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Tremendous advances have been made in agricultural 
production worldwide during the past 50 years 



Global indicators 1955 2010 Increase 

Population (billion) 2.5 7.0 > double 

Economy (trillion $, 
2001) 

7 50 > seven-fold 

Grain production  
(million tons) 

640  2000 ~ Tripled  

Area under cultivation 
(million ha) 

603 660 9.5%  
(accounts for 30% 
of total increase)  

Grain yield (Mg/ha) 1.06 2.85 175% 

Agricultural Production, 1955 – 2005  
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Source: EPI from Worldwatch, IFA 

World Fertilizer Consumption,  
1950-2009 

Earth Policy Institute 

 - www.earth-policy.org                                   



Food Production Per Person (1961 = 100) 
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Getting Hungrier? 
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The Gap is Widening 

• In 1960 average per 
capita income in 
industrialized nations 
was nine times the 
average of Sub-
Saharan Africa 

• Today it is 18 times 

Difference in magnitude 
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Food Shortages Undermined  

Ancient Civilizations 

 from the Past 
– Sumer (Near East, 5th to 3rd millenia BC): A flaw in 

the irrigation system led to rising salt levels in the 
soil and crop failures 

– Maya Empire (Mexico, 2000 BC – 600 AD): forest 
clearing led to soil erosion and loss of soil fertility 

 While the decline of early civilizations can be traced to one or 

two damaging environmental trends, we are now dealing with 

several. Will we suffer their fate? 

Photo Credit: Yann Arthus-Bertrand 

Source: Earth Policy Inst. (2012). 
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: Annual average nutrient applications (nitrogen, phosphate and potash) to arable  
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Global Disparity in Fertilizer Usage 





Soil Degradation:  
A Looming Danger Facing Humanity 

• Eroding Soils and Advancing Deserts 
 Two looming dangers, more serious than HIV/AIDS  and 
 wars 

• Historical examples: 
 – Sumer (Near East, 5th to 3rd millennia BC): A flaw in 

the irrigation system led to rising salt levels in the 
soil and crop failures 

– Maya Empire (Mexico, ~ 700 BC – 800 AD): forest 
clearing led to soil erosion and loss of soil fertility 

 



Current situations are alarming in many 

countries of Africa and Asia 



Is it Great Progress?  

 Modern industrialized farming looks good 
because it measures its own success 
narrowly – and ignores the costly side-
effects. 

 



 

• Agriculture takes up about 35% of the earth's land area (1999) 
• Over two-thirds of human water use is for agriculture. 
• Crop and livestock production is the main source of water 

pollution by nitrates, phosphates and pesticides.  
• The extent and methods of agriculture, forestry and fishing are 

the leading causes of loss of the world's biodiversity.  
• Agriculture also affects the basis for its own future through land 

degradation, salinization, the overextraction of water and the 
reduction of genetic diversity in crops and livestock.  

• The long-term consequences of these processes are difficult to 
quantify. 

Industrialized Agriculture has Vast Adverse 
Impact on the Earth 



Global Forests:   

Tragedy of the Commons? 
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Tropical Forestry: Issues, Concerns, Paradigms  



For most policy 
makers, forest 
means timber 

But forest and 
forestry mean 
much more 
than that … 



 

 Timber  
  Fuel  

  Industrial products 

 Non-timber 
  Edible plants, nuts, 

 etc. 

  Medicinal products 

  Floral products 

  Animal products 

  Other fiber products 

  Forage 

Global Forest Goods and Services 
 Environmental 
  Local 

  Soil protection   

  Water quality 

  Genetic and biotic 

Conservation 
  Carbon storage 

   Pollution buffering 

  Genetic & biotic cons. 

 Leisure and other  

  Outdoor recreation 

  Aesthetics 

  Other intangibles 



Dynamics of recent changes in forest area 



Sustainability … 

 not compromising future generations’ needs 

 balance between ecology, economics, social justice 

Many modern land-use systems of agriculture 
and forestry do not meet the sustainability 
criteria 

High-input land-use systems have  

•  bypassed resource-poor conditions 

•  ignored multiple benefits of traditional systems  



“The significant problems we face today cannot 
be solved at the same level of thinking we were 

at when we created them.” 

The Way Ahead 

Albert Einstein 



 
AGROFORESTRY 

An interface between  
agriculture and forestry 

 
   … the purposeful growing of trees and crops 

and/or animals in interacting combinations for a 

variety of objectives (Nair, 1993).  

• Estimated to be practiced on over 1 billion ha of land 

by 1.5 billion farmers in the tropics (ICRAF, 2009). 

• Globally the area under AF (currently practiced or 

potentially available) is ~ 1.6 billion ha (Nair, 2012). 



Modern Agroforestry emerged in the tropics in the 1970s 

and 1980s as an approach to addressing the pressing land-

management problems such as deforestation, land 

degradation, and food- , fodder-, and  fuelwood shortages.    



Tree Cover on Agricultural Land 

Zomer et al., 2009 (ICRAF) 

Globally, ~ 1 billion ha (~ half of all farmed land) has more 
than 10% tree cover 



AF and niche-complementarity 

The niche-complementarity hypothesis:   

• A larger array of species in a system leads to 
a broader spectrum of resource utilization 
making the system more productive 

• Better and more efficient use and sharing of 
resources 

 

 



Ecosystem Services of Agroforestry 

Soil Productivity 

Water-Quality Enhancement 

Biodiversity Conservation 

Climate Change Miti & Adapt:  

C Sequestration 

 

– Local 

– Landscape 

– Regional 

– Regional →     
 Global 



 

 

Three major tree-mediated processes that 
determine the extent and rate of soil 
improvement in agroforestry systems are: 

1. Biological N2 fixation by (NFTs) 
2. Nutrient cycling related to tree biomass  
3. Nutrient uptake from deeper soil layers.  
 

Other tree-mediated benefits: 
• Improved soil physical conditions and higher 

soil microbiological activities; 
• Soil erosion control and soil conservation.    
 

Mechanisms of Soil Fertility 
Improvement in Agroforestry 



African farmers 
interplant  
nitrogen-fixing 
trees with crops to 
provide nutrients 
to crops and 
reduce 
dependence on 
costly fertilizers  



Agroforestry and Climate Change Mitigation: 
Carbon Sequestration… 

• Aboveground (Vegetation) 

• Belowground (Soils)  
    AFS are believed to have a higher potential to sequester C 

because of their perceived ability for greater capture and 
utilization of growth resources (light, nutrients, and water) 
than in single-species crop- or pasture systems. 

Estimates of C stored in AFS (Mg C ha-1): 

• Aboveground: 0.29 to 15.21 yr-1  

• Belowground: 30 to 300, up to 1-m depth.  



Summary of Results 

• Tree-based systems, compared to treeless under 
similar conditions, store more C in deeper soil. 

• High tree density leads to high soil organic matter 
content, esp. in the upper 50 cm soil and <53 µm 
soil fraction.  

• SOC stock under longer term AF systems with high 
tree-density (e.g., homegardens, shaded 
perennials) comparable to that of natural forests.  

• Traditional systems with large C stock seem to have 
limited potential for sequestering additional C.  



Water Quality Enhancement 

• Nutrient-leaching rates from soils under AF 
systems can be lower than those from treeless 
systems.  

• The “safety-net” effect: The deeper and more 
extensive tree roots will take up more nutrients 
from the soil compared to crops with shallower 
root systems. 

•  The reduction of nutrient loading leads to water-
quality enhancement in heavily fertilized 
agricultural landscapes.  



The Coming of Age of Agroforestry … 

During the past three decades 

• Transformation of AF from a vague concept to a 
robust science-based land-use discipline.  

• Clear demonstration of its role:  
– Sustain crop yields 
– Diversify farm production 
– Realize ecosystem services 
– Ensure environmental integrity 



 

Five million hectares of millet production in Faidherbia 

parklands in Niger: A transformed agricultural landscape 



Maize farming in a Faidherbia agroforest in Southern Highlands, 

Tanzania (ICRAF, 2008)  



Evergreen Agriculture … 

• The Green Revolution has now become a climate-

wrecking, water-polluting, biodiversity-destroying, 

resource-depleting, corporate strategy of “Greed 

Revolution.”  

• Africa needs an “Evergreen Agriculture” that 

emphasizes the application of science for tree-

based management practices involving optimum 

use of fertilizer and organic resources and the 

knowledge to adapt these to local conditions, for 

increased crop productivity at a sustained level.   

• “Business as usual” is not an option! 


