge over a

long period during both generations. Therefore, eggs are deposited and

hatch under a considerable variation in climatic conditions.

~

A number of methods have been reported for determining the first

egg hatch. Glenn (1922) used day-degree summations, based on a develop-

“mental threshoid of 10°C. _However, Hagley (1972a) showed that although

egg‘developmeﬁt occurred at 10°C., no larvae emerged ard all eggs died
after 48 days. His results showed that the development "threshold was

11° + 1°C. Later studies (Hagley 1973) showed that the greatest larval

emergence occurred 6-10 days after the first emergence of larvae during

-

the spring. Hagley (1973) observed that the first fema%e moths which
emerge are freguently of low fecundity and lay few eggs, although weather
conditions are suitable in.£he spring. Since the date of the first
female emergence can be determined from emergence cages, the start of”
egg ﬂatching can be calculated. Accuracy, though, is iimited by climatic
factors affecting female oviposition behaviour {(Hagley 1973; Putman 1963;
Madsen 1967; Batiste et z2l. 1973).

Periods of greatest egg deposition could be determined by sys-
tematic collécting and examination of fruit éndAleaf clusterélthroughoutv‘
the orchard (Hagley 1972b; Batiste et al. 1973). This method is

limited because a minimum of 1%0-200 individual clusters must be examined

for reliable sstima*es when the egg population is low (Hagley 1972b).



Batiste et al. (1973)7f0und only 20 eggs in tétal of 4,460 fruit
and leaf clusters gollected in untreated area;wdf'an‘érchard with infes-
tations at hartest averaging 537.

The’occufrence of first egg hatch has been related to the emer-
gence and activityxof males in the spring (Hagley 1973; Riedlvand Croft
.1973). Hagley (1973) found that 144~ and 137-degree days were requirgd
for egg hatch after the first éatches in pheromqne—baited traps during(
1971 and 1972 in Ontario. Riedl and Croft (1973) reported that accumu-
lating 50 heat units for preoviposition and 158 heat units for egg
devélopment after the first catcheé accurately estimated the firsﬁ egg
hagch in Michigan orchards.

Sprays for the spring generation are currently recomméﬁded 10-14
days after petal fall (B.C. Dept. Agric. 1974). in 1973, sprays were
applied 24-38 days after petal fall and peak emergence occurred 13-36
days after petal fall. As a general rule, sprays were applied éfter the
catches indicated a peak emérgence offadults aftefqﬁégai'fall. Cool
spring weather deiayed the peak emergence during;;9§§ as eompared with
1973, Accuﬁulaped degree—days for May 1973 an&n19;4f§ere 257.21 ana
136.23, respectively. Figures were calculated from maximum and minimum
daily temperatures (Ives 1973) for the Substation orchard, Kelowna.
Additional hygrothermogfaph records could not be obtained for the v%rious
orchard locations used during 1973 and 1974. Theldegfee-day accumulation
during May 1974 indicated that the spfing éenerationtggggg shouldrhave
neen applied later than the B.C. Dept. Agriec, (1974) recommended date.

-~ .

Many growers who followed the standard program required a second spray

for the spring generation.
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Another method of timing developed by Batiste et al. (1973)
was used .to determine the first egg hatch in the Emery orchard in 1974.
This-consisted of confining adults reared in the laboratory in cages
in the orchérd from the first catches of males to when.eggs in the caée
began to hatch. The adults were replaced weekly. Although, an esti-
mated 733 épple§ were injured by the spring generation, the spray
applied June 15tk was effective considering the damage potential from
1973 (Tablg X;I).

(

. Timing of summer generation sprayy is made easier because
weathef'conditions are favourable for oviposition. Growers were advised
to apply. a summer spray after catches exceeded an average of 2 males/
trap. There were a few exceptions when less than optimum weather condi-
. )
tions for oviposition followed this date. More data are necessary to
determine the period of greatest egg haﬁch during the summer generation.
’ Further research‘is needed on predicting the period ofrmaximum

“egg hatch during the spring generatioﬁ. Degree-day accumulations after

the first catches and oviposition cages should prove useful in develop-

ing a timing model for commercial orchards.

Summary and Conclusion--Pheromone Traps

as Pest Management-Tools

For most commercial orchard populations, damage projections (< 5%

~

damage) for low moth densities are vital for determining optimum control -

strategies (Madsen and Vakenti 1973; Riedl and Croft 1974; Madsen et al.

2

1974). More research is necessary in unsﬁrayed Okanagan Valley

7
g
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commercial orchafds before reliable predictions of damage by catches can
be made as with Riedl and Croft'§ (1974) model for populations caﬁsing
harvest damage greater than 2% in semi-abandoned Michigan orchards.

Moée data are needed so that catches can be adjustea When influ-
enced by'tﬁe factors summarized in a relationship proposed by‘Riedl and

Croft (1973):

Catch = £ (AD, D, CO, TTR, TE) + Influx

.

AD refers to thé number of days the weather conditions are suitaﬁle for
male response to traps. Catches in different areas and years as influ-
enced by weather conditions couldebe staﬂ%ardized by using degree-day
accumulations instead of weekly sample per;ods (Riedl'and Croft 1974).
However, degree-days do not adequately reflect differenges during the
daily flight period. The denéiéy of males during/any trapping period,
D, influen?es the magnitude of catches. 1In the sampling procedures -used
in the study, TE (rap efficienc§ as iﬁfluenced by synthetic pheromonei
formulations and #frap designs) and TTR (trap/tree ratio or trap/area
ratio) were standardized as.much és_possible, although modifications were
made when ;mprovements were necessary. CO (trap efjiciéncy dependent on -
; female density and sex ratio) iﬁfluenced_catbhéé:in orchérd; where popﬁ—
lation densities approached the]economic threshold. Influx of males was
shown'to influence catches. Both influx of females and males were:shown

to-influence spray decisions. Déploying traps -outside of the study

orchards reduced the influx of males so that sprday decisions could be

made. .
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A spraying level was tested based on catches exceeding an aver-

age of 2»males/trap dﬁring 2 Cohsecﬁtive_weeks.' The number of sprays ‘ ’» L

applied was substantially reduced. However, préﬁecting potential injury
levels and establishing an economic threshold for ihjury during both ,
generations showed that other sprays were unnecessary because the ‘costs .

of the spray were not returned. Although, the spraying lével would indi-

~ cdte L. pomonella populations that-would exceed the economic threshold - .-

7 . -

(shown in Appendix 3), further population dyﬁamics studies in unsprayed

commercial orqhards would allow more precisé daﬁage énedictions.to be B .

developed. These studies are extfemely:important since:damage bredic—

tions in commercial orchards are‘subject to a wide range d?ﬂkultural/

and pesticide practices not found iﬁ semi- or abéndoneq Qrchargs; Popu-

lation iﬁcreases and mortalif; faqtors and percehts would likely differ.

With more accurate assessments of'fecundity and mortalities influencing

within and bétween_geheration incfeases,vcatches cquld be used'reliablyi

to predict infestation levels. X -
Catches during the spring and summer generations were'relatgd’bﬁ

to the number of apples injured by the respective generatioqs.'.As more

data are ébtained from unsprayed gechards, these relationships Squld be

used to estimate the damage potential during succeeding genérations.

Economically sound spray decisions could then be made.

=3
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APPLICATION OF POPULATION MONITORING IN AN o

APPLE PEST MANA&EMENT SYSTEM

Reduced deling Moth Spray Schedules and Influenceg

'on Secondary Apple Pests

Insecticides are usually applied to reduce temporarily popula-
tions of one or more pest speciés. Other cohponents of anrecosygtem are'
affgcted,‘ejg.; c?anges‘in the status bf se¢pndary pests .and resurgence
of treéfed popu;ations (Madsen and Morg%n.l9?0; Néwsom 1974). Broad-
spectrum chemicals used for L. pomogella have been.considered to,éontrol
cher'pests at the same time (Madsen 1968; Proverbs 1971).

In a_épmmercial orchard left unsprayed for L. pomone;la for 6
years, ﬁaturél enemies wéfe unable to bring injurious populations of the
fruittree leaffoller, Archipé argyrospilds (Walker), the eye-spotted bud-{
mdth, Spilonata ocellana (D. & S.) and the whife apples leafhopper,

i

Typhlocyba éomaria McAtee under coﬁfrol {Madsen 1971). Iq two éommercial
orchards under prdgrams of‘steiile L. pomonella release, Prove;bs (1571)
‘observed that A. argyrospilus populations increased’rapidly but s.
ocellana and T. p?éa}ia populations dia.not, Sprays for these pests were
not required after three vears of moth release. |

In the moﬁitored orchards, sprays were omitted fqr relatively ‘
short periods, therefore the effects of spfay e;iﬁination on secondary
pests were inconclusive. Some trends develdpedrig the Fitzgerald ‘orchard,

in which L..pomonella sprays were not applied from 1972-74. T. poméfia

populations did not increase (Madsen, Peters and Vakenti 1975).

r
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Populations of S. ocellana gradually increased until damage was noted at
harvest.

Leafrollers, A. argyrospilus and Archips rosanus (L.) caused
damage in all of the orchards, although samples in 1974 before petal fall
indicated that éopulations did not require treatment (Madsen et al.
'1975). More research is needed to establish the variatiéns in the time
and length of egg hatch of these two species under varying climatic con-
diﬁions so that late applications or reductions in L. pomonella control
during the spring generation do not enhance leafroller population in-
creases.

It was difficult to defermine if biological controls were in-
fluenced by reducing the number of sprays applied for L. pomonella
control. As an example, 3 sprays were applied for codling moth control
in the Kidston orchard during both years but no miticides were needed
during both years. At the Fitzgerald orchard where no sprays were
applied for L. pomonella control, a miticide in both years was needed
for the apple rust mite, Aculus schlechtendali (Nalepa), in spite of
the fact that the predatory mite, Typhlodromus occidentalis (Nesbitt)
was present in high numbers. Conflicting results were obtained with
Aphis pomi DeGeer populations, as high numbers developed in orchards

with both reduced and full L. pomonella spray programs.

Integration of a 'Key-Pest' Monitoring System into

a Pest Management Program on Apples

The estimated return to the growers involved in this study is

detailed in Table XV . The expenditures of the program were calculated
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Table XV. Revenue gained under a pilot population monitor-
ing program as compared with a 3-spray calendar program
for L. pomonella control in six commercial orchards during

1973 and 1974 (acreage totalled\}?4 acres) ) -~
- . S ¢
» Expenditures Expenditures Revenue
Orchard Year Under Monitoring Under Calendar Using Monitoring
' Program ($) Spray Program (S) Program ($)
Kidston 1973 425,54 414.69 -10.85
1974 463.57 415.41 .. —48.16
Fitzgerald 1973 13.25 418.20 +404.95
‘ 1974 ©232.95 424,84 +191.89
Powell 1973 136.40 414, 34 +277.94
1974 6.71 413.10 +406. 39
Emery 1973 430. 38 416.67 . -13.71
1974 332.33 413.18 +80.25
Workman 1973 346,39 418.76 +72.37
' 1974 446.25 419.83 -26.42
Barker 1973 422.25 . 414.96 -7.29
1974 375.66 413.66 +38.00
Totals 3,631.68 4,997.64 +1,365.96
Less Total Costs of Monitoring Program (7.48/acre) -927.50

¥Net Return - +438.44
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by adding thé total costs for applying sprays (Appendix”l) and
the dollar loss;in yield at current prices. The cost/acre for an
L. pomonella monitoring program operated by a commercial company
(Appendix 2) was also addéd. This figure was used instead of the
costs involved in rﬁnning a fesearch program on widely separated
commeréial orchardé. The expenditures of calendar spraying were
calculated by adding the total costs of applyiﬁé 3 §éf&g§ugﬁg dollar
losses in yield at current prices (assumihg 3 sprays would still give
a loss in yield of 0.037). Omitted in the calculations were the
chérges to growers levied by packinghousés for sorting and grading
damaged fruit since in most cases, insect-damaged applies represent
less than 207 of the apples culled by the packinghouse. Most
apples are culled on the basis of size, shape, coloﬁr, bruising,
punctures ang sun scald, |

While some of the growers involved in the program léSt
revenue (Table Xﬁ), adoptioﬁ of compléte pest»ﬁqnagement could reduce
spray costs further apd thereby support the viability of a pest
management program (Madsen, Vakenti, and Peters 1975). 1In th;se
orchards which lost revenue, population monitoring indicated codling
moth populations requiring 3 sprays based on the treatment level used
in this ;tudy. While it is proposed that spring generation spraying
may noF be necessary in many commercial orchards, considerable work

is necessary to verify this hypothesis and the simple modél developed

in this study.



Besides providing the opportunityvto reduce spray costs,
the population monitoring program confirms the need for insecticides
in preventing excessive damagé. .The dependence, though, on preventa-
tive spray programs will lessen with the adoption of population
monitoring. Other factors sucﬁ as incfeasing insecticide costs,
pest resistance, environmental ‘concerns and potential lack.of replacements
insecticides, make the implementation of such programs a necessity in

maintaining the grower's ability to respond to damaging insect
g g P g1ng,

populations.
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APPENDIX 1 ' i

COSTS OF CODLING MOTH-INSECTICIDE SPRAYS

The costs of spraying one acre of apples_iﬁ a standard planting
were calculated using the methodﬁ/of M. D.cProverbs {personal communica-
tion)l and Maisonneuve- and Shortreed (1972) for equipment costs. Guthion
was used as it is most commonly épplied for L. pomonella control. The
total cost/acre was calculated in two ways:

/
1) using both fixed and variable costs, this figure was used for
calculating the economic threshold for L. pomonélla dapage on 10
acres of commergial o;chard; and
2) using'only variable costs because fixed costg associated with

equipment operation are not normally considered by growers to be

part of the total costs of applying sprays.

Variable and Fixed Costs of Spray

1. Total cost/hour; tractor + driver for applying 1 spray $8.75
Calculated by:
a) Cost of depreciation (10%/yr for 10 yr),
interest (8%), $1,500/yr

repairs, housing for tractor costing $5,000

b) Cost of above items/hr assuming 600 hrs

use/yr = $1,500/600 $2.50

c) Cost‘of fueuiYS}l, grease/hr of tractor $1.25
use is approi;mately

d) Wages for owner or hired labour/hr §§;99

- Total $8.75

101 ' ,j



- 102

o

Total cost/hour for sprayer. o $11.25

Calculated by; v;

a) Cost of depreciation, interest, repairs, e
housing $900/yr o
for 2-sided, air blast costing $4,500
b) Cost of above items/hr assuming
80 hours $11.25/hr .
use/yr (average of 11 sprays & 17 acres) = $900/80
Total costs for equipment operation/hr . L $20.00
Totél costs/acre for equipment operation for 1 spray ' $ 8.40

Calculated by:

a) Time to spray one acre (2 mph in 20'x20' planting
and allowing time for filling, mixing spray, and
turning is approximately 25 minutes
b) Cost to spray one acre = 25/60 x $20.00 : $8.40
Total cost/acre for insecticide - $ 5.24
a) Cost of insecticide/acre based on 1.25 1b $5.24
applied/acre at a 1974 price of $4.19/1b
for Guthion
Total costs/acre for applying 1 spray Guthion $13.64 °
Variable Costs of Spray
Total costs/acre for equipment operation for 1 spray $ 2.63

Calculated by:

a) Total cost for equipment operation/hr usingr $6.25
only costs of fuel, oil, grease and wages
b) Cost to spray one acre = 25/60 x $6.25 $2.63
Total cost/acre for insecticide ' $ 5.24

Total costs/acre for applying 1 spray Guthion $ 7.87

A
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If the variable costs are used for calculating the costs of

applying one spray of Guthion/acre, the economic threshold for codling

s

moth damage becomes 2,286 Epples on 10 acres of commercial orchard.

With both variable and fixed costs, it is 3,978 apples on 10 acres.



APPENDIX 2
COSTs OF CODLING MOTH POPULATION MQNITORING PROGRAM

For calculating the costs of operating a monitoring program in

-

commerical orchards, a hypothetical company is proposed. It has 5,000

acres of apples under contract in a discrete geographical area, e.qg., in

the Kelowna, B.C. area. Company costs in offering the monitoring service:
¥

were estimated at $7.48/a%§§. The calculations were based on 1974 prices.

Estimated Company Costs

1. Total costs of sampling materials for 5,000 acres $7,660.00
Calculated by:

a) Costs of traps for season on 5,000 acres $2,860.00',
(aSsuming 1 Zoecon ICP trap lasts one ‘
season and bottom surface changed 3 times
during 24 weeks; trap density of l/hectare;
costing $0.65/trap + $0.26/replaceable
bottom surface) ' ' ’
b) Costs of pheromone supplies on 5,000 acres - $4,800.00
(using Zoecon CM formulation changed '
every month for 2,000 traps at a cost of
$0.40/bait receptacle) :

Total $7,660.00

2. Totalrmanpower costs for servicing traps and .
making decisions for 5,000 acres ' ) $24,000.00

Calculated by:

a) Two managers employed for 6 months at - )
$1,000/month ] $12,000.00

b) Five assistants for servicing traps and
relaying catch data to office. Hired ,
for 4 months at $3.00/hr. $10,000.00
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Two office workers for recording data.

Hired for 4 months at $3.00/hr. ; $2,000.00

Total $24,000.00

Total Office and Transportatipn costs for'“
5,000 acres

Calculated by:

a)

b)

g)

Office rent -including utilities for

6 months $1,000.00

Office eguipment-rentals on typewriters,

calculators, telephone, etc. . $350.00
Stationery supplies $500.00
Computer terminal & telephone hook~up $800.00

Transportation costs--3 vehicles rented
for $250.00/month with 4,000 miles free
and insurance and-servicing included

for 4 months ‘ $3,000.00
Gas, oil, etc. ”’_ - 15360.00
Postal and gewsletter c;;ts ’ ' $300.00

Total $5,750.00

Total operating costs for 5,000 acres

Total operating costs/acre

-

837741000
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$5,750.00

$7.48
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APPENDIX 3
SPRAYING LEVEL

On theoretical terms, the spraying level used in this study
indicates economic threshold populations. In Table 16, the estimated
percentage capture rate/week during the spring generation was determined
from 3 years of catches in pheromone-baited traps. In each example,
the orchard area is 10 acres, the economic threshold 3,978 apples, and
a capture rate of 50% of the emerging males is assumed. In the first
population (Fig. 25, solid bars), in which an injury-potential of 10
fruit/} is assumed, 398 ## and 398 dd would have to emerge during the
spring generation to cause economic damage. This population would be
detected by the third week. In the second population (Fig. 25, clear
bars), in which an injury potential of 20 injured fruit/% is assumed, a
minimum emergent population of 199 $% and 199 d'¢" would be necessary.

The economic threshold population would be detected by the fourth week.
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Table XVI. Relative percent captures of male codling moths
during each week of the spring generation flight (N = 23
records of captures from 6 locations and 3 years, 1972-74)

Week Number Total Males % of Total Captured
: ' Captured (N = 23) ~ Each Week
1 34 g 0.82
2 , 151 3.65
e )
3 ’ 316 7.63
4 971 23.44
> 921 - 22.24
6 681 16.44
7 395 9.54
8 168 o 4.06 -
9 - 216 5 o .5.21
¥

10 289 6.98
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Fig. 25. Theoretical detection of economic threshold
populations for determining the need for chemical sprays.
Population 1 (solid bars) consists of 398 £2 and 398 &
emerging during the spring generation and population 2
(clear bars) is 199 $£% and 199 §¢" emerging during the
spring generation

T
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APPENDIX 4

FEMATLE FECUNDITY AND MORTALITY OF STAGES /

" In calCulating theoretiqal per/generation aﬁd between>generation
increases, data on I. vomonelle fecundity (Table XVII) and percentage
mortality of stages (Table XVIII) were compiled from Geier (1963),
Clark et al. (1967), and Ferro and Harwood (1974).‘ Most of the values

listed in Table XViII were from abandoned or unsprayed orchards.
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Table XVII. L. pomonella fecundity in various geographical
locations.

Region Generation or Egtimated or Observed
g Year Méan Egg Production/%
Arkansas Spring S 8
sSummerxr : : 52
Bathurst, N.S.W. Spring - 22
Australia )
) sSummer . 26
Sinkiang, China Spring 33
Summer ' 43
Snake River, 1973 - . 42
Washihgton 1974 37
N.S.W., Australia 1963 44
New Zealand 1967-68 ‘ T 44.9
1968-69 90.0
1969-70 47.0
Yakima, Washington Laboratory Colony 76.0
Washington Spring , 64.0
Summer - 83.0
Central Europse Unspecified 20-80
Switzerland Unspecified . ' 66
Prarnce Unspecified : - 50

Illinois - Unspecified 31-42
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