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Abstract Agroforestry systems promise a high mul-
tifunctionality providing cash and subsistence yields 
as well as other ecosystem services. Such land sys-
tems may be particularly promising for smallholders 
in tropical landscapes due to high labour intensity and 
productivity on limited land. Focusing on Madagas-
car, we here describe the history of agroforestry in 
the country and review the current literature on agro-
forestry outcomes as well as factors promoting and 

hindering agroforest establishment and maintenance. 
From this, we discuss the potential future of agrofor-
estry in Madagascar. Historically, many crops farmed 
today in agroforestry systems were originally intro-
duced as plantation crops, mostly in the nineteenth 
century. Since then, people co-opted these crops into 
mixed agroforestry systems, often focusing on clove, 
vanilla, coffee, or cocoa in combination with fruit 
trees or, for clove, with livestock. Other crops are also 
integrated, but shares are comparatively low. Overall, 
27.4% of Malagasy exports are crops typically farmed 
in agroforestry systems, providing income for at 
least 500,000 farmers. Outcomes of agroforestry for 
biodiversity and ecosystem services are commonly 
researched, showing benefits over annual crops and 
monocultures. Social-economic outcomes, includ-
ing yields, are more scarcely researched, but findings 
point towards financial benefits for smallholder farm-
ers and a sense of community and collective mem-
ory. However, findings emphasize that research gaps 
remain in terms of geographic and crop coverage, 
also for ecological outcomes. Looking to the future, 
we highlight the need to overcome hurdles such as 
land tenure insecurity, financial barriers to implemen-
tation, and unstable value chains to scale agroforestry 
in Madagascar to the benefit of multifunctional land 
systems and human wellbeing.

Keywords Agronomy · History · Cash crops · 
Ecosystem services · Sustainable development · 
Review

Supplementary Information The online version 
contains supplementary material available at https:// doi. 
org/ 10. 1007/ s10457- 024- 00975-y.

R. N. N. Andriatsitohaina · P. Laby 
Mention Foresterie et Environnement, Ecole Supérieure 
des Sciences Agronomiques, Université d’Antananarivo, 
Antananarivo, Madagascar
e-mail: ntsiva_intel@yahoo.fr

J. C. Llopis 
School of Natural Sciences, Bangor University, Bangor, 
UK

J. C. Llopis 
Centre for Development and Environment, University 
of Bern, Bern, Switzerland

D. A. Martin (*) 
Department of Geography, University of Zurich, Zurich, 
Switzerland
e-mail: dominic.martin@unibe.ch

D. A. Martin 
Institute of Plant Sciences, University of Bern, Bern, 
Switzerland

http://orcid.org/0000-0002-6834-7997
http://orcid.org/0009-0003-8653-8193
http://orcid.org/0000-0002-6605-6539
http://orcid.org/0000-0001-7197-2278
http://crossmark.crossref.org/dialog/?doi=10.1007/s10457-024-00975-y&domain=pdf
https://doi.org/10.1007/s10457-024-00975-y
https://doi.org/10.1007/s10457-024-00975-y


 Agroforest Syst

1 3
Vol:. (1234567890)

Introduction

Agroforests, or land systems where perennial woody 
plants are deliberately integrated with agricultural 
crops or livestock (FAO 2023), support the liveli-
hoods of millions globally, making them the eco-
nomic backbone of a number of countries (Duffy 
et  al. 2021; Lin et  al. 2021). Agroforestry is also 
renowned for achieving multifunctionality and for 
sustaining and diversifying smallholder and non-
smallholder production, which together can enhance 
social, economic and environmental benefits (Leakey 
2017; Castle et al. 2021).

Socio-economically, agroforestry allows the diver-
sification of crops, which can improve system yields 
and may enable harvests throughout the year, which 
in turn can help smoothen incidences of food and 
income insecurity (Mariel et  al. 2021a, b). Further, 
agroforestry can increase household income, improv-
ing farming families’ well-being (Castle et  al. 2021; 
Hajjar et  al. 2021). For example, it has been shown 
that farmers with cash crop agroforestry tend to be 
more able to send their children to schools, or to build 
better houses, than their counterparts not engaged 
into agroforestry (Llopis et  al. 2020). Besides pro-
viding valuable timber for construction and firewood 
(Iiyama et al. 2014), agroforestry systems also supply 
different tree-derived products that can be sold, such 
as leaves for medicines and fruits (Thevs et al. 2022). 
Furthermore, agroforestry supports many socio-cul-
tural benefits, such as the aesthetic value of trees or 
their role as boundary markers (Gassner and Dobie 
2022). Agroforestry systems can also represent the 
cultural identity of a community (Llopis et al. 2020; 
Osterhoudt 2018), and can play a central role in shap-
ing and sustaining the identity and sense of place 
of communities across the globe (Smith and Mbow 
2014).

From an environmental perspective, agrofor-
estry can, for example, increase drought resistance 
(Nair 2011) and reduce wind and water soil erosion 
(Minang et al. 2014). In addition, agroforestry favors 
high rates of biodiversity, both above and below 
ground (De Beenhouwer et al. 2013). In sum, agrofor-
estry systems can contribute to sustainable develop-
ment by protecting natural resources for future gen-
erations (Smith and Mbow 2014; Castle et al. 2021).

Madagascar is one of the countries where agro-
forestry plays a central socio-economic, cultural, and 

environmental role. Madagascar is a major producer 
of some of the most demanded agroforestry crops, 
such as vanilla, clove, coffee, cocoa, and lychee, 
which constitute a critical input to the country’s econ-
omy (FAO 2022). Agroforestry crops’ production and 
trade economically support hundreds of thousands 
of households across Madagascar, while also being a 
central element of local socio-cultural practices and 
worldviews (Osterhoudt 2018; Mariel et  al. 2021a, 
b; Carrière et  al. 2021; Llopis et  al. 2021). Further, 
forests in Madagascar contain a biodiversity wealth 
nearly unparalleled in the world (Goodman and Ben-
stead 2005), with much of these forest under severe 
pressures (Jones et al. 2019), to a large extent due to 
the expansion of subsistence agriculture (Zaehringer 
et al. 2017; Waeber et al. 2015). In this context, agro-
forestry can play a key role in forest conservation and 
livelihood support at the forest edge (Martin et  al. 
2022).

Despite the central economic and cultural signifi-
cance of agroforestry systems in Madagascar and its 
future potential for meeting development and conser-
vation goals in the country, so far, no synthesis has 
been conducted on its historical evolution, its current 
state, and desirable future pathways. Such a synthe-
sis can be useful for building on existing knowledge 
about diverse crops introduced to promote agrofor-
estry, to plan conservation and development inter-
ventions, including restoration activities, and to help 
discuss and clarify policies aiming at harnessing the 
potential benefits that agroforestry systems can pro-
vide for nature stewardship.

To fill in this gap, we, first, provide an historic 
overview of agroforestry systems in Madagascar. For 
this historical overview and subsequent sections, we 
focus on the crops that have traditionally represented 
a major foundation of the Malagasy economy (i.e., 
vanilla, clove, coffee, and cocoa; Fig.  1). Second, 
through a systematic review of the literature, we pre-
sent the current (from 2003 to 2022) state and extent 
of agroforestry in Madagascar (Fig. 2), including the 
main challenges encountered in agroforestry manage-
ment and marketing, as well as the socio-cultural fac-
tors underpinning its prevalence in diverse regions of 
Madagascar. Finally, we use the knowledge brought 
together from past and present research to develop a 
vision for the future of agroforestry in the country.
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Methods

Historical overview

To develop the historical overview of agroforestry 
in Madagascar, we compiled information from three 
sources. First, from online collections providing 
access to historical and colonial scientific journals 
not accessible through traditional bibliographic 
databases. We concretely looked into Mada Revues 
(Mada Revues 2021), the website for Malagasy 
scientific journals, in NumBA (Cirad 2021), the 
digital library in tropical agronomy of the CIRAD 
(Centre of International Cooperation in Agronomic 
Research for Development, by its French acronym), 

and in Persée (2021), a digital open access library 
established by the French Education Ministry. Even 
though these platforms provide several hundred 
records mentioning ‘agroforestry’ or crops that can 
be grown in agroforestry regimes, we restricted our-
selves to using the items most relevant for providing 
a general overview of the history of agroforestry in 
Madagascar. These platforms, however, constitute a 
recommendable source of historical agroforestry lit-
erature to tap on for interested readers. Second, we 
retrieved information from some seminal geogra-
phy and agronomy works, such as the 1969’s Atlas 
of Madagascar (Le Bourdiec et  al. 1969), or com-
pilations of agricultural research in former French 
colonial tropical Africa (Tourte 2005, volumes I to 

Fig. 1  Examples of agroforestry systems in Madagascar. A 
Vanilla agroforestry system, SAVA region, northeastern Mada-
gascar (Photo: Dirk Hölscher). B Clove agroforestry system, 
Analanjirofo region, northeastern Madagascar (Photo: R. 
Ntsiva N. Andriatsitohaina). C Coffee agroforest intercropped 

with banana and coconut, SAVA region, northeastern Mada-
gascar (Photo: James Herrera). D Cocoa-Pepper agroforestry 
system, Diana region, northwestern Madagascar (Photo: Bertil 
Akessons)
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VI). And third, we compiled information on produc-
tion, area and yields from 1961 to 2019 for the main 
agroforestry crops in Madagascar from the FAO 
(FAOSTAT) and obtained the contribution of dif-
ferent agroforestry crops to the total export value of 
Madagascar from 1995 to 2020 from BACI: Interna-
tional Trade Database (Gaulier and Zignago 2010). 
To elaborate the production maps presented in the 
study (Fig. 3), we digitized the historical maps from 
the 1969 Atlas of Madagascar (Le Bourdiec et  al. 
1969) and created 2007–2010 production maps 
using different regional agricultural productivity 
estimates provided by the agricultural statistic ser-
vices from the Malagasy Ministry of Agriculture.

Systematic review of current state of agroforestry

To systematically review literature on agroforestry 
in Madagascar, we used three different searches. We 
conducted all searches in both English and French 
and searched the databases covered by Web of Sci-
ence (Core collection, subscription of the University 

of Bern). We did not restrict the type of research item 
nor the date of publication.

First, we used a search string encompassing agro-
forestry and Madagascar on 23.11.2021. This resulted 
in 99 literature items. Two authors, PL and DAM, 
then screened all 99 items on the abstract level. For 
30 items, both decided to include them while for 46 
items, both decided to exclude them. For 23 items, 
the two authors made contradicting decisions (76.8% 
agreement). Both then discussed each one of the 
items and jointly decided to include 15 and exclude 5. 
Therefore, we included 45 items to conduct a full-text 
screen.

Secondly, to capture items on agroforestry, crop 
cultivation, or marketisation that did not explicitly 
refer to agroforestry, we compiled a list of peren-
nial crops mentioned in the context of agroforestry 
within the 45 reviewed items. The list contained 13 
crops: coffee, banana, baobab, clove, vanilla, bread-
fruit, mango, jackfruit, cocoa, tsiperifery, lychee, 
avocado, and coconut (all in French and English, 
including multiple spellings, see Table  S1). We 

Fig. 2  Annual contribution of agroforestry crops and other 
major export categories to total export value of Madagascar 
in percentage, for the period 1995–2020 (Gaulier and Zig-
nago 2010). On average, agroforestry crops made up 27.4% of 

exports between 2015–2020. Note that both, overall categories, 
and the list of agroforestry crops at the bottom right corner, are 
ordered by decreasing share of export value in 2020. Figure 
created with RAWGraphs (Mauri et al. 2017)
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conducted the search on 31.03.2022, combining 
each crop with “Madagascar”.

Thirdly, to capture items on crops that have so 
far not been mentioned in combination with agro-
forestry in Madagascar but that might hold potential 
for integration in agroforestry systems, we compiled 
a list of multi-annual crops with potential for inte-
gration in agroforestry contexts in Madagascar. The 
list contained 10 crops: cashew, cinnamon, rubber, 
jatropha, pepper, ginger, khat, litchi, citrus, ylang 
ylang (all in French and English, including mul-
tiple spellings, see Table  S1). We conducted the 
search on 31.03.2022, combining each crop with 
“Madagascar”.

The second and third search resulted in 312 
and 99 items, respectively. 19 items were included 
twice. Two authors, PL and DAM, then screened the 
remaining 392 items on the abstract level. For 37 
items, both decided to include them, while for 335 
items, both decided to exclude them. For 20 items, 
the two assessors made contradicting decisions 
(94.9% agreement). Both then discussed each of 
the conflicting items and jointly decided to include 
12 and exclude 8. This resulted in an additional 49 
items for full-text review, of which 18 were already 
covered by the first search. We therefore assessed 
76 items on a full-text level.

Co-authors PL and DAM screened full texts of 
76 items in a systematic manner, excluding 46 items 
(41 because they did not focus on agroforestry, four 
because they did not focus on Madagascar, and 
one that was not a scientific article; see Fig. S1 for 
exclusion reasons and details). We then reviewed 
the remaining 30 items and collated information on 
study type, field of study, agroforest composition, 
land-use history and outcomes, factors promoting 
and inhibiting agroforest establishment, post har-
vest operations, and study location. We used this 
information throughout this paper, visualised cer-
tain aspects in Fig. 4, and provided the full scoring 
sheet as Supplementary Material (Table S2).

Past

Crop introduction

Agroforestry crops have historically represented a 
major component of the Malagasy economy (Danthu 

et  al. 2014; Grisoni and Nany 2021). Despite their 
contribution to export earnings, their share decreased 
in favour of minerals and clothing since the turn of 
the millennium (Fig.  1). Like most other crops, all 
major agroforestry crops were introduced to Mada-
gascar, in different waves (Haudricourt 1948; Beau-
jard 2011). First arriving were coconut (Cocos nucif-
era), banana (Musa paradisiaca), shampoo ginger 
(Zingiber zerumbet), and turmeric (Curcuma longa), 
brought in by Indonesian people (Tourte 2005, vol 
I; Gunn et  al. 2011; Beaujard 2011). Citrus (Tourte 
2005, vol I), and also likely the pomegranate (Punica 
granatum) were introduced later (Haudricourt 1948; 
Tourte 2005, vol II; Tourte 2005, vol III). Before the 
nineteenth century, the cashew (Anacardium occiden-
tale) arrived, either from India or Brazil (Tourte 2005, 
vol III). Still later, a rapid wave of arrivals took place 
between 1800 and 1803, with several fruit trees being 
introduced through the work of André Michaux, 
founder of the short-lived experimental station of 
Ivondrona (Tourte 2005, vol III). Among these, nota-
ble examples are mango (Mangifera indica; Tourte 
2005 vol II), guava (Psidium Guajava), and avocado 
(Persea americana).

However, the agroforestry crops that eventu-
ally contributed most to the Malagasy economy—
clove, vanilla, coffee, and cocoa—only arrived 
later. The clove tree (Syzygium aromaticum) was 
first introduced on Sainte-Marie Island off east-
ern Madagascar in the 1820s from the Mascarene 
Islands (Ramanantsoavina 1971; Cocoual and Dan-
thu 2018). A late arrival was also vanilla (Vanilla 
planifolia), introduced towards 1870 from Cen-
tral America via metropolitan France and Reunion 
Island (Bouriquet 1946), around the same time as 
another Malagasy flagship export crop, the lychee 
tree (Litchi sinensis) (Tourte 2005, vol III). Culti-
vated coffee (Coffea arabica), was introduced in the 
east coast of Madagascar by Mascarene merchants, 
probably in the second half of the nineteenth cen-
tury, even though wild coffee plants with low caf-
feine content were known in Madagascar since the 
late eighteenth century (Ramanantsoavina 1971). 
Finally, cocoa (Theobroma cacao), was the last 
major agroforestry crop arriving in Madagascar, 
introduced also in the east coast in the 1880s by cre-
oles from Reunion Island (Streak 1996; Clarence-
Smith 2000; Li et al. 2021).
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During the French rule (1886–1960), production 
of crops that can be grown in agroforestry systems 
was strongly encouraged by colonial authorities to 
promote a positive trade balance for the island, and 
to counteract competition from the British colonies 
producing some of the same crops (Cocoual and 
Danthu 2018). The east coast experienced a substan-
tial extension of plantations due to favourable cli-
matic and environmental conditions (Moreuil 1971). 
During colonial times, French companies, such as 
the Compagnie de Marseille, were granted conces-
sions for large-scale plantations (between 100 and 
800  ha). These typically hosted several crops at the 
same time, likely in a mosaic of monocultures. How-
ever, plantations for specific crops were also known, 
such as clove on Sainte-Marie Island (Cocoual and 
Danthu 2018). Such focus on export crops during the 
colonial era had, however, important socio-economic 
and environmental implications, for example, forced 
labour from the prison population (Cocoual and Dan-
thu 2018). The promotion of export crops also led to 
food shortages due to decreased subsistence farm-
ing, particularly on the East coast, which did become 
increasingly dependent on other regions for assuring 
food security (Jarosz 1994). Deforestation was also an 
outcome of the focus on export crops, derived from 
the need for firewood to fuel essential oil produc-
tion units, such as for clove oil (Cocoual and Danthu 
2018). Forests were also directly converted to planta-
tions, which also led to increased soil erosion, espe-
cially on coffee plantations (Jarosz 1996).

In the remainder of this section we focus on the 
four agroforestry crops that either currently or histori-
cally have contributed most to Madagascar’s exports, 
vanilla, coffee, clove, and cocoa (Fig. 1), before pro-
viding some insights on a few other niche agrofor-
estry crops.

Vanilla: largest global producer in a fluctuating 
market

Vanilla is probably the most known Malagasy export 
product, and the island’s flagship agroforestry crop. 
Even though much of Madagascar’s east coast is suit-
able for vanilla cultivation (Bouriquet 1946), most 
production eventually took hold in the northeastern 
SAVA region. Secondary production centers are the 
Maroantsetra district, further south in the northeast, 
and the northwest, around Ambanja and on Nosy 
Bé Island (Fig.  3; MinAgri 2009, 2012). However, 
soon after intensive production started taking hold in 
Madagascar, Fusariosis, a disease caused by the soil 
fungus Fusarium oxysporum, began attacking plan-
tations (Grisoni and Nany 2021). Losses of up to a 
quarter of the annual production triggered the launch 
of a breeding program to develop variants resistant to 
the disease in the early 1950s. The program, which 
lasted nearly 50  years, was eventually successful in 
developing two vanilla variants with increased resist-
ance to Fusariosis and high vanillin content, leading 
to release for production in 1995 (Grisoni and Nany 
2021).

Even though just a ton of vanilla was produced 
in Madagascar on the eve of the French colonial 
regime in 1896 (Bouriquet 1946), yearly exports were 
already nearly 900 tons between 1929 and 1938 (Cor-
rell 1953). From the 1920s through the 1980s, Mada-
gascar was the world’s primary producer of vanilla, 
with some 1400 tons of average yearly production 
(FAOSTAT). From 1961, several mechanisms were 
introduced to buffer producer prices against global 
price fluctuation, and to provide order to the national 
vanilla sector, and stability to the global vanilla mar-
ket (Cadot et  al. 2006). Specially relevant were the 
Vanilla Stabilization Fund, and the Vanilla Alliance 
between Madagascar, Comoros and Reunion Island, 
which helped Madagascar retain its hegemony on the 
global market through the 1980s while maintaining 
high global prices (Maret 2007; Blarel and Dolin-
sky 1995). Encouraged by high vanilla prices, Indo-
nesia, the second largest producer, expanded vanilla 
cultivation in those decades, leading to increasing 
exports reaching 45% of the global market in the 
second half of the 1980s (Blarel and Dolinsky 1995; 
Brown 2009). Simultaneously, Madagascar experi-
enced a drop in the world market share to just 40% 
by the early 1990s (Blarel and Dolinsky 1995). This 

Fig. 3  District-level production data for the four most impor-
tant agroforestry-farmed cash crops clove, coffee, vanilla, and 
cocoa in Madagascar for the years 1969 (top row) and 2007–
2010 (bottom row, average production across four years). Dis-
tricts without recorded production of the respective crop are 
in white and their district boundaries are not displayed. Data 
source 1969: Le Bourdiec et  al. (1969). Data source 2007–
2010: MinAgri (2009, 2012)

◂
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evolution was not only due to Indonesia’s competi-
tion, but also due to increasing export taxes and the 
parallel decrease in prices received by farmers during 
the Malagasy Second Republic (1975–1992). This 
discouraged production, and the Stabilization Fund 
was eventually eliminated in 1995 (Cadot et al. 2006). 
By 2007, Madagascar had recovered much of the 
world market, with its sales accounting for 60% of the 
global trade in vanilla (Brown 2009). In terms of con-
tribution to the Malagasy economy through exports, 
vanilla went from representing only 9% of the total 
export value in 1995 (46 M USD), to a peak of nearly 
27% in 2018 (nearly 940  M USD) under very high 
prices. Since then, this share has decreased along-
side prices but remains at around 20%, contributing 
between 540 and 650 M USD annually (Gaulier and 
Zignago 2010).

Coffee: from the most important export product to 
near-total collapse

Coffee has been traditionally produced in Madagas-
car along the east coast and in the island’s north and 
northwest, although production centers shifted in 
importance over time (Fig. 3). Coffee production had 
likely gained some importance already in the 1870s, 
including in the Central Highlands, before the French 
invasion (Ramilison 1985). However, in the late nine-
teenth century C. arabica was attacked by coffee leaf 
rust (Hemileia vastatrix), making the crop largely dis-
appear (Ramanantsoavina 1971). In consequence, C. 
Arabica was replaced by C. canephora, both robusta 
and kouilou varieties, introduced around 1900 and 
1905 (Ramanantsoavina 1971). Coffee production 
gained traction especially in the southern half of 
the east coast where, in the late nineteenth century, 
European settlers had already taken some of the best 

Fig. 4  Map of Madagascar (right) with ecoregions and locations of studies on agroforestry (N = 30) included in the review with 
symbols representing crops. Location of Madagascar off East Africa (top left)
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areas for production (Ramilison 1985). By the early 
1970s, some 210,000 ha of robusta-canephora were 
cultivated (Fig.  3), alongside 7000 and 8000  ha of 
arabica (Ramanantsoavina 1971). This production 
was mainly achieved by smallholders, while indus-
trial production amounted to just 15% of the national 
output. However, yields varied substantially across 
production systems, from 500–1200  kg/ha per year 
attained by industrial plantations, to 200–300  kg/ha 
obtained by smallholders, with even lower yields in 
old smallholder plantations which accounted for up 
to 50% of smallholder plantations (Ramanantsoavina 
1971). In the peak of coffee cultivation in Madagascar 
in the early 1980s, production involved some 450,000 
farmers (Ramilison 1985). Prominence of the crop 
faded thereafter, although in the early 2000s, between 
350,000 and 400,000 households were thought to still 
produce the crop (World Bank 2003; LMC Interna-
tional 2000).

Regarding production and its export role, coffee 
evolution is of astonishing early growth, from just 
around 160 tons exported by 1912, to some 1400 
in 1919, more than 10,000 in the early 1930s, and 
above 40,000 tons at the end of that decade (Ram-
ilison 1985). At the time, Madagascar was the larg-
est exporter of all French colonies in Africa (Blanc-
Pamard and Ruf 1992). In the 1940s however, coffee 
production decreased due to two factors. First, the 
impact of the Second World War, which drove the 
abandonment of coffee production in favour of sta-
ple food. And second, the nationalist insurrection 
of 1947 against the French rule and its subsequent 
repression by the colonial authorities, which hit 
the producing areas along the east coast, leading to 
the abandonment of plantations (Ramilison 1985). 
Nonetheless in the 1950s, extension of plantations 
and introduction of measures to improve coffee 
cultivation (e.g., extension services, phytosanitary 
efforts, and special funds) led to increased produc-
tion, with around 50,000 tons exported yearly by 
the end of the decade (Ramilison 1985). However, 
a bad international price conjuncture and a series of 
cyclones in 1959 (Aldegheri 1959; Le Monde 1959) 
and further disasters in 1961 brought new problems 
to production, especially for smallholders (Ramili-
son 1985). A Stabilization Fund was also created 
for coffee in 1961, again to buffer the price received 
by producers from external fluctuations, and to cen-
tralize coffee transport from production areas, and 

subsequently export it (Maret 2007; World Bank 
1984). The following year, the International Cof-
fee Agreement was signed, although with Madagas-
car in a relatively unfavorable position, getting an 
export quota of 49,730 tons, or less than 2% of the 
global trade regulated by the agreement (Ramilison 
1985). With the intention of increasing production 
and standing in the international scene, Madagascar 
launched an extension programme called Operation 
Café along the east coast in 1966 (Ramilison 1985). 
The Operation Café would be relatively successful, 
and Madagascar would be producing above 80,000 
tons of coffee most years in the 1970s while export-
ing some 65,000 tons on average. These efforts, 
together with growing global coffee prices (World 
Bank 1984), led to an increase of coffee’s contri-
bution to the overall export value from some 28% 
in 1972 to 53% in 1980. Together with clove and 
vanilla, coffee then represented two thirds of Mad-
agascar’s source of foreign currency (Ramilison 
1985).

However, in 1988 the Coffee Stabilization Fund 
was eliminated (LMC International 2000) as part of 
the structural adjustment programs imposed by the 
World Bank and the International Monetary Fund, 
which was lending money to Madagascar since 1980 
(Rasolofo-Jaonarison 1998; Mukonoweshuro 1994). 
This resulted in a partial neglect of the coffee sec-
tor, while the government was focusing much of its 
efforts in supporting food crop production (LMC 
International 2000), and the vanishing of the role of 
coffee as a cash crop up to present time, as it was 
unable to provide income for farmers (Danthu et  al. 
2014). In recent decades, and even if still producing 
above 50,000 tons/year (FAOSTAT), Madagascar 
passed from exporting some 40,000 in the mid 1990s, 
to below 5000 tons two decades later (Gaulier and 
Zignago 2010), mostly due to decreasing coffee qual-
ity resulting from aging plantations, lack of mainte-
nance, limited access to inputs for producers, and 
high incidence of diseases (LMC International 2000; 
World Bank 2003). Today, most of the production is 
consumed nationally (Danthu et al. 2014). Thus, cof-
fee went from representing around 18% of the total 
export value in Madagascar in 1995 (some 93  M 
USD), to just 0.15% in 2020 (or some 4  M USD), 
below what is contributed by pepper or cinnamon 
(Gaulier and Zignago 2010).
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Clove: steady increase in production and sales of a 
niche crop

Even if being the earliest major agroforestry crop 
introduced to Madagascar, and some exports already 
reported in the first half of the nineteenth century 
(Campbell 1991), production of clove only expanded 
substantially from 1895 until 1958 (Ramanant-
soavina 1971). This expansion happened in several 
waves, first on Sainte-Marie Island, and then on 
the mainland, particularly the Analanjirofo region 
(aptly, “Clove Forest’’ in Malagasy), which remains 
the main producing area (Danthu et  al. 2014). The 
first distillation workshops for clove essential oil, 
for which Madagascar is the largest world producer 
(Danthu et al. 2014), appeared somewhere in the first 
decade of the twentieth century on Sainte-Marie and 
in 1923 on the east coast. Authorisations to operate 
these workshops were first granted only to European 
settlers, and later to Malagasy, especially from 1945 
onwards (Cocoual and Danthu 2018). From the mid 
twentieth century, and after the Second World War, 
Madagascar’s clove production experienced a fur-
ther boost, especially as consumption of kretek ciga-
rettes, which use clove flavour, took off in Indonesia. 
Particularly important in this regard was the trade 
agreement signed between the two countries in 1951, 
allowing Madagascar to export clove to the Asian 
country. This was followed by further export agree-
ments with Poland, Czechoslovakia, and Austria, 
among other countries (Cocoual and Danthu 2018). 
Also, as for vanilla and coffee, a Stabilization Fund 
to smoothen clove price fluctuations for producers 
and centralize marketing production was established 
in 1961 (World Bank 1984), which also supported 
extension of plantations and research for enhancing 
production through the 1960s and 1970s (Ranoarisoa 
2012; Danthu et  al. 2014). However, the 1980s wit-
nessed a series of adverse developments for clove. 
First, Indonesia, a major importer from Madagascar, 
temporarily stopped imports after attaining self-suffi-
ciency (Danthu et  al. 2014). Second, the Clove Sta-
bilization Fund was eliminated in 1988 (Ravelosoa 
et al. 2015), and most measures taken by the colonial 
administration were abandoned. However, the 1990s 
saw a decline of clove exports from Zanzibar, Mada-
gascar’s first competitor in the global export market, 
which allowed Madagascar to become the world’s 
first exporter until present. This resurgence was 

further fueled by the coffee crisis that drove produc-
ers to switch to clove as source of income (Danthu 
et  al. 2014). This situation, however, coincided with 
declining prices for clove, paralleled with increasing 
ones for clove oil, which encouraged production of 
the latter in the last decades of the twentieth century 
(Ranoarisoa 2012).

Regarding clove production quantities, numbers 
expanded from 34 tons/year at the beginning of the 
twentieth century (Ranoarisoa 2012), 1600 tons/year 
in the late 1920s (Danthu et  al. 2014), some 6000 
tons/year through the 1960s, around 10,000/year tons 
in the 1970s and 1980s, some 13,000 tons/year in the 
1990s and 2000s, and increase to some 20,000 tons 
in the 2010s (FAOSTAT). In terms of exports, clove 
has enjoyed an increasing share of the total export 
value, reaching a maximum of just above 11% of 
contribution in the early 2010s (Fig.  1). Quantities 
exported fluctuate strongly given that clove trees do 
not produce every year (Danthu et al. 2014), and has 
remained around 15,000 tons/year from 1995 to 2020, 
although passed from contributing some 13 M USD 
in 1995, to some 74  M USD in 2020, down from a 
peak of 233  M USD in 2017 (Gaulier and Zignago 
2010; Fig. 1).

Cocoa: regionally important in the northwest

Cocoa was the last major agroforestry crop intro-
duced to Madagascar. Production is relatively small 
compared to other major producing countries but 
its quality is highly considered globally (Li et  al. 
2021). After introduction in the 1880s, cocoa pro-
duction started growing rapidly, with between 5000 
and 6000 trees already planted by 1883 (Campbell 
1996). The 1883–1885 Franco-Merina war led to 
the temporary abandonment of cocoa plantations, 
although production resumed after the conflict, with 
expansion encouraged by the spread of coffee leaf 
rust on Arabica coffee in the 1880s, as farmers were 
prompted to try crops alternative to coffee. By the 
end of the 1880s, more than 150,000 cocoa trees 
were planted along the east coast, with the fron-
tier moving north and south from Toamasina since 
1888 (Campbell 1996), and even a modest boom 
taking place in the 1890s (Streak 1996). However, 
the northwest region of Sambirano around Ambanja 
would start gaining in importance for cocoa pro-
duction, given that, in contrast with the east coast, 
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provided shelter from destructive tropical cyclones 
and storms, had less pests, and crucially, enjoyed 
a dry season that allowed to dry the cocoa harvest 
(Clarence-Smith 2000:134). Until 1923, cocoa pro-
duction was dominated by creoles cultivating it on 
the east coast, but would move northwards and start 
being more dominated by Malagasy producers for 
three reasons. First, the lack of capital of creoles 
producers, second, the high costs of labour on the 
east coast, and third, the frequency of the storms in 
this region (Streak 1996). Eventually, cultivation 
of cocoa took hold in the Sambirano plain, which 
remains the main producing region on the island 
until present (Fig. 3).

Regarding cocoa production and export, Mada-
gascar slowly increased both during the first half 
of the twentieth century, from 28 tons exported in 
1910 (Li et  al. 2021), to a production of between 
300 and 400 tons in the early 1960s. This was pro-
duced on some 1000 ha (Destrez 1960), with expan-
sion by Malagasy farmers further promoted by 
the government during that decade (Streak 1996). 
Production was also encouraged by the privileged 
access granted to the metropolitan market by the 
French government, both before and after inde-
pendence (Streak 1996). Although cocoa produc-
tion increased rapidly in the 1970s, reaching some 
6000  ha cultivated producing some 1700 tons 
annually by the end of the decade (FAOSTAT), 
the contribution of Malagasy cocoa to global pro-
duction represented just a 0.12% in 1979 (Streak 
1996). Despite a steady increase in production on 
the island up to present time (FAOSTAT), cocoa is 
yet to take off as a major contributor to the over-
all economy of Madagascar. By 2017 Madagascar 
was producing some 6000 tons on some 24,000 ha 
in the Sambirano area, which provides 95% of the 
national production involving both smallholders 
and industrial plantations (Le Bellec et al. 2017). In 
terms of export value, cocoa went from represent-
ing some 4 M USD in 1995, to around 30 M USD 
in 2020, hovering around a contribution of 1% total 
Malagasy export value in the 2010s (Gaulier and 
Zignago 2010, Fig. 1).

Other products: exploring the potential of niche crops 
and spices

A number of other agroforestry crops have some eco-
nomic importance in Madagascar in addition to the 
four just reviewed. For example, Madagascar is the 
third largest producer of lychee (Nephelium litchi) 
globally, after China and India, with a current produc-
tion of some 100,000 tons, mostly produced around 
Toamasina and to a lesser extent around Mananjary 
(Business France 2018). Even though only 25% of 
the production is exported (Business France 2018), 
Madagascar is Europe’s main supplier, passing from 
just some 500 tons exported in the mid 1980s to 
nearly 9000 tons just ten years later (Loelliet 1994) 
and some 20,000 tons during the 2010s (Jahiel et al. 
2014). Pepper (Piper nigrum), introduced in Mada-
gascar in 1900 (Ramanantsoavina 1972) and often 
cultivated together with coffee (World Bank 2003) or 
cocoa (Fig. 3), is also of some importance for Mada-
gascar’s economy, contributing on average 9 M USD 
a year in the 2010s (Gaulier and Zignago 2010). Even 
though quantities exported have increased from 1300 
tons/year in 1995–2010 to 3500 tons in 2018, its con-
tribution to the export value actually peaked in 1997 
at 1%, remaining below 0.5% in the 2010s (Gaulier 
and Zignago 2010).

Cashew (Anacardium occidentale) production 
has a long tradition in Madagascar (Lefèbvre 1969), 
with average yearly production increasing some 1000 
tons per decade since the 1960s, or from some 2000 
tons/year in the 1960s, to some 7000 tons/year in 
the 2010s (FAOSTAT). Even if Madagascar exports 
some 10,000 tons/year currently (L’Express de Mada-
gascar 2022a), mostly from the main producing area 
around Ambilobe in the north, its contribution to the 
export value is so far negligible (Gaulier and Zignago 
2010). However, cashew production has been pro-
posed as an option to provide alternative livelihoods 
to local communities around protected areas (Durbin 
and Ralambo 1994; Gardner et al. 2013).

Madagascar also produces cinnamon, especially 
of the Cinnamomum verum species (Lallemand 
et  al. 2000), which is farmed by some 2500 farm-
ers predominantly on the east coast (CTHT 2023). 
Overall, 2500 tons a year were exported in the late 
2010s with a value of 90 M USD (Gaulier and Zig-
nago 2010). Even barely known, Madagascar also 
produced and exported rubber (Hevea brasiliensis) 
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between 1891 and 1914 and again during the Sec-
ond World War (Danthu et  al. 2016). However, its 
production history was cut short by the competition 
from Asian countries, and the perceived impacts of 
its unsustainable exploitation, which, in unexpected 
events, triggered the creation of the first protected 
areas in the country (Danthu et  al. 2016). Also 
worth mentioning is the Malagasy wild pepper, the 
tsiperifery, which has so far a limited contribution 
to the economy despite its potential for domestica-
tion (Ceccarelli et al. 2021). Madagascar also grows 
oil palm on some 7000 ha (Selina Wamucii 2023), 
of which the large majority is consumed nationally, 
with just some 500 tons exported on an average year 
through the 2010s (OEC 2021). While currently 
planted in monocultures, oil palm could also form 
part of agroforestry systems (Zemp et  al. 2023). 
Lastly, several plant species are harvested for essen-
tial oils, for example ginger, cinnamon, clove, and 
eucalyptus (Koroch et al. 2007).

Present

Currently, most production for crops that can be 
produced under agroforestry is carried out by small-
holders. This involves some 70,000 farmers in the 
vanilla sector in the SAVA region alone (Tridge 
2020), some 30,000 in clove production (AFS-
4Food 2012), another 30,000 farmers in lychee 
farming (Jahiel et  al. 2014), some 380,000 in cof-
fee (United Nations 2018), and around 30,000 in 
cocoa (Kentsop Suayo 2017), leading to a lower 
estimate of 500,000 farmers being involved in pro-
ducing such crops. The plantation regime prevalent 
during colonial times for the main export crops that 
can be produced under agroforestry in Madagascar 
has given place to relatively complex agroforestry 
systems (Arimalala et  al. 2018; Bing 2015; Wurz 
et  al. 2022). In some cases, production is carried 
out under contract farming schemes, such as in part 
for the cases of vanilla (Andriamparany et al. 2021; 
Blum 2021) and cocoa (Callahan 2019), or coop-
eratives, as for sections of the vanilla (Ralandison 
2021), coffee (L’Express de Madagascar 2022b), 
and cocoa sector (Ethiquable 2023).

Current state and extent of agroforestry research

We found 31 studies on agroforestry in Madagascar 
using our definition of agroforestry (see introduction) 
and our inclusion criteria (see methods). Available 
research is geographically biased towards the north-
east of the country (Fig.  4), the region where most 
cash crops are grown (Minten and Barrett 2008). 
We further identify a major bias towards studies on 
agroforestry systems focusing on certain cash crops, 
namely vanilla and clove, that are more prominently 
studied than others, namely coffee and cocoa. This 
is despite comparable production volumes (Fig.  3). 
These biases highlight that there is a risk of missing 
out on development and conservation potential of less 
well known agroforestry systems elsewhere in Mada-
gascar. Studies are furthermore predominantly from 
the field of ecology, use quantitative approaches, 
focus on land use, and investigate biodiversity and 
ecosystem services more commonly than livelihood 
implications (Fig. 5).

Characterizing agroforestry systems in Madagascar

The majority of studied agroforestry systems are 
agrisilvicultural, combining trees with crops (Fig. 5). 
However, four reviewed papers focus on both agrisil-
vicultural and agrosilvopastoral systems, in particular 
clove trees combined with cattle grazing. Agrofor-
estry systems also differ between the island’s many 
ecoregions. Cloves and vanilla are the two principal 
crops grown in the northeast. Coffee and cocoa are 
grown in Madagascar’s eastern and northwestern 
regions, respectively. All systems, either originate 
from forests or open land, with key implications for 
their conservation value (Martin et  al. 2020). Out-
comes for agroforestry systems having vanilla, clove, 
and cocoa as a main crop range from neutral to posi-
tive. Common crops associated with these main crops 
are fruit trees, including jackfruit, avocado, and 
mango, as well as banana and coconut. In the western 
region of Madagascar, an agroforestry system com-
bining rice, maize, and cassava with trees has been 
investigated.

Biodiversity in agroforestry systems in Madagascar

Biodiversity and ecosystem service outcomes 
of agroforestry in Madagascar are increasingly 
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studied in relation to both open land (e.g., fal-
low land, annual crops) and forest. When compar-
ing biodiversity in agroforestry systems to open 
land, those agroforests established inside forests 
(forest-derived) often outperform open land, while 
agroforests established on open land (open-land-
derived) are comparable or slightly more biodiverse 
than open land (Martin et  al. 2022). When com-
paring biodiversity in agroforestry systems to for-
est, research has shown that agroforests often fail 
to upkeep (when forest-derived) or restore (when 
open-land-derived) biodiversity to levels compara-
ble to old-growth forest (Hending et al. 2018; Mar-
tin et al. 2022). Nonetheless, forest-derived agrofor-
ests may be important to retain relatively high levels 
of biodiversity—on par with heavily used forest 

fragments—in agricultural landscapes (Martin et al. 
2022).

These findings stem from studies across multiple 
crops (cocoa (Webber et  al. 2019); vanilla (Mar-
tin et  al. 2022); coffee (Blumgart et  al. 2017)) and 
taxa (bats (Hending et  al. 2023); lemurs (Hending 
et al. 2018; Webber et al. 2019); birds (Martin et al. 
2021a, b); amphibians and reptiles (Blumgart et  al. 
2017; Fulgence et  al. 2022); butterflies (Wurz et  al. 
2022); ants (Rakotomalala et  al. 2021); trees (Osen 
et  al. 2021); herbaceous plants (Raveloaritiana et  al. 
2021) while certain agroforestry systems, like clove, 
and certain taxa, like small mammals and most 
insects, are not studied yet. However, meta research 
on the importance of land-use history for biodiver-
sity in tropical agroforestry systems suggests that 

Fig. 5  Percentage of studies on agroforestry in Madagascar 
(N = 30) that have specific study characteristics (left column), 
that focus on certain types of agroforestry systems and crops 

(middle column), and that study various factors determining 
agroforestry outcomes and establishment
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above-listed results may hold for different taxa and 
crops (Maney et al. 2022; Martin et al. 2020).

Ecosystem services in agroforestry systems in 
Madagascar

For ecosystem services, the results are more com-
plex. Agroforests are less important for many regu-
lating ecosystem services than forests, but likely 
outperform open land, for example fallow land. This 
is the case for water regulation (Raveloaritiana et al. 
2023; Zaehringer et  al. 2017), pest control (Schwab 
et al. 2021), and carbon stocks (Soazafy et al. 2021). 
Similarly, smallholder farmers practicing agroforestry 
in the central highlands of Madagascar have smaller 
carbon footprints than those not implementing such 
practices (Rakotovao et  al. 2017). Agroforests sup-
ply provisioning ecosystem services such as fire-
wood, timber, and fruits even when focusing on cash 
crop production (Mariel et  al. 2021a, b; Raveloariti-
ana et al. 2023; Zaehringer et al. 2017). Few papers 
assessed yields in agroforestry systems. For vanilla, 
yields did not differ between forest- and open-land-
derived agroforests, nor along shade or precipitation 
gradients (Martin et al. 2021a, b). Instead, agroforests 
with higher planting density and older vanilla vines 
had higher yields (Martin et  al. 2021a, b). Another 
paper from the same region but from other agrofor-
ests found positive effects of pollination labor input, 
planting density, and vine length—but not vein age 
and other predictor variables—on vanilla yields 
(Wurz et  al. 2022). For cultural ecosystem services, 
studies are limited but agroforests have been identi-
fied as important sites for ceremonies and gatherings 
(Osterhoudt 2010).

A key limitation is that most studies do not com-
pare households with (or with more) agroforestry 
to households without (or with less) agroforestry. 
Furthermore, none of the studies we found directly 
linked agroforestry practices to ecosystem services 
and further to agriculture production within agrofor-
estry systems. Stakeholder demand for services and 
potential mismatches between ecosystem service 
demand and supply have also not been studied. Over-
all, we find geographical and crop-specific biases in 
this body of literature, with studies focusing on cash 
crops, especially clove and vanilla, in the northeast of 
Madagascar.

Socioeconomic and environmental factors enabling 
and hindering agroforestry adoption

Agroforestry is considered a way for Malagasy peo-
ple to earn a living, helping them to become more 
resilient and recover from challenges (Osterhoudt 
2018; Herrera 2021; Danthu et al. 2014; Martin et al. 
2021b). People think of it not only as a means to earn 
income (Mariel et al. 2021a, b), but also as something 
that brings the community together and preserves 
their shared history (Osterhoudt 2018). Moreover, 
agroforestry is used to establish ownership of land 
still governed by traditional laws in specific parts of 
Madagascar (Evans et al. 2020). In areas where agro-
forestry is widely adopted, it assists local communi-
ties in attracting markets and economic opportunities 
(Nambena et al. 2003).

Nevertheless, there are obstacles discouraging 
farmers from adopting agroforestry. These include 
difficulties in transporting agroforestry goods to 
markets, insufficient capital for investment, ongo-
ing poverty, and volatile global market prices (Pfund 
et  al. 2011; Tsujimoto 2014). Studies also point out 
challenges such as finding suitable land to initiate an 
agroforestry system (Nambena et  al. 2003), political 
instability, changes in land ownership rules, and a 
lack of legal awareness (Evans et al. 2020). In certain 
regions, agroforestry practitioners are facing addi-
tional challenges posed by natural hazards. Cyclones 
annually inflict significant damage on human lives, 
infrastructure, and farmlands in eastern Madagascar 
(Danthu et  al. 2014; Osterhoudt 2018; Michel et  al. 
2021), further exacerbating socio-economic strug-
gles (Llopis 2018). The effect of cyclones is notably 
highlighted in studies focusing on agroforestry crops 
like vanilla and cloves (Brown 2009; Llopis et  al. 
2019).

Discussion: potential future for agroforestry 
in Madagascar

Locally called ‘ala vadim-boly’ ("forest with agri-
cultural land") or more broadly ‘Tanimboly’ (“cul-
tivated land”), agroforestry systems in Madagascar 
center around various cash crops for local consump-
tion or export, particularly vanilla, coffee, cocoa, and 
clove, mixed with various fruit trees like banana, 
papaya, jackfruit or litchi, along with wood trees 
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such as Grevillea spp. or Albizzia spp. As shown in 
this review, agroforestry crops have been present in 
Madagascar at least since the early nineteenth century 
(Tourte 2005 vol III; Ramanantsoavina 1971). Many 
of the crops sold for export were actively introduced 
and promoted by external actors, with the French 
colonial power playing a major role in mainstreaming 
key cash crops (Rabearimanana 1985; Isnard 1951). 
Between 2015 and 2020, crops that can be farmed in 
agroforestry systems contributed 27.4% to Malagasy 
exports (Gaulier and Zignago 2010). Here we argue 
that there is great potential for agroforestry to con-
tribute to sustainable development in Madagascar 
and outline factors that may determine whether this 
potential will be realized.

Maintaining existing agroforestry systems

Going through the websites of local or international 
NGOs working in Madagascar, agroforestry is pro-
moted as an activity for (1) improving household 
income and food security; (2) restoring degraded 
lands, increasing water provision and conserving bio-
diversity: (3) enhancing resilience to climate change. 
For this, they aim to practice sustainable agriculture 
by combining the concept of agroforestry and perma-
culture in community projects such as school gardens 
(vegetables plants and fruits trees), demonstration 
plots (medicinal plants, ginger and silkworm host 
trees).

Indeed, agroforestry systems already play a major 
and increasing role in smallholder agricultural land-
scapes (Llopis et  al. 2019; Mariel et  al. 2023), par-
ticularly in humid eastern Madagascar (Fig.  3). 
Importantly, these systems are usually not the result 
of extension campaigns by external actors, but rep-
resent a traditional land use practiced for generations 
(Mariel et al. 2021a, b; Osterhoudt 2018). Maintain-
ing those existing systems into the future is thus as 
important as promoting the extension of agroforestry 
to realize promised benefits, especially given repeated 
instances of external actors trying to promote transi-
tions to ‘more efficient’ and less diverse cropping 
systems (Le Bellec 2017). Turning this around, pri-
vate sector initiatives like sustainability certifica-
tion  (Blackman and Rivera 2011) could specifically 
reward the production in traditional agroforestry sys-
tems and support farmers in achieving higher yields 
or better labor productivity (see section  "Production 

and marketing schemes" Production and marketing 
schemes).

Promoting the extension of agroforestry systems

Agroforestry in Madagascar has the potential to ben-
efit more regions, additional cropping systems, fur-
ther land area, a greater number of people, additional 
ecosystem services, and a higher number of species 
than today. However, multiple factors should be con-
sidered to realize these benefits and various hurdles 
need to be overcome.

To overcome the geographic bias that agroforestry 
is predominantly practiced in the humid east, agro-
forestry needs to extend into additional crops that 
are currently little farmed or not farmed in agrofor-
estry systems. Here, multiple crops hold potential, for 
example cashew, which is already cultivated in rela-
tively dry parts of western and northwestern Mada-
gascar (Zoma 2005). But also less widely farmed 
crops, also coined orphan crops (Tadele 2019), may 
hold potential. This is particularly the case since labor 
costs in Madagascar are low (Minten and Barrett 
2008), making it possible to competitively farm labor-
intensive crops if reliable value chains exist.

To extend agroforestry to more agricultural lands, 
agroforestry needs to be an attractive farming option 
for smallholder farmers. Building on our analysis of 
factors promoting and hindering agroforestry in Mad-
agascar, we suggest that infrastructure, market access, 
and value chains are essential to market cash crops. 
Farmer training could also increase labor and per area 
productivity of existing and emerging agroforestry 
systems (Minten and Barrett 2008) while valuing 
traditional practices. In this context, combining cash 
with subsistence crops in diverse agroforestry sys-
tems further seems as a way forward to promote vari-
ous sustainable development goals in concert.

To benefit a greater number of people, agrofor-
estry also needs to be a land use option for the poor-
est households within communities. These typically 
face additional hurdles for adopting agroforestry, for 
example limited access to fertile land, insufficient 
land tenure, or initial investment barriers (Mercer 
2004; Bettles et al. 2021). Overcoming these hurdles 
will require targeted actions by the state and NGOs 
which could have the potential to make agroforestry a 
viable land use for more people.
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To promote additional ecosystem services and sup-
port more, and possibly more rare or threatened, spe-
cies, agroforestry systems can further be optimized 
internally. For example, maintaining or increasing 
shade-tree canopy cover in vanilla agroforests ben-
efits tree and reptile species richness and promotes 
endemic reptiles, ants, and herbaceous plants without 
negatively affecting yields (Wurz et al. 2022).

To limit possible negative consequences of agro-
forestry, several safeguards should be considered. On 
the social side, cash-crop focused agroforestry could 
result in high vulnerability of farmers if they are fully 
dependent on cash crop income for their livelihoods, 
especially under price fluctuations (Celio et al. 2023), 
theft risks (Neimark et  al. 2021) and related insecu-
rity (Llopis et  al. 2022), and increasingly common 
extreme weather events (Brown 2009). On the envi-
ronmental side, agroforestry should not be expanded 
at the cost of forests, neither by directly planting 
inside forest (Martin et  al. 2020, 2022), nor by cut-
ting forests for agroforestry. In this context, leakage 
(Meyfroidt et al. 2018) should also be considered: for 
example expanding agriculture on land previously 
used for shifting cultivation can only be considered a 
positive environmental outcome if shifting cultivation 
is not displaced into forests. Both social and envi-
ronmental considerations highlight the importance 
of embedding agroforestry in a broader landscape 
context.

Agroforestry as part of tree-rich multifunctional 
agricultural landscapes

Multifunctional agricultural landscapes provide a 
suite of essential ecosystem services, protect (agro-)
biodiversity (Shennan-Farpón et  al 2022), and 
enable resilient rural livelihoods (Kremen 2020). 
Importantly, such landscapes typically combine var-
ious cropping systems from extensive to intensive, 
with agroforestry making up an essential but not 
exclusive element. Alongside agroforestry and sta-
ple crop production, forest conservation for ecosys-
tem services and biodiversity protection and the res-
toration of key wildlife corridors are also important. 
Hurdles to such landscapes in the Malagasy case 
are ongoing challenges in the protection of remain-
ing forests (Jones et al. 2019), low agricultural pro-
ductivity of the staple crop rice (Dröge et al. 2022), 

and difficulties in water management (Harifidy and 
Hiroshi 2022).

Within such multifunctional landscapes, agrofor-
estry would be an essential enabling element of an 
urgently necessary forest transition in Madagascar 
by creating livelihood opportunities that do not rely 
on further forest clearance and by enhancing tree 
cover within agricultural landscapes.

Production and marketing schemes

Multiple production and marketing schemes have 
been developed to increase the quality, quantity, 
or sales of agricultural products from agroforestry 
systems. For example, multiple contract farm-
ing schemes exist in vanilla farming (Blackman 
and Rivera 2011); Hänke et  al. 2018; Blum 2021). 
Medium to large exporters typically organize farm-
ers groups with the goal to achieve higher qualities, 
stable quantities, and less fluctuating prices. Many 
of these contract farming schemes are also linked to 
sustainability certification (e.g., Organic, Rainforest 
Alliance, Fair Trade), essentially since the assur-
ance of the sustainability standards requires close 
multi-year relationships between buyers and export-
ers (Blum 2021). Some of those standards explicitly 
require a certain level of tree cover in cropping sys-
tems, thereby promoting the maintenance of tradi-
tional agroforestry (Blum 2021). However, benefits 
of such contractual arrangements for farmers may 
be mixed due to selection biases and higher produc-
tion costs that may not necessarily be compensated 
by higher prices (Blum 2021).

If farmers would act together in cooperatives, 
they could benefit from collective action rewards 
such as improved market information, increased 
bargaining power, better labor management, or 
increased production (Gyau et al 2014). Also, such 
farmers cooperatives could make profit from turning 
their sequestered carbon into carbon credits (Tel-
wala 2023). For example, some projects help small-
holder farmers working with agroforestry by selling 
carbon credits to enterprises wishing to compensate 
for their emissions (Wollenberg et al 2022).
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Future research to inform agroforestry practice and 
promotion

Much research to date has focused on outcomes of 
agroforestry for biodiversity and ecosystem services 
while hardly any research concerns the factors inhib-
iting and promoting agroforestry adoption in Mada-
gascar (see section  "Socioeconomic and environ-
mental factors enabling and hindering agroforestry 
adoption"). On top of addressing this bias, future 
research should focus on approaches to make agro-
forestry more resilient to shocks, investigate ways to 
diversify agroforests, and look into the potential of 
creating ‘novel’ agroforestry systems with crops cur-
rently not on the radar and in regions where agrofor-
estry currently plays a minor role.

Conclusion

Agroforestry already plays an important part in the 
daily lives of at least 500,000 Malagasy farmers, par-
ticularly on the humid eastern escarpment. Here, we 
have outlined the history of agroforestry, have taken 
stock on the state of agroforestry research, and have 
elaborated on the potential that agroforestry holds for 
the future in Madagascar. We have shown that multi-
ple hurdles need to be overcome to make agroforestry 
an attractive land use option for smallholder farmers 
and to deliver multifunctional agricultural landscapes 
that work for people and nature. To achieve this, key 
gaps in policy development may need to be closed, 
bearing the question how Madagascar could catch 
up on the development of innovative agroforestry 
policies as pioneered in other countries such as India, 
Malaysia, or Tanzania?

Acknowledgements We are grateful to Lara Gillham for 
preparing the district level map and crop icons. This paper is 
a contribution to the Global Land Program (https:// www. glp. 
earth).

Authors’ contributions RNNA and DAM conceived the 
initial idea for the paper. JCL conducted the historical review. 
PL and DAM conducted the systematic review of the literature. 
RNNA coordinated the author team and led the writing of the 
manuscript. All authors created figures, wrote sections of the 
manuscript, and approved the final version.

Funding Open access funding provided by University of 
Bern. DAM acknowledges funding by the Forschungskredit 
of the University of Zurich, grant no. FK-21-128. JCL was 
funded by the Swiss National Science Foundation under Grant 
P2BEP2_191790.

Declarations 

Conflict of interest The authors have no competing interests 
to declare that are relevant to the content of this article.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aldegheri M (1959) Les cyclones de mars 1959 à Madagascar. 
Annuaire hydrologique de la France d’Outre-Mer: année 
1957:33–55

Andriamparany JN, Hänke H, Schlecht E (2021) Food secu-
rity and food quality among vanilla farmers in Madagas-
car: the role of contract farming and livestock keeping. 
Food Secur: Sci, Sociol Econ Food Prod Access Food 
13(4):981–1012

Arimalala N, Penot E, Michels T, Rakotoarimanana V, Michel 
I, Ravaomanalina H, Roger E, Jahiel M, Tsy LP, J.-M. & 
Danthu, P. (2018) Clove based cropping systems on the 
east coast of Madagascar: how history leaves its mark on 
the landscape. Agrofor Syst 93:1577–1592. https:// doi. 
org/ 10. 1007/ s10457- 018- 0268-9

Beaujard P (2011) The first migrants to Madagascar and their 
introduction of plants: linguistic and ethnological evi-
dence. Azania: Archaeol Res Afr 46(2):169–189. https:// 
doi. org/ 10. 1080/ 00672 70X. 2011. 580142

Bettles J, Battisti DS, Cook-Patton SC, Kroeger T, Spector JT, 
Wolff NH, Masuda YJ (2021) Agroforestry and non-state 
actors: a review. For Policy Econ 130:102538. https:// 
doi. org/ 10. 1016/j. forpol. 2021. 102538

Bing J-B (2015) Agroforêt: formes et pratiques héritées en 
Indonésie et à Madagascar. Le Globe Rev Genev Géogr 
155:89–96

Blackman A, Rivera J (2011) Producer-level benefits of sus-
tainability certification. Conserv Biol 25(6):1176–1185. 
https:// doi. org/ 10. 1111/j. 1523- 1739. 2011. 01774.x

https://www.glp.earth
https://www.glp.earth
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10457-018-0268-9
https://doi.org/10.1007/s10457-018-0268-9
https://doi.org/10.1080/0067270X.2011.580142
https://doi.org/10.1080/0067270X.2011.580142
https://doi.org/10.1016/j.forpol.2021.102538
https://doi.org/10.1016/j.forpol.2021.102538
https://doi.org/10.1111/j.1523-1739.2011.01774.x


 Agroforest Syst

1 3
Vol:. (1234567890)

Blanc-Pamard C, Ruf F (1992) La transition caféière (Côte Est 
de Madagascar). Département Systèmes Agroalimen-
taires et Ruraux, CIRAD, Montpellier, p 248

Blarel B, Dolinsky D (1995) Market vs. government failures: a 
case study of the vanilla sector in Madagascar. In: Jaffee 
S, Morton J (eds) Marketing Africa’s high-value foods. 
Comparative experiences of an emergent private sector. 
The World Bank, Washington, pp 255–318

Blum L (2021) Caught between theft and rapidly rising prices: 
smallholder vanilla farmers transitioning into contract 
farming schemes of certified exporters in Northeast Mad-
agascar. PhD dissertation, University of Göttingen

Blumgart D, Dolhem J, Raxworthy CJ (2017) Herpetological 
diversity across intact and modified habitats of Nosy 
Komba Island, Madagascar. J Nat Hist 51(11–12):625–
642. https:// doi. org/ 10. 1080/ 00222 933. 2017. 12873 12

Bouriquet, G. (1946). Le Vanillier et la Vanille à Madagas-
car. Revue internationale de botanique appliquée et 
d’agriculture tropicale 26e année(bulletin n°286 bis, 
septembre): 398–404. https:// doi. org/ 10. 3406/ jatba. 1946. 
1981

Brown ML (2009) Madagascar’s cyclone vulnerability and the 
global vanilla economy. In: Jones EC, Murphy AD (eds) 
The political economy of hazards and disasters. AltaMira 
Press, Plymouth, pp 241–264

Business France (2018) Madagascar—La production de litchis 
en 2018–2019 en hausse. https:// www. busin essfr ance. fr/ 
madag ascar- la- produ ction- de- litch is- en- 2018- 2019- en- 
hausse. Accessed 26 Jun 2023

Cadot O, Dutoit L, de Melo J (2006) The elimination of Mada-
gascar’s vanilla marketing board, ten years on. Policy 
Research Working Paper; No. 3979. The World Bank, 
Washington

Callahan L (2019) Contract-farming in cocoa value chains in 
Africa: possibilities and challenges. In: Yihdego Z, Desta 
MG, Hailu MB (eds) Ethiopian yearbook of international 
law 2018: in pursuit of peace and prosperity. Springer, 
New York

Campbell G (1991) An industrial experiment in pre-colonial 
Africa: the case of imperial Madagascar, 1825–1861. J 
South Afr Stud 17(3):525–559. https:// doi. org/ 10. 2307/ 
26371 97

Campbell GR (1996) The cocoa frontier in Madagascar, the 
Comoro Islands and Réunion, c. 1820–1970. In: Clar-
ence-Smith WG (ed) Cocoa pioneer fronts since 1800: 
the role of smallholders, planters and merchants. Pal-
grave Macmillan, London, pp 195–211

Castle SE, Miller DC, Ordonez PJ, Baylis K, Hughes K (2021) 
The impacts of agroforestry interventions on agricul-
tural productivity, ecosystem services, and human well-
being in low- and middle-income countries: a systematic 
review. Campbell Syst Rev 17(2):e1167. https:// doi. org/ 
10. 1002/ cl2. 1167

Ceccarelli V, Jérôme Q, Paolo B (2021) Towards domestication 
of the endemic Malagasy pepper tsiperifery (Piper sp.): 
Lessons learnt from domestication and cultivation his-
tory of other peppers. Fruits 76(3):123–133. https:// doi. 
org/ 10. 17660/ th2021/ 76.3.3

Celio E, Andriatsitohaina RNN, Llopis JC, Gret-Regamey 
A (2023) Assessing farmers’ income vulnerability to 
vanilla and clove export economies in northeastern 

Madagascar using land-use change modelling. J Land 
Use Sci 18(1):55–83. https:// doi. org/ 10. 1080/ 17474 23X. 
2023. 21687 78

Cirad (2021) NumBA. Centre de coopération internationale en 
recherche agronomique pour le développement (Cirad). 
https:// numba. cirad. fr. Accessed 08 Nov 2021

Clarence-Smith WG (2000) Cocoa and chocolate, 1765–1914. 
Routledge, London, p 242

Cocoual, M. and P. Danthu (2018). Le giroflier à Madagascar: 
essai d’histoire et de géographie coloniales 1896-1958. 
Revue de Géographie Historique No 12 (Mai 2018). 
https:// doi. org/ 10. 4000/ geohi st. 1257

Correll DS (1953) Vanilla-its botany, history, cultivation and 
economic import. Econ Bot 7(4):291–358. https:// doi. 
org/ 10. 1007/ BF029 30810

CTHT (2023) Généralités sur la cannelle à Madagascar. Cen-
tre technique horticole de Tamatave. https:// www. lemon 
de. fr/ archi ves/ artic le/ 1959/ 03/ 28/ un- cyclo ne-a- ravage- 
madag ascar- faisa nt- de- nombr euses- victi mes- et- des- 
degats- consi derab les_ 21511 25_ 18192 18. html. Accessed 
31 July 2023

Danthu P, Penot E, Ranoarisoa KM, Rakotondravelo JC, 
Michel I, Tiollier M, Michels T, Normand F, Razafima-
monjison G, Fawbush F, Jahiel M (2014) The clove tree 
of Madagascar: a success story with an unpredictable 
future. Bois Et for Trop 320(2):83–96

Danthu P, Razakamanarivo H, Deville-Danthu B, Fara LR, 
Roux YL, Penot E (2016) The short and forgotten history 
of rubber in Madagascar: the first controversy between 
biodiversity conservation and natural resource exploita-
tion. Bois et Forêts des Tropiques 328(2):27–43. https:// 
doi. org/ 10. 19182/ bft20 16. 328. a31300

De Beenhouwer M, Aerts R, Honnay O (2013) A global meta-
analysis of the biodiversity and ecosystem service ben-
efits of coffee and cacao agroforestry. Agr Ecosyst Envi-
ron 175:1–7. https:// doi. org/ 10. 1016/j. agee. 2013. 05. 003

Dröge S, Poudyal M, Hockley N, Mandimbiniaina R, Rasoa-
manana A, Andrianantenaina NS, Llopis JC (2022) Con-
straints on rice cultivation in Eastern Madagascar: Which 
factors matter to smallholders, and which influence food 
security? Hum Ecol 50(3):493–513. https:// doi. org/ 10. 
1007/ s10745- 022- 00336-2

Durbin JC, Ralambo JA (1994) the role of local people in the 
successful maintenance of protected areas in Madagas-
car. Environ Conserv 21(02):115–120

Ethiquable (2023) Lazan’ny Sambirano—commerce équitable 
à Madagascar—Cacao. Enterprise coopérative, citoyenne 
et solidaire Ethiquable. https:// www. ethiq uable. coop/ 
fiche- produ cteur/ lazan ny- sambi rano- comme rce- equit 
able-a- madag ascar- cacao. Accessed 31 July 2023

FAO (2022). FAOSTAT. Food and Agriculture Organization 
of the United Nations. https:// www. fao. org/ faost at/ en/# 
home

FAO (2023) Agroforestry. Food and agriculture organization 
of the United Nations. https:// www. fao. org/ fores try/ agrof 
orest ry/ 80338/ en/. Accessed 27 Jun 2023

Fulgence TR, Martin DA, Randriamanantena R, Botra R, 
Befidimanana E, Osen K, Wurz A, Kreft H, Andriana-
rimisa A, Ratsoavina FM (2022) Differential responses 
of amphibians and reptiles to land-use change in the 
biodiversity hotspot of north-eastern Madagascar. Anim 

https://doi.org/10.1080/00222933.2017.1287312
https://doi.org/10.3406/jatba.1946.1981
https://doi.org/10.3406/jatba.1946.1981
https://www.businessfrance.fr/madagascar-la-production-de-litchis-en-2018-2019-en-hausse
https://www.businessfrance.fr/madagascar-la-production-de-litchis-en-2018-2019-en-hausse
https://www.businessfrance.fr/madagascar-la-production-de-litchis-en-2018-2019-en-hausse
https://doi.org/10.2307/2637197
https://doi.org/10.2307/2637197
https://doi.org/10.1002/cl2.1167
https://doi.org/10.1002/cl2.1167
https://doi.org/10.17660/th2021/76.3.3
https://doi.org/10.17660/th2021/76.3.3
https://doi.org/10.1080/1747423X.2023.2168778
https://doi.org/10.1080/1747423X.2023.2168778
https://numba.cirad.fr
https://doi.org/10.4000/geohist.1257
https://doi.org/10.1007/BF02930810
https://doi.org/10.1007/BF02930810
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://doi.org/10.19182/bft2016.328.a31300
https://doi.org/10.19182/bft2016.328.a31300
https://doi.org/10.1016/j.agee.2013.05.003
https://doi.org/10.1007/s10745-022-00336-2
https://doi.org/10.1007/s10745-022-00336-2
https://www.ethiquable.coop/fiche-producteur/lazanny-sambirano-commerce-equitable-a-madagascar-cacao
https://www.ethiquable.coop/fiche-producteur/lazanny-sambirano-commerce-equitable-a-madagascar-cacao
https://www.ethiquable.coop/fiche-producteur/lazanny-sambirano-commerce-equitable-a-madagascar-cacao
https://www.fao.org/faostat/en/#home
https://www.fao.org/faostat/en/#home
https://www.fao.org/forestry/agroforestry/80338/en/
https://www.fao.org/forestry/agroforestry/80338/en/


Agroforest Syst 

1 3
Vol.: (0123456789)

Conserv 25(4):492–507. https:// doi. org/ 10. 1111/ acv. 
12760

Gardner CJ, Nicoll ME, Mbohoahy T, Oleson KLL, Ratsi-
fandrihamanana AN, Ratsirarson J, René de Roland 
L-A, Virah-Sawmy M, Zafindrasilivonona B, Davies 
ZG (2013) Protected areas for conservation and poverty 
alleviation: experiences from Madagascar. J Appl Ecol 
50:1289–1294. https:// doi. org/ 10. 1111/ 1365- 2664. 12164

Gaulier G, Zignago S (2010) BACI: international trade data-
base at the product-level. The 1994–2007 version. CEPII 
working paper 2010-23

Goodman SM, Benstead JP (2005) Updated estimates of 
biotic diversity and endemism for Madagascar. Oryx 
39(01):73–77. https:// doi. org/ 10. 1017/ S0030 60530 50001 
28

Grisoni M, Nany F (2021) The beautiful hills: half a century of 
vanilla (Vanilla planifolia Jacks ex. Andrews) breeding 
in Madagascar. Gen Resour Crop Evol 68(5):1691–1708. 
https:// doi. org/ 10. 1007/ s10722- 021- 01119-2

Gunn BF, Baudouin L, Olsen KM (2011) Independent ori-
gins of cultivated coconut (Cocos nucifera L.) in the old 
world tropics. PLoS ONE 6(6):e21143. https:// doi. org/ 
10. 1371/ journ al. pone. 00211 43

Gyau A, Franzel S, Chiatoh M, Nimino G, Owusu K (2014) 
Collective action to improve market access for small-
holder producers of agroforestry products: key lessons 
learned with insights from Cameroon’s experience. Curr 
Opin Environ Sustain 2014(6):68–72. https:// doi. org/ 10. 
1016/j. cosust. 2013. 10. 017

Hajjar R, Newton P, Ihalainen M, Agrawal A, Alix-Garcia J, 
Castle SE, Erbaugh JT, Gabay M, Hughes K, Mawu-
tor S, Pacheco P, Schoneveld G, Timko JA (2021) 
Levers for alleviating poverty in forests. For Policy 
Econ 132:102589. https:// doi. org/ 10. 1016/j. forpol. 2021. 
102589

Hänke H, Barkmann J, Blum L, Franke Y, Martin DA, Niens 
J, Osen K, Uruena V, Witherspoon SA, Wurz A (2018) 
Socio-economic, land use and value chain perspectives 
on vanilla farming in the SAVA region (north-eastern 
Madagascar): the diversity turn baseline study (DTBS). 
July 2019 Edition. https:// doi. org/ 10. 13140/ RG.2. 2. 
22059. 80163

Haudricourt A-G (1948) L’origine des plantes cultivées mala-
gaches. Memoires de l’Institut Scientifique de Madagas-
car - Serie B Tome I(Fascicule 2):143–145

Hending D, Andrianiaina A, Rakotomalala Z, Cotton S (2018) 
The use of vanilla plantations by lemurs: encouraging 
findings for both lemur conservation and sustainable 
agroforestry in the Sava region, northeast Madagascar. 
Int J Primatol 39(1):141–153. https:// doi. org/ 10. 1007/ 
s10764- 018- 0022-1

Hending D, Andrianiaina A, Rose M, Rowlands A, Storm S, 
Holderied MW, Cotton S (2023) Vanilla bats: insec-
tivorous bat diversity in the vanilla agroecosystems 
of northeastern Madagascar. Acta Chiropterologica 
24(2):363–378

Isnard H (1951) La colonisation agricole à Madagascar. Revue 
de géographie alpine Tome 39(n°1):97–125

Jahiel M, Andreas C, Penot E (2014) Experience from fifteen 
years of Malagasy lychee export campaigns. Fruits. 
https:// doi. org/ 10. 1051/ fruits/ 20130 98

Jarosz LA (1994) Taboo and time-work experience in Mada-
gascar. Geogr Rev 84(4):439–450. https:// doi. org/ 10. 
2307/ 215758

Jarosz L (1996) Defining deforestation in Madagascar. In: Peet 
R, Watts M (eds) Liberation ecologies. Environment, 
development, social movements. Routledge, London, 
New York, pp 148–164

Jones JPG, Ratsimbazafy J, Ratsifandrihamanana AN, Wat-
son JEM, Andrianandrasana HT, Cabeza M, Cin-
ner JE, Goodman SM, Hawkins F, Mittermeier RA, 
Rabearisoa AL, Rakotonarivo OS, Razafimanahaka 
JH, Razafimpahanana AR, Wilmé L, Wright PC (2019) 
Last chance for Madagascar’s biodiversity. Nature 
Sustainability 2(5):350–352. https:// doi. org/ 10. 1038/ 
s41893- 019- 0288-0

Kentsop Suayo, C. D. (2017). Production du cacao à Mada-
gascar et au Cameroun : simillitudes et dissemblances. 
Diplôme de Master 2, Ecole Supérieure des Sciences 
Agronomiques, Mention: Agriculture Tropicale et Dével-
oppement Durable, Université d’Antananarivo

Koroch A, Ranarivelo L, Behra O, Juliani HR, Simon JE (2007) 
Quality attributes of ginger and cinnamon essential oils 
from Madagascar. In: Janick J, Whipkey A (eds) Issues in 
new crops and new uses. ASHS Press, Alexandria

Kremen C (2020) Ecological intensification and diversification 
approaches to maintain biodiversity, ecosystem services 
and food production in a changing world. Emerging Top 
Life Sci 4(2):229–240. https:// doi. org/ 10. 1042/ ETLS2 
01902 05

Lallemand H, Pirot N, Dornier M, Reynes M (2000) La can-
nelle : historique, production et principales caractéris-
tiques. Fruits 55(6):421–432

Le Bellec F (2017) La culture du vanillier. CIRAD
Le Bourdiec FO, Battistini R, Le Bourdiec P, Tsiranana P, 

Botokeky L (1969) Atlas de Madagascar. Tananarive 
Bureau pour le développement de la production agricole-
Centre de l’institut géographique national à Madagascar

Leakey RRB (2017) Definition of agroforestry revisited. In: 
Leakey RRB (ed) Multifunctional agriculture—achiev-
ing sustainable development in Africa. Academic Press, 
San Diego, pp 5–6

Lefèbvre A (1969) L’anacardier, une richesse de Madagascar. 
Fruits 24(1):43–61

L’Express de Madagascar (2022a) Exportation—La filière 
noix de cajou reprend son souffle. Retrieved 31/07/2023, 
from https:// lexpr ess. mg/ 27/ 10/ 2022/ expor tation- la- filie 
re- noix- de- cajou- repre nd- son- souffl e/. Accessed 31 July 
2023

L’Express de Madagascar (2022b) Consommation—Le café 
retrouve ses saveurs d’antan. https:// lexpr ess. mg/ 24/ 09/ 
2022/ conso mmati on- le- cafe- retro uve- ses- saveu rs- dan-
tan/. Accessed 31 July 2023

Li Y, Zhang D, Motilal LA, Lachenaud P, Mischke S, Mein-
hardt LW (2021) Traditional varieties of cacao (Theo-
broma cacao) in Madagascar: their origin and dispersal 
revealed by SNP markers. Beverage Plant Res. https:// 
doi. org/ 10. 48130/ BPR- 2021- 0004

Lin T, Catacutan DC, van Noordwijk M, Finlayson RF, Rogel 
CN, Orencio P (eds) (2021) State and outlook of agro-
forestry in ASEAN—status, trends and outlook 2030 and 

https://doi.org/10.1111/acv.12760
https://doi.org/10.1111/acv.12760
https://doi.org/10.1111/1365-2664.12164
https://doi.org/10.1017/S0030605305000128
https://doi.org/10.1017/S0030605305000128
https://doi.org/10.1007/s10722-021-01119-2
https://doi.org/10.1371/journal.pone.0021143
https://doi.org/10.1371/journal.pone.0021143
https://doi.org/10.1016/j.cosust.2013.10.017
https://doi.org/10.1016/j.cosust.2013.10.017
https://doi.org/10.1016/j.forpol.2021.102589
https://doi.org/10.1016/j.forpol.2021.102589
https://doi.org/10.13140/RG.2.2.22059.80163
https://doi.org/10.13140/RG.2.2.22059.80163
https://doi.org/10.1007/s10764-018-0022-1
https://doi.org/10.1007/s10764-018-0022-1
https://doi.org/10.1051/fruits/2013098
https://doi.org/10.2307/215758
https://doi.org/10.2307/215758
https://doi.org/10.1038/s41893-019-0288-0
https://doi.org/10.1038/s41893-019-0288-0
https://doi.org/10.1042/ETLS20190205
https://doi.org/10.1042/ETLS20190205
https://lexpress.mg/27/10/2022/exportation-la-filiere-noix-de-cajou-reprend-son-souffle/
https://lexpress.mg/27/10/2022/exportation-la-filiere-noix-de-cajou-reprend-son-souffle/
https://lexpress.mg/24/09/2022/consommation-le-cafe-retrouve-ses-saveurs-dantan/
https://lexpress.mg/24/09/2022/consommation-le-cafe-retrouve-ses-saveurs-dantan/
https://lexpress.mg/24/09/2022/consommation-le-cafe-retrouve-ses-saveurs-dantan/
https://doi.org/10.48130/BPR-2021-0004
https://doi.org/10.48130/BPR-2021-0004


 Agroforest Syst

1 3
Vol:. (1234567890)

beyond. Bangkok, FAO, ICRAF, CGIAR Research Pro-
gram on Forests, Trees and Agroforestry, SEARCA 

Llopis JC (2018) Down by the riverside: cyclone-driven floods 
and the expansion of Swidden agriculture in southwest-
ern Madagascar. In: Abbink J (ed) The environmen-
tal crunch in Africa. Palgrave Macmillan, Cham, pp 
241–268

Llopis JC, Harimalala PC, Bär R, Heinimann A, Rabemanan-
jara ZH, Zaehringer JG (2019) Effects of protected area 
establishment and cash crop price dynamics on land use 
transitions 1990–2017 in north-eastern Madagascar. J 
Land Use Sci. https:// doi. org/ 10. 1080/ 17474 23X. 2019. 
16259 79

Llopis JC, Diebold CL, Schneider F, Harimalala PC, Patrick 
L, Messerli P, Zaehringer JG (2020) Capabilities under 
telecoupling: human well-being between cash crops and 
protected areas in north-eastern Madagascar. Front Sus-
tain Food Syst. https:// doi. org/ 10. 3389/ fsufs. 2019. 00126

Llopis JC, Chastonay JF, Birrer FC, Bär R, Andriatsitohaina 
RNN, Messerli P, Heinimann A, Zaehringer JG (2021) 
Year-to-year ecosystem services supply in conserva-
tion contexts in north-eastern Madagascar: trade-offs 
between global demands and local needs. Ecosyst Serv 
48:101249. https:// doi. org/ 10. 1016/j. ecoser. 2021. 101249

Llopis JC, Diebold CL, Schneider F, Harimalala PC, Andri-
amihaja OR, Messerli P, Zaehringer JG (2022) Mixed 
impacts of protected areas and a cash crop boom on 
human well-being in north-eastern Madagascar. People 
Nat. https:// doi. org/ 10. 1002/ pan3. 10377

LMC International (2000) ICO/CFC study of marketing and 
trading policies and systems in selected coffee producing 
countries: Madagascar country profile. Common Fund 
for Commodities, International Coffee Organization, The 
World Bank, Oxford

Loelliet D (1994) Le litchi : un fruit exotique en pleine expan-
sion dans un marché européen en mutation. Fruits 
49(3):235–237

Maney C, Sassen M, Hill SLL (2022) Modelling biodiversity 
responses to land use in areas of cocoa cultivation. Agr 
Ecosyst Environ 324:107712. https:// doi. org/ 10. 1016/j. 
agee. 2021. 107712

Maret F (2007) Distortions to agricultural incentives in Mad-
agascar. Agricultural Distortions Working Paper 53. 
George Washington University, Washington

Mariel J, Carrière SM, Penot E, Danthu P, Rafidison V, Labey-
rie V (2021a) Exploring farmers’ agrobiodiversity man-
agement practices and knowledge in clove agroforests of 
Madagascar. People Nat 3(4):914–928. https:// doi. org/ 
10. 1002/ pan3. 10238

Mariel J, Penot E, Labeyrie V, Herimandimby H, Danthu P 
(2023) From shifting rice cultivation (tavy) to agrofor-
estry systems: a century of changing land use on the 
East Coast of Madagascar. Agrofor Syst 97(3):415–431. 
https:// doi. org/ 10. 1007/ s10457- 022- 00761-8

Mariel J, Penot E, Danthu P (2021) Les systèmes agroforestiers 
dans les strategies paysannes de résilience à Madagas-
car, Économie rurale [En ligne], 377|juillet - septembre, 
mis en ligne le 04 janvier 2021, consulté le 26 juin 2023. 
http:// journ als. opene dition. org/ econo mieru rale/ 9104. 
https:// doi. org/ 10. 4000/ econo mieru rale. 9104

Martin DA, Osen K, Grass I, Hölscher D, Tscharntke T, Wurz 
A, Kreft H (2020) Land-use history determines ecosys-
tem services and conservation value in tropical agro-
forestry. Conserv Lett 13(5):e12740. https:// doi. org/ 10. 
1111/ conl. 12740

Martin DA, Andriafanomezantsoa R, Dröge S, Osen K, Rako-
tomalala E, Wurz A, Andrianarimisa A, Kreft H (2021a) 
Bird diversity and endemism along a land-use gradient 
in Madagascar: the conservation value of vanilla agrofor-
ests. Biotropica 53(1):179–190. https:// doi. org/ 10. 1111/ 
btp. 12859

Martin DA, Wurz A, Osen K, Grass I, Hölscher D, Rabe-
manantsoa T, Tscharntke T, Kreft H (2021b) Shade-tree 
rehabilitation in vanilla agroforests is yield neutral and 
may translate into landscape-scale canopy cover gains. 
Ecosystems 24(5):1253–1267. https:// doi. org/ 10. 1007/ 
s10021- 020- 00586-5

Martin DA, Andrianisaina F, Fulgence TR, Osen K, Rako-
tomalala AANA, Raveloaritiana E, Soazafy MR, 
Wurz A, Andriafanomezantsoa R, Andriamaniraka 
H, Andrianarimisa A, Barkmann J, Dröge S, Grass I, 
Guerrero-Ramirez N, Hänke H, Hölscher D, Rakouth 
B, Ranarijaona HLT, Kreft H (2022) Land-use trajecto-
ries for sustainable land system transformations: iden-
tifying leverage points in a global biodiversity hotspot. 
Proc Natl Acad Sci. https:// doi. org/ 10. 1073/ pnas. 21077 
47119

Mauri M, Elli T, Caviglia G, Uboldi G, Azzi M (2017) RAW-
Graphs: a visualisation platform to create open outputs. 
In: Proceedings of the 12th biannual conference on Ital-
ian SIGCHI chapter. Association for Computing Machin-
ery, Cagliari, vol 28, pp 1–5. https:// doi. org/ 10. 1145/ 
31255 71. 31255 85

Mercer D (2004) Adoption of agroforestry innovations in the 
tropics: a review. Agrofor Syst 61:311–328. https:// doi. 
org/ 10. 1023/B: AGFO. 00000 29007. 85754. 70

Meyfroidt P, Chowdhury RR, de Bremond A, Ellis EC, Erb 
K-H, Filatova T, Garrett RD, Grove JM, Heinimann A, 
Kuemmerle T, Kull CA, Lambin EF, Landon Y, le Polain 
de Waroux Y, Messerli P, Müller D, Nielsen JØ, Peter-
son GD, García VR, Schlüter M, Turner B, Verburg PH 
(2018) Middle-range theories of land system change. 
Glob Environ Change 53:52–67. https:// doi. org/ 10. 
1016/j. gloen vcha. 2018. 08. 006

MinAgri (2009) Annuaire 2005–2006–2007–2008. Statistiques 
Agricoles. Antananarivo, Madagascar, Repoblikan’i 
Madagasikara. Service de la Statistique Agricole, 
Ministère de l’Agriculture

MinAgri (2012) Annuaire 2009–2010. Statistiques Agricoles. 
Antananarivo, Madagascar, Repoblikan’i Madagasi-
kara. Service de la Statistique Agricole, Ministère de 
l’Agriculture

Minten B, Barrett CB (2008) Agricultural technology, pro-
ductivity, and poverty in Madagascar. World Dev 
36(5):797–822

Le Monde (1959) Un cyclone a ravagé Madagascar faisant de 
nombreuses victimes et des dégâts considérables. https:// 
www. lemon de. fr/ archi ves/ artic le/ 1959/ 03/ 28/ un- cyclo 
ne-a- ravage- madag ascar- faisa nt- de- nombr euses- victi 
mes- et- des- degats- consi derab les_ 21511 25_ 18192 18. 
html. Accessed 31 July 2023

https://doi.org/10.1080/1747423X.2019.1625979
https://doi.org/10.1080/1747423X.2019.1625979
https://doi.org/10.3389/fsufs.2019.00126
https://doi.org/10.1016/j.ecoser.2021.101249
https://doi.org/10.1002/pan3.10377
https://doi.org/10.1016/j.agee.2021.107712
https://doi.org/10.1016/j.agee.2021.107712
https://doi.org/10.1002/pan3.10238
https://doi.org/10.1002/pan3.10238
https://doi.org/10.1007/s10457-022-00761-8
http://journals.openedition.org/economierurale/9104
https://doi.org/10.4000/economierurale.9104
https://doi.org/10.1111/conl.12740
https://doi.org/10.1111/conl.12740
https://doi.org/10.1111/btp.12859
https://doi.org/10.1111/btp.12859
https://doi.org/10.1007/s10021-020-00586-5
https://doi.org/10.1007/s10021-020-00586-5
https://doi.org/10.1073/pnas.2107747119
https://doi.org/10.1073/pnas.2107747119
https://doi.org/10.1145/3125571.3125585
https://doi.org/10.1145/3125571.3125585
https://doi.org/10.1023/B:AGFO.0000029007.85754.70
https://doi.org/10.1023/B:AGFO.0000029007.85754.70
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html
https://www.lemonde.fr/archives/article/1959/03/28/un-cyclone-a-ravage-madagascar-faisant-de-nombreuses-victimes-et-des-degats-considerables_2151125_1819218.html


Agroforest Syst 

1 3
Vol.: (0123456789)

Moreuil C (1971) Notes brèves sur quelques espèces fruitières 
de la côte est de Madagascar. Fruits 26(1):53–63

Mukonoweshuro EG (1994) Madagascar: the collapse 
of an experiment. Journal of Third World Studies 
11(1):336–368

Nair PKR (2011) Agroforestry systems and environmental 
quality: introduction. J Environ Qual 40(3):784–790. 
https:// doi. org/ 10. 2134/ jeq20 11. 0076

Neimark B, Osterhoudt S, Blum L, Healy T (2021) Mob justice 
and ‘the civilized commodity.’ J Peasant Stud 48(4):734–
753. https:// doi. org/ 10. 1080/ 03066 150. 2019. 16805 43

OEC (2021) Palm oil in Madagascar. Observatory of economic 
complexity. https:// oec. world/ en/ profi le/ bilat eral- produ ct/ 
palm- oil/ repor ter/ mdg. Accessed 31 Jul 2023

Osen K, Soazafy MR, Martin DA, Wurz A, März A, Rana-
rijaona HLT, Hölscher D (2021) Land-use history 
determines stand structure and tree diversity in vanilla 
agroforests of northeastern Madagascar. Appl Veg Sci 
24(1):e12563. https:// doi. org/ 10. 1111/ avsc. 12563

Osterhoudt S (2010) Sense and sensibilities: negotiating 
meanings within agriculture in Northeastern Madagas-
car. Ethnology 49(4):283–301. https:// doi. org/ 10. 2307/ 
41756 634

Osterhoudt S (2018) Remembered resilience: oral history 
narratives and community resilience in agroforestry 
systems. Renew Agric Food Syst 33(3):252–255. 
https:// doi. org/ 10. 1017/ S1742 17051 70006 79

Persée (2021) Persée. https:// www. persee. fr. Accessed 08 
Nov 2021

Rakotomalala AANA, Wurz A, Grass I, Martin DA, Osen 
K, Schwab D, Soazafy MR, Tscharntke T, Raveloson 
Ravaomanarivo LH (2021) Tropical land use drives 
endemic versus exotic ant communities in a global 
biodiversity hotspot. Biodivers Conserv 30(14):4417–
4434. https:// doi. org/ 10. 1007/ s10531- 021- 02314-4

Rakotovao NH, Razafimbelo TM, Rakotosamimanana S, 
Randrianasolo Z, Randriamalala JR, Albrecht A (2017) 
Carbon footprint of smallholder farms in Central Mad-
agascar: the integration of agroecological practices. J 
Clean Prod 140:1165–1175. https:// doi. org/ 10. 1016/j. 
jclep ro. 2016. 10. 045

Ralandison T (2021) Exploring corporation-cooperative 
arrangements in agricultural value chains: the case 
of madagascar vanilla. Jpn J Agric Econ 23:113–118. 
https:// doi. org/ 10. 18480/ jjae. 23.0_ 113

Ramanantsoavina G (1971) Aperçu sur quelques produits 
agricoles malgaches (café, vanille, girofle, coton). Tany 
Malagasy 10:199–230

Ramanantsoavina G (1972) Aperçu sur trois produits agri-
coles malgaches : le sucre, le poivre, le sisal. Tany 
Malagasy 11:191–204

Ramilison A (1985) La production cafeiere a Madagascar. 
Omaly Sy Anio 21-22:339–359

Ranoarisoa KM (2012) Évolution historique et état des lieux 
de la filière girofle à Madagascar. Mémoire de fin 
d’études en vue de l’obtention du diplôme d’Ingénieur 
Agronome Option Agriculture, Ecole Supérieure des 
Sciences Agronomiques Département Agriculture, 
Université d’Antananarivo

Rasolofo-Jaonarison JP (1998) Observatoires ruraux à Mada-
gascar. Porquoi, comment et que faire? Analyse à partir 

des outils théoriques de l’économie des organisations. 
Diplôme d’études supérieures spécialisées (DESS), 
U.F.R. de Sciences Économiques, Université de Paris 
X Nanterre

Raveloaritiana E, Wurz A, Grass I, Osen K, Soazafy MR, 
Martin DA, Faliniaina L, Rakotomalala NH, Voront-
sova MS, Tscharntke T, Rakouth B (2021) Land-use 
intensification increases richness of native and exotic 
herbaceous plants, but not endemics. Malagasy Vanilla 
Landsc Divers Distrib 27(5):784–798. https:// doi. org/ 
10. 1111/ ddi. 13226

Raveloaritiana E, Wurz A, Osen K, Soazafy MR, Grass I, 
Martin DA, Bemamy C, Ranarijaona HLT, Borger-
son C, Kreft H, Hölscher D, Rakouth B, Tscharntke 
T (2023) Complementary ecosystem services from 
multiple land uses highlight the importance of tropi-
cal mosaic landscapes. Ambio. https:// doi. org/ 10. 1007/ 
s13280- 023- 01888-3

Ravelosoa JR, Ravelomanantsoa PG, Rajaonera I, Rakotoma-
nana F (2015) Country paper for Madagascar on labor 
market, economic situation and development policy. R4D 
Working Paper 2015/03. Bern, Switzerland, World Trade 
Institute, University of Bern

Mada Revues (2021) Mada Revues. http:// madar evues. reche 
rches. gov. mg. Accessed 10 Nov 2021

Schwab D, Wurz A, Grass I, Rakotomalala AANA, Osen K, 
Soazafy MR, Martin DA, Tscharntke T (2021) Decreas-
ing predation rates and shifting predator compositions 
along a land-use gradient in Madagascar’s vanilla land-
scapes. J Appl Ecol 58(2):360–371. https:// doi. org/ 10. 
1111/ 1365- 2664. 13766

Shennan-Farpón Y, Mills M, Souza A, Homewood K (2022) 
The role of agroforestry in restoring Brazil’s Atlantic 
Forest: opportunities and challenges for smallholder 
farmers. People Nat 4:462–480. https:// doi. org/ 10. 1002/ 
pan3. 10297

Soazafy MR, Osen K, Wurz A, Raveloaritiana E, Martin DA, 
Ranarijaona HLT, Hölscher D (2021) Aboveground 
carbon stocks in Madagascar’s vanilla production land-
scape—exploring rehabilitation through agroforestry 
in the light of land-use history. Glob Ecol Conserv 
31:e01853. https:// doi. org/ 10. 1016/j. gecco. 2021. e01853

Streak J (1996) The movement of the cocoa frontier towards the 
Indian Ocean region. South Afr J Econ Hist 11(1):119–
144. https:// doi. org/ 10. 1080/ 10113 43960 95110 80

AFS4Food (2012) Clove-based agro-forestry systems in Mad-
agascar. Agroforestry for Food Security (AFS4Food) 
research project, CIRAD. https:// afs4f ood. cirad. fr/ en/ the- 
proje ct/ target- zones/ clove- afs- in- madag ascar. Accessed 
31 July 2023

Tadele Z (2019) Orphan crops: their importance and the 
urgency of improvement. Planta 250(3):677–694. https:// 
doi. org/ 10. 1007/ s00425- 019- 03210-6

Telwala Y (2023) Unlocking the potential of agroforestry as a 
nature-based solution for localizing sustainable develop-
ment goals: a case study from a drought-prone region in 
rural India. Nat-Based Solut 3:100045. https:// doi. org/ 10. 
1016/j. nbsj. 2022. 100045

Tourte R (2005) Histoire de la recherche agricole en Afrique 
tropicale francophone, vol I to VI. FAO, Rome

https://doi.org/10.2134/jeq2011.0076
https://doi.org/10.1080/03066150.2019.1680543
https://oec.world/en/profile/bilateral-product/palm-oil/reporter/mdg
https://oec.world/en/profile/bilateral-product/palm-oil/reporter/mdg
https://doi.org/10.1111/avsc.12563
https://doi.org/10.2307/41756634
https://doi.org/10.2307/41756634
https://doi.org/10.1017/S1742170517000679
https://www.persee.fr
https://doi.org/10.1007/s10531-021-02314-4
https://doi.org/10.1016/j.jclepro.2016.10.045
https://doi.org/10.1016/j.jclepro.2016.10.045
https://doi.org/10.18480/jjae.23.0_113
https://doi.org/10.1111/ddi.13226
https://doi.org/10.1111/ddi.13226
https://doi.org/10.1007/s13280-023-01888-3
https://doi.org/10.1007/s13280-023-01888-3
http://madarevues.recherches.gov.mg
http://madarevues.recherches.gov.mg
https://doi.org/10.1111/1365-2664.13766
https://doi.org/10.1111/1365-2664.13766
https://doi.org/10.1002/pan3.10297
https://doi.org/10.1002/pan3.10297
https://doi.org/10.1016/j.gecco.2021.e01853
https://doi.org/10.1080/10113439609511080
https://afs4food.cirad.fr/en/the-project/target-zones/clove-afs-in-madagascar
https://afs4food.cirad.fr/en/the-project/target-zones/clove-afs-in-madagascar
https://doi.org/10.1007/s00425-019-03210-6
https://doi.org/10.1007/s00425-019-03210-6
https://doi.org/10.1016/j.nbsj.2022.100045
https://doi.org/10.1016/j.nbsj.2022.100045


 Agroforest Syst

1 3
Vol:. (1234567890)

United Nations (2018) Examen national de l’export vert de la 
République de Madagascar: niébé (lojy), lingot blanc et 
café. In : Conférence des nations unies sur le commerce 
et le developpement (CNUCED)

Waeber PO, Wilmé L, Ramamonjisoa B, Garcia C, Rakoto-
malala D, Rabemananjara ZH, Kull CA, Ganzhorn JU, 
Sorg J-P (2015) Dry forests in Madagascar: neglected 
and under pressure. Int For Rev 17(S2):127–148. https:// 
www. jstor. org/ stable/ 26431 600

Selina Wamucii (2023). Madagascar Palm Oil Prices - Market 
Insights. Selina Wamucii. https:// oec. world/ en/ profi le/ 
bilat eral- produ ct/ palm- oil/ repor ter/ mdg. Accessed 31 Jul 
2023

Webber AD, Solofondranohatra JS, Razafindramoana S, 
Fernández D, Parker CA, Steer M, Abrahams M, Allain-
guillaume J (2019) Lemurs in cacao: presence and abun-
dance within the shade plantations of northern Madagas-
car. Folia Primatol. https:// doi. org/ 10. 1159/ 00050 1987

Wollenberg E, Tennigkeit T, Dinesh D, Baumert S, Röhrig 
F, Kirfel-Rühle L, Zeppenfeldt L (2022) Compensating 
farmers for ecosystem services: lessons and an agenda 
for innovation, CompensACTION Policy Brief. 25 pp.

World Bank (1984) Madagascar—current economic situation 
and prospects. World Bank, Washington, p 54

World Bank (2003) Madagascar. Rural and environment sector 
review, volume I: main report. World Bank, Washington

Wurz A, Grass I, Lees DC, Rakotomalala AANA, Sáfián S, 
Martin DA, Osen K, Loos J, Benasoavina E, Alexis T, 
Tscharntke T (2022) Land-use change differentially 
affects endemic, forest and open-land butterflies in Mad-
agascar. Insect Conserv Divers. https:// doi. org/ 10. 1111/ 
icad. 12580

Zaehringer JG, Schwilch G, Andriamihaja OR, Ramamonjisoa 
B, Messerli P (2017) Remote sensing combined with 
social-ecological data: the importance of diverse land 
uses for ecosystem service provision in north-eastern 
Madagascar. Ecosyst Serv 25:140–152. https:// doi. org/ 
10. 1016/j. ecoser. 2017. 04. 004

Zemp DC, Guerrero-Ramirez N, Brambach F, Darras K, Grass 
I, Potapov A, Röll A, Arimond I, Ballauff J, Behling H, 
Berkelmann D, Biagioni S, Buchori D, Craven D, Dan-
iel R, Gailing O, Ellsäßer F, Fardiansah R, Hennings 
N, Irawan B, Khokthong W, Krashevska V, Krause A, 
Kückes J, Li K, Lorenz H, Maraun M, Merk MS, Moura 
CCM, Mulyani YA, Paterno GB, Pebrianti HD, Polle A, 
Prameswari DA, Sachsenmaier L, Scheu S, Schneider D, 
Setiajiati F, Setyaningsih CA, Sundawati L, Tscharntke 
T, Wollni M, Hölscher D, Kreft H (2023) Tree islands 
enhance biodiversity and functioning in oil palm land-
scapes. Nature 618(7964):316–321. https:// doi. org/ 10. 
1038/ s41586- 023- 06086-5

Zoma JA (2005) Projet d’implantation d’une exploitation et de 
transformation de l’anacarde (mahabibo) dans la region 
du Boina province de Mahajanga. Diplôme de Maîtrise 
en Gestion Option: finance et Comptabilité, Faculté de 
Droit, d’Economie, De Gestion et de Sociologie, Dépar-
tement Gestion, Université d’Antananarivo

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://www.jstor.org/stable/26431600
https://www.jstor.org/stable/26431600
https://oec.world/en/profile/bilateral-product/palm-oil/reporter/mdg
https://oec.world/en/profile/bilateral-product/palm-oil/reporter/mdg
https://doi.org/10.1159/000501987
https://doi.org/10.1111/icad.12580
https://doi.org/10.1111/icad.12580
https://doi.org/10.1016/j.ecoser.2017.04.004
https://doi.org/10.1016/j.ecoser.2017.04.004
https://doi.org/10.1038/s41586-023-06086-5
https://doi.org/10.1038/s41586-023-06086-5

	Agroforestry in Madagascar: past, present, and future
	Abstract 
	Introduction
	Methods
	Historical overview
	Systematic review of current state of agroforestry

	Past
	Crop introduction
	Vanilla: largest global producer in a fluctuating market
	Coffee: from the most important export product to near-total collapse
	Clove: steady increase in production and sales of a niche crop
	Cocoa: regionally important in the northwest
	Other products: exploring the potential of niche crops and spices

	Present
	Current state and extent of agroforestry research
	Characterizing agroforestry systems in Madagascar
	Biodiversity in agroforestry systems in Madagascar
	Ecosystem services in agroforestry systems in Madagascar
	Socioeconomic and environmental factors enabling and hindering agroforestry adoption

	Discussion: potential future for agroforestry in Madagascar
	Maintaining existing agroforestry systems
	Promoting the extension of agroforestry systems
	Agroforestry as part of tree-rich multifunctional agricultural landscapes
	Production and marketing schemes
	Future research to inform agroforestry practice and promotion

	Conclusion
	Acknowledgements 
	References


