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Abstract
Coffea (Gentianales: Rubiaceae) is an economic plant considering its production income and the number of people that 
depend on it for their daily livelihoods. Tropical regions predicted to face severe challenges related to climate change 
impacts often grow coffee. Like other crops, coffee benefits from many ecosystem services, mainly regulating and support‑
ing ecosystem services that play a role in production. Since the emergence of coffee pests and diseases, there have been 
two primary control techniques: pesticide application and crops management techniques. In most cases, chemical control is 
nearly ineffective and associated with pesticide resistance, environmental pollution, chemical hazards, and resurgence. This 
paper reviews management systems and coffee resistance. Studies show that management systems and plant resistance can 
maintain functional pest and disease regulatory ecosystem services within coffee plantations. We also evaluate how pest 
and disease regulation services can behave in climate change. The literature shows that managing coffee farms and plant 
resistance can mitigate the adverse effects of climate change on pest and disease regulation services. Therefore, they can 
maintain functional ecosystem services and help farmers in tropical areas adapt and be resilient to changing environmental 
conditions. It is crucial to update these ecological and environmentally friendly control techniques and understand how they 
will perform under future climate change. Based on the reviewed literature, we identify knowledge gaps and suggest three 
priority studies in this substantial area of future research. Finding solutions could enhance farmers’ perception of interactions 
between regulation services and climate change and could support ensuring food security.
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Introduction

Coffea arabica, the species with an economic interest, is 
currently the source of foreign currency exchange in its pro‑
duction regions (Krishnan 2017). Millions of smallholder 
farmers depend heavily on coffee for their livelihoods, and 
an estimated 25 million farmers grow coffee on 11 million 
hectares (Jezeer et al. 2019). More than 15 million peo‑
ple in Ethiopia rely on coffee production (Ventocilla et al. 
2020), whereas around 70% of foreign currency exchange in 
Rwanda comes from coffee exportation (Ngango and Kim 
2019).

Coffee farming systems range from small traditional (in 
a conventional coffee farming system, coffee is cultivated 
simultaneously with other crops or agroforestry trees on the 
same land) to large modern systems (Arias et al. 2012). It 
varies with regions and land availability; that is why frequent 
systems in Tanzania, for instance, where farmers use low 
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coffee tree densities favouring food crops, are different from 
those applied in Colombia (Bosselmann et al. 2009; Otieno 
et al. 2019). For example, in East Africa, coffee growers 
can face perpetual land fragmentations due to overpopula‑
tion (Rahn et al. 2018), resulting in more fragmented land‑
scapes (Mosomtai et al. 2021), leading to multi-cropping 
coffee farming systems. In Uganda, coffee trees were grown 
along with food crops like bananas in rural areas (Rahn 
et al. 2018; Otieno et al. 2019) and also mixed with other 
agroforestry species (Mosomtai et al. 2020); that provide 
fodder for animals, medicinal, and fruits (Tumwebaze and 
Byakagaba 2016). Besides the shade and multi-cropping cof‑
fee management systems, coffee is also grown under other 
cropping systems such as coffee plantations, coffee forests, 
semi-forests, and gardens (Mitiku et al. 2018). However, cof‑
fee farmers shift from original shaded cultivation practices 
towards shade-free productions based on a debate assump‑
tion that shade lowers yields and increases pests and diseases 
in coffee plants (Jimenez-Soto 2020).

Coffee producers face challenges related to price fluctua‑
tion, climate change, arthropod pests and diseases (Hindorf 
and Omondi 2011; Carvalho et al. 2019). The significant 
diseases are the coffee berry disease (Colletotrichum Kaha-
wae), the coffee leaf rust (Hemileia vastatrix), and the coffee 
wilt diseases (Gibberella xylarioides (Fusarium xylarioides) 
(Hindorf and Omondi 2011). The significant pests are the 
coffee berry borer Hypothenemus hampei Ferrari (Coleop‑
tera: Curculionidae); the coffee leaf miner Leucoptera cof-
feella Guérin (Lepidoptera: Lyonetiidae), the antestia bug 
Antestiopsis orbitalis Westwood (Hemiptera: Pentatomidae), 
and the scale insects Coccus viridis Green and Coccus cela-
tus Green (Hemiptera: Coccidae) (Nair 2021). Farmers apply 
different techniques in managing coffee pests and diseases 
depending on the available human and financial resources 
and the degree of infestations. These techniques include 
using tolerant varieties, biological control by conservation, 
crop management, pesticides application, and the mass trap‑
ping technique (Attractant-baited traps), especially to control 
the coffee berry borer H. hampei (Fernandes et al. 2015; 
Vega et al. 2015b).

Coffee growers reduce pest incidences and severity in 
coffee by managing agroecological systems (Altieri and 
Nicholls 2020). In those systems, several mechanisms may 
intervene in pests and diseases management; they involve 
(a) pest deterrence or repellence (Ratnadass et al. 2012), 
(b) pest stimulation or attraction, (c) push–pull1 strategy, 

(d) trap crops2 (Peterson et al. 2016), (c) stimulation of soil 
pest pathogens antagonists, (d) refuge or shelter for natural 
enemies, (e) alternative source of food for natural enemies, 
(g) physical barrier effects, (h) diversification of natural ene‑
mies, (i) unfavourable microclimate and (j) improvement of 
soil fertility that enhance the vigour of the plant (Knolhoff 
and Heckel 2014; Kumar 2016).

Still, with coffee intensifications, the multi-cropping is 
shifting to mono-cropping systems, resulting in biodiversity 
losses. Modern coffee farming systems enhance agrochemi‑
cals (inorganic fertilizers and pesticides), including endosul‑
fan, chlorpyriphos, and copper sulphate sprayed to manage 
coffee pests (Chain-Guadarrama et al. 2019). For instance, 
farmers apply insecticides far more frequently in Rwanda 
than any recommended pest control measures (Harelimana 
2018). In the same country, Governments use and recom‑
mend pesticides in coffee trees and food crops (Clay 2018). 
In that area, poor rural communities that cannot afford pes‑
ticide prices acquire pesticides from governments as credit 
paid back by deducting the cost of the coffee selling price 
after harvesting (Ortega et al. 2019).

Most pesticides are toxic to human beings and the envi‑
ronment, and there is evidence that coffee pests develop 
resistance to these high eco-toxic pesticides (Chain-Guadar‑
rama et al. 2019). For instance, in Tanzania, coffee farmers 
in this country suffer from chemical hazards because of the 
frequent application of pesticides (Ngowi et al. 2001). In 
contrast, residues of endosulfan have been found in marine 
biota in different geographical regions of the Arctic (Weber 
et al. 2010).

Thus, awareness about the negative consequences of pes‑
ticide application may lead to using more environmentally 
and health-friendly methods to rescue and retrieve regulating 
ecosystem services and enhance the management of natural 
resources.

Pests and diseases have been kept under an economic 
injury level by using less susceptible varieties. The most 
dramatic early success in plant resistance was the control 
of grape phylloxera Daktulosphaira vitifolia Fitch (Hemip‑
tera: Phylloxeridae) in European grapevines around 1890 by 
grafting susceptible scions of Vitis vinifera L. on resistant 
rootstocks Vitis labrusca L. (Metcalf and Luckmann 1994). 
Plants respond to the attack of pests, and this has forced 
plants to develop various defence strategies, but the selective 
pressure and co-evolution led insects to develop strategies 
to detoxify plant chemicals in their food (Simms and Fritz 
1990). For example, the coffee berry borer H. hampei has 
evolved an adaptation to handle the toxic effects of caffeine 

1  Push–pull strategy was developed in Kenya as an alternative 
method to manage both pest and weed; it uses a combination of inter‑
cropped repellent plants to deter the stem borers from the maize (pull) 
and trap crops to attract repelled pest (Lenné and Wood 2011).

2  Trap crops or trap plants emit signals and attract a pest that feeds 
on it. However, the hosts have negative effects on pest fecundity, sur‑
vivorship and result to a pest death.
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(Guerreiro Filho and Mazzafera 2003). Thus, there is a need 
for a continuous breeding program for resistance to pests and 
diseases to get plants that can evolve with pathogens that 
overcomes the resistance of coffee.

Multi-cropping coffee management approaches can also 
improve the livelihoods of rural communities as they facili‑
tate the adaptation of coffee production to climate change 
(Gomes et al. 2020). By the definition of climate change, 
parameters are the rise of global temperature, the eleva‑
tion of carbon dioxide concentration in the atmosphere, 
erratic rainfall, and a change in radiation (Choudhury and 
Saha 2021). Climate change can impact coffee cultivation 
by decreasing climatic suitability at lower altitudes and 
higher latitudes, affecting flowering and fruiting stages, and 
increasing pressure from pests and disease (Chain-Guadar‑
rama et al. 2019). It is crucial to raise awareness of changing 
environmental conditions and bring attention to researchers, 
farmers and decision-makers on how pests and pathogens 
pressure will become under future climate change.

This review paper focuses on synthesized findings on 
pests and diseases regulation by coffee management systems 
and plant resistance. It identifies skills gaps and suggests pri‑
ority studies for possible sustainable solutions. Specifically, 
this article pays attention to coffee management systems and 
coffee resistance, promising and sustainable methods to res‑
cue ecosystem services and mitigate climate change effects 
on coffee yields.

Coffee management systems

Coffee management systems can play a significant role in 
crop productivity (Bongers et al. 2015). The management 
systems include shading trees, pruning and de-sucking, 
intercropping with leguminous crops, soil fertility manage‑
ment and weeding. Even if enhancing these management 
practices requires financial means, they have shown to sig‑
nificantly increase productivity directly and increase revue 
through coffee value addition at the farm level (Bongers 
et al. 2015) and regulate coffee pests and diseases (Avelino 
et al. 2012).

Increase coffee productivity through management 
systems

The coffee management system, especially the multi-crop‑
ping system, is practised by farmers to diversify the source 
of food and revenues. Moreover, coffee management systems 
can contribute a lot to diversifying biological diversities and 
can promote its quality and food security. For example, the 
productivity of coffee (arabica species) in Uganda was of 
good quality, and its volume increased due to coffee shaded 
with banana crops (Van Asten et al. 2012). A shade may 

positively influence coffee berries production by creating 
a microclimate production of mulch materials that improve 
soil fertility and moisture (Van Asten et al. 2012). The pres‑
ervation of natural landscapes, especially its connectivity to 
the plantation of coffee trees that promotes pollination, can 
increase productivity by up to 32% (Latini et al. 2020). For 
instance, in Northern of Kilimanjaro in Tanzania, the qual‑
ity and fruit weight decrease by 7.4% when farmers exclude 
pollinator agents from coffee flowers (Classen et al. 2014). 
A study conducted in Toba Highlands (North Sumatra) indi‑
cated that Pruning of coffee trees is the first step to increas‑
ing coffee productivity and helps to reduce the infestation of 
coffee berry borers (Dufour et al. 2019). The intercropping 
with plant species that can fix atmospheric nitrogen, like 
Inga plants in Brazil, significantly contributes to the weight 
of coffee fruits (Rezende et al. 2021) and indirectly increases 
the revenues. Moreover, crop management, like weeding, 
can enhance the development of mycorrhizal fungi, reduce 
the infestation of nematodes, and improve productivity and 
ecosystem services sustainability (Arias et al. 2012; Mahdhi 
et al. 2017). Comparing all management systems in terms of 
increasing coffee production is crucial. It can help farmers 
know and rank from the most to the least promising manage‑
ment system, as the present work cannot rely on the litera‑
ture review to indicate which approach should be promoted.

Pests and diseases regulation in coffee 
agro‑ecosystems

Coffee always benefits from various ecosystem services. 
Coffee gives more yield, good quality, and biodiversity 
enhancement when grown under shade or polyculture sys‑
tems (Tscharntke et al. 2011). In combination with reducing 
the pesticides in coffee trees, these systems can protect func‑
tional agrobiodiversity such as antagonists of pests, pollinat‑
ing insects (regulating ecosystem services) and consequently 
enhance coffee yields (Tscharntke et al. 2011). Shaded cof‑
fee trees and an adequately managed vegetation structure 
can offer many ecological niches. They have improved the 
abundance of native natural enemies (Pak et al. 2015) and 
entomopathogenic fungi that control coffee pests (Mariño 
et al. 2016). For example, in Brasil, shaded coffee systems 
increase the rate of parasitism and predation of coffee leaf 
miners (Rosado et al. 2021) by augmenting potential pest 
control agents like lizards (Sinu et al. 2021). These cropping 
systems can provide refuge or shelter for natural enemies 
and can be alternative food sources for natural enemies. 
In American Neotropics, increasing the habitat quality of 
land used for coffee production by favouring shade trees 
that support important insects in bird diets can impact bird 
conservation, controlling coffee pests (Narango et al. 2019). 
Even if shade trees may increase the severity and incidence 
of coffee foliar diseases in Nicaragua, they can decrease the 
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disease prevalence through soil fertility improved through 
higher soil litter cover (Teixeira et al. 2021), indirectly can 
increase yields (Durand-Bessart et al. 2020). A shade can 
reduce diseases through direct regulations, act as the reser‑
voir of natural enemies, and create unfavourable pathogen 
development conditions (Ratnadass et al. 2012). Gathering 
the information on the provision of ecosystem services by 
coffee management systems can be worthwhile to optimize 
and sustain biological diversity benefits.

The coffee berry borer (H. hampei)

H. hampei is a species of the order Coleoptera that feeds on 
the fruits of coffee. This pest is the prey of birds, bats, and 
other living organisms found in the coffee agroecosystems. 
Insectivorous birds and bats are abundant in traditional cof‑
fee management systems in Costa Rica, Colombia and suc‑
cessfully regulate coffee pests, particularly H. hampei and 
white stem borers (Karp et al. 2013; Escobar-Ramírez et al. 
2019). The exclusion of these systems favouring modern 
systems can lead to the resurgence of pests and diseases 
in the coffee agroecosystems that growers encounter these 
days. For instance, birds exclusion from foraging on coffee 
shrubs doubles coffee berry borer populations in Costa Rica 
(Karp et al. 2013). In Mexico, immature coffee berry borers 
are removed from the infested berries by ants in diversi‑
fied coffee management systems (Morris and Perfecto 2016; 
Bagny Beilhe et al. 2020). In traditional coffee management 
systems in Mexico, Nicaragua, El Salvador, Guatemala, 
Peru, Indonesia, and Costa Rica, spiders are abundant and 
active; they can consume more than 40 million insect pests 
per hectare per year; (Jha et al. 2014).

These traditional coffee management systems can act dif‑
ferently, although they end with pests controlled. In addition 
to enhancing the population of native predators and parasi‑
toids, traditional coffee management systems can create a 
micro-climate that is unfavourable to the development of 
the coffee berry borer (Mariño et al. 2016); and indirectly 
increase the population of nematodes that feed on H. ham-
pei (Escobar-Ramírez et al. 2019). Moreover, coffee man‑
agement by multi-cropping systems with repellent species 
in Colombia (for example, Lantana camara and Nicotiana 
tabacum) and pruning of trees in Hawaii and Puerto Rico 
(Aristizábal et al. 2017) reduce the infestation of coffee 
berry borer by releasing volatile compounds sesquiterpenes 
(Castro et al. 2017). Coffee intercropped with agroforestry, 
shaded coffee, multi-cropping systems, and small forestry 
patches on farm edges can support pest regulation services 
in coffee trees (Chain-Guadarrama et al. 2019; Bagny Beilhe 
et al. 2020; Rosado et al. 2021). The sustainability of these 
traditional practices may require the efforts of decision-
makers on one side and incentives on the side of coffee 
farmers. These scientific studies suggest that eliminating a 

shade cover or polycultures in coffee trees and considering 
changing environmental conditions can ultimately result in 
increased coffee berry borer problems.

The coffee leaf miner (Leucoptera coffeella)

Farmers use the contact and systemic insecticides, although 
systemic insecticides are preferred. The literature reveals 
that in Brasil, insecticides are ineffective as this pest has 
shown the capacity to resist Thiamethoxam and Chlorant‑
raniliprole (Leite et al. 2021). Therefore, there is a need to 
promote existing approaches to control leaf miners without 
harming the environment. For instance, in Brasil, intercrop‑
ping coffee with rubber trees acts as a shelter and reduces the 
air circulation within trees, which changes into unfavourable 
conditions for the development of leaf miners (Androcioli 
et al. 2018).

Moreover, shaded coffee systems in Puerto Rico may con‑
trol this pest by increasing twig-nesting ants, which feed on 
eggs, larva, pupa and affect oviposition (Mora et al. 2008; 
Vandermeer et al. 2010) and by increasing the population of 
predators, especially lizards (Perfecto et al. 2021). The few 
existing studies on the management of coffee leaf miners by 
management systems indicate that environmental conditions 
might influence this pest more than other living organisms. 
We hypothesize that if climate shifts to favourable climate 
conditions due to the removal of traditional coffee farm‑
ing systems in favour of intensification, the population of 
leaf miners can increase and affect the production of coffee. 
Gathering information on life-history traits is crucial and can 
help predict population variations of leaf miners over time 
and under a changing climate.

Coffee scales insects (coccus spp), mealybugs (Planococcus 
spp), and Toxoptera aurantii

Coffee sucking pests are found in young plantations and on 
smooth (buds) parts (Harelimana 2018) and a high concen‑
tration of Carbon dioxide influences the infestation of suck‑
ing insects (Kremer et al. 2018). For example, under a high 
concentration of Carbon dioxide, a plant host grows faster, 
increases sucrose, and enhances sucking insects to produce 
more honeydew (Blanchard et al. 2019) which can attract 
more ants that interfere with parasitism (Fanani et al. 2020). 
Traditional coffee farming systems like multi-cropping and 
shaded trees can solve these challenges by creating micro‑
climate (Ennis and Philpott 2019) and Carbon sequestra‑
tion (Zaro et al. 2020). Apart from the shade in coffee that 
provides a better yield of good quality than unshaded cof‑
fee (Muschler 2001), the shaded coffee system reduces the 
infestation of scales and mealybugs in Uganda (Karungi 
et al. 2015). The relative lower sucking insects pest levels in 
shaded coffee production systems are attributed to complex 
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insect communities and food webs that result in high species 
diversity in such systems (Bianchi et al. 2006). The high bio‑
diversity coupled with watershed services may also reduce 
pest incidences and damages in shaded coffee polycultures 
(Dossa et al. 2008).

The infestation of coffee aphids in Rwanda is reduced 
in coffee intercropped with Phaseolus Vulgaris L. (Hare‑
limana 2018). However, they are more abundant in treated 
coffee with insecticide than in untreated coffee plantations 
in Tanzania. This can clearly explain the harmful effects of 
pesticides on regulating ecosystem services.

The coffee berry disease (Colletotrichum Kahawae)

The increased intensity of the coffee berry disease (CBD) is 
strongly associated with reduced disease management prac‑
tices and production systems in Ethiopia, where this dis‑
ease is on an upsurge (Alemu et al. 2016). Researchers have 
identified agro-cultural practices that are likely to reduce 
losses in Cameroon where the maintenance pruning and 
multi-cropping with shade plants can limit the coffee berry 
borer development (Mouen Bedimo et al. 2007). The vari‑
ation of isolates of CBD must be considered in developing 
cultivars resistant to CBD (Alemu et al. 2021). In Kiambu 
County, growing coffee trees under shade can reduce the 
development and the spread of coffee berry diseases (Kebati 
et al. 2016).

The coffee leaf rust (Hemileia vastatrix)

Shade trees can provide pest and diseases regulation services 
by enhancing microclimate (Avelino et al. 2004), provid‑
ing refuges for pest and disease antagonists (Avelino et al. 
2018). By increasing throughfall and reducing raindrop 
kinetic energy below the shade, coffee trees seem crucial to 
improved Coffee leaf rust regulation (Avelino et al. 2020). 
Shades through reduced fruit load can control the fungi H. 
vastatrix (López-Bravo et al. 2012).

Coffee resistance

Some chemical groups such as alkaloids and caffeoylquinic 
acids are present in the flowers, leaves, seeds, green, and 
roasted coffee; they act as insecticides (Green et al. 2015). 
In a broader context, caffeine repels insects that would not 
normally encounter it in their host plants when introduced 
into a plant (Green et al. 2015). Breeding and multiplication 
of new varieties adapted to the changing conditions of pests, 
disease, and climate are worthwhile (van der Vossen et al. 

2015). Despite its importance and environmentally friendly 
technique, few publications on coffee resistance to its pests 
exist.

The coffee berry borer (Hypothenemus hampei)

The literature shows that H. hampei is likely to resist 
insecticides; it also indicates that the promotion of coffee 
resistance can be effective when regularly monitored. The 
presence of trypsin and chymotrypsin in the diet of cof‑
fee pests like H. hampei retards growth and development, 
ultimately causing death (Damon 2000). The resistance 
of different coffee genotypes to the coffee berry borer H. 
hampei, under both natural and controlled environmental 
conditions, has been evaluated. The high polyphenol-oxi‑
dase (PPO) activity in young leaves and fruit endosperm 
has been related to defence mechanisms against coffee 
insects (Mazzafera and Robinson 2000). Still, the coffee 
tree resistance may be related to the oxidative potential of 
the tissue regarding the phenolic composition rather than 
simply to a higher PPO activity (Melo et al. 2006). The 
concerned genotypes Coffea eugenioides, C. kapakata, 
and Psilanthus bengalensis Roxb and Schult (Rubiaceae) 
showed resistance to coffee berry borer, and they have 
essential resistance traits to incorporate in other coffee 
genotypes (Sera et al. 2010). The analysis of a genome 
of H. hampei revealed the presence of enzymes able to 
detoxify and digest toxic compounds of coffee, including 
caffeine which is the most preferred product for coffee 
consumers (Vega et al. 2015a). The breeding for the resist‑
ance of coffee to H. hampei must consider the variation 
of endosymbionts, enzymes fluctuation and under chang‑
ing environment. Furthermore, it is crucial to evaluate the 
chemical composition of coffee berries and their durability 
under a shade cover, a climate change compared to berries 
produced from sun-exposed plantations. This study can 
predict the required time for borers in changing environ‑
mental conditions to overcome the resistance.

The coffee leaf miner (Leucoptera coffeella)

The transfer of resistant genes from C. racemosa to the 
highly productive and susceptible varieties of C. arabica 
is crucial in developing resistant varieties (Leroy et al. 
2000). However, genetically modified coffee is a limita‑
tion to markets (Ribas et al. 2006). The well-known and 
successful case in coffee plants is using resistant genes by 
crossing Coffea racemosa L. to C. arabica, which gener‑
ated a resistant hybrid to the coffee leaf miner (Guerreiro 
Filho 2006). Because insects can evolve with the resist‑
ance of plants, there is a need to evaluate the sustainability 
of these varieties in changing environmental conditions 
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and evaluate their productivity and capability to keep the 
resistance over time (Table 1).

Host resistance overpassed

Coffee is primarily a chemical defended plant because its 
leaves contain high alkaloids concentrations, but the coffee 
leaf miner is overcoming the resistance of coffee (Guerreiro 
Filho and Mazzafera 2000). For example, the coffee berry 
borer H. hampei has evolved to handle the toxic effects of 
caffeine (Guerreiro Filho and Mazzafera 2003), whereas the 
coffee leaf rust is overpassing the resistant varieties partially 
(Alemu et al. 2016). Thus, there is a need for a continuous 
breeding program to obtain plants that can evolve with a pest 
to break biotypes that possess an inherent genetic capability 
to overcome the resistance of coffee.

Indirect interaction between coffee resistance 
and natural enemies

In a natural environment, organisms interact to survive. This 
interaction can be among individuals of the same species 
or different species. For example, coffee trees infested by 
the coffee berry borer H. hampei attracted its parasitoids 

Prorops nasuta Waterston (Hymenoptera: Bethylidae) 
(Chiu-Alvarado et al. 2009) which reduced coffee berry 
borer populations. There are few studies on the effects of 
plant resistance to natural enemies of pests. Studies show 
that the resistance interferes with pest biology and affects 
the efficiency of natural enemies (Michereff et al. 2015). 
For example, caffeine, a major alkaloid found in coffee, is 
transmitted in a trophic chain; it indirectly affects the devel‑
opment and longevity of parasitoids (Tougeron and Hance 
2021). The breeding for coffee resistance can consider the 
effect of resistant varieties on the survival, fecundity and 
fitness of natural enemies, particularly the parasitoids and 
predators (Fig. 1).

Effects of climate change on pest 
and disease regulations in coffee 
agroecosystems

The literature associated climate change with increased CO2 
(carbon dioxide) levels, higher seasonal temperature profiles, 
and precipitation. These global climate change effects will 
affect the distribution of pests (Lamichhane et al. 2015). 
The literature indicates that the temperature likely drives the 

Table 1   Synthesis of reviewed coffee pests’ regulation by agroecological management systems

Coffee management systems Controlled pests Regions References

Shaded coffee management systems H. hampei South America: Puerto Rico, Colom‑
bia East Africa: Kenya

(Mariño et al. 2016; Milligan et al. 
2016; Atallah et al. 2018)

Keeping forests patches in surround‑
ing coffee landscapes

South America (Brasil) (Aristizábal and Metzger 2019; 
Escobar-Ramírez et al. 2019)

Coffee consorted with inga (Inga 
edulis) trees

South America: Brasil (Rezende et al. 2021)

Intercropping coffee with repellent 
species ( Lantana camara, Nicotiana 
tabacum)

South America (Colombia) (Castro et al. 2017)

Intercropping coffee with rubber trees Leucoptera coffeella South America (Brasil) (Righi et al. 2013; Androcioli et al. 
2018)

Shaded-coffee farming systems South America ( Mexico) (Mora et al. 2008; Vandermeer et al. 
2010)

South America (Puerto Rico (Perfecto et al. 2021)
Intercropping of coffee with various 

species like pigeon pea
South America (Amaral et al. 2010)

Coffee consorted with inga (Inga 
edulis) trees

South America: Brasil (Rezende et al. 2021)

Sun coffee farming system (Sun 
plantation)

South America (Puerto Rico) (Borkhataria et al. 2012; Azrag et al. 
2017)

Shaded coffee polycultures Antestiopsis thunbergii West Africa (Philpott and Armbrecht 2006)
Planococcus spp East Africa: Uganda (Karungi et al. 2015) (Vandermeer 

et al. 2010)
Toxoptera aurantii East Africa: Uganda (Karungi et al. 2015)

Coffee intercropped with a high den‑
sity of pawpaw (Carica papaya)

Xylosandrus compactus 
(Coleoptera: scolyti‑
dae)

East Africa (Luweero region): Uganda (Bukomeko et al. 2018)
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development time, longevity, reproduction, and phenology; 
these biological parameters change with different climatic 
conditions. However, some pests can adapt to changing envi‑
ronmental conditions; this is the case of H. hampei whose 
population increases under higher temperatures. Further‑
more, increasing temperature affects the interaction between 
the host and natural enemies (Fig. 2) (Furlong and Zalucki 
2017). It indicates that the high temperature may lead to 
the exclusion of parasitoids in areas where they are needed.

Upon modelling reproduction with temperature, stud‑
ies also concluded that East African coffee regions would 
see a doubling of the number of generations of H. hampei 
as temperatures increase with climate change (Rice 2018). 
Besides the temperatures, the elevated concentration of 
carbon dioxide positively influences the population growth 
rate of insects (Guo et al. 2013). A few studies considered 
the potential impacts of climate change on coffee pests 
and diseases (Verburg et al. 2019). We tried to review and 

Fig. 1   Variation of aphid popu‑
lations (Mean ± SE) in coffee 
with and without intercropping 
for 2016 and 2017 (Harelimana 
Anastase 2018)

Fig. 2   The rate of the develop‑
ment of a host and parasitoid 
under changing temperatures. 
Source (Furlong and Zalucki 
2017), we sought authorization 
to reproduce this figure from 
the Author: Professor Mike 
Furlong, School of Biological 
Sciences, The University of 
Queensland, Brisbane QLD 
4072 Australia, m.furlong@
up.edu.au 
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summarize the few documents reported on coffee pests. 
These studies reveal that when the temperature is high, the 
area can become suitable for the African coffee white stem 
borer, Monochamus leuconotus (Kutywayo et al. 2013), 
while the predation of coffee leaf miners becomes low 
(Lomelí-Flores et al. 2010). It is likely the same for the cof‑
fee berry borer H. hampei; the increase in temperature leads 
to the rise of coffee berry borer infestations and a reduc‑
tion of the Coffee arabica protection (Jaramillo et al. 2011; 
Jonsson et al. 2015). The reviewed literature indicates that 
shaded and multi-cropping coffee systems are promising pest 
management approaches to mitigate climate change effects 
on insects; decision-makers need to document and sustain 
these ecological pest management approaches.

Biological factors

The environmental fluctuations force an insect to adapt to 
the changing conditions through phenotypic plasticity and 
indirectly change the interactions with other species. Cold 
and extreme temperatures change the developmental period, 
lifespan, fecundity, sex ratio, activity, and distribution, of 
pests and natural enemies (Hance et al. 2007). Short term-
temperature fluctuations can cause substantial stress on pest 
species and their antagonists, substantially influencing their 
interactions (Coll and Wajnberg 2017). Climate may influ‑
ence plant architecture and biomass, chemical defence, and 
nutritional value, each of which may, in turn, affect how 
animals use the habitat (Schmitz and Barton 2014). Predict‑
ing how plant species will be in terms of nutritional value, 
health, the time needed to complete their life cycle, and other 
living organisms’ response to changing environmental con‑
ditions is a big concern. At the same time, it is the centre 
of gathering information and mitigating adverse effects on 
trophic chains and ecological interactions.

Pesticides

Pesticides are the most used technique to manage pests on 
their farms. Due to the increase in temperatures, pests out‑
breaks will occur, and indirectly, farmers will apply the pes‑
ticides at a high level. The misuse of pesticides will result 
in cross-tolerance to temperature (Coll and Wajnberg 2017) 
to pest’s resurgence and the loss of biodiversity and conse‑
quently limiting regulation ecosystem services.

Semiochemicals

Semiochemicals, organic molecules involved in chemi‑
cal interactions among organisms, are the basis of insects 
communication (Boullis et al. 2016). The communication 
is between individuals of the same species (they use phero‑
mones) or individuals of different species (allelochemicals). 

Pheromones play roles in insect sexual behaviour, foraging, 
and aggregation (Wyatt 2014). The sustainability of a pest 
regulation ecosystem service will rely on gathering informa‑
tion on changing and variations of semiochemicals under 
changing environmental conditions. It will help predict the 
effect of climate change on integrated pest management and 
coffee pest autoregulation. Warmer rearing conditions led to 
higher relative amounts of compounds with high molecular 
weight.

Consequently, a shift in temperature could weaken 
intraspecific relationships of these insect species by reducing 
the efficiency; of their chemical communication. Moreover, 
changes in CO2 concentrations affect plant biochemistry, 
including the synthesis of secondary metabolites phytopha‑
gous insects produce their pheromones based on precursors 
taken from host plants. They could be among the most vul‑
nerable arthropods to changes in atmospheric CO2 concen‑
trations through cascade effects of CO2 on plant chemistry 
(Boullis et al. 2016).

Knowledge gaps and perspectives

This article reviews research on coffee management sys‑
tems and coffee resistance. They represent an opportunity 
for pests and disease control by supporting and regulating 
ecosystem services. In addition, the paper also focuses on 
how services will be under changing environmental con‑
ditions. This area is very substantial for future research. 
Empirical studies reveal that management systems and cof‑
fee resistance provide regulating and supporting services 
that improve coffee productivity and quality and indirectly 
increase revenues. The gaps in this area have not been 
exhausted; we identify critical priorities for future research.

•	 The information on the effects of coffee farming manage‑
ment systems on the diversity and abundance of natural 
enemies and pathogen antagonists of soil and aerial pests 
is lacking. Thus, there is a need to quantify the impact of 
most coffee management systems practised around the 
World on the diversity of natural enemies of insects and 
disease antagonists in the soil. Can coffee management 
systems affect both underground and aerial pests and 
disease antagonists at the same level?

•	 We also notice that smallholder farmers are shifting from 
traditional coffee management systems to coffee intensifi‑
cation, thinking that conventional methods reduce coffee 
yields. Therefore, gathering more information on incen‑
tives to smallholder farmers and spatial cost–benefit anal‑
ysis of coffee under shade or multi-cropping scenarios in 
coffee trees is uncomparable. Finally, there is a need to 
deeply analyse the cost–benefit, ecological benefits, sus‑
tainability, and adaptability to climate change. The analy‑
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sis may provide a clear return on investment for coffee 
management systems to encourage farmers to enhance, 
promote, and rescue ecosystem services, emphasizing 
pest and disease regulation services destroyed by modern 
coffee farming systems. How can farmers optimize the 
production factors (land, agricultural practices, capital, 
technology, labour) under multi-cropping scenarios?

•	 The literature reveals that coffee plants can lose the 
capacity to resist plant pathogens, and climate change is 
one of the factors contributing to the resurgence of new 
biotypes and strains. Breeding for coffee trees to adapt 
to climate change, pests and diseases’ plasticity under 
changing environmental conditions is lacking. A good 
crop variety can be the one that is resistant to new strains 
or biotypes of emerging pests and diseases and which 
yields good quality and quantity under climate change 
conditions. Are predators and parasitoids of coffee pests 
developing phenotypic plasticity to adapt to climate 
change conditions?
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