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Shade and coffee:
a marriage made in heaven!

Geraldine Tilden', George N. Curry’ and Jonah Aranka?

ABSTRACT

Most smallholder coffee farmers in the PNG highlands grow their coffee under shade
trees. Shade management is often inadequate because many farmers do not fully
understand the benefits that well-managed shade trees can provide in terms of coffee
productivity and provision of ecosystem services such as drought resilience, weed, pest
and disease control, soil and water conservation, and nutrient cycling. Appropriate
species of shade trees providing the correct shade level can also facilitate income
diversification, increase labour efficiency and produce higher value, larger and denser
coffee beans. Improved shade management will strengthen livelihood resilience in the
face of climate change. However, a concerted extension effort by both the government
and private sectors is required to inform smallholders of the economic and environmental
benefits of effective shade management.

KEYWORDS: Shade; ecosystem services; income diversification; livelihood resilience;
coffee extension

INTRODUCTION

Coffee is grown under shade to simulate the African forest environment in which it evolved
(Alemu 2015). This is common practice in PNG with most smallholder coffee grown either over-
shaded or under-shaded (Inu 2015; Curry et al. 2017). However, the value of well managed shade
trees is not fully realised. Shade trees are a multidimensional resource for smallholders in terms
of provision of ecosystem services, cost savings in production (particularly in labour),
improvement in coffee bean quality and value, income diversification, and environmental
sustainability (Beer 1987; Bote and Struik 2011; Jezeer et al. 2018). Growing shade trees as part
of a coffee production system provides a mechanism to minimise livelihood risk and improve
economic resilience (Gao 2018; Jezeer et al. 2018).

An absence of partnerships between farmers, processors and exporters and insufficient
extension resources for coffee smallholders has meant that the advantages of effectively
managed shade trees, and in particular the positive outcomes from research on the use of shade
trees, have not been disseminated to growers. This paper investigates the condition of shade in
smallholder coffee gardens and the level of knowledge amongst coffee smallholders of shade
management practices and their purpose. We discuss how, with optimum management, shade
trees can help enrich coffee farmers’ lives in environmental, socio-cultural and economic terms.
This will further highlight the necessity for support services for coffee growers, firstly, to enable
them to produce good quality coffee and receive higher returns to labour while practising a low
input system of production. Secondly, it will contribute to a more sustainable coffee industry for
future generations.

' Curtin University, Perth, Western Australia. Email: g.curry@exchange.curtin.edu.au
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The benefits of effective shade cover in coffee production

Shade cover, at appropriate levels and using suitable trees, can provide many benefits to the
coffee production system even with low levels of input. The benefits of shade have been
recognised in the following domains:

1. Coffee tree physiology

Shade trees provide a buffer to coffee trees balancing metabolism and growth and extending
their productive life. Under well managed shade, flowering occurs in more temporally
concentrated windows rather than over extended periods which puts high nutritional demands
on the coffee trees. Also, with appropriate shade, cherries mature at a slower rate resulting in
larger bean size and improved bean quality (Bote and Struik 2011) (for a review see Beer 1987).

2. Ecosystem services and environmental sustainability

Shade trees provide a diversity of ecosystem services to the coffee production system which in
turn contribute to the system’s sustainability.

The physical environment

Shade trees buffer temperature extremes and abate the impacts of hail, heavy rain, and strong
winds (Beer 1987; Vega et al. 2015). Wind erosion and related soil degradation is also moderated.
The shade tree canopy aids in water conservation by decreasing water run-off, reducing nutrient
leaching and soil erosion (Wallace 1997) and filters light thereby suppressing weed growth (De
Silva and Tisdell 1990; Njoroge 1994).

Also assisting in weed suppression as well as soil moisture retention is mulch created by leaf fall
and pruning residues from shade trees (Youkhana and Idol 2009). In addition, mulch increases
soil organic matter and the diversity of soil microorganisms, decreases erosion and slows the
rate of decomposition of soil organic matter (Beer 1987; Vega et al. 2015).

The rhizosphere

Shade tree root systems can improve soil drainage and aeration. Many species with extensive
and deep root systems are able to access nutrients accumulated at depth and in time deliver
them to the coffee trees via leaf fall and pruning residues (Figure 1). Nitrogen fixing shade trees
(e.g.Casuarina and Albizia, the most common shade trees grown in PNG) will further supplement
soil nutrient stocks (Beer 1987; Prabhakaran Nair 2010).
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Figure 1. Recycling of nutrients by shade trees (Drawn by: Bob Kora, CIC)

Pests and diseases

Coffee trees grown under shade suffer less nutritional stress and are therefore more resilient to
the impacts of pests and diseases (Schroth et al. 2000). Brown eye spot and coffee green scale
are reduced by shade (Apety and Fumo 1998 cited in Brook et al. 2015). Coffee leaf rust (CLR) is
enhanced by the presence of shade, however, the selection of shade tree can influence the
persistence of the fungus. A good level of coffee tree nutrition and weed control, which can be
supported by suitable shade trees, can reduce the incidence of CLR (Brown et al. 1995).

Coffee berry borer

Evidence suggests that shade trees amplify infestation levels of CBB as the pest is well adapted
to a humid environment (Vega et al. 2015). Parasitoids, natural enemies of CBB, are negatively
impacted by shade, however, the diversity and abundance of other natural enemies such as ants,
birds and entomopathogenic fungi (e.g. Beauveria bassiana) are greater under shade (Escobar-
Ramirez et al. 2019).

The practice most widely recommended for control of CBB is sanitation (Aristizabal et al. 2016),
which is labour intensive. Fallen berries provide a refuge for CBB (Damon 2000) but are much
easier to find when weeds have been suppressed by shade (De Silva and Tisdell 1990; Njoroge
1994). More importantly, the function of shade trees in synchronising coffee flowering would
mean that labour allocated to sanitation for CBB control could be concentrated over a shorter
period, making labour available at other times of the year for other livelihood activities.

Pollination

Good levels of pollination and fruit set can be achieved when shade is used as a tool to
synchronise flowering (Boreux et al. 2013). The shade trees also provide habitat suitable for
valuable pollinators (Roubik 2002).
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3. Labour efficiency

Women assist in coffee production, primarily at harvest time. However, often they prioritise
production of food crops (Inu 2015; Curry et al. 2019). Synchronisation of flowering means
women could schedule labour-intensive food gardening activities to complement the coffee
season. This would enable easier mobilisation of women’s labour for coffee production during
peak periods of labour demand.

Shade grown coffee provides two avenues for increasing labour efficiency:

1) Comparatively low inputs of labour to manage shade trees will suppress weeds and
synchronise flowering (more efficient use of labour for weeding, harvesting and CBB control)

2) Synchronisation of flowering will result in higher pollination rates and fruit set and in turn lead
to greater yields and returns to labour

4. Certification

If smallholders plan to become certified coffee growers, growing coffee under shade in
combination with other improved management practices would be required for them to receive
premium prices offered by most certifying organisations (Atallah et al. 2018).

5. Risk and resilience

Growing shade trees as part of coffee production systems has been identified as a mechanism
to minimise risk (Gao 2018; Yunusa et al. 2020). Incomes over time are relatively stable as aresult
of consistent production, price premiums from certification and higher bean quality, and an
income stream from the sale of timber (Gao 2018; Jezeer et al. 2018). Appropriately shaded
coffee is also less susceptible to failing harvests (Nzeyimana 2018).

6. Climate change

From a broader perspective, growing shaded coffee in an agroforestry system is recognised as a
practice that can be used as an adaptation strategy to mitigate the negative impacts of climate
change. Enhancing biodiversity in coffee environments by incorporating a diversity of shade trees
promotes resilience to fluctuating global markets, climate and weather (Lin 2007; Gidey 2020).

Research into shade trees and shade-grown coffee in PNG

Since the 1970s some valuable research on shade trees has been conducted in PNG by coffee
and cocoa industry-based service agencies (Table 1). Casuarina oligodon, a tree species
endemic to the highlands of PNG, has been used as a fallow species in subsistence food
gardens for many centuries and has attracted much attention from local researchers (Bourke
1997). It provides many benefits to agricultural crops in the way of ecosystem services,
particularly in nitrogen fixation and nutrient cycling, and is used widely as a shade tree in
coffee. Different tree species, both introduced and indigenous, have been compared and
assessed for their qualities as shade trees in coffee for controlling weeds, preventing soil
erosion, enhancing soil nutrition and for supplementary uses such as timber for construction
and fuel.
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Table 1: A summary of some of the research conducted on shade tree species and the use of shade trees
in coffee and cocoa production in PNG since 1975.

Reference

Investigation and findings

Parfitt 1976 (cited
in Talopa 2003)

Assessed the effect of shifting cultivation on soils. Where Casuarina was used in food
gardens, nitrogen levels increased with the age of the trees. With age came a more extensive
root network and an increase in deep litter arising from leaf fall.

Thiagalingam and
Fahmy 1981
(cited in Talopa
2003)

Compared N and C levels under different coffee shade trees (Casuarina oligodon, Albizia
stipulata and Crotalaria spp.). Both elements were higher under C. oligodon.

Naug 1982

Examined the uses of Leucaena sp. in coffee production (as shade cover and in nutrition,
erosion control, fuel and supplementary uses). Concluded that it was useful in all respects.

Byrne 1984 (cited
in De Silva &
Tisdell 1990)

Variation in total cost/ha for four years of weed control in two sites under varying shade
conditions (none, Casuarina and Albizia) using four methods of weed controlin coffee. Shade
reduced the cost of weed control; Casuarina more so than Albizia.

Bourke 1984

Detailed the altitudinal range of coffee (Arabica and Robusta) and some associated shade
crops.

Bourke 1985

Evaluated C. oligodon and its attributes in agroforestry. The system provides food from food
crops, cash from coffee and some marketed food, and timber for construction and fuel, and
postulates that returns to labour would be high.

De Silva & Tisdell
1990

Evaluated methods of weed control as a tool in management of CLR. Concluded that shade
has a highly significant negative effect on weed control costs. Using shade reduces weeds
and improves tree vigour and yields and should be incorporated into an integrated weed
management program.

Harding 1994

Compared N in shaded and unshaded coffee systems and found that N was severely
deficient in unfertilised, unshaded coffee, with small or no deficit in shaded, unfertilised
coffee.

Bourke 1997

Investigated fallow species in light of increasing population density in order to understand
why certain species are used including Casuarina in coffee. Emphasised the many benefits
of growing C. oligodon.

Hartemink &
Bourke 2000

Summarised research that had been conducted on nutrient deficiencies in PNG. Zn and N
deficiencies had been reported in Arabica coffee grown under low shade.

Hombunaka &
Harding 2001

Investigated the timing of fertiliser applications in coffee and found that heavily shaded
smallholder coffee gardens are unlikely to respond to applications of inorganic fertiliser as
there are sufficient nutrients presentin the soil.

2002

Hombunaka et al.

Assessed the effect of rehabilitation, shade and fertiliser on smallholder Arabica coffee yield.
Rehabilitation of coffee with medium and light shade can increase coffee production by more
than two-fold, yet under heavy shade there may be no increase inyield.

Talopa 2003

Investigated the role of Casuarina in agroforestry systems including in coffee. As a shade tree
in coffee, it reduces light which in turn reduces flowering and the incidence of overbearing
dieback; it also fixes N.

2017

Hosseini Bai et al.

Studied the effect of shade-tree spacing and species on nutrient cycling in cocoa agroforestry
systems. Shade tree spacing can influence organic matter input and plant nutrient uptake,
with high density spacing resulting in soil organic matter depletion.

Curry etal. 2017

Assessed coffee management and farmer technical knowledge including in shade control. In
most gardens shade management was basic. Less than half of the farmers knew when the
best time was to apply shade control (or to prune shade) and very few understood the effect
that shade tree pruning has on the major pests and diseases of coffee.
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METHODS

The research findings presented in this article are from data gathered between 2010 and 2012 at
four field sites in Eastern Highlands Province as part of an ACIAR project titled “Improving
Livelihoods of Smallholder Families through Increased Productivity of Coffee-based Farming
Systems in the Highlands of PNG’. The study sites were: Asaro, Bena, Baira and Marawaka (see
Curry et al. 2017: 14-23 for a full description of methods). Asaro and Bena are within 20 km of the
provincial capital of Goroka, and Baira and Marawaka are remote sites without road access. Data
collection was carried out by research team members from CIC, NARI, CSIRO and Curtin
University.

Quantitative data were collected during coffee garden inspections and when interviewing
farmers. An inspection of each farmer’s main coffee garden provided a snapshot of coffee garden
standards and practices and identified the types and condition of shade trees. Farmers were
interviewed to assess their level of technical knowledge of coffee garden maintenance and
nutrient resource management. To determine the level of understanding of shade tree
management, farmers were asked the best time to prune shade trees and coffee trees and the
effect of shade tree pruning on existing pests and diseases.

RESULTS

Across all sites, coffee garden maintenance standards were ‘adequate’ for most gardens (Figure
2). Thisincluded maintenance or control of weeds, pests and diseases, shade, fencing, drainage,
and standards of pruning, crop sanitation and nutrition. More specifically, for shade control, 45%
of gardens had an adequate standard of shade control and 41% good shade control.

Coffee garden maintenance - all sites
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Figure 2. Standards of coffee garden maintenance

The most common shade trees present in coffee gardens were Casuarina oligodon, Albizia sp.
and banana. Casuarina was present in 96% of gardens, and 43% of gardens had both Casuarina
and Albizia.

Results from farmer interviews indicated that few farmers were aware of the most suitable time
to prune shade trees to maximise productivity from their coffee trees (Figure 3). Shade trees
should be pruned just prior to the coffee trees flowering to encourage synchronised flowering
and maximise the number of flowers, and rates of pollination and fruit set. To keep the coffee
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trees healthy and productive the best time to prune them is immediately after the main harvest.
Of the 281 farmers surveyed across all four sites, 95% knew that the best time to prune coffee
trees was immediately after the main harvest. In contrast, just 36% of farmers knew the best time
to prune shade trees (more than half thought, incorrectly, that the best time to prune shade trees
was when coffee trees were pruned).
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Figure 3. Percentage of farmers answering correctly for the optimum time to prune shade trees and coffee
trees.

Coffee garden observations revealed that farmers tolerated relatively high crop losses due to
pests and diseases. Pest and disease tolerance is typical of the low input system of smallholder
production. Farmers were aware of the losses but had limited knowledge of appropriate control
measures. If shade trees are pruned, thus reducing the level of shade, the incidence of green
scale will increase but that of pink disease and CLR will decrease. Few farmers understood the
effect of shade on the incidence of pests and diseases (Figure 4). With regard to green scale, 18%
of farmers knew that pruning shade trees increased its incidence; 13% understood that it would
decrease CLR; and 7% knew it would decrease the incidence of pink disease. Just 2 of the 281
farmers answered correctly for the effect of shade tree pruning on all three pests and diseases.
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Effect of shade tree pruning on pests and diseases
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Figure 4. Percentage of farmers answering correctly for the effect of shade tree pruning on common coffee
pests and diseases.

Growers reported receiving little or no coffee extension training. This helps to explain why farmers
were not aware of the significance of shade trees in their coffee gardens and why they are poorly
managed. The large knowledge gap on the effects of shade is a substantial barrier to improving
production.

DISCUSSION

Despite extensive research on shaded coffee, few smallholders in PNG appreciate the economic
and environmental benefits of appropriate shade levels in a low input system of production. Few
are aware of how, with comparatively low inputs of labour, effectively managed shade trees can
elevate the productivity of their coffee trees while also providing them with additional sources of
income and a sustainable system of production. The current output of research on the use of
shade trees in commercial coffee production should be of particular interest to those providing
extension support and other resources to smallholder coffee growers.

Limited access to extension services has restricted the flow of new technologies and information
to smallholders. In the government sector this has been due to poor governance and under-
resourcing (Batt and Murray-Prior 2009; Uniquest 2013). Strong farmer-supply chain
partnerships that existed during the plantation era are no longer present to provide extension
support to farmers (Sengere 2016; Sengere et al. 2019).

Shade as a tool for pest and disease management has become more important with the arrival
of CBB in the highlands. There is evidence suggesting that the presence of shade trees can result
in higherinfestations of CBB in some coffee gardens as described by Vega et al. (2015: 447). More
recently, however, it has been reported that the capacity of the pest to reproduce is greater in
unshaded coffee and although infestation rates are higher in shaded coffee, overall fruit damage
is lower (Marino et al. 2016; Bagny Beilhe et al. 2020). The diversity and prevalence of many
natural enemies of CBB are greater under shade than in unshaded coffee (Karp et al. 2013;
Railsback and Johnson 2014; Aristizabal et al. 2016; Escobar-Ramirez et al. 2019; Moreira et al.
2019). With the incursion of CBB into the country, it will be problematic for the farmers to control
it with limited or no knowledge of shade control.
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CONCLUSIONS AND RECOMMENDATIONS

Coffee production, productivity and quality have been on the decline in PNG since the 1980s.
Labour constraints are a major barrier to improving productivity and quality, yet few farmers are
aware of the many strategies available to help increase labour efficiency and thus make coffee
production a relatively more attractive livelihood option. Effective shade management is a tool
that could be used to improve labour efficiency in weed, pest and disease control, and
harvesting, while also improving coffee quality. This is becoming particularly important with the
spread of CBB in the country. Furthermore, shade trees provide an alternative income source
and provide ecosystem services that strengthen livelihood resilience in the face of climate
change.

Improved and sustainable extension services are required to meet the needs of smallholder
coffee farmers. Forging strong relationships with the commercial and public sectors, and
farmers will be mandatory in achieving this goal.

The adoption of agroforestry principles for sustainable agriculture is a concept now taking off in
many parts of the world under the mandate of the UN’s 2030 Sustainable Development Goals,
which aim to diversify livelihoods, improve food security and protect the natural environment. In
some ways, PNG is already at the forefront of these ideas with agroforestry being practised in
cocoa and coffee for many decades. There is an opportunity to build on this foundation to create
a sustainable model of coffee production that generates both ecosystem services and enhanced
economic opportunities for smallholders. Promoting effective shade management as a first step
should be a priority for the industry.

REFERENCES

Alemu, M. (2015). Effect of tree shade on coffee crop production. Sustainable Development 8(9):
66-70.

Aristizabal, L.F., Bustillo, A.E. and Arthurs, S.P. (2016). Integrated pest management of coffee
berry borer: Strategies from Latin America that could be useful for coffee farmers in
Hawaii. Insects 7(1): 6.

Atallah, S.S., Godmez, M.Il. and Jaramillo, J. (2018). A bioeconomic model of ecosystem services
provision: Coffee berry borer and shade-grown coffee in Colombia. Ecological
Economics 144: 129-138.

Bagny Beilhe, L., Roudine, S., Quintero Perez, J.A., Allinne, C., Daout, D., Mauxion, R. and
Carval, D. (2020). Pest-regulating networks of the coffee berry borer (Hypothenemus
hampei) in agroforestry systems. Crop Protection 131: 105036.
https://doi.org/10.1016/j.cropro.2019.105036

Batt, R. and Murray-Prior, P.J. (2009). Assessing and extending schemes to enhance the
profitability of the PNG coffee industry via price premiums for quality. Project Final Report
for ASEM/2004/042.

Beer, J. (1987). Advantages, disadvantages and desirable characteristics of shade trees for
coffee, cacao and tea. Agroforestry Systems 5(1): 3-13.

Boreux, V., Kushalappa, C.G., Vaast, P. and Ghazoul, J. (2013). Interactive effects among
ecosystem services and management practices on crop production: Pollination in coffee
agroforestry systems. Proceedings of the National Academy of Sciences of the United
States of America 110(21): 8387-8392.

PNG Coffee Journal | Volume 16 No. 1 October 2025



27

Bote, A.D. and Struik, P.C. (2011). Effects of shade on growth, production and quality of coffee
(Coffea arabica) in Ethiopia. Horticulture and Forestry 3(11): 336-341.

Bourke, R.M. (1984). Altitudinal range of coffee and some associated shade crops in Papua New
Guinea. PNG Coffee Industry Board Research Newsletter 3: 7-12.

Bourke, R.M. (1985). Food, coffee and casuarina: An agroforestry system from the Papua New
Guinea highlands. Agroforestry Systems 2(4): 273-279.

Bourke, R.M. (1997). Management of fallow species composition with tree planting in Papua
New Guinea. Resource Management in Asia-Pacific Project Working Paper No. 5.
Research School of Pacific and Asian Studies, ANU, Canberra.

Brook, A., Murphy, S.T., Kenny, M., Shaw, W., Kukhang, T., Aranka, J., Simbiken, N. and
Walton, T. (2015). Coffee green scales in Papua New Guinea: Highland Arabica coffee
and yield loss. Project Final Report ASEM/2010/051.

Brown, J.S., Kenny, M.K., Whan, J.H. and Merriman, P.R. (1995). The effect of temperature on
the development of epidemics of coffee leaf rust in Papua New Guinea. Crop Protection
14(8): 671-676.

Curry, G.N., Koczberski, G. and Inu, S.M. (2019). Women’s and men’s work: The production and
marketing of fresh food and export crops in Papua New Guinea. Oceania 89(2): 237-254.

Curry, G.N., Webb, M., Koczberski, G., Pakatul, J., Inu, S.M., Kiup, E., Hamago, M.R., Aroga,
L., Kenny, M., Kukhang, T., Tilden, G. and Ryan, S. (2017). Improving livelihoods of
smallholder families through increased productivity of coffee-based farming systems in
the Highlands of PNG. Project Final Report FR2017-08 for ACIAR project ASEM/2008/036.
ISBN: 978-1-86320-028-8. Available at:
https://www.aciar.gov.au/sites/default/files/project-page-
docs/final_report_asem.2008.036_a.pdf

Damon, A. (2000). A review of the biology and control of the coffee berry borer, Hypothenemus
hampei (Coleoptera: Scolytidae). Entomological Research 90(6): 453-465.

De Silva, N.T. and Tisdell, C.A. (1990). Evaluating techniques for weed control in coffee in Papua
New Guinea. International Tree Crops 6(1): 31-49.

Escobar-Ramirez, S., Grass, ., Armbrecht, I. and Tscharntke, T. (2019). Biological control of
the coffee berry borer: Main natural enemies, control success, and landscape influence.
Biological Control 136: 103992.

Gao, Y. (2018). The bioeconomics of shade-grown coffee production under climate and price
risks in Puerto Rico. MSc thesis, University of New Hampshire, USA.

Gidey, T., Oliveira, T., Crous-Duran, J. and Palma, J. (2020). Using the yield-SAFE model to
assess the impacts of climate change on yield of coffee (Coffea arabica L.) under
agroforestry and monoculture systems. Agroforestry Systems 94(1): 57-70.

Harding, P. (1994). A comparison of the nitrogen requirements of two coffee (Coffea arabica L.)
management systems in Papua New Guinea. PhD thesis, University of Reading, UK.

Hartemink, A.E. and Bourke, R.M. (2000). Nutrient deficiencies of agricultural crops in Papua
New Guinea. Outlook on Agriculture 29(2): 97-108.

Hombunaka, P. and Harding, P. (2001). The effect of timing of fertiliser applications on coffee
(Coffea arabica L.) yields in the Highlands of Papua New Guinea. Papua New Guinea
Coffee Research Institute.



28

Hombunaka, P.H., Pukupia, M.N. and Gunik, S. (2002). Effect of rehabilitation, shade, nitrogen
and potassium fertiliser on smallholder Arabica coffee yield. CIC Coffee Newsletter, May
2002.

Hosseini Bai, S., Trueman, S.J., Nevenimo, T., Hannet, G., Bapiwai, P., Poienou, M. and
Wallace, H.M. (2017). Effects of shade-tree species and spacing on soil and leaf nutrient
concentrations in cocoa plantations at 8 years after establishment. Agriculture,
Ecosystems and Environment 246: 134-143.

Inu, S.M. (2015). The influence of socio-economic factors in farm investment decisions and
labour mobilisation in smallholder coffee production in Eastern Highlands Province,
Papua New Guinea. M.Phil. thesis, Curtin University. Available at:
https://espace.curtin.edu.au/handle/20.500.11937/1938

Jezeer, R.E., Santos, M.J., Boot, R.G.A., Junginger, M. and Verweij, P.A. (2018). Effects of
shade and input management on economic performance of small-scale Peruvian coffee
systems. Agricultural Systems 162: 179-190.

Karp, D.S., Mendenhall, C.D., Sandi, R.F., Chaumont, N., Ehrlich, P.R., Hadly, E.A. and Daily,
G.C. (2013). Forest bolsters bird abundance, pest control and coffee yield. Ecology
Letters 16(11): 1339-1347.

Lin, B.B. (2007). Agroforestry management as an adaptive strategy against potential
microclimate extremes in coffee agriculture. Agricultural and Forest Meteorology 144(1-
2): 85-94.

Marino, Y.A., Pérez, M-E., Gallardo, F., Trifilio, M., Cruz, M. and Bayman, P. (2016). Sun vs.
shade affects infestation, total population and sex ratio of the coffee berry borer
(Hypothenemus hampei) in Puerto Rico. Agriculture, Ecosystems and Environment 222:
258-266.

Moreira, C., Celestino, D., Guerra Sobrinho, T., Cardoso, .M. and Elliot, S.L. (2019).
Agroforestry coffee soils increase the insect-suppressive potential offered by
entomopathogenic fungi over full-sun soils: A case proposing a “bait survival technique”.
Ecology and Evolution 9(18): 10777-10787.

Naug, R.E. (1982). Potential uses of Leucaena in coffee production. National Plantation
Management Agency Pty Ltd., Goroka.

Njoroge, J.M. (1994). Weeds and weed control in coffee. Experimental Agriculture 30(4): 421-
429,

Nzeyimana, l. (2018). Optimizing Arabica coffee production systems in Rwanda: A multiple-
scale analysis. PhD thesis, Wageningen University, The Netherlands.

Prabhakaran Nair, K.P. (2010). The agronomy and economy of important tree crops of the
developing world. Elsevier.

Railsback, S.F. and Johnson, M.D. (2014). Effects of land use on bird populations and pest
control services on coffee farms. Proceedings of the National Academy of Sciences
111(16): 6109-6114.

Roubik, D.W. (2002). The value of bees to the coffee harvest. Nature 417(6890): 708.

Schroth, G., Krauss, U., Gasparotto, L., Duarte Aguilar, J. and Vohland, K. (2000). Pests and
diseases in agroforestry systems of the humid tropics. Agroforestry Systems 50(3): 199-
241.

PNG Coffee Journal | Volume 16 No. 1 October 2025



29

Sengere, R.W. (2016). The rise, fall and revival of the Papua New Guinea coffee industry. PhD
thesis, Curtin University, Perth. Available at:
https://espace.curtin.edu.au/handle/20.500.11937/54142

Sengere, R.W., Curry, G.N. and Koczberski, G. (2019). Forging alliances: Coffee grower and
chain leader partnerships to improve productivity and coffee quality in Papua New
Guinea. Asia Pacific Viewpoint 60(2): 220-235.

Talopa, P. (2003). Role of Casuarina in the agroforestry systems in Papua New Guinea. CIC
Coffee Newsletter, August 2003.

UniQuest (2013). P110959: Productive Partnerships in Agriculture Project. Baseline Survey Final
Report. Goroka, PNG.

Vega, F.E., Infante, F. and Johnson, A.J. (2015). The genus Hypothenemus, with emphasis on H.
hampei, the coffee berry borer. In Vega, F.E. and Hofstetter, R.W. (eds.), Bark beetles:
Biology and ecology of native and invasive species. Elsevier, USA.

Wallace, J.S. (1997). Evaporation and radiation interception by neighbouring plants. Royal
Meteorological Society 123(543): 1885-1905.

Youkhana, A. and Idol, T. (2009). Tree pruning mulch increases soil C and N in a shaded coffee
agroecosystem in Hawaii. Soil Biology and Biochemistry 41(12): 2527-2534.

Yunusa, I.A.M., Kukhang, T.1.D., Powell, K.S. and Holzapfel, B. (2020). Canopy management
for optimizing productivity of polyculture coffee production system. Acta Horticulturae
1281: 257-263. https://doi.org/10.17660/ActaHortic.2020.1281.35



