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Objectives of research proposal:


1.  To protect seedling pumpkins from cucumber beetles using early planted Admire treated squash seedlings and kairomone traps located around plot perimeter.

2.  To protect developing pumpkin fruit from cucumber beetle damage by deploying kairomone traps in the interior of field plots before vine tip. 

Field Prep and Planting:


This project was designed to determine if early planted trap crop combined with cucumber beetle kairomone traps could reduce pumpkin seedling feeding injury leading to reduced transmission of bacterial wilt and less injury to fruit.

The research was conducted at the OARDC Western Branch station in South Charleston, Ohio. The field was fall disked, then worked with a finishing implement in the spring.  Fertilizer was applied broadcast and pre-plant incorporated at the rate of 100 pounds N-P-K per acre. There were three blocks in the study, each with two treatments.  Treatment one was encircled by two rows Admire (imidacloprid) treated Turks Turban seeded May 23rd at a density of 2 seeds per linear foot; the rows were spaced 30 inches apart.  The Admire was applied at 0.7 oz./1000 row feet (12 oz. / A). Nine kairomone traps were set up May 24th, one at each corner of the plot, one between each corner, and one in the center of the yet unseeded plot. Treatment two was a check, no perimeter trap crop, no kairomone traps, and no Admire.  There were six 0.18 A plots total, three for each treatment, separated from each other by a 30 foot soybean buffer strip.

The Magic Lantern pumpkins were seeded on June 4th in twin rows at 5 foot spacing.  A 15' wide spray row was left between the twin rows.  Seeds were planted every two feet within the row and thinned to four feet after seedling emergence.  Strategy herbicide (ethylfluralin and clomazone) was applied at a rate of 3.5 pints / A over the newly seeded area June 5th, but not to the trap crop that was already emerged.

Trap crop seedling damage:

The Turks Turban trap crop was scouted June 5th through June 17 for feeding damage caused primarily by striped and spotted cucumber beetle feeding.  Damage was rated as 0 for no evidence of feeding, 1 for fresh injury less than 19%, and 2 for fresh feeding injury in excess of 20%, commonly referred to as leaf gouging.  Every sampling period showed significant feeding injury differences between the replicates (Table 1).  Replicate 1 was the northern most plot in the experiment which also happened to be closest to the previous years pumpkin field.  Cucumber beetles over winter in woods and fence rows, not fields, so their abundance in replicate one is confounding.

Table 1.  Average beetle injury to seedling Turks Turban perimeter trap crop. 

	
	Average damage rating per plant

	
	Rep 1
	Rep 2
	Rep 3
	P-value

	05-Jun
	0.95
	0.6
	0.8
	0.025

	11-Jun
	1.3
	0.05
	0.1
	<0.001

	13-Jun
	1.25
	0.35
	0.05
	<0.001

	17-Jun
	1
	0.25
	0.25
	<0.001

	All Dates
	1.13
	0.31
	0.30
	<0.001


Perimeter placed kairomone traps:

The kairomone traps were placed at the edge of each plot in between the two rows of trap crop, with 3 traps along the northern and southern side of the plot, and one trap at the western and eastern edge.  There was also one trap placed in the middle of each plot.  The kairomone traps were initially checked every few days for cucumber beetles, then on a weekly schedule. There were statistically more cucumber beetles (striped and spotted) captured in kairomone traps in replicate 1 compared to replicates 2 and 3 (P =0.012).  Again, this may be related to the proximity of last years pumpkin field.  Kairomone trap captures on May 30th revealed statistically more spotted cucumber beetles than striped ones (P < 0.001), but there were no significant differences on the other four sampling dates (Table 2).  

Table 2.  Total Kairomone trap cucumber beetle (Spotted & Striped) captures in 


Turks Turban perimeter trap crop.

	
	Rep 1
	Rep 2
	Rep 3
	P-value

	
	Cucumber beetles
	Cucumber beetles
	Cucumber beetles
	

	
	Striped
	Spotted
	Striped
	Spotted
	Striped
	Spotted
	

	30-May
	2
	30
	1
	13
	0
	15
	<0.001

	05-Jun
	80
	17
	2
	3
	1
	30
	0.585

	11-Jun
	178
	50
	1
	6
	0
	9
	0.182

	13-Jun
	70
	14
	0
	0
	0
	2
	0.192

	17-Jun
	40
	10
	1
	1
	0
	3
	0.192

	Total
	370
	121
	5
	23
	1
	59
	0.135


To account for any edge effect, trap catches for the 8 perimeter traps were averaged and compared against the total beetles captured in the center trap; no statistical differences were observed (Table 3). 

Table 3.  Edge vs. Center K-trap beetle captures in Turks Turban perimeter trap crop.

	
	Rep 1
	Rep 2
	Rep 3
	

	
	Edge(Avg.)
	Center
	Edge(Avg.)
	Center
	Edge(Avg.)
	Center
	P-value

	30-May
	1.4
	10
	0.6
	4
	0.9
	0
	0.273

	05-Jun
	5.5
	8
	0.3
	0
	1.8
	1
	0.882

	11-Jun
	13.6
	11
	0.3
	2
	0.5
	1
	0.982

	13-Jun
	5
	4
	0
	0
	0.1
	0
	0.871

	17-Jun
	3.1
	1
	0.1
	0
	0.19
	1
	0.679

	Average
	5.7
	6.8
	0.3
	1.2
	0.7
	0.6
	0.639


In an effort to identify the predominant direction of cucumber beetle influx, striped and spotted cucumber beetle captures were correlated with compass direction.  There were significant differences in trap captures among total, striped, and spotted beetles when combined for all sample dates (Table 4, P = 0.005, 0.011, & 0.037).  Although not statistically significant on each sampling date, the predominant direction beetles were trapped in was either east or southeast.  Field corn was planted at the same time on all four sides of this research plot, giving no satisfactory explanation why the east side of all the plots consistently captured more cucumber beetles.  It would have been easier to explain if the captures occurred predominantly from the west, since there is a large woodlot less than 50 yards from the field in that direction.  Nearly 6 times as many beetles were captured in replicate 1 compared to the other two replicates combined (P=0.012).  Again, justification for the high beetle activity in this region of the plot is unknown.

Table 4.  K-trap compass captures for cucumber beetles.
	
	Total Beetles
	Striped cucumber btls.
	Spotted cucumber btls.

	Date
	P-value
	Direction
	P-value
	Direction
	P-value
	Direction

	May 30
	0.347
	SW, Center
	0.649
	SW, W, Center
	0.401
	SW, Center

	June 5
	0.147
	E
	0.554
	E
	0.145
	E

	June 11
	0.795
	E, SE
	0.756
	E, SE
	0.779
	SE

	June 13
	0.640
	E, SE
	0.637
	E, NE
	0.617
	E, Center

	June 17
	0.683
	E, N
	0.735
	E, N
	0.585
	E, N

	Total
	0.005
	E, SE
	0.011
	E, SE
	0.037
	E, SE


Main crop seedling beetle injury:

The main planting of Magic Lantern seedlings emerged and were scouted for cucumber beetle injury from June 14th through July 10th, using the same scale as the trap crop; 0 (no injury), 1 (slight injury), and 2 (>20% injury).  Forty seedlings per plot were scouted for cucumber beetle damage. There were no significant differences between damage ratings of trap crop and no trap crop treatments (P=0.889, table 5) but there were differences between the dates injury occurred (P=0.008).  The damage gradually increased from June 14th through July 3rd, then tapered off for the last sampling on July 10th. The level of injury in general was fairly low across the plots and treatments.

Table 5.  The average injury to Magic Lantern pumpkin seedlings.  There 


were no significant differences between the treatments.
	
	Average seedling injury
	

	Date
	Trap Crop
	No Trap Crop
	P-value

	14-Jun
	0.32
	0.06
	P=0.326

	17-Jun
	0.36
	0.11
	P=0.449

	20-Jun
	0.55
	0.16
	P=0.405

	25-Jun
	0.54
	0.74
	P=0.595

	28-Jun
	0.48
	0.77
	P=0.111

	03-Jul
	0.77
	0.97
	P=0.084

	10-Jul
	0.58
	0.69
	P=0.124

	Total
	0.51
	0.50
	P=0.889


Cucumber beetles counts in flowers:

Beginning July 10th through August 28th, twenty flowers per plot in the main crop were inspected for the presence of cucumber beetles (table 6).  There were no significant differences in the total number of beetles counted in flowers between the trap crop and non-trap crop treatments (P=0.320).  There were significant differences between the total beetles counted on different sampling dates and between the four species counted over the season (P<0.001).
Table 6.  The average number of beetles counted per Magic Lantern flower; 60 flowers monitored per treatment. 

	
	Average number of beetles per flower

	Date
	Trap
	No Trap
	Dominant Species
	Species

P-value
	Treatment

P-value

	10-Jul
	0.15
	0.23
	Striped
	<0.001
	0.147

	17-Jul
	0.13
	0.20
	Striped
	<0.001
	0.075

	24-Jul
	0.14
	0.30
	Spotted
	<0.001
	0.054

	31-Jul
	0.54
	0.67
	Striped
	<0.001
	0.388

	07-Aug
	0.50
	0.40
	Western
	0.004
	0.605

	14-Aug
	1.96
	1.14
	Western
	0.003
	0.228

	22-Aug
	2.43
	1.46
	Western
	0.013
	0.427

	28-Aug
	1.15
	0.83
	Western
	<0.001
	0.207


Grid placed kairomone traps:

The kairomone traps were reconfigured after being checked on June 17 from a perimeter placement into a 3 x 3 grid inside the main planting.  The traps were spaced about 20' from each other and monitored on a weekly basis.  The kairomone lures were changed on July 3rd and August 7th, and the traps were removed from the field September 6th.  Sampling from June 20 through September 5 revealed significant differences between the beetle species captured in the kairomone traps (P=<0.001), average number of beetles per replicate (P<0.001), and overall position of greatest trap captures (P=0.043).  Early season catches are predominated by striped beetles followed by a shift to Western corn rootworms later in the season.  Overall the Western corn rootworm appears to be the most abundant species caught in the trap (table 7).  The majority of beetles were caught in the traps facing northeast or southeast.  There is no explanation why beetles were predominantly captured in these traps.

Fruit damage and yield:

Pumpkins were harvested from the plots on September 6th.  Each fruit was weighed, inspected for insect damage and the presence of virus (table 8).  There were 4 sub samples taken from each plot, each sub sample consisted of all the fruit in a15 foot section of twin row.  There were no significant differences between the treatments for average fruit size (P=0.487) or yield (P=0.340).  There were also no differences in average fruit size between the replicates (P=0.055).  Ninety seven percent of the fruit harvested showed some level of feeding injury to the handle (mostly beetle injury) regardless of the treatment.  There were no statistical differences in fruit damage (excluding handle damage) between the treatments (P=0.525).  Both edges of the field had higher levels of injury to the fruit, and there was more injury in replicate 1 than the other two replicates, though not statistically different.  There was no statistical difference in percent virus found on the fruit between the two treatments (P=0.303), though the injury seemed to be worse along the east edge of the plots and southern end of the field.

Table 7.  The average number of beetles captured in Kairomone traps and the 

predominant trap position from which they were captured.
	Date
	Spotted
	Striped
	NCR
	WCR
	All
	Direction

	6-20
	1.37
	2.89
	0.00
	0.00
	4.26
	NE, SE, C

	6-25
	2.48
	20.81
	0.00
	0.00
	23.29
	C, W

	6-28
	0.70
	7.85
	0.00
	0.00
	8.55
	SW, NE, SE

	7-3
	1.59
	23.96
	0.00
	0.00
	25.55
	NW, C

	7-10
	7.59
	20.41
	5.15
	1.89
	35.04
	C, SE

	7-17
	6.33
	15.67
	0.44
	6.63
	29.07
	N, SE

	7-24
	4.67
	13.00
	0.22
	7.37
	25.26
	SE, E

	7-31
	5.74
	15.67
	0.89
	4.56
	26.86
	NW, N

	8-7
	2.44
	7.70
	2.67
	6.85
	19.66
	NE, NW

	8-14
	11.81
	8.56
	6.52
	39.19
	66.08
	NE, NW

	8-22
	19.59
	11.19
	20.48
	63.52
	114.78
	NE, SE

	8-28
	19.37
	5.63
	6.70
	28.56
	60.26
	NW, E

	9-5
	33.44
	10.67
	5.19
	27.81
	77.11
	E, NW

	Total
	117.12
	164.01
	48.26
	186.38
	515.77
	NE, SE


Table 8.  Magic Lantern harvest data from plots at the Western Branch. Insect damage and percent virus of fruit were also taken from each plot. 

	
	Avg. yield / fruit (KG)
	Total yield / plot (KG)
	Avg. damage / fruit
	Avg. % Virus / plot

	
	Trap Crop
	No Trap Crop
	Trap Crop
	No Trap Crop
	Trap Crop
	No Trap Crop
	Trap Crop
	No Trap Crop

	Rep 1
	5.83
	6.09
	338.5
	328.1
	1.06
	0.98
	42.7
	47.2

	Rep 2
	5.70
	6.15
	458.1
	361.7
	0.83
	1.01
	44.2
	48.9

	Rep 3
	6.29
	6.14
	388.8
	370.6
	0.84
	0.85
	44.9
	59.1

	Avg.
	5.94
	6.13
	395.1 

(15.7T/A)
	353.5 

(14.1 T/A)
	0.91
	0.95
	43.9
	51.7

	P-value
	0.487
	0.340
	0.525
	0.303


Summary

Trap crops have been shown to successfully reduce pest pressure in several crops.  In Ohio, their use in pumpkins to reduce cucumber beetle pressure on seedling pumpkins, reduce injury to fruit, or to increase yield has not been shown.  Even when trap crops are treated with a systemic insecticide or combined with kairomone traps, an effective non-chemical technique, no significant differences appear.  Planting systemically treated trap crops early in the season to control early cucumber pressure seemed to work as evidenced by the large number of dead beetles found on or near the treated plants.  In this study and in previous trap crop studies there has been consistent performance of imidacloprid.  However, yield data indicates no significant advantage when using trap crops, treated or not, for cucumber beetle management in pumpkins.  

Summary of outcomes:


1. Combining early trap cropping and kairomone trapping did not significantly reduce cucumber beetle damage on Magic Lantern seedlings

2.   Plots that used both trap crops and kairomone traps had slightly more cucumber or corn rootworm beetles in their flowers 

3.
Kairomone trap beetle captures increase when increased beetle activity is observed in pumpkin flowers, likewise, the dominant species in the traps tends to be the same as found in pumpkin flowers
4.  
Feeding damage to the fruit caused by beetles was nearly identical in both treatments

5.
There were no significant differences in yield between the treatments
6. 
Early trap cropping and kairomone traps had no effect on fruit virus (as expected) 

7.
Early trap cropping with kairomone traps may reduce the reliance of early to mid season foliar insecticides, but does not alleviate pest pressure from squash vine borer or squash bug

8.
Visual surveys on July 17th and July 31st for bacterial wilt infected pumpkin plants revealed no differences in incidence of infection 
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