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Traps  b a i t e d  w i t h  s y n t h e t i c  pheromo e ,  t rans-8 ,  trans-10 
\ - .;o 

dodecadien-1-01, were used t o  sample cod l ing  moth, Lczspzyresia 

c ~ - s q e l Z a  ( L . )  p o p u l a t i o n s  i n  7  commercial o rchards  i n  t h e  Okanagan C- 

v a l l e y  dur ing  1973 and 1974. Catches  exceeding an average  of  2 males /  '. 
i 

t r a p / 0 . 4  ha.  d u r i n g  2 c o n s e c u t i v e  weeks i n d i c a t e d  damaging p o p u l a t i o n s .  

With s p r a y s  a p p l i e d  on t h i s  b a s i s ,  a - r e d u c t i o n  of 43.1% i n  t h e  number 

of p r e v e n t a t i v e  s p r a y s  which would have been a p p l i e d  was a t t a i n e d  

w i t h o u t  i n c r e a s e s  i n  f r u i t  damage. 

Both i n f l u x  of males and females  were shown t o  i n f l u e n c e  

i n t e r p r e t a t i o n  of c a t c h e s  b u t  a d d i t i o n a l  t r a p s  p laced  around o r c h a r d s  

reduced male i n f l n x  and p i n p o i n t e d  L. pornonella i n f e s t a t i o n s  o u t s i d e  

monitored o r c h a r d s .  

For 4 .05  ha.  commercial o rchards ,  the-economic t h r e s h o l d  f o r  
r- 

'hp. 

L. pornonella damage was e s t a b l i s h e d  a t  3,978 a p p l e s  ( i . e .  t h e  number 

of  a p p l e s  which would have t o  be  damaged b e f o r e  t h e  c o s t s  of a  s p r a y  

were r e t u r n e d ) .  Optimal c o n t r o l  s t r a t e g i e s  a r e  proposed whereby 
v 

p e s t i c i d e  i n f l u e n c e s  on 5. pnoneZZa p o p u l a t i o n s  could  b e  f u r t h e r  

reduced,  p a r t i c u l a r l y  d u r i n g  t h e  s p r i n g  g e n e r a t i o n .  I f  comprehensive 

d a t a  were a v a i l a b l e  on p o p u l a t i o n  dynamics of L. pomonezlcr populatfions 

i n  commercial o r c h a r d s ,  c a t c h e s  could  be  used t o  e s t i m a t e  p o t e n t i a l  

I 

damage l e v e l s  on a n  economic b a s i s  d u r i n g  t h e  s p r i n g  and summer 

g e n e r a t i o n s .  More r e s e a r c h  i s  n e c e s s a r y  i n  unsprayed commercial o rchards  
* G- 

b e f o r e  c a t c h e s  can be  r e l a t e d  more d i r e c t l y  t o  p o t e n t i a l  damage o c c u r r i n g  

\ - 

l a t e r  i n  t h e  season .  

iii 



r. SL 

The results of this study indicated that monitoring of 

I. =z-oreZ:z po2ulations with pheromone traps should be promoted 

for use in commercial orchards. Costs of production and 

environmental effects would be substantially reduced with. codling 

moth< ijopulation monitoring. b 
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1 
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INTRODUCTION 

The codling moth, Laspeyresia pornonella 

for many years as a 'key' pest in the developme of pest management 

systems in apple and pear orchards (Barnes 1959; Madsen and Morgan 1970; 

Hoyt and Burts 1974). The injury 2aused 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-instgt- 

larvae, and 2) entries indicate that the attacking larvae survived at. 

least one moult and began tunnelling towards the centre of the fruit. 

In the absence of satisfactory population sampling procedures, . 
prophylactic calendar spray programs are usually recommended in most fruit 

growing areas.* In the Okanagan Valley, yearly costs of such spray pro- 
a * 

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

chard total approximately $852,000 based on an average of 2.5 sprays at 
?? 

$13.60/acre/spray (Appendix 1; M. D. Proverbs, personal communication). 1 

Despite the obvious benefits of increased yield and quality obtained with 

the use of broad spectrum persistent insecticides, less desirable effects 

both to the environment and on secondary pome fruit pests have occurred in 

the past (Madsen and Morgan 1970; Newsom 1974; croft and Brown 1975). Con- 

tinually increasing costs of spray chemicals, and public and scientific 

concern over pesticide use and misuse has led to research toward alterna- 

tive control strategies. These include management techniques (Pickett, 

Putman and LeRoux 1958; Stern et al. 1959; ~artlett' 1964; Geier 1966; . 
- 

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



. , 
Bei rne  1967) ,  s ter i le  i n s e c t  r e l e a s e s  (Proverbs ,  Newton and Logan 1966) 

and pheromonal, hormonal and g e n e t i c  c o n t r o l s  ( G a s t o n , ; ~ h o r e ~  and S a a r i o  

1967 ; W i l l i a m s  1956; Lave1 1969) . The development an$ y c e p t a n c e  of ' 
, L. 

new methods w i t h i n  t h e  a g r i c u l t u r a l  i n d u s t r y  w i l l  4.qend on t h e i r  meet- 

ing t h e  c u r r e n t  demands f o r  h i g h e r  crop y i e l d s  and uniform h igh  q u a l i t y .  

L. pomoneZ2.a has  two complete g e n e r a t i o n s  p e r  y e a r  and a  

p a r t i a l  t h i r d  i n  some y e a r s  and l o c a t i o n s  i n  t h e  Okanagan Val ley  of a 

. . 
B r i t i s h  Columbia. The l i f e - c y c l e  can b e  summarized as fo l lows .  F i f t h -  

i n s t a r  l a r v a e  complete development w i t h i n  t h e  app le ,  e x i t . a n d  overwin te r  

- 3 2 .  on t h e  t r e e  and i n  t h e  ground, Pupat ion aecurs  i n  t h e  s p r i n g  wi th  t h e  

a d u l t s  emerging from' l a t e  A p r i l  t o  mid-July. ~ h e s e  a d u l t s  mate ,  females 

o v i p o s i t  and t h e  s p r i n g  g e n e r a t i o n  l a r v a e  e n t e r  and comp1e"te development , 

C' 

i n  t h e  matur ing a p p l e  dur ing t h e  s p r i n g  and e a r l y  summer. L a r v a e ' l e a v e  

t h e  f r u i t ,  some e n t e r i n g  d iapause  and t h e  m a j o r i t y  pupat ing.  Adul t s  of 

t h e  summer g e n e r a t i o n  emerge from July  t o  mid-September, mate and o y i p o s i t .  

The i r  l a r v a e  'complete development, w i t h  most e n t e r i n g  d iapause  and over- 

w i n t e r i n g .  Some a d u l t s  emerge to -beg in  a  t h i r d  g e n e r a t i o n  dur ing  September 

and October b u t  t h e  l a r v a e  do n o t  r each  m a t u r i t y .  

While t h e  cod l ing  moth i n  t h e  Okanagan Val ley  can be c o n t r o l l e d  

i 
e f f e c t i v e l y , w i t h  t h e  organophosphates,  Guthion; Zolone (Madsen 

1970) ,  t h e  u s e  of p e s t i c i d e s  i n  t h e  p a s t  has  c r e a t e d  many problems. - 
3 

8 I n s e c t i c i d e  r e s i s t a n c e ,  d e s t r u c t i o n  of b e n e f i c i a l  p o l l i n a t o r s ,  p r e d a t o r s  
/ 

and p a r a s i t e s ,  i n c r e a s e d  p o p u l a t i o n s  of phytophagous m i t e s  and s o i l  

contaminat ion have followed p e s t i c i d e  u s e  (Downing and Arrand 1968; 

- Madsen and.Morgan 1970; Proverbs  1970).  

'7 



C l a s s i c a l  m e t h o p o " • ’  b iolog"ica1 c o n t r o l  t r i e d  a g a i n s t  
* 

-+ 
-Lb= :,orn&ns22a have beer(unsuccessfu1 t o  d a t e  (Proverbs  1970) .  lnteg;ated 

- c o n t r o l  and s t e r i l e  moth r e l e a s e s  a r e  now being t r i e d .  A s t e r i l e  moth 5 .  A +  

4 .. 
r e l e a s e  program i s  be ing  planned f o r  approximately  1 ,500  a c r e s  i n - t h e  

"' Similkameen Val ley d u r i n g  1976 (M.D. Proverbs ,  p e r s o n a l  communication). 

9 

A second program +,ed on t h e  p r i n c i p l e s  of i n t e g r a t e d  c o n t r o l  (Gonzales 
--. :* 

1973) has  been p a r t i a l l y  developed f o r  L. pomoneZ,Za i n  t h e '  Okanagan , 

ey (Madsen 1971) .  Three g e n e r a l  recommendations b e f o r e  implementiGg 
+- i 

. i n t & g x a t e d  c o n t r o l  s t r a t e g i e s  a r e  (Gonzales 1973):  

<-'\ 

1 )  growers should become f a m i l i a r  wi th  t h e  p e s t s  and t h e i r  
? 

p;edators .+ and p a r a s i t e s ;  

2 )  numbers of p e s t s  and damage caused should b e  monitored t o  

avoid t r e a t i n g  on predetermined c a l e n d a r  d a t e s ;  and 

3 )  p e s t i c i d e s ,  a p p r o p r i a t e  dosages and t iming of s p r a y  
0 

a p p l i c a t i o n s  must b e  s e l e c t e d  t o  produce l i t t l e  o r  no 

e f f e c t  on n a t u r a l  enemies w i t h i n  each p a r t i c u l a r  ecosystem. 

The development of commercial i n t e g r a t e d  m i t e  c o n t r o l  programs 

i n  t h e  Okanagan Val ley of Washington {Hoyt 1969) and B r i t i s h  Colubbia 

(Downing and' Arrand 1968) i l l u s t r a t e s  t h e  above recommen$ations exceed- . 
-a 

' & *  

+?&y w e l l .  Within t h e s e  programs m o r t a l i t y  of n a t u r e  enemies .of phyto- 
*\ ,..- 

phag&s m i t e s ,  p a r t i c u l a r l y  TyphZodromus occidentaZis ( N e s b i t t  ) , w a s  

minimized. by w i p g  s e l e c t e d  chemicals a t  ,lower r a t e s  than p r e v i o u s l y  
- ,  

recommended f o r  L. powi is l la  c o n t r o l  (Madsen 1970) .  A b e t t e r s  unders tanding 
- 

. ? 

by growers t h a t  some p e s t  b o p u l a t i o n s  c& be l i m i t e d  by n a t u r a l  enemies 

- and a b i o t i c  f a c t o r s  and some p e s t  damage can be  t o l e r a t e d  economically 1 

l e d  t o  g radua l  accep tance  of i n t e g r a t e d  m$te' c o n t r o l .  



One of t h e  most d i f f i c u l t  s t e p s  i n  implementing an  i n t e g r a t e d  

program is t o  moni tor  popula t ion  s i z e  and t h e  damage caused by t h e  p e s t . .  
9 - 

Popula t ion  sampling d i f f i c u l t i e s  a r e  encountered i n  determining a n  
"i & 4 1. . 

"economic th resho ld"  f&$ L. pornoneZZa. Sampling of l a r v a l  s t a g e s  is  
'-6 

, C L 

d i f f i c u l t  because t h e  low popula t ions  i n  commercial o rchards  would r e q u i r e  

l a r g e  and time-consuming samples f o r  r e l i a b l e  popula t ion  e s t i m a t e s .  
, @ * ,-'+& 

1 42 . ak*: p 
Sampling of a d u l t s  i s  p r e f e r a b l e  s inc&"i t , - indicates  p o t e n t i a l  f ecundi ty  

which can b e  r e l a t e d  t o  t h e  economic i n j u r y  caused by l a r v a e  dur ing  each 

subsequent g e n e r a t i o n .  

The method.most commonly used t o  moni tor  L. pomoneZZa f l i g h t  

p e r i o d s  f o r  t iming chemical  s p r a y s  has  been t o  t r a p  b o t h  sexes  wi th  
4 

ferment ing b a i t  pans o r . u l t r a v i & e t  l i g h t  t r a p s  (Madsen 1967) .  However, 
~ 

t h e s e  methods r e f l e c t  t r u e  popula t ion  s i z e  only  f o r  ve ry  low o r  h igh  

' d e n s i t i e s  (Madsen 1971) .  When s u b s t i t u t e d  i n t o  a  s i m u l a t i o n  model, 

4 

c a t c h e s  i n  ferment ing b a i t  pans provided a  d i r k c t  e s t i m a t e  of h igh 

d e n s i t y  popula t ions  (Geier  and Hillman 1971).  

Madsen and Davis (1971) t e s t e d  t h e  h y p o t h e s i s  t h a t  female-baited 

t r a p s  could i n d i c a t e  popula t ion  l e v e l s  and d i s t r i b u t i o n  w i t h i n  an a r e a .  

Subsequent s t u d i e s  wi th  t r a p s  b a i t e d  wi th  females o r  s y n t h e t i c  pheromone 

(Roelofs  e t  a l .  1971) i n d i c a t e d  t h a t  male cap ture5  could be  u s e f u l  f o r  

e s t i m a t i n g  n a t i v e  popula t ions  (Madsen and Vakenti  1972, 1973a).  When 

used i n  con junc t ion  wi th  v i s u a l  obse rva t ions  f o r  i n j u r e d  f r u i t ,  male 

c a p t u r e s  i n d i c a t e d  the need f o r  chemical  c o n t r o l s  i n  commercial o rchards ,  

a l though n o t  on a  wel l -def ined economic t h r e s h o l d  b a s i s .  



My o b j e c t i v e s  were t o  o b t a i n  a  r e l i a b l e  method f o r  sampling 

a d u l t  L. pomonelza popula t ions  and t o  c o r r e l a t e  males cap tured  i n  

s y n t h e t i c  pheromone t r a p s  wi th  t h e  amount of damage o c c u r r i n g  dur ing  

each genera t ion .  The fo l lowing  hypotheses were t e s t e d  dur ing 1973-74: 

1) t h a t  s y n t h e t i c  pheromone can be s u b s t i t u t e d  foF  female moths 
' ,< -.- -<.?_Y 

i n  t r a p s ;  

2) t h a t  t h e  number of males cap tured  i s  r e l a t e d  t o  t i e  number of 

females  p r e s e n t  and t h e  amount of damage caused w i t h i n  an 

orchard ; 

3 )  t h a t  t r a p s  p laced  o u t s i d e  monitored o rchards  i d e n t i f y  s6urces  I 

1 

of i n f e s t a t i o n s  and reduce i n f l u x  of males e n a b l i n g  t r a p s  

w i t h i n  monitored 

' c l e a r l y ;  and 

4) t h a t  a  mean male 

0.4 ha.  dur ing 2 

o rchards  t o , r e f l e c t  a c t u a l  popu la t ions  more ' 

c a t c h  i n  t h e  orchard t r a p s  of 2 m a l e s / t r a p /  

consecu t ive  weeks r e p r e s e n t s  t h e  economic 

t h r e s h o l d  f o r  cod l ing  moth damage. 



R e l a t i n g  To Cl imate ,  Codling Moth P o p u l a t i o n s ,  

S e a s o n a l  Spray Progkams, and Harves t  Damage 

I' * 

Seven o r c h a r d s  + e r e  s e l e c t e d  t o  r e p r e s e n t  t h e  range o f '  c l i m a t e  

( T a b l e  I)  and p e s t  i n t e n s i t y  w i t h i n  t h e  major  f r u i t  growing r e g i o n s  of t h e  

Similkameen and Okanagan V a l l e y s  ( F i g .  1 ) .  The p r o d u c t i o n  d e t a i l s  in 

jE 

T a b l e T I a r e  o n l y  e s t i m a t e s  s i n c e  most growers a r e  c o n t i n u a l l y  removing 

t r e e s ,  r e p l a n t i n g  w i t h  younger t r e e s  of d i f f e r e n t  v a r i e t i e s  and r e - g r a f t i n g  

t r e e s .  A ~ S O , ,  young t r e e s  a r e  coming i n t o  p roduc t ion  each  y e a r .  S i n c e  

t h e  o rchkrds  a r e  comrnerc ia l~y  o p e r a t e d ,  t h e  r e s e a r c h  was s u b j e c t  t o  a  wide 

range  of c u l t u r a l  p r a c t i c e s  such  as chemical  and hand t h i n n i n g ,  d i f f e r e n t  

methods o f  i r r i g a t i o n ,  v a r i a b l e  h a r v e s t i n g  p rocedures  and v a r y i n g  d e g r e e s  

of grower i n t e r e s t  and h o w l e d g e  of pest-damage r e l a t i o n s h i p s .  Apple 
\ 

v a r i e t i e s  and o t h e r  f r u i t s  were  i n t e r p l a n t e d  i n  s m a l l  b l o c k s ,  o f t e n  , 

surrounded by a d d i t i o n a l  b l o c k s  owned by t h e  same o r  a  d i f f e r e n t  grower. 

S y n t h e t i c  Pheromone Trap Sampling Procedures  

S p t h e t i c  Pheromone F o - m Z a t i m s  

I n  1973, 1 . 0  mg s y n t h e t i c  c o d l i n g  moth pheromone., trans-8, trans- 
- 

? 3 ,  dodecadien-1-01 (Roe lofs  e t  a l .  1971; Beroza,  B i e r 1  and M o f f i t  1974) 

impregnated i n  r u b b e r  caps  (Pherocon CM, Zoecon C o r p o r a t i o n ,  P a l o  A l t o ,  C a l i -  .*' 

- f o r n i a )  was suspended i n  t r a p s  (Madsen and Vakent i  1973a) .  The caps  were 



Table I. Altitude, temperature, growing period and precip- 
itation for locations 3-1 the Okanagan and Similkameen ) 
Valleys, British colurnbiaa I 

-4 

Area 
Growing Annual 

Altitude Mean July Mean Yearly 
Period Precipitation 

(m) Temp. (OC) Temp. (OC) 
(Days) (mm) 

Coldstream, 
482.3 

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 8.9 217 47.6 

01 ive r 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 196,O (Arendt 1972). 
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EMERY ORCHARD 350.6 m 
VASEAUX LAKE 

KER W O S  , %uERA ORCHARD 304.8 m 
BARKER ORCHARD 429.8 m 

CAWSTOW 

SCALE - 
10 km 
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-. 
rep laced  monthly. In  1974, i d e n t i c a l  pheromone-impregnated rubber caps 

e 

were used i n  t h e  Kidston,  F i t z g e r a l d  and s u b s t a t i o n  orchards .  Traps i n  7 . 

P 

t h e  o t h e r  four  orchards  were b a i t e d  w i t h ' l  mgc s y n t h e t i c  pheromone impreg- 

nated i n  polyvinyl  r e s i n  b a r s  (Pherocon CM-X,. Zoecon Corporat ion,  Palo 

4 
Alto ,  C a l i f o r n i a ) .  Since t h i s  formulat ion w a s  e f f e c t i v e  i n  t h e  f i e l d  i n  

Soufh Afr ica  f o r  a t  l e a s t  8 weeks (H .  F. Madsen, pe r sona l  communication) 
2 

t h e  b a r s  were rep laced  every 8 weeks. The b a r  was p l aced  on t h e  c e n t r e  , 

of  t h e  Stickem? s u r f a c e  of t h e  t r a p .  

T r a p  D e s i g n s ,  P l a c e m e n t  and D e n s i t y  i' 

A p a r t i c u l a r  t r a p  design must meet c e r t a i n  requirements  such a s  

t r app ing  e f f i c i e n c y ,  f i e l d  maintenance, c o s t ' a n d  a v ? i l a b i l i t y .  A cy l in -  

.~ d r i c a l  cardboard ca r ton  wi th  a r ep l aceab le  l i n e r  (Fig.  2 )  s i m i l a r  t o  

t h a t  descr ibed  by Proverbs e t  a l .  (1966) was used i n  most i n s t ances .  

This t r a p  meets a l l  t h e  above c r i t e r i a  (Madsen and Vakenti  1973b).  

~ n o t h g r  t r a p  (Pherocon ICP , Zoecon Corporat ion,  Palo Al to ,  C a l i f o r n i a )  

Figs .  3 ,  4 )  was s u b s t i t u t e d  i n  a l l  b u t  t h e  Kidston and F i t z g e r a l d  - 
1 

orchards  dur ing  the 1974 season.  
L- 

Traps o r  t r a p  l i n e r s  were rep laced  when t h e  Stickem@ sur face  be- 

came i n e f f e c t i v e  because of contamination wi th  d e b r i s  o r  moth wing s c a l e s  

(P. Westigard, personal  communication). 
3 

Trap placements i n  1973 were a t  1 t rap /0 .4  h e c t a r e s .  Based on 

Agr i cu l tu re  Canada Research S t a t i o n ,  Summerland, B .C. 

3 
Research S c i e n t i s t ,  Oregon S t a t e  Experimental S t a t i o n ,  Medford, 

Oregon. 



Figs; 2-4. Traps used to monitor L. pornonella populations. 
Cylindrical c rton trap shwing Pherocon CM pheromone cap 
suspen~I..";' ( f i g .  2 ) .  herocon C trap in operating 
position ,ig. 3 r  and separated to show locatlon of Pherocon 
CM cap Fig. 43. Arrow points to location of flap used In 
older design b 





r e s u l t s  from South Af r i ca  (Myburgh e t  a l .  1974) which showed t h a t  a  
* 

s i n g l e  pheromone t r a p  e f f e c t i v e l y  monitored t h e  popula t ion  wi th in  1 hec- 

t a r e , '  t he  1974 t r a p s  d e n s i t y  w a s  changed' to  1 t r a p l h e c t a r e  i n  t h e  ~ o w e l i ,  

Barker ,  Workman and Emery orchards .  A s l i g h t  modi f ica t ion  was made i n  
/ 

t h e  Emery and Workman orchards:  t rap-monitored a r e a s  covered 0.4 hec t a re s  

o r  2 hec t a re s  on a l t e r n a t i v e  ha lves  of t h e  orchard each week i n  o rde r  t o  

t e s t  t he  a rea  a  s i n g l e  t r a p  would monitor under B . C .  cond i t i ons .  

I n  1973, t r a p s  were placed in ad jo in ing  orchards and r e s i d e n t i a l  t 
a r e a s  t o  minimize codl ing moth a t t r a c t i o n  from t h e s e  a r e a s  t o  t r a p s  

l oca t ed  wi th in  the  monitored orchards .  

I n  previous experiments (Madsen and Vakenti 1973a) , v i s u a l  obser- 

va t ions  f o r  codl ing moth damage were conducted when high male ca tches  

were recorded i n  orchards .  With t h e s e  supplemental v i s u a l  obse rva t ions ,  

t r a p  ca tches  exceeding an average of 2 males/trap/week a f t e r  p e t a l  - f a l l  

i nd i ca t ed  t h a t  f r u i t  damage would probably occur during t h a t  genera t ion .  
* 

By u t i l i z i n g  t r a p s  l oca t ed  ou t s ide  orchards (Figs.  5-14) , a h igher  male 

ca t ch  l e v e l  was t e s t e d  during 1973-74 t o  i n d i c a t e  when t rea tment  was 

necessary.  A grower wag advised t o  spray  i f  t r a p s  w i th in  t h e  monitored 

orchard captured 2 o r  more ma les l t r ap  during 2 consecut ive weekly samples. , 

The a a r g i n  f o r  growers accept ing  damage during t h e  s tudy  ,remained low 

so i n  some cases  it was necessary t o  recommend o r  agree  t o  sp rays  t h 2 t  . - . - 

;-ere no t  considered necessary.  Cont rac ts  were made wi th  &operat ing 

growers whereby t h e y  were reimbu'rsed f o r  codling moth damage exceeding ' l% 

a t  ha rves t .  



sampling Procedures For ~stimating Codling Moth Damage 

During the growing seas.on, codling moth infestations were esti-, 

mated by using visual observations. These were conducted by one or more 

persons spending one mmute per tree searching for damaged apples on 

trees selected throughout the orchard. 

At harvest, damage was determined in the field by examining 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 smpled per bin 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 when growers inadvertently re- 

moved bins from orchards before they could'be sampled. Except for the 

Emery orchard, Golden Delicious apples were not, sampled in the orchard 

because they are susceptible to bruising. Cull apples were examined 

after they had been sorted at the packinghouse. In some orchards, large 
d 

numbers of dropped apples were checked because pickers discarded insect- 

damaged apples. To counteract this, a number of krees were completely & 

picked and checked for damage. 

Damage distribution 'in each of the orchards was determinqd where 

possible by recording bin locations. Codling moth damage was categorised 

as follows wherever possible: spring generation entries, summer genera- + - 
+ 

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

were dissected and the instar was estimated and recorded. 

- 



SYNTHETIC PHEROMONE TRAPPING METHODOLOGY 
t 

Influence of Trap ~esigns and Synthetic Pheromone ~ormulati~ns 

on ~etermining a Standard ~onitoring System 

71 

During the study, experiments were conducted to deterrhine 'the 

best practical trapping unit to recommend for .use in Okanagan Valley com- 

mercial orchards. Madsen and Vakenti (197333) previously. reported the 

Sectar 1 and Cylindrical carton trap designs as best in meeting thP fol- 

lowing criteria: trapping efficiency, field servicing, durability, com- 
1 t .  

, . 
mercial availability, and acceptable cost. 

Additional trap desigas were tested during 1973 using the methods 

outlined by Madsen and Vakenti (1973b). Three new_designs werk compared * .  
with the Cylindrical carton, Sectar 1 and U.C. Pherocon designs. These 

were the Pherocon ICM (same as the Pherocon ICP design shown in Fig. 3 
, c l  

except that the roof was aluminum), the Pherocon LC (same as the Sherocon 

ICP design except that plastic spacers were incorporated to keep.t,e < roof 

and bottom 5 cm. apart, sirnhar to Fig. 4), and the Pherocon I C  design 

modified by turning flaps on the bottom sticky surface upwards, Fig. 4). 

The Cylindrical carton, Sectar 1 and Pherocon ICM designs cap- 
. . 

tured significantly more males than the other designs (Table 111). In 

this test, the,Gylindrical carton trap was as effective as the Sectar 1 

Gesign. In the previous test (Madsen and Vakenti 1973b), thig was not 

the case. Reasons for this disparity are not known since experimental 
. - 

methods were the same. Other experiments have yielded different results 
. - 

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





and Barnes (1973) r epo r t ed  no s i g n i f i c a n t  d i f f e r e n c e s  i n  male ca tches  

wi th  Pherocon I C  and Pherocon ICM t r a p s  i n  C a l i f o r n i a .  Howell (1973) 

found S e c t a r  1 and Pherocon ICM t r a p s  s u b s t a n t i a l l y  b e t t e r  than  Phe'rocon 

ICP, ~ o w e l i  open wing (Pherocon I)  and Howell c losed  wing t r a p  (Pherocon 

- I C )  des igns .  Madsen e t  a l .  (1974) repor ted  Pherocon I C P  t r a p s . t o  be 

e f f e c t i v e  i n  South African popula t ion  monitor ing e x p e r i ~ e n t s .  Although 
t 

no comparative t e s t s  have been conducted wi th  t h e  Pherocon ICP t r a p  i n  
+ 

B r i t i s h  Co lumbia r the  s i m i l a r i t y  of t h i s  des ign  t o  t h e  Pherocon ICM t r a p  

rr, - used i n  1973 sugges ts  t h a t  it would be a s  e f f e c t i v e  a s  t h e  Cy l ind r i ca l  

ca r ton  o r  S e c t a r  1 des igns  (Table 111). , 

Response of codl ing  moth males t o  a  p a r t i c u l a r  t r a p  seems t o  

depend upon an opening throuqh which they  can crawl a f t e r  te rmina t ing  
. 

f l i g h t  on t h e  e x t e r i o r  t r a p  s u r f a c e  (Madsen and Vakenti 1973b; Riedl  

1 
and Cro f t  1474; M. D. Proverbs,  personal  comun ica t ion  ) .  The Sec ta r  

1, Cy l ind r i ca l  c a r t o n ,  Pherocon ICM and Pherocon I C P  des igns  f a c i l i t a t e  

t h i s  behaviora l  response.  Conf l i c t i ng  r e s u l t s  ob ta ined  wi th  t r a p  de- 

s i g n s  t e s t e d  i n  d i f f e r e n t  reg ions  cbuld be t h e  r e s u l t  of varying exper- - 

imental  des ign ,  s l i g h t  gene t ica l ly-based  geographical  behaviora l  

d i f f e r ences  i n  t h e  moths (Bush 1973) ,  o r '  design- and environmental- 

dependent d i f f e r e n c e s  i n  t h e  r a t e  of evaporat ion and concent ra t ion  

around the  t r a p  openings (Shorey 1970).  Excessive pheromone zoncentra- 

t i o n s  could cause sensory adap ta t ion  o r  a r res tment  p r i o r  t o  a r r i v a l  a t  . - 

t h e  pheromone source ,  thus  reducing t r a p  ca tches  (Shorey 1970; Doane 

and Card4 1973) .  

A l l  t he  t r a p  designs t e s t e d  were ranked from 0 t o  5 f o r  each of 



t h e  c r i t e r i a  mentioned e a r l i e r .  The C y l i n d r i c a l  c a r t o n  aid Pherocon ICP" 

des igns  ranked h ighes t  i n  meeting the  c r i t e r i a  f o r , a  commercial t r app ing  

u n i t .  Other designs met i nd iv idua l  c r i t e r i a  b e t t e r ,  p a r t i c u l a r l y  i n  
P Y 

f i e l % s e r v i c i n g  b u t  o v e r a l l  d i d  no t  rank high enough t o  recommend t h e i r  

commercial use. The Sec ta r  1 design,, a t though being h ighly  e f f i c i e n t  i n  
4 
3 *. 

Q 

t r app ing  males, would no t  be s u i t a b l e  because f requent  replacement of con- 

€? 
taminated t r a p s  would i n c r e a s e  c o s t s  t o  the grower. 

The s y n t h e t i c  pheromone formulat ion used i n  t h e  t r a p  package 

must r e t a i n  equal  e f f e c t i v e n e s s  during success ive  sample per iods  t o  g ive  -- 
- 

cons t an t  sampling c a p a b i l i t i e s  and be long- l a s t ing  t o  save c o s t s  i n  re-  

newing the  l u r e .  I t  must a l s o  outcompete n a t i v e  females p a r t i c u l a r l y  i n  

high popula t ions  s o  t h a t  significant numbers of  males a r e  captured.  

In  an expkriment,  t h e  Pherocon CM rubber  cap impregnated wi th  1 ' 

and 2 mg s y n t h e t i c  pheromone was compared wi th  5 v a r i a t i o n s  of t h e  

Pherocon CM-X formulat ion.  These cons i s t ed  of varying amounts of syn- 

t h e t i c  pheromone impregnated i n  2.5xl.Ox0.6 cm. p i eces  of po lyvinyi  

covered i n  a  r e s i n  formulat ion conta in ing  an an t i -ox ipan t  and ei th 'er  o r  
h 

+ 
both anU.K absorber  and a  r edud i~ fg  agent  s t a b a l i z e r .  The formulat ions,  

8. 
.- - 

each wi th  3 replicates, were _ tes ted  i n  Pherocon I C  t r a p s  h  

t r e e ,  1 . 6  rn. above ground on an o u t s i d e  limb. The t r a p s  w 

i n  a  randomized block design i n  a  0.5 hec t a re  b lock  of ornamental crab- '  

apple  t r e e s  conta in ing  1 0 1  t r e e s  p l an ted  6x6 m. a p a r t .  Trap ca tches  
- 

x e r e  recorded weekly. 

For p a t e n t  reascns ,  t h e  Zoecon Corporation d i d  no t  d ivulge  t h e  

i d e n t i t y  of t h e  an t i -ox idan t ,  U.V. absorber  and t h e  reducing agent  



I 

stabalizer, nor the precise amounts of synthetic pheromone used in the ~ 

Pherocon CM-X formulation. The number of males captured with 2 Pherocon 

CM-X lures and the Pherocon CM rubber caps did not differ significantly. 

More experiments comparing the effectiveness of the Pherocon CM and CM-X 

formulati'ons are necessary before the Pherocon CM-X formulation can be 

recommended. In California, Culver and Barnes (1973) found the Pherocon 

CM and Pherocon CM-X formulations outcompeted native females for 4 and 8 
-A 0 

weeks, respectively. The Pherocon CM-X formulation would reduce sampling 

costs but observations from other areas indicated this formulation lost 

attractiveness during unusually hot weather (C. Olson, personal comrnuni- 

cation) .4  Reasons for this are not known but this formulation is nb 

longer being.offered for commercial sale. More research is necessary to 

establish if the Pherocon CM formulation retains equal attractiveness 

from week-to-week during a 4 week period. - 
At present, tpe Pherocon C M k a t i o n  and the Cylindrical 

carton or Pherocon ICP trap designs are the best choices available for a, 

standard, commercial trapping unit. By employing such a unit, some of 

the variables influencing male catches would be reduced. 
1 

I ' & 
Trap Placement Schemes 

n - 
-- +. 

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. 



2) p l a c i n g  t r a p s  o u t s i d e  t h e  monitored o r c h a r d s  reduced i n f l u x  of 

males  s o  t h a t  males  caught  i n  t h e  o rchard  a r e  r e l a t e d  more I 

meaningfu l ly  t o  a b s o l u t e  male d e n s i t y ;  and 

3) t h e  o u t s i d e  t r a p s  could i d e n t i f y  e x t e r n a l  s o u r c e s  of i n f e s t a t i o n .  

R e s u l t s  were l i m i t e d  by p e s t i c i d e  i n t e r v e n t i o n  and t h e  incomple te  h a r v e s t  

sampl ing p rocedures  n e c e s s a r y  i n  commercial o r c h a r d s .  However, c a p t u r e s  

and damage d i s t r i b u t i o n  i n  each  o rchard  p rov ided  b o t h  d i r e c t  and i n d i r e c t  

. in fo rmat ion .  

Madsen and Vaken t i  (1973a) r e p o r t  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  

t h e  number of males  c a p t u r e d  i n  t r a p s  s i t u a t e d  on o r c h a r d  boundar ies  because  

t h e  average  weekly c a t c h e s - o f t e n  exceeded t h e  t r e a t m e n t  l e v e l  of 2  moths/ 

t raplweek.  T h e r e f o r e ,  v i s u a l  checks of t h e ' o r c h a r d s  were n e c e s s a r y  s o  

t h a t  unnecessary  s p r a y s  were n o t  a p p l i e d .  A s  l i t t l e  damage was foGnd along 
b 

t h e  b o r d e r s  of some o r c h a r d s ,  i t  was concluded t h a t  males  were a t t r a c t e d  

from e x t e r n a l  s o u r c e s  t o  t h e  boundary t r a p s .  

To e s t i m a t e  t h e  number of males  which were s t i l l  a t q r a c t e d  t o  

moni tored o r c h a r d s  &en w i t h  t r a p s  p laced  o u t s i d e ,  t h e  number of males  

t r a p p e d  dur ing  each g e n e r a t i o n  was compared w i t h  t h e  number of males  ex- 

p e t t e d  t o  emerge w i t h i n  t h e  o r c h a r d   able IV). The numbers of males  

e s t i m a t e d  t o  emerge dur ing  t h e  s p r i n g  and summer g e n e r a t i o n s  were c a l c u l a t e d  ,5 
u s i n g  t h e  fo l lowing  formulae  (n  v a r i e d  from 2-5 v a r i e t i e s ) :  

n  
Es t imated  number of males 
expec ted  t o  emerge i n  t h e  = c Kab (-1 
s p r i n g  g e n e t i o n -  i = l  c 

c4 
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Where a is the number of apples sampled in each variety which had summer 
-~ ~ 

generation larval exit holes the previous fall (Proverbs 1971), b is the 

total number of apples harvested the'previous year in each variety, c is 

the number of apples sampled in each variety and K = 0.4, i.e., 0.8 x 
li- 

0.5, based on a 20% overwintering mortality in sucdessfully established 

5 
larvae (Proverbs 1971) and a 50:50 sex ratio in adults emerging during 

the spring. 

Estimated number of males , 

expected to emerge in the = 
-1 dab 

(c/ i = l  summer generation 

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 n&er 

B 
of apples harvested in each variety, c is the same as in formula [ll, and 

d = 0.5, based on a 50:50 sex ratio in adults emerging during the spring. 

For formula [ 2 ] ,  it is assumed that all larvae which leave the 

fruit during the spring generation 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 less chance to overestimate the influx of males. 

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

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

In this equation. iio 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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except ions were i n  orchards which had i n f e s t a t i o n s  exceeding 1% a t  ha rves t  

dur ing  the  previous  year  and consequently a  h ighe r  emerging a d u l t  popula- 
\ 

t i o n  dur ing  t h e  sp r ing .  In  t he  Kidston,  Powell, and F i t z g e r a l d  orchards 

it was par-titularly evident  t h a t  males were coming i n  from ad jo in ing  

a r e a s .  In f lux  of males was p reva len t  i n  t h e  summer genera t ion ,  a s  over  

100% of  t he  males es t imated  t o  be emerging were captured  i n  . lo  of t h e  12 

orchards .  The ex tens ive  i n f l u x  o f  males was n o t  s u r p r i s i n g ,  cons ider ing  

t h e  number of h o s t  t r e e s  i n  t he  surrounding a r e a s  (F igs .  5-14).  

In  t h e  Kidston orchard  i n  1973 and 1974, t h e  number of males 

caught ou t s ide  t h e  monitored block were c o n s i s t e n t l y  h igher  than wi th in  

, (Fig.  5 ) .  I n  both  yea r s ,  t h e  codl ing  moth spray  programs on t h e  apple  

blocks e a s t ,  west and south  of t h e  Kidston block were t h e  same a s  app l i ed  

t o  t h e  main block ( a  3-spray program) except  t h a t  a  summer genera t ion  

spray was no t  app l i ed  t o  the e a s t  block dur ing  1973. The major i n f l u x  of 

males appeared t o  come from neglec ted  backyard t r e e s  l oca t ed  no r th  of t h e  

block ( t r a p s  1, l a ,  2 )  (Fig.  5 ) .  Severa l  t r e e s  wi th  a l l  t h e  f r u i t  in -  

f e s t e d  wi th  codl ing  moth i n  both yea r s  were found i n  a  r e s i d e n t ' s  back- 

yard. The i n f e s t e d  f r u i t  had not  been picked from t h e  t r e e s  i n  both 

yea r s ,  and t h i s  could e a s i l y  have accounted f o r  t h e  males captured  i n  

t hese  t r a p s .  The 3-spray program was e f f e c t i v e  i n  keeping t h e  number of  

a d u l t s  emerging wi th in  t h e  Kidston orchard 1ow.during each genera t ion  

(Table IV) . 
In  t h e  F i t z g e r a l d  orchard block,  no cod l ing  moth sp rays  were 

app l i ed  i n  e i t h e r  1973 o r  1974. I n  1973, one sp r ing  genera t ion  spray was 
-a 

appl ied  t o  t h e  f i r s t  apple-b lock  no r th  of t h e  F i t z g e r a l d  orchard (Fig.  6) 



Fig. 5. Diagrammatic r ep re sen ta f ion  o f  t h e  Kidston orchard 
a rea ,  Vernon, showing t h e  loca t ion  of o u t s i d e  and i n s i d e  
t r a p s  f o r  1973 and 1974 ( t r a p  number 1A added dur ing  1974) .  
Numbers bes ide  t r a p  l o c a t i o n s  r e f e r  t o  mean weekly ca tches  
f o r  1973 (upper f i g u r e )  and 1974, r e s p e c t i v e l y  

'* 
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- r 29. 6 ,  X a q r z z a t z c  representation of the Fitzgerald 
orchard area, K e l w n a ,  showing the location of outslde 
and i n s l 2 e  z racs  f o r  1973 and 1974. Numbers beside 
:rap l o c a z l s r s  refer to mean weekly catches for 1973 
(upper f r ~ ~ r e i  ar,< 1974, respectively , 
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and t o  t h e  o l d  McIntosh t r e e s  border ing  the  e a s t  s i d e  o f  t h e  s tudy  block 

(Fig.  6 ) .  9 apple  block ad jo in ing  t h e  south  border  rece ived  a  f u l l  

sp ray  program i n  both yea r s .  I n  1974, t h e  block immediately no r th  of 

-- 
t h e  F i t z g e r a l d  block was p a r t i a l l y  sprayed once on i t s  no r th  border .  

The 3 McIntosh t r e e s  a long  t h e  e a s t  border  were n o t  sprayed dur ing  1974. 
* .  

The number of males tcapped wi th in  t h e  F i t z g e r a l d  orchard were 

low i n  1973 (Fig .  6) b u t  t h e  number of males coming i n  from o u t s i d e  

sources  w a s  cons ide rab le ,  based on t h e  very low expected emergences 
dD 

wi th in  t h e  orchard (Table I V ) .  The high ca t ches  obta ined  i n  t r a p s  1, 2 

and 3 l o u t s i d e  t r a p s )  i n d i c a t e d  i n f e s t a t i o n  sources  o u t s i d e  t h e  block.  , 

An i n f e s t e d  orchard  was found no r th  of t r a p s  1 and 2, probably accounting 

f o r  most of t h e  males i n  t h e s e  t r a p s .  The 3 t r e e s - a d j o i n i n g  t h e  e a s t  

border  of t h e  s tudy  orchard were not  sampled a t  h a r v e s t  i n  1973. However, 

e s t ima te s  a t  h a r v e s t  o f  ho le s  l e f t  by l a r v a e  of t he , sp r ing  genera t ion  i n  
, . 

9 7 4  (5.14% s p r i n g  genera t ion  damage) i nd ica t ed  a  heavy i n f e s t a t i o n  i n  

I n  1974, ca tches  2n  pheromone-baited t r a p s  were s l i g h t l y  h igher  

than i n  1973 wi th in  the F i t z g e r a l d  block b u t  aga in  dur ing  t h e  sp r ing  

J 

genera t ion  males came i n  from ou t s ide ;  based on t h e  number of males ex- - 

petted t o  emerge wi th in  t h e  orchard.  By p l o t t i n g  t h e  d i s t r i b u t i o n  of - 
-4 

damage by t h e  s p r i n g  and summer genera t ions  (F ig .  7) , i t .  was. apparent  

t h a t ,  p a r t i c u l a r l y ' d u r i n g  t h e  summer genera t ion ,  females came i n  from 

t h e  3 unsprayed t r e e s  a long  t h e  e a s t  border  o v i p o s i t i n g  on t r e e s  border;- 

i ng  t h e  new p l a n t i n g  a r e a .  I n  add i t i on ,  a  s i n g l e  row-of Golden Del ic ious  

t r e e s  a long  t h e  e a s t ' b o r d e r  was i n f e s t e d  a s  determined by v i s u a l  samples 



k g .  7 DiTtribution of damage at harvest caused by spring 
and summer generstion codling moth in the Fitzgerald block 
1974 ( %  of crop sampled at harvest--4.4) 

. 



FITZGERALD AREA - KELOWNA B .C .  
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a t  h a r v e s t .  A s  t h e  i n f e s t a t i o n  i n  t h e  a p p l e  b lock  immediate ly  n o r t h  was 

low .(0.04% h a r v e s t  damage), few females  could have come from t h i s  b lock .  
fl ->, 

L 

Also ,  t h e  i n f e s t e d  o r c h a r d  found dur ing  1973 was sprayed  dur ing  1974 and 

l i t t l e  cod l ing  moth damage was d e t e c t e d  a t  h a r v e s t  i n  1974. So t h e  poten-  

t i a l  number of females  d i s p e r s i n g  from t h i s  o r c h a r d  would b e  ve ry  low. 

The i n f l u e n c e  of females  moving from an i n f e s t e d  a r e a  was i n d i -  

c a t e d  i n  t h e  Workman o r c h a r d b  dur ing  t h e  1973 s p r i n g  g e n e r a t i o n .  Although 

- c a t c h e s  w i t h i n  t h e  o r c h a r d  d i d  n o t  exceed t h e  t r e a t m e n t  l e v e l ,  i n c r e a s i n g  

numbers of a p p l e s  i n f e s t e d  by c o d l i n g  moth were found b o t h  a long t h e  

n o r t h  border  of t h e  o r c h a r d  and i n  t h e  a d j o i n i n g  unsprayed a p p l e  b lock  

( F i g .  8 ) .  A p o t e n t i a l  d i s p e r s a l  d i s t a n c e  of a t  l e a s t  200 m.  . f o r  females  

w a s  found by M. D. P roverbs  ( p e r s o n a l  communi~a t ion)  b e c a u s e  r a d i o - a c t i v e  
L- ,  

l a r v a e  were found n e a r  t h e  edge of a  2 h e c t a r e  b lock  o f  a p p l e s  n e a r l y  
# 

200 m.  from where females,  were  r e l e a s e d .  ,. 

The c a t c h e s  w i t h i n  t h e  Workman o r c h a r d  d u r i n g  1974 were h i g h e r  

r e f l e c t i n g  a n - i n c r e a s e d  p o p u l a t i o n  d e n s i t y  ( F i g .  9 ) .  Although c a t c h e s .  

i n  t h e  o u t s i d e  t r a p s  were s i m i l a r  t o  t h o s e  recorded  d u r i n g  1973 (F ig .  8), 

l i t t l e  h a r v e s t  damage was observed i n  t h e  a p p l e  b iock  b o r d e r i n g  t h e  

Workman o r c h a r d .  Th is  s u g g e s t s  t h a t  m a l e s  y e r e  moving o u t  of t h e  Workman 

b lock .  
- - 

As p a r t  o f  a  1974 exper iment  conducted by M. D.  P r o v e r b s  (pe r -  
? 

s o n a l  cornmunicktion) , 1 , 0 0 0  v i r g i n  males  (marked w i t h  f l u o r e s c e n t  powder) 

,were r e l e a s e d  J u l y  3 1 s t  from a  ground r e l e a s e  s t a t i o n  i n  t h e  middle  o f .  

t h e  s o u t h  p a r t  of t h e  F i t z g e r a l d  o rchard  (F ig ,  7 ) .  On August Znd, 1 ,200 . 
-, , - - 

a d d i t i o n a l  males  were  r e l e a s e d .  Marked males  cap tured  in t h e  F i t z g e r a l d  



Fig.  8. Diagrammatic r e p r e s e n t a t i o n  of t h e  Workman orchard  
i 

,/ 

a r e a ,  Naramata, showing t h e  l o c a t i o n  of o u t s i d e  t r a p s  f o r  
1973-74 and t h e  i n s i d e  t r a p s  f o r  1973. Numbers b e s i d e  out-  
s i d e  t r a p  i o c a t i o n s  r e f e r  t o  mean weekly c a t c h  f i g u r e s  f o r  

- 1 9 7 3  (upper  f i g u r e )  and 1974, r e s p e c t i v e l y .  I 

F i g .  9. ~ 6 c a t i o n  of i n s i d e  t r a p s  f o r  t h e  Workman o r c h a r d  
y 1974. Numbers i n  each 'quadrant  r e f e r  t o  mean weekly c a t c h  

f o r  t h e  a r e a  in 1973 (upper  f i g u r e )  and 1974, r e s p e c t i v e l y  
( t r a p s  W - 1 ,  W-1 ( a , b , c , d )  and W-2 o r  W-2, W-2 ( a , b , c , d )  and 

W - 1  f u n c t i o n a l  on a l t e r n a t i v e  weeks). 
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a r e a  t r a p s  were recorded  from J u l y  29th  t o  August 5 t h  (Tab le  V ) .  The 

r e s u l t s  i n d i c a t e d  t h a t :  (1)  males  could  f l y  c o n s i d e r a b l e  d i s t a n c e s  

w i t h o u t  being i n t e r c e p t e d  by t r a p s  s t a t i o n e d  inbetween t h e i r  o r i g i n  and 

a moni tored o r c h a r d ,  and (2) some males  could  be  expec ted  t o  d i s p e r s e  

o u t  of a moni tored o r c h a r d .  
- - 

Q 
Another r e l e a s e - r e c a p t u r e  exper iment  a t  t h e  S u b s t a t i o n - o r c h a r d  = 

19 

showed t h a t  i n f l u x  o f  males could  occur  from s o u r c e s  h e a v i l y  i n f e s t e d  
, 

w i t h  cod l ing  moth. I n  t h i s  exper iment  (M. D. P r o v e r b s ,  p e r s o n a l  communi- 

c a t i o n )  , 1 ,650  v i r g i n  marked males and 1 ,650  v i r g i n ,  Pg2 l a b e l l e d  females  
-~ - 

were r e l e a s e d  on J u l y  19,  1974 from a s t a t i o n  l o c a t e d  approximately '100 rn. 

i h t o  t h e  block of a p p l e s  immediate ly  e a s r  of t h e  moni tored b lock  ( F i g .  

1 0 ) .  The numbers of males  r e c a p t u r e d  were recorded  weekly from J u l y  23rd 

t o  August 1 2 t h  (Tab le  V I ) .  The r e s u l t s  i n d i c a t e d  t h a t  most of t h e  r e l e a s e d  

males  i n t i a l l y  s t a y e d  i n  t h e  a r e a  where t h e  h i g h  p o p u l a t i o n  of females  

was p r e s e n t  ( t r a p s  1-3 o u t s i d e ) .  T h i s  w a s  confirmed by t h e  d i s t r i b u t i o n  

of l a b e l l e d  l a r v a e  found a t  h a r v e s t  (M. D. P roverbs ,  p e r s o n a l  communication). 

Only l a t e r  d i d  more males  d i s p e r s e  i n t o  t h e  

by c a t c h e s  on  J u l y  29 th  ( i n s i d e  t r a p s  1-5) .  

c r e a t e d  p o p u l a t i o n s ,  males  would b e  expec ted  

even where t h e  n a t i v e  female  p o p u l a t i o n  would be  ' h i g h  enough t o  compete 

xt w i t h  pheromone-baited t r a p s . .  

I n  t h e  Barker  o r c h a r d ,  the tdegree  of which t h e  h f l w  of males  

i n f l u e n c e d  c a t c h e s  w i t h i n  t h e  o r c h a r d  ( F i g s .  11 and 12) was n o t  a s  c l e a r  - 

a s  i n  o t h e r  o r c h a r d s  (Tab le  IV). During t h e  1973 s p r i n g  g e n e r a t i o n ,  an 

e s t i m a t e d  41.22 of t h e  males emerging w i t h i n  t h e  o rchard  were  t r apped .  
I 

S a n e  of t h e s e  males  p robab ly  o r i g i n a t e d  in t h e  semi-abandoned o r c h a r d s  



Table  V .  Number of s t e r i l e  c o d l i n g  moths r e l e a s e d  and re- 
cap tured  i n  t r a p s  l o c a t e d  vary ing  d i s t a n c e s  from a r e l e a s e  
s t a t i o n  w i t h i n  t h e  F i t z g e r a l d  o rchard ,  J u l y  29th  t o  
August 5 t h ,  1 9 7 4 ~  

D i s t a n c e  From 
Trap Number Males Recaptured 

b R e l e a s e  S t a t i o n  Re leased  Re leased  T o t a l  Number 
(m> J u l y  3 1  Aug. 2 Recaptured 

1 ( i n s i d e )  200 

4 ( o u t s i d e )  200 62 8 70 

4 ( i n s i d e )  

1 ( o u t s i d e )  500 12 14 26 

a; supplementary  d a t a  from exper iment  conducted by M. D. P r o v e r b s  
i n  which a d d i t i o n a l  pheromone t r a p s  were. deployed b o t h  i n s i d e  and out-  
s i d e  t h e  ~ i t z g e r a l d  b lock .  

Pheromone t r a p  numbers same as i n  Fig .  6. 



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. Nugbers beside trap locations 
refer to mean weekly catches for the spring .(upper figure), 
summer (middle figure), and season (lower figure) 





1 G Table  VI. Xmber  of v i r g i n ,  marked males  r e c a p t u r e d  i n  
t r a p s  l o c a t e d  v a r y i n g  d i s t a n c e s  from a  r e l e a s e  s t a t i o n  
100 m. o u t s i d e  t h e  moni to red  C.D.A. S u b s t a t i o n  o r c h a r d ,  
J u l y  23rd t o  August 1 2 t h ,  1974 

D i s t a n c e  From Trap 
Xumber Males Recaptured on Recording Dates  

R e l e a s e  S t a t i o n  J u l y  J u l y  Aug. . Aug. Xumber T o t a l  
(d 2 3 2  9 6 , 1 2  

o u t s i d e  

T o t a l  

i n s i d e  

1 260 

T o t a l  4 1 16 5 3 1 3 24 0 

d, Harked by d u s t  a ? ? l i c a f i o n  o; Day-Go@ f l u o r e s c e n t  pigments.  

- - 



Fig. 11. ;-ayramiatlc re2resentat ion of the  Barker -orchard 
a rea ,  Kerezz2s, showing the  location of outs ide  t r ap s  f o r  
1973-71 27.5 =?.e lns lde  t raps  f o r  1973.  Numbers beside out- 
s l d ~  t rag  l=zsr;scs r e f e r  t o  mean weekly catches fo r  1973 
(upper f:y:rs, 223 1974, respectively 

Fig. 12. L.szaz;oE of lns ide  t raps  fo r  the  Barker orchard, 
i 3 7 4 .  :;--cers 1:. each quadrant (dotted l i n e )  r e f e r  t o  the 

. * mea- w e x ~ y  cszc?. rn  1 9 7 3  (upper f igure)  and 1974, respec- 
~1x1:; 
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located near outs ide  t r a p  5 ,  approximately 100 m. from a rea  1 (Fig. 11). 

The influence of these  sources heavily in fes ted  during 1974 was more pro- 
/ 

nounced p a r t i c u l a r l y  during August and September a s  the  t r a p  i n  a rea  1 

( t r a p  1, Fig. 12) c o n s i s t e n t w a p t u r e d  males exceeding 2 / t rap ,  even 

though 2 cover sprays had already been applied.  I t  i s  evident  t h a t  out- 

s ide  t r a p s  4 and 5 i d e n t i f i e d  an in fes ted  source which was v e r i f i e d  a s  

an unsprayed, abandoned pear  and appie orchard? These t r a p s  probably 

reduced the  in f lux  of  males from t h i s  source s u f f i c i e n t l y  s o  t h a t  catches 

i n  i n s i d e  t r a p  1 r e f l e c t e d  a p o t e n t i a l l y  damaging ~ d ~ u i a t i o n  l e v e l  l a t e  

i n  the  season. 

In  the  Powell orchard, captures within t h e  orchard (Fig. 13) 

were a l s o  influences by the  i n f l u x  of males- from t h e  ou t s ide  (Table IV)..  
7 

In  2 7 3 ,  backyard and neglected t r e e s  with apples in fes ted  were found i n  

a r e a s  near  ou t s ide  t r a p s  1, 2 ,  3, and 6 (Fig. 1 3 ) .  The apple and pear  

d *  
block adjoining t h e  west s i d e  of t h e  Powell block received a f u l l  spray - 
program during both years .  Therefore, most of t h e  males caught i n  t r a p s  

4 and 5 prob'ably o r ig ina ted  from rhe  sca t t e red  t r e e s  located  f u r t h e r  

The s i g n i f i c a n t  reduction inecat&ies -during I974 i n  

outs ide  t r a p s  1. 2 .  3, and 6 (Fig.  13) r e su l t ed  from-more c a r e f u l  spray- 

ing of these  neglected t r e e s .  For example, a  group of dwarf Red 
1 

~ e l i c i o u s  t r e e s  i n  t h e  a rea  of ou t s ide  t r a p  1 h a d  a sp r ing  and- summer 
- 

codling moth spray applied during 1974, pr imar i ly  because the  grower 
- 

checked t h e  t r a p  i n  1973, and because t r a p s  i n  h i s  orchard during 1.973 ' 

L 
indica ted  a p o t e n t i a l l y  damaging codl inkmoth  l e v e l .  A s  no cover sPr+s 

were applied i n  the  Powell orchard i n  1974, the  s l i g h t  increase  i n  male 



Fig. 13. Diagrammatic representation of the Powell orchard 
area, Summerland, showing the location of outside traps for 
1973-74 and inside traps for 19f3. Numbers beside trap 
locations refer to mean weekly catches for 1973. (upper 
figure) and 1974, respectively. 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 locatibns refer to mean weekly 
catches for 1974. Numbers ,in each quadrant refer to mean 
weekly catches in 1973 
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, c a t c h  (F ig .  14) p robab ly  r e f l e c t e d  an  a c t u a l  i n c r e a s e  i n  p o p u l a t i o n  

d e n s i t y  w i t h i n  t h e  o r c h a r d  r a t h e r  t h a n  i n f l u x  of males .  , 

S i n c e  t h e  Emery o r c h a r d  was i s o l a t e d  from t h e  i n f l u x  of a d u l t s ,  

t h e  t r a p  c a p t u r e s  cou ld  b e  more e a s i l y  r e l a t e d  t o  t h e  damage d i s t r i b u t i o n  

i n  - the  o r c h a r d  (F'igs. 1 5  & 1 6 ) .  Codling moth p o p u l a t i o n s  were modi f i ed  

by p e s t i c i d e s  b u t  c e r t a i n  i n a d e q u a c i e s  i n  s p r a y i n g  o c c u r r e d  because  t h e  

o r c h a r d  borders  a  camps i te  and b i r d  s a n c t u a r y .  Spyays must b e  a p p l i e d  

s o  t h e y  w i l l  p r e s e n t  t h e  l e a s t  hazard  t o  Canada goose  n e s t i n g  and 

o f f s p r i n g .  

T h i s  o r c h a r d  was n o t  i n c l u d e d  i n  t h e  s t u d y  unt ' i l  a f t e r  t h e  

s p r i n g  g e n e r a t i o n  c o d l i n g  moth s p r a y  had been a p p l i e d  in 1973. A t  least 

5 f a c t o r s  c o n t r i b u t e d  t o  a c o d l i n g  moth problem i n  t h e  o rchard :  

incomple te  c o n t r o l  occur red  because  c o n s i d e r a t i o n s  f o r  w i l d l i f e  

prompted t o o  e a r l y  s p r a y i n g .  Th is  w a s  i n d i c a t e d  by h i g h  c a t c h e s  

dur ing  J u l y  and August;  

t h e  summer g e n e r a t i o n  s p r a y  was a p p l i e d  1 0  days  l a t e r  t h a n  recom- 

mended. As a  r e s u l t  of t h e  damage o c c u r r e d  d u r i n g  t h i s  p e r i o d ;  

two p e a r  t r e e s  and a n  a p p l e  t r e e  b e s i d e  a  f r u i t  s t a n d  were l e f t  

unsprayed dur ing  1973; 

trees in t h e  camps i te  were n o t  sp rayed  d u r i n g  t h e  summer g e n e r a t i o n  

in 1973; and 
, 

a p o t e n t i a l l y  damaging p o p u l a t i o n  la te  i n  t h e  s e a s o n  i n d i c a t e d  

by t r a p  c a t c h e s ,  was n o t  chemical ly  c o < t r o l l e d  because  q e g u l a r  



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., El+ElA,ElB,ElC,ElD and E2,E3,E4 or ElIE3,E4 and E2, 
E2AfE2B,E2C,E2D) 
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v i s u a l  checks  of t h e  o r c h a r d  showed t h a t  t h e  amount o f  late- 
< 

e 
season  damage was noQ i n c r e a s i n g  enough t o  w a r r a n t  a  s p r a y .  , 

The numbers o f  summer g e n e r a t i o n  and la te  s e a s o n  males c a p t u r e d  

(Tab le  v I I )  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  damage i n  each a r e a  

( N  = 1 0 ,  r . c a l c u l a t e d  = 0.9182, r 6  - 0.8343). Theref o r e ,  t h e  female  0 . 0 1  - 
p o p u l a t i o n  w i t h i n  e a c h  a r e a  a l s o  c o r r e l a t e d  w i t h  males  c a p t u r e d .  I n  a r e a  

2 ,  l a t e  season  c a p t u r e s  were i n f l u e n c e d  by males emerging from t h e  un- 

sp rayed  a p p l e  and p e a r  t r e e s  by t h e  f r u i t  s t a n d  ( T a b l e  V I I ) .  In  323 p e a r s  

d i s s e c t e d  n e a r  h a r v e s t  (1 ,371  c o l l e c t e d ) ,  e x i t  h o l e s  l e f t  by t h e  s p r i n g  

and summer g e n e r a t i o n  larvae t o t a l l e d  56 and 184, r e s p e c t i v e l y .  The 

number of l i v e  l a r v a e  found was 508, w i t h  80% of t h e s e  l a r v a e  i n  i n s t a r s  

1-3. Based on t h e  number of m u l t i p l e - i n j u r e d  f r u i t  i n  t h e  sample ,  f emales  

d i d  n o t  move a p p r e c i a b l e  d i s t a n c e s  f ~ o m  t h e  p e a r  t r e e s  which was f u r t h e r  

suppor ted  by t h e  low l a t e  s e a s o n  i n f e s t a t i o n  recorded  i n  a r e a  2  (0 .02%) .  

The r e s u l t s  in t h e  Emery o r c h a r d  s u g g e s t  t h a t  male c a p t u r e s  could 

b e  d i r e c t l y  r e l a t e d  t o  damage l e v e l s  o c c u r r i n g  w i t h i n  a r e a s  o f  an o rchard .  

N a l e  and female  d i s p e r s a l  i n  o t h e r  o r c h a r d s  and t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  

a d e q u a t e  h a r v e s t  samples t o  d e t e r m i n e  damage d i s t r i b u t i o n  p reven ted  a t t e m p t s  

t o  e s t a b l i s h  more p r e c i s e  r e l a t i o n s h i p s  between s p e c i f i c  a r e a s  i n  ' t h e  o t h e r  

s t u d y  o r c h a r d s .  

I n  t h e  o r c h a r d s  s t i d i e d ,  c a t c h e s  in pheromone-baited t r a p s  were 

shown t o  b e  i n f l u e n c e d  by males  coming i n  from i n f e s t e d  areas. yemales 

Value of t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  P < 0.01 from F i s h e r  
and Yates  (1963) f o r  6 d e g r e e s  o f  freedom. 





were a l s o  shown t o  d i s 2 e r s e  from a r e a s  i n f e s t e d  with cod l ing  moth. The 

i n f l u x  of males and females i n f luences  i n t e r p r e t a t i o n  of  c a p t u r e ~ ~ c a u s i n g  

both excess ive  and low es t ima te s  of t h e  p o t e n t i a l  damage which could 

occur  w i th in  an orchard .  Therefore,  un le s s  a n  orchard i s  i s o l a t e d ,  

i n f l u x  of a d u l t s  must be  taken i n t o  cons idera t ion .  I conclude t h a t ,  a l -  

though the outside traps p s e v e n t d  some influx of m a l e s ,  i n  w s t  of t h e  

orchards ex tens ive  i n f l u x  of males s t i l l  occurred.  C,atches i n  t r a p s  

placed ou t s ide  orchards  i d e n t i f i e d  i n f e s t e d  sources .  I n  South African 

orchards ,  Myburgh e t  a l .  (1974) r epo r t ed  t h a t  o u t s i d e  t r a p s  p inpoin ted  

a reas  i n f e s t e d  wi th  codl ing  moth. . . 
Future r e sea rch  must t ake  i n t o  account t h e  number of  i n f e s t e d  

a ~ p l e s  and pea r s  occa r r ing  i n .  o rchards  during the  pLevious y e a r ' s  har-  

v e s t  s o  t h a t  e s t ima te s  of  t h e  a d u l t  popula t ions  and t h e  p t e n t i a l  nurn- 

b e r s  of d i spe r s ing  i n s e c t s  i n  ad jo in ing  a r e a s  cam be made. lnc?&sing 

t h e  numbers 6f t r a p s  o u t s i d e  an orcnard could f u r t h e r  reduce i n f l u x  of 

males,  b u t  r e s u l t s  from a s t e r i l e  male r e l e a s e  made a t  t h e  Nuyens orchard ,  

Okanagan Cent re ,  sugges ts  + h a t  i n f l u x  would n o t  n e c e s s a r i l y  be g r e a t l y  

reduced o r  e l imina ted .  I n  t h i s  experiment,  1,200 s t e r i l e  males (30 Wad,  

i n t e r n a l l y  marked) were r e l ea sed  from 4 s t a t i o n s  lbca t ed  i n  a 4-acre 

block. Traps were deployed .a t  a d e n s i t y  of 8/acre.  While 75.5% of t h e  

males recaptbred  were recovered i n  +Aese t r a p s ,  24.5% of  t hose  recaptured  
$ 

W e r e  i f  traps depky& at If acre iri t h e  r emak ing  -8-cres-of orehard. - - 

wi th in  an orchard t o  Ce r e l a t e d   ore meaningfully t o  the damage expected. 
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The E f f e c t s  of Xonitor ing Area &dAPopu2ation Densi ty 

on Pheromone Trap Eff ic iency  

/ 

Two important  f a c t o r s  a f f e c t  t r a p  e f f i c i ency :  (1) t h e  ex ten t  of ' 
t h e  o o n i t o r i n g  a rea  f o r  a t r a p ,  and (2) competi t ion from na t ive '  females 

f o r  xiales during each sample pe r ioa .  

I n  1973, t r a p  d e n s i t i e s  were kept  a t  approximately 110.4 hec t a re s .  

I n  1974 ,  in some orchards ,  a  dens i ty  of 1 t r a p l h e c t a r e  was used based on 

p r e l k i i n a r y  d a t a  f r m  South Afr ica  (H. F. Madsen, personal  communication). 2 

Z ied l  and Crof t  (1974) showed t h a t  t h e  t r a p l t r e e  r a t i o s  of 1 /25  t o  11150 

rrees (with an average of 65 t r e e s l h e c t a r e )  were wi th in  the- monitoring ---- 
range of a s i n g l e  t r a p ,  and t h a t  a  slow inc rease  i n  ca t ches  occurred from 

73 t o  250 t r e e s / t r a p .  A s i n g l e  t r a p  was found t o  e f f e c t i v e l y  monitor 1 .8  

hec t a re s  when t h e  codl ing moth d e n s i t y  was high enough t o  cause damage i n  

S o u t h  Afr ican orchards (Slyburgh e t  dl. 1974).  Therefore,  t h e  t r a p  den- 

sities u t i l i z e d  during t h i s  s tudy d i d  not  exceed t h e  monitoring range of 

2 crap by the  c r i t z r i a  obtained thus  f-ar. 

It i s  d i f f i c u l t  t o  est iuiate  t h e  degree t o  which inc reas ing  t h e  

z o z i t o r i n g  range of t r a p s  i n  some -of t h e  orchards i n  1974 inf luenced  

z a t ~ h e s .  For r e c m e n d i n g  a p p l i c a t i o n  of sprays ,  changes in t h e  monitoring 

z a n g ~  was not considered t o  reduce catches.  However, f o r  making accu ra t e  

? z a g ?  p red ic t ions ,  v a r i a b l e  t r a p  d e n s i t i e s  can be compensated f o r  by 

-. - , - t i ~ l y i n g  , 7 the  m a n  nmber  of i n f e s t e d  f r u i t l t r e e  f o r  each i n d i v i d u a l  t r a p  
- - - - - - - - - - - -- - 

srailon by t h e  nmber  of t r e e s  s e rv i ced  by t h e  r e spec t ive  t r a p  (Riedl  and 



A method proposed by Wolf, Kishaba and Toba ( 1971) cou 

adapted t o  d  te-e t h e  t rapping  a r e a  and performance of t r a p s  a t  / 
va r ious  d e n s i t i e s  from re l ease ,  and r ecap tu re  da ta .  The inf luence-  of 

female populat ion d e n s i t y  on t r a p  e f f i c i e n c y  can be  t e s t e d  by a r t i f i -  ' .  
c i a l l y  c r ea t ing  female popula t ions  (Howell 1974). R ied l  and Cro f t  (1974) 

found t h e  t o t a l  i n f e s t a t i o n  a t  ha rves t  increayed g radua l ly  up t o  a  

cumulative mean ca t ch  of approximately 100 ma les l t r ap  bu t  above t h i s  po in t  

mean ca tch  d i d  no t  i n c r e a s e  much while  t h e  t o t a f  i n f e s t a t i o n  increased  

r ap id ly .  But t h i s  po in t  doyresponded t o  ha rves t  i n f e s t a t i o n  exceeding 

20% o r  w e l l  above ,an econoac threshold  l e v e l .  Howell (1974) concluded 

t h a t  p r a c t i c a l  numerical e s t ima te s  based on ca tches  in sex a t t r a c t a n t  

/ t r a p s  a r e  poss ib l e  f o r  low_populations only. H i s  experiments ,  however, 

u t i l z z e d  female-baited t r a p s  which a r e  no t  a s  e f f e c t i v e  a s  s y n t h e t i c  

pheromone-baited t r a p s  (Madsen and Vakenti  1972; Culver and Barnes 1973). 

Fu r the r  r e sea rch  ' i s  necessary  t o  determine t h e  monitor ing 
E 

a r e a  o f , a  s i n g l e  t r a p  and t h e  performance of t r a p s  deployed a t  va r ious  

d e n s i t i e s  under B.C. condi t ions .  This  should enable t r a p  densi ty '  and 
\ 

placement schemes t o  be e s t a b l i s h e d  so  t h a t  t r a p s  w i l l  be e f f i c i e n t  i n  

captur ing  males up t o  and exceeding economic threshold  populat'ion l e v e l s .  ' 
A t  p r e sen t ,  cap tures  in t r a p s  deployed atf*1/0.4 h e c t a r e s  i n s i d e  orchards 

i n d i c a t e  codling moth popula t ihn  l e v e l s  r equ i r ing  chemical con t ro l .  
L 
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POPULATION MONITORING AS A'PEST MANAGEMENT TOOL 

Sprays Applied When a Minimum Population Level 
, 

Indicated by Captures 

One goal of pest management is to reduce pesticide input. For 

the codling moth this can be accomplished by eliminating sprays based on 

a pre-determined calendar and by spraying only when populati'on~estimates 

based on catches in pheromone traps exceed a minimum level. In this way, 

a 
the number of sprays applied in the study orchards  able VIII) wasreduced 

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

1974). 

Catches for the Kidston orchard (Fig. 17) indicated high codling 

moth populations in neighbouring orchards and potentially damaging popu- ' 

lations within. the orchard during both years. Since the spraying level 

was exceeded frequently, a full, 3-spray program was recommended and 

applied in both years (May 29th, June 27th, and August 8th in 1973, and 

June 19th, August 6th, and August 28th in 1974). In 1974, cool spring 

weather delayed development of the spring generation, and above-normal 

temperatures in August and September caused extended, codling moth activity. 

As a result$ damage at harvest approached 1% even though 3 sprays were 

applied (Table VIII) . 
* The Fitzg~rald orchard (Fig. 18) had a low population within the 

orchard, and higher pcpulations in neighbouring orchards. In 1973, no 

7% 

codling moth sprays were applied and the harvest damage was very low 

(~ablemII).~n 1974, the gatches showed a potentially damaging level on 
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Fig. .17.  Catches i n  t r a p s  baited wi th  s y n t h e t i c  pheromone 
f o r  t h e  Kidston orchard ,  Vernon, 1973 and 1974 (arrows in-  
d i c a t e  sp ray  a p p l i c a t i o n  d a t e s )  

Fig.  18.' Catches i n  t r a p s  b a i t e d  w i th  s y n t h e t i c  pheromone 
f o r  t h e  F i t z g e r a l d  orchard ,  Kelowna, 1973 and 1974 
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June 17th and 24th, and again 

Although damage was expected, 

ing  1974. The i n f e s t a t i o n  a t  

Delicious. 

on August- 26th and Seprember 3rd (Fig. 18) . 
t he  grower chose not t o  apply sprays dur- 

. . 
harves t  was 0.7% i n  t h e  major v a r i e t y ,  Red 

The Powell oychard (Fig. 19) had low populat ions indica ted  i* '-. 
a . - 

bo th1973  and 1974. In 1973, males captured d i d  n o t  exceed the  s.praying 

l e v e l  bu t  t h e  grower chose t o  spray during the  summer. I n  1974, the  

treatment l e v e l  was exceeded once but  no codling moth sprays were recom-' 

mended. A t  harves t  i n f e s t a t i o n  of 0.1% j u s t i f i e d  t h i s  decis ion  ( ~ a b l e V I I 1 ) .  

-P 
The catches within the  Workman orchard (Fig. 20) indica ted  a 

moderate codling moth population l e v e l  i n  1973, but  higher i n  1974. Dur- 
- 

ing t h e  spr ing  generat ion i n  1973, the  spraying l e v e l  was no t  exceeded 

but  a  spray was applied on June 1st beca'use an adjoin ing okchard showed 

high-codl ing  moth numbers and t h e r e  was evidence t h a t  an i n f e s t a t i o n  was 

developing along one border. However, the  con t ro l  obtained was evident ly  

inadequate and t h e  damage dur g the  spr ing  generat ion was found d i s -  f l  
t r ibuted ' throughout  the  orchard.  Since most of  the  damage occurred i n  

- 

o ld ,  l a rge  Spartan and ~ c I h t o s h  on the  o the r  s i d e  of  t h e  Workman block, 

puor spray app l i ca t ion  could have accounted f o r  t h i s  damage. Another 

spray was appl ied  on August 8 t h ,  and the  ha rves t  damage averaged 0.38% 
i- 

although catches indica ted  another population l e v e l  r equ i r ing  spraying 

i n  l a t e  August (Fig. 2 0 ) ,  ' A  spray was not  appl ied  because res idues  would 

have been too-high a t  harvest :  

In 1974, t h e  Workman orchard catches indica ted  damaging popula- 

t i o n  l e v e l s  e spec ia l ly  during August and e a r l y  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) 
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CODLING MOTH SEX ATTRACTANT TRAP CAPTURES 

ri POWELL ORCHARD SUMMERLAND B.C. 
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applied (June 20th and July 29th) , and although a th i rd  was indicated by 

the catches, it w a s  not applied because of the  d i f f i cu l t i e s  encountered 

in applying a spray i n  a high density planting near harvest. A s  a 

r e su l t ,  the harvest infestation was above 1% i n  3 of the 4 var ie t ies  

(Table VIII) . Dissection of a d es  showed that most  of the l a r v a ~ h u n d  - 
were i n  ins tars  1 t o  3, indicating that much of the  damage occurred 

shortly before harvest. 

The t r ap  captures in the EXlery orchard (Fig. 21) indicated dam-, 

aging population levels throughout July, August andrearly September A in 

1973 but only 1 sumrer generation spray $?as applied on July 29th. Many 

of the mles caught\during the l a t e  season w e r e  shown previously t o  have 

c m  •’ran unsprayed kar trees and poorly sprayed trees in other sections 

of the orchard.  though the spraying level was exceeded and l i t t l e  

h e c t i c i d e  residue remained on the trees a f t e r  the July 29th spray, an 

i? 
additional ,&+ray v , a s  not recamended because few fresh attacks on the 

d 

a, 
fruit 'were observed. The pear Lrees were sprayed during 1974 and the 

late-season f l i g h t  was substantially reduced (Fig. 2 1 ) .  The nLrmber of 

males captured reflected the l m  late-season damage. 

I n  1974, the c a ~ t u r e s  indicated potentially dart7aging population 

levels during b t h  generations and 2 sprays were applied (June 15th and 

July 2 5 t h ) .  There w a s  (1% injured f r u i t  (Table VI I I )  and most  of these 

apples were fram trees i . ~  the c q s i t e  and near  a house where m t e  

spray - coverage 

The Barker orc=d (Fig. 22)  had potentially damaging populations 

an2 infestid. so'xces L? neighburing orchards.' Three sprays were applied 



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) 

t Fig. 22. Catches in traps baited with synthetic pheromone 
for the Barker orchard, Keremeos, 1973 and 1974 (arrows 
indicate spray application dates) 
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i n  1973 (May 25th, J u l y  2nd, and August 2nd) a n d . t h e  ha rves t  damage was, 

w e l l  below accep tab l e  l e v e l s .  I n  1974, a  s i m i l a r  p a t t e r n  i n  ca t ches  was 

recorded but  wi th  h igh  numbers captured during August and e a r l y  September. 

Two s p r a y s  were a p p l i e d  t o  t h e  e n t i r e  orchard (June 30th and J u l y  3 1 s t ) ,  

and a  t h i r d  spray  was app l i ed  t o  only one block of l a r g e  Red Del ic ious  

t r e e s  (August 29th) .  The t r a p  i n  t h i s  block cap tured  h igh  numbers of 

males whi le  t h e  number of males captured i n  t h e  o t h e r  orchard t r a p s  were 

below 2 / t rap .  The r e s u l t s  a t  h a r v e s t  showed t h a t  l i t t l e  damage occurred 
Z 

i n  t h e  blocks which d i d  no t  r ece ive  t h e  t f i i rd  sp ray .  Most of t h e  damage 

caused by t h e  summer gene ra t i on  was found i n  t h e  Red De l i c ious  block. 

I n  most of t h e  s tudy  orchards ,  sprays  were app l i ed  i f  t h e  aver- 

age number of males cap tured  exceeded 2 / t r a p  dur ing  2 consecut ive  weeks. 

The spray ing  l e v e l  w a s  shown t o  be of p r a c t i c a l  u se  i n  e l imina t ing  ca l -  

endar  spray ing  i n  t h e  6 commercial orchards during 1973 and 1974. L i t t l e  

o r  no damage would b e  expected t o  occur  i f  t h e  average'number of males 

cap tu red / t r ap  was below t h e  spray ing  leve l ,  u n l e s s  i n f l u x  of females 

occurred.  
* 

Spring Generat ion Trap Cat  

Caused by t h e  Spring Gene ra t i on -  

+ 

I n  those  orchards  where t h e  codl ing moth popula t ions  were n o t  in -  

f luenced  by sp rays ,  t h e  cap tu re s  would be used t o  t r y  and e s t a b l i s h  r e l a t i o n -  
- - 

s h i p s  wi th  a c t u a l  numbers of i n j u r e d  apples .  S ince  sprays  w e r e  app l i ed  i n  

most of t h e  orchards,  a  number of assumptions w e r e  used t o  e s t i m a t e  t h e  

number of apples  which would have been i n j u r e d  i f  t h e  popula t ions  were no t  

1 K 
- 4  



c o n t r o l l e d .  These are as fo l lows :  

1 )  t h e  t o t a l  number of f r u i t  h a r v e s t e d  w a s  c a l c u l a t e d  by m u l t i p l y -  
t 

% i n g  t h e  number of b i n s  h a r v e s t e d  by an  average  o f  2,500 a p p l e s /  

b i n  ' (based on 100  app les /box  and 25 boxes /b in )  ; 

2) t h e  p e r c e n t  of t h e  c rop  sampled i n  e a c h  o r c h a r d   a able 8) r e -  , 
i 

r e f l e c t e d  t h e  t o t a l  number of a p p l e s  i n j u r e d  by c o d l i n g  moth 

l a r v a e  ; 

3) t h e  number of a p p l e s  a v a i l a b l e  f o r  t h e  s p r i n g  g e n e r a t i o n  was 

. the  same a s  t h e  number h a r v e s t e d  d u r i n g  t h a t  season .  T h i s  

\ minimized d i f f i c u l t i e s  @ de te rmin ing  c rop  s i z e s  b e f o r e  and 
-- -_ 

a f t e r  t h i n n i n g  d u r i n g  t h e  s p r i n g  g e n e r a t i o n ;  

4) t h e  p o t e n t i a l  number of l a r v a e  o v e r w i n t e r i n g  i n  an o r c h a r d  was 

e q u a l  t o  t h e  nunber of summer g e n e r a t i o n  l a r v a e  e x i t s  found i n  . 
? 

f r u i t  d u r i n g  t h e  p r e v i o u s  year l ' s  h a r v e s t  ( P r o v e r b s  1971) ; 
%? 

5) no n i o r t a l i t y  ,was a s s i g n e d  t o  mature  l a r v a e  s e a r c h i n g  f o r  and 

e s t a b l i s h i n g  o v e r w i n t e r i n g  s i t e s , b e c a u s e  i n  t h e  low p o p u l a t i o n s  , 

i n  commercial o r c h a r d s  l i t t l e  compet i t ion  f o r  cocooning s i t e s  
h 

would be  expected ( G e i e r  and Hillman 1971) ;  

6 )  mature  l a r v a e  from b o t h  t h e  s p r i n g  and summer g e n e r a t i o n s  con- 

t r i b u t e  t o  t h e  numb& of o v e r w i n t e r i n g  l a r v a e  (Gei,er and Hi l lman 

1971) .  P r o v e r b s  (1971) d i d  n o t  i n c l u d e  t h e  e s t i m a t e d  152 of t h e  

s p r i n g  g e n e r a t i o n  l a r v a e  which e n t e r e d  d i a p a u s e  under  Okanagan 
- - - - -  - - -- 

Val ley  c o n d i t i o n s  when e s t i m a t i n g  t h e  o v e r w i n t e r i n g  p o p u l a t i o n ;  
- - - - -  - - - -  - -  

7 )  a 50:50 sex r a t i o  in l a r v a e  e s t a b l i s h i n g  o v e r w i n t e r i n g  si tes w a s  

assumed i n  t h e s e  o r c h a r d s  a l though d i f f e r e n t i a l  m o r t a l i t i e s  



i _L 

could have occurred dur ing  p e s t i c i d e  a p p l i c a t i o n s ,  and f l u c t u -  

a t i n g  s e x  r a t i o s  could  be  in f luenced  by popula t ion  d e n s i t y  
4 

(Hagley 1974; MacLellan 1972) ;  
, . 

8 )  an overwin te r ing  m o r t a l i t y  of  20% caused by t h e  p a r a s i t e ,  Asco- 

adridentata Wesmail., b i r d  p i e d a t i o n  and co ld  win te r  
/ 

-'t / temperatmres w a s  assumed (Proverbs 1973.) ; 
t #, 

9) mo<tality prior to t h i  emergence o f  s p r i n g  gene ra t i on  n o t h s  -- 

F 
t 

was not  inc luded  a s  it is probably low (Fe r ro  and Harwood 1974) ;  

10) t h e  emergence r a t i o  of  a d u l t s  dur ing  t h e  s p r i n g  gene ra t i on  was 

considered a s  50:50 i n  bo th  yea r s  a l though f l u c t u a t i n g  s ex  r a t i o s  

between yea r s  has  been r epo r t ed  (Hagley 1974; MacLellan 1972);  

11) r e p o r t s  on female cod l ing  moth f ecund i ty  du r ing  t h e  s p r i n g  gen- 

e r a t i o n  vary  (Fe r ro  and Harwood 1974) .  An average of 50 eggs/ 

female w a s  used, a va lue  p rev ious ly  used i n  computing codl ing  

moth l i f e  systems (Clark e t  a l .  196.7). The m o r t a l i t i e s  o f  cod- 
. -  ~ 

l i n g  moth eggs and 1 s t - i n s t a r  l a r v a e  were ass igned  by assuming 

t h a t  each femsie producps e i t h e r  5 ,  10  o r  20 i n j u r e d  f r u i t  ( t h i s  

r e p r e s e n t s  93, 50 an % * r n o r t a l i t i e s i n t h e s e  s t a g e s ) .  
- 

The nmfoer of ap2les  expecged t o  be  i n j u r e d  du r ing  t h e  s p r i n g  

5 e i e r a t i o n  was estimsied us ing  the  fo l lowing  formula: 

- ~ s t - t s d  n tube r  of app le s  
= d x  

i n ?  ured s ~ r 5 n c i ~  gene ra t i on  

- .. *.1eze d is zG z x k ~  ni females wetted to emerge during the  s p r i n g  

- .  
3snerat:ac c a l z 7 i l z t e c  22 . s i n g  E q a t i o n  [ l ]  (p .  21) and x is  5 ,  10 o r  20 

~ - 



In  ~ a b l e I X , t . h e  populaon es t imates  and t h e  number of apples  

i n j u r e d  dur ing  t h e  s p r i n g  genera t ion  a r e  given f o r  t h e  orchards.  Linear  

r eg re s s ions  were used t o  determine i f  r e l a t i o n s h i p s  could be e s t a b l i s h e d  

between t h e  number of a c t u a l  o r  c a l c u l a t e d  i n j u r e d  f r u i t  and t h e  popula- 

t i o n  e s t ima te s  obta ined  wi th  t r a p s .  The popula t ion  e s t ima te s  t e s t e d  w e r e ,  

a s  follows: 

1) the  number of t imes a spraying  l e v e l  of  an average 2 males/ 
\ 

trap/week was exceeded dur ing  t h e  s p r i n g  genera t ion ;  

2 )  t h e  number of t imes an average of 2 males/ t rap/during 2 consecu- 
% 

t i v e  weeks was exceeded dur ing  t h e  s p r i n g  genera t ion ;  

3) t he  t o t a l  number of males captured i n  t h e  orchard  t r a p s  dur ing  

the  f l i g h t  of Ithe sp r ing  genera t ion  d iv ided  by t h e  number of 
/ 

hec ta re s  i n  each orchard  t o  o b t a i n  the  t o t a l  males captured/  

hec t a re  ( t h e  l eng th  of t h e  s p r i n g  f l i g h t  was -averaged from Figs.  

I 

17-22); and L .  * 
E 

4 ) '  t he  t o t a l  number of males captured i n  t h e  orchard t r a p s  dur ing  a 

3-week pe r iod  before  t h e  1st codl ing moth spray would be app l i ed  

i n  commercial orchards according t o  B . C .  Dept. Agric.  recomrnen- 

da t ions  (B.C. Dept. Agric.  1973, 1974).  This f i g u r e  was converted 

t o  males captured/hec tare .  1 

'. 
The two pcpula t ion  e s t ima te s  based on a spraying  l e v e l  being ex- 

- ceected did n o t  r e f l e c t  the t o t a l  number of apples ( a c t u a l  or c a l c u l a t e d f  

dmaged i n  t hese  orchar6s (r  = 0.16 f o r  e s t ima te  1 and r = 0.27 f o r  e s t i -  

=late 2 ) .  The n m b e r  of m l e s  captured/hectare  dur ing  t h e  sp r ing  





genera t ion  was c o r r e l a t e d  wi th  the  number of apples  i n j u r e d  by t h e  sp r ing  

genera t ion  (Fig.  2 3 ) .  These r e l a t i o n s h i p s ,  though, a r e  l i m i t e d  on prac-  

t i c a l  terms f o r  p r e d i c t i n g  t h e  number of i n j u r e d  apples  because: --. 
1) more information i s  needed from commercial o rchards  where insec-  

t i c i d e s  a r e  n o t  app l i ed  dur ing  t h e  s p r i n g  genera t ion .  This 

wduld al low t h e  use of a c t u a l  i n f e s t a t i o n  l e v e l s  r a t h e r  than  c a l -  

c u l a t i n g  es t imated  damage  a able 1x1; and 

1 
2 )  /&-is popula t ion  e s t ima te  depends on ob ta in ing  t h e  t o t a l  number , 

of males captured for t h e  s p r i n g  genera t ion  be fo re  damage pre- 

d i c t i o n s  could bk generated,  Damage would occur  be fo re  t hese  

da t a  were a v a i l a b l e .  
{ 

S i g n i f i c a n t  c o r r e l a t i o n s  were no t  ob ta ined  ( r  = 0.18) using t h e  

number of males captured  be fo re  t h e  sp r ing  gene ra t ion4cod l ing  moth spray  

would normally be appl ied  i n  commercial orchards ( i . e . ,  4 weeks a f t e r  t h e  

f i r s t  males a r e  c a p t u r e d ) .  f i e d l  and Cro f t  (1974) suggested withholding 

sprays u n t i l  t rapping  r e s u l t s  i nd ica t ed  t h a t  t h e  i n f e s t a t i o n  l e v e l  

approached t h e  economic threshold .  They observed l i t t l e  f r u i t  damage 

a f t e r  4 weeks b u t  damage increased  r ap id ly  a f t e r  6 weeks of t r a p  ca tches .  

ci; ; 
L -,L,s acsroach would limit p e s t i c i d e  ? r&ssu re  on e a r l y  season popula t ions  

s-'d allcv damage c o r r e l a ~ i s n s  t o  be based on previously- taken f i g u r e s  

?.i-21 arid Cro f t  1 9 7 4 3 .  
* 

IC examine -&r:e<?er i n s e c r i c i d e  pressure  could -have been f u r t h e r  



L. 

Fig.  23. Relationships between t h e  t b t a l  males  c a p t u r e d /  
h e c t a r e  d u r l n g  t h e  s p r i n g  g e n e r a t i o n  a n 8 , t h e  e s t i m a t e d  num- 
b e r  o f  i n j u r e d  a p p l e s  w i t h o u t  s p r a y s  a p p l i e d  i n  t h e  comrner- 
c i a 1  o r c h a r d s ,  1973-74. Damage was e s t i m a t e d  by  u s i n g  3 
t h e o r e t i c a l  p o p u l a t i o n  i n c r e a s e s ;  1 ? produces  5 ,  1 0  o r  20 
i n j u r e d  f r u i t .  Orchards  i n  which t h e  e s t i m a t e d  damage . 
would have exceeded t h e  econonfic t h r e s h o l d  a r e  marked: 
E = Emery, S = S u b s t a t i o n ,  B = Barker ,  and W = Workman. 
Value of c o r r e l a t i o n  c o e f f i c i e a t  f o r  P c 0.05 f o r  8 D.F. 
i s  0.6319 and f o r  P < 0 . 1  lt 1s - 0 ~ 5 4 9 4 ~  ( F i s h e r  and Yates  

-=  I 

1963) - 
* F  

+ -'. 





t h r e s h o l d  f o r  L. p ~ m m e Z h  damage was e s t a b l i s h e d  a t  3 , 9 7 8  a p p l e s  i n j u r e d  

by t h e  s p r i n g  g e n e r a t i o n .  Th is  f i g u r e  cor responds  t o  t h e  p o i n t  a t  which 

the t o t a l  c o s t s  o f  a c o n t r o l  ' a c t i o n  ( i . e . ,  1 a p p l i c a t i o n  of Guthion) a r e  

r e t u r n e d  by reduc ing  t h i s  damage. The formula poposed by Southwood and 

Norton (1973) was used:  

C (a)  L Y  [ ~ ( a ) ]  . P - Y  f s l  . P C41 

Where C (a)  r e f e r s  t o  t h e  t o t a l  c o s t s  o f  a c o n t r o l  a c t i o n ,  a ,  o r  $136.40 

f o r  app ly ing  Guthion on 4.05 ha.  (Appendix 1, 4.05 ha .  i s  t h 6  average  

a c r e a g e  of t h e  o r c h a r d s  s t u d i e d ;  Y ( s )  . P r e f e r s  t o  t h e  d o l l a r  l o s s  i f  

no c o n t r o l  a c t i o n  i s  taken  w?th I t h e  t o t a l  number o f  a p p l e s  h a r v e s t e d ,  . 

P is  t h e  p r i c e  r e c e i v e d  p e r  u n i t  of c rop7  and s i s  t h e  l e v e l  o f  p e s t  % 

damage; and Y IS (a)] . P r e f e r s  t o  t h e  d o l l a r  g a i n  when a p e s t  c o n t r o l  

ac$ion,  a, i s  t a k e n  (an  e f f i c a c y  o f  99.9% f 0 r . a  Guthion s p r a y  was a r b i -  

t r a r i l y  s e l e c t e d ) .  % 

Y 

A f i g u r e  of 3,978. a p p l e s  damaged by t h e  s p r i n g  g e n e r a t i o n  repre -  
"4 

s e n t e d  y i e l d  l o s s e s  varying from 0 .44  t o  1.75%. T h e r e f o r e ,  t h e  number 

of a p p l e s  i r i j u r e h  r a t h e r  than  t h e  7 damage was used a s  t h e  economic 

I 

t h r e s h o l d  s o  t h a t  a c t u a l  d o l l a r  l o s s e s  or g a i n s  could  be c a l c u l a t e d  when 

s p r a y s  were o r  were n o t  a p p l i e d ,  Table li shows t h a t  t h e  economzc threshoZd 

v a r i e s  x i t h  t h e  a c r e a g e  on which t h e  p e s t  p o p u l a t i o n  i s  t o  be  c o n t r o l l e d .  

7~ ? r i c e  of 50. l2 lpound was u s e d l a s  t h i s  is an a e r a g e  v a l u e  
guaran teed  by t h e  B .C .  Income Insurance  Act (B .C .  Dept. Agr . 1974b). 
3cllar losses Fiere caLcula ted  based on c o d l i n g  moth msi mly l o s s e s  

:rap t o  l b s . ,  a convers ion  of 3.5 a p p l e s l l b .  was used.  

3 
I n  y i e l d  and no d o l l a r  r e t u r n  from i n j u r e d  a p p l e s .  For  c o n v e r t i n g  t h e  



  able X. Economic t h r e s h o l d s  f o r  c o d l i n g  mbth damage 
based on  t h e  c o s t s  o f  t r e a t i n g  a  pre-determined a c r e a g e  
once c o n w r t e d  t o  t h e  number of i n j u r e d  a p p l e s  r e q u i r e d  . 
b e f o r e  c o n t r o l  c o s t s  a r e  r e t u r n e d  by s p r a y i n g  

Orchard C o s t s  of 1 C o n t r o l  Economic Threshold  T h e o r e t i c a l  P o p u l a t i o n  
S i z e  Act ion,  C f a )  "  ama age Leve l  L e v e l  Causing ~ a m a g e a  
(ha .  ( $ )  (Number of a p p l e s )  Number Number 

a\ssuming t h a t  1 r a a l e  p-rodue.es 1 0  i n j u r e d  f r u i t  d u r i n g  
>' t h e  s p r i n g  g e n e r a t i o n .  



The a c t u a l  d o l l a r  r e t u r n  f r ~ m , t h e  c o n t r o l  a c t i o n ( s )  given i n  

Table X I  were c a l c u l a t e d  a s  fol lows:  

1) i f  no c o n t r o l  a c t i o n s  were appl ied ,  t h e  d o l l a r  r e t u r n  was calcu-  
/ ,  
{,-A 

l a t e d  by s u b t r a c t i n g  t h e  l o s s  i n  y i e l d  from t h e  c o s t s  of 1 con- 

t r o l  ac t ion ; .  and * 

2 )  i f  c o n t r o l ( s )  were app l i ed ,  it was c a l c u l a t e d  by: 

. Where a is  the  number of apples  damaged i f  c o n t r o l s  were no t  

app l i ed  and b i s  t h e  observed damage determined a t  ha rves t .  

(E f f i cacy  of rhe  c o n t r o l  ac t ion ,  i s c n o t ,  t h e r e f o r e ,  a r b i t r a r i l y  

s e t  a t  99.9% a s  i n  equat ion [y-.) 

I n  t h e  orchards where no c o n t r o l s  were app l i ed ,  t h e  damage exceeded t h e  

economic th re sho ld  i n  o n l y  t h e  Subs ta t ion  orchard i n  1974. I n  t h e  
- 

r orchards where 1 , o r  2 sprays  were app l i ed ,  t h e  c o n t r o l  c o s t s  were no t  . 

re turned  by' reducing t h e  p o t e n t i a l  damage which would have occurred with- 

ou t  spray a ~ p i i c a t i o n s  (Table X I ) .  However, i f  t h e  e f f i c a c y  of a  spray 

- -- hf) , Workman (1973)-; and #as g r e a t e r ,  one xas  j u s t i f i e d  i n  the  Barker 1 1  

Emery (1374)  orchards ~f t h e  n ighes t  t h e o r e t i c a l  i nc rease  (1 9 

srciiuces 2 0  l a r v a e )  occurred.  The second spray  appl ied  i n  t h e  Barker a 

orchard during 1973 b-2s n o t  economically justified ITableXL), 

I f  t h e  5 a . a ~ ~  y t e n t i a l / f e r n a l e  e x i s t s  i n  t h e  a r e a  of 10 i n j u r e d  

sGr-35 generat'ion under Okanagan Valley cond i t i ons ,  com- 

coclS absorb l o s s  of f r u i t  by t h e  sp r ing  genera t ion  on 
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economic t e r n s .  F u r t h e r  i n c r e a s e s  i n  damage could  b e  l i m i t e d  d u r i n g  t h e  
C 

summer g e n e r a t i o n  w i t h  a  wel l - t imed,  e f f e c t i v e  c o n t r o l  a c t i o n .  T h i s  

h y p o t h e s i s  would depend on growers fo l lowing  p r e v e n t a t i v e  s p r a y i n g  p r i o r  

t o  adop t ing  a p o p u l a t i o n  moni to r ing  program. 

.By e s t a b l i s h i n g  a n  economic t h r e s h o l d  f o r  c o d l i n g  math damage, 

i t  w a s  shown t h a t  p e s t i c i d e  p r e s s u r e  dur ing  t h e  s p r i n g  g e n e r a t i o n  cou ld  

have been l i m i t e d  f u r t h e r  t h a n  i t  was d u r i n g  t h e  s t u d y .  The sprayi*  
-- . 

l e v e l  used in t h i s  s t u d y  was a  s a f e  one. A s  more p o p u l a t i o n  dynamics 

d a t a  a r e  g e n e r a t e d  from unsprayed commercial o rchaxds ,  t h e  s p r a y i n g  l e v e l  

cou ld  b e  modif ied t-o g i v e  econonic  damage p r e d i c t i o n s  f o r  b o t h  t h e  s p r i n g  

g e n e r a t i o n  and f o r  l a t e r  i n  t h e  season .  

Summer Genera t ion  Trap Catches  and Damage Caused 

by t h e  Summer Generat ion ' 

- C e r t a i n  a s s p p t i o n s  were a g a i n  made s o  t h a t  c a p t u r e s  could  be 

r e l a t e d  t o  t h e  t o t a l  damage o c c u r r i n g  i f  s p r a y s  were  n o t  a p p l i e d  dur ing  

ths s m e r  generat ion. .  I n  t h o s e  o r c h a r d s  where no s p r a y s  were a p p l i e d ,  

:he observed r a t h e r  t h a n  t h e  c a l c u l a t e d  i n j u r y  l e v e l  w a s  used. Other  
c 

a s s m p t i o n s ,  a s  f o l l o c s ,  v e r e  n e c e s s a r y  s i n c e  measur ing and p r e d i c t i n g  t h e  

? o p u l a t i o n  i n c r e a s e  ? e r  g e n e r a t i o n  and between g e n e r a t i o n s  is d i f f i c u l t  

s i x e  i t -  v a r i e s  bztween g e n e r a t i o n s ,  and i s  i n f l u e n c e d  by many v a r i a b l e s ,  

? a r t i s i ? l s r l : r ,  .;eather ( I r a v e r b s  1 9 7 1 )  and because  s p e c i f i c  m o r t a l i t y  

- 
Zzca  xerz n o t  a v a i l a b l ?  f o r  t h e  OEcanagan Val ley :  

0 

ij i t  :,-as a s s - z s d  =hat d 1  of t h e  l a r v a e  i n j u r i n g  and subsequen t ly  

l z a v i n g  t k 2  f r u i t  d u r b g  t h e  , s p r i n g  would s u c c e s s f u l l y  deve lop  

i o t o  a d u l t s  a f  t ? ~ e  s n e r  g s n e r a t i o n ;  



2) summer females ,  w i t h  a  f e c u n d i t y  o f  50  eggs/  , were assumed 

t o  produce 15,  30 o r  40 l a r v a e  c a p a b l e  of i n j u r i n g  f r u i t .  T h i s  

r e p r e s e n t e d  70, 40 o r  X ) %  m o r t a l i t i e s  i n  eggs  and newJy-hatched 

l a r v a e ;  and 

3) o t h e r  assumptions  used t o  c a l c u l a t e  damage caused by t h e  summer 

h 
g e n e r d i o n  a r e  d e t a i l e d  i n  t h e  p r e v i o u s  s e c t i o n  r e l a t e d  t o  

c a l c u l a t i n g  s p r i n g  g e n e r a t i o n  damage. 

The number of a p p l e s  expected t o  b'e i n j u r e d  by t h e  s m e r  genera-  

t i o n  was c a l c u l a t e d  f o r  each o r c h a r d  u s i n g  Equat ion [ 3 ]  (p .  65) , where d 

becomes t he  number o f  females  expec ted  t o  emerge d u r i n g  t h e  summer g e n e r a t i o n  
, ' 

(Equa t ion  [ 2 ] ,  p. 23) ,  and x i s  15, 30 o r  40 i n j u r e d  f r u i t / f e m a l e .  

""" 
The p o p u l a t i o n  e s t i m a t e s  t e s t e d  were t h e  number-of tdmes t h e  2  

s p r a y i n g  l e v e l s  were exceeded and t h e  t o t a l  number of males  c a p t u r e d l  

h e c t a r e  dur ing t h e  srmnner g e n e r a t i o n  &ngth of t h e  -$amuner g e n e r a t i o n  was 
\ 

averaged from F i g s .  17-22).  The number of t i m e s  t h e  2  s p r a y i n g  l e v e l s  

were  exceeded were  n o t  c o r r e l a t e d  w i t h  t h e  number of i n j u r e d  f r u i t  caused 

by t h e  s m e r  g e n e r a t i o n  w i t h o u t  s p r a y s  a p p l i e d  ( r  v a l u e s  of 0.39 f o r  1- 

week sample and 0.35 f o r  2 weeks' sample) . The t o t a l  number of males  

c a p t u r e d f h e c t a r a  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  number'of i n j u r e d  

f r u i t  caused by t h e  s m s r  g e n e r a t i o n  ( F i g .  2 4 ) ,  A s  'wi th  t o t a l  s p r i n g  

z a t c h c s ,  t o t a l  s-er ca tches-  a r e  of l i t t 1 , e  .p&'ctical v a l u e  f o r  p r e d i c t i n g  



Fig.  24. Re la t i onsh ips  between t h e  t o t a l  m a l e s c a p t u r e d /  - 
hec t a r e  and t h e  e s t ima ted  number of  app1 .e~  i n j u r e d  wi thout  - , 
sprays  a p p l i e d  du r ing  t h e  summer gene ra t i on ,  1973-74. Dam- 
age was es t imafed  i n  t hose  orchards  where s p r a y g w e r e  needed 
by us ing  3 r a t e s  o f  popula t ion  i n c r e a s e ,  1 ? produces 15,  
30 o r  4CS i n j u r e d  f r u i t  i n  t h e  ahsence o f  sprays .  Orchards 
i n  which t h e  damage would have exceeded t h e  economit t h r e s -  
hold a r e  marked: E 7 Emery, S = Subs t a t i on ,  B = Barker ,  
and W = Workman, ..Value o f  c o r r e l a t i o n  coefficient f o r  
P < 0.01  f o r  9 D . F .  i s  0.7348 and f o r  P < 0.001 lt is  , 

0.8471 
1 .  . 

rl 
b 

- 





colleated frmi traps.  

7- - -- - - 

onlAugust 10th. Since no femdles were expected t o  emrge, the qrawer 

TO examine whether the sprays applied durf ig-the sumraer genera- 

- 
t ion were e c o n d c a l l y  just i f ied,  the p damge expected t o  ix 

8?3 
caused by f&es produced frcan the spr rat ion was  canpared t o  

the &nanic threshold (Table X I I ) .  A figure of 3,978 apples repre- ' *  

sented t.k e c o n d c  threshold fo r  smmx generation h g e  ip these 
Q 

c ~ r c i a l  orchards. Tne dol lar  return from any control.action applied 

w a s  calculated as for  the spring generation (Bquation [51, p.73). 

A s m r  generation &ling moth spray w a s  not r-ded i n  
," 

the Powell orchard during 1973, gut the qrwer elected t o  apply a spray 

. -- 
did not recover any of the cone01 costs (Table X I I )  . ' &ough no 

"? 
surmer control actio& were recamrknded in  the  ~ i t z ~ e r a l d  orchard during 

1974, the 5,607 injured apples fomd a t  Garvest would have just i f ied a 

control action (late season damage included in the total). 

With the potential  population increase a rb i t r a r i ly  set a t  1 ? 
prcducing 15 injured f r u i t ,  none of the recamended sprayswere econcsni- 

ca l ly  just i f ied because this population increase muld  not have resulted 

" i n  qough injured apples to pay for  each pray (Table X I I )  . However, 

since the r a k  of population increase be& the generations is unpre- 
P 

dictable and could k high, upper l imits  were used t o  safeguard against 

under&tGmting the n m h r  of apples injured. Proverbs (1971) found the 
- -- 

increase per generation varied •’ran 2- to 28- fold with an average increase 

of 6- fold in e.xprimts with caged adults. He also noted tha t  the 
ar 
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increase in the larval numbers during the summer generation in the 

- 
Gkanagan Valley is three or more tlmes that of the spri generafion. "4 -. 
Higher theoretical sopulation increases (1.7 produces 30 or 40 injured 

fruit) would have resulted in enough injured apples to pay for one spray 

in the Workman (1974), kneq (1973 and 1974), and Barker (1974) orchards 

(Table XII). 

Since it is cilfficult to estimate the damage occurring during 
d 

the late season because it could be caused- late emerging females from . 

the spring generation or females produced by 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 recorded in some orchards but the 

number of apples injured before harvest (Table xIII) was not as high 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 

- * 
- 1 I I - h  additional summer spray was justified in the Workman orchard in 

1974 because a total of 3,504 apples were found at harvest (TablesXII 

=..dXIII). A further spray would not have been economic in the Emery 

orcnard because many of the apples were injured before the summer spray 

was applied. Enough damage did not occur during the rest of the season 

tc say for the costs of another spray (Tables XI1 and XIII) . 

It is difficult to project the number of apples injured by the 
-- - 

a-mmer generation when ccntrol(s) are not applied against the spring 

zenera~ion. Certain ~oculation parameters can be arbitrarily selected 

zs give a fieoretical zosulation increase during the spring generation. 



Table X I I I .  T i n a ~ c l a l  r e t u r n  o b t a i n e d  by c o n t r o l l i n g  damage 
c a u s e d  by ia=e s e a s o n  motl-p, 1973-74 

Year 
T o t a l  Number Apples 

O r  chard 
R e t u r n  With 1 

~ a m a ~ e d  L a t e  Seasona  C o n t r o l  K c t i o n / $  

Kids tori 1374 295 -126.29 

F i t z g e r a l d  1974 2 , 7 2 6  -42.94 

Workman 1973  

Emery 

B a r k e r  137  3 2 3 -135 .61  ' 

a 
Apples  a t  h a r v e s t  w i t h  i n s t a r s  1-3 p r e s e n t .  



- 

Thrs allows a spring generation papulation to be established (or the - 

number of injured acgles) based on the number of females emerging from 

larvae overwintering Suring the previous season. A theoretical summer 
I 

generation populatior can be calculated using various rates of between \:> 
generation increase in moth numbers. However, attempts to relate catches 

during the spring ge~eration with the number of apples injured by the 

summer generation are difficult because the data are lacking for L. 

pornonella populations in unsprayed commercial orchards. Additional re- 

search is needed so that realistic estgmates can be made of population 

increases expecte5 during a generarion and between generations in vary- 

ing weather conditicns and locations in the Okanagan Valley. The sprays 

needed in 'this study prohibited establishing realistic predictions of 

summer damage by catches during the spring generation. 

Projecting summer daniage using theoretical Rer generation and 

between generation population increases indicates that precise damage 
i 

csrrelations for che summer generation may not be required on a practical 

level, particularly, if sprays are not applied during the spring genera- * 

tion. In Table XIV the number of apples injured by the summer genera- 

tion was estimated by using a 2.5-fold increase during the spring 

qeneration and a 3 . 5 ,  7.0- or 9.8-fold between-generation increase (in- 

creases +equivalent to 1 ? producing 5 injured fruit during the spring 

ge2eration and 1 9 during the summer generation producing 15, 30 or 40 
a 

lnjured fruit). In 9 of 12 orchards, the damage approached or exceeded -- 

~ h e  economic threshold of 3,978 apples (Table XIV). Similarities in the 
-- 

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



TableXIir .  Es t imated  number of f r u i t  i n j u r e d  by the summer 
g e n e r a t i o n  w i t h  no s e a s o n a l  s p r a y s  a p p l i e d  (assuming a 
2 .5-fold  i n c r e a s e  d u r i n g  t h e  s p r i n g  g e n e r a t i o n  and a 3.5-, 
7.0- o r  9 .8 - fo ld  i n c r e a s e  [ F . I . ]  between t h e  g e n e r a t i o n s )  

. . Est imated  Number Es t imated  Number 

I n j u r e d  F r u i t  I n j u r e d  F r u i t  
Orchard Year 

S p r i n g  Genera t ion  Summer Genera t ion  
( 2 . 5 - F . I . )  (3 .5 -F . I . )  (7 .0-F.I . )  (9 .8-F.I . )  

Kids ton  

Powell  

F i t z g e r a l d  

Workman 

Emery 

Barker  

S u b s t a t i o n  

< 
a 

Actua l  s p r i n g  damage used because  s p r a y s  n o t  a p p l i e d .  1 

A c t u a l  s p r i n g  damage used  because  t F Z r m A c u l a t e d  damage a t  a 
2 .5 - fo ld  p e r  g e n e r a t i o n  i n c r e a s e  was lower .  



p e r  genera t ion  inc rease  f o r  t he  s p r i n g  genera t ion  s e t L a t  5 i f o l d ,  because 

Clark e t  a l . '  (1967) showed t h a t  t h e  g r e a t e r  t h e  r e l a t i v e  s i z e  of t h e  

s p r i n g  genera t ion ,  d e  lower was t h e  r a t e  of i nc rease  between genera t ions .  

Damage c o r r e l a t i o n s  e s t ima t ing  t h e  amount of s p r i n g  genera t ion  

damage from sp r ing  genera t ion  ca t ches  (F ig .  23 )  could be used along wi th  

p r e d i c t i o n s  of between gene ra t ion  inc reases  t o  p r o j e c t  i n f e s t a t i o n  l e v e l s  - 

caused by t h e  sunmer g e ~ e r a t i o n ,  Spray dec i s ions  would be  made on an  

economic threshold  b a s i s .  A l t e r n a t i v e l y ,  s i n c e  summer genera t ion  ca tches  

- - 
were c o r r e l a t e d  wi th  t h e  es t imated  summer damage (F ig .  2 4 ) ,  t h e  p o t e n t i a l  

overwinter ing popula t ion  could be est imated.  A s im5la t ion  model could 

be b u i l t  s i m i l a r  t o  t h e  one developed by Geier  and Hillman (1971),  i n  

which t h e  s p r i n g  genera t ion  damage was accu ra t e ly  es t imated  from t h e  

number of overwinter ing  l a r v a e  s u c c e s s f u l l y  e s t a b l i s h e d .  Summer ca tches  

could be used t o  determine t h e  number of  bverwinter ing  l a r v a e  i n s t e a d  of 

searching  vege ta t ion  and d e b r i s  under t r e e s ,  t h e  t r e e  t runk  a t  and below 
i, 

ground l e v e l ,  c r o t c h ,  base o f  main limbs and crown of sample t r e e s  f o r  

cocooning s i t e s .  This  

a t  low popula t ions  woul 

i s  l i m i t e d  on a  p r a c t i c a l  b a s i s  because sampling 
%--.- 
I, 

d be too  time consuming. Deta i led  sampling of 

f r u i t  a t  ha rves t  f o r  l a r v a l  e x i t s  i s  p o s s i b l e  b u t  l i m i t e d  f o r - u s e  i n  a  

commercial monitoring program f o r  L .  pornonella. A s  more d a t a  a r e  

obta ined  from unsprayed comerc i a J  orchards ,  ca t ches  dur ing  t h e  s p r i n g  

genera t ion  may prove u s e f u l  i n  d i r e c t l y  p r e d i c t i n g  damage caused by t h e  

surtnner genera t ion .  



Forecas t ing  Spray Timing With Catches 
A 

-3 

I , '  
. 

Timing i n s e c t i c i d e  a p p l i c a t i o n s  f o r  maximum e f f e c t  a g a i n s t  t h e  I 

4 
t a r g e t  organism means p r e d i c t i n g  the  per iod  of  g r e a t e s t  codl ing  moth egg , 

?-- 
hatch.  Accurate p r e d i c t i o n  i s  d i f f i c u l t  because moths emerge over  a  

long per iod  dur ing  both genera t ions .  Therefore,  eggs a r e  depos i ted  and 

h a t c h  under a  cons iderable  v a r i a t i o n  i n  c l i m a t i c  cond i t i ons .  

' 
A number of methods have been r epor t ed  f o r  determining t h e  f i rs t  

egg hatch.  Glenn (1922) used day-degree s u m a t i o n s ,  based on a  develop- 4 

mental th reshold  of  10•‹C. However,  Hagley (1972a) showed t h a t  a l though 

egg development occar red  a t  I O C C . ,  no l a rvae  emerged and a l l  eggs d ied  

a f t e r  48 days. His r e s u l t s  showed t h a t  t h e  development . threshold was 

emergence occurred 6-10 days a f t e r  t h e  f i r s t  emergence of l a r v a e  dur ing  - 
t h e  sp r ing .  Hagley (1973) observed t h a t  t h e  f i r s t  female moths which 

emerge a r e  f r equen t ly  of  low fecundi ty  and l a y  few eggs, a l though weather 

c o n d i t i o n s  a r e  s u i t a b l e  i n  t h e  sp r ing .  Since t h e  d a t e  of t h e  firs't- 

female emergence can be determined from emergence cages ,  t h e  s t a r t  of 

egg ha tch ing  can be c a l c u l a t e d .  Accuracy, tHough, i s  l i m i t e d  by c l i m a t i c  

f a c t o r s  a f f e c t i n g  female ov ipos i t i on  behaviour (Hagley 1973; ~ 3 t m a n  1963; 0 

!-ladsen 1967; B a t i s t e  et 31. 1973) .  

Per iods  of g r e a t e s t  egg depos i t i on  could be determined by sys- 

temat ic  collecting and examination of f r u i t  and l e a f  c l u s t e r s  throughout _ 
t he  c rchard  (Hagley 137%; B a t i s t e  e  t a l .  1 9 7  3 ) . This m e t h o d  i s  

pp 

l i m i t e d  because a n i - i m m  of 150-200 ind iv idua l  c l u s t e r s  must be examined 

f o r  r e l i a b l e  cstiaa'es when t h e  egg popula t ion  is  low (Hagley 1972b).  



B a t i s t e  e t  a l .  (1973) found o n l y  20 eggs i n  t o t a l  of 4,460 fruit 

and l e a f  c l u s t e r s  c o l l e c t e d  i n  u n t r e a t e d  a r e a s  of an  o r c h a r d  w i t h  i n f e s -  

t a t i o n s  a t  h a r v e s t  averag ing  53X. 
B 

The o c c u r r e n c e  of f i r s t  egg h a t c h  has  been r e l a t e d  t o  t h e  emer- 

gence and a c t i v i t y  of males  i n  t h e  s p r i n g  (Hagley 1973; R i e d l  and C r o f t  

1973) .  Hagley (1973) found t h a t  144- and 137-degree d a y s  were  r e q u i r e d  
S 

f o r  egg h a t c h  a f t e r  t h e  f i r s t  c a t c h e s  i n  pheromone-baited t r a p s  dur ing  
- - 

1 9 7 1  and 1972 i n  O n t a r i o .  R i e d l  and C r o f t  (1973) r e p o r t e d  t h a t  accumu- 

l a t i n g  50 h e a t  u n i t s  f o r  p r e o v i p o s i t i o n ' a n d  158 h e a t  u n i t s  f o r  egg 

development a f t e r  t h e  f i r s t  c a t c h e s  a c c u r a t e l y  e s t i m a t e d  t h e  f i r s t  egg 

h a t c h  i n  Xichigan o r c h a r d s .  

Sprays  f o r  t h e  s p r i n g  g e n e r a t i o n  a r e  c u r r e n t l y  recommended 10-14 

d a y s  a f t e r  p e t a l  f a l l  (B.C. Dept. A g r i c .  1974) .  I n  1973, s p r a y s  were 

a p p l i e d  24-38 days  a f t e r  p e t a l  f a l l  and peak emergence o c c u r r e d  13-36 . 

days  a f t e r  p e t a l  f a l l .  A s  a g e n e r a l  r u l e ,  s p r a y s  were a p p l i e d  a f t e r  t h e  ' 

c a t c h e s  i n d i c a t e d  a  peak emergence of a d u l t s  a f t e r  petal f a l l .  Cool 

/ 
s p r i n g  weather  delayed t h e  peak emergence dur ing  1974 as compared w i t h  

1973. Accumu1a;ed degree-days f o r  Nay 1973 and 1974 were 257.21 and 

136 .23 ,  r e s p e c t i v e l y .  F i g u r e s  were c a l c u l a t e d  from maximum and minimum 

d a i l y  t e m p e r a t u r e s  ( I v e s  1973) f o r  t h e  S u b s t a t i o n  o r c h a r d ,  Kelowna. 

A d d i t i o n a l  hygrothermograph r e c o r d s  cou ld  n o t  be  o b t a i n e d  f o r  t h e  J a r i o u s  

o r c h a r d  l o c a t i o n s  used d u r i n g  1973 and 1974. The degree-day accumulat ion 
, 

d u r i n g  Xay 1974 i n d i c a t e d  t h a t  t h e  s p r i n g  generation,ggg$; shou ld  have 

3zzn a p p l i e d  lafer  t h a n  t h e  B.  C.  Dept. Agric .  (1974) recommended d a t e .  
'.- 

?any growers who fol lowed t h e  s t a n d a r d  program r e q u i r e d  a  second s p r a y  

far t h e  s p r i n g  g e n e r a t i o n .  



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 reare4in the laboratory in cages 

in the orchard from the first catches of males to when.eggs in the cage 

began to hatch. The adults were replaced weekly. Although, an esti- 

mated 733 apples were injured by the spring generation, the spray 

applied June 15th was effective considering the damage potential from 

1973 (Table XII) . 

C ,i Timing cf s m e r  generation spray is made easier because 

weather 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- - 
tiops for oviposition followed this date. More data are necessary to 

determine the period of greatest egg hatch during the summer generation. 

Further research is needed on predicting the period of maximum 

-egg hatch during the spring generation. Degree-day accumulations after 

b 

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% 
r 

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

strategies (Madsen and Vakenti 1973; ~ i e d l  and Croft 1974;'Madsen et al. 

.' 
1974). More research is necessary in uns&ayed Okanagan Valley 



- 

commercial orchards before reli-able predictions of damage by catches can 

be made as with Riedl and Croft's (1974) model for populations causing - 
-~. 

harvest damage greatek than 2% in semi-abandoned Michigan orchards. 

.- . , 
. ... More data are needed so that catches can be adjusted when influ- 

enced by'the factors summarized in a relationship proposed by Riedl and 

Croft (1973): 

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

AD refers to the number of days the weather conditions are suitable fqr 

male response to traps. Catches in different areas and years as influ- 

enced by weather conditions could be sta ardized by using degree-day Y - % 

accumulations instead of weekly sample periods (Riedl and Croft 1974). 

However, degree-days do not adequately reflect differences during the 

daily flight period. The density of males durinyany trapping period, 

D, influences the magnitude of catches. In the sampling procedures used 

in the study, TE (-trap efficiency as influenced by synthetic pheromone 

formulations and drap designs) and TTR (trap/tree ratko or trap/area 

ratio) were standardized as much as possible, although modifications were 

made when improvements were necessary. CO (trap efficiency dependent on 

female density and sex ratio) influenced catches in orchards where popu- 

lation densities approached the economic threshold. Influx of males was 

shown to influence catches. Both influx of females and males were shown 
a 

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

orchards reduced the influx of males so that spja'y decisions could be 

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

. 0 

age of 2 males/trap during 2 consecutive weeks. The number of sprays 

applied was substantially reduced. However, prLjecting potential in jury 
i 

levels and establishing an economic threshold for injury during both , 

generations showed that other sprays were unnecessary because the sc.osts 

- * 

of the spray were not returned. Although, the- spraying l&el would indi- 

cste L. pomoneIla populations that-would exceed the economic threshold - 
I 

(shown in Appendix 31,  further population dynamics studies in unsprayed 

commercial orchards would allow more precise damage predictions to be d 

developed. These studies are extremely important since.damage predic- 

/ 
tions in commercial orchards are s&ject to a wide range of cultural 

e. 

and pesticide practices not found in semi- or &&ndoned qrchards. Popu- 

lation increases and mortality factors and percents would likely differ. 

With more accurate assessments of 'fecundity and mortalities influencing 

within and between generation increases, catches could be used reliably 

to predict infestation levels. 

Catches during the spring and summer generations werevrelated' ' 

to the number of apples injured by the respective generations. As more 

data are obtained from unsprayed ~ h a r d s ,  these relationships could be - 
used to estimate the damage potenti-a1 during succeeding generations. 

~conomically sound spray decisions could then be made. 



APPLE PEST MANAGEMENT SYSTEM 

Reduced Codling Moth Spray Schedules and Influences 

'on Secondary Apple Pests 

Insecticides are usually applied to reduce temporarily popula- 
- -r 

tions of one or more pest species. Other cokponents of an ecosystem are 
. 

affected, e . g . ;  changes in the status of secondary pests and resurgence 

of treated populaticns (Nadsen and Morgan 1970; Newsom 1974 ) .  Broad- 

spectrum chemicals used for L. pornonella have been considered to control 

other pests at the same time (Madsen 1968; Proverbs 1971). 

In a dommercial orchard left unsprayed for L. pornoneUa for 6 

years, naturAl enemies were unable to bring injurious populations of the 

fruittree leafroller, A r c h i p s  a r g y r o s p i l i s  (Walker) , the eye-spotted bud- , 
$ 

moth, S p i l o n a t a  o c e l l a n a  (D. & S.) and the white apple leafhopper, 

Typhlocyba pornaria McAtee under control (Madsen 1971). In two commercial 

orchards under prigrams of sterile L. pornonella release, Proverbs (1971) 
C , 

observed that A. a r g y r o s p i l u s  populations increased rapidly but S. 

o c e l l a n a  and T .  pornaria populations did not. Sprays for these pests were 
& 

not required after three years of moth release. 
L 

In the monitored orchards, sprays were omitted for relatively 

short periods, therefore the effects of spray elimination on secondary -- 

pests were inconclusive. Some trends developed in the Fitzgerald'orchard, 

in which L. . p o m n e l i a  sprays were not applied from 1972-74. T .  pornaria 

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



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 populations did not require treatment (Madsen et al. 

1975). More research is needed to establish the variations in the time 

and length of egg hatch of these two species under varying climatic con- 

ditions 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 determine 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 TableXV. The expenditures of the program were calculated 



f -  ' Table XV.  Revenue gained under a p i l o t  popula t ion  monitor- - 
i ng  program a s  compared wi th  a 3-spray ca l enda r  program 
f o r  L.  p m o n e l l a  c o n t r o l  i n  s i x  commercial o rchards  dur ing  
1973 and 1974 (acreage  t o t a l l e d  124 a c r e s )  -.. 

1 

cg, 
Expenditures Expenditures Revenue 

Orchard Year Under Monitoring Under Calendar Usi'ng  oni it or in^ 
Program ( $ )  Spray Program ( $1  Program ( $ )  

Kids ton 

- Y 

F i t z g e r a l d  

Powell 

Emery 

Workman 

To ta l s  

Less To ta l  Costs of  Monitoring Program (7.48/acre) -927.50 



by add ing  t h e  t o t a l  c o s t s  f o r  app ly ing  s p r a y s  (Appendix '1) and 

t h e  d o l l a r  l o s s  i n  y i e l d  a t  c u r r e n t  p r i c e s .  The c o s t l a c r e  f o r  an 

L. pomoneZZa m o n i t o r i n g  program o p e r a t e d  by a  commercial company 

(Appendix 2) w a s  a l s o  added. Th is  f i g u r e  was u s e d  i n s t e a d  of t h e  

c o s t s  invo lved  i n  runn ing  a  r e s e a r c h  program on wide ly  s e p a r a t e d  

commercial o rchards .  The e x p e n d i t u r e s  of c a l e n d a r  s p r a y i n g  were 

c a l c u l a t e d  by adding t h e  t o t a l  c o s t s  of app ly ing  3 s p  d o l l a r  
-,c 

l o s s e s  i n  y i e l d  a t  c u r r e n t  p r i c e s  (assuming 3 s p r a y s  would s t i l l  g i v e  

a l o s s  i n  y i e l d  o f  0.05%). Omitted i n  t h e  c a l c u l a t i o n s  were t h e  c 

charges  t o  growers l e v i e d  by packinghouses  f o r  s o r t i n g  and g r a d i n g  * 

damaged f r u i t  s i n c e  i n  most c a s e s ,  insect-damaged a p p l i e s  r e p r e s e n t  

l e s s  t h a n  20% of t h e  a p p l e s  c u l l e d  by t h e  packinghouse.  Most 

a p p l e s  a r e  c u l l e d  on t h e  b a s i s  of s i z e ,  shape ,  c o l o u r ,  b r u i s i n g ,  
< 

0 p u n c t u r e s  and sun  s c a l d .  

While some of  t h e  growers invo lved  i n  t h e  program l o s t  

revenue (Tab le  W), a d o p t i o n  of complete  p e s t  management cou ld  reduce 

s p r a y  c o s t s  f u r t h e r  and t h e r e b y  s u p p o r t  t h e  v i a b i l i t y  o f  a  p e s t  

nanaganent  program (Madsen, Vaken t i ,  and P e t e r s  1975) .  I n  t h o s e  

o r c h a r d s  which l o s t  revenue,  p o p u l a t i o n  moni to r ing  i n d i c a t e d  c o d l i n g  

moth p o p u l a t i o n s r e q u i r i n g  3 s p r a y s  based on t h e  t r e a t m e n t  l e v e l  used , 

i n  t h i s  s t u d y .  While  i t  i s  proposed t h a t  s p r i n g  g e n e r a t i o n  s p r a y i n g  

may n o t  b e  n e c e s s a r y  i n  many commercial o r c h a r d s ,  c o n s i d e r a b l e  work 

i s  n e c e s s a r y  t o  v e r i f y  t h i s  h y p o t h e s i s  and t h e  s i m p l e  model developed 

i n  t h i s  s t u d y  . 



B e s i d e s  p r o v i d i n g  t h e  o p p o r t u n i t y  t o  reduce s p r a y  c o s t s ,  

t h e  p o p u l a t i o n  monizor ing program conf i rms t h e  need f o r  i n s e c t i c i d e s  

i n  p r e v e n t i n g  e x c e s s i v e  damage. The dependence, though, on p reven ta -  

t i v e  s p r a y  programs w i l l  l e s s e n  w i t h  t h e  adop t ion  of p o p u l a t i o n  
4 

moni to r ing .  Other  f a c t o r s  such  a s  i n c r e a s i n g  i n s e c t i c i d e  c o s t s ,  

p e s t  r e s i s t a n c e ,  env i ronmenta l  c o n c e r n s  and p o t e n t i a l  l a c k  of replacement* 

i n s e c t i c i d e s ,  make the implementat ion of such  programs a  n e c e s s i t y  i n  

m a i n t a i n i n g  t h e  g r o w e r ' s  a b i l i t y  t o  respond t o  damaging, i n s e c t  

p o p u l a t i o n s .  
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APPENDIX 1 

COSTS OF CODLING MOTH aINSECTICIDE SPRaYS 

The costs of spraying one acre of apples in a standard planting 

were calculated using the methods/of M. D. Proverbs (personal cornmunica- 
.J 

tion) l and Maisonneuve- and Shortreed (1972) for equipment. costs. ~uthion 

was used as it is most commonly applied for L. pomonella control. The 

total cost/acre was calculated in two ways: 
/ 

J 

1) using both fixed and variable costs, this figure Gas used for 

calculating the economic threshold for L. pomonel la  damage on 10 

acres of commercial orchard; and 

2) using only variable costs because fixed costs 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  c o s t / h o u r ;  t r a c t o r  + d r i v e r  for a p p l y i n g  1 s p r a y  

Calculated by: 

a) Cost of depreciation (10%/yr for 10 yr), 
interest (8%) , $1, SOO/yr 
repairs, housing for tractor costihg $5,000 

b) Cost of above items/hr assuming 600 hrs 
$2.50 

use/yr = $1,5C)0/600 

c) Cost of iueg oil, grease/hr of tractor 
use is appro lmately 5- 

d) Wages for oxner or hired labour/hr 

Total $8.75 



2 .  Total cost/hour f o r  sp rayer .  

Calculated by: 

a )  Cost of deprecia t ion ,  i n t e r e s t ,  r e p a i r s ,  
housing $900/yr 
fo r  2-sided, a i r  b l a s t  cos t ing  $4,500 

b)  Cost of above items/hr assuming 
80 hours $11.25/hr 
use/yr (average of 11 sprays & 17 ac res )  = $900/8 - 

3. Total c o s t s  f o r  equipment .operation/hr $20.00 

4 .  Total cos t s / ac re  f o r  equipment operat ion f o r  1 spray $ 8.40 

Calculated by: 

a )  Time t o  spray one ac re  (2 mph i n  201x20' p lan t ing  
and allowing time f o r  f i l l i n g ,  mixing spray,  and 
turning i s  approximately 25 minutes 

b) Cost t o  spray one ac re  = 25/60 x $20.00 $8.40 

5. Total cos t /acre  f o r  i n s e c t i c i d e  $ 5.24 

a )  Cost of insec t i c ide /ac re  based on 1.25 l b  $5.24 
applied/acre a t  a 1974 p r i c e  of $4.19/lb 
f o r  Guthion 

6. Total cos t s / ac re  f o r  applyjng 1 spray Guthion $13.64 

Variable Costs of Spray 

.> 

1. Total  cos ts /acre  f o r  equipment operat ion f o r  1 spray 

Calculated by: 

a )  Tota l  c o s t  f o r  equipment operat ion/hr  using $6.25 
only c o s t s  of f u e l ,  o i l ,  grease and wages 

b)  Cost t o  spray one a c r e  = 25/60 x $6.25 $2.63 

2 .  Total  cos t /acre  f o r  i n s e c t i c i d e  $ 5.24 

3. Total cos ts /acre  f o r  applying 1 spray Guthion 



If t h e  v a r i a b l e  c o s t s  a r e  used f o r  c a l c u l a t i n g - t h e  c o s t s  of 

applying one spray of  Guthion/acre, t h e  economic threshold  f o r  codling 
. - 

moth damage becomes 2,286 a p l e s  on 1 0 - a c r e s  of  commercial orchard. P 
With both va r i ab le  and f ixed c o s t s ,  it i s  3,978 app les  on 10 acres .  



. 
#' 

APPENDIX 2 

COSTS OF CODLING MOTH POPULATION MOPITORING PROGRAM 

For calculating the costs of operafing 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.g., in 

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

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

Estimated Company costs 

1. T o t a l  costs o f  sampl ing  m a t e r i a l s  for 5,000 a c r e s  

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 surf ace) 

&- 

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 

2. T o t a l  manpower c o s t s  for s e r v i c i n g  t r a p s  and 
making d e c i s i o n s  f o r  5,000 a c r e s  $24,000.00 * 

Calculated by: 
0 

af Two managers employed for 6 months at e 

$1,00O/month $12, OOO:~OO 

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



c )  Two o f f i c e  workers f o r  r eco rd ing  d a t a .  
Hired f o r  4 months a t  $3.00/hr. 

To ta l  

3 .  T o t a l  O f f i c e  and T r a n s p o r t a t i o n  costs for 
5,000 a c r e s  

Calcula ted  by: 

Of f i ce  r e n t  . inc lud ing  u t i l i t i e s  f o r  
6 months 

Of f i ce  equisment - ren ta l s  on t y p e w r i t e r s ,  
c a l c u l a t o r s ,  terephone,  e t c .  

Stagionery s u p p l i e s  

Computer t e rmina l  & t e lephone  hook-up 

Transpor ta t ion  cos t s - -3  v e h i c l e s  r en t ed  
f o r  $250.00/month w i th  4,000 mi les  f r e e  
and insurance  and=se rv i c ing  included 
f o r  4 months 

Gas, o i l ,  e t c .  

P o s t a l  and n e w s l e t t e r  c o s t s  $300.00 

To ta l  
_k 

$5,750.00 

4 .  T o t a l  o p e r a t i n g  c o s t s  f o r  5,000 a c r e s  $ 3fW4 1 0 

5 .  T o t a l  o p e r a t i n g  c o s t s / a c r e .  $7 



On theoretical terms, the spraying leve l  used i n  this study 

indicates econaric threshold populationo~ In Table 16, the eotinrated 

paramtaga capture rate/- during the spring generation was deteudned 

frar 3 years of catchas in pher-hited traps. Sn each example, 

ttzcr, orch&r& area is 10 acres, the clconcdc thraahold 3,978 apples, and 

a capture rate of 50% of the emerging males is assumed. In tfBas first 

pqmlrtloj, (Fig. 25,  solid bars), in which an injury-potential of 10 

fruit/? is &ssuarsd, 398 M and 398 cf8would have to emerge during the 

spring garteration to cause ec-ic danmge. This population muld be 

dascteb by tha third week. In the secvznd population {Fig. 25, clear 

Burl, in which an injury potential of 20 injured fruit/$ is assuPPcsd, a 

rinfrru emergent population of 199 $9 and 199 88 would be IE~)CQIOIC&~Y. 

lSlg axmcdc threshold population would be detected by the fourth we&. 



Table X V I -  Rela t ive  percent  captures  of male codling moths 
during each week of t h e  sp r ing  generat ion f l i g h t  (N = 23 
records of captures  from 6 locat ions  and 3 yea r s ,  1972-74) - 

Week Number 
Tota l  Males % of Tota l  Captured 

Captured (N = 23) Each Week 



* 

Fig. 25. Theoretical detection of economic threshold 
populations for determining the need for chemical sprays. 
Population 1 (solid bars) conSists of 398 ?-$ and 398 88 
emerging during the spring generation and population 2 
(clear bars) is 199 $? and 199~72 emerging during the - 
spring generation 



WEEKS SPRING GENER, 



APPENDIX 4 

FEMALE FKLNDITY AND L".loRTALITY OF STAGES i 

I 
* In calculating theoretical per generation and ktween generation / 

increases, data on L. cornorzelh fecundity (Table XVII) and percentage 

m r t a l i t y  of stages (Table XVIII) were campiled f r m  Geier (1963), 

Clark e t  a l .  (1967), and Ferro and Harwood (1974). Most of the values 

listed i n  Table WII were from abandoned or unsprayed orchards. 



: Table XVII. L. pornonella fecundity in various geographical 
locations. 

Generation or Region Estimated or Observed 
Year Mean Egg Production/$ 

Arkansas Spring 8 

summer 5 2 

Bathurst, N.S.W. 
~ustralia 

Sinkiang, China 

Spring 

Summer 

Spring 

Summer 

Snake River, 
Washington 

N.S.W., Australia 1963 

New Zealand 

Yakima, Washington Laboratory Colony 
m 

Washington 

Central Europe 

Spring 

Summer 

Unspecified 

Switzerland ~nspecif ied . 66 

France 

Illinois 

Unspecified 

unspecified 
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