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From 1900-2000, the global human population grew by
more than 400%, from 1.5 to 6.1 billion (Roser, 2015). The
demands that the current population places upon global food
supplies presents what may be one of the greatest challenges
of the modern age. To support such a large population in a
reliable, sustainable manner, productivity of agricultural crops
will have to be improved significantly, most likely through
multiple means (development of new, higher-yield crops;
more efficient water use; improved cropping systems). One
active area of research is the development of more effective
methods of agricultural pest management.

For much of contemporary history, insect pest manage-
ment has relied predominantly on conventional insecticides.
These insecticides are typically designed as cover sprays with
residues covering the entire crop, with the aim of reducing or
eliminating the pest population in the treated field. Since the
days of Silent Spring (Carson, 1962), there has been wide-
spread concern over the potential hazards of traditional insec-
ticides to workers, consumers, and the environment, leading
to increasingly stringent regulation of their use. Though steps
have been taken to minimize the risks posed by pesticide appli-
cations, public perception of the suitability of these chemi-
cals remains negative. Over time, more robust regulation
may result in the loss of pest control measures upon which
many agricultural producers currently depend. In addition to
their questionable long-term availability, traditional insecti-
cides possess a number of other limitations, which make the
development of alternative methods of pest control highly
desirable.

One of the most harmful of these shortcomings is the
vulnerability of conventional insecticides to resistance, the
gradual loss of susceptibility of a target insect to a given toxin
over time (Varela et al., 1993; Blomefield, 1994; Knight et al.,
1994; Sauphanor & Bouvier, 1995; Campbell et al., 2003).
Resistance has been shown to occur more rapidly when a
single class of toxicants is applied frequently, without vari-
ation, over multiple seasons (Buhler, 2016). Therefore, rota-
tion of multiple classes of insecticide to treat the same field
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is a crucial safeguard to circumvent resistance development,
making the loss of more and more pesticide molecules to
deregulation an even greater threat to effective long-term pest
control.

For these reasons, extensive research has been conducted
into an alternative control method, requiring no or minimal
use of chemical toxicants: semiochemical-based pest manage-
ment. Semiochemicals — compounds that manipulate insect
behavior — possess many advantages over conventional insec-
ticides. Semiochemicals are naturally occurring compounds
with short environmental lives, and are generally viewed as
safer, for both people and the environment, than traditional
pesticides (reviewed in OECD, 2002). Most semiochemicals
used in pest management have been species-specific pherom-
ones (produced by members of the same species to commu-
nicate with each other, but eliciting no response in other
species), and as such, present fewer risks of negative impacts
on beneficial insects.

Rather than attempting to eradicate the pest by treat-
ing the entire crop with chemical toxicants, semiochemi-
cal pest management seeks to reduce pest populations over
time, often by non-lethal means, such as mating disruption,
which involves application of synthetic sex pheromones to
interfere with male insects’ ability to locate a mate (Witzgall
et al., 2010). Another promising strategy of semiochemical
control is attract and kill (A&K), which consists of blending
a semiochemical attractant with a small quantity of toxicant.
A&K techniques reduce the amount of pesticide applied per
unit area compared to traditional cover sprays, and enable
more selective application methods, maximizing impact on
the target pest while minimizing risks of crop or environmen-
tal contamination, worker exposure, and harmful effects on
non-targets. A&K formulations are also less susceptible to
the development of resistance: the attractant can typically be
formulated with a variety of different toxicants, depending
on which insecticides work best against the target insect in a
given environment, and on regulatory requirements.

Despite these advantages, semiochemical products have
seen limited adoption compared to traditional insecticides.
Reasons for this limited success are varied. Conventional
pesticides have dominated the market for so long that it is
difficult for new alternatives to gain traction (technology
“lock in”). Additionally, semiochemicals are often applied as
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one component of an integrated approach to pest manage-
ment, and so require more in-depth knowledge of the pest’s
behavior and ecology to apply effectively than conventional
cover sprays. A key limitation of semiochemical technologies
in the eyes of prospective users is the high cost of many semi-
ochemical active ingredients (Als). The volatile nature of these
chemicals demands that a relatively large quantity of the Al be
applied over the treated area to sustain season-long control. If
semiochemical products are to gain wider acceptance among
agricultural producers — especially if they are to be introduced
in developing nations, where food production is most chal-
lenging to sustain — the affordability and ease-of-use of these
products will have to be improved.

One way this optimization may be achieved is the formu-
lation of semiochemical Als into controlled-release technolo-
gies. By extending Al field life (protecting it from environ-
mental degradation, refining Al release rate), we can decrease
the amount of semiochemical required to treat the crop effec-
tively, lowering the overall cost of the application. In the past,
most controlled-release technologies have been hand-applied
devices, such as pouches, polyethylene tubes or ropes, and
rubber septa-type dispensers. As these products require an
investment of time and manpower that would be difficult to
implement in large-scale crops, controlled-release technolo-
gies amenable to mechanized application would possess a

keen competitive edge over the majority of semiochemical
products currently on the market.

ISCA Technologies, a biotech company in Riverside, CA,
USA, has spent the past 15 years developing a line of prod-
ucts based on this concept: Specialized Pheromone and Lure
Application Technology, or SPLAT®. Comprised entirely of
food-safe, organic inert ingredients, SPLAT is a flowable,
thick-liquid formulation, which is less viscous when agitated
by stirring or vibration, but thickens fairly quickly when at
rest. This thixotropic property enables a relatively fast and
simple application process by manual or mechanical means,
producing a series of environmentally hardy, rainfast point
sources affixed firmly to the substrates it is applied to in
the field. As a liquid formulation, SPLAT can be applied at
any number, size, density or spatial pattern of point sources,
and so is readily adaptable to the needs of virtually any pest
management situation.

SPLAT’s flexibility is not limited to its application method,
but also extends to a broad variety of target insects, release
rates, and control strategies. SPLAT formulations have been
developed for numerous insects, including agricultural,
forestry, medical, and veterinary pests, using sex pheromones,
kairomones (semiochemicals produced by host organisms
rather than by the insects themselves), food-based attractants,
aggregation pheromones, repellents, and multiple classes of
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Figure 1. RPW control using a single Hook RPW application was compared to a grower’s conventional IPM program (the IPM program consisted
of mass trapping using a bucket trap per hectare containing an RPW pheromone lure — Chemtica International — 250g of ripe date fruits and

water, together with as needed insecticide tree-drench and topical spray applications, and physical removal of detected larval infections). The field
trial occurred in fields with similar weevil population densities, and the application of the treatments started at week zero (shown here is a trial

in Qassim, Kingdom of Saudi Arabia-KSA). Bar graph shows the total number of adult RPW killed per hectare per week (left vertical axis). Hook
RPW (green bars) consistently removed a substantially higher number of adult RPW per hectare per week from the field than the traditionally
recommended RPW mass trapping program (red bars).The line graph shows the population density of adult RPW per trap per week in both fields
(right vertical axis). Throughout the season the population was significantly higher in the conventional control field (dotted line with red circles) than
in the HOOK RPW treated field (dashed line with green diamonds), which indicates that a single HOOK RPW application suppressed the resident
weevil’s population better than all the combined actions used in the grower’s conventional IPM program. It interesting to note that after week six the
RPW population in the Hook RPVV field was maintained very close to zero RPW/trap/week until the end of the field trial (at week 14), whereas in
the grower’s conventional IPM program it actually went down to zero for two weeks (weeks 8 and 9), but then the population density spiked to its
highest levels soon after that (week | I), indicating that Hook RPWV seems top control the RPW population more consistently.
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insecticides, deployed in nearly as many different integrated
pest management techniques (mating disruption, attract and
kill, push-pull strategies, etc.). Through slight alterations
in the composition and formulation process, SPLAT can be
adjusted to dispense Als into the environment at biologically
active rates for anywhere from one week to over a year, long
enough to cover an entire season for many pest species with
only one or two applications. SPLAT has been used to control
a variety of agricultural pests, including pests of economically
important food crops. Of the products available, we wish to
discuss three successful A&K SPLAT formulations designed
for the agricultural sector: Hook RPW, SPLAT MAT Spinosad
ME, and Noctovi.

Hook RPW targets red palm weevil (RPW), Rhynchopho-
rus ferrugineus, a widespread pest of ornamental, dates and
other high-value crops (reviewed in Murphy & Briscoe, 1999
and EPPO, 2015), which has been documented throughout
the Mediterranean, Middle East and Southeast Asia (EPPO,
2015). Through SPLAT technology, Hook RPW combines
high knockdown contact insecticide with the powerful aggre-
gation pheromone of RPW, ferrugineol, (Hallett ef al., 1993),
to create a highly effective, long lasting, control product. A
dollop of 3 grams Hook RPW has been shown to be just
as effective in attracting adult RPW as the traditional, high
maintenance, food baited pheromone traps (El-Shafie er al.,
2011). The long field life, and zero maintenance allows the
use of Hook RPW as a high density point source A&K, for
example a single application of 400 points of 3g Hook RPW
per hectare effectively suppress palm weevil populations for
more than 3 months in highly infested date palm orchards in
Saudi Arabia (El-Shafie ef al. 2011, Figure 1, 2). This product
is an excellent example of the potential for controlled-release
technologies like SPLAT to improve practicality and economic
feasibility of semiochemical-based pest control.

SPLAT MAT Spinosad ME (or STATIC) targets multiple
species of fruit fly pests (Bactrocera spp.) of multiple high-value
crops, where they can cause serious damage to fruit, some-
times resulting in almost total crop failure (Wu et al. 2009).
Crop losses to these pests can reach hundreds of millions of
dollars in California (CDFA, 2015). SPLAT MAT Spinosad
ME deploys the parapheromone methyl eugenol (ME) to
create an A&K formulation for male fruit flies (Mafra-Neto et
al., 2013). Unlike previous A&K formulations, which relied
on hazardous organophosphate insecticides, this formula-
tion utilizes a reduced risk toxicant, spinosad, produced by
soil-dwelling bacterium (Saccharopolyspora spinosa). When
tested for its efficacy for Bactrocera dorsalis control in Tahiti,
SPLAT MAT Spinosad ME showed equal performance to
other male annihilation techniques using conventional pesti-
cides (Leblanc et al., 2011). In Hawaii, SPLAT MAT Spinosad
ME formulations were as effective as other ME formula-
tions using conventional pesticides in controlling B. dorsalis
on papaya (Carica papaya) over a 12-week period (Vargas
et al., 2008). When weathered formulations were tested in
guava (Psidium guajava) and grapefruit (Citrus paradisi),
SPLAT MAT Spinosad ME formulations showed continued
effectiveness and better longevity past the 6-week time point,
when other ME formulations became ineffective (Vargas et
al., 2008). As with Hook RPW, SPLAT MAT Spinosad ME
possesses a great advantage over previous control strategies

Figure 2. Hook RPW is a long lasting attract and kill formulation that
contains small amounts of red palm weevil (RPW) sex pheromone

and cypermethrin. The pheromone induces RPW adults to approach
and manipulate the formulation, which causes the weevil to get
contaminated with deadly doses of the insecticide. The inset shows
Hook RPW (packaged in a 750g tube) being applied to a date palm tree
using a calibrated applicator. In this case every time the user pulls the
trigger the applicator unit delivers a 3g dollop (the gray dollop at the
base of the palm frond) to the tree. Hook RPW can be applied in the
field at densities up to 400 dollops per ha, depending on the local RPW
population and the goals of the pest management program. Chemical
analysis of dollop samples collected from this field indicate that after
3.5 months the dollops still contained between 25 and 35% of the initial
pheromone and most of the cypermethrin. Replicated laboratory trials
with Hook RPWV aged for as long as six months in the field in Saudi
Arabia show that adult RPW manipulating a dollop, for as little as a few
seconds, die in less than sixty minutes independent of the age of the
dollop or the gender of the beetle.

in terms of user-friendliness and speed of application. While
most fruit fly A&K techniques consist of trap-lure systems,
SPLAT MAT Spinosad ME is a liquid product that not only
can be sprayed using conventional equipment, but it is also
amenable to mechanized application, which facilitates its use
for area-wide applications — often a highly desirable quality
for agricultural pest management (Mafra-Neto et al., 2013).
Noctovi is a tank-mixed A&K formulation designed to
target multiple species of noctuid moths (Lepidoptera: Noctu-
idae) (Figure 4), globally distributed pests of multiple row
crops (e.g. soybean, sorgum, cotton). In order to attract the
target pests, Noctovi relies on a blend of plant-based, vola-
tile kairomones. Unlike pheromones, which often manipulate
the behavior of only one gender (typically male) (Rodriguez-
Saona & Stelinski 2009; Hern & Dorn 1999; Mechaber et al.
2002; Masante-Roca et al. 2007), Noctovi’s blend of volatiles
have been shown to be attractive to both hungry male and
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Figure 3. Line graph of the female carambola fruit fly population density in fields treated with either a single application in the beginning of the trial
of SPLAT MAT SPINOSAD ME (SPLAT ME treated plots) or fields treated every three weeks with an application of the fruit fly bait Success/GF120
(DOW Agrosciences) and wooden blocks soaked in a mixture with methyl eugenol and malathion (Brazilian Carambola Fruit Fly Eradication Program
treaded plots). SPLAT MAT SPINOSAD ME (blue line) was applied to three fields of 27ha each at the rate of 100x 3g point sources/ha, to host trees
on the first week of October; whereas three fields of 27ha each under the Brazilian Carambola Fruit Fly Eradication Program (red line) continued
to be treaded every three weeks with the toxic wooden blocks and the fruit fly bait Success.The data shows that the repeated applications of

the Brazilian Carambola Fruit Fly Eradication Program doesn't seem to have a strong suppressive effect on the local population, as seen by the

spike in female trap captures starting in January, whereas the single SPLAT MAT SPINOSAD ME application in the beginning of the trial suppressed
the carambola fruit fly population to levels close to zero captures per week for the entire four months of the field trial. A rain-fast, long lasting,
semiochemical attract and kill formulation, like SPLAT MAT SPINOSAD ME, has the advantage to provide constant population suppression of the
pest, without significant gaps in control. The female fruit fly population density was measured by counting the number of female carambola fruit flies
captured per week per monitoring McPhail trap (Yellow Ball Trap, ISCA Tech., Riverside, CA) lured with three tablets of torula protein bait (Turula
Tablets, ISCA Tech., Riverside, CA) dissolved in 300 ml of water.

Figure 4. Noctovi is a liquid formulation that contains a powerful plant based adult moth attractant, potent phagostimulants that induce the moths
to feed on the formulation (picture on the left) , which is tank mixed with 2% of a contact or stomach-based insecticide that kills the attracted adult
moths (picture on the right and inset, each brown/gray triangular individual on the ground is a moth killed by the Noctovi Attract and Kill), thus
reducing the impact of the next generation of the pest in the field. Noctovi can be manually applied, but most of the application is done mechanically
by land (e.g., motorcycles and tractors) or by air (airplanes), where the product is applied as is (not diluted) in the field in a line where about one
liter of formulation covers 100 linear meters.The gap separating the lines from each other is 100 meters of crop, so Noctovi is used at |l/ha, and the
Noctovi application covers less than 1% of the protected crop.
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female moths; for some moth species it is particularly attrac-
tive to gravid females. A management approach using these
compounds is particularly desirable for noctuid species, which
are often highly resistant to pesticides, and co-occur on the
same crops, rendering control by species-specific pheromones
economically unfeasible. Noctovi, in Brazilian soybean fields,
demonstrated to effectively control of Helicoverpa armigera
and Chrysodeixis includens, better than conventional insecti-
cides, improving crop health and yield (Borges et al., 2015).
These results were produced using low volume application
rates, reducing insecticide inputs by 98% compared to cover
sprays. Noctovi costs the same as conventional pesticides, and
is currently sold and used on over 250,000 hectares in Brazil
alone. Considering the broad host range of noctuids — tens of
millions of hectares of row crops worldwide — this product is
a rarity among semiochemical products, in that Noctovi is not
limited to high value crops. Development of Noctovi markets
provides a unique opportunity for semiochemical-based strat-
egies to gain adoption on a much broader scale than previ-
ously achieved.

With larger food supplies required for the population, and
concerns growing over the potential hazards of conventional
insecticides, it is critical to develop environmentally friendly,
effective pest control with lower susceptibility to resistance.
The SPLAT platform offers an affordable alternative strat-
egy to replace or complement insecticide-only treatments.
Its ease of application, customizable formulation properties,
and lessened insecticide inputs make it an excellent tool for
both large- and small-scale crop production. Introduction of
SPLAT into the “tool kit” of management techniques helps
create an integrated approach to insect pest control, allowing
for long-term protection, and subsequently improved produc-
tivity, of key agricultural crops around the world.
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