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1. Introduction

The necessity of ever increasing agricultural production has induced farmers to use insec‐
ticides  to  improve  yields  and  profits.  The  current  agricultural  mode  of  production  is
therefore based on intensive use of insecticides in order to ensure the high productivity
by eliminating pests and diseases. Otherwise, others xenobiotics are often used as fertiliz‐
er to replace nutrients carried out in agroecosystems. However, in many places, the indis‐
criminate,  prolonged  and  inappropriate  use  of  these  xenobiotics  has  been  affecting  the
ecosystem  and  farmers  health.  Concerning  insecticides  on  agroecosystems,  the  frequent
applications can often cause pest resurgence, environmental pollution and human intoxi‐
cations, eliminate beneficial insects and enables the emergence of the phenomenon of pest
resistance.  Under this  scenario,  the search for other control  methods aiming to decrease
insecticides use, consequently reducing environmental pollution, the ecological imbalance
and human intoxications is required. For this purpose, the understanding of the relation‐
ship between the various living organisms in the agroecosystems is  essential  to provide
effective  pest  control.  Living organisms present  in  the  fields  of  production and its  sur‐
roundings areas feature between them relationships for survival and preservation. In the
specific case of insects, the study of chemical ecology focusing on the intra-and interspe‐
cific  processes  of  choice  and  location  of  partners,  hosts,  food  sources  and  shelter  have
had an important role in the pursuit of a sustainable agriculture. In order to offer more
alternatives  to  control  pests,  early  in  the  second  half  of  the  twentieth  century  studies
were initiated for the development of  pest  management techniques based on behavioral
manipulation of the target organism. When it became clear that insects use their senses to
communicate with conspecific  and other species of  animals or plants,  it  was possible to
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develop  pest  behavior  research  for  the  benefit  of  farmers  and  the  environment.  What
compounds can be used to manipulate the pests and keep them below their level of dam‐
age? What behavior can be explored in Integrated Pest Management to reach sustainabili‐
ty in agriculture?

At  this  current  scenario  of  sustainable  development,  behavioral  control  is  therefore  ap‐
propriate  by  enabling  to  reduce  the  use  of  synthetic  insecticides,  which  usually  have
broad  spectrum  and  side  effects  to  humans,  beneficial  insects  and  environment.  Com‐
pounds and molecules  involved in  behavioral  pest  management  such as  feeding stimu‐
lants and semiochemicals, mostly sex pheromones, can be very useful to reduce synthetic
insecticides dosage.

Practical applications of semiochemicals, including the sex pheromones, can lead to modifi‐
cation of pest communication permitting mating disruption, attraction to pint-source lures for
monitoring, control by mass trapping, push-pull and attract-and-kill. Attractant lures can also
be used for insect population control, in combination with large-capacity traps or a contact
insecticide (Witzgall et al. 2008). The idea of controlling insect populations through species-
specific manipulation of sexual communication, without adversely affecting other organisms,
has been a driving force for pheromone research. According to Foster & Harris (1997) manip‐
ulation is defined as the use of stimuli that either stimulates or inhibits a behavior and thereby
changes its expression. This has been achieved and technological shortcomings have been
overcome through a joint effort between researchers, industry, and growers. Adoption of
semiochemical-based pest management has increased in the face of dwindling conventional
options, such as insecticides, increased government regulations and improved cost-competi‐
tiveness.

There  are  severals  main elements  of  the  behavioral  manipulation method on which the
tactics  and strategies targeting the pest  management should be based:  knowledge about
the behavior of the pest, identification of behaviors that should be handled, the ways in
which the behavior  is  manipulated appropriately  and the development  of  methods and
tools that are used in the behavioral management of pests. This chapter will discuss pest
monitoring and different  behavioral  manipulation techniques  that  can be  used alone or
in combination with other control  methods and enable the optimization of  synthetic  in‐
secticides use in agriculture.

2. Monitoring with attractant-baited traps is an important component of
pest-management programs

In the vast majority of farms, pest control is done by spray scheduled. Insecticide applications
are made at determined times regardless of the insect population density. When the control
by spray scheduled is not used, the presence of a single organism potentially damaging to the
culture determines insecticide applications. There is no doubt that those forms of control are
not sustainable both environmentally and economically. Therefore, one of the important steps
to change those procedures of agricultural production is to quantify the potential damage
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caused by pests. This determination allows knowing if the insects population density found
in the crop can be tolerated. For this reason, one of the major uses of monitoring is the
determination of early pest incidence; determine if the pest population has reached levels that
will cause economic damage; as well as the detection of infested areas; inspection of quarantine
pest presence, among other uses.

The Integrated Pest Management (IPM) which recommends the use of control methods when
the pest population reaches the Economic Injury Level (EIL) depends on the monitoring for
an effective decision making. Pest monitoring is an extremely important tool, for through it,
the proper time to use a control method is defined. If the adopted is chemical control, the
insecticides application should be done only when the pest population density reaches control
level. Thus, monitoring allows defining the spatial and temporal distribution of the insect. This
strategy makes pest control more efficient and economic, reducing costs and time sampling,
rationalizing sprayings and preserving biodiversity in the agroecosystems. In pest monitoring,
several devices, such as traps, can be used spread out in the fields aiming to quantify specific
insects. The number of insects measured is important in the decision making for determine
whether the pest population has reached the EIL. At this stage of pest management, assessment
is, therefore, qualitative. The important in this case is to obtain a correlation between the
number of insects measured and its real population density. For monitoring, a large number
of tools can be used as beat cloth, trays or traps. In the case of traps, several attractants can be
used, such as pheromones, food and attractive colors.

Pheromones are widely used in pest monitoring (Wyatt 1998) due to their specificity, selectivity
and mainly for not affecting the health of workers and environment. They are chemicals used
in conspecific communication, acting both in physiology, on individuals development; as in
behavior, with a domino effect, prompting immediate action. The domino effect is what is
explored in pest monitoring. Among the various existing types of pheromones, the sexual is
the most widely studied in insect pest management (Vilela & Della Lucia 2001). The detection
and recognition of pheromone molecules by insects are closely related to the olfactory system.
The pheromone molecules reach the pores of the antenna sensilla, which are present in the
thousands on antenna surface, vertically oriented and capture molecules in the air (Mustaparta
1984). Inside the antenna, the odor molecules collide with the dendritic membrane translating
the chemical signal into electrical potential. The nervous impulse is transmitted to the central
nervous system to produce a particular behavior in insects. These selective attractants are used
in traps spread in the field that are to be monitored. Traps baited with pheromones must be
sensitive enough to capture insects selectively, consistently and at low densities. Therefore,
the knowledge of the target insect flight behavior is crucial when choosing the type of traps.
Trap location and its height in the field, the most appropriate format and the most suitable
pheromone mix for the site should be determined from studies of insect reproductive behavior.
Additionally, the choice of the trap should be appropriate to the features of the land where the
crop is located. Traps which have liquids as surface retention of insects are more difficult to
be handled in a land of accentuated incline. In this case, models of traps where the insects are
trapped by surfaces impregnated with adhesive glue would be more appropriate. These
monitoring tools should be efficient enough to capture the target pest at low population
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densities, be easy to handle and to carry and also should have low cost, high durability and
strength. These parameters, which should be determined, are essential for successful moni‐
toring.

The monitoring has been used on many economic important pest worldwide using traps
containing pheromone to estimate population density in important  crops such as  maize
and tomato. The reports of its use to estimate populations of Spodoptera frugiperda (Mitch‐
ell et al. 1985, Tumlinson et al. 1986), Ostrinia nubilalis (Hudon et al. 1989), Keiferia lycoper‐
sicella (Ridgway et al. 1990) and Tuta absoluta (Charlton et al. 1991) shows that this is not a
new tool of pest management. However, given the current need for sustainability of agri‐
cultural activities, such monitoring proved to be economically viable and environmentally
sustainable,  by  determining  the  ideal  time of  interventions  to  reduce  the  population  of
pests in the field.

Besides  pheromone  use,  monitoring  can  be  performed  based  on  visual  stimuli.  Insects
that use vision to locate hosts can be monitored with the aid of colored traps. The princi‐
ple of this method is to ensure that the insects are lured into a colored surface impregnat‐
ed  with  glue.  In  reference  (Natwick  et  al.  2007)  it  was  recorded the  efficacy  of  colored
sticky  traps  to  detect  and  monitor  Frankliniella  occidentalis  in  lettuce.  In  this  particular
case, the blue color would be more suitable.  Studies have indicated that while there are
no insects caught in traps, there is no need to carry out chemical control. The adoption of
this  monitoring  by  lettuce  growers  can  reduce  insecticide  applications  in  the  field.  It
should be noted that when using visual stimuli, based on color as attractant in traps, the
preference of the target insect must be followed.

Food attractants  can also be used for  monitoring pests.  In horticulture,  the technique is
widely used to monitor fruit flies. In this case, food baits are used in traps to attract in‐
sects.  Several  attractants,  such  as  brown  sugar,  sucrose,  hydrolyzed  corn  protein,  fruit
juice and wine vinegar in McPhail,  Jackson and PET bottles traps are used for monitor‐
ing (Nascimento et al. 2000). One example is the use of orange and grape juices at a con‐
centration  of  25%  that  are  being  used  in  monitoring  Anastrepha  fraterculus  in  peach
orchards (Guerra et al. 2007).

3. Mating disruption

The acceptance of the communication-disruption tactic has largely been driven by dissat‐
isfaction with the control levels achieved with conventional insecticides, often because of
emerging  resistance  problems.  Furthermore,  in  contrast  to  insecticides,  the  effectiveness
of mating disruption increases with long-term use, resulting in a substantial reduction of
populations.

Most of the studies on the use of attractants to disrupt a finding behavior have focused on mate
location, particularly of moths, in the so-called mating disruption method. This control method
has come to prominence in pest control the last decades. Its success has been observed in
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controlling several pests like the pink bollworrn, Pectinophora gossypiella on cotton; the oriental
fruit moth, Grapholita molesta, on stone fruits; tomato borer fruit Neoleucinodes elegantalis, in
tomato and codling moth, Cydia pomonella in apple, in which codling moth mating disruption
enables sustainable and reliable control at low population densities.

This method consists of distributing a large amount of synthetic sex pheromone in the field,
aiming to prevent the male to find a female, disrupting mating. Therefore, new pest genera‐
tions do not occur on treated area. Nevertheless the success of this method is associated with
pest migratory ability and biological aspects. According to reference (Cardé & Minks 1995) the
use of sexual disruption certainly results in success, due to its ability to reduce the local
population of the pest. However, it does not protect the area of immigration from outside
populations, when used in an isolated way by a single producer or when there is no geographic
isolation (geographic barriers). In order to avoid these potential problems, to ensure that this
method will obtains the desirable success, it is required a good knowledge about the ecology
of the pest and its immigration ability, aiming the entry capacity of mated females, coming
from outside the treated area. The sphere of lures influence must be determinate for obtaining
the distance between them in the field. Research will focus on determining the number of lures,
their dosages and their spatial arrangement to reduce mating success.

The logistics involved in implementing the method, also deserves attention, as it requires an
accurate monitoring program, based on samplings with traps baited with pheromone, to
determine or even to ensure that the use of disruption is enough to keep the pest population
levels under the economic threshold level, thus justifying the method.

3.1. Mating disruption mechanisms

The sex pheromone may act through different mechanisms in mating disruption, however, the
main behavioral mechanisms have been defined as sensory fatigue by diminution of response
due to sensory adaptation or habituation, arrestment of upwind flight at high concentrations,
shifting the rhythm of response to females, changing the fine structure of or camouflaging a
natural plume, outcompeting females, and causing an imbalance of sensory inputs by altering
the perceived blend. In spite of the large amount of work on mating disruption of moths, as
well as the considerable volume of work on the actual behavioral mechanisms used by male
moths in response to pheromone, behavioral control has not been widely used in pest man‐
agement (Cardé & Minks 1995, Foster & Harris 1997). In this chapter we discuss some of these
mechanisms, as follows.

Diminution in responsiveness via either sensory adaptation or habituation: Encounters with
formulated pheromone may raise the males response threshold or abolish responsiveness
entirely. Either outcome could result from adaptation of peripheral receptors on the antennae
or habituation at a central processing level. Continuous release of pheromone formulation,
leading to its constant presence in the area, increases habituation.

Shifting the rhythm of response: The continuous presence of pheromone can cause males to
respond to formulated pheromone well before females call. Such precocious male activity
could contribute to a diminished response when females commence pheromone release.
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Camouflage of the plumes from calling females: At some distance downwind of a moth
releasing pheromone, the concentration of pheromone emitted from the moth's odor plume
should be rendered imperceptible in a background of synthetic pheromone. At those distances
the male would be unable to distinguish the natural plume filaments.

Competition between calling females and point sources of synthetic pheromone: Males may
remain responsive and orient to pheromone plumes from point-source release devices. The
ratio of dispensers to calling females and their comparative attractiveness will set the intensity
of competition. The time spent orienting to artificial point sources of pheromone lessens the
time available to orient to plumes from calling females.

3.2. Dispenser technology

Practical applications of the mating disruption technique require efficient and economic
dispenser materials that release sufficient amounts of pheromone over an extended period.
The pheromone dispenser technology determines the efficacy and the economics of mating
disruption.

The importance of adequate rate release and consistently for long periods is undisputed in this
technique success. That can be observed by several studies testing different release technolo‐
gies (dispensers), as observed in references (Knight et al. 2012) and (Bohnenblust et al. 2012).
As some successful technologies, we mention the sealed polyethylene vials and the SPLAT®-
Specialized Pheromone & Lure Aplplication Technology (Figure 1).

Sealed polyethylene vials with pheromone kept the communication disruption for the millet
stem borer, Coniesta ignefusalus for up to three months in millet farmers’ fields (Youm et al.
2012). SPLAT emitters, which is an emulsion paste (wax) and amorphous that controls the
release of insecticides and semiochemical was effective to achieve communication disruption
by season-long for several Lepidoptera pests like N. elegantalis in tomato (França et al. in
2012, unpublished data), Bonagota salubricola and G. molesta in peach (Härter et al. 2010, Stelinski
et al. 2010) and Phyllocnistis citrella in citrus (Stelinski et al. 2007).

Not  only  the  pheromone dispenser  technology,  but  the  amount  of  dispensers  is  an im‐
portant factor for the efficiency of male mating disruption, since it influences the mecha‐
nisms involved in this process.  The number of pheromone release sites is  related to the
initial density of the pest,  for when the density is high the number of dispensers has to
be raised, in order to obtain the effectiveness of the method. Härter et al. (2010) achieved
an efficient control of G. molesta in peach, using 1000 release sites (with SPLAT® technol‐
ogy)  of  pheromone,  reducing  male  catch  and  the  damage  from this  pest.  Pastori  et  al.
(2008) testing 1000 release sites (SPLAT® technology) of B. salubricola pheromone associat‐
ed with G. molesta  pheromone in  apple,  reduced male  catch in  both species  in  the  first
season.  In  the  following  season  the  catch  reduction  was  only  observed  for  G.  molesta,
however, it did not reflect in damage reduction. For the millet stem borer, C. ignefusalus
suppression of male catch was obtained when the crops were treated with 400 dispens‐
ers / ha (Youm et al. 2012).
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Figure 1. SPLAT NEO (containing Neoleucinodes elegantalis pheromone) on tomato crop in Bezerros, PE. At the top
left, the applicator used.

Others  technologies  have  also  been  used as  the  microencapsulated  formulation.  A fort‐
nightly  application  of  the  sex  pheromone using  this  technology  in  peach  orchards  pre‐
vented the chemical communication between the male and female of G. molesta, reducing
male catch in traps baited with commercial pheromone. Thus, both the SPLAT®  and the
microencapsulated pheromone was effective to interrupt the chemical  communication of
G.  molesta  in  peach  orchards,  even  when  this  was  associated  with  B.  solubricola  phero‐
mone (Botton et al. 2005).

3.3. Association of mating disruption with synthetic insecticides

An important point is that in several management programs disruptants may need to be used
in combination with conventional insecticides, the latter either to reduce initial populations or
as an adjuvant to the disruptant. In these cases, a reduction in the use of conventional insec‐
ticides is an additional consideration in assessing whether a disruption program is successful
(Cardé & Minks 1995). The use of synthetic insecticides associated with pheromone in order
to increase the efficiency of control in some situations (Witzgall et al. 2008) could increase the
adoption of this control technique.
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Often the use of this technique reduces the male catch, causing mating disruption, however it
does not imply reducing the damage caused by the pest. Probably, this should occur by the en‐
try of mated females originating from untreated areas, so specific applications of insecticides
may be indicated to reduce this negative effect. Although, Pastori et al. (2008) reported that us‐
ing SPLAT® dispensers containing B. salubricola pheromone associated with G. molesta phero‐
mone,  with or  without  cypermethrin in the formulation,  found that  the presence of  the
insecticide did not affect the results. Moreover, França et al. (2012) (unpublished data) ob‐
tained a greater reduction in both male catch of N. elegantalis, oviposition on fruits and damage
reduction, when used SPLAT® dispensers containing pheromone associated with cypermeth‐
rin compared with SPLAT® containing only pheromone (Figure 2). The mating disruption tech‐
nique led to the same reduction of damage caused by G. molesta in peach orchards, compared
with orchards submitted to insecticide spraying, demonstrating the great advantage of using
this method (Härter et al. 2010). Therefore, using mating disruption, the number of insecticide
applications can be reduced or even absence, making the production environmentally sustain‐
able and economically viable, since the money spent on insecticides can be used in obtaining
the product to carry out the disruption. Thus, this tactic is quite appropriate for cultures where
no residues of pesticides is required or desired, such as fruits for export; and with the consumer
profile in transition, becoming increasingly discerning, the search for an alternative control
method is essential to the acceptance and retention of the farmer in the current scenario.

Figure 2. Mean number of N. elegantalis eggs throughout tomato crop cycle, variety TY, treated with Splat 1 (with
cypermethrin), Splat 2 (without cypermethrin) and control (led by the producer) submitted to treatments 20 and 30
days after transplanting (Camocim de São Félix, Pernambuco, Brazil, 2011-2012). Columns with different letters are
significantly different (p>0.05) by Tukey test.

Insecticides - Development of Safer and More Effective Technologies184



4. Attract-and-kill (A&K) System

A novel approach using sex pheromones is the attract-and-kill system. This strategy is a
new pest management technique, an extension of mating disruption, which is character‐
ized by the inclusion of an insecticide (killing agent) in addition to the pheromone active
ingredient  or  a  feeding attractant  (attracting agent).  By doing this,  it  is  possible  to  ach‐
ieve the same control methods as mating disruption, with the potential for increased effi‐
cacy, resulting from the toxicity of the insecticide (Ebbinghaus et al. 2001). Unlike mating
disruption, which functions by “confusing” the insect, attract-and-kill system attracts the
insect  to  a  pesticide  laden gel  matrix,  distributed as  small  droplets  in  the  crop,  which,
upon contact, kills the insect.

With this system, blanket coverage of the crop is not necessary, and so the amount of insecticide
can be significantly reduced. Such an approach would permit reductions in the amounts of
insecticides used and would minimize contact with the environment, the crop, and beneficial
organisms. An additional benefit of an attract-and-kill formulation is that these formulations
generally require less pheromone to be effective, since the target species does not need to be
overwhelmed by the pheromone; it only needs to be attracted to it.

However, when pheromones are used as the attracting agent, only males are killed. Never‐
theless, removal of males from a population may not have a significant effect on reproduction
unless a large percentage of the male population is killed, as a small percentage of the male
population will serve to mate with most sexually receptive females. Thus, the development of
an attract-and-kill system might be enhanced with chemical lures that are effective in bringing
females into a target. Although the majority of chemical attractants are female-produced sex
attractants that lure males, female may use chemical odorants to locate and select mates, host
plants and food.

The use of attract-and-kill suffers from some of the same constraints as mating disruption,
including the high degree of pest selectivity, a reduction in efficacy with increasing pest density
and risk of immigration of mated females. Besides, the different longevity in the insecticide
activity and the attractiveness of the droplets set a time-limit for the application. The attract-
and-kill drops often deteriorated quite rapidly under some weather conditions, such as
powerful storms, pelting rain, intense heat, and solar radiation. These conditions may affect
the stability and longevity of the system.

As with any management tool, the operational use of pheromones must be considered within
the context of an integrated pest management system. Commercialization of the attract-and-
kill approach has been undertaken by IPM Technologies Inc., who has global rights to a
proprietary and patented matrix, combining insecticide and attractant in a UV sensitive carrier
material. Marketed as “Sirene ™” and “Last-Call™ ” in Europe and the U.S., respectively, this
technology was granted US EPA registration in 1998 and California registration in 1999. The
robust matrix can accept, protect and release a wide variety of chemicals (acetates, alcohols,
aldehydes) so it has the potential to be deployed against many pest species in diverse ecosys‐
tems.
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Attract-and-kill systems are more powerful than other semiochemical mediated control
strategies such as mating disruption in that male moths are incapacitated and removed from
the ecosystem. Yet, this approach has the obvious advantage of limiting any potential nega‐
tive ecological effects of the insecticide, as only those insects coming to the lure will be af‐
fected. These systems has been successfully used against several pests, including the boll
weevil, Anthonomus grandis; codling moth, C. pomonella (Charmillot et al. 2000) and apple
maggot, Rhagoletis pomonella (Bostanian & Racette 2001), oriental fruit moth, G. molesta
(Evenden & Mclaughlin 2004), among others.

In fruit production, the fruit flies control is based on the use of insecticides in total cov‐
erage or in the form of toxic lure. The toxic lure is based on the use of food bait associ‐
ated  with  an  insecticide.  In  this  attract-and-kill  system,  the  insects  are  killed  when  in
contact  or ingest  the insecticide.  Spinosad baits  containing spinosad in different concen‐
trations,  water,  sugar  and attractants  were  effective  in  controlling  the  fruit  fly,  Ceratitis
capitata  and  Anastrepha  fraterculus  (Raga  &  Sato  2005).  The  formulation  SPLAT  ®,  afore
mentioned at mating disruption, is also used in attract-and-kill system, since its formula‐
tion  consisting  of  waxes  and  oils  and  allows  the  inclusion  of  a  wide  range  of  insecti‐
cides  and  attractants  with  potential  to  control  several  species  of  fruit  flies.  SPLAT®

system has been evaluated as a strategy to attract-and-kill  for fruit  flies Bactrocera dorsa‐
lis  and  Bactrocera  cucurbitae  in  the  United  States  with  promising  results  (Vargas  et  al.
2008,  Vargas et  al.  2009).  There are some reports  in the literature of  a SPLAT®  formula‐
tion  containing  spinosad  0.10%,  which  provided  control  of  C.  capitata  adult,  even  after
submitted to simulated rainfall, and showed a smaller effect on the parasitoid Diachasmi‐
morpha longicaudata compared with other toxic baits (Zanardi 2011).

Although this method presents the advantage of causing less impact on non-target organ‐
isms, some restrictions are observed, for example, the low persistence of toxic lures after
rainfall events, as can be seen in the example cited above. These barriers are being solved
with the advancement of research on this technology.

Mating  disruption  and  attract-and-kill  are  similar  technologies  that  have  been  used  to
control  a  wide  range  of  insect  pests,  typically  species  in  Lepidoptera,  Coleoptera,  and
Diptera  (El-Sayed et  al.  2006).  These  two technologies  may be  able  to  contribute  to  the
eradication  of  new  incursions  of  invasive  species,  because  like  other  inversely  density-
dependent  approaches,  they  have  the  greatest  probability  of  success  against  pests  at
very low density,  which is  initially  the case after  an incursion.  Making clear  the differ‐
ence between these control systems, the mating disruption relies on the principle of pre‐
venting  pheromone  communication  between  sexes,  but  the  insects  remain  alive  in  this
area  during  the  disruption,  whereas  in  attract-and-kill  systems  they  are  removed  from
the  population.  Besides,  attract-and-kill  systems  for  field  control  typically  use  insecti‐
cides,  while  in  disruption,  insecticides  may  be  used  but  they  are  not  the  primary  ap‐
proach of the system.
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5. The push-pull strategy

Insects control methods exploiting natural chemical messengers, collectively known as
semiochemicals, are becoming increasingly familiar. Semiochemicals are substances that, in
their natural context, carry information or chemical cues for a given interaction between
organisms, triggering a behavior or a physiological response in the receiving individual. They
are subdivided into allelochemicals, related to interspecific communications, and pheromones,
in intraspecific communications (Vilela & Della Lucia 2001). One major developments now set
to revolutionize the use of semiochemicals is the realization that semiochemicals should not
be used alone, but be combined with population-reducing agents such as highly selective
pesticides or biological control agents.

Thus, it is rare for a single semiochemical to be very effective when used alone. Instead, the
usual approach is a 'push-pull' strategy, also called stimulo-deterrent diversion— which
involves 'pushing' the insects away from the harvestable, economic crops, and 'pulling' them
onto a trap crop where their population is reduced by a biological control agent or highly
specific but slow-acting insecticide (Foster & Harris 1997). Therefore, antifeedants, non-host
volatiles, compounds associated with plant defense, visual cues, synthetic repellents, alarm
pheromones and oviposition deterrents can be used to achieve the 'push', while the sex
pheromone, host volatiles, visual, gustatory and oviposition stimulants can be used to 'pull'
the insects onto the trap crop (Figure 3).

Figure 3. Push-Pull strategies, "pull" and "push" tools and the agents used to reduce pest population.
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The olfactory, visual and mechanical stimuli are used by insects to locate and select their hosts.
The ones acting at long distance are visual, synthetic repellents, host and non-host plant
volatiles, anti-aggregation and alarm pheromones. At short distance, they are called anti-food,
oviposition inhibitor and pheromone inhibitor. This technique has been used for a small
number of insect pests and needs to be further investigated.

The term push-pull was first conceived as a strategy for insect pest management (IPM) by Pyke
et al. in Australia in 1987. The concept was later formalized and refined by Miller & Cowles,
who termed the strategy stimulo-deterrent diversion. Most work on push-pull strategies has
targeted pest behavior rather than to the manipulation of beneficial organisms. However, it
may act to push the beneficial organisms out of the surrounding area and pull them to where
they are required for control.

The Push-pull strategies can bring together several pest management tactics, as behavioral
manipulation methods, chemical stimuli, habitat diversification strategies (intercropping and
trap cropping), biological control and chemical control. According to Cook et al. (2007) the
principles of the push-pull strategy are to maximize control efficacy, efficiency, sustainability
and output, while minimizing negative environmental effects.

5.1. The use of push-pull

The Push-pull strategy successfully controls pests and weeds. The most successful push-pull
strategy, indeed the only example currently used in practice, was developed in Africa for
subsistence farmers. In Eastern Africa, push-pull works as a novel cropping system developed
by the International Centre of Insect Physiology and Ecology (ICIPE) in collaboration with
Rothamsted Research (UK), Kenyan Agricultural Research Institute (KARI) and other national
partners for integrated pest, weed and soil management in cereal–livestock-based farming
systems (Cook et al.2007, Hassanali et al. 2008, Khan et al. 2008).

Millions of rural people in Eastern Africa depend on maize and sorghum for food security and
cash income. Despite this, production of these crops is seriously affected by constraints such
as stemborers and the parasitic weed Striga hermonthica (Nielsen 2001). The push-pull strategy
involves the use of behavior-modifying stimuli to manipulate the distribution and abundance
of stemborers and beneficial insects in maize or sorghum crops. It is based on in-depth
understanding of chemical ecology, agrobiodiversity, plant-plant and insect-plant interac‐
tions, and involves intercropping a cereal crop with a repellent intercrop such as Molasses
grass (Melinis minutiflora) and Desmodium (Desmodium uncinatum) (push), with an attractive
trap plant such as Napier grass (Pennisetum purpureum) and Sudan grass (Sorghum vulgare var.
sudanense) (pull) planted as a border crop around this intercrop.

Mated stemborer females are repelled from the main crop and are simultaneously attracted to
the trap crop. Napier grass produces significantly higher levels of attractive volatile com‐
pounds (green leaf volatiles), cues used by stemborer females to locate host plants, than maize
or sorghum (Khan et al. 2001). However, many of the stemborer larvae, about 80%, do not
survive as Napier grass tissues produce sticky sap in response to feeding by the larvae which
traps them causing their mortality (Midega et al. 2006). Legumes in the Desmodium genus, on
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the other hand produce repellent volatile chemicals that push away the stemborer moths.
Desmodium sp. also controls S. hermonthica trough an allelopathic effect of the root exudates,
produced independently of the presence of the weed, being responsible for a dramatic weed
reduction in an intercrop with maize (Khan et al. 2002).

Besides this, the push-pull strategy has been studied for controlling several pests, as for
example, Helicoverpa sp. in cotton, the Colorado potato beetle in potatoes, Sitona lineatus in
beans, the pollen beetle in oilseed rape, onion maggot on onions, thrips on chrysanthemums,
in forestry as the bark beetles on conifers, for veterinary and medical pests as muscid flies,
mosquitoes and midges and for controlling urban pests such as cockroaches.

5.2. Push-pull strategy and insecticides

According to Cook et al. (2007) the stimuli used to achieve the push-pull strategy general‐
ly act by nontoxic mechanisms, thus, integration with population-reducing methods, such
insecticides,  is  also usually needed when the strategies  are  targeted at  pests.  The push-
pull strategy can be used to displace pests from resources or commodities that are to be
protected, and simultaneously lure the pest to an attractant source coupled with an insec‐
ticide. In addition, push-pull strategies are beginning to be seriously considered as plausi‐
ble  pest  control  solutions  that  help  to  manage  insecticide  resistance  threats.  One  study
assessing the effects of push-pull strategy with trap crops, neem and Nuclear Ployhedro‐
sis Virus (NPV) in Helicoverpa armigera  insecticide resistance on cotton, reported that the
push-pull strategy was highly effective in reducing the incidence of H. armigera and dam‐
age (Duraimurugan & Regupathy 2005).

The benefits of a push-pull strategy include a lower requirement for broad spectrum pesticides,
saving these valuable materials for a 'fire fighting' role. In addition, there is less risk of
producing populations of resistant insects. Because the push-pull components are not indi‐
vidually greatly effective, they do not select for resistance as strongly as conventional toxicant
insecticides.

6. Mass trapping

The knowledge of life history traits of the target insect pest is particularly important to
determine if this technique can be used. The behavior of the insect in the search of partners or
food should be studied to maximize the chances of success in using this strategy. The mass
trapping consists of placing a large number of traps with attractants in a crop in order to capture
the largest possible number of insects.

The purpose is to reduce the number of individuals of the next generation, removing only
males or both insect sexes of the area. As bait, sexual or aggregation pheromones, food
attractants or volatile can be used. The density and effectiveness of traps are important factors
for the success of population suppression and eradication technique (Steiner 1952).The
technique is particularly effective when it aims to control insects with gregarious habits. In
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these cases, adding a synergist, enhances the capture of both males and females. When using
only the sexual pheromones in this technique, generally, only males are caught. The male
removal from the area may not have a major impact on the size of the next generation
depending on the reproductive biology of the species.

The results achieved with mass collection may not be suitable for pest control as, depending
on the mating ability of the species, a single male can fertilize many females, thus preventing
the elimination or reduction of the number of individuals of the next generation. To work
around this, a combination of pheromone with a food attractant could lead to both males and
females catch. The initial size of population should then be estimated by monitoring, before
the use of mass collection technique. El-Sayed et al. (2006) indicate the technique for controlling
populations at low density or sparsely isolated. In the absence of these conditions, it should
not be used alone for pest control. When adults of both sexes are considered pests and in the
presence of aggregation pheromone, the technique proves to be effective. Several examples
can be found using this technique in agricultural pest control, as in the case of C. pomonella in
Europe and America (Hagley, 1978, Willson & Trammel 1980, Emel’yanov & Bulyginskaya
1999, Beers et al. 2003), borer of the genus Rhynchophorus in Asia, Middle Eastern and South
America; fruit flies in orchards; A. grandis in the United States of America and Mexico;
Lymantria dispar in USA, among others.

The results indicate that the success in suppressing pest population and damage reduction is
not always ensured, especially when the pest is found in high population density. Some
requirements must be observed according El-Sayed et al. (2006) to succeed in using the mass
collection. The first is the arrangement of traps in the area, so that a large part of the population
has contact with the attractive. The second requirement is that the attractive has to be more
effective than the natural source of attraction, as virgin females, foods, among others. This
attractive must have an effective release, ranging from emergency to the insect mating season.
Traps effectiveness in capture and retention of insects must be observed as well as the cost of
the technique.

The mass trapping, when is not enough by itself to control pest population, can be used in
combination with other methods of pest control within the philosophy of Integrated Pest
Management.

7. Attractive lures and toxic lures

Another aspect of behavioral control is the use of secondary plant substances that play an
important role in the feeding of monophagous or oligophagous insects (Cohen 2003). These
substances are used in insect behavioral and biology studies, such as attraction / repellence,
feeding and oviposition deterrence etc (Martinez & Van Emden 2001). Such chemicals that
indicate the presence of food are in many cases, secondary compounds that stimulate chemo‐
receptor cells located in taste sensilla across tarsi, antennas and mouth parts of insects, inducing
feeding and oviposition. When these compounds induce feeding are called phagostimulants
or feeding stimulants (Nation 2002).

Insecticides - Development of Safer and More Effective Technologies190



Attractive food lures containing feeding stimulants make pest management by behavior ma‐
nipulation an effective tool, helping to reduce the amount and improve pesticides efficiency
applied in agricultural production systems. These attractive lures have been used for the fol‐
lowing purposes: (i) identification and distribution of insect species, (ii) certification of a region
or country for the absence of a particular pest species (free area), (iii) pest eradication pro‐
grams, (iv) Integrated Management Program, (v) pest monitoring (Nascimento et al. 2000).

For a higher persistence of phagostimulants at the lures, the starch can be used as a vehicle of
feeding stimulant, for example, in combination with insecticides and dry bran. Several
attractive, such as brown sugar, sucrose, hydrolyzed corn protein, fruit juice and wine vinegar
in McPhail, Jackson and PET bottles traps are used for monitoring, and when added to
insecticides are recommended for pest control, as example the fruit flies (Nascimento et al.
2000), contributing to the reduction of pest population in the field. Orange and grape juices at
a concentration of 25% have been used in monitoring A. fraterculus in peach orchards (Guerra
et al. 2007).

The attraction of Mocis latipes for sweet baits in traps has been studied by Landolt (1995)
showing that honey solutions in water (20%) or unrefined sugar in water (5, 10 or 20%) caught
a significant number of moths. This author also found that these baits prepared with three
days in advance were more effective than baits made with fresh solutions.

Lures prepared with different concentrations of spinosad insecticide have been effective in
fruit flies control, C. capitata and A. fraterculus (Raga & Sato 2005). Toxic lures formulated with
hydrolyzed protein, consisting of Biofruit 3% plus malathion (500 Malathion EC) applied on
plants located at the orchard edges has been effective in controlling A. fraterculus on peach
trees. However, this practice is not employed by peaches producers, as it requires changes in
the pest management system, replacing scheduled insecticides applications for monitoring
implementation (Härter et al. 2010).

Toxic lures has also been shown important in the management of lepidopteran pests. Accord‐
ing to França et al. (2009) the mortality caused by lufenuron and deltamethrin, associated with
10% honey, increased directly with the evaluation periods (0, 0.5, 1, 2, 12 and 24) for males,
females and adults of N. elegantalis after exposure to 10% honey attractive solution, achieving
100% of mortality in two hours.

One of the advantages of toxic lures is the environmental benefit, since they are not used in the
total field area, compared with synthetic insecticides. So, it would provide reduced risk due to
the decreased presence of toxic residues in fruits, decreased resurgence of secondary pests, re‐
duction in the amount of insecticides and higher preservation of natural enemies. The use of
toxic lure in guava orchards, Psidium guajava, had lower influence on adults of Chrysopidae
family, compared to synthetic insecticides application (Galli et al. 2004).

The great success of behavioral management is the ability to associate technologies to control
pests, rationing insecticides use, due to applications based on monitoring. The techniques of
behavioral control consort with other control methods such as conventional, and benefit not
only the consumers but the ecosystem and all involved in the productive chain of agricultural
products.
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8. New trends and conclusions

Recent studies have shown that an alternative to improve the pheromone performance on male
catch is the use of volatile compounds of plants. Tests at wind-tunnel, demonstrated that the
volatile compounds of plants, such as limonene, pear ester, ß-farnesene and linalool increased
the attraction of codling moth males, C. pomonella, when associated with codlemone phero‐
mone also proving that these volatiles not only increase the attractiveness, but also decrease
(shorten) the response time of the males to codlemone (Schmera & Guerin 2012). Thus, based
on these observations, it is concluded that admixing limonene, pear ester, β-farnesene or
linalool to codlemone aids source location by males, such that host plant volatiles dispensed
with codlemone should contribute to better mating disruption of C. pomonella. These authors
also state that the attractiveness increasing of codlemone to codling moth males can be
regarded as a key to increasing the efficiency of mating disruption of codling moth.

The public demand for environmentally correct alternatives to broad-spectrum insecticides or
strategies that reduce the use of these pesticides has never been greater. The adoption of
behavioral manipulation techniques can help to meet this demand, since the amount of
semiochemicals released into the environment is relatively small. In addition, most of the
semiochemicals are relatively nontoxic to vertebrates as well as to beneficial insects, having a
high selectivity to the target pest species.
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