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Eastern Indonesia – remote 
locations, substitution for 
expensive fossil fuel for 

fishing boats etc.

Further spatial 
analysis 
needed….

Cassava

Oil palm as 
plantation crop

Sugarcane

Jatropha in 
smallholder AF

Jatropha as 
plantation crop

Biodiesel

Alcohol

Smallholder oil 
palm

Smallscale pro-
cessing for local 
use (substitution of 
fossil fuels)

Large scale pro-
cessing for local 
export (close to 
harbours)

Large scale pro-
cessing for local 
export (close to 
harbours)

Large-scale plantation  Smallholders
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Jatropha only (1250 trees/ha)

+ A.mangium

+ A.mangium + cassava

+ A.mangium + groundnut

+ S. macrophylla

+ S. macrophylla + cassava

+ S. macrophylla + groundnut

+ G. sepium

+ G. sepium + cassava

+ G. sepium + groundnut

625 trees/ha 1250 trees/ha

Acacia mangium is too aggressive 
as companion tree

Mahogany may be acceptable in 
combination with Jatropha
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Jc+A.mangium,8*2, 625
Jc+A.mangium, 8*1, 1250
Jc+S.macrophylla, 8*2, 625
Jc+S.macrophylla, 8*1, 1250
Jc+G.sepium, 8*2, 625
Jc+G.sepium, 8*1, 1250

Cassava can be intercropped between Jatropha 
with timber trees…

Tree growth in interaction with crops, weeds, soil and climate

tree species & planting pattern (multi-year)

Light capture

Reduce light 
intensity at crop 
level

Water capture

+ Reduce water runoff

- Compete for soil water 
content

+/- Hydraulic equilibration

Nutrient capture

+ Reduce nutrient loss

-Compete for soil 
nutrients 

Observations

Tree biomass, canopy 
width & height

Observations

Rainfall, runoff, interception

Soil water content

Root distribution

Observations

Litter input,

Available N & P stock

Deficiency symptoms

(yearly/monthly basis):

Crop choice & management

Tree canopy pruning

Tree root pruning

Crop yields

Tree products

Input requirements

Environmental services

Options

Tree growth in interaction with crops, weeds, soil and climate

tree species & planting pattern (multi-year)

Light capture

Reduce light 
intensity at crop 
level

Water capture

+ Reduce water runoff

- Compete for soil water 
content

+/- Hydraulic equilibration

Nutrient capture

+ Reduce nutrient loss

-Compete for soil 
nutrients 

Observations

Tree biomass, canopy 
width & height

Observations

Rainfall, runoff, interception

Soil water content

Root distribution

Observations

Litter input,

Available N & P stock

Deficiency symptoms

(yearly/monthly basis):

Crop choice & management

Tree canopy pruning

Tree root pruning

Crop yields

Tree products

Input requirements

Environmental services

Options

e.g. maize, cassava

or a weed (Imperata)

A Crop

or fruit trees

or woody fallows

e.g. hedge-
row trees

A TreeLight

WaNuLCAS Water, Nutrient and Light Cap-ture
in Agro-Forestry Systems

Nitrogen, 
Phosphorus Water Soil 

structure
Soil 
Carbon

Aleurites moluccana: 

0 – 1200 m a.s.l., 

650 – 4300 mm rain year-

1, mean annual 
temperature  8 – 29.2  oC

Jatropha curcas: 

0 – 1600 m a.s.l., 

520 – 2500 mm rain year-

1, mean annual 
temperature  11 - 28 oC

Rapid 
increase of 
area needed 
to make 
energy use 
carbon-
neutral

Sustainable
target

Available

Africa
Asia + Pacific
Latin America + Caribbean
Middle East & Central Asia
Europe (Non-EU)
Europe (EU)
N. America
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Market & 
Rules

With the human footprint exceeding the 
natural resource base of the world, at 
current population size, lifestyle and 
(in)equity, thew relationship between 
human development index (HDI) and 
the energy-related footprint is of 
particular concern. As long as energy 
use is mainly based on fossil fuel, 
current western lifestyles are 
unaffordable.

Biofuels have attracted a lot of attention 
as potentially C-neutral sources of fuel.

Jatropha curcas as plant for ‘degraded 
soils’ and ‘not competing with 
agricultural crops’ has raised special 
interest

In terms of ecological requirements and potential distribution, 
Jatropha can be well compared to Aleurites moluucana

Jatropha in agroforestry context? 
WaNuLCAS predictions

Jatropha in agroforestry context? 
WaNuLCAS predictions

Jatropha as export crop: 
* Not competitive with oil palm, even on 
mediocre oil palm habitat

Components of the WaNuLCAS model 

Paradigm choice…

Rules for land access

‘Image’ & consumer
concerns

Policies

Jatropha as plantation crop (A), bordering on 
‘horticulture’ – intensive water & nutrient 
management, pest control etc

Jatropha as one of the (many) compo-nents of 
smallholder production systems (AF)

- risk averse strategies
- return to labour not return to land as primary
criterion

Jatropha as forestry species (F)

Steps in exploration of site-specific 
intercropping scenarios (tradeoff analysis)

The model scenarios presented here are a first step in the exploration of intercropping options for Jatropha for different 
soil and climate combinations. Depending on the level of initial soil organic matter and subsequent rates of mineralization, 
in reality the nutrient stress may well develop faster than presented.  Potential benefits of intercropping with leguminous 
trees may also be underestimated in the simulation.  
A research program to improve the simulation tool would have to follow the steps presented above and collect a number of 
data sets for validation, across the relevant range of soil and climatic conditions. Based on existing and validated tree data 
sets, a range of intercropping scenarios can then be explored, with economic valuation of the input-output tables under 
various assumptions of prices for inputs, labour, outputs and discount rates. Considerations of uncertainty in these 
parameters can then be used to project farmers risk for monoculture and mixed options. 
A concerted effort to derive a valid parameter set can thus pay off in the exploration of ways J.curcas as biofuel crop can 
be safely integrated into diverse farm landscapes, minimizing risk and maximizing utility to farmers.
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Jc+A.mangium,8*2, 625
Jc+A.mangium, 8*1, 1250
Jc+S.macrophylla, 8*2, 625
Jc+S.macrophylla, 8*1, 1250
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Groundnut can be intercropped between Jatropha 
with timber trees…

Conclusion


