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“Our goal in the design of this system 
was to construct an effective yet 
economically viable and long lasting 
lure to out-compete the fruit for 
the attention of the Spotted Wing 
Drosophila adult female.  Upon 
finding and alighting on the disk, the 
fly engages in feeding and cleaning 
behavior, ingesting the bait and 
toxicant.  This results in reducing the 
overall SWD population, leading to 
significant reduction of egg laying by 
the pest on raspberry and blackberry.”

Assessing Attract and Kill Disks in Conventional and 
Organic Small Fruit Production
Peter Jentsch
Department	of	Entomology,	Hudson	Valley	Research	Laboratory,	Cornell	University,	Highland,	NY

The newly invasive spotted wing drosophila (SWD), Drosophila 
suzukii, (Figure 1) first entered the continental United 
States in California in 2008, with the first NY observations 

in the northern 
Hudson Valley in 
2011 (Figure 2), 
on late  season 
organic raspberry.  
The rapid spread 
o f  th i s  ins e c t , 
i t s  exponential 
r e p r o d u c t i v e 
c a p a c i t y ,  i t s 
l a c k  o f  n at i v e 
biological control 
constraints, and 
the inherent lack 
of  competit ion 
for fruit resources 
from other insects 
during early fruit 
d e v e l o p m e n t , 

provided ample opportunity for SWD to be a highly successful pest 
of small fruit.  The estimated losses in 2012 exceeded $1.3 million in 
New York State blueberries, with significant losses in raspberries and 
blackberries that were undocumented.  Since then, yearly infestation 
levels of 40–100% injury to berry crops have been observed by mid- 
to late August in commercial raspberry and blackberry plantings.  
 The root of the problem lies in the insect’s physiology, beginning 
with its ability to lay its eggs into unripened fruit, using a highly 
serrated and sclerotized or thickened ovipositor (Figure 3).  Its 
ability to penetrate very firm fruits, with the capacity to lay over 
300 eggs during its brief life of 3–6 weeks, makes it a formidable 
pest.  No other native drosophila can achieve this, and as such, it 
occupies a non-competitive niche that increases its reproductive 
success.  Escalating SWD populations often begin in late June, as 
the insect develops on non-crop hosts.  These fruiting plants reside 
in agricultural perimeter hedgerows, woody or riparian “weedy” 
margins, and landscapes with ornamentals, unmanaged shrubs, 
and vines.  In the Hudson Valley, the Tartarian honeysuckle, also an 
invasive species and native to Asia, produces berries that are highly 
favored by the SWD.  Coupling this with rapid larval development 
and short intervals of 12 days for the completion of a generation, 
gives this pest the potential to cause an unprecedented level of severe 
damage in mid- to late summer and fall berry plantings.  In growing 
seasons with periods of low relative humidity, egg production can 
be negatively influenced, as was seen in 2016 (Tochen et al. 2016).
 Management to reduce the severity of injury to raspberry, 
blackberry and, in some vineyards, thin-skinned grape, requires 
intensive insecticide programs.  From research efficacy studies, 

Figure	1.		Male	(L)	and	female	(R)	spotted	wing	drosophila.

Figure	2.		Spread	of	SWD	from	2008	to	2013	in	the	US.

Figure	3.		Adult	female	SWD	(L)	with	sclerotinized	and	serrated	ovipositor	
(magnified).
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raspberries and blackberries require 3–4-day insecticide 
application intervals for fruit to retain commercial market 
acceptability.  In very strict cultural markets, a zero tolerance for 
eggs or larvae within the fruit is required, yet blueberry and grape 
management programs require a 7-day schedule to maintain sound 
fruit, weather and material efficacy permitting.  In conservative 
management programs, this is initiated upon first trap capture 
of the adult using frequently monitored, commercially available 
traps.  In more advanced management systems, the detection 
of the adult and the first egg found in fruit are used to initiate 
insecticide programs.  This level of committed management has 
forced many farmers, especially those using organic production 
systems, to reduce or eliminate late season berry production 
altogether.  Infestations by SWD also became a threat to Hudson 
Valley cherry growers in 2015, while in 2016, thinned-skin grape 
varieties such as Pinot Noir, Marquette and Vignoles, along with 
late season raspberry and blackberry, suffered the highest levels 
of injury.  

Sustainable Agriculture Research Using Attract and kill 
(AtK) Strategies
 Behaviorally based pest management techniques have been 
developed and utilized to reduce or eliminate specific pests from 
the environment.  These strategies employ an attractant, typically 
a nutritional bait or reproductive lure, which the insect seeks out, 
feeds or is simply arrested upon, facilitating its exposure to the 
media that contains a toxicant.  AtK stations are designed for a 
specific insect pest based on its biology, behavior and physiology.  
This can be narrowed further to a single species when insect 
pheromones are used.  
 Numerous examples of attract and kill strategies have been 
developed for infestations of urban pests.  These include gel baits 
placed in kitchen cracks and crevices for German cockroaches, 
softwood bait stations placed along the perimeter of a home’s 
exterior for subterranean termites, sugar-based feeding bait 
stations for carpenter ants, yellow sticky cards and tape for 
flies, and pheromone collection stations for Japanese beetles.  
More recently, the use of Attractive Toxic Sugar Bait (ATSB) in 
combination with a pesticide-impregnated net are being employed 
for the management of pyrethroid-resistant mosquitoes in regions 
of sub-Saharan Africa, where malaria is a persistent threat to 
human health (Stewart et al. 2013).
 The AtK system is designed to augment and provide an 
alternative to directed residual pesticide applications in homes, 
landscapes and agricultural commodities.  Benefits of effective AtK 
systems can include long-term solutions through pest population 
reductions, leading to lower levels of insect infestations and injury 
in the home, and in crops or ornamental plants.  As these systems 
often employ toxicants that are ingested by the insect, they can be 
very effective, because they contain reduced-risk or lower levels 
of environmental toxicants that reduce the impact on non-target 
organisms.  The shortcomings of these systems, especially in 
agriculture, lie in their degree of attractiveness, as the intent is to 
out-compete the host for the attention of field pest populations as 
a feeding or egg-laying site, which is no small undertaking.

Attract and Kill for SWD Management on Raspberry
	 Over the past three years, our lab has worked on a species-
specific attract and kill system to manage SWD.  Developing 
effective olfactory and visual fruit-mimicking cues in an attract 

and kill system has been found to increase the overall success 
of pest attraction (Wiman et al. 2016).  With this in mind, we 
evaluated natural lures previously assessed by a group of research 
entomologists, to develop a highly attractive AtK station for use 
against SWD in small fruit plantings.  The lure type, size, shape, 
color, addition of sugars, yeast, and placement of the AtK system 
within the bramble canopy to optimize response to the insect’s 
relative humidity requirements, were selected to act in synergy 
during host-finding, to increase attraction by the target insect to 
the lure (Knight et al. 2013, 2015; Cowles et al. 2015; Morrison et 
al. 2016).
 Our goal in the design of this system was to construct 
an effective, yet economically viable and long-lasting lure, to 
effectively out-compete the fruit for the attention of the SWD adult 
female.  Upon finding and alighting on the disk, the fly engages 
in feeding and cleaning behavior, ingesting the bait and toxicant.  
This results in reducing the overall Drosophila suzukii population, 
leading to significant reduction of egg laying by the pest on the 
crop.  For conventional producers, AtK may reduce application 
frequency while lengthening spray intervals, possibly reducing 
the need for direct insecticide applications to the crop altogether, 
especially late in the season.  Secondarily, the AtK system may 
provide a means by which organic small fruit growers can utilize a 
system that reduces the potential for SWD to develop resistance to 
the few effective insecticides available, such as spinosad (Entrust), 
by providing long-lasting residual control.  
 The attractants we used in these stations included red 
raspberry concentrate (high in fructose), and apple cider vinegar 
plus brewers yeast — highly attractive to vinegar flies (Drosophila 
spp.) — all of which were used to formulate the “AtK solution”.  
The station also employed a Super Absorbent Polymer (SAP) and 
gelatin embedded and layered over each side of a 3” polypropylene 
netted disk, acting as a substrate to bind the components together.  
When the AtK solution is applied to the netted substrate, it forms 
into a firm yet dynamic gel that absorbs and retains moisture from 
rain and dew under high humidity, while releasing volatiles during 
low humidity, to maintain its attractiveness throughout the season 
(Figure 4).  

Figure	4.	 	Changes	in	AtK	disk	weight	relative	to	rain	events	and	relative	
humidity	in	spring.
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 In laboratory efficacy studies, we tested insecticides applied to 
AtK disks that are registered for use in NY for small fruit.  Active 
ingredients in 1% a.i. concentrations were mixed into the AtK 
solution to “mask” the odor of the formulation, thereby reducing 
repellency when they were applied to the disks.  We then placed 
13 female and 12 male SWD adults into insectary “tents”.  A single 
disk was added, having received AtK solution plus insecticide 1 
hr prior to adult fly exposure.  Red raspberries were provided for 
flies to deposit their eggs.  
 In general, insecticides in the older classes of organophosphates 
(Imidan), carbamates (Carbaryl) and pyrethroids effectively caused 
adult mortality, resulting in reduced SWD damage to fruit.  The 
reduced-risk insecticide products included spinetoram (Delegate) 
and the organic spinosad formulation (Entrust), which were 
also very effective when used in 
AtK stations.  Although directed 
application of Beauveria bassiana 
products for SWD management 
shows promise in reducing larval 
viability, activity of this microbial 
a.i. is inhibited by the high acidity 
levels of the AtK solution.  To 
date, 15 formulated insecticide 
active ingredients , employed 
in conventional and organic 
production and presently registered 
in NY for use on raspberry, 
blackberry and blueberry, have 
been tested using attract and kill stations (AtK).  The active 
ingredient that exhibited both effective adult mortality leading to 
reduced crop injury and high residual activity in the laboratory and 
field, was spinosad (Entrust, Dow AgroSciences).  However, over-
reliance on any registered product would put undue season-long 
pressure on the SWD population that could lead to resistance to 
its active ingredient.  This is especially true in organic production 
systems, in which Entrust is the only effective OMRI-approved 
insecticide for managing SWD.  Removal and replacement of disks 
to accommodate insecticide rotation in the field would likely be 
uneconomical.  
 To address this concern, we modified our program in 2016 to 
reduce the resistance potential in SWD populations through the 
use of hydrogen borate, a formulation of boric acid.  Efficacy studies 
have shown boric acid to give comparable results to spinosad 
when formulated using a 1% concentration in combination with 
2 mL of AtK solution, and applied to disks in both the laboratory 
and the field.  This active ingredient is accepted for use in organic 

Figure	5.			Attract	and	Kill	Station	(L)	and	AtK	in	the	field	after	4	months	(R).

productions practices (by OMRI and NOFA) and allowed with 
specific restrictions.  The US EPA has concluded that boric acid 
is relatively nontoxic to bees and birds, slightly toxic to freshwater 
fish, practically non-toxic to frogs and toads and aquatic life, such 
as waterfleas (US EPA/OPP 1993).  The EPA has determined that, 
because they are of low toxicity and occur naturally, boric acid 
and its sodium salts should be exempted from the requirement 
of a tolerance (maximum residue limit) for all raw agricultural 
commodities (National Pesticide Information Center).

2016 Field Trials
	 This season, we deployed attract and kill (AtK) stations in 
conventional and organic commercial production systems on 
three farm sites in two Hudson Valley counties.  Two of the three 
farms are NOFA-certified organic farms, one in Poughkeepsie 
(Dutchess County) and the other in Accord (Ulster County), with 
a conventional farm in Milton (Ulster County).  We placed AtK 
stations along single rows of raspberry, with individual treatment 
plots that were 30 ft in length, in a complete replicated block design 
in a V-pattern (Figure 6).  The three treatments used were replicated 
six times across the blocks on each farm, with the addition of 
untreated control plots (UTC).  The four individual plots were: an 
untreated AtK disks control, with stations spaced at 36-in intervals 
(Green); treated disks with 1% Boric Acid, spaced at 18 in (Red); 
and treated disks with 1% Boric Acid, spaced at 36 in (Yellow) 
(Figure 7).  The block was split into two groups of three replicates, 
with intervals of either 7 days or 3–4 days for retreatment with the 
AtK solution.

Figure	6.		Plots	established	in	bramble	using	a	split	plot,	complete	replicated	block	design.

Figure	7.		AtK	spacing	and	position	diagram	in	raspberry	plots.
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 The raspberry sites on each of the three farms had differences in SWD 
adult populations and subsequent egg laying in fruit, as seen on the y-axis of 
each graph, which represents eggs per gram of berry weight.  The conventionally 
treated block on a 7-day program had the lowest level of infestation of the 
three farms (Figure 8).  Weekly applications of insecticides reduced the overall 
population and fruit infestations throughout the season.  The AtK-treated rows 
receiving weekly re-treatment intervals of the AtK solution plus Boric Acid on 
the 18-in spacing (Red) provided 86.1% lower infestation levels of fruit, yet not 
statistically lower than the conventionally treated fruit without AtK stations.  
Spacing differences between the AtK stations sprayed on a 3–4-day spray 
schedule demonstrated a 10–20% lower incidence of fruit infestation compared 
with the disks that were sprayed on the 7-day schedule.
 The organically managed raspberry site sprayed weekly with spinosad 
(Entrust) had higher overall infestations than the conventionally sprayed 
block, demonstrating a 63.4% lower incidence of fruit infestation compared 
with the fruit sprayed with Entrust only.  SWD infestations were highest in the 
unsprayed raspberry planting.  AtK stations provided 60.0 to 70.0% reduction 
in fruit infestation compared with unsprayed fruit, and all plots 
were statistically lower than the untreated plots.  Combining and 
analyzing the data across all sites showed statistical separation Figure	10.	Percent	injury	reduction	using	AtK	in	untreated	raspberry.

Figure	8.	 Percent	injury	reduction	using	AtK	in	conventional	raspberry. Figure	9.			Percent	 injury	 reduction	 using	 AtK	 in	 commercial	 organic	
raspberry.

Table	1.	 Evaluations	of	attract	and	kill	stations	for	controlling	spotted	wing	drosophila	in	raspberrya.		
Hudson	Valley	Research	Lab,	Highland,	NY,	2016.

among the disks sprayed 2x/week, disks 
that were unsprayed, and the untreated 
plots (Table 1).

Discussion
	 We observed a significant reduction 
of fruit injury to raspberry by employing 
attract and kill stations with 1% boric 
acid in three unique production systems 
this season.  The question now is whether 
modifications of this approach can be 
made to increase attractiveness, further 
reducing fruit injury enough for the system 
to act as a stand-alone pest management 
tactic.  As it stands, AtK stations for SWD 
can be employed as one component in 
a diversified pest management system.  
Additional strategies would include crop 
sanitation with the removal of infested 
fruit in the bramble planting canopy 
and floor, frequent harvest intervals to 
reduce fruit resources available to the 
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pest, and cultural controls of weeds and the plant canopy, to 
reduce relative humidity, all of which have been shown to limit 
the reproductive success of the fly and reduce fruit infestations in 
European plantings.  We plan to further develop the AtK station 
by reducing its size and increasing the number of disks. Opening 
the lower canopy to reduce relative humidity will increase stress 
on the SWD population while increasing air flow and volatility of 
the attractant may help to improve AtK system efficacy. Further 
testing of comparative placement of the AtK stations, focusing on 
the lower canopy, may reduce the number of AtK stations needed 
within the row, to further reduce system costs.
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