
1 
 

The farmer with agroforestry practices might be the “next forester”? 
 
 
 

E.Penot (CIRAD UMR Innovation), P. Danthu (CIRAD UPR Hortsys), E. Sanial (Nitidae), Benoît Jobbé-Duval (ATIBT) 

 
 

 
 

 
 
 

 
 
 

 
 
 
 

Summary  
 
The main tropical Agro-Forestry Systems (AFS) are often complex, multi-stage and multi-
species. Apart from home gardens intended for self-consumption, AFS are often based on a 
main crop with economic, or export value: rubber, coconut, cocoa, coffee, cloves, vanilla, 
damar, durian... with also local fruit trees, fast-growing fuelwood trees and timber trees for 
self-consumption or sale. 
 
This diversification in AFS focused on industrial crops, often comes after a period of 
deforestation since the end of the 19th century during the period of the colonial empires. 
Wood can also come from species used for services such as providing shade for coffee or cocoa 
trees. Wood species are also common in the local forest (Indonesia/Thailand), reflecting 
farmers' strategy of conserving local resources. In other cases, native species have almost 
entirely disappeared (e.g. clove AFS on the East Coast of Madagascar) in favor of introduced 
species. Sometime, the main crop is also a timber specie such a rubber (used for furniture), 
Durian, Litchi… Now that most forests have almost disappeared in central plains with easy 
access in Southeast Asia (with potential commercial value), timber from AFS is becoming a 
real challenge that depends mainly on tree tenure and local regulation. Today, the current 
demand for tropical wood has decreased considerably since the golden age of deforestation 
(1980/2010) due to resource depletion and a global demand towards products from dedicated 
plantations from Europe or elsewhere. The market has changed from a massive use of tropical 
timber for multiple purposes to a limited use for specific purposes. In this context, timber in 
AFS, often produced at marginal cost, can be an alternative to produce valuable timber. We 
consider in this sense that the farmer in tropical regions with agroforestry practices might be 
the “forester of the future”. Beside, AFS with timber might significantly contribute to positive 
externalities and eco- systemic services for a better sustainability.  
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1. Introduction   
 
The last 20 years have been characterized by a high level of deforestation: timber harvesting, 
transformation from logged forest to plantations (oil palm rubber, cocoa, coffee…) and 
settlement from farmers in migration. If the tropical timber market was flowering from 1970’s 
to the 2000’s, most forest resources easily accessible in central plains have been largely 
depleted. Trees outside forest became important and in particular within agroforestry systems 
(AFS) as farmers do emerge as potential timber producers. 
 
Most farmers integrate into their AFS more timber to fulfill their own requirement (housing 
for family) and provide the national/international timber market. Timber is becoming a serious 
challenge to improve and diversify farmers’ income. We observe such trend in historically 
traditional fruit/timber AFS like the Durian/Surian system in Maninjau lake area in Sumatra 
(Michon et al, 1986), or “tembawang” in Kalimantan, Damar in Sumatra (Michon & al, 1991). 
Beside well known largely used species such as Mahogany or teak, the use of a greater number 
of lesser-known indigenous and exotic tree species is growing as recognized in the Philippines 
(Holding Anyonge, 2003). Fuel wood for local use as the main energy source for most families 
or specific use such as distillation (clove essential oil in Madagascar) is becoming a key element 
of AFS. Moreover, some trees have also a double use: timber and fuel wood.  
 
Our aim is to show, through various examples taken from the entire tropical zone, the 
importance of wood produced in AFS. This statement leads us to believe that the farmers who 
manage these AFS are and will be more and more in the future foresters.  
 
We do present several examples of current AFS including timber trees.   
 
 

2. Methodology 
 
This analysis rely mainly on bibliographic sources, previous research projects in Thailand, 
Indonesia, Ghana, Madagascar,  from support mission (Brazil, Columbia, Sri Lanka ..) in order 
to provide of existing examples of “farmers as re-foresters”. 
 

3. Some examples of AFS with timber and fuelwood throughout the world 
 
3.1 Introduction to complex AFS and timber/fuelwood production  
 
Most AFS include a major crop (rubber, coconut, cocoa, coffee, clove, Damar, 
Durian/Surian...), with fruit trees, timber; fuelwood trees, trees providing “Non Timber Forest 
products (resins such a Gaharu, rattan etc) as well as annual foodcrops (Michon et al 1991). 
We present some examples of major AFS to illustrate that trend. Timber could be integrated 
into existing AFS to increase significantly timber production at low cost and low risk on a very 
deconcentrated manner. The future might belong to farmers to became the very next 
“forester” through developing more timber/fuelwood based AFS.  
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3.2 Rubber based AFS in Thailand and Indonesia with native species  
 
3.2.1 Indonesia  
 
Rubber is a very good candidate for AFS (Penot, Ollivier, 2009).Old traditional jungle rubber 
have a very large biodiversity (Lawrence 1996, De Foresta et al 1991, Gouyon 1995, Dove 
1985…) with presence of Magogany, Teak, Keladan/sapwood/Dryobalanops spp., 
Belian/Bornéo Ironwood/Eusideroxylon zwageri, Meranti (Shorea spp.), Nyatoh (Palaquium 
spp), Sungkai (Peronema canescens), Petaling/Ochanostachys amentacea, kumpabok, 
Maraneh, Tamalun, Kawang (Shorea macroptera, S.cristata, S.macrophylla, S.pilosa, S.pinanga 
and S.scaberrima), Madang, Surian (Toona sureni) of very good commercial value (Diaz 
Novellon et al, 2002) (Tata et al, 2009). Due to forest depletion, Dayak people in Kalimantan 
want to integrate timber in AFS (Lawrence & al, 1995) such as in  Modern RAS (Rubber 
Agroforestry Systems, SRAP and SRDP/Smallholder Rubber development Project) (Penot, 
2001). In the 1990’s, tree tenure was not favorable to farmers. Smallholders used mainly some 
trees emerging from the rubber interline managed as forest regrowth mainly Nyatoh and 
Keladan (Penot 1998) with a .density of 20/50 trees/ha. Tree tenure changed in the 2000’s 
and now farmers can grow and sell freely timber. Best-bet combination alternative is Meranti 
with Durian. At the end of rubber lifespan (20 to 35 years depending on tapping quality), then 
RAS would become a tembawang (fruit/timber based AFS) with a lifespan of 50/60 years.  
 
The Dayak community in the West Kutai District of East Kalimantan for instance has developed 
AFS with Meranti (Shorea sp.) and Kapur (Dryobalanops aromatica), with 400 trees/ha 
considered as easier to exploit economically. The maximum cycle was reached at the age of 
40 years (Lahdji & al 2018). 
 
3.2.2 Thailand  
 
The current timber trees observed in rubber based AFS in southern Thailand are the following: 
Mahogany, Teak with a large local market, Hopea odorata (used for boat), Shorea roxburgh, 
phayom, Dipterocarpus alatus, Eagle wood/Agarwood for resin, perfume and carving), 
Bamboo (charcoal and house building), Magnolia champaca /Michelia champaca (Champak) 
(Warren Thomas & al, 2019). Our studies in 2010/2014/2016 in Phattallung area show clearly 
a new interest by farmers for timber as some rubber AFS do include timber only and not fruit 
trees. Timber trees are planted the first year with rubber, with shading from banana with more 
or less up to 280 trees/ha (Stroesser et al 2018, Simien & al, 2011). As timber species growth 
is largely inferior to that of rubber, the timber canopy is always below that of rubber at least 
for the first 30 years  
  
3.3 Coffee Arabica based AFS in Nicaragua   
 
Coffee Arabica is very often cropped with shading trees in Central America to improve 
potentially coffee quality and coffee lifespan with various level of intensification. (Vaast et al, 
2005). Associated trees could be fruit trees, timber trees or specific shading tree such as 
Erythema spp. There is an experimental coffee business cluster with the EU/Breedcafs project 
in Nicaragua where high organoleptic quality and high productivity Arabica hybrid new 
varieties are grown with 80 timber trees for shading such as Cedrella odorata, Khaya 
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Senegalensis, Laurus nobilis, Juglans spp, Tectona grandis Erythrina spp,  Pinus spp,  cedar and 
local varieties traditionally used in AFS such as Inga, laurel and coyote (Platinium spp) 
(Bertrand et al , 2019). There is locally a good market for transformation and export (furniture 
factory in Managua) but tree tenure is limited as official authorization is required to cut and 
sell trees. 
 
3.4 Very old coffee robusta based AFS in Eastern Guinea/Conakry with native species 
 
There is approximately 165 000 ha of coffee in eastern Guinea around the area of Boussédou 

(DURAS project in the 2000’s) in the forest area whith a large part of AFS with old coffee with 

a very low productivity (300 kg/ha/year) in association with banana, oil palm (red oil 

production), Raphia palm, Kola nut tree, coca, and other fruit trees (Avocado, citrus..) and 

fuelwood trees (old Erythrema spp..). The upper tree strata has  many timber species from the 

original forest Ceiba pentandra, Pycnanthus angolensis, Parkia bicore, Khaya ivorensis, Khaya 

anthoteca, Erythrina mildbraedii, Erythroxyllum mannii, Nauclea diderrichii, Distemonanthus 

bentamianum, Chrysophyllum, perpulchrome, Chlorophora excelsa, lovoa trichilioïdes et de 

Piptadeniastrum africanum. (Penot, 2006). Timber is locally used for housing. 

3.5 The case of cocoa and fruit based AFS in Brazil  
 

The Bragantine zone is characterized by very innovative pepper and cocoa in AFS with 
Mahogany and coconut palm. In Marajo, farmers exploit some gallery forests with extraction 
that evoluate into AFS based with Acai (Euterpe olearacea), Cupuaçu (Theobroma 
grandiflorum), Palmito/Pupunha (bactrix gassipaes) and Mahogany, teak, Andiroba (Carapa 
spp.) local “Pakati”, a fast growing tree. The proximity of the city of Belem offers important 
outlets for fruit (Acai, Copoadzu and pineapple). In Uruara area in the Amazonian pioneer 
zone, pepper and cocoa AFS results from a strategy of accumulation and maximization of 
income by local cleaver farmers with large estates aware of the future timber value of certain 
species used for shading cocoa : Mahogany, cedars (Cedrela odorata/western Thuia) and Ipé. 
In Tomé acu, the 30-year-old cocoa trees are planted under magnificent local “brazilian 
chesnut tree” (or “castanheiro”) of 50 to 60 years. Shading on cocoa can also be done with 
original trees from the forest such as butterfly pea tree /“palheteiras” (Clitoria racemosa) 
(Penot, 2005 comm pers).  
 
The Amazonian zone has shown an impressive diversity of SAF systems. (Vosti et al, 1998. The 
main reasons for adopting timber/fuelwood species (Pickety et al 2005) are the following: i) 
quality wood at lower cost than extractivism from the remote forest, ii) a regular supply for 
local sawmills and booming local timber industry, iii) consolidation of land ownership, iv) a 
positive, “ecological” image of companies that promote AFS, v) the reduction of risks and 
synergy between species. Vi) better labor productivity for AFS compared to monoculture. 
Finally, the change in legislation in 2006 in Amazonia where 80% of the 100 hectares plot for 
immigrant must be maintained either in forest or in agroforest has largely favored the 
development of agroforestry practices. (SMITH ET AL., 1996). We ca similar trends in 
Amazonian Columbia with rubber based AFS (Penot & al, 2012).   
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3.6 Clove AFS in Madagascar: no place for native species. 
 
The clove tree was introduced in the 19th century and promoted during the French colonial 
period as Madagascar became one of the main producers and exporters of cloves and clove 
oil (Danthu et al., 2014). Clove AFS in eastern cost in Madagascar may include some species 
such as Raphia palm (Raphia farinifera), Eucalyptus spp, Grevilea banksii but almost no local 
timber species such as the famous rosewood (Dalbergia spp, Diospyros spp) that were 
exploited in the slash-and-burn operations that preceded the installation of AFS, This process 
has led to the disappearance of natural forest replaced by a mosaic of AFS (Mariel et al., 2021). 
Some fruit trees, litchi, bread tree, and mango, are also used for timber. Most current trees 
are introduced species. Clove is cropped in a diversity of cropping systems along the east coast 
of Madagascar ranging from parkland to complex agroforestry systems (Arimalala et al., 2019; 
Michel et al., 2020).. Today, clove cultivation is the basis of farmers' income with two products: 
i) the clove bud and ii) clove essential oil that required much fuelwood for distillation 
(Razafimamonjison et al. 2016; Danthu et al. 2020). Fuelwood requirement represents today 
a real threat to the environment with roughly 500,000 m3 of wood necessary to produce 6 
000 tons of oil. This woody biomass is collected in and around AFS (bamboos, Grevillea banksii, 
and above all from the fruit trees pruned or felled: mango, lychee, breadfruit, old clove trees. 
Candidate species for planting are fast-growing exotic species such as Eucalyptus or Acacias 
already introduced and planted in other regions of Madagascar. It is therefore conceivable 
that farmers on the East Coast of Madagascar will integrate wood energy (and service) 
production into their AFS alongside their cash crops (cloves, pepper, coffee, vanilla) or fruit 
(lychee, bread tree, jackfruit, trees, Citrus spp) for the international, local market or for self-
consumption. 
 
3.7 Cocoa AFS in RCI: timber tree tenure is not favorable to local farmers.    

 
Ivory Coast is well known for its  “full sun” cocoa systems (Assiri et al. 2009) with historical 
roots (migrants’ strategy, short-term expectations, and monoculture oriented extension 
services (Ruf and Bini, 1998). The conversion of former agroforestry systems into monoculture 
was enhanced by a legal framework on “trees property” unfavorable to farmers allowing 
timber loggers to come into cocoa farms and to harvest valuable trees without giving any 
compensation to farmers (Ruf and Bini 2010) leading to no incentives for farmers to maintain 
valuable trees (Sanial 2018). However, during the last decades, we saw two major evolutions: 
i) most farmers are (re)introducing trees in their fields to face production difficulties due to 
climate change (Smith Dumont et al. 2014; Vroh, N’guessan, and Adou 2017; Sanial 2019) and 
ii) The second change is regarding the new forest law of 2014. According to this text, a tree 
situated in a cocoa farm cannot be logged down by a timber company without asking the 
farmer and without compensation. The new law is a great step forward to transform farmers 
into foresters. Indeed, in 137 plots covering 210 hectares from East to West of the country 
over the 163 identified species 44 have a commercial value but they represent less than 20% 
of trees. The most frequent are: Ceiba Pentandra, Terminalia superba, Terminalia ivorensis, 
Milicia excelsa, Pycnanthus angolensis, Antiaris africana.  
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3.8 The cocoa timber OK experience in Ghana in the 2000’s 
 

The Oda-Kotoamso Community Agroforestry Project (OCAP) was started in 1997 by Samartex 
(a big sawmill) in collaboration with various local stakeholders. in the village of Samreboi. The 
main objective of the project is to increase farmers’ income and to create a stock of timber 
raw material for the sawmill “Samartex”. The main timber species required by Samatex in AFS 
are: teak (on a 25 years cycle), Cedrella odorata (acajou amer), Ciber/Ofram (30 years), Wawa 
(35 years) or Mahoghany (35 to 60 years) (Basterrechea T.  & Penot E. 2012).  

 

4. The role and place of timber in AFS and importance of tree tenure  
 

The role and place of timber in AFS depends of existing or emerging local/international market 
and local self-consumption. Historically for instance, timber from jungle rubber in Indonesia 
(3 million ha in the 1990’s) was mainly used for self-consumption as most timber for export 
was produced from forest extraction. But now that most forests in central plains have 
disappeared, timber from AFS is becoming a real challenge. There is still some large forest 
areas in Southeast-Asia but they are very limited (Myanmar and Indonesian Papua province 
mainly). Timber production depends mainly on tree tenure: timber is controlled by farmers in 
Thailand, Indonesia (since the 2000’s) and enable farmers to sell in good conditions. Tree 
tenure is not controlled by farmers in Nicaragua (governmental authorization to cut a tree) or 
in RCI where other actors can take up the tree and process it. In these cases, timber production 
is definitely not favored as mastering marketing is not fully controlled by farmers however 
there is a probable local demand for wood. 
 
In other contexts, the introduction of wood-producing trees is a dynamic that remains to be 
promoted and that will become a necessity in the short term in order to respond to the 
shortage of combustible wood resources, the first signs of which are already perceptible. 
 

5. The state of the current world offer/demand for tropical wood  
 

The market has completely changed and move to a limited use of tropical timber for specific  
markets in Southeast Asia.  
 
On the supply side, we note: i) the Increasing role of plantations in Asia, ii) the fragmented 
supply base and supply chain, iii) the development of regulations and emerging network 
effects and iv) synergies with forest certification. On the demand side, we note: i) domestic 
market typically at least 50% of volume consumption, ii) key role of China in international 
trade, iii) an overall slowdown in trade due to Covid-19,iv) regulations to exclude illegal wood 
in import trade and v) on-going substitution trends and the increased focus on carbon 
credentials of products. China has become an absolute major importer of tropical wood, 
draining nearly 50% of exports from the Congo Basin in recent years where forest products 
are still available.  
 
Africa is at the heart of profound economic, social and environmental changes. Wood energy 
(charcoal) is one the main demand. 918 million people in sub-Saharan Africa will rely on 
biomass energy, one third of the total world population dependent on biomass energy, up 
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from 653 million people in 2009.1 Given that demand for industrial wood will increase from 
77 million m3 today to 300 million m3 in 2030, and supply will rise from 46 million m3 to 81 
million m3 over the same period, forest plantations in Africa will only be able to satisfy less 
than 25% of industrial demand, compared to about 50% today. The GEF (Global Environment 
Fund) expects the supply gap to grow, and will have to be filled by wood imports if forestry 
and agroforestry in Africa does not develop. 
 

Conclusion  
 
The main challenge is to integrate more timber and fuelwood at low cost in various type of 
AFS in order to produce more at marginal cost. Timber do profit from maintenance of the main 
crop and other associated trees. Most valuable timber species requires shading provided by 
AFS.  
 
In other words, it is far more easy to have 5 or 10 more timber trees in current existing AFS on 
millions ha (producing millions timber trees but deconcentrated) than creating new forest 
with valuable timber species with high investment and control for 40/50 years.  
 
Beside, agroforesty systems with timber do produce forest ecological services (watershed 
protection, erosion control, habitat for wildlife, etc.) that are already included right from the 
beginning in farmers’ strategies to provide more sustainability as there are generally 
considered by economists as externalities. Examples provided in this paper displays a large 
palette of knowledge and skills of local farmers to better strengthen these "forestry" roles.  
 
The AFS farmer therefore might be the next timber producer: he is the best placed in terms 
or resources (low cost, low maintenance, good integration in AFS) to take the challenge. 
Governmental policies should take into account that opportunity and deliver favorable 
contexts and regulation to boost timber production.    
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