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1 INTRODUCTION
The clear majority of world poor in developing countries live in rural areas and they
depend on agriculture either directly or indirectly. Farmers increasingly face challenges
stemming from the changes in environmental patterns such as severe drought, shallow
landslides or soil degradation which directly affect their production and therefore the
food security in these regions. One of the reasons for declining environmental
conditions is among others, the impact the rural poor have on the surrounding
ecosystems. This impact depends on the production practices of the specific agricultural
system used by farmers. Activities designed to address the vulnerability of farmers are
therefore often directed at improving their often non-sustainable agricultural practices.
In 2005 Bolivia was one of the countries with the highest deforestation rate of natural
forests (FAO and JCR 2012). The current deforestation is already the country’s third
wave in the last century, each happening in a different region (theredddesk.org 2013).
Clearance of vast surfaces of permanently covered areas affects climate, namely the
hydrological processes through decreasing evapotranspiration in the region and
surrounding areas (Costa and Foley 2000). Furthermore, the prioritization of extractive
agricultural practises by the Bolivian government encourages farmers to exhaust the
land’s resources in an unsustainable way. Consequently smallholders in the high Andes
(>2500m) suffer from increasing threats to their livelihood caused by degrading
environmental conditions, decreasing yields and changing weather patterns (Sparks
2012, p.126).
In regions where soil degradation has severely affected large groups of farmers,
approaches which aim at reconciling the farmers’ production practices with the pressure
they put on their land in order to regenerate and reverse its declining qualities are often
promoted.
Agroforestry, a natural resource management system in which trees and bushes are
integrated in the agricultural landscapes, is increasingly promoted as a method that can
meet the mentioned threats to the rural agricultural economy and improve the food
security of the area (Current et al. 1995, pp.151-152). Achieving higher adoption rates
and maximal potential of such systems requires a fundamental understanding of why
and how smallholder farmers make long term land-use decisions and of how the specific
features of agroforestry systems could align and adapt to the needs of the smallholder
1

farmers. Such analysis can then be applied in the design of future projects in order to
achieve the full potential of such systems. This study intends to contribute to the field of
agroforestry adoption within an economic framework. By analysing the reasons for
(non)adoption the study will offer better understanding of the motivations behind
(non)adoption of agroforestry systems in the inter-Andean valleys of Bolivia.
Furthermore, the impact of agroforestry systems on farmers’ agricultural output will be
assessed by the examination of biophysical and socio-economic factors of smallholder
agroforestry and non-agroforestry farmers in inter-Andean valleys in Bolivia.
Given the biophysical specifications of the research location, the study assumes that a
decision to adopt the new technology (agroforestry) is mainly guided by risk-reducing
incentives (Stadel 1991). By applying Cobb-Douglas type production function, farmers’
households are modelled as a profit-maximizing firm, which use their resources with the
consideration for the biophysical characteristics of their land (inputs) to produce
agricultural outputs using the technology deemed as most efficient by the farmer.
Agroforestry is then modelled as an additional explanatory variable, which helps to
explain the overall agricultural output and its own contribution to it. The study will use
SPSS software and ordinary least square regression model to analyse the data collected.
The paper is divided into eight chapters. The following chapter will define and review
costs and benefits of agroforestry systems. The literature review on research in the field
of adoption and profitability of agroforestry systems is summarized in Chapter 3.
Chapter 4 will discuss and justify the use of production method in the theoretical
framework of this study and Chapter 5 will introduce the settings of the case study with
regard to the theoretical approach. Chapter 6 outlines the research methodology. The
empirical results are analysed in Chapter 7. Finally, the conclusion, summary and
discussion of the empirical results are presented in Chapter 8.
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2 RECONCILING
AGROFORESTRY

FARMERS

WITH

THE

ECOSYSTEMS:

2.1 Agroforestry Systems and their Benefits
Agroforestry is a term used for sustainable agricultural systems in which trees, shrubs
and bushes are deliberately cultivated on the same land as conventional annual crops.
The term itself has only been coined recently. However, the techniques of planting trees
together with other crops for their mutual benefits have been known for centuries
(Jacobi et al. 2017, p.465). Agroforestry systems (AS) can take many forms, from alley
cropping of annual crops between the rows of the trees to border planting, or barrier
hedges planted along the contours of fields to trees serving as windbreaks or fences
(Current et al. 1995, p.153).
This systems could bring favourable changes in the biophysical characteristics of the
land and therefore increase the land productivity of a farming household (Jerneck and
Olsson 2013, pp.115-116). AS also diversify the production and improve the food
security and sovereignty which further alleviates the economic risks of market price
fluctuations and increases the variety of goods available to communities with limited
market access. AS have been widely applied as a natural management system in various
regions around the world and a lot of research was done on this topic. Research usually
focuses on the profitability of such systems or the determinants of adoption.
The positive changes in biological composition of the soil created by such systems have
long been recognized (Mahboubi et al. 1997, p.60). As the leaves, branches and roots
from the trees and shrubs decompose the amount of organic matter in the soil increases.
In addition trees also reach deeper into the soil to absorb nutrients which have often
sank down in severely degraded soils, the nutrients are with the help of the roots then
brought back to the surface where shallow-rooted crops can reach them. This natural
mechanism does not only prevent but can also reverse soil erosion. Furthermore, it
improves the fertility, the amount of nutrients and the water holding capacity of the soil:
all of which contribute to increasing farming yields (ibid. pp.61-63). With the latter
being highly relevant to this research as smallholder farmers, such as those in semi-arid
valleys in Cochabamba, increasingly face water scarcity. They often lack proper
irrigation system and have to rely on limited and often irregular rainfall (Steven et al.
2012, p.127).
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Establishing agroforestry systems also provides the farmer with a multitude of
economic benefits (Garrity 2004; Jerneck, Olsson 2013, p.115). Trees provide green
manure and fuel wood which decreases the household expenditure, additional food
varieties diversifies the crops production and therefore reduces the risks of the market
prices fluctuations. In some regions more than others, the goods grown on a tree (nuts or
fruits) are scarce and therefore their market price is higher than that of conventional
crops. This is particularly true of the mountainous regions located in high altitudes,
which is often believed to be a limiting factor for planting trees. Furthermore, the sales
of wood can create an additional source of income, and therefore wood scarcity can be
an important incentive for adoption (Current et al. 1995, p.156). It is important to note
that although AS can offer wide variety of additional products to the farmer, in some
cases these are mutually exclusive (e.g. trees can either be grown to produce fruits or
timber) which is what makes AS to often be very region-specific.
However, before agroforestry can actually help to rehabilitate declining biophysical
land conditions, the knowledge of having decreasing yields due to soil erosion together
with the realisation that agroforestry system has a positive impact on soil quality and
thus, can be the solution to the problem, is crucial. The awareness of alternatives and
soil conserving systems depends on the information available to the farmer (Caveness,
Kurtz 1993, p.12).

2.2 The Costs and Criticism of Agroforestry Systems
Despite the seemingly large number of benefits and its potential positive effect on
smallholders’ livelihood, AS are not adopted at a very high rate. A number of setbacks
might be responsible for the slow adoption or the choice of non-adoption. Firstly, on the
one hand the costs of initiation are immediate but on the other hand the benefits are only
realized in three to seven years’ time (Mercer 2004, p.164). In a setting where we are
not dealing with smallholder farmers, this would not be an issue. However, as Holden et
al. (1998) argue, poverty might lead to short planning horizons and consequently might
prevent poor farmers from investing in soil conserving technology which would protect
their natural resource base. Jacobi et al. (2017, pp. 475-476) found, that agroforestry
farmers (AF) need support most urgently in the initial stages of adoption, when the costs
are high and returns low. In the absence of sufficient subsidies which would help
farmers with the initial costs such as purchase of seeds or required additional labour, the
intensity of adoption is often low as farmers in addition to adopting agroforestry opt for
maintaining part of their annual crops using traditional-conventional practices. It is
4

expected that once the farmers experience the benefits of agroforestry systems (and
acquire the specific farming experience thereof), larger plots will be devoted to the
techniques of agroforestry (Scherr 1995, p.789). Nevertheless, this gradual adoption
further prolongs the period between the increased expenditure on the side of the
households and the full benefits received from the system and as a result can possibly
discourage neighbouring households with high time preference rate from adoption.
Secondly, by adopting agroforestry, farmers give up part of their arable land originally
used to plant only conventional annual crops. This mainly affects households with small
land size, as the reduced harvest in the initial years of adoption incurs further costs. In
the later stages of adoption, the improved soil fertility would increase the yields on the
remaining plot, partly compensating for the lost farmland (Scherr 1995, p.789).
Farmers, whose share of agroforestry land is relatively small, do not experience large
decrease in the quantities produced as many of the conventional crops can still be
planted among the rows of trees. However, on most of the AS many forms of
mechanized tillage cannot be used and this may incur further costs to households (HH)
which might have to use hired manual labour for harvesting the conventional crops
instead.
Finally, agroforestry systems are knowledge intensive; they have multifaceted,
multiproduct and multi-component nature (Mercer 2004, p.311). The complexity of
establishing and managing the systems may further limit or reduce the benefits received
(Franzel et al. 2004, p.330; Jacobi et al. 2015, p.800). The implementation stage
requires testing and modification phase of the specific AS to be used. This stage might
be seen as unnecessary; nevertheless, it allows farmers to adjust the AS to the local
socio-economic and biophysical conditions. AS require farmers to have broader
knowledge about plant species - their harvest, market price and conservation - as
compared to the knowledge needed to plant usual annual crops. One of the most specific
and important skill to learn is tree pruning, which if not done properly or at all may
significantly affect the productivity of the system. In the area of the research, extension
agents from all the projects provide necessary support and help with the management of
newly installed systems to all farmers who are project adopters (PAF). Several selfadopters (SAF) however have to acquire the skills by themselves. It has been argued
that because of their complexity agroforestry systems will require longer time periods
before becoming self-diffusing like the earlier Green Revolution (GR) innovations
(Amacher et al. 2004).
5

3 UNDERSTANDING AGROFORESTRY SYSTEMS: ADOPTION,
SPECIFICATION AND PROFITABILITY
3.1 Diffusion Models: Macro vs. Micro Perspective
Adoption studies are often divided into two streams: macro and micro level. The macro
diffusion models investigate the patterns in which new technologies spread through
populations and cultures. Time series are often used to examine the population over
time and to identify specific trends in the diffusion patterns; it focuses on the changes in
the rate and intensity of aggregate adoption over time (Mercer 2004, p.313). This model
does not consider the innovation process; instead, it begins at a point in time when the
innovation is already being used and analyzes the diffusion of the technology as an
aggregative and dynamic process over time (Feder, Umali 1993). The suitability of the
innovation is accepted as given under this model. Consequently, the issue of technology
adoption is reduced to distributing the information on the innovation to the potential end
users (Adesina 1993, p.298).
The second perspective taken up by this study is concerned with the factors influencing
the adoption and profitability at the individual level. The micro level perspective looks
at the individual households’ decision making processes. Majority of the literature
follows the notion that the decision to adopt new technologies is driven by the
expectation of increased productivity, output stability through risk reduction and
enhanced economic viability compared to the alternatives (Scherr 2000). Farming
households are assumed to be profit maximizing actors whose decisions are constrained
by their characteristics and the resource endowments available to them. Economic
constraint model claims that individual’s observed adoption behaviour can be largely
explained by the asymmetrical distribution of capital (Adesina 1993, p.298). Several
studies have shown that poor access to capital or land can significantly affect the
adoption decision (ibid.).

3.2 Agroforestry (not) as Agricultural Technology
Although there has been a significant increase in the adoption rates of agroforestry over
the past twenty years, the literature explaining the adoption and diffusion of
agroforestry systems still lags behind the scientific knowledge and technological
advances in the field (Johansson et al. 2013, p.519; Mercer 2004, p.312). In addition,
many of the recent empirical studies on agroforestry adoption link farmers’ past
behaviour (adoption status) with their socio-economic or demographic characteristics in
order to find significant determinants (Pattanayak et al. 2003, p.137). However, the
6

problem with such studies is that they fail to connect the empirical results with a
theoretical framework and often times also the location characteristics of the researched
area. As such, they offer only a limited insight into the understanding of contextspecific adoption behaviour.
According to the classical theoretical analysis of decision making, the farmer is
assumed to maximise the utility of asset use over time conditioned by his resource
constraints (Feder et al. 1985). Thus, the decision-making process is characterized by
choice of the optimal combination of the components of technological innovation over
time.
The Green Revolution which occurred in the first half of the 20th century focused on
increasing farmers’ yields by offering new technology transfers, particularly highyielding varieties crops. This new technology adoption helped enormously to increase
the agricultural production in developing countries and provided more food for millions.
The speed and success with which the new innovations were adopted led to expansion
of research and literature on the topic of agricultural technology adoption.
Consequently, approaches used to analyze agroforestry adoption and profitability in the
late twentieth century have followed the same models and literature (Mercer 2004,
p.311). During the GR the focus was exclusively on the increased production at the
expense of the biodiversity. However, the adoption and impact of agroforestry is more
complex. The literature has demonstrated that agro-climatic factors, population
characteristics or other location-specific resources (e.g. scarcity of wood) play an
important role in the adoption behaviour and potential profitability of such systems (Lee
2005, p.1327). For example Ramírez and Shultz (2000) found that biophysical
characteristics (BiC) prominently influence the agroforestry adoption decisions in
Central America. However, as Pattanyak et al. (2003) found in a meta-analysis on
agroforestry adoption, several studies show contradicting results when it comes to
important determinants of adoption. This may be precisely because different farming
households would be interested in different agroforestry systems, based on what the
specific system can offer (wood, food, terracing, shade for other plants) and on the
situation and needs of given household or region.
Another large difference between the technologies promoted during the GR and AS, is
that benefits and results of GR technologies are experienced all at once either
immediately (mechanization) or shortly after (high yields seed) compared to AS where
7

the favourable changes in the soil became a continuous process taking several seasons
to realize.
In contrast to GR technologies, AS is very context-specific. The uniqueness and
complexity of agroforestry systems characterised by (a) temporal variability (b) multiple
economic contributions (c) multiple interacting outputs and (d) long-term but gradual
environmental impacts such as the changes in the biophysical characteristics of the land
makes it difficult to develop scaling up strategies (Jacobi et al. 2017, p.465) and
complicates empirical and conceptual analysis (Pattanayak et al. 2003, p.139). The
flexibility of AS allows to tailor the systems to the needs of given community by
choosing specific style of planting trees (e.g.: rows, fences or terraces) and tree species
(e.g.: for nuts, fruits, wood, water preservation or organic material). This however
further complicates the comparison of the systems and their effects on farmers’
livelihood across the globe. Due to this multitude of complex effects of agroforestry
systems it is nearly impossible to generalize agroforestry as one technology which is
profitable or adopters as farmers with set of specific characteristics. Such generalization
can only be done on specific type of agroforestry systems based on their climatic
regions (e.g.: tropical, subtropical, mountainous, low-lands) and/or socio-economic and
location characteristics of its adopters. For example Current et al. (1995) conducted one
of the biggest large scale studies to-date on profitability of agroforestry systems in
Central and South America, which represents more than 50 000 households. Although
he focuses on wide range of implemented agroforestry systems, none of the project (or
HH) included in his study has implemented AS in semi-arid region, neither there is an
AS that plays a role of a small home garden. The incentives for and determinants of
adoption, as well as the profitability expected from such types of AS may therefore
differ from the results in his research.

3.3 Profitability and Adoption Determinants of Agroforestry systems
Numerous studies have been conducted on the profitability of AS systems worldwide,
and many concluded the general profitability of these systems (for overview see e.g.
Pattanayak, Mercer, Sills, & Yang, 2003). However, as argued above, AS profitability is
very context specific. AS are widely promoted in tropical regions and that is also where
majority of the studies are conducted. In this study, the focus is on the effects of
agroforestry systems on smallholder farmers’ livelihood (farmers whose average
landholding size in each location is below 15ha) in semi-arid regions located in high
altitudes. Research on semi-arid regions concludes that agroforestry systems have a
8

great potential in improving smallholders livelihood, however they often face more
challenges in terms of suitable and resistant plants to be used in the systems (Sharma, et
al. 2011, Breman and Kessler 1997, Quandt, Neufeldt and McCabe, 2017). The studies
that focus on semi-arid regions in high altitudes are nevertheless very limited. Altitude
affects the type of plants grown in such regions even more and therefore it can be
expected that also agroforestry in low-altitudes semi-arid regions will differ from AS in
high-altitude semi-arid regions. Jacobi conducted a number of studies on Bolivian
agroforestry systems including the semi-arid regions in inter-Andean valleys. The
following section therefore deals mainly with these studies.
Small scale farmers in South America consider various factors before investing in any
technology (Pattanayak, Mercer, Sills, & Yang, 2003). The farmers who employ
agroforestry technology are likely to be members of an organization, are aware of the
negative impacts of chemicals on the environment, have direct contact with a nongovernmental organization (NGO), and incur low labour costs because of the
availability of family labour. NGOs are the leading implementers of agroforestry in
Bolivia. According to Jacobi (2016), the main challenges to effective implementation of
agroforestry in Bolivia include economic, social, ecological, and socio-cultural factors.
For instance, the adverse climatic conditions of the country cause a negative impact on
Bolivia’s food security. In fact, in Jacobi’s research, all interviewees indicated that
changes in climatic conditions are the main challenges affecting agroforestry. However,
Jacobi (ibid.) notes that climate change can also increase the adoption of agroforestry in
the country. As a major economic factor affecting Bolivia’s agroforestry, farmers
indicated that they have to wait for a long period of time until the trees mature and
produce leading to economic vulnerability. Therefore, the farmers feel the high initial
investment capital may get lost due to climate change. At the same time, there is
insufficient supply of trees and seedlings in the country. As for the farmers, the
extraction of timber appears more lucrative than venturing in agroforestry. According to
Jacobi (2016), Bolivians attach more significance to cattle and livestock than food
crops. For instance, they view cows as savings account and are regarded as more
prestigious than crops. Therefore, the farmers develop into socio-cultural conflicts
between herders and those who practice AS (Raparelli, Bajocco & Mugnozza, 2017).
Additionally, the government does not allocate a budget for AS. Currently, the rate of
adoption of agro-forestry in Bolivia is fairly low. Surprisingly, input-intense monocultures, which include soy continue to boom. With regards to Jacobi, Rist, & Altieri
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(2017), the main determinants of agroforestry non-adoption in the country include
increased barriers to market access. Moreover, researchers demonstrate that
commercialization of products is a major inhibiting factor for the success of AS.
In Jacobi, Rist & Altieri’s research, the participants indicated that some of the
constraints to adoption include poor access to planting materials. Also, they noted that
ecosystem risks, poor infrastructure, and insufficient knowledge regarding AS inhibit
the implementation and adoption of agroforestry in Bolivia. The most prominent
obstacles as indicated by majority of the participants include poor market access and
lack of funding. Notably, the elevated labour investment and low returns reduce the
farmers’ morale to engage in AS. However, input-intensive monocultures and extensive
cattle rearing continue to increase the profitability of the Bolivians in the short-run.
There is need to enhance agroforestry strategies in a manner that it can relate to the
farmers. According to Jacobi, Rist & Altieri (2017), the AS financial pay-offs require
the farmers to work for a considerable length of time to consolidate. On a similar note,
agroforestry resource systems can be less-secure compared to the short-term resource
exploitation. Therefore, some farmers prefer to invest in short-term ventures to gain
quick profits (de Jalón, et al. 2017). With the aim of improving profitability of the
farmers, farmers are increasingly adopting innovative approaches and techniques in
Bolivia. Most people resort to short-term solutions and projects to satisfy their
immediate pressing needs. The long-term cultivation systems conflict with the families’
short-term needs of profitability to sustain them.

3.4 Research Question
The objective of this research is to understand the reasons why and who adopts
agroforestry system under the specific location and socio-economic characteristics of
the population in inter-Andean valleys in Bolivia and if and what benefits can the
adoption bring to the smallholder farmer.

Research question:
Does agroforestry system contribute to the overall agricultural outputs of a smallholder
farmer in inter-Andean valleys in Bolivia? Do the benefits change overtime? And what
aspects of agroforestry systems motivate farmers to adopt the technology in this region?

Based on the literature review, consideration for the case study location and following
the economic framework, the decision to adopt agroforestry depends on the
10

socio-economic and biophysical characteristics of the household, assuming that farmers
see agroforestry practice as a profit-maximizing option compared to alternatives. The
theoretical model therefore follows the production function, where the agroforestry
systems are included among the production factors explaining their contribution to the
overall agricultural outputs. The study assumes social, cultural and environmental
feasibility of AS adoption in the region.
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4 AGROFORESTRY
CONTEXT

SYSTEMS:

CASE

STUDY

AND

ITS

This chapter provides details on the settings of this case study. An overview of the
agriculture and role of agroforestry technology in the region is given, followed by a
comprehensive description of the agroforestry-promoting projects. As agroforestry reoccurrence in the region is mainly the result of their work, their objectives, target groups
and understanding of agroforestry practices is deemed relevant to this study.

4.1 Study Area
Bolivia can be subdivided into roughly three main climatic regions: the highlands (also
called Altiplano), the tropical lowlands and the inter-Andean valleys. Majority of
project-led agroforestry systems have been implemented in the tropical region, where
most of the research is also conducted. However, the awareness about agroforestry
systems has spread in the recent years to the semi-arid region, where natural shrubs and
forests suffered large degradation or vanished completely (Jacobi et al. 2017, p.368).
This study is conducted in those semi-arid inter-Andean valleys in the region of
Cochabamba, Bolivia with altitude around 2800-3700 meters above sea level (Figure 1).
The climate is characterized by its mild weather with annual temperatures between 16º
and 19ºC. Precipitations usually range between 400 to 600 mm; the raining season is
from November to March. The dry season is from April to October which considerably
hinders productivity in these areas where they do not have access to artificial irrigation.
In these “dry inter-Andean valleys of Bolivia” region there is a strong desertification,
over-grazing and an increasing parcelation, aspects that affect the sustainability of the
farmer´s productivity and their food security (Castañón Ballivián 2014). The region
produces the basic staple foods such as potatoes, corn and wheat. However, the slopes
are often too steep to permit the use of mechanized tillage and despite terracing, which
is widely used in some regions, erosion and decreasing yields is a serious problem.
Communities included in the study also have limited access to market due to large
distances, infrequent or even non-existent public transport.

4.2 The Legal Framework for Agricultural Practices in Bolivia
Agroforestry systems face a peculiar role when it comes to the legal framework in the
country. The Bolivian Constitution highlights the importance of protecting the
environment in a number of sections:
Titulo III Art. 108/15:
„One shall protect and defend the natural resources
and contribute to its sustainable use to preserve
12

the rights of future generations. “
Titulo III Art. 108/16:
„One shall protect and defend a suitable
environment for the correct development of
the living creatures. “
(Constitution of Plurinational state of Bolivia, own
translation)
Furthermore, the law for the Productive Agricultural Community Revolution (Ley de la
Revolución Productiva Comunitaria Agraria: Law 144, 2011) in the article 13 mentions
the obligation to protect biodiversity and improve food security through (among other
things) agroforestry systems (Barreiro et al. 2015, pp.10-11). The law on the rights of
Mother Nature (Pacha Mama) also states that agriculture should be diversified, agroecological, and in “harmony with Mother Earth” (Jacobi, Rist, Altieri, 2017, p.376).
However, there are tensions and contradictions between laws and policies in Bolivia.
Some being more enforced than others. The best example is the Función Económica
Social (FES) a law that applies to anyone who owns the land. FES is created to assure
that every owner is working their land which has to be used for economic or social
productive activities and thus satisfy the conditions for “productive land” defined by the
FES law. This law was part of agrarian reform which aimed at reclaiming illegally
obtained or unproductive use of landholdings.1 The objective of this law is to prevent
parcels from being left fallow for too long. It also assures that farmers, who move to
cities keep working on their land, hire somebody to do so instead of them or sell it. FES
recognizes agriculture, cattle industry, forestry, and other types of land management but
not agroforestry per se. Several projects are encouraging farmers to invest in bee hives
and place them on the agroforestry parcels, as bees are recognized under the FES as a
socio-economic factor and are important for pollination of the trees. Although bee hives
could provide additional income from sold honey, it requires more investment and new
skills both which are not, at the time of writing, being provided by the projects.
Qualitative study on agroforestry adoption in Bolivia revealed that the most frequent
challenge in Bolivian agroforestry systems is that government officials do not recognize
the socio–economic function of it (referring to the FES law) (Jacobi, 2016 p.376). In
another study, Jacobi, Rist and Altieri (2017, pp.376-377) found the support for
1

Bolivia is a country with one of the most unequal distribution of land on the continent. Large scale
corruption helped number of people to illegally obtain large landholdings, which were then used only as
collaterals and not for agriculture. Morales’ land reform bill (FES) defined ‘unproductive land’ which
according to earlier law from 1996, could be reclaimed by the government and redistributed to the
indigenous and landless people (Andean Information Network, 2006)
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agroforestry systems is higher at the regional level than the national which supports
extractive agricultural technology. The national government - she claims - redistributed
livestock, fences and even machinery for deforestation in the name of agricultural
modernization (ibid. p.377). Other studies also show significant governmental support
for cattle ranching (Hoch et al. 2012; Pacheco & Heder 2012). As long as prevailing
patterns of extensive mechanized large-scale agriculture are prioritized, McKay et al.
(2014, p.1180) argue, the political discourse about the rights of Pacha Mama remains
rhetoric.
It can be concluded that the national government is prioritizing extractive practices of
agro-industry based on single-crop farming, agrochemicals or mining over sustainable
multi-crop natural-based land management systems.

4.3 Socio-Economic, Biophysical and Cultural Settings of Agriculture in
Bolivia
Bolivia has one of the world’s highest terrestrial diversity in the world. The Andes
mountain range are recognized for their exceptionally rich cultural and bio-diversity
(Jacobi et al. 2017, p.465). Being home to more than 36 indigenous groups, Bolivia has
highly productive traditional agricultural systems practiced by numerous indigenous
groups (Gilles et al. 2013, p.52).
Figure 1: Map of Bolivia: inter-Andean Valleys

Source: Barreiro et al. (2014)
4.3.1 Agriculture in Semi-Arid Regions
Sustainable agroforestry has been practiced in the Andes since before the Inca
(Chepstow-Lusty and Jonsson 2000). Yet, the large scale deforestation of the Andean
highlands due to mining industry in the late 18th century which continued for nearly
two hundred years and the influx of non-sustainable agricultural practices resulted in
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severe environmental damage. Consequently, fuel wood has become scarce and animal
waste, which should be used as much needed fertilizer, is used instead (Mahboubi et al.
1997, p.59). Nowadays, Bolivia has one of the highest deforestation rates on the planet
(between 300 000 and 350 000 hectares per year) (Andersen 2009). This last wave of
deforestation (mainly around Santa Cruz region) is the most significant one yet. The
first two modern waves happened in 1960’s when settlers from highlands colonized the
inter-Andean valleys and in 1980’s where deforestation was driven by coca cultivation
in Cochabamba region (theredddesk.org, 2013). Although the deforestation is now
mainly happening in the tropical region of Amazonas, the change of climate - mainly
precipitation - in the surrounding regions caused by the sudden disappearance of large
forests and permanently covered areas affects farmers in inter-Andean valleys as well
(Barreiro 2014, pp.8-9).
In the recent years, a trend of shorter rainy seasons or/and delayed and prolonged dry
seasons has been registered in Bolivia’s semi-arid regions (Jacobi 2016, p.370). This is
coupled with a higher annual temperature, which increases evaporation and causes
hydric stress in plants. Farmers are being confronted with environment that no longer
supports the agricultural practices they have been used to. The decomposition of
traditional agrarian structures coupled with low levels of productivity and returns,
forces people to migrate to cities (unicef.org, 2003). The urban areas are no longer
capable of supporting the increasing population or to generate economic activities to
productively absorb them. Consequently, around many cities belts of economically
depressed population had formed (ibid). Finding and adopting agricultural technologies
which would rehabilitate the land, whilst improving smallholders’ livelihood is crucial
to prevent further migration.
4.3.2 Agroforestry in Semi-Arid Regions

From the discussion, one understands that agroforestry systems are very region-specific.
Research has repeatedly showed that agroforestry systems in the tropical lowlands are a
profitable investment which can improve farmers’ livelihood (Adesina 1993; Current et
al. 1995; Jerneck, Olsson 2013). As Jacobi claims “the question is not whether
agroforestry can serve as a sustainable livelihood strategy, but how to reduce the
barriers that inhibit its adoption” (Jacobi, Rist and Altieri 2017, p.368). Trees, shrubs
and bushes bring needed shade for typical lowland cash crops such as cocoa or coffee
and their presence in the fields therefore supports the effective production of farmers’
main cash crop. The biochemical changes in the soil which occurs as a result of AS or
15

the timber that can be harvested from the trees are pleasant secondary effects and
income sources but not necessarily the primary reason for adoption. Jacobi (ibid.)
argues that farmers’ low adoption is not due to low profitability but because of obstacles
such as the high risks caused by the potential fire and lack of insurance against it or
restrictive policies. Nevertheless, the situation in inter-Andean valleys is different. The
challenge with AS in semi-arid region is that it is still lacking major cash crop (ibid.)
and thus farmers whose cash crop does not need shade or even needs direct sunlight
might be less likely to adapt technology which does not support the production of their
main crops. The system therefore needs to offer other incentives. The role of AS in the
inter-Andean valleys is concentrated more around the production of new trees-grown
goods and its effect on the biochemical changes in the soil. The size of the fruit trees
does not severely restrict the sun light and thus allows farmers to grow some of the
common cash crops if desired. There is a number of ways in which farmers can deal
with declining land productivity. The general practice in the region is that part of the
land is left fallow for a number of years during which it rests and regains its fertility
(Mahboubi et al. 1997, p.59). The introduction of the FES law may make farmers to
choose against this in case of large plots of fallow land as they risk losing it. Another
option is input-intensive agriculture, where increasing amounts of fertilizers and
chemicals are required to keep the land productivity stable. Small-holder and mainly
subsistence farmers however often cannot afford the increasing costs on input factors.
Therefore agroforestry systems, which offer farmers to reduce the costs of input factors
while reversing the soil degradation may seem as a better option.

2

The region is

characterised by high erosion, decreasing precipitation and limited access to market.
Market access is often conditioned by increased costs and time spent on the journey.
Farmers are therefore expected to limit the amount of market visits throughout the year
and their access to perishable goods is therefore expected to be limited.
The agroforestry parcels were thus adjusted to play a role of a home garden (Figure 2),
where farmers plant usually perishable, in communities often unavailable, goods such as
onions or cabbages in small quantities for consumption and where trees are used to
produce fruits with higher market prices (mainly apples and peaches) to generate
additional agricultural revenues. In some cases oregano was used as a cash crop planted
in between the trees in the first years of adoption (Jacobi, Rist and Altieri 2017, p.372).
2

Participation in the project is expected to decrease expenditure on chemicals and fertilizers as a result of
the biophysical changes in the AS soil and workshops where farmers are taught how to make locally
sourced organic fertilizers made from readily available and cheaper ingredients such as soap, chalk or
sulphur.
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However, the production of fruits is the main incentive and cash crop being produced by
the systems. Agroforestry in this region is not (yet) used for the production of wood:
firstly, the altitude and climate is a limiting factor for the types of trees grown in the
areas and secondly, the projects are still relatively young and the trees thus do not yet
produce large quantities of wood. Due to the relatively small share agroforestry parcels
in the total landholding size, the changes it creates in overall labour demand/allocation
are expected to be very small if noticeable.
Figure 2: Example of an Agroforestry Parcel

Photo taken by the researcher, August 2017

4.4 Development Projects Promoting Agroforestry in the Region
There are several organizations operating in the region. Each of them has different
objectives in the core of their activities. Agroforestry is therefore only one of the
programmes they offer, in order to achieve the objectives set up by each project.
4.4.1 ECOSAF and Misereor
In general, all of the implemented AS projects can be linked to one of the two initiators:
ECOSAF or Misereor. This includes majority of the self-adopters, who learnt about the
AS via various channels and promotion/educational campaigns organized by either of
the two. Self-adopter farmers (SAF) are people who did not participate in either of the
project and thus did not receive any help with setting up their own AS. One farmer in
the sample knows about agroforestry from his ancestors as a part of his indigenous
knowledge.
ECOSAF is a network of organizations, institutions and individuals interested in
combating climate change in the region, working together on rehabilitation efforts.
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ECOSAF coordinates various agroforestry initiatives with different actors at various
governmental levels. The actors involved are for example the Department of sciences
and engineering from Universidad Católica de Cochabamba, Farm Model Pairumani
(Granja Modelo Pairumani), experimental farm Mollesnejta and several others. They
meet regularly to discuss their research and findings. The main objective of ECOSAF
network is to share practical experience and theoretical knowledge on agroforestry
systems with focus on Andean region and to provide this knowledge to regional
organizations working on AS implementation. They do so by organizing workshops and
trainings on parcels with agroforestry systems. Their first implemented projects were in
2013. When funding became available through the ECOSAF network, foundation
Agrecol Andes (Fundación AGRECOL Andes) who also have representatives among
the ECOSAF members redistributed the funds among their partners who operate in the
area and whose objectives can be achieved through AS.

3

This happened through a

number of cycles, starting from 2014.
MISEREOR - Plataforma Nacional de Suelos (National Platform for Soil) is a German
Catholic organization that works at international level. In inter-Andean valleys they
work directly with communities in Sipe Sipe and indirectly, through a regional partner
S.A.R.A. in the Tapacari area with a number of communities belonging to the poorest in
the region. Technicians organize visits, trainings and workshops in order to inform the
farmers about better methods of farming. They focus on various sustainable agricultural
measures as well as on the construction of water tanks. Their interest in agroforestry
system started in early 2000’s, however at that time the projects offered were limited
and concentrated mainly around experimental parcels and investigation towards the
favourable changes agroforestry could potentially bring. By 2008 technicians were
trained and the first version of agroforestry parcels designed and prepared for more
widespread incorporation of this technology in the activities of S.A.R.A. and the in Sipe
Sipe area. The map of all the projects is presented in the Figure 3.
4.4.2 Conditions for Participation in Agroforestry Project
The experience and knowledge on AS in the region, is being circulated among the
various partners and involved institutions. In general, a set of agreed and highly
recommended conditions under which smallholder farmers can participate in the
projects were created. The same general rules and conditions therefore applied to all
projects:
3

Funding was from Naturefund, a German organization focusing on restoration and rehabilitation of the
land in order to, among others, protect the environment and its natural habitat.
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a) Farmers contribution - farmers have to contribute half of the total costs of the
AS implementation (seeds, plants, material) – they do not receive any type of
payments thus only farmers willing to invest in the technology adopt AS
b) AS location - parcel has to be located near the household; in the first years of
adoption, trees are the most vulnerable, prone to drying and being eaten by
cattle, by locating the parcel near the house where farmers and family members
can take care of it daily the projects attempt to limit the potential risks posed by
the livestock or insufficient irrigation4
c) AS size - each project can contribute towards a parcel size of around 500m2; size
of the parcel is limited for two main reasons, firstly it is due to limited funding
and secondly, agroforestry requires set of skills which are often very new to the
farmers (e.g. pruning). Slow and gradual adoption is therefore preferred as
farmers will have the time to gain the knowledge (e.g. through workshops) about
the systems and will, in later stages, be able to effectively manage large parcels
without the need of technicians.5
d) Technicians’ visits - each parcel receives a visit from project technician every
few months for the first three years. The visits are planned to be more frequent
in the first two years of adoption. Farmers are also invited to several workshops
and trainings during that time.
e) Access to water – there needs to be reliable water sources near the parcel, this is
due to the already mentioned risks of the plants to dry in the first stage of
adoption; farmers are told to water the trees regularly in the first year of
adoption

The overall structure of workshops and trainings does not differ among projects and the
information covered is relatively the same. The content is sometimes adjusted or
expanded to fit the objectives of the specific projects.

4

There was limited number of HH (2) which implemented their AS parcel far from their household. This
was an agreed exception from the projects as those farmers decided to adopt AS on larger plots of land
and that was not available in the proximity of their household.
5
Farmers participated in the design of their own agroforestry parcel – with the advice of the technician
they choose the types of trees and shape of the parcel as well as its size. In each project cycle farmers
would get a compensation of up to 50% for the costs of seeds, plants and material that was used for
implementing a parcel of no more than 500 m2. Farmers could participate in more cycles (usually every 13years, depending on a location) but they could also expand their parcel by themselves/with the help of
the technicians.
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4.4.3 Composition of the Regional Organizations Implementing Agroforestry
Systems
Organizations which use agroforestry as one of their activities and tools to achieve their
objectives are as follows:


Agrecol Andes is an international organization, with the aim of helping
smallholder farmers to grow, produce and sell fresh agro-ecological products in
sustainable way. They operate in Tiquipaya.



CETM (Centro de Estudio y Trabajo de la Mujer - Women's Study and Work
Centre) works on empowerment of women and children in local communities by
focusing on their health, education and improvement of their economic situation.
CETM operates in three communities in Sacaba region.



Bosque y comunidad (Forest and community) focuses on the improvement of the
living conditions of rural communities, increased employment opportunities and
supports the right of communities’ use of forest resources in Arani region.



MISEREOR/S.A.R.A - Their main objective is to improve livelihood of the poor
by investing and implementing soil preserving techniques. Misereor operates in
a number of communities in Tapacari and in Sipe Sipe.

Figure 3: Map of Included Projects operating in the Region of the Research

Source: own data

From the above, we can see that agroforestry is applied to fit a number of objectives.
From fighting malnutrition and stunting suffered by every third child in Bolivia by
providing increased variety of foods to combating climate change to reversing soil
erosion and improving farmers’ livelihoods through the production of goods with higher
market prices (ladb.org 2013). It can be argued that most, if not all of the projects’
objectives aim at improving the economic situation of the smallholder farmers.
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5 AGROFORESTRY SYSTEMS TRADE-OFF: THEORETICAL
FRAMEWORK
Smallholder farmers in the inter-Andean valleys have only limited resources available
and will therefore only consider shift from one agricultural practice to another one if the
alternative can improve their economic situation. Shifting between different agricultural
practices and technologies can be seen as choosing the most acceptable trade-off
between various allocations of agricultural inputs and the corresponding changes in
agricultural outputs created by the shift. Farmers can learn about new technologies
through various channels, such as neighbours, farmers’ reunions or television. For the
reasons mentioned above, no matter what objectives a development project has (be it
environmental rehabilitation or poverty reduction), farmers will only participate in it, if
it in some way improves their situation.

5.1 Production Function
The production function approach provides an appropriate theoretical framework to
investigate various factors contributing to the final output. In the agricultural setting of a
smallholder farmer, this function relates resources available to the farmer also known as
factors of production to the physical output of a production process. Debertin (2012, pp:
14-19) describes this process as a technical relationship which transforms production
factors (=agricultural inputs) into commodities (= agricultural output). In other words,
according to this function relation, the quantity of the inputs determines the quantity of
the output. Therefore, it can be used to establish the contribution (= change in outputs)
brought about by all and every production factor. The basic form of production function
(1) as described by Debertin (ibid.) only includes one input factor:
(1) y = f(x)
Where y stands for output and x is the representation of an input variable.
However, he further explains that under agricultural settings, usually several inputs are
required to produce output. Among the most important ones are land, labour and capital.
Hiring additional labour, using mechanized tillage, expanding the area under cultivation
or adopting new agricultural practices can all contribute positively to the overall
agricultural production. Under this framework each farming household will be therefore
modelled as a firm: By using inputs it produces output in a way that is profit
maximizing for the farmer.
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Following Debertin (ibid.) common production factors among smallholder farmers are:
capital (K), labour (L), land size (Land) and agricultural inputs (INP) such as seeds,
manure and fertilizers. For the purpose of this study additional three factors were added:
off-farm income (Y_off) and biophysical characteristics (BiC) which as justified below
are assumed to also contribute to the agricultural output and agroforestry systems (AS)
modelled as a package of expected and potential changes and effects on the agricultural
processes (discussed above) which farmers did or did not choose to adopt. The objective
of this study is to assess the impact of this variable on the agricultural output. Based on
these explanatory variables adjusted production function (2) can be used to relate
agricultural inputs and outputs (Yfa) in this setting in a following way:6
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The assumed direction of influence is shown by the +/- signs and corresponding
explanation is presented below.
It is expected that off-farm income, (Y_off)

that is additional income household

receives in form of governmental subsidies, remittances or other jobs, can explain the
productivity of a farmer. It is expected that farmers with higher shares of off-farm
income will rely more on such income, assuming it is a stable income, and less on
agriculture revenues. The relation to the output is therefore expected to be negative.
The state of biophysical characteristics (BiC) is one of the leading concerns among most
of the agroforestry projects operating in the region. Farmers are experiencing high
erosion and declining soil fertility resulting in decreasing outputs. Including BiC in the
model is therefore deemed relevant. BiC influence farmers’ inputs (expenditure on e.g.
fertilizers) and outputs (quality and quantity of the harvest). It is assumed that land
which has unfavourable location or biophysical characteristics (steep slopes, high

6

The original data collected did not include data on household consumption without which the overall
agricultural output cannot be estimated. Such data were later estimated based on a consumption data of
three randomly selected HH in the region. The theoretical and methodological chapter therefore deals
with Agricultural Output, including the estimated consumption data in the sample. To control for possible
biases, the final regression analysis is done with both data samples: one estimating agricultural output
using the full-expanded sample and second estimating agricultural revenues using only the marketoriented farmers from the original sample. The second model is done under the assumption that all the
production factors contribute also to agricultural revenues. The limitations of both models are further
discussed below.
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erosion, far from market) will have negative influence on the quantity and quality of the
produced agricultural goods and therefore on the overall agricultural outputs.
Land (Land) is probably one of the most important production factors for a smallholder
farmer. Farmers in the area usually own two types of land: temporal land and nontemporal land. Temporal land is located in higher altitudes is characterised by steeper
slopes on which due to the limited access to water the planting and harvesting season is
limited to 4 months/year. Non-temporal land is often located closer to the farming
household and has irrigation system(s) installed. In general, it is assumed that the size of
land is positively related to the size of agricultural outputs.
Small farmers usually rely heavily on the manual labour (L) in producing agricultural
outputs and generating additional off-farm income (Y_off). The allocation of labour is
expected to vary among households, depending on their access to off farm job, land
size, livestock size and demographics. In general it is assumed that higher labour
demand or labour availability in the HH is positively related to the agricultural output.
The capital stock (K) can lower the inputs costs or simplify the production process. It is
assumed that the capital stock of the households is on average the same; however it is
also assumed that ownership of a car will facilitate easier transport of the crops from
scattered parcels to distant markets. The capital is therefore expected to be positively
related to the agricultural output.
Agricultural inputs (INP) differ among households based on the ratio of non-temporal to
temporal land, the total size of the land and the biophysical conditions of the land. In
general as the farmers are assumed to be profit maximizers, the agricultural input is
assumed to be positively related to the overall agricultural output.
AS stands for agroforestry and the extent to which farmers use this technology. Farmers
who do not use agroforestry or farmers who did not fully shifted are assumed to use the
same farming methods and practices on the non-agroforestry conventional land.
Agroforestry creates changes in allocation of resources in both the agricultural inputs
(chemical fertilizers or changes in land quality) and agricultural output (amount or
variety of food produced). From the above, it can be theorized that farmers who decided
to shift part of their production to AS did so, because the benefits outweigh the costs.
Therefore the AS is expected to have a positive effect on agricultural outputs. Based on
the literature review and specificity of the technology, this effect is expected to
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gradually increase over time until the system is fully established. In the first three years
of adoption effects of AS on agricultural output are expected to be very low and only
minimally developed. Between the third and the fifth year, the farmers are expected to
experience a transition period. During this time the AS start gradually producing
agricultural output until reaching a saturation point, after which the outputs remain
constant. The saturation point is expected to be around 5 years.7

5.2 Hypothesis
Hypothesis 1:
1H0: There is no relation between agroforestry size and agricultural output.
1H1: Agroforestry size positively contributes to the overall agricultural output. The
larger is the size of agroforestry system, the bigger is its contribution to the agricultural
output.

Hypothesis 2:
2H0: There is no relation between the length of the experience with agroforestry systems
and agricultural output.
2H1: Experience with agroforestry systems has a positive effect on the total agricultural
outputs. The longer is the experience the larger are the benefits. It is expected that after
the system achieves its full potential, the additional experience will not contribute more
to the agriculture outputs but the benefits will remain constant.

7

This was estimated based on the discussion with technicians and observations made in the field. Each
agroforestry system has different characteristics and composition and thus also the time by which the
system reaches its full potential differs based on factors such as type of trees, attitude, climate or even
quality of the system management by the farmer.
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6 RESEARCH METHODOLOGY
6.1 Sampling Procedure and Survey Design
This study is based on a survey of 144 farmers spread across 10 communities (in which
7 different projects operated) in the inter-Andean semi-arid valleys of Bolivia. The
survey conducted during June – August 2017 used personal interviews with adopters
and non-adopters of agroforestry systems to collect quantitative data on their social and
economic situation and the biophysical characteristics of their plots. An agroforestry
adopter (AF) is defined as a farmer who on part or all of his farmland purposefully
planted mixture of trees, shrubs and bushes (generally in rows) while still using the
remaining space between the trees for conventional annual crops. Non-adopter (NF) is a
farmer who did not adopt agroforestry systems at all. The Table 1 shows an overview of
the respondents’ composition in regard to different project locations and Figure 2 shows
their average agricultural outputs.8
Table 1: Composition of Sample Households in Different Projects, Full Sample
Sacaba

Tiquipaya Arani

Tarata

Sipe-Sipe

Vinto

Tapacari

Count

Count

Count

Count

Count

Count

Count

Non-Adoption (78)

38

9

4

3

4

11

9

Adoption (66)

18

7

1

3

2

9

26

Total (144)

56

16

5

6

6
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Agroforestry is in its current application a relatively new agricultural technique in the
region.9 It was introduced to smallholder farmers by local NGOs in recent years with
the purpose of increasing their yields through soil rehabilitation and produce
diversification. The main objective of many of the present projects and organizations, as
discussed in the previous chapter (sec. 4.4.3), is to improve smallholders’ livelihoods. It
was therefore assumed that majority of the adopters in the region participated (or are
located) in one of the projects (areas) described above. Therefore, a list of participants
(= adopters) was obtained when possible from each active project in the region.
However, the lack of effective communication between the various organizations
working on promoting and implementing AS, limited access to some of the
communities coupled with incomplete data on implemented projects complicated the
8

Sacaba region includes farmers from three different communities; however they all belong to the same
project and were therefore grouped in one location.
9
As discussed in the literature review, agroforestry systems are not new to Inca culture. It was however
practiced hundreds of years ago and the traditional technique is deemed to be nearly forgotten and not
widely used today. Modern AS (also called dynamic agroforestry) often incorporates other types of plants
and trees, which are not endemic to the region, those AS could thus be easily distinguished from the
traditional ones.
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possibility of random selection from a list of the total population of AS adopters in the
region.
Figure 4: Average Agricultural Output of the Respondents in the Project Locations, Full
Sample

A random selection of adopters was made in 4 communities where data were available
on time and access to the communities was not severely limiting. The rest of adopters
were selected with the help of technicians responsible for the implementation and
maintenance of the AS parcels at their convenience. Non-adopters were selected
randomly, using satellite images of the communities from Google Maps. The locations
were chosen based on the GPS coordinates of the AF, numbers were then assigned to
households who were not part of any project but were located in the same areas. Annex
II represents an example of the random sampling method done using satellite images.
This was done under the assumptions that farmers from the same communities would
offer a homogenous sample in terms of the average land and locations characteristics.
Multiple visits to the communities were made in order to collect all the necessary data.
In cases where house owners of randomly selected location were not found on either of
the visits or the chosen location was no longer inhabited, the closest neighbouring house
was chosen instead. When conducting the interviews 8 farmers who practiced AS on
their land but were not part of any of the projects were encountered. They learnt about
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AS through television, radio or educational institution. Their characteristics are further
discussed in the next chapter. Although it can be argued that the group of non-adopters
was chosen randomly, the lack of a complete list on agroforestry farmers in the region
hindered the possibility of producing a real randomly selected sample on agroforestry
adopters.
Set of two questionnaires were made: for adopters and non-adopters. The questions
were identical for both groups apart from one section, which dealt with the experience
and reasons for (non)adoption. The questionnaires were translated from English into
Spanish, the main language spoken in the study area. In a number of occasions the
researcher encountered farmers who only spoke Quechua language in this case further
interpretation into Quechua was done when interpreter (usually a technician of a project
or another family member) was available. When interpretation was not possible, the
closest household was chosen instead. Questionnaires were pre-tested in one of the
communities (Vinto) with 5 farmers and minor changes were made afterwards. The
household questionnaires are provided in Annex I. They consist of seven sections:












The Introductory section captures: general information such as date, GPS
coordinates of the household and project location as well as code number for the
household
Section A: Household Characteristics: focuses on the household composition
and characteristics (number, age and sex of household members) and education
of the household head
Section B: Agroforestry Systems: this section varies between the two groups.
Adopters were asked general questions about their experience, length of their
practice, size of the parcel and reasons for adoption. Non-adopters were asked
about previous knowledge of the system and reasons for non-adoption
Section C: Biophysical and location specific characteristics: collects
information on soil quality, distance to the market or inclination of the land
Section D: Household resource endowments: this section measures the
household resources such as capital, land size or livestock
Section E: Agricultural revenues and inputs: measures the monetary values of
all input factors and the revenues farm generates from selling its crops on the
market
Section F: Household income and expenditure: asks for HH income from offfarm labour, remittances or governmental subsidies and expenditure on
education, health and food

Local units of measurement for quantifying harvest and revenues were used.
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Mobile application ‘GPS Fields Area Measure’ was used in cases where farmers were
unsure about their total land size. Further information was gathered by the researcher
from informal interviews and discussions with projects’ personnel and staff at
Mollesnejta experimental agroforestry farm. The quantitative data was collected by the
researcher and a research assistant who was also a Spanish interpreter. Mobile
application Data Winners was used to collect and record the questionnaires, which were
then uploaded online to prevent possible loss of data.
The data collected were subjected to the econometric analysis. Due to a lack of data on
household consumption in the original dataset, second round of data collection was
organized in October 2017. This was done on a much smaller scale and was only done
to provide reliable estimates for household consumption in the region. The same
research assistant collected data on household composition and consumption in one of
the communities. Three randomly chosen households were interviewed in the Vinto
community (which was chosen at convenience) and by using this data, estimation on per
capita consumption was made and added accordingly to the primary dataset. HH were
chosen at random while walking through the community area, where previous
interviews were conducted. This was done under the assumption that all communities
have on average the same per capita consumption. Two types of HH members were
distinguished: children below the age of 10 and members who were 10 years or older.
Further limitations resulting from the missing data and the way they were substituted
are discussed in the Limitations (sec. 6.3).

6.2 Methods of Data Analysis
This study uses descriptive and inferential statistics to assess the research question. For
the analysis Statistical Package for Social Sciences (SPSS version 21) was used. The
aim of descriptive statistics is to analyse agroforestry related questions such as reasons
for adoption or non-adoption. Furthermore, general information on the population
sample and comparison of the two groups regarding their age, education, household size
and other socio-economic characteristics is made. This study further analyzes the effect
of agroforestry systems on agricultural outputs using ordinary least square regression
(OLS).
6.2.1 Identifying the Functional Form
In order to empirically test the hypothesis, the correct and best fitting functional form of
the production function (2) estimated in the theoretical model needs to be established.
Various production functions are used to describe the relation of agricultural output to a
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set of agricultural inputs. However, for the purpose of this study a Cobb-Douglas
functional form was chosen as the best fitting one. Cobb and Douglas (1928) estimated
a production function (3) as a function of labour (L) and capital (K) where the
production output is determined by the two inputs involved.
(3) Y=AKαLβ

Where:
Y is the total output
K is the capital input
L is the labour input
A is the total factor productivity
α, β are the partial production elasticity of capital and labour respectively

The original form of Cobb-Douglas assumed that production function for a society
should have constant return to scale, as such the coefficients α+β summed up to 1.
However, the model was later generalized to allow α+β to sum up to any number
(Debertin, 2012, p.174). This functional form has been widely used for its ability to
handle multiple inputs and therefore expanded by additional production factors by many
authors (Seyoum et al 1998). It can therefore be further edited to fit the production
function estimated for this study. Another reason for choosing Cobb-Douglas is that it is
in its logarithmic form linear and therefore easy to estimate by using OLS regression.
Using the production factors estimated and defined in the theoretical framework of this
paper, the Cobb Douglas type of production function (4) is expanded as follows:
(4) Yfa=ALβ1Landβ2Kβ3ASβ4INPβ5BiCβ6Y_offβ7

Where:
Yfa is the total agricultural output
A is the total factor productivity
L is the labour input
Land is the landholding size of the household
K is the capital input
AS stands for agroforestry systems
INP stands for agricultural inputs
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BiC stands for biophysical characteristics
Yoff stands for off-farm income
βx are the partial production elasticity of given variables
6.2.2 Ordinary Least Square Model Specification
To empirically test the hypothesis an OLS regression model is applied. This modelling
approach is used to ‘fit’ a function with a dataset. OLS is used to predict a value of
continuous dependent variable based on multiple explanatory independent variables.
The regression minimizes the sum of squared errors from the data to achieve the best fit.
OLS also estimates the total explained variance of the model and the relative
contribution of each of the explanatory variables in it.
The basic equation for computing OLS is:
(5) Y = α + β1X1 + β2X2 + β3X3...+ βnXn +μi
Where Y is the dependent variable and α is the constant of the equation – it indicates the
value of Y when all independent variables equal zero. β coefficients indicate the
average change in Y associated with one unit change in given explanatory variable X,
whilst controlling for all the other explanatory variables presented in the model. μ
stands for the error term.
The functional form presented in the previous section (4) can be edited using natural
logarithms in order to transform it into its linear form and thus to fit it with the
methodological approach suggested above. The resulting equation (6) is as follows:
(6) lnYfa = α+ β1lnK+ + β2lnL+ + β3lnLand+ + β4lnAS+ + β5lnBiC- + β6lnYoff- +
β7lnINP+ + μi.
The assumed direction of influence is shown by the +/- signs and corresponding
hypotheses are presented in the section 5.1.
6.2.3 Operationalization of the Explanatory Variables:
The capital stock is reflected by a variable K_Car which stands for a dummy taking the
value of 1 if the household owns a car and value 0 if it does not. A positive coefficient
sign is expected.
Labour L is measured as the sum of adult members of the household and the total hired
labour transformed into the number of potential full day working adults per year per
unit of land (ha). A positive coefficient sign is expected.
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Land measures the total land holding size of the household in hectares (ha). It includes
farmers’ land in the tropics, temporal, non-temporal and agroforestry land. It excludes
land which was left fallow for more than 12 months. A positive coefficient sign is
expected.
AS represents agroforestry systems. It assumes the value 0, if farmers have no
experience nor parcel with AS and corresponding values for AF. There are two
variables measuring the contribution of AS to the overall agricultural outputs. AS_Size
measures the size of the agroforestry parcel in m2 and AS_EXP measured as the number
of months farmers have been practicing AS. AS is hypothesised to have a positive
impact on the agricultural outputs.
Variables for agroforestry were further transformed into sets of dummy variables to
prevent exclusion of data with 0 values from regression models. Due to the large
dispersal in the AS sizes among smallholders, agroforestry size is transformed into a set
of only 3 dummy variables. Small size differences are not expected to make large output
changes and therefore in order to capture the changes reliably only the distinction
between small and large parcels was made:




Dummy AS1: No_Agroforestry: (0: farmer has AS, 1: farmer does not have AS)
Dummy AS2: AS_5000m (0: AS 5000m2 or more, 1: size of AS is less than
5000m2)
Dummy AS3: AS_15000m (0: AS more than 15000 m2, 1: size of AS is
15000m2 or less)

It is expected that dummies AS1 and AS2 will have negative coefficient signs in the
regression, because the regression measures the effect against the AS3, which is
expected to have the highest contribution to the output.
Likewise, agroforestry experience needed to be transformed into a set of dummy
variables. It is assumed that experience with agroforestry does not have a linear effect
on the output, but after achieving a certain level of it, the returns become constant under
the assumption that no further expansion of the AS parcel occurs.




Dummy AE1: No_Agroforestry (0: has some experience, 1: no)
Dummy AE2: A_EXP_3years (0: 3 years of experience or more, 1: less than 3
years of experience)
Dummy AE3: A_EXP_5years (0: more than 5years of experience, 1: 5 years of
experience or less)
31



Dummy AE4: A_EXP_50years (0: 50 years of experience or more 1: less than
50 years of experience)

AE4 is expected to have the largest effect on the agricultural output. Dummies AE1,
AE2 and AE3 are expected to have negative coefficient signs as their contribution to the
agricultural output is expected to be lower than that of AE4.
Biophysical characteristics BiC are measuring the location and land specific
characteristic of given household. The steepness of land BiC_INCL takes the value 1 if
farmers land is located on inclined slopes and value 0 if it is not. BiC_Fallow measures
if farmer left part of land fallow for more than 12 months, it is taking value of 1 if yes
and 0 if farmer has no fallow land. BiC_CULTI measures the number of months in a
year, during which given HH cultivates their land. The sign coefficients for the dummy
variables (BiC_INCL and BiC_Fallow) are expected to be negative. BiC_CULTI is
expected to have a positive coefficient sign.
Agricultural inputs INP are measured as the sum (in $USD) of all the costs of seeds,
manure, fertilizers, hired labour and tractor-hire for the past year per unit of land (ha).
The coefficient sign is expected to be positive.
Off-farm income Y_off is measured as the sum (in $USD/year) of all the alternative
income sources which are not related to the farm revenues. These are off-farm wage,
remittances and governmental subsidies. It is expected that Y_off will exhibit negative
coefficient sign.
The dependent variable Yfa stands for total agricultural output per unit of land (ha). It is
measured as the total sum (in $USD) of all produced goods. This was divided into two
parts: first the sum received by the farming household for selling their produce on the
market and second is the market price value for goods used for consumption. It is
calculated as the sum of all types of sold and consumed goods and their quantities
multiplied by the average market price for the region. For conversion, the rate of 1 USD
= 6,9 BOL was used.
It is hypothesised that the region experiences increasing returns to scale, where land is
the scale parameter used. The variables concerning land productivity are therefore in the
Xn/ha form. Finally, based on the operationalized variables two models were created in
order to deal with both hypotheses.
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One model (7) includes the variable AS_Land measuring the impact of the size of AS
on the agricultural outputs and second model (equation 8) uses instead the variable
AS_EXP measuring the relation between the length farmers practice AS and the overall
agricultural outputs.
(7)

(8)

The SPSS software is used to run the linear regression models and the data are analysed
and interpreted accordingly in the next chapter. The next section deals with the
limitations of this study.

6.3 Limitations
Several difficulties were encountered when conducting questionnaires. They may have
impacted the data collected. The main challenge was the collection of information on
the biophysical characteristics of the land. Farmers often own numerous parcels
scattered around the area; the parcels vary in size, inclination and even soil quality. To
make sure the data offer accurate information, the following changes were made:
Firstly, the inclination was originally measured on a four point likert scale: flat, little
inclined, inclined, very inclined. However, due to the variations among parcels within
one household and inability to precisely distinguish between the last two points on the
scale, the variable measuring inclination was transformed into a dummy variable. The
dummy takes the value of 1 if the farmer’s land was classified as inclined or very
inclined and 0 if otherwise.
Secondly, farmers own various types of land: temporal, non-temporal, land in the tropic,
agroforestry land and fallow land. For many farmers it was difficult to estimate their
landholding size for each type of land and sometimes even the total size of their land. It
was therefore decided that no distinction is made between temporal and non-temporal
land. If a farmer was unsure about the total size, it was then estimated by the researcher
with the help of a mobile application and farmer’s indication about how many parcels in
total he owns. Parcels found around the household were used as the measurement unit
(base). The total size was then estimated by measuring size of the base parcel and
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multiplying it by the total amount of parcels owned. This technique might have caused
some data to be over or underestimated.
Farmers also had difficulties estimating the total amount of produced goods in the past
year; they however remembered how many bags (units) of each good they sold on the
market. Only data on the amounts of sold goods were collected individually for each
household. The data on consumption were collected later and an estimate of per capita
consumption was added to the data based on the household composition. Given the
similarity of the location and socio-economic characteristics of all the projects’
locations, it was assumed that the consumption in the region is on average the same. In
case where this does not hold true, the main dataset used in the regression analysis
would cause an over or underestimation of the agricultural output for locations with
different consumption patterns. To control for possible biases and to create a
comparative model, alternative regression is done using the original dataset without the
data on consumption. This dataset only estimates agricultural revenues and excludes
subsistence farmers who do not have any sold output.
There is no complete list of all agroforestry farmers in the region, therefore as explained
above, the selection of AF was made from the list of farmers who practice AS as part of
a development project. Several farmers who practiced agroforestry without the
involvement of any project were encountered during the data collection. Although the
logic for adoption shall apply to all farmers in the same way, it is possible that selfadopters would have different characteristics or would due to the lack of trainings
experience different effects of AS. Therefore further descriptive comparison analysis of
self-adopters and project adopters was made.
Further limitation of the estimated consumption data is that they are only estimated for
the main conventional crops grown in the region and exclude estimated consumption on
perishable goods produced on agroforestry parcels. The only agroforestry output
included in the data is thus sold fruits and conventional cash crops.10 The fruits or
perishable vegetables that were produced on agroforestry parcel but consumed by the
household are not included in the data. Therefore the output of the agroforestry parcel
and total agricultural output of all adopters is underestimated. However, perishable
vegetables have usually low market value and its quantities produced on agroforestry
parcels are rather small. Furthermore, as fruits are considered to be the main income
10

As discussed above, in the first years of adoption trees do not shade the plants and a number of farmers,
mainly on the larger AS parcels, also produces conventional crops.
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generating activity of the AS, it is also expected that most of it will be sold on the
markets and only limited amount consumed.
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7 RESULTS: UNDERSTANDING AGROFORESTRY AND ITS
IMPACT
Due to the previously missing information on HH consumption, which was estimated
and added to each HH later (see sec. 6.3), the final regression analysis will deal with
both datasets: the original one without the added consumption values and the expanded
version, which includes the added data on consumption. The regression model which
uses original dataset will due to the nature of the limitation exclude subsistence farmers
(SubF) and will therefore only deal with sample size of 120HH instead of the 144HH.
The descriptive statistics will mainly deal with the expanded sample as the missing data
do not affect the reasons for adoption/non-adoption. However, in order to see the level
of heterogeneity of the two groups (agroforestry and non-agroforestry farmers) in the
original-reduced sample and the expanded-full sample, descriptive statistics for both
groups in both data-samples, that is full (144 HH) and reduced (120 HH) datasets are
conducted. Additional analysis and comparison of SubF and market-oriented farmers
(MF) is also briefly discussed. Finally, the regression models are conducted to analyse
the impact of AS on agricultural outputs.

7.1 Comparison of Adopters and Non-adopters
Tables 2 and 3 are summaries of the sizes of each group: adopters and non-adopters of
agroforestry technology in full and reduced dataset. In the reduced dataset 56
households (46.7%) adopted the technology on part or all of their land and 64
households (53.3%) belong to the non-adopters group. The full dataset has 66 adopters
(45.8%) and 78 non-adopters (54.2%). The ratio of adopters and non-adopters was
therefore not severely affected by the reduction in the dataset.
Table 2: Composition of Sample Households: Agroforestry and Non-agroforestry Farmers, Full
Sample

Non-Adoption
Status Adoption
Total

Count

Percent

78

54,2

66

45,8

144

100,0

The means of socio-economic characteristics between the two groups for both datasets
were compared using t-test for equality of means and Levene’s test for equality of
variance. Both tests for both datasets show that groups are comparable in terms of
household size, land size, age, off-farm income and agricultural outputs. Levene’s test
was significant for education, and it was concluded that there exists a difference
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between the school years’ variances in the population. This could be caused by the
limitations in the sampling methods described above, however, it was concluded that
this should not have a significant effect on this study.
Table 3: Composition of Sample Households: Agroforestry and Non-agroforestry Farmers,
Reduced Sample

Status

Count

Percent

Non-Adoption

64

53,3

Adoption

56

46,7

Total

120

100,0

An overwhelming majority of the sample households (90% for both datasets) receive
additional income from governmental subsidies, remittances or off-farm work. This is
slightly higher for non-adopters, who receive on average around 100 USD/year/HH
more (94 USD for reduced and 104 USD for full sample) these values are however very
insignificant when recalculated per capita. The only noticeable difference is in the
landholding size of the households, where AF have significantly more land than NF (the
difference is on average 4,1 ha for full and 6,2 ha for reduced sample). As discussed in
the literature review, previous research on agroforestry showed land is a significant
determinant for AS adoption in majority of the studies even though the direction of the
relation is often inconsistent (Pattanyak et al. 2013, p.146). Given that most of the
agroforestry parcels are the size of a home garden (66.7% of all AF have 500 m 2 or
smaller agroforestry parcel) land size for farmers with farmland size of over 10ha
should not be a factor preventing or encouraging farmers’ adoption. Nevertheless, it
could also be that larger average land size, which is not accompanied by larger
agricultural outputs, may signal unfavourable biophysical characteristics and low land
productivity. Adoption of AS for such farmers would then be way to deal with the
declining soil quality.
The data on both groups (and both datasets) come from the same population samples
and their means were compared and not significantly different. The variance was also
compared and not significantly different for all but one variable (education). The
researcher therefore concluded that the groups are comparable. However, it is important
to acknowledge possible ex-ante differences, which are not seen in the data, may exist
and form possible bias.
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7.2 Market-oriented and Subsistence Farmers
This section will briefly analyse and compare the mean differences in socio-economic
and agroforestry-related characteristics between market-oriented and subsistence
farmers.
Subsistence farmers are defined as farmers, who do not sell any produce on the market
and who therefore use all their production for consumption. In the data, there are 24
such farmers. Market-oriented farmers are defined as farmers who sell at least part of
their harvest on the market and therefore receive agricultural revenues. The same tests
(t-test and Levene’s test) were done and with the results the comparability of the two
groups concluded; the socio-economic characteristics included in the tests were: age,
education, household size, off-farm income, land size and agricultural input. Table 6
presents the mean values for the given variables.
Agricultural inputs are considerably higher for the MF (201,7 USD/ha) compared to
SubF (113 USD/ha). SubF also have on average more than 5ha (39%) smaller
landholding size than MF (8,08ha for SubF and 13,22 ha for MF).
Table 4: Comparison of Market-oriented and Subsistence Farmers, Full Sample
Age

MF

Years of

Household

Agricultural Inputs Total

Off-Farm Income

schooling

size

(USD/ha)

land (ha) (USD/year)

Mean Mean

Mean

Mean

Mean

Mean

49

5,6

4,9

202

13

2062,1

5

5

113,2

8,08

2192

Group
SubF 48,4

Data show SubF may partly compensate for the lacking agricultural revenues by offfarm income, which is on average slightly higher (2192 USD/year) for SubF than for
MF (2062,1 USD/year). However, the difference is very small and considering SubF
receive no revenues from sales, they are considerably poorer than MF who on top of the
off-farm income receive on average additional 1535,4 USD/year for agricultural
revenues. The group of subsistence farmers consists of 24 household from which 10
farmers (41.7%) are practicing agroforestry and the remaining 14 (58.3%) belong to the
non-adopters group. Furthermore, it is worth mentioning that agroforestry parcels of MF
are more than twice as big as those of SubF (1216 m2 and 530 m2 respectively).
Agroforestry requires an investment every time farmer decides to implement or further
expand the parcel, the larger the parcel the larger the required investment. It is expected,
as discussed in the literature review that the poorest farmers cannot afford large
investments, and therefore it would be mainly farmers who sell parts of their produce on
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the market and generate revenues or have considerable off-farm income that would
adopt and further expand AS. The mean difference between the agroforestry experience
of MF and SubF is six months, the former practicing agroforestry longer on average.
This may be because of the investment aspect, MF may have started participating in the
projects/adopting the technology earlier as they had the means to do so compared to
SubF for whom the necessary initial investment is relatively high. However, the size of
the data sample is a limiting aspect to this generalization.

7.3 Understanding Adoption:
Agroforestry Systems

the

Reasons

for

(Non)Adoption

of

This section will analyse reasons for adoption and non-adoption as stated by the farmers
and will deal with the full dataset (144HH) unless specified otherwise.
7.3.1 Non-Agroforestry Farmers

Among the non-adopters group (78 HH) just over half (40 HH, 51.28%) did not know
about AS technology. From the remaining 38 HH who knew about AS mainly through
an extension agent or a neighbour, 57.9% (22 HH) considered the adoption and two
farmers (5.3%) were undecided about it. As Table 5 shows, ten farmers claimed they
would consider adoption of the technology after the AS was explained to them. Many of
the farmers, who did not know about AS when asked, mentioned they knew neighbours
who use this technology (planting trees among their crops) but did not know why they
did that.
Table 5: Considering Adoption: Previous Knowledge about AS among Sampled HH
Considering Adoption
No

Yes

I don't know

Total

Count Column

Count Column

Count Column

Count Column

N%
Knowing about
Agroforestry

N%

N%

N%

No

27

65,9%

10

31,3%

3

60,0%

40

51,3%

Yes

14

34,1%

22

68,8%

2

40,0%

38

48,7%

100,0%

32

100,0%

5

100,0%

78

100,0%

Total 41

These farmers were still considered as not knowing about AS. All farmers in the sample
were asked the reasons for adoption/non adoption in form of an open question. The
answers were then divided into 6 categories: improves soil quality, reduces water
dependency, diversifies harvest, it is good for environment, improves family income by
e.g. producing goods with higher market value and other reasons. Multiple reasons were
given by a number of households. Researcher acknowledges the fact that improvement
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in soil or diversifying the harvest also contributes to the family income in a long run.
However, here the categories were chosen based on the primary and key words/reason
given by the respondent. Diversification of the harvest was chosen were farmers would
appreciate the production of more (e.g. perishable) goods, such as fruits or vegetables
mainly for consumption, improvement of soil was chosen were farmers were concerned
with the quality of their soil and preferred to use this technique to rehabilitate it instead
of investing into fertilizers. Finally, improvement in family income was chosen when
farmers claimed that growing fruits for market was their reason for adoption.
As discussed above, it is expected that farmers will consider adoption of AS based on,
among others, the BiC of their land. The data confirm this, as from all those who
considered AS, majority (65.6%, 21 HH) would do so to improve their soil quality. For
56.3% (18 HH) diversification of their harvest is a strong motivating factor, 34.4% (11
HH) would like to produce fruits to sell and improve their family income and 15.6% (5
HH) would also consider the benefit to the environment that planting trees and thus
agroforestry brings. The Table 6 provides a summary of the reasons and the choices
farmers made. The farmers would consider adoption mainly to improve their BiC and to
diversify their diet. Surprisingly, the economic incentive of fruit production was not the
main motivation for considering adoption. Production of different varieties or
understanding the processes leading to the favourable changes in BiC often requires
more knowledge, which was a limiting factor for adoption. Majority of those who
considered adoption (17 HH, 53.1%, Table 7) have not adopted the system because they
feel they do not have the required set of skills. Likewise, all non-agroforestry farmers
were asked to provide reasons why they did not adopt AS. The reasons were collected
in the same manner, where farmers were asked an open question and the answers were
then categorized into the following categories: farmer cannot afford it, AS would
worsen the economic situation of the HH, the farmer has no sufficient knowledge about
the AS and/or its management and other reasons. Multiple options were possible.
Farmers who were unsure about adoption (answered ‘I don’t know’) were excluded
from the table as all of them claimed they do not have enough knowledge about AS.
Other reasons mentioned by 27.4% of farmers (20 HH) were for example limited access
to water, which is a condition by all the projects, lack of time or the belief that trees
would not grow in such place/ high altitude.
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Table 6: Reasons for Considering Adoption as given by the Respondents, Full Sample
Improves Soil Improves
family

Diversifies

Good for

Harvest

environment

Other reason

income

Considering
Adoption

Count Row

Count Row

Count Row

Count Row

Count Row

N%

N%

N%

N%

N%

Yes (32)

21

65,6% 11

34,4% 18

56,3% 5

15,6% 2

6,3%

Don't know

0

0

0

40,0% 1

20,0% 0

0,0%

21

56,8% 14

54,1% 6

16,2% 2

5,4%

3

2

(5)
Total (37)

37,8% 20

The issue of affordability was mentioned by only a small number of households (11%,
8HH) compared to the other reasons given for non-adoption. This suggests, against
expectations and contrary to what Jacobi, Rist and Altieri (2017) found in their study on
agroforestry in Bolivia, that the investment required might not be limiting factor to
adoption. The summary (Table 7) also shows that many farmers believe they do not
have the right set of skills (31.5%, 23 HH). While training in AS skills may be effective
way to increase adoption rates for farmers who at least considered the adoption, farmers
who do not consider adoption may be unwilling to learn new skills. Majority of the
farmers (43.8%, 32 HH) also said AS would worsen their situation.
Table 7: Reasons for Non-adoption as given by the Respondents, Full Sample
Cannot afford It will worsen I don't know

I don’t have Other reasons

it

the right skills

my situation

enough about
AS

Count Row

Count Row

N%

N%

%

78,0% 2

4,9%

No (41) 3
Considering Yes
Adoption

7,3%

32

Count

Row N Count Row

Count Row

N%

N%

6

14,6% 7

17,1%

5

15,6% 0

0,0%

6

18,8%

17

53,1% 13

40,6%

8

11,0% 32

43,8% 8

11,0%

23

31,5% 20

27,4%

(32)
Total

Some of the more specific reasons mentioned were that farmers would not be able to
use tractor, belief that all trees require more water and would take the nutrition from the
soil or that trees shade other plants from sunlight. Although some of the specific reasons
given are misconceptions about trees or the effects of AS, many reasons given for nonadoption also confirm that the AS, despite observed heterogeneity in the region, is not a
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better agricultural alternative for all farmers.11 Surprisingly, none of the farmers
mentioned barriers to market access, commercialization of AS products or
governmental policies as an obstacle to the adoption. Aspects Jacobi et al. (2017, p.467)
found to be the main reasons for low adoption rates in Bolivia. However, although
Jacobi (ibid.) focused on AS in the whole country, the farmers in the sample are mainly
from the tropical regions, where AS is adopted on a larger scale and produces different
goods in higher amounts. The researcher acknowledges that the limited explanation of
agroforestry systems given to farmers who did not have previous knowledge of the AS
might not have offered sufficient time for reflexion and therefore the reasons given for
non-adoption may not be accurate in all cases.
7.3.2 Agroforestry Farmers
Agroforestry farmers can be further divided into a group of self-adopters (SAF) and
project adopters (PAF), the following analysis will generally distinguish between those
two groups to see if significant differences and therefore possible bias exist.
Vast majority of adopters (58 HH, 87.9%) participated in one of the AS projects and
thus received material help, trainings and advice. 12.1% of adopters (8 HH) have not
participated in any project and adopted agroforestry by themselves without subsidies,
material or technical help of the projects’ personnel. Tables 8 and 9 show the average
experience and size of agroforestry parcel for each group. Taking into account the size
of the comparison SAF group (only 8 farmers) as a possible limiting factor for
generalization, this group was scanned separately and one outlier was found. The outlier
was a farmer, who knew about the technique of planting trees on the field from his
ancestors. He adopted this technology long before any of the projects was active in the
region. His experience is well above the average values of the rest of the group which
affects the mean values. Two tables were therefore constructed, one in which all farmers
were included and second, where this outlier was excluded. It is assumed that his
motivation and reasons for adoption would not significantly differ from the rest of the
group (assumption of profit-maximizing farmers), he was therefore included in all the
other tables. When all farmers are included in the analysis, the experience of a SAF
farmer is on average 30 months more than that of PAF (74 and 44 months). However
this is clearly effect of the already mentioned outlier as this average falls to 33 months,
11

In the late 90’s number of projects promoting the growth of eucalyptus forests (for timber) was active
in the region. Eucalyptus trees indeed require large quantities of water and are not suitable for regions
experiencing water scarcity. It was observed by the researcher that many farmers apply and generalize
their negative experience with Eucalyptus trees to all types of tree-systems.
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which is 11 months below the average of PAF farmers when identified outlier is
excluded from the sample.
Table 8: Comparison of Self-adopters and Project-adopters, without Outlier
Land size of AS Experience
SAF in m2

(months)

Mean

Mean

SAF (7)

926

33

PAF (58)

1102
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Table 9: Comparison of Self-adopters and Project-adopters, Full Sample
Land size of AS Experience
SAF in m2

(months)

Mean

Mean

SAF (8)

1185

74

PAF (58)

1102
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Likewise, the average size of SAF agroforestry parcel falls from 1185 m2 to 926 m2
after excluding the outlier. Taking the Table 9 as a representation of a more
homogenous sample, SAF farmers are on average practising AS for a shorter time on a
smaller land size. The sizes of the agroforestry parcels often reflex the affordability
from the side of a farmer. PAF receive material help and the investment needed is
therefore substantially lower for them than for SAF. This can explain the difference in
sizes of the parcels. The reason for later adoption of the technology among the SAF can
be attributed to the dispersion of the technology and the slower spread of information
from the projects and its active members to the remaining farmers in the communities.
In general, agroforestry parcels are on average over 1083 m2 and 42 months old. It is
expected, that it takes up to five years for AS to reach its full potential in terms of the
favourable BiC changes and fruit production. In the sample 71.2% of the agroforestry
farmers have four or less years of experience, meaning that majority of the farmers have
assumedly still not experienced the effects of well established AS.
Table 10 shows 78.8% of the farmers (1 SAF and 51 PAF) learnt about AS through a
direct contact of one of the projects’ representative. Only two farmers (1 PAF, 1 SAF)
learnt about AS from a neighbour and 9.1% of the farmers (1 SAF, 5 PAF) participated
in a conference, reunion or farmers’ gathering where they learnt about the technology.
The remaining 7.6% of households learnt about the AS through different sources, these
were: television (1), radio (1) and their children who attended high school focused on
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agriculture (3). SAF farmers learnt about agroforestry mainly through ‘outside’ sources
such as TV, radio or educational institutions. Only one SAF learnt about the technology
through the projects personnel but did not participate in it, as the project was not taking
in new farmers at the time, he then decided to adopt AS on his own.
Table 10: Summary of the ways Respondents Learnt about AS, Full Sample
ECOSAF

or Neighbours'

other projects

recommendation

Conference,

Indigenous

reunion, poster,

knowledge

Other

meeting...
Count Row N Count Row N % Count
%

Row

N Count Row N Count Row

%

%

N%

SAF (8)

1

12,5%

1

12,5%

1

12,5%

1

12,5%

4

50,0%

PAF (58)

51

87,9%

1

1,7%

5

8,6%

0

0,0%

1

1,7%

All adopters

52

78,8%

2

3,0%

6

9,1%

1

1,5%

5

7,6%

When asked for reasons why farmers choose to adopt the technology (for recently
shifted farmers) or why they keep on using/expanding AS, 50% (5 SAF, 28 PAF)
answered AS improves soil, 70.8% (3 SAF, 43 PAF) said agroforestry positively
contributes to the family income and 59.1% (4 SAF and 35 PAF) mentioned AS helps
to diversify the production and thus increases the variety of goods. 16.7% (1 SAF, 10
PAF) farmers adopted or continued using this technology also for conservational
reasons and 15.2% (1 SAF, 9 PAF) said to have adopted AS because it reduces water
dependency. Farmers could and many did opt for more than one reason for adoption.
There are no significant differences between the SAF and PAF groups for most of the
reasons given. Due to the relatively small sample of SAF (8 farmers), difference of 15%
is not considered significant. The only significant difference in the reasons given is
interestingly in the category dealing with family income. It was only the third most
important reason given by the SAF after ‘improvement of soil’ and ‘diversification of
produce’ claimed by only three of SAF (37.5%) as oppose to 75.4% (43) of PAF
participants who have chosen this reason.
In general, however, income is the most often stated reason for adoption (70.8%),
followed by harvest diversification (59.1%) and improvement of soil (50%).
Surprisingly, the reasons for adoption given by AF and reasons for considering adoption
given by NF differ. NF most stated reason was the improvement of soil and
diversification of produce (over 50% for both) while economic incentives was
motivating factor for only 37.8% farmers. For the adopters however, the economic
incentives are the most relevant reason for adoption (stated by 70.8% or respondents).
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Table 11: Reasons for Adoption as given by the Respondents, Full Sample
Improves soil Improves

Reduces

Improves

Other reason Conservation

family

water

Diversification

income

dependency

Count Row

Count Row

Count Row

Count Row

N%

N%

N%

N%

N%

N%

SAF (8) 5

62,5% 3

37,5% 1

12,5% 4

50,0% 0

0,0% 1

12,5%

PAF

28

48,3% 43

75,4% 9

15,5% 35

60,3% 3

5,2% 10

17,2%

33

50,0% 46

70,8% 10

15,2% 39

59,1% 3

4,5% 11

16,7%

reasons

Count Row Count Row

(56)
All AF

Agroforestry size of farmers, who also have fallow land, is on average 45% bigger than
that of farmers who did not left their land fallow in the last year (1234 m2 and 850 m2
respectively, Table 12). The size of the fallow land is on average more than twice larger
among AF compared to NF (18 342 m2 and 8 269 m2, Table 12). If we take fallow land
as a measure of farmers’ level or extent to which his soil is degraded, assuming that
farmers with productive soil would not opt for leaving their land fallow, we can
conclude AF are on average farmers with more degraded land and therefore their choice
to adopt AS is a logical reaction to the soil improving measures offered by the
technology.
Table 12: Comparison of the Size of Fallow Land in relation to AS Adoption, Full Sample
Land size of Fallow land

NonAdoption

SAF in m2

in m2

Mean

Mean

No

0

0

Yes

0

8269

No

850

0

Yes

1234

18342

Fallow Land

Status
Adoption

Fallow Land

7.3.3 Satisfaction
Finally, as can be seen in Table 13 most of the farmers 69.7% (75% SAF, 69% PAF)
have the tendency to expand the AS plot size. The remaining 30.3% adopters prefer to
keep the size as it is at the time being. No significant differences are seen between the
two AF groups. There is however a significant mean difference between the length of
practicing agroforestry and this tendency. The mean experience (in months) of farmers
who have the tendency to expand the agroforestry systems is 39 months, for farmers
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who decided to keep the same size of AS for now it is 50 months.12 It may be, that
farmers have the tendency to expand AS for certain time, until they reach for them a
convenient size of AS. This data goes against the arguments in the literature that the
longer farmers practice agroforestry, the more they expand its size. The possible reason
for this may be the lack of suitable cash crop that could be planted on the expanded
parcel apart from the perishable goods, which each family only needs a limited amount.
Producing more perishable goods than what can be consumed by the household, in areas
with limited market access, makes no sense as the surplus of such goods cannot
generate additional revenues.
In the interview, farmers were asked if they expanded/reduced/eliminated their parcel in
the last year or if they plan to do so in the next year. The dataset only has 2 fully shifted
farmers (2.9% of all AF). There are no farmers in the data who had tendency to reduce
or eliminate the AS parcel. As there are only 2 farmers who cannot further expand the
AS, the tendency towards changing the size of the parcel can be used as a proxy to
measure the satisfaction with the technology. Expansion can mean complete satisfaction
and elimination complete dissatisfaction. According to the analysis, it can then be
argued that all farmers, who adopted agroforestry, are somehow satisfied and majority
of them are very satisfied.
Table 13: Tendency towards Expansion of Agroforestry Parcels
Expand SAF

Keep the same

Shrink the SAF

Eliminate SAF

parcel

size

size

parcel

Count

AF

Row N Count

Row N Count

Row N Count

Row N

%

%

%

%

SAF

6

75,0%

2

25,0%

0

0,0%

0

0,0%

PAF

40

69,0%

18

31,0%

0

0,0%

0

0,0%

All AF

46

69,7%

20

30,3%

0

0,0%

0

0,0%

7.4 Estimating the Effects of Agroforestry on Farmers’ Livelihood
To estimate whether agroforestry contributes to the livelihood of the farmers and to be
able to assess hypothesis put forward in the Chapter 4, two types of regression analyses
and four different regression models are conducted: two for each hypothesis. In each,
agroforestry is modelled as one of the independent variables explaining the dependent
variable – agricultural output or agricultural revenues. As already explained, data on HH
consumption were added to the original dataset only after the collection of the data was

12

This excludes the farmer - outlier who practices AS for over 20 years as a part of his indigenous
knowledge
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completed. Although the limitations were already discussed, possible biases may still
exist. Therefore both – the original and the edited – datasets are used to run separate
regression analysis and the results are analysed and compared to check for coefficient
variances or biases.
Dummies representing the areas where different projects were active are added to the
theory-based research variables in all regression models to control for location-specific
differences such as water access, proximity to the nearest market or unforeseen projectdifferences. For the specification of the project dummies, project 1 (Vinto) serves as a
benchmark so that the regression includes t-1 village dummies with t=7. Vinto
community is the closest to the markets and its sample’s households have the largest
average agricultural output. Furthermore it is located between two agroforestry
experimental farms - the exposure to agroforestry systems is therefore expected to be
the highest.
7.4.1 Agroforestry Size
Agroforestry size, which was originally measured as a continuous variable (in m2), was
transformed into a set of dummies each representing one agroforestry size interval. The
dummy representing the largest agroforestry land size serves as a benchmark, the
coefficients of the remaining dummies will therefore estimate the effect of the given
agroforestry size interval against the group with largest agroforestry sizes. The
regression includes r-1 agroforestry size dummies with r = 3.
7.4.1.1 Agricultural Output and Agroforestry Size

All data were tested and checked for multicollinearity, homoscedasticity and
independence of observations and met all the assumptions for multiple regression
procedure. Homoscedasticity was assessed by visual inspection of a plot of studentized
residuals versus unstandardized predicted values; this was further controlled by the
application of logarithmic transformation on all metric variables. Firstly, the regression
was done with the full set of independent variables (Table 14: Model 1A). Secondly,
using the same set of variables stepwise regression was done to exclude variables with
the largest standard errors (Table 14: Model 1B). The result of stepwise regression is a
model with six statistically significantly independent variables. Both models are
significantly different from zero under the F-test. All but one significant variables show
the expected signs. Agricultural input, available labour and ownership of a car all
contribute positively to the agricultural output. Only one of the location dummies
(Tapacari) is significant. Tapacari is characterised by the hardest access to market and
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some of the worst biophysical characteristics (high erosion and low access to reliable
water supply, based on observations made in the field and personal communication with
projects’ technicians). It is therefore not surprising that the agricultural output is
substantially lower compared to the benchmark dummy which displays the opposite
characteristics. However, surprisingly and against expectations, the variable
representing the land holding size (ln Land) is significant and displays negative
coefficient. It signals that an increase by a percentage in the land size on which mainly
conventional crops (maize, potatoes and wheat) are grown would result in drop in the
agricultural outputs of -0.316%.13 It is probable that this is bias caused by the imprecise
collected data and the effect of not distinguishing between the share of temporal and
non-temporal land in the sample (see sec.6.3).
Dummies representing agroforestry systems display the hypothesised (negative) sign of
coefficient and are also significant. No_Agroforestry is significant at 10% level of
significance in the Model 1A, AS_5000m is significant at 5% under both models (1A
and 1B). The benchmark for agroforestry dummy is a category with the largest
agroforestry parcels; this shows the agricultural output is the higher the larger the
parcel. Previous data analysis showed MF to have considerably higher agricultural
output and on average 60% larger landholding size; their AS is also on average twice as
big as the SubF agroforestry systems. An alternative regression (1A_Alt and 1B_Alt)
where SubF were excluded was therefore conducted (Annex III) to see whether the
regression does not simply reflect the differences between MF and SubF. The dummies
in the alternative regression display the same coefficient signs, and the dummy
representing small AS sizes (AS_5000m) was also significant at the 5% level of
significance in both 1A_Alt and 1B_Alt Models.
It can therefore be concluded that farmers whose agroforestry system is bellow 5000m2
have on average, other things being equal, 58.27% (53.42% for Model 1A and
47%/51.8% for Models 1A_Alt/1B_Alt) smaller agricultural outputs, than farmers
belonging to the benchmark category.14 The model 1A suggests that farmers who do not
have agroforestry parcels at all have on average 18.94% smaller agricultural output per
hectare than those who use the technology on part of their land. The significance of this
result turned out to be mainly the effect of the differences between MF and SubF.
Although the direction of the relation is consistent and still negative for No_Agrforestry

13

Non-adopters only grow conventional crops, for adopters it is around 99% as AS occupies only a very
small share (about 1% on average) of their productive land.
14
The % impact is calculated as: 100[exp(βx) - 1]
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variable in the alternative regression, it is not significant. It is important to note here,
that the regression Models 1 and 2 do not incorporate the length of adoption in any way
and small and large agroforestry parcels, which might not yet produce agricultural
output, are included. In a situation, where all of the agroforestry parcels already reached
their full potential, it would be expected that NF have on average lower agricultural
output (everything else being equal) compared to farmers who have AS. It would then
follow from the hypothesis, that smaller AS will have smaller impact on the output than
larger AS. Nevertheless, majority of AF in this sample have not yet experienced the full
potential of the system, this may underestimate the potential impact of fully established
AS in the region.15 The trend in the data shows farmers with larger AS have on average
more experience; the benchmark category, unlike the other two dummies, is therefore
more likely to display the results of AS’ full impact on outputs.
The regression shows that farmers belonging to the largest agroforestry size category
(benchmark dummy) have on average over 50% significantly larger agricultural output
(other things being equal) than farmers with smaller or no agroforestry. This confirms
that there exists a relation between the AS size and agricultural output. It can thus be
concluded that for agroforestry farmers the size of their AS parcels affects the size of its
contribution to the household’s agricultural outputs. The null hypothesis (1H0) is
therefore rejected. The data also support the assumption that agroforestry systems
contribute positively to the agricultural output in general (AF have on average – other
things being equal – 17.55% higher outputs than NF, Model 1C_Profit, Annex IV).
However, this effect is not statistically significant (p=0,131, p>0,05). Thus, for the
sample in this study, farmers who practice agroforestry do not have significantly higher
outputs resulting from the practice compared to non-agroforestry farmers.
7.4.1.2 Agricultural Revenues and Agroforestry Size

To see, whether the above results are consistent with the original dataset, second
regression model was conducted. The theoretical and methodological part of this paper
dealt with the expanded dataset where the independent variables are estimating the
agricultural output. The effect of the missing data is that it under-estimates the total
agricultural output and does not assign any output for subsistence farmers. For the
purpose of this regression agricultural revenues are used instead as a dependent
variable; subsistence farmers are excluded from the regression. This is done under the
assumption that there is a linear relation between agricultural output and revenues for
15

This is based on the assumption that it takes around 5 years for an AS to fully develop and reach its full
potential. 71% of the AF have 4 or less years of experience.
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market-oriented farmers and that the production factors contributing to farmers
agricultural revenues and outputs are the same.
Table 14: Regression models 1A and 1B: Estimating the Effect of AS size on Agricultural Output,
Full Sample
Model 1A

Model 1B

Unstandardized

Sig.

Coefficients

Unstandardized

Sig.

Coefficients

B

Std. Error

B

(Constant)

6,281

,733

,000

Car

,389

,184

,037*

Inclination (dummy)

-,125

,137

,361

Fallow Land (dummy)

-,072

,135

,591

ln Input (USD/ha)

,180

,057

No_Agroforestry

-,210

AS_5000m

Std. Error

,420

,168

0,14*

,002*

,184

,050

,000*

,124

,093**

,265

,086

,003*

-,764

,333

,024*

-,874

,321

,007*

ln Cultivation (months/year)

,052

,137

,707

ln Off-farm income (USD)

,003

,060

,958

ln Labour

,259

,095

,008*

ln Land (ha)

-,337

,106

,002*

-,316

,095

,001*

P2: Sacaba

-,042

,215

,846

P3:Tiquipaya

-,130

,257

,615

P4:Arani

,214

,343

,534

P5:Tarata

-,291

,361

,422

P6:Sipe_Sipe

-,306

,339

,369

P7:Tapacari
Observations

-,846
127

,271

,002*

-,794
127

,150

,000*

Adjusted R Squared

0,767

0,770

F-test

F (16,111) = 27,070, p < 0,05

F (6,121) = 72,047, p < 0,05

2

a.

Dependent Variable: ln Agricultural Output (USD/ha)

b.

* Significance at the 5% level (in bold)

c.

** Significance at the 10% level (in bold)

d.

Due to 0 values on some variables (off-farm income, agricultural input) and excluded subsistence
farmers only 127 HH entered the regression

Likewise, all data were tested and checked for multicollinearity, homoscedasticity and
independence of observations and met all the assumptions for multiple regression
procedure. The same procedure was followed: firstly, regression was done with the full
set of independent variables (Table 15: Model 2A). Secondly using the same set of
variables stepwise regression was done to exclude variables with the largest standard
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errors (Table 15: Model 2B). The results are, apart from one variable, consistent with
the results presented in the previous model.
Table 15: Regression models 2A and 2B: Estimating the Effect of AS size on Agricultural Revenues,
Reduced Sample
Model 2A

Model 2B

Unstandardized Coefficients

Unstandardized
Coefficients

Sig.
B

Std. Error

B

(Constant)

6,111

1,153

,000

Inclination (dummy)

,024

,210

,911

Car

,525

,284

,068**

Fallow Land (dummy)

-,159

,207

,445

ln Labour

,401

,146

,007*

ln Land (ha)

-,128

,165

,439

ln Cultivation

-,009

,223

,967

No_Agroforestry

,013

,202

,950

AS_5000m2

-,981

,497

ln Input (USD/ha)

,223

ln Off-farm Income

Sig.

Std. Error

,571

,248

,023

,498

,074

,000

,051**

-,970

,467

,040

,095

,021*

,261

,077

,001

-,033

,096

,735

P2: Sacaba

-,514

,343

,137

P3: Tiquipaya

-,475

,400

,238

P4: Arani

,148

,532

,782

P5: Tarata

-,667

,601

,270

P6: Sipe_Sipe

-,651

,598

,279

P7: Tapacari

-1,116

,435

,012*

-,683

,255

,009

(months/year)

(USD/year)

Observations:

106

106

Adjusted R Squared

0,567

0,586

Model Fit

F (16,89) = 9,609, p < 0,05

F (5,100) = 30,774, p < 0,05

a.

Dependent Variable: ln Agr Revenues (USD)

b.

Selecting only cases for which Subsistance farmers = 0

c.

* Significance at the 5% level (in bold)

d.

** Significance at the 10% level (in bold)

e.

Due to 0 values on some variables (off-farm income, input) and excluded subsistence
farmers only 106 HH entered the regression

The stepwise model has five statistically significant variables. Both models are also
significantly different from zero under the F-test. All significant variables show the
51

same (and expected) signs as the theory suggests and as confirmed by the previous
model. Agricultural input, available labour and ownership of a car all contribute
positively to the agricultural revenues; likewise the location dummy representing
Tapacari shows negative coefficient. AS_5000m2 is significant and the results are
consistent with Model 1B. According to this model, the farmers from the AS_5000m2
category experience 62% significantly lower agricultural revenues than farmers with
larger agroforestry parcels. This regression confirms the main findings from the
previous models (1A, 1B, 1A_Alt and 1B_Alt) therefore the conclusion stands.
7.4.2 Agroforestry Experience
Finally, the effect of agroforestry experience on the livelihoods of farmers is analysed.
Following the same procedure, two times two regression models are conducted,
analysed and compared. All the variables included in this model are the same as in the
1A/1B models, with the difference, following the procedure discussed in methodology
chapter, of explanatory variable representing agroforestry systems. This model deals
with the length one practices the technology. It does not take into account the size of the
parcels. Agroforestry experience was transformed into a set of dummies each
representing one time interval. The dummy representing the longest experience serves
as a benchmark. The coefficients of the remaining dummies will therefore estimate the
effect of the given experience interval against the group that practises AS the longest.
The regression includes k-1 agroforestry dummies with k = 4.
7.4.2.1 Agricultural Output and Agroforestry Experience

Like in all other regression models, this one is also divided into Model A (Table 16:
Model 3A) which includes all theory-based explanatory variables with location
dummies and Model B (Table 16: Model 3B) which was run stepwise and where only
significant variables are presented.
The results are very similar to previous regressions in terms of significance and the
effect of the agricultural production factors such as labour and agricultural inputs. They
both display expected positive sign and are significant under both models. Land
variable, which is only significant in the Model 3A, still carries negative coefficient.
Out of the three AS interval categories presented in the model, two have negative signs
(No_Experience

and

AS_EXP_3_years)

and

two

(AS_EXP_3_years

and

AS_EXP_5_years) are significant under the stepwise model 3B. The model shows that
having less than three years of experience brings about on average 41.3% (Model 3B)
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significantly smaller agricultural output (other things being equal) than having more
than five years of experience with agroforestry systems.
Table 16: Regression models 3A and 3B: Estimating the Effect of AS Experience on Agricultural
Output, Full Sample
Model 3A

Model 3B

Unstandardized

Sig.

Coefficients

Unstandardized

Sig.

Coefficients

B

Std. Error

B

(Constant)

5,135

,721

,000

ln Input (USD/ha)

,203

,058

,001*

No Experience

-,104

,154

,499

AS EXP 3 years

-,449

,213

AS EXP 5 years

,408

ln Off-farm income (USD/year)

Std. Error

,277

,048

,000

,037*

-,532

,169

,002*

,258

,117

,490

,246

,049*

,023

,061

,711

ln Labour

,280

,096

,004*

,488

,047

,000

ln Land (ha)

-,284

,107

,009*

ln Cultivation (months/year)

,085

,138

,540

Fallow Land (dummy)

-,024

,137

,863

Car

,302

,190

,115

Inclination (dummy)

-,130

,137

,345

P2: Sacaba

-,105

,216

,627

P3:Tiquipaya

-,211

,257

,414

P4: Arani

,173

,345

,617

P5: Tarata

-,478

,372

,202

P6: Sipe_Sipe

-,323

,342

,346

P7: Tapacari
Observations

-,980
127

,287

,001*

-,844
127

,172

,000

Adjusted R squared

,764

,757

F-test

F (17,110) = 25,250, p < 0,05

F (5,122) = 79,953, p < 0,05

a.

Dependent Variable: ln Agricultural Output (USD/ha)

b.

* Significance at the 5% level (in bold)

c.

Due to 0 values on some variables (off-farm income, input) and excluded subsistence farmers only 127 HH
entered the regression

Against expectations, the sign of the coefficient is changing to a positive one in the next
interval category. This suggests that farmers who have five years of experience or less
have significantly larger agricultural output (63.2%) than farmers who practice
agroforestry more than five years. This category represents farmers who are in a
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‘transition’ period. That is farmers who already started to experience the effects of AS
but the fullness of these effects depends on several other factors such as the time of the
year, farmers’ tree management skills or type of the planted trees. In other words, this
category may include farmers who already achieved the full potential of the system, but
also farmers who are yet to achieve it. The expectation was that in the benchmark
category all farmers experience the full potential of the systems and therefore should
perform better than this ‘transition’ category. The possible explanation for this
contradictory result can be the potentially limiting factor of having comparatively lower
sample of respondents with more than 5 years of experience (benchmark AS_EXP
interval category). Moreover, majority of them are from the poorest region Tapacari. As
discussed in the Case Study chapter (see sec. 4.4.1), majority of the projects only started
to actively use agroforestry in the last 4-5years. Projects which are older than 5 years
(12 HH, 18.2% out of all AF) are mainly located in Tapacari (9 HH, 75%), an area
which according to all conducted regression models has significantly smaller
agricultural output/revenues. The agricultural output of the most experienced farmers
might therefore be lower on average by default. Comparing them with a sample from
more diverse locations (and assumedly higher average outputs) might therefore generate
an underestimation of the impact of AS and thus create biased results. It can also be the
case, that against expectations, within 3-5 years all of the AS already achieved their full
potential and the older AS systems in the sample started to experience significant losses
(e.g. trees are aging and producing less). Nevertheless, based on the observation in the
field, this is an unlikely scenario. The conclusion is that according to the data sample,
the agroforestry systems, which are less than three years old, have not yet achieved their
full potential and lead to significantly lower (41.3% for Model 3B) agricultural outputs
compared to parcels which are older than five years. It can be concluded, that in the first
three years of adoption, agroforestry contributes less to the agricultural output then after
five years of adoption. Based on the regression results, the AS is the most profitable
between 3-5 years of existence; however, as discussed above, this may be biased by the
disproportional representation of the projects in the benchmark category. As
hypothesised the effects of agroforestry systems change overtime and increase in the
first years of adoption. The null hypothesis is therefore rejected. However, the
alternative hypothesis cannot be accepted, as the data are inconclusive and the
saturation point (= timeframe by which AS systems achieve their full potential) cannot
be reliably established.
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7.4.2.2 Agricultural Revenues and Agroforestry Experience

In a similar manner, the Models 4A/4B (Table 17) are compared to Models 3A/3B using
the same set of independent variables and the original dataset. The adjusted R squared is
significantly lower in this model compared to the previous regression Model 3A (0,573
compared to 0,757). Only four variables are significant. Labour, agricultural input and
ownership of a car are all significant and display positive signs. Location dummy
Tapacari, like in all previous models is also significant with negative coefficient sign.
All the mentioned variables also reproduce the results in Models 3A and 3B. Despite the
fact that the dummies representing the agricultural experience show similar coefficients,
none of them is significant in either of the models. The data however, do not display
any variance in coefficients of the significant variables or unexpected results compared
to the previous models 3A/3B. Therefore, the conclusion made in the previous model
stands: the null hypothesis is rejected, but we fail to accept the alternative hypothesis.

7.5 Summary
The descriptive analysis of the reasons for adoption as given by respondents has shown
that farmers adopted agroforestry mainly for the direct economic gain from selling fruits
and the increased diversity of goods for consumption. Farmers, who considered
adoption, mainly did so because of its expected effect on the soil quality. Majority of
the non-adopters saw agroforestry as detrimental to their economic situation. However,
large part of the non-adopters also claimed insufficient skills and knowledge about the
AS management as a reason preventing them from taking up this technology. Most of
the adopters are part of a project operating in the region. Only eight farmers are selfadopters and they have on average smaller parcels which they adopted later than
project-adopters. Against expectation was a finding that farmers who tend to expand
their AS parcels have on average less experience than farmers who prefer to keep the
size as it is for the time being. This implies that agroforestry systems in the interAndean valleys will probably keep their role of a small garden, rather than being
applied to larger plots. Finally, the regression models have confirmed the assumption
that larger agroforestry sizes have bigger impact on agricultural outputs in the sample
than smaller AS parcels. Farmers with small AS sizes (below 5000m2) have on average
58.3% smaller agricultural output per hectare (other things being equal) than farmers
with larger AS sizes (5000m2 or more).
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Table 17: Regression models 4A and 4B: Estimating the Effect of AS Experience on Agricultural
Revenues, Reduced Sample
Model 4A

Model 4B

Unstandardized

Sig.

Coefficients

Unstandardized

Sig.

Coefficients

B

Std. Error

B

Std. Error

(Constant)

4,572

1,187

,000

Inclination (dummy)

,028

,212

,896

Car

,418

,297

,163

Fallow Land (dummy)

-,089

,214

,678

ln Labour

,442

,149

,004*

ln Land (ha)

-,049

,168

,773

ln Cultivation (months/year)

,045

,227

,842

No Experience

,101

,247

,684

AS EXP 3 years

-,560

,367

,131

AS EXP 5 years

,564

,446

,210

ln Input (USD/ha)

,246

,097

,013*

ln Off-farm income (USD/year)

-,006

,099

,955

P2: Sacaba

-,587

,348

,095

P3: Tiquipaya

-,581

,402

,152

P4: Arani

,110

,538

,838

P5: Tarata

-,928

,624

,141

P6: Sipe_Sipe

-,662

,614

,283

P7: Tapacari

-1,267

,477

,009*

Observations:

106

106

Adjusted R Squared

0,558

0,573

F-test

F (17,88) = 8,809,p < 0,05

F (4,101) = 36,197, p < 0,05

,607

0,252

0,18*

,485

0,075

,000*

,261

0,078

,001*

-0,602

0,256

0,21*

a.

Dependent Variable: ln Agr Revenues (USD)

b.

Selecting only cases for which Subsistance farmers = 0

c.

* Significance at the 5% level (in bold)

d.

Due to 0 values on some variables (off-farm income, input) and excluded subsistence farmers only 106 HH
entered the regression

The data also support the assumption that agroforestry has positive impact on
agricultural output; however the effect is not statistically significant. The agroforestry
experience is positively related to the agricultural output and thus the null hypothesis
was rejected. However, the tendency and strength of this relation did not confirm the
assumed pattern and therefore the alternative hypothesis (2H1) was not accepted. The
implications and further discussion of the results are presented in the next chapter.
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8 CONCLUSION: SUMMARY AND FINAL CONSIDERATIONS
Attitude of individual households to agroforestry systems is crucial to the success of
implemented agroforestry projects. Smallholders' perception of the role the technology
can and will play in the production system of his farm, as well as its benefits, costs and
profitability will determine the extent and duration of the adoption and should thus
guide the actors promoting agroforestry in the region - especially the design and
strategies of the AS projects.
The objective of this study is to offer a better understanding of the reasons and motifs
behind agroforestry adoption in the semi-arid regions of inter-Andean valleys in
Bolivia. Furthermore, its aim is to assess what impact agroforestry systems have on
farmer’s agricultural output in the region, namely the size and length of the experience.
The empirical results are assessed based on a sample of 144 quantitative interviews with
adopters and non-adopters of the technology in seven different project locations in interAndean valleys of Bolivia.
Due to several limitations in the collected data and relatively young age of the
implemented agroforestry systems the results are inconclusive. Estimated household
consumption was added to the original dataset, where these data were missing. To
control for biases, numerous regression analysis with altered and original datasets were
conducted and their results compared. The study found, that agroforestry systems in
semi-arid regions of Bolivia can have positive impact on farmers’ livelihood. They
positively and significantly contribute to the agricultural output of farmers with large
agroforestry sizes. Moreover, the study shows farmers with smaller agroforestry sizes
produce significantly lower (around 50%) agricultural output, compared to farmers with
large agroforestry sizes. Thus, confirming the assumption that the AS impact is bigger
for larger parcels.
The study also revealed a positive relation between the length one practices agroforestry
and the agricultural output. The trend of the relation however was not consistent with
the hypothesis. Agroforestry, as expected, has the lowest impact in the first three years
but against expectations, the impact is significantly higher between 3-5 years of
adoption compared to systems that have been adopted for more than 5 years. This is
probably caused by limitations in the data: the comparison group with the largest
experience includes mainly farmers from the poorest region; their agricultural output is
therefore lower by default.
Large part of the sample has not yet experienced the full impact (or any) of the
agroforestry systems, moreover, due to a limitation in the collected data, the output of
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agroforestry farmers is underestimated. It is therefore assumed that the revealed effects
offer rather a conservative estimate of the impact. Consequently, the overall profitability
(and impact) of fully established agroforestry systems as an alternative to conventional
farming practices in the region could not be determined.
Agroforestry systems in the inter-Andean valleys are characterised by their relatively
small parcel size. They play the role of a home garden which enables farmers to produce
perishable, hardly accessible goods, which, however, due to the limited access to market
is used mainly for consumption. The profitability of this type of AS is concentrated on
the capacity of trees to produce fruits: mainly apples and peaches. Agroforestry systems
are adjusted to the needs, skills and environment of the smallholder farmers.
Apart from the economic incentives (increased revenues from additional produce),
respondents attach considerable importance to the way agroforestry system fits into
their consumption needs (59% of adopters and 54% of non-adopters claimed
diversification of produce was one of the main reasons for (considering) adoption) and
the biophysical characteristics of their land (50% of adopters and 70% of non-adopters
claimed improvement of soil was one of the main reasons for (considering) adoption).
Agroforestry farmers leave on average twice as much land fallow compared to nonagroforestry farmers. This implies they have on average larger parts of land with low
productivity. 50% of them also stated, they adopted AS for its impact on the quality of
soil. The decision to adopt agroforestry thus can be seen as a response to the worsening
biophysical characteristics of adopters land. Nevertheless, the findings show,
contradictory to what other research suggests (Current, 1995, p.168) that the farmers do
not tend to expand the agroforestry parcel over time. The limiting aspect of the AS in
the inter-Andean valleys might be the lack of a suitable (non-perishable) cash crop,
which could be planted on the agroforestry fields and so generate agricultural revenues
in a way that can substitute revenues received from conventional farming methods. This
could motivate the farmers to expand the AS beyond the size of the home garden and
enhance the productivity (reverse the soil degradation) of the remaining farm land.
Several farmers also mentioned many misconceptions about the effects of trees in AS
on the soil (e.g. ‘trees take all the nutrients’). Targeting such misconceptions in
promotional campaigns of the projects may increase the receptivity towards AS and
thus the adoption rates.
To summarize, agroforestry as an agricultural technology has a good potential in
improving the livelihoods of smallholder farmers in the region. The impact of AS,
which is expected to grow as the parcels mature, seems to increase with the size of the
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parcel. However, the current form of agroforestry systems in the region is unlikely to
expand much beyond the use of the home garden unless a suitable cash crop or an
alternative design of AS which would not limit the production of conventional crops is
found. It is thus unlikely that agroforestry systems in their current use will help farmers
with the degrading soil quality and decreasing yields on the remaining fields where
conventional farming is used. Instead agroforestry rather plays a role of an additional
income activity that compensates the losses incurred by declining conditions on
remaining parcels.
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ANNEXES
ANNEX I: Questionnaire used for Data Collection

Agroforestry Systems in inter-Andean valleys of Bolivia
Good Morning! My name is Alena Machálková. I am a Masters student from the
Institute of Development Research and Development Policy, Ruhr University of
Bochum, Germany. For my Master’s thesis, I am currently conducting an academic
research in this area to better understand farmer’s decisions regarding their land-use
practices. The information that you may provide will be kept strictly confidential and
will be used for academic purpose only.
It may take about 50 minutes to complete this questionnaire.
Would you like to participate?
Consent given:

INSTRUCTIONS
This research targets farming households and therefore we interview heads of the
households as the primary respondents. Write down the response clearly where
appropriate; otherwise circle the code(s) of the appropriate option(s.).

Household Location
Household number:
Project:
Interview date:
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SECTION A: HOUSEHOLD CHARACTERISTICS
1. Gender: Male

Female

2. Age in completed years: __________
3. How many completed years of school do you have? __________
4. How many people live in this household, including you ? ___________
5. Of the people that live in this household, how many are of the following age
groups?
a. Adults (18 years & above): Male _____ Female ____
b. Children (10–17 yrs):
c. Children (below 10 yrs):

Total _____

Male _____ Female ____ Total _____
Male _____ Female ____

Total _____

SECTION B: AGROFORESTRY EXPERIENCE
For AGROFORESTRY ADOPTERS (only fill in if option (c) in Q9 was chosen)
6. How long do you practise agroforestry at your farmland? ______(months)
7. What part of your land is devoted to agroforestry practices? _____ m2
8. How did you learn about Agroforestry systems?
a. Mollesnejta, Naturefund or ECOSAF staff
b. Neighbour’s recommendation
c. communication channels (e.g. workshops, meetings) organized by other
initiatives from the area
d. I knew about the practice already (e.g. traditions)
e. other ___
9. Why did you decide to devote (part of) your farmland to Agroforestry practices?
(Choose all that applies)
a. I believed it would help me to improve the soil quality
b. I believed it would improve my household income
c. I believed it would reduce my water dependency
d. I believed it would help me to plant better/more varieties of crops and trees
e. I think it is good for the environment
f. other (please specify) ____________
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10. Based on your experience, would you prefer to change the size of agroforestry
parcel? How?
a. Expand
b. Keep it as it is
c. Shrink
d. Eliminate
11. Have you received any of the following subsidies or help regarding the adoption of
Agroforestry Systems?
a. financial help (e.g. with setting up the system)
b. material help (e.g. free seeds/trees or fertilizers)
c. non material help (e.g. extension agents visits, trainings, advice)
d. other (please specify) ________
e. none
for NON-ADOPTERS
12. Have you heard of the Agroforestry practices and its potential benefits?
Yes

No  go to Q 22

13. Do you personally know somebody practising Agroforestry systems on their land?
No  go to Q 21

Yes

14. Have they recommended you the practice?
Yes

No

15. Would you consider adoption of Agroforestry Systems on your land?
No  go to Q 21
Yes  go to Q 20
I don’t know  answer both Q 20 and 21
16. Why yes (multiple options possible)
a. I believed it would help me to improve the soil quality
b. I believed it would improve my household income
c. I believed it would reduce my water dependency
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d. I believed it would help me to plant better/more varieties of crops and trees
e. I think it is good for the environment
f. other (please specify) ____________
17. Why not (multiple options possible)
a. I cannot afford it
b. I do not believe it can improve my economic situation
c. I do not have enough information/knowledge about the practice
d. Other (please specify) _________

SECTION C: Biophysical factors and Location specific characteristics
18. What is the distance (in minutes) to the closest market from your farm? ______
19. How would you rate the overall soil quality on your land?
Very good/no
erosion

Good/Low
erosion

Normal/Slightly
eroded

Bad/ high
erosion

Very Bad/
high erosion

20. How many months in a year do you work on your land? ______
21. Have you observed any changes in the quality of the soil/erosion levels in the past 5
years?
a. quality of soil has improved (erosion is lower than before)
b. there has been no change
c. quality of the soil has deteriorated (erosion has worsened)
22. How would you characterise the steepness of your land?
Very flat

2

3

4

Very steep

23. How often have you experienced water scarcity on your property in the past 5 years?
Never

2

3

4

Every Year

SECTION D: Household resource endowments:
24. Do you own a car? _____
25. What is the total size of the land that you/your household have been farming on?
____ acres
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26. Of the farmland you have been farming on in the last season, what is the size of
each of the following types? Write zero if none
a. Fallow Land (acres): in the tropics ___ here:____
b. Land in the tropics ____ acres
c. Land in the area ____ acres
d. Total land size ___ acres
27. What is the amount of livestock your household owns?
Type: ________ no animals______ Estimated value p.a. ________
Type: ________ no animals_______ Estimated value p.a.________
Type: ________ no animals_______ Estimated value p.a.________
Type: ________ no animals_______ Estimated value p.a.________
28. Please give an estimate (in %) of the proportion of your total harvest sold on the
market vs consumed within your households.
Market:_____%
29. Have you experienced any drastic changes in the income from your market sales in
the past 5 years?
a. Yes, our household income has increased
b. Yes our household income has decreased
d. No, our household income is relatively stable  Go to Q 36
30. Can you explain why?
a. I had less produce to sell
b. I had more produce to sell
c. The prices on the market have decreased
d. The prices on the market have increased
e. I have different/ bigger variety of crops to sell
f. Other (please specify) _______
31. Does your farm have reliable irrigation system installed and which ones? Choose all
applicable
a. No, I don’t
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b. Traditional irrigation channels
c. Sprinkler
d. Water tank

SECTION E: Agricultural revenues and expenditure
32. Please estimate the costs for the following farmland inputs in the last season (year)?
Inputs
a. Seeds/seedlings
b. Labour
c. machinery hire
d. Fertilizer/other
chemicals
e. Manure
f. Others _____
Total Cost

Costs (BOL$)

33. Please give an estimate of the amounts and value of the crops that you or your
household sold in the last farming season (year).
Crop
Fruits from AS:

Units sold

Price per unit

Total cost

Grand Total:
34. Did any of your household members hire any labourers to work on your farm or got
hired to work elsewhere in the last season (year)?
In ($BOB)

Wage per day

no of days
worked

Total
amount

no of HH
members to
receive wage for
work
no of hired
labourers

SECTION F: Household income and expenditure
35. Please estimate the total income of your household from the different income
sources in the last season (in $BOB)
Income source
Income from wage labour
Remittances

Total amount (BOL$)
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Government subsidies (e.g.pension)
Other (please specify)
36. Please estimate your household expenditure in the past year.
Food
Education
Health
Other
Total cost
Do you have any further questions, remarks or suggestions?

Thank you for your time!
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ANEX II: Example of Random Selection of Non-agroforestry Farmers using
Satellite Images. Region Sacaba
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ANNEX III Alternative Regression: Impact of Agroforestry Size on Agricultural
Output, excluding Subsistence Farmers
Model 1A_Alt
Unstandardized

Model 1B_Alt
Sig.

Coefficients

Unstandardized

Sig.

Coefficients
B
Std.
Error

B

Std. Error

(Constant)

6,692

,723

,000

P2: Sacaba

-,219

,215

,313

P3: Tiquipaya

-,352

,251

,164

P4: Arani

,022

,334

,948

P5: Tarata

-,390

,377

,303

P6: Sipe_Sipe

-,175

,375

,641

P7: Tapacari

-,784

,273

,005*

Inclination (dummy)

-,091

,132

,491

Car

,506

,178

ln Labour

,270

ln Land (ha)

-,571

,163

,001*

,006*

,484

,162

,004

,091

,004*

,271

,082

,001*

-,338

,103

,002*

-,345

,091

,000*

ln Cultivation (months/year)

-,009

,140

,950

Fallow Land (dummy)

-,076

,130

,557

ln Off-farm income

-,034

,060

,577

ln Input (USD/ha)

,180

,060

,003*

,186

,052

,001*

No Experience

-,144

,127

,259

AS less than 5000m

-,635

,312

,045*

-,730

,297

,016*

Observations

106

106

Adjusted R Squared

,776

,783

F- test

F(16,89) = 23, 602, p<0,05

F(6,99) = 64,167, p<0,05

(USD/year)

a.

Significance at the 5% level (in bold)

b.

Selecting only cases for which Subsistance farmers = 0

c.

Due to 0 values on some variables (off-farm income, agricultural input) and excluded
subsistence farmers only 106 HH entered the regression
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ANNEX IV: Profitability of Agroforestry Systems: Effects of Agroforestry
Systems on Agricultural Output, excluding Subsistence Farmers
Model 1C_Profit
Unstandardized Coefficients

Sig.

B

Std. Error

(Constant)

5,970

,641

,000

P7: Tapacari

-,771

,278

,007*

P2: Sacaba

-,242

,219

,272

P3: Tiquipaya

-,404

,254

,115

P4: Arani

-,020

,339

,953

P5: Tarata

-,409

,383

,289

P6: Sipe_Sipe

-,183

,382

,634

Car

,521

,181

,005*

Inclination (dummy)

-,087

,134

,517

Fallow Land (dummy)

-,072

,132

,588

ln Labour

,276

,093

,004*

ln Land (ha)

-,317

,105

,003*

ln Cultivation (months/year)

,002

,142

,990

ln Off-farm income (USD/year)

-,023

,061

,702

No Experience

-,193

,127

,131

ln Input (USD/ha)

,185

,061

,003*

Observations

106

Adjusted R Squared

,758

F-test
F(15,90) = 24,140
a. Significance at the 5% level (in bold)
b.

Selecting only cases for which Subsistance farmers = 0

c.

Due to 0 values on some variables (off-farm income, agricultural input) and excluded
subsistence farmers only 106 HH entered the regression
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