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ABSTRACT 23	  

Experiments were conducted in North and South America during 2012-2013 to 24	  

evaluate the use of lure combinations of sex pheromones (PH), host plant volatiles 25	  

(HPV), and food baits in traps to capture the oriental fruit moth, Grapholita molesta 26	  

(Busck) and codling moth, Cydia pomonella (L.) in pome and stone fruit orchards 27	  

treated with sex pheromones. The combination of the sex pheromone of both species 28	  

(PH combo lure) significantly increased G. molesta and marginally decreased C. 29	  

pomonella captures as compared with captures of each species with either of their sex 30	  

pheromones alone. The addition of a HPV combination lure ((E,Z)-2,4-ethyl 31	  

decadienoate plus (E)-β-ocimene) or acetic acid used alone or together did not 32	  

significantly increase the catch of either species in traps with the PH combo lure. The 33	  

Ajar trap baited with terpinyl acetate and brown sugar (TAS bait) caught significantly 34	  

more G. molesta than the delta trap baited with PH combo plus acetic acid in 35	  

California during 2012. The addition of a PH combo lure to an Ajar trap significantly 36	  

increased catches of G. molesta compared to the use of the TAS bait or PH combo lure 37	  

alone in 2013. Female G. molesta were caught in TAS-baited Ajar traps at similar 38	  

levels with or without the use of additional lures. Ajar traps baited with the TAS bait 39	  

alone or with (E)-β-ocimene and/or PH combo lures caught significantly fewer C. 40	  

pomonella than delta traps with sex pheromone alone. Ajar traps with 6.4-mm 41	  

screened flaps caught similar numbers of total and female G. molesta as similarly 42	  

baited open Ajar traps, and with a significant reduction in the catch of nontargets. 43	  

Broader testing of HPV and PH combo lures for G. molesta in either delta or screened 44	  

or open Ajar traps is warranted. 45	  

Key words: Grapholita molesta, Cydia pomonella, peach, apple 46	  
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INTRODUCTION 47	  

Monitoring of tortricid pests attacking fruits in order to better time insecticide sprays 48	  

and determine the need for control actions is well established in various crops, 49	  

including tree fruits (Charmillot and Vickers 1991). Several recent studies have 50	  

focused on developing new monitoring tools for oriental fruit moth, Grapholita 51	  

molesta (Busck), especially in pome and stone fruit orchards treated with sex 52	  

pheromones for mating disruption. These studies are relevant because traps baited with 53	  

standard sex pheromone lures typically perform poorly in tracking the seasonal 54	  

dynamics of G. molesta compared with codling moth, Cydia pomonella (L.), in 55	  

orchards treated with dual species sex pheromone programs (Evenden and 56	  

McLaughlin 2005, Il’ichev et al. 2007, Steliniski et al. 2007, 2009).  57	  

Studies have reported the development of new trap designs and lures for both 58	  

sexes of G. molesta. Clear plastic delta-shaped traps baited with terpinyl acetate 59	  

outperformed colored traps baited with sex pheromone (Knight et al. 2011a). Also, the 60	  

addition of the green leaf volatile, (Z)-3-hexen-1-yl acetate further increased the 61	  

number of moths caught in the clear trap. Studies in South America evaluated a new 62	  

trap design (Ajar) using terpinyl acetate and brown sugar (TAS bait) in a jar as the 63	  

attractant but not as the catching medium (Cichon et al. 2013). Instead, the liquid bait 64	  

reservoir was attached to a delta trap and moths were caught on a regular sticky liner 65	  

placed inside the trap. Studies in North America and Europe refined the Ajar trap and 66	  

standardized its color and bait replenishment schedule (Knight et al. 2013). This work 67	  

also evaluated the placement of screens over each end of the trap to reduce the catch of 68	  

nontargets insects, i.e. diptera, hymenopteran, and other lepidopterans.  69	  

The use of various host plant volatiles as lures for adult G. molesta has been 70	  

investigated by several laboratories over the last 10 years. These studies have 71	  
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identified a number of major apple and peach volatiles and these were tested for 72	  

female moth attraction in a dual choice glass arenas. A three-component blend of a 73	  

4:1:1 ratio of (Z)-3-hexen-1-yl acetate, (Z)-3-hexen-1-ol, and benzaldehyde was 74	  

reported to be attractive (Natale et al. 2003). A similar study also reported that butyl 75	  

hexanoate was attractive (Natale et al. 2004). A third laboratory assay found that a 5-76	  

component blend including three green leaf volatiles, benzaldehye and benzonitrile 77	  

was as attractive as volatiles emanating from peach shoots (Piñero and Dorn 2007). 78	  

Furthermore, the addition of this 5-component blend to suboptimal doses of the sex 79	  

pheromone increased the behavioral response of male G. molesta in a flight tunnel 80	  

(Varela et al 2011).  81	  

The first field study reporting attractive host plant volatiles for G. molesta found a 82	  

1:2:2 ratio of (Z)-3-hexenyl acetate, (E)-β-ocimene and (E)-β-farnesene or either (E)-83	  

β-ocimene or (E)-β-farnesene alone were as attractive as the TAS bait to male but not 84	  

female G. molesta in Australia (Il’ichev et al. 2009). The first field study 85	  

demonstrating a host plant volatile blend attractive to both sexes of G. molesta used 6- 86	  

and 8-component blends derived from Chinese pear varieties (Lu et al. 2012). A more 87	  

recent investigation found that neither the Australian or Chinese blends were attractive 88	  

in a Chilean peach orchard nor improved the performance of a sex pheromone lure 89	  

(Barros et al. submitted.). In contrast, the addition of either (E)-β-farnesene, (E)-β-90	  

ocimene or butyl hexanoate lures in the Ajar trap with the TAS bait increased total 91	  

moth catches and (E)-β-ocimene also increased female moth catches compared with 92	  

the TAS bait alone (Knight et al. 2013).  93	  

The attractiveness of host plant volatiles for C. pomonella has also been broadly 94	  

investigated in laboratory and field studies (reviewed in Knight et al. 2011b). 95	  

Functional imaging of neural responses in the antennal lobes and laboratory assays of 96	  
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the behavioral response of host plant volatile and sex pheromone blends in C. 97	  

pomonella has been used to clarify the integration of pheromonal and kariomonal 98	  

information in the process of mate finding (Trona et al. 2010, 2013). Specifically, pear 99	  

ester, (E,Z)-2,4-ethyl decadienoate, was found to be highly attractive to both sexes of 100	  

C. pomonella, and this attraction was synergized by the addition of acetic acid (Light 101	  

et al. 2001, Landolt et al. 2007). Other common pome fruit volatiles were found not to 102	  

be attractive or synergized by acetic acid (Knight et al. 2011). (E)-β-ocimene with C. 103	  

pomonella was found not to elicit an antennal response in females (Bengtsson et al. 104	  

2001), but was active with male antennae (Casado et al. 2006). (E)-β-ocimene as a lure 105	  

has only been tested with C. pomonella in the field as a component of an unattractive 106	  

monoterpene blend, and has not been tested with the addition of acetic acid (Light and 107	  

Knight 2005). The addition of acetic acid with various HPV’s has not been tested with 108	  

G. molesta.  109	  

Ajar traps with the TAS bait plus a sex pheromone lure have been evaluated 110	  

previously (Cichon et al. 2013, Knight et al. 2013). However, these studies showed 111	  

that the contribution to moth catch efficacy provided by the sex pheromone lure in the 112	  

sex pheromone-treated orchards was low. Allred et al. (1995) examined the use of the 113	  

sex pheromone of C. pomonella, codlemone, (E,E)-8,10-dodecadien-1-ol, to possibly 114	  

synergize the sex pheromone blend of G. molesta. Their studies suggested the addition 115	  

of codlemone at 10 to 20-fold higher loadings than the G. molesta sex pheromone 116	  

blend affected the short-range behaviors of male G. molesta leading to increased moth 117	  

captures in traps. Interestingly, they did not get the same results by just increasing the 118	  

amount of the natural sex pheromone alcohol, (Z)8-dodecenol to these levels. Field 119	  

trials of this two-species’ blends have not been tested in sex pheromone dispenser-120	  

treated orchards. 121	  
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Herein, we report studies in North and South America conducted in stone and 122	  

pome fruit orchards treated with sex pheromones for mating disruption of both G. 123	  

molesta and C. pomonella to compare the relative attractiveness of standard sex 124	  

pheromone lures alone with combinations of both sex pheromones either alone or with 125	  

host plant volatiles and food baits added. Standard and combination sex pheromone 126	  

lures with both 1% and 5% Z8-12:OH were tested. Our primary objective was to 127	  

determine if combinations of these putative attractants could increase the catches of G. 128	  

molesta without reducing the catch of C. pomonella. Our two secondary goals were to 129	  

develop trap-lure combinations to monitor female G. molesta and to minimize the 130	  

catch of nontargets insects in these traps. 131	  

MATERIALS AND METHODS 132	  

Traps, lures, and field study protocol. 133	  

Studies were conducted with three types of delta-shaped traps and several commercial 134	  

and experimental lures during 2012-13. Traps included the standard orange Pherocon 135	  

VI trap (28 x 20 x 20 cm, Trécé Inc., Adair, OK) and custom orange delta traps (Ajar) 136	  

modified to include an attached 250 ml jar. The Ajar trap had a screened (1.2 mm holes) 137	  

jar lid (7.3 cm o.d.) glued to the inside bottom of the trap. The third trap was a modified 138	  

Ajar trap made from red polypropylene plastic with twenty-seven, 6.4-mm holes 139	  

punched in a triangular-shape array on closed flaps at each end of the trap (Marginal 140	  

Design, Oakland, CA). Paper liners coated with a polybutane adhesive (Trécé Inc.) were 141	  

used in all studies in 2012 and in Pennsylvania and South America in 2013. Liners 142	  

coated with a proprietary dry adhesive were used in all traps in the western U.S. in 2013 143	  

(AlphaScents, Portland, OR). Liners placed in Ajar traps had a central 8.0-cm circular 144	  

area removed so that the liners would fit around the jar’s cap. The proprietary sex 145	  

pheromone lures (grey halobutyl septa) Pherocon CM L2 (codlemone, (E,E)-8,10-146	  
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dodecadien-1-ol ) and Pherocon OFM L2 (93:6:1 blend of (E)-8-dodecenyl acetate, (Z)-147	  

8-dodecenyl acetate, and (Z)-8-dodecenol) were provide by Trécé Inc. Experimental 148	  

septa lures were either loaded with sex pheromones or host plant volatiles alone or 149	  

combined. Most of these experimental lures were prepared by Trécé Inc. chemists and 150	  

shipped to the various researchers. The three components of G. molesta pheromone (E)-151	  

8-dodecenyl acetate (98.6% purity), (Z)-8-dodecenyl acetate (98.1% purity) and (Z)-8-152	  

dodecenol (98.3% purity); and the sex pheromone of C. pomonella, codlemone, (E,E)-153	  

8,10-dodecadien-1-ol, (97% purity) were purchased from Bedoukian Research, 154	  

Danbury, CT.  Experimental multi-component sex pheromone lures for G. molesta were 155	  

prepared with either 1% (2012 OFM L2) or 5% (2013 OFM L2) of (Z)-8-dodecenol in 156	  

the blend (0.41 mg total active loading). The proportion of (Z)-8-dodecenol in the blend 157	  

was increased by the manufacturer to improve lure performance. Lures were prepared 158	  

with either these blends alone or in combination with codlemone (PH combo) loaded at 159	  

3.0 mg (TRE0643 and TRE0864, respectively). TRE0643 was tested during 2012 in 160	  

both hemispheres and in South America in 2013. TRE0864 was used in the western 161	  

U.S. during 2013. (E)-β-ocimene (98% purity) was purchased from PRI Pherobank, 162	  

Houten, The Netherlands; and pear ester, (E,Z)-2,4-ethyl decadienoate (>92% purity) 163	  

was purchased from Bedoukian Research. These two host plant volatiles (3.0 mg each) 164	  

were loaded individually (TRE0649 and TRE3460) or together (HPV combo, 165	  

TRE0644) into grey septa in 2012 by Trécé Inc. β-ocimene (BOC) (mixture of (E) and 166	  

(Z) isomers with > 90% (E)-isomer was purchased from Aldrich-Sigma (St. Louis, MO) 167	  

for use in 2013. BOC lures (3.0 mg in red rubber septa) were prepared in the USA and 168	  

Chile by diluting BOC in dichloromethane (99.9% purity, Sigma-Aldrich) and adding 169	  

100 µl into the cup area of the septum. Similar volumes of dichloromethane alone were 170	  

added two times to increase the penetration and distribution of the active material into 171	  
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the septum. Acetic acid lures were tested only in 2012. These lures were 8 ml 172	  

polyethylene vials (Nalg-Nunc International, Rochester, NY) loaded with two cotton 173	  

balls and 8 ml of glacial acetic acid (99.9% purity, Aldrich-Sigma). The cap of the vial 174	  

had a 3.0 mm hole drilled into the center. Ajar traps were loaded with 200 ml of an 175	  

aqueous bait (TAS bait) comprised of 0.05% terpinyl acetate (99% purity, Sigma-176	  

Aldrich) plus 10% sugar (C&H Dark Brown Cane Sugar, Domino Foods, Yonkers, 177	  

NY).  178	  

A general protocol for all lure studies was adopted across the various geographical 179	  

regions. Septa lures were pinned to the inside roof of the trap. Treatments were 180	  

randomized in each orchard with five replicates. Traps were placed in the upper third of 181	  

the canopy, 20 – 30 m apart, and > 20 m from the borders of orchards. Moths were 182	  

removed and counted weekly or biweekly. Traps were rotated among positions on each 183	  

date they were checked. Studies lasted from one week to five months. Liners were 184	  

replaced as needed and at least every four weeks in the longer studies. Lure replacement 185	  

schedules varied for different lures. The TAS bait and septa loaded with HPVs were 186	  

replaced every two weeks. Sex pheromone lures for both species were replaced every 187	  

four weeks. Moths were sexed in the field or with the use of a microscope in the 188	  

laboratory. Key nontargets catches in traps were recorded in a few studies, including 189	  

muscid flies, hymenopterans, and moths with wingspans > 15 mm. A few exceptions to 190	  

this general protocol occurred during this two-year study and will be noted. 191	  

Pennsylvania, 2012  192	  

Two apple sites situated near stone fruit orchards in Adams County, PA (39o56’N, 193	  

77o15’W) were used in 2012. One was a commercial orchard (N = 3) and the other was 194	  

a research block (N = 2) on the Penn State Farm near Biglerville, PA. The study began 195	  

on 23 May and was discontinued on 6 September 2012. Four trap-lure treatments were 196	  
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included: a delta trap with a codlemone lure, a delta trap with the G. molesta sex 197	  

pheromone lure, a delta trap with both sex pheromones, and the Ajar trap with the TAS 198	  

bait. Initially, the dual sex pheromone treatment included the use of two separate lures 199	  

by mistake, but on 6 July this was changed to the single PH combo lure, TRE0643. The 200	  

single species sex pheromone lures were also changed on this date. Additional TAS bait 201	  

was added to replenish jars every week. Both orchards were treated with Isomate-202	  

CM/OFM TT dispensers at 500 ha-1 (Pacific Biocontrol, Vancouver, WA). Dispensers 203	  

were loaded with 97 mg of a 93:6:1 blend of (E)-8-dodecenyl acetate, (Z)-8-dodecenyl 204	  

acetate, and (Z)-8-dodecenol, and 268 mg of codlemone.  205	  

California, 2012-13 206	  

Studies were conducted in two regions characterized by mixed stone fruit and pome 207	  

fruit production near Marysville in Yuba County (39o8’N, 121o35’W) and Lakeport in 208	  

Lake County California (39o2’N, 122o55’E). The same five orchards were used in both 209	  

years in Lake County, and in Yuba County five orchards were included in 2012 and 210	  

four, including two new sites in 2013. All but one orchard in Lake County in both years 211	  

were treated with CheckMate Puffer CM-O aerosol emitters (Suterra LLC, Bend, OR) 212	  

loaded with 69.3 g codlemone and applied at 3.7 units ha-1 in an internal grid on 1 April. 213	  

Puffers released 7.2 mg codlemone in a 40 µl puff every 15 min from 1500 to 0300 h. 214	  

These four orchards received border applications of Isomate-C TT (Pacific Biocontrol) 215	  

loaded with 228 mg of codlemone at a density of 500 dispensers ha-1 the following 216	  

week. These orchards were also treated with three alternate-row spray applications of 217	  

microencapsulated sex pheromone; CheckMate OFM-F (Suterra LLC) at 22.2 g AI ha-1 218	  

timed 30 d apart in mid- to late May, June, and July. CheckMate OFM-F (0.23 g AI ml-219	  

1) was formulated with a 93:6:1 blend of (Z)- and (E)-8-dodecenyl acetate and (Z)-8-220	  

dodecenol. The 5th orchard in Lake County was treated in both years with Isomate-CM 221	  
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TT at 500 ha-1 in early-April and 250 ha-1 Isomate-OFM TT dispensers (Pacific 222	  

Biocontrol) in early May.  This latter dispenser was loaded with 480 mg of a 93:6:1 223	  

blend of (Z)- and (E)-8-dodecenyl acetate and (Z)-8-dodecenol. 224	  

Orchards in Yuba County were treated with a variety of sex pheromone-based 225	  

tactics in both years, including Isomate-OFM TT applied at 250 dispensers ha-1, 226	  

Isomate-OFM Ring (Pacific Biocontrol) loaded with 2.50 g of a 93:6:1 blend of (Z)- and 227	  

(E)-8-dodecenyl acetate and (Z)-8-dodecenol and applied at 50 dispensers ha-1, and the 228	  

CheckMate Puffer CM-OFM O aerosol emitter (Suterra LLC) loaded with 94 g AI and 229	  

releasing 7.2 mg codlemone and 5.0 mg of the three component G. molesta sex 230	  

pheromone per 40 µl puff.  Puffers were set in two orchards in early April 2012 and 231	  

hand-applied dispensers (Isomate-CM TT and Isomate-M Rosso) were added to these 232	  

orchards in late June. Isomate-M Rosso was applied at 250 dispensers ha-1 and was 233	  

loaded with 250 mg of the thre- component blend for G. molesta. During 2013, two new 234	  

orchards were treated with both Isomate-CM Ring and Isomate-OFM Ring at 50 235	  

dispensers ha-1 in late April. Isomate-CM Ring was loaded with 1.2 g of codlemone and 236	  

applied at 100 ha-1. 237	  

Trap-lure treatments evaluated in California differed between years. During 2012, 238	  

Ajar traps with the TAS bait were compared with delta traps loaded with PH combo lure 239	  

(TRE0643) plus acetic acid, and delta traps with the sex pheromone of each species in 240	  

both counties. During 2013, the trap-lure treatments included a delta trap baited with 241	  

sex pheromone of each species, an Ajar trap with the TAS bait, and an Ajar trap with 242	  

the TAS bait plus PH combo (TRE0864) and BOC lures. In addition, in Lake County 243	  

Ajar traps with the TAS bait plus a BOC lure were included; while, in Yuba County an 244	  

Ajar trap with the TAS bait plus the TRE0864 lure was tested. Traps were checked 245	  

every week from 7 April to 29 September in 2012 and from 7 April to 21 September in 246	  
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2013 in Lake County. Traps in Lake Country orchards were positioned in the lower half 247	  

of trees. Traps were checked from 17 April to 18 September in 2012 and from 10 April 248	  

to 24 September in 2013 in Yuba County. Moth catch data were summarized beginning 249	  

with the first application of the sex pheromone for G. molesta in both regions in both 250	  

years. Catches of C. pomonella were zero in all traps in 2013 and these are not reported. 251	  

G. molesta was sexed only in Lake County.  252	  

Oregon and Washington, 2012-13 253	  

Studies were conducted in both years in an organic peach orchard situated near 254	  

Medford, OR in Jackson County (42o14’N, 122o47’W) and in an unsprayed peach 255	  

orchard surrounded by apple and pear orchards situated near Parker, WA (46o30’N, 256	  

120o28’W). Both orchards in 2012 were treated with CheckMate OFM SL dispensers 257	  

(Suterra LLC) loaded with 515 mg of a 93:6:1 blend of (Z)- and (E)-8-dodecenyl acetate 258	  

and (Z)-8-dodecenol at a rate of 500 ha-1, and only the Washington orchard was treated 259	  

with dispensers in 2013.  260	  

Two studies were conducted during 2012. Five lure treatments were evaluated in 261	  

delta traps in three, week-long experiments in the Oregon peach orchard from 9 July to 262	  

2 August 2012. Lure treatments included the sex pheromone of G. molesta, the PH 263	  

combo lure (TRE0643), TRE0643 plus acetic acid, TRE0643 plus the HPV combo lure 264	  

(TRE0644), and the same two combo lures plus acetic acid. A similar study was 265	  

conducted including the sex pheromone lure for C. pomonella in a “Delicious’ and 266	  

‘Golden Delicious’ apple orchard at the U.S.D.A. Research Farm situated 15 km east of 267	  

Moxee, WA (46o33’N, 120o23’W). The study was run twice from 10 – 17 August and 268	  

from 17 August to 4 September 2012.  269	  

Several studies were conducted during 2013. In the first trial, four or five trap-lure 270	  

combinations were compared; including delta traps baited with the sex pheromone of 271	  
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either species. Only the sex pheromone of G. molesta was used in Oregon and the sex 272	  

pheromone lures of both species were included as separate treatments in the 273	  

Washington trial. In addition, delta traps with the PH combo lure (TRE0864), and the 274	  

Ajar trap with TAS bait or the TAS bait plus the TRE0864 lure were included in both 275	  

sites.  Oregon studies were conducted from 17 – 24 May, 19 – 24 June, and 15-29 July 276	  

2013. Washington trials were run from 16-21 August, 21 -28 August, and 28 August to 277	  

2 September 2013. A similar study evaluated the attractiveness of these various trap-278	  

lure combinations plus the additional inclusion of delta traps with TRE0864 plus the 279	  

BOC lure and the Ajar trap with the TAS bait plus TRE0864 and BOC lures for C. 280	  

pomonella. The sex pheromone lure for G. molesta was not included. This study was 281	  

conducted in the ‘Fuji’ orchard at the U.S.D.A. Research farm. The orchard was treated 282	  

with experimental Cidetrak Meso dispensers (Trécé Inc.) for both species applied at a 283	  

rate of 60 dispensers ha-1. Meso dispensers are loaded with 10-fold more sex pheromone 284	  

than the standard Cidetrak dispensers, 2.5 g for G. molesta and 1.2 g for C. pomonella. 285	  

The study was repeated on three dates (3 May, 5 June, and 2 August and each ran for 14 286	  

days. A final study was conducted in 2013 in the Washington peach orchard evaluating 287	  

the modified Ajar trap with screened flaps with an array of holes that closed each end of 288	  

the trap. Weekly trials were run three times from 1 to 23 May. In this study, we 289	  

compared the catch of both sexes of G. molesta and the catch of muscid flies as 290	  

nontargets in a delta trap and in both a screened and unscreened Ajar traps all baited 291	  

with the PH combo lure (TRE0864). In addition, both Ajar traps also included the TAS 292	  

bait.  293	  

Chile and Argentina, 2012-13  294	  

Studies in Argentina were conducted in a mixed ‘Red Delicious’ and ‘Gala’ block under 295	  

organic management situated near Antigua Chacra, General Roca, (39º32’S, 67º36’W). 296	  
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The orchard in 2012 was treated with Rak 20 OFM dispensers (BASF, Buenos Aires, 297	  

Argentina) loaded with 400 mg of an unspecified blend of (Z)- and (E)-8-dodecenyl 298	  

acetate at 500 ha-1 and Isomate-CM Plus at 1,000 dispensers ha-1 loaded with 109 mg 299	  

codlemone on 1 October 2011. Additional Isomate-CM Plus dispensers were added 300	  

(1,000 ha-1) 1 January 2012 and Isomate-OFM TT dispensers (215 ha-1) were added on 301	  

25 February 2012. Five replicates of seven lure treatments in white delta traps were 302	  

included in the 2012 study. These included blank traps and traps baited with either the 303	  

sex pheromone lure of C. pomonella or G. molesta (Kumei Mapu, General Roca, Rio 304	  

Negro, Argentina). The remaining four treatments were with Trécé Inc. supplied lures, 305	  

including the sex pheromone lures OFM L2 and CM L2 together plus acetic acid, the 306	  

same two septa lures plus the HPV combo lure (TRE0644), TRE0644 plus acetic acid, 307	  

and the PH combo lure (TRE0643), The study was initiated on 22 February and traps 308	  

were checked twice per week until 10 April 2012. 309	  

Studies in Chile were conducted in a peach orchard near Talca (35º33’S, 71º33’W). 310	  

The orchard was treated with Isomate-OFM TT at 200 dispensers ha-1 on 1 February 311	  

2012. Six treatments included delta traps left blank or with either the sex pheromone 312	  

lure of each species, the PH combo lure (TRE0643) plus acetic acid, the HPV combo 313	  

lure (TRE0644) plus acetic acid, and both TRE0643 and TRE0644 plus acetic acid 314	  

lures. Traps were placed on 8 February and checked weekly until 21 March 2012. 315	  

Two studies were conducted in Argentina during 2013. Isomate-C Plus at 1,000 316	  

dispensers ha-1 were applied on 14 October and Isomate-OFM TT was applied on 28 317	  

October at 400 dispensers ha-1. Isomate-C Plus dispensers were loaded with 109 mg 318	  

codlemone. An additional 1,000 dispensers ha-1 for C. pomonella and 400 ha-1 for G. 319	  

molesta were added 10 January and 1 February 2013, respectively.  Six trap-lure 320	  

treatments were included in the first study, including a delta trap baited with the sex 321	  
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pheromone lure of G. molesta, a PH combo lure (TRE0643) and both TRE0643 and the 322	  

BOC lure. Also, Ajar traps with the TAS bait alone, the TAS bait plus TRE0643, and 323	  

the TAS bait plus TRE0643 and a BOC lure were included.  Traps were put out on 22 324	  

February and checked twice per week until 4 April 2013. The second study evaluated 325	  

the use of screens on Ajar traps for G. molesta. Two new treatments were added to the 326	  

previous study, screened Ajar traps baited with either the TAS bait alone or the TAS 327	  

bait plus TRE0643 and BOC lures. Traps were re-randomized on 22 February and 328	  

checked twice per week until 9 April 2013. Total captures of nontargets insects 329	  

including moths, hymenopterans, and muscid flies were combined. Data for G. molesta 330	  

and nontargets in over this time interval were compared with unscreened Ajar and delta 331	  

traps baited with the TRE0643 and BOC lures. 332	  

Two studies were conducted in Chile during 2013. The first was conducted from 24 333	  

January to 11 February 2013. Five replicates of delta traps baited with the sex 334	  

pheromone of G. molesta, the PH combo lure (TRE0643), and TRE0643 plus the BOC 335	  

lure were included in the study. The orchard was treated with Cidetrak OFM L 336	  

dispensers at 400 ha-1 loaded with 250 mg of the three-component blend in the 93:6:1 337	  

ratio on 14 February 2013. The second study evaluated the use of screens on Ajar traps 338	  

for G. molesta. Treatments included a delta trap baited with sex pheromone, and 339	  

screened and unscreened Ajar traps baited with the TAS bait alone or the TAS bait plus 340	  

TRE0643 and the BOC lure. Traps were placed 19 February and checked twice per 341	  

week until 8 March 2013. Total captures of nontargets insects, including moths, bees, 342	  

and flies were recorded. 343	  

Statistical analyses.  344	  

Catch data were summarized across each test’s time period and analyzed with Statistix 9 345	  

(Analytical Software Inc., Tallahassee, FL). A square-root transformation was used to 346	  
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normalize count data prior to analysis of variance. The normality of data was inspected 347	  

with a Shapiro-Wilks test. If the transformed data were not normalized they were 348	  

analyzed with a non-parametric Kruskal-Wallis ANOVA of ranks. Normalized data 349	  

were analyzed with a completely randomized ANOVA. A P-value of 0.05 was used to 350	  

establish significance in all tests, Tukey’s test.  351	  

RESULTS 352	  

2012 studies 353	  

Field trials in Argentina, Chile, and USA found significant differences in the mean 354	  

catches of both species in traps baited with their sex pheromone alone versus the use of 355	  

the PH combo lure (Table 1). The PH combo lure caught significantly more G. molesta 356	  

than the sex pheromone lure in Argentina and Oregon; and in combination with acetic 357	  

acid significantly more in Chile and Oregon. The addition of acetic acid to the PH 358	  

combo lure did not significantly increase the catch of G. molesta in Argentina or 359	  

Oregon. Catch was also not increased by the addition of the HPV combo lure in either 360	  

country in South America or in Oregon. A relatively low number of female G. molesta 361	  

were caught in traps baited with acetic lures in Argentina, and these did not differ 362	  

among lure treatments, F 2, 12 = 0.67, P = 0.53. Similarly, a low proportion of female 363	  

moths were caught in trials in Chile and Oregon (3 – 5% of total catch). In Chile, the 364	  

mean female catch was significantly lower in traps baited with the HPV combo plus 365	  

acetic acid lures than in traps combining these lures with the PH combo lure, F 4, 44 = 366	  

18.78, P < 0.0001. In Oregon, the mean female moth catch in the three multiple lure 367	  

treatments did not differ, F 2, 42 = 0.51, P = 0.61. 368	  

Significant differences were found among lures for C. pomonella in all three studies 369	  

(Table 1). Total catch of C. pomonella was significantly reduced with the use of the PH 370	  

combo lure plus acetic acid compared with the sex pheromone lure. The addition of the 371	  
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HPV combo lure and/or acetic acid did not significantly differ from the moth catch with 372	  

the PH combo lure alone. The HPV combo and acetic acid lure treatment performed as 373	  

well as the sex pheromone lure and better than the PH combo plus acetic acid in 374	  

Argentina but not in Chile. Female C. pomonella were only caught in traps including an 375	  

acetic acid lure in Argentina, but there was no difference among these three lures, F 2, 12 376	  

= 3.10, P = 0.08. Only one female C. pomonella was caught during the entire study in 377	  

Chile in a trap baited with the PH and HPV combo lures plus acetic acid. Few female C. 378	  

pomonella moths were caught in the Washington apple study, < 0.5 per trap, and only in 379	  

traps baited with the acetic acid or HPV combo lures, F 2, 27 = 2.34, P = 0.12 (Table 1). 380	  

Seasonal trapping studies in California and Pennsylvania during 2012 found 381	  

significant differences in moth catches among trap-lure treatments (Table 2). The Ajar 382	  

trap with TAS bait caught significantly more total and female G. molesta than delta 383	  

traps with the sex pheromone or the PH combo lure plus acetic acid in California. Mean 384	  

catches of G. molesta were low in the apple orchards in Pennsylvania and no significant 385	  

differences were found among trap-lure treatments (Table 2). Traps caught a low and 386	  

highly variable number of C. pomonella in California and the mean catch was not 387	  

significantly different among treatments. No female codling moths were caught in 388	  

California orchards. A significant difference was found among trap-lure treatments in 389	  

the total catch of C. pomonella, but not for female moths in Pennsylvania. Also, the sex 390	  

pheromone lure-baited trap caught 20-fold more C. pomonella than the TAS-baited Ajar 391	  

trap in Pennsylvania (Table 2). 392	  

2013 studies. 393	  

Significant differences were found among treatments comparing delta and Ajar traps 394	  

baited with the PH combo lures in the total mean catch of G. molesta in both an Oregon 395	  

peach orchard not treated with sex pheromones and a treated peach orchard in 396	  
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Washington during 2013 (Table 3). Without a sex pheromone dispenser treatment, the 397	  

PH combo lure caught significantly more moths than the sex pheromone alone or the 398	  

TAS bait. Combining the TAS bait and the PH combo lure together in an Ajar trap 399	  

increased moth catches compared to the TAS bait but not the PH combo lure. In 400	  

contrast, the Ajar trap with the TAS bait plus the PH combo lure outperformed both trap 401	  

types with each individual component lure in an orchard treated with sex pheromone 402	  

dispensers. Female G. molesta were only caught in Ajar traps, and mean catches did not 403	  

vary among the two lure treatments (Table 3).  404	  

Significant differences were found in studies including the addition of the BOC lure 405	  

in both delta and Ajar traps in 2013 (Table 4). A significant increase in moth catch of G. 406	  

molesta compared with the sex pheromone lure was achieved with a combination of the 407	  

TAS bait, the PH combo lure and the BOC lure in an Argentina apple orchard (Table 4). 408	  

Some of the trap-lure treatments caught an intermediate number of moths (5-fold 409	  

range). A more limited study in Chile found that the PH combo lure plus BOC 410	  

outperformed the sex pheromone lure. Despite catching 2.5-fold more moths this lure 411	  

was not significantly better than the PH combo lure alone. Female G. molesta were 412	  

caught in similar numbers in all three of the Ajar-TAS treatments (Table 4).  413	  

Significant differences were found among trap-lure treatments in the catch of C. 414	  

pomonella (Table 4). Primarily, TAS-baited Ajar traps caught significantly fewer C. 415	  

pomonella than delta traps with either its sex pheromone or the PH lure. The four trap-416	  

lure treatments including the PH combo lure in Argentina did not differ statistically in 417	  

their total catch of C. pomonella (Table 4). Similar results were found for C. pomonella 418	  

in the apple study in Washington; however, the sex pheromone lure caught significantly 419	  

more C. pomonella than all treatments except for the PH combo lure alone. Female C. 420	  

pomonella were only caught in two Ajar traps including the PH combo lure in 421	  
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Argentina, and low numbers of female C. pomonella were caught in each of the three 422	  

Ajar trap treatments in Washington, means < 0.5 per trap (Table 4). 423	  

Significant differences in the catches of G. molesta were found in the season-long 424	  

programs in orchards in California during 2013 (Table 5). Both Ajar traps with TAS 425	  

bait and either the BOC lure alone or with the PH combo lure caught significantly more 426	  

moths than the PH combo lure within a delta trap in Lake County. Similar results were 427	  

also found in Yuba County with Ajar taps baited with either the TAS bait plus the PH 428	  

combo lure or with the further addition of the BOC lure compared with the PH combo 429	  

lure alone. A relatively high proportion of G. molesta caught in the Ajar traps were 430	  

females in Lake County and the mean catch did not vary among traps (Table 5).  431	  

The use of screens did not significantly reduce the total or female moth catches of 432	  

G. molesta in Ajar traps with either TAS bait alone or the TAS bait plus the BOC and 433	  

PH combo lures (Table 6). Total moth catches did not differ between a delta and an 434	  

unscreened or screened Ajar trap with TAS bait and BOC plus PH combo lures in 435	  

Argentina and Washington, but not in Chile. Similarly, mean female catches were 436	  

significantly higher only with the unscreened Ajar versus delta traps in Argentina and 437	  

Washington, but not in Chile. Numerically, screens had the largest negative effect on 438	  

trap performance in Argentina with 63 – 82% and 84 – 92% reductions in total moth 439	  

and female moth catch, respectively (Table 6).  440	  

The level of incidental catch of nontarget insects varied widely among studies and 441	  

among trap-lure treatments (Table 6). Screened Ajar traps caught significantly fewer 442	  

nontargets than unscreened Ajar traps in four of the five comparisons. The mean catch 443	  

of nontargets in the screened Ajar traps was similar to the catch in delta traps without 444	  

the TAS bait (Table 6). 445	  

DISCUSSION 446	  
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G. molesta is a key pest of stone fruits throughout the world and an important pest of 447	  

apple and pear in many regions. Effective management programs utilizing sex 448	  

pheromones for mating disruption through the application of hand-applied dispensers, 449	  

microencapsulated sprays, or aerosol emitters have been implemented. Dual-species 450	  

sex pheromone dispensers, sprays, and aerosol emitters have been developed for 451	  

orchards with both G. molesta and C. pomonella. Monitoring the seasonal population 452	  

dynamics of both species is a key prerequisite to supplement the mating disruption 453	  

programs with well-timed and necessary insecticide sprays.  454	  

Our studies in both North and South America over two years found that the total 455	  

catch of G. molesta could be increased in stone and pome fruit orchards treated with 456	  

mating disruption from 4 to 21-fold by switching from simply a sex pheromone lure to 457	  

various combinations of a PH combo, TAS bait, and HPV lures. Adding the PH 458	  

combo lure to the Ajar trap increased mean moth catches in traps at least 2-fold (not 459	  

always statistically different), and this increased catch was comparable to moth catch 460	  

in delta traps baited with the PH combo lure. However, female moths were only 461	  

caught in Ajar traps so that the combination of the TAS bait and the PH combo lure 462	  

provides additional information to track seasonal pest population dynamics. The TAS 463	  

bait was not attractive to C. pomonella; and the PH combo lure in general, caught 47-464	  

62% fewer C. pomonella than the sex pheromone lure alone.  465	  

Different results were found with catches of C. pomonella using the PH combo 466	  

lure alone and with other attractants. Previous studies in orchards without mating 467	  

disruption have shown that C. pomonella catches in traps baited with C. pomonella 468	  

and G. molesta pheromone are lower than in traps baited with C. pomonella 469	  

pheromone alone (Arn et al. 1974, Evenden and McLaughlin 2005). Inclusion of G. 470	  

molesta pheromone components reduces upwind flight to C. pomonella pheromone 471	  
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sources in wind tunnel experiments (Preiss and Priessner 1988). On the other hand, 472	  

previous studies in orchards without mating disruption have found that G. molesta 473	  

catches are increased when C. pomonella pheromone is included compared with traps 474	  

baited with G. molesta pheromone alone (Allred et al. 1995, Evenden and 475	  

McClaughlin 2005). Our data from mating disruption orchards support the same 476	  

results of a reduced C. pomonella and an increased G. molesta catch in traps baited 477	  

with both species pheromones. This suggests that separate traps should be used to 478	  

monitor the two species within orchards treated with dual mating disruption. 479	  

C. pomonella is most effectively monitored in sex pheromone-treated orchards 480	  

with a sex pheromone plus HPV combo lure with acetic acid added as a co-lure 481	  

(Knight and Light 2012). The addition of acetic acid can increase moth catches with 482	  

attractive HPVs, pear ester for C. pomonella and (E)-β-ocimene for G. molesta 483	  

(Knight et al. in press). Yet, in our studies when acetic acid was either added alone or 484	  

with the HPV combo lure it did not improve the attractiveness of the PH combo lure 485	  

for either species. Interestingly, the BOC lure used in 2013 nearly doubled the catches 486	  

of G. molesta when used with the PH combo lure in delta traps. The delta trap also 487	  

performed as well as the TAS-baited Ajar trap with PH combo and BOC lures added 488	  

to each in studies in Argentina and Washington. The trade-offs in using either the delta 489	  

or Ajar trap would be that the latter trap uses a potentially messy liquid bait, but 490	  

catches female moths. 491	  

The placement of screens on each end of the Ajar trap was effective in reducing 492	  

the catch of nontargets. The TAS bait is a potent non-specific attractant and standard 493	  

bait buckets often fill with hundreds of nontargets (Rothschild et al. 1984). Yet, the 494	  

need for screens to reduce this non-specific catch may be site specific. For example, 495	  

Ajar traps used in California over the past three years typically caught 10 to 80-fold 496	  
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more flies than G. molesta per season (B. Zoller and R. Hansen, unpubl. data), and a 497	  

similar pattern was seen in Washington in 2013. In contrast, the total catch of non-498	  

targets in orchards in South America have been relatively low, except for bees when 499	  

white Ajar traps were used (Cichon et al. 2013). A previous study found that the use of 500	  

similar screens reduced the catch of G. molesta and in particular female moths which 501	  

are larger (Knight et al. 2013). Our data from Argentina suggests that the current 502	  

prototype design has some negative effect on catches of G. molesta, and further 503	  

refinements may be needed. 504	  

The ability to seasonally track both male and female flights for pests, such as G. 505	  

molesta could have several advantages. For example, monitoring C. pomonella 506	  

females with pear ester can improve the predictive timing of egg hatch and the 507	  

establishments of action thresholds (Knight and Light 2005a, b), can allow their 508	  

mating status to be determined (Knight 2006, 2007a), and can provide a more local 509	  

assessment of pest density as females are less dispersive, while males disperse towards 510	  

sex pheromone-treated orchards and to sex pheromone-baited traps (Knight 2007b). 511	  

TAS-filled bait buckets, while cumbersome, have allowed pest managers to track 512	  

female G. molesta populations for decades (Rothschild et al. 1984). Yet, management 513	  

programs using seasonal counts of female G. molesta have not been developed. In 514	  

comparison, a site-specific management program largely based on spatial moth 515	  

catches of male and female C. pomonella has been developed which has significantly 516	  

reduced insecticide usage for this pest and reduced management costs (Knight et al. 517	  

2009). Adoption of the Ajar trap design may more easily allow a similar approach to 518	  

be developed for G. molesta. 519	  

520	  
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