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Abstract 

The western spotted cucumber beetle (Diabrotica undecimpunctata 

undecimpunctata) and the western striped cucumber beetle (Acalymma trivittatum) are 

pests of many crops, including vegetable, fruit, and nursery crops. Pesticides are 

commonly used to control this pest. Trap and kill technologies are under development as 

use in an alternative control for cucumber beetles, the trap design includes three parts: a 

kairomone, cucurbitacin “beetle bar”, and plastic or plexiglass trap body. This project had 

three objectives, including: (1) to evaluate the effect of temperature on the degradation of 

the cucurbitacin concentration in the bait components of a trap and kill technology, (2) to 

evaluate kairomone lure longevity under field conditions, and (3) to evaluate 

effectiveness of alternative traps and  design modifications on beetle capture rate. High 

Performance Liquid Chromatography was used to identify cucurbitacin degradation. The 

cucurbitacin content of the bait declined 23% over ten weeks at temperatures above 32°C 

but remained relatively stable at temperatures below 21°C. Duration of kairomone lure 

attractivity was determined in the field by beetle capture rate on variously aged 

kairomones. The kairomone was the most attractive as fresh or 1-day post prep lure, in 

comparison to older lures or no lures.  A 35-day old lure caught more beetles than a no-

lure trap. Beetle capture rate was used to evaluate trap design efficiency. The dilution of 

the bait to 10% cucurbitacin increased beetle capture rate. A round trap design, called the 

OSU lab trap, was the most efficient trap for both spotted and striped beetles, while the 

modifications of a vent and minilure were inconclusive. 
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Introduction 

The western spotted cucumber beetle (Diabtrotica undecimpunctata 

undecimpunctata) (spotted beetle) and the western striped cucumber beetle (Acalymma 

trivittatum) (striped beetle) are pests of many agricultural crops in the western United 

States. The spotted beetles feed on many crops such as vegetable, ornamental, forage, and 

fruit crops in the western United States (Lockwood 1948). The host crop range includes 

alfalfa, lettuce, potato, corn, tomato, cherry, ornamental shrubs, flowers, and beans. In 

Oregon the adults often have two generations, and sometimes a partial third. The adults 

overwinter in grasses, and the spring adults become active when the temperature is above 

10C. In spring the females move out of the overwinter sites to crops such as corn peas 

and alfalfa to lay eggs. The eggs hatch, and the larvae feed on the crop roots, occasionally 

causing damage. However, the adult stage causes the majority of damage in crops 

(Sorenson 1993). The second generation adults emerges in late June to early July and 

move into irrigated crops such as snap beans, lettuce, and spinach. Pod feeding by the 

spotted beetle can cause severe economic loss, and insecticides are widely used for 

control. Adult spot feeding on lettuce and spinach is a particular problem to organic 

growers.  

Unlike the wide host range of the spotted beetle, the host range of the western 

striped cucumber beetle is restricted to cucurbits, such as melons and pumpkins. Adult 

beetles feed on cucurbit seedlings in spring and early summer, and can kill the plants if 

not controlled. The larvae of striped cucumber beetles feed on the roots of the host plants, 

although little is known about the impact of the feeding on crop yield. 
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Alternative Pest Management Strategies.  

Although insecticide use is the most common method of control of cucumber 

beetles, several alternative pest management methods are also used (Hoffman and Zitter, 

1994). Exclusion is a commonly used method for controlling cucumber beetles in 

vegetable crops. A light-transmitting and water-transmitting fabric is placed over young 

cucurbit plants to protect them from damage. A concern regarding crop covering is 

timing, because if the covers are not taken off in time, the plants will not get pollinated, 

and if they are put on too late, the beetles damage the plants (Hoffman and Zitter, 1994).  

 The method of trap cropping has also been used in the control of spotted beetles. 

The bait traps consist of an early planting of cucurbits that are treated with an insecticide 

to kill overwintering beetles before the actual planting for the crop occurs. This decreases 

the number of beetles that attack the actual crop; however, the reduction of destruction in 

the cash crop has never been shown to be high enough to rely on this as a sole method of 

control (Day 1996). Another method of trap cropping, called perimeter trap cropping, 

relies on insect preference for one variety of plant over another. Preference may be due to 

plant morphology, relative concentration of feeding stimulants, or other factors. When the 

more attractive plant is established around a perimeter of a cash crop field, insects 

concentrate in the field edges and do not feed on the main crop. The use of ‘New England 

Blue Hubbard’ (Cucurbita maxima) as a perimeter trap crop around a field of ‘Waltham’ 

butternut squash was demonstrated in Mullica Hill, New Jersey (Cavanagh and Hazzard 

2006). 
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Cucurbitacins as Feeding Stimulants 

Cucurbitacins are a group of bitter compounds found in the fruit of some species 

in the plant family Cucurbitacea. These compounds deter most herbivores from feeding; 

however, the cucurbitacin acts as feeding stimulant for the cucumber beetles (Metcalf et 

al. 1987). Cucurbitacin has been bred out of commercial melon varieties because of its 

bitterness. There are five common cucurbitacin compounds found in the cucurbit family: 

cucurbitacin B, E, D, I, and E-glycoside. The Bitter Hawkesbury Melon (BHM) is a 

mutant watermelon that contains a high concentration of cucurbitacin E-glycoside and 

can be used for making a feeding bait. 

Semiochemicals 

Semiochemicals are volatile chemicals produced by many organisms for an array 

of communication purposes. Each semiochemical gives off specific messages to specific 

species: some of the most prevalent messages are for mating, congregating, attracting, 

and repelling (Brust and Foster 1995). The chemicals used to communicate within the 

same species group are known as pheromones. Chemicals used to communicate between 

different species are known as kairomones. A kairomone can benefit either the species 

that emits the kairomone signal or the species attracted to the kairomone. With 

Diabrotica beetles, the components of an attractant kairomone are found in the blossoms 

of many plants. Various volatile attractants/chemicals found in cucurbits can be analyzed 

through liquid or gas chromatography, and can then be tested for attractiveness to beetles 

as separate components. Over 40 volatile components are found in the blossom of 

cucurbits (Fleischer and Kirk, 1994). However, some compounds were found in higher 

concentrations and were more attractive to the beetles (Andersen and Metcalf 1986). 
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 The purpose of using kairomones in baiting methods is to attract the target species 

using the best combination or most attractive kairomones identified. Some of the most 

commonly used kairmones (due to attractiveness/effectiveness) are 1,2,4-

trimethoxybenzene, indole, transcinnamaldehyde, beta-ionone, and benzyl-alcohol. 

Cucumber beetles have a high attraction to the combinations of indole, beta-ionone, and 

benzyl alcohol (IBb); these chemicals when mixed in the correct proportions mimic a 

squash flower. Together these components are very attractive to both striped and spotted 

beetles (Jackson et. al. 2005).  

Current Trapping Methods of Beetles 

Trapping methods have been used on various insects to contain insects or to lure 

them to a location with bait. This approach, called “trap and kill,” involves use of known 

pest behaviors to attract and kill them. In previous trap experiments targeted at cucumber 

beetles, a higher beetle capture was observed when traps were placed above the crop in 

the flight range, and incorporated the color yellow in the trap design (Andersen and 

Metcalf 1986). 

 Luna and colleagues have studied the biology and landscape - level aggregation 

behavior of the western spotted cucumber beetle, along with developing trap and kill 

strategies for the spotted and striped cucumber beetle (Luna and Xue 2009). A three-

component trap has been developed, consisting of:  (1) a kairomone lure, (2) a physical 

trap, and (3) a cucurbitacin food source baited with a toxin located inside the trap.  The 

kairomone component of the lure consists of a mixture  of 0.3 g indole, 0.4 g Beta-

Ionone, and 0.4 g benzyl alcohol (“IBb”).  This mixture is derived from previous work 

conducted in Oregon (Hongtrakul 1997). The kairomone is mixed in the lab, measured 
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into 1 ml vials and taken to the field.  The lure consists of 1.9-cm dia PVC tube 5 cm 

long. Ten cotton dental swabs are soaked in mineral oil and placed into the end of the 

tube, and the kairomone poured onto the cotton. The lure is mounted with an aluminum 

bracket onto the top of a 3.3-m long metal fence post, and a 25-cm dia translucent plastic 

plate is mounted to the top of the lure to protect the lure from rain and irrigation water 

(Fig. 1). The plastic plate also provides shade to cool the inside of the trap.  

 The physical trap is a commercially available yellow vane trap (Springstar.net; 

Woodinville, WA) (Fig. 1).   The trap has been modified by cutting a 5 x 5 cm hole in 

each side of the trap and covering it with plastic window screen.  These air vents were 

added with the intention of reducing temperatures inside the clear plastic trap when 

sitting in the sun. The trap is also mounted upside down on the post to prevent rain from 

entering the trap (normally the trap is hung with the vanes pointing upward and the trap at 

the bottom.). A 25-cm dia translucent plastic plate is mounted to the top of the trap to 

reduce rain and irrigation water from entering the vents in the side of the trap and to 

provide shade. Unless otherwise specified, the trap is mounted 1 m from the soil surface 

The toxic bait inside the trap consists of a “beetle bar,” a dried bar of cucurbitacin 

resembling a small candy bar.  The beetle bars is made by by mixing 8 g ground BHM 

pulp, 0.08 g sodium benzoate (as a preservative), 0.2 g xanthum gum (a thickener), 20 ml 

BHM juice, and 0.4 g Entrust® insecticide (a formulation of spinosad  allowed for 

organic production under the US National Organic Program).  The mixture is spread onto 

a screen, flattened with a spatula, shaped into bars approximately 5 x 7 cm, and placed in 

a food dryer at 24°C for 6 hours.  



 9

 The efficiency of the trap, in terms of its ability to attract and kill beetles, depends on the 

physical design of the trap,  the strength and longevity of the kairomone lure, and ability 

of the cucurbitacin to induce lethal feeding by the beetles on the insecticide-laced beetle 

bar (Luna and Xue 2009). Although the longevity of the kairomone lure had been 

previously reported to be at least 30 days (Luna, 2006), longevity experiments had not 

been conducted for longer time periods.  In previous beetle trapping work, only a single 

concentration of HBJ had been used in the recipe, and the effect of the concentration on 

beetle capture is unknown.  

The purpose of this research was, therefore to evaluate specific components of the 

current methods of trapping cucumber beetles, with a goal of improving effectiveness. 

Specific objectives were: (1) To evaluate the effect of temperature on the degradation of 

the cucurbitacin in BHM components of the beetle bar. (2) To evaluate kairomone lure 

longevity under field conditions. (3). To evaluate effectiveness of alternative trap designs 

on beetle capture rate. 

 

Materials and Methods 

Field Sites. All field studies were performed at Gathering Together Farms (GTF), 

located near Philomath OR and Stahlbush Island Farms (SIFI), located 16 kilometers 

south of Corvallis. These locations were chose because large cucurbit fields were 

growing at the time of experimentation and the location was close to OSU campus.  

Cucurbitacin E-glycoside Isolation. One gallon of BHM juice (previously 

processed and frozen in the Luna Lab (Luna 2006)) was thawed. In a large separatory 

funnel, 500 mL of ethyl acetate and 500 mL of BHM juice was mixed, swirled gently for 
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five minutes (venting often) and set aside for five minutes for separation. The ethyl 

acetate layer was drained off and transferred into a round bottom flask and set on the 

rotovap (R-176 rotovap, Buchi, Steven’s lab) machine until it was dry. Ten ml of MeOH 

was added to the dried compound to create a suspension for storage and analysis. Slowly, 

10 ml of solution was applied to the top of a gel agarose fractional column. The bottom of 

the fractional column was opened and methanol was allowed to run through the entire 

column with the suspension. Each fraction was analyzed y HPLC (2690 HPLC system, 

Waters, Steven’s lab) and the fraction(s) that contained the cucurbitacin E-glycoside and 

cucurbitacin a-glycon peaks were then sent out of lab to be analyzed with mass 

spectrometer and Nuclear Magnetic Resonance (NMR). The identity of the compound in 

the BHM juice was confirmed by matching machine-generated peaks to the known 

structure of cucurbitacin E glycoside.  

Cucurbitacin E-glycoside Degradation. Frozen BHM juice was thawed at room 

temperature overnight, and then 1.5 ml of BHM juice was dispensed with a pipeter into 

1.5mL centrifuge tubes. The BHM pulp was dispensed into the centrifuge tubes in 0.01 

aliquots. Four replicates of each sample were placed in four controlled temperature 

chambers that corresponded with each sample: 2°C (refrigerated), 10°C, 21°C, or 32°C. 

Tubes were removed at 7-day intervals over a 10-week period. Samples were extracted 

and analyzed by HPLC on the same day as removal, with two injections per sample and a 

control for each HPLC run. Tubes were stored in the refrigerator upon completion. The 

peak area for each sample was recorded.  

The quantity of the cucurbitacin used in the bait was determined using High 

Performance Liquid Chromatography (HPLC). Cucurbitacin has a mass of 359 g/mol and 
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separated at this specific weight and gave a UV spectrum of 324.8. The peak was 

identified and peak area was recorded and calculated to give the quantity in g/L of the 

cucurbitacin in juice and g/g (weight/weight percent) in pulp. 

Kairomone Degradation Experiment. Three different kairomone samples were 

prepared by making the lures at 1, 35 and 56 days prior to the experiment. Kairomone 

samples were aged under field conditions until the experiment began. Yellow sticky 

traps, 18 by 28 cm, were placed with the different aged kairomones on south facing 

Masonite panels mounted on 1.2-m posts, with four replicates of each kairomone and a 

control. Traps were placed at GTF in a randomized design, with 18 meters between traps 

and/or the edge of the field, between the dates of 01 September 2009 and 22 September 

2009.  On each yellow sticky trap, the date the kairomone was prepared, the date the trap 

was put up, and the date the trap was removed were recorded. Beetles and yellow sticky 

trap were returned to the laboratory for identification and counting. 

 Several new trap designs were developed and compared to the standard yellow 

vane trap described above. The elements tested in the experiment are shown in Table 1 

and included size, shape, location of entrance, size of entrance, and the percent of yellow 

on the trap. All traps used the kairomone lure and beetle bar described earlier. The traps 

were made of plastic or plexiglass material, and matched the surface area of the OSU lab 

trap, used as the control in the experiment.  

Trap Design Experiment. All duplicate traps and control traps were placed in a 

squash field at GTF, during the weeks of 15 July 2009 to 11 Aug 2009. Traps were 

mounted on a metal fence post just above the leaf height so that the front of each trap was 

facing the south. Previous work had shown a preference of beetles to south-facing yellow 
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sticky traps (Luna, personal communication). The number and species of beetles was 

recorded for each trap.  

Several modifications to the OSU lab trap were evaluated (1) vents built into the 

sidewall of the traps, (2) a kairomone “mini-lure” placed inside of the trapping device, 

and (3) the concentration of BHM juice used in the beetle bar bait. 

Trap Ventilation. The OSU lab trap had been modified previously (2008) to 

include vent screens. Traps were modified by cutting 5 by 5 cm squares on opposite sides 

of the trap and covering with a plastic mesh window screen. However, the need for this 

modification had never been verified. In this experiment, traps with and without side 

vents were placed in a squash field at SIFI from 24 September 2009 to 12 October 2009. 

Traps were spaced 25 meters apart in a randomized block design with 4 blocks. Traps 

were emptied every four or five days and returned to the laboratory for identification and 

counting. 

Concentration of BHM juice in Beetle Bar. Beetle bars were made with 1, 10 

and 100% BHM juice, with four repetitions of each dilution and placed in the standard 

OSU trap. Traps were placed 25 meters apart in a squash field at SIFI between the dates 

of 24 September 2009 and 12 October 2009. The beetles were collected from the traps as 

described above. 

Kairomone “mini-lure” inside of trap. A kairomone “mini-lure” was added to 

the interior of the trap in this experiment to see whether trapping rate could be increased. 

Two mini-lure kairomone rates (0.7 and 0.4 g) were compared with a no mini-lure 

control. All mini-lure treatments also used the standard external kairomone lure. Lure 

treatments were placed in the field in a randomized block design with four replications. 
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Experiments were conducted from Stahlbush Island Farms from 03 September 2009 to 17 

September 2009. The beetles were collected on 4 to 5 day intervals as described earlier. 

Statistical analysis.  Data were analyzed using PROC MIXED in SAS (Version 

9.02, 2008).  A repeated measure analysis was conducted for each experiment to 

determine if there was a significant difference among treatments while accommodating 

multiple sampling dates.  A least squares means procedure was used to calculate the p-

values for pair wise comparisons.   P-values equal to or less than 0.10 were considered 

statistically significant.  This alpha value was chosen rather than the more commonly 

used 0.05 in an effort to reduce Type II errors, while still controlling for Type I error.  

 Results 

Cucurbitacin E-glycoside Degradation. At temperatures 2°C, 10°C, and 21°C 

the concentrations of cucurbitacin lost from the sample were 3%, 4%, and 9% 

respectively over a 70 day period (Fig. 2). The concentration of cucurbitacin lost from the 

BHM juice at 32°C over a 70 day period was 24%, and was significantly greater than the 

other three treatments (Fig. 2) (P=<.01).  

Kairomone Degradation. The 1-day-old kairomone attracted more spotted 

beetles than the 56-day-old lure (P=<0.01), the 35-day-old lure (P=0.03), and the control 

(P=<0.01). The 35-day-old lure attracted more beetles than the 56-day-old lure (P=0.05) 

and the control (P=<0.01). The 56-day-old lure did not capture more spotted beetles than 

the control (P=0.14). The 1-day-old lure and 35-day-old lure captured more spotted 

beetles than the 56-day-old lure and the control trap (Fig 3).  

The 1-day-old kairomone attracted more striped beetles than the 56-day-old lure 

(P=<0.01), the 35-day-old lure (P=<0.01), and the control (P =<0.01). The 35-day-old 
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lure captured more striped beetles than the control (P =0.05) but not more than the 56-

day-old lure (P =0.30). The 56-day-old-lure did not capture more beetles than the control 

(P =0.30). The 1-day-old kairomone attracted more striped beetles than then 35-day-old 

lure, 56-day-old lure, and control (Fig. 4). 

Trap Design. Although we did not perform a statistical analysis, we observed that 

the OSU lab trap caught the largest number of spotted and striped beetles (Figs. 5 and 6). 

Some of the design components that were evaluated were the size, shape, percent yellow, 

entrance location, and entrance size. Which components directly made the trap more 

efficient for cucumber beetles was inconclusive.  

Minilure. Although the 0.7 g mini-lure increased the average capture rate of 

spotted beetles by 26% compared to the no lure control, this difference was not 

significant (P =0.47) (Fig. 7). Relatively few striped beetles were trapped during this 

period and there were no lure effects on capture rate (Fig. 8).  

Beetle bar juice dilution. The 10% dilution of the BHM juice concentration in 

the beetle bar increased the capture rate of spotted beetles compared to the full strength 

concentrations (P=0.10) (Fig. 9) The 1% dilution caught an intermediate number of 

beetles, but did not differ from either the 100% (P=0.35) or 10% (P=0.39). Relatively 

few striped beetles were trapped during this period and there were no juice concentration 

effect on beetle capture rate (Fig. 10). 

Vents. The vent addition did not increase the rate of spotted and striped beetle 

capture (P=0.5 and 0.8) (Figs. 11 and 12).  
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Discussion 

  This experiment showed that cucurbitacin stayed relatively stable under room 

storage conditions (up to 21°C), but degraded faster at higher temperatures (32°C). The 

higher temperature that is likely to be found inside the clear plastic traps during the 

summer may accelerate degradation of the cucurbitacin in the beetle bar.  

 The kairomone degradation experiment showed that the fresh, 1-day old 

kairomone lure was more attractive to the spotted beetles than the older lures or the 

control. In addition, the 35-day-old lure attracted more beetles than no lure.  Since the 55 

day-old lure had lost its attractivity, these results suggest that  a service interval for 

changing kairomone lures in the field should be between 40-50 days.   

 The OSU lab trap caught the majority of the total beetles in both field 

experiments. This could be due to the location of the entrance to the trap, or the size of 

the entrance. The OSU lab trap was different from the rest of the traps because the beetle 

entrance was located at the bottom, and the entrance size was one large hole rather than 

smaller holes spread throughout the surface area of the trap. The advantage of a vent in 

the trap was inconclusive because no temperature was taken inside the trap. Future 

experimentation could take this into consideration. 

 The increase of spotted beetle catch with a reduction of concentration of BHM 

juice in the beetle bar (10%) clearly showed the need for increased research in this area. 

The addition of a 0% BHM juice beetle bar would be very informative, and should be 

considered for future research. Reducing the amount of BHM juice for each beetle bar 

would also reduce production costs of the trap if it were commercialized.  
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Figures 
 

 
 

Fig 1. OSU lab trap design: with three components of a kairomone lure, a cucurbitacin 
beetle bar, and a yellow vane trap body used to capture spotted and striped cucumber 
beetles. 
 

 
 

 
 
 

 
Fig 2. Degradation effect of Cucurbitacin E-glycoside concentration in BHM juice, over a 
period of ten weeks, in relation to temperature. P-values of pairwise comparisons 
compare individual treatments in the chart below. 

Treatment: 
Temp (C) 

10 21 32 

2 0.09 <0.03 <0.01 
10  0.11 <0.01 
21   <0.01 
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Fig 3. Degradation effect of IBb kairomone under field conditions in relation to 
attractiveness to spotted beetles. P-values of pairwise comparisons compare individual 
treatments in the chart below. 

 

 
 

 
 
 

 
Fig 4. Degradation effect of IBb kairomone under field conditions in relation to 
attractiveness to spotted beetles. P-values of pairwise comparisons compare individual 
treatments in the chart below.

Treatment: IBb 
Age (days) 

56 35 1 

Control/none 0.14 <0.01 <0.01 
56  0.05 <0.01 
35   0.02 

Treatment: IBb 
Age (days) 

56 35 1 

Control/none 0.25 0.05 <0.01 
56  0.31 <0.01 
35   <0.01 
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Fig. 5. Field trials for the proto-type designs traps in relation to the effectiveness of 
spotted beetle capture rate.  

 
 

 
 

Fig 6. Field trials for the proto-type designs traps in relation to the effectiveness of striped 
beetle capture rate. 
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Fig 7. Effect of the miniLure modification to the OSU lab trap in relation to the beetle 
capture rate of spotted beetles in field trials. 
 

 
 

Fig 8. Effect of the miniLure modification to the OSU lab trap in relation to the beetle 
capture rate of striped beetles in field trials. 
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Fig 9. Effect of the BHM dilution modification in the beetle bar in relation to the beetle 
capture rate of spotted beetles in field trials.  

 

 
 

Fig 10. Effect of the BHM dilution modification in the beetle bar in relation to the beetle 
capture rate of striped beetles in field trials. 
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Fig 11. Effect of the ventilation modification in relation to the beetle capture rate of 
spotted beetles in field trials. 

 

 
 

Fig 12. Effect of the ventilation modification in relation to the beetle capture rate of 
striped beetles in field trials. 
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Tables 

 
Table 1. Trap prototype designs evaluated for effectiveness in trapping spotted and 
striped cucumber beetles, with numbers of beetles captured 2009. 

 
Trap Name  Trap design  Testable 

Component 
OSU Lab 
Trap 

Upside down yellow vane trap with round trap 
body, beetle bar, and kiaromone components. 

Control 

Square 
 

3.8cm thick square yellow trap body (15.2cm x 
14cm) with entrance holes on the front, beetle 
bar, and kairomone components 

Trap shape and 
entrance 
position. 

Square 
Open Top 
 

3.8cm thick square yellow trap body (15.2cm x 
14cm ) with entrance holes on the front and top, 
beetle bar, and kairomone components. 

Trap shape and 
entrance 
position. 

Square 
with Panel 
 
 

3.8cm thick square yellow trap body (15.2cm x 
14cm ) with entrance holes on the sides and front 
of trap and panels extending yellow, beetle bar, 
and kairomone component. 

Panel w/ 
additional 
yellow, trap 
shape, and 
entrance 
position 

Square 
vane 

Upside down yellow vane trap with square trap 
body, beetle bar, and kairomone component. 

Trap shape 

Small 
Round  
 

Similar to OSU lab trap with entrance holes on 
the south facing side of the trap, beetle bar, and 
kairomone 

Entrance 
locations and 
size of entrance 
holes. 

 


