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Abstract

Larvae of Prionus californicus Motschulsky feed on the roots of many woody perennial plants and are economi-
cally important pests of hop Humulus lupulus L. (Urticales: Cannabaceae) and sweet cherry Prunus avium (L.) 
(Magnoliopsida: Rosaceae) in the United States Pacific Northwest and Intermountain West. Adult males are 
strongly attracted to a volatile sex pheromone, (3R,5S)-3,5-dimethyldodecanoic acid, produced by females. 
Here, we summarize the results of field experiments evaluating the synthetic pheromone in a blend of all four 
possible stereoisomers as a means for managing P. californicus in hop yards and sweet cherry orchards by 
mating disruption (MD). Mean capture of male beetles was lower, in all 3 yr of the study, from plots in commer-
cial hop yards and sweet cherry orchards treated with synthetic P. californicus pheromone than from similar, 
untreated plots. Although trap catch was lower in sweet cherry, relative differences between trap catches from 
MD and nonmating disruption plots were similar to that seen in hop yards. The number of P. californicus larvae 
recovered from plots in hop yards treated for three consecutive growing seasons with synthetic pheromone 
was lower than in similar plots that were not treated with the pheromone or treated with the soil fumigant etho-
prop. Our research demonstrates that deployment of synthetic P. californicus pheromone effectively reduces 
mate-finding by males, can effectively reduce larvae populations in pheromone-treated hop yards, and thus, 
has excellent potential for managing P. californicus in hop, sweet cherry, and perhaps in other crops where it 
or Prionus species are pests.
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The California prionus, Prionus californicus Motschulsky, is broadly 
distributed throughout western North America where it feeds on 
roots of trees, woody shrubs, and vines (Linsley 1962). Adults are 
large (25–55  mm), crepuscular beetles that are active from late 
June through early September in the U.S. Pacific Northwest and 
Intermountain West (Barbour et al. 2006, Alston et al. 2007). Adults 
do not feed, and therefore live only 2–3 wk (Barbour et al. 2006). 
Females deposit 150–200 eggs in soil near the base of living host 
plants and the larvae feed on the roots for 3–5 yr before pupating 
(Linsley 1962, Bishop et al. 1984). As they feed, larvae prune smaller 
roots and bore into larger roots and crowns resulting in reduced 
plant growth due to decreased nutrient uptake and moisture stress 
(Alston et al. 2010). Heavy infestations of the larvae cause wilting, 
yellowing, and death of individual limbs, vines/bines, or even en-
tire plants (Bishop et al. 1984, Solomon 1995). Its broad host range 

includes many woody agricultural, ornamental, and native plants 
(Solomon 1995). In the U.S. Pacific Northwest and Intermountain 
West, P.  californicus is a serious pest of hop Humulus lupulus 
L.  (Urticales: Cannabaceae) and sweet cherry Prunus avium (L.), 
(Magnoliopsida: Rosaceae) (Bishop et al. 1984, Alston et al. 2007).

Management options for P. californicus in hop and sweet cherry 
are few and generally consist of a combination of cultural and in-
secticidal methods. Cultural control entails completely removing 
the crowns and roots of plants from heavily infested hop yards and 
cherry orchards, and then either fallowing soil or planting to a non-
host for ≥3 yr between host-crop plantings. Alternatively, removal 
of infested plant material in the fall can be followed by a preplant 
soil fumigation the following spring. Neither option is highly ef-
fective or economically sustainable. Larvae in fallowed hop yards 
may persist by feeding on the buried portion of hop trellis poles and 
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other woody debris remaining after removal of hop crowns (J.D.B., 
personal observation). Larvae in infested Utah cherry orchards are 
known to persist as long as 5 yr in an alfalfa rotation crop (M.P., 
personal observation). These observations suggest that alfalfa, and 
perhaps other crops, may not provide an effective nonhost rotation 
crop. Fumigation is prohibitively expensive (>$900/ha for chemical 
costs alone; Galinato and Tozer 2016). Fallowing is undesirable, 
particularly in hop because the trellis system upon which the hops 
are grown limits the options for producing an alternative crop, and 
it is not economical to remove and later replace the trellis system 
(~$4,940/ha for labor alone; Galinato and Tozer 2016). Finally, the 
organophosphate soil insecticide ethoprop (Mocap EC, Bayer Crop 
Science, Research Triangle Park, NC) is labeled for management of 
P. californicus in hop, but the efficacy of this chemical is unknown 
and its use poses a threat to wildlife (Patterson 2003) and is a health 
hazard for farm workers (Ames and Stratton 1991). No insecticides 
are labeled for control of P. californicus in sweet cherry, and experi-
ments with the systemic insecticide, imidacloprid (Admire Pro, Bayer 
Crop Science), found no effect on older larvae within woody roots 
and crowns (Alston et al. 2010). Thus, there is a great need for new, 
sustainable, management tactics for P. californicus in hop and sweet 
cherry production.

Female P. californicus produce a volatile sex pheromone, (3R,5S)-
3,5-dimethyldodecanoic acid, to which males are strongly attracted 
(Cervantes et al. 2006, Rodstein et al. 2009). Males respond equally 
well to a synthetic blend of all four of the possible stereoisomers of 
the compound, which is more economical to produce than the pure 
(3R,5S) stereoisomer (Rodstein et al. 2011). Sex pheromones have 
been used effectively to manage insect pests by hindering mating, 
either by mass trapping (removing males from the population) or 
by mating disruption (inundating the habitat with synthetic phero-
mone such that males cannot locate mates; Millar 2007, Witzgall 
et al. 2010). As far as we are aware, pheromes methods used to date 
to manage large beetles in crops consist of aggregation pheomeones 
that attract both sexes. Here, we summarize large plot field research 
evaluating pheromone-based management of P. californicus in hop 
yards and sweet cherry orchards by mating disruption using a sex 
pheromone that attracts only males, and document subsequent 
reduction of larvae numbers in mating disrupted hop yards.

Materials and Methods

Capture of Males in Mating and Nonmating 
Disrupted Plots: Hop
We compared capture of P. californicus males in mating disrupted 
(MD) versus nonmating disrupted (NMD) plots in commercial hop 
yards (≥ 65 ha each) in Idaho (2011–2013) and Washington (2011 
and 2012). Prionus californicus males were monitored using pher-
omone-baited pitfall (2011) or panel traps (2012 and 2013) begin-
ning in late June of each year. In each year, three fields in each state 
with high trap captures were selected for experiments. Pitfall traps 
were made from 1.9-liter plastic funnels (model 3864, Hutzler Mfg. 
Co., Inc., Canaan, CT) and 1.9-liter plastic jars (model 55-650C, 
General Bottle Supply Company, Los Angeles, CA) with threaded 
lids. The funnel spout was shortened to produce a 35-mm-diameter 
opening. A 7.5-cm hole was drilled into the center of the jar lid and 
the funnel glued to the lid so that the jar could be attached with 
the spout inside the jar. In Idaho, the assembled traps were buried 
between hop rows so that the funnel rim was flush with the ground 
and growers avoided cultivation in areas where pit fall traps were 
located. In Washington, growers required pitfall traps to be placed 
in hop rows. Panel traps consisted of black corrugated plastic, 1.2-m 

tall × 0.3-m wide (Alpha Scents AST0031; West Linn, OR) with the 
supplied collection jar replaced by our pitfall trap basins described 
above. Using panel traps allowed us to place traps in the hop rows 
to avoid interference with cultivation and other farming operations. 
Preliminary studies showed the panel traps performed as well as pit-
fall traps (J. D. B., unpublished data). Panel traps and funnels used 
in pitfall and panel trap basins were not coated with fluon since trap 
catches in preliminary experiments were generally high and we were 
not comparing trap catch among different cerambycid species (see 
Graham et al. 2010). Pitfall and panel traps were baited with moni-
toring lures, consisting of 5 × 7.5-cm press-seal bags (# 01-816-1A, 
Fisher Scientific, Santa Clara, CA) and containing 0.1  mg of syn-
thetic P. californicus sex pheromone (3,5-dimethlydodecanoic acid 
in ethanol). Monitoring lures were suspended ~15  cm over pitfall 
traps with a stiff wire inserted into the ground immediately adjacent 
to the trap and were suspended from the center opening of panel 
traps using a paper clip. The 0.1-mg lures are more attractive than 
an actual female, but we reasoned they would provide a conservative 
estimate of mating disruption potential (Maki et al. 2011, Rodstein 
et al. 2011). Lures in surrogate female traps were replaced weekly 
to assure consistent pheromone release rates. Monitoring traps 
were checked twice weekly and MD treatments were established in 
selected fields within 1 wk of when first capture of P. californicus 
males indicated that beetle flight had begun.

Hop plants in a hop yard are grown on a wire and cable trellis 
supportd about 5.5 m above the ground by vertical poles established 
in a regular grid with poles 9.1 m apart. Plants are grown in rows 
4.55 m apart with alternating rows of hop plants in and between 
pole rows, with 1.1 m between plants within rows. In 2011, using the 
standard 9.1-m grid of poles supporting the hop trellis, we established 
three MD plots and one NMD plot in each of the three Idaho and 
Washington hop yards (replicates) selected for the study. Plots were 
seven poles wide (55 m) by 21 poles long (182 m). Each MD plot was 
treated with 63, 126, or 246 Isomate (Pacific Biocontrol Corporation, 
Vancouver, WA) style dispensers per hectare. Each dispenser con-
tained 50 mg of synthetic P. californicus pheromone. Dispensers were 
stapled to trellis poles, taking care not to puncture the dispensers, or 
twisted securely around trellis strings, 1–1.5 m above the ground. 
NMD plots contained no pheromone dispensers. There was a 91-m 
buffer between MD and NMD plots and at least 18 m between NMD 
plots. To avoid problems with carry-over effects of treatments, phero-
mone dispensers were recovered from MD plots at the end of each 
growing season and no field was used in two consecutive years.

Based on 2011 results, the experimental design was changed in 
2012 and 2013 to three hop yards in each state comparing one MD 
plot containing 246 Isomate lures per hectare with one NMD plot. 
Field and plot size and selection were as 2011, except there were two 
plots per yard with at least 91 m between plots. In all years, MD 
treatments were not assigned randomly to plots but were assigned 
so that NMD and lower concentration MD plots were upwind of 
higher concentration MD plots based on prevailing wind direc-
tion (Western Regional Climate Center: http://www.wrcc.dri.edu/
CLIMATEDATA.html). To estimate potential disruption of P. cali-
fornicus mating behavior, we placed four pitfall (2011) or panel 
traps (2012 and 2013), each baited with a 0.1-mg monitoring lure, 
in each plot. Traps were placed on 15 and 19 July 2011 and 2 and 
3 July 2012 in Idaho and Washington, respectively, and 1 July 2013 
in Idaho. Male beetles were collected twice weekly until trap cap-
ture dropped to zero for all traps for two consecutive sampling days 
indicating the end of the beetle flight period (mid- to late-August). 
Beetles were identified as P.  californicus based on their general 
appearance and presence of 12-segmented antennae. Other similar 
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species occurring in the Western Unied States have 11 or 13 antennae 
segments (Linsley 1962).

Capture of Males in MD and NMD Plots: 
Sweet Cherry
Trials were conducted from 2011 to 2013 in 10 sweet cherry 
orchards ranging in size from 0.2 to 1.7 ha in Perry and Willard, 
Utah (Box Elder County). Five of the orchards were used in >1 yr; 
however, none were treated with MD and then converted to NMD 
in a subsequent year. One orchard was treated with MD in all 3 yr, 
two orchards received MD dispensers in two consecutive years, and 
two orchards served as NMD controls in two consecutive years. The 
remaining five orchards were used in only 1 yr of the study. Orchards 
served as replicates; across the 3 yr, a total of 10 replicates were 
treated with MD dispensers, and seven replicates served as NMD 
controls.

The distance between MD and NMD orchards ranged from 0.3 
to 5.8 km, and for those ≤1.6 km apart, MD-treated orchards were 
upwind of NMD orchards (Utah Climate Center, Orchard Weather 
Data, Perry, Sumida Farm: https://climate.usurf.usu.edu/station-
stuff.php). Isomate dispensers, the same as those used in hops, were 
placed at a rate of 246 dispensers/ha in late June or early July (20 
June 2011; 2 July 2012; and 9 July 2013). Dispensers were stapled 
to tree trunks 10–20 cm above the soil line or placed on the ground 
near the trunk base.

In each orchard, four pitfall traps were placed in tree rows (at 
least five rows apart) in a rectangular pattern. MD dispensers were 
deployed on the same date as traps (2011) or 1 wk later (2012 and 
2013). Traps were composed of 13.2- or 18.9-liter plastic buckets 
buried in the ground so that the rim was 2.5 to 5.0 cm above the 
soil line. The bucket handle was held upright by a plastic cable tie 
secured through a hole drilled in the bucket side. Pheromone lures 
serving as surrogate females were attached to the top of bucket 
handles with metal binder clips (2-cm wide). A  30.5-cm diameter 
aluminum funnel (Universal black light trap; Bioquip Products Inc., 
Rancho Domingo, CA) was placed on the bucket rim to guide the 
insects into the bucket.

Two pheromone lures were compared: 0.1 mg of synthetic P. cal-
ifornicus pheromone in press-seal bags as per hop experiments and 
commercial lures containing 30 mg of synthetic P. californicus pher-
omone (Contech Enterprises Inc., Victoria, BC, Canada). Two traps 
per orchard were baited with each lure type. Traps were checked 
weekly for 10–12 wk through mid-to late September. During each 
check, male beetles were collected and lures rotated clockwise to 
the next trap position. About 30-mg lures were replaced every 4 wk, 
and 0.1-mg lures were replaced weekly (2011 and 2012) or biweekly 
(2013). Beetles were identified as P. californicus as described above.

Recovery of Larvae From Crowns and Roots in MD 
and NMD Plots: Hop
Larvae recovery experiments were conducted in Idaho hop yards 
with field selection and plot arrangement as previously described 
with the following modifications. Three fields (replications) were 
selected in 2013 and three plots established in each field. One MD 
plot containing 246 dispensers/ha and one NMD plot were estab-
lished as described for male capture experiments. An additional 
NMD plot treated 7- to 10-d postharvest with ethoprop (Mocap 
EC) at 4.7 liter/ha (3.36 kg ai/ha) was established to compare con-
trol provided by MD and the standard in-season insecticide man-
agement option. This plot arrangement was repeated in the same 
fields for three consecutive years through 2015 with all treatments 

in the same locations each year. Pheromone dispensers in MD plots 
were removed immediately before harvest each growing season and 
replaced with fresh dispensers each summer in mid-June before the 
P. californicus flight had begun. This multi-season replication of the 
same plots was necessary to reliably detect differences in larvae num-
ber between treated and untreated plots because of the 3- to 5-yr 
life-span of P. californicus larvae.

In fall of 2015, we destructively sampled MD and NMD plots 
using a tractor-mounted cylinder borer (30-cm dia. × 30-cm deep) 
to remove hop crowns, roots, and associated soil from 15 hills per 
plot. Borer contents were transferred to 18.9-liter buckets and trans-
ported to our laboratory where soil was sifted through a 0.3175-cm 
mesh hardware cloth screen, the roots and crowns dissected, and all 
P. californicus counted.

Data Analyses
The hypotheses for male capture and larvae recovery experiments 
were that fewer males would be captured and fewer larvae recov-
ered from MD plots than from NMD plots, respectively. If ethoprop 
applied postharvest effectively controls P. californicus larvae, num-
bers of larvae in control (NMD) plots also should be higher than 
those in ethoprop-treated plots.

Because of the large number of ‘0’ means from MD plots in male cap-
ture experiments, we used the nonparametric Friedman’s test to compare 
the mean number of males captured per four traps over all sample days 
for each state, blocked by sample day and replicate (field). In experiments 
with more than two treatments, means were separated using the Ryan-
Einot-Gabriel-Welsch Q multiple comparison test (REGWQ) to control 
the maximum experiment-wise error rate (SAS Institute 2009). For male 
capture experiments, we also calculated reduction of males captured in 
surrogate female traps as percentage trap shutdown: (1 − x/y) × 100, 
where x is the number of males caught in each MD treatment and y is 
the number of males caught in the NMD (control) plots. Percentage trap 
shutdown was quantified by averaging percentage trap shutdown values 
for the fields in each state for each sampling period. Sampling periods in 
which no beetles were captured in control traps were eliminated from 
analyses. Larvae recovery experiments were analyzed by two-way analy-
sis of variance for the effect of MD and NMD treatments on the number 
of larvae per hop crown recovered using field as a replicate. Means were 
separated by Student’s Protected LSD test.

Results

Capture of Male Beetles in MD Versus NMD 
Plots: Hop
The number of males captured by surrogate female traps (0.1-
mg lure) in NMD (control) plots from both states peaked in early 
August of 2011, and mid-July of 2012 and 2013 (Fig. 1). After mid-
August, trap catches in both states declined rapidly. This decrease 
represents the natural decline of the beetle population and was not 
due to decreasing pheromone concentration, since surrogate female 
lures were replaced weekly. The total number of beetles captured 
each year was 506 (235 Idaho; 271 Washington) in 2011, 882 (696 
Idaho; 235, Washington) in 2012, and 1,261 in Idaho in 2013. More 
beetles were captured from NMD plots than from MD plots over 
most of the trapping period (Fig. 1).

In each of the 3 yr, mean capture of male beetles was significantly 
reduced in MD as compared to NMD plots in Idaho (Fig. 2A–C: 
2011, Q3, 115 = 75.65, P < 0.0001; 2012, Q2, 139 = 142.04, P < 0.0001; 
2013, Q2, 167 = 103.80, P < 0.0001) and Washington (Fig. 2D and E: 
2011, Q3, 123 = 57.97, P < 0.0001; 2012, Q2, 191 = 20.82, P < 0.0001).
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In Idaho, although fewer males were captured in 2011 from MD 
than NMD plots, male capture did not differ among plots treated 
with 63, 126, or 246 MD dispensers/ha (Fig. 2A). In the similar ex-
periments in Washington in 2011, however, capture of males among 
disrupted plots decreased with increasing dispenser rate (Fig. 2D). 
For MD plots, capture of males was lowest with 246 dispensers/
ha, intermediate with 126 dispensers/ha, and highest with 63 dis-
pensers/ha. Although the total number of P. californicus males cap-
tured in respective MD and NMD plots was similar from Idaho and 
Washington in 2011, a higher percentage of beetles was captured 
from MD plots in Washington (42%) than in Idaho (7%), most of 
the increase coming from plots treated with fewer pheromone dis-
pensers per ha. As a result, percentage trap shutdown in Washington 
hop yards was only 55 and 76%, respectively, from plots with 63 
and 126 dispensers/ha, while trap shutdown in Idaho from plots 
treated similarly was 96 and 99%, respectively. It is possible that 
the differences between the Idaho and Washington results in this ex-
periment result from differences in the beetles’ access to pitfall traps 

that were placed in the relatively open area between hop rows in 
Idaho hop yards and in the close cover of the hop understory of hop 
rows in Washington hop yards. Percentage trap shutdown with 246 
pheromone dispensers per ha was 94 and 97% for Washington and 
Idaho, respectively.

In 2012 and 2013, when all MD plots were treated with 246 dis-
pensers per ha, the mean number of males caught in MD plots was 
≤2, for both states, while the mean number from NMD plots was 
9.5 in Washington in 2012 (Fig. 2E), and 19 to >45 males in Idaho 
in 2012 (Fig. 2B) and 2013, respectively (Fig. 2C). Mean percentage 
trap shutdown ranged from 83 to 98%.

Capture of Male Beetles in MD Versus NMD Plots: 
Sweet Cherry
As in experiments with hop, more P. californicus were captured from 
NMD plots in Utah sweet cherry orchards over much of the trapping 
period (Fig. 3A–C) and trap capture peaked in mid-July across all 3 
yr. More beetles were captured in 2011 (total, X ± SEM = 281, 2.9 ± 

Fig. 1. Mean number (± SEM) of P. californicus males captured per sample day in July and August from surrogate female traps in 1.0-ha plots treated in 2011 with 
0, 63, 126, or 246 pheromone dispensers/ha (Idaho and Washington, A and D, respectively) and treated in 2012 (Idaho and Washington, B and E, respectively) and 
2013 (Idaho only, C) with 0 and 246 dispensers/ha. Each surrogate female trap and MD dispenser contained 0.1 or 50 mg, respectively, of synthetic P. californicus 
mating pheromone.
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0.85), than in 2012 (54, 0.6  ± 0.13) or 2013 (161, 1.3  ± 0.37) (Q1, 

318 = 9.4083, P < 0.0091). Mean trap capture of males (Fig. 3D–F) was 
higher in NMD than in MD plots for each year of the study (2011: Q1, 

95 = 15.2069 P < 0.0001, 2012: Q1, 95 = 15.2105, P < 0.0001, 2013: Q1, 

126 = 18.00 P < 0.0001) and was >11 times higher in NMD than MD 
orchards across the 3 yr (3.38 ± 0.69 vs. 0.26 ± 0.05, Q1, 318 = 47.5152, 
P < 0.0001). Traps baited with 30-mg lures captured more males than 
traps baited with 0.01-mg lures in 2011 (Q1, 95 = 17.2857, P < 0.0.0001) 
and 2012 (Q1, 95 = 8.0667, P = 0.0045), but not in 2013 (Q1, 95 = 1.1905, 
P = 0.2792). Over all 3 yr, capture was 2.7 times higher in traps baited 
with 30- than 0.1-mg synthetic pheromone (2.24 ± 0.55 vs. 0.86 ± 0.22, 
Q1, 318 = 22.5625, P < 0.0001). Percentage trap shutdown (Fig. 4) over 
the 3 yr ranged from 81 to 95% across treatment and lure rates and was 
similar for 0.1- and 30-mg lures (2011: Q1, 26 = 3.664, P = 0.0557, 2012: 
Q1, 19 = 1.1049, P = 0.2932, 2013: Q1, 50 = 1.3568, P = 0.2441).

Recovery of Larvae From Hop Crowns and Roots in 
MD and NMD Plots
The mean number of P.  californicus larvae recovered per hop 
crown from MD plots treated for three consecutive years with 246 

P. californicus pheromone dispensers per hectare (0.20 ± 0.09; Fig. 
5) was significantly lower than that from untreated and ethoprop-
treated plots (F4,126 = 5.07, P = 0.0076). There was no difference be-
tween the number of larvae recovered from the NMD (1.04 ± 0.25) 
control and ethoprop-treated plots (1.00 ± 0.28).

Discussion

Our findings support those of an earlier experiment in hop conducted 
in smaller plots (342 and 1,296 m2; Maki et al. 2011) and confirm 
that use of synthetic sex pheromone for mating disruption is a poten-
tially viable management option for P. californicus in hop. Using 246 
dispensers/ha with 0.1-mg trapping lures, we demonstrated a mean 
percentage trap shutdown of 92% across hop yards in Idaho and 
Washington and sweet cherry orchards in Utah over 3 yr. Although 
the numbers of male beetles captured in sweet cherry were an order 
of magnitude less than that in hop, relative differences between trap 
catches from MD and NMD plots were similar, and percentage trap 
shutdown was therefore similarly high. Our results suggest that dis-
penser rates of <246/ha with 50-mg Isomate dispensers such as used 

Fig. 2. Mean number (± SEM) of P. californicus males captured and percentage trap shutdown from 1.0-ha plots treated in 2011 with 0, 63, 126, or 246 pheromone 
dispensers/ha (Idaho and Washington, A and D, respectively) and treated in 2012 (Idaho and Washington, (B and E, respectively) and 2013 (Idaho only, C) with 0 
and 246 dispensers/ha. Each MD dispenser contained 50 mg of synthetic P. californicus mating pheromone. Trap catch and percentage trap shutdown means with 
different upper and lower case letters, respectively, are significantly different (P ≤ 0.05, REGWQ). Percentage trap shutdown cannot be calculated for controls.
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in our experiments may not provide reliable percentage trap shut-
down; however, research has not been conducted to directly compare 
reduction in trap shutdown to larvae infestation levels. Our research 
does show a fivefold reduction of larvae in plots treated for three 
consecutive years with P.  californicus sex pheromone at a rate of 
246 dispensers/ha compared with insecticide treated and nontreated 
plots. Taken together these results indicate that mating disruption 
can be an effective method for managing P. californicus in hops and 
sweet cherry. These results also demonstrate that the use of ethoprop 
applied postharvest is ineffective for P. californicus management.

The life history traits of P.  californicus should render it par-
ticularly suitable for management by mass trapping and mating 
disruption (see Millar 2007, Witzgall et  al. 2010). The adults are 
nonfeeding, and therefore, short-lived. Consequently, adults are 
under strong selection pressure to find mates before exhausting 

Fig. 4. Mean percentage trap shutdown using 0.1- and 30-mg pheromone 
dispensers in Utah sweet cherry orchards, 2011–2013. Percentage trap 
shutdown was similar for 0.1- and 30-mg dispensers. See Discussion.

Fig. 3. Mean number (± SEM) of P. californicus males captured on each sample day (A–C) and over all sample days (D–F) from MD (246 MD dispensers/ha) and 
NMD dispensers sweet cherry orchards treated with 0.1 and 30 mg P. californicus dispensers in Utah from 2011 to 2013. In (D–F), upper case letters separate 
male capture means across mating disruption treatment (0 vs. 246 dispensers/acre); lower case letters separate male capture means across dispenser type 
(0.1- vs. 30-mg dispensers). For 2011, the x-axis displays sampling days in June, July, and August. For 2012 and 2013 the x-axis displays sampling days in July 
and August.
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their limited energy reserves. Since the adult activity period is only 
6–8 wk/yr, pheromone dispensers and lures need only have an ef-
fective field life of about 8  wk. The beginning of the adult flight 
period is easily detected with pheromone-baited traps so that mass-
trapping or mating disruption can be deployed accurately to maxi-
mize their impact and minimize costs. Finally, the long generation 
time of this species (3–5 yr) should slow recovery of local popula-
tions that have been suppressed by these tactics and repeated annual 
applications of mass trapping and/or mating disruption could dra-
matically reduce population densities to levels below the economic 
injury level, with populations subsequently maintained at low levels 
with little management effort.

Our results support the use of the P. californicus sex pheromone 
as a mating disruption tool to reduce populations of the beetle in 
agricultural crops. Pheromone-based management strategies are 
likely to be adopted by hop and sweet cherry growers because they 
are high value crops, grown on limited acreage, and current manage-
ment alternatives for P. californicus are uneconomical, impractical, 
or ineffective (see Introduction and Results). Commercial costs asso-
ciated with management of P.  californicaus by mating disruption 
are not currently known. However, commercial sources for similar, 
existing pheromone dispensers indicate a cost of $65–$123 per ha 
for dispesers alone at 264 dispensers/ha (J D.B., personal observa-
tion) This price range appears to be competitive with the approxi-
mately $192/ha costs of applying ethoprop, the currently lableled 
insecticide alternative: $154 for chemical + $37 for application costs 
(Patterson et al 2015). The fact that the Prionus pheromone is rela-
tively nonvolatile and relatively stable (Rodstein et al. 2009)  indi-
cates that mating disruption costs likely can be optimized further 
and costs reduced. For example, preliminary data indicate that after 
one season of mass trapping, the pheromone dispensers used in our 
study retained about 50% of the initial 50  mg pheromone load. 
It therefore may be possible to reduce costs by lowering dispenser 
pheromone loads. It also is possible that the dispensers might pro-
vide control for more than one season (our dispensers were collected 
and removed each growing season).

While additional research is needed to address these and other 
questions, such semiochemical-based management strategies have 
proven to be both highly successful and cost effective for managing 
other large beetle species that are important pests via mass trapping 
(Hallett et al. 1999, Oehlschlager et al. 2002, Soroker et al. 2005, 
Faleiro 2006) and have shown potential for effective managment 

via mating disruption (Koppenhöfer et  al. 2005, Wenninger and 
Averill 2006). This is the first study that we are aware of document-
ing control of a long-lived beetle species by mating disruption using 
a sex pheromone as opposed to mass-trapping using an aggrega-
tion pheromone. If P. californicus can be managed effectively with 
pheromone-based tactics in hop and sweet cherry, these methods 
also may be used to manage this insect in other crop systems, such 
as apple (Malus spp.) and peach (Prunus persica (L.)) where it can 
be a significant pest (Bishop et al. 1984, Solomon 1995, Alston et al. 
2010, Agnello et al. 2018). Furthermore, our previous research has 
demonstrated that males of several other Prionus species, including 
species that are important pests in other crops, are highly attracted 
to the pheromone of P.  californicus or to one or more of its iso-
mers (Barbour et al. 2011). This finding suggests that the structures 
of female-produced pheromones may be highly conserved among 
closely related species in the subfamily Prioninae and that other pest 
species in this subfamily may be suitable targets for pheromone-
based management. Dutcher and Bactawar (2016) found the P. cali-
fornicus pheromone can be used to effectively monitor and manage 
P.  laticollis and P.  imbricornis by mass trapping via an attract-
and-kill strategy in U.S. pecan orchards. Agnello et al. (2018) have 
shown the P. californicus sex pheromone has potential for manage-
ment of P. laticollis in New York apple orchards and Wickham et al. 
(2016) found the P. californicus sex pheromone to be attractive to 
Dorysthenes granulosus, which is a pest of sugar cane in China.

Acknowledgments
We thank Noemi Fernandez and Brian Bahder for technical assistance, and 
the growers of the Idaho and Washington Hop Commissions and sweet cherry 
growers in Box Elder County, Utah, for access to study sites, and Glenn Thayer 
(Pacific BioControl Corp.) for pheromone dispensers used in these studies. This 
project was supported by the USDA NIFA IR-4 Western Region Biopesticide 
grant, the Hop Research Council, the Idaho Hop Commission, and the Utah 
Agricultural Experiment Station, Utah State University, and approved as jour-
nal paper number 8739.

References Cited
Agnello, A. M., J. Huether, D. O. Gilrein and P. J. Jentsch. 2018. Capture of 

Prionus laticollis (Drury, 1773) (Coleoptera: Cerambycidae) in New York, 
U.S.A., in traps baited with the sex pheromone of Prionus californicus 
Motschulsky, 1845. Pan-Pacific Entomol. 94: 45–53.

Alston,  D.  G., J.  D.  Barbour, and S.  A.  Steffan. 2007. California prionus. 
Orchard pest management online, Tree Fruit Research and Extension 
Center, Washington State University, Pullman, WA. http://jenny.tfrec.wsu.
edu/opm/displaySpecies.php?pn=643

Alston, D., S. Steffan, and M. Pace. 2010. Prionus root borer (Prionus cali-
fornicus). Utah State University Extension ENT-139-05 (3 pp.), Logan, 
UT. https://digitalcommons.usu.edu/cgi/viewcontent.cgi?referer=http://
utahpests.usu.edu/factsheets/insects-treefruit&httpsredir=1&article=165
3&context=extension_curall.

Ames, R. G., and J. W. Stratton. 1991. Acute health effects from community 
exposure to N-propyl mercaptan from an ethoprop (MOCAP)-treated 
potato field in Siskiyou County, California. Arch. Environ. Health. 46: 
213–217.

Barbour, J. D., D. E. Cervantes, E. S. Lacey, and L. M. Hanks. 2006. Calling 
behavior in the primitive longhorned beetle Prionus californicus Mots. J. 
Insect Behav. 19: 623–629.

Barbour, J. D., J. G. Millar, J. Rodstein, A. M. Ray, D. G. Alston, M. Rejzek, 
J.  D.  Dutcher, and L.  M.  Hanks. 2011. Synthetic 3,5-dimethyldodeca-
noic acid serves as a general attractant for multiple species of Prionus 
(Coleoptera: Cerambycidae). Ann. Entomol. Soc. Am. 104:588–592.

Bishop, G. W., J. L. Blackmer and C. R. Baird. 1984. Observations on the 
biology of Prionus californicus Mots. on hops, Humulus lupulus L., in 
Idaho. J. Entomol. Soc. Brit. Col. 81: 20–24.

Fig. 5. Mean number of P.  californicus larvae recovered from hop crowns 
after three consecutive years of in-season MD treatment with 246, 50-mg 
P.  californicus pheromone dispensers per acre (MD), compared with the 
number recovered from hop crowns not treated with pheromone dispensers, 
but treated annually with a postharvest application of the organophosphate 
insecticide ethoprop (Mocap) as per the current label, or left untreated for 
P. californicus (UTC).

Journal of Economic Entomology, 2019, Vol. 112, No. 3
D

ow
nloaded from

 https://academ
ic.oup.com

/jee/article-abstract/112/3/1130/5299164 by U
niversity of Illinois at U

rbana-C
ham

paign user on 19 June 2019

http://jenny.tfrec.wsu.edu/opm/displaySpecies.php?pn=643
http://jenny.tfrec.wsu.edu/opm/displaySpecies.php?pn=643
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?referer=http://utahpests.usu.edu/factsheets/insects-treefruit&httpsredir=1&article=1653&context=extension_curall
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?referer=http://utahpests.usu.edu/factsheets/insects-treefruit&httpsredir=1&article=1653&context=extension_curall
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?referer=http://utahpests.usu.edu/factsheets/insects-treefruit&httpsredir=1&article=1653&context=extension_curall


1137

Cervantes, D. E., L. M. Hanks, E. S. Lacey, and J. D. Barbour. 2006. First docu-
mentation of a volatile sex pheromone in a longhorned beetle (Coleoptera: 
Cerambycidae) of the primitive subfamily Prioninae. Ann. Entomol. Soc. 
Am. 99: 718–722.

Dutcher,  J.  D. and B.  Bactawar. 2016. Sampling and control trials for tile-
horned prionus (Coleoptera: Cerambycidae) and the broadnecked root 
borer (Coleoptera: Cerambycideae) in commercial pecan orchards. J. 
Entomol. Sci. 51: 199–208.

Faleiro, J. R. 2006. A review of the issues and management of the red palm 
weevil Rhynchophorus ferrugineus (Coleoptera: Rhynchophoridae) in 
coconut and date palm during the last one hundred years. Int. J. Trop. 
Insect Sci. 26: 135–154.

Galinato,  S. and P.  Tozer. 2016. 2015 Estimated cost of establishing and 
producing hops in the Pacific Northwest. Washington State University 
Extension Bulletin TB38. http://pubs.cahnrs.wsu.edu/publications/wp-
content/uploads/sites/2/publications/tb38.pdf. 

Graham, E. E., R. F. Mitchell, P. F. Reagel, J. D. Barbour, J. G. Millar, and 
L. M. Hanks. 2010. Treating panel traps with a fluoropolymer enhances 
their efficiency in capturing cerambycid beetles. J. Econ. Entomol. 103: 
641–647.

Hallett, R. H., A. C. Oehlschlager, and J. H. Borden. 1999. Pheromone trap-
ping protocols for the Asian palm weevil, Rhynchophorus ferrugineus 
(Coleoptera: Curculionidae). Int. J. Pest Manag. 45: 231–237.

Koppenhöfer,  A.  M., S.  Polavarapu, E.  M.  Fuzy, A.  Zhang, K.  Ketner, and 
T.  Larsen. 2005. Mating disruption of oriental beetle (Coleoptera: 
Scarabaeidae) in turfgrass using microencapsulated formulations of sex 
pheromone components. Environ. Entomol. 34: 1408–1417.

Linsley,  E.  G. 1962. The Cerambycidae of North America. Part II.  tax-
onomy and classification of the Parandrinae, Prioninae, Spondylinae and 
Aseminae. Univ. Calif. Publ. Entomol. 19: 1D102.

Maki, E. C., J. G. Millar, J. Rodstein, L. M. Hanks, and J. D. Barbour. 2011. 
Evaluation of mass trapping and mating disruption for managing Prionus 
californicus (Coleoptera: Cerambycidae) in hop production yards. J. Econ. 
Entomol. 104: 933–938.

Millar,  J.  G. 2007. Insect pheromones for integrated pest management: 
promise versus reality. Redia. 15: 51–55.

Oehlschlager,  A.  C., C.  Chinchilla, G.  Castillo, and L.  Gonzalez. 2002. 
Control of red ring disease by mass trapping of Rhynchophorus palmarum 
(Coleoptera: Curculionidae). Fla. Entomol. 85: 507–513.

Patterson, M. 2003. Ethoprop, analysis of risks to endangered and threatened 
populations of salmon and steelhead. (https://www3.epa.gov/pesticides/
endanger/litstatus/effects/ethoprop-analysis.pdf.ethoprop-analysis.pdf).

Patterson, P. E., K. Painter, N. Ruhoff and B. Eborn. 2015. Idaho Crop input 
price summary for 2015 University of Idaho Agricultural Economics 
Extension Series No. 14-04. https://www.uidaho.edu/-/media/UIdaho-
Responsive/Files/cals/programs/idaho-agbiz/crop-budgets/crop-input-
price-summary/Crop-Input-Price-Summary-2015.pdf. 

Rodstein,  J.,  J.  S. McElfresh,  J.  D. Barbour,  A.  M. Ray,  L.  M. Hanks, and 
J. G. Millar. 2009. Identification and synthesis of a female-produced sex 
pheromone for the cerambycid beetle Prionus californicus. J. Chem. Ecol. 
35: 590–600.

Rodstein, J., J. G. Millar, J. D. Barbour, J. S. McElfresh, I. M. Wright, K. S. 
Barbour, A. M. Ray, and L. M. Hanks. 2011. Determination of the rela-
tive and absolute configurations of the female-produced sex pheromone of 
the cerambycid beetle Prionus californicus. J. Chem. Ecol. 37: 114–124.

SAS Institute. 2009. JMP 8 user guide, 2nd ed. SAS Institute Inc., Cary, NC.
Solomon,  J.  D. 1995. Guide to insect borers of North American broadleaf 

trees and shrubs. United States Department of Agriculture, Forest Service 
Agricultural Handbook 706, Washington, DC.

Soroker, V., D. Blumberg, A. Haberman, M. Hamburger-Rishard, S. Reneh, 
S. Talebaev, L. Anshelevich, and A. R. Harari. 2005. Current status of red 
palm weevil infestation in date palm plantations in Israel. Phytoparasitica. 
33: 97–106.

Wenninger, E. J., and A. L. Averill. 2006. Mating disruption of Oriental Beetle 
(Coleoptera: Scarabaeidae) in cranberry using retrievable, point-source 
dispensers of sex pheromone. Environ. Entomol. 35: 458–464.

Wickham, J. D., W. Lu, T. Jin, Z. Peng, D. Guo, J. G. Millar, L. M. Hanks, and 
Y. Chen. 2016. Prionic acid: an effective sex attractant for an important 
pest of sugarcane, Dorysthenes granulosus (Coleoptera: Cerambycidae: 
Prioninae). J. Econ. Entomol. 109: 484–486.

Witzgall, P., P. Kirsch, and A. Cork. 2010. Sex pheromones and their impact on 
pest management. J. Chem. Ecol. 36: 80–100.

Journal of Economic Entomology, 2019, Vol. 112, No. 3
D

ow
nloaded from

 https://academ
ic.oup.com

/jee/article-abstract/112/3/1130/5299164 by U
niversity of Illinois at U

rbana-C
ham

paign user on 19 June 2019

http://pubs.cahnrs.wsu.edu/publications/wp-content/uploads/sites/2/publications/tb38.pdf
http://pubs.cahnrs.wsu.edu/publications/wp-content/uploads/sites/2/publications/tb38.pdf
https://www3.epa.gov/pesticides/endanger/litstatus/effects/ethoprop-analysis.pdf.ethoprop-analysis.pdf
https://www3.epa.gov/pesticides/endanger/litstatus/effects/ethoprop-analysis.pdf.ethoprop-analysis.pdf
https://www.uidaho.edu/-/media/UIdaho-Responsive/Files/cals/programs/idaho-agbiz/crop-budgets/crop-input-price-summary/Crop-Input-Price-Summary-2015.pdf
https://www.uidaho.edu/-/media/UIdaho-Responsive/Files/cals/programs/idaho-agbiz/crop-budgets/crop-input-price-summary/Crop-Input-Price-Summary-2015.pdf
https://www.uidaho.edu/-/media/UIdaho-Responsive/Files/cals/programs/idaho-agbiz/crop-budgets/crop-input-price-summary/Crop-Input-Price-Summary-2015.pdf

