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Abstract 25 

We evaluated the effectiveness of 2-phenylethanol (PET) in combination with acetic acid (AA) 26 

as a binary lure for monitoring male and female obliquebanded leafroller, Choristoneura 27 

rosaceana (Harris). Studies were conducted in apple, Malus domestica Borkhausen, orchards 28 

treated with or without sex pheromone dispensers for mating disruption (MD).  Open 29 

polypropylene vials, closed membrane cups, and rubber septa loaded with AA and/or PET in 30 

varying amounts were first evaluated in a series of trapping experiments. Membrane cups loaded 31 

with 800 mg of PET were as effective as 10-mg septa, but longer lasting, and were comparable 32 

to the open vials. A membrane cup AA lure was effective in tests, but further work is needed to 33 

increase its release rate and extend its activity. Catches of codling moth, Cydia pomonella (L.), 34 

and C. rosaceana were unaffected by combining PET with (E,E)-8,10-dodecadien-1-ol, the sex 35 

pheromone of codling moth, pear ester, (E,Z)-2,4-ethyl-decadienoate, and AA lures. Adding (E)-36 

4,8-dimethyl-1,3,7-nonatriene to this blend to enhance codling moth catch, significantly reduced 37 

catches of C. rosaceana. PET+AA was a more attractive binary lure than AA plus 38 

phenylacetonitrile (PAN) for C. rosaceana. The addition of PET or PAN to traps already baited 39 

with the sex pheromone of C. rosaceana significantly reduced male catches. Traps baited with 40 

PET+AA placed in blocks not treated with MD caught significantly fewer C. rosaceana than 41 

traps baited with sex pheromone. In comparison, sex pheromone-baited traps in MD blocks 42 

caught < 1 male moth per season which was significantly lower than total moth (> 10) or female 43 

moth (> 3) catch in these blocks with PET+AA. A high proportion (> 70%) of trapped females 44 

were mated in both untreated and MD-treated orchards. Further refinement of this binary, 45 

bisexual lure using membrane cup technology may allow the establishment of action thresholds 46 

and improve management timings for C. rosaceana.  47 
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Introduction 50 

Commercial apple, Malus domestica Borkhausen, orchards in western North America can be 51 

attacked by a suite of tortricid pests (leafrollers) that feed primarily on foliage but sometimes 52 

damage the surface of fruits (Madsen and Madsen 1980; Barnett et al. 1991; Beers et al. 1993).  53 

Pandemis pyrusana Kearfott, and the obliquebanded leafroller, Choristoneura rosaceana 54 

(Harris), are the two most important pests in this leafroller complex in Washington State, 55 

(Brunner and Beers 1990). C. rosaceana is also an important pest of apple in eastern North 56 

America (Chapman 1973). Improved monitoring of these pests is needed because catches of 57 

male tortricid leafrollers with sex pheromone-baited traps have not been effective in 58 

characterizing within-field population densities in apple orchards (Knight 2001; Alway 2003). 59 

The broad host range of these tortricid pests and their dispersal from outside habitats (via larval 60 

ballooning and adult flights) into management units are thought to contribute to the difficulty in 61 

using traps to monitor and predict local population densities (Chapman 1973; Thayer et al. 1997; 62 

Knight 2001).  63 

Apple growers usually manage leafrollers with insecticides which has selected for resistance 64 

and cross-resistance to some classes of compounds (Pree et al. 2001; Dunley et al. 2006). In 65 

order to counter this selection pressure many growers have broadened their management tactics 66 

to include use of microbial and newer conventional insecticides (Cossentine et al. 2003; Smirle 67 

et al. 2003; Sial et al. 2010). Meanwhile, researchers have examined the use of sex pheromones 68 

for mating disruption (MD), including formulations targeting several species (Evenden et al. 69 

1999; Curkovic and Brunner 2005; Judd and Gardiner 2008). At present, MD is being used 70 

against leafrollers on a relatively small proportion of apples in Washington State; primarily 71 

against C. rosaceana in certified-organic orchards (Knight 2010).  Catches of C. rosaceana with 72 
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sex pheromone traps are significantly reduced (>92%) in orchards treated with MD (Knight et al. 73 

1998; Judd and Gardiner 2008). Thus, while sex pheromone-baited traps can be used to assess 74 

whether sex pheromone communication of adult populations is being affected, their catches are 75 

generally too low to track the seasonal phenology of these pests. Consequently, growers must 76 

rely on model predictions to time sprays (Jones et al. 2005) with an absence of knowledge of the 77 

relative pest population densities. 78 

Recently, pear ester, ethyl (E, Z)-2,4-decadienoate plus acetic acid in traps with the sex 79 

pheromone of codling moth, Cydia pomonella (L.), (E,E)-8,10-dodecadien-1-ol (codlemone), 80 

was shown to be a mildly attractive lure for apple leafroller species common in Washington State 81 

(Knight et al. 2014).  Surprisingly, the relatively low moth counts were well correlated with 82 

immature population densities of leafrollers within orchards, and thus were useful predictors to 83 

aid pest management decisions (Knight et al. 2014). Further development of more powerful non-84 

pheromone attractants for leafrollers could improve the accuracy of this approach, especially in 85 

orchards under management with MD (Knight et. al 1998). 86 

A number of common host-plant volatiles, including green leaf volatiles and terpenes, in 87 

combination with acetic acid, have been tested as potential lures for adult leafrollers in apple 88 

(Knight et al. 2014). In addition to pear ester, these have included (E)-β-farnesene, (E)-β-89 

ocimene, (E)-4,8-dimethyl-1,3,7-nonatriene, (Z)-3-hexenyl acetate, and (E,E)-farnesol. 90 

Unfortunately, none of these volatiles significantly increased the catches of adult leafrollers 91 

achieved with using acetic acid alone.  92 

The search for new attractants for leaf-feeding tortricids is being directed in part by the 93 

characterization of herbivore-induced plant volatiles (HIPVs) produced by apple leaves in 94 

response to feeding by two species of leafrollers: the light brown apple moth, Epiphyas 95 
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postvittana (Walker) (Suckling et al. 2012), and the dark fruit tree tortrix, Pandemis heparana 96 

Denis and Schiffermüller (Giacomuzzi et al. 2013). Phenylacetonitrile was recently identified 97 

among a subset of these identified HIPVs as being an effective attractant for P. pyrusana in 98 

Washington State, but only when combined with acetic acid (Knight et al. 2016). Surprisingly, 99 

this binary lure caught six-times more total moths (1:1 sex ratio) than the number of male moths 100 

caught with a commercial sex pheromone lure. Another aromatic benzenoid volatile, 2-101 

phenylethanol was not originally reported to be released from apple foliage injured by tortricid 102 

larvae, but has more recently been found to be released at low levels, and also found to be 103 

attractive for both sexes of a number of tortricid adults when combined with an acetic acid co-104 

lure in Europe, New Zealand, and Canada (El-Sayed et al. 2016; Giacomuzzi et al. 2016).  105 

The alcohol, 2-phenylethanol is a common compound usually synthesized by plants from 106 

phenylalanine (Bruce et al. 2005); and is found in a wide array of flowers and fruits, including 107 

apple (Omata et al. 1990; Knudsen et al. 1993; Buchbauer et al. 1993). In tree fruits, 2-108 

phenylethanol is also a bisexual attractant for apple fruit moth, Argyresthia conjugella Zeller 109 

(Bengtsson et al. 2006), and an attractant for the green lacewing, Chrysoperla carnea (Say) (Zhu 110 

et al. 2005). Recognition of 2-phenylethanol as a HIPV is consistent with an earlier study by 111 

Boevé et al. (1996) with apples infested with the European apple sawfly, Hoplocampa testudinea 112 

(Klug). Also, 2-phenylethanol has previously been combined with acetic acid to enhance its 113 

attraction for Drosophila melanogaster Meigen, (considered a microbial volatile in this context) 114 

(Zhu et al. 2003; Becher et al. 2010). Acetic acid and 2-phenylethanol are part of a blend of 115 

volatiles released by grape inoculated with either yeasts or acetic bacteria that were shown to 116 

increase oviposition and fitness of the tortricid Lobesia botrana (Denis and Schiffmüller), (Tasin 117 

et al. 2011). Combinations of acetic acid and 2-phenylethanol have also been shown to increase 118 
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catches of adult Chrysoperla spp., in apple and other tree fruit crops (Toth et al. 2009; Jones et 119 

al. 2015). 120 

 Following this line of research, we conducted studies to evaluate the effectiveness of 121 

using 2-phenylethanol in combination with acetic acid as a potential bisexual lure for adult C. 122 

rosaceana in orchards treated with and without MD. Parallel studies were conducted to develop 123 

effective long-lasting seasonal lures. In addition, three additional studies were conducted to 124 

evaluate the potential effectiveness of this binary lure in apple pest management: 1. the 125 

effectiveness of 2-phenylethanol versus phenylacetonitrile when both are used with acetic acid; 126 

2. the use of either aromatic in combination with the sex pheromone of C. rosaceana, and 3. the 127 

use of 2-phenylethanol within the same trap with lures for C. pomonella. 128 

 129 

Materials and Methods 130 

Lure development  131 

Several types of release devices were prepared with 2-phenylethanol (99%) and glacial acetic 132 

acid (99.7%)  (Sigma Aldrich, St. Louis, MO). Four proprietary plastic membrane cup lures (1.8 133 

cm diameter) loaded with acetic acid (TRE3321 and TRE1468), 2-phenylethanol (TRE1256), or 134 

phenylacetonitrile (TRE1381) were prepared by Trécé Inc. (Adair, OK). A 5-cm diameter 135 

membrane cup lure loaded with 2-phenylethanol (TRE1274) was also provided by Trécé Inc. All 136 

membrane cup lures were loaded with neat material.  137 

A second release device consisted of polypropylene vials (Nalg-Nunc International, 138 

Rochester, NY) loaded with two cotton balls and with different sized apertures drilled into the 139 

cap. The 2-phenylethanol vial lures consisted of a 4-ml vial with a 1.5-mm aperture and loaded 140 

with 3-ml, and the two acetic acid vial lures tested were 8.0-ml vials with either 1.0 or 3.2-mm 141 
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apertures and loaded with 5.0 ml. Red rubber septa lures with 2-phenylethanol were prepared 142 

using dichloromethane as the carrier and loaded with 1.0, 5.0, and 10.0 mg. Four proprietary 143 

septa lures (Trécé Inc.) were also included in our studies: red rubber septa loaded with the full 144 

proprietary rate sex pheromone of C. rosaceana (Pherocon OBLR/W, TRE3223) and a 10% 145 

loading (TRE1229), and grey halobutyl septa (Pherocon CM DA Combo, TRE3461) loaded with 146 

codlemone and pear ester and a second lure including the addition of 3.0 mg of (E)-4,8-147 

dimethyl-1,3,7-nonatriene (DMNT, TRE1225). 148 

The weight loss of all acetic acid and 2-phenylethanol lures (N = 5) was measured in the 149 

laboratory at 25oC. Lures were spaced 15 cm apart on paper-lined trays, aired for 24 h and 150 

weighed, and then re-weighed weekly for up to 12 weeks. It was not possible to estimate the 151 

weight loss of 4.0-ml vials with 1.5-mm apertures loaded with 2-phenylethanol due to a gradual 152 

weight gain by the lure over time. 153 

Study protocols 154 

Orange delta traps with sticky inserts (Pherocon VI, Trécé Inc.) were used in most studies, but 155 

white plastic bucket traps with green lids (Multipher 1, Great Lakes IPM, Vestaburg, MI) were 156 

used in two experiments. Multipher traps were filled with 250 ml of propylene glycol (Integra 157 

Chemical Co., Kent, WA) to retain moths. Five or 10 replicates of each lure treatment were 158 

randomized and spaced 50 m apart and 30 m from the physical border of each orchard in each 159 

experiment. Traps were hung in the tree canopy at a 2.5 – 3.0 m height. All lures were placed in 160 

the center of the trap’s sticky liner (AlphaScents, Portland, OR).  161 

Study sites (2 – 150 ha) included seven commercial and one unsprayed experimental 162 

orchard (Moxee, 46o30’5N, 120o10’16W). One orchard was certified organic (Azwell, 163 

47o56’17’N, 122o44’7’W) and one was managed with a non-insecticide program (Ashland, 164 
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42o14’47’N, 119o52’22’W). The remaining orchards were managed with unspecified 165 

conventional spray programs. All of the orchards except Ashland were treated with sex 166 

pheromone dispensers for MD of C. pomonella. The Burbank orchard (46o19’51’N, 167 

18o43’18’W) in 2015 and 2016 and the Azwell orchard in 2015 were treated with Isomate CM 168 

Flex (Pacific Biocontrol, Vancouver, WA) loaded with 88 mg of codlemone. The Azwell orchard 169 

in 2016 was treated with a dual aerosol system (SemiosBio Technologies, Vancouver, British 170 

Columbia) applied at 2.5 ha-1 that released 40 mg puffs (7.22 mg a.i.) of codlemone and (Z)-11-171 

tetradecenyl acetate for C. rosaceana from separate canisters every 15 minutes for 12 hours each 172 

day. The Parker (46o29’25’N, 120o25’41’W), Wapato (46o24’33’N, 120o28’51’W), and Naches 173 

(46o39’56’N, 120o39’49’W) orchards in 2015 and the Moxee orchard in both 2015 and 2016 174 

were treated with Cidetrak CMDA Combo PP dispensers loaded with 90 and 60 mg of 175 

codlemone and pear ester, respectively. The Wapato, Tieton (46o42’11’N, 120o45’21’W), and 176 

East Wenatchee (47o25’17’N, 120o17’17’W) orchards during 2016 were treated with Cidetrak 177 

CM-DA Meso dispensers loaded with 900 and 600 mg of codlemone and pear ester, respectively, 178 

and applied at 80 ha-1.  179 

 180 

2015 lure studies 181 

Three field studies were conducted in 2015 to compare moth catches of C. rosaceana with 182 

various combinations of acetic acid and 2-phenylethanol lures. Experiment 1 compared traps 183 

baited with 2-phenylethanol (4.0-ml vials with a 1.5-mm aperture) in combination with one of 184 

the three different acetic acid co-lures: the membrane cup TRE3321, and two polyethylene 8.0-185 

ml vials with either 1.0 or 3.2-mm apertures. This study was conducted in the Burbank orchard 186 

from 14 - 28 July with 10 replicates per lure. Experiment 2 compared moth catches in traps 187 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted January 3, 2017. ; https://doi.org/10.1101/093955doi: bioRxiv preprint 

https://doi.org/10.1101/093955


 10

baited with the 8.0-ml vial with the 3.2-mm aperture loaded with acetic acid and either the 4.0-188 

ml vial with a 1.5-mm aperture or the TRE1256 membrane cup lure loaded with 2-189 

phenylethanol. This test included five replicates and was conducted in the Burbank and Ashland 190 

orchards from 18 June to 2 July and from 31 July to 13 August, respectively. Experiment 3 191 

compared moth catch in traps baited with acetic acid (8.0-ml vial with a 3.2-mm aperture) and 192 

either the smaller (TRE1256) or larger (TRE1274) membrane cup lures loaded with 2-193 

phenylethanol. This was conducted with five replicates in the Burbank and Azwell orchards 194 

from 18 June to 2 July and 11 August to 8 September, respectively.  195 

 196 

2016 lure studies 197 

Four additional lure combination studies were conducted during 2016. Red septa lures 198 

(TRE1410, 1411, 1412) loaded with 1.0, 5.0, and 10.0 mg 2-phenylethanol, respectively; and the 199 

membrane cup lure TRE1256 all in combination with the 3.2-mm aperture acetic acid vial were 200 

compared in three orchards during Experiment 4: Azwell from 11 – 25 June, Wapato from 30 201 

June to 13 July, and twice in the Moxee orchard from 24 August to 7 September and 31 August 202 

to 14 September. Experiment 5 was conducted with the TRE1256 membrane cup lure loaded 203 

with 2-phenylethanol and either the TRE1468 membrane cup or the 8.0-ml vial with a 3.2-mm 204 

aperture loaded with acetic acid. This test was conducted on two dates in both the Moxee (13 to 205 

27 July and 17 to 31 August) and Ashland (25 July to 8 August and 21 August to 5 September) 206 

orchards. Experiment 6 compared traps baited with the membrane cup lure, TRE1468 loaded 207 

with acetic acid plus either a 10.0 mg septa (TRE1412) or the TRE1256 membrane cup lure 208 

loaded with 2-phenylethanol. This study included 10 replicates in the Moxee and Ashland 209 

orchards and was conducted twice from 31 August to 7 September and 21 August to 5 210 
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September, respectively. Experiment 7 was conducted twice at the Moxee orchard from 25 July 211 

to 8 August and 17 to 31 August, respectively; and in the Ashland orchard from 31 August to 7 212 

September. This experiment included five replicates on each date and compared moth catches in 213 

traps baited with the combination of 2-phenylethanol plus acetic acid using either the septa 214 

TRE1412 and the membrane cup TRE1468 lures or the membrane cup TRE1256 with the 8.0-ml 215 

vial with the 3.2-mm aperture lures. 216 

Two studies compared moth catches in traps baited with either 2-phenylethanol or 217 

phenylacetonitrile in combination with acetic acid. Experiment 8 compared moth catches in delta 218 

traps baited with the membrane cup lures TRE1256 with 2-phenylethanol or TRE1381 with 219 

phenylacetonitrile plus the addition of an 8.0-ml vial with a 3.2-mm aperture loaded with acetic 220 

acid. This study was repeated four times during 2016, including from 21 June to 5 July in the 221 

Burbank orchard, 16 to 30 August in the Ashland orchard, and 11 to 25 July and 29 August to 12 222 

September in the Moxee orchard. Experiment 9 in 2016 compared moth catches in Multipher 223 

traps baited with the 10% sex pheromone lure TRE1229 for C. rosaceana alone and in 224 

combination with the membrane cup lures TRE1256 or TRE1381. This study was conducted 225 

with three replicates of each lure combination in the Tieton, Wapato, and Moxee orchards (N = 226 

9) from 24 July to 21 August.  227 

Moth catches of both C. pomonella and C. rosaceana in the same trap were recorded in 228 

two studies comparing lures used primarily for one species or the other individually or together. 229 

Delta traps in Experiment 10 were baited with either the Pherocon CM-DA Combo septa plus the 230 

TRE3321 membrane cup lure with acetic acid for C. pomonella, the 2-phenylethanol 4.0-ml vial 231 

with 1.5-mm aperture lure plus the 8.0-ml vial with a 3.2-mm aperture with acetic acid for C. 232 

rosaceana, or both sets of lures together. This study was run in both the Wapato and Parker 233 
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orchards from 9 to 23 July. Experiment 11 was conducted in the Ashland orchard in 2016 234 

comparing moth catches in delta traps baited with the membrane cup lure TRE1468 loaded with 235 

acetic acid and either the TRE1225 septa lure loaded with pear ester, DMNT, and codlemone for 236 

C. pomonella, the membrane cup lure TRE1256 for C. rosaceana, or both lures. This study was 237 

run from 21 August to 2 September 2016 with 10 replicates.  238 

 239 

Monitoring under mating disruption 240 

Studies were established to examine the effectiveness of 2-phenylethanol plus acetic acid-baited 241 

traps for monitoring C. rosaceana in orchards treated with and without MD. The size of 242 

replicated plots treated with different sex pheromone dispensers in each orchard ranged from 2 - 243 

7 ha. Growers at each study site applied MD dispensers for both C. pomonella and C. rosaceana 244 

during early to mid-April. Four types of MD dispensers were used in these studies and their 245 

deployment was randomized in each orchard. During 2015 three replicates of two dispenser 246 

treatments (2.0 ha) were established in the Naches orchard: plots were treated with either 247 

Cidetrak CMDA Combo PP or a proprietary dispenser Cidetrak CMDA-LR loaded with 248 

codlemone, pear ester, and an unspecified four-component blend for leafrollers. Three replicates 249 

of two types of dispensers were applied for C. rosaceana at the Burbank study site. These two 250 

dispensers were either Cidetrak CMDA-LR or the Cidetrak CMDA-LR Meso dispenser. The 251 

Cidetrak CMDA-LR Meso dispenser was loaded with 10-times more active material than the 252 

former dispenser and was applied at a corresponding 10% rate at 80 ha-1. In addition, six plots 253 

treated with Isomate CM Flex at 800 ha-1 for only C. pomonella were also included in this study. 254 

During 2016 a similar study was conducted at three sites, and included seven paired replicates 255 

(Wapato, N = 3; Tieton, N = 2; and E. Wenatchee, N = 2) of adjacent 4.0-ha plots treated with 256 
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either Cidetrak CM-DA Meso alone or in combination with a proprietary Cidetrak LR Meso 257 

dispenser loaded with (Z)-11-tetradecen-1-yl acetate. The two Meso dispensers were paired on 258 

plastic clips and applied at 80 ha-1. 259 

Study sites were monitored with three different types of lures in delta traps. Traps were 260 

baited with either the sex pheromone for C. rosaceana (OBLR/W, 3223), the combination lure 261 

loaded with pear ester and codlemone (TRE3461) plus the Pherocon AA lure (TRE3321) loaded 262 

with acetic acid for C. pomonella, or one of several formulations of 2-phenylethanol plus a 8.0-263 

ml vial lure with a 3.2-mm aperture loaded with acetic acid. During 2015, traps with the 2-264 

phenylethanol 4.0-ml vial lure with a 1.5-mm aperture were used in the Naches orchard; and 265 

traps with the TRE1256 membrane cup lure loaded with 2-phenylethanol were used in the 266 

Burbank orchard. Traps baited with TRE1256 and acetic acid vials were used in all replicates in 267 

2016. Traps for C. pomonella were placed at a density of one per ha. Traps with either sex 268 

pheromone or 2-phenylethanol and acetic acid lures for C. rosaceana were used at a density of 269 

one per 2.0-ha. Traps were placed in each orchard in early May and were checked at least once 270 

every two weeks in 2015 and once every four weeks in 2016 until mid-September. Sex 271 

pheromone septa lures for C. rosaceana were replaced every four weeks, and the C. pomonella 272 

septa lures, the 2-phenylethanol vial and membrane cup lures, and the acetic acid vials were 273 

replaced every eight weeks. Adult female C. rosaceana caught in traps placed in both the 274 

untreated and sex pheromone-treated plots were dissected to determine their mating status. Fruit 275 

were sampled during September in both years to detect leafroller larval feeding damage. During 276 

2015 1,200 fruits were examined by sampling thirty fruit from mid-canopy from 40 trees in each 277 

plot. A larger fruit sample was taken in 2016 (3,000 fruits per plot), except in the Tieton orchard 278 

which was in its third-leaf and not allowed by the farm manager to produce fruit. 279 
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 280 

Statistical analyses 281 

 Count data were subjected to a square root transformation before analysis of variance (ANOVA) 282 

to normalize their variances, and this was measured with a Shapiro-Wilks test. A randomized 283 

complete block design was used in most studies with date or orchard as the blocking variable 284 

(Statistix 9, Analytical Software, Tallahassee, FL). Treatment means were separated using 285 

Tukey’s HSD test with an experiment-wise α-value of 0.05 following a significant ANOVA.  286 

 287 

Results 288 

Lure development 289 

Weight loss over a 14-d period at 25 o C varied >7-fold among the acetic acid and 2-290 

phenylethanol lures tested in our studies (Table 1). The rate of weight loss for lures used in the 291 

seasonal field trials also varied widely over a 12-wk period. For example, the membrane cup lure 292 

TRE1256 had a consistent weight loss over this longer time period, slope = 0.0023, P = 0.54. 293 

The acetic acid vials with 1.0-mm and 3.2-mm apertures clearly had different mean weight losses 294 

(Table 1), and the vial with the larger aperture which was the one used in seasonal field trials had 295 

a consistent weight loss over a 12-week period at 25 oC, slope = -0.8794, P = 0.21. In contrast, 296 

the acetic acid membrane cup lure TRE1468 had a significant linear decline in weight loss as a 297 

function of time, slope = -4.069, R2 = 0.90, P < 0.001. After six weeks the mean daily weight 298 

loss of the TRE1468 membrane cup lure was reduced to a level (5.09 mg d-1) similar to that of a 299 

new (< 2-weeks-old) TRE3321 lure (Table 1). Red rubber septa loaded with 10.0 mg of 2-300 

phenylethanol had a relatively short active release phase with only a minimal weight loss (< 0.1 301 

mg d-1) measured during the third week of aging at 25 oC. While, the proprietary membrane cup 302 
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lure loaded with phenylacetonitrile TRE1381 was purported to have the same plastic membrane 303 

and to be loaded with the same volume of active compound (800 mg) as the 2-phenylethanol lure 304 

(TRE1256); its mean weight loss was nearly 4-fold higher over the initial two-week period of 305 

aging (Table 1). TRE1381 also had a consistent weight loss over the extended 12-week 306 

assessment period, slope = -0.0218, P = 0.27. 307 

The type of 2-phenylethanol or acetic acid release device used in delta traps had a 308 

significant effect on trap performance across a series of experiments (Table 2). Traps with vials 309 

losing higher amounts of acetic acid caught significantly more total moths than traps with the 310 

membrane cup lure TRE3321 (Experiment 1). Catch of female moths was significantly higher 311 

with the use of the 3.2-mm aperture vial than TRE3321 and the vial with the smaller aperture 312 

caught an intermediate number of female moths. Total or female moth catch in Experiment 2 did 313 

not vary with the use of either the 1.5-mm aperture vial or the membrane cup TRE1256 lure 314 

loaded with 2-phenylethanol when used with the 3.2-mm aperture vial with acetic acid. 315 

However, moth catch was significantly reduced in Experiment 3 when traps were baited with the 316 

larger membrane cup lure TRE1278 loaded with 2-phenylethanol compared with TRE1256 when 317 

used in combination with the 3.2-mm aperture acetic acid vial. Septa lures loaded with either 5.0 318 

or 10.0 mg 2-phenylethanol caught similar number of total moths as traps with TRE1256 when 319 

the 3.2-mm aperture vial with acetic acid was used in Experiment 4. All three lures outperformed 320 

the 1.0-mg septa lure in this experiment. Differences in female moth catches among lure 321 

treatments were more variable with the TRE1256 and 10.0-mg septa lure catching similar 322 

numbers and the 5.0-mg septa caught fewer females than the TRE1256-baited traps. No 323 

significant difference in total or female moth catch occurred in Experiment 5 between traps 324 

baited with TRE1256 and either the membrane cup lure TRE1468 or the vial with a 3.2-mm 325 
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aperture loaded with acetic acid. Similarly, no significant differences in total or female moth 326 

catch occurred in traps baited with TRE1468 loaded with acetic acid and either the 10-mg septa 327 

or TRE1256 lures loaded with 2-phenylethanol in Experiment 6. However, the lure combination 328 

of TRE1256 plus a vial with a 3.2-mm aperture caught significantly more total moths than traps 329 

with a 10-mg septa and TRE1468.The difference in female moth catch between these two lure 330 

combinations was not significant, P = 0.08.  331 

Experiments 8 and 9 compared moth catches with membrane cup lures loaded with either 332 

2-phenylethanol or phenylacetonitrile. First, significant differences in both total (F 1, 35 = 4.70, P 333 

< 0.05) and female (F 1, 35 = 4.95, P < 0.05) moth catches were found between traps baited with 334 

acetic acid plus either 2-phenylethanol or phenylacetonitrile (Fig. 1). Second, the addition of 335 

either 2-phenylethanol or phenylacetonitrile significantly reduced the catch of male moths in 336 

Multipher traps baited with sex pheromone, F 2, 24 = 4.62, P < 0.05 (Fig. 2).  337 

Results were variable in Experiments 10 and 11 for the dual captures of C. pomonella and 338 

C. rosaceana when different lures for each species were combined in traps (Table 3). For 339 

example, the addition of the 2-phenylethanol 1.5-mm aperture vial to traps baited with a 340 

codlemone and pear ester loaded septum plus the acetic acid 3.2-mm aperture vial did not affect 341 

moth catches of C. pomonella. Similarly, catch of C. rosaceana was not impacted with the two 342 

vial lures when the binary septa were added. In contrast, use of a ternary septum lure that 343 

included codlemone, pear ester, and DMNT significantly reduced C. rosaceana total and female 344 

numbers compared with the 2-phenylethanol when used with the membrane cup acetic acid lure 345 

TRE1468 (Table 3). This adverse effect from adding DMNT was also seen with the significantly 346 

lower catch of C. rosaceana that occurred in traps baited with only the ternary septa plus an 347 

acetic acid lure.  348 
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 349 

Monitoring under mating disruption 350 

Similar and significant differences in catches of C. rosaceana were found among lures in orchard 351 

plots treated with MD dispensers in both study years (Table 4). A significant interaction of MD 352 

dispenser treatment × lure type was found in the ANOVA for total moth catches in both years. 353 

Moth catch was highest in sex pheromone-baited traps placed in untreated plots. Total moth 354 

catch in traps baited with 2-phenylethanol and acetic acid in both untreated and treated plots had 355 

the second highest total moth catch, and moth catch in either the sex pheromone-baited traps 356 

placed in MD-treated plots or catch in traps baited with codlemone, pear ester and the membrane 357 

cup lure TRE3321 in either the untreated or MD-treated plots were the lowest. Cumulative mean 358 

female moth catch were similar and significantly higher in both the untreated and MD-treated 359 

plots then in traps baited with the codlemone plus pear ester septa and the membrane cup 360 

TRE3321 acetic acid lure. Few unmated C. rosaceana females were caught in traps baited with 361 

2-phenylethanol and acetic acid in untreated and MD-treated plots in either year: 18 and 22% in 362 

2015 and 5 and 10% in 2016, respectively. No sampled fruit from any orchard in either year 363 

were found to have leafroller larval injury.  364 

 365 

Discussion 366 

The combined use of 2-phenylethanol and acetic acid was shown to be an effective lure to 367 

monitor C. rosaceana within orchards treated with sex pheromones for MD. In comparison, sex 368 

pheromone-baited traps within MD-treated orchards caught almost no moths during the season as 369 

has been previously shown with a range of MD technologies, including, sprayables, hand-applied 370 

dispensers, and aerosols (Knight et al. 1998; Evenden et al. 1999; Knight 2000; Judd and 371 
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Gardiner 2008). Moth catch was also 5 to 40-times higher with the new binary lure than in traps 372 

baited with pear ester and acetic acid. Previously, the pear ester plus acetic acid lure combination 373 

was found to provide some useful information in regards to pest density of both C. rosaceana 374 

and P. pyrusana (Knight et al. 2014). Unfortunately, no leafroller fruit injury was detected in the 375 

various orchards monitored in 2015-2016, and correlations of moth catches with this new binary 376 

lure and larval pest pressure was not possible. Future studies will survey orchards with a range of 377 

pest pressures of C. rosaceana to establish whether useful action thresholds can be established 378 

with the use of a binary 2-phenylethanol and acetic acid lure. 379 

 Our array of field experiments have helped to optimize the emission characteristics 380 

needed for both 2-phenylethanol and acetic acid lures, i.e. ease in handling, attractiveness, and 381 

longevity. The significant reduction in moth catch that occurred with the membrane cup lure 382 

TRE1278 compared with TRE1256 defined the upper limit of the emission rate of 2-383 

phenylethanol. A rubber septum loaded with 10.0 mg of 2-phenylethanol was effective in 384 

catching moths, but was too short lived. In comparison, the membrane cup TRE1256 lure 385 

provided a high level of release over a long time period. The membrane cup lure TRE1468 386 

provided a level of emission of acetic acid similar to the 1.0-mm aperture vial for a number of 387 

weeks, but further refinement of this lure (characteristics of the plastic membrane and initial 388 

loading) is still needed to achieve a somewhat higher emission rate over a longer time period. 389 

We found that the combination of 2-phenylethanol and acetic acid was more attractive for C. 390 

rosaceana than the blend of phenylacetonitrile and acetic acid. Conversely, the reverse in the 391 

attractiveness of these two binary blends was found in Canada for the eye-spotted bud moth, 392 

Spilonota ocellana (Denis & Schiffermüller) (El-Sayed et al. 2016). Studies in Sweden found 393 

that both sexes of a number of tortricids, including P. heparana, P. cerasana (Hübner), Archips 394 
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rosana (L.), A. podana Scopoli, S. ocellana, and Hedya nubiferana Haworth, occurred in traps 395 

baited with acetic acid and either 2-phenylethanol or phenylacetonitrile, but the attractiveness of 396 

the two lures was only compared with the two Pandemis species in this study, and this did not 397 

differ (Giacomuzzi et al. 2016).  398 

Unfortunately, the combination of phenylacetonitrile and acetic acid was found to reduce 399 

catches of C. pomonella when used in traps with pear ester lures (Knight et al. 2016). The 400 

effectiveness of codlemone, pear ester, and acetic acid used together was not affected by the 401 

inclusion of either phenylacetonitrile (Knight et al. 2016) or 2-phenylethanol (Fig. 1). Catches of 402 

C. rosaceana were reduced in traps when DMNT was added to a septum loaded with codlemone 403 

and pear ester, and this is significant because the addition of DMNT has been shown to improve 404 

monitoring for C. pomonella; especially within orchards treated with dispensers containing both 405 

codlemone and pear ester (Knight et al. 2015). Thus, additional studies should assess the optimal 406 

lure needed to monitor the diverse tortricid pest complexes which occur among geographical 407 

regions. This will include the use of blends of varying ratios of 2-phenylethanol and 408 

phenylacetonitrile, and perhaps the addition of other lure components, such as benzyl alcohol 409 

(Giacomuzzi et al. 2016). The use of compatible multi-component lures placed in single traps 410 

may reduce management costs and be conducive to the development of smart-trap technologies 411 

for tortricid pests (Kim et al. 2011).  412 

Moth catches of C. rosaceana in non-disrupted orchards were significantly lower than with 413 

sex pheromone-baited traps. This result was different from that found with phenylacetonitrile 414 

plus acetic acid compared with a sex pheromone lure for P. pyrusana (Knight et al. 2016). One 415 

concern may be that the 2-phenylethanol plus acetic acid lure might not be attractive enough to 416 

allow managers to track the seasonal phenology of C. rosaceana in MD-treated orchards. With 417 
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C. pomonella the addition of pear ester to codlemone significantly increased the effectiveness of 418 

monitoring in MD-treated orchards (Knight et al. 2005). Similar additive results have been 419 

reported with host plant volatiles and the sex pheromones of other important tortricid species, 420 

such as Eupoecilia ambiguella Hübner, Grapholita molesta (Büsck), and Lobesia botrana 421 

(Schmidt-Büsser et al. 2009; Varela et al. 2011; von Arx et al. 2012). Interestingly, the use of 422 

acetic acid with either the sex pheromone or these host plant volatiles has not been reported. Yet, 423 

the interaction of host volatiles and species’ sex pheromone can have inhibitory or repellent 424 

effects (Reddy and Guerrero 2004). Here, we found that the addition of either aromatic volatile 425 

to the sex pheromone of C. rosaceana significantly reduced male moth catch. Further tests 426 

should evaluate whether the addition of acetic acid with 2-phenylethanol can override this 427 

behavioral effect, and also measure any effects of combining sex pheromone with the aromatic 428 

and acetic acid lures on the catch of female moths in traps. These data will be important 429 

prerequisites in order to establish action thresholds for supplementary management actions based 430 

on bisexual moth catches of C. rosaceana in MD-disrupted orchards.  431 

432 
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Figure Legends 558 

Fig. 1.  Experiment 8: comparison of mean (SE) total and female moth catches of C. rosaceana 559 

in delta traps baited with plastic vials with a 3.2-mm aperture in lid loaded with 5.0 ml of acetic 560 

acid and proprietary plastic membrane cup lures loaded with either 2-phenylethanol (TRE1256) 561 

or phenylacetonitrile (TRE1381). 562 

Fig. 2. Experiment 9: comparison of mean (SE) male catches of C. rosaceana in Multipher 1 563 

plastic bucket traps baited with a red rubber septum loaded with the 4-component sex pheromone 564 

(TRE1229), or the same septum plus a proprietary plastic membrane cup lure loaded with 2-565 

phenylethanol (TRE1256) or phenylacetonitrile (TRE1381). Propylene glycol (250 ml) was used 566 

in the bottom of these traps to retain moths. 567 

568 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted January 3, 2017. ; https://doi.org/10.1101/093955doi: bioRxiv preprint 

https://doi.org/10.1101/093955


 29

Table 1 Mean (SE) daily weight loss (mg) at 25 oC over a 14-d period of various lures loaded 569 

with acetic acid, 2-phenylethanol, or phenylacetonitrile, N = 5 570 

Lure Active compound Mean (SE) weight loss d-1 

TRE3321 membrane cup Acetic acid 5.15 (0.05) 

TRE1468 membrane cup Acetic acid 27.77 (0.48) 

Vial w’ 1.0-mm aperture Acetic acid 16.45 (1.72) 

Vial w’3.2-mm aperture Acetic acid 62.65 (2.39) 

Red rubber septum, 10 mg 2-phenylethanol 0.62 (0.01) 

TRE1256 membrane cup 2-phenylethanol 1.01 (0.03) 

TRE1278 membrane cup 2-phenylethanol 4.53 (0.21) 

TRE1381 membrane cup Phenylacetonitrile 3.95 (0.03) 

 571 
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Table 2 Summary of experiments comparing moth catch of C. rosaceana with different 572 

combinations of acetic acid (AA) and 2-phenylethanol (PET) lures, 2015-2016 573 

Expt. 

Year 

Lures a  Mean (SE) moth catch 

2-phenylethanol Acetic acid  Total Females 

1 Vial w’1.5-mm TRE3321  1.5 (0.4)b 0.4 (0.2)b 

2015 Vial w’1.5 mm Vial w’1.0-mm  3.2 (0.6)a 0.9 (0.3)ab 

 Vial w’1.5 mm Vial w’3.2-mm  3.2 (0.4)a 1.6 (0.4)a 

ANOVA  F 2, 27 = 5.59 

 P < 0.01 

F 2, 27 = 3.94 

 P < 0.05 

2 Vial w’1.5-mm Vial w’3.2-mm  4.5 (1.7) 2.2 (1.1) 

2015 TRE1256 Vial w’3.2-mm  4.8 (1.1) 1.7 (0.5) 

ANOVA  F 1, 17 = 0.54 

 P = 0.47 

F 1, 17 = 0.07 

 P = 0.79 

3 TRE1256 Vial w’3.2-mm  19.2 (2.2)a 4.6 (1.1)a 

2015 TRE1278 Vial w’3.2-mm  6.9 (1.1)b 1.6 (0.3)b 

ANOVA  F 1, 17 = 29.71  

P < 0.0001 

F 1, 17 = 8.54 

P < 0.001 

4 Septa, 1.0 mg Vial w’3.2-mm  1.8 (0.3)b 0.8 (0.2)a 

2016 Septa, 5.0 mg Vial w’3.2-mm  3.5 (0.4)a 1.6 (0.3)bc 

  Septa, 10.0 mg Vial w’3.2-mm  4.0 (0.4)a 2.0 (0.3)ab 

 TRE1256 Vial w’3.2-mm  5.0 (0.8)a 3.0 (0.6)a 

ANOVA  F 3, 73 = 14.98 

P < 0.0001 

F 3, 73 = 9.72 

P < 0.0001 
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5 TRE1256 TRE1468  4.2 (0.5) 1.8 (0.3) 

2016 TRE1256 Vial w’3.2-mm  4.9 (0.9) 2.0 (0.4) 

ANOVA  F 1, 35 = 0.12 

P = 0.73 

F 1, 35 = 0.03 

P = 0.92 

6 Septa, 10.0 mg TRE1468  5.0 (0.6) 2.0 (0.3) 

2016 TRE1256 TRE1468  5.4 (0.8) 2.7 (0.6) 

ANOVA  F 1, 37 = 0.03 

P = 0.98 

F 1, 37 = 0.07 

P = 0.79 

7 Septa 10.0 mg TRE1468  10.7 (1.6)b 6.2 (1.5) 

2016 TRE1256 Vial w’3.2-mm  18.3 (2.6)a 9.0 (2.5) 

ANOVA  F 1, 26 = 7.22 

P < 0.05 

F 1, 26 = 3.41 

P = 0.08 

Column means within each experiment followed by a different letter were significantly different, 574 

P < 0.05, Tukey’s test. 575 

a Membrane cup lures were designated with a manufacturer’s number (TRE). Propylene vials 576 

loaded with 2-phenylethanol or acetic acid had drilled apertures of 1.0, 1.5, and 3.2 mm. Red 577 

rubber septa were loaded with 10.0 mg of 2-phenylethanol.578 
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Table 3 Catches of  C. pomonella and C. rosaceana in traps baited with different combinations of lures, including acetic acid (AA), 2-579 

phenylethanol (PET), pear ester (PE), (E,E)-4,8-dimethyl-1,3,7-nonatriene (DMNT), and codlemone, the sex pheromone (Ph) of C. 580 

pomonella, 2015-2016 581 

 

Expt. 

Year 

 

 

Lures a 

Mean (SE) moth catch 

C. pomonella   C. rosaceana 

Total Female  Total Female 

10 Ph-PE septum + AA vial 34.1 (5.0)a 13.4 (2.2)a  10.4 (2.4)b 2.6 (0.6)b 

2015 PET vial + AA vial 2.5 (0.5)b 2.0 (0.4)b  35.8 (9.3)a 8.7 (2.3)a 

 Ph-PE septum + PET and AA vials 30.8 (4.1)a 10.0 (1.8)a  29.4 (6.6)a 7.5 (1.2)a 

 ANOVA F 2, 26 = 55.27  

P < 0.0001 

F 2, 26 = 11.22  

P < 0.001 

 F 2, 26 = 8.03  

P < 0.01 

F 2, 26 = 7.77  

P < 0.01 

11 Ph-DMNT-PE septum + AA membrane 20.2 (4.1)a 7.1 (1.6)a  0.3 (0.2)c 0.1 (0.1)c 

2016 PET and AA membranes 0.6 (0.2)b 0.2 (0.1)b  9.2 (1.5)a 4.6 (0.8)a 

 Ph-DMNT-PE septum + PET and AA membrane 18.4 (3.5)a 5.7 (0.8)a  2.1 (0.6)b 1.2 (0.4)b 

 ANOVA F 2, 27 = 34.45  

P < 0.0001 

F 2, 27 = 29.48  

P < 0.0001 

 F 2, 27 = 37.67  

P < 0.0001 

F 2, 27 = 33.69  

P < 0.0001 

Column means within each experiment followed by a different letter were significantly different, P < 0.05, Tukey’s test. 582 
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a Lures included grey halobutyl septa loaded with either pear ester and codlemone (Ph-PE, TRE3461) or a combination of DMNT, 583 

pear ester, and codlemone (Ph-DMNT-PE, TRE1225); 8-ml vials with a 3.2-mm aperture loaded with 5.0 ml of acetic acid, and 4.0-ml 584 

vials with a 1.5-mm aperture loaded with 3.0 ml of 2-phenylethanol; and membrane cup lures loaded with either acetic acid 585 

(TRE1468) or 2-phenylethanol (TRE1256).  586 
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Table 4 Catches of oblique banded leafroller (OBLR), C. rosaceana in traps baited with either sex pheromone (OBLR PH), 2-587 

phenylethanol (PET) plus acetic acid (AA) or the sex pheromone of C. pomonella and pear ester (CM Ph-PE) plus AA in season-long 588 

trials conducted in six and seven paired apple blocks treated with or without sex pheromone mating disruption (MD) for C. rosaceana 589 

in Washington State during 2015 and 2016, respectively 590 

 

Year 

Dispenser Mean (SE) total moth catch per trap   Mean (SE) female moth catch per trap 

treatment a OBLR PH PET + AAb CM Ph-PE + AAc  PET + AAb CM Ph-PE + AAc 

2015 None 51.9 (7.0)a 13.3 (2.2)b 2.0 (0.7)c  4.3 (0.9)A 0.6 (0.2)B 

 OBLR MD 0.1 (0.1)c 11.2 (1.7)b 2.1 (1.0)c  3.0 (0.8)A 0.7 (0.3)B 

ANOVA 

Treatment:                    F 1, 42 = 91.40, P < 0.0001 

Lure:                            F 2, 42 = 38.79, P < 0.0001 

Treatment * Lure:       F 2, 42 = 75.21, P < 0.0001 

 Treatment:                  F 1, 32 = 0.93, P = 0.35 

Lure:                          F 1, 32 = 32.15, P < 0.0001 

Treatment * Lure:     F 1, 32 = 1.38, P = 0.25 

2016 None 59.1 (19.7)a 18.3 (7.2)b 1.0 (0.7)c  5.3 (1.7)A 0.6 (0.6)B 

 OBLR MD 1.0 (0.4)c 14.4 (4.1)b 0.4 (0.3)c  5.7 (1.5)A 0.1 (0.1)B 

ANOVA 

Treatment:                 F 1,36 = 13.24, P < 0.001 

Lure:                         F 2, 36 = 12.72, P < 0.001 

Treatment * Lure:     F 2, 36 = 11.26, P < 0.001 

 Treatment:                F 1, 24 = 0.00, P = 0.99 

Lure:                         F 1, 24 = 28.11, P < 0.0001 

Treatment * Lure:     F 1, 24 = 0.16, P = 0.70 
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Mean total catch followed by a different lowercase letter and mean female catch followed by a different uppercase letter within each 591 

year were significantly different, P < 0.05, Tukey’s test. 592 

a Dispensers used in these studies included: Cidetrak CMDA Combo and Isomate Flex (None) or Cidetrak CMDA-LR Combo or 593 

Cidetrak CMDA-LR Combo Meso dispensers (OBLR MD) in 2015, and Cidetrak CMDA Combo Meso (None) and Cidetrak CMDA 594 

Combo Meso plus Combo LR Meso dispensers in 2016.  All Meso dispensers were applied at 80 dispensers ha-1 and other dispensers 595 

were applied at 800 ha-1 596 

b Traps were baited with two different 2-phenylethanol lures in combination with a acetic acid lure (8.0-ml vial with 3.2-mm aperture). 597 

These included 4.0-ml vials with 1.5-mm apertures loaded with 2-phenylethanol in 2015 and the membrane cup lure TRE1256 in 598 

2016. 599 

c Traps were baited with TRE3461 septa lures loaded with codlemone and pear ester and membrane cup TRE3321 lures loaded with 600 

acetic acid. 601 
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Footnotes 605 
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