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Coffee plants host several herbivorous species, but only few are considered pests. Brazil

is the largest coffee producer of the world, and the two key coffee pests of the crop

in the country are the coffee leaf miner Leucoptera coffeella and the coffee berry borer

Hypothenemus hampei. However, in some regions or on specific conditions, species of

mites and scales can also cause damage to coffee plants. Conventional management

of coffee pests relies on chemical pesticides, and it is the most commonly used strategy

in Brazil, but environmental problems, pest resistance, and toxicity-related issues have

led coffee growers to search for alternatives for pest control. Agro-ecological strategies

suitable to coffee cultivation can be adopted by farmers, based on plant diversification,

in order to provide resources for natural enemies, such as nectar, pollen, shelter,

microclimate conditions, and oviposition sites, thereby promoting conservation biological

control. Here I revise these strategies and report the results from research in Brazil. I

include results on agroforestry, use of cover crops, and non-crop plant management.

These are complemented by curative measures based on the use of organic farming-

approved pesticides that can be employedwhen the agro-ecological practices are not yet

consolidated. I also present the cultural control method used by several coffee producers

in Brazil to decrease coffee berry borer damage.

Keywords: conservation biological control, coffee berry borer, coffee leaf miner, biopesticides, cultural control

INTRODUCTION

Coffee (Coffee arabica L. and Coffee canephora L) (Rubiaceae) can host at least 850 insect species,
but only few are considered major pests (Le Pelley, 1968). Among those, the coffee leaf miner
Leucoptera coffeella (Guérin-Mèneville) (Lepidoptera: Lyonetiidae) and the coffee berry borer
Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae: Scolytinae) stand out as key pests in
Brazil, the largest coffee producer of the world (Le Pelley, 1968; Reis et al., 2002; Vega et al., 2009).
Pest attack on coffee plants causes losses of hundreds of millions of dollars every year (Oliveira
et al., 2013; Milligan et al., 2016; Avelino et al., 2018; Cure et al., 2020). The coffee leaf miner (CLM)
is disseminated throughout the American continent (Pantoja-Gomez et al., 2019). Its development
and reproduction are favored by hot and dry climate conditions, which are found in most regions
where coffee is cultivated in Brazil (Silva et al., 2014; Giraldo-Jaramillo et al., 2019; Leite et al., 2020).
Females of CLM lay their eggs on the adaxial leaf surface of coffee plants, and the larvae feed on
the cells of palisade parenchyma, causing leaves to dry and to prematurely fall (Reis and Souza,
1996; Reis et al., 2002). At high population levels, CLM may cause defoliation up to 70%, which
decreases photosynthesis and results in up to 50% decrease in coffee yield (Reis and Souza, 1996).
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The coffee berry borer (CBB) is a cosmopolitan pest currently
present in all coffee producer countries except in Australia and
Nepal (Johnson et al., 2020; Sun et al., 2020). It is considered
the most damaging pest of coffee worldwide (Damon, 2000;
Vega et al., 2009; Cure et al., 2020). Females of CBB bore into
the berries and oviposit inside the coffee berry endosperm. The
hatched larvae feed on the seeds, resulting in losses of quality
and quantity of the marketable coffee (Damon, 2000; Jaramillo
et al., 2006; Vega et al., 2009). It is the only species that can
feed and complete its cycle on coffee seeds due to the bacterial
symbiotes in its gut that degrade caffeine (Ceja-Navarro et al.,
2015; Vega et al., 2021). In addition to CBB and CLM, mites
and scales can also cause damage to coffee plants, leading to
yield reduction (Reis et al., 2002). The red mite,Oligonychus ilicis
(McGregor) (Acari: Tetranychidae), is found on the upper coffee
leaf surface where it punctures the epidermis and mesophyll cells
of the leaf and absorbs the cell contents, resulting in bronze-
colored leaves, which can reduce the photosynthesis rate by up
to 50% (Franco et al., 2008). The infestation usually occurs in
patches, but it may spread over the entire crop, mainly in the
dry periods. Scales from Coccidae [Coccus viridis (Green)] and
Pseudococcidae [Planococcus citri (Risso)] families cause damage
to coffee plants due to their feeding on the plant sap and to the
injection of toxins into the vascular system (Santa-Cecília et al.,
2002; Fernandes et al., 2009; Rosado et al., 2013).

The use of pesticides is the most common control measure
for coffee pests in Brazil. For instance, at higher infestations
of CLM, the number of sprayings can reach up to 20 per year
(Leite et al., 2020). The use of pyrethroids for CLM control
has been related to increased phytophagous mite outbreaks,
mainly due to their deleterious effects on predatory mites (Reis
et al., 2007) and to pest-induced hormesis (a stimulating and
beneficial effect to living organisms of a harmful substance)
under low doses (Cordeiro et al., 2013). Despite the overuse of
synthetic pesticides, CBB continues to cause major economic
losses (Oliveira et al., 2013; Infante et al., 2014; Johnson et al.,
2020). There are many concerns associated with the reliance on
pesticide applications, such as harmful effects to human health
and to the environment, pest resistance, outbreaks of secondary
pest, and loss of beneficial insects (Fragoso et al., 2003; Reis et al.,
2015; Hutter et al., 2018; Leite et al., 2020, 2021), which signal the
need for developing alternative strategies and discovering new
sustainable pest controls. Considering the biology and feeding
habits of coffee pests, integrative measures are key to manage
them (Damon, 2000; Vega et al., 2009; Infante, 2018; Johnson
et al., 2020).

Here I revise the main agro-ecological strategies, focusing on
conservation biological control, that could be used for coffee
pest management in Brazil. I also report curative measures
based on the use of organic farming-approved biopesticides
that can be employed when agro-ecological measures are not
yet consolidated. Finally, I present and discuss about cultural
practices for managing coffee berry borer population. The agro-
ecological coffee pest strategies proposed here are based on
scientifically reported results. The strategies aim not only coffee
productivity but also to recover from the environmental and
social harms caused by conventional agriculture and to reduce

the dependency on external inputs such as pesticides (Cardoso
et al., 2001; Sales et al., 2013). Most of the presented strategies
can be adopted and adapted for a range of coffee size farms, but
they are especially suitable for small-scale coffee farmers that, in
Brazil, are responsible for 80% of coffee production.

CONSERVATION BIOLOGICAL CONTROL

Coffee crops naturally harbor a great diversity of natural enemy
species, such as predatory and parasitoid wasps, green lacewings,
ants, ladybugs, predatory mites, and entomopathogens (Reis
et al., 2002; Fernandes et al., 2008; Amaral et al., 2010; Rodrigues-
Silva et al., 2017; Moreira et al., 2019; Botti et al., 2021; Rosado
et al., 2021). However, their abundance in coffee monocultures
is not always enough to keep pest populations below economic
injury levels; for instance, predators and parasitoids, although
carnivores, need to feed on plant-derived food, such as nectar
and pollen, to supplement or complement their diet or during a
non-carnivorous life stage (Olson et al., 2005; Venzon et al., 2006,
2019). In coffee monocultures, these resources are not available
throughout the year, as coffee blooms for a limited period and
the flowers last only a few days, when they are already visited by
pollinators (Peters and Carroll, 2012). Besides alternative food,
predators and parasitoids need microclimate conditions, shelter,
and place to oviposit and build their nests (e.g., predatory wasps),
which are not available in coffee monocultures. These resource
provisions can be done by keeping forest fragments near to crop
area (Aristizábal and Metzger, 2019; Medeiros et al., 2019), by
increasing the plant diversity on it, and on the surroundings by
adding trees (i.e., agroforestry), intercropping cover crops, and
managing non-crop plants.

More diversified agroforestry systems are usually related to
positive effects on coffee pest control (Philpott and Armbrecht,
2006; Philpott et al., 2008; Teodoro et al., 2009; Perfecto et al.,
2014; Pumariño et al., 2015). Moreover, selecting tree species
for biological control purposes can be optimized based on their
interaction with pests and natural enemies (Heil, 2015; Peters
et al., 2016). A remarkable example is the coffee agroforestry
system in the Atlantic Rainforest Biome (a South American
forest that extends along the Atlantic coast of Brazil) where small
stakeholders associated coffee to several trees and, among them,
nitrogen-fixing species that bear extrafloral nectaries (EFN)
(Souza et al., 2010; Rezende et al., 2014) (Figure 1). EFN are
nectar-secreting glands located outside the flowers, and their
presence is common in tropical plants (Koptur, 2005). Nectar
from EFN is available along the year, and it is more accessible
to natural enemies of pests that usually have short mouthparts.
In return to the food provided by EFN, the natural enemies
protect the plants against herbivory. Rezende et al. (2014)
showed an associational resistance provided by EFN-possessing
Inga trees (Inga spp.) to coffee plants in agroforestry systems.
The EFN of inga attract predators and parasitoids of CLM
(Figures 2A,B). The parasitism of CLM increased significantly
with the abundance of nectary visitors, and the proportion
of mined leaves decreased significantly with this abundance.
Later, in a replicated field experiment, Rezende et al. (2021)
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FIGURE 1 | Agroforestry coffee system in the Atlantic Rainforest Biome, Araponga, state of Minas Gerais, Brazil (photo from Maíra Queiroz Rezende).

confirmed that the damage caused by CLM and CBB was lower
in coffee consorted with inga trees than in plots with coffee
only. Moreover, the authors show that coffee plants consorted
with inga trees produced heavier fruits than unconsorted coffee
plants. Furthermore, inga trees mediated CBB predation by
hosting a predatory thrips of the genus Trybomia (Thysanoptera:
Phlaeothripidae) that feeds on CBB eggs, larvae, and pupae
(Rezende et al., 2014; Pantoja, 2018). The predator benefits from
EFN feeding (Figure 3) as its survival increases but still depends
on a protein food source to complete its development (Rezende,
2014; Coffler, 2020).

The diversified landscape, microclimatic stability, and reduced
soil disturbance in agroforestry coffee systems in the Atlantic
Rainforest Biome had a positive effect on the activity and
abundance of insect-pathogenic fungi when compared with
the full-sun conventional coffee production system (Moreira
et al., 2019). Soil from coffee plots diversified with Inga edulis
Mart. (Fabaceae), Senna macranthera (Collad.) Irwin et Barn.
(Fabaceae), Varronia curassavica Jacq. (Cordiaceae), and non-
crop plants at Cerrado (a Savanna-like vegetation and one of
the Brazilian biomes) of Minas Gerais harbor a more abundant
and diverse community of entomopathogenic fungi species than
plots with conventional monoculture (Franzin, M.L, personal
communication) (Figure 4).

Intercropping coffee with cover crops is another viable
strategy to increase the availability of plant-provided food,
refuges, and favorable microclimate for predators and
parasitoids, enhancing their survival and performance and
thereby resulting in increased effectiveness for pest control
(Venzon et al., 2006; Amaral et al., 2010; Rosado et al., 2021).
Cover crops improve the chemical, physical, and biological
characteristics of the soil and contribute to the reduction of

the diseases and weeds in coffee crops (Colozzi Filho and
Cardoso, 2000; Paulo et al., 2001; Mendonça et al., 2017).
Regarding the biological control of coffee pests, Venzon et al.
(2006) evaluated the suitability of leguminous cover crop
pollens to the green lacewing Chrysoperla externa (Hagen)
(Neuroptera: Chrysopidae), a common predator species found
in coffee agro-ecosystems (Ribeiro et al., 2014; Rodrigues-Silva
et al., 2017). Both the adults and larvae of C. externa can
feed on plant material, while the larvae feed on a variety of
soft-bodied arthropods, including the CLM, CBB, mites, and
scales (Ecole et al., 2002; Venzon et al., 2009; Rodrigues-Silva
et al., 2017; Carvalho et al., 2019; Botti et al., 2021). The presence
of alternative plant food sources for lacewings is especially
important in times of prey scarcity, allowing their presence in
crops even when prey is temporarily unavailable. The pollens
of pigeon pea (Cajanus cajan (L) Millsp., Fabaceae) and sunn
hemp (Crotalaria juncea L., Fabaceae) were equally suitable for
C. externa, especially when they were complemented with a
carbohydrate source (Venzon et al., 2006). Combining a plant
providing pollen (sunn hemp) and a plant providing nectar
(buckwheat, Fagopyrum esculentum Moench, Polygonaceae)
increased the chances of predator survival (Rosado, 2007)
(Figures 5A,B). Buckwheat also affords pollen, but it is known
by the high nectar productivity of its flowers.

Intercropping buckwheat and sunn hemp with coffee
increased the activities of predation and of parasitism,
respectively, promoted by wasps on CLM (Rosado et al., 2021)
(Figures 6A,B). The predation rate of Vespidae on CLM larvae
was higher in intercropped plots compared to monoculture,
where no other plant food resource was available. Adults of
Vespidae forage for nectar and pollen to satisfy their nutritional
demands and to feed their larvae (Klein et al., 2002). Both foods
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FIGURE 2 | Predators feeding on extrafloral nectar of inga trees: (A) Vespidae

(photo from Maíra Q. Rezende). (B) Formicidae (photo from Madelaine

Venzon).

can be found in the large sunn hemp papilionaceous flowers that
can be easily accessed by adults of Vespidae (Amaral et al., 2010;
Meagher Jr et al., 2019). Buckwheat intercropped with coffee
increased the parasitism by Eulophidae and Braconidae in CLM
(Rosado et al., 2021) (Figure 7). Feeding on buckwheat nectar
enhances the survival and reproduction of some parasitoid
species of these families (Rosado, 2007; Nafziger and Fadamiro,
2011) (Figure 8). Intercropping sunn hemp with coffee increased
the population of predatory mites of the Phytoseiidae family and
lowered the herbivorous Tetranychidae population compared
to coffee monoculture (Rosado et al., 2021). The pollen of sunn
hemp is nutritionally suitable to Phytoseiidae (Rodríguez-Cruz
et al., 2013).

Non-crop plants (i.e., spontaneous plants) can also be
managed for conservation biological control purposes in agro-
ecosystems, as they provide resources and conditions that allow
natural enemy survival, growth, and reproduction, even when
their prey are scarce or absent (Venzon et al., 2019). One
of the main advantages of using non-crop plants to habitat

FIGURE 3 | Trybomia sp. feeding on extrafloral nectar of inga trees (photo

from Madelaine Venzon).

manipulation is that they grow rapidly and spontaneously, and
generally farmers know them well. However, the effectiveness
of this strategy depends on finding the functional role of each
plant to specific biological control agents. Chrysopidae larvae
can benefit by feeding on flower resources of non-crop plants
during periods of prey scarcity. The larvae of C. externa had
higher survival when tropical ageratum (Ageratum conyzoides
L., Asteraceae) was offered (Figure 9), and the same happens
to the larvae of Ceraeochrysa cubana (Hagen) (Neuroptera:
Chrysopidae) when A. conyzoides or beggar tick (Bidens pilosa
L., Asteraceae) was provided (Salgado, 2014). Coccinellidae was
more abundant when aphids were present on non-crop plants,
but they were also observed foraging on flowers, EFN, and using
the plants as refuge (Amaral et al., 2013) (Figure 10). Feeding
on flowers of B. pilosa increased Coccinellidae survival in the
absence of prey (Fonseca et al., 2017). Spiders use non-crop
plants as substrate to build webs, mainly on taller and ramified
plants (Amaral et al., 2016) (Figure 11). Keeping and managing
non-crop plants contribute to the maintenance of ants that nest
in the ground and are important predators of CBB and CLM
(Lomelí-Flores et al., 2009; Larsen and Philpott, 2010; Piato et al.,
2021).

Besides the top-down effect on coffee pests mediated by
vegetational diversity, as shown above, increasing plant diversity
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FIGURE 4 | Coffee plot diversified with Inga edulis, Senna macranthera, Varronia curassavica, and non-crop plants at Cerrado, Patrocínio, state of Minas Gerais,

Brazil (photo from Mayara Loss Franzin).

FIGURE 5 | Chrysoperla externa feeding on buckwheat nectar and pollen: (A) adult and (B) larvae (photos from Madelaine Venzon).

FIGURE 6 | Vespidae on flowers of (A) buckwheat and (B) sunn hemp (photos from Madelaine Venzon).
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FIGURE 7 | Buckwheat intercropped with coffee in the Atlantic Rainforest

Biome, São Miguel do Anta, state of Minas Gerais, Brazil (photo from Maria da

Consolação Rosado).

FIGURE 8 | Coffee leaf miner parasitoid feeding on buckwheat nectar (photo

from Jéssica Mayara Coffer Botti).

can have effects on pest populations by modifying the local
abiotic parameters that affect pest dynamics (Teodoro et al.,
2008; Lomelí-Flores et al., 2010; Avelino et al., 2012; Rice, 2018).
Temperature affects CBB infestation (Jaramillo et al., 2009),
and trees can effectively reduce the temperature in coffee fields
(Mariño et al., 2016; Gomes et al., 2020). Jaramillo et al. (2009)
modeled CBB reproduction with temperature and concluded that
a 1◦C rise in temperature results in 8.5% of average increase on
pest population. However, the effect of shade on CBB infestation
is not yet clear, as variable results are reported and may partly
reflect the varying conditions in the country and areas where
the studies have been done (Mariño et al., 2016). In Brazil,
there are some preliminary reports about CBB infestation on
agroforestry coffee systems, and the effects on CBB range from
negative, neutral, and positive (Campanha et al., 2004; Lopes
et al., 2012; Figueiredo et al., 2016). Long-term studies in different
biomes where coffee is cultivated in Brazil are thus needed. For
CLM, intercropping rubber trees with coffee lowered the pest
infestation due to microclimate conditions unfavorable to CLM

FIGURE 9 | Chrysoperla externa larva on flower of Ageratum conyzoides

(photo from Madelaine Venzon).

(Androcioli et al., 2018). The authors pointed out that the shade
of coffee leaves may result in changes in the leaf structure that
may impair CLM survival rate. The use of border crops which
act as physical barriers to CBB and CLM flight between coffee
areas could also represent a strategy to reduce pest movement
(DeClerck et al., 2015).

Several criteria are used when selecting plants for coffee
crop diversification. The trees used for diversification of coffee
agroforesty systems in Brazil are chosen by family farmers
based on compatibility with coffee, biomass production, nitrogen
fixation, labor intensity, and diversification of the production
(Cardoso et al., 2001; Souza et al., 2010), but as shown above,
research has been carried out to select more plant species to
be used in coffee agro-ecosystems, with the additional aim
of reducing coffee pest populations by increasing the natural
enemy populations. One important trait when selecting plants
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FIGURE 10 | Coccinellidae larvae on flower of non-crop plant (photo from

Madelaine Venzon).

that provide food to predators and parasitoids is that they
should not benefit the herbivores that attack the coffee plants.
This is important considering that CLM can feed on nectar.
Thus, an assessment of accessibility and suitability of floral
nectar is necessary. For buckwheat, laboratory experiments
confirmed that its nectar does not benefit the CLM (Rosado,
2007). Furthermore, plants should be employed according to the
production system and biome where coffee is cultivated. It is
also important to point out that plant diversification in coffee
crops enhances pollinator populations, leading to increasing yield
(Saturni et al., 2016; Hipólito et al., 2018). Understanding the
ecosystem services provided by individual plant species will help
in unraveling the mechanisms which enhance pest control in
diversified systems and can also help in the design of pest-
suppressive coffee systems (Staver et al., 2001; Rezende et al.,
2021). The final aim is to diversify coffee agro-ecosystems while
ensuring food security, healthy environment, and the economy
support of coffee growing families.

CURATIVE PEST CONTROL MEASURES

Curative measures are applied when the preventive tactics
fail to restrain the pest population growth (Zehnder et al.,
2007). These measures include the use of biopesticides and

FIGURE 11 | Spider on non-crop plants (photo from Madelaine Venzon).

other non-synthetic products approved by national organic
standard organizations.

Biopesticides
Releases of the parasitoid wasp species Cephalonomia
stephanoderis Betrem (Hymenoptera: Bethylidae), Prorops
nasuta Wat., and Phymastichus coffea LaSalle (Hymenoptera:
Eulophidae) showed a variable action on CBB populations, lack
of establishment in some of the new world coffee areas and
challenges in their mass rearing. Comprehensive reviews about
their origin, introduction, and constrains related to their use can
be found on revisions done by Vega et al. (2009), Aristizábal et al.
(2016), and Johnson et al. (2020). A successful example is from
Colombia, where Aristizábal et al. (2012) show that the release of
CBB parasitoids in areas without pesticide applications reduced
the CBB populations. Possibly, a combination of such releases
with conservation biological control strategies would provide a
long-lasting CBB population control, but it has to be tested. In
Brazil, despite past efforts (Benassi, 1995, 2007), currently there
are no reports about rearing and releasing of parasitoids for
CBB control.

Predators are the least-studied natural enemies of coffee pests
for augmentative control. Notwithstanding the important role
of ants, coffee farm workers typically have a negative view of
ants due to their aggressiveness during harvesting (Philpott
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FIGURE 12 | First-instar larvae of Chrysoperla externa feeding on coffee berry

borer egg (photo from Jéssica Mayara Coffer Botti).

and Armbrecht, 2006; Offenberg, 2015). Other CBB predators
reported are species from Thysanoptera (Phlaeothripidae)
(Jaramillo et al., 2010; Rezende et al., 2014), Hemiptera
(Anthocoridae) (Bustillo et al., 2002), and Coleoptera (Silvanidae,
Laemophloeidae, Cucujidae) (Vega et al., 1999; Bustillo et al.,
2002; Follett et al., 2016; Sim et al., 2016). Except for bark
beetles (Follett et al., 2016), there are no reports about the
rearing and releasing of predators for CBB control, but they are
important for conservation biological control purposes. Recently,
a Chrysopidae species (C. externa) was reported to prey on CBB
in Brazil. First-instar larvae were able to access CBB galleries,
remove pest immature stages, and prey on them (Figure 12).
Predation by the third instar larvae on CBB adults was also
observed (Botti et al., 2021). Additionally, this species and C.
cubana prey on CLM immature stages (Figure 13), on mites,
and on scales (Ecole et al., 2002; Venzon et al., 2009; Martins
et al., 2021). A reference specification (Togni et al., 2019) needed
for the registration process of C. externa as a biopesticide was
recently published by the Ministry of Agriculture Livestock and
Food Supply and will represent a useful tool for coffee pest
management (MAPA-Ministério da Agricultura, 2021).

Among biopesticides, the entomopathogenic fungi B. bassiana
is one of the widespread biopesticides for CBB in Brazil. There
are several formulated products that are commercially available.
It is now currently used in medium and large coffee farms, and
it is beginning to be used in small-scale farms. The efficiency
of B. bassiana-formulated products is extremely variable and
dependent on environmental conditions and on the strain of
the pathogen, among other factors (Aristizábal et al., 2016;
Johnson et al., 2020). According toMascarin and Jaronski (2016),
Beauveria sprayable formulations can be applied for CBB control
as conidia that are sprayed onto CBB female founders during
migration from refuges, at the peak of their flight activity, and

FIGURE 13 | Second-instar larvae of Ceraeochrysa cubana feeding on coffee

leaf miner egg (photo from Elem Fialho Martins).

onto fallen infested berries on the ground. An autoinoculation
trap for CBB management with B. bassiana was proposed by
Mota et al. (2017). A B. bassiana fungal strain was grown
on a synthetic fabric that was incorporated in a trap baited
with ethanol and methanol. The trapped CBB females are
contaminated by the fungus before they leave the trap, and they
act as reservoirs for pathogen dissemination in the crop. The
autoinoculation trap provided high levels of CBB mortality in
the field, but they attract a small portion of the pest (Mota et al.,
2017). Small farmers in Brazil routinely use ethanol–methanol
traps to monitor and to mass collect CBB (Silva et al., 2006;
Fernandes et al., 2014). Thus, it is possible that using the B.
bassiana bait trap would increase CBB control, but controlled
experiments are necessary. Hollingsworth et al. (2020) showed
the importance of using threshold-based B. bassiana sprays
for CBB control in order to keep the control efficiency but
with reduced costs as opposite calendar-based spray programs.
Recently, Macedo et al. (2020) discussed the possibilities of
disseminating B. basssiana spores by bees during coffee blooming
and its contributition to the regulation of CBB populations. The
main advantages of using Beauveria formulations are their low
toxicity to workers and low impact on some beneficial insects
(Mingotti Dias et al., 2020), but their high cost and variable
efficiency should be considered. Finally, is worth to mention that
the propagule viability and infection of B. bassiana on CBB are
favored in coffee plantations under managed shade compared
to full sun exposure, possibly due to the interception of solar
radiation and higher humidity (Edgington et al., 2000; Turro
et al., 2013; Mariño et al., 2016).

Organic Farming-Compatible Products
Among the products allowed in organic coffee production are
sulfur-based and botanicals. Lime sulfur, a mixture of calcium
polysulfides obtained by boiling calcium hydroxide and sulfur,
has toxic effects on some insects and mites. The control of
mites (O. ilicis) on coffee can be achieved by spraying lime
sulfur at a concentration of 0.5% (Tuelher et al., 2014). Higher
concentrations are unnecessary for mite control and should be
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avoided due to deleterious effects on natural enemies, especially
on phytoseiid mite predators (Venzon et al., 2013a; Tuelher et al.,
2014). Although lime sulfur is used by some farmers aiming
to control other pests, such as CLM, it has only ovicidal effect
on this pest and at a higher concentration (>1.6%) and has no
significant effect on CLM larvae mortality (Venzon et al., 2013b).
No reported data about the control of scales on coffee with lime
sulfur is available, but considering its efficiency in controlling
these insects in other crops (Afonso et al., 2007; Venzon et al.,
2016), we expect a negative effect on scale infestations.

Neem (Azadiracta indica A. Juss)-derived products are the
most commonly used botanical pesticides in Brazil. Martinez
and Meneguim (2003) reported a reduction on CLM oviposition
when coffee seedlings were either treated with neem oil (0.125–
2.5%) or with neem leaf extract (20–40%). Coffee seedlings
sprayed with 0.1 g/L of azadirachtin did not prevent CLM
female oviposition, but mine development stopped when leaves
with eggs or larvae of CLM were treated with 0.025–0.1 g/L
of azadirachtin (Venzon et al., 2005). The neem seed extract
has a systemic and translaminar effect that permeated into the
leaves, stopped the CLM development, drastically reduced the
pupation, and prevented adult emergence (Venzon et al., 2005).
Plants treated with neem products are expected to have a lower
CLM infestation, either because treated plants repel ovipositing
females or because CLM development is negatively affected
by neem. For CBB, some laboratory studies show a different
mortality rate (Depieri and Martinez, 2010). Concentrations of
azadirachtin above 0.065 g/L reduced the population growth
rate of O. ilicis (Venzon et al., 2005). By carefully choosing
the formulation and concentration, based on research data and
technical information, the side effects on natural enemies can
be minimized (Depieri et al., 2005; Venzon et al., 2005). Several
other plant extracts were tested and have promising results, under
laboratory and/or greenhouse conditions, for CLM and CBB
control (Santos et al., 2010; Alves et al., 2011; Fanela et al., 2020).

CULTURAL PRACTICES

The main cultural practices for pest control in coffee crops
are related to CBB and consist of harvesting dry overripe fruit
on trees and cleaning up of abscised fruits on the ground
to reduce CBB reservoir in the inter-crop season (Aristizábal
et al., 2016; Johnson et al., 2020). A bioeconomic analysis
considering the multitude of factors that influence coffee
production was performed by Cure et al. (2020). In their analysis,
the authors used a system model that incorporates realistic field
models based on considerable new field data and models for
coffee plant growth, CBB development, and dynamics on CBB
control strategies, including biological control. Their analysis
estimated the potential of each CBB control tactic singly and in
combination. Their conclusions, based on the analysis, were that
the periodic harvest of fruit and the cleaning up were the major
control practices that reduced the CBB infestation levels both
in Colombia and in Brazil. They also added that the efficacy of
the practice decreases as the time between harvests and cleanup
increased from 15 to 60 days. It is important to point out that this

cultural measure is more feasible in regions with one and short
harvesting season, as in Brazil, than in places with two or long
harvesting season, such as Colombia. In fact, this is a common
practice in Brazil, especially adopted by small farmers, and it
was intensified after some pesticide restriction to CBB control.
At lower slopes in the Cerrado, Brazilian coffee farmers use a
mechanized set for the collection of coffee berries that have fallen
on the ground (Tavares et al., 2015; Alvarenga et al., 2018). Other
post-harvesting control for CBB is the use of alcohol-based traps
around the processing facility to capture any CBB that escapes
from the processing facility (Aristizábal et al., 2016).

CONCLUDING REMARKS

Coffee agro-ecosystems are managed by human labor, which
means that providing ecosystem service of biological pest control
depends on a co-work between human and nature (Bengtsson,
2015). This revision reports a variety of strategies based on
habitat manipulation for conservation biological control of coffee
pests that have also the potential of conserving biodiversity.
This approach has other benefits such as protection of soil
from erosion, enhanced soil fertility and moisture, prevention of
weed growth, carbon sequestration, and nutrient cycling. Plant
diversification in coffee agro-ecosystems is also important for
mitigating the effects of rising temperatures on coffee production
due to climate change. The associated plants, being either fruit
and wood trees, cover crops, or non-crop plants, have the
potential of not only providing direct and indirect income to
coffee farmer families but also aggregate value to coffee that will
be produced with low external inputs and following regenerative
practices. Production of such coffee will allow farmers to enter
in specialty coffee marketing, a growing market where a high
price for good-quality, high-biodiversity, and sustainable coffee
is paid. There are knowledge gaps that need to be filled in
the adoption of conservation biological control of coffee pests,
but there are also plenty of opportunities to use the reported
techniques and implement them for scaling regenerative coffee
production. The importance of Brazil in global coffee production
and the fact that it is the most biodiverse country in the world
open up an opportunity for its prominence in the adoption of
agrobiodiversity, fulfilling the dual role of agricultural production
and environmental conservation. Finally, to achieve such goal, a
collaborative work supported by public policies among farmers,
researchers, field extensionists, industry, coffee traders, and
consumers is necessary.
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