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A B S T R A C T

Tropical agroforestry systems provide a number of ecosystem services that might help sustain the production of
multiple crops, improve farmers' livelihoods and conserve biodiversity. A major drawback of agroforestry coffee
systems is the perceived lower economic performance compared to high-input monoculture coffee systems,
which is driving worldwide intensification practices of coffee systems. However, comprehensive cost-benefit
analyses of small-scale coffee plantations are scarce. Consequently, there is a need to improve our understanding
of the economic performance of coffee systems under different shade and input management practices. We
provide a comprehensive economic analysis of Arabica coffee farming practices where we compare productivity,
costs, net income and benefit-cost ratio (BCR) of 162 small-scale, Peruvian coffee plantations under different
shade and input management practices along an elevation gradient. By using a cluster analysis, three shade and
three input classes (low, medium and high) were defined. We found similar economic performance for all shade
classes, but reduced net income and BCR in the High-Input class. More specifically, there was no difference in net
income or BCR between low, medium and high shade classes. The High-Input class had significantly lower net
income and BCR, mainly due to increased costs of (hired) labour, land, and fertilizer and fungicides; costs which
were not fully compensated for by higher coffee yields. Coffee yield decreased with elevation, whereas gate
coffee price and quality, as well as shade levels, increased with elevation. Additional revenues from timber could
increase farmers' income and overall economic performance of shaded plantations in the future. Our analysis
provides evidence that for small-scale coffee production, agroforestry systems perform equally well or better
than unshaded plantations with high input levels, reinforcing the theory that good economic performance can
coincide with conservation of biodiversity and associated ecosystem services. Additional comprehensive and
transparent economic analyses for other geographic regions are needed to be able to draw generalizable con-
clusions for smallholder coffee farming worldwide. We advise that future economic performance studies si-
multaneously address the effects of shade and input management on economic performance indicators and take
biophysical variation into account.

1. Introduction

Millions of smallholder farmers in the humid tropics depend on tree
crops such as cocoa, coffee, oil palm and rubber for their livelihoods
(Schroth et al., 2014). In 2011, the annual retail value of coffee was
approximately US$ 90 billion, making it the world's most valued tro-
pical export crop (Jaramillo et al., 2011). An estimated 25 million
farmers are growing coffee on over 11million ha in>60 countries
(Waller et al., 2007), predominantly by smallholders who account for
approximately 70% of worldwide coffee production (Bacon, 2005). In
recent decades, there has been a transformation of coffee farming

systems worldwide to more intensified systems by eliminating shade
trees, increasing agro-chemical inputs and selecting genotypes
(Bosselmann, 2012; Jha et al., 2014; Perfecto et al., 1996). Conse-
quently, a large share of coffee production area worldwide is currently
being managed without shade, and only less than a quarter of coffee
plantations has multi-layered, diversified shade (Jha et al., 2014;
Perfecto et al., 1996). This transformation is driven by the perceived
higher economic performance of intensified systems, aiming to increase
short term income (Clough et al., 2011; Siebert, 2002). Economic per-
formance indicators such as yield, costs and profitability are important
determinants for decision making of small-scale coffee farmers (Bravo-
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Monroy et al., 2016). This intensification trend, however, appears to
come at the expense of long-term maintenance of ecosystem services
relevant for agricultural production (Foley et al., 2011), as intensified
farming systems are known to cause environmental problems, such as
loss of biodiversity and increased soil erosion (Perfecto and
Vandermeer, 2015).

Fluctuating (global) market prices and increased incidence of pest
and disease are putting pressure on smallholder coffee farmers, and
climate change is expected to exacerbate their vulnerability (Morton,
2007). In the face of current and future challenges, it is important to
identify farming practices that meet both economic and environmental
goals while being resilient to current and future changes. Tropical
agroforestry systems have been proposed as farming systems which can
reconcile economic and environmental goals (e.g., Schroth et al., 2004;
Steffan-Dewenter et al., 2007). Ample research has shown that agro-
forestry systems can sustain high biodiversity levels (e.g., De
Beenhouwer et al., 2013). The shade trees planted with coffee can
provide other important ecosystem services such as enhanced soil fer-
tility (Tscharntke et al., 2011) and stabilized microclimate (Lin, 2007),
which are expected to reduce the vulnerability of farms to climate
change (Perfecto and Vandermeer, 2015). However, because agrofor-
estry is perceived to have lower economic performance, it is question-
able whether it decreases farmers' vulnerability in face of fluctuating
market prices.

In a recent review article on economic performance of shaded coffee
and cocoa systems, we concluded that the general perception of lower
economic performance of agroforestry systems is often based on in-
complete economic analyses (Jezeer et al., 2017). Firstly, coffee yield is
often used as the sole indicator of economic performance. Multiple
studies have shown a negative relation between coffee yield and shade
(Jaramillo-Botero et al., 2010; Vaast et al., 2006), yet this assumption is
challenged by several recent studies showing that shade had no effect
on coffee productivity (Cerda et al., 2016; Meylan et al., 2017). Also,
despite lower coffee productivity, higher coffee prices due to improved
quality or certification premiums have been linked to higher levels of
shade (Muschler, 2001; Vaast et al., 2006). Secondly, the costs asso-
ciated with producing coffee are not always taken into account and it is
debated whether these production costs of agroforestry systems are
higher than those of more intensified systems (Cerda et al., 2016) or the
opposite (Lyngbæk et al., 2001). Thirdly, benefits derived from shade-
tree products like fruits and firewood are frequently overlooked, un-
derestimating potential income from agroforestry plantations. The
studies that include these benefits show that shade tree products can
significantly contribute to farmers' income (Cerda et al., 2014; Gobbi,
2000; Wulan et al., 2008). Overall, outcomes of previous studies sug-
gest that it is important to not only consider coffee yield but also pro-
duction costs and other revenues to evaluate economic performance
because these indicators are likely to influence economic performance.
To be able to compare economic performance across studies and draw
generalizable lessons, more comprehensive analyses are needed that
include multiple economic performance indicators.

The transformation towards more intensified coffee systems (which
we define as increased use of input and lower levels of shade) has re-
sulted in a broad spectrum of coffee plantation management practices,
ranging from low-input shaded plantations to high-input full-sun
plantations. For agroforestry systems, both the forestry (shade tree) and
the agricultural components (e.g., input use, pruning or weeding
practices) are expected to affect the productivity and economic per-
formance of the coffee plantation and studies should reflect both si-
multaneously. A recent study by Cerda et al. (2016) observed an in-
teraction between shade and input management, confirming the need to
include both dimensions in comprehensive economic analyses. Ad-
ditionally, it is important to take specific biophysical conditions into
account, which may have a large effect on coffee productivity, bean
quality and the management/productivity relation, as the coffee crop is
very sensitive to changes in for example temperature, precipitation and

insolation (Avelino et al., 2006; Perfecto and Vandermeer, 2015).
Comparing the effect of shade and input management on performance
of coffee plantations without looking into the biophysical conditions
may therefore result in an incomplete or incorrect picture. In general,
we expect coffee management practices to be adjusted to variation in
biophysical conditions, which will in turn affect economic performance.

We aim to address the following research questions: (i) what is the
economic performance of small scale coffee systems under different
shade and input levels? and (ii) what are the options to enhance the
economic performance of coffee agroforestry systems? We hypothesize
that the benefits of high shade low input systems are at least similar to
unshaded, high input coffee plantations. To this regard, we analyse the
economic performance of Peruvian coffee farming practices in the de-
partment of San Martín, which is one of the major coffee producing
regions of the country (Valqui et al., 2015). Here we compare pro-
ductivity, costs, net income and benefit-cost ratio of small-scale coffee
plantations and link this to shade and input management practices. The
information compiled in this study can be useful to enhance the eco-
nomic performance of smallholder coffee agroforestry systems, espe-
cially in the face of current and future challenges posed on smallholder
coffee farmers worldwide.

2. Methods

2.1. Study region

The study was conducted in the department of San Martín, Peru,
distributed over an area of approximately 2000 km2 with an average
altitude of 1066m (Fig. 1a; 673–1497m). Most plantations (n=143)
were situated in the provinces of Moyobamba and Rioja, which together
form the ‘Alto Mayo’, a tropical highland with an average altitude of
1101m (range 850–1497m). The average rainfall is 1512mmper year,
the mean temperature 22.8 °C. The remaining 19 plantations were si-
tuated in the lowland province of Picota, with an average altitude of
861m (range 673–1001m.). The nearest weather station lies approxi-
mately 20 km from each of these plantations at an altitude of 218m and
reports a mean temperature of 26.5 °C and a mean annual rainfall of
937mm. The dry season occurs from May to September (Gobierno
Regional de San Martín, 2008).

2.2. Sampling and surveying method

Household surveys were conducted with 162 coffee to characterise
coffee management practices both on shade management (e.g. canopy
closure, tree species richness) and on input management (e.g. applica-
tion of fertilizer and pesticides), and used these to classify coffee sys-
tems in terms of shade and input. Plantations were selected to cover the
range of shade and input intensity found in the study area, from full sun
monoculture coffee to multi-layered shaded plantations, and from high
agro-chemical input, use of organic inputs or without inputs. We chose
coffee plantations older than three years and producing coffee berries
with marketable beans, which were owned by smallholder farmers.
Plantation elevation was measured with a GPS (Garmin GPS 62 s).

We performed household surveys twice; the first time in 2014 and
the second time in 2016. This was necessary because the sample from
2014 did not include information on coffee bean quality and thus we
collected additional information on 2016 (see below and Fig. S1 for
hierarchy of collected data). On both cases we performed household
surveys using a semi-structured questionnaire and we collected data on
(i) farm characteristics (e.g., size (ha), age (y)), (ii) shade tree species
and approximate density (2014; trees ha−1), (iii) harvested coffee yield
(2010–2016; kg ha−1 y−1), (iv) costs of inputs, labour and land (2014;
€ ha−1 y−1), (v) coffee price (2010–2016; € kg−1), (vi) coffee quality of
dry green beans (2014–2016; at the farm gate, local scale from 0 to
100), and (vii) benefits derived from other products (firewood, fruit,
livestock; 2014; € ha−1 y−1). Data for coffee yield, price and quality for
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consecutive years was included for those years that the farmer could
report values from 2010 to 2016. Coffee yield and price were obtained
by both the 2014 and the 2016 surveys. Costs of input, labour, land and
equipment, as well as income from other products were obtained for
2014 only. Tree species richness was assessed with the survey in 2016
by questioning the farmers about the different types of trees present at
their coffee farms and by estimating the number of trees present at their
coffee farm. Subsequently, the farmers were asked how difficult they
thought it was to report the number and type of trees present at their
coffee farm (easy, medium or difficult). If they responded that they
found this ‘difficult’ then the answer was not included in the database.
The interviewers were trained by the same person and surveys lasted
between 45 and 60min per farmer. The interviewers assessed qualita-
tively if the farmers responded with confidence, and outliers were
double checked. In 2016, data was collected and recorded in a smart-
phone/tablet app developed for this study, using ODK software (ODK
Collect, version 1.4.10). The app included fields for each question,
which provided guidance for the surveyors to minimise interview bias.

More detailed information on plot level was obtained in 2014 using
field measurements for a subset of the farms (n=62), to complement
the information obtained from the household surveys (see Fig. S1); it
was only possible to collect such complete and detailed field data for a
smaller number of farms. These were chosen to reflect the same range
in shade and input management practices as that observed for all the
plantations. Data collected on plot level included for example, basal

area, shade level, timber tree species and timber tree values. To collect
this data, we established plots of 10× 10 m (n= 19) or 20×20 m
(n= 43) in representative areas of the farm, for a subset of 62 coffee
plantations. All shade trees with diameter at breast height > 5 cm
within the plots were identified to species level if possible and other-
wise to genus level, using a field guide (Pennington et al., 2004), and
knowledge from local experts and farmers. Shade tree density and tree
basal area were estimated on a plot basis and extrapolated to hectare
and were reported in trees ha−1 and m2 ha−1 respectively. Tree height
was measured with a Nikon Forestry Hypsometer. Level of shade
(hereafter referred to as shade cover) was determined visually by esti-
mating canopy cover on a scale of 0% to 100% (Samnegård et al.,
2014). Visual estimation techniques have potential for accurately esti-
mating shade levels (Bellow and Nair, 2003) and are recommended
when it is logistically difficult to collect canopy cover data above the
tall coffee canopy, using hemispheric lenses. Following Vittoz et al.
(2010), who concluded that only the use of highly trained observers
could improve the power for detecting changes in cover, we used at
least two trained observers whom practiced until their estimated
aligned before setting out to estimate shade cover for data collection.
Shade trees were rarely pruned and the shade measurements were
taken once per plantation from May to August in 2014 and 2015, which
corresponds to the dry season. As these are predominantly tropical
evergreen trees, we have no reason to expect a large variation of shade
cover during the year.

(a)

(d)(b) (c)

Fig. 1. Study area and management regimes. (a) Study area in the region of San Martín, Peru. Open circles represent the locations of the plantations were plot measurement where made,
grey-filled circles represent important cities, grey lines depict major roads and the dark green areas depict national parks. Region 1 refers to the area near Moyobamba, all north of
Tarapoto, whereas region 2 refers to the area southeast of Picota, near the national park (NP) Cordillera Azul; (b) full sun monoculture management regime, sometimes sparsely
intercropped with bananas during the first years, (c) single-species shade management regime, (d) diversified shade management regime. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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2.3. Economic performance indicators

To compare the economic performance of coffee farms with dif-
ferent shade and input management practices, we evaluated a set of
economic performance indicators including coffee productivity, costs,
gross income, net income and benefit-cost ratio (BCR; Table 1). This set
of indicators was chosen because their combination allows for a com-
prehensive economic performance analysis. All data was derived from
farmer surveys, except for the current value of standing timber volume
of shade trees that was estimated by a combination of field measure-
ments and survey data.

2.3.1. Yields and revenues
Coffee yields (kg ha−1 y−1) were reported by farmers as harvested dry

coffee beans from 2010 to 2016. Coffee bean quality was surveyed for
2014, 2015 and 2016 and average value was used in further analysis. This
measure of coffee quality is expressed on a scale from 0 to 100 and the
rank value is given to the coffee beans by the buyer when the coffee is
being purchased. This is known as ‘rendimiento físico’ of dry green beans
and is an integrated measure of bean moisture content, size, colour, smell
and percentage of defect beans (Rosero et al., 2015). We will refer to this
variable as ‘gate quality’ from here onwards. Shade species were classified
as: Musaceae (bananas and plantains), guavas (from the leguminous genus
Inga), fruit trees (e.g., lemon and orange) or timber trees (all other trees).
Benefits of livestock, trees and crops were estimated by taking substitution
costs using the respective market prices of these products, irrespective of
whether the products were sold or used for domestic consumption. The
estimated prices for the most relevant agroforestry products between as
reported in 2014 were €1.60 per bunch of bananas, €2.70 per bundle of
firewood and €6.75 per 50 kg of cassava (Manihot esculenta) as reported by
farmers in 2014. Standing timber value was analysed separately. Cubic
volume of sawn wood (m3 ha−1) was estimated for the trees that could
provide timber by first calculating the volume of round wood. In absence
of local equations, we used the generic equation from the Food and
Agriculture Organization (FAO, n.d), which estimates commercial wood
volume per tree trunk as v=0.42 ∗B ∗H, where B is basal area at 1.30m
above ground level, H tree height in m, and 0.42 is the generic correction
factor for tapered stems. Secondly, 1m3 roundwood was assumed to
convert to 0.52m3 sawn wood in Peru (Gobierno Regional de San Martín,
2012). Using local species-specific export prices for sawnwood, the
monetary value of standing tree stock per plot was estimated. Third, these
values were extrapolated to hectare and annuitized according to a 30 y
harvest cycle as this is the average lifespan of a coffee plantation
(Wintgens, 2012). A 10% discount rate was applied which is commonly
used for tropical countries and is assumed to match local conditions of the
banking system (Rahman et al., 2007). As these are values estimated for
currently standing trees, they represent potential rather than actual in-
come and costs, and costs for felling, sawing and transport are not in-
cluded; therefore, we chose to report all economic performance indicators
without income from timber, unless specified.

2.3.2. Costs
2.3.2.1. Fixed costs

2.3.2.1.1. Land and equipment costs. Price of land and investment
costs of equipment were obtained by farmer surveys. The majority of
farmers own their land and we asked the purchase price to include in
the analysis. There were also farmers who rent the land for periods of
six or seven years. Equipment costs include the purchase of e.g., fruit
pulp machines, machetes and brush cutters. All costs were annuitized
assuming a 30 year's coffee cycle and applying a 10% discount rate.

2.3.2.2. Flexible costs
2.3.2.2.1. Labour. Labour days per management activity were

recorded for establishment, pruning, weeding, fertilizing, pest and
disease control, harvest and post-harvest activities. A distinction was
made between hired labour and family labour. Plantation specific
wages per day were used to calculate labour costs per plantation. As
costs for family labour are not actually incurred costs, we hereafter
refer to labour costs excluding family labour, unless specified
otherwise.

2.3.2.3. Flexible costs
2.3.2.3.1. Input. Costs of all material used for fertilization, pest and

disease control and weeding were calculated in euro per hectare per
year and are referred to as inputs. Differentiation was made between (i)
organic and chemical substances, and (ii) type of input in terms of
herbicides, pesticides, fertilizer or fungicides.

2.4. Input and shade indices

2.4.1. Input index
Using the survey data, an input index was calculated for each coffee

plantation, similar to indices used in other coffee studies (Cerda et al.,
2016; Hernández-Martínez et al., 2009; Mas and Dietsch, 2003). In this
study, the input index is an aggregate of five management variables that
describe fertilizing, weeding and pest and disease control activities
(Table 3), which are important management practices in the region as
verified based on the survey. These input management variables were
transformed to range between 0 and 1. For the continuous variables
(pesticide quantity and fertilizer quantity; € ha−1 y−1), a value be-
tween 0 and 1 was obtained by =

−

−

index value value minimum
maximum minimum . For the

categorical variables, values of 0, 0.5 or 1 were assigned based on ap-
plied type of fertilizer, pest and disease control and weeding (Table 3).
The final index value corresponds to the sum of the ranks for the five
variables of each farm. These farm-specific values were subsequently
re-scaled to values between 0 and 1, with zero representing the lowest
input and one the highest.

2.4.2. Shade index
Two separate, yet complementary, shade indices were calculated,

one based on field data and the other on survey data. The index based

Table 1
List of economic performance indicators and methods, formulas and assumptions used. Exchange rate of Peruvian Sol (S/.) to Euro (€)= 0.27 was applied (November 1st 2014, www.
oanda.com). Values are presented on a € per hectare per year basis (€ ha−1 y−1). (width: 1.0 columns).

Indicators of economic performance Methods, formulas and assumptions

Coffee yield (kg ha−1 y−1) Harvested dry green coffee beansa from 2010 to 2016, average
Coffee price (€ kg−1) Farm gate price from 2010 to 2016, average
Coffee gate quality (0−100) Quality of coffee beans at the farm gate, from 2014 to 2016, average
Gross coffee income (€ ha−1 y−1) [Yield] ∗ [Price]
Other income (€ ha−1 y−1) Value of firewood, other crops and livestock, estimated by the farm gate price either for sale or domestic consumption. Timber value was

analysed separately
Costs (€ ha−1 y−1) Production costs in terms of [Fixed costs]+ [Flexible costs]
Net coffee income (€ ha−1 y−1) [Gross coffee income]− [Costs]
Farm income (€ ha−1 y−1) [Net coffee income]+ [Other income]
Benefit-cost ratio (BCR) [Net coffee income] / [Costs], with or without costs of family labour included

a 1 quintal (qq) of dried green coffee known as café pergamino= 56 kg.

R.E. Jezeer et al. Agricultural Systems 162 (2018) 179–190

182

http://www.oanda.com
http://www.oanda.com


on survey data used information on shade tree density and shade tree
species richness. For the farms for which we collected data in 2016, we
used this data because this was considered more accurate, but if only
survey 2014 data was collected, we used survey 2014 data.
Consequently, there is only one shade clustering based on survey data.
The index based on plot data included information on shade tree den-
sity and species richness, and also shade cover and basal area, all col-
lected by field measurements on plot level. All variables were con-
tinuous and standardized to range between 0 and 1, as described above
for input. Farm-specific totals were rescaled, with zero representing the
absence of shade and one representing high shade.

2.4.3. Using input and shade indices for farm classification
Farm profiles were classified according to their input and shade

management characteristics. To identify clusters of farms that had si-
milar levels of shade and input management, i.e. different farm profiles,
we used a Principal Component Analysis (PCA). Subsequently, we used
a hierarchical cluster analysis with Euclidean distances and the Ward
minimum variance method to define homogeneous groups. Analysis of
variance was used to test for significant differences between farm
profiles in terms of shade and input levels. For non-normally distributed
data without homogeneity of variance, the non-parametric Kruskal-
Wallis test was used. Data were tested for normality with Shapiro-Wilk
test and for homogeneity of variances with Levene's test. More in-
formation on the cluster analysis can be found in Appendix S2 in sup-
porting information.

2.5. Statistical analysis

To assess if there was a relation between input and shade man-
agement and cost and benefits, we checked for correlations between
general plantations characteristics, input and shade management vari-
ables and cost and benefit indicators with Pearson correlation coeffi-
cient for normally distributed variables. Spearman's rank correlation
was used for data which did not meet assumptions of normality. To
assess whether economic performance differed between input classes
and shade classes we used Kruskal–Wallis test and Tukey's post-hoc test
with Chi-square distance. We checked for correlations between the
explanatory variables with Spearman's rank correlation (Table S3),
which was also used to check the robustness of the data obtained, in
particular the visually estimated shade cover (Fig. S4). Significance
level was set at α=0.05. Statistical analyses were performed with R
(version 3.0.2, R Core Team, 2014), using the ‘mclust’ (Fraley et al.,
2017) and ‘car’ (Fox et al., 2016) packages.

3. Results

3.1. General plantation characteristics

Average coffee plantation area was 2.74 ± 1.96 ha (Table 2),
which is general for Peru as the largest share of coffee in San Martín is
produced by smallholders (CENAGRO 2012). The majority of the
farmers were migrants (90%) and farmers had on average 14 ± 8 years
of experience of cultivating coffee. Only Arabica coffee (Coffea arabica
L.), is grown in this region, of which Costa Rica 95 from the Catimor
family and Iapar 59 were recognized as more coffee rust- tolerant
varieties, and Pache, Caturra, Típica, Borbón, Catuaí and Nacional as
varieties more sensitive to coffee rust (Arrieta et al., 2016). In total, 533
individual shade trees and plants were observed, the majority of which
was identified to species level (92.5%). A third of observed trees and
plants was a mix of bananas and palm trees (32.6%) and the other third
were Inga trees (33.3%). Of the remaining shade trees, 146 individual
trees were identified to species level (27.4%), which consisted of a mix
of 39 tree species. The remaining shade trees could not be identified to
species level (6.5%). The shade index was significantly higher for
plantations at higher elevations (see Table S3 in supporting

information). For more information on study region and plantation
characteristics see Table 2 and Appendix S5.

3.2. Input and shade indices

Three shade classes were distinguished for the field and the survey
data (Low-, Medium- and High-Shade) that differed significantly for all
shade variables (Fig. 2, Table 3). The Low-Shade class derived from the
field-subset (n= 8) corresponded to a mean shade cover of 1.2 ± 2.3%
and on average 13 ± 23 shade trees ha−1, on average from a single
tree species. The Medium-Shade plantations (n=27) corresponded to a
mean level of shade of 28 ± 16% and an average of 157 ± 65 shade
trees ha−1, on average with two species. High-Shade plantations
(n= 19) were characterized by a mean shade cover of 64 ± 17% and
an average of 403 ± 181 shade trees ha−1, which consisted of three
different shade tree species on average. For more details on the cluster
analysis see Appendix S2.

Three input classes (Low-, Medium- and High-Input) were sig-
nificantly different for variables describing the fertilizing, weeding and
pest and disease control management (Fig. 2, Table 3). Low-Input
plantations (n=23) were characterized by absence of pest and disease
control activities and fertilizer application and all weeding was done
manually. Medium-Input plantations corresponded to the largest group
of farmers (n=50) and who spent on average € 124 ha−1 y−1 on
predominantly organic fertilizers. Also, some of these farmers applied
pest and disease control (40%), largely using organic inputs (72%).
Although the majority of the farmers were weeding manually, some
farmers were weeding mechanically by using a bush cutter. High-Input
plantations (n= 37) corresponded to plantations where weeding was
mostly mechanical, yet some were applying herbicides. The majority of
these farmers applied chemical fertilizers with a cost of € 220 ha−1 y−1

and applied chemicals (pesticides and/or fungicides) to control pests
and diseases. Overall, applied fertilizer, weed and pest management
intensities were higher on plantations at lower elevations, as the Input
Index was negatively related to elevation (see Table S3). The values
obtained by the survey and by field work shows strong correlation for

Table 2
Descriptive statistics of general plantation characteristics and shade and input practices.
Data was collected using farmer surveys, unless indicated otherwise. (width= 2 col-
umns).

Unit Mean ± SD Min Max n

General farm characteristics
Farm size ha 6.38 8.42 0.50 80.00 154
Productive coffee

area
ha 2.74 1.96 0.50 13.00 154

Elevation m a.s.l. 1066.36 171.74 673.00 1497.00 162
Coffee shrub age year 8.75 4.56 3.00 30.00 159
Coffee shrub

density
shrubs ha−1 3934.63 1139.65 1000.00 7000.00 154

Shade management
Shade tree

density
trees ha−1 71.34 105.33 0.00 700.00 154

Shade tree
density (plot)

trees ha−1 222.22 183.75 0.00 700.00 54

Shade tree species
richness

species per
farm a−1

4.24 3.6 0.00 22.00 161

Shade tree species
richness
(plot)

species per
plot

2.31 1.72 0.00 7.00 54

Shade cover
(plot)

% 36.76 26.74 0.00 80.00 54

Basal area (plot) m2 ha−1 8.84 15.91 0.00 101.42 54

Input management
Total € ha−1 y−1 149.74 196.90 0.00 1021.80 151
Fertilizer € ha−1 y−1 123.93 174.29 0.00 951.60 140
Pesticide € ha−1 y−1 34.07 77.25 0.00 468.00 128
Herbicides € ha−1 y−1 6.67 26.21 0.00 249.60 138
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Fig. 2. Representation of profiles obtained from a hierarchical cluster analysis of variables describing; a) Shade practices (survey data); b) Shade practices (field data) and c) Input
practices. Shade practices variables included are: shade tree density, shade tree species richness, level of shade and basal area. Input practices variables included are: type of weeding
(0= by hand, machete; 0.5=mechanical, brush cutter; 1= herbicide), fertilizer type (0= none, 0.5= organic; 1= chemical), pest control type (0=none, 0.5=organic; 1= che-
mical), fertilizer quantity (fertilizer costs, € ha−1 y−1) and pest and disease control quantity (costs of e.g., pesticides and fungicides, € ha−1 y−1). Boxplots indicate the lower quartile,
median and upper quartile, with whiskers extending to the most extreme data point that is no>1.5 times the interquartile range from the edge of the box.

Table 3
List of selected variables to obtain Input and Shade Indices and description of coffee plantation management practices. Results are obtained from a k-means cluster analysis for Shade
Index (survey), Shade Index (field) and Input Index separate. For each group, mean and standard deviation (SD) are summarized for all variables. Significant differences between groups
were evaluated using an ANOVA performed on a linear model for data with a Normal distribution (a) or with a Kruskal–Wallis non-parametric test (b). Significance level of p < 0.001 is
indicated with ***. (Width: 2 columns).

Low (n= 45) Medium (n= 56) High (n=51) Sig.

Mean ± SD Mean ± SD Mean ± SD

Shade index (survey) Shade tree density (trees ha−1) 19.0 ± 20.0 52.0 ± 35.0 153.0 ± 149.0 ***(b)

Shade tree species richness (per farm) 1.0 ± 1.0 3.9 ± 1.4 7.5 ± 4.1 ***(b)

Shade index 0.0 ± 0.0 0.1 ± 0.0 0.3 ± 0.1 ***(b)

Low (n= 8) Medium (n= 27) High (n=19) Sig.

Mean ± SD Mean ± SD Mean ± SD

Shade index (field) Shade tree density (trees ha−1) 12.0 ± 23.0 157.0 ± 65.0 403.0 ± 181.0 *** (b)

Shade tree species richness (per plot) 0.3 ± 0.5 2.1 ± 1.2 3.5 ± 1.8 *** (b)

Shade cover (%) 1.2 ± 2.3 28.3 ± 16.3 63.7 ± 16.9 *** (b)

Basal area (m2 ha−1) 0.3 ± 0.7 4.6 ± 4.8 18.6 ± 23.5 *** (b)

Shade index 0.0 ± 0.0 0.2 ± 0.1 0.5 ± 0.1 *** (a)

Low (n= 23) Medium (n= 50) High (n=37) Sig.

Mean ± SD Mean ± SD Mean ± SD

Input index Pesticide quantity a (€ ha−1 y−1) 0.0 ± 0.0 25.0 ± 58.0 80.0 ± 114.0 *** (b)

Fertilizer quantity a (€ ha−1 y−1) 0.0 ± 0.0 124.0 ± 146.0 220.0 ± 222.0 *** (b)

Type of pest and disease control (0= none,
0.5= organic; 1= chemical)

0.0± 0.0 0.3± 0.4 0.7± 0.4 *** (b)

Type of fertilizer (0= none, 0.5= organic;
1= chemical)

0.0± 0.0 0.5± 0.4 0.9± 0.2 *** (b)

Type of weeding (0= by hand;
0.5=mechanical; 1= chemical)

0.0± 0.0 0.2± 0.4 0.5± 0.4 *** (b)

Input Index 0.0± 0.0 0.2± 0.1 0.5± 0.1 *** (b)

a Input such as fertilizer or pesticides are partly used as concentrates, we therefore considered the total value of the applied herbicides in the analyses, assuming a positive correlation
between the concentration of active substances and price.
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species richness (R2= 0.55; p < 0.001) and shade tree density
(R2= 0.78; p < 0.001).

3.3. Economic performance

Here we present the results from the analysis of the effects of shade
and input practices on economic performance indicators, while taking
the effect of elevation into account. We first present results on the
benefits derived from coffee and other products, and secondly the costs
of coffee production. Finally, we present the results on net income and
BCR of coffee plantations under different shade and input management
practices.

3.3.1. Gross revenues of coffee, other farm products and timber
Gross coffee revenues averaged (± SD) 1585 ± 917 € ha−1 y−1

and ranged between 204 and 5080 € ha−1 y−1. Following these large

differences, there was a significant difference in gross coffee revenues
between shade classes, with higher gross revenues for Medium-Shade
than for High-Shade (Fig. 3a–b; see Table S6 for detailed numbers).
Additionally, we found a trend of lower gross coffee revenues for
Medium-Input compared to High-Input. The large variation in gross
coffee revenues can partially be explained by the large variation in
coffee yield, which ranged between 112 and 2893 kg ha−1 y−1

(854 ± 514 kg ha−1 y−1). Coffee yield was also highly variable over
the years as average yields in 2014 were roughly half of those in 2011,
respectively 1162 and 514 kg ha−1 y−1 (Fig. S7). Coffee yields were
significantly lower for High-Shade plantations compared to Medium-
Shade and there was a negative relation between the shade index de-
rived from the survey data (n=162) and coffee yields (Fig. 4, Table
S6). This relation was not found for the Shade classes based on field
measurements (n= 62; Table S6). Also, coffee yields were higher in
plantations with higher costs (R2= 0.39; p-value<0.001), i.e., costs
for the land and equipment (R2=0.33; p-value < 0.001), chemical
inputs (R2= 0.15; p-value < 0.05) and hired labour (R2=0.35; p-
value < 0.001). There was a large variability in the price that farmers
received for their coffee beans (1.87 ± 0.26 € kg−1), which ranged
between 1.21 and 2.74 € kg−1 (Fig.S7). Coffee bean price significantly
increased with gate quality (R2= 0.38) and fluctuated over the years
(Fig. S7). We found no relation between gate quality and shade or input
practices, yet gate quality was significantly higher on plantations si-
tuated at higher elevations (Fig. 4).

On top of gross coffee revenues, farmers were estimated to receive
an additional 345 ± 314 € ha−1 y−1 from firewood, livestock and
other crops combined, either by selling these products or use them for
their own livelihoods. Though no difference in revenue from other
products was observed between input classes, there was a difference in
revenues between shade classes obtained by farmer surveys. Even
without including potential timber income, farmers with Medium- and
High-Shade plantations gained approximately 60% more income from
other products compared to Low-Shade plantations (Table S6). Timber
value was highly variable (238 ± 852 € ha−1 y−1) and potential in-
come from timber was significantly higher for High-Shade compared to
Low-Shade plantations. When gross revenues for coffee and other pro-
ducts were combined (with or without potential timber income), no
differences in gross revenues were observed between input classes or
between shade classes. Gross coffee revenues decreased significantly
with increasing elevation, reflecting the negative relation between
elevation and coffee yield (Fig. 4).

3.3.2. Costs of coffee production
Total costs of coffee production were variable

(1378 ± 905 € ha−1 y−1) and ranged between 103 and
5745 € ha−1 y−1. The largest share of these costs were associated with
land (44%), followed by labour costs (38%). Input only accounted for
an average of 11% of all costs, of which fertilizer was the most im-
portant (83%; Fig. 3c, d). Not surprisingly, costs of fertilizer, pesticide
and herbicide input were significantly different between all input
classes as these variables were used to cluster input profiles (Fig. 3c, d;
Table S6). Land costs were twice as high for High-Input compared to
Low-Input and were higher for plantations at lower elevations. Total
labour costs showed no difference between input classes, yet separate
analysis of costs for hired and family labour showed contrasting results.
Family labour costs showed a trend of being more than twice as high for
Low-Input compared to High-Input, whereas costs of hired labour of
High-Input were significantly higher and double of those of Medium-
Input. Total production costs associated with High-Input plantations
were approximately twice the costs associated with Medium- and Low-
Input plantations (Fig. 3c), both with and without costs of family la-
bour, land costs and/or input costs. Despite a significant reduction in
land costs for High-Shade plantations, no significant difference was
detected in total production costs between shade groups (Fig. 3d). Costs
of organic input and family labour increased with elevation, while the

Fig. 3. Revenues (a–b), costs (c–d), net income (e–f) and BCR (g–h) are presented for
input (left column) and shade (right column) practices classified as low, medium and
high. Bars sharing the same letter are not significantly different (p≤ 0.05) among mean
values between classes. For more details on descriptive statistics and Kruskal-Wallis tests
see Table S6.
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opposite was the case for costs of chemical input and hired labour, as
these were lower at higher elevations (Table S3). Costs were sig-
nificantly lower for plantations at higher elevations (Fig. 4).

3.3.3. Net income and BCR
Similar to costs and benefits, net income was highly variable with an

average income of 1047 ± 949 € ha−1 y−1, ranging from −1480 to
4303 € ha−1 y−1, which includes benefits from other products except
timber revenues. With an average value of 345 ± 314 € ha−1 y−1,
benefits from firewood, other crops and fruits and livestock add 49% to
the average net farmer income obtained from coffee alone. Net income
was significantly lower for High-Input compared to Low-Input, irre-
spective of whether also costs of family labour were included (Fig. 3e).
No difference in income was detected between shade groups (Fig.3f),
nor was there a difference in net income for plantations at different
elevations (Fig. 4). BCR showed a high variability, with an average of
2.6 ± 3.1 and a range of −0.85 and 13.63. BCR was highest for Low-
Input, followed by Medium-Input (Fig. 3g). These results suggest that
the majority of the farming strategies were profitable as the break-even
point of 1.0 was surpassed by 63% of the farmers. Although 14% of the
farmers had five times higher returns than their investment costs, 37%

of the farmers were experiencing losses, as their BCRs were< 1.0. In
particular, BCR of plantations with highest input levels was on average
0.78 ± 1.05. No significant difference in net income or BCR was found
between shade classes (Fig. 3f, h) and for each shade class, average BCR
was> 1.0 (Fig. 3h; Table S6). BCR was significantly higher for plan-
tations at higher elevations (Fig. 4).

4. Discussion

This case study provides evidence that the economic performance of
coffee agroforestry systems is equally good or better than that of un-
shaded plantations and/or with higher input levels The novelty of this
study is that the effects of shade and input practices on net income and
BCR are taken into account, as well as costs and benefits of coffee
production and benefits of other products, making this a comprehensive
economic performance analysis. We find that while shade showed no
relation with either net income or BCR, input was negatively related to
economic performance. At the same time, these relations were elevation
dependent likely due to differences in biophysical conditions. In the
following sections, we discuss how the economic performance in terms
of net income and benefit-cost ratio was affected by shade and input

Fig. 4. Correlation matrix between economic performance indicators (y-axis) and Input Index (left column); Shade Index (middle column) and elevation (right column). Spearman rank
correlation coefficients are shown. The level of significance is indicated with [empty] at p > 0.5; *p < 0.05; **p < 0.01; ***p < 0.001. For a more detailed correlation matrix see
Table S3.

R.E. Jezeer et al. Agricultural Systems 162 (2018) 179–190

186



management, and what the implications are for smallholder coffee
farmers.

4.1. Net income and benefit-cost ratio

The results of this study suggest that there is no difference in eco-
nomic performance between small-scale coffee plantations with dif-
ferent shade levels as there were no differences between net income and
BCR for plantations with different shade management practices. Rather,
we observed a difference in economic performance between plantations
with different levels of input as net income and BCR were lower for
plantations with higher input practices. With an average net coffee
income of 702 ± 961 € ha−1 y−1, the results of this study are in line
with a recent study of Nelson et al. (2016), where net income of Per-
uvian coffee farmers in the department of San Martín was estimated to
be 836 € ha−1 in 2011. These observed average BCR values (2.6 ± 3.1)
are in line with findings of a recent meta-analysis, where an average
BCR value of 1.9 was obtained from thirteen shaded coffee systems
located in six different countries (Jezeer et al., 2017). About a third of
the farmers were experiencing losses, which are likely related to recent
outbreaks of coffee leaf rust (Hemileia vastatrix) and the high costs of
production, as explained in more detail below. Including the costs of
family labour further reduced the BCR of these farmers. For all shade
classes, average BCR was>1.0, indicating that the average farmer was
gaining income from their plantations. This is likely because of reduced
average labour costs and lower average input costs across different
shade levels, and (when taken into consideration) added benefits from
firewood, livestock and other crops. In the next sections, we will ela-
borate on the benefits and costs associated with shade and input
practices, as well as the effect of diversification, i.e., mixed cropping
systems, on economic performance.

4.2. Benefits

With an average of 854 ± 514 kg ha−1 y−1, coffee yield was
comparable to average Arabica smallholder coffee plantations yields in
Peru (Bean and Nolte, 2017; Nelson et al., 2016) and elsewhere in Latin
American countries (Panhuysen and Pierrot, 2014; Soto-Pinto et al.,
2000). An explanation for the large variation observed in coffee yields
could be found in the recent outbreak of coffee leaf rust. This outbreak
peaked in 2013/2014 in Peru (Avelino et al., 2015) and has been es-
timated to drop yields of Peruvian farmers on average by half (Nelson
et al., 2016). Estimates of coffee yields were obtained from farmer
surveys, similar to other studies (Beuchelt and Zeller, 2011; Haggar
et al., 2017). This can be a source of error, since reporting yield for
consecutive years relies on memory and annotations of the farmers.
Unfortunately we do not have field data to verify these estimates, yet
we expect that even if a few reportings of yield are erroneous they will
have little effect on average values because of our large sample size.
The general consensus is that yield decreases with increased levels of
shade (Beer et al., 1998; Perfecto et al., 2005; Vaast et al., 2006). Our
results support this as we observed lower coffee yields at higher shade
tree densities, resulting in a negative relationship between coffee yield
and shade index obtained from farmer survey data. No negative relation
was observed between the shade index obtained from plot data and
coffee yields, suggesting that the relationship depends on the methods
used for measurements of shade. Though there is a possible bias of
shade cover estimates as a result of visual estimation, this method was
reported to be accurate (Bellow and Nair, 2003) in particular when
using trained observers as we did (Vittoz et al., 2010). Also, our shade
cover results showed strong correlation with shade tree density and
mean shade tree height measured in the coffee farms (Table S3, Fig. S4)
and importantly, shade cover was only used in combination with other
variables (shade index) and therefore we expect that even if generally
biased, its effect on our overall results and conclusions is limited.

In recent years, farmers gained stronger interest in high quality

coffee as demand for specialty coffees increased rapidly; sustainable
coffee sales (often certified) in terms of volume increased by>400%
between 2004 and 2009 and is only expected to increase further
(Vellema et al., 2015). Fluctuating coffee prices are a major issue for
smallholder coffee farmers, and it has been shown that in times of low
world coffee prices the prices of certified coffee did not drop as low as
overall market prices in Peru (Nelson et al., 2016). Although this was
not observed, we saw that coffee prices were higher if gate quality was
higher. A study in Mexican coffee systems shows that the dominant shift
in this country to non-coffee activities was attributed to the low and
variable coffee prices (Padrón and Burger, 2015), which suggests that
changes in coffee price lead to diversification. As demonstrated for
coffee production in Latin America, elevation and shade were expected
to improve coffee quality (Muschler, 2001; Vaast et al., 2006). The
relation with elevation was confirmed in this study, but we found no
relationship between shade index and gate quality. These results are in
line with a study of Bosselmann et al. (2009) in Colombia, where the
relation between shade and quality was more complex as it depended
on elevation. Although similar, the measure we used for bean quality is
different from the measure of bean quality used by Vaast et al. (2006)
and Bosselmann et al. (2009), which could have affected this ob-
servation.

4.3. Costs

With an average 1032 ± 783 € ha−1 y−1, costs estimated in this
study were comparable to those of a recent study which reported ex-
penditures of approximately 1068 € ha−1 y−1 for coffee production in
the department of San Martín, Peru, and between 800 and 1300 € ha−1

y−1 for coffee production in El Salvador and Colombia (Nelson et al.,
2016). Costs of intensified systems were higher, both for flexible (input
and labour) and fixed costs (land and equipment), while an opposite
relation with shade was observed as costs were lower for plantations
with higher shade levels. These dynamics are not just seen in Peru but
also in other coffee producing countries. For example Gobbi (2000)
demonstrated that in El Salvador, the capital requirements for shaded
coffee systems were low and that these requirements increased with a
reduction in shade levels. Land costs in particular were high in this
study as they accounted on average for 44% of the total costs. These
high land costs can be partially explained by the recommended 10%
discount rate (Rahman et al., 2007). However, it was clear that High-
Input plantations were associated with higher land costs in general,
irrespective of this applied discount rate. This could indicate that if land
costs are higher, farmers are more likely to resort to high intensity
practices (high input – low shade) expecting that this will increase net
benefits. More generally, our study results corroborate the under-
standing that intensive management is related to higher yields, as
higher yields were positively correlated with amount of hired labour
and costs. Importantly, increase in coffee yields was not correlated with
net income for these farmers. This corroborates the findings of our re-
cent review on the economic performance of shaded coffee and cocoa
plantations where we found that in general yield alone is not a good
indicator of economic performance of these production systems, and
more comprehensive economic assessments are needed.

More generally, a steep increase in production costs was observed in
major Latin American coffee producing countries in recent years (ICO,
2016), linked to increasing labour costs and to rising prices of agro-
chemical inputs. Indeed, as a response to the coffee leaf rust outbreaks,
many of the farmers in the region have invested in their plantations by
switching to more coffee rust resilient varieties to minimise future
coffee rust induced yield losses. It appeared that farmers with high-
input practices reported lower yield losses due to coffee rust (personal
observation), but this was not translated into better economic perfor-
mance. It has indeed been demonstrated that a reduction and misuse of
inputs such as fertilizers and fungicides were important factors in the
variability of the impact of the coffee rust epidemic (Avelino et al.,
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2015). Training of farmers to apply fertilizers and fungicides more ef-
fectively is therefore recommended. As small-scale farmers often have
limited access to resources and capital, which is no different for Peru
(USDA, 2014), the lower costs associated with high shade practices may
be a more attractive option for many coffee farmers.

4.4. Diversification

Benefits derived from other products can greatly contribute to the
income of small-scale farmers (Rice, 2008). In our case, income from
other products accounted for an average of 32% of total farm income,
excluding potential income from timber, and was lowest for plantations
with high input levels and low shade levels. If the potential income
from timber would be realized, the total yearly income could increase
by a third in High-Shade plantations. Similar results were also found in
Costa Rica and Guatemala, where income from timber and firewood
accounted for> 70% of the income derived from shaded coffee plan-
tations (Martínez Acosta, 2005; Mehta and Leuschner, 1997). Souza
et al. (2010) found similar results, as income derived from other pro-
ducts (mainly fruits) added more than a third to the income of coffee
farmers in Brazil. There is some uncertainty in our estimates of timber
values due to small plot sizes and the occurrence of some large trees and
highly valuable tree species, which resulted in high timber values when
extrapolating to hectare. However, our sample size was large enough
and we took care in avoiding such data points overly influencing the
results. Our estimate of timber values combined sawn-mill prices with
current standing stock, without including costs for e.g., felling and
transport. The former two were likely overestimated as they did not
reflect the price farmers could receive for the harvested round wood
based in commercial tree height, while the later did not consider eco-
nomic effects over a 30-year cycle. Overall, it is clear that benefits from
fruit trees, timber or firewood are significant and may result in a better
financial performance than would occur in plantations without shade
trees or with a low amount of Inga trees (Beer et al., 1998). There are,
however, important ecological and economic challenges that need to be
overcome, such as market access and improving the management of
shade trees. If these barriers are overcome, the benefits derived from
shade trees can provide important contributions to farmers' livelihoods,
especially in times of low coffee prices or productivity, thereby in-
creasing farmers' economic resilience. Although the focus of this article
is on economic performance, the assumption that environmental per-
formance is higher with higher levels of shade or lower levels of input is
important to make a case for farming systems that can reconcile eco-
nomic and environmental goals.

Small-scale farmers are very sensitive to changes in coffee prices
and declining coffee yields, as coffee often provides their main source of
income. The farmers in San Martín are no exception, as coffee provided
for> 50% of farmers' income (excluding potential timber revenues).
Due to diversification, fluctuations in coffee prices will have a lower
impact on total income (Gordon et al., 2007) as income from other
products can be retrieved in times of low prices or failure of the coffee
production. Also, environmental benefits provided by shade trees such
as erosion control or nutrient cycling are less frequently included in
these calculations, further underestimating potential benefits from
agroforestry plantations. Compared with other Latin American coffee
producing countries, intensification of shade practices in Peru is lower
and only 2% of the total production was estimated to take place under
full sun conditions in 2010 (Jha et al., 2014). Although this suggests
that there is great potential for small scale coffee farmers in Peru to
reconcile ecological and economic needs, more insight about the eco-
nomic performance of coffee plantations under different management
practices is needed in order to deviate from the global trend towards
intensification of coffee systems.

5. Conclusions

Our results suggest that intercropping coffee with shade trees shows
no negative relation with economic performance of smallholder coffee
systems. Rather, income from other products, including income from
timber, can provide these farmers with an extra source of income which
is an opportunity to increase their economic resilience. As we find that
economic performance shows no relation with shade management, our
results suggest that conservation of biodiversity and associated eco-
system services can coincide with local development. This article
therefore provides important evidence in the support of a transition
towards economically and ecologically sustainable systems, which is
not only needed to provide farmers with sustainable livelihoods, but
also to decrease landscape degradation.

Economic performance is expected to be an important driver of
farmer decision making. The most common argument against agrofor-
estry practices is that the economic performance is relatively low in
comparison to more intensive and/or unshaded plantations, thereby
driving intensification practices which consequently result in environ-
mental degradation. Extension services should support farmers with the
choice of shade tree species and improved tree management, taking
local market prices of timber and fruits into consideration.
Furthermore, training of farmers to apply fertilizers and fungicides
more effectively is highly recommended, keeping in mind that pest and
disease control should be adapted to physical conditions of the plan-
tation such as climate and soil. Such extension services seem to be in-
creasingly important in response to the fluctuating coffee prices, rising
production costs and increased pest and disease pressure.

In order to reconcile economic and ecological goals in coffee sys-
tems, comprehensive economic analyses are needed to be able to draw
generalizable conclusions and gain insight in trade-offs between eco-
nomic and environmental performance. To this regard, future economic
performance studies should simultaneously address the effects of shade
and input management on multiple economic performance indicators
and take variation in biophysical variation into account.
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