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Photo 1 ripe and unripe cacao pods at a cacao farm in Luwu Timor Sulawesi. 
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1. Introduction. 
 

Cacao (Theobroma cacao) is an evergreen tree that grows up to 8 meters high. Cacao is widely 

cultivated in tropical lowland areas around the world. The plant produces cacao beans which are the 

main ingredient of chocolate. Nowadays cacao is used in a wide range of products such as medicines 

and cosmetics. Cacao is an understory plant in the evergreen rainforests, the cultivation area isn’t 

usually seasonal inundated. The three main types of cacao are: Criollo cacaos, originated in Central 

America. The fruits of this type have a red skin and are known to be the highest grade of the cacao 

types but has a low yield. Trinitario Cacaos initiated in Trinidad and produces high grade cacao. 

Forastero Cacaos arose in the area of the Amazon Basin. From this three main types humans had 

created multiple hybrid varieties. Some of the clones used in Sulawesi are the Malaysian clone PBC123, 

local clones M01, M05 and Gen.J. There is a lot of variety within the cacao plants because they are 

grown in different areas, and because of their resistance to pests and diseases. 

Problems with the way of cultivation of cacao in the present day are the use of pesticides and chemical 

fertilizers, deforestation and unfair prices for the cacao farmers. In order to get rid of these problems 

agroforestry can be a solution. In a sustainable agroforestry system plants and trees are combined to 

create a system in which each crop has a healthy place to grow, for example cacao (Theobroma cacao) 

needs a shade rate of around 30%, this can be reached with shade trees such as Gamal (Gliricidia 

sepium). Another benefit of this tree is the ability to bound nitrogen from the air in to the soil which 

will work as a natural fertilizer.  

Indonesia is a large producer of cacao which is shown in the 

table below. An estimated one million farm households relay 

on the production of cacao. The Indonesian cacao production 

serves as a major economic driver on the island of Sulawesi. 

This is because around 60% of the Indonesian cacao farmers 

are located in Sulawesi as showed in figure 1. 

 

 

 

 

 

 

 

Figure 1 Indonesia's main locations of cocoa production are: 1 Sulawesi, 2 north Sumatra, 3 west Java, 4 Papua, 5 east 
Kalimantan (cacao, 2020) 

In this manual the different  subjects around agroforestry are first explained. the first chapters are 

about the reasons why it should be done and what are the differences in thermology. Also the main 

pests and diseases will be explained together with the growing conditions for cacao. Next to that there 

are practical tips for planting cacao in an agroforest.  

Rank  Country  Production in 
tons 

1 Cote 
d’Ivoire 

1.448.992 

2 Ghana 835.466 

3 Indonesia 777.500 

4 Nigeria 367.000 

5 Cameroon 275.000 
table 1 top 5 cacao producing countries 



1.1 History of cacao in Indonesia. 
 

The first time cacao was introduced in Indonesia was around the year 1560. The cacao tree was 

brought from Caracas, Venezuela to the island of Sulawesi in Indonesia. Around two hundred years 

later the Dutch colonialists start to establish a propagation facility that leads to major production of 

chocolate in the Dutch east indies nowadays Indonesia and Malaysia. Around 1850 the cacao pod 

borer comes to Indonesia and plantations get destroyed by the moth whose larvae infest in the cacao 

pod. The production of cacao is driven further in to the undisturbed forests of Indonesia. In the 1980 

the cacao industry in Indonesia gets developed and cacao becomes a good cash crop for the 

smallholding communities in Sulawesi. The production peak of the Indonesian cacao industry was not 

so long ago in the year 2005. After 2008 the production of cacao declines, the government tried to 

revitalize the production of cacao by a large national program known as Gernas Pro Kakao. This 

program didn’t succeed that well. The competition between energy crops such as palm oil and cacao 

continues and farmers aren’t that motivated to grow cacao anymore. In 2015 the cacao decline 

continues because old, less productive cacao trees aren’t replaced in a sufficient way. Cacao farmers 

also don’t have the possibility to invest in their farm to reach a higher productivity. Alternate crops 

continue to compete with cacao as cash crop as well.   

 1.2 Reason for this manual. 
 

The manual is made for the La Galigo foundation in order to implement sustainable and organic 

agroforestry with as main commodity cacao amongst the farmers located in the Luwu Timor region in 

Sulawesi. This manual is based on literature study combined with observations made in the model 

garden of the La Galigo foundation. The model garden is established around 2018 and it should act as 

an example for other cacao farmers in the region. At the moment not all the farmers are convinced of 

the agroforestry method that is implemented at the model garden. 

The manual aims to upgrade the livelihoods of the farmers in Sulawesi. Most farmers are living in 

poverty and aren’t able to invest in their farms. A good working agroforestry system can create more 

sources of income and can create a healthy source of food for the cacao producer and the household. 

In the way how most cacao is cultivated at the moment soils are losing their fertility and farmers suffer 

from diseases caused by the pesticides and herbicides they use. 

It is well known that cacao grown in monoculture is more likely to get diseases such as VDS and cacao 

pod borer. In order to stop the use of pesticides it is important to create a multi-cropping system that 

creates a healthy place to grow for each crop. This is necessary because plants growing in an healthy 

environment will be better resistant to pest and diseases. Also the variety of cacao can make a 

difference. Because losses of harvest are going up to 40% due to pests and diseases it is important to 

chose a variety that is more or less resistant to common pests in the region. 

 

 

 

 



2. Sustainable and organic farming. 
In this chapter a brief description of organic and sustainable farming is given. 

2.1 Sustainable farming.  
According to the Cambridge dictionary sustainable in an environmental context means: causing little 

or no damage to the environment and therefore able to continue for a long time (Cambrige Dictionary, 

2020). On the other hand the definition of sustainability by the cacao industry in Indonesia is different 

namely, whatever works to make cacao farming viable enough to prevent farmers exiting cacao 

production in favor of alternative land use. This definition is of course not really what is meant by 

sustainable farming.  In the book “New roots for agriculture” sustainable farming is described as: 

sustainable agriculture is the act of farming using principles of ecology, the study of relationships 

between organisms and their environment in the production of food, fiber, or other plant or animal 

products using farming techniques that protect the environment, public health, human communities 

and animal welfare. Agriculture in this way will lead to healthy food and no problems for future 

generations to do the same (Wes, 1980). 

2.2 Organic farming. 
The definition of organic farming in the Cambridge dictionary is: not using artificial chemicals in the 

growing of plants and animals for food and other products. Doing this in an area with a lot of 

smallholder farms is quite difficult because if the neighboring farmer does use chemicals in his way of 

growing crops it is inevitable that the organic produced cacao is contaminated with the chemicals as 

well. To overcome this problem the way of cultivating is considered more important than the residues 

of chemicals that maybe present on the produced crops. This is because the rules for organic farmed 

products varies around the world. 

Main advantages of sustainable and organic farming. 

1. Environmental conservation 

To protect the environment is to protect ourselves. Sustainable organic farming produces crops and 

animals without toxic chemical pesticides, synthetic fertilizers and soil destructive practices . By using 

sustainable agriculture techniques and growing multiple crops and trees sustainable and organic 

farmers contribute to protect biodiversity and create healthy ecosystems.  

2. Public health 

Because sustainable and organic farmers produce food without toxic chemicals the products are safer 

to consumers then products produced with the input of hazardous chemicals. Also farmers and 

surrounding communities aren’t exposed to the harmful compounds of chemical fertilizers or 

pesticides. 

3. Increasing strength of communities 

Because of the higher price that will be paid for organic produced products all the people in the value 

chain will have benefits, such as a livable wage and fair working conditions. As the sustainable and 

organic farmers create jobs for regional economies the community will become stronger. 

4. Prevents pollution and reduce of costs 

The sustainable and organic farmers will use the waste that they create inside their own farm to create 

compost. In this way the waste cannot create pollution. The farmers will also need less fossil fuels and 

no chemical pesticides or fertilizers, reducing their costs. 



3. Intercropping, agroforestry and a food forest. 
 

There are multiple similarities between intercropping, agroforestry and food forest, in this chapter a 

small explanation of the terms is given. 

 

3.1 Intercropping 
 

Intercropping is a cultivation method in which two or more crops are growing in the same time in the 

same field. The goal of intercropping is to produce more yield on a piece of land by making use of the 

resources and ecological processes that would otherwise not be used by a single crop. Examples of 

intercropping are chili pepper (capsicum spec.) in combination with coffee (Coffea spec.), chickpea 

(Cicer arietinum) with upland rice (Oryza sativa) and sweet potato (Ipomoea batatas) with corn (Zea 

mays). 

 

3.2 Agroforestry 
 

Agroforestry is actually a form of intercropping which combines trees and crops in the same area. The 

difference is that with agroforestry trees need to be present. Another difference is the possibility to 

ad animals to system. In the case of an agroforestry system that includes animals the challenge is to 

choose animals that don’t eat the crops, this can also be reached by fencing or zonation. In an 

agroforestry system a combination of agriculture and forestry is being practiced. This allows the owner 

of the land to produce crops, animal and wood products in the same area. Agroforestry systems are 

usually grown in rows or grids in order to make harvesting easy. A good example of a crop that can be 

combined with trees is coffee, coffee grown in the shade will need less weeding and has a better taste 

than coffee grown without shade. 

Sustainability aspects of agroforestry: 
- Reducing poverty by increasing the types of produced crops, wood and food. 
 
- Creation of better growing conditions for food crops. 

 
- Reducing global warming by carbon sequestration. 

 
- Less deforestation by production of farm-grown fuelwood. 

 
- No use of toxic chemicals (pesticides and herbicides). 

 
Types of agroforestry 

1. Simple system: one tree species and one crop or animal species. 
2. Complex system: multiple tree species and multiple crop species. 

 
 
 
 

 



3.3 Food forest 
 

A food forest is a low maintenance, sustainable and plant orientated agroforestry system based on 

woodland ecosystems. In a food forest a wide range of plants are incorporated such as fruit and nut 

trees, shrubs, herbs, vines and perennial vegetables which creating yields directly useful to humans. 

In a food forest the following layers are represented:  

1. Canopy and emergent layer, consist of mature fruit or wood trees. 

2. Low-tree layer, smaller shade tolerant fruit and nut trees. 

3. Shrub layer, fruit bushes such as berries and currants. 

4. Herbaceous layer, perennial vegetables and herbs. 

5. Rhizosphere layer, plants that grow root crops or tubers underground. 

6. Ground cover layer, edible plants that grow horizontally and cover the ground. 

7. Vertical layer, vines and climbers for example vanilla. 

In order to create a Agroforestry system with a main commodity to create economic value the aim is 

to grow next to the main commodity a great variety of other plants to come close the a food forest. It 

is important that the main commodity yield doesn’t decrease by the attendance of the other plants 

grown in the same field. 

 

Photo 2 A simple agroforestry system that combines cacao with coconut trees. 

 

 

 

 



4. Common pests and diseases of cacao in Indonesia. 
 

In this chapter the main pests and diseases of cacao in Indonesia will be clarified. A pest is an insect 

species that is out of balance with its environment. There are many kinds of insects feeding on cacao 

but only a small percentage is responsible for great losses in yield. The most destructive pest is the 

Cacao pod borer (CPB)   A disease is a particular abnormal condition that negatively affects the 

structure or function of an organism. There are more diseases that affect cacao the main two diseases 

of economic significance in Indonesia are explained in this section namely Black pod disease (BPD) and 

Vascular streak dieback (VDS). 

4.1 Pests 
Cacao Pod Borer (Conopomorpha cramerella) 

The cacao pod borer (CPB) is considered the most dangerous 

pest of cacao in Indonesia. In case of limited control yield 

losses are ranging from 20 till 50% for smallholder cacao 

farmers. The CPB is a moth of the family Gracillariidae. The 

moth is widely spread in Southeast Asia an Oceania. The 

larvae consumes fruits of different tree species for example 

rambutan (Nepheilium lappaceum), Kola nut tree (Cola 

acuminata) and cacao.  

The moth places her eggs on the surface of the cacao pod, after three days the eggs will hatch. The 

newborn caterpillars tunnel into the center of the cacao pod where they destroy the cacao beans for 

about 14 to 20 days. In this time the larvae molts for 3-5 times. When the larvae is big enough it will 

exit the cacao pod and spin an overall brown cocoon. After 6 to 8 days the new moth will emerge and 

the cycle starts again. 

To reduce the yield losses due to the cacao pod borer the following cultural methods should be 

performed. 

- Prune cacao trees regularly and do not allow them to grow higher than 3 meters in order to 

harvest the fruits easily. 

- Pick the ripe pods as often as possible so it will disturb the life cycle of the CPB. This should 

prevent the larvae to exit the pod and evaluate to the mature stage. 

- Take care of infested pods by burying them. Do not leave infested pods in the plantation 

because they can be a source of moths. 

- It is important to harvest the mature pods in time and over the whole area, otherwise moths 

from other farms can reduce the effectiveness of the control measures.  

A natural enemy of the CPB are Iridomyrmex ants, these ants are known to attack eggs, larvae and 

pupae of the CPB. (Jackson, Pacific Pests and Pathogens, 2017) 

 

 

 

 

Photo 3 CPB moth (Jackson, Pacific Pests and 
Pathogens, 2017) 



Mosquito bugs (Helopeltis spec.) 

The mosquito bugs are part of the Miridae family. There are 14 know 

species of musquitobugs. They are an important pest on several crop 

species such as cacao, cashew, cotton and tea. They damage plants 

with their sucking mouthparts by piercing the plant tissue. This can 

cause damage such as leaf mangling and fruit imperfection to 

complete death of shoots and branches and eventually entire plants. 

The lifecycle of one kind of helopeltis is shown in in figure 1 the 

difference between the short and the long lifecycle is quite big. This 

is because the mosquito bugs will take a longer time to become adult 

in colder temperatures. Because there is not really a cold season in Indonesia the lifecycle of the 

mosquito bug will be mostly around 19 days. 

To control the mosquito bugs it is possible to catch them with a net during the early morning or around 

sunset. This practice should only be done when cost efficient.  

Mealybugs (Pseudococcus spec.) (Planococcus spec.)  

Mealybugs are insects in the family Pseudococcidae, they prefer moist and 

warm habitats. A lot of species are considered pest because they feed on 

plant juices of a wide range of plants and trees. Mealybugs exist in 

different varieties such as the Cacao mealybug (Planococcus lilacinus), 

Long-tailed mealybug (pseudococcus longispinus) and the Kenyan 

mealybug (Planococcus kenyae). The mealybugs themselves are not a the 

biggest threat for the cacao plantation. In small amounts they will not 

create significant damage, on the other hand when numbers increase leaf 

drop can take place. The higher risk of the mealybugs is that they are a 

vector for viruses and diseases such as Black pod disease. 

Control methods to reduce mealybugs are: 

- Adding Ladybirds, the larvae and adults will feed on mealybugs so they can be used to 

control the spread of the pest animal. 

- Spray with insecticidal soap, or a home made soap mixture that contains green soap with 

the addition of spiritus.  

4.2 diseases 
Black Pod Disease (Phytophthora spec.) 

The black pod disease (BPD) is caused by a multiple Phytophthora 

pathogens all leading to a black pod as shown in the photo 3. The 

symptoms start with some little yellow spots on the cacao pod. The yellow 

spots will eventually turn brown or black and will cover the whole pod.  The 

disease is, when not treated, capable of destroying all yields, annually the 

pathogen contaminates around 30% of the yields and is able to destroy 

10% of the trees entirely. The pathogen thrives best in a humid climate and 

will cause most problems in the rainy season or in all time wet tropics. 

When the pod is not removed white mycelia will start to grow on the 

surface of the cacao pod and the sporulation will start. The dispersal of the 
Photo 5 Cacao pod with BPD 

Figure 2 lifecycle of Helopeltis antonii 

Photo 4 The cacao mealybug. 



pathogen will take place in this stage. The zoospores will be transferred by water, ants or other insects 

and will infect other healthy pods nearby. Also direct contact of contaminated pods with healthy pods 

will spread the pathogen. The pods are susceptible to the BPD in all growth stages. 

To reduce the yield losses due to the black pod disease the following cultural methods should be 

performed. 

- A good spacing between the cacao plants will cause more light and airflow around the trees 

which give less suitable conditions for BPD 

- Frequent pruning of the cacao trees in order to create a good airflow as well. 

- Regularly sanitation of the contaminated pods 

- Use of chemical fungicides (not possible while farming organic) 

 

Vascular Streak Dieback (Oncobasidium theobromae)  

Vascular Streak Dieback (VSD) is caused by a fungi that hosts on 

cacao and avocado trees. The first sign of the disease is shown by 

little green spots on yellowed leaflets. This leaves will fall down and 

other leaves around the fallen ones will get the same symptoms. 

The lenticels on the infected plant will grow bigger and will give the 

bark an irregular look. The growth of infected shoots will slowdown 

and the symptoms will spread to other branches of the tree. White 

spore-producing bodies will form on the leaf scars. After the whole 

tree will be infected and will eventually die.  

The disease spreads by the spores that are formed in the white spore producing bodies at night. The 

formed spores are blown in the wind. This only happens when there are rainy circumstances. Because 

of the short living of the spore-producing bodies the disease spread quite slow. 

The disease is very destructive, especially on newly germinated plants. When they are infected within 

the first year of planting the change of survival is quite low. Some reports from Papua New Guinea 

and Malaysia show a 100% death rate amongst seedlings. In older trees the disease rarely leads to 

death. 

To control the disease is very difficult. The best solution is to plant cacao varieties with some 

resistance. The Amelonado variety is able to get the disease, but there are many hybrids created from 

this type in which the disease is of little importance. (Jackson, Pacific Pests and Pathogens, 2017) 

 

 

 

 

 

 

 

Photo 6 cacao leaves infected with VSD 
(Jackson, Pacific Pests and Pathogens, 
2017) 



5. Growing conditions.  
 

5.1 Climate: 
 

Cacao grows well in areas where there is a mean annual temperature around 18- 28,5 °c with a 

maximum temperature of 30- 33,5°c and a minimum of 13- 18°c. The absolute minimum is 10°c, below 

this temperature the cacao trees will be damaged and eventually die. Rainfall needed to grow cacao 

trees successfully has to be between 1500 to 2000mm annually spread. Although there are examples 

of cacao trees growing with less (around 500mm) or more (+5000mm) rainfall.  

 

5.2 Soil: 
 

Cacao requires a fertile, moister-retentive but well drained soil in a partly shaded position sheltered 

from wind. The tree grows well on a slightly acidic soil with a pH in the range of 5.5 to 6.5. In the table 

below adequate soil parameters are shown. 

 

Soil parameter Adequate or normal range 

Sand/silt/clay (%) 60/25/15 

pH 5,5-6,5 

N (%) >0,20 

Organic carbon (%) >5 

C/N 8-10 

S (total, ppm) 100- 500 

Available P (ppm) 6- 10 

CEC (cmol/kg) 12-25 

Exch. Ca (cmol/kg) 5- 10 

Exch. Mg (cmol/kg) 1-3 

Exch. K (cmol/kg) 0,3- 0,6 

Fe (ppm) 41,3 (21,6- 99,3) 

Mn (ppm) 19,0 (3,3- 48,6) 

Cu (ppm) 2,06 (0,53- 4,62) 

Zn (ppm) 2,34 (0,91- 4,53) 

Co (ppm) NA 
Table 2 adequate range for growing cacao (Mcmahon, et al., 2015) 



Jar testing for soil type 

 

 

 

 

 

 

 

 

 

 

 

To find out if the soil is suitable to grow cacao it should be tested on the different parameters. The 

best way to get this done is to send soil samples from different places of the farm land to a 

laboratory. If this is not possible it is always a good idea to carry out a simple jar test.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Jar testing method for soil type. Take a jar and fill it up with one third of soil and top off with 
water, shake well and let set for at least 24 hrs. to find out the soil type. The soil type suited for cacao is 
a loam soil. 



6. Cacao growing manual and cacao calendar 
 

6.1 Materials needed to start up an agroforest 
In order to plant the cacao trees it is important to find out what kind of soil is present in the area. If 

the soil is not suitable at all the consideration of growing another main commodity should be made. 

There are possibilities to make the soil more suitable for example in the case of a really low pH level 

the solution can be to ad limestone so the pH becomes better suitable for cacao trees. But in most 

cases the inputs will be costly so this can only be done when the financial situation allows it. 

To start an agroforest it is recommended to start with growing nitrogen fixing trees in order to bind 

nitrogen in to the soil and to create a shaded environment in which cacao trees can grow best. Good 

tree species for this purpose are Leucaena (Leucaena leucocephala) and quick-stick (Gliricidia 

sepium) also known as Gamal. Gamal trees are fast growing and will create a nice shade cover for 

the undergrowing cacao trees. In order to create a more diverse ecosystem an option is to grow 

both kind of nitrogen fixing trees. This can also be done at the start. It is also possible to start with 

only Gamal trees because of their fast growth and replace a percentage of the Gamal trees later in to 

a different nitrogen fixing tree. The removed Gamal trees can be used to start an agroforestry 

system in another place or as a source of compost to enrich the soil. Another option is to cut the 

trees at around one meter height and use new growing leaves as chop and drop material. 

 

Material Use 

Chainsaw    Harvest wood  

Compost facility  Making compost (organic fertilizer) 

Handsaw  Prune Gamal trees 

Lawnmower  Control weeds 

Planting stick Used to prepare holes for seedlings or clones 

Pruning scissors  Pruning cacao trees 

Spade  Dig holes to put rotten fruits in 
Table 3 materials used in an agroforestry system 

Compost: In order to make compost it is useful to make a compost facility. In this 

area all the excess organic matter of the cacao plantation can be stored and 

turned in to compost. Examples of useful organic matter are: banana plants (high 

in phosphorus) quick-stick leaves and small branches (high in nitrogen) and 

coconut peat (high in kalium). Other things that can be added are ashes of organic 

matter woodchips, animal manure and minerals. EM4 is a widely used compost 

starter in Indonesia. The solution contains useful bacteria to convert organic 

matter in to compost. When making the compost pile it is useful to make layers 

of different components. For example first a layer of green leaves then a layer of 

coconut peat  and in the end a layer of animal manure. After each tree layers the 

compost should be made wet with a certain amount of water. After a few layers 

when the pile is around 70 cm high the compost starter can be added in 

combination with water. When the pile is 1.2m high it is ready an can be covered 

with plastic. After 6 days the compost should reach a core temperature of around 

55 °C. When this temperature is reached the compost should be aired every two 

days so there is oxygen available for the bacteria. After 21 days the compost is 

ready. 
Photo 7 EM4 compost 
starter. 



6.2 Suitable plant or tree species. 
A list of usable plant species is added in the appendix, to start up an agroforestry system with cacao 

the most common used species are: Banana, Coconut and Quick-stick (Gamal) some information 

about these plants is listed below. Because cacao will not produce fruits in the first two years it is 

important to plant other (annual) species so an income or at least a food source for the farmer and 

its household can be created. The annual plants chosen should meet the farmer's taste and needs. 

Cacao (Theobroma cacao): 

Because cacao will be the main commodity in this agroforestry system it is important that the 

genetics of the tree are the best possible. In the present day there is a lot of choice between 

varieties. The chosen variety should be able to deal with pests, diseases as explained in chapter 5 

and climate change. Also the yield and quality of the beans should be considered. In order to get the 

best type of cacao the growing conditions as mentioned in 

chapter 6 should be researched first. Promising varieties are: 

the Malaysian clone PBC123 and local clones M01, M05 and 

Gen.J. To make cacao trees more resilient against pests and 

diseases the are grafted. With this technique two different 

trees are made in to one tree. For example the strong roots 

system of one tree can be combined with the good fruiting 

qualities of another tree. In this way it is also possible to 

grow different kinds of cacao on one tree. Another benefit 

of grafting is that the grafted trees will produce fruits at a 

younger age. 

Banana (Musa spec): 

This is a fruit producing plant that also delivers a good shade. In some studies the disadvantage of 

banana plants is that they compete for available water with the cacao trees so this might be less 

suitable for dry areas. According to the project leader of the La Galigo model garden this problem 

didn’t occur. The mulch that can be made of banana plants contains a high amount of phosphor 

which is needed for flowering and fruiting of plants. A banana tree will carry bananas usually after 9 

months. 

Coconut (Cocos nucifera): 

The coconut tree is used for shade, food, oil, timber and fodder. The coconut shell contains Kalium 

which is a nutrient for plants. In the model garden coconut shells are placed around the cacao trees 

in order to slowly release nutrition and act as a natural fertilizer. A disadvantage of growing coconut 

trees is that they don’t produce coconuts in a short amount of time usually the coconut tree will 

produce fruits after 10 years. 

Quick-stick (Gliricidia sepium): 

This tree produces shade and fodder, the fodder can be used for cattle or to make compost with a 

high nitrogen content. The tree is also able to bind nitrogen from the air in to the soil. It is fast 

growing and can be used well to generate shade in the startup of an agroforestry system. 

 

Figure 4 grafting, making one plant out of two 



6.3 Plantation design 
Cacao farms are usually set up in a 3 by 3 spacing this will give 1.111 cacao trees per hectare. In the 

case of the model garden from La Galigo the trees are placed in a 3.5 by 3.5 spacing this will give 

around 816 trees per hectare. So the larger the spacing the less cacao trees will fit on one hectare. 

And less trees means less cacao. On the other hand the available space can be filled up with other 

useful crops such as coconut or banana. At the moment the Nitrogen fixing trees and the cacao 

plants are placed as in the left figure below. This is because the plantation is around two years old 

and the cacao trees aren’t producing a significant amount of cacao. The nitrogen fixers are placed in 

a 3.5 by 3.5 spacing. When the cacao trees are established well and start to produce fruit the shade 

trees can be reduced with 50% so they will end up in a spacing of 7m by 7m as shown in the figure 

on the right. The new space created by the removal of the nitrogen fixers can be used for other 

crops. 

On some cacao plantations coconut trees are used as permanent shade trees. The coconut trees can 

be a host to helpful black (Iridomyrmex) ants. A disadvantage of the coconut trees is that they take a 

longer time to reach a desired height. So if the farmer wants to use coconut trees as a shade tree 

he/she can decide to replace a certain percentage of the nitrogen fixers with coconut trees.  

 

 

Figure 7 layout of the cacao plantation of the la galigo model garden. 

Figure 6 spacing 3,5m on cacao and quickstick Figure 5 spacing 3,5m on cacao and 7m on quickstick 



The model garden of the la Galigo foundation started as a highly productive cacao plantation with 

only 2 kinds of trees namely cacao and gamal. Later on bananas where planted to create more 

income. because the biodiversity is an important point some of the nitrogen fixing trees could be 

replaced with other trees. next to that plants of the lower forest layer such as pineapple and sweet 

potato are planted in between the  lines of trees. 

 

6.4 Cacao calendar  
in this paragraph the main activities on a conventional cacao plantation are described. In a cacao 

plantation combined with agroforestry the activities will be more focused on planting annual crops 

and pruning trees, next to that chemical spraying will not be carried out in a agroforest. 

 

activities Jan   Feb  Mar  Apr  May  Jun  Jul  Aug  Sept  Oct  Nov  Dec  

pruning  x x x   x x x x x x 

Harvesting x x x x x x x x x x x x 

Fertilizing  x  x          

Sanitize 
rotten fruit  

x x x x x x x x x x x x 

Spray 
insecticides  

 x x x x x x x     

Spray 
fungicides  

  x x x x    x x x 

weeding x x x   x x      

 

 

Activities  Description  

Pruning Cacao trees tend to create a lot of shoots which can possible lower 
yields therefore they are pruned, most shoots will appear in the 
rainy season. 

Harvesting   The cacao trees can bear fruit the whole year around and the 
fruits should be harvested to prevent for pests and disease 

Fertilizing  In order to secure a good harvest fertilizing is needed. In 
conventional cacao plantations chemical fertilizers are used, but in 
an agroforestry system organic compost is preferd. 

Sanitize rotten fruit When the fruits are not developing well or get attacked by a 
disease it is important to remove them quickly to prevent 
spreading 

Spray insecticides Most cacao plantations are using chemicals to prevent problems 
with insects. In an agroforestry system biobased insecticides 
should be used instead. 

Spray fungisides Most cacao plantations are using chemicals to prevent problems 
with fungi. In an agroforestry system biobased solutions should be 
used such as taking care of enough airflow so the growth of fungi 
is limited 

Weeding  To reduce competition for the cacao trees it is necessary to weed 
unwanted plants.  
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appendix 
appendix 1 useful plant species in and around cacao plantations 

Avocado Persea americana 

Banana  Musa spp. 

Black ebony Diospyros celebica  

Black pepper Piper nigrum  

Black rosewood Dalbergia latifolia 

Cassava  Manihot esculenta 

Chili pepper Capsicum spp. 

Cinnamon  Mangifera indica 

Citrus Citrus spp 

Clove  Syzygium aromaticum 

Cocoa Theobroma cacao 

Coconut Cocos nucifera 

Durian Durio zibethinus  

ginger Zingiiber officinale 

Jackfruit  Atrocarpus hetrophyllus 

Kapok Ceiba pentandra 

Langsat Lansium domesticum 

Lemongrass Cymbopogon citratus  

Longan Dimocarpus longan 

Mango Mangifera indica 

Moringa  Moringa oleifera 

Neem Azadirachta indica 

Passionfruit  Passiflora edulis 

Pine apple Ananas comosus 

Quick Stick Gliricidia sepium 

Rambutan Nephelium lappaceum  

Rice Oryza sativa 

Sissoo Dalbergia sissoo 

Snake fruit Salacca zalacca 

Soursop  Annona muricata 

Tamarind Tamarindus indica 

Turmeric  Curcuma longa  

Vanilla Vanilla planifolia 

Species in bold font are described in appendix 2 

 

 

 

 

 

 

 

 



Appendix 2 Possible agroforestry trees in Indonesia. 

1. 

Rambutan 

 
Nephelium lappaceum evergreen tree, height 15m, fruit, growth rate: 

fast 

2. 

Langsat 

 
Lansium domesticum Evergreen tree, height 15m, fruit, growth rate: 

slow 

3. 

Sirsak (soursop)  

 
Annona muricata Evergreen tree, height 10m, fruit, growth rate: 

fast, insecticidal  

4. 

Kelengkeng (longan) 

 
Dimocarpus longan Evergreen tree, height 12m, fruit, growth rate: 

fast 



 

5. 

Mangga (Mango) 

 
Mangifera indica Evergreen tree, height 30m, fruit, growth rate: 

medium 

6.  

Kayu manis (cinnamon) 

 
Cinnamomum verum Evergreen tree, height 10, spice, growth rate: 

slow 

7. 

Cengkeh (clove) 

 
Syzygium aromaticum Evergreen tree, height 20m, spice 

 

8. 

Nangka (jackfruit) 

 
Atrocarpus hetrophyllus Evergreen tree, height 30m, fruit, growth rate: 

fast 

 



9. 

Salak (snake fruit) 

 
Salacca zalacca evergreen palm tree, height 6m, fruit, growth 

rate: medium (sharp thorns for natural fence) 

10. 

Jeruk (citrus) 

 
Citrus spp. Evergreen tree/shrub, height +/- 6m, fruit 

11. 

Black rosewood 

 
Dalbergia latifolia Evergreen/deciduous tree, height 30m, good 

wood quality, nitrogen fixing 

 

12. 

Sissoo 

 
Dalbergia sissoo Deciduous tree, height 20m, fast growing, 

nitrogen fixing, construction wood 

 

 

 



13. 

Tamarind 

 
Tamarindus indica Evergreen tree, height 20m, growth rate: slow, 

edible seed pods, deep roots 

14. 

Neem 

 
Azadirachta indica Evergreen fast-growing tree, height 15m, insect 

repellent 

15. 

Kapok 

 
Ceiba pentandra Deciduous tree, height 30m++, fast growing, 

watershed protection, fibres like cotton 

 


