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Abstract Adult white-spotted flower chafers (WSFC),
Protaetia brevitarsis, feed on developing sweet corn ears in
China causing extensive losses in quality and quantity.
Considering these losses, the lack of natural enemies caused
by excessive past chemical pesticide use and a complete lack
of present insecticides for acceptable use against WSFC on
developing sweet corn, it is important to find novel measures
for controlling this serious pest. The attractiveness of eight
compounds, mainly phenolic compounds, fruit esters, acet-
oin, and some aliphatic alcohols, was established in a spe-
cially designed olfactometer. Subsequently, rubber
dispensers containing 40-mg of those attractive compounds
were hung in field plots on 12 sweet corn ears on the borders
and down the center of 11 x 9.6-m plots comprised of 615
plants. One day later, the same ears were sprayed with
Malathion. These attract-and-kill plots were maintained in
2006, 2007, and 2008, and provided substantial protection of
non-treated ears in the same field. The mean damage value
(DV from 0: none to 3: >5% eaten ears) and percent of
damaged ears in the treated fields (DV: 0.8 £ 0.3,
0.8 + 0.3,and 0.7 % 0.3; % damage: 19.4, 19.4, and 19.0%)
was significantly lower than that in control plots (DV:
1.8 £0.2,2.0 £ 0.1, and 1.7 &+ 0.1; % damage: 92.1, 89.7,
and 95.0%) for 2006-2008. This attract-and-kill method
gives sweet corn growers a method to protect their crops.
Keywords Protaetia brevitarsis - Potosia brevitarsis -
Olfactometer - Attraction - Control - Damage value
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Introduction

Corn is one of China’s most important crops, covering an
area of about 2.38 x 107 hectares, representing 20% of the
total cropped area. The main varieties are field corn (93%),
sweet corn (5.1%), and other (1.9%).

The white-spotted flower chafer (WSFC) Protaetia
brevitarsis, also published as Potosia brevitarsis or brevi-
taris (Coleoptera: Scarabaeidae: Cetoniinae) is a native
species in China and is distributed all over the country,
especially in the Xinjiang district (Zhang and Wang 1955;
Forest Health Technology Enterprise Team 2004; Austra-
lian Government 2004; Chen et al. 2006, 2010; Chen and
Zhao 2008). In addition, it is found on the Korea Peninsula,
and in Japan and Thailand (Park et al. 1994; Forest Health
Technology Enterprise Team 2004; Kim et al. 2008a, b).

Within the last decade, feeding by WSFC caused
extensive damage, especially on developing corn ears, that
has led to a ring-like formation of a thick scar tissue layer
on the ear surface. This occurred at the top of the ear
because the pest prefers to feed there in sheltered areas
where the bracts touch the corn kernels. In serious cases,
the scar extended over half the ear (Park et al. 1994,
Australian Government 2004). This damage reduced kernel
mass (~ 5% productivity loss on average) in field corn, and
the marketable value in sweet corn. Chen et al. (2006) and
Chen and Zhao (2008) found that ~10% of sweet corn
could not be sold because of the presence of WSFC, or
reduced ear quality caused by WSFC, and noted that such
losses are critical to farmers. In addition, the beetles can
infect corn with rot diseases, significantly damaging the
quality and quantity of corn.

Because of a lack of natural enemies of WSFC, due to
excessive insecticide use in the past, and no reliable control
methods (biological, cultural, mechanical, or chemical),
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WSFC population have increased many fold within the last
three decades, causing a critical problem to corn growers in
China (Chen et al. 2006; Chen and Zhao 2008). Although
synthetic insecticides were used against WSFC on vege-
tables, and in other situations, in the past, they can no
longer be applied to developing sweet corn ears. Govern-
ment regulations on “Standards for the safe application of
pesticides” and “Regulations on the control of agricultural
chemicals” promulgated by Decree No. 216 of the State
Council of the People’s Republic of China (May 8, 1997),
outlawed the use of over 200 chemical pesticides for
vegetables. Although Malathion, and a few other chemi-
cals, can still be used on vegetables, the interval of time
between needed applications to harvest is too short for
effective WSFC control on sweet corn ears. Therefore, it is
necessary to establish a non-pesticide, or non-traditional,
solution for the WSFC problem.

For this purpose, an attract-and-kill, environment
friendly, pest control method was developed. Treated sweet
corn ears (with attractant rubber dispenser and insecticide)
diverted WSFC beetles from non-treated corn ears in field
plots. The actual efficacy of the attract-and-kill method
depends largely on the attraction capability of the chemical
dispenser. Therefore, it was necessary to select the most
attractive synthetic compounds to WSFC to get the best
results from this method.

A series of synthetic compounds have been shown to be
attractants for scarabs in China (Li et al. 1995; Meng et al.
1999; Chen et al. 2001), and others have been reported as
attractive to WSFC (Hao et al. 2005a, b; Wang and Zhang
2005, 2008). Wang and Zhang (2005) noted that ethyl
acetate, phenol, hexylenic aldehyde, and butyl acetate
appeared attractive to WSFC in preliminary field tests. In
other preliminary tests, Hao et al. (2005a) reported meth-
anol, ethanol, and propanol as potential attractants. Wang
and Zhang (2008) and Hao et al. (2005b) suggested that
methyl benzoate, ethyl benzoate, phenol, anethole, and
diphenyl ketone, may be involved in WSFC sex attraction.
Information on volatiles from WSFC hosts is also available
(Vallat et al. 2005; Robertson et al. 1995; Matich et al.
2003; He et al. 2005). Potential scarab attractants in gen-
eral, and those for Cetoniinae like the WSFC in particular
(Chen et al. 2006; Chen and Zhao 2008), can be grouped
into: (1) “flowery” or “fruity” compounds like aromatics
and esters; (2) simple esters commonly found in flower or
fruit aromas, but also in other plant tissues; (3) simple
carboxylic acids commonly found as microbial degradation
or fermentation products; and (4) certain six-carbon alco-
hols, aldehydes and their derivatives, commonly known as
“green leaf volatiles”, which are released from all plant
tissues as by-products of plant metabolism. Geraniol and
anethole, often along with eugenol, are attractive to several
Cetoniinae in Europe (Toth et al. 2003, 2004, 2009; Vuts
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et al. 2010a, b) the USA (Cherry et al. 1996; Crocker et al.
1999), and China (Li et al. 1995; Chen et al. 2001). In
addition, Toth et al. (1994), Tolasch et al. (2003), Ruther
(2004), and Ruther and Mayer (2005) and have reported
leaf alcohols, plant volatiles and acetoin as attractants for
Anomala spp., Phyllopertha horticola, Melolontha spp.,
and Amphimallon solstitiale in Europe.

From the above information, we selected and assessed
the attraction of 20 synthetic compounds to mature WSFC
in an olfactometer using a blank as a control. Subsequently,
during 2006, 2007, and 2008, using the most attractive
screened synthetic compounds, we evaluated the attract-
and-kill method in a cornfield to suppress WSFC popula-
tions and to protect the non-treated ears.

Materials and methods
Olfactometer experiment
Experimental insects

Adult chafers were obtained by shaking the host crop
plants or trees during the night and collecting the fallen
beetles. Collected adults were kept in 45 x 20 cm Plexi-
glas cages with a 15 cm bottom layer of soft soil (treated at
150°C), under controlled environmental conditions (tem-
perature 25 £+ 1°C, 65 £ 5% relative humidity (RH), 12 h
light/12 h dark). After ~ 15 days, the soil was examined
for eggs and larvae. Larvae were fed for about 280 days on
organic soil from the forest (Chen and Zhao 2008). As soon
as pupae appeared, they were removed from the soil on a
daily basis, placed in Petri plates containing moistened
vermiculite and kept under the conditions described above.
Each Petri plate contained ~ 15 pupae and was checked
twice daily for adult eclosion which occurred after about
1 month. Five- to ten-day-old WSFC, which had fed on
fresh immature corn ears daily, were used for behavioral
tests. Preliminary tests indicated that newly emerged adult
WSEFC can survive for at least 1 week without any food,
and during that week, no change in the attraction of unfed
beetles to immature sweet corn or a specific lure was
observed. For the olfactometer tests, beetles were starved
for 2 days prior to experiments. The number of beetles
“tested” (= put in the central chamber) are listed in
Table 1 for each of the compounds.

Olfactometer apparatus

The olfactometer, or wind tunnel, was designed to assess
the response of mature WSFC to various chemical stimuli
upwind (Fig. 1), and had a central chamber consisting of a
transparent plastic box (140 x 80 x 35 cm) covered with
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Table 1 Attraction of white-
spotted flower chafers (WSFC)
to chemical compounds in an

Chemical (10 mg)/CAS number

Total # of
WSEFC tested”

Dispenser—solventb % Responding to chemical

(orientation) probability®

olfactometer Citronellol/106-22-9

Geraniol/106-24-1
Propenol/57642-96-3
Methyl salicylate/8024-54-2
Acetoin/513-86-0

Benzyl carbinol/60-12-8
Benzyl alcohol/100-51-6
Butanol/35296-72-1

Sweet corn ear
Anethole/104-46-1
Cinnamyl alcohol/104-54-1
Ethanol/2870-28-2
Hexanol/25917-35-5
Methyl benzoate/93-58-3
Pentanol/30899-19-5

2 Eight replicates. ® Solvent:

H = Hexane, A = Acetone.

¢ Total # of WSFC in chemical
jar divided by total # tested.
Percent response is evaluated by
Wilcoxon sign tests (number of
replicates with excess, deficit
and same # of WSFC in
chemical/control jars) which are
significant with * P < 0.05, or
#* P < (0.01 for attraction (+)
or avoidance (—)

2-Phenethyl propionate/122-70-3
Diphenyl ketone/119-61-9
Methanol/59316-88-0
1-Propanol/71-23-8

Benzene acetaldehyde/144164-15-8

32 Wick-H 87.5 (8/0/0) +**
24 Wick-H 87.5 (8/0/0) +**
21 Wick-A 80.9 (7/0/1) +*
35 Wick/tube-H 78.6 (8/0/0) +**
23 Wick-A 73.9 (8/0/0) +**
22 Wick-A 72.7 (6/1/1)

25 Wick-A 72.0 (7/0/1) +*
21 Wick-A 71.4 (7/0/1) +*
33 Immature ear 66.7 (7/0/1) +*
25 Wick-H 64.0 (7/1/0)

32 Wick/tube-H 56.2 (2/0/6)

33 Wick-H 51.5 (3/2/3)

31 Wick-H 45.2 (1/414)

28 Wick-H 42.9 (1/4/3)

34 Wick-H 41.2 (2/4/2)

21 Wick-H 38.1 (1/6/1)

22 Wick-H 36.4 (1/5/2)

25 Wick-H 36.0 (1/7/0)

29 Wick-H 31.0 (0/5/3)

27 Wick-H 29.6 (0/7/1) —*

Fig. 1 Schematic drawing of two-choice olfactometer used for
behavioral tests (not drawn to scale). Air was evacuated through the
exhaust chamber, creating an air stream through the empty control,
and odorized chambers into the central chamber. White-spotted

a white opaque lid. Two exit tubes (inner diameter 10 cm,
length 12 cm) were made of an opaque plastic material,
and protruded 3 cm into the box through the short side,
thus connecting the central chamber with collection con-
tainers, which had either a test attractant or the empty
control. WSFC adults placed into the central chamber
could take short flights of 0.3-0.5 m to reach the test
attractant through the exit tubes. To facilitate this move-
ment, a 2 cm styrofoam sheet covered the bottom of the
box and raised the floor to the level of the exit tubes. The

flower chafer adults were placed in the central chamber and could exit
through either of two tubes leading to the odorized/collection
chambers

styrofoam was covered with a protective paper, lined with
plastic foil on the bottom, and held tightly by adhesive
tape. The protective paper was changed after each com-
pound to avoid contamination. The collection jars were
screwed into the plastic box and were easily removed and
switched to avoid a position effect.

The olfactometer had airflow (30 cm s_l) through holes,
to the collection jars and into the central chamber. Each
entrance hole was covered with a 3 cm thick charcoal filter
sheet. The wind tunnel was evacuated by an exhaust fan
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inside the exhaust chamber, and was operated in a climate
chamber at 28°C, 65 &+ 1-5% RH, and with illumination
from two greenhouse lamps (36 W, >1 kHz, Philips).

Olfactometer experiments

Experiments were conducted between 8 AM and 4 PM
during April, May, and June, 2005 and 2006. Small groups
of beetles were placed into the central chamber to reduce
interactions between adults, and allowed to acclimate
for several minutes before the lure was placed in a
collection jar.

Either three or four beetles were used in each replicate
(91% cases), and in the other cases 2 or 3, or 4 or 5
according to the availability of the chafers. Nothing was
placed in the control jar, and the exhaust was activated just
after the lures were added. Adults were allowed to walk
freely in the central chamber and exit through either of the
two tubes during replicates. Compounds were tested in
random order, and each treatment was replicated eight
times. The number of beetles in the collection jars was
noted after 15 min. All beetles were removed from the
system before the next replicate was started. The positions
of the collection jars were switched after every two repli-
cates (30 min) to avoid position effects.

Test stimuli

Initial evaluations were performed on developing sweet
corn ears, weighing approximately 300 g each. The fresh
ears were put into one of the collection jars, and were
invisible from the central chamber, while the control jar
was empty. Once the validity of the system was demon-
strated by movement to the know attractant (sweet corn
ears), the 20 synthetic compounds (Table 1) were tested
separately against a blank control. These compounds rep-
resented Chinese scarab attractants (Li et al. 1995; Meng
et al. 1999; Chen et al. 2001: Hao et al. 2005a, b; Wang and
Zhang 2005, 2008), WSFC host volatiles (Vallat et al.
2005; Robertson et al. 1995; Matich et al. 2003; He et al.
2005), or were among the most attractive lures to the
Japanese beetle (McGovern and Ladd 1984).

Cotton dental wicks were loaded with 10 mg of a test
compounds dissolved in 100 pl of solvent. We used 100 ml
of hexane or acetone as a solvent, depending on chemical
solubility (H or A in Table 1). The cotton wick absorbed
the solutions, and 3—5 min were allowed for the solvent to
evaporate before testing. This worked well for 17 of the
compounds, but the evaporation of the other materials was
too high and resulted in complete dispersal before the end
of the test. To slow down evaporation the wick was placed
in an open glass tube for, cinnamyl alcohol, methyl salic-
ylate, and phenyl ethanol.
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Field trials
Attractant dispenser preparation

Eight synthetic compounds which had a higher capture
than the sweet corn ear in our olfactometer assay: geraniol,
citronellol, propenol, methyl salicylate, acetoin, benzyl
alcohol, butanol, and benzyl carbinol were purchased from
Sigma Inc., Aldrich Inc. or Fluka Inc. The purity of the
samples was >96% by GC. A dispenser was prepared using
a piece of rubber tubing (1.5 cm o.d. x 2 cm, with a wall
thickness of 1.5 mm) which was put into boiling 98%
ethanol for 10 min (three times), and then into 98%
methylene chloride overnight (three times). To make the
dispensers, 40 mg of a selected compound, in a hexane
solution, was placed on the surface of the rubber dispenser.
After the solvent evaporated, dispensers were wrapped
separately with pieces of aluminum foil and were stored at
—10°C until use as described by Donaldson et al. (1986).

Treated corn ears

The attractant dispensers were attached with a thread to the
top end of each treated ear. One day later, 15 ml of a
Malathion solution—3 pg/pl (Dow Agro Sciences, India-
napolis, IN USA) were sprayed onto the same developing
corn ears. Malathion has been used as a chemical control
for WSFC and other insects in China (Wei et al. 1989; Wu
et al. 2004) and was chosen based on its previous usage. To
determine the most suitable time for these applications,
three basic factors were taken into consideration: (a) large
numbers of adult WSFC, (b) the time of the kernel for-
mation, and (c) the absence of rain. The most crucial period
of damage to corn is the first 15-29 days after kernel for-
mation. The first application of the insecticide and the
attractant dispensers was during the time of massive adult
appearance that coincides with kernel formation (10-11
July 2006, 5-6 July 2007, and 12-13 July 2008). The
second application was approximately 2 weeks later
(24-25 July 2006, 19-20 July 2007, and 26-27 July 2008).

Field tests

A 3-year experiment (2006-2008) was carried out in a
sweet corn field of ~20 ha at the Jilin Agricultural Uni-
versity Experimental Station (The northeast plain area of
China). Sweet corn had been grown in this field for many
years for research purposes, and adult WSFC were very
numerous. Adjacent farms producing chickens and deer
may have provided near-by, high organic matter ideal for
the development of WSFC larvae.

The experiment was designed with a standard of ran-
domness and complete blindness, with the eight attractants
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Edge of 0.01 hectare plot

RAAARAARAAAREEAARAAARAARAANAARAARARAAREEAAAAARARAAAAAN
DAAAAAAAAARAAARARAAAARARARAARAARAAAARAARAAARRARAAARRAR
DAAAAAAAAARAAARAAAAAARARARAAAAARAAAARAARAAARRARAAARAAA
AAAARAAAAARARARAARARARARAAARARANAAAARAARAAARRARAAARRARY
RAMAMAARAAAAAAADAAARAAAARAARARAAAAAAARAARARARAAAARRARAN
DAAAAAAAAARAAARAAAARARARAAAAAAARAAAARAARAAARRARAAARAAA
DAAALAAAAARAAARAARAAARARAAAAARARAAAARAARAAARRARAAARRARY
DAAAAAAAAARAAARAAAAAARARARAAAAARAAAARAARAAARRARAAARAAA
RAMAAAARAAARAAARDAARAARARAANAARAARAAAAAARARAARAAAAAAAN
DAAAAAAAAARAAARAAAARARARAAAAAAARAAAARAARAAARRARAAARAAA
DAAAAAAAAALARARAAAARARARAAAAARARAAAARAARAAARRARAARARRAA
DAAAAAAAAARARARAARARARARARARARARAAAARAARAAARRARAAAARAAR
BAA004000404008 0800088000 ARADA00AA0ARADAAAAALALALY

5.5m 5.5m
Edge of 0.01 ha plot

I =treated sweet corn plant

wee

wee

wee

A:non—treated sweet corn plant

Fig. 2 Layout of treated sweet corn plants in field plots

listed at “Attractant dispenser preparation” section (treat-
ments) and one control without an attractant. Each treat-
ment was replicated three times and was associated with
three non-adjacent control plots. The layout of ears in the
treatment plots is shown in Fig. 2. In contrast, there were
neither insecticides nor attractants in control plots. The plot
size was 11.0 x 9.6 m and contained 13 rows. Each row
had 53 sweet corn plants (variety “Titian 6”). Adjacent
plots were separated by non-planted buffer areas
(40 x 11.0m or 4.0 x 9.6 m) to diminish interactions
between treatments. The distance between treated crops
was approximately 3.2-5.5 m.

Field observations

The damage to ears from by WSFC was assessed in late
September 2006, 2007, and 2008, by randomly selecting
100 corn ears from a box containing treated or non-treated
ears from each attractant plot, and 100 ears from the con-
trol plots. The damage values for each group were assessed
using the following damage criterion: O (no damage), 1 (up
to 1% kernels eaten), 2 (2—-6% eaten), and 3 (6—10% eaten).
The percent damage was the number of ears with any
damage out of the 100 randomly selected. Protection values
were based on the percent damage in the control minus the
percent damage in the treatments.

Data analysis

Since the olfactometer experiments showed no sexual
dimorphism in odor preference (data not presented) here or

in previous studies (Chen et al. 2006), the male and female
numbers were pooled for analyses. Each treatment was
replicated eight times. A Wilcoxon sign test was used as a
non-parametric measure of preference for the odorant
versus the blank control.

Results
Olfactometer

Out of 543 beetles used, 314 entered the collection
chambers and were utilized for statistical comparisons. The
numbers of beetles tested for each compound are shown in
Table 1. Initial results with the olfactometer showed that
the developing sweet corn ear attracted 22 of the 33 beetles
released, thus validating the use of this instrument to test
attractants. Without adjustment for different release rates,
the stimuli had significant differences in attraction
(Table 1), as indicated by the percent of beetles choosing
the lure. Eight out of the 19 synthetic compounds were
more attractive than the sweet corn ear in our olfactometer
assay. The Wilcoxon sign test found 7 of the compounds
and the corn ears had significant attraction (Table 1). The
attraction of benzyl carbinol was not significant. There was
significant avoidance of the jars with propanol and phenyl
ethanol based on the Wilcoxon sign tests.

Control in field trials

Significant differences (P < 0.05) were found between the
mean damage values for non-treated sweet corn ears in the
treatment groups and for ears in the controls for the 3 year
totals (Table 2). The reduced damage value and improved
protection of non-treated ears in the treatment group from the
applied synthetic compounds varied year-to-year, though
their effects were all statistically significant. In 2007, sig-
nificantly lower effectiveness of the lure and kill method was
observed, which coincided with unexpected bad weather
conditions (heavy rain, low night temperatures, and strong
winds) during the fruiting period. These factors negatively
affected the population densities. According to previous
observations, treatments should have been done 3 weeks
after the sweet corn kernels begin to form (Chen et al. 2006;
Chen and Zhao 2008). However, during this period in 2007,
very strong winds and heavy rains took place, and postponed
the applications. Therefore, the WSFC beetles had already
caused serious damage to the developing sweet corn before
the compounds were applied. The ratios between the mean
damage value for treated sweet corn ears and that for non-
treated ears was 2.6:1, 2.5:1, and 3:1 for 2006, 2007, and
2008, respectively, thus demonstrating the beetles were
going to, and staying on, or being killed by the treated ears.
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Table 2 Damage caused by white-spotted flower chafer to corn ears

Treatment Mean damage score = SE Damage % + SE
Treated ears No lure, but in treated plots No lure, but in treated plots
Acetoin 1.60 & 0.032a 1.23 4+ 0.052d 38.4 +2.13d
Butanol 1.68 & 0.044ab 1.10 & 0.052cd 32.9 £+ 1.60c
Geraniol 1.81 & 0.042b 0.87 & 0.054c 22.9 £+ 0.96b
Citronellol 1.82 £ 0.043b 0.78 &+ 0.054c 19.2 &+ 0.70ab
Methyl salicylate 2.23 £ 0.043¢ 0.68 £ 0.057bc 16.0 £ 0.53a
Benzyl alcohol 2.34 £+ 0.038cd 0.66 %+ 0.055b 159 £ 0.39a
Propenol 2.46 £ 0.034de 0.51 £ 0.056ab 15.3 £ 0.24a
Benzyl carbinol 2.55 £ 0.021e 0.38 £ 0.048a 15.3 £ 0.24a
Average 2.06 £ 0.037 0.78 + 0.054 29.8 + 0.83
Control—untreated plot 1.80 £ 0.023e 92.4 £+ 0.69¢

Treated ears = lure attached to sweet corn ear in treated plots. Damage scores differed significantly between treatments (F7g4g = 100.1,
P < 0.0001) and also between years (2007 was significantly lower than the other yeas; F; gog3 = 2.35, P < 0.0001), however, plots nested within

years did not differ significantly (Fgg45 = 0.06, P > 0.95)

No lure = No lure on sweet corn plant, but in the same treated plots as above. Damage scores differed significantly between treatments
(Fs.8083 = 71.5, P < 0.0001) but not between years (F, gos3 = 1.38, P > 0.25) or between plots nested within years (Fg gos3 = 0.81, P > 0.55)

Control = untreated sweet corn plant in control plots

Damage % = percent of ears with any damage. % Damage differed significantly between treatments (Fgeqs = 449.4, P < 0.0001) but not
between years (F,e4 = 0.68, P > 0.50) or between plots nested within years (Fgeq = 1.04, P > 0.40). ANOVA was performed on arcsine
transformed percentages to stabilize variances; the estimates are given in the original units

Means within a column followed by the same letter are not significantly different using Tukey’s test at 5% probability

Discussion

The most important factor in getting positive results from
an olfactometer is the choice biological extracts or syn-
thetic compounds as attractants. Polyphagous species
would be expected to feed opportunistically on available
leaves, fruits or flowers, utilizing alcohols and other odors
commonly found in many plant parts (Donaldson et al.
1990; Lin and Phelan 1991; Phelan and Lin 1991; Reinecke
et al. 2002; Ruther and Hilker 2003; Ruther 2004; Ruther
and Mayer 2005). Chen et al. (2006) previously identified a
wide selection of locally available fruit which could pro-
duce numerous volatiles attractive to WSFC. In addition,
several compounds were tentatively identified as WSFC
attractants (Hao et al. 2005a). The attractive compounds
from the references above, and our observations, resulted
in the immature sweet corn ears and 20 synthetic com-
pounds utilized here. The olfactometer tests showed that
eight chemicals not previously known to be attractive to
WSEC caused more upwind movement to containers than
did the blank controls. The attractive compounds are phe-
nylic and hydroxylic compounds, including several short
chain aliphatic alcohols, and some phenylic fruit alcohols
and terpenes. The only exception is acetoin. This matches
the profile of potential WSFC attractants proposed by Chen
et al. (2006) and Chen and Zhao (2008). Five compounds
previously indicated as WSFC attractants (Wang and
Zhang 2005, 2008; Hao et al. 20054, b) did no better than

@ Springer

the controls. This could be due to differences in conditions
between the tests, or doses which did not trigger behavioral
responses under our conditions.

Of these eight synthetic compounds, geraniol was only
one of the Japanese beetle attractants to show activity. The
importance of combinations of chemicals as scarab attr-
actants throughout the world cannot be overlooked (Ladd
et al. 1981, Klein and Edwards 1989; Reed et al. 1991; Leal
1998; Ruther 2004; Ruther and Mayer 2005). It is possible
that combinations of attractants would also prove superior
for WSFC. This avenue of research will be examined in the
future.

Although there was an overlap of attractive substances
between WSFC and other scarabs, the degree of the
attractiveness was different. For example, methyl salicylate
was highly attractive to WSFC, but exhibited low attraction
to the Japanese beetle (Langford et al., 1943). However, it
is part of the lure combination for green June beetle,
Cotinus nitida, in the USA (Loppez et al. 2002) and Ce-
tonia aurota aurota and Potosia cuprea in Hungary (Vuts
et al. 2010a, b). In addition, Landolt (1990) found isopro-
panol to be highly attractive to the green June beetle, but
here, propenol was the most attractive alcohol. Among the
attractive compounds, acetoin is a novel scarab kairomone,
although it was identified as the pheromone for Amphi-
mallon solstitiale (Tolasch et al. 2003) and a component of
male released aggregation pheromones of two dynastine
scarab beetles (Rochat et al. 2000a, b).
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No sexual or behavioral attraction between beetles was
observed here or in previous experiments with WSFC
(Chen et al. 2006). With this olfactometer, WSFC were
removed from the collection jars during each trial to
minimize any interaction between beetles. Concerns about
erratic and random escape attempts, leading to high control
captures (Syed and Guerin 2004; Chen et al. 2006) were
circumvented by forcing beetles walk through a tube with
lower illumination than the central chamber. Since beetles
were not counted until they were in the collection jars, we
were sure they were drawn by attractants, not light, and
random control encounters were suppressed.

Field observations indicated the number of WSFC on
lure treated ears was much greater than on non-treated ears.
Using specific key compounds to locate food appears to be
a strategy of oligophagous insects when characteristic
attractants have been identified (Renwick 1989). Since
WSEFC probably utilize a similar strategy to find food, their
preference for, and extensive feeding on treated ears was
probably due to the attractant dispenser. The results from
the field were fairly consistent with order of attraction from
the olfactometer except that geraniol and benzyl carbinol
switched places. Thus, using benzyl carbinol or propenol as
attractants to protect non-treated ears in the same field
gives growers a tool to use, and reduces insecticide usage
about 99% over that of conventional insecticide sprays that
were previously available.

The efficacy of this control method would be negatively
affected by attraction of WSFC to early arriving beetles on
non-treated ears (Chen et al. 2006). Although, no interac-
tions between WSFC were observed in the olfactometer,
feeding by early arriving beetles could change this
dynamic. The interactions within WSFC populations are
not well understood, but effective control of WSFC in an
actual cornfield was possible.

The low efficacy with acetoin or butanol treated ears
suggests that only compounds with the highest attraction
are effective under field conditions. The four best attrac-
tants from the olfactometer provided very good results,
with mean protection values between 78 and 86.8%.

In an olfactometer, mature WSFC exhibited very limited
dispersal and would aggregate on an immature sweet corn
ear with an attractant for a considerable time (Chen et al.
2006). This showed that treated ears could arrest the
movement of WSFC after an initial contact. Thus, rela-
tively long durations of feeding on treated ears, and high
death rates, would be expected if the numbers of ear ker-
nels are adequate and the insecticide is poisonous enough.
It may be that WSFC moving to attractive ears, and an
increase in attraction with the release of corn volatiles, is
the major factor in the success of this technique. Overall,
the damage values showed that treated ears had a signifi-
cantly negative effect on WSFC populations, although we

do not know where the poisoned adults went. Another
possible limitation on the efficacy of this control method in
the field would be the dispersal of mature WSFC following
their aggregation on treated ears. However, we saw no
indication that the mass occurrence of WSFC might cause
competition and higher migration of beetles to the neigh-
boring non-treated ears.

Protection with an insecticide other than Malathion may
be more effective due to the relatively short field life of the
insecticide (a few days). The possible low level of control
with Malathion suggests that the attract-and-kill scheme
may be even more effective with a more potent, long-
lasting, insecticide. However, despite this limitation, the
mean damage value and damage percentage of non-treated
corn in the treatment group was significantly lower than in
the control group or treated ears. Clearly, our attract-and-
kill method resulted in reduced damage and good protec-
tion to the sweet corn that is not available from any other
technique.

These results demonstrate that propenol or benzyl car-
binol could be used now, and will also serve as a basis for
future development of attract-and-kill methods. Since the
synthetic compounds and insecticide used in this study are
not specific for WSFC, additional work will be needed to
evaluate the potential negative impact on beneficials and
other non-target insects, the manner in which these syn-
thetic compounds travel, combinations of chemical attrac-
tants, longer lasting insecticides, and optimum timing for
application. In particular, a better understanding of how far
a volatile cloud extends under variable field conditions,
how long it persists and the shape of its decay with distance
will be key issue in the continued development of this
technology.
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