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Abstract Agroforestry has potential for strengthen-
ing the climate change resilience of smallholder
farmers in Southeast Asia. In Indonesia, the food
security challenges faced by smallholders will likely
worsen due to climate change impacts. Agroforestry
provides and option for strengthening climate change
resilience, while contributing to food access, income,
health, and environmental stability. To evaluate the
evidence for such benefits, this systematic review
identifies 22 peer-reviewed articles published between
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2000 and 2019 which assess agroforestry’s contribu-
tions to food security in Indonesia, mostly in Java or
Sumatra. Analysis of the studies indicate that tradi-
tional and commercial agroforestry contribute to food
security in diverse ways: for example, traditional
homegardens offer 20% more dietary diversity than
commercial counterparts, while commercial home-
gardens may contribute up to five times more income.
Agri-silviculture contributions fall along a timber
versus non-timber forest product continuum that
displays a similar tradeoff between diversity and
income. Those systems with a commercial focus may
receive 54% of their income from a single commodity
crop such as coffee, while traditional systems allow
greater access to plants with medicinal benefits.
Nearly all agroforestry systems offered indirect ben-
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efits for food security, such as allowing more off-farm
work than traditional agriculture and contributing to
environmental stability: users of agroforestry were
found by one study to collect 83% less fuelwood from
natural forests. One study highlighted that agro-
forestry options have up to 98% greater net present
value (for periods over 30 years) compared to slash
and burn style agriculture. However, very few studies
of Indonesian agroforestry focused explicitly on
financial analysis and food security, indicating the
need for further research. Given the similar situations
faced by many Southeast Asia countries, our findings
contribute to emerging trends throughout the region
regarding the relationship between agroforestry and
food security.

Keywords Systematic review - Agroforestry dietary
diversity - Southeast Asia - Nutrition -
Agri-silviculture - Homegardens

Introduction

Food security is when “all people at all times, have
physical and economic access to sufficient, safe and
nutritious food that meets their dietary needs...”
(FAO 1996) in four interrelated categories: availabil-
ity, accessibility, utilization, and stability (FAO 2008).
Food security is a complex issue impacted by and
influenced by climate change, natural resource use
patterns, and demography (Brown and Funk 2008;
Lobell et al. 2008; Wheeler and Von Braun 2013).
Food security challenges continue to arise in many
parts of Southeast Asia (Mertz et al. 2009). For
example, in Indonesia, land conversion, longer dry
seasons, extreme temperatures, wildfires, increased
incidence of pests and diseases, and floods are
contributing to reduced crop yields, and ultimately
decreased food access for smallholder farmers (Su-
tardi and Hilman 2007; World Bank 2011; GOI2017).
Interventions to reduce the vulnerability of smallhold-
ers to food security shocks have been widely advo-
cated (e.g. WFP 2015 ). Agroforestry is promoted as
one such intervention, that can improve ecosystem
services and, when well-planned and implemented,
can positively affect health, food access, and income
(Nair and Toth 2016; Rosenstock et al. 2016).
Agroforestry interventions typically face initial
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challenges including labor, germplasm and the
delayed nature of some of its impacts. While the
environmental benefits of agroforestry are well under-
stood, the impacts and outcomes of agroforestry on
food security remain less clear. Using targeted search
parameters, we have compiled peer-reviewed articles
focused on agroforestry contributions to food security
in Indonesia, and systematically assessed and mapped
the existing literature to the FAO food security pillar
framework. The results of our systematic review are
presented in the context of agroforestry’s potential
contributions to food security in Indonesia.

Background
Country context

Indonesia comprises approximately 13,450 islands
covering some 200 million ha of land, of which 31.5%
is farmland and 51% is forested (FAO 2015; GOI
2017). Indonesia has the fourth largest population in
the world (260 million) spread primarily across its five
largest regions (Kalimantan (Indonesian Borneo),
Sumatra, Papua (Indonesian New Guinea), Sulawesi,
and Java), with a per capita GDP that has risen from
US$807 in 2000 to US$3,877 in 2018, making it the
largest economy in Southeast Asia (FAO and GOI
2017; World Bank 2019). Agriculture is a significant
contributor to the Indonesian economy, accounting for
circa 13% of GDP and 30% of employment—mostly
smallholder farmers (ILO 2017; World Bank 2020).
Despite Indonesia’s economic growth, it faces ongo-
ing challenges in relation to poverty and malnutrition,
with 36.1% of Indonesians living below the poverty
line and 30.5% of those under-five suffering from
wasting or stunting (WFP 2015; FAO and GOI 2017,
World Bank 2017; UNICEF 2020).

Indonesia’s agricultural productivity is signifi-
cantly influenced by its geography and climate.
Located in the humid tropics, the conditions on
Indonesia’s equatorial islands are relatively similar,
with the two main land types comprising coastal
lowlands (where temperatures typically remain
between 26° and 32° Celsius ©, but can reach
38 °C) and, to a lesser extent, mountainous highlands
(with temperatures averaging between 15° and 26° C),
the volcanic nature of which has contributed to the
primarily lateritic soils throughout (Tan 2008).
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Precipitation is heavy throughout the year, with
western monsoons providing the greatest rainfall
between December and March, and eastern monsoons
between June and August. Rainfall averages 3000 mm
in the mountainous regions, and between
1000-2000 mm in lower lying regions (Lee 2015).
The combination of rainfall and temperature patterns
in Indonesia can lead to impoverished soils, through
erosion, weathering, and leaching of nutrients, which
drives farmers to clear forests in search of soils
suitable for cutivation (Kartasubrata 1993).

Further threats to Indonesia’s forests and farmland
come from risks associated with increased frequency
of extreme events such as droughts, floods, and
cyclones, and increases in temperature, prolonged
dry seasons, pests and disease, and sea level (along its
81,000 km of coastline) (GOI 2017; GON 2018).
Examples of estimated crop impacts from such threats
to food security include decreases in rice production in
some parts of the country by 3.6 million tons and
young perennial plant die-back of up to 30% (Sutardi
and Hilman 2007; GOI 2017). Given that such threats,
and their underlying causes, are similar to those
experienced by agroforestry systems in other coun-
tries, Indonesia presents a useful case study for
analysis of the contribution of agroforestry to small-
holder food security.

Agroforestry and the FAO food security pillars

In the 2009 World Summit on Food Security, state
leaders signed a declaration acknowledging that the
“effects of longstanding underinvestment in food
security, agriculture, and rural development have
recently been further exacerbated by food, financial
and economic crises, among other factors” (FAO
2009). In this same statement they reconfirmed the
importance of the FAO pillars, noting that ensuring
availability, accessibility, utilization, and stability is
the best means of both “reversing this trend” and
“progressive realization of the right to adequate [...]
food security” (FAO 2008). Since that time, the FAO
and the broader agroforestry community have under-
lined how agroforestry supports the pillars, where
biodiversity of agroforestry systems can support
environmental stability and allow for greater food
access, income generation, and improved health
(Maradiaga 2015; Jemal and Callo-Concha 2017;
concepts presented in relation to the pillars a la

Gillespie et al. (2012), Weingartner (2004), and
Jamnadass et al. (2015) in Fig. 1).

The potential for agroforestry to contribute to food
security is context-dependent, with many agroforestry
contributions to food security arising both directly and
indirectly, complicating definitive categorization
(Sanchez 1999; Dwivedi et al. 2013; Ray et al. 2013;
Wheeler and van Braun 2013 Challinor et al. 2014).
Hence, the categorizations used here are presented in a
simplified manner (Rahman et al. 2016b). For exam-
ple, many of the agroforestry benefits associated with
“health” and “income” could equally be considered
to support both the “utilization” and “accessibility”
pillars, which along with the “availability” on which
they depend, are noted as being reliant upon the
“stability” pillar (Weingartner 2004).

The FAO (2015) defines stability as when “food,
income and economic resources at the household level
remain constant, as well as minimization of external
risks such as natural disaster and climate change...”
Agroforestry can enable a more stable environment for
food security through ecosystem resilience and ser-
vices brought by the functional diversity and species
interactions of its inherent biodiversity. Such ecosys-
tem services can include microclimate regulation,
attraction of pollinators and pest-predators, soil ame-
lioration, protection of watersheds, and reduction of
disease impacts (Garrity 2004; Zhang et al. 2007,
Jamnadass et al. 2015; Rosenstock et al. 2016). Such
benefits can be conferred through provision of shade
by branches and transpiration by leaves, habitat
creation, mediation of soil moisture levels, as well as
minimizing soil erosion and runoff by deep root
systems; and increased soil fertility through leaf litter
decomposition (Garrity 2004; Bedimo et al. 2008; Jose
2009; Mitchell et al. 2014). Many such benefits
combine to reduce plant stress and maintain longer-
term environmental stability through enhanced carbon
capture (contributing to climate change mitigation)
and potential reduction of dependence on agricultural
inputs (e.g. inorganic fertilizers, herbicides, and
pesticides) (Nair 1993; Jose 2009; Nair et al. 2010;
Nair and Toth 2016; Waldron et al. 2017). The primary
advantage of such stability is to increase the quality
and quantity (both in terms of volume and variety) of
system outputs, contributing to food access, or what
the FAO (2015) defines as food availability (i.e. “the
physical existence of food”).

@ Springer
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Fig. 1 Simplified diagram of agroforestry pathways for food security

The availability of higher qualities and quantities of
outputs from agroforestry systems can support the
other two pillars. The FAO (2015) defines food
utilization as the requisite “healthy physical environ-
ment”, “knowledge and habits, including storage,...”
and “ability of the human body to take food and
convertitinto[...] energy...” and food accessibility as
“when all households have enough resources to obtain
food in sufficient quantity, quality and diversity for a
nutritious diet.” In addition to the aforementioned
environmental benefits, agroforestry has the potential
to increase utilization through contributions to
income, nutrition and health status as some agro-
forestry outputs can have biomedical attributes, while
others constitute commodities [such as nuts, coffee,
cacao, fuelwood, and other non-timber forest products
(“NTFP”)] that can be sold, stored for long periods,
and/or utilized in food preparation (Rao et al. 2004;
Roshetko et al. 2008; Jamnadass et al. 2015). For
example, agroforestry fuelwood lots can reduce labor
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demands associated with fuelwood collection, while
producing woods with high energy content and low
smoke emissions, utilizable for cleaner cooking,
heating, construction, and sale (Tabuti et al. 2003;
Toth et al. 2017b). The health aspect of accessibility
similarly can benefit from agroforestry’s contributions
to dietary diversity through, for example, introduction
of new fruit and vegetable species, cultivation of
animal fodder for livestock systems (providing more
milk and other livestock-derived products), or the
income generation allowing for purchase of more
diverse types of food and medicine (Jamnadass et al.
2013, 2015; Roshetko et al. 2013; Toth et al. 2017a).

Despite its potential beneficial effects on food
security and provision of ecosystem services, agro-
forestry can also have negative impacts, which can
occur where projects are poorly designed or where
their implementation is interrupted or incomplete.
Other negative effects that can potentially occur from
agroforestry systems can be to change the dynamics of
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zoonotic diseases, particularly where disease agents
are transmitted by animals or insects whose frequency
of interaction with humans is altered through agro-
forestry systems. Because of the potential for negative
effects, it is important that agroforestry schemes are
well designed. To determine the state of our under-
standing of agroforestry programs in the case study of
Indonesia, and to identify the knowledge gaps that
might hinder its effectiveness as a tool for strength-
ening food security, we performed a structured review
of the published literature on Indonesian agroforestry
schemes over the past decade (2009-2019).

Methodology

To systematically examine the literature on agro-
forestry and food security in Indonesia, we employed
the “standard review” guidelines outlined in the PRIS
soil fertility MA statement (Liberati et al. 2009). First,
the criteria for inclusion were defined, followed by
systematic implementation of defined search strings
across three databases (Web of Science, Scopus, and
PubMed). Search terms that produced duplicate results
without identifying additional studies were eliminated
in subsequent iterations. Once the qualifying studies
were collected, the relevant data was extracted and
qualitatively synthesized.

Inclusion criteria

Peer reviewed articles were included in the analysis
based on the criteria listed in Table 1. Only articles
published in English were included. In addition, to
keep the review as current as possible, only articles
published between 2000 and 2019 were included. To
enable higher quality, grey literature and other non-
peer reviewed pieces were also excluded. Other
inclusion criteria were: (1) Geographic Location (2)
Primary Data, (3) Smallholders or Households, (4)
Agroforestry and Food Security, and (5) Measurable
Food Security Aspects. Essentially, the study must
have involved Indonesia, analyzed primary data, and
focused on smallholder farmers (Table 1) or their
households, while examining agroforestry in the
context of some measurable aspect of food security
(based on the relationships defined above: food access,
nutritional status, dietary diversity, or income).

Development of search strings

The search terms related to agroforestry, food security,
and Indonesia are outlined in Table 2 (additional
search terms relating to specific practices or to the
FAO food security pillars were also considered, but
not pursued as they did not yield any additional
results). Potentially relevant studies were imported
into EndNote (version X8). The study titles were then
screened for duplicates. Following the removal of
duplicates, the titles and abstracts were reviewed, and
inclusion criteria applied. The remaining titles were
reviewed in full and data therefrom was included in the
analysis. In addition, bibliographies of the included
articles were reviewed for potentially relevant sources.
Any such sources were then included for full text
review. Those that met the inclusion criteria were also
included in the analysis.

Study selection

Figure 2 elucidates the steps of the systematic review
process. Initial searches utilizing the search strings for
agroforestry, food security, and Indonesia (Table 2)
returned 607 records from the included databases. A
total of 108 duplicates were removed leaving 499 titles
to be screened. Applying the inclusion criteria
(Table 1) resulted in the exclusion of a further 365
titles. The abstracts of the remaining 134 articles were
then assessed based on the same criteria. This resulted
in the exclusion of a further 103 articles, leaving 31
articles for full text review.

After reviewing the qualifying articles, their bibli-
ographies were examined for potentially relevant
papers. This returned a further 21 articles for review.
Of the 52 articles reviewed (31 from full text review
and a further 21 identified in the bibliographies of
those articles), a total of 30 articles were excluded.
Eight articles did not meet peer review criteria, one
article was not related to smallholders or their
households, while a further 12 articles did not have
sufficient focus on agroforestry, food security, or
Indonesia. Two more articles focused on natural and
plantation forests, to the exclusion of agroforestry.
Lastly, seven articles were either inaccessible or were
not published in English (leading to a limitation in this
review methodology), leaving a total of 22 qualified
studies (hereinafter “studies”). (Further details
regarding the criteria and study methods related to
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Table 1 Inclusion criteria for systematic review

Category Inclusion details

Language Non-English studies have been excluded
Publication date
Peer reviewed

Geography Studies related to Indonesia
Primary data Studies must present primary data
Subjects Studies must relate to smallholder farmers

Treatment

Any studies prior to 2000 have been excluded
Only peer reviewed articles have been included

Studies must relate to agroforestry generally, or one of its practices or pseudonyms, such as homegardens,

intercropping, silvopasture, forest farming, intercropping, alley cropping, riparian buffers, live fence, mixed

farming, evergreen agriculture, or windbreaks

Food security
aspect e Food Access (quantity/quality)

e Nutritional Status

e Dietary Diversity

e Income

Studies must relate to one or more aspect of Food Security, such as:

food security can be found in Supplementary Table 1
in the Additional Resources section.)

Data

Figure 3 utilizes data from the World Food Program
(“WFP”) Food Security and Vulnerability Atlas to
highlight food security vulnerability levels in different
regions of Indonesia; regions are classified into six
priority groups, with groups one and two being the
most vulnerable, groups three and four being moder-
ately vulnerable, and groups five and six classed as
relatively food secure (WFP 2015). Each study is
listed in Table 3 along with the vulnerability level of
its location and its noted agroforestry system(s) and
food security aspects. Figure 3 and Table 3 highlight
that most of the agroforestry studies (over 86%) fell
between WFP vulnerability levels two and six, as they
were conducted in either Sumatra or Java. Studies
involving agroforestry practices requiring larger land
areas, such as those focused on specific tree-based
systems, were generally located in Sumatra, and
second in number only to studies involving homegar-
dens, all of which took place in Java (for greater
insight into homegardens in the Indonesian context,
see Roshetko et al. 2002). The food security focus of
the studies was also skewed, with income and food
access being the first and second most investigated
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aspects. Few studies explicitly considered dietary
diversity or nutritional status.

Results

None of the 22 peer-reviewed studies on agroforestry
explicitly attempted to measure the FAO definition of
food security. However, the studies did analyze some
agroforestry benefits relating to food security, in
particular food access, dietary diversity, nutrition
security, and income. While some of the studies
examined only one such element, others examined a
number of the elements. About 50% of the studies
investigated elements related to food access, while
80% examined elements related to income. About
36% investigated elements related to dietary diversity,
while only 9% contained elements related to nutri-
tional security.

Food access

Ten of the studies contained elements relating to food
availability. However, only one study specifically
investigated a primary result of increased food access,
i.e. energy intake (Sasaoka et al. 2014). It found that
sago produced on Seram Island accounts for 76% of
total energy intake, where the productivity of sago
groves was between five and 16 times greater than
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Table 2 Search terms and strings used for systematic review

Search
aspect

Strings

Agroforestry  (*agroforest*) OR (“agroforest*”) OR(“treefarm*”) OR (“forestfarm*”) OR (homegarden*) OR (“homegarden*”)
OR (“evergreenagricultur*”) OR (“mixedfarm*”) OR (“croplivestock*”)OR (“livestockcrop*”) OR
(agr?silv) OR (“silv?pastoral*”) OR (“silv?pastoral*”) OR (“croptree”) OR (“treecrop*”) OR (“alley-crop*”)

OR (intercrop*) OR (“inter crop*”)

AND
Food (income*) OR (nutrition*) OR (“food security*””) OR (diet*) OR (“food suffic*”’) OR (“food insecur*”)
Security OR (“nutrit* secur*”) OR (“nutrit* insecur*”) OR (“nutrit* insecur*”) OR (“food insuffic*”’) OR (“hunger*”)
OR (“nutrit* suffic*”) OR(“nutrit* insuffic*””) OR (“food”)
AND
Indonesia (indonesia*) OR(java*) OR (sumatra*) OR(sulawesi)OR (kalimantan) OR (papua*) OR (maluku*) OR (sunda*)

OR(guinea*)OR (aceh) OR (riau*) OR(jambi) OR(bengkulu) OR (bangka*) OR (lampung) OR (bali)
OR(nusa* AND banten OR jakarta OR yakartayog*) OR (banten) OR (jakarta) OR (yogyakarta*))

upland rice. While they did not directly investigate
food availability, a further three studies involving both
traditional and commercial homegardens did consider
some aspects of food availability (i.e. Abdoellah et al.
2006, Muliawati et al. 2018, and Prihatini et al. 2018).
For example, one study found that 27% of the
cultivated components of the investigated homegar-
dens were comprised of subsistence plants (Muliawati
et al. 2018).

While the other studies had fewer direct links to
food availability, some contained elements of rele-
vance to food access. For example, a study in Sumatra
found that poorer farmers that engaged in agroforestry
training increased the volume and variety of their crop
production (Pratiwi and Suzuki 2019). In addition, two
studies reported the use of secondary NTFPs (such as
mangosteen, durian, garcinia, candlenut, lanzones,
lansium, bitter bean, areca nut, ginger, turmeric, chili,
papaya, etlingera, and banana) for subsistence (Bel-
cher et al. 2004; Affandi et al. 2017). A further two
studies indicated that the increasing popularity of
short-term perennials with high international demand
(e.g. cacao, coffee, and pepper) led to a reduction in
the planting of staple food crops, potentially lowering
direct access to staple foods (Belsky and Siebert 2003;
Kusters et al. 2008). Similarly, a study based in Java
investigated agroforestry in smallholder agriculture
systems and highlighted a short-term reduction in
access to subsistence foods, although it was argued
that this effect could be mitigated by establishment of
fruit trees (Rahman et al. 2016a).

Dietary diversity and nutrition security

In total, eight of the studies contained elements related
to dietary diversity, while two were related to both
nutrition security and dietary diversity. Of note,
Pratiwi and Suzuki (2019) found that poorer farmers
that engaged in agroforestry training increased their
levels of crop diversification. However, it is not
axiomatic that increased levels of food production or
crop diversification in a locality will translate into
improved nutritional outcomes for the farmers house-
holds or communities. Indeed, Ruel and Alderman
(2013) found little evidence of the effectiveness of
food production programs on child nutritional status.
Relatedly, Ickowitz et al. (2016) utilized spatial data to
investigate the intake of micronutrient-rich foods
amongst children under five. Their results displayed
a correlation at the national level between agroforestry
and increased consumption of legumes. At the
regional level, the findings highlighted a correlation
between agroforestry and increased consumption of
Vitamin A rich fruits and green leafy vegetables. In
addition, agroforestry systems were also associated
with increased meat consumption, in particular those
involving silvopastoral aspects (Ickowitz et al. 2016).

One study of the effects of homegardens in Java
investigated Vitamin A intake pre- and post-home-
garden extension intervention, reporting a modest
increase in vegetable consumption, but no increase in
Vitamin A intake (Diana et al. 2014). The authors
suggested that this may be due to the small size of
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607 records identified

32 PubMed

219 Scopus
356 Web of Science

{ 108 duplicates titles removed
v
499 titles screened

| 365 titles excluded based on inclusion

criteria

134 abstracts screened

‘I 103 excluded based on inclusion criteria

31 full text articles assessed for eligibility

21 potentially relevant articles identified from|
references

30 articles ineligible:

* 8 articles did not meet peer review or primary data criteria
o 1 article did not quantify agroforestry or food security

> impacts for smallholders/households
* 12 articles did not focus sufficiently on agroforestry or
food security or Indonesia

22 full text articles included

o 2 articles focused on plantation or natural forest
* 7 articles were inaccessible/not in English

Fig. 2 Flowchart illustrating the systematic review process from identification of 607 recorded documents matching the initial search

terms to 22 articles deemed eligible for full analysis

many of the homegardens resulting in insufficient
production. Two studies further compared traditional
homegardens to commercial homegardens (Abdoellah
et al. 2006; Prihatini et al. 2018), with both reporting
that species diversity was 20% greater in traditional
homegardens. In addition, one of these studies claimed
that traditional homegardens functioned as both “liv-
ing barns” and “living pharmacies;” noting their
importance for dietary and medicinal plant species
diversity (Prihatini et al. 2018). Greater dietary
diversity resulting from secondary NTFPs, such as
honey, fuelwood, and medicinal plants, was also
claimed in the context of rattan-based agroforestry
(Belcher et al. 2004).

Household income

A total of 18 studies investigated the impacts of
agroforestry on household income. Half of these

@ Springer

focused on income alone, while the remainder also
considered other categories. The majority of these
studies reported agroforestry as a significant contrib-
utor to income, with some describing various agro-
forestry systems as “living savings accounts”
(Roshetko et al. 2013; Prihatini et al. 2018). For
example, one study of agroforestry in smallholder
agriculture systems highlighted general long-term
potential income gains (Rahman et al. 2016a), while
in other cases this was largely ascribed to the sale of
secondary NTFP (Belcher et al. 2004; Affandi et al.
2017). A study of coffee agroforestry systems in
Sumatra found that commodity production contributed
to over 54% of household income, compared to a
12.5% contribution from the traditional agricultural
components (Suyanto et al. 2007). A study of damar
agroforestry indicated that, on average, it contributed
up to 51% of household income for those that utilized
it (Wollenberg and Nawir 2005). In teak agroforestry
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systems, 12, 25, and 61% of household income was
contributed by the teak component, agricultural pro-
duction, and off-farm activities, respectively
(Roshetko et al. 2013). A hortus study also found that
agroforestry allowed for greater off-farm income
contributions due to some types of agroforestry being
less labor-intensive than traditional local agricultural
practices (Rahman et al. 2016b). Finally, two studies
compared agroforestry options to traditional options,
and found agroforestry to have up to 98 and 65%
greater net present value (for periods in excess of
30 years) compared to (a) slash & burn and (b) maize
or rice production, respectively (Wibawa et al. 2005;
Rahman et al. 2017 ).

The studies related to homegardens reported much
higher incomes (up to 500%) for commercial home-
gardens, than for traditional homegardens, but much
lower biodiversity (Abdoellah et al. 2006; Prihatini

et al. 2018). However, commercial homegardens
required inputs valued at between 35 and 75% of the
value of production. In addition to such costs, poor
management practices in certain agroforestry systems
were shown to reduce the profitability of such systems.
In Java, 43% of the farmers practiced thinning that
removed the most valuable wood before maturity, but
teak agroforestry nonetheless remained prof-
itable (Roshetko et al. 2013). In addition, a study of
damar agroforestry found that damar resin profitability
and productivity declined by 34 and 37% (between
1995 and 2004), respectively (Kusters et al. 2008).
Such reductions were considered to be a result of a
reduced harvest interval, which had been, on average,
every 4.35 weeks, but was reduced to every
2.98 weeks during the study period. These values
were however specific to resin and did not indicate the
profitability of the overall farming system.
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Table 3 Peer-reviewed research studies of agroforestry in Indonesia

FSA System Species Area WFP References
D/F/ Homegarden (T/C) NA Java 2-6  Prihatini et al. (2018)
|
D/F/ Rattan (T/C)** Daemonorops Kalimantan 3-6  Belcher et al. (2004)
|
D/F/  Oil Palm* (T/C) Elaeis guineensis Kalimantan 3-6  Belcher et al. (2004)
|
D/F/  Rubber* (T/C) Hevea brasiliensis Kalimantan 3-6  Belcher et al. (2004)
|
D/F/ Reba-Juma (T)* Areca catechu, Garcinia atroviridis Sumatra 2-6  Affandi et al. (2017)
|
D/F/  Intercropping (T/C) Caffea arabica, Theobroma cacao Sumatra 2-6  Pratiwi and Suzuki (2019)
|
D/F  Homegardens (T) Theobroma cacao, Melia azedarach Java 2-6  Muliawati et al. (2018)
D/ Durian & Teak (T/C)** Durio zibethinus, Tectona grandis Java 2-6  Rahman et al. (2017)
D/N  Homegarden (T) NA Java 2-6  Diana et al. (2014)
D/N  Teak (C)** T. grandis, Acacia mangium Java 2-6  Ickowitz et al. (2016)
D/N  Swidden/Improved Fallows NA Kalimantan 3-6  Ickowitz et al. (2016)
(T
D/N  Mix Gardens (C)* H. brasiliensis, C. arabica Sumatra 2-6  Ickowitz et al. (2016)
D/N  Swidden/Improved Fallows NA Sulawesi 2-6  Ickowitz et al. (2016)
(T
F/1 Homegarden (T/C) Allium fistulosum Java 2-6  Abdoellah et al. (2006)
F/1 Durian & Teak (NA)** D. zibethinus, T. grandis Java 2-6  Rahman et al. (2016a)
F/1 Cacao (C)* T. cacao Sulawesi 2-6  Belsky and Siebert (2003)
F/1 Damar (C)* Shorea javanica Sumatra 2-6  Kusters et al. (2008)
F Sago-vegeculture (T) Metroxylon sagu Maluku 1-4  Sasaoka et al. (2014)
Isls
1 Homegarden (T) Nephelium lappaceum, Anthocephalus Java 2-6  Rahman et al. (2016b)
cadamba
1 Mix Gardens (T/C) T. grandis, Phyllanthus acidus Java 2-6  Rahman et al. (2016b)
1 Teak (C)** T. grandis Java 2-6  Roshetko et al. (2013)
1 Rubber (T/C)* Hevea brasiliensis Kalimantan 3-6  Rist et al. (2010)
1 Rubber (C)* Hevea brasiliensis Sumatra 2-6  Rist et al. (2010)
1 Coffee (T/C)* C. arabica Sumatra 2-6  Suyanto et al. (2007)
1 Damar (T/C)* Shorea javanica Sumatra 2-6  Wollenberg and Nawir
(2005)
1 Jernang (C)* Daemonorops draco Sumatra 2-6  Widianingsih et al. (2019)
1 Mix Gardens (T) H. brasiliensis, C. arabica Sumatra 2-6  Murniati and Gintings
(2001)
1 Rubber (T/C)* H. brasiliensis Sumatra 2-6  Wibawa et al. (2005)
1 Sisipan (T/C)* H. brasiliensis Sumatra 2-6  Lehébel-Péron et al.

(2011)

FSA Food Security Attribute, C Commercial, T Traditional, F Food access, D Dietary diversity, N Nutrition security, / Income, *
NTFP focused Agri-silviculture, ** Timber focused Agri-silviculture
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Additional food security benefits

Many of the agroforestry studies reported additional
indirect food security benefits, which could strengthen
stability and resilience. The establishment of trees was
argued to confer land tenure security in studies
spanning rattan gardens, durian and teak agroforestry
systems, and cacao (Belsky and Siebert 2003; Belcher
et al. 2004; Rahman et al. 2017). Environmental
benefits were reported in a range of studies. For
example, several studies reported that those engaged
in agroforestry practices were less reliant on natural
forests for fuelwood, food, and other resources. It was
also reported that agroforestry farmers collected 83%
less firewood and 65% less food from natural forests,
relative to rice and maize farmers (Rahman et al.
2017). One study of coffee systems reported that
engagement of local farmers in conservation efforts
increased positive outcomes, such as incomes,
equitable distribution of land holdings, and rehabili-
tation of degraded lands, leading to greater social
stability (Suyanto et al. 2007). Several studies also
highlighted “risk reduction” (specifically concerning
lack of food from crop failure and income volatility) as
an outcome of greater diversification through agro-
forestry (Belcher et al. 2004; Pratiwi and Suzuki
2019).

In addition to increases in profitability, stability of
income can also be a key benefit for households. In a
study of damar agroforestry, it was claimed that
farmers valued the year-round availability of damar
resin and the stabilizing effect on supply and prices
(Wollenberg and Nawir 2005). Pratiwi and Suzuki
(2019) also reported reduced income fluctuations
amongst poorer smallholders adopting agroforestry
techniques. Furthermore, Wibawa et al.’s (2005)
comparison of a slash & burn cyclical system and a
sisipan agroforestry system (involving the planting of
young rubber trees between well-established ones)
found that 99% of the respondents considered that the
sisipan system allows for greater continuity in revenue
streams.

Discussion
In this study, we have systematically reviewed studies

of agroforestry schemes across Indonesia from all
available literature. We consider (a) to what extent

previous research has clarified knowledge gaps within
the field and which gaps remain; (b) the applicability
of our approach for other countries in South-east Asia
and throughout the global tropics; and (¢) how ongo-
ing limitations of our understanding of the contribu-
tions of agroforestry to food security can be addressed.

Homegardens make direct and indirect
contributions to food security but remain
understudied outside of Java

Taken together, there are a number of significant
findings from the six homegarden studies. While
commercial homegardens throughout the region indi-
rectly increase food availability and utilization
through income generation, the outputs are recognized
as less diverse than traditional homegardens. While
this suggests that traditional homegardens may be
more successful at providing direct dietary diversity
and nutritional security, it does not provide conclusive
evidence as to which types of homegardens provides
greater overall nutritional benefits. Indeed, higher
income may provide for greater resilience in the face
of environmental shocks, such as floods or droughts, as
noted by a study in Vietnam, while traditional
homegardens’ allowance for exposure to a wider
variety of vegetables on a more regular basis may
better protect individuals from health shocks, such as
undernutrition related maladies (Suthari and Prasad
2016; Duffy et al. 2020). There is a need for further
studies to determine whether (and how) dietary
diversity and nutritional outcomes associated with
commercial versus traditional homegardens differ,
particularly when faced with the impacts of climate
change. Moreover, there is a lack of homegarden
studies outside of Java, indicating a geographic gap in
the research, including in areas which are less
accessible and therefore possibly more food-insecure.

It would be desirable if food security studies on
agroforestry systems included some analyses of indi-
rect benefit measures, such as the environmental and
social impacts of homegardens. While some of the
studies considered impacts on labor arising from the
agroforestry systems, it is not clear whether (or how)
any labor-saving gains (or losses) from agroforestry
systems impact on food security outcomes in Indone-
sia. However, there are some studies that explore
possible relationships. For example, Roshetko et al.
(2008) and Sabastian et al. (2014) suggest that off-
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farm employment can result in increases in the use or
management of tree-farming systems, given the
somewhat seasonal nature of such systems and off-
farm labor demands. Kumar et al. (2018), based on
their work in Zambia, cautioned against agricultural
program interventions that could encourage increases
in time spent farming, when this may not be in a
household’s best interest. Given that the scaling out of
practices such as agroforestry have been found to be
constrained by labor availability in places such as
Malawi (Murray et al. 2016; Toth et al. 2019), further
studies are necessary to better understanding how
labor (and gender roles) may affect scaling out and
food security outcomes of agroforestry systems in
Indonesia. It appears that most of the studies in
Indonesia to date typically focus on the income aspect
of utilization in relation to the FAO definition of food
security.

Agri-silviculture systems focused on non-timber
forest products make intermediate outcome
contributions to food security

Nine of the studies, all based in Sumatra, focused on
different types of large tree-based agroforestry sys-
tems producing NTFPs. Within these studies, food
access, dietary diversity, and income all featured
prominently. Similar to the studies involving home-
gardens, distinctions were made between those sys-
tems leaning toward commercial purposes and those
more focused on subsistence, with many falling
somewhere in-between (i.e. having varying degrees
of emphasis on both). However, even those studies
focused on subsistence indicated that the agroforestry
systems provided substantial income contributions.
While these studies did incorporate more than one
food security aspect, the limited geographic scope of
this body of research represents a key gap. The studies
suggest that agroforestry system designs need to
carefully balance income and subsistence require-
ments, taking into account what can be purchased in
local markets and what needs to be produced by the
household, to better meet dietary diversity and food
access needs. Again, such a balance is context
dependent, as identified by Singh (2018) in India,
where he found income diversification acts as a
“protective shield” for smallholder farmers, but those
transitioning to an income focused system rely on the
subsistence and environmental supports of such

@ Springer

systems until the commercial component become
sustainable. Future agroforestry and food security
studies need to be aware that nutrition-sensitive
agricultural interventions targeted at vulnerable pop-
ulations can improve transitional and intermediate
outcomes such as dietary diversity. However, it must
be recognized that there is currently limited evidence
that such nutrition sensitive agricultural interventions
improve long-term nutritional and health outcomes,
such as child growth (Gillespie et al. 2012; Bird et al.
2019). Agroforestry and food security studies in
Indonesia are needed which move beyond intermedi-
ate outcomes to assessing longer term impacts on
health and nutrition.

Agri-silviculture systems focused on timber
increased income but had unclear impacts on food
security outcomes

Similar to commercial homegardens, agri-silviculture
systems that are predominantly focused on timber
typically had lower levels of dietary diversity, yet
higher income levels. Most such studies on agri-
silviculture systems involved financial analyses. In
such analyses, management effects on profitability
were easier to identify than in other more complex
agroforestry systems. Such timber-focused systems
were not necessarily lacking in other elements, as the
diversity considerations work on different timescales.
For example, silvopastoral and environmental benefits
were certainly identified in such studies, as was the
ability to earn greater off-farm income due to the
lower maintenance and long cycles of such systems.
Future research on timber focused agri-silviculture
systems should consider greater integration of food
security factors and outcomes into financial analyses.

Food security impacts from broader agroforestry
practices and systems in Indonesia

The remaining agroforestry studies concerned more
widely applicable agroforestry practices or systems for
smallholder farmers, such as intercropping, improved
fallows/swidden, or sago-based systems. These stud-
ies were diverse in locality and analysis and the results
were generally favorable in relation to food security.
As with other agroforestry systems throughout Asia
(e.g. Satoyama landscapes; Ichikawa and Toth 2012),
and as noted in the results, the benefits to food security
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in Indonesia were recognizable, particularly with
regard to dietary diversity and the stabilizing effects
of both environmental and income benefits.

Conclusions

This systematic review of research concerning
agroforestry contributions to the FAO food security
pillars in Indonesia identified several trends as well
as significant knowledge gaps. Although these
knowledge gaps included a lack of studies carried
out in areas other than Sumatra and Java, we note
that our search criteria tended to favor the language
used to describe agroforestry and food security in
research studies from other countries within the
region, so it should not be assumed that agroforestry
and food security have not been investigated else-
where. Nevertheless, and considering the lower
levels of food security identified by the World Food
Program in areas such as Papua and Maluku, more
studies connecting agroforestry systems to food
security are clearly needed outside of Java and
Sumatra to determine their potential roles in WFP’s
food security priority zones. Our methodology could
also be useful for similar analyses in other parts of
Southeast Asia to facilitate comparisons across agro-
ecological zones. Our findings indicate that both
commercial and traditional homegardens contribute
to food security in Java, primarily through income
from the prior and dietary diversity from the latter.
A similar “twin track” exists for food security
contributions from agri-silviculture practices based
on a timber versus non-timber forest product divide,
suggesting more general applicability across Indone-
sia and the wider region. Notably, agroforestry
systems with a timber or commercial focus tended
to favor income production, while those focused on
traditional and non-timber products favored dietary
diversity benefits. In both groups, nearly all studies
suggested that agroforestry systems contribute to
stability through environmental benefits which were
however rarely quantified. Moreover, while many of
the identified studies focus on income in a food
security context, those addressing traditional agro-
forestry systems often lacked rigorous financial
analyses. Household capture of off-farm income,

made possible by the use of agroforestry systems,
may have a more positive influence on nutritional
outcomes than increased crop diversity, if such
income enhances household capacity to purchase
nutritious foods via market processes. Finally, as
Indonesia undergoes further urbanization the differ-
ing roles of homegardens and other agroforestry
practices in rural (as opposed to urban or peri-urban)
areas will need to be systematically addressed. Our
review indicates that such a possibility has not yet
been systematically investigated across agroforestry
systems in Indonesia and represents a knowledge
gap. Furthermore, more varied forms of agroforestry
(such as intercropping and improved fallows) should
also be further investigated throughout Indonesia
with a more explicit focus on food security, in
relation to current and future climate challenges.
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