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Outline of the session
Divided into 2 sessions:

1. Basic concepts on soil health and its urgency in cacao agroforestry 
systems (30 minutes)

2. Method on how soil health in cacao agroforestry systems can be 
monitored? (30 minutes)
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I. Basic concept 

on soil health in 

cacao agroforestry 

systems
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Definition and benefits
"Soil health is the capacity of soil to function as a living system, with ecosystem and land use 
boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality, 
and promote plant and animal health.
Healthy soils maintain a diverse community of soil organisms that help to control plant disease, 
insect and weed pests, form beneficial symbiotic associations with plant roots; recycle essential 
plant nutrients; improve soil structure with positive repercussions for soil water and nutrient 
holding capacity, and ultimately improve crop production" (FAO, 2008).

Soil health vs soil fertility:
• Soil health is the continued capacity of the soil to function to sustain productivity.
• Soil fertility is the ability of the soil to provide nutrients to plants in proper amounts and 

proportions.

Benefits of soil health in cacao agroforestry systems:
Soil nutrient availability→ soil fertility → Cadmium level in cocoa product
Soil biological characteristics → increase cacao tree resilience to soil-borne pests and diseases
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Principles for soil health management
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•Regulating water
Soil helps control where rain, snowmelt, and irrigation 
water goes. Water flows over the land or into and 
through the soil.
•Sustaining plant and animal life
The diversity and productivity of living things depends on 
soil.
•Filtering and buffering potential pollutants
The minerals and microbes in soil are responsible for 
filtering, buffering, degrading, immobilizing, and 
detoxifying organic and inorganic materials, including 
industrial and municipal by-products and atmospheric 
deposits.
•Cycling nutrients
Carbon, nitrogen, phosphorus, and many other nutrients 
are stored, transformed, and cycled in the soil.
•Providing physical stability and support
Soil structure provides a medium for plant roots. Soils 
also provide support for human structures and protection 
for archeological treasures.

Source: https://www.nrcs.usda.gov/conservation-basics/natural-resource-concerns/soils/soil-health



Visscher AM, Chavez E, Caicedo C, Tinoco L, Pulleman M. 2024. Biological soil health 

indicators are sensitive to shade tree management in a young cacao (Theobroma 

cacao L.) production system. Geoderma Regional 37 (e00772):1-13.
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Soil health in cacao 

agroforestry systems
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II. Methods for 

monitoring soil 

health in cacao 

agroforestry 

systems
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Indicators of soil health at plot level
https://www.css.cornell.edu/extension/soil-
health/2assessment.pdf 

Soil health indicators are a composite set of measurable 
physical, chemical, and biological attributes which relate 
to functional soil processes and are being used to 
evaluate soil health status.
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The physical, chemical, and biological indicators must be 
employed to verify soil status use and to undertake remedial 
management measures within a desired timescale. 

https://www.css.cornell.edu/extension/soil-health/2assessment.pdf
https://www.css.cornell.edu/extension/soil-health/2assessment.pdf
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Indicators 

of soil 

health at 

landscape 

level



Soil organic matter

Soils with high 
organic matter tend 
to require lower farm 
inputs, and be more 
resilient to drought 
and extreme rainfall. 

Organic matter 
management is part 
of soil health 
management. 



Soil pH
• Soil pH is a measure of how acidic the soil is, which controls how 

available nutrients are to crops. 
• Optimum pH is around 6.2-6.8 for most crops (exceptions include 

potatoes and blueberries, which grow best in more acidic soil). 
• If pH is too high, nutrients such as phosphorus, iron, manganese, 

copper and boron become unavailable to the crop. If pH is too 
low, calcium, magnesium, phosphorus, potassium and 
molybdenum become unavailable. 

• Lack of nutrient availability will limit crop yields and quality. 
Aluminum toxicity can also be a concern in low pH soils, which 
can severely decrease root growth and yield, and in some cases 
lead to accumulation of aluminum and other metals in crop 
tissue. 

• In general, as soil organic matter (SOM) increases, crops can 
tolerate lower soil pH. Soil pH also influences the ability of certain 
pathogens to thrive, and of beneficial organisms to effectively 
colonize roots. 



Testing the function of compost on soil health indicators 

(pH and water retention)

Let the 
water 

dripping for 
5 minutes

soils compost Compost+soils

soilscompost Compost+soils

• Measure the pH of the water of three treatments and compared the value of pH.
• Measure the height of the water to understand the water retention capacity of the compost.
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Thank You
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