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Deforestation & Land Use in the Tropics

Learning Objectives:

1. Define soil, and the processes that determine its fertility

2. List the physical and biological impacts of deforestation

3. Outline how use of forest resources by indigenous people has 
changed from the past to the present

4. Compare and contrast traditional swidden farming with 
industrial farming

5. Define the 10% rule of energy transfer

6. Describe the typical pattern of land use that follows 
deforestation

7. Outline the challenges to agriculture (including pasture) in 
rainforest areas

TROPICAL SOILS

• Tropics - 40% of Earth’s land

• 1/3 of Earth’s soils

• 70% of Earth’s human population

SOIL FORMING FACTORS

CLimate – affect rates of weathering, decomposition

Organisms - add organic material, decompose, churn, break up, exude

Relief – affects infiltration, sedimentation, and erosion

Parent Material - original bedrock or source;  affects mineral composition

Time – for weathering, accumulation and development

In different soils
processes are the same, 

degrees are different!

WHAT MAKES SOIL?
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WEATHERING – the slow break down of parent material

• physical weathering – big particles broken into smaller ones 

Rock > Gravel > Sand > Silt > Clay

• chemical weathering – oxidation, hydrolysis, dissolution (leaching) 

More rain + warm temps = faster weathering

SOIL CHANGES THROUGH TIME…

TROPICAL SOILS

1. Soils of humid tropics (rainforests)

• Warm and rainy over long time periods

• highly weathered

• lots of red clay

• low fertility, acidic

• little organic matter accumulation

• Oxisols, Ultisols

AGRICULTURE IN HUMID TROPICS

FOREST CLEARING RESULTS IN:

• disruption of nutrient cycle = loss of OM 

• rapid loss of soil fertility

• loss of porosity, compaction

• reduced biological activity in soil

Low fertility, acidity makes 
agriculture challenging

Floodplains, seasonal tropics 
favored for agriculture
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RAINFOREST DWELLERS

HUNTER-GATHERER LIFESTYLE

Subsistence Agriculture

The house garden
(“chacra” or “ huerto”) 
with plantains, achiote
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Non-timber Forest Products

The house garden
(“chacra” or “ huerto”) 
with plantains, achiote

TROPICAL SOILS

2.  Recent soils in the tropics (floodplains)

• recently deposited (alluvial, volcanic)

• little weathering

• high fertility

• Entisols, Inceptisols

TROPICAL SOILS

agriculture (and population) in humid tropics concentrated on floodplains
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“Ribereños”

TRADITIONAL AGRICULTURE

Terracing by Inca in the Andes

TROPICAL SOILS

3.  Soils of seasonal tropics

• seasonal drought over long time period

• Only moderately weathered

• fairly fertile

• annual O.M. accumulation

• Alfisols

Oxisols, Ultisols & 
Alfisols comprise 
~70% of tropical soils

Favored for intensive 
agriculture; dry 

forests threatened!
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TRADITIONAL AGRICULTURE

IN THE HUMID TROPICS by “Campesinos” or  “Colonos”

1. Swidden agriculture = “slash-and-burn” or 
“shifting cultivation”

• 3-7 yrs cropping

• 10-15 yr fallow

2. Concentration of agriculture on floodplains

3. Agroforestry

4. Unmechanized – subsistence or local markets

Traditional agriculture 
has been sustained for 
centuries at low human 

population density.

Cassava (Manioc, Yuca) – Manihot esculenta
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LOSS OF PRODUCTIVITY

Yield decline with continued cropping in shifting cultivation systems. Numbers above bar is 
absolute 1st year yield (tons/ha). Numbers on x-axis are years since planting.
Source:  Fig. 1.2 in Norman et al. 1995

SUSTAINABILITY DEPENDS ON POPULATION

INTENSIVE AGRICULTURE

INDUSTRIALIZATION

– THE “GREEN REVOLUTION”

(began in 1960’s)

Result of population and market pressure

1. Reduced fallow period

2. Increased dependence on cash crops

3. Increased mechanization

4. Dependence on agrochemicals

Few cash crops produced by wealthy farmers

Soybean field in Brazilian Amazon

Coconut plantation wiped out by blight in 
Costa Rica

5.  Higher meat consumption
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Soybeans - Glycine max (Brazilian Amazon)

TROPICAL INDUSTRIAL MONOCULTURES

Oil Palm – Elaeis guineensis (Ecuador)

Banana – Musa spp. (Ecuador)
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Cacao – Theobroma cacao
(Ecuador)

Sun Coffee – Coffea arabica (Costa Rica)

Tea - Camellia sinensis (Sumatra)
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Pineapple – Ananas comosus

Sugar Cane – Saccharum sp. 

corn
sugar cane

Rice (Oryza sativa) – Yunnan Province, China
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EFFICIENCY OF
TRADITIONAL VS. INDUSTRIAL SYSTEMS

Productivity is higher but energy-efficiency is lower in industrial agriculture.

Agriculture

Logging

Roads

Pasture

Initial Use

Ultimate Use

TROPICAL PASTURES

1. The #1 fate of tropical forests

• beef production is subsidized

• expanding local market and exported to 
U.S., Japan, Europe

2. Problems

• inefficient land use

• 0.5 – 1 head/hectare

• the 10% rule!

• rapid soil degradation 

• water pollution

• climate change

Extreme deforestation for pastures in Ecuador



Tropical Deforestation and Land Use TCS 2018

Ceiba Foundation for Tropical Conservation 12

TROPICAL PASTURES

RANCHING SUBSIDIES in BRAZIL: “PERVERSE INCENTIVES”
Base case:  Assumes 15 year project after which land, cattle and equipment are sold; 
an annual rise in land values of 2% above general inflation rate.

EFFECTS OF DEFORESTATION

Deforestation in Amazon state of Rondonia, Brazil 1992

• loss of soil fertility

• soil compaction

• disrupted hydrological cycle

• reduced water quality

• higher soil surface 
temperature

• climate change

• habitat loss & fragmentation

SOLUTIONS ARE NEEDED

• World population will reach 11 billion by 2030

• Virtually all arable land is now in production

• Must increase the efficiency and sustainability of land use

Source: FAO & UNEP 2008
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IMPROVING EFFICIENCY & SUSTAINABILITY

IMPROVE & ELIMINATE PASTURES

• reduce beef consumption

• plant improved forage

• incorporate legumes

• incorporate trees (silvopastoral system)

• rotational grazing / fallow

Above: Emu provide a lower impact alternative to beef.

Right: A silvopastoral system; cows with legume trees

Gliricidia – a living 
legume fence

Silvopastoral system:  Valesia elegans legume tree with grass

IMPROVING EFFICIENCY & SUSTAINABILITY

REDUCE SOIL EROSION, RUNOFF & POLLUTION

• mulching, cover crops

• contour farming, terracing, no till

• incorporate trees

• minimize chemical use

• riparian strips
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IMPROVING EFFICIENCY & SUSTAINABILITY

REDUCE ENERGY, CARBON & NUTRIENT WASTE

• mixed-cropping systems

• incorporate trees

• residue management

• minimize chemical use

• restore degraded lands

Above: Mixed agricultural system in Ecuador.

Agroforestry systems are mixed 
cropping systems that incorporate 

trees

Rubber – Hevea brasiliensis (Cambodia)
back

“analog forests”
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Papaya (Carica papaya) and Teak (Tectona grandis) in India

“Farmer-Managed Natural Regeneration”

Shade coffee – Coffea arabica (Costa Rica)

Biodiversity Gains in Agroforestry Systems


