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Blueberry gall midge (BGM), Dasineura oxycoccana (Johnson) (Diptera: Cecidomyiidae) was first reported damaging Florida blueberry in mid-1990 (Liburd et al., 2006).  BGM damage has since been identified in more northern latitudes including the Pacific Northwest (Yang 2005).  The damage to blueberries growing in southeastern United States includes aborted flower buds and blackened young shoot tips.  In Florida, where commercial ‘rabbiteye’ blueberries are produced, the total crop loss can be up to 100% in heavily infested fields.  During the 2004 and 2005 season, Dr. Wei Yang, OSU Willamette REC, found BGM present in all blueberry fields sampled in the North Willamette Valley and SW Washington.  Our surveys in Washington and Oregon confirm that the characteristics of BGM infestation is aborted and/or blackened young shoot tips as well as distorted developing leaves.  Although there are no insecticides labeled for BGM control in the northwest, the available chemicals labeled to control other insect pests may be used to control BGM.  The extent of damage to plant growth and yield from multiple generations of BGM larval feeding in fruiting and lateral buds remains unclear.  D. oxycoccana is now considered an emerging threat to the blueberry industry in Washington though economic damage caused by BGM has not been fully evaluated.  
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Rate/acre

PTM

5 DAT

9 DAT

13 DAT

20 DAT

27 DAT

34 DAT

HGW86 10SC

20.5 fl oz

0.58a

0.08a

0.22b

0.54ab

0.5ab

0.66a

0.32a

HGW86 OD

27 fl oz

0.48a

1.56a

0.46b

0b

0.04b

0.14a

0.64a

Movento 240SC

8 fl oz

0.7a

0.22a

0.06b

0.1b

0.14b

0.2a

0.14a

Delegate WS

6 oz

0.1a

0.7a

4.6a

0.94ab

0.26ab

1.68a

0.26a

Gnatrol WDG

26 oz

0.14a

0.52a

2.78a

1.48a

0.64a

0.44a

0.72a

Untreated check

0.24a

1.16a

3.5a

1.72a

0.48ab

0.56a

0.2a

Mean within columns followed by the same letter  are not significantly different (Tukey HSD test,  

P

<0.05).    

Days Posttreatment

Table 1.  BGM larval counts/ terminal, Lynden, WA  2009

Treated 26 August.

Blueberry gall midge is a fly that oviposits in the developing tissue of floral and leaf buds in Vaccinium species, such as blueberry and cranberry.  Larval feeding causes death to the tissue and results in witches’ broom.  Witches’ broom, excessive branching, may reduce plant growth in newly established blueberry fields causing poor bud set and small berry size.  Late season damage can reduce the number of floral buds, affecting the following year’s yield.  Early detection is necessary for timely insecticide applications.  As feeding continues, the characteristic of BGM infestation is aborted and/or blackened young shoot tips as well as distorted developing leaves.  In southern Washington and northern Oregon four or more generations occur in blueberry during the growing season, corresponding to the four peaks in activity observed in northwest Washington.  Blueberry gall midge is more widespread in northwestern Washington than previously thought.  BGM was found at all 21 study sites in Skagit and Whatcom counties with as much as 70% of the vegetative and flower buds damaged in early October, 2008.   
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Field survey and evaluation of sampling methods.  Yellow sticky cards were placed at the Boundary Road field site, Whatcom County, WA on 2 April 2009.  As reported in 2008, yellow sticky cards continued to be inconclusive and difficult to manage.  Positive identification of BGM is difficult because the sticky coating on the cards destroy the delicate wings which exhibit a primary taxonomic character.  In addition, presence of multiple Dasineura spp. in this region of Washington increases the chance of misidentification using yellow sticky cards.  In 2008, funnels with a vial of ETOH attached were hung beneath the blueberry canopy to catch both dropping insects and those attracted to the alcohol.  These traps successfully captured adult BGM and several closely related nontarget species.  Identifications were challenging due to the diversity of midge species in the traps.  Within the leaf terminals however, there is less diversity and predatory midges can be easily differentiated from BGM larvae, increasing accuracy of species identifications.  Based on our personal experience dissecting over 1300 terminals during the 2008-2009 seasons and because of the selectivity and accuracy of terminal dissections for BGM identifications, we discontinued using sticky cards and funnels in early 2009 and monitor with terminal dissections. 
Each week, beginning 2 June and continuing throughout the entire 2009 season, 10 terminals/treatment were collected and dissected to monitor eggs and larvae; however, for comparisons with the timed counts, only the results from the untreated check were used.  This provided information on the number of generations of BGM, phenology between the blueberry plant and BGM and efficacy of various chemicals in controlling BGM.  With experience, growers can learn to accurately identify newly infested terminals that exhibit peculiar light brown blotching caused by larval feeding or past infestations evidenced by dead or severely distorted, twisted leaves.  Removal of terminals to carefully open and observe the eggs or larvae with a hand lens requires some skill and will not be necessary by growers other than to initially verify BGM infestations.

Blueberry gall midge timed terminal counts and egg and larval counts.
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Timed counts begun 16 July 2009 were continued until the end of the BGM flight period (as of 7 October 2009, flight was occurring and samples contained eggs and larvae, although numbers were diminishing).  The experimental plot consisted of 3 untreated rows of blueberry bushes (cv. ‘Duke’) in the northeast corner of the Boundary Road field site in Whatcom County, WA.  Terminals suitable as habitat for BGM in rows 1-3 were counted weekly for five-minutes per row.  Phenology between growth flushes and BGM was studied to determine the importance of resource availability to BGM population dynamics.  Peaks in the numbers indicate the ‘Duke’ blueberry variety experienced two flushes in 2009, one prior to16 July (Fig. 1 descending line prior to the beginning of the timed terminal counts) and one around 26 August.  Although peaks in the timed terminal counts and the numbers of eggs and larvae recorded from the destructively sampled terminals from the untreated check plots in the adjacent drench trials did not tightly correlate.  Peak flight did correspond with the beginning of the second flush, which suggests a close relationship between BGM and ovipositional sites provided by the normal growth cycle of the blueberry plants.  The slight variation in peaks between the BGM population and the timed terminal counts may be due to subjectivity in terminal selection or that the terminal growth is hardening making it less acceptable to BGM.  New flush growth is tender and larval feeding causes cupping, providing a highly protected site for larval development, but as the new leaves age, they become hardened and are less susceptible to distortion due to feeding.  Effects of weekly removal of terminals for destructive sampling may have reduced the number of available oviposition sites, forcing BGM to gregariously oviposit in communal terminals.  This observation is supported by the presence of multiple stages of immature BGM larvae found inside the same terminal as well as large egg populations in the same terminal, which suggest female BGM oviposition is not deterred by presence of other BGM stages already present in the terminals.  

The results of the weekly egg and larval counts indicated a strong peak of flight activity during the latter half of July (Fig 1) with egg and larval numbers increasing as the numbers of terminals increased, then multiple smaller peaks after this main flight activity.  It appears BGM emergence was too late to utilize the first flush of terminals for oviposition but was able to capitalize on the second flush.  The smaller peaks in the BGM population following the mid-summer peak, may be due to BGM taking advantage of any abnormal growth flushes possibly induced by over collection of terminals but this is speculative.  In conclusion, though BGM populations are overlapping, as indicated on the graph by multiple peaks (Fig. 1), their population explodes in mid-summer just as the second blueberry flush begins, indicating a clear relationship between the blueberry growth cycle and ovipositional requirements of the blueberry gall midge.  

Fig. 1.  Average # terminals/timed count and total numbers of BGM eggs and larvae collected from 10 terminals at each collecting date.
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Economics of witches’ broom.

In the Pacific Northwest, BGM is an indirect pest of blueberry, attacking primarily vegetative buds unlike in southern regions of the United States where it is a direct pest attacking flower buds and impacting yield.  Because it is a minute, indirect pest of blueberry in the PNW, it has not been a pest of great concern in the region and economic damage has been difficult to determine.  One of the effects of BGM infestations described in the literature is witches’ broom caused by feeding of the immature larval stages often causing death of terminal vegetative buds and allowing axillary buds to break dormancy that results in excessive branching.  In heavily infested fields a high percentage of the vegetative buds can be infested resulting in several secondary and even tertiary buds to lengthen.  Initially the branch internodes are short and closely clustered, may resemble witches’ broom but as the season continues the internodes lengthen.  Documenting branching during the season by counting numbers of lateral branches on current year’s wood proved complex.  As the internodes lengthened on secondary and tertiary branches, distinguishing individual branches became impossible.  True witches’ broom is a dense, broom-like cluster of proliferating branches or twigs at a particular point in a tree or bush (Allaby 1998).  Some secondary branching in blueberry fields may be normal but excessive branching is a good indication the field is infested by blueberry gall midge.  Conversations with growers in the PNW indicated little concern about BGM and there are differing opinions about whether it causes economic damage.  One farmer even welcomed BGM infestations; suggesting excessive branching would result in increased yield.  In our field study, although heavily infested, the farmer expressed no complaints about yield reduction.  However, subtle differences might be masked by increased production as young fields age.  Predictions of increased labor costs due to pruning of excessive branches are mostly unfounded since annual pruning is only minimal to allow machine harvest of the blueberries, without any modifications due to excessive branching.  Despite the difficulty in determining economic damage in mature blueberry fields, BGM damage in young fields can result in obvious stunting from heavy BGM infestations.  Whether excessive branching due to BGM may negatively affect the blueberry plant by resulting in increased winter-kill of vegetative buds, or postpone the onset of dormancy, was not within the scope of this study.  

Blueberry gall midge foliar applications.
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From the field survey and evaluation in the sampling methods block of ‘Duke’ blueberry at the Boundary Road field site, 5 rows were blocked with 6 treatments plots each in a RCB design for foliar efficacy trials for control of the BGM overwintering generation.  Plots were 30 feet long by 10 feet wide with alternating buffer plots placed in each of the five blocks.  Applications were made on 26 August 2009 with our six-tank plot sprayer, configured with 4 D2-45/side and 2 twin D2-45 TeeJet™ nozzles overhead (n=12 nozzles) equipped to deliver 100 gpa at 60-70 psi at 1.8 mph.  Temperature at application was 86 oF, 33-36% RH with light NW winds at <2 mph.  Seven sampling intervals were taken posttreatment and each sample consisted of 10 random terminal buds/replicate.  These were placed in #6 brown paper bags, transported back to the laboratory in a cooler and each bud was dissected under a stereomicroscope and egg and larvae scored.  Treatments consisted of two formulations of the experimental Cyazypyr (HGW86 10SC @ 20.5 fl oz/acre; HGW86 OD @ 27 fl oz/acre) and MSO 0.5% v/v; experimental Movento 240SC (spirotetramat) @ 8 oz/acre + Dyne-Amic SL 0.25% v/v; Delegate (spinetoram) @ 6 oz/acre + MSO 0.5% v/v; experimental Gnatrol WDG (Bacillus thuringiensis israelensis) @ 6 oz/100 gal; and untreated check.
     Though insignificant at 5 DAT, numbers of BGM per terminal for Cyazypyr 10SC and Movento 240SC treatments showed larval declines that were significant at 9 DAT for both formulations of Cyazypyr and Movento (Table 1).  Population increases for BGM shown for the UTC, Gnatrol and Delegate in early September and the phenology of floral and fruit buds indicate BGM was in their overwintering generation.  BGM larval levels in the Cyazypyr OD and Movento remained significantly lower compared with the UTC at 13 DAT.  Posttreatment levels to 34 DAT were not significantly different between treatments and further supported our observations that BGM were migrating toward their overwintering stage as pupae in the soil.  The results for Gnatrol WDG and Delegate were expected when applying contact mode of entry insecticides to maturing blueberry terminal buds.   Movento is in the IR-4 pipelines for blueberry and DuPont expects a small fruit registration for Cyazypyr in 2012.
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Sheet1

		Terminals		Row 1		Row 2		Row 3		Sum		Date		Average

		15-Jul		104		110		145		359		15-Jul		119.67

		20-Jul		44		25		33		102		20-Jul		34.00

		28-Jul		43		71		63		177		28-Jul		59.00

		3-Aug		74		86		127		287		3-Aug		95.67

		17-Aug		114		114		114		342		17-Aug		114.00

		25-Aug		271		341		340		952		25-Aug		317.33

		30-Aug		155		134		106		395		30-Aug		131.67

		7-Sep		102		118		113		333		7-Sep		111.00

		14-Sep		78		85		113		276		14-Sep		92.00

		21-Sep		80		50		65		195		21-Sep		65.00

		28-Sep		50		58		42		150		28-Sep		50.00

		Larvae

		foliar trial		Cyazapyr 10SC		Cyazapyr OD		Movento 240 SC		Delegate WS		Gnatrol WDG		UTC

		25-Aug		29		24		35		5		7		12

		30-Aug		4		78		11		35		26		58

		3-Sep		11		23		3		230		139		175

		7-Sep		27		0		5		47		74		86

		14-Sep		25		2		7		13		32		24

		21-Sep		33		7		10		84		22		28

		28-Sep		16		32		7		13		36		10

														Date		BGM Larval counts

		Drench		Admire Pro		Mustang		Platinum		UTC		larvae		1-Jun		11

		1-Jun		3		3		0		11				18-Jun		11

		18-Jun		16		15		12		11				15-Jun		7

		15-Jun		21		8		7		7				22-Jun		10

		22-Jun		10		13		3		10				29-Jun		1

		29-Jun		0		0		2		1				6-Jul		0

		6-Jul		0		6		0		0				15-Jul		19

		15-Jul		26		23		13		19				20-Jul		4

		20-Jul		8		15		6		4				28-Jul		96

		28-Jul		161		36		126		96				3-Aug		152

		3-Aug		240		65		110		152				10-Aug		59

		10-Aug		124		112		138		59				17-Aug		27

		17-Aug		56		55		38		27				25-Aug		25

		25-Aug		40		10		35		25				30-Aug		15

		30-Aug		23		75		53		15				7-Sep		40

		7-Sep		52		26		42		40				14-Sep		20

		14-Sep		17		16		20		20				21-Sep		11

		21-Sep		40		20		31		11				28-Sep		8

		28-Sep		14		21		8		8

				BGM eggs		BGM Larvae		Average # terminals		Temps		total terminal

		1-Jun		0		11				88

		8-Jun		0		11				80

		15-Jun		0		7				72

		22-Jun		0		10				73

		29-Jun		0		1				72

		6-Jul		0		0				59

		15-Jul		0		19		120		84		359

		20-Jul		25		4		34		83		102

		28-Jul		89		96		111		98		334

		3-Aug		90		152		96		73		287

		10-Aug		0		59		155		73		464

		17-Aug		0		27		114		79		342

		25-Aug		3		25		317		74		952

		30-Aug		20		15		132		74		395

		7-Sep		10		40		111		68		333

		14-Sep		8		20		92		72		276

		21-Sep		37		11		65		83		195

		28-Sep		0		8		50		57		150
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		Chemical lab test 2005

		Total of 60 weevils

		Potter spray tower: 1ml mixed chemical

		Black vine weevil adults

						Percent Mortality

		Treatment		lb(AI)/acre		1DAT		2DAT

		Actara 25WG		0.06		45ab		48a

		Provado 1.6F		0.05		55a		62a

		Clutch 50WDG		0.09		52ab		67a

		Capture 2EC		0.10		30abc		52a

		Mustang Max 0.8EC		0.03		20bc		38a

		Malathion 8EC		1.25		45ab		60a

		Untreated check				5c		5b

		n = 60, treated 8/7/05, Potter spray tower

		Table 1.  Rough strawberry root weevil bioassay 1, 2009

						Percent Mortality

		Treatment		Rate/acre		1 DAT		4 DAT		7 DAT

		Actara 25WG		4 oz		53ab		60b		90a

		Avaunt WG		6 oz		27bc		53b		100a								3 oz				87

		Discipline 2EC		6.4 fl oz		23c		63b		100a						Asana XL		9.6 fl oz		100

		Leverage 2.7		3.75 fl oz		53ab		83a		100a						Assail 30SG		5.3 oz		27		47

		Voliam flexi		7 oz		73a		100a								Brigade 2EC		6.4 fl oz		100

		Untreated check				3c		7c		7b						Delegate WG		6 oz		100

		Mean within columns followed by the same letter are not significantly different														Malathion 5EC		3.2 pts		93		100

		(Tukey HSD test, P<0.05).														Provado 1.6		8 fl oz		40		40

																UTC				20		30

		Table 2.  Rough Strawberry root weevil bioassay 2, 2009

						Percent Mortality

		Treatment		Rate/acre		1DAT		2DAT

		Actara 25WG		4 oz		87b		100a

		Avaunt WG		6 oz		100a

		Discipline 2EC		6.4 fl oz		100a

		Leverage 2.7		3.75 fl oz		100a

		Voliam flexi		7 oz		97ab		100a

		Untreated check				0c		3b

		Mean within columns followed by the same letter  are not significantly

		different (Tukey HSD test, P<0.05).

				Time Posttreatment

		Treatment		Rate/acre		8 hours		20 hours

		Actara 25WG		3 oz		80		87

		Asana XL		9.6 fl oz		100

		Assail 30SG		5.3 oz		27		47

		Brigade 2EC		6.4 fl oz		100

		Delegate WG		6 oz		100

		Malathion 5EC		3.2 pts		93		100

		Provado 1.6		8 fl oz		40		40

		UTC				20		30

		Treatment		Rate/acre		PHI		REI

		Malathion		2 lb		1 day		48 hr

		Asana XL		9.6 fl oz		7 days		12 hr

		Brigade 2EC		6.4 fl oz		3 days		12 hr

		Brigade WSB		16 oz		3 days		12 hr

		Mustang Max EC		4.3 oz		1 day		12 hr

		Actara		3 oz		3 days		12 hr

		Assail		5.3 oz		1 day		12 hr

		Provado 1.6		8 fl oz		3 days		12 hr

		Delegate WG		6 oz		1 day		4 hr

		Radiant SC		10 fl oz		1 day		4 hr

		Treatment		Rate/acre		IRAC		REI

		Rynaxypyr (E2Y45)		7 fl oz		28		48 hr

		Cyazypyr (HGW86)		20.5 fl oz		28		12 hr

		Avaunt		6 oz		22A		12 hr

		Alverde		16  fl oz		22B		12 hr

		Voliam flexi		7 oz		4A/28		12 hr

		Table 1.  BGM larval counts/ terminal, Lynden, WA  2009

						Days Posttreatment

		Treatment		Rate/acre		PTM		5 DAT		9 DAT		13 DAT		20 DAT		27 DAT		34 DAT

		HGW86 10SC		20.5 fl oz		0.58a		0.08a		0.22b		0.54ab		0.5ab		0.66a		0.32a

		HGW86 OD		27 fl oz		0.48a		1.56a		0.46b		0b		0.04b		0.14a		0.64a

		Movento 240SC		8 fl oz		0.7a		0.22a		0.06b		0.1b		0.14b		0.2a		0.14a

		Delegate WS		6 oz		0.1a		0.7a		4.6a		0.94ab		0.26ab		1.68a		0.26a

		Gnatrol WDG		26 oz		0.14a		0.52a		2.78a		1.48a		0.64a		0.44a		0.72a

		Untreated check				0.24a		1.16a		3.5a		1.72a		0.48ab		0.56a		0.2a

		Treated 26 August.






